
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Applicant(s): Reed 

Application No.: --Filed Herewith-

Filed: 02/11/2020 

Title: MOBILE WIRELESS DEVICE 
PROVIDING OFF-LINE AND ON-LINE 
GEOGRAPHIC NAVIGATION 
INFORMATION 

Attorney Docket No.: TXl 000-C 12 

Art Unit: --Unknown--

Examiner: --Unknown--

PRELIMINARY REMARKS UNDER37 CFR 1.115 

Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Dear Sir: 

In U.S. Patent Application 11/505,578, from which this Continuing U.S. Patent 

Application depends under 35 U.S.C. § 120, Applicant submitted remarks differentiating the 

invention over the combined disclosures of Andersson, et al. (U.S. 6,334,047) and Steer, et al. 

(U.S. 6,845,246), in that Applicant's invention does not require a computer in the wireless device 

(mobile station of Andersson) and that Applicant's invention can suggest corrective actions for 

the radio tower without the limitation of a grid pattern for location. Applicant rescinds any prior 

disclaimer or limitations that have been expressed or implied with respect to the subject matter of 

the instant Claims presented herein in all other patent applications and specifically in the 

prosecution of U.S. Patent Application 11/505,578, and respectfully requests that the Examiner 

reconsider the instant Claims in view of the rejections mentioned above, as well as all of the 

cited prior art. 



No fees should be incurred by this Amendment, but if there are any fees incurred by this 

Amendment, please deduct them from Deposit Account No. 50-3808. 

Respectfully Submitted, 

2/11/2020 

Date 

Andrew Mitchell Harris 
Patent Attorney 
P.O. Box 1269 
Athens, GA 30603-1269 

Tel. 866-553-4918 

/Andrew Mitchell Harris #42,638/ 

Andrew Mitchell Harris 
Patent Attorney 
Reg. No. 42638 



Attorrn~y Docket Num :)er: TX 1 OOO-C2 
In place of IJTC/SB/01 .------------------------------------:-:::-="'."'"":"-::"_' __________ ., DECLARATION (3,7 CFR 1.6:J) FOR UTILITY OR DESIGN APPLICt!1TION USING AN 

APPLICJ!1TION DATA SHEET (37 CFR 11.76) 1----------·-----·----------------------------t 1'itle of 
Invention: 

MACHINE FOR PROVIDING A DYNAMIC DATABASE OF GEOGRAPHIC LOCATION 
INFORMATION FOR A PLURALITY OF WIRELESS DEVICES ANID PROCESS FOR 
MAKING SAME 

l'IS the below named inventor, I hereby declare that: 

This declaration 

is, directed to: 

[] The attached application, or 

[!J United States application or FlCT international application number 
14/642.408 filed on 03/09/2015. 

Tt1e above-identified application was made or authorized to be mooe by me. 

I believe that I am the original inventor or an original joint inventor of a claimed invention in the application. 

I acknowledge the duty to disclose to the Patent and Trademarf( Office all information known to me to be ma1erial to patentability of the subject matter claimed in this application, as "materiality" is defined in 37 C.F.R. 1.56, which I understand includes information that is not cumulative to information already of record, or being made of record in the application, and that (1) establishes, by itself or in combination with other information a prima facie case of unpatentability of a claim; or (2) refutes, or is inconsistent wit11, a position the applicant takes in: (i) opposing an ar1Jument of unpatentability relied on by the Patent Office, or (ii) asserting an argument of patentability. 

I DECLARE THAT ALL STATEMENTS M.A.DE OF MY OWN KNOWLEDGE ARE TRUE ANC THAT ALL STATEMENTS MADE ON INFORMATION AND BELIEF ARE BE:LIEVED TO BE TRUE; AND FURTHER THAT Tr ESE STATEMENTS WERE MADE WITH THE KNOWLEDGE THAT WILLFUL FALSE STATEMENTS AND THE W~E SO MADE ARE PUNISHABLE BY FINE OR IMPRISONMENT, OR BOTH, UNDER SECTION 1001 OF TITLE 18 OF THE UNITED STA TES CODE AND THAT SUCH WILLFUL FALSE ST,\ TEMENTS MAY JEOPAFm!ZE THE VALIDITY OF THE APPLICATION OH ANY PATENT ISSUf:D THEREON. 

i-----------------------------------------LEGAL NAME OF INVE:\TOR 

_-.-7 \ ? f~ [)/ C: Inventor Mark Jefferson Reed Date _ _J_ U l V s,_) -~::'. 
1 
;:? .___,..) 

Sig."'"" ~~~,~:"""--'=£:=~-----
°!';ote An application data sheet (PTO/SB/I 4 or equl\alent), including na.mmg :he entire invc:ntive ent: ty, must ace om par, this form or must have been prc\'lously filed Use an additional PTO/Al ,VO I form for each additiona.l inventor 



Inde]Pendent Contractor Agreement 

This Agreement (the "Agreement'') is made between TRA.-XCELL THCBNOLOGIES, 
LLC ("Company"), and STEPHE~ MICHEAL P ALIK ("Contractor"). 

Services. Contractor agrees to perform the following services: Assist in with the 
preparation of designs, flowcharts, hardware, software, written descriptions, consulting, 
and other duties as they relate to preparation on Provisional and Non-Provisional Patent 
Applications tilted "A MACHINE FOR PROVID::NG A DYNA1v1IC DAT ABASE OF 
GEOGRAPIC LOCATIONS FOR A PLURALITY OF WIRELESS 
COMMUNICATIONS DEVICES AND PROCESS FOR MAKThrG SAlvJ[E", files as a 
Provisional Patent Application on October 4 tl,, 2001, US PTO Serial Number 60/327 ,327. 

The services shall be completed by the following date: This is an ongoing Agreement, 
which may be terminated by either party with 30 ,:.ays written notice. Any termination of 
this Agreement does not termirate the obligation to pay monies owed to elther party. 

During the process, Contractor shall keep the Con:lpany infr)rmed of work in progress. 

Payment. Company agrees to pay Contractor as follows: 

$20.00 an hour to be paid weekly, and 20% of any net profit (if any) from gross income 
received from this invention, payable within 60 days after income is received and bills 
are paid in full, for the services and acquisition of the rights provided below. 

Assignment, \Vorks Made for Hire. Contractor assigns to Company any trade secret, 
process, system, trademarks or patentable creation (Innovations) created by or discovered 
or developed in whole or in part by Contractor as a result of any work performed by 
Contractor under this Agreement. Such Innovations shall be the sole and exclusive 
property of Company. Any works of authorship ("Works") commissioned pursuant to this 
Agreement shall be considered as works made for hire as that term is defined under U.S 
copyright law. To the extent tha.t any Works do noi: qualify as a work made for hire, 
Contractor hereby assigns and transfers to Compa:::.y all rights in such Works. 

Contractor agrees to sign and deliver to Company ( either during or subsequent to 
commencing work) such docurr.ents as Company considers desirable to evidence: ( 1) the 
assignment to Company of all rights of Contractor, if any, in any such Im1ovation or 
Work, and (2) Company's ownership of such Innovations and Works. 

Power of Attorney. In the event Company is unable to secure Contractor's signature on 
any document necessary to apply for, prosecute, obtain or enforce any legal right or 
protection relating to any Innovation or Works referred to above, Contractor irrevocably 
designates and appoints Company (and each of its duly authorized officers and agents) a,; 
his agent and attorney-in-fact, to act for and in his behalf and to execute and file any sucL 
document and to do all other lawfully permitted acts to further the prosecution, issuance 
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and enforcement of patents, copyrights or other rights. 

Contractor Warranties. Contractor warrants that any Innovations or Works created by 
Contractor shall not infringe any intellectual property rights or violate any laws. 

Confidential Information. For purposes of this .Agreement, "Confidential Information" 
shall include all information or material that has or could have commercial value or other 
utility in the business in which Company is engaged. If Confidential Information is in 
written fom1, Company shall label or stamp the materials with the word "Confidential" or 
some similar warning. If Confidential Information is transmitted orally, Company shall 
promptly provide a writing indicating that such oral communication constituted 
Confidential Information. 

Contractor's obligations not to disclose Confidential Infomrntion do not extend to 
information that is: (a) publicly known at the time of disclosure under this Agreement or 
subsequently becomes publicly known through no fault of Contractor; (b) discovered or 
created by Contractor prior to disclosure by Company; (c) otherwise learned by 
Contractor through legitimate means other than from Company or Company's 
representatives; or (cl) is disclo:;ed by Contractor with Company's prior written approval 

Contractor shall hold and maimain the Confidential Information of Company in strictest 
confidence for the sole and exclusive benefit of Company. Contractor shall carefully 
restrict access to Confidential bformation to employees, contractors and third parties as 
is reasonably required and only to persons subject to nondisclosure restrictions at least as 
protective as those set forth in this Agreement. Contractor shall not, without prior writte:1 
approval of Comp,my, use for Contractor's own benefit, publish, copy, or otherwise 
disclose to others, or permit the use by others for their benefit or to the detriment of 
Company, any Confidential lnfom1ation. Contractor shall return to Company any and all 
records, notes, and other written, printed, or tangible materials in its possession pertainir g 
to Confidential Infom1ation immediately if Company requests it in writing. 

The nondisclosure and confidentiality provisions of this Agreement shall survive the 
termination of any relationship between Company and Contractor except that this 
Agreement and Contractor's duty to hold Company's Confidential Information in 
confidence shall remain in effect until the Confidential Info1mation no longer qualifies as 
a trade secret or until Company sends Contractor written notice releasing Contractor frorn 
this Agreement, whichever occurs first. 

Relationships. Nothing contained in this Agreement shall be deemed to constitute either 
party a partner, joint venturer or employee of the other party for any purpose. 

Severability. If a court finds any provision of this A..greement invalid or unenforceable, 
the remainder of this Agreement shall be interpreted so as best to effect the intent of the 
parties. 
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Integration. This A.greeme11t expresses the complete understanding of the parties with 
respect to the subject matter and supersedes all prior proposals, agreements, 
representations and understandings. This Agret:ment may not b,: amendled except in a 
writing signed by both parties. 

Waiver. The failure to exercise any right provided in this Agreement shall not be a 
waiver of prior or subsequent rights. 

This Agreement and each party's obligations shall be binding on the representatives, 
assigns and successors of such party. Each party has signed this Agreement through it:; 
authorized representative. 

(Signature)_ r,
1 

\ • 

:S-~vi ~ , Y Jl Date: ---:;;..2-....,....:.....( 11/__,:._o L_ 
(Typed or Printed Name) 

Subscribed and Sw?f" before me in my presence this ~ day of _ G,i,r ""-i'.J, 200 ~= 
lll the county of -- r l ('I\ CL, • in the state of ____:f±[__ l beo,c~ 

(~\f\~,, A. (\ ~ Signature ofNotary Public "' ~'--X...,vl ~ -.:b---
My Commission Expires: 

Date: 
/ 

I 

Subscribed and Sworn before me Ul my presence thl•Jt, ~•Y of 
m the county of _ :{ • ,t'.Y\ c...-- , in the state of I t,,\JV\ c--

Signature of Notary Puhl~_() CQ...u ILJL (2,,, · 
My Commission Expires: __ .....;( .... (,:;..· ...;.,,,,.--_):=----:!~~-;;..''0;;:..~.;;.___ 

© 2001 Nola 
Independent Contractor.~ 



Doc Code: PA.. 
Document Description: Power of Attorney 

PTO/AIA/82A (07-13) 
Approved for use through 11/30/2014. 0MB 0651-0051 

U.S. Patent and Trademark Office: U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid 0MB control number. 

TRANSMITTAL FOR POWER OF ATTORNEY TO ONE OR MORE 
REGISTERED PRACTITIONERS 

NOTE: This form is to be submitted with the Power of Attorney by Applicant form (PTO/AIA/82B) to identify the application to which the 
Power of Attorney is directed, in accordance with 37 CFR 1.5, unless the application number and filing date are identified in the Power of 
Attorney by Applicant form. If neither form PTO/AIA/82A nor form PTO/AIA/82B identifies the application to which the Power of Attorney is 
directed, the Power of Attorney will not be recognized in the application. 

Application Number 

Filing Date 

First Named Inventor Reed 

Title MOBILE WIRELESS DEVICE PROVIDING OFF-LINE AND ON-LINE 
GEOGRAPHIC NAVIGATION INFORMATION 

Art Unit 

Examiner Name 

Attorney Docket Number TX1000-C12 

SIGNATURE of Applicant or Patent Practitioner 
Signature 

/Andrew Mitchell Harris #42,638/ Date (Optional) 
02-11-2020 

Name 
Andrew M. Harris Registration 42,638 

Number 

Title (if Applicant is a 
juristic entity) 

Applicant Name (if Applicant is a juristic entity) 

NOTE: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4(d) for signature requirements and certifications. If more 
than one applicant, use multiple forms. 

D *Total of forms are submitted. 

This collection of information is required by 37 CFR 1.131, 1.32 and 1.33. The information is required to obtain or retain a benefit by the public which is to file 
(and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 3 
minutes to complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual 
case. Any comments on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief 
Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR 
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P .0. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance in completing the fonn, call 1-800-PTO-9199 and select option 2. 



Doc Code: PA.. 
Document Description: Power of Attorney 

( 
I hereby revoke all previous powers of attorney given in 
letter or the boxes below. 

I A~plication Number 

PTO/AIA/82B (07-13) 
Approved for use through 11/30/2014. 0MB 0651-0051 U.S. Patent and Trademark Office: U.S. DEPARTMENT OF COMMERCE 

the application identified in either the attached transmittal 

I Filing Date 
I 
I (Note: The boxes above may be left blank if information is provided on form PTO/AIA/82A) 

[x] I hereby appoint Patent Practitioner(s) associated with the following Customer Number as my/our attorney(s) or agent(s), and to transact all business in the United States Patent and Trademark Office connected therewith for the application referenced in the attached transmittal letter (form I=>TO/AIA/82A) or identified above: 

I I 
59911 OR 

0 I hereby appoint Practitioner(s) named in the attached list (form PTO/AIA/82C) as my/our attorney(s) or agent(s), and to transact all business in the United States Patent and Trademark Office connected therewith for the patent application referenced in the attached transmittal letter (form fJTO/AIA/82A) or identified above. (Note: Complete form PTO/AIA/82C) 

Please recognize or change the correspondence address for the application identified in the attached transmittal letter or the boxes to: 

00 The address associated with the above-mentioned Customer Number. 
OR 

I I 
□ The address associated with Customer Number: 

OR 
Firm or 
Individual Name 

Address 

Citv ' State I I Zip I Countrv 

Telephone i Email i 
I am the A[)[)licant (if the A[)[>licant is a juristic entitt, list the A1212licant name in the box): 
[ TRAXCELL TECHNOLOGIES LLC 

□ 
Inventor or Joint Inventor (title not required below) 
Legal Representative of a Deceased or Legally Incapacitated Inventor (title not required below) [] Assignee or Person to Whom the Inventor is Under an Obligation to Assign (provide signer's title if applicant is a juristic entity) 

□ Person Who Otherwise Shows Sufficient Proprietary Interest (e.g .. a petition under 37 CFR 1.46(b)(2) was granted in the application or Is concurrently being filed with this document) (provide signers title if applicant is a juristic entity) 
SIGNATURE of Applicant for Patent 

The undersiqned (whose title is supplied below) is a\jthori~d Jo/act on behalf..of the .aoplicant (e.g .. where the applicant is a juristic entitv). Signature ;:½1/; 'C/ /j· . . 1/; ( I ·/ t-tr'L . :;t:!-/. .. · ;-:, ,..·, ,_.'.__ I Date (Optional) I IC b) lJ ()I;; . 
Mark Jefferson.Reid 

~-
I I 

Name 

Title Member-Manager, Traxcell Technologies LLC (a Texas Corporation) 
NOTE: Signature - This form must be signed by the applicant In accordance with 37 CFR 1.33. See 37 CFR 1 .4 for signature requirements and certifications. If more than one applicant, use mLltiple forms. 

□ *Total of ----- forms are submitted. 

This collect1on of 1nformat1on 1s required by 37 CFR 1.31 1.32 and 1.33. The 1nformat1on 1s required to obtain or retain a benefit by the public which 1s to file (and by the USPTC to process) an application. Confidentiality 1s governed by 35 U.S.C. 122 anc 37 CFR 1.11 and 1.14. This collection 1s estimated to take 3 minutes to complete incluo1ng gathering preparing. and submitting the completed application form to the USPTO. Time will vary depending upor the individual case. Any comments on the amourt of time yoa requ,re to complete this form and/or suggestions for reducing tn1s burdec s'1oula be sent :o the Chief Information Officer. U.S. Patent and Trademark Office. U.S. Department of Commerce. P.O. Box 145•) Alexandria VA 22313-1450. DO NOT SE'.',JD FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

If you neeC! assistance ,n completmg the form call 1-800-PTO-9199 a,1(1 select option 2. 

l 



Electronic Patent Application Fee Transmittal 

Application Number: 

Filing Date: 

Title of Invention: 
MOBILE WIRELESS DEVICE PROVIDING OFF-LINE AND ON-LINE GEOGRAPHIC 
NAVIGATION INFORMATION 

First Named Inventor/Applicant Name: Mark Jefferson Reed 

Filer: Andrew Mitchell Harris 

Attorney Docket Number: TX1000-C12 

Filed as Small Entity 

Filing Fees for Track I Prioritized Examination - Nonprovisional Application under 35 USC 111 (a) 

Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Basic Filing: 
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Extension-of-Time: 

Miscellaneous: 

Total in USO($) 3955 



Electronic Acknowledgement Receipt 
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Application Number: 16788498 

International Application Number: 
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
Post Card, as described in MPEP 503. 

New Agglications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
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MOBILE WIRELESS DEVICE PROVIDING OFF-LINE AND ON-LINE GEOGRAPHIC 

NAVIGATION INFORMATION 

[0001] The present Application is a Continuation of U.S. Patent Application Ser. No. 16/557,277 

filed on August 30, 2019 and published as U.S. Patent Application Publication No. 20200015039 

on January 9, 2020, which is a Continuation of U.S. Patent Application Ser. No. 16/116,215 

filed on August 29, 2018 and issued as U.S. Patent 10,448,209 on October 15, 2019, which is a 

Continuation of U.S. Patent Application Ser. No. 15/880,852 filed on January 26, 2018 and 

issued as U.S. Patent 10,390,175 on August 20, 2019, which is a Continuation of U.S. Patent 

Application Ser. No. 15/717, 138 filed on September 27, 2017 and issued as U.S. Patent No. 

9,918,196 on March 13, 2018, which is a Continuation of U.S. Patent Application Ser. No. 

15/468,265 filed on March 24, 2017 and issued as U.S. Patent No. 9,888,353 on February 6, 

2018, which is a Continuation of U.S. Patent Application Ser. No. 15/297,222, filed on October 

19, 2016, and issued as U.S. Patent 9,642,024 on May 2, 2017, which is a Continuation of U.S. 

Patent Application Ser. No. 14/642,408, filed on March 9, 2015 and issued as U.S. Patent No. 

9,510,320 on November 29, 2016, which is a Continuation of U.S. Patent Application Ser. No. 

11/505,578, filed on August 17, 2006 and issued as U.S. Patent 8,977,284 on March 10, 2015, 

which is a Continuation-in-part of U.S. Patent Application Ser. No. 10/255,552, filed on 

September 24, 2002 and published as U.S. Patent Publication No. 20030134648 on July 17, 

2003, and claims priority thereto under 35 U.S.C. §120. U.S. Patent Application Ser. No. 

10/255,552 claims priority under 35 U.S.C. §l 19(e) to U.S. Provisional Patent Application Ser. 

No. 60/327,327 filed on October 4, 2001, U.S. Provisional Patent Application Ser. No. 

60/383,528 filed on May 28, 2002, U.S. Provisional Patent Application Ser. No. 60/352,761 filed 

on January 29, 2002, U.S. Provisional Patent Application Ser. No. 60/335,203 filed on October 

23, 2001, U.S. Provisional Patent Application Ser. No. 60/383,529 filed on May 28, 2002, U.S. 

Provisional Patent Application Ser. No. 60/391,469 filed on June 26, 2002, U.S. Provisional 

Patent Application Ser. No. 60/353,379 filed on January 30, 2002 and U.S. Provisional Patent 

Application Ser. No. 60/381,249 filed on May 16, 2002. The disclosures of all of the above

referenced U.S. Patent Applications are incorporated herein by reference. 

FIELD OF THE INVENTION 

1 
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[0002] The present ·invention is directed generally to a system and method for providing 

navigation using mobile wireless devices, and more specifically to a mobile wireless device 

having both on-line and off-line navigation capabilities. 

BACKGROUND OF THE INVENTION 

[0003] Wireless networks 100 are becoming increasingly important worldwide. Wireless 

networks 100 are rapidly replacing conventional wire-based telecommunications systems in 

many applications. Cellular radio telephone networks ("CRT"), and specialized mobile radio and 

mobile data radio networks are examples. The general principles of wireless cellular telephony 

have been described variously, for example in U.S. Pat. No. 5,295, 180 to Vendetti, et al., which 

is incorporated herein by reference. There is great interest in using existing infrastructures of 

wireless networks 100 for locating people and/or objects in a cost effective manner. Such a 

capability would be invaluable in a variety of situations, especially in emergency or crime 

situations. Due to the substantial benefits of such a location system, several attempts have been 

made to design and implement such a system. Systems have been proposed that rely upon signal 

strength and triangulation techniques to permit location include those disclosed in U.S. Pat. No. 

4,818,998 and 4,908,629 to Apsell et al. ("the Apsell patents") and U.S. Pat. No. 4,891,650 to 

Sheffer ("the Sheffer patent"). However, these systems have drawbacks that include high 

expense in that special purpose electronics are required. 

[0004] Furthermore, the systems are generally only effective in line-of-sight conditions, such as 

rural settings. Radio wave multipath, refractions and ground clutter cause significant problems in 

determining the location of a signal source in most geographical areas that are more than 

sparsely populated. Moreover, these drawbacks are particularly exacerbated in dense urban 

canyon (city) areas, where errors and/or conflicts in location measurements can result in 

substantial inaccuracies. 

[0005] Another example of a location system using time difference of arrival (TDOA) and 

triangulation for location are satellite-based systems, such as the military and commercial 

versions of the global positioning satellite system (GPS). GPS can provide accurate position 

from a time-based signal received simultaneously from at least three satellites. A ground-based 
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GPS receiver at or near the object to be located determines the difference between the time at 

which each satellite transmits a time signal and the time at which the signal is received and, 

based on the time differentials, determines the object's location. However, the GPS is impractical 

in many applications. The signal power levels from the satellites are low and the GPS receiver 

requires a clear, line-of-sight path to at least three satellites above a horizon greater than about 60 

degrees for effective operation. Accordingly, inclement weather conditions, such as clouds_, 

terrain features, such as hills and trees, and buildings restrict the ability of the GPS receiver to 

determine its position. Furthermore, the initial GPS signal detection process for a GPS receiver 

can be relatively long (i.e., several minutes) for determining the receiver's position. Such delays 

are unacceptable in many applications such as, for example, emergency response and vehicle 

tracking. Additionally there exists no one place that this location information is stored such that a 

plurality of wireless devices 104 could be located on a geographic basis. 
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Summary of Factors Affecting RF Propagation 

[0006] The physical radio propagation channel perturbs signal strength, causing rate changes, 

phase delay, low signal to noise ratios (e.g., ell for the analog case, or Eb/no, RF energy per bit, 

over average noise density ratio for the digital case) and doppler-shift. Signal strength is usually 

characterized by: 

- Free space path loss (Lp) 

- Slow fading loss or margin (Lstow) 

- Fast fading loss or margin (Lrast) 

[0007] Loss due to slow fading includes shadowing due to clutter blockage (sometimes included 

in 1.p). Fast fading is composed of multipath reflections which cause: 1) delay spread; 2) random 

phase shift or rayleigh fading, and 3) random frequency modulation due to different doppler 

shifts on different paths. 

Summing the path loss and the two fading margin loss components from the above yields a total 

path loss of: 

Ltotal =Lp ±Lstow +Lrast 

[0008] Referring to FIG. 3, the figure illustrates key components of a typical cellular and PCS 

power budget design process. The cell designer increases the transmitted power PTX by the 

shadow fading margin Lstow which is usually chosen to be within the 1-2 percentile of the slow 

fading probability density function (PDF) to minimize the probability of unsatisfactorily low 

received power level PRX at the receiver. The PRX level must have enough signal to noise energy 

level (e.g., 10 dB) to overcome the receiver's internal noise level (e.g., -118 dBm in the case of 

cellular 0.9 GHz), for a minimum voice quality standard. Thus in the example PRX must never be 

below -108 dBm, in order to maintain the quality standard. Additionally the short term fast signal 

fading due to multipath propagation is taken into account by deploying fast fading margin Lrast, 

which is typically also chosen to be a few percentiles of the fast fading distribution. The 1 to 2 
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percentiles compliment other network blockage guidelines. For example the cell base station 

traffic loading capacity and network transport facilities are usually 

designed for a 1-2 percentile blockage factor as well. However, in the worst-case scenario both 

fading margins are simultaneously exceeded, thus causing a fading margin overload. 

Detailed Description Of The Prior Art 

[0009] Turning to FIG. 1 is a typical second-generation wireless network 100 architecture 

designed for a code division multiple access (CDMA) and is similar for a time division multiple 

access (TOMA) or others such as GSM. These are all digital systems that may or may not have 

the ability to operate in an analog mode. A general overview of the operation of this system will 

begin when the wireless device user 102 initiates a call with the wireless device 104. A wireless 

device 104 may take the form of a wireless device 104, personal digital assistant (PDA), laptop 

computer, personal communications system, vehicle mounted system, etc. Radio frequency (RF) 

signal 106 is sent from the wireless device 104 to a radio tower and base-station transceiver 

subsystem (BTS) 300 (FIG. 3), having a global positioning system (GPS) receiver 110-A, 110•8, 

or 110-C as part of the BTS. The GPS receiver 302 (described in FIG. 3) receives a GPS 

satellite network signal 112 from the GPS satellite network 114, used by the radio tower with 

network BTS 108 for timing information. That information is used by the BTS to synchronize 

the communications signal and allow decoding of the digitized wireless device 104 radio 

frequency signal 106. The call is then carried from the radio tower and BTS with GPS receiver 

ll0·A, 110-B, or 110-C through a wired link 116 via a Tl, T3, microwave link, etc, to the base 

station controller (BSC) 118-A with vocording 120, CIS 122, and a backhaul 1/F 124, where the 

call is formatted and coded into data packets by the BSS manager 126 via an intersystem logical 

connection 128. The call is then sent to the switch 130 via intersystem logical connections 132, 

where the call is then forwarded through intersystem logical connections 150 to the PSTN 138. 

The call may also be directly routed to another wireless device 104 on the wireless network 100. 

[0010] From the PSTN 138, the call is forwarded through a connection from the PSTN 138 to 

communications link 140 and then to land lines 142. As the call proceeds, the words or data from 

the wireless device user 102 and the ultimate person or device at the receiving end of the call, are 

formatted, coded and decoded again and again, in the manor described above, throughout the 
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conversation as the conversation or data volleys back and forth. Turning to FIG. 2 is a typical 

third generation (3G) wireless network 200. The only major difference between the second 

generation wireless network 100 and third generation wireless network's 200 architecture is the 

addition of a packet data service node (PDSN) 202 and in the inner system logical connection 

204 which connects the PDSN 202 to the BSC 118-B. However, It should be noted that the 

expansions in architecture do not affect current implementation of this machine and/or process as 

described by this patent. The methodology is the same as in the second generation wireless 

network 100 (FIG. 1) and for completeness the periphery 3G 200 components and their logical 

locations have been shown. 

[0011] As other technologies in network design emerge, it is important to realize that 

modifications and improvements can be made to this design and patent while retaining the spirit 

in which it was written. FIG. I and FIG. 2 demonstrates the logical locations in which this patent 

applies to current technology. It is both obvious and required that some changes would have to 

be made to accommodate future technologies and again are understood to be within the spirit of 

this patent. 

Ability to Locate Wireless Device 

[0012] There are numerous methods for obtaining the location of a wireless device 104, which 

have been taught in the prior art. Most common are in wireless networks (CDMA, TOMA, GSM, 

etc). All of these wireless networks 100 currently use similar hardware, which these patented 

location methods take advantage of 

[0013] Referring now to FIG. 3, details of a typical three sector radio tower 110-A. The BTS 

300 with a GPS receiver 302 are shown. This radio tower ll0·A exists in most current wireless 

networks 100 (FIG. 1) and 200 (FIG. 2) and is used most commonly. Its inclusion is for 

completeness of this document. 

[0014] Still referring to FIG. 3, the typical three sector radio tower 110-A with BTS 300 setup 

includes a BSC 118-A, and 118-B which is connected to a BTS 300 through a Tl 116 or a 

microwave link 304. The GPS has a receiver 302 that is used in its operation to establish timing 
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information for communication synchronization. The radio tower 110-A has 3 sectors. Each 

sector comprises one primary receive antenna 306-A, 308-A, 310-A, and one diversity receive 

antenna 306-C, 308-C, 310-C. Each sector also has one transmit antenna 306-B, 308-B, 310-B. 

These receiver antennas and transmit antennas are elevated by the radio tower pole 312 and 

connected to the BTS by antenna leads 314. 

[0015] FIG. 4 illustrates the typical footprint characteristics (side view) of a typical three-sector 

radio tower antenna 110-A, such as described in FIG. 3. Each sector has a primary lobe 400 

(which corresponds with its primary directivity), multiple side lobes 402-A and 402-B, and 

multiple rear lobes 404. 

[0016] FIG. 5 illustrates the typical footprint characteristics (top view) of a typical threesector 

radio tower antenna 110-A, such as described in FIG. 3. Each sector has a primary lobe 400 

(which corresponds with its primary directivity), multiple side lobes 402-A, and 402-B, and 

multiple rear lobes 404. 

Location Determined As Follows: 

[0017] As many other patents go into great depth on location-based methods, for completeness, a 

brief description of the methods preferred by this patent will be discussed. 

[0018] FIG. 6 shows general methods for triangulation with three radio towers; 110-A, 110-B, 

and 110-C. This method is covered in numerous other patents but the basic idea is included for 

completeness. 

[0019] Still referring to FIG. 6 round trip delay (RTD) from each radio tower and BTS 110-A, 

110-B and 110-C is used to calculate distance from radio towers to the wireless device 104. To 

calculate distance 600-A, 600-B, and 600-C, take the RTD (unit in seconds) and multiply by the 

speed of light (or speed in relative medium of propagation) and divide by two. 
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RTD * c • D, D = Distance in meters from tower (c = speed of light) 

2 

Having done so, you can calculate the position, relative to the known geological position of the 

towers 110-A, 110-B, and 110-C, of the wireless device 104. 

[0020] To calculate position you find the intersection of three concentric spheres around each 

radio tower and BTS 110-A, 110-B, and 110-C with each radius equaling the distance 600-A, 

600-B, and 600-C to the wireless device 104 from that radio tower and BTS. The wireless device 

104 location is the intersection of the three spheres. 

[0021] FIG. 7 shows a two-tower location finding method as taught in the prior art. It is included 

for completeness of this document.. It uses two towers 110-A, and 11 OB with a wireless device 

104 at distances of 700-A, and 700-B. 

[0022] Because each tower has more than one sector, as the wireless device 104 approaches a 

radio tower 110-A or 11 O·B, it may be talking to more than one sector on a single radio tower 

as is illustrated in FIG. 4, FIG. 5, and FIG. 6. When this occurs, there is a critical distance 

below which the time it takes for two sectors on a single tower to reach the wireless device 104 

is indistinguishable due to hardware calculation limitations. This would make the distance from 

both sectors (which are already very close, being located on the same tower) appear the same. In 

this case you should regard the tower as having only one sector, characterized by the distance 

(equal) from the two sectors. Now, using this as a base you can calculate the location at the 

wireless device 104 by examining the intersection on the two spheres ( one from each tower) and 

the intersection of the vertical plane between the two towers 110-A and 110-8. This should result 

in a single point and hence the location of the wireless device 104. 

[0023] FIG. 8 shows a one-tower 110-A location method. It shows a tower (3 sectors) and three 

distances 800-A, 800-8, 800-C from a wireless device 104. 

[0024] In this case, the wireless device 104 has approached a radio tower 110-A so closely that is 

talking to three sectors on the site. Because, at this proximity, the distance 800-A, 800-B and 
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800-C between the three sectors (Sector 1, Sector 2, and Sector 3) on the radio tower 110-A is 

so negligible, the accuracy is reduced to predicting the wireless device's 104 location with one 

concentric sphere around the radio tower 110-A, with a radius equaling the distance 800-A, 800-

8, or 800-C from any site as calculated above. Relative direction can be computed using the 

sector (Sector 1, Sector 2, or Sector 3) with the strongest receive power from the wireless 

device 104 as the likely direction to the wireless device 104 (assuming highly directive antennas 

are being used). 

[0025] The problem with these methods is that they do not disclose a means for formatting and 

structuring the decoded data from a plurality of wireless devices 104 into a database or other 

means of collaboration of data. This database could create a universal standard that could be 

accessed by other applications such as navigation apparatuses; wireless networks 100 for 

network tuning purposes; or many other applications. 

Summary of the Invention 

[0026] The primary object of the invention is to provide a process and machine for transferring 

acquired geographical data, user information, date/time information and/or user controlled 

settings information for a plurality of wireless devices 104 to a database providing it as a 

resource for other software applications. 

[0027] Another object of the invention is to provide a user location database manager (ULDM) 

904 (FIG. 9) comprising a machine and process for decoding and converting acquired 

geographical data, user information, date/time information and/or user controlled settings 

information into a universal standard which is a practical and usable format such as, for example, 

longitude/latitude for applications in other hardware and/or software. 

[0028] A further object of the invention is to provide a user location database (ULD) 900 (FIG. 

9) comprising a means for storing geographical data, user information, date/time information, 

other defined data, and/or user controlled settings information for a plurality of wireless devices 

104. 
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[0029] Yet another object of the invention is to provide a user location database coordinator 

(ULDC) 908 (FIG. 9) comprising a means for interfacing a plurality of user location databases 

(ULD) 900 and allowing remote query of data of a herein created network ofULD's 1512 (FIG. 

15) from individual or a plurality of attached ULD's 1512. A further object of the ULDC 908 is 

to provide a feature for redundancy and input/output capable ports for expansion. 

[0030] Yet another object of the invention is to provide a user location database coordinator 

network (ULDCN) 1600 (FIG. 16) comprising a means for querying a plurality of user ULD's 

1512 and/or ULD's 1512 attached to any ULDC 908. 

[0031] Still yet another object of the invention is to provide a means for access by a plurality of 

"e-mobility" services 144 that could take advantage of the ULD 900. 

[0032] Another object of the invention is to provide a means for interfacing directly form a BSS 

manager 126 to the user location database manager (ULDM) 904 for maintenance and direct 

access of said features. 

[0033] Still yet another object of the invention is to provide a hierarchy process for query (HPQ) 

comprising a means for a user location database coordinator network (ULDCN) 1600 to query a 

plurality of user location databases coordinators (ULDC) 908 in a programmable order so as to 

optimize the query results. 

[0034] Another object of the invention is to provide a hierarchy of user location methods 

(HULM) comprising a means for the user location database manager(s) to select the most 

accurate location method, from a programmable plurality of location methods, for locating the 

plurality of wireless devices 104 according to variable conditions that exist within the wireless 

network or location information from the wireless device 104 including GPS and triangulation. 

[0035] Another object of the invention is to provide a user control setting comprising a means for 

a privacy flag in the ULD 900 database entry for a device to be activated/deactivated/semi-active 

for privacy reasons so that the user's location is not monitored or monitored anonymously. 
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[0036] A further object of the invention is to provide for a machine/process ULDC 908 for 

transferring acquired geographical data, user information, date/time information and/or user 

controlled settings information for a plurality of wireless devices 104 that explicitly contain GPS 

equipment, to a database providing it as a resource for other applications. 

[0037] Still yet another object of the invention is to provide the ULD 900 as database resource 

for: 

Applications such as "911" emergency crew, police, etc., to track/find wireless devices 

though ULDC 908 queries. 

Applications such as wireless network tuning; in order to save engineers some of the 

time and expense required to gather field data, which may be used. 

Applications such as navigational mapping programs and/or apparatus that may be used, 

for example, to aid in mapping vehicle travel routes in order to avoid traffic jams and find 

faster moving routes of travel. 

Applications such as a vehicle traffic monitoring system, which for example, could be 

used by emergency vehicles, traffic engineers to monitor traffic, or by employers to 

monitor and track employee travels, locations and estimated times of arrival. 

Applications such as a resource for a telephone recording law database for recording of 

telephone conversations at or near the switch 130, or on the wireless device 104, to as to 

comply with recording laws of the city, county, state or country. 

Applications such as a geographic advertising system (GAS) resource for targeting 

advertising ( coupons, sales, special offers, etc.) offers (solicitations) to users of wireless 

devices 102 based on the wireless device's 104 location or for users of wireless devices 

102 to query advertising offers, prices for goods and services based on the location of the 

wireless device 104. 

[0038] Other objects and advantages of the present invention will become apparent from the 

following descriptions, taken in connection with the accompanying drawings, wherein, by way 

of illustration and example, an embodiment of the present invention is disclosed. 
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[0039] A machine for transferring acquired data, user information, date/time information and/or 

user controlled settings information for a plurality of wireless devices 104 to a database 

providing it as a resource for other software applications that comprise of: 

ULDM 904 having a means for decoding and converting the acquired geographical data, 

user information, date/time information and/or user controlled settings information into a 

usable format 

ULD 900 comprising a means for storing the geographical data, user information, 

date/time information and/or user controlled settings information for the plurality of 

wireless devices 

ULDC 908 comprising a means for interfacing a plurality ofULD's 1512 and allowing 

remote query of ULD 900 database entries. 

[0040] A process for transferring the acquired geographical data, user information, date/time 

information and/or user controlled settings information for the plurality of wireless devices 104 

to the dynamic database providing it as said resource for other applications comprising the steps 

of decoding and converting the acquired geographical data, user information, date/time 

information, other defined data, and/or user controlled settings information into a usable format 

for the ULDM 904. Additionally storing the decoded and converted geographical data, user 

information, date/time information, other defined data, and/or user controlled settings 

information for the plurality of wireless devices 104 into the ULD 900. Further, interfacing the 

plurality ofULD's 1512 into the ULDC 908 and any ULDC 908 network. 

[0041] The drawings constitute a part of this specification and include exemplary embodiments 

to the invention, which may be embodied in various forms. It is to be understood that in some 

instances various aspects of the invention may be shown exaggerated or enlarged to facilitate an 

understanding of the invention. 

Brief Description of the Drawings 

[0042] FIG. 1 TYPICAL SECOND GENERATION WIRELESS NETWORK 

ARCHITECTURE (PRIOR ART) 
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[0043] FIG. 2 TYPICAL THIRD GENERATION WIRELESS NETWORK 

ARCHITECHTURE (PRIOR ART) 

[0044] FIG. 3 TYPICAL THREE SECTOR RADIO TOWER CONFIGURATION (PRIOR 

ART) 

[0045] FIG. 4 TYPICAL FOOTPRINT CHARACTERISTICS OF EACH SECTOR (SIDE 

VIEW) (PRIOR ART) 

[0046] FIG. 5 TYPICAL FOOTPRINT CHARACTERISTICS OF EACH SECTOR (TOP 

VIEW) (PRIOR ART) 

[0047] FIG. 6 THREE TOWER LOCATION METHOD (PRIOR ART) 

[0048] FIG. 7 TWO TOWER LOCATION METHOD (PRIOR ART) 

[0049] FIG. 8 SINGLE TOWER LOCATION METHOD (PRIOR ART) 

[0050] FIG. 9 TYPICAL SECOND GENERATION WIRELESS NETWORK 

ARCHITECTURE WITH EMBODIMENTS 

[0051] FIG.10 TYPICAL THIRD GENERATION WIRELESS NETWORK ARCHITECTURE 

WITH EMBODIMENTS . 

[0052] FIG. 11 FLOWCHART OF TRACKING WIRELESS DEVICE'S LOCATION 

[0053] FIG. 12 INTERWORKING BETWEEN BSC, SWITCH, AND· ULDM 

[0054] FIG. 13 USER LOCATION DAT ABASE COORDINATOR (MARKET LEVEL 

QUEERY) 
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[0055] FIG.14 USER LOCATION DATABASE COORDINATOR FLOWCHART 

[0056] FIG. 15 GENERIC USER LOCATION DATABASE COORDINATOR 

COMPONENTS 

[0057] FIG. 16 USER LOCATION DATABASE COORDINATOR (MARKET BASED 

SYSTEM) 

[0058] FIG. 17 USER LOCATION DAT ABASE COORDINATOR NETWORK (REGION 

BASED SYSTEM) 

[0059] FIG. 18 USER LOCATION DAT ABASE COORDINATOR NETWORK (DIRECT 

SYSTEM) 

[0060] FIG. 19 ULDC EXTERNAL QUERY CONNECTIVITY 

[0061] FIG. 20 HIERARCHY OF LOCATION METHODS 

[0062] FIG. 21 VALIDATION OF LOCATION METHODS 

[0063] FIG. 22 E-MOBILITY USER LOCATION DATABASE QUERIES 

[0064] FIG. 23 RF REMOTE LINK COMPONENTS 

[0065] FIG. 24 RF REMOTE LINK TO REMOTE MOBILE DEVICE 

[0066] FIG. 25 RF REMOTE LINK NETWORK 

[0067] FIG. 26 REMOTE MOBILE DEVICE CONTROL HARDWARE 
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[0068] FIG. 27 COMPONENTS UTILIZED BY ULDM 

[0069] J?IG. 28 INTER WORKING SYSTEM DIAGRAM 

[0070] FIG. 29 PHYSICAL REALIZATION OF PREFFERED EMBODE\/IENTS 

[0071] FIG. 30 STANDARDIZATION/CONVERSION SOFTWARE 

[0072] FIG. 31 BSC ACCESS CONTROL SOFTWARE 

[0073] FIG. 32 USER INTERFACE SOFT\VARE 

[0074] FIG. 33 DEVICE LOCATION SOFT\VA.RE 

[0075] FIG. 34 TRAfiET1NG DEVICES TO TRACK 

[0076] FIG. 35 A PRII\1AJZY ANALYTIC SOFTWARE 

[0077] FIG. 35 B PRilVIA.RY ANALYTIC SOFTWARE (CONTINUED) 

[0078] FIG. 35 C PRIMARY ANALYTIC SOFTWARE (CONTINUED) 

[0079] FIG. 36 MONITORJNG SOFTWARE FLO\VC!-L\R.T 

[0080] FIG. 37 CASE FILE GENERATION 

[0081] FIG. 38 A FAULT DIAGNOSIS/CORRECTION SOFTWARE 

[0082] FIG. 38 BF AULT DIAGNOSIS/CORRECTION SOFT\VA.RE (CONTINurD) 

[0083] FIG. 38-C FAULT DIAGNOSIS/CORRECTION SOFT\VARE (CONTINUED) 
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[0084] FIG. 39 CORRELA TED MAPPING SOFTWARE FLOWCHART 

[0085] FIG. 40 DISPLAY SOFT\VARE FLO\,VCHART 

[0086] FIG. 41 FINAL DISPLAY OUTPUT 

[0087] FIG. 42 PRO-ACTIVE NETWORK TUNING SOFTWARE 

[0088] FIG. 43 i\CTIVE WIRELESS UNIT DENSITY GEOGRAPHIC ZONING 

[0089] FIG. 44 /\CTIVE WIRELESS UNlT DENSITY 

[0090] FIG. 45 TERRAIN JNTEFERENCE NON-RADIAL ZONING 

[0091] FIG. 46 TERRAIN INTEFERENCE RADIAL DIVIDED ZONING 

[0092] FIG. 47 TERRAIN INTEFERENCE RADIAL DIVIDED BORDER ZONES 

[0093] FIG. 48 THERMAL PROCESS FLOWCHART 

[0094] FIG. 49 ACTIVE \VIRELESS UNIT DENSITY PROCESS 

[0095] FIG. 50 TERRAIN TUNING PROCESS 

[0096] FIG. 51 NETWORK EQUIP:tvIENT TUNING FLOWCHAJZT 

[0097] FIG. 52 NTS PRO-ACTIVE SYSTEM MENU 

[0098] FIG. 53 USER LOGS INTO SYSTEM 
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[0099] FIG. 54 ENTRY OF DESIRED TELEPHONE NUJ'v1BER 

[0100] FIG. 55 USER CHOICES MENU 

[0101] FIG. 56 USER SELECTS BtHLDINGS TO DISPLAY 

[0102] FIG. 57 ADDING) DELEA TING AND EDITING PHONEBOOK ENTRIES 

[0103] FIG. 58 USER SELECTION ON BUILDINGS TO DISPLAY 

[0104] FIG. 59 "BUILDING J'vfEMORY" USER'S CHOICE J'vfENlJ 

[0105] FIG. 60 "BUILDING MEMORY' CONTINlTED 

[0106] FIG. 61 CATEGORIZING BUILDING rvIEI\10RY 

[0107] FIG. 62 "LISTING" i\DDED TO "BUILDING ME?\ifOR Y" 

[0108] FIG. 63 "NAME" ADDED TO "BUILDING l\i1EMOR Y" 

[0109] l?IG. 64 "CATEGORY' /\DDED TO "BUILDING MElVIORY' 

[0110] FIG. 65 "ADDRESS" ADDED TO "BUILDING MEMORY" 

[0111] FIG. 66 "PHONE NUlVJBER" ADDED TO "BUILDING MEMORY" 

[0112] FIG. 67 DISPLA ')r OF CALL HISTORY 

[0113] FIG. 68 PRINT CALL HISTORY 

[0114] FIG. 69 A.DD CALL/LOCATION HISTORY TO PHOJ\'E BILL 
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[0115] FIG. 70 FLOWCHART OF THE DIRECTIONAL ASSISTANCE NETWORK (DAN) 

QUERY PROCESS 

[0116] FIG. 71 FLOWCHART OF D/\N USER 1NTERF/\CE TO RECEIVE DIRECTIONS 

BY A PHONE N'l.TI\;fBER 

[0117] F'IG. 72 FLOvVCHAKr OF DAN USER INTERFA.CE TO REC EI VE DIRECTIONS 

B')T ANAlVIE 

[0118] FIG. 73 FLO\VCHART OF DAN USER INTERFACE TO RECEPlE DIRECTIONS 

BY/\ CATEGORY 

[0119] FIG. 74 FLO\VCHART OF D/\N USER 1NTERF/\CE TO RECEIVE DIRECTIONS 

BY AN ADDRESS 

[0120] FIG. 75 FLOWCHAKr OF DAN USER INTERFA.CE TO RECEIVE DIRECTIONS 

BY FASTEST TRAVEL TIME 

[0121] FIG. 76 FLO\VCHART OF DAN USER INTERFACE TO RECEPlE DIRECTIONS 

BY 

SHORTEST DISTANCE 

[0122] FIG. 77 FLOWCHART OF DAN USER INTERFACE TO BE CONNECTED TO A 

SELECTED LISTING 

[0123] FIG. 78 FLOWCHART OF DAN USER INTERFACE TO LOCATE A WCD 

[0124] FIG. 79 FLO\VCHART OF DAN USER INTERFACE TO RECEPlE A MAP AND 

TRAVEL PLANS 
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[0125] FIG. 80 TRA.FFIC l\10NITORING AND ROUTING SOFTWARE PROCESS 

FLOWCI-!AR T 

[0126] FIG. 81 DIRECTIONAL ASSISTANCE NET\VORK STRUCTURE 

[0127] FIG. 82 PRIMARY EMBODIMENT'S LOCATION ON A TYPICAL 2i3G CELLlJLAR 

NETWORK 

[0128] FIG. 83 PRifVfARY ErdBODIEMENT'S ALTERNATE LOCATION ON A TYPICAL 

2/3G CELLULi\R NETWORK 

[0129] FIG, 84 PRJMARY EMBODIMENT'S ALTERNATE LOCATION #2 ON A TYPICAL 

2i3G CELLULAR NET\VORK 

[0130] FIG. 85 DAN LINKING SOFTWAJZE 

[0131] FIG, 86 TRAFFIC Til'vrn CALCULATION PERFORMANCE BASED ON VARIABLE 

A 

[0132] FIG. 87 TRAFFIC TINIE CALCULATION PERFORMANCE BASED ON VARLA.BLE 

TRAFFIC DENSITY RATIO 

[0133] MASTER LIST OF COMPONENTS 

100 SECOND GENERATION WIRELESS DEVICE NETWORK 

102 WIRELESS DEVICE USER 

104 WIRELESS DEVICE 

104-A WIRELESS DEVICE 

104-B WIRELESS DEVICE 

104-C WIRELESS DEVICE 

104-D WIRELESS DEVICE 

106 WIRELESS DEVICE RF SIGNAL 
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108 RADIO TOWER AND BTS WITH GPS RECEIVER NETWORK 

110-A RADIO TOWER AND BTS WITH GPS RECEIVER 

110-B RADIO TOWER AND BTS WITH GPS RECEIVER. 

110-C RADIO TOWER AND BTS WITH GPS RECEIVER 

112 GPS SATELLITE NETWORK SIGNAL 

114 GPS SATELLITE NETWORK 

116 COMMUNICATION LINKS (Tl, T3, MICROWAVE LINK, ETC.) 

118-A BASE STATION CONTROLLER (BSC) WITH VOCORDING, CIS & BACKHUAL 1/F 

118-B BASE STATION CONTROLLER (BSC) WITH VOCORDING AND ATMIC 

120 VOCORDING 

122 CDMA INTERCONNECTION SUBSYSTEM (CIS) 

124 BACKHUAL 1/F 

126 BSS MANAGER 

128 INTERSYSTEM LOGICAL CONNECTIONS 

130 SWITCH (MTX OR OTHER) 

132 INTERSYSTEM LOGICAL CONNECTIONS 

134 INTERSYSTEM LOGICAL CONNECTIONS 

136 INTERSYSTEM LOGICAL CONNECTIONS 

138 PUBLICLY SWITCHED TELEPHONE NETWORK (PSTN) 

140 CONNECTION FROM PSTN TO LAND LINES 

142 LAND LINES 

144 E-MOBILITY SERVICES 

148 INTERSYSTEM LOGICAL CONNECTIONS 

150 INTERSYSTEM LOGICAL CONNECTIONS 

152 SECOND GENERATION SWITCHING STATION 

154 INTERWORKING FUNCTION 

156 PACKET DATA NETWORK 

200 THIRD GENERATION WIRELESS DEVICE NETWORK 

202 PACKET DATA SERVICE NODE 

204 INTERSYSTEM LOGICAL CONNECTIONS 

210 INTERSYSTEM LOGICAL CONNECTION 
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212 ATMIC 

300 BASE STATION TRANCEVER SUBSYSTEM (BTS) 

302 GPS RECEIVER 

304 MI CROW A VE LINK 

306-A SECTOR ONE PRIMARY RECEIVER ANTENNA 

306-B SECTOR ONE TRANSMIT ANTENNA 

306-C SECTOR ONE DIVERSITY RECEIVER ANTENNA 

308-A SECTOR TWO PRIMARY RECEIVER ANTENNA 

308-B SECTOR TWO TRANSMIT ANTENNA 

308-C SECTOR TWO DIVERSITY RECEIVER ANTENNA 

310-A SECTOR THREE PRIMARY RECEIVER ANTENNA 

310-B SECTOR THREE TRANSMIT ANTENNA 

310-C SECTOR THREE DIVERSITY RECEIVER ANTENNA 

312 RADIO TOWER POLE 

314 ANTENNA LEADS TO BTS 

400 MAIN LOBE AND PRIMARY DIRECTIVITY 

402-A SIDE LOBE 

402-B SIDE LOBE 

404 REAR LOBE 

600-A DISTANCE FROM RADIO TOWER AND BTS WITH GPS RECEIVER 110-A, TO 

WIRELESS DEVICE 104 

600-B DISTANCE FROM RADIO TOWER AND BTS WITH GPS RECEIVER 110-B, TO 

WIRELESS DEVICE 104 

600-C DISTANCE FROM RADIO TOWER AND BTS WITH GPS RECEIVER 110-C TO 

WIRELESS DEVICE 104 

700-A DISTANCE FROM RADIO TOWER AND BTS WITH GPS RECEIVER 110-A, TO 

WIRELESS DEVICE 104 

700-B DISTANCE FROM RADIO TOWER AND BTS WITH GPS RECEIVER 110-B, TO 

WIRELESS DEVICE 104 

800-A DISTANCE FROM RADIO TOWER AND BTS WITH GPS RECEIVER 110-A, 

SECTOR ONE, TO WIRELESS DEVIC.E 104 
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800-B DISTANCE FROM RADIO TOWER 110-A, SECTOR TWO TO WIRELESS DEVICE 

104 

800-C DISTANCE FROM RADIO TOWER 110-A, SECTOR THREE TO WIRELESS 

DEVICE 104 

900 USER LOCATION DATABASE 

902 DATABASE LOGIC CENTER 

904 USER LOCATION DATABASE MANAGER 

906 STANDARDIZATION CONVERSION (SOFTWARE/HARDWARE) 

908 USER LOCATION DATABASE COORDINATOR (ULDC) 

910-A COMMUNICATIONS LINKS (Tl, T3,DEDICATED LINES, MICROWAVE LINK, 

ETC.) 

910-B COMMUNICATIONS LINK (Tl, T3, DEDICATED LINES, MICROWAVE LINK, 

ETC.) 

910-C COMMUNICATIONS LINK (Tl, T3, DEDICATED LINES, MICROWAVE LINK, 

ETC.) 

910-D COMMUNICATIONS LINK (Tl, T3, DEDICATED LINES, MICROWAVE LINK, 

ETC.) 

912 INTERSYSTEM LOGICAL CONNECTIONS 

922 INTERSYSTEM LOGICAL CONNECTIONS 

924 INTERSYSTEM LOGICAL CONNECTIONS 

926 INTERSYSTEM LOGICAL CONNECTIONS 

928 INTERSYSTEM LOGICAL CONNECTIONS 

1200 TIMING (TOA, RTD, ETC.) 

1210 SIGNAL STRENGTH MEASURES 

1220 CALL PROCESS INFORMATION 

1230 RADIO TOWER AND BTS LATITUDE/LONGITUDE 

1240 RADIO TOWER ALTITUDE 

1250 RADIO TOWER DOWNTIL T 

1260 REGION TYPE OF TOWER (RURAL, URBAN, ETC.) 

1270 CALL PROCESS IDENTIFICATION NUMBER 

1280 HLR/VLR INFORMATION ON CALLER 
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1290 AZIMUTH ON SECTORS AND RADIO TOWERS 

1300-A SECOND GENERA TIONWIRELESS NETWORK SERVICE PROVIDER 

1300-B SECOND GENERATION WIRELESS NETWORK SERVICE PROVIDER 

1302-A THIRD GENERATION WIRELESS NETWORK SERVICE PROVIDER 

1302-B THIRD GENERATION WIRELESS NETWORK SERVICE PROVIDER 

1304 EMERGENCY MEDICAL SERVICES APPLICATIONS 

1306 COMMUNICATIONS LINK {Tl, 13, DEDICATED LINES, SATELITE, MICROWAVE 

LINK, ETC.) 

1500-A COMMUNICAITONS LINK (DEDICATED LINES, SATELLITE, Tl, T3, ETC.) 

1500-B COMMUNICATIONS LINK (DEDICATED LINES, SATELITE, Tl, T3, ETC.) 

1500-C COMMUNICATIONS LINK (DEDICATED LINES, .SATELLITE, Tl, T3, ETC.) 

1500-D COMMUNICATIONS LINK (DEDICATED LINES, SATELITE, Tl, T3, ETC.) 

1500-E COMMUNICATIONS LINK (DEDICATED LINES, SATELLITE, Tl, T3, ETC.) 

1502 PLURALITY OF ULDC'S 

1506 UPLINK CONNECTION COMPONENT OF THE ULDC 

1508 SINGLE ULDC HIGHER ON HEIRARCHY 

1510 ULD ACCESS CONTROL UNIT OF THE ULDC 

1512 PLURALITY OF ULD'S 

1516 REMOTE ACCESS CONTROL UNIT OF THE ULDC 

1518-A RF REMOTE LINK 

1518-B RF REMOTE LINK 

1518-C RF REMOTE LINK 

1522 DATA LOGGING UNIT OF THE ULDC 

1524 ULDC CONTROL HARDWARE/SOFTWARE 

1526 MAINTENANCE UNIT 

1528 MASTER ULDM AND LOCATION VERIFICATION PROCESS 

1530 MARKET OR GROUP ULD 

1532 MIRROR DATABASE 

1534 MULTIPLE DOWNLINK CONNECTIONS OF THE ULDC 

1536 ULDC ACCESS CONTROL UNIT OF THE ULD 

1538 UPLINK/DOWNLINK ATM REDUNDANT CONNECTION 
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1540 PLURALITY OF REMOTE ACCESS TERMINALS 

1542 ULDC OR FUTURE EXP ANSI ON REQUIRING ULDC INTERFACE 

1600 USER LOCATION DATABASE COORDINATOR NETWORK (MARKET BASED 

SYSTEM) 

1602 NATIONAL OR INTERNATIONAL ULDC 

1604 MARKET "A" ULDC 

1606 MARKET "B" ULDC 

1608 MARKET "C" ULDC 

1610 MARKET "D" ULDC 

1612 MARKET "F" ULDC 

1614 MARKET "G" ULDC 

1616 MARKET "H" ULDC 

1618 OPTIONAL COMMUNICATIONS LINK BETWEEN MARKET ULD'S 

1620 MARKET "E" ULDC 

1630-A COMMUNICATIONS LINK (DEDICATED LINES, SATELITE, Tl, T3, ETC) 

1630-B COMMUNICATIONS LINK (DEDICATED LINES, SATELITE, Tl, T3, ETC) 

1630-C COMMUNICATIONS LINK (DEDICATED LINES, SATELITE, Tl, T3, ETC) 

1630-D COMMUNICATIONS LINK (DEDICATED LINES, SATELITE, Tl, T3, ETC) 

1630-E COMMUNICATIONS LINK (DEDICATED LINES, SATELITE, Tl, T3, ETC) 

1630-F COMMUNICATIONS LINK (DEDICATED LINES, SATELITE, Tl, T3, ETC) 

1630-G COMMUNICATIONS LINK (DEDICATED LINES, SATELITE, Tl, T3, ETC) 

1630-H COMMUNICATIONS LINK (DEDICATED LINES, SATELITE, Tl, T3, ETC) 

1700 USER LOCATION DAT ABASE COORDINATOR NETWORK (REGION BASED 

SYSTEM) 

1702 DISTRICT "A" ULDC 

1704 DISTRICT "B" ULDC 

1706 REGION "A" ULDC 

1708 REGION "B" ULDC 

1710 REGION "C" ULDC 

1712 REGION "D" ULDC 

24 

TX1000-Cl2 



1714-A OPTIONAL COMMUNICATIONS LINK (DEDICATED LINES, SATELLITE, Tl, 

T3, ETC) 

1714-B OPTIONAL COMMUNICATIONS LINK (DEDICATED LINES, SATELLITE, Tl, 

T3, ETC) 

1714-C OPTIONAL COMMUNICATIONS LINK (DEDICATED LINES, SATELLITE, Tl, 

T3, ETC) 

1714-D OPTIONAL COMMUNICATIONS LINK (DEDICATED LINES, SATELITE, Tl, T3, 

ETC) 

1716-A COMMUNICATIONS LINK (DEDICATED LINES, SATELLITE, Tl, T3, ETC) 

1716-B COMMUNICATIONS LINK (DEDICATED LINES, SATELLITE, Tl, T3, ETC) 

1716-C COMMUNICATIONS LINK (DEDICATED LINES, SATELLITE, Tl, T3, ETC) 

1716-D COMMUNICATIONS LINK (DEDICATED LINES, SATELLITE, Tl, T3, ETC) 

1716-E COMMUNICATIONS LINK (DEDICATED LINES, SATELLITE, Tl, T3, ETC) 

1716-F COMMUNICATIONS LINK (DEDICATED LINES, SATELLITE, Tl, T3, ETC) 

1716-G COMMUNICATIONS LINK (DEDICATED LINES, SATELLITE, Tl, T3, ETC) 

1716-H COMMUNICATIONS LINK (DEDICATED LINES, SATELLITE, Tl, T3, ETC) 

1716-1 COMMUNICATIONS LINK(DEDICATED LINES, SATELLITE, Tl, T3, ETC) 

1716-J COMMUNICATIONS LINK(DEDICATED LINES, SATELLITE, Tl, T3, ETC) 

1716-K COMMUNICATIONS LINK(DEDICATED LINES, SATELLITE, Tl, T3, ETC) 

1716-L COMMUNICATIONS LINK(DEDICATED LINES, SATELLITE, Tl, T3, ETC) 

1716-M COMMUNICATIONS LINK(DEDICATED LINES, SATELLITE, Tl, T3, ETC) 

1716-N COMMUNICATIONS LINK(DEDICATED LINES, SATELLITE, Tl, T3, ETC) 

1800 USER LOCATION DATABASE COORDINATOR NETWORK (DIRECT SYSTEM) 

1900 REMOTE WIRELESS DEVICE 

1902 WIRELESS COMMUNICATIONS LINK (RADIO FREQUENCY LINK, ETC.) 

1904 PLURALITY OF REMOTE WIRELESS DEVICES 

1906 POLICE 

1908 AUTHORIZED ACCOUNTS AND OTHERS 

1910-A COMMUNICATIONS LINK (DEDICATED LINES, SATELITE, Tl, T3, ETC. 

1910-B COMMUNICATIONS LINK (DEDICATED LINES, SATELITE, Tl, T3, ETC.) 

2300 OMNIDIRECTIONAL TRANSMIT/RECEIVE ANTENNA 
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2302 ANTENNA LEADS 

2304 TRANSMIT UNIT 

2308 RECEIVE UNIT 

2310 MAINTENANCE UNIT 

2320 TRANSMIT CONTROL UNIT 

2330 RECEIVER CONTROL UNIT 

2340 ULDC INTERFACE CONTROL HARDWARE/SOFTWARE 

2350 RF LINK MANAGEMENT HARDWARE/SOFTWARE 

2360 POWER CONTROL UNIT 

2380 CONNECTION TO EXTERNAL POWER SOURCE 

2410 PCMICA INTERFACE CARD 

2420 CONTROL HARDWARE 

2430 ANTENNA 

2440 DATA CABLE 

2450 TOP COMPUTER 

2460 ANTENNA LEADS 

2470 CONNECTION TO EXTERNAL POWER SOURCE 

1518-A RF REMOTE LINK 

1902 RF REMOTE LINK 

2500 RF REMOTE LINK NETWORK 

2510 DENSE URBAN AREA 

2520 URBAN AREA 

2530 SUB-URBAN AREA 

2605 TRANSMIT UNIT 

2608 RECEIVE UNIT 

2620 TRANSMIT CONTROL UNIT 

2630 RECEIVE CONTROL UNIT 

2640 RF INTERFACE CONTROL HARDWARE/SOFTWARE 

2660 POWER CONTROL UNIT 

2800 NETWORK TUNING SYSTEM/PRIMARY EMBODIMENT 

2802 MONITORING SOFTWARE 
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2804 BSC ACCESS CONTROL SOFTWARE 

2806 FAULT DIAGNOSIS/CORRECTION SOFTWARE 

2808 DEVICE LOCATION SOFTWARE 

2810 GEOGRAPHIC INFORMATION DATABASE 

2812 CRISS-CROSS PHONEBOOK DATABASE WITH LAT/LONG CORRELATIONS 

2814 PRIMARY ANALYTIC SOFTWARE 

2816 INTERNAL CENTRAL PROCESSING UNIT AND COMPUTER 

2818 INTERNAL MEMORY STORAGE 

2820 CASE FILES WITH LAT/LONG 

2822 SERVICING EFFECTING FACTORS WITH LAT/LONG CORRELATIONS 

2824 RADIO TOWER WITH LAT/LONG CORRELATIONS 

2826 USER INTERFACE SOFTWARE 

2828 CORRELATING MAPPING SOFTWARE 

2830 CORRELATING DATA FOR LAT/LONG INFORMATION 

2832 DISPLAY SOFTWARE/HARDWARE 

2834 E-MOBILE CONNECTION 

2836 DISPLAY SCREEN 

2838 LINK REQUIREMENTS FOR SCANNING MODE 

2840-A PASSIVE LINKS 

2840-B PASSIVE LINKS 

2842-A PASSIVE LINK AND/OR ACTIVE LINKS 

2842-B PASSIVE LINK AND/OR ACTIVE LINKS 

2844-A PASSIVE LINK AND/OR ACTIVE LINKS 

2844-B PASSIVE LINK AND/OR ACTIVE LINKS 

2844-C PASSIVE LINK AND/OR ACTIVE LINKS 

2844-D PASSIVE LINK AND/OR ACTIVE LINKS 

2844-E PASSIVE LINK AND/OR ACTIVE LINKS 

2844-F PASSIVE LINK AND/OR ACTIVE LINKS 

2844-G PASSIVE LINK AND/OR ACTIVE LINKS 

2844-H PASSIVE LINK AND/OR ACTIVE LINKS 

2844-1 PASSIVE LINK AND/OR ACTIVE LINKS 
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2846-A PASSIVE SCANNING MODE, ACTIVE LINKS 

2846-B PASSIVE SCANNING MODE, ACTIVE LINKS 

2846-C PASSIVE SCANNING MODE, ACTIVE LINKS 

2848 USER 

2900 MASTER SERVER 

2902 EXTERNAL ACCESS POINT 

2904 LOCAL ACCESS POINT 

2906 HIGHSPEED INTERNET GATEWAY 

2908 WORLD WIDE WEB 

2910 INDIVIDUAL COMPUTERS 

2912 CORPORATE EXTERNAL LAN (SECURE) 

2914 BACK-UP SYSTEM SERVER 

2916 DATA FLOW DIAGRAM 

2918-A DATA FLOW CONNECTIONS 

2918-B DATA FLOW CONNECTIONS 

2918-C DATA FLOW CONNECTIONS 

2918-D DATA FLOW CONNECTIONS 

2918-E DATA FLOW CONNECTIONS 

2918-F DATA FLOW CONNECTIONS 

2918-G DATA FLOW CONNECTIONS 

2918-H DATA FLOW CONNECTIONS 

2920-A LAN CONNECTIONS 

2920-B LAN CONNECTIONS 

2920-C LAN CONNECTIONS 

3000 START (GENERIC COMMAND) 

3004 PROTOCOL DATABASE 

3012 RECEIVE DEVICE PROTOCOL LIST 

3110 COMMAND LIST 

3200 INTERNET 

3202 INTERNET 

3206 LOCAL SERVER/WORK STATION 
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3216 USER DATABASE 

3224 SYSTEM LOG 

3700 LOCATION OF WIRELESS DEVICE BEING TRACKED 

3704 FORWARD RECEIVE POWER 

3706 FORWARD TRANSMIT POWER 

3708 EC/LO 

3710 NEIGHBOR LIST 

3712 MESSAGING 

3714 FER 

3716 OTHER ERROR CODES 

3718 OTHER USER DEFINED FACTORS 

3720 ERROR CODE 

3722 CASE FILE # 

3724 WIRELESS DEVICE ID# 

3726 OTHER USER DEFINED FACTORS 

3816 LOCAL ERROR DATABASE 

3828 TREND ANALYSIS DATA 

3878 STORED ERROR DATA 

3886 MESSAGE TABLE 

3888 CORRECTION TABLE 

3920 DATA LA YER 

3926 MASTER DATA LAYER 

3936 MASTER MAP LA YER 

3940 FILTERED MASTER DATA LA YER 

3942 FILTERED DATE LA YER 

3944 FILTERED MASTER MAPPING LA YER 

3946 FILTERED MAPPING LAYER 

3950 PRIMARY DISPLAY LA YER DATA FILE 

4002 PRIMARY DISPLAY LA YER 

4004 SECONDARY DISPLAY LA YER 
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4100 RADIO TOWER LOCATIONS DISPLAY LA YER 

4110 WIRELESS DEVICE LOCATIONS DISPLAY LA YER 

4120 SERVICE AFFECTING FACTORS DISPLAY LA YER 

4130 ERROR CODES DISPLAY LA YER 

4140 CRISS-CROSS PHONEBOOK ENTRIES DISPLAY LA YER 

4150 AUXILIARY OBJECT LOCATIONS DISPLAY LA YER 

4160 GEOGRAPHIC/TOPOLOGICAL STREET MAP OVERLAY DISPLAY LA YER 

4170 FINAL DISPLAY OUTPUT 

5300 LOCATION TRACKING SYSTEM 

5304 USER NAME AND PASSWORD 

5306 INTERNAL STORAGE MEMORY 

5312 USER RECORDS 

5322 HELP MENU/SERVICE AGENT/OPERATOR 

5326 MERCHANT CREDIT CARD SERVICES ACCOUNT 

5400 MEMBERSHIP DATA 

5420 FAX ON DEMAND 

5422 POSTAL ADDRESS CONVERSION HARDWARE/SOFTWARE 

5424 AUTOMATED ANSWERING HARDWARE/SOFTWARE 

5426 VOICE TEXT READ-UP HARDWARE/SOFTWARE 

5502 USER CHOICE MENU 

8100 directional assistance network (DAN) 

8101 primary logic software 

8105 voice interface software 

8110 voice mapping software 

8115 device location software 

8120 routing software 

8125 traffic monitoring software 

8130 data interface software 

8135 external DAN query interface software 

8140 external connections to query device 

8145 PSTN phone location database 
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8150 criss-cross lat/long geographic database 

8155 geographic database mapping software 

8160 standardization and conversion software/hardware 

8165 external network connection 

8170 computer system 

8202 wireless communication 

8205 wireless communication device 

8212 PSTN/PSTN location database communication interface 

8220 telephone 

8222 MTX/PSTN interface 

8227 MTX/BSC interface 

8232 BSC/BTS interface 

8237 MTX/user location database interface 

8242 MTX/e-mobility services interface 

8247 MTX/PDN interface 

8252 PON/internet gateway interface 

8255 internet gateway 

8257 internet gateway/internet interface 

8260 internet 

8262 a-mobility services/DAN interface 

8267 MTX/WCD location software interface 

8270 WCD location software 

8300 DAN linking software 

8310 DAN/internet interface 

8320 a-mobility services/DAN linking software interface 

8410 DAN/PSTN interface 

8515 interim linking software 

8517 interim linking software/packet routing software/hardware interface 

8520 packet routing software/hardware 

8522 interim linking software/DAN data query software interface 

8525 DAN data query software 
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Detailed Description of the Preferred Embodiments 

[0134] Detailed descriptions of the preferred embodiment are provided herein. It is to be 

understood, however, that the present invention may be embodied in various forms. Therefore, 

specific details disclosed herein are not to be interpreted as limiting, but rather as a basis for the 

claims and as a representative basis for teaching one skilled in the art to employ the present 

invention in virtually any appropriately detailed system, structure or manner. 

[0135] Referring to FIG. 9, this invention of both a machine and process focuses directly on the 

ability to use dynamic location based information of a plurality of wireless devices 104 in the 

form of latitude and longitude, store that data to a dynamic software database user location 

database (ULD) 900, via the database logic center 902, and allow a means by which to share the 

software database ULD 900 with other entities ( either software or hardware). The hardware 

shown in FIG. 9 (possibly logically integrated into existing hardware) consists of a ULD 900, a 

database logic center (DLC) 902, a user location database manager (ULDM) 904, standardization 

conversion hardware/software 906, and a user location database coordinator (ULDC) 908. 

[0136] These systems/machines and the software/processes defined within this invention add a 

unique and novel ability that in its entirety will benefit both business and public as a whole. This 

benefit will be financially profitable for businesses by allowing the creation of a universal 

standard that software applications can be developed off of, greatly reducing individual project 

cost by using this invention as resource. Additionally, as many new wireless software programs 

are increasingly using location based technology in the form of GPS, this invention would then 

increase the profitability of companies by using this technology for their software because it is 

based on existing infrastructure and would not require a consumer, who possesses a wireless 

device 104, to purchase any additional equipment. This would require less investment by a 

company using this invention, and increase immediate profit of any hardware/software/firmware 

applications developed using this invention. 
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[0137] The fundamental machine is defined by the inclusion of the ULD 900, DLC 902, ULDM 

904, standardization conversion hardware/software 906, and ULDC, 908. Basic functions as 

expanded on in subsequent sections of this invention are as follows: 

ULD 900: Software database for data that includes user entries consisting of a user 

identifier, latitude and longitude, and other aspects as described in subsequent sections. 

DLC 902 converts data into a storable format for the ULD 900 

ULDM 904: Responsible for reading/writing/appending user entries in the ULD 900 and 

calculating the data that will be entered into those entries by gathering information from 

the BSC 118-A and the switch (MTX or other) 130. 

Standardization Conversion Hardware/Software 906 converts data into a standardized 

format for the ULDC 908. 

ULDC 908: Allows remote access of a singular or plurality ofULD's 1512 by a remote 

database query. 

[0138] The machine and process are compatible with existing 2nd generation wireless device 

network 100 and future 3rd generation wireless device networks 200. Current wireless networks 

such as in FIG. I are commonly referred to as 2G or second-generation networks 100. 

[0139] Still referring to FIG. 9, the components that have been added to the architecture of the 

second-generation wireless network 100 comprise of the primary embodiments of the machine 

and process. The ULDM 904 is used for acquiring geographic location data from the BSC 118-A 

(call processing information/TDOA/RSSI and other data such as predetermined location) and 

user identifying information (phone number) from the switch (MTX or other) 130. 

[0140] It then creates a database entry using the user information {phone number), date/time 

information and user controlled settings of a plurality of wireless devices I 04 and puts it into the 

ULD 900 in its software database entry format via the DLC 902. The ULD 900 is a software 

database resource, containing user entries created by the ULDM 904, for other 

software/hardware applications such as the shown a-Mobility services 144. The ULDC 908 

connects to the switch {MTX or other) 130 and allows remote access to the ULD 900. Logical 

and physical connections between these physical and logical bodies are illustrated as intersystem 
33 

TX1000-Cl2 



logical connections 922, 148, 924, 926, 928 and the wired link {Tl, or other) 910-A between the 

switch {MTX or other) 130 and the ULDC 908. 

[0141] Still referring to FIG. 9, also within the scope of this invention, is the ability for location 

to be determined at the wireless device 104. This could be accomplished if the device contained 

a GPS unit itself, or a other means of determining location and could acquire its geographic 

location {latitude/longitude/altitude/time). In such a case, information would be transmitted back 

to the switch {MTX or other) 130 by the phone and reported to the ULDM 904. The location 

would then be transmitted directly into the DLC 902 ( of the ULD 900), and stored in the ULD 

900. In this case, the wireless device 104 is responsible for the determination of its location. 

Regardless of where the location at the wireless device 104 is computed, this invention's integrity 

remains the same. The ability to compute the location at the wireless device 104, or within the 

wireless device network 100 or 200 is covered by numerous previous patents. 

[0142] Still referring to FIG. 9, the data can be sent/received by thee-mobility services 144 or 

directly to the BSC 206 as data. Location information in this case would be sent continuously or 

limited by features on the wireless device 104. Implementation of this method with wireless 

device 104 having GPS equipment, requires the wireless device 104 to be in relative sight to the 

sky. The GPS unit would require integration and other procedures to integrate with the wireless 

device 104. Other methods (as taught in the prior art) of determining the location of the wireless 

device 104 at the wireless device 104 may not require the wireless device 104 to be in plain sight 

or relative to the sky. Regardless, the final results once the longitude/latitude data is sent from 

the wireless device 104 is the same if the data is calculated at the wireless device 104, or 

calculated at the ULDM 904. 

[0143] Still referring to FIG. 9, to utilize any calculations of locations at the wireless device 104, 

that data will need to be transmitted to the radio towers and BTS 110-A, 110-B, and 110-C, 

along with voice. Various systems exists to accommodate this including time divided multiple 

access (TOMA), code divided multiple access (CDMA) and others. 
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[0144] Beyond the 2G wireless device networks 100 (FIG. 1) exists an emerging technology 

called 3G (FIG. 2), or third generation (networks) 200. These wireless networks offer greater 

features and bandwidth to wireless devices 104 on the network. Integration as shown in FIG. 2 is 

identical to FIG. 1, or to the 2G wireless device network 100. 

ADDITIONAL EMBODIMENTS 

[0145] Additionally embodiments include a means for a plurality of "e-mobility" services 144 to 

access the ULD 900 through software (possibly SQL or other similar database query methods). 

Further included is a means for interfacing directly from the BSS manager 126 to the ULDM 904 

for maintenance and direct access of said features. 

[0146] Further embodiments include adding to the ULDC 908 a means for redundancy in case of 

hardware/software failure, using optional input/output capable ports. Additionally, creating a 

user location database coordinator network (ULDCN) (FIG. 16) 1600, comprising a means for 

querying a plurality of user location database coordinators (ULDC's) 1502 and their respective 

ULD's 1512. 

[0147] A further additional embodiment details a process for querying a plurality of ULDC's 

1502 in a programmable order so as to optimize the query results. 

[0148] A method also claimed is the hierarchy of user location methods (HULM) that comprises 

a means for the ULDM 904 to select the most accurate location method from a plurality of 

location methods, for locating the plurality of wireless devices 104 according to variable 

conditions which exist within the wireless device network 100. To ensure consumer privacy, a 

user control setting comprising a means for a "full" privacy flag (meaning an electronic register 

indicating the user does not want their phones location information tracked) to be set by a 

wireless device user 102, alerts the ULDM 904 if it can record latitude and longitude location 

data to the ULD 900 for that given wireless device user 102. An "anonymous" privacy flag 

allows the location of a wireless device 104 to be monitored on a limited basis, by not reporting 

the identification information of the wireless device 104. 
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[0149] An additional embodiment is the addition of a RF remote link 1518 and remote mobile 

device 1900, which can be added to the ULDC 908 in order to allow queries of the ULDC 908 

from remote locations. Although the ULDC 908 can be queried by the wireless device 104, the 

use of the RF remote link 1518 and remote mobile device 1900 allow queries to be performed on 

a broader RF band than would be found on the wireless device 104. This broader RF band allows 

for more data to be transferred at a greater speed than is possible by a typical wireless device 

104. 

ALTERTNATIVE EMBODIEMENTS 

[0150] Alternate embodiments to the invention include the ability for the hierarchy process for 

query (HPQ) to be programmed by a designated entity, person, or group in such a way as 

deemed appropriate by that party to ensure a desired search procedure. Additionally the 

hierarchy of user location method's used by the ULDM 904 could be modified, appended, 

reprioritized or otherwise changed to use a plurality of location methods as programmed by a 

person, group or other entity to obtain any desired level of detail regarding the accuracy of the 

latitude and longitude calculations. 

[0151] Other alternatives include the ability for the privacy flag to be locked in the inactive 

position by the owner of the wireless device 104, by remote access, if it is to be used for 

example, by an employee, a child, a thief or if the wireless device 104 is lost. Having the ability 

for the privacy flag to be automatically turned in the off position when the user of the wireless 

device 104 dials emergency services such as for example "911" is also an alternative 

embodiment. Additionally, the ability for the privacy flag to be turned off by the service provider 

in the case of, for example, court ordered surveillance. Alternative ways to access the privacy 

flag are having it be controlled and/or implemented from the wireless device 104 or the BSS 

manager 126. 

[0152] A further alternative embodiment is transferring acquired geographical data, user 

information, date/time information, other defined data, and/or user controlled settings 

information for a plurality of wireless devices 104 containing GPS equipment, or other location 

means, to the ULDM 904 (from the wireless device itself) and then to the ULD 900. This also 
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includes the approach of having the means for the location of the wireless device 104 to be 

computed at the wireless device 104 and then transmitted to the radio tower and BTS 110-A, to 

the BSC 118-A or 118-B, and then into the ULDM 904 and finally to the ULD 900. 

Detailed Description of Drawings With Embodiments 

[0153] Referring to FIG. 9, is a typical second-generation (2G) wireless device network 100 

architecture similar to that found in FIG. 1. However, in FIG. 9, some of the embodiments of this 

invention, which include a ULDM 904 a ULD 900 combined with the database logic center 

(DLC) 902, a standardization conversion software/hardware apparatus 906, and a ULDC 908 

have been added. When the wireless device user 102 sends voice or data through the wireless 

device 104, the voice and data are sent via a radio frequency signal 106 to the radio tower 

network 108. The RF signal 106 from the wireless device 104 is then received by the radio tower 

and BTS (with GPS receiver network 108). For illustration purposes, the radio towers and BTS 

110-A, 110-B, and 110-C receive the RF signal 106. The user's voice and data information, 

along with other information (described in greater detail in FIG. 12) is then sent through a 

dedicated line (Tl, T3, microwave or other dedicated line) 910, to the base station controller 

(BSC) 118-A. Information, which has been gathered from the radio tower and BTS with GPS 

receiver network 108, is then dispensed from the BSC 118-A to the switch (MTX or other) 130 

and the ULDM 904. 

[0154] The ULDM 904 then decodes the information that is gathered from the base station 

controller (SSC) 118-A and the switch (MTX or other) 130. It computes the location of a 

wireless device 104 in accordance with another embodiment of this invention, the hierarchy of 

user location methods (HULM). The hierarchy of user location methods is a series of changeable 

and programmable algorithms, which incorporates the appropriate location methods as taught in 

the prior art. The appropriate method for determining the location of the wireless device 104 

would consist of many factors including rural or urban locations of radio towers and other BTS 

information. Many other factors are covered under the prior art. 
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[0155] The ULDM 904 then communicates with the DLC 902 through an intersystem logical 

connection 150. The DLC 902 then stores the decoded data in the ULD 900 in the form of 

longitude and latitude information, date and time information, user identification information, 

user selected settings and other factors (as illustrated in FIG. 12). The switch (MTX or other) 130 

is simply the place where the ULDC 908 communicates data. The ULDM 904 converts and 

sends the query via the intersystem logical connection 924, to the ULD 900 through the DLC 

902. The ULD 900 then uses its DLC 902 to convert query into internally recognized code and 

then retrieves it from the entry from the ULD 900. The results are passed back to the DLC 902, 

which converts the entry back into a format used by the ULDM 904. The entry is passed back 

through the switch, (MTX or other) 130, to the ULDC 908. This decoded data can also be sent 

through an intersystem logical connection 922 toe-mobility services 144 where the decoded data 

can be accessed and used by a plurality of entities and applications. 

[0156] Still referring to FIG. 9, these e-mobility services 144 can be accessed by other 

applications within a single service provider's second-generation wireless device network 100. 

This networking of ULD's 1512 between service providers and other entities is accomplished 

through the use of two additional embodiments of this invention, a standardization conversion 

software/hardware 906 and a ULDC 908. The wireless device 104 can interface with a plurality 

of applications that are accessed through e-mobility services 144. The wireless device 104 can 

also query the ULD's 1512 and ULDC's 1502 and use this data for applications within the 

wireless device 104 or other equipment attached to the wireless device 104. These e-mobility 

service(s) 144, ULD's 1512 and ULDC's 1502 can also be interfaced via the Internet and the 

publicly switched telephone network (PSTN) 138. 

[0157] The standardization conversion software/hardware 906 is known in the prior arts, 

however its use in this application is considered to be a point of novelty. The purpose of this 

device is to facilitate a standardization of the software and hardware transmissions from the 

service providers second generation wireless device network 100, to device is comprising 

software and hardware outside of the second generation wireless device network 100. However 

the standardization conversion software/hardware 906, may not be needed within the second 

generation wireless device network 100 if it is already operating with a hardware and software 
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system which is compatible with the interfacing of hardware and software outside of the second 

generation wireless device network 100. 

[0158] In an alternative embodiment the standardization conversion software/hardware 906 is 

comprised within, or as a peripheral of the device external to the second generation wireless 

device network 100 such as the ULDC 908. 

[0159] As previously stated the ULDC 908, which is referred to in FIG. 9, enables the 

networking of a plurality of ULD 900 which can be accessed through e-mobility services 144 so 

as to provide a resource, as an embodiment of this invention, for locating individual wireless 

devices 104 for such applications as (for example) emergency medical services locating a loss or 

injured wireless device user 102, or to assist a wireless device user 102 to locate a loss or stolen 

wireless device 104. The ULDC 908, can also be used, in an alternative embodiment of this 

invention, as a resource to view and monitor the location of a plurality of wireless devices 104 at 

the same time, which would be useful in such applications such as (for example) vehicle traffic 

monitoring so as to enable vehicle trip route planning for emergency medical service vehicles 

trying to find the fastest route of travel to a particular emergency by avoiding congested traffic 

areas, or for vehicle trip route planning by individual drivers. 

[0160] Yet another alternative embodiment of the user ULDC 908 is to provide a resource for 

monitoring the location of a plurality of selected wireless devices 104 so as to be useful in such 

applications (for example) as monitoring the location of wireless devices 104 operated by police 

1906, so as to enable faster response time by the police 1906 in an emergency situation, or 

location of wireless devices 104 operated by taxi services or delivery services in order to 

improve efficiency, or for businesses to monitor the location of employs. 

[0161] Now referring to FIG. 10, the same embodiments of this invention, as illustrated in FIG. 

9, are illustrated here in the third-generation wireless device network architecture 200. These 

embodiments operate the same as in FIG. 9. 
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[0162] For a third generation wireless device network 200, the differences involved are minor. 

Primary operation of the embodiment does not change. However, additional embodiments do 

exist. The ability to send data at higher rates and to allow faster bi-directional communication 

between the wireless device 104 and the wireless device network 200 are key. These factors 

allow the realization ofreal-time applications to be run from the wireless device 104 that could 

access various E-mobility services 144 and consequently the ULD 900. 

[0163] Now referring to FIG. 11, is a flowchart of tracking wireless device's 104 location. The 

items of this flowchart, which are numbered from 1100 through 1196, are intended to 

demonstrate the current state-of-the-art regarding the processing of a call transmission from a 

wireless device 104 and are therefore prior art. The items of this flowchart, which are numbered 

1100 through 1196, are unique to this convention and should be considered points of novelty. 

The call process begins 1100, when the user originates a call 1105, and the base-station 

transceiver subsystem (BTS) 300 receives the call 1105. Information is then sent from the base 

station transceivers subsystem to the base station controller (BSC) 1110, at which point the base 

station controller 206 establishes resources for the call 1120. The base station controller 206 

checks the switch (MTX or other) 130 database for user information 1125. The switch {MTX or 

other) 130 authenticates user information and delivers it to the BSC 1130. From this point the 

BSC 206 establishes the call and routes the call to its destination 1135, through the switch (MTX 

or other) 130 and then to the publicly switched telephone network 138 or directly to other 

wireless devices 104 on the wireless 

network 1135. The call proceeds 1140, until the call is terminated 1145. The BSC 206 then 

acknowledges the end of the call and tears down the resources 1150 at which point the call 

process ends1155. 

[0164] Still referring to FIG. 11, the location process runs in parallel with the call and begins 

when the switch (MTX or other) 130 authenticates user information and delivers the call to the 

BSC 1130. It is at this point that the switch (MTX or other) 130 passes the call process 

identification number 1165 to the ULDM 904. The ULDM 904, negotiates with the ULD 900 

and sets up the entry 1160. It is at this point when the ULDM 904, checks to see if the user has 

activated the full privacy flag 1170. The full privacy flag 1170, is an embodiment of this 
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invention. The privacy flag 1170, is intended to allow the user to choose whether or not his/her 

location can be monitored by the ULDM 904. If the user has chosen to turn his full privacy flag 

1170, on the ULDM 904, then logs user inactive 1194 and the ULDM 904, stops tracking 1196. 

If the user has not turned their full privacy flag 1170 on, the BSC retrieves data on the call 1175. 

This also applies to when a user may opt to have an 'Anonymous Privacy Flag'. In this case, the 

user's location can only be accessed by external applications as part of an anonymous location 

query. In such case, the location of a said user could not be associated with any user information. 

The difference between the "full privacy" flag and the "anonymous" flag is that the full privacy 

flag will not let any external program access any data, personal or location information. While, 

on the other hand, the anonymous flag when set, will allow location-based information to be 

released, but not personal identifying information. These are both electronic registers that exist in 

the database entry of the user. The querying software checks them first, to discover the access 

rights to the user's personal and location-based information. 

[0165] The ULDM 904, then computes the location and the location time and date information 

and other information 1180, which is acquired from the BSC 206 and the switch (MTX for other) 

130. It then sends the updated data information 1185 to the ULD 900, via the database logic 

center 1180. As the call proceeds, user information is updated 1185. If the call is still active, the 

ULDM 904 computes the location and adds location time/date information 1180 and other 

desired information from the BSC 206 and the switch (MTX or other) 130 and then enters this 

information into the ULD 900, via the database logic center 1180. At this point the user 

information is updated again 1185. During this process thee-mobility service 144, applications 

have full access to the ULD 900, which can also be accessed directly by base station subsystem 

(BSS) 1190. When the user information is updated 1185 and it is determined that the call is not 

active 1192, the ULDM 904, logs the ULD 900, entry as inactive 1194 and the ULDM 904, stops 

tracking the wireless device 1196. 

[0166] Referring to FIG. 12, this diagram illustrates in greater detail, the inter-working 

communication between the base-station controller (BSC) 118-A or 118-8, the switch (MTX or 

other) 130 and the ULDM 904. The ULDM 904 and the BSC 118-A or 118-B are connected by 

an intersystem logical connection 154. The ULDM 904 and the switch (MTX or other) 130 are 
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also connected by an inner system logical connection 152. The BSC 118-A or 118-B and the 

switch (MTX or other) 130 are connected by an inner system logical connection 132. A wide 

variety of information is available to be shared between the ULDM 904, the BSC 118-A or 118-

B, and the switch (MTX or other) 130 and can be used in the algorithms of the hierarchy of user 

location methods. Of these, the items that are most important in determining location, include 

timing (time difference of arrival (TDOA) and round trip delay (RTD) 1200, signal strength 

measurements 1210, and call processing information 1220, which are obtained from the BSC 

118-A or 118-B. In addition, the switch (MTX or other) 130 provides the following information 

which is used to determine the location, including, radio tower and BTS latitude/longitude 1230, 

radio tower altitude 1240, radio tower down tilt 1250, region type of tower (rural, urban, etc.) 

1260, call process identification number 1270, HLRNLR information on caller 1280, and 

Azimuth on sectors and radio towers 1290. However, if a location algorithm of the HULM 

requires an additional item, they would be available to the ULDM 904, from the switch (MTX 

or other) 130, and BSC 118A or 118-B. In an alternative embodiment, location information 

from the wireless device 104 can also be obtained from the BSC, if the wireless device 104 

is equipped with GPS or other location equipment. 

[0167] Now referring to FIG. 13, this diagram illustrates a market level query of the 

ULDC 908. This ULDC 908, is an embodiment of this invention and has been previously 

illustrated in FIG. 9 and FIG. 10. The ULDC 908, facilitates the interfacing of a plurality 

of wireless service providers 1300-A, 1300-B, 1302-A and 1302-B. In this example of a 

market level query, the ULDC 908, is queried by an emergency medical services 

application 1304, (for example) for the location of the individual wireless device 104. In 

this case a query is sent which is carried through a communications link 1306, to the 

ULDC 908. The ULDC 908, then evaluates the query using another embodiment of this 

invention, the hierarchy of process for query (HPQ). The hierarchy of process for query 

(HPQ) is a changeable and programmable method performing queries within a ULDC 908 

or a user location database coordinator network 1600. It simply instructs the ULDC 908, 

on which ·devices to query for the results of the requested information (query). 
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[0168] Now referring to FIG. 14, is a flowchart, which illustrates a query for information 

pertaining to a single wireless device 104. As illustrated, the ULDC 908, waits for a query 

1400. Then, a remote system (for example, emergency medical services for a service 

provider) sends a query to the ULDC 908 in the form of a phone number and includes its 

assigned query ID number 1402. The ULDC 908, searches all of the ULD 900, connected 

to it, in accordance to the parameters set by the hierarchy process for query (HPQ), for the 

user entry 1404. The entry that was requested by the remote system would then be found 

in a ULD 1406. The entry information is then sent back to the querying remote system, via 

the query ID number assigned at the beginning of the process 1408. The remote system 

then acknowledges the received data from the ULDC 1410. 

[0169] Now referring to FIG. 15, is an illustration of components of the ULDC 908 that has an 

ATM/direct connection 1500-A with a plurality of a ULDC 908, in a hierarchy. 1500-B connects 

to the ULDC's 908, uplink connection 1506, to higher ULDC 908. The connection 1500-B 

should be dedicated in the sense that interruptions are only when planned for and are expected. 

Suitable connections are Tl, T3, microwave or other similar methods. The ULD 900, access 

control unit 1510, allows interface with a plurality of ULD 's 1512, having bi-directional 

connections 1500-C to each. These connections 1500-C, are communications links (Tl, T3, 

microwave or other dedicated lines) 1306. CRC checking and other error checking methods are 

recommended when implementing the software design in the ULDC 908, control unit interface. 

[0170] Still referring to FIG. 15, the remote access control unit (RACU) 1516, allows dial-up, 

permanent, or other connections/other external source access to the ULDC 908. The RACU 1516 

has accommodations for a plurality of connection options so-called dial-up or regular phone line 

connections and will require an internal modem to allow external connections of this type. The 

speed of the modem should not need to exceed to a l 400kbs per port, although a faster modem 

could be used. Also accommodations for permanent connections should exist. Data line 

connection adapters for Tl, or other digital sources should be integrated. As specific on this 

integration prior art, simply their presence as a whole is claimed in this invention as unique. The 

RF mobile link 1518-A, could also be connected to the RACU 1516, via a communications link 

1500-D. 
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[0171] The data-logging unit 1522, is responsible for storing/logging queries. It records queries 

and results from the queries, as well as the user/ID number of the requesting entity to an internal 

software database. This database should be permanent (but replaceable). A hard drive with the 

storage capacity of 40 GB should suffice and if it reaches its storage threshold data entries are 

erased starting ((starting with the oldest first). This storage capacity should allow for up to I-year 

worth of entries (if not more) to be reported before old entries are erased. 

[0172] Still referring to FIG. 15, other components comprised with the ULDC 908, include; 

ULDC 908 control hardware/software 1524, a maintenance unit 1526, a master ULDM 904 and 

location verification process 1528, a market or group ULD 1530, and a mirror database 1532. 

The mirror database 1532, would mirror connected ULD's 1512, for faster access to information. 

[0173] Still referring to FIG. 15, in an alternative embodiment, the ULDC 908, may comprise a 

DLC 902, e-mobility services 144 and standardization conversion hardware/software 906. This 

standardization conversion hardware/software 906 would enable the ULDC 908 to be more 

compatible with hardware/software which is external (for example, service provider, user 

applications, etc.) to the ULDC 908. Adding e-mobility services 144 to the ULDC 908 would 

add efficiency to the query process when the ULDC 908 is asked to query a plurality of locations 

of wireless devices 104, from a plurality of service providers comprising a plurality of ULD's 

1512. 

[0174] FIG. 16 shows an illustration of an alternative architecture of a ULDCN 1600. This 

alternative architecture illustrates the operation of a market-based system. In this architecture, a 

remote query, (for example) may be sent by an application comprised within the service 

providers network, to the service provider's e-mobility services 144, for the location of a wireless 

device 104. If it is determined, by the search of the service providers ULD 900, that the wireless 

device 104, is not operating within the service providers wireless device network 100, the query 

would be forwarded from the market level ULDC 908, via a dedicated communications link 910-

A, and then to a national/international user location database coordinator 1602, via a dedicated 

line 1630-A. This national/international ULDC 1602, will then query other market level ULDC's 
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1604, 1606, 1608, 1610, 1612, 1614, 1616, in the process specified by the hierarchy process for 

query (HPQ), for the location of the specified wireless device 104, which may be roaming 

outside of its home wireless network 100. This architecture offers the advantage of easily 

accessible viewing of market level ULDC's 1502, on the market level and also on a 

national/international level 1602. 

[0175] Still referring to FIG. 16, another notable embodiment which is illustrated in this 

architecture is the optional communications link 1618, between the various market level ULDC 

1604, 1606, 1608, 1610, 1620, 1612, 1614, 1616. These optional communications links 1618, are 

notable because it offers two important features; the ability from one market to another without 

using the national/international level ULDC 1602, and also as an alternative communications 

link between the market level ULDCN 1600, and the national/international level ULDC 1602, in 

case there is a break in one or more of the communications links 1630-B, 1630-C, 1630-D, 1630-

E, 1630-A, 1630-F, 1630-G, or 1630-H. 

[0176] Now referring to FIG. 17, is an illustration of the architecture of a regionally based 

ULDCN 1700. Underneath the national/international ULDC 1602, exists a plurality of district 

user location database coordinator's 1702 and 1704, with regional user location database 

coordinator's 1706, 1708, 1710, and 1712, and market user location database coordinator's 1604, 

1606, 1608, 1610, 1620, 1612, 1614, and 1616, under them respectively. Service providers 1300-

A, 1300-B, 1302-A, and 1302-B, are positioned below the market user location database 

coordinators 1620, mentioned above. Optional communications links 1714-A, 1714-B, 1714-C 

and 1714-D, exists between district and regional ULDC's 1502, in order to provide a more 

efficient means for routing queries, to provide alternative routing possibilities in case of a 

communications link break, or to compensate for hardware/software problems within the 

ULDCN 1700. Queries within the ULDCN 1700, are performed in accordance with the hierarchy 

process of query (HPQ). Queries are routed through communications links, which are permanent 

connections such as (for example) TI lines 13 lines or microwave links 1716-A, 1716-B, 1716-C, 

1716-D, 1716-E, 1716-F, 1716-G, 1716-1-1; 1716-1, 1716-J, 1716-K, 1716-L, 1716-M, 1716-

N. These communications links 1716-A through 1716-N, represent uplink (From ULD/ULDC) 

and downlinks (From ULD/ULDC). 
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[0177] Now referring to FIG. 18, a direct system is illustrated for connecting to a user location 

database coordinator network 1800. This alternative embodiment illustrates the means for service 

providers a plurality of wireless network, to query a national/international user location database 

coordinator 1602 directly. These service providers 1300-A, 1300-B, 1302-A, and 1302-B are 

linked to the national/international user application database coordinator 1602 via 

communications links 910-A, 910-B, 910-C, and 910-0, which are permanent connections such 

as (for example) TI lines T3 lines or microwave links. In an alternative embodiment, the service 

provider may use an optional communications link 1618 in order to provide an alternative 

method for routing queries. 

[0178] Now examining FIG. 19, illustrates the external connectivity for sending queries to the 

ULDC 908. A plurality of sources as defined in the embodiments can query the ULDC 908. 

Additionally, an RF remote link 1518-A could be set up that would allow queries from remotely 

enabled remote wireless devices 1900, such as laptop computers 2450, and other devices via a 

radio frequency (RF) link 1902. These devices would allow queries to come from a plurality of 

remote wireless devices 1904. Queries can also come from services such as police 1906, 

emergency medical services 1304 or authorized accounts and other entities 1908. The queries 

flow to the ULDC 908 and then to the ULD's 1512 and ULDC's 1502 connected. The ULDC 908 

follows the HPQ to collect results from queries. 

[0179] Defining the external connectivity for queries of the ULDC 908 is a list of externally 

connected devices. These devices consist of a plurality of users/devices that can request data 

from the ULDC 908. They include: 

A single ULDC higher on the hierarchy 1508 

A plurality ofULD's 1512 

A plurality of ULDC's 1502 

EMS Services 1304 

RF remote link 1518-A, and indirectly remote wireless query devices 1904 

Police 1906 

Authorized accounts and others 1908 
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The ULDC 908 is able to multitask and process these connections simultaneously and can be 

controlled via software multitasking operations ( common knowledge). This allows a large 

number and complexity ofULD 900 queries to occur simultaneously at the ULDC 908. 

[0180] These devices each connect to the ULDC 908 in different ways. The parallel or lower 

ULDC's 1502, and ULD's 1512 are attached connection with dedicated lines, satellite, Ti, T3, 

microwave, etc. 1500-C and 1500-A. The plurality ULDC's 1502 higher in the hierarchy 1508 

are connected with a dedicated line, satellite, Ti, T3, microwave, etc. 1500-B through the uplink 

port (see FIG. 15) of the ULDC 908. The remaining devices connect individually through the 

dialup/fixed connections 1306, 1500-D, 1910-A and 1910-B to the ULDC 908. The services 

using this method are the EMS services 1304, Police 1906, RF remote link 1518-A, and other 

authorized accounts 1908. 

[0181] Each of the connected devices 1304, 1518-A, 1906, and 1908 using the dial up/fixed 

connection lines 1306, 1500-D, 1910-A, and 1910-B would need software to interface with the 

ULDC 908. This software is common knowledge by and software engineer to develop. It would 

consist of a program that would have database query abilities, a graphical user interface, and 

ways to display and organize queries of the ULDC 908. 

[0182] The RF remote link 1518-A connected to the ULDC 908 has special requirements. Itself, 

it cannot submit queries alone to the ULDC 908. Its primary function is to act as a bridge 

between the ULDC 908 and wireless device 104, specifically connected to the RF remote link 

1518-A. It converts signals from land lines 142, (TI coaxial, other) into a RF spectrum to be sent 

to the remote mobile devices 1900 designed for the RF link 1910-C. Similarly the remote mobile 

devices 1900 that communicate with the ULDC 908 send SF links 1910-C back to the ULDC 

908. The RF remote link 1518-A organizes these signals by users and then converts them to 

landlines 142, (Ti ,coax,other) and transmits the signal back to the ULDC 908. 

[0183] The functionality of this RF remote network 2500 (see FIG. 25) is to allow remote 

mobile devices 1900 in the field to be able to query the ULDC 908 on a secure wireless RF link 

1902 connection. The SF spectrum for this FR link 1902 would most likely be between 200MHz 
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and 10Ghz (or any desired frequency). This frequency would have to, however, be authorized by 

the FCC for use. 

[0184] The remote wireless devices 1900 could exist as laptop computers 2450. They would 

require an additional piece of hardware with a remote RF transmitter/receiver 1518-A and an 

attached antenna 2430. This hardware could exist as a PCMCIA card with a connection to 

control hardware and the antenna 2430. Software control would occur on the laptop computer 

2450, itself The laptop 2450, would simply have to have the following minimum requirements: 

Sufficient processor/memory and computing ability to run the query software 

At least one PCMCIA type I or 3 slot. 

Ability to function on battery power or other wireless power source 

Ability to power transmitting antenna sufficiently 

Computable software operating system (OS) for query software. 

[0185] The RF link 1902 would be sent using a secure method such as spread spectrum with 

frequency hopping. Its signal would be sent as RF signals. The receiving antenna at the RF 

remote link 1518-A would therefore have to be within the range of the remote wireless devices 

1900 signal. It would require a transmit and receive antenna 2430 to send and receive signals 

from the remote wireless devices 1900. This antenna 2430 should be an omni directional antenna 

such as a quarter wave monopole. The range of signals it can send and detect would be a 

function of the receivers sensitivity and noise rejection ability. The rejection of noise should be 

greatly increased with the use of a spread spectrum signal. 

[0186] The benefits of the RF remote link 1518-A and its connected remote mobile devices 1900 

it is a secure way to query the ULDC 908. The remote wireless devices 1900 could be carried by 

police 1906, EMS 1304, and authorized accounts and other entities 1908 that may need to locate 

wireless devices 104 and their users 102 for emergencies or for any lawful reason. 

[0187] FIG. 20 demonstrates the logic of the hierarchy of location methods. The hierarchy 

decision algorithm is polled 2000 and the decision process proceeds. First the hierarchy attempts 

to calculate the location (latitude/longitude) of the mobile wireless device 104, using the digital 
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signature method 2010 as covered in prior art. Next it verifies the validity of the result by 

looking at the RSSI of surrounding towers 2020. If the guess is valid it allows the result to be 

saved to the ULD 2060. If the guess is invalid, the location is calculated based on triangulation 

and RSSI 2030. Location is compared to fore mentioned criteria (RSSI) 2040 and if the 

calculation is approved, the location is saved 2050 to the ULD 900. If the calculation was 

incorrect, the location is calculated based on RSSI 2040 only, and stored 2050 to the ULD 900 

(least accurate method). 

[0188] In FIG. 20 the HULM is described. It begins when data is sent from the BSC. The first 

method used is the digital signature method of US Patent# 6249252 or similar. If the selection is 

validated (as shown in FIG. 21) the value is added to the ULD 900 entry. If not, combination 

method based on triangulation and signal strength is used. If that method is not valid the least 

accurate method based only on RSSI is used 2050. FIG. 27 provides examples of location 

methods. It should be noted that these location methods are only examples and can be changed or 

modified in order to accommodate new location techniques. 

[0189] FIG. 21 demonstrates the Compare (validation method in FIG. 20 (2020, 2040) method 

when validating location. First, the computed value 2100 is passed to the algorithm. It looks at 

whether all the towers in the range of the wireless device 104 are communicating with the 

wireless device 104 (and their RSSI) 2110. Then are test zone is established 2120 that is a large 

but definitive area based on the towers communicating with the wireless device 104 is computed. 

The computed ( original location) is compared to the test zone 2130. If the computed value 

resides within this zone then the location is checked as valid 2160. If it is not, the next method 

for location 2150 as shown in Figure 20 is requested. 

[0190] In FIG. 21 the error check method of the FIG. 20 is shown. After the value is computed 

for location, it is checked. All towers first report RSSI of the wireless device 104. Location zone 

is then determined in a rough sized area. If the measurement falls within this area then the 

location is accurate. If not a signal to use the next method is returned. Alternatively, wireless 

devices 104 comprising location equipment such as, for example, GPS, may also be considered 

as a source for location information, and evaluated on the accuracy of the location method 
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utilized at the wireless device 104. 

[0191] FIG. 22 illustrates e-mobility ULD queries 2200. E-mobility applications 144 can 

directly query the local ULD 900 through its DLC 902. These e-mobility applications 144 can 

also query remote ULD's 1512 by sending queries through the switch (MTX or other) 130, 

through and standardization process 906, to the upper ULDC's 1502 and consequently to any 

attached ULD's 1512 or ULDC's 1502. 

[0192] When queries are returned they are passed based on the query ID back to the e-mobility 

applications 144 by passing the result to the ULDC 908, though any standardization processes 

906, to the switch (MTX or other) 130, and then back to the original e-mobility application 144. 

[0193] In FIG. 22 the method in which e-mobility applications 144 query remote ULD's 1512 is 

shown. They first send a query to the ULDC 908 through the switch (MTX or other) 130 

connection. The query is then sent to relative ULD's 1512 and ULDC's 1502 based on the HPQ. 

Results are then forwarded back to the ULDC 908 and to the switch (MTX or other) 130. At this 

point the result is then sent to the e-mobility applications 144. 

[0194] FIG. 23 shows an illustration of the RF remote link 1518-A components. The ULDC 908 

connects to the ULDC interface control hardware/software 2340. Residing logically or physically 

in the unit is the RF link management hardware/software 2350 that controls decoding/coding of 

message queues sent between the wireless query devices 1940 and the ULDC 908. Next is the 

power control unit 2360 that powers the RF remote link 1518-A and it's transmit/receive 

hardware. The maintenance unit 2310 allows for external diagnostics and repair of the unit. The 

transmit control unit 2320 controls data conversion to RF signals. The receiver control unit 2330 

controls conversion of received RF Signals. The transmit unit 2304 amplifies and sends signals 

to the attached antenna 2300 via coax antenna lead cable 2302. The receive unit 2308 connects to 

the antenna and detects and isolates the received signals from the antenna 2300 originating from 

the wireless query devices. 

[0195] Now referring to FIG. 24, the remote wireless devices can exist as laptop computer 2450 
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or any other mobile computing device. They would require an additional piece of control 

hardware 2420 to control RF coding and decoding as well as the ability to function as a RE 

transmitter/receiver 2420 for an attached antenna 2430. This hardware could exist as a PCM CIA 

card 2410 with a connection 2440 to control hardware and the antenna 2460. Software control 

would occur on the laptop 2450 itself The laptop 2450 would simply have to have the following 

minimum requirements: 

Sufficient processor/memory and computing ability to run the query software 

At least one PCMCIA type I or 3 slot. 

Ability to function on battery power or other mobile power source 

Ability to power transmitting antenna sufficiently 

Computable Software operating system (OS) for query software. 

The transmitted RF signals 1902 would be sent/received from the RE remote Ink 1518-A that 

would process queries and send them to the ULDC 908 via a data line 1500-D (Ti/fixed/or 

other). 

[0196] FIG. 25 illustrates an RF remote link RF network 2500. To cover the desired land area, 

towers should be placed as to target, first, dense urban areas. Ideally one RF remote link tower 

1518-A would have coverage for this are. Secondarily other antenna 1518-B and 1518-C could 

cover this area. Then coverage for less populated areas such as urban 2520 and the sub-urban 

2530 would be covered subsequently. The frequency and separation of towers 1518-A, 1518-B, 

and 1518-C in areas such as sub-urban 2530 area need not be as dense because less call/queries 

from mobile query devices 1900 would occur here. The primary coverage is the dense populated 

2510 areas. 

[0197] FIG. 26 illustrates the design of a remote mobile query device 2440. The primary unit is 

a laptop computing device 2450 that has the required software for its functionality to 

send/receive queries to the RF remote link 1518-A. It then connects via a control card (possibly 

PCMCIA card interface 2410) to the RF interface control hardware/software unit 2640. This unit 

includes transmit and receive control units 2620, 2630 RF front ends 2605, 2608 and an attached 

antenna 2430 to communicated via RF signals with the RF remote link 1518-A. Queries to the 
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ULDC 908 originate from the wireless query device 1900 and are sent to the ULDC 908 via RF 

transmissions to the remote RF link 1518-A. 

[0198] FIG. 27 illustrates to hardware and data that is required by the four recommended 

methods of location. These methods each require different elements to work appropriately. When 

deciding which method to use, care should be taken that all elements are available ( or 

substitutes). These elements include: switch (MTX), HLR, VLR, ULD, BSC, SIBS Shelves, 

BTS, wireless device, timing data, signal strength, call processing information, latitude/longitude 

ofBTS's, radio tower, down tilt, region type, azimuth on sectors, HLRIVLR data. Other location 

methods may also be utilized. Alternatively, wireless devices 104 comprising location equipment 

such as, for example, GPS, may also be considered as a source for location information, and 

evaluated on the accuracy of the location method utilized at the wireless device 104. 

OPERATIONS 

Call Process-Interaction of Invention 

[0199] To make clear the interactions of this invention and how it actually functions, refer to 

FIG. 11. It illustrates what happens when a wireless device 104 makes a call and how it is 

tracked. The diagram shows each logical function in the process. 

Here is the process as described in the FIG. 11. 

Call originates 1100 

1. ULDM 904 gets user information from the switches user database 1165. 

2. ULDM 904 checks ULD to see if the user already has a previous entry 1160. 

3. If user exists in the ULD, then the records' "log status" flag is turned on 1160. 

4. If user does not exist in ULD 900, then a new entry is made for the user and flagged 

(log status) to "on" 1160. 

5. The ULDM 904 now checks the entry for the "private" status of the log 1170 (more 

specifically, existing entries that have been modified by customer request as private). 

6. If the entry is private, then the ULDM flags the entry as 'inactive" 1194 and stops 

monitoring 1196 phone. 

7. Iflog is NOT private, the ULDM 904 accesses the BSC with the call number, 

processes the ID number and retrieves data on the call 1175. 
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8. ULDM 904 decodes data and calculates user's geographical location 

(latitude/longitude) 1180. 

9. ULDM 904 updates user entry in ULD 900 with geographic information 1185. 

10. ULDM 904 updates ULD 900 entry with the current time and date 1185. 

11. ULDM 904 continues updating ULD 900 entry for user while BSC reports call as 

active 1185. 

12. When call ends, ULDM 904 flags log as inactive 1194 and stops monitoring 1196 call 

process ID number in BSC. 

[0200] Still referring to FIG. 11, the user entry is created 1160. It first checks if the entry exists 

and then, if not, creates one using the format subsequently described. Now referring to FIG. 9, to 

make this process above work, the ULDM 904 has to gather timing information and other 

measurements, such as in US Patent #6249252, from the BSC 118-A to make its calculations. 

Additionally, it combines this with wireless device 104 and radio tower with BTS 110-A, 110-B, 

and 110-C information acquired from the switch (MIX or other) 130. 

[0201] Information gathered from the BSC 118-A includes: 

- Timing (TDOA, RID) information from radio towers 110-A, 110-B, and 110-C talking to 

the wireless device 104. 

Signal strength measurements from radio towers 110-A, 110-B, and 110-C talking to 

wireless device 104. 

- Call Processing information in the call control hardware/software of the BTS. 

[0202] Information gathered from the switch (MTX or other) 130 include: 

- Directionality of each radio tower 110-A, 110-B, and 110-C talking to wireless, such as 

AZIMUTH, DOWTIL T, etc. 

- Telephone number and call processing ID#. 

- Latitude/Longitude/Altitude of the BTS/Radio Towers 110-A, 110-B, and ll0C talking 

to the wireless device 104. 

[0203] Specifically, the ULDM 904 uses multiple methods (covered in the forementioned 
53 

TX1000-Cl2 



patents) to determine latitude and longitude of a wireless device 104 that involves the gathering 

of the fore mentioned data. Many major methods as covered under numerous patents have 

described, in detail, individual methods for acquiring a target location. The most prominent and 

robust is covered in US Patent# 6249252. As its methodology is quite complex, any individual 

seeking to understand it should read it in its entirety. However good US Patent #6249252 is, it is 

recommended that a single method not be relied upon solely. Whereas some methods are good 

for dense urban terrain (conquering, RF multi-path issues) as in the case of US Patent# 6249252, 

others are better for suburban type terrain. 

[0204] The choice in methodology as programmed into the software in the ULDM 904 should be 

transparent to the effect that based on decision protocols one method or a series of methods 

should be used in various circumstances automatically. 

[0205] For dense urban areas with high multi-path, a method such as US Patent #6249252 or 

#6249680 should be used. These patents deal with high RF multi-path in a dense urban 

environment. As described in their disclosures, they use digital signatures for key 'reference" 

locations, allowing a wireless device's geographic location to be acquired with reasonable 

accuracy. 

[0206] For suburban, rural or other relatively similar environments, simpler location determining 

methods should be used. Multi-path RF signals are less of an issue and the suburban methods 

above are far too complicated and would require a high cost to implement, due to tuning. The 

recommended method is a simpler TDOAJTOA method such as in US Patent #6167275. These 

methods often also use receive strength as a function. 

[0207] Often as the case may be, in practical purposes, one of the location determining methods 

may still not be enough. In this case a third method based mainly on receive strength could be 

used (as covered in other available patents). What is unique and should be a part of the location 

determining software portion of this method, is the decision making process on choosing which 

method to use is determined. 
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[0208] As a wireless network is deployed, sectors/antennas are classified as rural, suburban, etc., 

the decision-making software should first reference this type' and then choose which type of 

methods to use (US Patent #6249252 or like US Patent #6167275). 

[0209] A final check should be to use signal strength (RSSI) to verify/discount an erroneous 

locations. If the location determined does not correspond to a reasonable value (latitude and 

longitude plus some degree of error) relative to receive strength, the other primary location 

determining method should be used to calculate to location. 

[0210] The selective use of these two location-determining methods, with a validity check using 

RSSI of receiving antennas, should ensure a reasonable location. 

**Note: If both primary location-determining methods fail to give a reasonable location, a very 

inaccurate estimate on RSSI could be used. 

[0211] The selection of the location determining methodologies used to determine geographic 

location, and priorities on each, should be selected based on the geographic conditions (terrain, 

tree density, building density, and other) of the wireless communications network. Therefore, the 

preceding recommendations could be altered and still remain in the spirit of this invention. 

ULD User Entries 

[0212] All entries in the ULD 900 must have a coding standard. The ULDM 904 uses this to 

create entries in the ULD 900. It is recommended that the following standard coding technique 

be used for entries, as it is very efficient. 

Bits (ordered left to Data T:y~e 
0-39 User# 

40-103 Location 

104-151 Date+Time 

152 Log 

153 Private 

154-167 Spare 

55 

TX1000-Cl2 



User ID# Format -----XXX-XXX-XX)(X (10 digit) phone number of user 

4 bits per digit = 40 bits 

Bits 0-39 Example: 813-513-8776 

Binary----10000001001 101010001001 l 1000011101110110 

Location: 

Bit 40 1 =North, 0=South 

Bits 41-48 degrees (0-179) 

Bits 49-54 minutes (0-59) 

Bits 55-60 seconds (0-59) 

Bits 61-64 hexiseconds (0-59) 

Bits 65 1 =West, 0-East 

Bits 66-73 degrees (0-179) 

Bits 74-79 minutes (0-59) 

Bits 80-85 seconds (0-59) 

Bits 86-89 hexiseconds (0-15) 

Bits 90-103 spare (possibly used to denote accuracy) 

Example: 39 degrees 13 minutes 12 seconds 8 hexiseconds North 

8 degrees 25 minutes 18 seconds 5 hexiseconds West 

Binary: 

1001001110011010011001000100001000011001010010010100000000000000 

HEX: 939A644219494000 

Time & Date: 

Bits 104-108 hour (0-24) 

Bits 109-114 minute (0-59) 

Bits 115-120 second (0-59) 

Bits 121-124 hexiseconds (0-15) 

Bits 125-128 month (0-12) 

Bits 129-133 day (0-31) 

Bits 134-145 year (0-4095) 

Bits 146-151 extra 
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Example: 2248:05 12 hexiseconds 7/18/2001 

Binary: 10110110000000101110001111001001 l l l 101000100 

HEX: B602E3C9F44 

Log Status: Bit 152 1 =logging 

0=not logging 

Full Private: Bit 153 1 =Full private mode 

0=not full private 

Anonymous Bit 154 1 =Anonymous Private 

Private 

Spare 

O=Not Anonymous Private 

Bits 154-153 extra for future development/expansion. This area 

may be designated for future registers for other programs which need to add data 

tot the users database configuration. 

Final data entry formatted value-using values in examples: 

HEX: 81351 38776939A64421 9494000B602E3C9F44000 

Accessing the ULD 

[0213] Repeating this process for every user creates the database on the ULD 900. This database 

is now accessible via software three ways: 

- The ULDM 904 

ULDM 904 is controlled by the BSS Manager 126 

The BSS Manager 126 can then have access to the ULD 900 

through the ULDM 904. 

- E-Mobility services 144 (having read only access to the ULD 900) 

The ULDC 908 connection that allows remote queries (Connects via 

switch (MTX or other) 130) 

[0214] The first and most direct way to access the ULD 900 is from the BSS manager 126. This 

device is allowed read, write, and append access to the ULD 900 via the DLC 902. It can 
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perform maintenance (editing entries) and other system level events. Querying the ULD 900 can 

be developed on the software level by SQL or other database query techniques. This patent does 

not cover nor intend to limit the creative ability of a programmer in developing ways in which to 

design the software interfaces. These creative approaches would be within the spirit of the patent, 

as all software written for this invention would have to be written into existing hardware that has 

proprietary design. However, is should be noted that this does limit the scope of this patent in 

any way. It is easily achievable though common approach to a software engineer skilled in the 

area of database management, to write software that could make direct queries of entries by 

multiple criteria specified by a user at the BSS manager 126. 

[0215] The second method of accessing the ULD 900 is bye-mobility 144 software applications 

that have read only privileges. These software applications, by means of software SQL 

statements or other similar database query techniques, access user entries in the ULD 900: 

Software applications such as these can include features like direction finding software 

(accessible from the "wireless web") where knowing the wireless devices 104 location is 

necessary. This type of e-mobility 144 software application is made possible by this unique 

invention-greatly simplifying the amount of time needed in development of the code because it 

can use the information in the ULD 900. 

[0216] The third method is by a connection to a remote ULDC 908. A ULDC 908 is an 

important element that should be (but is not required) available in conjunction with any ULD 

900 or plurality of ULD's 1512. Its primary function is to allow a plurality of connected devices, 

which can include ULD's 1512 and additional ULDC's 1502, to be remotely queried (using SQL 

or any other similar method) by any entity, person or other system connected to the ULDC's 

1502 access ports. Uses of this could be for emergency services (911, EMS, etc), government 

requested "taps" and other purposes where locating a wireless device 104 would be useful. 

ULDC Architecture 

[0217] FIG. 17 shows a generic representation of the ULDC network (ULDN) 1600. Design can 

very, but the general hierarchy is always the same, with ULDC's 1502 having only one parent (a 

ULDC 908) and having multiple children (either ULDC's 1502 or ULD's 1512) The connections 
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910-A, 910-B, 910-C, and 910-D are dedicated data lines (Ti or other). 

[0218] The internal diagram of a ULDC 908 is shown in FIG. 15. Its components are: 

Direct e-mobility services 144 

Standardization control hardware/software 906 

Database logic center 902 

Uplink connection 1506 

Multiple downlink connections 1534 

- ULD access control unit 1536 

- ULDC access control unit 845 

- Remote access control unit 1516 

- Data logging unit 1522 

- Uplink/downlink optional expansion port 1538 

- Maintenance unit 1526 

- ULDC control hardware/software 1524 

- Master ULDM and location process 1528 

- Mirror database 1532 

- Market or group ULD 1530 

[0219] The uplink connection 1506 should only be established with a single ULDC 908 higher in 

the hierarchy of the ULDCN 1600. This connection 1500-B is a 2-way ATM connection carried 

on a Ti or other similar dedicated line, which allows queries from another ULDC 1508 higher on 

the network hierarchy. The downlink consists ofULD's 1512 and ULDC's 1502 with can be 

queried (by SQL or other database query means) directly by the ULDC 908. There are two 

access control mechanisms, the ULD access control unit 1510 and the ULDC access control unit 

1536, which control access protocols for each type of query. These two devices negotiate and 

talk to ULD's 151 2and ULDC's 1502 sending and receiving data between them (queries and 

responses). The connections should be dedicated lines (Ti or other similar) 1500-A or 1500-C. 

[0220] The remote access control unit 1516 is responsible for negotiating remote hosts 1540, 

either by dial-up or a dedicated means of connection, to the ULDC 908 for purposes of database 
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query submission to obtain geographic location information on wireless devices 104. These 

connected devices connect through the remote access control unit 1516 and submit queries to it 

that then are sent to all connected devices for the search, finally returning the results to the 

logged on host. 

[0221] To facilitate the querying process, any connected device should be assigned an ID#. 

These numbers are so when a query is sent, its original "owner" can be passed with it so the 

results are passed back to the right entity. 

[0222] The data logging 1522 unit logs queries and the ID# of the user who made the query, to 

an internal storage device (internal hard drive or other large data storage device). Lastly, the 

uplink/downlink optional port 1538 is for future expansions such as redundant connections to 

other ULDC's 1502 to allow querying laterally in the hierarchy of the ULDC network 1700, as in 

FIG. 17. Any alterations for specific needs or for compatibility issues to the ULDC's 1502 

architecture are conceded to be within the scope of this invention. 

[0223] To expedite searches and to give a general flow, the following search method is 

recommended for the ULDC 908 architecture. Alterations for specific integration needs are 

within the spirit of the invention. 

Searching the ULDC 

[0224] Each ULDC 908 should contain data about itself in an internal register that is set when 

devices are attached to it. Such information includes the area code of all the "home' user entries 

on its system. "Home" users are users that and listed in the HLR's (home location registrars) of 

the connected devices. This indicates that users with these area codes have a high probability of 

being found in certain databases. So, generally the area codes listed could include the area codes 

of users in the HLR of the swiltch (MIX's or others) 130 (connected to their respective ULD's 

1512) that are connected to the ULDC 908. 

[0225] Each ULDC 908 contains a list (stored in data register) of all the area codes off all 

searchable devices attached. These devices could be ULD's 1512 or even other ULDC's 1502, 
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where the list of the ULDC 908 (the ULD's 1512 attached to it) would be added to the other 

higher ULDC'sl 502 connected to their uplink ports. In this way any ULDC 908 would have all 

area codes of the database's HLR's below it in the hierarchy. 

[0226] Access ID#'s are assigned to any entity or connection to the ULDC 908 that can submit a 

query. For example, the uplink connection could be by default #1, the plurality ofremote 

terminals could be #2 or higher. This ID is referenced to all queries so results can be associated 

with the original owner. 

[0227] When a search begins, the ULDC 908 query first searches the "chain" of connected 

devices FIG. 15 looking first at the ULD's 1512 that contains the area code of the queried entry. 

If no attached ULD 900 contains the area code, then the ULDC 908 then looks at the ULIJC's 

1502 with the area code. Doing so causes a great decrease in search time. This continues on until 

the ULD 900 with the user entry is found. 

[0228] The general flow of a query is in FIG. 14. It begins by the ULDC 908 being in IDLE 

mode (not being queried) waiting for a query. A logged on device sends a query in the form of a 

phone number and includes it ID#. The query and ID# are logged to the internal logging 

database. The ULDC 908 searches all connected devices, then when the result is found, it is 

returned to the ID# included with the query. The logged on device, or host, then acknowledges 

the data. At this point the ULDC 908 goes back to idle mode. 

[0229] A pseudo-code for a search algorithm may look similar to this. Done in SQL or any 

similar database query language, this would access the ULDC 908 and search for entries. 

Input Query From Host 

I !check attached devices for area code 

// descriptor 

m=(number of attached devices) 

Let n=O 

Start n-n+ I 

If attached device n (list of area codes) includes query area code 
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Then go to Find {directly query ULD 900) 

Else ifn=m go to end 

Else if n<m go to start 

Find (repeat process for all layers of devices) 

*When this search gets to a ULD 900 it should directly query it. If no entry is found it should 

continue then by search all devices under the ULDC 908 (queried) in the hierarchy. 

CONCLUSIONS, RAMIFICATIONS AND SCOPE 

[0230] Possible issues that could arise involve privacy and the concern for misuse/abuse. These 

issues have been considered while developing this technology, and measures to eliminate these 

worries are implemented in the device. 

[0231] Marking user entries as private can reduce privacy worries. Customer service or any other 

entities connected to the ULD 900 control software would make the change. 

[0232] When the system is told to track a user (when the user communicates with the network on 

his/her wireless device the ULDM 904 automatically starts) a check by the ULDM 904 is 

immediately done to see if a "full privacy" flag 1170 has been set. If it is, tracking location of the 

wireless devices 104 by the ULDM 904 and any modification of the entry in the database does 

not occur. Using this technology, the system cannot inadvertently track users, and privacy is 

assured. If an "anonymous privacy" flag is set, location information for a user account can only 

be retrieved-but no user information will be sent. This can be used by external applications that 

only require the location of a plurality of devices, without regard to user information. Such an 

application like the Directional Assistance Network uses this to anonymously find devices on 

roadways. 

[0233] Additional concerns lie in who can access this information. Because all 

information is stored at the switch (MTX or other) 130 of the network, direct access (and 

append/write access) to the database can only occur there. This assures that no other wireless 

device 104 on the network can tamper with this information. Only authorized personnel at the 
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switch (MTX or other) 130 or persons remotely accessing it through the ULDC 908 have access. 

[0234] Results of this database and control system are that a diverse range of software 

applications can be developed that could access and utilize the database. Emergency services 

could find users on wireless devices 104 on the network, increasing general public health in 

medical emergencies when users have a wireless device 104. 

[0235] Other "e-mobility" 144 software applications could also access the database giving the 

users of the wireless device 104 access to services such as direction finding software, 

location/mapping information and many other portals. The benefit is that this information is 

controlled and stored by a central entity (the ULD 900 on the network, creating a universal portal 

that is centrally manageable. 

[0236] This technology was previously only available to a limited extent by GPS 

software. GPS requires that a device have its antenna outdoors or in relatively plain view of the 

sky to work properly. Cost and bulky sizing are also problems with GPS equipment as compared 

to cellular mobile devices 104. Additionally, adding GPS to wireless devices 104 would integrate 

smoothly into this invention. It would simply make it not necessary for location calculations to 

be done at the ULDM 904. Currently, with an increasing amount of wireless devices 104 

connected to wireless (CDMA, TDMA, GSM or other) networks 100, it only seems natural that 

expanding this technology would benefit the population as a whole. 

[0237] While the invention has been described in connection with a preferred embodiment, it is 

not intended to limit the scope of the invention to the particular form set forth, but on the 

contrary, it is intended to cover such alternatives, modifications, and equivalents as may be 

included within the spirit and scope of the invention as defined by the appended claims. 

Network Tuning System; Summary of the Invention 

[0238] The present invention is directed generally to a machine and process for calculating and 

displaying wireless device locations and wireless network service problems with reference to 

related wireless devices on the said wireless network. The present invention can be referred to as 
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a display system and a wireless network tuning system (WNTS). This invention uses a method(s) 

for locating wireless devices and referencing their location and performance with wireless 

network known parameters. The invention allows more readily accessible representation of 

wireless device locations on a display screen and problems to be presented to wireless network 

engmeers. 

[0239] More generally, the present invention is directed to a computational machine and process 

for displaying wireless device locations, and for detecting and referencing wireless network 

errors with specific geographical location information of the affected wireless devices. The 

present invention then can allow a detailed display of the wireless network's problems, and 

correct the network's problems with a fault diagnosis and correction system. In an additional 

embodiment, the present invention can provide a means to display other user selected objects 

including, locations of radio towers and BTS's, service effecting factors, criss-cross phonebook 

database entries, and a geographic/topographic map overlay. Other customized user-selected 

objects may be displayed as an auxiliary overlay to the display screen. 

[0240] In an alternative embodiment, this customized display criteria can be created and viewed 

by users within the wireless network and to users outside of the wireless network and can act as a 

resource for other hardware and software which have a need to display locations of wireless 

devices. 

[0241] In a second alternative embodiment, the present invention provides a means for 

generating "case files" which can be customized by a user to provide customized queries when a 

user has a need for information based on, or relating to, the location of a single wireless device or 

a plurality of wireless devices. This customized criteria is retrieved in the form of a "case file" 

that can be created and interfaced by users within the wireless network and to users outside of 

the wireless network. 

[0242] The abilities of this invention would be to offer a means of displaying the location of a 

plurality of wireless devices on a display screen, and to allow wireless network engineers to 

monitor and debug wireless network problems from the switch (MTX or other) with little or no 
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actual field testing. Problems recorded in the field could be resolved without delay. The WNTS 

functions in a basic sense by monitoring the wireless network for problems that affect service to 

connected wireless devices. When these problems are detected the WNTS can then monitor and 

track all wireless devices in the problem area and record data on faults and problems these 

wireless device incur relevant to their latitude/longitude. The WNTS can then correct the 

problem automatically, or make suggestions to the wireless network engineers for the possible 

cause of the problem and corrective actions, which may fix the problem. 

[0243] The most common method to debug these problems is for engineers to go to the field and 

take limited "snaps shots" of the wireless network that only record data for brief periods of time 

on limited wireless devices. The process and machine as claimed within, allows a plurality of 

wireless devices to be monitored and recorded over a period of time, as well as wireless network 

parameters as they interact with the wireless devices, and additionally record faults these 

wireless devices incur at specific geographic locations. 

[0244] To be able to employ the embodiments of this method, process, and machine, you must 

have the ability to find and locate wireless devices on the wireless network. Also, an additional 

technology that would allow rapid access to this data would be a dynamic database or system 

designed to store and hold information including latitude and longitude of the said wireless 

devices. The ability to determine the user's geographic location in the form of latitude and 

longitude data is disclosed in an attached document entitled, "A machine for providing a 

dynamic database of geographic location information for a plurality of wireless communications 

devices and process for making same". This document referenced above, is a United States 

Provisional Patent, U.S. Serial Number 60/327,327, which was filed on October o', 2001. This 

provisional patent application references the use of user location databases (ULD), user location 

database coordinators (ULDC), and other location means The use ofULD, ULDC, and other 

location means is disclosed ( offered only as an example of location means) in the fore mentioned 

provisional patent application, but can also include other means of location including a wireless 

device comprising a global positioning system (GPS). 

[0245] The fore mentioned provisional patent provides a system that allows a plurality of 
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wireless devices on a plurality of wireless networks to have their geographical location as well as 

other bit, of data stored to easily accessible databases continually. 

[0246] A system such as this allows a plurality of wireless devices to be tracked, and have their 

locations stored on a dynamic database for query from a plurality of sources. In an alternate 

embodiment, the dynamic database could be created and contained within the current invention, 

and could track and store in memory or a physical database, the geographic location and data of 

designated wireless devices. 

[0247] This current invention provides a machine and process with a primary goal to allow a new 

and novel way to correlate wireless network problems and the manner in which they affect 

wireless devices on the wireless network and also to provide a trouble shooting system to suggest 

corrective actions to correct wireless network problems. Such a WNTS would allow a fast and 

efficient way to optimize a wireless network, without the need for field-testing by wireless 

network engineers. 

[0248] In an alternative embodiment, the current invention also offers a means for displaying the 

geographic location of an individual wireless device or a plurality of wireless devices on a 

display screen. The ability to display the location of wireless devices on a display screen is a 

useful and novel feature which can be utilized by other applications which require the ability to 

view and monitor the location of wireless devices. This alternative embodiment also allows for 

overlays of a geographic street map display and a criss-cross phonebook display and other user 

selected displays. 

[0249] Detailed descriptions of the preferred embodiment are provided herein. It is to be 

understood, however, that the present invention may be embodied in various forms. Therefore, 

specific details disclosed herein are not to be interpreted as limiting, but rather as a basis for the 

claims and as a representative basis for teaching one skilled in the art to employ the present 

invention in virtually any appropriately detailed system, structure or manner. For example, the 

components contained within the current invention may reside within the same physical 

hardware, or the components may reside outside the physical hardware. 
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Detailed Description of the Preferred Embodiment 

[0250] Referring to FIG. 28 the primary architecture of the embodiments 2800 are illustrated. 

The main divisions between an existing wireless network 100, and the primary embodiment 2800 

are illustrated. The components in the primary embodiments are: 

Elements of the Machine and Process (2800) 

The primary elements of the machine and process include: 

Monitoring software 2802 

BSC access control software 2804 

Fault diagnosis and correction software 2806 

Device location software 2808 

User location database 900 

User location database coordinator 908 

Geographic information database 2810 

Criss-cross phonebook database with lat/long correlations 2812 

Standardization/conversion hardware/software 906 

Primary analytic software 2814 

Internal central processing unit and computer 2816 

Internal memory storage 2818 

Case files with lat/long correlations 2820 

Service effecting factors with lat/long correlations 2822 

Radio tower lat/long correlations 2824 

User interface software 2826 

Correlating mapping software 2828 

Correlating data for lat/long information 2830 

Display software 2832 

[0251] These elements are considered to be the basic requirements for such a system. Additional 

software and or hardware could easily be added to customize or extend the abilities of this 

invention (FIG. 28, Box 2800) without escaping the limits of its intentions and the spirit of its 

novelty. 
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Monitoring Software 2802: 

[0252] The monitoring software 2802 is designed to monitor a wireless network I 00 for errors or 

problems that result in service disruption to wireless devices 104-A, 104-B, 104-C, 104-D within 

the radio tower network 105. These errors could result in degradation or even loss or service to 

the wireless devices 104-A, 104-B, 104-C, 104-D. The monitoring software 2802 interacts 

directly with the base station controller (BSC) 118-A and the primary analytic software 2814. 

[0253] The monitoring software 2802 intercepts and decodes error codes produced by the BSC 

118-A and interprets their effects on the wireless device 104-A, 104-B, 104-C, 104-D. If the 

error is service affecting then the fault is send to the primary analytic software 2814. The fault 

monitoring software 2802 acts as an accessory to the primary analytic software 2814, which is 

where any interpretations of faults are made. 

Base Station Controller (BSC) Access Control Software 2804: 

[0254] The base station controller (BSC) access control software 2804 is responsible for 

interfacing the components and processes of the current invention 2800 with the B SC 2804 of a 

wireless network 100. The BSC 2804 contains all the call information as well as all the 

information on wireless network faults. It should be noted that some wireless network designs 

have the network fault information stored elsewhere, and that the BSC access control software 

2804 could be used to access that information at any other location also. The BSC access control 

software 2804 interacts directly with the BSC 118-A and the primary analytic software 2814. 

[0255] The BSC access control software 2804 has the primary function of serving as an 

intermediary software package that can interlace the current invention 2800 and the BSC 118-A 

and switch (MTX or other) 130. 

Fault Diagnosis/Correction Software 2806: 

[0256] The fault diagnosis and correction software 2606 is activated when a service-affecting 

fault is sent from the monitoring software 2802 to the primary analytical software 2814. When 

the primary analytical software 2814 receives the fault, the primary analytical software 2814 

generates a case file 2820. The fault diagnosis and correction software 2806 examines the factors 
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of the case file 2820, the service effecting factors with lat/long 2822, the radio tower and BTS 

with lat/long 2824, and the geographic information database with lat/long 2910. 

[0257] The fault diagnosis and correction software 2806 comprises a programmable diagnosis 

and correction system, which can be serviced and updated through a user input device (BSS 

manager or other) 126. When a case file 2820 is generated by the primary analytic software 

2814, the possible causes of the fault are determined by matching the data contained in the case 

file 2820 against a list of possible fault causing factors. Once a number of possible causes for the 

fault have been isolated, the fault diagnosis and correction software 2806 can then perform 

diagnostic testing within the wireless network 100 to eliminate false positives, and provide a list 

of possible causes and corrective actions which may by preformed by the wireless network 

engmeers. 

[0258] The fault diagnosis and correction software 2806 can operate in three modes: 

Passive diagnosis mode 

Active diagnosis mode 

Automatic correction mode 

The passive diagnosis mode examines contents of the case file 2820, along with the service 

effecting factors with lat/long 2822, the radio tower and BTS with lat/long 2824, and the 

geographic information database with lat/long 2810. Once the circumstances of the fault has 

been matched against the list of possible fault causing factors, and a list of likely causes and 

corrective actions are determined and tested, the list possible causes and suggested corrective 

actions is added to the case file 2820. When wireless network engineers examine the case file 

2820, they can view the list possible causes and suggested corrective actions generated by the 

fault diagnosis and correction software 2806. 

[0259] The active diagnosis mode allows network engineers to use the automated diagnostic 

features of the fault diagnosis and correction software 2806 to automate the diagnosis and 

correction process. The active diagnosis mode is a completely user definable mode. It allows the 

user to define certain radio towers with BTS's 110-A, 110-B, 110-C, 110-D, 110-E, wireless 
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devices 104-A, 104-B, 104-C, 104-D, or other criteria to be monitored for faults. This mode 

requires actual input from the wireless network engineers and cannot start automatically. 

[0260] Benefits of this mode would be to monitor problems or areas that would not be triggered 

in the passive mode, or to monitor problems that are anticipated in advance. 

[0261] The automatic correction mode can be programmed by the wireless network engineers to 

operate both in the passive diagnosis mode and the active diagnosis mode. When the automatic 

correction mode is activated, the fault diagnosis I correction software 2806 is allowed to make 

adjustments to the wireless network 100 if the result of the fault diagnosis testing prove 

conclusively ( or to a very high probability) that the cause of the fault has been determined and 

that a determined corrective action will fix the problem. When a corrective action is made in the 

automatic correction mode, the cause of the fault and corrective action taken are recorded in the 

case file 2820. 

Device Location Software 2808: 

[0262] The device location software 2808 is the package that when activated by the primary 

analytic software 2814 is able to retrieve information from a database such as a ULD 900, or a 

ULDC 908, that holds geographic information (as well as time, date of the acquired geographic 

information). Additionally, as an alternative embodiment this device location software 2808 can 

directly query the BSC 118-A and calculate the location of a wireless device 104-A, 104-B, 104-

C, 104-D, as instructed by the primary analytic software 2814. The device location software 

2808 interacts directly with the BSC 118-A, the primary analytic 

software 2814, the ULD 900 and/or ULDC 908. 

[0263] The device location software 2808 should be able to be passed queries to return the 

location of: 

A specific wireless device 

All wireless devices on specific BTS's 

All wireless devices on a plurality of BTS's 
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The device location software 2808 would directly query a dynamic database as discussed above 

(ULD 900, ULDC 908) to retrieve individual locations for wireless devices 104-A, 104-B, 104-C 

or 104-D. Alternatively, if no ULD 900 or ULDC 908 were available, the device location 

software 2808 would directly access and decode the BSC 118-A in order to determine the 

individual location of the wireless device 104-A, 104-B, 104-C, 104-D. The device location 

software can also retrieve the location of wireless devices 104-A, 104-B, 104-C, 104-0, equipped 

with a GPS system, or other means of determining geographic location such as triangulation, 

round trip delay, or other means. 

[0264] If a plurality of individual wireless devices 104-A, 104-B, 104-C, and 104-D were 

queried, they would all be sequentially resolved by queries to the ULD 900, the ULDC 908, 

device location software 2808, by direct access and decoding of the BSC 118-A, or by querying 

the wireless device 104-A, 104-B, 104-C, 104-D. 

[0265] If a specific radio tower and BTS 110-A, 110-B, 110-C, 110-D, 110-E (and thus all 

wireless devices connected 104-A, 104-B, 104-C, 104-D) is requested. Then the device location 

software 2808 would first query, by means of the BSC access control software 2804, the BSC 

206 and retrieve information on which wireless devices 104-A, 104-B, 104-C, 104-D where 

connected to a given radio tower and BTS 110-A, 110-B, 110-C, 110-D, 110-E. The results of 

this action would be to retrieve the ID#'s for all the wireless devices 104-A, 104-B, 104-C, 104-

D connected to any radio tower and BTS 110-A, 110-B, 110-C, 110-D, 110-E. 

[0266] If plurality of radio tower and BTS's 110-A, 110-B, 110-C, 110-D, 110-E (and thus all 

wireless devices 104-A, 104-B, 104-C, 104-D connected to) are requested, then the device 

location software 2808 would first query, by means of the BSC access control software 2804, the 

BSC 118-A and retrieve information on what wireless devices 104-A, 104-B, 104-C, 104-D 

where connected to all given radio towers and BTS's 110-A, 110-B, 110-C, 110-D, 110-E. The 

results of this action would be to retrieve the ID#'s for all the wireless devices 104-A,104-B, 

104-C, 104-0, connected to all requested radio towers and BTS's 110-A, 110-B, 110-C, 110-D, 

110-E. 
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User Location Database 900: 

[0267] A user location database (ULD) 900, is covered under United States Provisional Patent, 

U.S. Serial Number 60/327,327, which was filed on October 4', 2001, is an important element of 

this invention, but is not required. AULD 900 is a database comprising a means for obtaining 

and storing the geographical data, user information, date/time information and/or user controlled 

settings information for the plurality of wireless devices 104-A, 104-B, 104-C, 104-D. This 

information can be retrieved through e-mobility services 144 as well as though direct queries of 

either the BSS manager 126 or ULDC 908. 

[0268] As related to the current invention 2800, the ULD 900 is accessed through an e-mobility 

connection 2834 and can then supply location information about wireless devices 104-A, 104-B, 

104-C, 104-D connected to the wireless network 100. The ULD 900 may physically reside 

within the current invention 2800 or as an alternative embodiment, may be physically located 

outside the current invention 2800, and accessed, for example through e-mobility services 144. 

Availability of the entries in the database of wireless devices 104-A, 104-B, 104C, 104-D 

depends on the implementation of the ULD 900 into the switch (MTX or other) 130 architecture, 

as not to be covered by this Patent. Noted, should be the ability of an e-mobility service 144 to 

be able to calculate location information by direct query of the BSC 118-A or using other 

hardware, and following similar methods in acquiring this data as done by the ULD 900. 

User Location Database Coordinator 908: 

[0269] A user location database coordinator (ULDC) 908, is covered under United States 

Provisional Patent, U.S. Serial Number 60/327,327, which was filed on October 4th
• 2001, is an 

important element that should be (but is not required) available in conjunction with any ULD 

900 or plurality of ULD's 1512. Its primary function is to allow a plurality of connected devices, 

which can include ULD's 1512 and additional ULDCs 1502, to be remotely queried (using SQL 

or any other similar method) by any entity, person or other system connected to the ULDC's 

1502 access ports. Uses of this could be for emergency services (911, EMS, etc), government 

requested "taps" and other purposes where locating a wireless device 104-A, 104-B, 104-C, 104-

D would be useful. 
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[0270] The current embodiment 2800 can use a ULDC 908 to access information on other 

switches (MTX or other) 130 or physical devices such to obtain location information not 

contained in its own database. This is especially important when there may be more than a single 

switch (MTX or other) 130 in a given geographic area. The usefulness is that a ULDC 908 will 

integrate a plurality of switch (MTX or other) 130 networks together and for a super network, in 

which a larger diagnostic area can be established. 

Geographic Information Database 2810: 

[0271] A geographic information database 2810 is a software database. The geographic 

information database 2810 can reside physically separate as in part of any other storage media 

connected to the primary analytic software 2814. It contains in part or in whOle database 

information on: 

Roadway locations ( correlated to latitude/longitude) 

Landmark locations ( correlated to latitude/longitude) 

o Residential locations 

o Commercial building locations 

o Railway locations 

o Other user defined objects 

Topological survey information 

o Altitude referenced to latitude/longitude 

o Ground slope 

o Other topological data (user customizable) 

Location information of wireless network equipment 

o BTS 

o BTS repeaters 

o Other equipment 

Ground clutter 

User defined class of objects 

[0272] The geographic information database 2810 is used to implement a layer of geographic 

information onto a display screen 2836, which is seen by a user of the current invention 2800. 
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When the data from the geographic information database 2810 is combined with factors 

accumulated by the primary analytic software 2814, the primary display software 2832 can 

produce useful and convenient data analysis to a user. 

Criss-Cross Phonebookwith Lat/LongDatabase 2812: 

[0273] The criss-cross phonebook with latitude and longitude database 2812 enables internal or 

external applications to request phonebook listings on a cross-referenced basis. The criss-cross 

phonebook database 2812 comprises the longitude and latitude of listings sorted by names, 

addresses and phone numbers of residences, businesses, wireless devices, and government 

agencies, as well as category of goods/services sold (for business listings) and the price and 

availability of said goods and services. The criss-cross phonebook database 2812 can be queried 

and cross referenced by name, telephone, street address, category of goods and/or services, 

availability of product and price of goods/services, latitude and longitude, These requested 

listings may be overlaid onto the display screen 2836 along with other requested display layers. 

[0274] This criss-cross phonebook database 2812 is a novel and useful embodiment to the 

current invention 2800, because it would allow a display screen 2836 to display, for example, the 

location of local area hospitals overlaid on the display screen 2836 with the location of a wireless 

device 104-A, 104-B, 104-C, 104-D, and a street map from the geographic information database 

2810. This embodiment would enable a user of a wireless device 104-A, 104-B, 104-C, 104-D to 

easily determine their geographic position and the geographic location and direction to the 

closest hospital. Another example would be that it would enable a police department to monitor 

the locations of the wireless devices 104-A, 104-B, 104-C, 104-D used by police officers. When 

the police department receives a call for police response, the police department would be able to 

determine which police officer is best able to respond. May other examples exist regarding the 

usefulness of this embodiment for government, business and private users. 

Standardization/Conversion Hardware/Software 906; 

[0275] The standardization/conversion hardware/software 906 provides a means to standardize 

and convert protocols thereby providing standardized and 

converted protocols. These standardized and converted protocols provide a means for the 
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elements of the present invention 2800 to interface with elements outside of the present invention 

2800. See FIG. 30 for flowchart of this embodiment. 

Primary Analytic Software 2814: 

[0276] The primary analytic software 2814 is the actual processing center of the current 

invention 2800. The primary analytic software 2814 is where correlations between wireless 

network problems and the related wireless devices 104-A, 104-B, 104-C, 104-D occur. The 

primary analytic software 2814 controls all claimed embodiments as listed in FIG. 28, Box 

2800. The primary analytic software 2814 connects to the monitoring software 2802, BSC access 

control software 2804, fault diagnosis/correction hardware/software 2806, device location 

software 2808, geographic information database 2810, criss-cross phonebook database 2812, 

standardization/conversion hardware/software 906, the user interface software 2826 and display 

software 2832. 

[0277] The primary analytic software 2814 can run in three ways 

Passive scanning mode 

Active scanning mode 

Inactive 

[0278] In the passive scanning mode of the primary analytic software 2814 is able to monitor and 

decode all the wireless network errors received from the monitoring software 2802. All the errors 

have been pre-filtered by the monitoring software 2802 and include only service affecting errors. 

[0279] A configurable element of the primary analytic software 2814 is the level or specific 

errors that would be considered for the passive mode. These level or specific errors are user 

defined by configuring them in the primary analytic software's 2814 configuration file. This 

method would allow specific errors to be monitored passively without supervision by a network 

engmeer. 

[0280] When a valid error occurs, the primary analytic software 2814 begins logging the error to 

a case file 2820. Then the primary analytic software 2814 analyzes the case file 2820 and 
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retrieves the wireless device's 104-A, 104-B, 104-C, 104-D lD#and additionally retrieves the 

radio tower and BTS's 110-A, 110-B, 110-C, 110-D, 110-E involved in the error (or alternatively 

all the radio towers and BTS's 110-A, 110-B, 110-C, 110-D, 110-E talking to the wireless 

devices 104-A, 104-B, 104-C, 104-D. Using this information, the primary analytic software 2814 

knows what area of the radio tower network 108 to monitor. 

[0281] Now, the device location acquisition software 2802 will be queried by the primary 

analytic software 2814 to retrieve the identity of the radio tower and BTS 110-A, 110-B, 110-C, 

110-D, 110-E lD#'s that were involved with the error codes in the open case file 2818. The result 

of the query will contain the latitude and longitude as well as the time of the error. The primary 

analytic software 2814 then continually queries the device locatiqn software 2808 with the given 

radio tower and BTS's 110-A, 110-B, 110-C, 110-D, 110-E thus monitoring all activity on them. 

The data recorded to the case file 2820 is: 

0 

0 

0 

0 

0 

Latitude and longitude of wireless devices 104-A, 104-B, 104-C, 104-D on the radio 

tower and BTS's 110-A, 110-B, 110-C, 110-D, 110-E 

- Errors codes on the radio tower and BTS's 110-A, 110-B, 110-C, 110-D, 110-E coded to 

the wireless devices 104-A, 104-B, 104-C, 104-D involved 

Service effecting factors for each wireless device 104-A, 104-B, 104-C, 104-D tracked 

on the radio tower and BTS's 110-A, 110-B, 110-C, 110-D, 110-E 

Forward receive power (FIG. 37, BOX 3704) 

Forward transmit power (FIG. 37, BOX 3706) 

Ee/lo (FIG. 37, BOX 3708) 

Neighbor lists (FIG. 37, BOX 3710) 

Other user definable factors (FIG. 37, BOX 3712) 

- Fault diagnosis and correction software's diagnosis and corrective action recommended 

and/or taken. 

- Radio tower and BTS latilong 2824 

[0282] The primary analytic software 2814 continues to update the case file 2820 for a user 

definable time period. When the time is up the case file 2820 is closed and saved to a hard disk. 

A message is sent to the user input device 126 (BSS manager or other) 126 alerting that a case 
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file 2820 has been created and giving the initial error that caused the case file 2820 to be started. 

[0283] The active scanning mode of the primary analytic software 2814 is a completely user 

definable mode. It allows the user to define certain radio towers and BTS's 110-A, 110-B, 110-C, 

110-0, 110-E, wireless devices 104-A, 104-B, 104-C, 104-D, or other criteria to be monitored. 

This mode requires actual input from the network engineers and cannot start automatically. 

[0284] Benefits of this mode would be to monitor problems or areas that would not be triggered 

in the passive mode, or to monitor problems that are anticipated in advance. 

Internal CPU and Computer 2816: 

[0285] The internal CPU and computer 2816 are a user preference based on system demand. 

They could be part of or even exist as hardware currently in the wireless network 100. 

Alternately, new hardware could be supplied that can power and run the current invention's 2800 

software. The memory bandwidth and CPU power would have to be server level. RAM should 

be of the ECC type, and a parallel process architecture would surely result in higher 

performance. 

Internal Storage 2818: 

[0286] Internal storage 2818 of the current invention's 2800 data can be contained in any 

hardware realizable data storage unit. This internal storage 2818 unit must have the ability to 

change its size dynamically or have sufficient size such that expansion or reduction in database 

size will not exceed the physical storage maximum. 

[0287] For redundancy a suggested method is to employ a RAID storage system where multiple 

physical storage units contain the same data. They operate simultaneously to protect the data. If 

one unit fails then another is still running and can provide the data. 

[0288] Speed is also an important factor. Additional RAID designs employ striping techniques to 

increase access time of stored data on the physical storage device. The physical storage devices 

can be hard-drives, magnetic storage media, or other storage methods commonly available. 
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[0289] The RAID design would be particularly valuable with regards to the ULD 900 and ULDC 

908. The RAID design offers a "mirror" database, thereby limiting the demands created by 

continues quires to the wireless network 100. 

Case Files 2820: 

[0290] Still referring to FIG. 28, this diagram also illustrates the translation of a case file 2820. 

The interaction from the user is initiated in the user interface software 2826. The primary 

analytic software 2814 then sends a queue to the primary display software 2832 for the requested 

case file 2820. 

[0291] Operating in parallel, the case file 2820 is accessed and data is interpreted by the display 

software 2832. The lat/long information is calculated and correlated with the recorded data. The 

correlating mapping software 2828 then brings this information together as shown in FIG. 41 

and displays it to the display screen 2836 for the user 2848. 

Service Effecting Factors with Lat/Long 2822: 

[0292] Factors that can be elected to be contained as part of a case file or simply to be track can 

contain in part or in whole: 

RF signal parameters 

o Forward receive power 

o Forward transmit power 

o Packet/frame loss (frame error rate) 

o Signal/noise level 

o Fading 

o Other user defined objects 

Call success factors 

o Dropped calls 

o Blocked calls 

o Access failures 

o Handoff sequences 
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0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

o Hard hand-offs 

o Soft-hand-offs 

o Inter-system hand-offs 

Call initiate 

Call end 

Other user defined objects 

Messaging 

BTS forward messaging 

Mobile acknowledgements 

BTS reverse messaging 

Error codes 

Call process messaging 

Hand-off messaging 

Call initialization messaging 

Call ending messaging 

Other user defined objects 

Mobile connection type 

Active - voice 

Active - data 

IDLE (paging) 

Other user defined objects 

Radio tower and BTS Information 2824: 

[0293] Radio tower and BTS 110-A, 110-B, 110-C, 110-D, 110-E location information should 

be located in the switch (MTX) 130 as part of current 2G/3G wireless network 100/ 200 

information. The following information is copied into the geographic information database 2810 

from the radio tower and BTS information 2824: 

Latitude 

79 

TX1000-Cl2 



Longitude 

Antenna height 

Azimuth 

Down-tilt 

Beam-width 

Other user defined objects 

User Interface Software 2826: 

[0294] The user interface software 2826 is a simple software package that simply defines the 

look and feel for interfacing with the said machine and process 2800. It allows setting to be 

adjusted, configuration files to be created, and a plurality of other factors to be interfaced with. It 

also allows a graphical user interface (GUI) to be presented to the user 2848. It connects to the 

user input devices (BSS manager or other) 126 and the primary analytic software 2814. As the 

step is purely and interface problem and is common knowledge to a software programmer, any 

method employed here is easily within the scope of this invention, 

Correlated Mapping Software 2828: 

[0295] The correlated mapping software 2828 is a realizable software package that the current 

invention 2800 uses to integrate information from the user location database 900, the user 

location database coordinator 908, the geographic information database 2810, the criss-cross 

phonebook database 2812, the device location software 2808, the case files 2820, the service 

effecting factors 2822, the radio tower and BTS's 110-A, 110-B, 110-C, 110-D, 110-E and other 

sources as directed by the display software 2832. 

[0296] This correlated mapping software 2828 takes all these factors and visually overlays them 

as to produce an output containing a complete output to the user. The correlated mapping 

software 2828 extrapolates locations of the case files 2820 contents over time. The physical 

display can be programmed by the end user for a plurality of display options. These options can 

include: 

o Service affecting factors 2822 related to individual radio tower and BTS's 110-A, 

110-B, 110-C, 110-D, 110-E 
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o Case files 2820 data at specific times 

o Receive strength over entire case file 2820 plotted geographically 

o Individual call messaging and indicated with symbols ( ex: square for a drop call 

placed geographically where the drop occurred.) 

o User location database 900 data 

o User location database coordinator 908 data 

o Geographic information database 2810 data 

o Criss-cross phonebook database 2812 data 

o Device location software 2808 data 

o Other user defined objects 2848 

See Fig. 39 for flowchart of this embodiment. 

Correlated Data for Lat/Long Information 2830: 

[0297] This information is simply the final form of the data before it is processed into the final 

display output for a user 2848. It has processed by the correlated mapping software 2828 already. 

Display Software 2832: 

[0298] The display software 2832 is where the visual output for a case file FIG. 41 is generated. 

When the user input device (BSS manager or other) 126 requests a case file 2820, the display 

software 2832 is activated to decode and display a meaningful representation to a person at the 

console. It connects to the display screen 2836 and the primary analytic software 2814. 

[0299] First the display software 2832 generates an error code list that that displays all the case 

files 2820 and which radio towers and BTS's 110-A, 110-B, 110-C, 110-D, 110-E, were 

involved. The display software 2832 then decodes the errors and correlates them to the specific 

wireless devices 104-A, 104-B, 104-C, 104-D involved and plots the errors on a map. This map 

would have to location of wireless devices 104-A, 104-B, 104-C, 104-D when the error occurred. 

It also superimposes the network factors it recorded for the wireless device 104-A, 104-B, 104-

C, 104-D for a user defined time, before and after the error occurred. 
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[0300] Alternately, the latitude and longitude coordinates could be translated. Current common 

knowledge software packages ( example: Street Atlas software) allow latitude and longitude 

coordinates to be translated into addressing information relative to roads and specific postal 

addressing. Latitude and longitude coordinates obtained by GPS systems on the wireless device 

104-A, 104-B, 104-C, 104-D or a location retrieved though a ULD 900 or ULDC 908 or similar 

device would be converted to standard addressing. 

[0301] Using this method, the engineer can see every wireless device 104-A, 104-B, 104-C, 104-

D that had problems and generated errors, and look at what happened before the problem, and 

what the result of the error had on the wireless device 104-A, 104-B, 104-C, 104-D. The huge 

benefit is that the actual location that the error occurred can be seen without having to do field

testing. For example, a case file 2820 could show a dropped call for a wireless device 104-A, 

104-B, 104-C, 104-D, and show that the ec/lo increased dramatically before the drop. It would 

also show exactly where it occurred and include the all the network factors at the time of the 

error. 

[0302] This is a very beneficial visual display because the engineer can see a plurality of wireless 

devices 104-A, 104-B, 104-C, 104-D that had the same problem and quickly find a solution to 

the problem. 

[0303] Interactions between components in FIG. 28 are indicated as communications links 

which are used as passive links 2840-A, 2840-B in the primary analytic software's 2814 passive 

scanning mode, active links 2846-A, 2846-B, 2846-C in the active scanning mode, and passive 

link and/or active links 2834, 2844-A, 2844-B, 2844-C, 2844-D, 2844-E, 2844-F, 2844-G, 2844-

H, 2844-1 and 2846-A in both the passive and active scanning modes. These passive and active 

links may by T-1 lines, T-3 lines, dedicated lines, intersystem logical connections 132 and/or 

other, depending on the actual physical configuration and geographic location of the 

components. 

[0304] Other links which are illustrated in FIG. 28, and which also act as passive and active 

links include the I-I lines 2844-A, 2844-B, 2844-C, 2844-D and 2844-E, which connect the 
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radio towers and BTS's 110-A, 110-B, 110-C, 110-D 110-E in the radio tower and BTS network 

108, to the BSC 118-A. The BSC 118-A is connected to the switch (MTX or other) 130 by an 

intersystem logical connection 132. The switch (MTX or other) 130 is connected to the publicly 

switched telephone network 138 with an intersystem logical connection 150. The switch (MTX 

or others) 130 is connected to thee-mobility services 144 by an intersystem logical connection 

148. The intersystem logical connections 132, 150 and 148 can also act as passive and active 

links for the primary analytic software 2814. 

[0305] Now referring to FIG. 29 is a description of the physical realization of the preferred 

embodiment. It shows the way in which the embodiment of the said invention can be realized by 

the use of its supporting hardware. The software detailed by the said embodiment is contained in 

the hardware. The hardware is required though for a successful implementation of the 

embodiment, and should be seen as such. 

[0306] Shown also, is a network with a central master server 2900 that contains the preferred 

embodiment 2800 and all software. Access points to the master server 2900 are: 

External access point 2902 

E-mobility applications 144 

Local access points 2904 

BSC 118-A 

[0307] In FIG. 29 the external access point 2902 are isolated from the master server 2900 by a 

hardware firewall. It then connects to a high speed Internet gateway 2906 and then to the 

worldwide wed (Internet) 2908. From this point, individual computers 2910 or devices are able 

to route commands to the master server 2900 using this said connectivity. Additional external 

connectivity is allowed by use of a corporate LAN 2912 being tied directly to the external access 

point 2902. This access is NOT via any Internet connection, and is thus a secure connection. 

[0308] E-mobility applications 144 may also access the system directly. Thee-mobility 

applications 144 system is tied into the BSC 118-A and switch 130, and connects to the wireless 

devices 104 where thee-mobility applications 144 are interfaced by the user. 
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[0309] Shown in FIG. 29 is the local access point 2904 connection, which constitutes any local 

connection to the network. Of these types (external access 2902, e-mobility applications 144, 

local access point 2904 and BSC 206) local access points 2904 this is the most secure. The local 

access point 2904 connection is used for configuration and other administrative activity. Any 

available command for the said embodiment can be executed here through a local connection. 

[0310] Still referring to FIG. 29 a back-up system server 2914 is also installed and attached to 

the master server 2900. All data I software/ connections are mirrored using a redundant array of 

independent. disks (RAID) or similar method to add redundancy to protect the operational ability 

of the said embodiment if the master server 2900 were to fail. 

[0311] The fourth type of connection, the BSC 118-A, is shown in its logical connection to the 

network. The BSC 118-A provides a means to access the master server 2900 through the switch 

130 and the publicly switched telephone network (PSTN) 138. The ability to access the master 

server 215 through the BSC 118-A can allow for alternate connection means including access 

from internet 3200 and remote sources connected to the BSC 118-A. The uses could include data 

exchange or remote operational commands. 

[0312] Still referring to FIG. 29 is the data flow diagram 2916, which illustrates the type of 

connections between the components of the network. These connections include; data flow 

connections, local area network (LAN) connections, intersystem logical connections. 

[0313] Now referring to FIG. 30 is an illustration of the standardization and conversion 

hardware and software 906 that may be used to interface the said primary embodiments 2800 

with hardware and software, which are external to the primary embodiments 2800. The 

standardization and conversion hardware and software 906 are an SISO (single input single 

output) type control structure, where a single input results in a single output. In this case, a 

command from one protocol is input, and the correct protocol for the receiving machine is sent 

(after being converted internally). 

[0314] The flow of this process begins by a start command 3000 being sent to the standardization 
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and conversion hardware and software 906. The standardization and conversion hardware and 

software 906 checks the protocol against known types using its internal protocol database 3004. 

If there is a match, and the protocol is recognized 3006, then it checks device attached 3008 and 

determines ( or is pre-configured) the appropriate protocol by checking receive devices protocol 

3010 from the receive device protocol list 3012. it then determines if a conversion can be made 

3014. If it can convert the command, then it is converted 3016. The command is then sent 3018 

to the connected device 3020. The conversion would end" 3022 at this point, and wait for 

another command. If any of the decision boxes (3006, 3014) are 'no" then a 'protocol error" 3024 

is recorded and the recorded "protocol error" 3024 is send back to the sending source. 

[0315] Still referring to FIG. 30 the standardization and conversion process operates the same in 

either direction, from the source to destination or the destination to the source. The 

standardization and conversion process is bidirectional. 

[0316] Now referring to FIG. 31 is an illustration of the BSC access control software 2804. The 

BSC access control software 2804 is responsible for negotiating a connection between the 

primary analytic software 2814 and the BSC 118-A. 

[0317] Still referring to FIG. 31, the execution of its internal operations begins when the primary 

analytic software 2814 sends a request 3100 to the BSC 118-A. The BSC access control software 

2804 then interrupts the start-idle state 3102 that the BSC access control software 2804 functions 

in when in idle mode. The BSC access control software 2804 checks to see if there is a new 

request 3104 form the primary analytic software 2814. If there was a new request, then the BSC 

access control software 2804 sends a command to receive the message 3106 from the primary 

analytic software 2814. It then compares the command 3108 to a command list 3110 of 

convertible commands (converting to BSC 118-A native commands). 

[0318] The next step is to check if the command is convertible 3112. If the command is 

convertible 3112, then the command is converted 3114 to the BSC 118-A native code ( or 

protocol). The message (code) is then sent 3116 to the BSC 118-A. The system then goes back 

into the start (idle-wait for response mode) 3102 waiting for a new command or a returned 
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answer from the BSC 118A. If however, prior to step 3112 the command was not convertible, 

then a 'command error" will be sent 3118 to the primary analytic software 2814, and the system 

will return to the start (idle-wait for response mode) 3102. In this case, steps 3114, 3226, 206, 

3102 are skipped. 

[0319] Still referring to FIG. 32, if no new command from the primary analytic software 2814 is 

received 3104, but a result from the BSC 206 is returned 3118, then the reverse conversion 

process begins. The BSC 118-A native code is converted into primary analytic software 2814 

native messaging 3120. The message is then sent 3122 to the primary analytic software 2814. If 

no result was received from the BSC 118-A, then the system would have returned to the start 

(idle-wait for response mode) 3102. If a message was sent back 3122 to the primary analytic 

software 2814. The system then also returns to the start (idle-wait for response mode) 3102. 

[0320] Now referring to FIG. 32, the user interface software 3200 is illustrated. The user 

interface software 3200 is responsible for interfacing the user with the primary analytical 

software 2814 and other subsystems. It allows a plurality of connections to be used as interfaces: 

Internet 3202 

Intranet 3204 

Other user defined objects 2848 

Local server/workstation 3206 

[0321] When these four types begin to negotiate 3210 with the user interface software 3200, all 

protocol and other pure connectivity issues are resolved by commonly known techniques, the 

standardization I conversion hardware I software 906, or through standard protocols. The first 

step is for the user interface software 3200 to obtain the login information 3212 from the user. 

The user interface software 3200 then compares the user's login information 3214 against an 

encrypted database containing the user list. The database containing this information is termed 

the "user database" 3216. If the user is not authenticated 3218, then the session is terminated 

3220. If the user is authenticated 3218, then the user interface software 3200 begins to log the 

user's activities, including login information 3222 to the system log 3224. 
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[0322] Still referring to FIG. 32, the user interface software 3200 now determines the access 

rights 3226 of the users and allows the user to access 3228 the primary analytics software's 2814 

features that it is allowed to. The system monitors continually the user's activity 3230 for 

abnormal usage. If there is abnormal usage 3232 then a message is sent to .the system 

administrator 3234 and the session is closed 3236. If there was normal usage 3232 then the user 

may continue to access the system 3228. 

[0323] Again referring to FIG. 32, the user interface software 3200 also monitors for the users 

activity duration and when the user has been idle for more than a set time 3238 then the session 

is closed 3236. When the user ends the session 3240 the system logs the normal closure of the 

connection 3242 to the system log 3224 and closes the connection 3236. 

[0324] Now referring to FIG. 33 is a description of the device location software 2808. This 

device location software 2808 package is used to determine the location of a wireless device 104 

connected to a wireless network 100/200 or other similar network to which a wireless device 104 

may be connected. The commands 3300 form the primary analytic software 2814 to the device 

location software 2802 is a command to locate 3302 a wireless device 104, as well as an 

identifier such as the phone number 3304 of a wireless device 104. The device location software 

"starts" 3306 and receives the phone number 3308 of the wireless device 104. It then checks the 

phone number to see if it is valid for tracking. If the number is invalid 3310, meaning the number 

is not valid for any traceable device, an error message is sent 3312 to the primary analytic 

software 2814 If the number is valid 3310, then the device location software 2802 first can query 

(if it is connected to) a ULD 900 for the location 3314. If the number and location is found 3316, 

then the latitude/longitude of the device is retrieved 3318, and then a message is sent 3320 with 

the latitude/longitude to the primary analytic software 2814 and then finishes 3322. 

[0325] Still referring to FIG. 33, if the number of the wireless device 104 was not found 3316 

then it queries 3324 a similar device such as a ULDC 908. If the number of the wireless device 

104 and latitude/longitude location is found 3326, then the latitude/longitude of the wireless 

device 104 is retrieved 3318, and then sent 3320 to the primary analytic software 2814 and then 

finishes 3322. If the wireless device 104 location is not found 3326, then the device location 
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software 2802 queries the BSC 118-A for location information 3328 including timing 

information on the number of the wireless device 104 including all radio tower sectors in use. 

The device location software 2802 can then compute the latitude and longitude directly 3330 

from information derived from the BSC 118-A and radio tower latitude/longitude database 2824 

by using calculation techniques 3332. These calculation techniques include triangulation of 

round trip delay (RTD) from network timing information, triangulation from the signal strength 

and other commonly known locations techniques. Referred to by this patent are location 

techniques disclosed in the Provisional Patent, U.S. Serial Number 60/327,327 that was filed on 

October 4th, 2001. 

[0326] Still referring to FIG. 33, the location of the wireless device 104 may also be retrieved 

from the BSC 118-A if the wireless device 104 contains a global positioning system (GPS) that 

may transmit the wireless device's latitude/longitude to the BSC 118-A via the "keep alive" 

signal or other signal from the wireless device 104. Alternatively the location of the wireless 

device 104 can be determined at the wireless device l04 using triangulation, or other location 

techniques. If the wireless device 104 is equipped with a GPS unit, this would be the preferred 

location technique due to the GPS's inherent accuracy. The latitude/longitude of the device is 

returned, and then sent to the primary analytic software 2814 and then finishes 3322. 

[0327] Now referring to FIG. 34 is a diagram that illustrates methods, which can be chosen to 

track and isolate wireless devices 104-A, 104-B, 104-C, 104-D on a radio tower network 108. 

These methods are used by the device location software 2802. In a generic radio tower network 

108, consisting of a plurality of radio towers with base-station transceiver subsystem (BTS)('s) 

110-A, 110-B, 110-C, 110-D, 110-E, there are three primary ways to track wireless devices 104-

A, 104-B, 104-C, 104-D. These three ways are to specify: 

1. BTS 

a. a single BTS (eg. 110-A, 110-B, etc) 

b. a plurality ofBTS's 110-A, 110-B, 110-C, 110-D, 110-E 

c. all BTS's 

2. Sector 

a. a sector on a BTS (eg. 3400-B or 3400-A) 
88 

TX1000-Cl2 



b. a plurality of sectors on BTS's (eg. 3400-A, 3400-B, 3402-A, 3402-B) etc.) 

c. All Sectors 

3. Wireless device 

a. a specific wireless device (eg. 104-A or 104-B) 

b. a plurality of wireless devices (eg. 104-A, 104-B, 104-C, 104-D) 

c. All wireless devices 

[0328] Still referring to FIG. 34 , these tracking methods are initiated by the primary analytic 

software 2814. The primary analytic software 2814 chooses which method to use based on the 

user's choice which is interfaced at the user input device (BSS manager or other) 126 and 

consequently the fault monitoring software and other internal configurations. 

[0329] Again referring to FIG. 34, examples of tracking would be if the primary analytic 

software 2814 instructed the device location software 2802 to track wireless devices 104-A, 104-

B, 104-C, 104-D on radio tower and BTS 110. The result returned would be wireless device 104-

B, 104-C. If the primary analytic software 2814 instructed the device location software 2802 to 

track wireless devices 104-A, 104-B, 104-C, 104-D on sector 3400-B the result would be 

wireless device 104-A. 

[0330] Now referring to FIG. 35-A describes the primary analytic software 2814. The process 

used by the primary analytic software "starts" 3000 by initializing the primary analytic 

software/hardware 2814 along with the operating system 3500. The primary analytic software 

2814 then brings up a main menu 3502 for a user using the display software 2832. The user can 

select: 

Active mode 

Inactive mode 

Passive mode 

Display case file 

File management 

Exit program 
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Still referring to FIG. 35-A, if the user selects inactive mode 3504 then the system is placed in 

standby mode 3506 and then goes into an idle state 3508. The primary analytic software 2814 

then waits for mouse movement or input action 3510. When this occurs (mouse or input action) 

the system returns to the display menu 3502. 

[0331] If the user selects the active mode 3512, then the system displays the active mode menu 

3516. The user is then prompted with a menu selection for the following: 

Track a single wireless device 

Track a list of wireless devices 

Track wireless device by sector 

[0332] Again referring to FIG. 35-A, if the user selects 'track a single wireless device 3518, then 

the user is prompted to enter an identifier for the phone such as the number for a wireless device 

3520. The user is then prompted to selects a time period to track the wireless device 3522. The 

primary analytic software 2814 then will record the data for the given time on the wireless device 

3528. The primary analytic software 2814 utilizes the device location software 2802 to perform 

this process. The primary analytic software 2814 then records the file to a storage medium and 

the user is prompted to rename file 3526. The user is then prompted if they wish to continue 

tracking /track 3528 another wireless device. If the answer is yes 3528, the user is brought back 

to the active menu 3530. If they chose no 3528, then the user is brought back to the main menu 

3536. 

[0333] If the user is in the active mode 3512, they can also select to "track a list of wireless 

devices" 3536. If the user selects yes, they can enter them into a plurality phone numbers of 

wireless devices 104-A 104-B, 104-C, 104-D they wish to track 3538. The user then selects a 

time period 3522 to track the wireless devices 104. The primary analytic software 2814 then will 

record the data for the given time on the wireless device 3524. The primary analytic software 

2814 uses the device location software 2802 to record the data on the given time of the wireless 

device 104. It then records the file to a storage medium and the user is prompted to rename the 

file 3526. The user is then prompted if they wish to continue tracking /track 3528 another 

wireless device 104. If the answer is yes 3528, the user is brought back to the active menu 3530. 
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If they chose no 3528, then the user is brought back to the main menu 3532. 

[0334] Still referring to FIG. 35-A, the user can also select to track wireless devices by sector(s) 

delineation (choosing sectors track on) 3540. The user is prompted to enter/select/choose a list of 

sector(s) to track wireless devices on 3542. The user then selects a time period 3522 to track the 

wireless devices. The primary analytic software 2814 then will record the data for the given time 

on the wireless devices 104 with the selected sectors being tracked 3524. The primary analytic 

software 2814 utilizes the device location software 2802 to perform this process. The primary 

analytic software 2814 then records the file to a storage medium and the user is prompted to 

rename the file 3526. The user is the prompted if they wish to continue tracking /track 3528 

another wireless device. If the answer is yes 3528, the user is brought back to the active menu 

3530. If they chose no 3528, then the user is brought back to the main menu 3532. 

[0335] The user interface software 2826 is used to allow the user it interact with the various 

processes of the primary analytic software. 

Figure 35-B 

[0336] Now referring to FIG. 35-B, the user is prompted to select the passive mode at the main 

menu 3544. If the user selects the passive mode then the system displays the passive mode menu 

3546 using the display software 2832. The user is prompted to enter the sector/BTS (or list) to 

track in passive mode 3548. The primary analytic software 2814 then asks the user to enter (if 

any) the 'error criteria' and if the auto-correct mode should be enabled 3550. The software then 

sends the information 3552 to the fault monitoring software 2802. When a fault is detected 3554, 

then the system creates a case file and prompts the user for a name (if none is entered then a 

default is used) 3556. The primary analytic software then sends 3558 the case file to the fault 

diagnostics/ correction software 2806. 

[0337] If the user enables the 'auto-correction mode' then corrections are received 3560 from the 

fault diagnosis/correction software 2806. These corrections, contained within the case file, are 

then sent 3562 to the BSC via the BSC access control software 2804. The user can then select to 

hit the cancel key 3564 and go back to the main menu 3566, or not hit the cancel key, go back to 
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the passive mode menu 3568. 

[0338] Still referring to FIG. 35-B, from the main menu, if the user selects to "display case files" 

3570, the user is forwarded to FIG. 35-C, BOX 3572. If the user selects file management 3574, 

(via the user interface software 2826) from the main menu, then a list of case files in the user's 

storage medium are displayed 3576 via the display software 2832. The user can select a plurality 

of case files 3578 via the user interface software 2826. The user is then prompted to delete 3580 

selected case files. If the user selects to delete 3582 a chosen case files, the case files are deleted 

and returned 3584 to a display of listed case files. If the user selects to rename 3586 chosen case 

files, the case files are renamed 3588 and the user is returned 3584 to the display of stored case 

files. If the user selects 3586 to not "rename case files", the user is then prompted to "exit" the 

system 3588. If the user selects to 'exit" the system 3588, they are returned 3566 to the main 

menu. If the user does not choose to "exit" the system 3588, the user is returned 3584 to the 

display which lists the stored case files. 

[0339] Again referring to FIG. 35-B, the user can at any point select to "exit program" 3589, 

from the main menu, shut down the primary analytic software 3590, and exit the program 3591. 

[0340] Now referring to FIG. 35-C, the user can select from the main menu to "display case 

file". The user is then prompted to select/enter a case file name 3572 (via the user interface 

software 2826). Then the user is prompted to enter a list of criteria to display 3592 (via the user 

interface software 2826). The case file criterion is then sent to the display package 3593 which 

includes: 

Correlated mapping software 2828 

Correlated lat/long information 2830 

Display software 2832 

[0341] Still referring to FIG. 35-C, the primary analytic software 2814 then waits until the user 

information is displayed 3594 and the user exits the display package 3595. When the user is done 

with the display package 3595, the user is asked if they want to modify the parameters displayed 

3596 (via the user interface software 2826). If the user chooses to display and edit parameters 
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3597, then the user is returned back to enter criteria to display 3598. If the user does not chose to 

display and edit parameters 3599, then they are returned to the main menu (FIG. 35-A, BOX 

3502). 

[0342] Now referring to FIG. 36 is a flow chart, which describes the monitoring software. The 

monitoring software begins by receiving a "start" command 3602 from the primary analytic 

software 2814, and a list of flagged criteria 3604 form the primary analytic software 2814. The 

monitoring software then "starts" 3000 by monitoring 3606 the BSCII8-A for new messages. The 

monitoring software does so by accessing the BSC 118-A. If no new message is received 3608, it 

continues to monitor the BSC for new messages unless a software interrupt is called. If a new 

message is received from the BSC 3608, then the new message is compared 3606 to the flagged 

criteria list. If the new message 3610 is not in the flagged criteria list, then the monitoring 

software resumes looking for new messages from the BSC 3606. 

[0343] Still referring to FIG. 36, if the new message was in the flagged criteria list 3608, then 

the monitoring software extracts 3612 the "flagged criteria" information from the new message. 

The monitoring software then decodes 3614 and encodes the flagged criteria data into a case file 

format. The monitoring software then creates 3616 a customizes case file based of the specific 

flagged criteria. The monitoring software then sends 3618 the case file to the primary analytic 

software. Following the case file formatting process, the monitoring software then resumes 

waiting for error messages in the flagged criteria list 3606. 

[0344] Now referring to FIG. 37, this diagram illustrates the case file generation process and 

how a case file 2820 is organized. Information included in case files, and encoded in any 

industry standard database format includes: 

0 

0 

Case file distinguisher (number) 3722 

Individual wireless device number 3724 

Individual wireless device location 3700 

Error codes of device 3704 

Forward receive power 3704 

Forward transmit power 3706 
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0 

0 

0 

0 

0 

Ee/lo 3708 

Neighbor list 3710 

Messaging 3712 

FER3714 

Other error codes 3716 

Service effecting factors 2822 

Radio tower latitude/longitude locations 2824 

Other user defined factors 3718 

[0345] The actual case file 2820 is composed of a software database entry as shown. It would 

include 'N' number of entries for all wireless devices 104-A, 104-B, 104-C, 104-D being 

monitored as requested by the primary analytic software 2814. 

[0346] Still referring to FIG. 37, the format of the industry standard database can be determined 

by a software engineer, but one approach may be to use the logical format shown in case file 

2820 illustrated herein. Table column labels referring to the above types of criteria are in the case 

file 2820 structure. Any deviation or other structure can be considered within the scope of this 

patent because this format is a less than critical element of the patent. 

[0347] Now referring to FIG. 38-A is a description of the fault diagnosis/correction software 

2806. The inputs 3800 which are past from the primary analytic software 2814, and utilized by 

the fault diagnosis/correction software 2806 include case files 2820, request correction command 

3802, and protocol command exchange 3804. The fault diagnosis/correction software 2806 then 

"starts" 3000 when the case file 2820 is received 3806 and the protocol commands are exchanged 

3808 from the primary analytic software 2814 and the fault diagnosis/correction software 2806. 

The case file 2820 is then parsed 3810 to extract information from the case file 2820. The case 

files 2820 data is then separated and sorted into defined (by input data) categories 3812 and each 

error and related data is stored as database entries 3814 into the local error database 3816. The 

fault diagnosis/correction software 2806 then 'starts" to examine the error 3818. The fault 

diagnosis/correction software 2806 accesses 3820 the stored case files 2820 (stored in the local 

error database 3816) and creates an additional entry based on data for 15 seconds (or a length of 
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time determined by a network engineer for a particular configuration) prior to the error, 

including the following data: 

Case file distinguisher (number) 3722 

Individual wireless device number 3724 

Individual wireless device location 3700 

Error codes of device 3720 

0 Forward receive power 3704 

0 Forward transmit power 3706 

0 Ee/lb 3708 

0 Neighbor list 37IO 

0 Messaging 3712 

0 FER3714 

0 Other error codes 3716 

Service effecting factors 2822 

Radio tower latitude/longitude locations 2824 

Other user defined factors 3718 

[0348] Still referring to FIG. 38-A, the fault diagnosis/correction software 2806 can now 

proceed to apply standard ( common knowledge by engineers in the field) techniques to detect 

and identify errors by type 3822. The fault diagnosis/correction software 2806 determines data 

value trends 3824 for data leading up until the error begins. The trend analysis is then stored 

3826 as a trend analysis database entry 3828. 

[0349] Again referring to FIG. 38-A, the fault diagnosis/correction software 2806 then examines 

3830 the trend analysis database entry 3828 and compares preliminary trend analysis criteria 

3832 against patterns' that indicate error types and resolutions. These patterns are unique to 

networks, and should be programmed by network engineers for specific networks/setups. Default 

patterns are suggested by the embodiment of this patent in FIG. 38-B. These can be modified or 

appended and stay within the scope of this patent's claims. 

[0350] Now referring to FIG. 38-B, the resulting patterns/error resulting from calculations (as 
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described in FIG. 38-A, BOX 3832) are compared 3836, 3840, 3844, 3848, 3852 to defined 

error criteria. The resulting error code/pattern evaluation produces messages that are then sent 

back 3856 to the primary analytic software 2814. If the auto-correction mode was enabled by the 

user 3858, (correction requested) then the fault diagnosis/correction software 2806 makes 

corrections based on the error codes/patterns. The shown default corrections are 3860, 3862, 

3864, 3866, 3868. 

[0351] Still referring to FIG. 38-B, corrections that are a result of the fault diagnosis/correction 

software's 2806 analysis are then sent 3870 to the primary analytic software 2814 where they are 

processed. If no correction was requested 3858 (auto-correction mode is off), or if there are no 

more errors 3872 in the local error database 3874, then the trend analysis data 3828, stored error 

data 3878, is purged 3876. If there is another error in the 'local error database" 3872, then the 

fault diagnosis/correction software 2806 returns to the "start" point 3000 of the error examination 

process 3884. If there are more errors 3872, the system returns back to the idle "start" point 3884 

were the fault diagnosis/correction software 2806 waits for new messages to be passed from the 

primary analytic software 2814. 

[0352] Now referring to FIG. 38-C is a description of the default error table 3878, message table 

3886, and correction table 3888. These tables are used in FIG. 38-B as defaults for the fault 

diagnosis/correction software 2806. Additions and modifications can be made to these tables 

3878, 3886, 3888 and stay within the scope of this patent. These tables 3878, 3886, 3888, can be 

customized depending on the configurations of the wireless network, hardware and software 

considerations, the parameters set by network engineers, or other considerations which would 

require customizing the configurations of these tables 3878, 3886, 3888. 

[0353] Now referring to FIG. 39 is a description of the correlated mapping software 2828 flow. 

Output 3900 methods supplied by the primary analytic software 2814 include command to 

display an output 3902, raw data file with network data ( case file) 3904, and mapping element 

list 3906. The mapping element list 3906 contains all the elements (types of data) that the user 

wants to map. 
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[0354] The correlated mapping software 2828 now "starts" 3000 by checking if the case file is 

valid 3808. If the case file is not valid 3808, the correlated mapping software 2828 sends an error 

message to the primary analytic software 2814 and the display software 2832. If the case file is 

valid 3908, the correlated mapping software 2828 reads an element from the case file 3912. The 

correlated mapping software 2828 then assigns a reference color code to the data element to be 

used later for mapping 3914. The correlated mapping software 2828 then correlates the data to 

latitude/longitude values where the data was recorded 3916, and stores the correlated data 3918 

to a data layer 3920 in memory. If this is not the last element in the case file 3922, then the 

correlated mapping software 2828 returns to read a new element in the case file 3912, and 

continues reading new elements until all elements have been read 3922. When the last element 

has been processed 3922, the correlated mapping software 2828 groups data layers into one file 

3924, and stores all the file data to a 3926 master data layer 3920 file as a database entry. 

[0355] Still referring to FIG. 39, the correlated mapping software 2828 then calculates the most 

extreme west/east/north/south points in the data layer 3928. The correlated mapping software 

2828 then imports 3930 maps 2810, 2812, 2824, 3956 based on these extremes. The correlated 

mapping software 2828 then saves each of these new maps as an individual layer 3932. The 

correlated mapping software 2828 follows by grouping these maps to one data file containing all 

the layers 3934 and stores them in the master map layer 3936. Based on the requirements of the 

mapping element list 3906, the correlated mapping software 2828 filters the case file data and 

map layers 3938 so that the resulting data contains only data and map layers 3938 relevant to 

what needs to be mapped. The filtered data 3942 is saved to the filtered master data layer 3940 

and filtered mapping layers 3946 are saved to the filtered master mapping layer 3944. Both the 

filtered data layer 3942 and the filtered mapping layers 3946 are combined into the primary 

display layer data file 3950. The correlated mapping software 2828 records time and date of data 

and other configurable information and saved into a secondary data file 3948. The primary 

display layer data file 3950 and the secondary data file 3948 are then sent to the primary display 

software 3952. The correlated mapping software 2828 now closes itself and purges temporary 

data 3954. 

[0356] Now referring to FIG. 40 is description of the display software's operations. The display 
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software's inputs 4000 are the primary display layer 4002, the secondary display layer 4004, and 

command/info passed to the display software 2832 from the primary analytic software 2814. The 

display software 2832 "starts" 3000 by sending the primary display layer 4002 and secondary 

display layers 4004 to two sub routines. 

[0357] Still referring to FIG. 40, the primary display layer's 4002 subroutine begins 4006 by 

reading data from the primary display layer 4002 data file data file. The display software 2832 

then checks if the output for the user is defined as full screen 4008. If the output is a full screen 

4008, as defined in the set-up, the display software 2832 then calculates dimensions for the 

screen size 4012/4016/4020 for full screen operation. If the output is a "window" screen 4008, as 

defined in the set-up, the display software 2832 then calculates dimensions for the screen size 

4010/4014/4018 for the window screen operation. The display software 2832 then sends the 

results 4022 to commonly used/known mapping software 2828. If this is not the last data layer 

4024, the system reads the next layer in 4006 and continues as before. 

[0358] Again referring to FIG. 40, the secondary subroutine starts 3000 by reading data 4026 

from the secondary data file. The display software 2832 checks if the output is defined as full 

screen 4028. The display software 2832 then calculates dimensions for the screen size 

4032/4036/4040 for full screen operation. If the output is defined as window screen 4028, the 

display software 2832 then calculates dimensions for the window screen size 4030/4034/4038 for 

window screen operation. The display software 2832 sends the results 4024 to commonly 

used/known mapping software 2828. If this is not the last secondary data layer, the system reads 

the next layer in 4006 and continues as before. After both subroutines are finished, the display 

software 2832 outputs the graphic display to the screen 4046/4048 using commonly known 

techniques. 

[0359] Now referring to FIG. 41 is a description of the final display output format. The final 

display has seven or more layers. These layers are: 

- Radio tower locations display layer 4100 

- Wireless device locations display layer 4110 

Service affecting factors (mapped to locations) display layer 4120 
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- Error codes (mapped to locations) display layer 4130 

- Criss-cross phonebook entries (i.e. landmarks such as buildings) display 

layer 4140 

- Auxiliary object locations display layer 4150 

- Geographic/topological street map overlay display layer 4160 

[0360] The final display output is the sum of the above display layers. A plurality of auxiliary 

object location display layers may be added by the user via the user interface software. By doing 

so, the user may expand the mapping And display features of the resulting maps. 

[0361] Still referring to FIG. 41, layer one 4100 is the location (latitude and longitude) of all the 

radio towers and BTS's 110-A, 110-B, 110-C, 110-D, 110-E in the radio tower and BTS network 

108. 

[0362] Layer two 4110 overlays the latitude/longitude of the wireless devices 104-A, 104-B, 

104-C, 104-D (and the previous locations relative to time) of the wireless devices 104-A, 104-B, 

104-C, 104-D. 

[0363] Layer three 4120 plots the service effecting factors in the case file based on the recorded 

latitude and longitude where the factors 4121, 4122, 4124, 4126, 4128 were recorded. 

[0364] Layer four 4130 plots the error codes in the case file based on the recorded latitude and 

longitude where the factors 4132, 4134, 4136 were recorded. 

[0365] Layer five 4140 plots selected entries from the criss-cross phonebook database with 

lat/long correlations. The displayed entries 4142, 4144 and 4146 could represent such entries as, 

for example, hospitals, gas stations, restaurants, or a private residence. 

[0366] Layer six 4150 plots auxiliary latllong correlations of user selected/inputted entities 4152, 

4154, 4156. 
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[0367] Layer seven 4160 overlays a topographic map with road locations with correlated to their 

actual latitude and longitude locations. 

[0368] Still referring to FIG. 41, the final display output 4170 is sent to the user and shows all 

layers above combined together. 

Alternative Embodiments 

[0369] Now referring to FIG. 28, two alternative embodiments are contained within the current 

invention. The first alternative embodiment provides a means for providing a display screen 

machine and process, which enables access to the current invention by other applications through 

e-mobility services 144 or other interfaces. This alternative embodiment could be used by other 

applications which have a need to display the geographic location of wireless devices 104-A, 

104-B, 104-C, 104-D, geographic location of entries contained with the crisscross phonebook 

database 2812, maps of or other data contained within the geographic information database 2810, 

user selected auxiliary entries, or other entries contained within the current invention 2800. The 

primary elements required by this first alternative embodiment include: 

Expansion to current embodiment to allow external queries to be processed ( e-mobility 

services 144) 

Alternative Embodiment Requirements 

o a BSC access control software 2804 and/or a user location database 900 or user 

location database coordinator 908 

o Monitoring software 2802 

o Device location software 2808 

o Geographic information database 2810 

o Criss-cross phonebook with lat/long database 2812 

o Standardization/conversion hardware/software 906 

o Primary analytic software 2814 

o Internal CPU and computer 2816 

o Internal storage 2818 

o User interface software 2826 

o Correlated mapping software 2828 
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o Correlated data for lat/long information 2830 

o Display software 2832 

o Inner system logical connection and other connections 132 

The primary external queries will initiate from thee-mobility services 144 of a wireless network 

100. This implementation greatly reduces the necessity for excessive amounts of integration to 

occur. 

[0370] E-mobility services 144 already in current wireless networks 100 have access to the 

internet though certain firewall, LAN routing, and data protection schemes. This can be exploited 

by allowing external software to query, using a secure data connection via the internet, the said 

first alternative embodiment. All calculations, and processing would occur at the wireless 

networks server. 

Access to this data would be limited by defined settings such as. 

Viewable layers in final output 

o Topological data 

o Roadways 

o Location of wireless devices 

o Criss-cross phonebook data 

o Geographic information data 

o Other user defined data 

Service affecting factors 

o Receive strength 

o Signal to noise ratio 

o Other user defined data 

Location and or previous location of the wireless device 

o ULD database tracking 

o ULDC queries to track mobile 

o Other user defined data 

Types of queries 

o Individual wireless device 104 
101 

TX1000-Cl2 



o Sector ofBTS 

o BTS 

o Network 

o ULD 900 

o ULDC 908 

o Device location software 2802 

o Other user defined queries 

Amount of time until processing occurs 

Level of precision in latitude and longitude 

Multiple query submission 

o Have a predefined list of criteria to be submitted at regular intervals to the system 

o Have reports automatically generated and sent through E-mobility applications 

144 back to Internet user. 

Ability to report System errors 

o Internet connected user can report false information reported by the system. 

o Internet connected user can report missing information reported by the system. 

o Other user defined objects 2848 

External Connectivity of Pref erred Embodiment 

[0371] Now referring to FIG. 29, the physical realization of the preferred embodiment and the 

alternative embodiments is illustrated. These embodiments include a plurality of methods to 

develop case files and hence detailed information on users/conditions that exist on a wireless 

network 100. When these case files are generated they are stored on the server-which is located 

at the switch (MTX or other) 130. This allows rapid use of these case files for debugging and 

optimization. 

[0372] The wireless network 100 can however be accessed from access points other than the 

switch 130. These locations are the corporate LAN 2912 and the Internet 3202. Both connections 

offer secure connections. Examples of secure connections would be secure server language 

(SSL) and other similar connections. 
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[0373] Still referring to FIG. 29, the ability to access the switch (MIX or other) 130 from an 

external software package is integrated into the preferred embodiments. These preferred 

embodiments allows a plurality of software packages to access the databases and primary 

analytic software 2814 contained within these embodiments. These external software packages 

can be assigned certain security allowances in addition to individual user privileges. These 

restrictions would be able to limit software packages that the wireless network 100 has not 

authorized to various levels of access. 

[0374] An example of third-party I remote internet 3202 access programs could be a program 

that a wireless service provider uses to integrate billing information with communications ( call, 

page, text message, etc.) logs. The wireless service provider could set up a location information 

program that could be marketed to users as a way to access location information regarding 

communications made on their wireless devices 104 billing statement. This location information 

program could be accessed by users, allowing them to remotely access the preferred 

embodiments and initiate a continuous tacking ability on the wireless device 104, when 

communications are made or at any other time. A user could also retrieve location information 

from a web site on the Internet 3202 for any communication (call, page, text message, etc.) on 

his wireless device bill, for example, thereby allowing the user to access a log of the geographic 

location information correlated to the user's logged communications. This would allow an 

employer to monitor the locations of employees at the time communication are sent and 

received. 

[0375] Another example would be for a program issued to police or law enforcement agencies to 

track a list, of a plurality of wireless devices 104 that could be submitted over the Internet 3202. 

This list would get updated at the switch (MTX or other) 130 in the users account and allow case 

files to be generated on the list of wireless devices 104 the user submitted. 

[0376] There are many possible ways to use this external connectivity option, however any use 

of its features would be considered within the realm of this patent's legal claims. 

[0377] The primary elements ( access of many options could be defined by access rights of 
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user/connection type) of this external connectivity would be the following: 

Ability to negotiate a secure connection via the internet 3202/corporate LAN 2912 

Ability to authenticate software package and user 

Ability to negotiate commands to create a new user account with the preferred 

embodiment for the said new user. This account would contain profile, preferences, and 

storage ability for case files generated for the user. 

Ability to send a list of wireless device identifications 3726 (phone #s, ESN's, etc) of 

mobile devices that would allow the preferred embodiment to track these items. 

Ability to set tracking modes for the list of identified mobiles that are submitted to the 

said embodiment. These modes are: Manual (one time tracking only) and automatic 

(track and record mobile devices for a said period of time at any given interval. These 

intervals can include time of day, time of call (when the mobile makes a call), and default 

settings (every 24 hours). 

The ability to submit criteria for tracking other than a unique identifier phone a said 

wireless device 104. This can include: 

o Geographic criteria (track-create case files-for wireless devices in a said 

geographic region. 

o Demographic criteria (track wireless devices of users of a said demographic 

profile 

o Other customizable criteria 

The ability to simply locate a wireless device 104 and return its location® The ability to 

view any saved case files in the user home directory. This includes any manually 

developed case files as well as case files automatically generated by the user's profile 

settings-per prior request of the user. The viewing of these said case files would be 

generated by the preferred embodiments display software 2832 and could have 

limitations placed n it by access rights. These access rights could limit what layers are 

displayed on the output. Levels such as network information, cellular tower location, etc 

could be removed. 

Ability to negotiate file maintenance on a user directory from the remote connection is 

another option that could have restrictions based on access levels. Maintenance 

commands could include: 
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1. 

2. 

3. 

4. 

o Delete file 

o Rename file 

o Copy file 

o Etc. 

The ability to remotely submit case files manually for auto-correction (user would require 

high access). 

[0378] A specific concern that users would need to be aware of is the ability of their records to 

be accessed by this system. Wireless devices 104 should be able to submit preference flags that 

will control access to the tracking and access of their accounts by the said embodiment. 

The levels that could be defined for this type of preference are: 

Open access-any party may access all information about user 

Limited access (Default option)-information such as the users name, and other 

private information is masked. Demographic information and the ability to anonymously track 

the mobile (ex: tracking by demographic information). 

Polling access-No information is listed under the account, however tracking 

can still occur but only by geographic region. Results of the track would not include any 

information other than a generic identifier for the phone 

No access-under this mode the user may not be tracked, but certain features 

such as the ability for the user to track him/her self will be disabled. 

[0379] Ramifications and uses stemming from these access levels are beneficial to the wireless 

service providers. The wireless service provider can choose to only allow certain levels to be 

used by a wireless customer. To this regard, under most circumstances they could make it 

mandatory for most wireless devices to be tracked. 

[0380] This information is a very valuable commodity. Many applications stemming from this 

exist beyond the ability for third party applications to simply access, view case files, and setup 

tracking options. 

[0381] Two specific claimed additional uses and processes would be: 
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Allowing marketing companies access to tracking based on their target audience 

( demographic/geographic location/etc) 

Traffic Analysis and route planning software 

[0382] The first process would allow marketing or interested organization/persons to use 

software to access information about users based on customizable criteria. These criteria could 

be used to: 

Send wireless messages to the wireless device 104 when it enters a definable geographic 

reg10n. 

Research consumer habits based on the consumer's profile/demographic information. 

Allow unsolicited interaction with a customer based on a profile set-up by a marketing 

company with the said process. (for example, and out of town user receives a solicitation 

for a discounted hotel rate as they enter town). 

Allow a user to request solicitations for specified products or services based on the users 

geographic location. (For example, the user is at Broadway and vt Ave. and wants to 

know which restaurants in the area have a lunch special. 

Receive a 'wireless coupon" for wireless device users 102 on user selected goods and 

services, based on the users geographic location. 

o This "wireless coupon" would be realized by transiting the user a coupon code, 

number or word, etc., 

o By putting the user on a "wireless coupon" list comprising the user names and/ or 

wireless device phone numbers 3724. This "wireless coupon" list is distributed to 

the service provider's business. 

Direct the user of the wireless device 104 to the closest service such as a hospital, gas 

station or restaurant for example. 

[0383] Of concern to users would be the abuse of this technology. They would be able to block 

any such attempts by limiting their access rights in their profile, or by wireless providers 

reaching agreements with its consumers. 

[0384] The second process is the ability for a directional assistance network (DAN) application 
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to be developed that could analyze traffic patterns and determine alternate travel patterns that my 

offer a less congested path for a consumer while driving. 

[0385] This DAN application would function by first querying the wireless network 100, ULD 

900, ULDC 908, or other systems to track all wireless devices 104 in a traffic grid (the 

geographic criteria would include roadways but not accessible--drivable land). It would then 

determine which devices are considered to be part of the traffic on a particular roadway. 

[0386] Because the wireless devices 104 are being tracked by a case file, they can be monitored 

for movement. If a device is in motion along a roadway grid for more than an allocated (a 

tunable) time, then it is considered traffic. When this has been calculated, all wireless devices 

104 that are not selected are considered to be non-traffic devices. 

[0387] The system would now look at all moving devices and calculate four attributes: 

Average speed of all wireless devices on a given section of a roadway 

Density of wireless devices on the roadway 

Peak/Min speed of all devices on a road way 

Other programmable criteria 

[0388] The system would access internal databases to obtain posted traffic speeds on the various 

road segments. If the average speed is below the posted limit by a programmable amount, then it 

is deemed congested. If the traffic density is also to dense for the roadway (indicating bumper to 

bumper) then the traffic density is defined as heavily congested. 

[0389] Based on these criteria a traffic flow analysis can be done on the entire wireless network 

100. Using the results a program can display to a user where traffic is bad/good in a visual 

display. 

[0390] Users can enter into this software a starting location and a destination location. 

Commonly used software packages are capable of finding simples routes. The standard method 

would first be used. If the resulting route had a congested element on it, a change would need to 
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be made for the user. 

[0391] The DAN application can then find the fastest route based on roadway congestion. It 

would tell the route finding software to recalculate a route but NOT use the congested area. The 

resulting route would be analyzed for congestion again and resubmitted, as before, if necessary. 

[0392] The resulting information could easily be sent to the user via the wireless web as a 

message to their wireless device 104. The additional programming need would be to interface 

with an e-mobility application 144 that controls wireless messaging over the wireless web (for 

example). The route would then be sent directly to the mobile device. 

[0393] The user could also select for the route to be continually checked and updates sent to the 

wireless device 104 until the feature is disabled (by the user reaching the destination) or the 

feature is timed out by the user entering a time limit. The system knows the identification of the 

wireless device 104 of the user 102 and then could access the primary embodiment to access the 

mobile location and travel direction and speed. It could then recalculate the routing information 

if the user of the wireless device 104 were to get off the primary route. Updates could then be 

sent to the phone alerting of the change. 

Second Alternative Embodiment; Customized Case File Generation 

[0394] The second alternative embodiment comprised within the machine and process of the 

primary embodiments is a powerful feature for a consumer point of view, which allows the user 

to have external access to the primary analytical software 2814. This access, as described in 

more detail later, can take place from the Internet 3202, corporate LAN 2912 and from a local 

computer at the switch (MTX or other) 130. This access to the primary analytic software 2814 is 

through a secure connection, and allows the user access to stored case files, the ability to 

generate customized case files and for use of the primary access software. 

[0395] A specific feature of the second alternative embodiment is its ability to allow 

subprograms the ability to create customized case files. These customized case files contain 

monitoring data on the wireless network 100 that allow a plurality of data analysis to be made on 
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the network. This analysis takes place by the fault diagnosis and correction software 2806. 

Additional analysis can be done by outside, third party, software. For this reason, special 

provisions in the preferred embodiments have been made to allow customizable case files to be 

generated. These custom case files better meet the needs and demands from consumers. 

[0396] While in normal operation, case files are generated by subprograms as part of their 

activities. For example, when the user selects the system to monitor for faults and correct them 

(auto fault correction mode) the system generates case files and then submits them to the fault 

diagnosis and correction software 2806. In this instance the generation of the case file is said to 

be autonomous. 

[0397] Contrary to this method, case files can also be generated monitoring for specific activities 

other than faults. 

[0398] A second mode of generating case files is when the user chooses to have the system 

create customized case files for specific criteria and simply save the results to a local storage 

medium. This local medium is defined as part of the storage system that the primary analytic 

software 2814 is running on. The medium is allocated for storage and divided into user 

directories that can have information stored into by specific users. A user has the option of 

looking for wireless network 100 variables other than just errors. The system is capable of 

recording data on the network based on several other criteria such as: 

Single or plurality of said wireless devices based on phone #, ESN, etc. 

Specific sectors on BTS's. 

Plurality of sectors on one or more BTS. 

Time of day 

Geographic criteria (track-create case files-for wireless devices in a said geographic 

region) 

Demographic criteria (track wireless devices of users of a said demographic profile) 

Other user defined criteria 

[0399] The first of the customizable criterion is being able to locate devices by a unique 
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identifier that corresponds to the wireless device 104. A user may submit a single, or plurality, of 

identifiers for wireless devices 104 to the preferred embodiment. The monitoring software 2826 

will then begin to monitor the network for activity by these devices. Activity can be defined as 

active calls, active data transfers, or any other form of activity from the wireless device 104, 

which would allow tracking on its location to occur. The monitoring software 2802 uses the BSC 

access control software 2804 to acquire data on these devices and stores it to a local case file for 

the user's later review. 

[0400] The next two tracking methods ( other than for errors on the network) is when the user 

specifies specific or a plurality of sectors to track. The primary analytic software 2814 will again 

use the monitoring software 2802 subprogram to monitor (using the BSC access control software 

2904) the sectors that were specified. All data recorded on these sectors will be stored to a case 

file 2820 that allows the user to retrieve information and perform data analysis by a third party 

program at a later time. 

[0401] The next criteria can be used in conjunction with the above and below criterion for 

creating case files. The time parameter equals the amount of time for which monitoring should 

occur on any specified prerequisite criteria. If a user asked for a specific sector to be tacked, the 

user could then specify for how tong (if he didn't then the default time limit-as defined in the 

software setup-would be used. 

[0402] Two specialized formats that allow very precise consumer oriented potential are case files 

2820 being generated based on geographic and demographic criteria. The first, geographic 

criteria, is specified by a user in 3 ways: latitude I longitude coordinates and boundaries; 

geographic criteria that can be chosen from the primary analytic software's 2814 geographic 

information database 2810; or from predefined segments. The primary analytic software 2814 

responds by translating these inputs into actual sectors that cover these areas. The monitoring 

software 2802 as well as the device location software 2808 then read in data on active devices in 

these areas. 

[0403] A further filter is then applied that removes devices not in the specified geographic region 
110 

TX1000-Cl2 



by comparing their locations with the locations acquired from the device location software 2808. 

The result is only devices in the desired region will be recorded to the case file. It also reduces 

computation power by only monitoring sectors that cover the geographic region chosen by the 

user. All data recorded on the geographic region will be stored to a case file that allows the user 

to retrieve information and perform data analysis by a third party program at a later time. 

[0404] The demographic criterion selection is different, however, in that it can use many of the 

above criteria to refine its monitoring pattern. Alone, the demographic criterion allows a user to 

specify demographic information on the user of wireless devise 104 on the network to track. This 

occurs by the user entering the demographic information and the primary analytic software 2814 

looking up corresponding users in its local user database. This local user database is derived 

from a customer profile kept on record by the telecommunication company. Only relevant 

demographic information can be stored here. Sensitive financial information is not copied here to 

prevent fraudulent misuse or abuse. The matches are then sent to the monitoring software 2802 

to be tracked and recorded to a case file 2820. Refinements can be used by combining this be 

geographic tracking to limit the area of geographic interest. Time, sector, and other combinations 

can also be used. 

[0405] The customizable ability for creating case files 2820 is a component of the preferred 

embodiment that would allow internal and external programs to generate analysis's that could be 

beneficial to consumer needs. These needs could be to track a list of employee wireless devices 

104 to prevent misuse. Another example is tracking people for targeted marketing strategies. 

[0406] An important use of case file generation is for non-visible file operations. In these 

operations, case files are generated for internal programs and used as intermediate steps. When 

the case file is no longer needed, it is deleted. Its classification would be as a temporary file. 

Subprograms that use these temporary case files are: 

Monitoring software 2802 

Display software 2832 

Fault diagnostic and correction software 2806 
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[0407] The monitoring software 2802 continually creates temporary case files 2820 for internal 

use. The reason this subprogram uses the temporary case files is so it can capture events that 

contain errors and send them to the fault diagnostic and correction software 2806. This software, 

listed above, then parses the case file and discovers corrections that can be made to the network. 

Once the corrections are made, the case file can be deleted. This type of internal operation is 

transparent to the end user, but critical to the normal operation of the primary preferred 

embodiment. 

[0408] The display software 2832 also uses temporary case files when it is required to display 

certain information to the screen. It parses larger case files into smaller case files so specific 

information can be analyzed, displayed, and outputted back to the system for further diagnostics. 

The temporary case files are again transparent to any user's perception. 

[0409] Specific examples of a case file being used by the display software 2832 is if a user looks 

at a larger case file 2820 and then decides to only display certain information (time 

frame/geographic region/etc). The new display creates a new smaller case file. If the user finds a 

problem, he can submit the smaller case file for manual correction by the fault diagnostic and 

correction software 2806. When this process is done, the temporary case file is again deleted 

leaving the only original file. 

[0410] Circumstances under which temporary case files are not deleted are when a system 

administrator sets the system to retain these files for debugging or for validation reasons. 

Modifications to the network by the fault diagnostic and correction software 2806 may need to 

be checked by engineers after the system makes changes. In this case, retention of the temporary 

case files is critical. 

[0411] Manual deletion, or time marked deletion (delete temp files older than a certain age) is 

also possible by setting customizable configuration options. 

[0412] These listed uses of case files are in no way limiting to the scope of this claimed patent. 

Derivations and extensions of these ideas are completely within the scope of this patent, and in 
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no way exceed the spirit in which the herein claimed embodiment is expressed. 

Pro-Active Tuning ofa Wireless Device Network 

[0413] Where the primary embodiment of the said patent refers to analyzing the wireless 

network 100 for errors and then the resulting said processes, there exists the ability for the 

Network Tuning System (NTS) 2800 to take a pro-active role in network tuning. To allow this 

possibility to occur, the network must be able to support additional overhead processing. The 

pro-active tuning requires that the physical hardware used to run the MTX 130 will have enough 

processing clock cycles and available RAM and storage stage to accommodate this addition. As 

processing ability various by MTX 130 design and original provisioning of resources, it is 

simply stated that the resources will have to be added if they cannot be repositioned from the 

current architecture. 

[0414] The NTS 2800 primary role is to monitor a plurality of sectors or clusters (group of 

geographically close sectors) for load bearing factors. As a wireless network increases its user 

load, or due to many other factors, optimum performance is often not obtained. The increased 

user load can often result in loss of coverage for wireless subscribers. Using the ULD 900 to 

locate wireless devices and then analyzing network parameters; the pro-active approach allows 

the NTS 2800 to compensate for various factors the influence network performance. 

[0415] Network engineers currently using current industry methods can only design one 

configuration, which runs until a problem is encountered. At that point, the NTS 2800 could 

make changes or the network engineer could make modifications based on the network tuning 

systems reported data and/or recommendations. 

NETWORK FACTORS 

[0416] Factors that can cause the network to perform poorly can occur for varying reasons, and 

at varying times. The results are the same however, that the perceived Quality of Service, or 

QoS, is reduced for the user. The primary factors are: 

• Thermal interference 

• Active Wireless Unit Density 
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• Terrain Interference 

• Network Equipment Performance 

Thermal Interference 

[0417] Thermal interference causes Radio Frequency (RF) interference in the RF bands used by 

wireless subscribers of wireless networks. The core result is that the range a wireless device 104 

(cellular phone for example) on a radio tower and BTS network 108 may transmit is reduced 

significantly. The reduction occurs because the receiver cannot recover the signal in the presence 

of the thermal noise. 

[0418] The significance of the noise is that is causes the affective range of a radio tower and BTS 

network 108 coverage to be reduced. Based on the level of solar activity by the sun this can vary 

during the daylight hours. The amount of direct daylight is closely proportional to the level of 

thermal interference causing the strongest periods to be at mid-day and the weakest and sunrise 

and sunset. 

[0419] The direct daylight causes the affective area of wireless coverage to vary as the time of 

day does. Secondly, at nighttime when thermal interference is less; signals can be 

received/transmitted at much greater lengths. At nighttime the wireless coverage becomes larger 

than during daylight hours. The primary goal by the pro-active ability of the NTS 2800 is to 

reduce or eliminate coverage loss due to shrinking radio tower and BTS network 108 coverage 

area. A secondary goal is to reduce the cross-interference of radio tower and BTS networks 108 

when thermal noise is less. 

Active Wireless Unit Density 

[0420] Another factor in network coverage is active wireless unit density. Active wireless unit 

density primarily concerns CMDN/CDMA2000 and other spread spectrum technologies, but has 

minor implications in technologies such as TDMA, GSM, and other frequency division 

protocols. The reason that the factor is more affecting to spread spectrum protocols is that due to 

the fact that users share the same bandwidth, RF activity by individual users are seen as 

interference to others. The wireless density causes the noise floor to rise and results in a similar 
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situation as in the thermal noise case. 

[0421] Technologies such as frequency division typically use guard bands to prevent intra-cluster 

interference from happening to users in close geographic proximity. There can still be a problem 

though when frequency reuse levels allow users in relatively close geographic proximity to 

interfere with each other RF signals. 

[0422] The typical case would be to consider a sector of a CDMA network. (Note, that this is a 

real situation using hypothetical numbers that closely approximate actual performance) With 

only one user, a radio tower and BTS network 108 can send and receive signals to a wireless 

device 104 at a range of I 0km. When a second user in close proximity to the first user and in the 

coverage of the radio tower and BTS network 108 becomes active, the second user begins to 

interfere with the wireless device's ability to recover signals from the radio tower and BTS 

network 108. The Ee/lo reduces from the wireless devices perspective. 

[0423] As more wireless devices become active, the Echo for each device reduces until the 

receiver in the wireless device reaches its detection threshold. At this point the wireless device 

can no longer receive asignal from the tower. The wireless device must move geographically 

closer to the radio tower and BTS network 108 to receive the signal. The trend tends to decrease 

coverage for all wireless devices on the sector. 

[0424] Typical network planning allows for sector coverage overlap and prevents coverage gaps 

under ideal conditions. When highly dense areas of wireless phones are active, however, 

coverage may reduce to the point that the typical overlap is no longer present. The high density 

results in coverage gaps, and loss of wireless device service in the affected areas. 

Terrain Interference 

[0425] Terrain Interference is a factor that can be caused by either manmade or natural terrain 

objects. Man made objects can include: 

• New Buildings 

• Power Lines 
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• Artificial Manipulation of natural terrain (cement) 

• Other man made objects 

Natural terrain interference can be caused by the following factors: 

• 
• 
• 
• 
• 
• 

Foliage Density 

New Foliage 

Leaf Attenuation (density of leafs on Foliage) - Seasonal 

Bodies of Water (water level, location, etc) 

Rain 

Snow 

[0426] Both natural and manmade factors tend to simply impede RE propagation and cause 

signal loss. The factors result in radio tower and BTS network 108 coverage that can vary in size. 

The affect of this is much more gradual than that of active wireless unit density with respect to 

time. 

Network Equipment Performance 

[0427] Network equipment performance inaccuracies are often the case for problems to go 

unnoticed by a network engineer. The system may be set to have a radio tower and BTS network 

108 transmit at a particular power level, but in fact will not. The network equipment performance 

inaccuracies cause the actual field performance not to follow computer models. 

[0428] The performance can be seen by evaluation of the sector as it communicates to users. 

Using the location of users from the ULD 900 the system can determine if the appropriate sectors 

are communicating with the device. If the incorrect sectors are communicating the transmit level 

and/or orientation should be changed on the radio tower and BTS network 108 to correct for the 

field inaccuracies in the equipment. 

NETWORK COMPENSATION TECHNIQUES 

[0429] To compensate for performance factors, the system dynamically adjusts the configuration 
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of the network. The transmit power, intensity, or other transmit measure must be able to be 

adjusted from the MTX 130, to make the required changes. The system then can vary the 

performance dynamically, thus altering RF coverage properties of the network to compensate for 

the less than optimal network performance. 

[0430] An additional adjustable factor that is not required but is useful when correcting network 

hardware performance issues is a variable orientation control for radio tower and BTS network 

108 sectors. The variable orientation control would however require additional hardware to be 

installed to allow remote orientation control of radio tower and BTS network 108. 

Thermal Noise 

[0431] Thermal noise in most cases affects all sectors of a wireless device 

network relatively equally. The exception is when antennas and hardware on the sectors are 

exposed to varying amounts of sunlight due to mounting design or location (in a shadow, etc). 

[0432] The coverage area must be broken into sectors. Computer simulations establish the 

coverage zone for each sector using ideal factors. FIG. 48 describes the process for each sector. 

Each sector undertakes the following process. To adjust for thermal noise interference, the 

system must first establish the location of all active wireless devices in the predicted coverage 

zone for a sector 4800. When the NTS 2800 obtains the location for each device from the 

ULDIULDC 900/908 or other method, the NTS 2800 records all send and receive powers all 

devices communicating with the sector via the BSC 300, BOX 4805. 

[0433] The measurements are used as follows. The wireless device will transmit at a particular 

level and report its transmittal strength and/or Ee/lo 4810. The radio tower and BTS network 108 

receives the signal from the devices and receives and calculates the normalized Ee/lo for the 

entire sector 4815. 

[0434] The network engineer establishes a typical free space loss per unit distance and 

establishes a minimal Ee/Lo value for the entire sector. The minimum value can be an included 

item in the configuration file so the free space loss per unit distance is available to the software. 
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To establish a minimum value for loss, nighttime measurements would be ideal. The NTS 2800 

compares the normalized sector base loss with the minimum loss value. The resulting number 

indicates the amount of noise affecting the signal 4820. To insure that the noise is mainly due to 

thermal conditions, the system can also mathematically remove the added noise by other devices 

by subtracting the power levels at the distance from the secondary device to the primary devices. 

The system then increases Ee/lo levels to a ratio that compensates for the reduction due to 

thermal noise. In other words, calculate the amount of reduction in Ee/lo due to thermal noise, 

and then increase the transmit power of the sector until it has increased the Ee/lo values to target 

levels. The increase should be such that the Ee (energy per chip) increases the ratio back to the 

base level. 

[0435] If the recorded Ee/lo value of the system is above the normal level by greater than I 0dB 

when the above calculations are done 4825, the system should reset the transmit power level to 

its default value and then resample the sector to attempt to get the Ee/lo to be at a level that 

compensates for thermal noise 4830. If the Ee/Lo value is less than I 0dB above the minimum 

value 4825, the NTS 2800 repeats the process for the next sector 4850. If the Ee/lo level is less 

then the minimum value to maintain coverage, the system should increase the transmit power by 

some small unit 4835. If the Ee/lo level is 8dB above the minimum level 4840, the NTS sends an 

error message to the network engineer 4845. The NTS then repeats the process for the next 

sector 4850. If the Ee/lo level is 8dB below the minimum level 4840, the NTS repeats the 

process for the same sector 4800. 

Active Wireless Unit Density 

[0436] FIG. 49 displays the process to tune a wireless network using the active wireless unit 

density. To tune the wireless network by active wireless unit density, the NTS 2800 breaks up 

the coverage area into grids. An example of a grid layout is presented in FIG. 43. The number of 

zones will be determined by the size of the network and the size of each zone. Each zone should 

be in the range of 0.05-0.25 square-km in size. The zones are analyzed one at a time; say zone 'n' 

of "m' total zones. 

[0437] To compensate for active wireless unit density, the network must first determine the 
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location of all the mobile units in a particular area 4905. To get the location of all the wireless 

devices, the system can submit the coordinates of the zone to the device location software 2808 

of the NTS 2800 that queues the ULD 900 for the location of the devices in the sector. It may 

also retrieve location results via GPS information or direct query of the BSC/MTX 118-A/130. 

[0438] When the location has been determined for the wireless devices, the system then 

determines other sectors currently communicating with the wireless devices. Because QoS is the 

primary goal and wireless density is a very rapidly changing factor, the Packet loss, Bit Error 

Rate (BER), or Frame Error Rate (FER) are good standards for measuring the QoS for users. A 

general practice is that above 2% on any of these parameters is unacceptable for users. A 

network engineer could however choose the value of this percentage at their discretion for any 

network configuration. 

[0439] The NTS 2800 checks if the average density of wireless devices is less than 10 units per 

0.1 km2 4910. If the average density is less than 10 units per 0.1 km2
, the NTS 2800 repeats the 

active wireless unit density tuning process for the next zone 4915. If the average density is 

greater than 10 units per 0.1 km2
, the BER/FER/Packet Loss value is calculated for each wireless 

device in the zone 4920. 

[0440] The NTS 2800 determines if of the users are experiencing BER, FER, etc of over the 

threshold limit 4925. Commonly published studies have shown that if 50% of users with a 

wireless transmit density of 10 wireless uni ts per 0 .1 sq km are experiencing error rates greater 

than 2-20% than they are with a 75-90% likelihood interfering with each other and reducing Q0S 

and coverage. FIG. 44 shows a typical layout in a wireless network with 3 sector BTS's. Zones B 

and D have greater than 50% of the active units transmitting with greater than 2-20% BER/FER 

QoS is the best measure of network perceived usability and these factors (BER, etc) are used as a 

gauge by this embodiment to prevent coverage gaps. 

[0441] Next, the NTS 2800 determines which sector has the largest percentage of users in the 

zone 4930 and increases the transmit power of the BTS 108 by one unit 4935. A typical power 

increase increment would be 1-1 OdBm W for the transmit strength. The system then checks the 
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geographically adjacent sectors and makes sure that the unique users on those sectors are not 

affected by the change (no increase in BER and other determining factors) 4940. If adjacent 

sectors are interfered with, the NTS 2800 sends an error message to the network engineer 4950 

and the NTS 2800 processes the next zone 4915. If adjacent sectors are not interfered with, the 

NTS 2800 checks if the maximum transmit power is reached 4945. 

[0442] The maximum level prevents 'overshoot', which is when a sector will project its RF 

inadvertently into distant sectors coverage. A typical limit could be in the range of 5dBm W to 

lOOdBmW. If the transmit power has not reached the maximum level 4945, the NTS 2800 repeats 

the process starting with recording the BER/FER/Packet Loss 4920. The system will then 

continue to increase transmit power until the percentage of users failing the 2-20% criteria has 

either been reduced to below the designated level 50% in spot areas ( or another network

engineer prescribed level) or the increase causes an increase in the BER of adjoining sectors 

polled. If the maximum level is reached, the system sends a report to the network engineer 4950. 

The NTS 2800 then analyzes the next zone 4915. 

[0443] The technique should be done on every zone in the network. The frequency of the polling 

and resulting adjustments should be fast, so as stated, adequate processing ability should exist. 

Terrain Interference 

[0444] Terrain interference has in some cases limited recoverability in network performance by 

the pro-active system. In most cases the obstruction cannot be overcome by parameter 

modifications. To begin the system should query the ULD 900 for the location all wireless 

devices in the 'theoretical' zone of coverage for a sector 5005. This 'theoretical' zone consists of 

a predefined geographic area that network engineers expect full coverage from for any giver 

sector on a radio tower and BTS network 108. Such geographic zones are usually determined 

during initial network provisioning and are updated when physical changes in RF equipment are 

made. 

[0445] A list of all the sectors that all wireless devices in the theoretical zone are communicating 

with are listed. Devices that are communicating with the sector being diagnosed are kept in a list 
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( or database entry, file, etc). A list of these sectors, for naming purposes it is called list one, is 

made for diagnosis. The devices in list one consist of all devices that are both in the theoretical 

zone and communicating with the sector being diagnosed 5010. A second list, for naming 

purposes list two, should be created that contains all devices in the theoretical zone that are not 

talking to the sector being diagnosed 5015. Basic interpretation of list two will show all the 

devices that cannot communicate with the sector being diagnosed. With the exception of 

software errors, the primary reason is lack of RF coverage from the sector. Software errors can 

be ruled out by the network tuning system or by a qualified RF engineer using commonly known 

techniques in the field. 

[0446] The performance evaluation should be done in zones 5020. The zones can be defined by 

percentages of distance from the radio tower and BTS network 108 to the theoretical ending of 

coverage for the sector FIG. 45. Another defining range could be in units of distance, for 

example meter, miles, feet, etc. There can be an arbitrary number of zones in the system. Further 

expansion of this method that would only need additional software programming, and does not 

take away from the novelty of this design, would be to add additional zones in a radial pattern 

from the radio tower and BTS network 108 in FIG. 46. A radial pattern allows multiple zones at 

the same distance from the radio tower and BTS network 108. Examples of zones in a 4-zone 

non-radial divided system are: 

- Zone 1 -
- Zone 2 -

-Zone 3 -

-Zone 4-

0%-25% distance from Sector 
25%-50% distance from Sector 

50%-75% distance from Sector 

75%-100% distance from Sector 

[0447] The zones should be scanned starting from I to 4. For a radial divided system, the sub 

zones should be examined from one radial side to the other, in a sweeping direction that repeats 

in the same direction for each zone. The scanning should examine list one. List two does not 

need to be examined because devices are not talking to the sector and would waste both time and 

resources. 

[0448] For each zone a calculation of the percentage of devices in list one versus the over all 
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devices in list one and two for each sector should be made 5025. If less than 50-80% of the 

devices in a zone (or sub-grid) are communicating with the radio tower and BTS network 108 

sector then an obstruction may exist 5030. Each sub-grid is flagged either bad or good depending 

on the communications of the devices in the zone 5035, 5040. In most cases, the problem areas 

will result at the extreme edges of the theoretical zone. A second calculation should then be 

made to calculate the overall coverage of this sector 5045. The best method is to first disregard 

all zones on the edges (border zones) of the theoretical coverage FIG. 47. The disregard of 

border zones is most appropriate in radial divided zoning displayed in FIG. 46. 

[0449] With the zones disregarded, the percentage of zones that failed the first criteria (less than 

50-80% of the devices in a zone (or sub-zone) are communicating with the radio tower and BTS 

network 108 sector) should be calculated 5045. If over 1-20% failed than the system then can 

attempt to increase transmit power to compensate for this problem 5050. The power is increased 

one unit level at a time (as listed in the configuration file). The NTS 2800 checks the power 

against adjacent sectors as it was with the wireless density factor resolution process as described 

in this embodiment 5055. If the wireless density causes interference with an adjacent sector, the 

NTS 2800 reduces the level by one unit 5060, sends an error message to the network engineer 

5075 and then moves to analyze the next sector 5080. If there is not interference with adjacent 

sectors 5055 and the maximum power is not reached 5065, the NTS 2800 reanalyzes the zones 

5070. The power should be increased until less than 20% of zones in the fail the second 

calculation ( over 1-20% failed) or until a threshold limit is reached on transmit power 5065. If a 

limit is reached an error message is sent to the network engineer 5075. 

[0450] The technique should be done on every sector in the network. The frequency of the 

polling and resulting adjustments should be fast, so as stated, adequate processing ability should 

exist 

Network Equipment Performance 

[0451] The network equipment performance of a network can be evaluated by comparing 

simulated results to actual numbers. FIG. 51 displays the process to analyze a wireless network 

using network equipment performance. The NTS 2800 queries the location of all devices on the 
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theoretical coverage of a sector (say sector "n' of "rn' total sectors in the network) from a ULD 

900 and then the received powers (relative to wireless device) are recorded 5105. 

[0452] The figures are compared against theoretical numbers for the antenna arrays and their 

power relative to the locations for wireless units communicating to the hardware. If the measured 

power levels (receive level) are to off by+/- 20% (compared to theoretical predicted values for 

the current transmit power) for 80% of the devices then the network equipment is most often the 

cause 5110. If the receive level is to high 5115, the NTS 2800 decreases the transmit power by 

one unit 5125. The NTS 2800 then checks if the minimum power level has been reached 5140. If 

the minimum level has not been reached, the NTS 2800 checks for interference with adjacent 

sectors 5145. If there is no interference, the NTS 2800 repeats the process again for the same 

sector 5132. If the minimum power level is reached 5140, or there is interference with adjacent 

sectors 5145, the NTS 2800 sends an error message to the network engineer 5155, and repeats 

the process for the next sector 5160. 

[0453] If the receive level is too low, the NTS 2800 increases the transmit power by one unit 

5120. The NTS 2800 then checks if the maximum power level has been reached 5135. If the 

maximum level has not been reached, the NTS 2800 checks for interference with adjacent 

sectors 5150. If there is no interference, the NTS 2800 repeats the process again for the same 

sector 5132. If the maximum power level is reached 5135, or there is interference with adjacent 

sectors 5150, the NTS 2800 decreases the transmit power by one unit 5130, sends an error 

message to the network engineer 5155, and repeats the process for the next sector 5160. 

IMPLEMENTATION WITH NETWORK TUNING SYSTEM 

[0454] Implementation using the Network Tuning System requires individual components to 

perform special functions to accommodate the added functionality of the pro-active monitoring 

features. The additional features add to the ability of the tuning software allowing it to both 

correct faults in the system reactively but also proactively monitor and optimize the network to 

reduce the faults from occurring in the first place. 

[0455] As stated, the pro-active software 4200 can access the components of the network tuning 
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system 2800. The primary analytic software 2814 on the NTS 2800 will run the pro-active 

software 4200 as an additional subroutine FIG. 42 and integrate pro-active software 4200 with 

its native components. The proactive software 4200 can integrate into the NTS 2800 native 

software structure. The below components of the NTS 2800 are described in regards to their 

interaction with the pro-active software 4200 and any modifications necessary to allow the NTS 

2800 and pro-active software 4200 to integrate seamlessly. The NTS 2800 reference numbers 

refer to the NTS FIG. 28. 

Monitoring Software (2802) 

[0456] The monitoring software 2802 in the NTS 2800 is responsible for monitoring the network 

for error codes generated that indicate irregular network problems and or other indications. The 

monitoring software 2802 intercepts and decodes error codes produced by the BSC 118-A and 

interprets their effects on the wireless device. If the error is service affecting then the fault is sent 

to the primary analytic software 2814. 

[0457] To modify the monitoring software 2802 to allow integration of the proactive system, the 

monitoring software 2802 should monitor for messaging other than just 'error-codes'. The system 

needs to monitor for network messaging on individual sectors and clusters of sectors. The 

primary analytic software 2814 sends a request to the monitoring software 2802 for the network 

parameters of a single or plurality of sectors. The typical parameters gathered by the monitoring 

software 2802 and returned to the primary analytic software 2814 for these 'new' types of queries 

are: 

• Echo Forward Link Statistics for active connections 

• Ee/lo Reverse Link Statistics for active connections 

• Receive Power Forward Link Statistics for active connections 

• Receive Power Reverse Link Statistics for active connections 

• Reverse Link Transmit Power Statistics for active connections 

• Forward Link BER/FER Statistics for active connections 

• Reverse Link BER/FER Statistics for active connections 

• Reference List of Mobile Identifiers for all Mobile Devices on Sector(s) 
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• Other User Defined Variables 

BSC Access Control Software (2804) 

[0458] The base station controller (BSC) access control software 2804 is responsible for 

interfacing the components and processes of the current invention with the BSC 118-A of a 

wireless network. The BSC 118-A contains all the call information as well as all the information 

on network faults. It should be noted that some wireless network designs have the network fault 

information stored elsewhere, and that the BSC access control software 2804 could be used to 

access that information at any other location also. The BSC access control software 2804 

interacts directly with the BSC 118-A and the primary analytic software 2814 as well as the 

monitoring software 2804. 

[0459] The monitoring software 2804 specifically uses the BSC access control software 2804 to 

retrieve network statistics such as Echo and Receive Powers from the BTS/Sectors(s) for pro

active queries of the pro-active software 4200. 

Fault Diagnosis and Correction Software (2806) 

[0460] The fault diagnosis and correction software 2806 is typically responsible for obtaining 

case files from the primary analytic software 2814 and generating a solutions and implementing 

changes to the network to resolve the problem. The modifications necessary to accommodate the 

pro-active software 4200 are a new set of protocols that are defined for pro-active network 

monitoring. The protocols are specifically designed to address the four issues: Thermal 

Interference, Active Wireless Unit Density, Terrain Interference, and Network Equipment 

Performance. The protocols as described in the 'Network Compensation' section allow the fault 

diagnosis and correction software 2806 to react to case files that contain the pro-active data and 

make appropriate changes to the network, as it would do for reactive 'fault' case files. 

Device Location Software (2808) 

[0461] The device location software 2808 is the package that when activated by the primary 

analytic software 2814 is able to retrieve information from a database such as a ULD 900, or a 

ULDC 908, that holds geographic information (as well as time, date of the acquired geographic 
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information). Additionally, as an alternative embodiment this device location software 2808 can 

directly query the BSC 118-A and calculate the location of a wireless device 104, as instructed 

by the primary analytic software 2814. The device location software 2808 interacts directly with 

the BSC 118-A, the primary analytic software 2814, the User Location Database 900 and/or User 

Location Database Coordinator 1600. 

[0462] To modify the device location software 2808 to allow integration of the proactive 

software's 4200 new features only limited changes must be made. The first change is that the 

queries from the primary analytic software 2814 must be given a higher priority than normal 

queries when they regard pro-active monitoring. When the primary analytic software 2814 

queries the monitoring software 2802 for the network statistics of a single of plurality of sectors, 

the primary analytic software 2814 receives a list of wireless identifiers. The primary analytic 

software 2814 then immediately queries the device location software 2808 for the location of the 

said devices returned from the monitoring software 2802. 

[0463] To allow for the location to be as synchronized to the data from the sectors, the location 

should be retrieved quickly. In this case, and messages queued with lower priorities should be 

bypassed and these queries should be processed first. In practice, the pro-active location queries 

should only be superceded by manual location submissions ( or overrides by an administrator). 

User Location Database Coordinator (I 600) 

[0464] No modifications to the User Location Database Coordinator (ULDC) 908 or similar 

software/hardware and necessary because it is simply used as an intermediary to resolve the 

location of mobile devices. 

User Location Database (900) 

[0465] No modifications to the User Location Database (ULD) 900 or similar software/hardware 

and necessary because it is simply used as an resource to obtain the location of mobile devices. 

Geographic Information Database (2810) 

[0466] No modifications to the geographic information database 2810 or similar 
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software/hardware and necessary because it is simply used as an resource to obtain the mapping 

information that is not specifically needed for the pro-active software 4200 to operate. 

Case Files with Lat/Long Correlations (2820) 

[0467] Case files are typically created to contain-the appropriate information for reactive 

diagnostics for the fault diagnosis and correction software 2806. For the case of a pro-active 

diagnostic to be performed by the fault diagnosis and correction software 2806, a modified 

version of the standard case file must be submitted. 

[0468] The modifications to the standard case only need to include an additional database field 

indicating pro-active or reactive case files type. Having this field allows the fault diagnosis and 

correction software 2806 to determine what diagnostic protocols to use to analyze the case file. 

In the case of the pro-active field being marked, the system would use the new protocols listed in 

the 'Network Compensation Techniques' section. 

Radio Tower Lat/Long Correlations (2824) 

[0469] No modifications to the radio tower lat/long correlations 2824 or similar 

software/database entries and necessary because it is simply used as a resource to obtain the 

mapping and analytical iQformatiorl. Its uses are the same in the new configuration that includes 

the pro-active software 4200. 

Internal Memory Storage (2818) 

[0470] Additional memory should be added to allow the pro-active software 4200 to function 

with additional overhead and not require hard disk caching of data. The amount may vary by 

final software implementation and network hardware design. Software engineers using standard 

provisioning techniques should determine the final amount of additional memory. 

Internal Central Processing Unit and Computer (2816) 

[0471] Additional CPU processing power should be added to allow the pro-active software 4200 

to function with additional overhead clock cycles and not encounter CPU maximum utilization at 

peak operating conditions. The amount of additional processing ability may vary by final 
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software implementation and network hardware design. Software engineers using standard 

provisioning techniques should determine the final amount of additional processor ability. 

User Interface Software (2826) 

[0472] The modifications to the user interface software 2826 are simply to add additional menu 

systems to the software to allow integration with the pro-active software 4200. The following 

commands should be available for the user and be displayed by the display software for the user. 

The order and menu placement is suggested to be as follows: 

Main Menu Item: Pro-Active Features 

<Pro-Active Features> 

Thermal Interference 

o Configure Thermal Interference 

o Activate/Deactivate Thermal Interference 

o Exit Thermal Interference 

Active Wireless Unit Density 

o Configure Active Wireless Unit Density 

o Activate/Deactivate Active Wireless Unit Density 

o Exit Active Wireless Unit Density 

Terrain Interference 

o Configure Terrain interference 

o Activate/Deactivate Terrain Interference 

o Exit Terrain Interference 

Network Equipment Performance 

o Configure Network Equipment Performance 

o Activate/Deactivate Network Equipment Performance 

o Exit Network Equipment Performance Exit Pro-Active Menu 

[0473] In the manual verification mode any changes will not occur until a network engineer 

verifies the change. A list of suggested changes and the case file that is created will be sent to 

engineers as the changes are created. In auto correction mode all changes will be made 

immediately. To reduce any system catastrophes network wide changes are limited to certain 
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tolerances in the diagnostic protocols to eliminate network instability issues. 

Correlating Mapping Software (2828) 

[0474] No modification to the correlated mapping software 2828 or similar software/hardware is 

necessary because it is not specifically needed for the proactive software to operate. 

Correlating Data For Lat/Long Information (2830) 

[0475] No modification to the correlated data for Iat'long information 2830 or similar 

software/database entry(s) is necessary because its uses are the same in the new configuration 

that includes the pro-active software 4200. 

Display Software (2832) 

[0476] The display software 2832 does not need modified because it is used in the same way 

when the pro-active software is integrated. 

Primary Analytic Software (2814) 

[0477] The primary analytic software 2814 is the controlling software of the NTS and integrates 

all the elements into a single software package for a user. From the software, a user may access 

all features of the system and run either active, passive, or inactive modes. The pro-active system 

4200 can integrate in the primary analytic software 2814 in the active and passive modes. 

However, many features can only be available in the active mode due to the real-time 

requirements for some pro-active tuning features. Passive mode will always prompt the network 

engineer before making changes and therefore is unrealistic for most pro-active features. 

[0478] All features are available in the active mode while only the terrain and network features 

are available in the passive mode. The specific reason is listed below for each feature. 

[0479] Thermal Interference - The ability for the system to react to thermal interference requires 

a CASE file to be generated frequently to record network performance factors that indicate 

thermal interference. A typical interval will be at 10-30 minute intervals. The primary analytic 
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software 2814 then submits the changes to the fault diagnosis and correction software 2806 

where modifications for pro-active diagnostics are implemented. The frequency in manual mode 

is to frequent for network engineers to manually approve each time. Active mode allows case 

files to be sent automatically and modifications to be made also. 

[0480] Active Wireless Unit Density - Active mobile unit density is a rapidly changing factor 

that changes every second or faster. The processing ability and excess overhead internal trunking 

affect the time necessary to calculate density. CASE files are generated as fast as possible 

without affecting other vital processes. The system could not send network engineer approval 

requests before making changes. 

[0481] Specific changes to accommodate the inclusion of the pro-active features are very 

specific. First, all CASE files created that are for pro-active features must have a flag set that 

indicates that fact. The flag allows fast routing of the diagnostics to be considered by new pro

active decision algorithms. Second, the system must first allocate additional processing power 

and other resources for pro-active features as the active wireless unit density specifically requires 

additional processing power that can take away from other processes. 

USER INTERACTION WITH THE PRO-ACTIVE SYSTEM 

[0482] The user's primary interaction will be through the display software 2832 and will interact 

will the additional menu items. As described in the display software section, the user may access 

these menus to control the new features. Specific interaction and the results are listed below for 

all the new menu items. Also to be noted, the user may access this system using the existing 

tuning system's architecture that allows for remote access via intranet, Internet, and other 

devices. 

[0483] Main Menu Item: Pro-Active Features 5205: The additional menu item appears at the 

main menu, which is presented to a user after logging on to the system and being authenticated. 

[0484] Thermal Interference 5210: Selecting this feature enables the system to monitor and adapt 

to thermal interference. 
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[0485] Configure Thermal Tuning 5211: The selection allows the user to edit the thermal tuning 

configuration file. 

[0486] Enable/Disable Thermal Tuning 5212: The selection toggles enable or disable thermal 

tuning. 

[0487] Exit 5213: Exits the thermal tuning menu. 

[0488] Active Wireless Unit Density 5215: Selecting this feature enables the system to monitor 

and adapt to active wireless unit density. 

[0489] Configure Active Wireless Unit Density Tuning 5216: The selection allows the user to 

edit the active wireless unit density tuning configuration file. 

[0490] Enable/Disable Active Wireless Unit Density Tuning 5217: The selection toggles enable 

or disable active wireless unit density tuning. 

[0491] Exit 5218: Exits the active wireless unit density tuning menu. 

[0492] Terrain Interference 5220: Selecting this feature enables the system to monitor and adapt 

to terrain interference. 

[0493] Configure Terrain Tuning 5221: The selection allows the user to edit the terrain tuning 

configuration file. 

[0494] Enable/Disable Terrain Tuning 5222: The selection toggles enable or disable terrain 

tuning. 

[0495] Exit 5223: Exits the terrain tuning menu. 

[0496] Network Equipment Performance 5225: Selecting this feature enables the system to 
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monitor and adapt to network equipment performance. 

[0497] Configure Network Equipment Tuning 5226: The selection allows the user to edit the 

network equipment tuning configuration file. 

[0498] Enable/Disable Network Equipment Tuning 5227: The selection toggles enable or disable 

network equipment tuning. 

[0499] Exit 5228: Exits the network equipment tuning menu. 

[0500] Exit 5230: Exits the pro-active tuning menu. 

LOCATION TRACKING SYSTEM 

DETAILED DESCRIPTION OF THE OPERA TIO NS DRAWINGS 

[0501] FIG. 53 

FIG. 53 is a flowchart illustrating the process of a user logging into the location tracking system 

(LTS) 5300. The L TS 5300 may be provided by a wireless service provider, an internet website 

provider, an asset tracking service, an employee tracking service, a personal tracking service or 

other types of service providers. The user accesses the LTS 5300 thru an internet 3202 website, a 

wireless interface, a wireless service provider, publicly switched telephone network 138, a fax on 

demand service, an automated telephone system, a laptop/desktop computer 2910, a PDA, a 

wireless device 104, or other types of devices. 

[0502] To begin the login process, the LTS 5300 prompts the user to enter a username and 

password 5302. The L TS 5300 then waits for the user to respond with a username and password 

5304. If the user responds 5304, the LTS's 5300 internal CPU and computer 2816 logs the 

entered username and password 5304 into its internal storage memory 5306. The L TS 5300 

checks the LTS's 5300 membership database for the username and password 5304. If the LTS 

5300 finds the user's record 5312, the user then enters the desired telephone number, FIG. 53, 

BOX 5314. FIG. 54 displays the complete entry process. If the user's records cannot be found 

5312, the LTS 5300 informs the user that there is a problem with the username or password 
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5302, and the user is returned to FIG. 53, BOX 5302, as shown in FIG. 53, BOX 5316. The 

L TS 5300 then prompts the user to enter username and password 5302. 

[0503] If the user does not enter a username and/or password 5304, the LTS 5300 prompts the 

user to become a user of record 5312 by entering personal information and billing information 

into the LTS 5318. The LTS 5300 then waits for the user to enter personal and billing 

information 5320. If the user does not enter personal and billing information within a specified 

period of time 5320, the user is logged off 5322 the LTS 5300, sent to help menu or forwarded to 

a service agent or operator 5322, depending on the configuration of the L TS 5300 settings and 

the users choice. If the user enters personal and billing information 5320, the LTS's 5300 internal 

CPU and computer 2816 logs the personal information and billing information into its internal 

storage memory 5306. The LTS 5300 then attempts to verify the user's personal information and 

billing information 5326 by placing a call through a modem to the LTS's 5300 merchant credit 

card services account and charges to the users credit card 5326. If the user's personal and billing 

information can be verified 5328, and the users credit card is billed, the LTS 5300 establishes a 

user record 5312 by transferring the logging the personal and billing information from the 

internal storage memory 5306 to the LTS's membership database 5308. The user is then enters 

the desired telephone number, FIG. 53, BOX 5332. FIG. 54 displays the complete entry process. 

If the user's personal information and billing information cannot be verified 5328, the user is 

notified is a problem with their personal information and billing information and returned to 

FIG. 53, BOX 5318, as shown in FIG. 53, BOX 5330. 

[0504] The user login, personal information and billing information are optional features of this 

embodiment. The L TS 5300 may be provided at no charge, or offered as a value added feature in 

conjunction with other services. Whoever, if the user wishes to utilize all the features of the LTS 

5300, a login is required to enable the LTS 5300 to retrieve and access the user's settings and 

user's entries from the LTS's 5300 memory. 

[0505] FIG. 54 

FIG. 54 illustrates the initial entry of a phone number that the user wishes to track. Once the user 

has logged onto the LTS 5300, the internal computer and CPU 2816 checks the users records 
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5312 if the user has a phonebook saved in the membership database 5400. If the user has 

phonebook entries saved as part of the user's records, the L TS 5300 gives the user menu choices, 

5404. This process is illustrated in FIG. 55. 

[0506] If the user has not previously saved an entry into the phonebook 5400, the L TS 5300 then 

prompts the user to enter the telephone number or identification information of the wireless 

device 104 the user wishes to locate and/or track 5402. The LTS 5300 then waits a specified 

period for the user to enter a telephone number 5406. If the user enters a telephone number for a 

wireless device 104 that they wish to track, the LTS 5300 logs the user's entry into the internal 

storage memory 5306. The LTS 5300 then queries a user location database(ULD) 900, user 

location database coordinator(ULDC) 908, access users case files 2820, queries the base station 

controller (BSC) 206 of a wireless network 100 with the LTS's device location software 2808 for 

the lat/long coordinates of the wireless device 104 being tracked, Global Positioning System 

(GPS) Information, or other means of obtaining locations of wireless devices 5406. The use of 

ULD 900, ULDC 908, and other location means is disclosed ( offered only as an example of 

location means) in a Provisional Patent Application Serial Number 60/327,327; and was files on 

October 4, 2001. If the wireless device 104 is not located, the user is informed of the problem, 

and returned to FIG. 54, BOX 5402, as illustrated in FIG. 54, BOX 5416. 

[0507] If the wireless device 104 is located 5414, the LTS 5300 receives the lat/long coordinates 

and displays the lat/long coordinates to the user in their choice of formats. For example, the 

location may by overlaid on a display screen 2836 along with a street map overlay 5418, a map 

of the overlaid screens may be faxed to a user via a fax on demand service, the location may be 

converted to a postal address 5422 or cross-street using the LTS's postal address conversion 

software 5422 and displayed on a screen 2836, faxed to a user, or read to a user over the phone 

using the LTS's 5300 automated answering system and voice text read-up software 5426. Once 

the wireless device 104 has been located and displayed 5418, the LTS 5300 prompts the user to 

enter the specific wireless device 104 into a user phonebook by selecting "phonebook" 5428. If 

the user selects "phonebook" 5428 to save the entry to their Phonebook 5430, the user is 

forwarded to the phonebook menu section, FIG. 56, BOX 5600, as illustrated in FIG. 54, BOX 

5432. If the user does not select to save the current entry to their phone book 5330, the user is 
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forwarded to the phonebook section of the user's choice menu FIG. 55, BOX 5500, as illustrated 

is FIG. 54, BOX 5434. 

[0508] When prompted by the LTS 5406, if the user does not enter a phone number of the 

wireless device 104 they wish to locate and/or track, the LTS 5300 prompts the user to enter 

other identification information such as a persons name, company name, or other identifying 

information 5438. If the user does not enter identification information within a specified period 

of time 5438, the LTS 5300 logs off the user 5440. If the user enters identification information 

5438, the LTS 5300 logs the user's entry, and the identification information is then cross 

referenced against the LTS's Cuss-Cross Phonebook database 2812 or other supplies sources to 

obtain the phone number for the desired wireless device 5442. If the LTS 5300 finds the phone 

number 5410, the LTS 5300 logs the phone number 5406, and the location process continues as 

described as if the user entered the number described above 5408. If the phone number of the 

wireless device 104 cannot be located in the Criss-Cross Phonebook database 2812, the LTS 

5300 informs the user the number could not be found and prompts the user to enter a phone 

number 5412. 

[0509] FIG. 55 

FIG. 55 illustrated the processing of the user's choice menu 5502. The user's choice menu's 5502 

physical realization may be in the form of a display screen 2836 navigated by a mouse, 

keyboard/keypad, interactive display screen, voice recognition or other forms of selection. The 

user's choice menu 5502 also may be an automated answering system and could be navigated by 

voice recognition, a keyboard/keypad or other forms of selection. 

[0510] Initially, the LTS 5300 prompts the user to enter a phone number of a wireless device 104 

that the user wants to locate or track by selecting 'locate" 5500. The LTS 5300 waits a specified 

period for the user to select 'locate" 5504. If the user responds by selecting 'locate" 5504, the 

L TS 5300 asks the user to enter a phone number by the process described in FIG. 54, FIG. 55, 

BOX 5506. 

[0511] If the user does not respond within the specified period of time 5504, the LTS 5300 
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prompts the user to select a phonebook entry he wishes to locate 5508. The L TS 5300 then waits 

a specified period for the user to select "phonebook" 5530. If the user responds by selecting 

"phonebook" 5330, the user selects the building he wants to display 5510. FIG. 56 describes the 

process. 

[0512] If the user does not respond within the specified period of time 5530, the LTS 5300 

prompts the user to add, delete or edit a phonebook entry(ies) to a wireless device(s)l 04 that the 

user wants to locate/track by selecting 'Add, Delete or Edit" 5512. The LTS 5300 then waits a 

specified period for the user to select "Add, Delete, or Edit" 5514. If the user responds by 

selecting "Add, Delete or Edit" 5514, the LTS 5300 prompts the user to add, delete, or edit 

phonebook entries 5516. FIG. 57 describes the process. 

[0513] If the user does not respond within the specified period 5514, the LTS 5300 prompts the 

user to view selected businesses, government buildings, and/or homes on the display screen by 

selecting "buildings" 5518. The LTS 5300 then waits a specified period for the user to select 

"buildings" 5520. If the user responds by selecting "buildings" 5520, the LTS 5300 prompts the 

user to select buildings to display 5522. FIG. 58 describes the process to select buildings for 

display. 

[0514] If the user does not respond within the specified period 5520, the LTS 5300 prompts the 

user to view a history of call/location/tracking history of phonebook entry(ies) to a wireless 

device(s) I 04 that the user wants to locate/track by selection "view history" 5524. The LTS 5300 

then waits a specified period for the user to select "view history" 5526. If the user responds by 

selecting "view history" 5526, the LTS 5300 forwards the user to the view history process 5528. 

FIG. 67 illustrates the view history process. 

[0515] If the user does not respond within the specified period of time 5526, the LTS 5300 

prompts the user to print a history of call/location history of phonebook entry(ies) to a wireless 

device(s)l04 by selecting "print history" 5530. The LTS 5300 then waits a specified period for 

the user to select "print history" 5532. If the user responds by selecting "print history" 5532, the 

LTS 5300 forwards the user to the print history process 5534. FIG. 68 illustrates the print history 
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process. 

[0516] If the user does not respond within the specified period of time 5530, the LTS 5300 

prompts the user to add a history of call/location/tracking history to the wireless service bill by 

selecting "add to bill" 5536. The LT S 5300 then waits a specified period for the user to select 

'add to bill" 5538. If the user responds by selecting 'add to bill" 5539, the LTS 5300 executes the 

process to add the call/location report to the wireless service bill 5540. FIG. 69 illustrates the 

process to add the call/location report to the wireless service bill. If the user does not respond 

within the specified period 5538, the LTS 5300 logs the user off 5542. 

[0517] FIG. 56 

FIG. 56, illustrates the process of entering and selecting phonebook entries. When the user is 

transferred to the "phonebook" section, the LTS 5300 first queries the user records 5312 to 

determine if the user is currently locating/tracking the location of a wireless device 5600. If the 

LTS 5300 is currently locating/tracking a wireless device 5600, the LTS 5300 logs the current 

entry into the phonebook 5602. The LTS 5300 then displays the user's phonebook including the 

new entry 5604. Once the LTS 5300 displays the phonebook 5604, the LTS 5300 prompts the 

user to select phonebook entries that they would like to locate/track 5606. The L TS 5300 then 

waits a specified period for the user to respond 5608. If the user selects phonebook entries to be 

located/tracked 5608, the LTS 5300 logs the selected phonebook entries and retrieves the 

location of the wireless devices 104 requested by the user 5610. The LTS 5300 retrieves the 

lat/long locations of the wireless devices 104 by querying a ULD 900, a ULDC 908, by querying 

case files 2820 containing lat/long of wireless devices 104, by querying the wireless network's 

BSC 206 or by other location means. The LTS 5300 then plots the lat/long of the located 

wireless devices 104 and overlays the locations onto a street/topographic map 5612. 

[0518] If the LTS 5300 is not able to locate a selected entry, the LTS 5300 notifies the user that 

the entry(ies) could not be located 5614. The LTS 5300 then prompts the user to select 

businesses, government buildings and/or private homes to be added to the display screen by 

selecting "buildings" 5518. The LTS 5300 then waits a specified period for the user to select 

"buildings" 5520. If the user selects "buildings" 5520, the LTS 5300 prompts the user to select 
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buildings for display 5522. FIG. 58 illustrates the process. If the user does not select "buildings" 

5520, the user is forwarded to the user choice menu 5502. 

[0519] If the L TS 5300 is not currently locating/tracking a wireless device I 04 when the user 

logs into the "phonebook" menu 5600, the L TS 5300 determines if the user has previously 

established a phonebook containing stored entries, within the user's record 5312. If the user does 

have a phonebook within the user's record 5312, the LTS 5300 displays the user's phonebook 

5616, and the LTS 5300 permits the user to select and locate wireless devices 104 from their 

phonebook 5606. If the user does not have a phonebook as part of the user's records 5312, the 

user is informed that no phonebook records are contained in the user's record 5618, and the LTS 

5300 forwards the user to the user's choice menu 5502. 

[0520] FIG. 57 

FIG. 57 illustrates the "add, delete, and editing phonebook entries menu". The diagram 

illustrates the process, which allows users to add, delete, and edit phonebook entries. The LTS 

5300 prompts the user to add a new entry to the phonebook by selecting "add" 5700. The LTS 

5300 then waits a specified period for the user to respond by selecting "add" 5702. If the user 

responds by selecting "add" 5702 a new entry, the LTS 5300 prompts the user to enter a 

telephone number or identification information 5704, described in FIG. 54. 

[0521] If the user does not respond 5702, the LTS 5300 then prompts the user to delete an 

existing entry in the phonebook by selecting "delete" 5706. The LTS 5300 then waits a specified 

period for the user to respond selecting "delete" 5708. If the user responds by selecting "delete" 

5708, the LTS 5300 allows the user to delete a selected phonebook entry and the LTS 5300 logs 

the change 5710 to the user's record 5312. The LTS 5300 then forwards the user to the user's 

choice menu 5502. 

[0522] If the user does not respond within the specified period of time 5708, the LTS 5300 then 

prompts the user to edit an existing entry in the phonebook by selecting "edit" 5712. The L TS 

5300 then waits a specified period for the user to respond selecting 'edit" 5712. If the user 

responds by selecting 'edit" 5714, the LTS 5300 allows the user to edit a selected phonebook 
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entry and the LTS 5300 logs the change 5716 to the user's record 5312. The LTS 5300 forwards 

the user to the user's choice menu 5502. If the user does not respond within the specified period 

of time 5714, the LTS 5300 forwards the user to the user's choice menu 5502. 

[0523] FIG. 58 

FIG. 58 illustrates the process of selection "buildings" that will be displayed on the display 

screen 2836. The LTS 5300 determines the user's current location 5800. The LTS 5300 prompts 

the user to enter or select a city by city name or zip code if the default city is not desired 5802. 

The L TS 5300 waits for the user to select a city 5804. If the user selects a different city 5804, the 

LTS 5300 logs the user's choice and makes it the default city 5806. After the user selects a city, 

the LTS 5300 checks if the user has entries in the building memory 5808. If the user does not 

have entries in the building memory 5808, the LTS 5300 sends the user to the building memory 

choice menu 5810, described in FIG. 59. If the user has entries in the building memory 5808, the 

L TS 5300 asks the user if he wants to select "building memory" 5812. The LTS 5300 waits for 

user response 5814. If the user does not select "building memory" 5814, the LTS 5300 sends the 

user to the building memory choice menu 5814 described in FIG. 59. If the user selects "building 

memory" 5814, the LTS 5300 displays the user's building memory and prompts the user to select 

entries 5816. The LTS 5300 waits for a user response 5818. If the user selects entries, the 

selected entries are display on the display screen 5820. Then the LTS 5300 sends the user to the 

building memory choice menu 5810 described in FIG. 59. If the user does not select any entries 

5818, the LTS 5300 sends the user to the building memory choice menu 5810 described in FIG. 

59. 

[0524] FIG. 59 

The building memory user's choice menu 5902 allows the user to add, select, and delete entries 

to their building memory. The LTS 5300 prompts the user to select a business, government 

office or home by selection "Display Building" 5900. If the user selects "display building" 5902, 

the LTS 5300 prompts the user to enter the listing they want to display 5904. If the user does not 

select "display building" 5902, the LTS 5300 prompts the user to add an entry to the building 

memory by selecting "add" 5906. If the user selects "add" 5908, the LTS 5300 forwards the user 

to the add building process 5910. FIG. 60 illustrates the add building process. 
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[0525] If the user does not select add 5914, the LTS 5300 prompts the user to delete an entry in 

the building memory by selecting "delete" 5912. If the user selects "delete" 5914, the LTS 5300 

logs the user's choice and displays the user's building memory 5916. The LTS 5300 prompts the 

user to select the entry he wants to delete 5918. If the user selects an entry 5920, the LTS 5300 

logs the user's choice and deletes the entry from the building memory 5922. The LTS 5300 then 

prompts the user to either go to the user's choice menu or log off 5924. If the user selects to go to 

the user's choice menu 5926, the LTS 5300 returns the user to the user's choice menu 5502. If the 

user chooses to logoff 5926, the LTS 5300 logs the user off the system 5930. 

[0526] If the user does not select an entry to delete 5930, the LTS 5300 then prompts the user to 

either go to the user's choice menu or log off 5924. If the user selects to go to the user's choice 

menu 5926, the LTS 5300 returns the user to the user's choice menu 5502. If the user chooses to 

logoff 5926, the L TS 5300 logs the user off the system 5930. 

[0527] If the user does not select the "delete" option 5912, the LTS 5300 then prompts the user 

to either go to the user's choice menu or log off 5924. If the user selects to go to the user's choice 

menu 5926, the LTS 5300 returns the user to the user's choice menu 5502. If the user chooses to 

logoff 5926, the L TS 5300 logs the user off the system 5930. 

[0528] FIG. 60 

FIG. 60 continues the building memory process and illustrates the process to add an entry to the 

building memory. The LTS 5300 prompts the user to add a new building by selecting "name", 

"category", 'address", or "phone number" 6000. If the user selects "name" 6002, the LTS 5300 

adds the entry by name 6004. FIG. 63 illustrates the process to add an entry by name. If the user 

selects "category" 6006, the LTS 5300 adds the entry by category 6008. FIG. 64 illustrates the 

process to add an entry by category. If the user selects "address" 6010, the L TS 5300 adds the 

entry by address 6012. FIG. 65 illustrates the process to add an entry by address. If the user 

selects "phone number" 6014, the LTS 5300 adds the entry by phone number 6016. FIG. 66 

illustrates the process to add an entry by phone number. If the user does not select any menu 

option 6014, the LTS 5300 returns the user to the user's choice menu 5502. 
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[0529] FIG. 61 

FIG. 61 illustrates the process for categorizing the building memory. The LTS 5300 logs the 

user's choice and prompts the user to enter the desired listing by name, category, address or 

phone number 6100. If the user enters a listing 6102, the LTS 5300 adds a "listing" 6104. FIG. 

62 illustrates the add "listing" process. 

[0530] If the user does not enter a "listing" 6102, the LTS 5300 prompts the user to enter the 

name of the desired entry 6106. If the user enters a name 6108, the LTS 5300 adds the entry by 

name 6110. FIG. 63 illustrates the process to add an entry by name. If the user does not enter 

name 6108, the L TS 5300 prompts the user to enter a category 6112. If the user enters a category 

6114, the LTS 5300 adds the entry by category 6116. FIG. 64 illustrates the process to add an 

entry by category. If the user does not enter a category 6114, the LTS 5300 prompts the user to 

enter an address 6118. If the user enters an address 6120, the L TS 5300 adds the entry by address 

6122. FIG. 65 illustrates the process to add an entry by address. If the user does not enter an 

address 6120, the L TS 5300 prompts the user to enter a phone number 6124. If the user enters a 

phone number 6126, the L TS 5300 adds the entry by phone number 6128. FIG. 66 illustrates the 

process to add an entry by address. 

[0531] If the user does not enter a phone number 6126, the LTS 5300 returns the user to the user' 

choice menu 5502. 

[0532] FIG. 62 

FIG. 62 displays the process to enter a "listing" to the building memory. The LTS 5300 logs the 

user's entered listing and searches the criss-cross phonebook with the lat/long correlation 2810 or 

address coordinates for all matching entries 6200. If the listing is not found 1005, the LTS 

notifies the user the listing is not found 6202 and the user is sent to the user choices menu 5502. 

If the listing is found 6202, the LTS 5300 displays all the entries that contain the entered "listing" 

and the L TS 5300 prompts the user to select the desired entry 6206. If the user does not select a 

listing 6208, the user is sent to the user choices menu 5502. If the user selects an entry 6208, the 

L TS 5300 displays the selected listing on the display screen 2836 with the following 

information: name, category of listing, address, and phone number. The LTS 5300 plots and 
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labels the listing location on a street map with the location of the wireless devices 6210. The LTS 

5300 prompts the user if he wants to save the listing in the building memory 6212. If the user 

does not save the listing 6214, he is sent to the user choices menu 5502. If the user saves the 

listing, the LTS 5300 saves the listing in the building memory 6216, and the LTS 5300 returns 

the user to the building memory user's choice menu 6218. 

[0533] FIG. 63 

FIG. 63 displays the process to enter a "name" to the building memory. The LTS 5300 logs the 

user's entered name and searches the criss-cross phonebook with the lat/long correlation 2812 or 

address correlation's for all matching entries 6300. If the name is not found 6302, the LTS 5300 

notifies the user the listing is not found 6304 and the user is sent to the user choices menu 5502. 

If the listing is found 6302, the LTS 5300 displays all the entries that contain the entered "name" 

and the L TS 5300 prompts the user to select the desired entry 6306. If the user does not select a 

listing 6308, the user is sent to the user choices menu 5502. If the user selects an entry 6308, the 

L TS 5300 displays the selected listing on the display screen 2836 with the following 

information: name, category of listing, address, and phone number. The LTS 5300 plots and 

labels the listing location on a street map with the location of the wireless devices 6310. The LTS 

5300 prompts the user if he wants to save the listing in the building memory 6212. If the user 

does not save the listing 6214, he is sent to the user choices menu 5502. If the user saves the 

listing, the LTS 5300 saves the listing in the building memory 6316, and the LTS 5300 and the 

LTS 5300 returns the user to the building memory user's choice menu 6218. 

[0534] FIG. 64 

FIG. 64 displays the process to enter a "category" to the building memory. The LTS 5300 logs 

the user's entered listing and searches the criss-cross phonebook with the I st/long correlations 

2812 or address coordinates for all matching entries 6400. If the listing is not found 6402, the 

L TS 5300 notifies the user the listing is not found 6404 and the user is sent to the user choices 

menu 5502. If the listing is found 6204, the L TS 5300 displays all the entries that contain the 

entered "category" and the LTS 5300 prompts the user to select the desired entry 6406. If the 

user does not select a listing 6408, the user is sent to the user choices menu 5502. If the user 

selects an entry 6408, the L TS 5300 displays the selected listing on the display screen 2836 with 
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the following information: name, category of listing, address, and phone number. The L TS 5300 

plots and labels the listing location on a street map with the location of the wireless devices 

6410. The LTS 5300 prompts the user ifhe wants to save the listing in the building memory 

6212. If the user does not save the listing 6214, he is sent to the user choices menu 5502. If the 

user saves the listing, the LTS 5300 saves the listing in the building memory 6216, and the LTS 

5300 and the LTS 5300 returns the user to the building memory user's choice menu 6218. 

[0535] FIG. 65 

FIG. 65 displays the process to enter a "address" to the building memory. The LTS 5300 logs the 

user's entered listing and searches the criss-cross phonebook with the latllong correlations 2812 

or address coordinates for all matching entries 6500. If the listing is not found 6502, the L TS 

5300 notifies the user the listing is not found 6504 and the user is sent to the user choices menu 

5502. If the listing is found 6502, the L TS 5300 displays all the entries that contain the entered 

"address" and the LTS 5300 prompts the user to select the desired entry 6506. If the user does 

not select a listing 6508, the user is sent to the user choices menu 5502. If the user selects an 

entry 6508, the LTS 5300 displays the selected listing on the display screen 2836 with the 

following information: name, category of listing, address, and phone number. The LTS 5300 

plots and labels the listing location on a street map with the location of the wireless devices 

6510. The LTS 5300 prompts the user ifhe wants to save the listing in the building memory 

6212. If the user does not save the listing 6214, he is sent to the user choices menu 5502. If the 

user saves the listing, the LTS 5300 saves the listing in the building memory 6216, and the LTS 

5300 and the LTS 5300 returns the user to the building memory users choice menu 6218. 

[0536] FIG. 66 

FIG. 66 displays the process to enter a "phone number" to the building memory. The LTS 5300 

logs the user's entered listing and searches the crisscross phonebook with the lat/long correlations 

2812 or address coordinates for all matching entries 6600. If the listing is not found 6602, the 

L TS 5300 notifies the user the listing is not found 6604 and the user is sent to the user choices 

menu 5502. If the listing is found 6602, the L TS 5300 displays all the entries that contain the 

entered "phone number" and the LTS 5300 prompts the user to select the desired entry 6606. If 

the user does not select a listing 6608, the user is sent to the user choices menu 5502. If the user 
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selects an entry 6608, the L TS 5300 displays the selected listing on the display screen 2836 with 

the following information: name, category of listing, address, and phone number. The L TS 5300 

plots and labels the listing location on a street map with the location of the wireless devices 

6610. The L TS 5300 prompts the user if he wants to save the listing in the building memory 

6212. If the user does not save the listing 6214, he is sent to the user choices menu 5502. If the 

user saves the listing, the LTS 5300 saves the listing in the building memory 6216, and the LTS 

5300 and the LTS 5300 returns the user to the building memory user's choice menu 6218. 

[0537] FIG. 67 

The user's history report may be generated by building and/or retrieving case files that are 

generated at the time that communications are sent/received by the wireless device 104, and 

which contain the location of the wireless device 104 at the time of the communication. This 

tracking method is best for tracking wireless devices 104, which are used, on a frequent basis 

during the day. 

[0538] Alternatively, the user's history report may be generated by building and/or retrieving 

case files by periodically (every hour, twice a day etc.) querying a user location database 900, 

user location database coordinator 908, or querying the wireless networks base station controller 

118-A or other network components, for the location of the wireless device 104. 

[0539] This alternative method of generating a user's history report would be preferred for 

locating/tracking wireless devices 104 that are not used frequently. If a wireless device 104 only 

receives one or two communications a day, a periodic report (every hour, etc.) would give a 

more complete report of the location of the wireless device 104 through the day. 

[0540] A third method of generating a user's history report is to combine the two methods 

mentioned above. This involves reporting case files with call/location generated when the 

wireless device 104 sends/receives a communication, combined with the periodic case file, 

which is generated periodically ( every hour, etc., depending on the selected monitoring period 

set by the owner of the wireless device 104, the user of the LTS 5300, or the wireless service 
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provider). 

[0541] FIG. 67 shows the process to display call history report. The LTS 5300 prompts the user 

to select a range of time the report will cover 6700. If the user does not select a time range 6702, 

the LTS 5300 will send the user to the user choice menu 5502. If the user selects a time range 

6702, the LTS 5300 logs the time range 6704 and the LTS 5300 queries the ULD 900 or case file 

database that correspond with the selected phonebook entries and time range 6706. The ULD 

900, GPS, or the BSC 118-A determine the lat/long of the case files 6708. The LTS 5300 

correlation software converts the latitude and longitude of the case files to a postal address, cross 

street, business, government, house name 6710. The L TS 5300 prompts the user to select how he 

wants to sort the call history 6712. The user can sort the call history by: time of call, location of 

call, calling party, or wireless phone number 6712. If the user does not select a sort type 6714, 

the default sort type is used 6716. Otherwise, the LTS 5300 logs the users choice and displays 

the transcribed postal address in the selected order with the corresponding phone number, length 

of call, time of call, and calling party 6718. The LTS 5300 then prompts the user to select an 

individual call record that the user desires to plot on a map 6720. If the user does not select a call 

record 6722, the LTS 5300 asks the user if he wants to print the call history 6724. If the user 

selects a call record 6722, the L TS 5300 logs the choice and overlays the calls latitude and 

longitude location on a topographic street map 6726. The L TS 5300 then prompts the user if he 

wants to return to the call/location display screen 6728. If the user selects to return to the 

call/location display screen 6730, the L TS 5300 prompts the user to select a time range for the 

call history report 6732. Otherwise, the L TS 5300 returns the user to the users choice menu 

5502. 

[0542] FIG. 68 

FIG. 68 shows the process to print call history report. The L TS 5300 prompts the user to select a 

range of time the report will cover 6800. If the user does not select a time range 6802, the L TS 

5300 will send the user to the user choice menu 5502. If the user selects a time range 6802, the 

L TS 5300 logs the time range 6804 and the L TS 5300 queries the ULD 900 or case file database 

that correspond with the selected phonebook entries and time range 6806. The ULD 900, GPS, or 

the BSC 206 determine the latllong of the case files 6808. The LTS 5300 correlation software 
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converts the latitude and longitude of the case files to a postal address, cross street, business, 

government, house name 6810. The L TS 5300 prompts the user to select how he wants to sort 

the call history 6812. The user can sort the call history by: time of call, location of call, calling 

party, or wireless phone number. If the user does not select a sort type 6814, the default sort type 

is used 6816. Otherwise, the LTS 5300 logs the user's choice and displays the transcribed postal 

address in the selected order with the corresponding phone number, length of call, time of call, 

and calling party 6818. The LTS 5300 then prompts the user if he wants to print the history 

report 6820. If the user does not print the history report 6822, the L TS 5300 prompts the user if 

he wants to include the call history report on the user's phone bill 6826. If the user prints the call 

history report 6822, the LTS 5300 sends the report to the desired printer 6824. The L TS 5300 

then prompts the user if he wants to include the call history report on the user's phone bill 6826. 

If the user selects to include the report with the user's phone bill 6828, the LTS 5300 includes the 

call history report in the user's phone bill 6832. Otherwise, the LTS 5300 returns the user to the 

users choice menu 5502. 

[0543] FIG. 69 

FIG. 69 displays the process to include the call history report in the user's phone bill. The LTS 

asks the user if he wants the call history report included in the billing statement. If the user 

chooses not to add the call history report 6902, the LTS 5300 returns the user to the user's choice 

menu 5502. If the user chooses to add the call history 6902, the LTS 5300 logs the user's choice 

6904, and prompts the user to enter authorization information to verify he is the owner of the 

wireless device 6906. If the user does not enter authorization information 6908, the LTS 5300 

returns the user to the user's choice menu 5502. If the user enters authorization information 6908, 

the LTS 5300 logs the authorization information and matches the information with wireless 

providers records 6910. If the authorization information does not match the records 6914, the 

LTS 5300 notifies the user of the mismatch 6916, and returns the user to the user's choice menu 

5502. If the information matches 6914, the LTS 5300 prompts the user to approve the charges 

added to the bill for the call history report 6918. If the user does not approve the charges 6920, 

the LTS 5300 returns the user to user's choice menu 5502. If the user approves the charges 6920, 

the LTS 5300 logs the user's choice and instructs the wireless service to include the call location 

history report to the bill 6922. The LTS 5300 prompts the user if he wants to return the user's 
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choice menu 6924. If the user selects to returns to the user's choice menu 6926, the LTS 5300 

returns the user to the user's choice menu 5502. Otherwise the user is logged off the LTS 6930. 

LOCATION TRACKING SYSTEM; SUMMARY 

[0544] The location tracking system 5300 is a method of determining the location and then 

tracking a single or plurality of wireless devices 104 on a given wireless device network(s) 100 

based on a criterion provided by a user. Based on this criterion a log is created that record the 

location and network status of any wireless device 104 fitting the criterion. These logs are 

recorded to a database and then later transferred to a user database for storage on a local server 

database. 

[0545] Accessing the database can be accomplished remotely or locally. Local access is from 

local service terminals on the network or mainframe. Remote access can be from a TCP/IP, IPX, 

Dial-up, remote server SQL Queries, and other listed methods. This allows for third party 

vendors to have access to the said primary embodiment 2800 features and use the technology to 

create product support and technological spin-offs. Examples of technological spin-offs would 

be; a cellular phone bill that gives the user's geographic location at the time of each logged call, 

an internet 3202 website that would allow business owners to track the location of employees or 

equipment comprising a wireless device 104, or a geographical advertising system (GAS) that 

would allow targeted advertising based on the location of the user of a wireless device 104. 

Many other technological spin-offs are also possible. 

[0546] Tracking the wireless devices 104 can be done by utilizing a user location database 

(ULD) 900, GPS data from the phone, direct analysis of the network communication parameters, 

or by other third party methods. When a wireless device 104 is not located on a local server a 

user location database coordinator (ULDC) 908 or other system can be used to discover the 

location of a device to allow a log to be created. 

[0547] Logs can be created and appended as a wireless device 104 roams a local wireless device 

network 100 or a remote wireless device 1900 network. Using TCP/IP and ATM connections, 

servers for discreet wireless device networks 100 can communicate together and allow seamless 
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network interoperability. This allows the tracking logs to record the location of wireless devices 

104 on a plurality of wireless device networks 100 having had a request generated from any 

network connected to the deemed wide-area network. Internet 3202 Protocol 6 and 7 should 

allow this to become even more practical. 

[0548] Notification from the server to external programs, users, wireless devices 104 is a native 

capability of the said primary embodiment 2800. The messages can be sent alerting the said 

wireless device 104 of a system event. A user sets up this event when the log setup process 

begins by the user. The user can have the system send an alert based on a criterion such as the 

completion of a log. The advantage is that an alert can be sent to external programs triggering an 

external event. This allows third party software to use this to create a new technology and create 

a new product for their consumers. 

[0549] An example is for a wireless device user 102 to be tracked and logged. A message could 

be sent via SMS (simple message system) to a prescribed wireless device 104 when that wireless 

device 104 being tracked leaves a certain geographic region. The system would for example 

allow a parent to be alerted when their child is going somewhere they shouldn't. 

[0550] The primary embodiment 2800 also describes a method for allowing a large volume of 

users to access the logging and tracking database. The primary embodiment 2800 describes the 

method that allows a large volume of tracking to be done and logged simultaneously. By making 

separate database structures on separate hardware entities the load is divided into active database 

buffers were logs being created are stored, to a separate structure where inactive logs are saved 

for users. 

[0551] A graphical interface and display protocol database 3004 is described that allows users to 

interact with the system and remotely retrieve meaningful representations of the data from the 

logs. Tracking logs simply contain data that describes network parameters as well as geographic 

and timing information. Alone this data is simply text. The said graphical display allows a useful 

extraction of the data to be represented. Multiple logs can be shown with data overlays including 

maps, topological information 4160, and other network parameters. 
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[0552] The physical structure for the wireless device network 100 is described in including the 

database hardware implementation, the networking implementation and the processing 

implementation. Examples of appropriate hardware and peripherals are given. Amounts of 

storage and hardware configurations are described. RAID architecture is listed and the preferred 

level of RAID deployment is also suggested for various deployments of the primary embodiment 

2800 based on budget and performance. 

[0553] A major user interaction of the primary embodiment 2800 is envisioned, but not excluded 

to, the ability to track and record wireless devices 104 that users have administrative control 

over. This would allow them to monitor, record, and review were and how their wireless devices 

104 are used. Uses could be to monitor the location of workers, children, demographically 

defined users, and other types. 

[0554] Monitoring wireless devices 104 by demographics has the unique ability to allow 

business to discover the location and moving habits of its customers. An example of this would 

be for a company to track all wireless devices 104 based on a set of demographic criterion that 

matches its target audience. The system would then track all wireless devices 104 matching those 

criterion and record the locations to a server database log, allowing the company to find a 

location to possibly build a new store that would maximize it exposure to its target 

customers. 

[0555] Another us would be for a company to search for customers (based on a local mailing list 

of customers phone numbers) and when the customer enters a region (geographic distance) from 

the store location, a log would be created. A page or message could be sent to an external 

program indicating the event. A subsequent push' message technology such as SMS could be 

used to deliver content to the wireless device 104 in the form of an advertisement. This 

technology would allow the company to restrict its advertising to valid customers of interest and 

reduce the costs of advertising. 

DESCRIPTION OF EMBODIMENTS 

[0556] Device Tracking and Logging 
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The wireless device 104 tracking and logging option of the location tracking system 5300 is used 

to monitor and record the location (latitude/longitude/altitude) of a wireless device 104 over a 

period of time. The feature requires the use of the device location software 2808, location 

database manager904, as their associated components. For a wireless device 104 to be tracked it 

must be able to be recognized by the system. The device location software 2808 allows for a 

wireless device 104 (wireless device 104, 2 way pager, satellite phone, GPS enabled device, 

wireless LAN device, other) to be tracked as long as the system can access the control 

hardware/software for the appropriate wireless device network 100. 

[0557] For GPS satellite network 114 enabled devices, certain considerations must be taken into 

account due to the nature of multi-path in cellular environments. Multi-path is the error caused 

by reflected signals entering the front end of the receiver and masking the real correlation peak. 

In this case, signal from the GPS satellite network 114 to the wireless device 104. The effects 

tend to be more pronounced in a static receiver near large reflecting surfaces, where 15 m in or 

more in ranging error can be found in extreme cases. In this case, a wireless device 104 slightly 

indoor or in a city between buildings would be relevant. Monitor or reference stations (in this 

case the BTS 118-A of the wireless device network 100) require special care in placing (the 

BTS's 118-A) to avoid unacceptable errors. 

[0558] The first line of defense is to use the combination of antenna 2430 cut-off angle and 

antenna 2430 location that minimizes this problem. It however is not always possible in a 

wireless device network 100 and can cause undue or uneven accuracy in location ability over a 

wireless device network 100. A second approach is to use so-called "narrow correlatoe" receivers 

that tend to minimize the impact of multi-path on range tracking accuracy's. The approach does 

not apply to wireless device networks 100 and should not be used. Overall the effects of GPS 

satellite network 114 error still allow the most accurate location results. But consideration for its 

inaccuracies should be noted. 

[0559] The wireless devices 104 that can be tracked are limited to the wireless device networks 

100 the device location software 2808 is attached to. A noted exception is when a ULD 900 or 

ULDC network 1600 (or similar) is available for the system to query. In this case the wireless 
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device 104 will be able to retrieve the location of any wireless device 104 that exists in the 

database regardless of the type of network it is operating on. The design would be preferred 

because it creates a type of universal standard that would allow a plurality of wireless devices 

100 to be tracked over a variety of networks. 

[0560] A further requirement for the wireless device 104 to be tracked is that the attached 

network or ULD 900/ULDC 908 to the location tracking system 5300 is capable of being polled 

(by software means) for locations of wireless devices 104 at regular intervals as short as less than 

one second or as long as many hours. The necessary hardware must exist on the wireless device 

network 100 to accommodate the required bandwidth and pipe-lining of multiple simultaneous 

requests for the location of a wireless device 104. 

[0561] When no database such as an ULD 900 or ULDC network 1600 is available, the attached 

networks are required to provide the following elements from internal registers pertaining to an 

attached wireless device 104 on the wireless device network 100, as to allow the location 

tracking system 5300 software to calculate a location for the wireless device 104: 

Base station(s) 118-A or antenna(s) 2430 location for all network equipment 

communicating with the wireless device 104 and; The round trip delay time for 

communications between the network antenna(s) 2430 and the wireless device 

104 and/or; 

The signal receive strength from the wireless device 104 to the network 

antenna( s) 2430 and/ or; 

Other location assisting information 

[0562] When these design requirements on the network side are available then the location 

tracking system 5300 is capable of tracking a plurality of wireless devices 104 and recording 

user records 5312 to an internal/external database that includes the location referenced to time 

for the said wireless devices 104. 

[0563] The location tracking system 5300 software first utilizes the display screen 2836 to 

display a menu to the user on their display screen 2836 of the wireless device 104 they are 
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accessing the system from. The menu asks for the user to enter a single or list of wireless devices 

104 to be logged. It also asks for a time frame to track these wireless devices 104 for. The time 

frame can be from the current system time to any given time. It can also begin at a future time 

and then end at any arbitrary time. Additionally, it can offer a log to be generated that includes 

only the location and basic other information (1 second duration or other short time). The 

location tracking system 5300 software would allow subsequent database queries to retrieve call 

location for all calls to a wireless device 104. Hence, an additional option that allows a log to be 

generated for all calls by a wireless device 104 for an indefinite time period is also required. 

[0564] The user then can specify the log entry filenames for the database entries. When the user 

enters this information they are prompted with alerting options. These options include the user to 

be sent a message in the case of a set criterion is met. The user can then enter a list of criteria. 

These include: 

Geographic boundary that wireless devices 104 cannot exceed/enter Distance wireless 

devices 104 may travel from any user defined location If a wireless device 104 comes 

with in some distance of a user defines location 

[0565] When these criteria are entered the user enters their contact information. The location 

tracking system 5300 will alert the user if any criterion are met and include a message that 

indicates the wireless device 104 name and database entry that may be viewed to retrieve the 

results. The alerting options may take any of the following forms but are not limited to: 

Email 

SMS messaging 

Website posting 

Online messaging 

Page 

Text messaging 

Automated voice call (synthesized voice) to a voice line Fax 

Other messaging protocols that can send to wireless devices 104 

[0566] Once the user selects this option the system can ask the user to review the choices. The 
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user approves them, then the system sends the criteria to the location database manager 904. The 

users selected wireless devices 104 will be tracked for the remainder of the selected times. The 

user connects and they also review a list of active logs and cancel the logging or change the 

parameters and resubmit them to the location database manager 904. The system will overwrite 

the old tracking options for any modified wireless device 104. 

[0567] The location database manager 904 now adds the wireless device 104 names (and 

corresponding wireless device identification 3724 information) into its location queue. The 

location queue contains the wireless device identifiers 3724 of all wireless devices 104 being 

logged. The location database manager 904 cycles through the list and determines the location of 

each wireless device 104 at the said time, and stores that information to a database record as 

named by the user in the setup. 

[0568] When a new entry is added to the queue a database entry is established and necessary disk 

space is allotted for the duration specified by the user. The process assures that the system will 

not have to slow down to a lot more space later. The database disk space reserved is equal to the 

data storage rate times the file size per location query times the tracking time plus overhead for 

the database file entry. 

[0569] The queue is automatically cycled though. Its size is dynamic because entries to it are 

constantly being made. Additionally, entries are always being removed from it. As the time(s) 

for entries to stop recording, as entered by a user, are met, and entry is removed from the queue. 

The database entry is then moved to a storage database on a different physical medium. The disk 

space on the primary databases physical drive is then free to be recorded to by a new record. 

[0570] Users may now access any records on the second database. They may also access records 

for location tracking(s) in progress. When this occurs the location database manager 904 

overwrites the end time to the current time. The location database manager 904 then creates a 

new entry that starts at the current time and ends at the original end time. The result is that on the 

next cycle through the queue the record would be stored (up to the current time) to the secondary 

database so that the user could access the tracking information up to the current time. 
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[0571] When a user retrieves the user record(s) 5312 the display software 2832 generates a map 

that covers the geographic boundaries of the users record(s) 5312 being opened. To display the 

user records 5312 the following information is needed: 

Geographic database 4160 

Metropolitan road database 

Building location database 

Topographic information 2810 

Other 

[0571] The information is then correlated to the user records 5312 based on the location in terms 

of latitude and longitude (and possible altitude). At this point the display software 2832 overlays 

this onto the user records 5312 and displays this information to the user. The user may zoom in 

and move the geographic boundaries. The resolution of the record will be limited to the time 

between updates and the distance traveled between those times by the wireless device 104. 

Mathematical extrapolations for missing data can be made by commonly known techniques to 

approximate the location between samples. 

Location Database Logs 

[0572] Logs created by the location tracking system 5300 software and database management 

software must have a consistent format that will allow universal parsing of the formatted data. 

The content listed in the logs must allow for a complete list of descriptive data to be saved and 

stored in an efficient manner. 

[0573] When the data is stored to the logs key elements. are required to identify the logs owner 

and relevant network identifiers. The requirements to establish this are the following categories: 

User identifier 

Home network for user 

Current network log is being generated on 

User's permanent storage location 

[0574] The next elements listed in the database log are the elements that will be tracked. These 
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elements will be listed under categories in the log to allow rapid parsing of the log by software 

after it has been created and stored to a user's local directory of sectionalized portion of a home 

database structure. The categories are: 

Device ID numbers 3724 

Network hardware ID numbers 

Event ID numbers 

[0575] The device ID numbers 3724 correspond to a unique identifier that is assigned to every 

wireless device 104 on a plurality of wireless device networks 100 that identifies itself and the 

wireless device network 100 it is on (ESN number, HEX ID code, wireless device 104 number, 

etc). The network hardware ID numbers are the identifiers of specific radio tower with BTS 110 

or radio tower network 105 side equipment that communicates with users. Listed hardware 

elements here allow all wireless devices 104 communicating with these network components to 

be logged. Event ID numbers correspond to system events that would allow subsequent tracking 

of wireless devices 104. An example is when a wireless device network 100 fault occurs the 

system will monitor the wireless device 104 that the fault occurred on. 

[0576] The log has a start and stop time stamp field additionally that allows the date and time of 

the logs creation and completion to be noted and parsed quickly. Additionally there are time 

stamps for all recorded data. 

[0577] The next fields are data log fields. In this section there exists only wireless device ID 

numbers 3726 because only wireless devices 104 are ever tracked. The structure of this field is: 

Wireless device number 3726 

Tracking reference ID 

a plurality of data measurements (taken at sequential times) 

o Location of device (GPS data or latitude/longitude) 

o Time of measurement 

o Date of measurement 

o Other 

■ Network parameters 
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■ Wireless device I 04 statistics 

■ Etc 

[0578] There can be many wireless device numbers 3726 in the log as well as many data 

measurements for each wireless device 104. The structure allows a plurality of wireless devices 

104 to be listed and for each wireless device 104 to have independent amounts of data written to 

it. The tracking reference ID number allows for a link to the initial reason the wireless device 

104 was tracked. An external query can just look for wireless devices I 04 with respect to initial 

tracking criteria. For example, if a criterion was to monitor all wireless devices 104 on 2 physical 

radio tower network 105, then a tracking reference ID would be associated with that and affixed 

to every wireless device 104 log that was created for that reason. The tracking elements each 

have pre assigned ID numbers that are given by the database manager software and the software 

then also puts the same ID on each relevant wireless device 104 tracked corresponding to the 

tracking requirement. 

Cumulative Reports for Devices 

[0579] The idea of a cumulative report would be to allow a user to retrieve information on a 

plurality of database log entries made on a specific or plurality of wireless devices 104. The 

reports could be extended to include details on all call activity on a wireless device 104 by 

allowing that wireless device I 04 to have a log generated each time an active call is made. The 

location tracking system 5300 software is designed to allow this to happen. A short duration 

track occurs for every call that is made from a wireless device 104 and stored a personal storage 

space on the secondary database used for user long-term storage. 

[0580] The qualifications placed on all tracking a wireless device 104 are that the wireless device 

104 must verify a location and all call activity must be valid on the traffic channel. The 

qualification would exclude certain types of calls from being recorded. In general these calls 

would not show up as billable calls and would result in a user not being able to even initiate a 

voice channel on the phone. 

[0581] Their duration are typically less than one second. Examples of situations that would not 
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record data including location of a wireless device I 04 are: 

- Network Access Failures 

Drop Calls before call is established on Network 

Poor Physical channel properties resulting in a call/network time out 

Hard Block 

Soft Block 

Capacity Block 

[0582] All calls that are successfully initiated on the wireless device network 100 will have a 

location database log created by the location tracking system 5300 software, and subsequently 

user location database manager 904. All the logs are then stored into the user directory. 

[0583] A possible use of this data is for it to be included in billing data. The user would receive a 

bill from the wireless device 104 carrier they use that could include call location information on 

where every call was initiated 6904. The caller ID features could allow the system to retrieve the 

number of the phone that was incoming or the outgoing phone dialed. This would also allow the 

location of that wireless device 104 to be noted. 

[0584] The location of the user's wireless device 104 when the call was made would be 

accomplished by parsing the user's database 3216 by means of SQL techniques or by other 

database query tools commonly known. Each call logged would be referenced to other call 

information including time and date. They can then be referenced to calls listed on the billable 

statement sent to the user. The location would be recorded as a latitude and longitude location. If 

a user elects the system could convert this to a landmark location or address by referring to a 

criss-cross latitude longitude map/database. The nearest address could be listed. An additional 

option would be to list a general area as opposed to an address which could often be incorrect 

due to location accuracy. 

[0585] The dialed number (for outgoing calls) or incoming caller's Id (for received calls) could 

also have a location listed. To accomplish this, the remote wireless device 1900 would be 

determined if it is a land line 142 device or a wireless device 104. If the device is a land locked 
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device than an address for the phone number will be available through a database from the phone 

service provider of the number. 

[0586] If, however, the device is a wireless device 104 unit then this will not work. The wireless 

device 104 will have to be queried remotely. In this case the system can use an ATM, I based, or 

other method to query the main service provider of the wireless device 104 for the user location 

database 900 entry for that user. If authentication is allowed, and a log was made for a call at that 

time then a location would be available. The location could then be added to a billing cycle. 

[0587] If as in many cases, the remote wireless device 1900 had no call log made, then the 

wireless device 104 location can only be guessed upon. The system would have to resort to the 

users "home" NID and then supply that to the querying system. The NID could be resolved into a 

city, state, geographic region. The information would be included in the billing cycle as an 

approximation of the user's location. An appropriate consideration would be to inform on the 

billing cycle that is location is inaccurate and only an approximation and could be incorrect. 

[0588] An additional use of a cumulative report would be for an external query to be made on a 

plurality of logs. The logging criteria could list any data field include wireless device identifiers 

3724 ( ex: phone #'s ), logs from geographic regions, etc. The query could be remote or from an 

internal memory storage 2818 system. To make this possible, the external query would have to 

be IP base, ATM, or another universal standard that would allow a plurality of users access to the 

system and provide a secure data transmission. 

[0589] The filter can then derive only the logs for a given user, or group of users, personal 

database folders. The results would then be returned and could be listed either textually or 

graphically to the user. A text representation would be for a list of database entries that met the 

specifications to be listed on the screen. A graphical representation could be to plot a map and 

indicate log locations on it. These options are described in the data log graphical display section. 

Data Log Graphical Display 

[0590] The user may parse a tracking log in their personal database. These logs will contain the 
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location tracking system 5300 information for anything the user requested from the location 

tracking system 5300 software. The user can read this information after it is parsed in text form 

however a series of latitudes and longitudes will simply be repeated at the update intervals for 

each time a location was determined. The series oflatitudes and longitudes is not very valuable 

to a user in general. An easy way for the user to gain valuable insight is to display this 

information on a graphical display unit. This could be a monitor or other display hardware 

attached to the querying device. It could also be a hard copy reproduced and printed on a printing 

device. 

[0591] The log can be parsed and converted to a graphical display for the user by the following 

method. First, the database entry must be scanned and read all the correlated data for latitude and 

longitude information 2830 for the tracked wireless device 104. The most extreme dimensions in 

for example, east, west, north and south (using Cartesian coordinates) will be noted. In this case 

you could also use any other dimensionally system convenient (radial, spherical). The extreme 

locations will be the boundaries of the displayed map. The data points will be plotted on that 

map, correlating data for latitude and longitude information 2832 to the correlated pixel 

separation as correlated to the scale of the map. The minimum resolution is the pixel separation 

at the monitors screen resolution. The distance will be used to disregard location points at 

distances less than a given amount. 

[0592] The plotting system can then plot the remaining points to the display screen 2836. The 

system will then have a map with the data points plotted to it. To increase accuracy the system 

may also be able to provide the described functionality that is not common knowledge. All 

roadways and transportation ways will be illustrated and correlating data for latitude and 

longitude information 2830 on the map. If a wireless device 104 is traveling in a direction for a 

given distance and follows a road way but is not on it exactly the software could assume the 

wireless device 104 is on the roadway and re-center the data points on the roadway to increase 

accuracy. 

[0593] The plotting system would allow the system to more accurately display a tracked wireless 

device 104 to a user. When the location of this wireless device 104 is plotted it would not show 
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the device passing though buildings or other objects and allow the location of the data point to be 

shifted to the adjacent roadway or habitable area. Definable parameters would be the distance 

traveled along a roadway and the distance away from the road way that the software could use as 

criteria to assume the wireless device 104 is on the road. The distance should be conservative as 

to prevent obscuring real locations. An appropriate distance could be from 5meters to I 00 meters 

depending on the tuning of a network engineer for a particular situation. 

[0594] Displaying the wireless device 104 travel vector may also be useful. This Would allow 

the user to see the relative travel direction and speed of the wireless device 104. To accomplish 

this, the system would sample a defined parameter that represents how many data points to 

average. If the software averages 20 data points then the average direction and velocity would be 

represented by a vector on the display. The foot of the vector would be at the mean location of 

the sample range, and the vector length from foot to tip would be proportional to the average 

velocity over that sample time. The vectors would be plotted for every group of data points. The 

group size could be adjustable by the user and is accomplishable through any data interface. 

[0595] Another display option would be for the user to have a real-time replay of the user's 

location. The display could be accomplished by plotting points to the screen at the minimum 

pixel separation over the time interval shown. The plotting is easily done and would give the user 

a perspective of where the user was at various points in time. A text information box can then 

additionally show the time during the call while points are being plotted. 

[0596] The display software 2832 that gives the GUI and mapping ability can also show a 

plurality of log locations for a plurality of log database entries. The mapping can be 

accomplished by, as before, scanning logs for extreme distances. In this case though, all logs that 

are selected would have to be scanned for their maximum geographic dimensions. Once this is 

done, a map could be generated based on the dimensions. The overlay for the logs would be 

definable by programming, but a convenient method is to determine the initial starting location 

of each call and then to plot these points for each call on the map. 

[0597] The user may select points and then the entire route can be plotted on the map. The user 
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who wants more detail may zoom in. The new dimensionally of the map would require the 

minimum pixel separation to be re-computed and would then allow more detail or less depending 

on if the user zoomed in or out. 

[0598] Alternate method that could be used if more detailed location information is available in 

future network configurations would be: 

Plotting altitude 

Inside building location 

Plotting call detail (logged speech) 

Inter Network Communication 

[0599] To make the location tracking system 5300 available to other networks outside any single 

entity, a database sharing system must be established. A most likely case would be for a system 

such as an ATM routing center or an IP (connectionless) based system to be used. 

[0600] The first system is beneficial in cases where a large number of database queries may be 

made. ATM switching allows for a dedicated path to be established between host and user sites 

and allow a rapid connection once the line is established. Basic benefits to consider when 

choosing ATM switching are: 

High performance via hardware switching 

Dynamic bandwidth for busy traffic 

Class-of-service support for various traffic type 

Scalability in speed and network size 

Common LAN/WAN architecture 

Opportunities for simplification via VC architecture 

International standards compliance 

[0601] The benefits of IP switching as opposed to direct ATM connections between wireless 

device networks 100 are that the complexity is reduced. You only route packets to the next 

routing point and can take advantage of preexisting hardware on other networks to get your data 

to the destination, in our case the other wireless device 104 network. The ability to handle 
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security on a traditional router basis is very complex and the speed at which a router switches or 

routs a packet is very slow and cumbersome because every packet has to be looked at as it goes 

through the wireless device network 100. This can reduce security and is a consideration for any 

wireless provider when implementing IP switching. With an IF switch (MTX or other) 130-based 

network, what happens is the first packet is looked at and the supplementary packets do a quick 

forward look-up and then everything else goes through the network very, quickly, so it's less 

costly and it's easier to administer. 

[0602] ATM systems require new and expensive hardware to be added but are often faster and 

more reliable. The system is also a far more secure method because all information is on a 

protected network at all times. IF based system here could use the internet 3202 to send requests 

between wireless device network 100 locations and allow for rapid development and low cost of 

implementation. 

[0603] The inter-network structure would allow wireless device networks 100 to query each 

other for information. Security and fire-wall precautions aside, this allows one wireless device 

network 100 to retrieve the location of a wireless device 104 on any other wireless device 

network 100. The inter-network structure would allow the tracking of the two, or more, wireless 

devices 104 on a call or other communication. It would also allow tracking wireless devices 104 

as they moved off of a network providers system and on to a remote system. IF version 6 

provides for the internet 3202 solutions to inter-network wireless device 104 movement and 

would allow tracking to occur over multiple wireless device networks 100. 

[0604] The data logs could then be generated at the remote wireless device network 100 and 

retrieved by the user's home wireless device network 100. This would allow tracking beyond the 

users own network boundaries. 

Security 

[0605] The security of this wireless device network 100 can be viewed in two subsystems. First 

the network must secure access to the system at a user level access, or group access scheme. 

Second, the system must secure user system rights. In this regard, it must secure that any user 
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may not gain access to sensitive information of another user it does not have rights to. 

[0606] The access of a user to the system will be defined and can be implemented by various 

methods. Secure Socket Layer (SSL) can be used to guarantee that and external wireless device 

user 102 has a secure connection. Modern internet 3202 browsers use a SSL to encrypt the 

information that flows between the browser and the web server. A browser using SSL has 

established a secure encrypted connection with the server, meaning it is safe to send sensitive 

data. In the case of a local connection less line security is necessary. 128 bit or higher encryption 

of data across a wireless device network 100 will allow data to remain private in transit. 

[0607] To allow for a secure connection various protocols can be used. FTP, and telnet offer 

some protection, but secure connections such as used by verisign and other companies to 

establish "user identity" are recommended. The connection types should be connectionless 

service types. The secure connection ensures that packet never follow the same path across a 

network such as the internet 3202. The secure connection allows for less possibility of snooping 

and more security. On secure connections (point-to-point), connection oriented ATM links can 

suffice because the line is secure in a physical sense. 

[0608] Wireless device users 102 will be placed in categories based on access rights. All three 

categories are defined by a administrator and are adjustable, but generally accepted standards 

are: 

User 

Super user 

Administrator 

[0609] A user level access will give the entity connecting to the system the ability to access only 

files created and stored in it user directory. The user may only request logs be created for 

wireless devices 104 that have been added to its authorized list by an administrative account. 

[0610] A super user has access to all the user rights for itself, but may also have rights to the files 
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and permissions of a group of wireless device users 102. This would allow the user to track 

wireless devices 104 listed on other wireless device users 102 accounts. 

[0611] An administrator has all the access of the super user but also has the ability to create and 

delete accounts, as well as file management. This allows the administrator unrestricted access to 

all files on a server. It can also alter and change system parameters that affect any or all wireless 

device users 102. 

Physical Hardware to Realize Embodiment 

[0612] To implement the primary embodiment 2800 there must be a hardware platform for the 

software to function from. The term function refers to the normal operation of the software that 

includes the primary embodiment 2800 as well as any other secondary software packages that 

would run to assist the primary embodiment 2800. The secondary processes are commonly 

known and would not be covered by this patent. An example would be dynamic link libraries 

that are commonly known and used to linking various software elements. 

[0613] The hardware required to implement the user location database manager 904 is inclusive 

of but not limited to, based on any unique hardware setup: 

Data storage medium 

Data storage controller (RAID, etc) 

Computer 2910 (includes motherboard, CPU, RAM, etc) 

- Network interface card 

[0614] The data storage medium should consist of a hard disk or other nonvolatile storage 

medium that is can be accessed by a computer 2910. It can conform to either, IDE or SCSI 

standards. Extended standards could include ultra wide SCSI and EIDE as well as other 

derivations. The claimed scope is that a communications protocol database 3004 and physical 

layer would provide high bandwidth capacity and high efficiency. Examples of this hardware 

may be a western digital 10,000 RPM 80GB deskstar hard disk drive. 
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The data storage controller consists of one of the following generic classes: 

IDE/EIDE/etc 

SCSI/U W-SCSI/etc 

RAID type 1, 2, etc 

[0615] The controllers are required for the computer 2910 to be allowed to access the hard disk 

drive. To allow for this to work the computer 2910 must be compatible with the controller. The 

RAID controller allows a unique benefit to the database and storage architecture. Having many 

configurations, very high bandwidth and redundancy of data is possible. The accurate usage of 

RAID architecture is critical for these databases as VERY high bandwidth is required on large 

wireless device networks 100. Explained as follows are the recommended RAID types and the 

considerations in choosing each. 

[0616] In RAID 0, the controller will store the data across two or more disks, writing the data in 

blocks across the disks. For example, if you have two disks, block one will be written to disk 

one, block two to disk two, block three to disk one, and so on. The data will increase 

performance since the controller can read/write in parallel, but there is no redundancy, if one 

disk fails, the whole array fails, since the data is spread across the array. RAID O is the most 

efficient level in terms of cost/space/performance, as you will increase performance without 

sacrificing any disk space, though access times suffer slightly. RAID O is best used where 

cost/performance is critical, but data integrity is not. For this reason the type of RAID would be 

the least recommended for the primary embodiment 2800 and its databases. 

[0617] A RAID I array consists of two or more disks and acts as one logical disk while mirrored 

data 1532 is passed between the disks. If you have an array consisting of two 36 GB disks, you 

will end up with a logical disk of 36 GB, with data being stored on both the physical disks. 

Hence one of the physical disks can fail, and the array will keep working, and if the disks are 

hot-swappable, which is the case with most SCSI RAID setups, the failed disk can be swapped 

for a new disk, and the controller will synch the data between the disks, restoring the array to full 

functionality, with no downtime. RAID I also increases the read performance since both disks 

can be read at once, while write performance will be more or less identical to that of one single 
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disk. RAID I is a way to achieve good read performance, as well as redundancy. For this reason 

it is recommended over RAID 0 and will allow higher bandwidth and therefore more throughput 

from the database to the computer 2910 

[0618] Striping with parity increases performance while maintaining a handle on redundancy. 

RAID 3 does this by implementing a RAID 0 and then creating a separate disk to write parity 

information. RAID 3 helps, if you lose a disk, that disk's information can be recreated. RAID 3 

works on a binary system. (i.e. ll=Oparity, 000parity, 01 =I parity, I0=llparity) You can take 

any two bits, and recreate the lost one. The benefits of this are performance and safety, although 

with RAID 3 you put a large strain on the odd disk that contains parity as everything has to be 

calculated and written to it. For ever bit written to any other disk, one gets written there, both 

bottlenecking performance, and creating more strain on this disk. 50 is considered to be a much 

better option. A required minimum of 3 disks, and an odd number of disks. RAID 3 is very 

expensive in terms of CPU power when implemented in software. For this reason this 

configuration is recommended over RAID 0 but less than RAID I for the primary embodiment 

2800. 

[0619] RAID 5 is a quite common type of RAID but it doesn't offer the performance of RAID 

I +0, but is much cheaper. Three or more disks a required for a RAID 5 array. RAID 5 stores 

parity information (unlike RAID I which stores data redundantly) across the disks in the array, 

this information can then be used to rebuild lost data in case of disk failure. Raid 5 is not 

recommended at all but is explained such that RAID 50 can next be fully understood. 

[0620] Raid 50 is the combo of RAID 5 and RAID 0. The major benefit is speed. RAID 50s take 

the data to write, say 256k, then split that among the RAID 0, so 128k + 128k, then split that 

among the RAID 5s, so you could be writing 32k + 32k + 32k + 32k + 32k + 32k + 32k + 32k all 

to separate disks at the same time. The same is true in reverse as well for reading. You could also 

lose I disk out of each array and the controller would keep running. You can stream high 

amounts of data to several machines at once over the network. To do it right it really should be 

done on two controllers, or one multi-channel controller to give the arrays as much bandwidth as 

possible. RAID 50 requires a minimum of 6 disks, and an even number of disks. The setup is 
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recommended for the database controller. The system will be able to keep up with network 

connection bandwidth (T-1, T-3, OC-3, etc). The primary embodiment 2800 will operate at 

maximum efficiency using this setup. 

[0621] The physical hardware should consist of a processor capable of computing the necessary 

work load. A dual processor system would reduce the load further. An intel XEON system ( dual 

processor) at 1 GHz or above would suffice. Additional RAM-in excess of 1 G would be 

beneficial and allow fast access to cached data. Similar systems to this are produced by AMD 

and other chip manufacturers. 

[0622] The location tracking software 5300 may exist on any of the above said hardware but 

should have its own reserved storage medium. A low bandwidth connection to the computer 

2910 is OK because the software will run from cache memory as it is a static program that is 

accessed frequently. 

[0623] The display software 2832 does not require a specific set of hardware, more of a class of 

hardware. The display hardware 2832 required is a display driver or graphics hardware 

controller, commonly called a graphics card. Performance of the card need not be high but 

should allow for an adequate resolution display for the minimum programming of the display 

software 2832. 

[0624] Display hardware 2832 that could be used as the physical display device can be CRT 

computer 2910 monitor displays, LCD displays of various sizes including palm-top sized 

displays. Example of this is a Viewsonic 19" CRT G790, this monitor would support up to 1 

600xl 200 at 80Hz refresh which would allow proper viewing of all visual data from the 

preferred embodiment 2800 

[0625] The network interface cards required would be a 121100 base-T or higher connection. 

Hardware such as a 3COM Etherfast NIC would function properly. External connectivity to the 

internet 3202 or other high speed data access points is also required which often requires a ATM 

connection or other gateway routing wireless device 104. 
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[0626] Directional Assistance Network (DAN) 

THE DAN COMPRISES: 

- A COMPUTER SYSTEM HARDWARE/SOFTWARE 

- AN OPERATING SYSTEM 

- A DIRECTIONAL ASSISTANCE OPERATING PROGRAM 

- AN AUTOMATED TELEPHONE HARDWARE/SOFTWARE 

- A VOICE RECOGNITION HARDW ARE/SORTW ARE 

- TRAFFIC MONITORING AND ROUTE PLANNING HARDWARE/SOFTWARE 

AND MAPPING HARDWARE/SOFTWARE 

- A WIRELESS DEVICE USER LOCATION DATABASE AND DATABASE 

LOGIC CENTER HARDWARE/SOFTWARE (OPTIONAL IF LOCATION DATA 

IS OBTAINED FROM AN OUTSIDE DATABASE, E-MOBILITY, ETC.) 

- A PSTN USER LOCATION DATABASE AND DATABASE LOGIC CENTER 

HARDWARE/SOFTWARE (OPTIONAL IF LOCATION DATA IS OBTAINED 

FROM AN OUTSIDE DATABASE, E-MOBILITY, ETC.) 

- LOCATION CONVERSION HARDWARE/SOFTWARE AND DATABASE TO 

CONVERT STREET ADDRESSES TO LONGITUDE AND LATITUDE DATA, 

AND TO CONVERT LONGITUED AND LATITUDE DATA TO STREET 

ADDRESS DATA 

- A VOICE MAIL SYSTEM 

- INTERNET ACCESSABLE 

- INTERNET ADDRESS AND WEBSITE. 

- ABILITY TO MAKE AND SENT MAPS TO WCD, NAVIGATIONAL SYSTEMS, 

FAXES, E-MAILS, ETC ... 

- A LIVE OPERATOR WHO CAN ACCESS, PROGRAM AND SERVICE ALL 

PARTS OF THE DAN. 

- CONVERSION/STANDERDIZATION HARDWARE/SOFTWARE FOR INTER

FACING WITH WIRELESS NETWORKS, WIRELESS DEVICES AND 

PUBLICLY SWITCHED TETEPHONE NETWORKS. 

- CONVERSION/STANDERDIZATION HARDWARE/SOFTWARE FOR 

SENDING AND RECEIVING MAPS, F-MAILS AND FAXES. 
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Detailed Description of the Embodiments 

[0627] FIG. 70 is a flowchart of the Directional Assistance Network (DAN) query process. To 

begin the query process, a person seeking directional assistance or location information begins a 

query for directional assistance by dialing a specified phone number, such as, for example, 411, 

511, an 800 number or a dedicated button on a wireless device, navigational system or a land

based communications device 7000. The user may also process a DAN query via the Internet. 

The user can enter his DAN query via a keypad or keyboard, through the use of voice 

recognition software, a live operator or by way of an interactive display screen, such as may be 

found on a wireless device or a navigational system. The process begins when the DAN 8100 

receives the user's call 7002. The DAN 8100 then queries a user location database (ULD) to 

determine the user's location and logs to user's location within the DAN 8100, BOX 7003. 

[0628] Still referring to FIG. 70, BOX 7003, if the DAN 8100 determines that the user is calling 

from a wireless communication device (WCD) 8205, such as, for example, a cellular phone, an 

Personal Digital Assistant (FDA), wireless navigational system, etc, then DAN 8100 queries a 

wireless network's ULD 900 in order to determine the user's location within the wireless 

network. The wireless network's ULD 900 can exist internally to the DAN 8100 and constructed 

by the DAN 8100 with information obtained from the wireless network through querying the 

wireless network's e-mobility services, switch and/or base station controller. The DAN 8100 

could also find the user's location without a wireless network's ULD 900, by retrieving the user's 

location data from the wireless network on an as needed basis. The DAN 8100 can generate the 

location on an as needed basis by accessing pertinent location data, which can be obtained from 

the switch (MTX or other) 130, and the base station controller (BSC) 206. The pertinent 

information would include the round trip delay (RTD), signal strength and other factors needed 

for determining location of wireless device, which are disclosed in an attached document. The 

ability to determine the user's geographic location in the form of longitude and latitude data, 

when calling from a wireless device, is disclosed in an attached document entitled, 'A machine 

for providing a dynamic database of geographic location information for a plurality of wireless 

communications devices and process for making same". This document referenced above, is a 

United States Provisional Patent, U.S. Serial Number 60/327,327, which was filed on October 

4th
, 2001, is hereby incorporated into this disclosure. Also, the wireless network's ULD 900 may 
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be comprised of only a single service provider's network, or in may comprise a plurality of 

service provider's networks data regarding wireless device user location data. The DAN 8100 

may use its conversion/standardization hardware/software 8160 to interface with wireless 

networks and wireless devices. 

[0629] Still referring to FIG. 70, BOX 7003, if the user's call originates from a publicly switched 

telephone network (PSTN) 138, the user's location can be determined by querying a PSTN phone 

location database 8145 which consists of listings of the names of businesses and private 

residences, their respective street addresses, city, state and corresponding longitude and latitude 

coordinates, and their telephone numbers. The PSTN phone location database 8145 could be 

internal or external to the DAN 8100. The database could also be comprised of a street map 

location system instead of a longitude and latitude based system. The DAN 8100 could also find 

the user's location without a PSTN's phone location database 8145, by retrieving the user's 

location data from the PSTN 138 on an as needed basis. The location can be generated on an as 

needed basis within the DAN 8100 by accessing pertinent location data, which can be obtained 

from the switch (MTX or other) 130, and the base station controller (BSC) 206 of the PSTN 138. 

The DAN 8100 may use its conversion/standardization hardware/software 8160 to interface with 

thePSTN 138. 

[0630] Regardless of whether the user is calling form a wireless device or a landline, once the 

user's geographic location has been determined and logged into the DAN's voice mapping 

software 8110, The DAN's automated telephone system prompts the user with a menu of services 

7004. Still referring to FIG. 70, the DAN 8100 first asks the user "If you know the phone 

number of your desired destination, and would like to receive directions to that destination, 

please press or say I" 7006. The automated telephone system waits for the user's response 7008. 

If the user selects "I", the user is forwarded to FIG. 71, BOX 7100, the portion of the query 

process that retrieves the geographic coordinates of the users destination, based on the 

destination's area code and telephone number 7010. 

[0631] Again referring to FIG. 70, BOX 7008, if the user does not select "I" within a specified 

period of time, the automated telephone system continues to instruct the user "For the telephone 
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number and directions to a specific business or person by name, press or say "2" 7012. The 

automated telephone system waits for the user's response 7014. If the user selects "2", the user is 

forwarded to FIG. 72, BOX 7200, the portion of the query process that retrieves the business or 

residential listing by the name of the listing 7016. 

[0632] Still referring to FIG. 70, BOX 7014, if the user does not select "2" within a specified 

period of time, the automated telephone system continues to instruct the user, "For a phone 

number and directions to the nearest business by category, such as for example, a gas station or 

restaurant, press or say "3" 7018. If the user selects "3 ", the user is forwarded to FIG. 73, BOX 

7300, the portion of the query process that retrieves the geographic coordinates of the users 

destination, based on the category of the business which the user wishes to find 7022. 

[0633] Again referring to FIG. 70, BOX 7020, if the user does not select "3" within a specified 

period of time, the automated telephone system continues to instruct the user, "For a phone 

number and directions to as specific address, press or say "4" 7024. If the user selects "4", the 

user is forwarded to FIG. 74, BOX 7400, the portion of the query process that retrieves the 

geographic coordinates of the specific address the user is requesting directions and the phone 

number 7028. Still referring to FIG. 70, BOX 7026, if the user does not select "4" within a 

specified period of time, the automated telephone system continues to instruct the user, "To 

locate or track a wireless device, press or say "5" 7030. The DAN 8100 then waits a specified 

period of time for the user to respond by selecting "5" 7032. If the user selects "5", the user is 

forwarded to FIG. 78, BOX 7800 and the DAN 8100 continues it's query process 7034. 

[0634] Again referring to FIG. 70, BOX 7032, if the user does not select '5" within a specified 

period of time, the automated telephone system continues to instruct the user, "To repeat these 

choices, press or say 11 611 7036. The DAN 8100 then waits a specified period of time for the user 

to respond by selecting 11 611 7038. If the user selects 11 611
, the user is returned to FIG. 70, BOX 

7006, the portion of the query process which has been described above is repeated 7032. If the 

user does not select 11 611 within a specified period of time, the automated telephone system 

continues to instruct the user, "To end this call, press or say "9", or hang up" 7040. The DAN 

8100 then waits a specified period of time for the user to respond by selecting "9" 7042. If the 
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user selects "9", the call is terminated 7044. If the user does not select '9" within a specified 

period of time, the automated telephone system continues to instruct the user, "To be connected 

to a DAN Operator, press or say "O", or say on the line" 7046. The automated telephone 

system then forwards the user's call, to a live operator for assistance 7048. The live operator has 

direct access to all components of the DAN 8100 and can assist the user's how are having trouble 

with the automated system. 

[0635] Now referring to FIG. 71, the automated telephone system instructs the user, "Please dial 

or speak the area code and phone number of your desired destination to receive directions to that 

location" 7100. The automated telephone system waits for the user to dial or speak the area code 

and telephone number to the desired destination 7102. The automated telephone system waits for 

the user to respond within a specified period of time by dialing the phone number 7104. If the 

user dials the phone number, the number is matched against numbers within the PSTN phone 

location database 7110 of business and residential listings, which may be internal or external to 

the DAN 8100. The automated telephone system then tells the user, "We have located "X" 

number possible match(s)" 7114. 

[0636] Still referring to FIG. 71, if the user does not dial a phone number within the specified 

period of time, the automated telephone system waits for the user to respond by speaking the 

phone number 7106. If the user does not respond within a specified period of time, the user's 

query is forwarded to FIG. 71 BOX 7126, for further processing. If the user responds by 

speaking the phone number, a voice recognition program within the DAN 8100 converts the 

user's words into texts 7108. The DAN 8100 matches the text against telephone numbers 

contained within the database of business and residential listings 7112. The automated telephone 

system tells the user, "We have located "X" number possible match(s)" 7114. 

[0637] Again referring to FIG. 71, the automated telephone system then instructs the user, "For 

directions to "listing I" located at "address I" with a phone number of "phone I", press or say 

"I" 7116. The automated telephone system then waits a specified period of time for the user to 

press or say "I" 7118. If the user selects "I", the user's choice is logged within the DAN 8100, 

and the user's query is forwarded to FIG. 75, BOX 7500, for further processing 7120. If the user 
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does not select" I", the automated telephone system instructs the user, "To repeat listing(s), press 

or say "4" 7122. The automated telephone system then waits a specified period of time for the 

user to respond by pressing or saying "4" 7124. If the user does select "4", the automated 

telephone system returns to FIG. 71, BOX 7116 and repeats the listing. If the user does not 

select "4" within the specified period of time, the automated telephone system instructs the user, 

"To request a new listing, press or say "5" 7126. If the user selects "5", the DAN 8100 returns the 

user to FIG. 70, BOX 7006, where the user can begin to search for a new listing 7130. If the user 

does not select "5", the automated telephone system instructs the user, "To be connected to a 

Directional Assistance Operator, press or say "O", or stay online" 7132. The automated telephone 

system then forwards the user, to a live directional assistance operator for assistance 7134. 

[0638] Now referring to FIG. 72, the automated telephone system instructs the user, "Please 

speak the name of the business or residents you wish to find" 7200. The automated telephone 

system waits for the user to speak the name of the desired business or person 7202. The voice 

interface software 8105 and voice mapping software 8110 within the DAN 8100 converts the 

user's spoken words into text 7204. The DAN 8100 matches the text against names within the 

PSTN phone location database 8145, which may be internal or external to the DAN 8100, BOX 

7206. The automated telephone system then informs the user, "We have located "X" number of 

possible match(s)" 7208. 

[0639] Still referring to FIG. 72, the automated telephone system then instructs that user, "For 

directions to "listing I" located at "address I", with a phone number of "phone number I", press 

or say I" 7210. The automated telephone system then waits a specified period of time for the 

user to respond by selecting "I" 7212. If the user selects "I", the user's choice is logged into the 

DAN 8100, and the DAN 8100 forwards the user to FIG. 75, BOX 7500, for further processing 

7214. If the user does not respond by selecting "I", the automated telephone system instructs the 

user, "For directions to "listing 2" located at "address 2", with a phone number of "phone number 

2", press or say "2" 7216. The automated telephone system then waits a specified period of time 

for the user to respond by selecting "2" 7218. If the user selects "2", the user's choice is logged 

into the DAN 8100, and the DAN 8100 forwards the user to FIG. 75, BOX 7500, for further 

processing 7220. If the user does not respond by selecting "2", the automated telephone system 
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instructs the user, "For directions to "listing 3" located at "address 3 ", with a phone number of 

"phone number 3 ", press or say "3" 7222. The automated telephone system then waits a specified 

period of time for the user to respond by selecting "3" 7224. If the user selects "3", the user's 

choice is logged into the DAN 8100, and the DAN 8100 forwards the user to FIG. 75, BOX 

7500, for further processing 7226. 

[0640] Again referring to FIG. 72, if the user does not respond by selecting "3 ", the automated 

telephone system instructs the user, "To repeat the previous listing(s), press or say "4" 7228. The 

automated telephone system then waits a specified period of time for the user to respond by 

selecting "4" 7230. If the user selects "4", the DAN 8100 returns the user to FIG. 72, BOX 7210, 

were listings are repeated by the DAN's automated telephone system. If the user does not select 

the automated telephone system instructs the user, "To request a new listing, press or say "5" 

7232. The automated telephone system then waits a specified period of time for the user to 

respond by selecting "5" 7234. If the user selects "5", the DAN 8100 returns the user's query to 

FIG. 70, BOX 7006, were a new query process can begin 7236. If the user does not select "5", 

the automated telephone system instructs the user, "To be connected to a Directional Assistance 

Operator, Press "O", or say on the line" 7238. The user's call is then forwarded to a live operator 

for assistance 7240. 

[0641] Now referring to FIG. 73, the automated telephone system instructs the user, "Please 

speak the category of business you wish to find" 7300. The automated telephone system waits 

for the user to speak the name of the desired business category 7302. The voice interface 

software 8105 and voice mapping software 8110 within the DAN 8100 converts the user's 

spoken words into text 7304. The DAN 8100 matches the text against categories within the 

PSTN phone location database 8145 that most closely correspond to the user's geographic 

location 7306. If the DAN 8100 does not find any listings within the user's selected category 

7308, the automated telephone system informs the user, "No listings were found in this category" 

7336. The automated telephone system then instructs the user, "To request a new listing, press or 

say 5" 7338. The DAN 8100 then waits a specified period of time for the user's response 7340. 

If the user selects "5", the user is returned to FIG. 70, BOX 7006, for an opportunity to select a 

new listing 7342. If the user does not select "5", the automated telephone system instructs the 
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user, "To be connected to a Directional Assistance Operator, Press "O", or say on the line" 7344. 

The user's call is then forwarded to a live operator for assistance 7346. 

[0642] Still referring to FIG. 73, if the DAN 8100 finds the requested category, the listings 

contained within that category are sorted according to distance from the user's geographic 

location 7310. The automated telephone system then informs the user, 'We have located "X" 

number of possible match(s)" 7312. The number "found" listings that are actually available to the 

user can be set within the DAN 8100 so as only to provide, for example, only the three closest 

listings within the selected category. 

[0643] Still referring to FIG. 73, the automated telephone system then instructs that user, "For 

directions to "listing I" located at "address I", with a phone number of 'phone number I ",press or 

say "I" 7314. The automated telephone system then waits a specified period of time for the user 

to respond 7316. If the user selects" I", the user's choice is logged into the DAN 8100, and the 

DAN 8100 forwards the user to FIG. 75, BOX 7500, for further processing 7318. If the user 

does not respond, the automated telephone system instructs the user, "For directions to 'listing 2" 

located at "address 2", with a phone number of "phone number 2", press or say '2" 7320. The 

automated telephone system then waits a specified period of time for the user to respond 7322. If 

the user selects "2", the user's choice is logged into the DAN 8100, and the DAN 8100 forwards 

the user to FIG. 75, BOX 7500, for further processing 7324. If the user does not respond, the 

automated telephone system instructs the user, "For directions to "listing 3" located at "address 

3", with a phone number of "phone number 3", press or say "3" 7326. The automated telephone 

system then waits a specified period of time for the user to respond 7328. If the user selects "3 ", 

the user's choice is logged into the DAN 8100, and the DAN 8100 forwards the user to FIG. 75, 

BOX 7500, for further processing 7330. 

[0644] Again referring to FIG. 73, if the user does not respond, the automated telephone system 

instructs the user, "To repeat the previous listing(s), press or say "4" 7332. The automated 

telephone system then waits a specified period of time for the user to respond 7334. If the user 

selects "4", the user is returned to FIG. 73, BOX 7314, were listings are repeated through the 

DAN's automated telephone system. If the user does not select "4", the automated telephone 
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system instructs the user, "To request a new listing, press or say "5" 7338. If the user selects "5", 

the user's query is returned to FIG. 70, BOX 7006, were a new query process can begin 7342. If 

the user does not select "5", the automated telephone system instructs the user, "To be connected 

to a Directional Assistance Operator, Press "O", or say on the line" 7344. The user's call is then 

forwarded to a live operator for assistance 7346. 

[0645] Now referring to FIG. 74, the automated telephone system instructs the user, "Please 

speak the complete Street address including city and state, to receive phone number and 

directions to that address" 7400. The automated telephone system waits for the user to speak the 

name of the desired business or person 7402. The voice interface software 8105 and voice 

mapping software 8110 within the DAN 8100 converts the user's spoken words into text 7404. 

The DAN 8100 matches the text against addresses within the PSTN phone location database 

7406. The automated telephone system then informs the user, "We have located "X" number of 

possible match(s)" 7408. 

[0646] Still referring to FIG. 74, the automated telephone system then instructs the user, "For 

directions to "listing I" located at "address I", with a phone number of "phone number I", press 

or say I" 7410. The automated telephone system then waits a specified period of time for the 

user to respond 7412. If the user selects I", the user's choice is logged into the DAN 8100, and 

the DAN 8100 forwards the user to FIG. 75, BOX 7500, for further processing 7414. If the user 

does not respond, the automated telephone system instructs the user, "For directions to "listing 2" 

located at "address 2", with a phone number of "phone number 2", press or say "2" 7416. The 

automated telephone system then waits a specified period of time for the user to respond 7418. If 

the user selects '2" the user's choice is logged into the DAN 8100, and the DAN 8100 forwards 

the user to FIG. 75, BOX 7500, for further processing 7420. If the user does not respond, the 

automated telephone system instructs the user, "For directions to "listing 3" located at "address 

3", with a phone number of "phone number 3", press or say "3" 7422. The automated telephone 

system then waits a specified period of time for the user to respond 7424. If the user selects "3", 

the user's choice is logged into the DAN 8100, and the DAN 8100 forwards the user to FIG. 75, 

BOX 7500, for further processing 7426. 
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[0647] Again referring to FIG. 74, if the user does not respond, the automated telephone system 

instructs the user, "To repeat the previous listing(s), press or say "4" 7428. The automated 

telephone system then waits a specified period of time for the user to respond 7430. If the user 

selects '4", the DAN 8100 returns the user to FIG. 74, BOX 7410, where listings are repeated. If 

the user does not select "4", the automated telephone system instructs the user, "To request a new 

listing, press or say "5" 7432. If the user selects "5", the user's query is returned to FIG. 70, BOX 

7006, were a new query process can begin 7436. If the user does not select "5", the automated 

telephone system instructs the user, "To be connected to a Directional Assistance Operator, Press 

"O", or say on the tine" 7438. The user's call is then forwarded to a live operator for assistance 

7440. 

[0648] Now referring to FIG. 75, the automated telephone system instructs the user, "To receive 

directions based on fastest travel time with current traffic conditions, press or say I" 7500. The 

automated telephone system waits a specified period of time for the user to respond 7502. If the 

user does not respond with a specified period of time, the query process is forwarded to FIG. 76, 

BOX 7600, for further processing 7506. If the user does select" I", the traffic monitoring 

software 8125 and routing software 8120, within the DAN 8100, plots the user's location and 

location of the selected destination, and determines a selected number of possible logical routes. 

The routes are sent to the DAN's traffic monitoring software and routing software 7504. The 

traffic monitoring software 8125 and routing software 8120 queries the wireless network's ULD 

900 to examine the flow of traffic based on the movement and density of wireless devices, and 

calculates the fastest route based on available information including traffic movement, speed 

limits (if available) and distance 7508. 

[0649] Still referring to FIG. 75, upon determining the fastest route, the traffic monitoring 

software 8125 and routing software 8120 then calculates direction, distance, and estimated travel 

time 7510. The automated telephone system then informs the user, "Your destination is "X' miles 

"North/South" and "Y" miles "East/West", with an estimated driving distance of "W" miles. 

Current travel time is estimated at 'I' minutes" 7512. The automated telephone system then 

instructs the user, "To continue with these directions and receive the travel plans, press or say "I" 

7514. The automated telephone system then waits a specified period of time for the user to select 
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I" 7516. If that user does not respond with within a specified period of time, the automated 

telephone system then instruments the user, "To repeat the previous information, press or say "2" 

7528. The automated telephone system then waits a specified period of time for the user to select 

'2" 7530. If the user responds by selecting '2", the DAN 8100 returns the user to FIG. 75, BOX 

7512. If the user does not select "2" within a specified period of time, the automated telephone 

system then instruments the user, To return to the main menu, or to enter a new destination, press 

or say "3" 7532. The automated telephone system then waits a specified period of time for the 

user to select "3" 7 534. If the user responds by selecting "3 ", the user is returned to FIG. 7 0, 

BOX 7006 to began a new query 7536. If the user does not select "3" within a specified period of 

time, the automated telephone system then informs the user, "Thanking you for using the 

Direction Assistance Service", and the call is terminated 7526. 

[0650] Again referring to FIG. 75, BOX 7516, if the user selects "I", the automated telephone 

system then instructs the user, "To repeat these directions at anytime, press or say "9". The 

directions are as follows, "XXXXXX" 7518. The automated telephone system then instructs the 

user, "To be instructed when to turn, to receive a notice when the fastest route to changes due to 

traffic conditions, or to receive a map of the travel plan, press or say I" 7520. The automated 

telephone system then waits a specified period of time for the user to select "I" 7522 . . If the user 

responds by selecting "I", the user is forwarded to FIG. 79, BOX 7900 for further processing 

7524. If the user does not select "I" within a specified period of time, the automated telephone 

system then informs the user, "Thanking you for using the Direction Assistance Services", and 

the call is terminated 7526. 

[0651] Now referring to FIG. 76, the automated telephone system instructs the user, "To receive 

directions based shortest travel distance, press or say "2" 7600. The automated telephone system 

waits a specified period of time for the user to respond 7602. If the user does not respond with a 

specified period of time, the DAN 8100 forwards the query process to FIG. 77, BOX 7700, for 

further processing 7606. If the user does select "2", the traffic monitoring software 8125 and 

routing software 8120 comprised within the DAN 8100, plots the user's location, and location of 

the selected destination, and determines the shortest possible logical route 7604. The traffic 

monitoring software 8125 and routing software 8120 then determines the direction, distance, and 
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estimated travel time 7610. The automated telephone system then informs the user, "Your 

destination is "X" miles "North/South" and "Y" miles "East/West", with an estimated driving 

distance of "W" miles. Driving time is estimated at "Z" minutes" 7612. The automated telephone 

system then instructs the user, "To continue with these directions and receive the travel plans, 

press or say "I" 7614. The automated telephone system then waits a specified period of time for 

the user to select "I" 7616. If that user does not respond with within a specified period of time, 

the automated telephone system then instructs the user, "To repeat the previous information, 

press or say "2" 7628. The automated telephone system then waits a specified period of time for 

the user to select "2" 7630. If the user responds by selecting "2", the user is returned to FIG. 76, 

BOX 7612. If the user does not select "2" within a specified period of time, the automated 

telephone system then instructs the user, "To return to the main menu, or to enter a new 

destination, press or say "3" 7632. The automated telephone system then waits a specified period 

of time for the user to-select "3" 7634. If the user responds by selecting "3", the DAN 8100 

returns the user to FIG. 70, BOX 7006 to began a new query 7636. If the user does not select "3" 

within a specified period of time, the automated telephone system then informs the user, 

"Thanking you for using the Directional Assistance Services", and the call is terminated 7626. 

[0652] Again referring to FIG. 76, BOX 7616, if the user selects "I", the automated telephone 

system then instructs the user, "To repeat these directions at anytime, press or say "9". The 

directions are as follows, "XXXXXX" 7618. The automated telephone system then instructs the 

user, "To be instructed when to turn, or to receive a map of the travel plan, press or say "I" 7620. 

The automated telephone system then waits a specified period of time for the user to select "I" 

7622 . . If the user responds by selecting" I", the DAN 8100 forwards the user to FIG. 79, BOX 

7900 for further processing 7624. If the user does not select "I" within a specified period of time, 

the automated telephone system then informs the user, "Thanking you for using the Directional 

Assistance Services", and the call is terminated 7626. 

[0653] Now referring to FIG. 77, the automated telephone system instructs the user, "To be 

connected to your selective listing, press or say "3" 7700. The automated telephone system waits 

a specified period of time for the user to respond 7702. If the user does select "3 ", the automated 

telephone system connects the user to their selected listing 7704. If the user does not respond by 
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selecting "3" within a specified period of time, the automated telephone system instructs to user, 

"To repeat these choices, press or say "4" 7706. If the user does select '4", the automated 

telephone system returns the user to FIG. 75, BOX 7500, and the query process continues 7710. 

If the user does not respond by selecting "4" within a specified period of time, the automated 

telephone system instructs to user, "To return to the main menu or to enter a new destination, 

press or say "5" 7712. If the user does select "5", the automated telephone system returns the user 

to FIG. 70, BOX 7006, and the query process starts over 7716. If the user does not respond by 

selecting "5" within a specified period of time, the automated telephone system returns the user 

to FIG. 70, BOX 7046 and the user is connected to a live Directional Assistance Operator 7718. 

[0654] Now referring to FIG. 78, the automated telephone system instructs the user, "Please dial 

the area code and phone number of the wireless communications device you want to locate 7800. 

The automated telephone system then waits a specified period for time for the user to respond by 

dialing the wireless communications device's phone number the user wishes to find 7802. If the 

user does not respond within the specified period of time, the automated telephone system 

instructs the user, "To request a new listing, press or say 4" 7832. If the user does respond within 

the specified period of time, the telephone phone number is logged into the DAN 8100 and the 

telephone number is matched against telephone numbers within the wireless communication 

network's ULD 900, BOX 7804. The DAN 8100 then determines if the requested telephone 

number is located 7806. 

[0655] Still referring to FIG. 78, BOX 7806, if the phone number is not found, the automated 

telephone system instructs the user, "The wireless communications device (WCD) you are trying 

to locate cannot be found at this time. Please record and message for the wireless 

communications device's user, or press "4" for more options." If the user selects "4", the query is 

forwarded to FIG. 78, BOX 7832, to begin a new query 7808. If the user does not selected "4", 

the DAN's voice mail system records the caller's message. The DAN 8100 searches for the 

wireless communications device periodically. When the wireless communications device is 

located, the DAN 8100 calls the wireless communications device and plays the recorded message 

7810. 
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[0656] Again referring to FIG. 78, BOX 7806, if the phone number is found, the automated 

telephone system tells the user, "We have located the phone number "XXX-XXX-XXXX" 7812. 

The automated telephone system then tells the user, "For current location of the wireless 

communications device, press or say "I" 7814. The automated telephone system then waits a 

specified period of time, for the user to respond by pressing I" 7816. If the user does not select 

"I", the automated telephone system forwards the user to FIG. 78, BOX 7832, to request a new 

listing. If the user does select "I", the DAN's geographic database mapping software 8155 criss

cross lat/long geographic database 8150 and then converts the longitude and latitude coordinates 

provided by the wireless communication network's ULD 900 to a street address format 7818. 

The automated telephone system then informs the user of the Street address by saying, "The 

wireless device is currently located at "XXXXXXXX" 7820. The automated telephone system 

then instructs the user, "To repeat this location, press or say "2" 7822. The automated telephone 

system then waits for the user to respond by selecting "2" 7824. If the user does select "2" within 

a specified period of time, the users query is returned to FIG. 78, BOX 7820, in order to repeat 

the location information. 

[0657] Still referring to FIG. 78, BOX 7824, if the user does not select "2" within the specified 

period of time, the automated telephone system then instructs the user, "To receive a map of the 

wireless device's location, or to track the wireless device, press or say "3" 7826. The automated 

telephone system then waits for the user to respond within a selected period of time by selecting 

"3" 7828. If that user does select "3" within the specified period of time, the DAN 8100 logs the 

user's choice and forwards the user's query to FIG. 79, BOX 7900, for further processing 7830. 

Again referring to FIG. 78, BOX 7828, if the user does not select "3" within the specified period 

of time, the automated telephone system instructs the user, "To request a new listing, press or say 

"4" 7832. The automated telephone system then waits for the user to respond by selecting "4" 

7834. If the user selects "4" within the specified period of time, the user's query is forwarded to 

FIG. 70 BOX 7006 to begin a new query 7836. If that user does not select "4" with them the 

specified period of time, the automated telephone system instructs the user, "To be connected to 

the Directional Assistance Operator, press "O" or stay on the line" 7838. The user is then 

forwarded to a live Operator for assistance 7840. 
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[0658] Now referring to FIG. 79, the automated telephone system instructs the user, "To have a 

map and travel plans sent to your wireless device via a page, press or say "I" 7900. The 

automated telephone system then waits for the user to respond by selecting "I" 7902. If the user 

selects "I", the DAN 8100 sends a map and travel plans to the standardization/conversion 

hardware/software 8160 to convert the map and travel plan to a format which will interface with 

the protocol of the user's wireless device. The map and travel plans are sent to the user's wireless 

device via a page and are updated if the user requests an update as traffic conditions change to as 

to offer a faster route. The user can also be notified when to tum if the DAN 8100 monitors the 

user's location and pages the user when the user is approaching a tum 7904. 

[0659] Again referring to FIG. 79, BOX 7902, if the user does not select I', the automated 

telephone system instructs the user, "To have a map and travel plans sent to your e-mail address, 

press or say '2" 7906. The automated telephone system then waits for the user to respond by 

selecting "2" 7908. If the user selects "2", the DAN 8100 instructs the user to enter their e-mail 

address via keypad/keyboard, voice recognition, interactive display screen or other. The DAN 

8100 then sends a map and travel plans to the standardization/conversion hardware/software 

8160 to convert the map and travel plan to a format which will interface with the protocol of the 

user's e-mail service and navigational program. The map and travel plans are sent to the user's e

mail address and are updated if the user requests an update as traffic conditions change to as to 

offer a faster route. The user can also be notified when to tum if the DAN 8100 monitors the 

user's location and e-mails the user when the user is approaching a tum 7910. 

[0660] Again referring to FIG. 79, BOX 7908, if the user does not select "2", the automated 

telephone system instructs the user, "To have a map and travel plans sent to your fax machine, 

press or say '3" 7912. The automated telephone system then waits for the user to respond by 

selecting "3" 7914. If the user selects "3", the DAN 8100 instructs the user to enter the area code 

and telephone number were the faxes are to be sent. The DAN 8100 then sends a map and travel 

plans to the standardization/conversion hardware/software 8160 to convert the map and travel 

plan to a format, which will interface with the protocol of the user's Fax machine/program. The 

map and travel plans are sent to the user's fax machine and are updated if the user requests an 

update as traffic conditions change to as to offer a faster route. The user can also be notified 
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when to turn if the DAN 8100 monitors the user's location and fax the user when the user is 

approaching a turn 7816. 

[0661] Again referring to FIG. 79, BOX 7914, if the user does not select "3", the automated 

telephone system instructs the user, 'To track a wireless device and have a map of their location 

sent to your wireless device, e-mail or fax, press or say "4" 7918. The automated telephone 

system then waits for the user to respond by selecting "4" 7920. If the user selects "4", the DAN 

8100 instructs the user to enter whether the tracking and map information should be sent to their 

wireless communication device, e-mail, website, navigational system, computer or fax. The users 

choice can be entered via a keyboard/keypad, voice recognition, interactive display screen or 

other. The DAN 8100 then instructs the user to input the wireless device area code and phone 

number, e-mail address, website address, navigational system address, computer address and/or 

area code and telephone number were the map and location information is to be sent regarding 

the wireless device being monitored. The DAN 8100 then sends a map and travel plans to the 

standardization/conversion hardware/software to convert the map and travel plan to a format, 

which will interface with the protocol of the user's wireless device, e-mail, website, navigational 

system, computer system or Fax machine/program. The map and location information are sent to 

the user's wireless device, e-mail, website, navigational system, computer system or fax machine 

and are updated if the user requests an update, as monitored wireless device travels from one 

location to another, or from time to time 7922. 

[0662] Again referring to FIG. 79, BOX 7920, if the user does not select "4", the automated 

telephone system instructs the user, "To repeat these choices, press or say "5" 7924. The 

automated telephone system then waits for the user to respond by selecting "5" 7926. If the user 

selects "5", the users query is returned to FIG. 79, BOX 7900, to repeat the choices 7928. 

[0663] Again referring to FIG. 79, BOX 7926, if the user does not select "5", the automated 

telephone system instructs the user, "To return to the main menu, press or say 11 611 7930. The 

automated telephone system then waits for the user to respond by selecting 1611 7932. if the user 

selects 11 611
, the users query is returned to FIG. 70, BOX 7006, to restart the query process 7934. 

If the user does not select 11 611
, the automated telephone system returns the user to FIG. 70, BOX 
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7046, to be connected with a Directional Assistance Operator 7936. 

[0664] FIG. 80 is a flowchart describing the operation of the DAN's traffic monitoring software 

8125 and routing software 8120. To begin the query process, the traffic monitoring software 

8125 and routing software 8120 plots the user's location. If the user is calling from a wireless 

device, the DAN 8100 queries the wireless network's ULD 900 to retrieve the user's longitude 

and latitude coordinates. The DAN 8100 then converts the longitude and latitude coordinates to a 

street address or location. This location is plotted into the traffic monitoring software 8125 and 

routing software 8120. If the user is calling from a landline within a PSTN 8138, the DAN 8100 

retrieves the users location from the PSTN phone location database 8145. Then the DAN 8100 

plots the street address provided by the PSTN phone location database into the traffic monitoring 

software 8125 and routing software 8120 BOX 8000. 

[0665] Still referring to FIG. 80, the DAN 8100 then plots the user's desired destination by 

cross-referencing and retrieving the destination information from the PSTN phone location 

database 8145. If the user has entered more than one destination, the DAN 8100 can plot 

multiple destinations for route planning purposes 8002. The traffic monitoring software 8125 and 

routing software 8120 them determines a selected number of possible logical driving routes and 

the distance in miles or meters for each possible route 8004. The traffic monitoring software 

8125 and routing software 8120 then examines the movement of wireless devices that are 

traveling the possible logical routes to determine average speed or number of wireless devices on 

the possible logical routes 8006. The traffic monitoring software 8125 and routing software 8120 

then calculates the estimated travel time for each route in order to determine the shortest possible 

travel time. Routes are considered in order of miles/meters from shortest to longest. The basic 

formula to obtain the travel time for a possible route is as follows: 

Distance (miles/meters) X Average Speed (Miles/Meters Per Hour)= Route Travel Time 

[0666] This is the basic formula, but other formulas may be entered into the traffic monitoring 

software 8125 and routing software 8120 to include such things as number of wireless devices on 

a route, weather conditions, posted speed limits, train schedules, road work, road closures, 
184 

TX1000-Cl2 



historical average speeds based on time of day/year, etc. 8008. The traffic monitoring software 

8125 and routing software 8120 informs the user of the shortest or fastest route (as per their 

request) and sends the travel plan and map to the user if requested, in the form the user requested 

(Page to wireless device, e-mail, fax, etc.). If the user has requested to receive updates, the traffic 

monitoring software 8125 and routing software 8120 monitors the users location and informs 

them of faster routes, when to tum, and other requested items 8010. 

Detailed Description of the Preferred Embodiment 

[0667] The directional assistance network (DAN) 8100 is a machine and process that provides a 

dynamic location routing system and directional assistance to an entity though a variety of 

remote methods. One objective of the DAN 8100 is to provide a means for an entity to request 

mapping, voice, or other methods of directions that would give the said entity directions from 

entity's current geographic location to entity's target location. The routing system allows a. 

plurality of devices to connect to the DAN 8100 and request directional assistance to a plurality 

of target locations. 

[0668] The claimed entities could exist as a: 

Wireless device user 

Land line phone user 

Internet (world-wide-web) user 

Intranet user 

- Non-human element such a software package 

Voice-over IP network user 

Dial-up user 

Other user selected entities 

[0669] The geographic location based technology would allow the said users to be routed along a 

path that would take the most direct or most timely route to the user's selected destination. For 

example, a user of a wireless device could query the DAN 8100 for a display of the user's current 

location on a street map, and the fastest driving route to the user's place of employment, based on 

current traffic conditions, distance, and other user defined attributes from available sources. The 
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routing software 8120 within the DAN 8100 facilitates this process. The routing software 8120 

allows a discrete computational analysis of traffic conditions based on recorded data from a 

plurality of sources. Current day realizable sources of this information are: data sampling from a 

wireless network, live national traffic alert databases, local traffic database entries, traffic cams, 

traffic radar gun" database, direct user input, or other available sources. 

[0670] The DAN 8100 also comprises traffic monitoring software 8125 that monitors traffic 

conditions in real time by, for example, tracking the movement of a plurality of wireless devices 

to determine the location of slow moving traffic. The routing software 8120 uses the traffic 

monitoring software 8125 to determine routing information, in order to provide directional 

assistance. This directional assistance is deliverable to the above listed entities. 

[0671] The user can select routing information based on the following: 

Time to destination 

Distance to destination 

Alternate routes based on 'way points' set by user 

Scenic routes (pre-programmed scenic information comprised within a criss-cross 

lat/long geographic database 8150) 

Routes bases on probability of reaching a destination within time constraints 

Routes to alternate locations of similar interest (Hospitals, etc) 

Routes based on user preferences established in a local preferences database. 

[0672] The first step of the routing software's 8120 is to retrieve the current geographic location 

of the requesting entity. The DAN 8100 retrieves the users current geographic location using the 

device location software 8115. The device location software 8115 allows the location of a 

wireless device, (and-fixed, Internet, or other user defined entity to be obtained. The device 

location software 8115 has the ability to query external sources for information. In the case of a 

wireless network, the device location software 8115 would analyze wireless network parameters 

and data at the base station controller (BSC) 206 or the MTX 130 for call information to 

determine the location of a wireless device. 
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[0673] An additional technology that would allow rapid access to this data would be a dynamic 

database or system designed to store and hold information including latitude and longitude of the 

said wireless devices. 

[0674] The supporting databases required for the above claimed software to function include a 

criss-cross lat/long geographic database 8150. The crisscross at/long geographic database 8150 

contains latitude and longitude information correlating to actual street locators, such as a 

directory of listings of business and residential address locations and contact information. Scenic 

locations, hospitals, and other 'categorized' locations could be extrapolated from this database. 

[0675] The geographic database mapping software 8155 controls the criss-cross lat/long 

geographic database 8150. The geographic mapping software 8155 allows multiple simultaneous 

requests, and is responsible for both resolving addressing information to latitude/longitude 

coordinates and resolving latitude/longitude coordinates to addressing information. To effective 

processing, the external connections to the criss-cross lat/long geographic database 8150, and 

primary logic software 8101, can utilize an ATM type packet routing. The ATM type pocket 

routing will allow very fast switching times and transfer speeds. 

[0676] To allow the entities to access the claimed primary embodiment, the DAN 8100 contains 

two similar software packages. The first software package is the voice interface software 8105. 

The voice interface software 8105 allows the user to access the functionality of the DAN 8100 

via the human voice, To interpret the voice signal of the user, the voice interface software 8105 

works with the voice mapping software 8110. The voice mapping software 8110 interprets voice 

signals from the user (spoken words) and converts the voice signals into data inputs for the voice 

interface software 8105. 

[0677] The voice mapping software 8110 allows the user to walk through a series of menus and 

input information. Menus such as "press I to spell or say the name of your destination" will be 

synthesized and presented to the human user. The user can then respond using their voice, 

"Hospital". The voice mapping software 8110 would then resolve the spoken work "Hospital" 

into a data representation of the term. In addition, the voice mapping software 8110 allows target 
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location information to be resolved into a data-formatted address that can be used along with the 

routing software to route directions, The next software component utilized by the DAN 8100 is 

the data interface software 8130. The data interface software 8130 receives input data in a usable 

format. The data interface software 8130 simply parses the supplied data and passes it to the 

DAN's 8100 primary logic software 8101. 

[0678] The external DAN query interface software 8135 allows external connectivity to the 

DAN 8100. The external DAN query interface software 8135 adapts and standardizes the many 

different physical interfaces and protocols that connects with the DAN 8100. The package is 

very important because it needs to be able to support many sophisticated entities that connects to 

the DAN 8100. The entities supply data in many different ways. These external connections to 

query devices 8140 can be: 

Physical 
o Data connections (Ti, DCI, etc) 

o Telephony connections 

o Wireless network connection 

o Direct Dial-up connection 

Data Formats 

o SQL database entries 

o Scripting 

o Unformatted raw ascii text 

o Formatted text 

o W AP text entries 

Data Interface Protocols 

0 

0 

0 

0 

0 

ftp 

http 

telnet 

dial-up 

direct-connect 
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SMS 

[0679] The external DAN query interface software 8135 takes these external sources and formats 

the data stream that both the data interface software 8130 and the voice mapping software 8110 

use to retrieve information from external sources. 

[0680] The DAN 8100 also includes the standardization/conversion hardware/software 8160. 

The standardization/conversion hardware/software 8160 is listed under the previously referenced 

provisional patent. The standardization/conversion hardware/software 8160 functions under a 

singleinput/single-output (SISO) type control structure, where a single input results in a single 

output. The standardization/conversion hardware/software 8160 receives a command from one 

protocol, and outputs the correct protocol to the receiving machine. 

[0681] The standardization/conversion hardware/software 8160 receives a command from an 

external network connection 8165 or from the primary logic software 8101. The 

standardization/conversion hardware/software 8160 first checks the received protocol against a 

pre-configured protocol, and then checks known types of protocols by querying an internal 

protocol database. If there is a matching protocol found within the internal protocol database, 

then the standardization/conversion hardware/software 8160 the appropriate protocol by 

checking the receive protocol list. The standardization/conversion hardware/software 8160 then 

determines if a conversion can be made. If the standardization/conversion hardware/software 

8160 can convert the protocol command, then the command is sent to the connected device. The 

standardization/conversion hardware/software 8160 waits for another command. If any of the 

decision boxes are "no" than an error is recorded and send back to the sending source. 

[0682] The standardization/conversion hardware/software 8160 differs from the external DAN 

query interface software 8135 in that the DAN 8100 utilizes the standardization/conversion 

hardware/software 8160 to connect to networks or other devices and retrieve information used by 

various subroutines. The general example would be for the DAN 8100 to query a wireless 

network's MTX 130 and then BSC 206 to retrieve user information. 
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[0683] Controlling all the software and hardware of the DAN 8101 is the primary logic software 

8101. The primary logic software 8101 generates and processes the usage and pure control 

commands. Data storage is also part of the primary logic software 8101. The primary logic 

software 8101 must be able to process a large volume of external requests and processes created 

by entities requesting geographic routing information. 

[0684] The recommended physical architecture that the DAN 8100 would reside in a hardware 

that could supply enough bandwidth, memory, physical storage and processing ability to respond 

to an entities geographic routing request in a reasonable amount of time determined by a 

customer. 

[0685] The location that the DAN 8100 could exist can be any of the following: 

At a wireless switching office 

At telephony switching center/PS TN 

Located on the internet (with some static/dynamic range of IF addresses) 

[0686] In alternate embodiments where the DAN 8100 is located at locations other than a 

wireless network, additional equipment will need to be located at a wireless switch. The DAN 

linking software 8300 allows remote queries of the wireless switch. The DAN linking software 

8300 connects to thee-mobility services 144 that links to the MTX 130. The DAN linking 

software 8300 includes the interim linking software 8515. The interim linking software 8515 

negotiates and retrieves data from the MTX 130 or the BSC 206 components of a wireless 

switch. In addition, the DAN linking software 8300 includes packet routing software/hardware 

8520 that allows packets to be passed from wireless devices (the W AP/e-mobility connections) 

to the DAN 8100 that is remotely located. The DAN linking software 8300 also includes the 

DAN data query software 8525 to manage the methods used to query the local wireless networks 

hardware/ software. 
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[0687] Routing Methodology to obtain directions for requesting entity 

When an entity connected to the DAN 8100 requests directions to an address or location, the 

DAN 8100 must have access to data sources that gives the location of the wireless device and the 

target location. 

[0688] The following are examples of data sources for obtaining this information: 

User location database (ULD) - containing mobile device location information 900 

User location database coordinator (ULDC) - Containing ability to query multiple ULD's 

908 

Direct query of MTX 130 or BSC 206 for location of wireless devices Location 

information calculated by GPS at/in the wireless device 

Public addressing database containing addressing for location queried by wireless device. 

PSTN Database with a correlated latllong information for a fixed device, 8145 

Location information sent from the querying device to the DAN 8100 

When a wireless device requests directions to a location the following steps to carry out this 

process: 

The DAN determines the wireless devices current location in terms of latitude/longitude 

and converting to postal addressing relative to roadways. 

The DAN then determines the location of the target 

The DAN then calculates the route to the target through current streets and roads 

[0689] The DAN 8100 determines the wireless devices' location with the use of the criss-cross 

lat/long geographic database 8150, latitude/longitude coordinates obtained by GPS systems on 

the wireless device, a location retrieved though a ULD 900 or ULDC 908, or similar device that 

calculates the current location. 

[0690] The criss-cross lat/long geographic database 8150 can convert either an address to a 

latitude/longitude coordinate or a latitude/longitude coordinate into an address. After obtaining 

the location of the device in latitude/longitude coordinate form the information is processed and 

converted to standard addressing. 
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[0691] Next, the DAN 8100 determines the target's location. The target location address could be 

resolved by querying a public addressing database for known locations. If the target location is 

another wireless device, the location would be retrieved though a ULD 900, or ULDC 908, or by 

querying the MTX 130 and/or the BSC 206 controlling the target wireless device, then converted 

to a standard address by the criss-cross lat/long geographic database 8150. 

[0692] Next, the DAN 8100 determines the most efficient route to the target address. While 

current commonly known software can accomplish this task, it is limited to resolving routes 

based on: 

Shortest distance (miles/Kilometers) traveled 

Time to arrive at destination 

User sensitive settings such as scenic routes 

[0693] What the commonly used software lacks is the ability to compensate for current road 

conditions (traffic jams, weather, etc). The DAN 8100 has the ability to resolve routes using 

information obtained from a wireless network or from other traffic databases, to determine the 

fastest route in units of time or distance. The routing software 8125 initially determines the route 

using commonly known methods, but then uses a unique and new method to check the level of 

traffic congestion along the route. 

[0694] The level of traffic congestion can be determined from either gathering information from 

traffic databases or from obtaining the location of devices on a wireless network. To gather the 

location of devices on any given segment of a road or route, data can be gathered from a MTX 

130, in combination with a ULD 900 or ULDC 908, or direct query of the MTX 130 or the BSC 

206. 

The information obtained from the ULD/ULDC/Direct Query includes the following: 

- Number of wireless devices on the route calculated to target location 

Location of wireless devices on the route calculated to target location 

Current state (active/standby) of wireless devices along calculated route 
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[0695] The routing software 8120 uses the route wireless device information to determine the 

congestion of the route. The congestion is measured by the following calculations. First, the 

location of the wireless devices is correlated to locations on the route. Next, the velocities of the 

wireless devices are calculated. The velocity is calculated by sampling the location of a device at 

fixed time intervals. The routing software 8120 then compares the velocities of the devices to the 

posted speed limits along the different segments of the route. The comparison measures the 

traffic flow and validates the devices that are in the traffic route and not on a sidewalk or other 

close area. 

[0696] In addition, the routing software 8120 calculates the wireless device geographic density 

along the route. Average and normal density would be calibrated depending on the size and 

attributes of the road. For example, a larger road would have a different average density than a 

smaller road. A multilane highway would have a different average density than a two-lane 

highway. The average values for wireless device density on roads would have to be adjusted for 

various road attributes. The routing software 8120 evaluates the current levels and compares 

them to the average value. 

[0697] After the routing software 8120 calculates the traffic density measurement, the routing 

software 8120 evaluates the traffic conditions along any given route. The routing software 8120 

compares the calculated traffic density to a predetermined normal level. 

[0698] The comparison is described by the following: 

Dr= Dc!Dn, where Dr= density ratio, De= current density, and Dn = normal density. 

[0699] Using this formula, the density ratio for any traffic condition is calculated. For example, 

if a current traffic density of a geographic region is 100 units/distance, and the normal density is 

50 units/distance, then the density ratio would be 2. The density ratio corresponds to 2 times or 

200% more traffic than the normal traffic density for that area. 

[0700] The equation that determines the time it would take to cross a geographic segment is 

defined by the following formula: Time = ax e0
r*~ where a is an experimentally determined 
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scaling factor that a network engineer can tune, and ~ is the normal time to cross the geographic 

segment. From this formula it is apparent that when is adjusted the time can be linearly scaled by 

the traffic engineer. It is also apparent that when the value of D changes that the Time changes 

exponentially. This should make since b/c as traffic increases, the time does not increases 

linearly 

[0701] For example, when Dr is 2 (2 times more or 200% the normal traffic) the time to reach 

the destination is not double the time, but less than that amount of time. Using the formula you 

can see the affects of the values of Dr and in FIG. 86 and 87 respectively. 

[0702] After the time calculation is computed an adjusted travel time for the segment is sent to 

the routing software. Alternate routes based on normal traffic travel times are then send and run 

through this algorithm. When the route with least time based on actual traffic conditions is 

found, the DAN 8100 locks the route as the best traffic route. Each segment of the route is 

completed in this method. The result is a complete route from the origin of the device to the 

destination that allows for the quickest travel based on time. 

[0703] The DAN 8100 then sends the resulting route to the wireless device and the wireless 

device displays the route to the user. The user can then travel to the location. If the user desires, 

the software can continually monitor the route and alert the user to changing road conditions and 

report route corrections to the previous calculated directions. The user can then take additional 

detours to further speed the time or distance to the route. 

[0704] If the user requests directions to a wireless device on the wireless network, the calculated 

route would obviously not be a static route. The DAN 8100 would continuously update the route 

as required. The route could be calculated based on the route taken by the wireless device being 

tracked, or by simply using the method above to determining the fastest route to the target. 

The current state of the tracked wireless device would be taken into account. If the tracked 

wireless device were in an active state, then the route would update continuously. However, if 

the tracked wireless device is not active or if current location information is not available, then 

the route would not update, and the DAN 8100 can calculate the route using the last known 
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location of the wireless device. The DAN 8100 would relay the tracked wireless device state to 

the requesting wireless device. 

ALTERNATE EMBODIMENT TO THE DIRECTIONAL ASSISTANCE NETWORK 

[0705] The primary embodiment refers to a system that users on a plurality of devices 

(wireless/fixed location) may obtain directional mapping from their current locations. The DAN 

8100 can also be implemented by an alternate method. The alternate method would include 

directional mapping databases and software integrated into its system. The method would not 

take into consideration traffic density and other variables that would affect directional routing. 

[0706] For the alternative method to work the wireless device would need to contain a map and a 

latitude/longitude referenced database of target locations. The databases could be cities, 

metropolitan areas, states, countries, or other variable sized geographic areas. The map would 

need to contain information on the current location of the wireless device. The wireless device 

could obtain the current location information from the device itself using GPS or from the 

wireless network. 

[0707] The database would need a large storage medium that could be created on a plurality of 

mediums including but not limited to: 

Hard Disk 

Micro Drive 

Optical Storage Medium (CD/DVD/etc) 

Flash Memory Device 

Memory Card 

EPROM 

EEPROM 

Removable Storage Medium 

[0708] The alternate embodiment requires the wireless device to have the ability to locate a 

destination based on address, company name, landmark, etc. If the wireless device cannot find 

the destination in the internal database, the wireless device queries the wireless network for the 
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destination information. The wireless network server resolves the request. When the network 

server finds the destination information, it sends back the latitude and longitude of the 

destination to the requesting wireless device. The wireless device stores and appends the 

destination information with the latitude/longitude in the local database for subsequent path 

resolution. If the wireless network server does not find the destination, then the wireless device 

alerts the user that the device could not find the destination. 

[0709] Advantages of the alternative embodiment are the user will be able to: 

Obtain faster routing information 

Not inquire a connection cost 

Not require an active connection to the network 

[0710] To allow faster routing, the wireless device can query the wireless network server for 

traffic congestion information. To allow faster routing of the wireless device in regards to time to 

the destination or for multiple waypoints and then a destination, a query to the server could be 

requested if a network connection is available. This would allow the network to access traffic 

databases that contain information on traffic congestion along a route to be analyzed. Each 

segment of a route could be analyzed and assigned a numerical figure representing the expected 

amount of time to travel through the segment. The routing at the server could then send 

corrections to the device and make alterations to the routing information to improve the results 

given to the user. 

[0711] The connection to the network by a device would require any, but not limited to, the 

following connections that could be resolved and eventually routed to TCP/IP or other I routing 

protocols: 

TCP/IP Network Connection 

IPX/ULD 

PPP/SLIP 

Wireless Networks 

o 2G 

o 3G 
196 

TX1000-Cl2 



o 2.5G 

o GSM 

o TDMA 

o CDMA 

o CDMA2000 

Direct Connection 

[0712] To make the computations the wireless network the following are required: a database of 

a plurality of geographic locations with addressing correlated to latitude and longitudes; software 

to determine the time to travel on a given route; logistic software to determine a faster route; 

interface with the requesting software. 

[0713] The logistics software works by accessing traffic condition databases not claimed by this 

patent. The basic requirement of the databases is to return information that corresponds to the 

traffic density of a roadway or other geographic location. When the logistics software acquires 

this information, the software compares the current traffic density to a predetermihed normal 

level. 

[0714] The resulting route can then (after being calculated) be sent to the wireless device or may 

already exist there and will not need to be updated in this case. The route will then be graphically 

reproduced or printed as text and displayed to the user. The user can then travel to the location. 

Description of Figures 

[0715] FIG. 81 

FIG. 81 describes the structure of the DAN 8100. The figure shows the DAN 8100 with all the 

components logically connected. In addition, the figure illustrates the connectivity of the DAN 

8100 to external sources. The figure also illustrates other devices internal to the DAN 8100. 

[0716] The DAN 8100 contains two external connectivity points. The tandardization/conversion 

hardware/software 8160 connects to an external network connection 8165 and connects the DAN 

8100 to friendly networks used to obtain additional data. The external directional assistance 
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network query interface software 8135 connects to external connections-to query devices 8140. 

The connection point connects to devices/entities that can remotely query the DAN 8100. Both 

the standardization/conversion hardware/software 8160 and the external DAN network query 

interface software 8140 interface with the primary logic software 8101. 

[0717] The primary logic software 8101 handles the primary control and processing for the DAN 

8100. The primary logic software 8101 controls the interaction between the different internal 

components and external interfaces, and processes all requests by the different components. 

[0718] The data interface software 8130 and voice interface software 8105 allow interactivity to 

external entities accessing the DAN 8100. Both components interface with the primary logic 

software 8101. The voice interface software 8105 utilizes the voice mapping software 8110. The 

voice mapping software also interfaces with the primary logic center 8101. 

[0719] The routing software 8120 component interfaces directly with the primary logic software 

8101. The routing software 8120 utilizes the traffic monitoring software 8125. The routing 

software 8120 utilizes the device location software 8115 indirectly. The device location software 

8115 interfaces with the primary logic software 8101. Any access of the device location software 

8115 must be done through the primary logic software 8101. 

[0720] The database attached to the DAN 8100 is the criss-cross latllong geographic database 

8150. The geographic database mapping software 8155 controls and interfaces with the criss

cross at/long geographic database 8150. Both of these components interface with the primary 

logic software 8101. The primary logic software 8101 also interfaces with the PSTN phone 

location database 8145. 

[0721] FIG. 82 

FIG. 82 illustrates the primary embodiment of the invention; the DAN 8100 co-located at a 

wireless network. FIG. 82 displays devices that interact with the DAN 8100. Wireless 

communication device 8205 connects to cellular towers 8235, Via Ti/other connection links 

8232 from the BTS 108, the wireless communication device 8205 connects with the cellular base 
198 

TX1000-Cl2 



station controller (BSC) 206. The BSC 206 links 8227 to the MTX 130. The MTX 130 links to 

thee-mobility services 144. Thee-mobility services 144 links to the DAN 8100. The user 

location database (ULD) 900 and the wireless communications device location software 8270 

also connect to the MTX 130. 

[0722] The MTX 130 links to the packet data network (PDN) 156, and to an internet gateway, 

8255 and finally to the Internet 8260. The MTX 130 also links to a publicly switched telephony 

network (PSTN) 138. The PSTN 138 contains the PSTN phone location database 8145. The 

PSTN 138 connects to fixed location phones 8220 via land lines 142. 

[0723] FIG. 83 

FIG. 83 illustrates the primary embodiment's alternate location; the DAN 8100 located remotely 

via the Internet 8260 at a remote server. FIG. 83 displays devices that ultimately interact with 

the DAN 8100. Wireless communication devices 8205 connect to cellular towers (BTS) 108. Via 

Ti/other connection link 8232 from the BTS 108, the wireless communication devices connect 

with the base station controller (BSC) 206. The BSC 206 links 8227 to the MTX 130. The MTX 

130 links to the packet data network (PDN) 156 that links to the internet gateway 8255. The 

internet gateway 8225 links to the Internet 8260. The DAN 8100 interfaces 8310 the wireless 

network through the Internet 8200. The ULD 900 and the wireless communications device 

location software 8270 also connects to the MTX 130. 

[0724] The MTX 130 links to thee-mobility services 144. Thee-mobility services 144 links to 

the DAN linking software, 8300. The MTX 130 also links to a publicly switched telephony 

network (PSTN) 138. The PSTN 138 contains the PSTN phone location database 8145. The 

PSTN connects to fixed location phones 8220 via land lines 142. 

[0725] FIG. 84 

FIG. 84 illustrates the DAN 8100 remotely located at the PSTN 215. FIG. 84 displays devices 

that ultimately interact with the DAN 8100. Wireless communication devices 8205 connect to 

cellular towers (BTS) 108. Via Ti/other connection link 8232 from the BTS 108, the wireless 

communication devices 8205 connect with the wireless base station controller (BSC) 206. The 
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BSC 206 links 8227 to the MIX 130. The MTX 130 connects to the PSTN 138 and then to the 

DAN 8100. The PSTN connects to other remote PSTN switching centers also. The PSTN 138 

contains the PSTN Phone Location Database 8145. The PSTN 138 connects to fixed location 

phones 8220 via land lines 142. 

[0726] The MIX 130 links to thee-mobility services 144. Thee-mobility services 144 links to 

the DAN linking software 8300. The user location database (ULD) 900 and the wireless 

communications device location software 8270 also connect to the MIX 130. 

[0727] FIG. 85 

FIG. 85 illustrates the DAN linking software 8300 used by the DAN 8100. The DAN linking 

software, 8300, allows the DAN 8100 to interface with wireless networks, when it is remotely 

located. Wireless communications devices 8205 send requests to the DAN 8100 signals via e

mobility services, 144. The interim linking software 8515 receives the signals and routes them to 

the packet rerouting software/hardware 8520. Packets are then routed to the remotely located 

DAN 8100. The DAN data query software 8525 connects to the interim linking software 8515. 

The DAN data query software 8525 allows the DAN 8100 to remotely pass queries to the MTX, 

130, which via the e-mobility services 144. 

[0728] FIG. 86 

FIG. 86 shows the Traffic Time Calculation Performance Based on user or network-defined 

variables. The figure shows the alpha, an experimentally obtained scaling factor, on the traffic 

density-time algorithm. The network engineer determines the value of the variables. As shown, 

the effects of alpha are linearly proportional to the output of the algorithm. So an increase in one 

variable proportionally affects the output of the equation. 

[0729] FIG. 87 

FIG. 87 shows the traffic time calculation performance based on a variable traffic density ratio. 

The effects of Dr, the density ratio is shown to produce an exponential result for the expected 

time to travel on any given route. When the traffic density compared to the normal density level 

increases, as expected the time to travel along that route increases exponentially as well. 
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PRO-ACTIVE TRAFFIC ROUTING SYSTEM 

Overview 

[0730] The traffic control system allows network traffic engineers to optimize traffic flow in 

real-time based on feedback from systems such as the DAN and the LTS. Both of these system 

poll on data from other resources such as the ULD/ULDC and GPS data from mobile devices. 

The location tracking system allows network software located (physically or virtually) at the 

MTX to access information on the movement of mobile devices on a cellular network. 

[0731] These moving devices, tracked by the LTS, can be filtered to include only devices on 

roadways, which is of interest and is used by programs such as the DAN to route users from one 

location to the next allowing them to avoid traffic congestion. This congestion is based on 

mobile unit density on the roadways. 

[0732] Of interest to the traffic control software is the density of traffic along roadway section 

that have various traffic control devices that can be altered remotely. Altering their parameters 

would allow traffic flow to be altered and ease congestion. Automating this process, the traffic 

control software would, in real time, allow traffic congestion reduction over many roadways that 

otherwise would take much longer to implement. These changes are based on various 

methodologies described in the following text. Additionally, basic software architecture for such 

a system is recommended, but does not limit the spirit of this invention. 

[0733] Traffic Control Devices 

To discuss the ability to monitor or control traffic flow, the devices that control this factor should 

be discussed. Not all devices that control traffic flow can be remotely controlled, and thus cannot 

be used by the traffic control software. The devices that can work in this system will be listed 

and discussed in broad terms, as to allow them to apply to many design n a generic sense. 

Particular devices may be extruded from these descriptions and easily adapted to any specific 

setup. 

[0734] The following generic devices are usable for the traffic control system: 
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Intersection Traffic Control Lights 

Highway Inlet Traffic Control Lights 

Variable Speed Limit Roadway Signs 

[0735] Intersection traffic control lights are defined as those lighting systems that include 

roadway intersection of two or more roadways at a single point, with a lighting system that 

directs what road way should cross at any given time. Variables that are affected here are the 

length any roadway may go cross the intersection, and the length of a turn lane being able to 

direct traffic from one lane to the next during that cycle. 

[0736] Highway inlet traffic control lights are a simple way to moderate and control the inlet of 

traffic onto major roadways. These roadways are typically one directional and the inlet is also 

one directional. The lighting system is usually an on/off system. A red light moderates traffic by 

allowing one car though at a time, and then stopping the next car for a time limit, then allowing it 

to pass and enter the highway. The control variable is the hold time between letting cars though. 

[0737] Variable speed limit roadways signs are signs that can alter posted speed limits based on a 

remote signal. The speed limit can be controlled remotely thus allowing the posted limit to 

change and thus control the flow of traffic. The variable here is the posted speed limit. 

[0738] Detecting Traffic Congestion 

Traffic congestion that can be alleviated by a controllable traffic control device must exist at the 

geographic site of the device. In other words, a device cannot alter congestion for which its 

function plays no role. The congestion must be co-located at the devices location, or in its field 

of control. Many devices have a range of control. The specific devices must have their 

characteristics programmed into the software. These characteristics include range and in what 

direction, that the device affects flow control. Also, the flow control depends on the type of 

device. 

[0739] To detect the traffic congestion the traffic control software must know the location of 

each device. The system must then know the range and direction to monitor for congestion. 
202 

TX1000-Cl2 



These characteristics, as described above, will allow a profile to be sent to the LTS for each 

device. The LTS can return the traffic density and average velocity of the mobiles in this region. 

This information will show the levels of congestion. There should be limits at which the system 

will modify default values. It should not be necessary to modify the defaults if there is little 

congestion, as it would result in little or no change to the roadway traffic. 

[0740] More specifically, for a generic system, the traffic can be monitored in all indicated 

directions for the defined distance for each. Some default traffic density value should be defined 

for all directions. Some speed value for traffic can also be assigned. Four possible methods of 

congestion can be used. The first is to use the system in the DAN. The second is to look at the 

average velocity of the devices on a roadway. The third is to look at the density of the 

mobile devices against some default value. The fourth is to look at both the density and the 

velocity of the devices. Using the forth method, a formula such as multiplying the average speed 

and density together to result in a number could allow a basis for more accurate congestion 

detection. Again a default value could be defined as to indicate when it is exceed that traffic 

congestion is bad. An additional value that indicates the severity of congestion could be the 

percent that the roadway is congested over its default value. 

[0741] These methods should be chosen based on need and function on any particular design. 

Further in this description, it will be implied that this method results in two categories, pass and 

fail. Pass is that the threshold is not met and normal traffic exists. Fail indicates that the limit has 

been exceeded and the traffic is above tolerable limits. 

[0742] Described as follows are methods to control and alleviate congestion based on device 

type. 

[0743] Methodology for Alleviating Congestion 

Various methods are needed based on the type of traffic control device. Described for each 

classification of device, are the methodologies to reduce congestion. 

[0744] Intersection Traffic Control Lights 
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The congestion of traffic control lights should be monitored in the direction of the lighting 

system along the intersecting roadways for a reasonable distance. This distance can be defined 

and included in software programming, but a typical value may be 50% of the distance to the 

next intersection controlled by a traffic control light. This value could vary from one traffic 

lighting system to the next. 

[0745] The system should start by analyzing traffic congestion along all roadways at the 

intersection. The roadways should then either be classified as pass or fail. All fail roadways 

should have a percentage calculated that indicates the amount over the default value that they are 

congested. To alleviate the traffic, the roadways that are above the limit should be placed in 

order of descending percent over-congestion. The most congested roadways should have the 

timing adjusted such that they are allowed additional time on the crossing direction of the 

intersection. This would represent a longer green light. This would also scale the turn signal 

direction. The time increase could be proportional to the percent over-congestion. The second, 

and descending congestion roadways could function in a similar manner, but give less than the 

same increase. The roadways with no congestion would have the time crossing decreased. 

[0746] One additional factor is the time to cycle between all roadways (green light offered for 

every roadway in intersection). This should increase by some defined amount based on the 

number of congested roads. There should be a limit though programmed into the software. All 

timings for individual directions should sum up to this time. To accomplish this, it would be 

necessary to decrease the total time allowed for crossing on the non congested directions, when 

and increase occurs in the congested directions. Note, that if no directions are congested, then no 

changing in timing occurs. 

[0747] Highway Inlet Traffic Control Lights 

This system is relatively simple and is based on the ability of the traffic control system to use the 

L TS to determine only the traffic density of the roadway that the inlet lets into. The density 

should examine the average density along the roadway, again using some distance defined for 

the inlet control device. 
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[0748] The period that the device allows cars to pass is inversely proportional to the density of 

the traffic along this distance. A set of criteria should be established that would adjust the timing 

for various densities. Lesser densities mean more cars per unit time can safely enter the highway. 

The converse is similarly true. These exact timings depend on particular roadways and should be 

unique to every device and configured initially based on field experiments. Below is an example 

that demonstrates these criteria for a generic system, using generic values: 

Traffic Density Inlet Entrance Rate 

IO cars/lOOm 20 cars/minute 

20 cars/lOOm 15 cars/minute 

3 0 cars/lOOm IO cars/minute 

40 cars/I OOm 5 cars/minute 

[0749] Variable Speed Limit Roadway Signs 

This is a method very similar to above, but is mainly a safety feature that can reduce the 

possibility of an accident, and thus the primary case for traffic delays, roadside accidents. The 

system is inversely proportional to traffic density as above. The system should poll the L TS for 

device density for a distance defined for the specific device. The speed then should be adjusted 

to levels that are safe for various traffic densities. As cars are closer together, the safe speed limit 

decreases. Various brackets of speed to indicate for various ranges of traffic density could be 

defined and integrated into the software. The traffic control software than can automatically 

adjust the speed values based on traffic density. 

[0750] Basic Software Requirements 

The software architecture of this system is designed so it can be collocated at the MTX or 

virtually hosted elsewhere but assessable to the MTX. The software should have access to the 

L TS and have subroutines written to allow it to submit tracking queries to the LTS to determine 

traffic density and other necessary factors. 

[0751] The system should be designed to have an administrator's option to enable and disable the 

system and any particular devices. The system should allow a device to be added and all its 
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parameters added as well. As each device is added, a device ID can be associated. This device ID 

would allow each device to be distinguished among each other. The system could then send 

electronic signals to the devices though direct or indirect routes to modify parameters on each 

device. These routes can be custom design or pass over public or private networks that connect 

the two points. The devices and their modification methodology are not the focus of this patent, 

however these devices are commonly known technology and software can easily be integrated 

into this that allows remote control to occur. 

CALL ROUTING SYSTEM 

Overview 

[0752] The call routing system allows a user to have calls that are intended for the users mobile 

device, routed to alternate location, based on the current location or the device and its proximity 

to the said alternate locations. The user has the option to supply the phone numbers of devices 

that the user would like it devices to auto-route incoming calls to when the user is near those 

locations, and when the feature is activated. The user also submits a geographic distance from 

the device that when the user's device enters into, will activate the routing feature and allow the 

user the option of having its calls routed to the new device (user is asked if the new location, is 

acceptable for routing by SMS or similar 2-way message from server). When the user exits the 

region near the device (as listed in his preferences) the system again asks if the user wants call to 

be routed back to the users mobile device. If the user has no devices near them, a feature also 

allows nearby public devices to be offered to the user as alternate locations for routing. 

[0753] The call routing system also allows for outing call routing which allows a user, service 

provider or manufacturer to route outgoing calls to selected phone numbers based on the location 

of the wireless device. For example, if a user dials "911" for emergency services, the call will be 

routed to the closest "911" call center, based on the location of the wireless device. An other 

example of the outgoing call routing system would be a user accessing the internet. When the 

user dials to connect to the internet, her call may be routed to a local internet access number 

based on the location of the wireless device. This outgoing call routing system will enable a user 

of a wireless device to optimize the use of his wireless device by receiving better service at a 

lower cost. 
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[0754] System Design and Function 

For the routing system to function, the system must deploy its software at the MTX of a cellular 

provider. An alternate location on a intranet or internet is possible, but would require the MTX to 

link to that service and transport method. The software would rely on a service such as the LTS 

to allow monitoring and tracking of mobile devices. It also requires a database of user 

preferences that include: routing numbers and distance from routing numbers to activate routing. 

Authentication and other system level information for users should also exist. A plurality of 

users may activate the system, and the system will function for all active users. The LTS acts as 

an cooperative program that helps the current embodiment in many ways, as listed below. This 

software requires the flowing methods and function as listed below to be carried out to function 

properly. 

[0755] Determining Location of User 

To allow the system to operate the user of a mobile device must have his or her devices location 

monitored by the network. To do this, various methods exist such as the directional assistance 

network (DAN). The DAN allows a device to be monitored for location and additionally allows 

system events to be triggered based on the location of the device. The main requirement is that 

the location of the device be stored in a database or other location such that an external program 

can queue this information. A possible way to implement this is to use a User Location Database 

or a User Location Database Network. Other methods would be direct querying of the MTX or 

BSC to determine the location of a said mobile device, or a mobile device equipped with location 

information such as GPS or triangulation. 

[0756] Determining Phones Near to User 

To determine the fixed phones near a mobile device the system must first obtain the location of 

the said mobile device. When the system, using any of the above methods as further explained in 

accompanying documentation ( on LTS, ULD, ULDC), has acquired the devices location, it 

stores it to a temporary register (software variable). The system must then check the user 

preferences, as stored in a local or remote configuration file, to determine the routing protocols. 

In this case, it must check the configuration to see if the user has indicated a phone number to 

route calls to. If no number exists then the system can attempt to route the call to any public 
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telephone device in the vicinity. Routing to a private phone system would also be possible, but 

security and privacy concerns would hamper this. But for completeness, the methodology here 

applies to all cases. 

[0757] If the system checks the configuration and no devices are listed, or no devices near the 

mobile device (near implies a distance parameter that is in the configuration file) exist, then the 

mobile devices can be sent a message alerting the user that private devices were found. If this is 

the case, then the user can reply with three options: 

Route to nearest public device 

Route to new private device (user must enter new device ID) 

Turn off Routing 

[0758] Determining Public Phones Near to User 

The user has the option to have the call routed to the nearest public device. If the user chooses 

this option than the system would query the PSTN and retrieve all public phones within the 

following parameters. The system currently would have the geographic location of the mobile 

device. Using the PSTN's public phone network database it would query for a list of devices 

within the mobile devices telecommunication sub-region. These sub-regions are determined by 

the telecommunications company, and having indicated a particular region, the system can then 

retrieve all public device phone numbers. 

[0759] Having done this, the phone numbers can then be submitted again to the PSTN to resolve 

their addresses. Using commonly known techniques the system can then calculate the distance 

form the user (user's device) to the public phone(s) retrieved from the PSTN. The nearest device 

would then be chosen. This device and its address would then be sent to the user via the 

messaging capability of the phone, possible using wireless internet or other e-mobility 

techniques. The user may accept or reject the location. If the user accepts the location then the 

user would have calls that were routed to his mobile devices, rerouted to the public device. If the 

user rejects the location, subsequent locations based on distance can be presented (closest to 

furthest). The user may again either at any time, add a private number, accept the public location, 

or turn off routing. 
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[0760] Determining Fixed (Private) Phones Near to User 

If the user has entered a list of private numbers in the configuration file, or adds a private number 

when no device in its proximity is found, the system can apply a simpler technique than above. 

The system can use the features of the LTS to its advantage by setting alert modes. These alert 

modes will be to create a custom tracking criteria for the device. The tracking criteria would be 

to create circular regions with a radius found in the configuration file, and instruct the LTS to 

alert the program when a user enters/exists these regions. Thus two options can exist when a user 

activates tracking: a user turns on tracking while in a region, a user turns on tracking while not in 

a region. If the user is not in a region then the system will not receive a message from the L TS, it 

can then as above, ask the user if they wish to search for a public device. 

[0761] A second option should be to allow the user to disable public device searching. Thus, a 

user may not be near a routable location (based on locations in a configuration file) but when a 

user does enter a region, the system will be alerted by the LTS. When the system is alerted of a 

user entering a specific region near a listed private phone, then the system will route calls to this 

device. Conversely, when the user exists this region, the LTS will again notify the system and 

the users calls will not be routed. As before with the public system, the user (user's device) will 

be sent a message to ask if routing preferences should be changed. The user can chose to accept 

new routing or decline it. If routing is declined, then the system will ignore the L TS alert when 

the user exists the region of the private line. It should however then receive the alert when a user 

enters another private device region and again prompt the user. 

[0762] Determining Mobile Phone Near to User 

When in the above case a user places in his configuration, or when prompted to add a private 

device (via a message sent to the mobile device), a routing destination that is itself a mobile 

device the system must add another subroutine to handle this. The procedure above for a private 

fixed land phone is the same until the location for the device at the PSTN is queried. At this 

point, the PSTN would return a result that indicates that the device is a mobile phone. The PSTN 

would also indicate the service provider for the device. 

[0763] With this information there are 3 different ways to obtain the location of the device. The 
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first approach is to use the ULDC network to retrieve the devices location. A second, is to query 

the service provider (possibly the same service provider as the active user) through a cooperative 

data sharing agreement and retrieve the mobile location on a ULD. The third option is to directly 

query a BSCIMTX for information to resolve the mobiles location. 

[0764] When the tracking system is activated, all number indicated to be mobile numbers will 

require the system to periodically refresh the location of the devices. This time between 

refreshing can be configured by a system configuration parameter. When the device is refreshed, 

a new tracking criteria will be submitted to the LTS and the old criteria deleted. Besides these 

alteration, the system works just as it did for the land fixed device routing. 

[0765] System Routing Change 

When the mobile device has a new forwarding location the system then forwards this new phone 

number to the routing ability function of the cellular network. This allows external requests from 

outside the MTX (incoming calls) to be forwarded to a new number supplied from the current 

embodiment. 

[0766] Methods to Alert User of Device of Routing Information 

Many methods in current software and hardware designs of cellular networks exists to allow 2 

direction communication from a software program on a MTX/lntranet to communicative with a 

mobile device. Methods which exist now that can accomplish the necessary tasks are: 

SMS 

Wireless Internet 

WML 

Proprietary Software 

[0767] These methods would require the user to respond in some cases. The system would then 

receive a response from the user, which would contain the users phone ID thus allowing the 

system to route the response to the particular mobiles preferences and routing queues. 
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GEOGRAPHIC ADVERTISING SYSTEM 

Summary 

[0768] The geographic advertising system (GAS) is a geographically based advertising system 

which enables the delivery of targeted advertising to and from wireless device users based on 

their geographic location. GAS monitors the movement of wireless users via monitoring 

hardware and software connected to a wireless network or user location database, and when a 

wireless device meets a certain criteria, the wireless device user may by targeted for an 

advertising solicitation. For example, a user of a wireless device who has traveled outside his 

home calling area, may receive a text message on his wireless device telling him of a discount on 

a hotel room in the area. 

[0769] A business initiated solicitation to a wireless device may be triggered by: 

• Distance between wireless device and soliciting business 

• Location of the wireless device's home calling area 

• Demographic information (age, sex, race, etc.) 

• Historic travel patterns 

• If wireless device is currently geographically located at a particular location (For 

example, shopping at the competition's store) 

• Other defined criteria 

• 
• 
• 
• 
• 

[0770] The solicitation may be delivered by; 

A text message to the wireless device 

A phone call to a wireless device 

A message deposited in the users voice mail 

An e-mail 

Postal mail 

[0771] A user of a wireless device may also initiate a solicitation by, for example, requesting the 

prices of hotel rooms within a given geographic radius. 
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[0772] For a user initiated solicitation, the user may sort by: 

• Type of goods and services 

• Name of business providing goods and services 

• Price of goods and services 

• Distance to goods and services 

• Other defined criteria 

[0773] This GAS can work in conjunction with the DAN or other mapping software to provide 

driving directions, for example, to the hotel which is soliciting the user. 

[0774] ACRONYMS 

BSC ............................ . 

BSS MANAGER. ........... . 

BTS ............................ . 

GPS ............................ . 

HLR. .......................... . 

MTX. ......................... . 

PSTN .......................... . 

RF ............................. . 

RSSI ........................... . 

TDOA. ....................... . 

ULD ........................... . 

ULDC .......................... . 

ULDCN ....................... . 

NETWORK 

BASE STATION CONTROLER 

BASE STATION SUBSYSTEM MANAGER 

BASESTATION TRANSCIEVER SUBSYSTEM 

GLOBAL POSITIONING SYSTEM 

HOME LOCATION REGISTER 

METROPOLITAN TELEPHONY EXCHANGE 

PULBLIC SWITCH TELEPHONY NETWORK 

RADIO FREQUENCY 

RECEIVE STRENGTH SIGNAL 

TIME DIFFERENCE OF ARRIVAL 

USER LOCATION DATABASE 

USER LOCATION DATABASE COORDINATOR 

USER LOCATION DATABASE COORDINATOR 

ULDM .......................... USER LOCATION DA TAB SE MANAGER 
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CLAIMS 

WHAT IS CLAIMED IS: 

1. A wireless communications system including: 

a first radio-frequency transceiver within a wireless mobile communications device and 

an associated first antenna to which the first radio-frequency transceiver is coupled, wherein the 

first radio-frequency transceiver is configured for radio-frequency communication with a 

wireless communications network; 

a first processor within the wireless mobile communications device coupled to the at 

least one first radio-frequency transceiver programmed to receive information indicative of a 

location of the wireless mobile communications device from the wireless communications 

network and generate an indication of a location of the wireless mobile communications device 

with respect to geographic features according to mapping information stored within the wireless 

mobile communications device, and wherein the first processor displays to the user navigation 

information according to the location of the wireless mobile communications device with respect 

to the geographic features and a destination specified by the user at the wireless mobile 

communications device; 

at least one second radio-frequency transceiver and an associated at least one second 

antenna of the wireless communications network to which the second radio-frequency 

transceiver is coupled; and 

a second processor coupled to the at least one second radio-frequency transceiver 

programmed to acquire the information indicative of a location of the wireless mobile 

communications device, wherein the second processor selectively acquires the information 

indicative of a location of the wireless mobile communications device dependent on the setting 
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of preference flags, wherein the second processor acquires the information indicative of a 

location of the wireless mobile communications device if the preference flags are set to a state 

that permits tracking of the user of the wireless mobile communications device, and wherein the 

second processor does not acquire the information indicative of the location of the wireless 

mobile communications device if the preference flags are set to a state that prohibits tracking of 

the wireless mobile communications device. 

2. The wireless communications system of Claim 1, wherein the first processor further 

determines the user navigation information. 
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3. The wireless communications system of Claim 1, wherein the first processor is further 

programmed to: 

determine whether or not the mapping information stored within the wireless mobile 

communications device is sufficient to display the navigation information to the user; 

responsive to the first processor determining that the mapping information is sufficient, 

the processor displaying the navigation information to the user; 

responsive to the first processor determining that the mapping information is not 

sufficient, the first processor requesting additional mapping information from at least one other 

processor outside the wireless communications network; and 

responsive to the first processor requesting additional mapping information from at least 

one other processor outside the wireless communications network, the first processor receiving 

the additional mapping information from the at least one other processor outside the wireless 

communications network and the first processor displaying the navigation information to the user 

using the additional mapping information. 

4. The wireless communications system of Claim 3, wherein the first processor further updates 

the mapping information stored within the wireless mobile communications device with the 

additional information received from the wireless communications network. 
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5. The wireless communications system of Claim 4, wherein the first processor responsive to not 

receiving the additional mapping information from the wireless communications network, 

displaying a notice to the user that the destination could not be found. 

6. The wireless communications system of Claim 2, wherein the first processor further requests 

from the wireless communications network, traffic congestion information, wherein the first 

processor receives the requested traffic congestion information and determines the user 

navigation information in conformity with the received traffic congestion information. 

7. The wireless communications system of Claim 2, wherein the first processor further sends the 

user navigation information to the network, wherein at least one other processor outside the 

network updates the user navigation information in conformity with traffic congestion 

information accessible to the at least one other processor outside the network and transmits the 

updated user navigation information to the wireless mobile communications device. 

8. The wireless communications system of Claim 8, wherein the first processor further sends the 

user navigation information to the network as a number of segments, and wherein the other 

processor coupled to the network computes a numerical value for each segment corresponding to 

the expected time to travel through the segment and wherein the user navigation information is 

updated in conformity with the numerical values for the number of segments. 
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9 The wireless communications system of Claim 7, wherein the another processor determines 

whether or not the updated user navigation information already exists in the wireless mobile 

communications device, and does not transmit the updated user navigation information to the 

wireless mobile communications device if the updated user navigation information already exists 

in the wireless mobile communications device. 

10. The wireless communications system of Claim 1, wherein the first processor further sends 

the indication of a location of the wireless mobile communications device with respect to the 

geographic features to the network, wherein at least one other processor outside the network 

receives the indication of a location of the wireless mobile communications device, determines 

the user navigation information in conformity with the location of the wireless mobile 

communications device and transmits the user navigation information to the wireless mobile 

communications device. 

11. The wireless communications system of Claim 1, wherein the preference flags are specified 

by the user of the wireless mobile communications device and transmitted to the at least one 

second radio-frequency transceiver. 

217 

TX1000-Cl2 



12. The wireless communications system of Claim 1, wherein the preference flags have more 

than two states including at least: a first state that prohibits tracking of the mobile wireless 

communications device, a second state that permits open access to the location of the wireless 

mobile communications device and information associated with the wireless mobile 

communications device, and a third state that provides access to the information indicative of the 

location of the wireless mobile communications device but not information associated with the 

wireless mobile communications device other than a generic identifier, and wherein the second 

processor provides information about the user of the wireless mobile communications device to 

at least one other processor outside the network in conformity with permissions specified by the 

preference flags. 

13. The wireless communications system of Claim 1, wherein the preference flags have more 

than three states, including at least a fourth state that provides access to the location of the 

wireless mobile communications device and demographic information associated with the 

wireless mobile communications device, but not a name of the user associated with the wireless 

mobile communications device or other private information. 
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14. A method of providing navigation information within a wireless communications network, 

the method comprising: 

at a wireless mobile communications device coupled to the wireless communications 

network and having a first radio-frequency transceiver coupled to an associated first antenna, 

receiving information indicative of a location of the mobile wireless communications device; 

within the wireless mobile communications device, a first processor within the wireless 

mobile communications device coupled to the first radio-frequency transceiver generating an 

indication of a location of the at least one wireless mobile communications device with respect to 

geographic features according to mapping information retrieved from a storage within the 

wireless mobile communications device; 

the first processor displaying to the user navigation information according to the location 

of the wireless mobile communications device with respect to the geographic features and a 

destination specified by the user at the wireless mobile communications device; 

within the wireless communications network, a second processor coupled to at least one 

second radio-frequency transceiver coupled to an associated second antenna selectively acquiring 

the information indicative of a location of the wireless mobile communication device in 

dependence on a setting of preference flags, wherein the selectively acquiring the information 

indicative of a location of the wireless mobile communications device if the preference flags are 

set to a state that permits tracking of the user of the wireless mobile communications device, and 

wherein the selectively determining does not acquire the information indicative of a location of 

the wireless mobile communications device if the preference flags are set to a state that prohibits 

tracking of the wireless mobile communications device. 
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15. The method of Claim 14, further comprising within the wireless mobile communications 

device, determining the user navigation information. 

16. The method of Claim 15, further comprising: 

within the wireless mobile communications device, determining whether or not the 

mapping information stored within the wireless mobile communications device is sufficient to 

display the navigation information to the user; 

responsive to determining that the mapping information is sufficient, displaying the 

navigation information to the user; 

responsive to determining that the mapping information is not sufficient, requesting 

additional mapping information from at least one other processor outside the wireless 

communications network; and 

responsive to the requesting additional mapping information from the at least one other 

processor outside the wireless communications network, receiving the additional mapping 

information from the at least one other processor outside the wireless communications network 

and displaying the navigation information to the user using the additional mapping information. 

17. The method of Claim 16, further comprising updating the mapping information stored 

within the wireless mobile communications device with the additional information received from 

the at least one other processor outside the wireless communications network. 
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18. The method of Claim 16, further comprising responsive to not receiving the additional 

mapping information from the at least one other processor outside the wireless communications 

network, displaying a notice to the user that the destination could not be found. 

19. The method of Claim 15, further comprising: 

sending the user navigation information to the at least one other processor outside the 

network; 

at a remote location within the at least one other processor outside the network, updating 

the user navigation information in conformity with traffic congestion information accessible to 

the remote location within the network; and 

transmitting the updated user navigation information to the wireless mobile 

communications device. 

20. The method of Claim 19, further comprising, at the remote location, determining whether or 

not the updated user navigation information already exists in the wireless mobile 

communications device, and wherein the transmitting of the updated user navigation information 

is not performed if the updated user navigation information already exists in the wireless mobile 

communications device. 
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21. The method of Claim 14, further comprising: 

requesting from the at least one other processor outside the wireless communications 

network, traffic congestion information; 

receiving the requested traffic congestion information at the mobile wireless 

communications device; and 

determining the user navigation information in conformity with the received traffic 

congestion information. 

22. The method of Claim 21, wherein the sending sends the user navigation information to the 

at least one other processor outside the network as a number of segments, and wherein the 

updating the user navigation information comprises computing a numerical value for each 

segment corresponding to the expected time to travel through the segment, and wherein the 

updating is performed in conformity with the numerical values for the number of segments. 
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23. The method of Claim 14, further comprising: 

at the wireless mobile communications device, sending the location of the wireless 

mobile communications device with respect to the geographic features to at least one other 

processor outside the network; 

receiving the location of the wireless mobile communications device at the at least one 

other processor outside the network; and 

at a remote at least one other processor outside the network, determining the user 

navigation information in conformity with the location of the wireless mobile communications 

device; and 

transmitting the user navigation information to the wireless mobile communications 

device. 

24. The method of Claim 14, wherein the preference flags are specified by the user of the 

wireless mobile communications device, and wherein the method further comprises transmitting 

the preference flags to the at least one second radio-frequency transceiver. 
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25. The method of Claim 14, wherein the preference flags have more than two states including 

at least: a first state that prohibits tracking of the mobile wireless communications device, a 

second state that permits open access to the location of the wireless mobile communications 

device and information associated with the wireless mobile communications device, and a third 

state that provides access to the location of the wireless mobile communications device but not 

information associated with the wireless mobile communications device other than a generic 

identifier, and wherein method further comprises the second processor providing information 

about the user of the wireless mobile communications device to at least one other processor 

outside the wireless network in conformity with permissions specified by the preference flags. 

26. The method of Claim 25, wherein the preference flags have more than three states, 

including at least a fourth state that provides access to the location of the wireless mobile 

communications device and demographic information associated with the wireless mobile 

communications device, but not a name of the user associated with the wireless mobile 

communications device or other private information. 
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27. A wireless mobile communications device including: 

a radio-frequency transceiver and an associated antenna to which the radio-frequency 

transceiver is coupled, wherein the radio-frequency transceiver is configured for radio-frequency 

communication with a wireless communications network; and 

a first processor coupled to the at least one radio-frequency transceiver programmed to 

receive a location of the wireless mobile communications device and generate an indication of a 

location of the at least one wireless mobile communications device with respect to geographic 

features according to mapping information stored within the wireless mobile communications 

device, wherein the first processor determines whether or not the mapping information stored 

within the wireless mobile communications device is sufficient to display the navigation 

information to the user, responsive to the first processor determining that the mapping 

information is not sufficient, the first processor requesting additional mapping information from 

at least one other processor outside the wireless communications network and responsive to the 

first processor requesting additional mapping information from the at least one other processor 

outside the wireless communications network, receiving the additional mapping information 

from the at least one other processor outside the wireless communications network and updating 

the mapping information stored within the wireless mobile communications device, wherein the 

first processor determines and displays the navigation information to the user using the 

additional mapping information, the location of the wireless mobile communications device with 

respect to the geographic features and a destination specified by the user at the wireless mobile 

communications device, and wherein the first processor communicates to the mobile 

communications network a setting of preference flags, whereby the mobile communications 
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network selectively acquires information indicative of a location of the mobile communications 

device and communicates the information indicative of a location of the wireless mobile 

communications device to the wireless mobile communications device dependent on the setting 

of the preference flags, wherein if the preference flags are set to a state that permits tracking of 

the user of the wireless mobile communications device the at least one other processor outside 

the wireless communications network receives the location of the wireless mobile 

communications device, and wherein if the preference flags are set to a state that prohibits 

tracking of the wireless mobile communications device, the at least one other processor outside 

the wireless communications network does not receive the location of the wireless mobile 

communications device. 

28. The wireless mobile communications device of Claim 27, wherein the first processor further 

sends the user navigation information to the at least one other processor outside the network, 

wherein the at least one other processor outside the network updates the user navigation 

information in conformity with traffic congestion information accessible to the other processor 

coupled to the network and transmits the updated user navigation information to the mobile 

device, wherein the first processor further sends the user navigation information to the at least 

one other processor outside the network as a number of segments, and wherein the at least one 

other processor outside the network computes a numerical value for each segment corresponding 

to the expected time to travel through the segment and wherein the user navigation information is 

updated in conformity with the numerical values for the number of segments. 

226 

TX1000-Cl2 



29. The wireless mobile communications device of Claim 28, wherein the another processor 

determines whether or not the updated user navigation information already exists in the wireless 

mobile communications device, and does not transmit the updated user navigation information to 

the mobile device if the updated user navigation information already exists in the wireless mobile 

communications device. 

30. The wireless mobile communications device of Claim 27, wherein the preference flags have 

more than two states including at least: a first state that prohibits tracking of the mobile wireless 

communications device, a second state that permits open access to the location of the wireless 

mobile communications device and information associated with the wireless mobile 

communications device, and a third state that provides access to the location of the wireless 

mobile communications device but not information associated with the wireless mobile 

communications device other than a generic identifier, whereby the wireless communications 

network processor provides information about the user of the wireless mobile communications 

device in conformity with permissions specified by the preference flags. 
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Abstract 

A mobile device, wireless network and their method of operation provide both on-line 

( connected) navigation operation, as well as off-line navigation from a local database within the 

mobile device. Routing according to the navigation system can be controlled by traffic 

congestion measurements made by the wireless network that allow the navigation system to 

select the optimum route based on expected trip duration. 
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I PREFERED I HIGHSPEED INTERNET 
CONNECTION "-

2910
, I EMBODIMENTS 

.,.. SOFTWARE AND 

WILL IMMEDIATLY 
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906 ..__. STANDARDIAZTION/CONVERSION SOFTWARE FIG. 30 
r - - \. - - 3000 - - - - - - 3002-:--- - - - - - - - - 3004 - - - - - - -, 

,_ 
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DEVICE 
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PROTOCAL 

THIS STANDARDIZATION/CONVERSTION PROCESS OPERATES THE SAME IN EITHER 
DIRECTION (FROM SOURCE 10 DESTINATION, CR THE DESTINATION 10 SOURCE). 

CONVERSION PROCESS IS lHE SAME IN EITHER DIRECTION. 

·---------·------- -------' 
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I . AND INTERACTS WITH I 

LOG USER ACTIVITIES 10 SYSTEM 
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130 

SWITCH (MD( CR 
OTHER) 

332 

BASE STATION 
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DATABASE 
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NUMBER 
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TARGETING DEVICES TO TRACK FIG. 34 
105 . · ---~-----------------------------

3408-B 

REQUEST>BTS SECTOR 3400-B 
RETURN<MOBILE #104-A+ ALL WIRELESS DEVICES 1Wff ENTER SECTOR WHILE 

TRACKING. 

REQUEST>BTS SECTOR 3402-A . 
RETURN<MOBILE #104-C+ ALL WIRELESS DEVICES THAT ENTER SECTOR WHILE 

TRACKING. 

REQUEST>BTS SECTOR 3400-8, 3402-A, 3402-B 
RREQUEST>BTS SECTOR , 3400-B, RE1URN +<MOBILE #104-A+ ALL WIRELESS 
DEVICES THAT ENTER SECTOR WHILE TRACKING. 

REQUEST>INDIVIDUAL CR PLURALllY OF WIRELESS DEVICES 
RETURN<ALL MOBILES QUERIED ABOVE. 

1 
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PRIMARY ANALITIC SOGTWARE (CONTINUED) 
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PRIMARY ANALYTIC SOFTWARE (CONTINUED) 
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3618 
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CASE FILE GENERATION FIG. 37 
LOCATION CF SERVICE FORWARD RECEIVE 

WIRELESS DEVICE EFFECTING POWER3704 
BEING TRACKED FACTORS 

3700 2822 FOR\NARD TRANSMT 
POWER3706 

Ee/lo 3708 
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ERROR CODES NBGHBOR UST 3710 LATII..ONG 
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~24 MESSAGING 3712 
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CORRECTION 3716 

2806 
OTHER USER DEFINED 

FACTORS 3718 
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3724 DEFINED 
FACTORS 3726 

2820 ""' 
CASE INDMDUAL 
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" . " . " . " . 
. . " . . " . . 
. . " " . " " " 

. . " . . " " . 
"N"NUY3ER . CF . . . " " . 
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3728 
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3808 
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PARSE 
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381 

FIG. 38-A · 
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ERROR 
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STORE EACH ERROR 
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PARSE DATAFILE FOR ERROR 
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(15 SEC. IS AJUSTABLE) 

3822 

APPLY STANDARD ERROR 
DETECTING TECHNIQUES 

. DETERMINE TREND FOR DATA IN 
"STORED ERROR DATA9 (ONLY FOR 
Ee/lo, FORWARD RECIEVE POWER, 
FORWARD TRANSMIT POWER, FER) 

FOR LAST 5 SECONDS BEFORE 
ERROR(5 SEC. IS AJUSTABLE) 

STORE TREND ANALYSIS 10 
TEMPORARY DATA ENTRY FOR EACH 

DATA TYPE; AS EXAMPLE: 
*SLOW INCREASE (WITHIN LIMITS) 
*FAST INCREASE (WITHIN LIMITS) 
*SLOW DECREASE (WITHIN LIMITS} 
*FAST DECREASE (BELOW LIMITS) 
*NO CHANGE 
*OTHER USER CUSTOMIZABLE 

ANALYSIS RESULTS 

3834 

00 TO FIG. 38-8, BOX 3836 

DATABASE) 

3816 

3828 

LOCAL ERROR 
DATABASE 

TREND ANALYSIS DATA 

PRILIMINARY TREND 
ANALYSIS CRITERIA 

COMPARISION 
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FAULT DIAGNOSIS/CORRECTION SOFTWARE FIG. 38-B 
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3844 
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!ID 
3848 
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WASA 
CORRECTION 
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!ID 
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MESSAGE 1 CORRECTION1? 
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CORRECTION 3? 
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MESSAGE4 
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3816 
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FAULT DIAGNISIS/CORRECTION SOFTWARE FIG. 38-C 
3878 ,, 

# ERROR TABLE 

FER=FASTINCREASE 
1 FORWARD RECIEVE POWER=INCREASE? 

(TOWER RECEIVE STRENGTI;) 

2 FORWARD RECIEVE POWER=FAST DECREASE 
FER=FASTINCREASE? 

3 Ec/lo=FAST INCREASE 
FER=SLOW CR FAST INCREASE? 

4 
on;ER COMPARISION CRITERIA (USER CUSTOMIZABLE) WITH USER CONCLUSION 

MASSAGES (CAN EXAMINE ANY DATA IN ERROR DATABASE)? 
5 SEND CONCLUSION MESSAGE "UNABLE 10 AVrO DETECT ERROR" 

3886 ,, 
# MESSAGE TABLE 
1 "MOBILE CROSS-TALK INTERFERENCE TOO HIGH" 
2 "MOBILE OJr OF RANGE OF TOWER" 
3 "PN POLUTION TOO HIGH FOR MOBILE" 
4 USER CUSTOMIZABLE MESSAGE FOR CUSTOMIZED ANALYSIS 
5 "UNABLE 10 DETECT ERROR" 

3888 ,, 
# CORRECTION TABLE 
1 NONE 
2 INCREASE TOWER FORWARD TRANSMIT POWER 

3 
DECREASE FORWARD TRANSMIT POWER O'J PN'S IN MOBILE RECIEVE AREA WITH 

TOWERS GREATER 11-IAN 5KM AWAY 
4 SEND CUSTOMIZED CONFIGURATION CHANGE BACK ID PRIMARY ANALITIC SOFTWARE 
5 SEND t-.o CONFIGURATION CHANGE BACK 
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,~~ - - - - - - - - - - -- 3910 
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-------------· 
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SOFTWARE 
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3948 
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SEND 
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4000 DISPLAY SOFTWARE FLOWCHART 
r--~--------1 
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~ ~ 3000 
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FIG. 40 
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~~ ~~ ....-_,..__ __ i,._ ____ ~ 
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PRIMARY DISPLAY LAYER SECONDARY DISPLAY LAYER 
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PRO-ACTIVE NETWORK TUNING SOFTWARE FIG. 42 
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SOFTWARE ~ ~ 

EXISTING NTS SOFTWARE/ OTHER SUB-
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PLUG-INS 

... 
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ACTIVE WIRELESS UNIT DENSITY 
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• ·~ 
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• • 
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TX1000-Cl2 
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THERMAL PROCESS FLOWCHART FIG. 48 
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ACTIVE WIRELESS UNIT DENSITY PROCESS FIG. 49 
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TERRAIN TUNING PROCESS FIG.SO 
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NETWORK EQUIPMENT TUNING FLOWCHART FIG. 51 
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NTS PRO-ACTIVE SYSTEM MENU FIG. 52 
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USER LOGS INTO SYSTEM 

A USER LOGS INTO A 
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SYSTEM. 
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TRACKING SYSTEM 
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USER'S ACCOUNT 
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ENTRY OF DESIRED TELEPHONE NUMBER FIG. 54 

5400 

0010 
FIG55BOX 
5500USER 
CHOICES 

MENU 

YES 

THE L TS LOGS 1HE 
PHONE NUMBER OF THE 
WCD BEING LOCATED/ 

TRACKED 

5408 

THE L TS QUERIES A 
USER LOCATION 
DATABASE (OR 

EQUIVALENT), GPS 
INFO. FROM WCD, CR 

OTHER WCD LOCATION 
SOURCE FOR 1HE 

LAT/LONG 
COORDINATES (OR 

EQUIVALENT) FOR 1HE 
REQUESTED WCD 

BEING 
LOCATED/TRACKED. 
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~ LTS PROMPTS THE USER 

10 ENTER THE CURRENT 
WIRELESS DEVICE'S 

TELEPHONE NUMBER <R 

IDENTIFICATION INFO. INTO A 

PHONEBOOK BY SELECTING 
"PHONEBOOK" 
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INFORMATION OF A WIRELESS DEVICE THE 
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lHE LAU.ONG OF ll-E 
WIRELESS DEVICE 
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TRACKED IS 
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OVERLA YEO WITH THE 
CORRESPONDING 

STREET/ TOPOGRAPHIC 
MAP 
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USER CHOICES MENU 

l1-E LTS PROMPTS 1HE USER 10 

LOCATE A WIRELESS DEVICE lHEY 

WANT 10LOCATE BY SaECTING 

. i..OCATE" 

1HE L TS PROMPTS THE USER 10 

SELECT l1-E PHONEBOOK 

ENTRY(IES) 1HEY WANT 10 LOCATE/ 

TRACKBYSELECTING"PHONEBOO~ 

551 

l1-E L TS PROMPTS 1l-E USER 10 

ADD, DELETE CREDIT PHONEBOOK 

ENTRIES BY SELECTING •ADD, 

DELETE CR EDrr■ 

5518 

1HE LTS PROMPTS USl;R lOVIEW 

SELECTED BUSINESSES, 

GOVERNMENT BUILDINGS CR HOMES 

0111}£ DISPLAY SCREEN BY 

SELECTING -SUILOINGS• 

5524 

llE LTS PROMPTS USER lOVIEW A 
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SELECTED WIRELESS DEVICES BY 

SELECTING -VIEW HISTORY" 
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TIE LTS PROMPTS USER 10 
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ll-ELlS PROMPTS USERlOAD0 
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YE 

YES 

YES 

5534 

TX1000-Cl2 

FIG. 55 

G:>10 
FIG.54BOX 
5402 EN'TRY 

OF 
TELEPHONE 

NUMBER·· 

5510 

0010 
FIG.56BOX 

5600 
PHONEBOOK 
SELECTION 

5516 

0010 
FIG. 'ST BOX 

5700 
PHONEBOOK 

MENU 

5522 
0010 
FIG. 58 

BOX5800 
BUILDING 

MENU 

5528 
0010 
FIG.67 

BOX6700 
CALL 

HISTORY 
DISPLAY 

FIG. 68BOX 
6800CALL 
HISTORY 

PRINT 

IG.69 
ADD 

ILL 



58/90 

USER SELECTS BUILDINGS TO DISPLAY FIG. 56 
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PHONEBOOK 
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PHONEBOOK ENTRIES AND 
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SELECTED WIRELESS 
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ADDING, DELETING AND EDITING PHONEBOOK ENTRIES FIG. 57 
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USER SELECTION ON BUILDING TO DISPLAY FIG. 58 

THE LOCATION TRACKING 
SYSTEM DETERMINES TIE 

USER'S LOCATION BY MEANS 
OF USER ENTRY, CALLER ID, 

ULD, GPS, CR 011-IER 
LOCATION MEANS, IN ORDER 

10 SET DEFAULT 
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"BUILDING MEMORY" USER'S CHOICE MENU 
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THE LTS PROMPTS TIE USER 
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"BUILDING MEMORY" CONTINUED 
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"LISTING" ADDED TO "BUILDING MEMORY" 
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THE LTS LOGS USER'S 

ENTERED RUSTING" AND 
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GEOGRAPHIC PHONEBOOK ,---~ 
WITH LAT/LONG CRAODRESS 

COORDINATES FOR ALL 
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THE SELECTED LISTING IS 
DISPLA YEO C1'J A DISPLAY 
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NAME, CATEGORY OF LISTING, 
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PLOTTED AND LABELED C1'J A 
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"NAME" ADDED TO "BUILDING MEMORY" 

6300 
THE L TS LOGS USER'S 
ENTERED "NAME" AND 

SEARCHES THE CRISS-CROSS 
GEOGRAPHIC PHONEBOOK +---~ 

WITH LATA..ONG ffiADDRESS 
COORDINATES FOR ALL 

t'-0 

MATCHING ENTRIES 

6306 

THE L TS DISPLAYS ALL 
ENTRIES WHICH CONTAIN THE 
ENTERED "NAME" AND USER IS +---~ 

PROMPTED 10 SELECT THE 
DESIRED LISTING 

6310 
THE SELECTED LISTING IS 
DISPLAYED OJA DISPLAY 
SCREEN AND INCLUDING 

NAME, CATEGORY OF LISTING, 
ADDRESS, AND PHONE 

NUMBER THE LOCATION IS 
PLOTTED AND LABELED OJ A 
STREET MAP AND DISPLA YEO 
ALONG WITH THE LOCATION 

OF SELECTED WIRELESS 
DEVICES. 

THE L TS PROMPTS THE 
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LISTING INTO THE 
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"CATEGORY" ADDED TO "BUILDING MEMORY" . FIG. 64 

6400 
THE L TS LOGS USER'S 

ENlERED "CATEGORY" AND 

SEARCHES 11-IE CRISS-CROSS 

GEOGRAPHIC PHONEBOOK .,.__-..<. 
t,O 

WITH LAT/LONG CRADDRESS 

COORDINATES FOR ALL 

MATCHING ENTRIES 

6406 

1HE LTS DISPLAYS ALL 

ENlRIES WHICH CONTAIN 1HE 
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USER IS PROMPTED 10 

SELECT .THE DESIRED LISTING 

6410 

ll-lE SELECTED LISTING IS 

DISPLAYED GJA DISPLAY 
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NAME, CATEGORY OF LISTING, 

ADDRESS, AND PHONE 
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PLOTTED AND LABELED O'.J A 

STREET MAP AND DISPLA YEO 
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OF SELECTED WIRELESS 
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"ADDRESS" ADDED TO "BUILDING MEMORY" 

6500 
THE L TS LOGS USER'S 

ENTERED•ADDRESS•AND 

SEARCHES THE CRISS-CROSS 

GEOGRAPHIC PHONEBOOK +----.< 

WITH LAT/LONG CR ADDRESS 

COORDINATES FOR ALL 

MATCHING ENTRIES 
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lHELTS 
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LISTING IS FOUND 
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0010 
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6510 
lHE SELECTED LISTING IS 

DISPLAYED CNA DISPLAY 

SCREEN AND INCLUDING 

NAME, CATEGORY OF LISTING, 

ADDRESS, AND PHONE 

NUMBER THE LOCATION IS 

PLOTTED AND LABELED O\I A 

STREET MAP AND DISPLA YEO 
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OF SELECTED WIRELESS 

DEVICES. 
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USER 10 SAVE THE 

LISTING INTO THE 
"BUILDING MEMORY" 

6218 

0010 
FIG. 58 BOX 5808 

BUILDING SELECTION 

MENU 

6214 

DOES THE USER 
SAVE THE 
LISTING? 

YES 

6216 

THE L TS LOGS THE 

USER'S LISTING INTO 

THE USER'S -SUILDING 

MEMORY" 



68/90 TX1000-Cl2 

"PHONE NUMBER" ADDED TO "BUILDING MEMORY" FIG. 66 
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11-IE L TS LOGS USER'S ENTERED 

"PHONE NUMBER" AND SEARCHES 

11-IE CRISS-CROSS GEOGRAPHIC 

PHONEBOOK WITH LAT/LONG CR ,__~ 

NO 
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MATCHING ENTRIES 
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67 
DISPLAY OF CALL HISTORY 

THE LOCATION TRACKING . 

SYSlEM PROMPTS THE USER 10 ~'9<. 

SELECT THE RANGE OF TIME TIE 

REPORT SHOULD COVER 

THE USER'S TIME 
RANGE IS 

LOGGED INTO THE 
LTS 

671 

67 

TIE LTS QUERIES 1l-E 

USER LOCATION DATABASE 

CR CASE FILE DATABASE 

FOR CASE FILES WHICH 
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SELECTED PHONEBOOK 

ENTRIES AND TIME RANGE 
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CHOICE MENU 

THE LATA.ONG OF TI-iE CASE 

FILES IS DETERMINED BY ll-E 

ULD, GPS INFO. FROM WCD, CR 

THE CALL RECORDS CONTAINED 

WITH THE BSC (WHICH TOWERS 

INVOLVED, ETC.), CR011-IER 

LOCATION SOURCE 

lHE LTS MAPPING 

COORB.ATION SOFTWARE 

CONVERTS 1HE LATITUDE 

AND LONGITUDE OF 1HE 

CASE FILES lOA POSTAL 

1HE LTS PROMPTS THE USER 

10 SELECT THE SORTING GI 

1HE CALLS BY TIME OF CALL, 

LOCATION OF CALL, LENGlH 

ADDRESS, CROSS STREET, 

BUSINESS/GOV/HOUSE 
NAME 

671 
THE LTS LOGS TI-E CHOICE 

AND DISPLAYS THE THE 

TRANSCRIBED POSTAL 

ADDRESS (CROSS-STREET, 

BUSINESS/GOV/HOME) IN 

THE SELECTED ORDER 

WITH CORRESPONDING 

PHONE NUMBER, LENGTH· 

OF CALL. TIME OF CALL, 

CAL.UNG PARTY, ETC. 

lHE L TS LOGS lrE USERS 

CHOICE AND OVERLAYS 

1HE CALLS LATITUDE AND 

LONGITUDE LOCATION 

OVER A TOPOGRAPHIC' 

STREET MAP 

OF CALL, CALLING PARTY, 

WIRELESS PHONE NUMBER, 
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SELECTN-N 
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PRINT CALL HISTORY 

ll-E LOCATION TRACKING 

SYSTEM PROMPTS lHE USER 10 

. SELECT 1HE RANGE OF TIME TI-E ~.-.<" 

REPORT SHOU.O COVER (FROM 

24 HOURS 10 30 DAYS FOR 

EXAMPLE ONLY) 

lHEUSER 
CHOICE OF 

RANGE IS 

LOGGED INTO 1HE 
LOCATION 
TRACKING 
SYSTEM 

ll-E L TS QUERIES ll-E USER 

LOCATION DATABASE ffi 

CASE FILE DATABASE FOR 

CASE FILES WHICH 
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· SELECTED PHONEBOOK 

ENTRIES AND TIME RANGE 
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ffi OlHER LAT.ILONG SOURCE 

lHE L TS MAPPING 
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CONVERTS 1HE LATITUDE . 

AND LONGITUDE OF lHE 
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THE LTS PROMPTS TI-E USER 
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1l-E CALLS BY TIME OF CALL, 
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DISPLAYS 11-E 11-E 
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TI-EUSER IS 
PROMPTEOlO 

PRINTlHE 
CALL/ 

LOCATION 
HISTORY 
REPORT. 

n-ELTS 
PROMPTSUSER 

10 INCLUDE 1l-E 

CAU.J\..OCATION 

REPORT IN 11-E 
USERS PHONE 

BILL 

ARRANGED 
BY . 

DEFAULT 

1690 

IG. 
, BOX5500 

TXIO00-C12 



71/90 

6 
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l1-E LTS PROMPTS LOGS USER 

CHOICE 10 INCLUDE/ 

INCORPERATE CAL.lA.OCATION 

REPORT INTO lHE BILLING 

STATEMENT 

5502 

t,o 0010 FIG. 55 

BOX 5500 USERS 
CHOICEMB"fil 

USER CHOICE 10 

ADD CAW 
LOCATION lOBILL 

IS LOGGED INTO 

l1-E LOCA110N 
TRACKING 
SYSlEM 

TI-E LTS PROMPTS TIE USER 

· USER 10 ENTER 

AUTHORIZATION INFORMATION+-----~ 

10 VERIFY THEY ARE l1-E 

OWNER OJ THE WIRELESS 

ll-ELTSLOGS 
INFORMATION AND 

MATCHES AUTHORIZATION 

INFORMATION WITH 

OWNERS FILES CONTAINED 

WITHIN l1-E WIRELESS 

SERVICE PROVIDERS 

RECORDS 

691 

lHE L TS PROMPTS THE 

WIRELESS DEVICE OWNER 

lOAPPROVE CHARGES 

1HAT WILL BE ADDED 10 

11-EBILL FOR 

CALLJl..OCAllON HISTORY 

REPORT 

6922 

THE L TS LOGS THE USER'S 

CHOICE AND INSTRUCTS 

WIRELESS SERVICE 

PROVIDER 10 INCLUDE 

CAWLOCAllON REPORT 10 

lHEBILL 

DEVICE. 

6912 

11-E L TS RECEIVES 

VERIFICATION OF CORRECT 

AUTHORIZATION INFORMATION 

ANO LOGS WIRELESS 

SERVICE PROVIDERS 

RESPONCE 

y 

ES USER 
SELECTlO 
APPROVE 

6916 lHE USER IS INFORMED "THAT 

AlJTHORIZATION INFORMATION 

DOES I\OT"MATCH WIRELESS 

SERVICE PRIVIDERS 

692 

CHARGElO 
·BILL? 

11-ELTS 
PROMPTS USER 
lORET\.ff.110 

LOCATION 
TRACKING 

SYSTEM CHOICES 

DISPLAY SCREEN 

N) RECORDS. 

TX1000-Cl2 
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DIRECTIONAL 
ASSISTANCE 
NUIIBEROR 

7006 

FORWARDED lO Tl£ 
DIRECTIONAL 
ASSISTANCE 

"IF YOU KNOW TIE PHONE NUM3ER 10 

A DESIRED DESTINATION, AND WOUlD 

ASSISTANCE 
NETWORK QUERIES 

DATABASE FOR 

TEL£PHONE SYSTEM 
PROMPTS USER 
Wl1lf MENU OF . 

7010 

USER'S CHOICE 

LIKE 10 RECEIVE DIRECTIONS lOlliAT +---.< 
YES IS LOGGED, 

OOlOFIG. 71, 
BOX7100 DESTINATION BASED OJ CURRENT 

TRAFFIC CONDmONS, PRESS CR SAY 1• 

7012 

"FOR PHONE NUMBER AND DIRECTIONS 

lOA SPECIFIC BUSINESS CR PERSON 

. BY NAME, PRESS CR SAY 2." 

10 Tl-£ NEAREST BUSINESS BY 

CATEGORY, SUCH AS A GAS STAllON 

CR RESTAURANT PRESS CR SAY 3." 

7024 

"FOR PHONE NUMBER AND DIRECTIONS 

YES 

YES 

10A SPECIFIC ADDRESS, ~-.<. 
YES IS LOGGED, 

0010FIG. 74, -
BOX7400 

7 

PRESS CR SAY 4." 

. "TO LOCATE CR lRACK A WCD, 
PRESS CR SAY 5.■ 

"TO END lHIS CALL PRESS 
CR SAY 9 CRIWIIG UP" +---... c 

7046 
-ro BE CONNECTED TO A DIRECllONAL ASSISTANCE 

OPERATOR PRESS OR SAY 0, 
OR STAY ON THE LINE.• 

YES 

'10 REPEAT 11-iESE 
CHOICES PRESS CR · 

SAY 6" 

YES 

7044 

llECALLIS 
TERMINATED. 

USER'S CALL IS FORWARDED 10A 

LIVE OPERATOR FOR ASSISTANCE. 

TX1000-Cl2 
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FIG. 71 
7100 7102 
"PLEASE DIAL CR SPEAK 1lE 

AREA CODE AND PHONE 
NUMBER CF YOUR DESIRED 
DESTINATION 10 RECEIVE 

DIRECTIONS 10 lW\T 
LOCATION." 

USER DIALS CR SPEAKS 
1lE AREA CODE AND 

PHONE NUMBER 101lE 
DESIRED DESTINATION. 

7112 

7108 

VOICE RECOGNmON 
PROGRAM WITHIN 

11-E DAN CONVERTS 
WORDS 10 TEXT. 

TEXT IS MATCHED AGAINST 
NUMBERS WITHIN 

DATABASE CF BUSINESS 
AND RESIDENTIAL LISTINGS 

7116 

''FOR DIRECTIONS 10~-1", 
LOCATED AT"A-1" WITH A +--~ 
PHONE NUMBER CF "P-1", 

PRESS CR SAY 1" 

7110 

NUMBER IS MATCHED AGAINST 
NUMBERS WITHIN DATABASE 

CF BUSINESS AND 
RESIDENTIAL LISTINGS 

7114 

11-E AUTOMATED TELEPHONE 
SYSTEM TELLS TIE CALLER 

'WE HAVE LOCATED "X" 
POSSIBLE MA TCH(S)" 

7120 

YES USERS CHOICE IS 
'>-....i LOGGED, 0010 FIG. 

75, BOX7500 

><11111---1 "TO REPEAT LISTING(S) 
PRESS CR SAY 4" 

7130 

TX1000-Cl2 

YES 

'TO REQUEST A NEW 
LISTING PRESS CR SAY 5" 

YES OOlOFIG. 
70, BOX 

7006 

7132 
''TO BE CONNECTED lOA DIRECTIONAL ASSISTANCE 

OPERATOR, PRESS· 0 CR STAY OIi 1lE LINE." 
USER IS FORWARDED lOA LNE 

OPERATOR FOR ASSISTANCE. 



74/90 

NAME OF TIE BUSINESS 
CR RESIDENCE YOJ 

WISH 10 FINO.• 

USER SPEAKS NAME OF 
DESIRED BUSINESS CR 

PERSON 

NAMES WITHIN DATABASE 
OF BUSINESS AND ·. +-------.i 

RESIDENTIAL LISTINGS 

. 
LOCATED AT•A-1" WITH A -----< 
PHONE NUMBER OF -P-1", 

PRESS CR SAY 1" 

. 
LOCATED AT"A-'Z' WITH A ..,.. __ _,.,< 
PHONE NlM3ER OF "P-2", 

PRESS CR SAY 'Z' 

. 
LOCATED AT"A-3" WITH A ..,.. __ _,.,< 
PHONE NUMBER OF "P-3", 

PRESS CR SAY 3" 

,.,..., 

FIG. 72 

VOICE INTERFACE AND 
MAPPING WITHIN lrE DAN 

CONVERTS WORDS 10 TEXT. 

SYSTEM 1EllS 1lE CALLER 
-wE HAVE LOCATED "X" 

POSSIBLE MATCH S" 

YES 

7214 

USERS CHOICE IS 
LOGGED, 0010 

FIG. 75, BOX 7500 

7220 

YES USERS CHOICE IS 
LOGGED, 0010 

FIG. 75, BOX 7500 

7226 

YES USERS CHOICE IS 
c>----11~ LOGGED, 0010 

FIG. 75, BOX 7500 

,,_ ____ _... "TO REPEAT LISTING(S) 
PRESS CR SAY 4" YES 

7232 

"TO REQUEST A NEW LISTING PRESS CR SAY 5" ____ _. 

"TO BE CONNECTED 10A DIRECTIONAL ASSISTANCE 
OPERATOR, PRESS OCR STAY OITIE LINE." 

YES CD10FIG. 
70, BOX 

7006 

USER IS FORWARDED 10A LIVE 
OPERATOR FCR ASSISTANCE. 

TX1000-Cl2 



CATEGORY OF TI-E 
BUSINESS YOU WISH 10 

FIND." 

75/90 

7302 

USER SPEAKS NAME OF 
DESIRED BUSINESS 

CATEGORY 

TX1000-Cl2 

1 7.304 FIG. 73 _ _._ ____ ~-~ 
VOICE INTERFACE AND MAPPING 

WITHIN THE DAN CONVERTS 
WORDS TO TEXT. 

CATEGORIES WITHIN TI-E DATABASE OF 
BUSINESS LISTINGS CORRESPONDING +-----,._.,::--

10 nE USER'S LOCATION 

7312 

nE AUTOMATED TELEPHONE SYSTEM 
TELLS nE CALLER 'WE HAVE LOCATED i..---• ARE TI-EN SORTED ACCORDING 

"X" POSSIBLE MATCH($)" lOTHBR DISTANCE FROM nE 

' 
LOCATED AT"A-1• WITH A 
PHONE NUMBER OF "P-1", +--_,.< 

PRESS CR SAY 1• 

' 
LOCATED AT"A-'Z' WITH A 
PHONE NUMBER OF "P-2", 

PRESS CRSAY'Z' 

. 
LOCATED AT"A-3" WITH A +--_,.< 
PHONE NUMBER OF "P-3", 

PRESS CR SAY 3" 

USERS LOCATION. 

7318 

YES USERS CHOICE IS 
>----1~ LOGGED, 0010 

FIG. 75, BOX 7500 

7324 

YES USERS CHOICE IS 
~-....i LOGGED, 0010 

FIG. 75; BOX 7500 

7330 

YES USERS CHOICE IS 
>----11~ LOGGED, 0010 

FIG. 75, BOX 7500 

7336 

>41----1 "TO REPEAT LISTING(S) 
PRESS CR SAY 4" 

"NO LISTINGS WERE 
FOUND IN THIS 

CATEGORY" 

7342. 

OOlOFIG. 
70, BOX 

7006 

7344 

"TO BE CONNECTED lOA DIRECTIONAL ASSISTANCE 
OPERATOR, PRESS OCR STAY omE LINE." 

7338 

"TO REQUEST A NEW 
>4--~ LISTING PRESS CR 

SAY 5" 

7 

USER IS FORWARDED lOA LIVE 
OPERATOR FOR ASSISTANCE. 



7400 
"PLEASE SPEAK TIE COMPLETE 

STREET ADDRESS INCLUDING 
CITY AND STAlE lORECEIVE 1l£ 
PHONE NlHBER AND DIRECTIONS 

10 lHAT ADDRESS: 

ADDRESSES WITHIN 
DATABASE OF BUSINESS 

. AND RESIDENTIAL LISTINGS 

' LOC.AlED AT"A-1" WITH A 
PHONE NUMBER OF "P-1", 

PRESSCRSAY 1" 

' LOC.AlED AT "A-'Z" WITH A 
PHONE NUMBER OF"P-2", 

PRESS CR SAY 'Z" 

' LOC.AlED AT "A-~' WITH A 
PHONE NUMBER OF "P-3", 

PRESS CR SAY 3" 

76/90 

7402 
USER SPEAKS 
ADDRESS OF 

DESIRED 
BUSINESS CR 

PERSON 

7 FIG. 74 

VOICE INTERFACE AND 
MAPPING WITHIN THE 

DAN CONVERTS WORDS 
TO TEXT. 

SYSTEM TELLS TIE CALLER 
'WE HAVE LOCATED "X" 

POSSIBLE MATCH S • 

7414. 

USERS CHOICE IS YES 
LOGGED, 0010 

FIG. 75, BOX 7500 

7420 

YES USERS CHOICE IS 
LOGGED, 0010 

FIG. 75, BOX 7500 

7426 

YES USERS CHOICE IS 
LOGGED, 0010 

FIG. 75, BOX 7500 

>-111------1 "TO REPEAT LISTJNG(S) 
PRESS CR SAY 4" YES 

7432 

'TO REQUEST A NEW LISTING 
PRESS CR SAY 5" ----~ 

7438 

"TO BE CONNECTED lOA DIRECTIONAL ASSISTANCE 
OPERATOR, PRESS OCR STAY CN1l£ LINE." 

YES 

7440 

7436 

OOlOFIG. 
70, BOX 

700, 

USER IS FORWARDED lOA LIVE 
OPERATOR FOR ASSISTANCE. 

TX1000-Cl2 



7 
"TO RECEIVE 

DIRECTIONS BASED OJ 
FASTEST TRAVB.. TIME 

WITH CURRENT TRAFFIC 
CONDmONS, 

PRESSCRSAY 1" 
7506 

0010 FIG. 76, 
BOX7600 

7514 
"TO CONTINUE WITH THESE 

DIRECTION AND RECEIVE TIE 
TRAVEL PLAN, PRESS CR SAY 1" 

'70 REPEAT TIE PREVIOUS 
INFORMATION PRESS CR SAY 

'Z' 

W:MJ CRlOENTER A NEW 
DESTINATION, PRESS CR SAY 

3" 

N) 

0010 FIG. 70, 
BOX 7006 

0010 FIG. 79, 
BOX7900 

77/90 TX1000-Cl2 

7504 FIG. 75 
1lE TRAFFIC IIONrTORING AND ROUTING 

SOFlWARE PLOTS USERS LOCATION AND THE 
LOCATION OF 1lE SELECTED DESTINATION AND 

DETERMINES A Sa.ECTED NUMBER OF POSSIBLE 
LOGICAL ROUTES. 1lE ROUTES ARE. SENT 10 TlE 

ROUTE PlANNlNG PROGRAM 

7508 
THE TRAFFIC MONITORING AND ROUTING 

PLSOFTWARE QUERIES THE ULD TO 
EXAMINE THE FLOW OF TRAFFIC BASED ON 
THE MOVEMENT AND DENSITY OF WCD AND 
CALCULATES THE FASTEST ROUTE BASED 

ON AVALIBLE INFORMATION INCLUDING 
TRAFFIC MOVEMENT, SPEED LIMITS, 

. DISTANCE. 

ll-E ROUTING PROGRAM Tl-EN 
CALCULATES DIRECTION, DISTANCE AND 

ESTIMATES TRAVEL TIME 

7512 

llE AUTOMAlID TELEPHONE SYSTEM 
lHEN INFORMS llE USER "YOUR 

DESTINATION IS "X" MILES "NORTH/SOUTH" 
AND "Y" MILES •EAST/WEST", WITH AN 
ESTIMATED DRMNG DISTANCE OF "W' 

MILES. CURRENT TRAVEL TIME IS 
ESTIMATED AT'Z' MINUTES". 

7518 

"TO REPEAT THESE DIRECTIONS AT AN'( 
TIME, PRESS CR SAY 9. 1lE DIRECTIONS 

ARE AS FOLLOWS, -xxxxxxx-. 

1lE FASTEST ROUTE CHANGES DUE 10 
TRAFFIC, CR 10 RECEIVE A MAP, 

PRESS CR SAY 1 

75 

"THANK YOU FOO USING DIRECTION 
ASSISTANCE SERVICES" CALL ENDS. 



7 

'10RECEIVE 
DIRECTIONS BASED OI 

SHORTEST TRAVEL 
DISTANCE, 

PRESS CR SAY 'Z' 

7606 

0010 FIG. 77, 
BOX7700 

7614 
'TO CONTINUE WITH THESE 

DIRECTION AND RECEIVE TtE 
TRAVEL PLAN, PRESS CR SAY 1" 

76 

7628 

'TO REPEAT TtE PREVIOUS 
INFORMATION PRESS CR SAY 

'Z' 

tlENJ CR lOENTER A NEW 
DESTINATION, PRESS CR SAY 

3" 

I() 

0010 FIG. 70, 
BOX7006 

0010 FIG. 79, 
BOX7900 

78/90 TX1000-Cl2 

7604 FIG. 76 
TIE TRAFFIC MONITORING AND ROUTING 

SOFlWARE PLOTS USERS LOCATION AND ntE 
LOCATION OF THE SELECTED DESTINATION AND 

DETERMINES A SELECTED NUMBER OF POSSIBLE 
LOGICAL ROUTES. THE MAPPING PROGRAM THEN 
DETERIIINS TIE SHORTEST ROUTE BY DISTANCE. 

761 

I.FON DETERMINING TtE SHORlEST 
ROUTE, TtE ROUTING SOFTWARE TIEN 

CALCULATES DIRECTION, DISTANCE AND 
ESTIMATES TRAVEL TIME 

7612 

TtE AUTOMATED TB..EPHONE SYSTEM 
1liEN INFORMS TtE USER "YOUR 

DESTINATION IS "X" MILES "NORTHISOlJTl
AND "Y" MILES "EAST/WESr, WITH AN 
ESTIMATED DRMNG DISTANCE OF 'W" 

MILES. DRMNG TRAVEL TIM: IS 
ESTIMATED ATT MINUTES". 

7618 

"TO REPEAT lHESE DIRECTIONS AT ANY 
TIME PRESS 9 CR SAY REPEAT. lHE 

DIRECTIONS ARE AS FOLLOWS, 
"XXXXXXX". 

7620 

lORECEIVE TRAVEL PLANS, CR A MAP, 
PRESS CR SAY 1 

7 

"THANK YOU FOR USING DIRECTIONAL 
ASSISTANCE SERVICES" CALL ENDS. 



n 

'TO BE CONNECTED 
10 YOUR SELLECTED 

LISTING, 
PRESS CR SAY 3n 

.noo 

'TO REPEAT THESE 
CHOICES, 

PRESS CR SAY 4" 

TT12 

'TO RETURN TO 1HE 
MAIN MENU CR 70 

ENTERANEW 
DESTINATION, PRESS 

CR SAY 5" 

OOlOFIG. 70, BOX 
7046 

79/90 TX1000-Cl2 

FIG. 77 
. n04 

YES USER IS 
CONNECTED 101}£ 
SELECTED LISTING 

TT1 

YES 0010 FIG. 75, BOX 
7500 

TT16 

YES 00 70 FIG. 70, BOX >------.i 7006 



-. 

7 

"PLEASE DIAL THE AREA 
CODE AND PHONE 

NUMBER OF THE WCD 
YOU WANT 10 LOCATE.• 

YES 

80/90 

i 7 
, "1HE WCD YOU ARE TRYING 10 

LOCATI: CAN NOT BE FOUND AT 
THIS TIIIE. PLEASE RECORD A 
MESSAGEFORTHISUSER,OR 

7 

PRESS •4• FOR MORE 
OPT10NS.· 

GO 10 FIG. 9, BOX 932 
IF USER SELECTS •4• 

NUMBER IS MATCHED AGAINST 
NUMBERS WITHIN WIRELESS 

COMMUNICATIONS NEIWORK'S 
USER LOCATION DATABASE. 

YES 

TX1000-Cl2 

781 FIG. 78 
THE DAN'S VIOCE MAIL SYSTEM 

RECORDS CALLERS MESSAGE. THE 
DAN SEARCHES FOR TIE WCD 

PERIODICALLY. WHEN THE WCD IS 
LOCATED TIE DAN CALLS TIE WCD 

AND PLAYS l1£ RECORDED 
MESSAGE 

7812 

TIE AUTOMATED TE.EPHONE 
SYSTEM 1B.LS TIE CAU.ER "WE 

HAVE LOCATED l1£ PHONE 
NUMBER "XXX-XXX-XXXX-

"FOR CURRENT LOCATION OF THE 
WIRELESS COMMUNICATION 

DEVICE, PRESS OR SAY 1" 

782 

SOFTWARE CRISS-CROSS LATn..oNG 
GEOGRAPHIC DATABSE THEN CONVERTS THE 

LONGJTUDE AND LATIDUDE COORDINATES 
PROVIDED BY TIE WCN' ULD 10 A STREET 

"THEWCDIS 
CURRENTLY 
LOCATI:DAT 
-xxxxxxx-

7822 

"TO REPEAT THIS 
LOCATION, 

PRESS OR SAY 2• 

"TO RECEIVE A MAP THE 
THE WCD'S LOCATION OR 

10 TRACK 1ltS WCD, PRESS 
ORSAY3" 

"TO REQUEST A NEW 
LISTING PRESS OR SAY 4" 

"TO BE CONNECTED TO A DIRECTIONAL 

F 

ASSISTANCE OPERATOR, PRESS O OR t---------1~ 
STAY ON THE LINE.• 

YES 

YES 

YES 

7 

USERS CHOICE IS 
LOGGED, GO 10 

FIG. 79, BOX 7900 

7 

GO 10 FIG. 70, 
BOX7008 

USER IS FORWARDED TO A LNE 
OPERATOR FOR ASSISTANCE. 



7900 

"TO HAVE A MAP AND 
TRAVEL Pt.ANS SENT 10 
YOlRWCD VIAA PAGE,--. 

PRESS CR SAY 1" 

7906 

"TO HAVE A MAP AND 
TRAVEL Pt.ANS SENT 10 
YOlR E-MAIL ASSRESS, 

PRESS CR SAY 'Z' 

7912 

"TO HAVE 1lE MAP AND 
TRAVEL PLANS SENT 10 

YOI.R FAX, PRESS CR 
SAY~ 

7918 

"TO TRACK A WCD AND 
HAVE A MAP CF THEIR 

LOCATION SENT10 
YOUR, WCD, E-MAIL CR 
FAX, PRESS CR SAY 4" 

7924 

"TO REPEAT THESE 
CHOICES, PRES CR SAY ---~ 

5" 

7930 
."TO RETlff,l 101lE 

MAIN MENU, 
PRES CR SAY fr 

7936 

USER IS REl1JRNED 10 
FIG. 70, BOX 7046 

81/90 TX1000-Cl2 

7904 FIG. 79 
DAN Sb.JS MAP AND TRAYa. Pl.ANS TO 

STANDARDIZATION/ CONVERSION ~~-, HARDWARDISOFlWARE, THEN TO WC0 VIA A DIGrTAL PAGE. MAP AND TRAVEL PLANS ARE UPDATED AS NEEDED OR AS REQUESTED BY 
USER OR DAN. 

7910 
DAN SENDS MAP AND TRAva Pl.ANS TO 

STANDARDIZATION/ CONVERSION 
HARDWARDISOFTWARE, THEN TO USER'S EMAIL USER ENTERS E-MAIL ADDRESS VIA KEYPAD/KEYBOARD, VOICE RECOGNJTION, 

ETC. MAP AND TRAYa. PLANS ARE UPDATED AS NEEDED OR AS REQUESTED BY USER OR 
DAN. 

7916 

DAN SENDS MAP AND TRAYa. PLANS TO 
STANDARDIZATION/ CONVERSION HARDWAROISOFTWARE, THEN TO USER"S FAX ~--....::~ MACHINE. USER ENTERS THEIR FAX NUMBER 

YES 

YES 

INTO DAN. MAP AND TRAVB. PLANS ARE UPDATED AS NEEDED OR AS REQUESTED BY 
USER OR DAN. 

7922 

DAN SENDS LOCATION AND MAP TO 
STANDARDIZATION/ CONVERSION 

HARDWARDISOFTWARE, THEN TO USER'S WCD, E-MAIL, OR FAX, DEPENDING ON USER"S CHOICE. USER ENTERS RECEMNG WCDNUMBER, E-MAIL ADDRESS, OR FAX NUMBER VIA KEYPAD/KEYBOARD, VOICE RECOGNITION, ETC. MAP AND TMVB.. PLANS ARE UPDATED AS NEEDED OR AS REQUESTED BY USER OR 
DAN. 

7928 

USER IS RET1JNED 10FIG. 79, BOX 7900 

7934 

>---t~ USER IS RET1JNED 10 FIG. 70, BOX 7006 
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TRAFFIC MONITORING AND ROUTING 
SOFTWARE PROCESS FLOWCHART 

8000 

TRAFFIC MONITORING ANO ROUTING 
SOFTWARE'S MAPPING PROGRAM PLOTS 

USER'S LOCATION 

8002. 

TRAFFIC MONITORING AND ROUTING 
SOFTWARE'S MAPPING PROGRAM PLOTES 

USER'S DESIRED DESTINATION, CR 
DESTINATIONS IN 1HE CASE OF MULTIPLE 

. DESTINATIONS 

8004 

TRAFFIC MONITORING ANO ROUTING 
SOFTWARE DETERMINES POSSIBLE LOGICAL 

ROUTES 

8006 

SOFTWARE EXAMINE MOVEMENT OF WCO'S 
lHAT ARE TRAVELING 1HE POSSIBLE LOGICAL 

ROUTES 

8008 
TRAFFIC MONITORING AND ROUTING 

SOFTWARE CALCULATES ESTIMATES TRAVEL 
TIME FOR EACH POSSIBLE LOGICAL RaJTE IN 
ORDER OF SHORTEST DISTANCE 10 LONGEST 

DISTANCE 

8010 

TRAFFIC MONITORING AND ROUTING 
SOFTWARE INFORMS THE USER OF 1HE 
SHORTEST CR FASTEST ROUTE (AS PER 

USER'S REQUESl) AND SENDS TRAVEL PLAN 
AND MAPS lOTHE USER IF REQUESTED IN 

1HE FORM THEY WERE REQUESTED (PAGE, E
MAIL, FAX) 

TX1000-Cl2 

FIG. 80 
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DIRECTIONAL ASSISTANCE NETWORK STRUCTURE FIG. 81 
8100 ,-~--------.--------------------

8155 

8170 

GEOGRAPHIC 
DATABASE 
MAPPING 

SOFlWARE 

CRISS-CROSS 
LAT/LONG 

GEOGRAPHIC 
DATABASE 

8105 8110 ,....___.__---, 
VOICE VOICE 

INTERFACE MAPPING 
SOFlWARE SOFIWARE. 

811 

DEVICE 
LOCATION 

SOFTWARE 

812 

ROUTING 
SOFTWARE 

8130 8125 
~~-~ 

DATA TRAFFIC 
INTERFACE MONITORING 
SOFTWARE SOFTWARE 

8135 

EXTERNAL 
DAN QUERY 
INTERFACE 
SOFTWARE 

8140 

EXTERNAL 
CONNECTIONS 

lOQUERY 
DEVICE 

COMPlJTER14------
SYSTEM 

PSlNPHONE 
LOCATION 
DATABASE 

_______________________________ J 
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PRIMARY EMBODIMENT'S LOCATION ON A TYPICAL 2/3G 

CELLULAR NETWORK -FIG. 82 

I
. 108_""':L ______ . _ -, 

BTS . 

~1-----------

: ~tS 
I~ . ___________ ___,) 

USER LOCATION 
DATABASE 

827 

WCD 

206 

BSC 

LOCATION te---____.

SOFTWARE 

138 
PS1N 

MTX 

144 

81 

E-MOBILITY 
SERVICES 

8262 

DAN 

142 

VIA 
LAND LINES 

824 

156 

8255 

PDN 

8252 

INTERNET 
GATEWAY 
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PRIMARY EMBODIMENrs ALTERNATE LOCATION ON A 

TYPICAL 2/3G CELLULAR NEtWORK. · FIG. 83 
8205 

108 

PSTNPHONE 
LOCATION 
DATABASE 

138 

8212 

r-'--~BTS7,.,._......__, 
PS1N 

:~~ ,~ . 

--------.-·--' 

USER LOCATION 
DATABASE 

8270 

206 

BSC 

WCD 
LOCATION i.---

8
-
26

-
7

....., 
SOFlWARE 

8100 

8222 

MTX 

144 

E-MOBILITY 
SERVICES 

8300 8320 

DAN 
LINKING 

SOFTWARE 

8220"'\ 

VIA 
LANO LINES 

156 

8255 

PDN 

8252 

INTERNET 
GATEWAY 

8257 

DAN 14------~---~ INTERNET 
8310 
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PRIMARY EMBODIMENT'S ALTERNATE LOCATION #2 ON A 
TYPICAL 2/3G. CELLULAR NETWORK 

WIRELESS 
COMMUNICATIONS 

DEVICE 

02 

108 ·. r _:1 _ . - . - . BTS. ~ 

8145 t..:::::::::::=:::=::::::::: 

8100 

PSTNPHONE 
LOCATION 
DATABASE 

138 

DAN 

~I·------------

1 ! 

841 

:~~: 206 

BSC 

___________ ___, 

USER LOCATION 
DATABASE 144 

E-MOBIUTY 
SERVICES 

8270 

WCD 8267 8320 
LOCATION 8300 

SOFlWARE 

DAN 
LINKING 

SOFTWARE 

825 

FIG. 84 

VIA 
LAND LINES 

PDN 

8252 

INTERNET 
GATEWAY 

8257 



130 

MTX 

-- .- ' 

87/90 TX1000-Cl2 

DAN LINKING SOFTWARE FIG. 85 

144 

1830~------. ------ . 
. BS1 as2 I 

E-MOBILITY ~--,..-1! ~ 
,._--r1P1 SERVICES 

INTERIM 
LINKING 

SOFTWARE 

PACKET 
ROUTING 

SOFTWARE/ 
HARDWARE 

DAN DATA 
QUERY 

SOFTWARE DAN LINKING I 
I . SOFTWARE . 
·-------------·-·__J 
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Traffic Time Calculation Perfonnance Based on Variable a 

FIG. 86 

bis equal to the amount of time it would take for vehicle to travel 
the geographic segment under normal conditions. 

a is an experimentally determined scaling factor 

Dr:• 1 Dr is equal to the Density Ratio, which in the example is 3. 

Time vs. alpha 
,73.891. 80 ------.---~.-----i------.----
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60 ... .//./ -
_.,,./ 
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i!!! 40 ... /// 
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Traffic Time Calculation Perfonnance Based on Variable Traffic Density Ratio 

FIG. 87 

f> :• 1 b is equal to the amount of time it would take for vehicle to travel the geographic segment under normal conditions. It is 1 for this example. a. :• 1 a is an experimentally determined scaling factor. It is 1 for this example 
Dr is equal to the Density Ratio, which in the example is 3. 

Timevs.Dr 100 

I 
80 

I 60 
_; f(Dr) 
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90/90 
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Doc Code: TRACK1 .REQ 
Document Description: TrackOne Request 

PTO/AIA/424 (04-14) 

CERTIFICATION AND REQUEST FOR PRIORITIZED EXAMINATION 
UNDER 37 CFR 1.102(e) (Page 1 of 1) 

First Named 
Inventor: Reed I Nonprovisional Application Number (if I 

known): 

Title of 
Invention: MOBILE WIRELESS DEVICE PROVIDING OFF-LINE AND ON-LINE GEOGRAPHIC NAVIGATION INFORMATION 

APPLICANT HEREBY CERTIFIES THE FOLLOWING AND REQUESTS PRIORITIZED EXAMINATION FOR 
THE ABOVE-IDENTIFIED APPLICATION. 

1. The processing fee set forth in 37 CFR 1.17(i)(1) and the prioritized examination fee set forth in 
37 CFR 1.17(c) have been filed with the request. The publication fee requirement is met 
because that fee, set forth in 37 CFR 1.18(d), is currently $0. The basic filing fee, search fee, 
and examination fee are filed with the request or have been already been paid. I understand 
that any required excess claims fees or application size fee must be paid for the application. 

2. I understand that the application may not contain, or be amended to contain, more than four 
independent claims, more than thirty total claims, or any multiple dependent claims, and that 
any request for an extension of time will cause an outstanding Track I request to be dismissed. 

3. The applicable box is checked below: 

I. [?] Original Application {Track One) - Prioritized Examination under§ 1.102{e){1) 

i. (a) The application is an original nonprovisional utility application filed under 35 U.S.C. 111 (a). 
This certification and request is being filed with the utility application via EFS-Web. 

---OR---
(b) The application is an original nonprovisional plant application filed under 35 U.S.C. 111 (a). 

This certification and request is being filed with the plant application in paper. 

ii. An executed inventor's oath or declaration under 37 CFR 1.63 or 37 CFR 1.64 for each 
inventor, or the application data sheet meeting the conditions specified in 37 CFR 1.53(f)(3)(i) is 
filed with the application. 

II. 0 Request for Continued Examination - Prioritized Examination under§ 1.102{e){2) 

i. A request for continued examination has been filed with, or prior to, this form. 
ii. If the application is a utility application, this certification and request is being filed via EFS-Web. 
iii. The application is an original nonprovisional utility application filed under 35 U.S.C. 111 (a), or is 

a national stage entry under 35 U.S.C. 371. 
iv. This certification and request is being filed prior to the mailing of a first Office action responsive 

to the request for continued examination. 
v. No prior request for continued examination has been granted prioritized examination status 

under 37 CFR 1.102(e)(2). 

Signature/Andrew Mitchell Harris #42,638/ Date 02-11 -2020 

~p~~~Typed)Andrew M. Harris Practitioner 42638 
Registration Number 

Note: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4(d) for signature requirements and certifications. 
Submit multiole forms if more than one sianature is reauired. * 

□ *Total of forms are submitted. 



Privacy Act Statement 

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your 
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the requirements of 
the Act, please be advised that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) 
furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information is used by the 
U.S. Patent and Trademark Office is to process and/or examine your submission related to a patent application or 
patent. If you do not furnish the requested information, the U.S. Patent and Trademark Office may not be able to 
process and/or examine your submission, which may result in termination of proceedings or abandonment of the 
application or expiration of the patent. 

The information provided by you in this form will be subject to the following routine uses: 

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of 
Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records may 
be disclosed to the Department of Justice to determine whether disclosure of these records is required by the 
Freedom of Information Act. 

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence 
to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of 
settlement negotiations. 

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a 
request involving an individual, to whom the record pertains, when the individual has requested assistance from 
the Member with respect to the subject matter of the record. 

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having 
need for the information in order to perform a contract. Recipients of information shall be required to comply 
with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m). 

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of 
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property 
Organization, pursuant to the Patent Cooperation Treaty. 

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes 
of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 
218(c)). 

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General 
Services, or his/her designee, during an inspection of records conducted by GSA as part of that agency's 
responsibility to recommend improvements in records management practices and programs, under authority of 
44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations governing 
inspection of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such 
disclosure shall not be used to make determinations about individuals. 

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of 
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a 
record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record 
was filed in an application which became abandoned or in which the proceedings were terminated and which 
application is referenced by either a published application, an application open to public inspection or an issued 
patent. 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law 
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation. 



PTO/AIN14 (11-15) 
Approved for use through 04/30/2017. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

Attorney Docket Number TX1000-C12 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention 
MOBILE WIRELESS DEVICE PROVIDING OFF-LINE AND ON-LINE GEOGRAPHIC NAVIGATION 
INFORMATION 

The application data sheet is part of the provisional or nonprovisional application for which it is being submitted. The following form contains the 
bibliographic data arranged in a format specified by the United States Patent and Trademark Office as outlined in 37 CFR 1.76. 
This document may be completed electronically and submitted to the Office in electronic format using the Electronic Filing System (EFS) or the 
document may be printed and included in a paper filed application. 

Secrecy Order 37 CFR 5.2: 

D Portions or all of the application associated with this Application Data Sheet may fall under a Secrecy Order pursuant to 
37 CFR 5.2 (Paper filers only. Applications that fall under Secrecy Order may not be filed electronically.) 

Inventor Information: 

Inventor 11 I Remove I 
Legal Name 

Prefix Given Name Middle Name Family Name 

I El t,1ark ~efferson ~eed 

Residence Information (Select One) • US Residency Non US Residency Active US Military Service 

City !rucson I State/Province I t',z I Country of ResidencJ I f.Js 

Mailing Address of Inventor: 

Address 1 P.O. Box 13044 

Address 2 

City I lfucson I State/Province I~ 
Postal Code I ~s132-3o44 I Countryi 11 
Inventor b I Remove I 
Legal Name 

Prefix Given Name Middle Name Family Name 

I El l3tephen r,iichael !='alik 

Residence Information (Select One) @ US Residency Non US Residency Active US Military Service 

City ~edondo Beach I State/Province I ~A I Country of ResidencJ I 1-Js 

Mailing Address of Inventor: 

Address 1 1700 Harper Ave. 

Address 2 

City I ~edondo Beach I State/Province I FA 

Postal Code I ~021a I Countryi I 1us 
All Inventors Must Be Listed - Additional Inventor Information blocks may be 
generated within this form by selecting the Add button. I 

Correspondence Information: 
Enter either Customer Number or complete the Correspondence Information section below. 
For further information see 37 CFR 1.33(a). 

EFSWeb2.2.12 

Add I 

Suffix 

I El 

Suffix 

I El 
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U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

Attorney Docket Number TX1000-C12 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention 
MOBILE WIRELESS DEVICE PROVIDING OFF-LINE AND ON-LINE GEOGRAPHIC NAVIGATION 
INFORMATION 

D An Address is being provided for the correspondence Information of this application. 

Customer Number )9911 

Email Address mitch@harrispatenl.com I I Add Email I I Remove Email I 

Application Information: 

Title of the Invention 
I- ·I Ut:v'llA: r-r<vv'IUING vrr-LINt: ANU vi.-LINt:' - " ~ .. I Ul,; 1'\1/-\Vl(.jA I IVl'\I 

NFORMATION 

Attorney Docket Number lfX 1000-C 12 I Small Entity Status Claimed ~ 
Application Type Non provisional 

Subject Matter Utility 

Total Number of Drawing Sheets (if any) 
I r0 I Suggested Figure for Publication (if any) 11 

Filing By Reference: 
Only complete this section when filing an application by reference under 35 U.S.C. 111 (c) and 37 CFR 1.57(a). Do not complete this section if 
application papers including a specification and any drawings are being filed. Any domestic benefit or foreign priority information must be 
provided in the appropriate section(s) below (i.e., "Domestic Benefit/National Stage Information" and "Foreign Priority Information"). 

For the purposes of a filing date under 37 CFR 1.53(b), the description and any drawings of the present application are replaced by this 
reference to the previously filed application, subject to conditions and requirements of 37 CFR 1.57(a). 

Application number of the previously Filing date (YYYY-MM-DD) Intellectual Property Authority or Country 
filed application 

I 

Publication Information: 

□ 

□ 

Request Early Publication (Fee required at time of Request 37 CFR 1.219) 

Request Not to Publish. I hereby request that the attached application not be published under 

35 U.S.C. 122(b) and certify that the invention disclosed in the attached application has not and will not be the 
subject of an application filed in another country, or under a multilateral international agreement, that requires 
publication at eighteen months after filing. 

Representative Information: 

T 

T 

,_ 

Representative information should be provided for all practitioners having a power of attorney in the application. Providing 
this information in the Application Data Sheet does not constitute a power of attorney in the application (see 37 CFR 1.32). 
Either enter Customer Number or complete the Representative Name section below. If both sections are completed the customer 
Number will be used for the Representative Information during processing. 

Please Select One: • Customer Number I US Patent Practitioner 10 Limited Recognition (37 CFR 11.9) 

Customer Number ~9911 

EFS Web 2.2.12 
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Approved for use through 04/30/2017. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

Attorney Docket Number TX1000-C12 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention 
MOBILE WIRELESS DEVICE PROVIDING OFF-LINE AND ON-LINE GEOGRAPHIC NAVIGATION 
INFORMATION 

Domestic Benefit/National Stage Information: 
This section allows for the applicant to either claim benefit under 35 U.S.C. 119(e), 120, 121, 365(c), or 386(c) or indicate 
National Stage entry from a PCT application. Providing benefit claim information in the Application Data Sheet constitutes 
the specific reference required by 35 U.S.C. 119(e) or 120, and 37 CFR 1.78. 
When referring to the current application, please leave the "Application Number" field blank. 

Prior Application Status !='ending . I Remove I 
Filing or 371 (c) Date 

Application Number Continuity Type Prior Application Number (YYYY-MM-DD) 

I Continuation of . 16557277 ~019-08-30 

Prior Application Status Patented . I Remove I 
Application Prior Application Filing Date Issue Date 

Number 
Continuity Type 

Number (YYYY-MM-DD) 
Patent Number (YYYY-MM-DD) 

116557277 pontinuation of I· 116116215 ~018-08-29 110448209 ~019-10-15 

Prior Application Status !='atented . I Remove I 
Application Prior Application Filing Date Issue Date 

Number 
Continuity Type 

Number (YYYY-MM-DD) 
Patent Number (YYYY-MM-DD) 

116116215 pontinuation of I· 115880852 ~018-01-26 110390175 ~019-08-20 

Prior Application Status !='atented . I Remove I 
Application Prior Application Filing Date Issue Date 

Number 
Continuity Type 

Number (YYYY-MM-DD) 
Patent Number (YYYY-MM-DD) 

115880852 pontinuation of I· 115717138 ~017-09-27 p918196 ~018-03-13 

Prior Application Status !='atented . I Remove I 
Application Prior Application Filing Date Issue Date 

Number 
Continuity Type 

Number (YYYY-MM-DD) 
Patent Number (YYYY-MM-DD) 

115717138 pontinuation of I· 115468265 ~017-03-24 p888353 ~018-02-06 

Prior Application Status !='atented . I Remove I 
Application Prior Application Filing Date Issue Date 

Number 
Continuity Type 

Number (YYYY-MM-DD) 
Patent Number (YYYY-MM-DD) 

115468265 pontinuation of I· 115297222 ~016-10-19 p642024 ~017-05-02 

Prior Application Status !='atented . I Remove I 
Application Prior Application Filing Date Issue Date 

Number 
Continuity Type 

Number (YYYY-MM-DD) 
Patent Number (YYYY-MM-DD) 

115297222 pontinuation of I· 114642408 ~015-03-09 p510320 ~016-11-29 

Prior Application Status !='atented . I Remove I 
Application Prior Application Filing Date Issue Date 

Number 
Continuity Type 

Number (YYYY-MM-DD) 
Patent Number (YYYY-MM-DD) 

114642408 pontinuation of B 111505578 ~006-08-17 ~977284 ~015-03-10 

EFS Web 2.2.12 
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Attorney Docket Number TX1000-C12 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention 
MOBILE WIRELESS DEVICE PROVIDING OFF-LINE AND ON-LINE GEOGRAPHIC NAVIGATION 
INFORMATION 

Prior Application Status t=xpired . I Remove I 
Filing or 371 (c) Date 

Application Number Continuity Type Prior Application Number (YYYY-MM-DD) 

~1505578 Continuation in part of . 10255552 ~002-09-24 

Prior Application Status ~xpired . I Remove I 
Filing or 371 (c) Date 

Application Number Continuity Type Prior Application Number (YYYY-MM-DD) 

~0255552 Claims benefit of provisional . 60383528 ~002-05-28 

Prior Application Status ~xpired . I Remove I 
Filing or 371 (c) Date 

Application Number Continuity Type Prior Application Number (YYYY-MM-DD) 

~0255552 Claims benefit of provisional . 60352761 ~002-01-29 

Prior Application Status Expired . I Remove I 
Filing or 371 (c) Date 

Application Number Continuity Type Prior Application Number (YYYY-MM-DD) 

~0255552 Claims benefit of provisional . 60335203 ~001-10-23 

Prior Application Status Expired . I Remove I 
Filing or 371 (c) Date 

Application Number Continuity Type Prior Application Number (YYYY-MM-DD) 

~0255552 Claims benefit of provisional . 60383529 ~002-05-28 

Prior Application Status Expired . I Remove I 
Filing or 371 (c) Date 

Application Number Continuity Type Prior Application Number (YYYY-MM-DD) 

~0255552 Claims benefit of provisional . 60391469 ~002-06-26 

Prior Application Status '=xpired . I Remove I 
Filing or 371 (c) Date 

Application Number Continuity Type Prior Application Number (YYYY-MM-DD) 

~0255552 Claims benefit of provisional . 60353379 ~002-01-30 

Prior Application Status '=xpired . I Remove I 
Filing or 371 (c) Date 

Application Number Continuity Type Prior Application Number (YYYY-MM-DD) 

~0255552 Claims benefit of provisional . 60381249 ~002-05-16 

Prior Application Status . I Remove I 
Filing or 371 (c) Date 

Application Number Continuity Type Prior Application Number (YYYY-MM-DD) 

~0255552 J:;1aims benefit of provisional . 60327327 ~001-10-04 

EFS Web 2.2.12 
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U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
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Attorney Docket Number TX1000-C12 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention 
MOBILE WIRELESS DEVICE PROVIDING OFF-LINE AND ON-LINE GEOGRAPHIC NAVIGATION 
INFORMATION 

Additional Domestic Benefit/National Stage Data may be generated within this form 
by selecting the Add button. 

Foreign Priority Information: 

Add 

This section allows for the applicant to claim priority to a foreign application. Providing this information in the application data sheet 

constitutes the claim for priority as required by 35 U.S.C. 119(b) and 37 CFR 1.55. When priority is claimed to a foreign application 

that is eligible for retrieval under the priority document exchange program (Poxi the information will be used by the Office to 

automatically attempt retrieval pursuant to 37 CFR 1.55(i)(1) and (2). Under the POX program, applicant bears the ultimate 

responsibility for ensuring that a copy of the foreign application is received by the Office from the participating foreign intellectual 

property office, or a certified copy of the foreign priority application is filed, within the lime period specified in 37 CFR 1.55(g)(1 ). 

I Remove I 
Application Number Countryi Filing Date (YYYY-MM-DD) Access Codei (if applicable) 

I I I 
Additional Foreign Priority Data may be generated within this form by selecting the 
Add button. I Add I 

Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File) Transition 
Applications 

This application (1) claims priority to or the benefit of an application filed before March 16, 2013 and (2) also 
contains, or contained at any time, a claim to a claimed invention that has an effective filing date on or after March 

□ 16,2013. 
NOTE: By providing this statement under 37 CFR 1.55 or 1.78, this application, with a filing date on or after March 
16, 2013, will be examined under the first inventor to file provisions of the AIA. 

EFS Web 2.2.12 
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TX1000-C12 Attorney Docket Number 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention 
MOBILE WIRELESS DEVICE PROVIDING OFF-LINE AND ON-LINE GEOGRAPHIC NAVIGATION 
INFORMATION 

Authorization or Opt-Out of Authorization to Permit Access: 

When this Application Data Sheet is properly signed and filed with the application, applicant has provided written 
authority to permit a participating foreign intellectual property (IP) office access to the instant application-as-filed (see 
paragraph A in subsection 1 below) and the European Patent Office (EPO) access to any search results from the instant 
application (see paragraph Bin subsection 1 below). 

Should applicant choose not to provide an authorization identified in subsection 1 below, applicant must opt-out of the 
authorization by checking the corresponding box A or B or both in subsection 2 below. 

NOTE: This section of the Application Data Sheet is ONLY reviewed and processed with the INITIAL filing of an 
application. After the initial filing of an application, an Application Data Sheet cannot be used to provide or rescind 
authorization for access by a foreign IP office(s). Instead, Form PTO/SB/39 or PTO/SB/69 must be used as appropriate. 

1. Authorization to Permit Access by a Foreign Intellectual Property Office(s) 

A. Priority Document Exchange (PDXl - Unless box A in subsection 2 (opt-out of authorization) is checked, the 
undersigned hereby grants the USPTO authority to provide the European Patent Office (EPO), the Japan Patent Office 
(JPO), the Korean Intellectual Property Office (KIPO), the State Intellectual Property Office of the People's Republic of 
China (SIPO), the World Intellectual Property Organization (WIPO), and any other foreign intellectual property office 
participating with the USPTO in a bilateral or multilateral priority document exchange agreement in which a foreign 
application claiming priority to the instant patent application is filed, access to: (1) the instant patent application-as-filed 
and its related bibliographic data, (2) any foreign or domestic application to which priority or benefit is claimed by the 
instant application and its related bibliographic data, and (3) the date of filing of this Authorization. See 37 CFR 1.14(h) 
(1 ). 

B. Search Results from U.S. Application to EPO - Unless box Bin subsection 2 (opt-out of authorization) is checked, 
the undersigned hereby grants the USPTO authority to provide the EPO access to the bibliographic data and search 
results from the instant patent application when a European patent application claiming priority to the instant patent 
application is filed. See 37 CFR 1.14(h)(2). 

The applicant is reminded that the EPO's Rule 141(1) EPC (European Patent Convention) requires applicants to submit a 
copy of search results from the instant application without delay in a European patent application that claims priority to 
the instant application. 

2. Opt-Out of Authorizations to Permit Access by a Foreign Intellectual Property Office(s) 

A. Applicant DOES NOT authorize the USPTO to permit a participating foreign IP office access to the instant 
D application-as-filed. If this box is checked, the USPTO will not be providing a participating foreign IP office with 

any documents and information identified in subsection 1A above. 

B. Applicant DOES NOT authorize the USPTO to transmit to the EPO any search results from the instant patent 
D application. If this box is checked, the USPTO will not be providing the EPO with search results from the instant 

application. 

NOTE: Once the application has published or is otherwise publicly available, the USPTO may provide access to the 
application in accordance with 37 CFR 1.14. 

EFS Web 2.2.12 
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Attorney Docket Number TX1000-C12 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention 
MOBILE WIRELESS DEVICE PROVIDING OFF-LINE AND ON-LINE GEOGRAPHIC NAVIGATION 
INFORMATION 

Applicant Information: 

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Tille 37 of CFR 
to have an assignment recorded by the Office. 

Applicant 11 I Remove I 
If the applicant is the inventor (or the remaining joint inventor or inventors under 37 CFR 1.45), this section should not be completed. 
The information to be provided in this section is the name and address of the legal representative who is the applicant under 37 CFR 
1.43; or the name and address of the assignee, person to whom the inventor is under an obligation to assign the invention, or person 
who otherwise shows sufficient proprietary interest in the matter who is the applicant under 37 CFR 1.46. If the applicant is an 
applicant under 37 CFR 1.46 (assignee, person to whom the inventor is obligated to assign, or person who otherwise shows sufficient 
proprietary interest) together with one or more joint inventors, then the joint inventor or inventors who are also the applicant should be 
identified in this section. 

I Clear I 

• Assignee 
I 

Legal Representative under 35 U.S.C. 117 
I 

Joint Inventor 

Person to whom the inventor is obligated to assign. 
I Person who shows sufficient proprietary interest 

If applicant is the legal representative, indicate the authority to file the patent application, the inventor is: 

1~1 
Name of the Deceased or Legally Incapacitated Inventor: I 

If the Applicant is an Organization check here. ~ 
Organization Name I traxcell Technologies, LLC 

Mailing Address Information For Applicant: 

Address 1 1405 Municipal Ave., Suite 2305 

Address 2 

City Diano State/Province TX 

Country I 1-Js Postal Code 75074 

Phone Number Fax Number 

Email Address 

Additional Applicant Data may be generated within this form by selecting the Add button. I Add I 

Assignee Information including Non-Applicant Assignee Information: 

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title 
37 of CFR to have an assignment recorded by the Office. 

EFS Web 2.2.12 
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Attorney Docket Number TX1000-C12 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention 
MOBILE WIRELESS DEVICE PROVIDING OFF-LINE AND ON-LINE GEOGRAPHIC NAVIGATION 
INFORMATION 

Assignee 11 

Complete this section if assignee information, including non-applicant assignee information, is desired to be included on the patent 
application publication. An assignee-applicant identified in the "Applicant Information" section will appear on the patent application 
publication as an applicant. For an assignee-applicant, complete this section only if identification as an assignee is also desired on the 
patent application publication. 

I Remove I 
If the Assignee or Non-Applicant Assignee is an Organization check here. □ 
Prefix Given Name Middle Name Family Name Suffix 

I B I I I I B 
Mailing Address Information For Assignee including Non-Applicant Assignee: 

Address 1 

Address 2 

City 11 State/Province 

Countryi 11 Postal Code 

Phone Number Fax Number 

Email Address 

Additional Assignee or Non-Applicant Assignee Data may be generated within this form by 
selecting the Add button. I Add I 

Signature: Remove 

NOTE: This Application Data Sheet must be signed in accordance with 37 CFR 1.33(b ). However, if this Application 
Data Sheet is submitted with the INITIAL filing of the application and either box A or B is not checked in 
subsection 2 of the "Authorization or Opt-Out of Authorization to Permit Access" section, then this form must 
also be signed in accordance with 37 CFR 1.14(c). 

This Application Data Sheet must be signed by a patent practitioner if one or more of the applicants is a juristic 
entity (e.g., corporation or association). If the applicant is two or more joint inventors, this form must be signed by a 
patent practitioner, all joint inventors who are the applicant, or one or more joint inventor-applicants who have been given 
power of attorney (e.g., see US PTO Form PTO/AIA/81) on behalf of all joint inventor-applicants. 

See 37 CFR 1.4(d) for the manner of making signatures and certifications. 

Signature Ii Andrew Mitchell Harris #42,638/ Date (YYYY-MM-DD) 12020-02-11 

First Name ~ndrew I Last Name I ~arris Registration Number 142638 

Additional Signature may be generated within this form by selecting the Add button. I Add I 
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Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention 
MOBILE WIRELESS DEVICE PROVIDING OFF-LINE AND ON-LINE GEOGRAPHIC NAVIGATION 
INFORMATION 

This collection of information is required by 37 CFR 1. 76. The information is required to obtain or retain a benefit by the public which 
is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This 
collection is estimated to take 23 minutes to complete, including gathering, preparing, and submitting the completed application data 
sheet form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of lime you require to 
complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and 
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR 
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 
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Privacy Act Statement 

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the attached form related to a patent 
application or patent. Accordingly, pursuant to the requirements of the Act, please be advised that: (1) the general authority for the collection of this information 
is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and 
Trademark Office is to process and/or examine your submission related to a patent application or patent. If you do not furnish the requested information, the U.S. 
Patent and Trademark Office may not be able to process and/or examine your submission, which may result in termination of proceedings or abandonment of 
the application or expiration of the patent. 

The information provided by you in this form will be subject to the following routine uses: 

The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act (5 U.S.C. 552) and the Privacy 
Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the Department of Justice to determine whether the Freedom of 
Information Act requires disclosure of these records. 

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a court, magistrate, or administrative 
tribunal, including disclosures to opposing counsel in the course of settlement negotiations. 

3 A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a request involving an individual, to whom 
the record pertains, when the individual has requested assistance from the Member with respect to the subject matter of the record. 

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for the information in order to perform 
a contract. Recipients of information shall be required to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 
552a(m). 

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of records may be disclosed, as a routine use, 
to the International Bureau of the World Intellectual Property Organization, pursuant to the PatentCooperationTreaty. 

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of National Security review (35 U.S.C. 181) 
and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)). 

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or his/her designee, during an 
inspection of records conducted by GSA as part of that agency's responsibility to recommend improvements in records management practices and 
programs, under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of 
records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make determinations about 
individuals. 

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of the application pursuant to 35 U.S.C. 
122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37 CFR 1. 14, as a routine use, 
to the public if the record was filed in an application which became abandoned or in which the proceedings were terminated and which application is 
referenced by either a published application, an application open to public inspections or an issued patent. 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law enforcement agency, if the USPTO becomes 
aware of a violation or potential violation of law or regulation. 
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Figures Appear 

US-10,390, 175-B2 08-20-2019 Reed, et al. 

US-9 ,888 ,353-B2 02-06-2018 Reed, et al. 

US-9,642,024-B2 05-02-2017 Reed, et al. 

US-9 ,549 ,388-B2 01-17-2017 Reed, et al. 

US-9,510,320-B2 11-29-2016 Reed, et al. 

US-8,977,284-B2 03-10-2015 Reed 

US-20030134648-A 1 07-17-2003 Reed 

US-9,918, 196-B2 03-13-2018 Reed, et al. 

US-10,448,209 10-15-2019 Reed, et al. 

US-20200015039-A 1 01-09-2020 Reed, et al. 

US-16/779,590 02-01-2020 Reed, et al. 

US-6,931,256-B2 08-16-2005 Mandyam 

US-6,334,047-B1 12-25-2001 Andersson, et al. 

US-7,689 ,240-B2 03-30-2010 Anderson 

US-7, 120,392-B2 10-10-2006 Chu, et al. 

US-6,157,838 12-05-2000 Di Huo, et al. 

US-7,574,230-B1 08-11-2009 Oh, et al. 

US-6,298,306-B1 10-02-2001 Suarez, et al. 

US-7,634,266-B2 12-15-2009 McDougall, et al. 

US-6,751,443-B2 06-15-2004 Haymes, et al. 

US-7,333 ,820-B2 02-19-2008 Sheha, et al. 

US-8,218,507-B2 07-10-2012 Palmer, et al. 

US-7,853,267-B2 12-14-2010 Jensen 

US-6,901,264 05-31-2005 Myr 

US-3,419,865 12-31-1968 Chisholm 

US-4,494, 119 01-15-1985 Wimbush 

US-5,873,040 02-16-1999 Dunn, et al. 

US-5,930,515 07-27-1999 Ducharme, et al. 

US-6,308,073-B1 10-23-2001 Petty, et al. 

US-7,366 ,522-B2 04-29-2008 Thomas 

US-6,799,049-B1 09-28-2004 Zellner, et al. 
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US-4,908,629 03-13-1990 Apsell, et al. 

US-4,891,650 01-02-1990 Sheffer 

US-6,249,252-B1 06-19-2001 Dupray 

US-6 ,249 ,680-B 1 06-19-2001 Wax, et al. 

US-6,167,275 12-26-2000 Oros, et al. 

US-6,091,956 07-18-2000 Hollenberg 

US-6,633,761-B1 10-14-2003 Singhal, et al. 

US-5,561,704 10-01-1996 Salimando 

US-5,694,335 12-02-1997 Hollenberg 

US-6, 150,961 11-21-2000 Alewine, et al. 

US-20150309295-A 1 10-29-2015 Cocker, et al. 

US-7,082,365-B2 07-25-2006 Sheha, et al. 

US-20020052786-A 1 05-02-2002 Kim, et al. 

US-5,933,100 08-03-1999 Golding 

US-6,052,598 04-18-2000 Rudrapatna, et al. 

US-6,362,783-B1 03-26-2002 Sigiura, et al. 

US-6,505,114-B2 01-07-2003 Luciani 

US-6,314,365-B1 11-06-2001 Smith 

US-6,490,521-B2 12-03-2002 Wiener 

US-6,401,035-B2 06-04-2002 Jin 

US-6 ,654 ,683-B2 11-25-2003 Jin, et al. 

US-7,389, 179-B2 06-17-2008 Jin, et al. 

US-6,151,505 11-21-2000 Larkins, et al. 

US-6,292,743-B1 09-18-2001 Pu, et al. 

US-6, 111,539 08-29-2000 Mannings, et al. 

US-5,504,482 04-02-1996 Schreder 

US-5,712,899 01-27-1998 Pace, II 

US-6,295,502-B1 09-25-2001 Hancock, et al. 

US-6,542,816-B1 04-01-2003 Ito, et al. 

US-5,959,577 09-28-1999 Fan, et al. 

US-6,088,594 07-11-2000 Kingdon, et al. 

US-6,677,894-B2 01-13-2004 Sheynblat, et al. 

US-6,603,977-B1 08-05-2003 Walsh, et al. 
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US-6,243,030-B1 06-05-2001 Levine 

US-6 ,442 ,394-B 1 08-27-2002 Valentine, et al. 

US-6,950,745-B2 09-27-2005 Agnew, et al. 

US-6,853,915-B2 02-08-2005 Hubschneider, et al. 

US-5,911,773 06-15-1999 Mutsuga, et al. 

US-6, 163,751 12-19-2000 Van Roekel 

US-6,278,941-B1 08-21-2001 Yokoyama 

US-6,341,255-B1 01-22-2002 Lapidot 

US-7,260 ,4 73-B2 08-21-2007 Abe,et al. 

US-6,421,607-B1 07-16-2002 Gee, et al. 

US-7, 117,085-B2 10-03-2006 Buecher, et al. 

US-6,317,684-B1 11-13-2001 Roeseler, et al. 

US-6,484,093-B1 11-19-2002 Ito, et al. 

US-6,282,491-B1 08-28-2001 Bachmann, et al. 

US-5 ,543, 789 08-06-1996 Behr, et al. 

US-5,839,086 11-17-1998 Hirano 

US-6,336,073-B1 01-01-2002 lhara, et al. 

US-6,725, 155-B1 04-20-2004 Takahashi, et al. 

US-6,662,105-B1 12-09-2003 Tada, et al. 

US-6 ,84 7 ,889-B2 01-25-2005 Park, et al. 

US-6,614,363-B1 09-02-2003 Behr, et al. 

US-6,084,955 07-04-2000 Key, et al. 

US-6,266,514-B1 07-24-2001 O'Donnell 

US-7,280 ,803-B2 10-09-2007 Nelson 

US-6,782,256-B2 08-24-2004 Engholm, et al. 

US-6,317,605-B1 11-13-2001 Sakuma 

US-7,333,794-B2 02-19-2008 Zappala 

US-6,985,839-B1 01-10-2006 Motamedi, et al. 

US-7,116,990-B2 10-03-2006 Maanoja 

US-20050043036-A 1 02-24-2005 loppe, et al. 

US-7,203 ,503-B2 04-10-2007 Cedervall, et al. 

US-6,907,252-B2 06-14-2005 Papadias, et al. 
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US-7,996,017-B2 08-09-2011 Vanttinen 

US-7, 151,940-B2 12-19-2006 Vanttinen, et al. 

US-6,526,283-B1 02-25-2003 Jang 

US-7,574,222-B2 08-11-2009 Sawada, et al. 

US-6,721,542-B1 04-13-2004 Anttila, et al. 

US-7, 149,201-B2 12-12-2006 Hunzinger 

US-7,024,187-B2 04-04-2006 Moles, et al. 

US-6 ,298 ,233-B 1 10-02-2001 Souissi, et al. 

US-6,925,300-B2 08-02-2005 Horne 

US-6,073,075 06-06-2000 Kondou 

US-6,941,220-B2 09-06-2005 Le, et al. 

US-7,162,367-B2 01-09-2007 Lin, et al. 

US-20030199260-A 1 10-23-2003 Casey, et al. 

US-2004024614 7-A 1 12-09-2004 Von Grabe 

US-7, 164,921-B2 01-16-2007 Owens, et al. 

US-6,456,854-B1 09-24-2002 Chern, et al. 

US-6,944,447-B2 09-13-2005 Portman, et al. 

US-20020002504-A 1 01-03-2002 Engel, et al. 

US-5,835,061 11-10-1998 Stewart 

US-6,650,902-B1 11-18-2003 Richton 

US-6,836,667-B1 12-28-2004 Smith, Jr. 

US-7,024,205-B1 04-04-2006 Hose 

US-7,076,244-B2 07-11-2006 Lazaridis, et al. 

US-20030004 7 43-A 1 01-02-2003 Callegari 

US-20020161633-A 1 10-31-2002 Jacob, et al. 

US-7,103,368-B2 09-05-2006 Teshima 

US-7,813,741-B2 10-12-2010 Hendrey, et al. 

US-20020091568-A 1 07-11-2002 Kraft, et al. 

US-6,798,358-B2 09-28-2004 Joyce, et al. 

US-20020111154-A 1 08-15-2002 Eldering, et al. 

US-7,089,264-B1 08-08-2006 Guido, et al. 

US-6,816,720-B2 11-09-2004 Hussain, et al. 

Examiner: Date Considered: 
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US-6,795,71 O-B1 09-21-2004 Creemer 

US-6, 157,841 12-05-2000 Bolduc, et al. 

US-6,580,914-B1 06-17-2003 Smith 

US-6,014,090 01-11-2000 Rosen, et al. 

US-6,970,922-B1 11-29-2005 Spector 

US-6,492,944-B1 12-10-2002 Stilp 

US-5,519,760 05-21-1996 Borkowski, et al. 

US-6,321,092-B1 11-20-2001 Fitch, et al. 

US-6 ,456 ,852-B2 09-24-2002 Bar, et al. 

US-6,317,604-B1 11-13-2001 Kovach, Jr., et al. 

US-6,952, 181-B2 10-04-2005 Karr, et al. 

US-6,236,365-B1 05-22-2001 LeBlanc, et al. 

US-6,961,562-B2 11-01-2005 Ross 

US-7,123,918-B1 10-17-2006 Goodman 

US-20040093289-A 1 05-13-2004 Bodin 

US-6,557, 139-B2 04-29-2003 Bohnke 

US-6,233,449-B1 05-15-2001 Glitho, et al. 

US-7,689 ,240-B2 03-30-2010 Anderson 

US-6,839,554-B2 01-04-2005 McDowell, et al. 

US-20020035605-A 1 03-21-2002 McDowell, et al. 

US-7,546, 128-B2 06-09-2009 Smith, et al. 

US-6 ,842 ,620-B2 01-11-2005 Smith, et al. 

US-5,588,048 12-24-1996 Neville 

US-20030003900-A 1 01-02-2003 Goss, et al. 

US-7,616,950-B2 11-10-2009 Pearson, et al. 

US-8,862,106-B2 10-14-2014 Salisbury, et al. 

US-RE42,937 E 11-15-2011 Want, et al. 

US-6,847,969-B1 01-25-2005 Mathai, et al. 

US-6,671,646-B2 12-30-2003 Manegold, et al. 

US-7,808 ,369-B2 10-05-2010 Brinton, et al. 

US-4,818,998 04-04-1989 Apsell, et al. 

Examiner: Date Considered: 
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US-7,564,375-B2 07-21-2009 Brinton, et al. 

US-7,362 ,229-B2 04-22-2008 Brinton, et al. 

US-7,557 ,696-B2 07-07-2009 Brinton, et al. 

US-6 ,804 ,626-B2 10-12-2004 Manegold, et al. 

US-7,117,121-B2 10-03-2006 Brinton, et al. 

US-5 ,272 ,638 12-21-1993 Martin, et al. 

US-5,465,289 11-07-1995 Kennedy, Jr. 

US-5,745,865 04-28-1998 Rostoker, et al. 

US-6,343,290-B1 01-29-2002 Cossins, et al. 

US-5 ,844 ,522 12-01-1998 Sheffer, et al. 

US-5,987,329 11-16-1999 Yost, et al. 

US-5,930,717 07-27-1999 Yost, et al. 

US-6,539,229-B1 03-25-2003 Ali 

US-6,662,023-B1 12-09-2003 Helle 

US-6,225,944-B1 05-01-2001 Hayes 

US-6,246,861-B1 06-12-2001 Messier, et al. 

US-6,097,336 08-01-2000 Stilp 

US-6,385,458-B1 05-07-2002 Papadimitriou, et al. 

US-7,519,372-B2 04-14-2009 MacDonald, et al. 

US-6 ,243 ,588-B 1 06-05-2001 Koorapaty, et al. 

US-5,524,136 06-04-1996 Bar-Noy, et al. 

US-6,674,403-B2 01-06-2004 Gray, et al. 

US-20020169539-A 1 11-14-2002 Menard, et al. 

US-5,890,068 03-30-1999 Fattouche, et al. 

US-6 ,330 ,452-B 1 12-11-2001 Fattouche, et al. 

US-7, 130,630-B1 10-31-2006 Enzmann, et al. 

US-7, 133,909-B2 11-07-2006 Bahl 

US-6,236,335-B1 05-22-2001 Goodwin, Ill 

US-6,716, 101-B1 04-06-2004 Meadows, et al. 

US-7,525 ,484-B2 04-28-2009 Dupray, et al. 

US-8,082,096-B2 12-20-2011 Dupray 

Examiner: Date Considered: 
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US-20030146871-A 1 08-07-2003 Karr, et al. 

US-9, 134 ,398-B2 09-15-2015 Dupray, et al. 

US-7,274,332-B1 09-25-2007 Dupray 

US-6 ,466 ,565-B 1 10-15-2002 Wax, et al. 

US-6,111,538 08-29-2000 Schuchman, et al. 

US-8,994,591-B2 03-31-2015 Dupray, et al. 

US-6,204,813-B1 03-20-2001 Wadell, et al. 

US-6,064,339 05-16-2000 Wax, et al. 

US-7,020,475-B2 03-28-2006 Bahl, et al. 

US-6,799,047-B1 09-28-2004 Bahl, et al. 

US-6,026,304 02-15-2000 Hilsenrath, et al. 

US-6 ,393 ,294-B 1 05-21-2002 Perez-Breva, et al. 

US-6,269,246-B1 07-31-2001 Rao, et al. 

US-7,164 ,883-B2 01-16-2007 Rappaport, et al. 

US-7,664,492-B1 02-16-2010 Lee, et al. 

US-7,043,254-B2 05-09-2006 Chawla, et al. 

US6,973,622-B1 12-06-2005 Rappaport, et al. 

US-6,631,267-B1 10-07-2003 Clarkson, et al. 

US-6,842,431-B2 01-11-2005 Clarkson, et al. 

US-7, 120,431-B1 10-10-2006 Huo, et al. 

US-20030054811-A 1 03-20-2003 Han, et al. 

US-7,319,847-B2 01-15-2008 Xanthos, et al. 

US-6 ,587 ,690-B 1 07-01-2003 Di Huo, et al. 

US-7,096, 160-B2 08-22-2006 Skidmore, et al. 

US-20020155816-A 1 10-24-2002 Fodor, et al. 

US-5,920,607 07-06-1999 Berg 

US-9 ,528 ,843-B2 12-27-2016 Pu, et al. 

US-7,003,264-B2 02-21-2006 Fodor, et al. 

US-5,799,154 08-25-1998 Kuriyan 

US-20020152303-A 1 10-17-2002 Dispensa 

US-6,839,552-B1 01-04-2005 Martin 

Examiner: Date Considered: 
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US-6,088,588 07-11-2000 Osborne 

US-6,745,011-B1 06-01-2004 Hendrickson, et al. 

US-6,751,443-B2 06-15-2004 Haymes, et al. 

US-6 ,650 ,896-B 1 11-18-2003 Haymes, et al. 

US-7,079,945-B1 07-18-2006 Kaplan 

US-6,374, 177-B1 04-16-2002 Lee, et al. 

US-20020164998-A 1 11-07-2002 Younis 

US-20030065442-A 1 04-03-2003 Touney 
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EP 1 374 481 B1 2 

Description 

INTRODUCTION 

[0001] 2. The present invention relates generally to a 
system for measuring quality of service in a wireless net
work. More particularly, the present invention relates to 
a system for measuring quality of service in a wireless 
network using multiple remote units and a back end 
processor. 

BACKGROUND OF THE INVENTION 

[0002] 3. There are two major technical fields that 
have shown explosive growth over the past few years: 
the first is wireless communications and the second is 
use of data services, particularly the Internet. These two 
technical fields both require a set of specialized tools in 
order to measure their quality of service. Interestingly, 
wireless communications and data services are begin
ning to converge. Unfortunately, this convergence has 
not been accompanied by the development of appropri
ate specialized tools to measure data quality of service 
in the wireless network. 
[0003] 4. The growth of wireless communications has 
been astounding. Twenty years ago, there was virtually 
no use of wireless communications devices such as cel
lular phones. In contrast, the market penetration for 
wireless devices in the U.S. in 1999 was 32 percent The 
current forecast is that 80 percent of the U.S. population 
will be wireless subscribers by 2008. 
[0004] 5. There are a variety of specialized tools that 
are used to measure quality of service over wireless net
works. These include the following Oust to name a few 
examples): 

Ascom QVoice (including QVoice unattended); 
Ericsson TEMS, RSAT-2000, Benchmarker, Cel
lAD, and CeNA; 
Nokia TOM; 
Safco VoicePrint, DataPrint, and WalkAbout; 
Comarco BaseLINE and Gen II; 
Grayson Surveyor; 
ZK CellTest DX136 and DXC; 
Ameritec Swarm; 
Neopoint Datalogger; and 
Qualcomm QCTest Retriever and QCTest GAIT. 

[0005] 6. The general deficiency with these tools is 
that they were primarily developed to measure voice 
quality and/or RF parameters over the wireless system 
and not to measure data quality. Some of them have 
been modified to include some rudimentary data meas
urements; however, they are not optimized for perform
ing wireless data measurements. In particular, they do 
not allow unattended measurement of wireless data 
from multiple remote units in a statistically significant 
manner with remote control from a back end processor. 

[0006] 7. The classical way of measuring voice quality 
of service and/or RF parameters in a wireless network 
involves sending out technicians to drive test the net
work. The drive test includes placing the test instrument 

5 in a vehicle and running a test script that either gener
ates or receives a voice test signal. The receiving end 
ofthe communication link uses a DSP containing a mod
el of human hearing to analyze the received voice sam
ple and produce an associated quality score. In addition, 

10 some of the systems measure other system parameters 
such as SINAD, noise, distortion, received signal level, 
and call progress statistics. 
[0007] 8. Unfortunately, the classical method of meas
uring voice quality of service and/or RF parameters 

15 does not function very well for measuring data quality of 
service. In order to make statistically significant meas
urements of data quality of service over a wireless net
work, it is necessary to make multiple measurements 
from multiple remote devices. Furthermore, a measure-

20 ment of data quality is inherently different from the other 
types of measurements due to the effects of latency and 
other effects that are specific to data. 
[0008] 9. Most of the existing measurement devices 
do not have this capability for a variety of reasons. The 

25 price of the test instruments range anywhere from $5K 
to $100K. This makes it price prohibitive to field a sta
tistically significant fleet of remote devices. Thus, what 
is needed are remote devices designed for unattended 
operation that is remotely controlled by a back end proc-

30 essor in order to reduce manpower costs. Additionally, 
what is needed are remote devices that are optimized 
for performing measurements that are useful over wire
less data networks, such as latency for Web page ac
cess or delay in SMS message delivery. 

35 [0009] 10. The growth of data services has been just 
as astounding as the growth rate for the wireless indus
try. The largest driving force behind the growth of data 
services has been the enormous growth of the Internet. 
For example, there were 130 Web sites in June 1993, 

40 230,000 Web sites in June of 1996, and 10 million Web 
sites at the end of 1999. 
[001 0] 11. There have been a variety of specialized 
tools developed to measure the data quality of service 
over the Internet. 

45 [0011] 12. U.S. Patent No. 6,006,260 to Barrick, Jr. et 
al. (assigned to Keynote Systems, Inc) discloses a 
method for gathering latency experienced by a user over 
a network. The steps of the method include a user 
browser sending a GET command to retrieve an HTML 

50 page with an embedded Java script. The Java script 
starts a timer and generates a GET command to retrieve 
an HTML page. When the page is received, the timer is 
stopped and the timer information along with cookie da
ta stored on the browser machine is sent to a relay serv-

55 er that logs the information. 

2 

[0012] 13. U.S. patent No. 5, 657,450 to Rao et al. 
teaches the provision of time estimates for long-running 
distal source access operations using an intermediate 
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server close to the client workspace. 
[0013] 14. U.S. patent No. 5, 796, 952 to Owen et al. 
discloses a method for monitoring a user's time of page 
browsing. 
[0014] 15. U.S. patent No. 6, 012,096 to Link et al. 5 

teaches a method for monitoring client-to-client network 
latency for gaming applications. The method involves a 
ping, response, and response-response protocol. 
[0015] 16. Unfortunately, none of these patents teach 
a method which is appropriate for performing data qual- 10 

ity of service measurements over a wireless network. 
[0016] A system has been proposed in EP-A 0837615 
for a cellular telephone system. A remotely commanded 
test telephone makes a wireless connection to a cellular 
system that implements a voice loop to assess the qua I- 15 

ity oft he cellular voice connection. Th is system does not 
utilize a control modem. Thus, the test telephone will not 
be mobile and cannot truly emulate the circumstances 
of a mobile cellular telephone. 
[0017] 17. As previously mentioned, there is a tre- 20 

mendous convergence taking place that combines the 
wireless network with data services. Dataquest esti
mates that the U. S. wireless data market (including 
phones, PDAs, laptops, and the like.) will grow from 3 
million subscribers in 1999 to 36 million subscribers in 25 

2003. Ericsson is estimating that 1 billion wireless units 
will be in use worldwide by 2003 and that 40 percent 
(400 million) of these units will be employed by data us-
ers. Furthermore, Ericsson is predicting that 2003 will 
be the crossover year in which wireless Web access will 30 

exceed wired Web access. 
[0018] 18. As a further measure of the explosive 
growth of the convergence of the wireless systems and 
the Internet, one can look at projections for the number 
of wireless portal subscribers. According to the Strategis 35 

Group, the number of wireless portals will increase from 
300,000 in 2000, to 9.8 million in 2003, and finally to 
24.8 million in 2006. 
[0019] 19. A variety of technical advancements have 
accelerated the convergence of Internet access over 40 

wireless devices. In 1997, three competing handset 
vendors (Nokia, Ericsson, and Motorola) and a small 
software company (Phone.com, formerly Unwired Plan-
et) joined forces to create a standard way to transmit 
Internet data to wireless phones without occupying too 45 

much bandwidth. The result of this collaboration was de
velopment of the wireless application protocol (WAP). 
One basic component of WAP was development of the 
WML (Wireless Markup Language, replacing the previ-
ous Phone.com Handheld Device Markup Language, 50 

HDML) that compresses Web content in comparison to 
HTML. Additionally, the WAP forum developed stand
ards for the use of microbrowsers in mobile devices. 
[0020] 20. Unfortunately, the development of wireless 
Web access technology has significantly outpaced the 55 

development of wireless data measurements tools. 
Accordingly, there is a tremendous need for specific test 
tools to address the converging technologies of wireless 

3 

systems and data communications. 

SUMMARY OF THE INVENTION 

[0021] 21. In order to meet this need, a measuring tool 
is provided for measuring data quality of service over 
the wireless network. This tool was designed from the 
ground up with a variety of specific attributes. 
[0022] The invention is defined by the subject-matter 
of the independent system claim 1. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] 

38. FIGS. 1a-g show a generic communication net
work with a variety of wireless communication paths 
connected to the Internet. 

39. FIG. 1 a shows the communication path for the 
traffic data in a standard wired Internet measure
ment system. 

40. FIG. 1 b shows the communication path for the 
traffic data during a circuit switched data connection 
in accordance with an embodiment of the invention. 

41. FIG. 1c shows the communication path for the 
traffic data during a packet switched data connec
tion in accordance with an embodiment of the in
vention. 

42. FIG. 1 d shows the communication path for the 
traffic data during an SMS message transmission 
in accordance with an embodiment of the invention. 

43. FIG. 1 e shows the communication path for the 
traffic data during a WAP data connection in accord
ance with an embodiment of the invention. 

44. FIG. 1f shows the communication path for the 
traffic data during a WAP data connection in accord
ance with a further embodiment of the invention. 

45. FIG. 1 g shows the communication path for the 
traffic data during a WAP data connection, including 
a WAP monitoring processor, in accordance with a 
further embodiment of the invention. 

46. FIG. 1 h shows the communication path for the 
control link in accordance with an embodiment of 
the invention. 

47. FIG. 2a shows the system architecture in ac
cordance with one embodiment of the invention. 

48. FIG. 2b shows the system architecture in ac
cordance with a further embodiment of the inven-
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tion. 

49. FIG. 2c shows the system architecture in ac
cordance with another embodiment of the inven
tion. 

50. FIG. 2d shows the system architecture in ac
cordance with a further embodiment of the inven
tion. 

51. FIG. 2e shows the system architecture in ac
cordance with another embodiment of the inven
tion. 

5 

10 

52. FIGS. 3a through 3d show a variety of basic ar- 15 

chitectures for remote units according to various 
embodiments of the invention. 

53. FIG. 3a shows the basic architecture for the re
mote unit. 

54. FIG. 3b shows another architecture for the re
mote unit with separate control link modem and traf
fic modem. 

55. FIG. 3c shows another architecture for the re
mote unit with separate control link modem and 
multiple traffic modems. 

20 

25 

56. FIG. 3d shows a further architecture for the re- 30 

65. FIG. 6a shows examples of some of the fields 
in the remote unit originated packets (both data and 
signaling). 

66. FIG. 6b shows examples of some of the fields 
in the back end processor originated packets (both 
data and signaling). 

67. FIG. 7a shows a method for measuring data 
quality of service in a wireless network. 

68. FIG. 7b shows a method for measuring data 
quality of service in a wireless network, including at 
least one step related to the wireless network infra
structure. 

69. FIG. 7c shows a method for measuring data 
quality of service in a wireless network, including at 
least one additional order independent step. 

70. FIG. Sa shows a bar graph output of download 
times from different portals. 

71. FIG. Sb shows a bar graph output of download 
times across different wireless networks. 

72. FIG. Sc shows a bar graph output of call com
pletion percentage across different wireless net
works. 

mote units that include multiple peripherals in ac- 73. FIG. 8d shows a trending graph output of call 
cordance with one embodiment of the invention. completion percentage across different wireless 

networks. 
57. FIGS. 4a through 4d show a variety of alternate 
implementations for the remote unit. 35 

58. FIG. 4a shows a hardware implementation of 
the remote unit using either a laptop or handheld 
unit. 

59. FIG. 4b shows a hardware implementation of 
the remote units using a single board computer 
(SBC). 

40 

60. FIG. 4c shows the organization of the software- 45 

defined radio. 

61. FIG. 4d shows the organization of the software 
in the remote unit. 

62. FIG. 5a shows the architecture of the back end 

50 

7 4. FIG. Se shows a bar graph output of average 
download times with a breakdown of the network 
latency at the WAP gateway. 

75. FIG. Sf shows a pie chart of error statistics for 
wireless access of Yahoo. 

76. FIG. 9 illustrates a system according to an ex
emplary embodiment of the present invention. 

77. FIG. 10 illustrates remote units (PUPPls) in the 
exemplary system. 

78. FIG. 11 illustrates processes that each contain 
software modules that are responsible for specific 
tasks. 

processor. 79. FIG. 12 illustrates a router is used as the inter
face between an external communication line and 

63. FIG. 5b shows the architecture of the back end a LAN that is connected to the PUPPls. 
processor. 55 

64. FIG. 5c shows the architecture for the portal. 

4 

80. FIG. 13 illustrates the basic architecture for the 
Back End according to the exemplary embodiment. 
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81. FIG. 14 illustrates two basic software modules 
included in the Back End. 

82. FIG. 15 illustrates hardware architecture for the 
Back End according to the exemplary embodiment. 5 

DETAILED DESCRIPTION 

I.OVERVIEW 

[0024] 83. In order to understand the present inven-
tion, it is helpful to compare the communication path of 
current data measurements tools with the communica-

10 

tion path. FIGS. 1a-g show a generic communication 
network with a variety of wireless communication paths 15 

connected to the Internet. It is well known to those of 
ordinary skill in the art that these figures illustrate age
neric network that is used for illustrative purposes. For 
example, in some cellular networks there is a base sta-
tion controller connected to multiple base stations be- 20 

tween their connections to the MSC. As another exam-
ple, the WAP gateway, packet data gateway, and PSTN 
connection may be replaced in some wireless networks 
by a single device that is directly connected to the MSC. 
[0025] 84. FIG. 1a shows the communication path 25 

(heavy broken line) for the traffic data in a standard 
wired Internet measurement system. The traffic data 
flows between the user machine 124 over the Internet 
122 to a standard application server 126 that will gen-
erally be serving an HTML page. 30 

[0026] 85. FIG. 1 b shows the communication path 
(heavy broken line) for the traffic data during a circuit 
switched data connection. The traffic data passes from 
the remote unit 102-1to the base station 106, MSC 108, 
PSTN 110, ISP 112, Internet 122,and toa standard ap- 35 

plication server 126. The standard application server 
126 may be serving an HTML page, for example. 
[0027] 86. FIG. 1 c shows the communication path 
(heavy broken line) for the traffic data during a packet 
switched data connection The traffic data passes from 40 

the remote unit 102-1 to the base station 106, MSC 108, 
operator backbone 114, packet data gateway 118, In
ternet 122, and standard application server 126. For ex
ample, the standard application server 126 may be serv-
ing an HTML page. 45 

[0028] 87. FIG. 1d shows the communication path 
(heavy broken line) for the traffic data during an SMS 
message transmission. If the SMS message is being de
livered to the remote unit 102-1, the traffic data passes 
from a standard application server 126 to the Internet 50 

122, SMSC 116, operator backbone 114, MSC 108, 
base station 106, and remote unit 102-1. 
[0029] 88. FIG. 1e shows the communication path 
(heavy broken line) for the traffic data during a WAP data 
connection. If the remote unit 102-1 is accessing a WAP 55 

server 128, the traffic data passes from the remote unit 
102-1 to a base station 106, MSC 108, operator back
bone 114, WAP gateway 120, Internet 122, and WAP 

5 

server 128. For example, the traffic data path shown in 
FIG. 1e allows for latency measurements for wireless 
Web page access or e-commerce transactions. 
[0030] 89. It is important to note that although the term 
WAP is being applied to the wireless Internet protocol, 
the principles of the present invention are not limited to 
a WAP implementation. The present invention may be 
implemented using any wireless Internet protocol, in
cluding HOM Land any future wireless Internet protocols 
that may be developed. The following examples are pro
vided of some competing technologies that for the pur
poses of this disclosure will be considered to be func
tionally equivalent to WAP. For example, the Web con
tent can be delivered as text messaging or as an SMS 
message (as proposed by Xypoint or GoSMS) so that it 
is compatible with existing cellular phones. Alternatively, 
the Web content can be delivered as existing HTML In
ternet content for wireless devices as proposed by Spy
glass' Prism technology or Japan's iMode. As a further 
example, the content can be processed through a tem
plate model that reads existing HTML content and fits 
the data to a template optimized for various types of 
wireless phones such as the system proposed by Eve
rypath.com. As another example, the data content can 
be delivered to a Palm Pilot or other PDA or handheld 
device that uses a proprietary protocol. 
[0031] 90. Additionally, it is noted that the present in
vention is not limited to use of the Internet, as it may be 
effectively practiced using any broad-reach network re
gardless of hardware implementation specifics. Accord
ingly, the term Wireless Data Protocol (WOP) will be 
used interchangeably with the generically used term 
WAP to describe the protocol used for wireless data ac
cess. 
[0032] 91. FIG. 1 f shows the communication path 
(heavy broken line) for the traffic data during a WAP data 
connection. If the remote unit 102-1 is accessing the 
benchmark WAP server 130, the traffic data passes 
from the remote units 102-1 to a base station 106, MSC 
108, operator backbone 114, WAP gateway 120, and to 
the benchmark WAP server 130. This configuration al
lows latency measurements without including the uncer
tainties of the latency through the Internet 122 itself. In 
other words, the configuration in FIG. 1f allows meas
urements of the latency due to the wireless network itself 
with no contribution from the Internet 122. 
[0033] 92. FIG. 1 g shows the communication path 
(heavy broken line) for the traffic data during a WAP data 
connection, including a WAP monitoring processor 132. 
The WAP monitoring processor 132 may be implement
ed as monitoring software installed and running on the 
WAP Gateway 120 or as software installed on a sepa
rate machine attached to the WAP Gateway 120. The 
software would monitor traffic through the WAP Gate
way 120 and provide metrics such as throughput, laten
cy and lost packet information. This configuration would 
allow the wireless network and the Internet 122 itself to 
be analyzed and monitored separately, thus providing 
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performance information for each. Furthermore, the 
WAP Monitoring Processor 132 would be able to collect 
protocol information directly from the WAP Gateway 120 
that may not be available to the multiple remote units 
(102-1 through 102-N). 
[0034] 93. The monitoring software may run as a sep
arate application on the WAP Gateway 120, or may be 
embedded into the WAP Gateway software itself and 
run as part of the entire gateway application. The mon
itoring software would have a mechanism for collecting 
metrics and passing that information to the back end 
processor through the internet, wireless network, or 
through some other means. The monitoring software 
may temporarily store results locally, and perform some 
pre-processing on the data prior to forwarding it to the 
back end processor. 
[0035] 94. FIG. 1 h shows the communication path for 
the control link. The control link is used to remotely con
trol the remote units 140, 142, 144, 146 from the back 
end processor 148. Specifically, the process in the back 
end processor 148 that communicates with the remote 
units 140, 142, 144, 146 is the fleet management proc
ess, which will be discussed in detail later. 
[0036] 95. The remote units can be either mobile 140, 
142, 144 or stationary 146. The mobile units 140, 142, 
144 can be mounted in a variety of vehicles such as tax
is, police cars, buses, postal vehicles, delivery vehicles, 
fleet vehicles, just to give a few examples. The station
ary remote units 146 can be mounted in any area in 
which the public congregates and uses wireless devic
es. This includes airports, bus stations, and train sta
tions just to provide a few examples. 
[0037] 96. A variety of communication technologies 
are available to implement the control link. The control 
link can be implemented as data running over any ofthe 
current wireless networks such as CDMA, iDEN, TOMA, 
or GSM just to name a few examples. Additionally, the 
control link can be implemented over the AMPS network 
using CDPD for example. Alternatively, the control link 
can be implemented using a two-way data system such 
as ARDIS, MOBITEX, SKYTEL, and the like. 

II. SYSTEM ARCHITECTURE 

[0038] 97. FIG. 2a shows the system architecture in 
accordance with one embodiment of the invention. As 
previously described, the invention comprises multiple 
remote units (202-1 - 202-N} that may be either mobile 
or stationary. Each remote unit may include a location 
unit (202a-1- 202a-N} that allows the remote unit to ac
curately determine its location. Furthermore, each re
mote unit includes a communications link (202b-1 -
202b-N} that provides for both the control link and the 
traffic data. The communications link 202b-1 communi
cates over a communication network 210 that passes 
the information to a communication server 212 that con
nects to a data network 220. The data network 220 can 
be a public data network, such as the Internet, or a pri-

vate data network. A back end processor 224 is con
nected to the data network 220 for handling control link 
information, both commands and responses, and traffic 
data. In addition, the customers 222 are also connected 

5 to the data network so that they can access the back 
end processor 224. 
[0039] 98. FIG. 2b shows the system architecture in 
accordance with a further embodiment of the invention. 
The system in FIG. 2b differs from the system shown in 

10 FIG. 2a in that the control link network and the traffic 
data network are two separate communication net
works. Each remote unit (e.g., 202-1) may include a lo
cation unit 202a-1 that allows the remote unit 202-1 to 
accurately determine its location. Furthermore, each re-

15 mote unit 202-1 includes a control link communication 
module 202c-1 and a traffic data communication mod
ule 202d-1. The control link 202c-1 passes commands 
and response information through communication net
work A 210A and communication server A 212A to the 

20 data network 220. The traffic data communication mod
ule 202d-1 passes traffic data through communication 
network B (210B) and communications server B (212B} 
to the data network 220. A back end processor 224 is 
connected to the data network 220 for handling control 

25 link information, both commands and responses, and 
traffic data. In addition, the customers 222 are also con
nected to the data network 220 so that they can access 
the back end processor 224. 
[0040] 99. FIG. 2c shows the system architecture in 

30 accordance with another embodiment of the invention. 
The system shown in FIG. 2c differs from the system 
shown in FIG. 2b in that each remote unit (e.g., 202-1) 
may have multiple traffic modules (202d1-1 - 202dN-1}. 
Each remote unit 202-1 may include a location unit 

35 202a-1 that allows the remote unit to accurately deter
mine its location. Additionally, each remote unit 202-1 
includes a control link communication module 202c-1 
and includes multiple traffic data communication mod
ules (202d1-1 - 202dN-1}. The control link passes com-

40 mand and response information through communica
tion network A 21 0A and communication server A 212A 
to the data network 220. Each traffic data communica
tion module 1 through N (202d1-1- 202dN-1} passes 
traffic data through communication network B-1 (210B-

45 1) through B-N (210B-N}, respectively, and through 
communication servers B-1 (212B-1} through B-N 
(212B-N}, respectively, to the data network 220. A back 
end processor 224 is connected to be data network 220 
for handling control link information, both commands 

50 and responses, and traffic data. In addition, the custom
ers 222 are also connected to the data network 220 so 
that they can access the back end processor 224. 
[0041] 100. FIG. 2d shows the system architecture in 
accordance with a further embodiment of the invention. 

55 The system in FIG. 2d differs from the system shown in 
FIG. 2c in that multiple control link communication net
works may be used. This is particularly important in sys
tems in which the remote units are deployed in different 

6 
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cities. It may be preferable in this case to use a different 
control link communication network in different cities de
pending on the wireless system coverage and the data 
pricing structure. 
[0042] 101. Each remote unit (202-1- 202-N} may in
clude a location unit (202a-1- 202a-N} that allows the 
remote unit to accurately determine its location. Further
more, each remote unit (202-1 - 202-N} includes a con
trol link communication module (202c-1- 202c-N} and 
includes multiple traffic data communication modules 
(202d1-1- 202dN-1- 202d1-N - 202dN-N}. The control 
link passes commands and response information 
through one of communication network A-1 (210A-1} 
through A-N (21 0A-N depending on the appropriate 
communication network for the specific remote unit. 
Each control link communication network A-1 (210A-1} 
through A-N (210A-N} is connected toa respective com
munication server A-1 (212A-1} through A-N (212A-N} 
which allows command and response information to be 
passed to the data network. Each traffic data communi
cation module 1 (202d1-1} through N (202d1-N} passes 
traffic data through communication network B-1 (21 OB-
1} through B-N (210B-N}, respectively, and through 
communication servers B-1 (212B-1} through B-N 
(212B-N}, respectively, to the data network. A back end 
processor 224 is connected to the data network 220 for 
handling control link information, both commands and 
responses, and traffic data. In addition, the customers 
222 are also connected to the data network 220 so that 
they can access the back end processor 224. 102. FIG. 
2e shows the system architecture in accordance with 
another embodiment of the invention. The system in 
FIG. 2e differs from the system shown in FIG. 2d in that 
both mobile and stationary remote units are shown. Be
cause the traffic data communication channels in FIG. 
2e are the same as those in FIG. 2d, they have been 
omitted in order to simplify the diagram. The control links 
for the mobile remote units (202-1 through 202-N} are 
the same as those described in FIG. 2d. 
[0043] 103. Each stationary remote unit (202-X 
through 202-Y} may include a location unit (202a-X 
through 202a-Y} that allows the remote unit to accu
rately determine its location. The location unit (202a-X 
through 202a-Y} is generally optional in the stationary 
remote units since their location is presumably known. 
The stationary remote units each include a control link 
module (202c-X through 202c-Y} which is connected 
via a respective wired line to a respective communica
tion network C-1 (210C-1} through C-N (210C-N} and 
associated communication server C-1 (212C-1} through 
C-N (212C-N} which allows command and response in
formation to be passed to the data network 220. A back 
end processor 224 is connected to be data network 220 
for handling control link information, both commands 
and responses, and traffic data. In addition, the custom
ers 222 are also connected to the data network 220 so 
that they can access the back end processor 224. 

Ill. REMOTE UNIT 

[0044] 104. The remote unit has a variety of attributes. 
The remote unit should preferably be portable in terms 

5 of size and weight so it can be deployed in a vehicle or 
in a stationary public area. Possible vehicles include 
buses, police vehicles, taxis, postal vehicles, delivery 
vehicles, and fleet vehicles just to name a few. Exam
ples of stationary public areas include airports, train sta-

10 tions, bus stations, and any public area where large 
numbers of people use wireless devices. 
[0045] 105. Another attribute of the remote unit is that 
it is mountable either in a vehicle or in a public area. 
There are a variety of methods that can be used for 

15 mounting the remote unit. For example, the remote units 
can be mounted to a DIN bar that is commonly used for 
industrial equipment. Alternatively, the remote units can 
be mounted using a standard bracket, tie device, fabric 
strap, bolts, or adhesive device such as Velcro, for ex-

20 ample. 

[0046] 106. A further attribute of the remote unit is that 
it is able to withstand a wide temperature range such as 
the industrial temperature range of -40 degrees C to + 

80 degrees C, for example. This attribute allows deploy-
25 ment of the remote unit in a wide range of geographical 

environments. Furthermore, it allows deployment of the 
remote unit in places such as the trunk of a vehicle in 
which airflow is limited. 
[0047] 107. Another attribute of the remote unit is the 

30 ability to withstand vibration. This attribute is important 
since many of the remote units may be deployed in ve
hicles and will be subjected to severe vibration. There 
are a variety of standard techniques that can be used to 
improve the vibration performance of the remote unit. 

35 These include using frequency absorbing mounting ma
terials and potting the components on the printed circuit 
board for added stability. 
[0048] 108. A further attribute of the remote unit is that 
it meets all local standards for emissions, both radiated 

40 and conductive. For example in United States, the emis
sions from most digital devices are covered by FCC part 
15 and emissions from cellular devices are covered by 
FCC part 22. In Europe, there generally are directives 
which cover radiated emissions, conductive emissions, 

45 and radiated immunity and which must be met in order 
to receive the CE mark. 
[0049] 109. Another attribute of the remote unit is the 
ability to handle the input power source. First, the re
mote unit should include some type of power regulation. 

50 This is particularly important in a vehicular environment 
in which the power provided by the vehicle battery is 
very noisy. Additionally, the remote unit should include 
the ability to power any external modules or peripherals 
that are going to be attached to the main control unit. 

55 Furthermore, the remote units may include some form 
of battery backup with an automatic charger so that the 
remote unit in a mobile environment does not drain the 
vehicle battery when the ignition is turned off. This re-

7 
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tralized server. Another alternative location option is the 
use of a triangulation technique using either angle of ar
rival or time difference of arrival information. Although 
the generic term triangulation is used, there is no re-

quirement is not as important in a stationary deployment 
si nee the power can be provided from an AC outlet using 
a DC transformer. However, one may choose to include 
the battery and charger in this configuration also in order 
to provide battery backup in the event of an AC power 
failure. Finally, the remote unit may include some form 
of sleep mode which is used to conserve power during 
periods of sporadic activity. 
[0050] 110. The remote unit will now be described with 
regard to a variety of embodiments in accordance with 
the invention. FIGS. 3 a through 3d show a variety of 
basic architectures for the remote unit. FIGS. 4a through 
4d show a variety of possible implementations for the 
remote unit. 

5 quirement that three measurement points be used. A 
further location option is the use of RF fingerprinting, 
such as that developed by U.S. Wireless, which deter
mines the unit location based on a multipath signature. 
[0055] 115. Those of ordinary skill in the art will un-

10 derstand that FIGS. 2a-e, 3a-d, and 4a show logical an
tennas rather than physical antennas. These logical an
tennas can be combined in virtually any combination in
to a single physical antenna or groups of physical an
tennas depending on the specific requirements. 

[0051] 111. FIG. 3a shows the basic architecture for 
the remote unit. The remote unit 300 comprises a control 
unit 302, a location unit 304, and a control link and traffic 
modem 306. The control unit 302 is the main control de
vice for the remote unit 300 and is connected to the lo
cation unit 304 and the control link and traffic modem 
306. The location unit 304 determines the location of the 
remote unit 300. 

15 [0056] 116. FIG. 3b shows another architecture for the 
remote unit 300 with separate control link modem 308 
and traffic modem 310. FIG. 3b differs from FIG. 3a in 
that the single control link and traffic modem 306 has 
been divided into a separate control link modem 308 and 

[0052] 112. The control link and traffic modem 306 
shown in FIG. 3a is used to communicate with the back 

20 traffic modem 310. The advantage of separating the 
control link modem 308 from the traffic modem 310 is 
that it allows the remote unit 300 to communicate control 
information and traffic information over different com
munication networks. 

end processor 224. The control link and traffic modem 25 

306 is connected to the control unit 302 in order to send 
and receive control information and traffic information. 
The control unit is generally running a main program that 
controls the location unit 304 and the control link and 
traffic modem 306. 30 

[0053] 113. There are a variety of ways in which the 
location unit 304 can determine the location in accord-
ance with the invention. The location unit 304 may com
prise a GPS receiver such as those manufactured by 
Trimble, Ashtech, Garmin, or Magellan, for example. If 35 

the location unit 304 is a GPS receiver, the connection 
to the control unit 302 may be a serial communication 
link. In another embodiment, the location unit 304 may 
comprise a GPS daughterboard such as those manu
factured by Avocet, Trimble, Ashtech, or Rockwell, for 40 

example. If the location unit 304 is a GPS daughter
board, the connection to the control unit 302 is usually 
through a proprietary connector mounted on the control 
unit 302. The control of the GPS daughterboard is gen
erally accomplished using a serial connection. In a fur- 45 

ther exemplary embodiment of the invention, the loca-
tion unit 304 may comprise a GPS chipset or a single 
GPS chip which is mounted directly on the control unit 
302 and which has a bus interface. Furthermore, any of 
the GPS implementations of the location unit can in- 50 

elude differential GPS using RTCM or RTCA corrections 
or alternatively can include WMS capabilities. 
[0054] 114. It is well known to those of ordinary skill 
in the art that there are a variety of alternative imple
mentations for the location unit that don't involve stand- 55 

ard GPS. For example, one can use a distributed GPS 
system, such as the one developed by SnapTrack, in 
which part of the GPS functionality is handled by a cen-

8 

[0057] 117. It is well known to those of ordinary skill 
in the art that there are variety of implementations for 
both the traffic modem and the control link modem that 
will be referred to collectively as modem units. The mo
dem units may comprise a handset that is connected to 
the control unit using a special serial cable. The modem 
units may comprise a modem module that is connected 
to the control unit using a special serial cable. The mo
dem units may comprise a PCMCIA card that is con
nected to the control unit using a PCMCIA socket. The 
modem units may comprise a custom modem that is im
plemented on either a separate printed circuit board or 
on the same printed circuit board as the control unit. The 
modem units may comprise a software-defined radio 
(SDR) in which most of the radio functionality is imple
mented in software. The software can be running either 
on a separate printed circuit board or on the same print
ed circuit board as the control unit. The control link mo
dem may comprise a 2-way data device, such as the 
RIM Blackberry or Motorola Creatalink, which interfac
es to the control unit via a serial connection. 
[0058] 118. The traffic modem 310 is selected so that 
it can work over a wireless network using a particular 
wireless standard. For example, the wireless network 
can be AMPS, iDEN, CDMA, TDMA, GSM, ARDIS, MO
BITEX, or CDPD. It should be noted that these stand
ards are listed as examples and are not meant to limit 
the scope of the invention. It is well known to those of 
ordinary skill in the art that other wireless network stand
ards such as W-CDMA, PHS, i-Burst, NAMPS, ETACS, 
WLL, UMTS, TETRA, and NMT may also be supported 
just to name a few more examples. 
[0059] 119. The traffic modem 310 may implement 
more than one wireless standard. For example, QUAL-
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COMM manufactures dual mode phones that support 
both CDMA and AMPS operation. In addition, if the traf
fic modem 310 is implemented using a software-defined 
radio then it is possible to implement all of the above
mentioned standards using a single hardware platform. 
[0060] 120. The control link modem 308 is also select
ed so that it can work over a wireless network using a 
particular wireless standard. For example, the wireless 
network can also be AMPS, iDEN, CDMA, TOMA, GSM, 
ARDIS, MOBITEX, or CDPD. A primary factor in select
ing a wireless standard for the control link modem is the 
pricing policy for transmitting control link information. 
[0061] 121. FIG. 3cshowsanotherarchitectureforthe 
remote unit 300 with a control link modem and multiple 
traffic modems 310-1 - 310-N FIG. 3c differs from FIG. 
3b because it includes multiple traffic modems rather 
than a single traffic modem. The remote unit 300 archi
tecture of FIG. 3c includes a control unit 302 that is con
nected to a location unit 304, control link modem 308, 
and traffic modems 1 (310-1) through N (310-N). 
[0062] 122. FIG. 3d illustrates a remote unit that in
cludes multiple peripherals. The remote unit 300 archi
tecture of FIG. 3d includes a control unit 302 that is con
nected to a location unit 304, a control link modem 308, 
traffic modems 1 (310-1) through N (310-N, battery 
backup 312, external storage 314, a wireless LAN de
vice 316, and an RF scanner 318. The location unit 304, 
control link modem 308, and traffic modems 1 (310-1) 
through N (310-N) are implemented in the same manner 
as discussed above with reference to FIG. 3c. 
[0063] 123. The battery backup 312, shown in FIG. 
3d, provides power to the remote unit 300 when the main 
power is not available. If the remote unit 300 is mounted 
in a vehicle, the battery backup 312 is used when the 
vehicle ignition is turned off in order to ensure that the 
remote unit 300 does not drain the vehicle battery while 
the vehicle is parked. If the remote unit 300 is mounted 
in a stationary location, the battery backup 312 may be 
used to provide power if the main power is cut off due 
to a power failure in the building. The battery backup 
312 includes a battery and a battery charger. The battery 
can be made from a variety of known rechargeable tech
nologies such as sealed lead acid, NiCad, NiMH, and 
Lithium for example. 
[0064] 124. The external storage 314 provides a tem
porary storage capability for data that is not immediately 
sent back to the back end processor 224. There are a 
variety of reasons for storing data in the external storage 
314. For example, if layer 3 network data is collected for 
the wireless network it is possible to produce 1 Mbyte/ 
hour/technology of data. It may be prohibitively expen
sive to send this much data back to the back end proc
essor 224 via the control link modem 308. Accordingly, 
the data can be stored locally in the external storage 
314and be downloaded ata later time using an alternate 
path. 
[0065] 125. As another example, the collected data 
may be queued for transmission when the vehicle igni-

tion is turned off. It may be preferable not to transmit the 
stored data until the ignition is turned back on in order 
to prevent unnecessary draining of the battery backup 
mechanism 312. Accordingly, the data can be stored lo-

5 cally in the external storage 314 and queued for trans
mission in at a later time over the control link modem 
308 when the vehicle ignition is turned on. 
[0066] 126. It is well known to those of ordinary skill 
in the art that the external storage 314 can be imple-

10 mented in a variety of ways. For example, the external 
storage is implemented as a PCMCIA Flash card that 
plugs into a PCM CIA socket on the control unit. As an
other example, the external storage 314 can be a 
SANdisk that is connected to the control unit via a pro-

15 prietary connector. Alternatively, the external storage 
314 is implemented using a moving storage device such 
as a specialized hard drive, for example a PCMCIA hard 
drive module. However, in mobile environments it is 
preferable to implement the external storage with no 

20 moving parts in order to improve the reliability of the re
mote unit. 
[0067] 127. The wireless LAN device 316 allows high
speed data transmission over short distances. The wire
less LAN device 316 is implemented, for example, using 

25 Bluetooth technology. The wireless LAN device 316 pro
vides an alternative path for downloading data that is 
stored on the external storage 314. For example, if the 
remote unit 300 is mounted in a taxi and layer 3 wireless 
network data is stored from an earlier collection opera-

30 tion, then the wireless LAN device 316 is free to com
municate with a wireless LAN controller (not shown) lo
cated at the taxi dispatch center in order to transmit the 
data back to the back end processor 224. As an alter
native example, the wireless LAN device 316 can be 

35 used to communicate with a local 1/0 device (not shown) 
that can be used in a delivery truck to allow communi
cations between a central dispatch and the delivery 
truck operator. 
[0068] 128. The RF scanner 318 allows increased 

40 functionality for the remote unit 300 by increasing the 
capabilities for performing RF optimization of the wire
less network. The RF scanner 318 allows the collection 
of more RF data then is traditionally available through 
the traffic modems (310-1 - 310-N). For example, the 

45 RF scanner 318 has a much more flexible input band
width since it is not forced to listen to a single traffic 
channel on the wireless network. Additionally, if the RF 
scanner 318 is optimized for CDMA collection, it can col
lect a variety of valuable CDMA network parameters 

50 such as measuring lo in the channel, despreading the 
spreading codes, measuring Ee/lo, and measuring chip 
delay. The RF scanner 318 can be implemented by us
ing a commercial scanner or by developing a custom 
scanner, for example, using a software-defined radio. 

55 [0069] 129. FIG. 4a shows a hardware implementa
tion of the remote unit 400 using either a laptop or hand
held unit 402. The laptop or handheld unit 402 is con
nected to a GPS receiver 404, control link modem 408, 

9 
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tectural concepts for the software-defined radio 460 are 
well known to those of ordinary skill in the art and are 
discussed in articles in numerous journals such as the 
IEEE Communications Magazine. 

and traffic modem 410. The laptop or hand held unit runs 
any of a variety of operating systems such as Windows 
95/NT/CE, Linux, or Palm OS, for example. The periph
eral devices 404, 408, 410 are connected to the laptop 
or handheld unit 402 via serial ports, PCMCIA ports, 
Ethernet, or USB as appropriate. The laptop or hand
held unit 402 should have device drivers for all of the 
peripheral devices that are either built into the operating 
system or written in a higher-level language. Further
more, the laptop or hand held unit 402 runs a main pro
gram that allows extraction of the location information 
from the GPS receiver 404 and sends and receives 
communication over the control and traffic channels. 
[0070] 130. FIG. 4b shows a hardware implementa-

5 [0073] 133. FIG. 4d illustrates organization of the soft
ware in the remote unit. At the lowest level is the oper
ating system 476 that provides basic functionality for the 
hardware platform. The remote unit can run a variety of 
operating systems such as Windows 95/NT/CE, Linux, 

10 Palm OS, VXWorks, QNX, or pSOS for example. Fur
thermore, depending on the requirements, it is possible 
to use no operating system and write platform-specific 
code to implement the lower level routines. 

tion of the remote units using a single board computer 15 

(SBC). The single board computer can be purchased 
off-the-shelf from a variety of vendors such has SBS, 
ADS, or Datalogic for example. Alternatively, the single 
board computer can be custom designed for the specific 
remote unit application. FIG. 4b shows a typical archi- 20 

tecture for the single board computer including a micro
processor 420 which is connected via an address and 
data bus to a boot ROM 424, Flash memory 426, DRAM/ 
SRAM 428, a PCM CIA socket 430, a UART 432, a USB 
interface 434, an Ethernet interface 436, a CAN inter- 25 

face 438, a wireless LAN device 440, and an optional 
AID & DIA interface 442. The microprocessor 420 may 
also have direct connections to a temperature sensor 
444, display interface 446, and general-purpose 1/0. Ad
ditionally, the single board computer may include power 30 

management circuitry 448 that is connected to switched 
power, power, and ground, and additionally connected 
to an optional backup battery 450. 
[0071] 131. It is well known to those of ordinary skill 
in the art that the single board computer can be imple- 35 

mented using a variety of different technologies. For ex
ample, the microprocessor can be a StrongARM, ARM, 
Pentium, PowerPC, Motorola 68000, and the like. Fur
thermore, a variety of operating systems are available 
such as Windows CE, Windows 95/98, Windows NT, 40 

Linux, Palm OS, VXWorks, OS-9, PSOS, and the like. 
The serial ports from the UART 432, or directly from the 
microprocessor 420, are used to interface to peripheral 
devices such has the traffic modem 410 or the GPS re-

[0074] 134. At the next level, the remote unit software 
includes device drivers 478, utilities 480, protocols, 482 
and user interface modules 484. The device drivers 478 
allow communication with the peripheral devices such 
as the GPS receiver 404 and the wireless modems, for 
example. The utilities 480 support lower-level functions 
such as encryption and compression, for example. The 
protocols 482 support any protocols that are needed in 
the remote unit such as a WAP browser, TCP/IP, X.25, 
and any proprietary packet protocols, for example. The 
user interface module 484 includes all of the functional-
ity required for local control of the remote unit such as 
a simple menuing system. It is well known to those of 
ordinary skill in the art that some or all of these modules 
may also be built into the operating system. 
[0075] 135. At the next level, the remote unit software 
optionally includes a variety of additional modules such 
as a pre-processing module 486, DB/Storage module 
488, and a software-defined radio module 490. The pre
processing module 486 may be used to pre-process the 
collected data. This is particularly helpful in an opera
tional scenario in which large quantities of data are col
lected and need to be reduced in order to conserve con-
trol link bandwidth. The DB/Storage module 488 may be 
used to store and organize the requested missions and/ 
or the collected data. The software-defined radio mod-
ule 490 is implemented as described above with refer
ence to FIG. 4c. 
[0076] 136. The main application 492 is at the next 
level and performs the higher-level routines. For exam
ple, the main application 492 is used to receive missions 

ceiver404 and should have configurable bit rates, word 
size, start bits, stop bits, parity bit and the ability to op
erate at either TTL or RS-232 voltage levels. 

45 over the control link, execute the missions, and transmit 
the mission data over the control link. 

[0072] 132. FIG. 4c shows the organization of a soft
ware-defined radio. All of the elements of the soflware
defined radio 460 can be combined in any combination 
depending on the requirements. The elements include 
an RF scanner 462, a control link modem 464, traffic 
modems 1 (466-1) through N (466-N), a location unit 
468, and a wireless LAN device 470. The advantage of 
using a software-defined radio architecture is that it al
lows implementation of multiple standards simultane
ously on a single hardware device. This can greatly re
duce the cost of the remote unit. The underlying archi-

[0077] 137. In the implementations described above, 
the control unit 302 is shown as being a general purpose 
computer in the form of a laptop or handheld unit 402. 

50 Although this has certain advantages in terms of flexi
bility of programming, the invention may also be imple
mented using special purpose computers in lieu of gen
eral purpose computers. 

55 IV. BACK END PROCESSOR 

10 

[0078] 138. FIG. 5a shows the architecture of the back 
end processor 500. The back end processor 500 in-
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eludes the following processing elements: fleet man
agement 502, test traffic generator 504, post processor 
506, user interface 508, portal 510, mapping 512, and 
billing and accounting 514. These processing elements 
are interconnected by a data network 516. It is well 
known to those of ordinary skill in the art that the data 
network 516 can be either a LAN, WAN, inter processing 
communications within a computer or network, or any 
combination of the above. 
[0079] 139. FIG. 5b shows the architecture of the back 
end processor 500. The back end processor includes 
the following processing elements: fleet management 
530, test traffic generator 532, post processor 534, user 
interface 536, and portal 538 including a mapping ele
ment 538a and a billing and accounting element 538b. 
In addition, the fleet management element 530 is con
nected to a collected data database 540, mission data
base 542, and remote unit database 544; the post
processing element 534 is connected to a post-proc
essed database 546 and the collected data database 
540, and the portal 538 is connected to a mapping da
tabase 548 and a billing and accounting database 550. 
[0080] 140. The fleet management element 530 is the 
main interface in the back end processor for communi
cating with the remote units. The fleet management el
ement keeps track of the remote units by accessing data 
in the remote unit database 544, performs mission plan
ning and coordination based upon information provided 
from the user interface 536, sends and receives infor
mation to the test traffic generator 532 in order to gen
erate terrestrial originated calls, and sends and receives 
commands and responses to the remote units via the 
control link. 
[0081] 141. The fleet management element 530 re
ceives mission requests from the user interface 536 and 
stores the information in the mission database 542. It 
then performs a scheduling function based on the re
quested missions stored in the mission database 542 
as compared with the remote units available as deter
mined by availability information stored in the remote 
unit database 544. The scheduled missions are stored 
in the mission database 542 as requested missions and 
are sent at the appropriate time to the remote units over 
the control link. The requested missions can be stored 
and sent as a batch of missions or can be sent as indi
vidual missions depending on the requirements. 
[0082] 142. The information received by the fleet 
management element 530 is stored in the collected data 
database 540 and forwarded to the post processor ele
ment 534 that stores raw mission data and also per
forms post processing and stores the post processing 
results. 
[0083] 143. The post processing involves processing 
of the received data for either RF/network parameters 
related to the wireless system or statistical information 
related to the wireless data access. 
[0084] 144. The analysis of the RF/network parame
ters can be accomplished in a variety of ways such as 

those discussed in Provisional Patent Application No. 
60/149,888 entitled "Wireless Telephone Network Opti
mization" that was filed on August 19, 1999, and which 
is incorporated by reference herein in its entirety for all 

5 purposes. This provisional disclosure provides a simu
lation environment to develop optimum coverage-relat
ed parameters for sectors of a wireless network. This 
simulation environment allows a network engineer to 
vary parameters of a virtual model of the wireless net-

10 work and observe how the changes affect coverage. 
The provisional disclosure further provides an optimiza
tion algorithm to optimize hand off timing parameters for 
sectors in a wireless network. The optimization algo
rithm analyzes measured data regarding network cov-

15 erage and regional terrain to arrive at a report containing 
recommended values for window size parameters (code 
division systems) or time advance parameters (time di
vision systems). 
[0085] 145. The post processing for statistical analy-

20 sis involves the wireless data access that is accom
plished using the traffic modem in the remote unit. The 
statistical analysis allows the combination of various col
lected information in order to produce reports for specific 
customers. For example, the latency of WAP accesses 

25 to a specific URL is measured over several different 
wireless networks and displayed on a bar graph. Further 
examples of statistical analysis and report generation 
are discussed in the operation section with respect to 
FIGS. 8a-8f. 

30 [0086] 146. The user interface element 536 is con
nected to the fleet management element 530 in order to 
schedule missions based on requirements entered by 
the customers. Additionally, the user interface element 
536 is connected to the post-processing element 534 to 

35 allow users to generate special queries, access previ
ously stored queries, or access reports that are gener
ated from the post processed data. The user interface 
element 536 is also connected to the portal 538 to allow 
access for the customers 560 from a connected data 

40 network such as the Internet 562. 
[0087] 147. The portal element 538 acts as an oper
ating system providing a variety of low-level functions 
for multiple applications. The portal 538 includes a map
ping element 538a and a billing and accounting element 

45 538b. The portal 538 is connected to databases 548, 
550 for the mapping information and the billing account
ing information. In addition, the portal 538 is connected 
to the data network 562, such as the Internet, to allow 
customer entry into the system. The portal is also con-

50 nected to the post processor 535 to allow access of the 
post-processed data for visualization with the mapping 
software, for example. 
[0088] 148. FIG. 5c shows the architecture for the por
tal 570 in accordance with one embodiment of the in-

55 vention. The portal 570 acts as an operating system pro
viding common low-level functions for a variety of appli
cations and acting as an interface for customer access 
through the Internet. The portal 570 functions are organ-

11 
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ized into four major groups: databases 572, GUI con
trols 574, workgroup functions 576, and security 578. 
The database 572 functions include terrain, morpholo
gy, buildings, and billing and accounting. The GUI con
trols 574 include mapping/GIS, charts, and virtual real
ity. The workgroup functions 576 include access con
trols and threaded dialogue. The security functions 578 
include login, partitioning, and audit trails. The portal al
so includes an API 580 that allows access to various 
applications. 

IV. CONTROL LINK COMMUNICATION PROTOCOL 

[0089] 149. The control link allows communications 
between the multiple remote units and the back end 
processor. There are a variety of possible protocols for 
the control link. The communication protocol can be a 
standard protocol such as TCP/IP, WAP, or X.25, for ex
ample, or a proprietary protocol that is optimized for the 
required communications, or some combination of a 
standard and proprietary protocol. 
[0090] 150. In accordance with one embodiment of 
the invention, a proprietary packet protocol is used. One 
issue regarding the packet protocol is the issue of ac
knowledgments for packets. 
[0091] 151. Acknowledgments can be handled in a 
variety of ways. They can be sent as an individual packet 
for each substantive packet sent. This is the heartiest 
mechanism but it is bandwidth inefficient. Alternatively, 
acknowledgments can be sent as a field of a subsequent 
packet using a packet numbering scheme to indicate 
which previous packet is being acknowledged. This 
method requires more overhead at each end of the com
munication link in order to keep track of previously sent 
packets, but is more efficient in terms of bandwidth 
used. As another alternative, the acknowledgment sys
tem can be handled by the communication system itself 
so that the packet protocol does not have to address the 
issue. For example, many two-way data systems have 
a built-in acknowledgment system so that packet deliv
ery is virtually guaranteed. In this case, it is not required 
to include acknowledgments in the packet protocol 
since they are handled at another level. 
[0092] 152. There are two basic types of packets: sig
naling packets and data packets 
[0093] 153. The signaling packets are originated ei
ther at the remote unit or at the back end processor. 
Some examples of remote unit originated packets are 
ignition on, ignition off, and status update. The Ignition 
on packet indicates that the vehicle ignition has been 
turned on and the ignition off packet indicates that the 
vehicle ignition has been turned off. These packets are 
used by the back end processor in order to properly 
schedule data collection in a mobile remote unit. The 
status update packet indicates the current status of the 
remote unit. 
[0094] 154. Some examples of back end originated 
packets are reset and status request. The reset packet 

is used to remotely reset the remote unit. The status re
quest packet is used to remotely request status infor
mation for a remote unit. 
[0095] 155. The data packets are also either originat-

5 ed at the remote unit or at the back end processor. The 
back end originated data packets generally consist of 
mission requests and the remote unit originated data 
packets generally consist of mission data. 
[0096] 156. FIG. 6a shows examples of some of the 

10 fields in the remote unit originated packets (both data 
and signaling) 610. Some examples of the packet fields 
include a packet type ID 61 0a, remote unit ID 610b, date 
and time 610c, message number 610d, mission ID 
number 610e, location information 610f, payload infor-

15 mation 610g, and checksum information 610h. The 
packet type ID field 61 0a indicates the type of packet so 
that the back end processor will know how to parse the 
packet for the proper fields. The remote unit ID field 
610b is used to identify the remote unit sending the 

20 packet. The date and time field 61 0c indicates the date 
and time that the measurement is taken. The message 
number field 61 0d is used to keep track of the message 
for acknowledgment purposes. The mission ID number 
field 610e is used by data packets to indicate the corre-

25 spending back end mission that caused generation of 
the packet's payload information. The location informa
tion field 610f indicates the remote unit location at the 
time of data collection. The checksum information field 
610h is used in order to ensure the integrity of the packet 

30 information. The term checksum is used generically to 
refer to any type of error correction and/or error detec
tion method to ensure packet integrity. 
[0097] 157. The remote unit originated data packet's 
payload information field 610g can take a variety of 

35 forms. It may include call statistics such as connect time, 
call duration, whether the call failed to connect or was 
dropped, and the like. Additionally, it may include basic 
RF engineering measurements such as RSSI, BER, 
FER, SQE, and the like. Furthermore, the payload infor-

40 mation may include Layer 3 information that discloses 
call routing data and information regarding the configu
ration of the wireless network. The Layer 3 information 
may be collected in totality or filtered by pre-processing 
in the remote unit depending on the amount of informa-

45 tion desired. In addition, the payload may include appli
cation information such as the access latency for a WAP 
page or the delay in receipt of an SMS message. 
[0098] 158. FIG. 6b shows examples of some of the 
fields in the back end processor originated packets (both 

50 data and signaling) 620. Some examples of the packet 
fields include a packet type ID 620a, remote unit ID 
620b, date and time 620c, message number 620d, mis
sion ID number 620e, payload information 620f, and 
checksum information 620g. The packet type ID field 

55 620a indicates the type of packet so that the remote unit 
will know how to parse the packet for the proper fields. 
The remote unit ID field 620b is used to identify the re
mote unit receiving the packet. The date and time field 

12 
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620c indicates the date and time that the packet is sent. 
The message number field 620d is used to keep track 
of the message for acknowledgment purposes. The mis
sion ID number field 620e is used by data packets to 
indicate the back end mission that will cause generation 
of the packet's payload information. The checksum in
formation field 620g is used in order to ensure the in
tegrity of the packet information. The term checksum is 
used generically to refer to any type of error correction 
and/or error detection method to ensure packet integrity. 
[0099] 159. The back end processor originated data 
packet's payload information field 620f can take a vari
ety of forms. It may include mission info regarding the 
type of data to collect including the type of access (WAP, 
circuit switched data, etc), a trigger related to the time 
(or range of times) to make the test call, a trigger related 
to the location (or range of locations) to make the test 
call, a wireless system to test (if the remote unit supports 
multiple wireless traffic standards), a target phone 
number or URL, and whether the call is mobile or ter
restrial originated. 
[0100] 160. It should be noted that the packet field 
types described above are for illustrative purposes and 
in no way limit the actual fields that may be used. 
[0101] 161. The information in the packet can be sent 
as either ASCII or binary data. ASCII is useful since 
some two-way data systems are used for paging and 
will only pass ASCII text information. Binary storage is 
usefu I because it is more bandwidth efficient than ASCII. 
Furthermore, the packet information can be com
pressed by a variety of standard methods such as null 
compression, run-length compression, keyword encod
ing, adaptive Huffman coding, Lempel-Ziv coding, and 
the like. Additionally, the packet information can be en
crypted by a variety of standard methods such as DES, 
triple DES, RSA, PGP, and the like. 
[0102] 162. In accordance with one embodiment of 
the invention, the packets are combined in larger files 
for transmission over the control link. This is advanta
geous in an environment in which the control network 
charges a fixed charge per packet. Accordingly, larger 
files may be more cost effective. Furthermore, it may be 
advantageous to store the collected information at the 
remote unit for transmission at a later time. This can oc
cur if Layer 3 information is collected since the data may 
be collected faster than it can be sent over the control 
link. Additionally, the collected information may be 
stored at the remote unit if the vehicle ignition is turned 
off during a mission in a mobile environment. This oc
curs because the system tries to reduce transmissions 
when the ignition is off in order to extend battery life. 

V. METHOD FOR MEASURING 

[0103] 163. FIG. 7a shows a method for measuring 
data quality of service in a wireless network. The method 
includes the steps of sending command information 
702, performing measurements 704, and receiving re-

sponse information 706. 
[0104] 164. For example, the step of sending com
mand information 702 may include using a back end 
processor to send either data or signaling packets to the 

5 remote units of a measuring system such as the one 
described previously. Furthermore, the step of perform
ing measurements 704 may include performing any of 
a variety of measurements such as latency of wireless 
Internet access, e-commerce transactions, wireless 

10 messaging, or push technologies. The step of receiving 
response information 706 may include responses to sta
tus inquiries or data related to the measurements col
lected during the step of performing measurements 704. 
[0105] 165. FIG. 7b shows a method for measuring 

15 data quality of service in a wireless network, including 
at least one step related to the wireless network infra
structure. The method includes the sending 702, per
forming 704, and receiving 706 steps described with re
spect to FIG. 7a. Additionally, the method includes steps 

20 of monitoring a WAP Gateway 710 and Benchmarking 
at a WAP Gateway 712. 
[0106] 166. The step of monitoring the WAP Gateway 
710 may include monitoring traffic through the WAP 
Gateway and providing metrics such as throughput, la-

25 tency and lost packet information. Furthermore, the 
monitoring step 710 may allow the collection of protocol 
information directly from the WAP Gateway that may not 
be available to the multiple remote units. The step of 
benchmarking at the WAP Gateway 712 may allow la-

30 tency measurements without including the uncertainties 
of the latency through the Internet or data network itself. 
This allows the provision of data indicating a breakdown 
between the latency of the wireless network and the da
ta network. 

35 [0107] 167. It is important to note that in regard to 
steps 710 and 712 that the closeness to the WAP gate
way is described from a logical, not a physical, stand
point. It will be appreciated by those of ordinary skill in 
the art that these process steps can be accomplished 

40 with well known techniques in which the monitoring or 
benchmarking element is located far away from the 
WAP gateway. Furthermore as previously discussed, 
the term WAP is being used generically to describe any 
type of wireless Internet protocol, including HDML, WAP 

45 competitors, and any future wireless Internet protocols 
that may be developed. 
[0108] 168. FIG. 7c shows a method for measuring 
data quality of service in a wireless network, including 
at least one additional order independent step. The 

50 method includes the sending 702, performing 704, and 
receiving 706 steps described with respect to FIG. 7a. 
Additionally, the method includes steps of accessing 
from the Internet 720, scheduling missions 722, gener
ating test traffic 724, storing at a remote unit 726, pre-

55 processing at a remote unit 728, post-processing at the 
back end 730, and organizing remote unit information 
732. 
[0109] 169. The step of accessing from the Internet 
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720 may include the ability to access the measuring sys
tem from the Internet through a portal to set up missions 
and retrieve reports generated from the post-processed 
data, for example. The step of scheduling missions 722 
may include establishing parameters related to the spe
cific data to be collected by the system. For example, 
these parameters may include some of the following: 
type of access - WAP, SMS, Instant Messaging, Push 
data, and the like.; type of Device - WAP, PDA, Pager, 
wireless modem, and the like.; trigger - time of call, lo
cation of remote unit, or some combination; wireless 
system - Sprint, Nextel, AT&T, and the like.; call Info -
Target phone#, URL, type oftransaction, etc; and mobile 
or terrestrial originated call. The step of generating test 
traffic 724 may include generation of SMS messages or 
other data packets to be sent to the remote units, for 
example. 
[011 0] 170. The step of storing at the remote unit 726 
may include the storing of missions and of collected data 
at the remote unit. The step of pre-processing at the re
mote unit 728 may include processing received data pri
or to storing the data or transmitting it to the back end 
processor. The step of post-processing at the back end 
730 may involve processing of the received data for ei
ther RF/network parameters related to the wireless sys
tem or statistical information related to the wireless data 
access. The step of organizing remote unit information 
may include storage of remote unit identification infor
mation in a remote unit database, storage of collected 
data in a collected data database, or storage of post
processed data in a post-processed data database, for 
example. 
[0111] 171. It should be noted that the flow arrows in 
FIGS. 7a-7c are shown merely for illustrative purposes 
and do not reflect a required order for the method steps. 

VI. OPERATIONAL AND BUSINESS MODEL 

[0112] 172. The previous sections of this description 
have discussed a method and system for measuring da
ta quality of service in a wireless network using multiple 
remote units and a back end processor. The method and 
system may also include an element that is located with
in the wireless network infrastructure, for example, at 
the WAP gateway to monitor the wireless data protocol 
and to perform benchmarking measurements. 173. 
[0113] 174. Rather than selling measurement equip
ment as a final product, the system, as defined by the 
invention, preferably sells the collected data and statis
tics generated from the collected data as the final prod
uct. The trade name for this service is preferably "Bit
wise." The data and statistics generated by the system 
do not need to be real-time, but as previously disclosed 
the system will support near real-time data if desired. 
Typically, the data will be collected and analyzed over a 
period of time such as a day, week, month, or even a 
year depending on the user's requirements. 
[0114] 175. The types of data collected include laten-

cy, call statistics (such as call completion, call dropped, 
etc), BER/FER, and various wireless network parame
ters such as RSSI and Layer 3 information. For exam
ple, the latency time is a measure of the access time for 

5 a WML page from a WAP server or the time to complete 
a Web transaction. Furthermore, the system can divide 
the latency measurement into the wired network and 
wireless network contribution through the use of a com
ponent located at the WAP gateway. 

10 [0115] 176. Furthermore, the remote units can be 
used to perform additional functions that have value in 
vertical markets. For example, if the remote units are 
fielded in a mobile environment in a fleet of vehicles, the 
remote units can provide automatic vehicle location 

15 (AVL) in addition to data quality of service measure
ments. Additionally, the position data from the mobile 
remote units could be processed to provide near real
time traffic information that could be disseminated, for 
example, over the Internet. 

20 [0116] 177. There are a variety of possible pricing 
strategies for the data and statistics produced by the 
system. The user may be charged per minute of system 
use or per transaction. Alternatively, the user may be 
charged per city, per wireless carrier, and per month for 

25 the requisite data and statistics. Furthermore, the post
processing element produces aggregate industry-wide 
statistics, for example comparing different wireless car
riers or content providers, which is preferably packaged 
and sold as a separate product. 

30 [O 117] 178. The customers for the system have a va
riety of common attributes. They are dot.com and e
commerce companies that are targeting wireless device 
users by porting their content and commerce to wireless 
web sites. Furthermore, they generally have a need for 

35 timely dissemination of content and transactions and 
have a keen interest in a positive customer experience. 
[0118] 179. The customers can be divided into a va
riety of different groups. They can be wireless operators 
who wish to measure the performance of their networks 

40 in order to increase traffic and optimize performance. 
Furthermore, the customers can be wireless portals 
and/or ISPs such as AOL, Yahoo, Alta Vista, MSN, 
Lycos, and Excite, just to name a few examples. Addi
tionally, the customers can be content providers in a va-

45 riety offields such as the service arena providing finan
cial, weather, or traffic content; the internet auction are
na involving time-sensitive bidding information; the in
stant messaging arena such as the AOL Anytime, Any
where program; and the push data technology arena in 

50 which information such as airline information and traffic 
updates are pushed to the mobile device. 
[0119] 180. The reasons that customers would use 
the system, in accordance with an embodiment of the 
invention, are fairly straightforward. It allows the cus-

55 tomer to see the wireless Internet transaction through 
the end user's eyes in terms of their experience when 
accessing content and conducting transactions from 
wireless devices. In addition, it allows the customers a 
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method for evaluating and comparing the performance 
of the wireless networks that are delivering the content. 
Furthermore, it allows the wireless operators and the 
content providers solid data to pinpoint bottlenecks and 
performance problems in the network. Additionally, it 
provides information to alert staff to critical service fail
ures so corrective action can be taken in a timely man
ner. 
[0120] 181. There are a variety of potential measure
ments that can be taken. Each measurement is referred 
to as a mission. Some examples of missions include re
trieval of a WML page, completion of an e-commerce 
transaction, receiving pushed data content, performing 
a secure transaction, and performing benchmarking of 
different parts of the network by using a component lo
cated at the WAP gateway. 
[0121] 182. There are a variety of methods for input
ting requested missions. If the customer wishes, they 
can discuss their requirements with the system operator 
and allow the system operator to enter the missions. Al
ternatively, a user interface in the back end processor 
allows the customers to enter their own missions over 
the Internet by entering through the portal. 
[0122] 183. The parameters fora mission may include 
at least the following items: 

Type of access - WAP, SMS, Instant Messaging, 
Push data, and the like. 
Type of Device - WAP, PDA, Pager, wireless mo
dem, and the like. 
Trigger- time of call, location of remote unit, or some 
combination 
Wireless System - Sprint, Nextel, AT&T, and the 
like. 
Call Info - Target phone#, URL, type of transaction, 
etc 
Mobile or Terr. Originated. 

[0123] 184. The output of the system can be obtained 
in a variety of ways. Generally, customers can set up 
formatted reports that will be generated periodically with 
the requested data and statistical information. The re
ports are obtainable in a variety of ways such as viewed 
using a Web browser, sent as an attachment to e-mail, 
sent as a file using FTP or some other protocol, or sent 
via normal mail just to name a few examples. The re
ports can be arranged in a variety of formats depending 
on the customer requirements with examples provided 
in the following figures. 
[0124] 185. FIG. 8a shows a bar graph output 810 of 
download times from different portals. The y-axis of the 
bar graph relates to the average download time in sec
onds and the x-axis relates to the city in which the meas
urement was performed. The three bars represent 
measurements for Yahoo, AOL, and a portal index of 
measurements over all portals. The statistics shown are 
for all wireless carriers, with a measurement interval of 
15 minutes between 6 AM and 12 PM, for the period 

from 03/01/00 to 03/07/00. 
[0125] 186. FIG. 8b shows a bar graph output 820 of 
download times across different wireless networks. The 
y-axis of the bar graph relates to the average download 

5 time in seconds and the x-axis relates to the city in which 
the measurement was performed. The three bars rep
resent measurements for Nextel, Sprint PCS, and AT&T 
Wireless. The statistics shown are for access to Yahoo, 
with a measurement interval of 30 minutes between 6 

10 AM and 9 PM, for the period from 03/01/00 to 03/07/00. 
[0126] 187. FIG. 8c shows a bar graph output 830 of 
call completion percentage across different wireless 
networks. The y-axis of the bar graph relates to the call 
completion percentage and the x-axis relates to the city 

15 in which the measurement was performed. The three 
bars represent measurements for Nextel, Sprint PCS, 
and AT & T Wireless. The statistics shown are for access 
to Yahoo, with a measurement interval of 30 minutes 
between 6 AM and 9 PM, for the period from 03/01/00 

20 to 03/07/00. 
[0127] 188. FIG. 8d shows a trending graph output 
840 of call completion percentage across different wire
less networks. The y-axis of the bar graph relates to the 
call completion percentage and the x-axis relates to the 

25 city in which the measurement was performed. The 
three bars represent measurements for Nextel, Sprint 
PCS, and AT&T Wireless. The statistics shown are for 
access to Yahoo, with a measurement interval of 15 min
utes between 6 AM and 9 PM, for the period from 

30 03101/00 to 03/07/00. 
[0128] 189. FIG. Se shows a bar graph output 850 of 
average download times with a breakdown of the net
work latency at the WAP gateway. The y-axis of the bar 
graph relates to the average download time in seconds 

35 and the x-axis relates to the city in which the measure
ment was performed. The bars represent measure
ments for Nextel with statistics shown for access to Ya
hoo, with a measurement interval of 60 minutes be
tween 12 PM and 12 PM, for the period from 03/01/00 

40 to 03/07/00. 
[0129] 190. FIG. Sf shows a pie chart860oferrorsta
tistics for wireless access of Yahoo. The sectors of the 
pie chart show DNS lookup failure, connection timeout, 
page timeout, content errors, and successful error-free 

45 connections. The statistics represent error statistics for 
all carriers with statistics shown for access to Yahoo, 
with a measurement interval of 60 minutes between 12 
PM and 12 PM, for the period from 03101/00 to 
03/07/00. 

50 

VII. EXEMPLARY EMBODIMENT 

[0130] 191. Referring to FIG. 9, a system according 
to an exemplary embodiment of the present invention 

55 has two major components: Remote units (a.k.a. PUP
Pis) 910, 920 which perform measurements related to 
Internet content delivery over wireless networks, and a 
Back End 930 that controls the remote units 910, 920 
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and performs data collection and storage. 
[0131] 192. The basic control of the PUPPI 910 con
sists of commands sent from the Back End 930 to the 
PUPPI 910 and responses sent from the PUPPI 910 to 
the Back End 930. The commands are generally mis
sions that direct the PUPPI 910 to collect data from a 
particular wireless content provider within a particular 
time period. The responses are generally the results of 
these collection missions. The PUPPl's physical inter
face to the control link 950 is a modem 912 that allows 
communication over a communication link 940, such as 
the PSTN, or over a data network, such as the Internet. 
The control link 950 can be implemented in a wired con
figuration, as shown in FIG. 9, or in wireless configura
tion using a wireless modem. 
[0132] 193. The PUPPl's physical device for perform
ing wireless measurements generally is a standard 
handset 914 that is connected to the PUPPI control unit 
via a serial cable. However, any wireless device such 
as a wireless modem module, PDA, RIM device, pager, 
etc can be used depending on the wireless network to 
be tested. Additionally, the software module with the ap
propriate WOP will be selected based on the wireless 
network to be tested. 
[0133] 194. Referring to FIG. 10, the remote units 
(PUPPls) in the exemplary system include a control unit 
916 for controlling the remote unit, a test traffic modem 
914 for performing measurements over the wireless net
work, and a control link modem 912 for passing com
mands and responses between the remote unit 910 and 
the back end processor 930 (refer to FIG. 9). 
[0134] 195. The control unit 916 may be implemented 
as a PC, a laptop, a handheld computer, or an embed
ded computer, to name but a few examples. The test 
traffic modem 914 may be implemented as a standard 
handset or a modem module, either of which should in
clude an external antenna. The control link modem 912 
may be implemented as a standard POTS modem (us
ing a dedicated phone line), a DSL modem, ISDN mo
dem, or an equivalent system. 
[0135] 196. The internal hardware interface for the 
PUPPI is embodied as an RS-232 serial connection be
tween the control unit 916 and the test traffic modem 
914 {generally a handset). Alternatively, the connection 
can be implemented using a USB port, Firewire port,, 
PCMCIA, or any other appropriate interface for the test 
traffic modem. The internal hardware interface between 
the control unit 916 and the control link modem 912 will 
depend upon the control link modem selected. If a 
standard V.90 modem (56.6 kbiUs) is used, then it can 
be housed inside the control unit case and plugged in 
to the PCI system bus or connected via an Ethernet con
nection over a LAN. If a DSLmodem (or other advanced 
data modem) is used, then it will be connected to the 
control unit with an appropriate interface. If a wireless 
link control modem 912 is used, it will communicate with 
the control unit 916 via an appropriate interface, such 
as a serial port. 

[0136] 197. The PUPPls in the exemplary system are 
stationary indoor units or mobile units, including an ex
ternal wireless antenna, under remote control from the 
back end using a special scripting language. 

5 [0137] 198. The PUPPI is designed to simulate a sub
scriber using a WAP enabled handset or any WOP-en
abled wireless device. WAP handsets have mini-brows
ers loaded onto the handset to allow this functionality. 
Because of limitations on the ability to control and track 

10 data on the handset itself, the exemplary remote unit 
may move the web browsing functionality from the hand
set to the control unit, where full browser control and 
data tracking is possible. In this case, the handset will 
be used for a dial-up networking connection which will 

15 provide access to the wireless data network, and will al
low packets to flow between the WAP browser on the 
control unit and the WAP gateway at the operator's 
switch via the handset. 
[0138] 199. The PUPPI software includes three main 

20 processes, a test process, a control process, and a log
ging process. The test process is responsible for all as
pects of measurement. The control process is respon
sible for all communications with the Back End system. 
The logging process is responsible for logging all events 

25 from each process and generating alarms. 
[0139] 200. Referring to FIG. 11, processes are illus
trated that each contain software modules that are re
sponsible for specific tasks. 
[0140] 201. The Main Control Module (MCM) 1104 is 

30 responsible for all management and control of the PUP
PI unit. Some of the functions that the MCM is respon
sible for are listed as follows: 

Tasking Modules with Measurements 
35 • Handling Timing Issues 

40 

Starting and Stopping Measurements 
Responding to Diagnostics Requests 
Receiving Task Lists 
Sending Collected Data 

[0141] 202. The test link connection module (TLCM) 
1108 manages the test link connection. The test link 
connection is used by the data modules to collect infor
mation from the wireless data network. The test link con-

45 nection includes of a dial-up networking connection to 
support modules requiring wireless data, and a direct 
handset connection for modules requiring transport in
formation. 
[0142] 203. The GPS module (GPSM) 1112 can op-

50 tionally be included to provide GPS information to the 
Main Control Module. For example, the time information 
provided by the GPS Module can be used by the MCM 
to provide very accurate time stamps for the collected 
data. Furthermore, in a mobile environment the location 

55 information from the GPS Module can be used to pro
vide position information. The term GPS is being used 
generically to refer to any type of position location tech
nology including a distributed GPS {e.g. SnapTracks) 
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and Time Difference of Arrival or Time Angle of Arrival 
(e.g. TruePosition). These additional forms of location 
determination may include the addition of a location 
server to the system. 
[0143] 204. TheWAP/WMLdatamodule(WDM)1116 
is responsible for performing all WAP related tasks. Em
bedded within the module will be WAP browser capabil
ities. The WDM is responsible for handling all WAP gate
way login requests and security key exchanges. As pre
viously discussed, the exemplary embodiment can in
clude a WDM to collect data on any WOP, depending on 
the network that is being tested. 
[0144] 205. The transport data module (TOM) 1120 is 
responsible for collecting all transport related data such 
as signal strength, quality, etc. This module is designed 
to be transport specific, and is loaded based on the 
transport technology being used (i.e. CDMA, iDEN, TO
MA, GSM, etc.) Because data is collected differently for 
each transport technology, the module may be run in 
parallel with other modules (e.g. iDEN) or may need to 
be run serially while other modules are not collecting da
ta (e.g. CDMA). 
[0145] 206. The SMS module (SMSM) 1124 is re
sponsible for collecting SMS information related to a 
specific wireless network. For example, the SMS mes
sage can be either transmitted or received by the mod
ule. The SMS module is able to track the difference be
tween the time of SMS transmission and reception in 
order to determine the latency in the system. 
[0146] 207. The PDA module (PDAM) 1128 is respon
sible for collecting information related to PDA access of 
data via a wireless network. The possible PDAs to be 
used can include, but are not limited to, Palm, Pocket 
PC, Handspring, RIM, etc. 
[0147] 208. The Push Notification Module (PNM) 
1132 is responsible for collecting information related to 
data that is pushed via a wireless network to the remote 
device. For example, the Phone.com gateway includes 
a utility for pushing data to the remote device using WAP. 
There are a variety of other ways in which data can be 
pushed to the remote device. 
[0148] 209. The Passive Monitoring Module (PMM) 
1136 will be responsible for collecting information relat
ed to passive monitoring of a wireless network. This dif
fers from the latency measurement function because 
there is no need for the process to generate any infor
mation (i.e. it only needs to monitor and passively re
ceive information). For example, the PMM listens to the 
control channel and collects Layer 3 information. 
[0149] 210. The Wireless Web Data Module (WWDM) 
1140 will be responsible for performing tasks related to 
the chosen wireless web standard. This module is sim
ilar to the WAP/WML module but is used in networks in 
which other wireless web protocols (such as HDML, 
i-MODE, etc.) are used rather than WML. These proto
cols are generically referred to as WOP (Wireless Data 
Protocol). 
[0150] 211. The HTML Data Module (HTDM) 1144 is 

responsible for performing HTML tasks. This module is 
similar to the WAP/WML module but is used in networks 
in which HTML is used rather than WML. 
[0151] 212. The E-Mail Data Module (EDM) 1148 is 

5 responsible for performing e-mail tasks. This includes 
the ability to both transmit and receive e-mails at the 
remote device over the wireless network. 
[0152] 213. The FTP Data Module (FDM) 1152 is re
sponsible for performing FTP tasks that involve the 

10 transmission offiles. Although this module is referred as 
FTP (based on the TCP/IP file transmission protocol) 
this module will be able to implement a variety of file 
transmission protocols including future protocols which 
may be developed to move files over wireless networks. 

15 [0153] 214. The Packet Sniffing Module (PSM) 1156 
is responsible for performing packet sniffing tasks. This 
includes the ability to decode and log low level packet 
information similar to the functionality on a LAN packet 
sniffer. 

20 [0154] 215. The Multimedia Data Module (MMDM) 
1160 is responsible for performing tasks related to the 
transmission or reception of various types of multimedia 
data. For example, the multimedia data could be music 
files such as MP3 compressed music or some form of 

25 streaming video using a variety of different compression 
standards. 
[0155] 216. The Status Module (StatM) 1164 is re
sponsible for providing status information related to the 
remote unit. This is accomplished in any of a variety of 

30 alternative ways. For example, the Status Module can 
be responsible for providing periodic "heartbeats" which 
are monitored by the Back End to ensure that the remote 
unit is still alive and well. These heartbeats may be em
bodied a simple message which just states the unit is 

35 alive, or they may be embodied as more sophisticated 
messages including status information such as the 
available memory, amount of memory used, current 
configuration, temperature, etc. As another alternative, 
the system may be embodied with the Back End polling 

40 the remote units and the Status Module responding to 
the requests. In a further alternative, the system may 
include both heartbeats and polled status responses. 
[0156] 217. The optional control link connection mod
ule (CLCM) 1168 manages (if implemented) the control 

45 link connection. The control link connection is used by 
the PUPPI unit to send and receive messages from the 
back end software. This module is optional and may be 
left out in implementations that use a higher level pro
tocol to maintain the link between the remote units and 

50 the back end. For example, if the remote units run a da
tabase with setup info and collected data, the back end 
can communicate with the remote units by simply ac
cessing their individual databases using remote data
base communications. 

55 [0157] 218. Each data module logs collected informa
tion to a local database via the logging module (LM) 
1172. This module handles data logging requests from 
each module. 
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[0158] 219. The alarm module (AM) 1176 allows the 
setting of alarm conditions and produce alarms if an 
alarm condition is reached. For example, if data is being 
stored at the remote unit, an alarm condition may be set 
if the on-board storage is more than 80% full in order to 
prevent a storage overflow from occurring. 
[0159] 220. Each software module has a defined 
method of communicating with the PUPPI Main Control 
Module (MCM) 1104. The MCM 1104 has the ability to 
send requests to each module and receive responses. 
MCM 1104 requests may include status checks, tasks, 
etc. Each module will communicate with the logging 
module (LM) 1172 to log results. 
[0160] 221. The WAP Data Module (WDM) 1116 com
municates with the WAP Gateway using UDP. The Con
trol Link Module (CLM) 1168 communicates with the 
back end server using TCP/IP. 
[0161] 222. The exemplary system has remote con
trol capability. A remote access application (e.g., PC An
ywhere or an equivalent thereof) is loaded onto each 
PUPPI unit to allow full remote access to the PUPPI unit. 
This software is configured to automatically execute and 
enter a host mode when the machine is started. While 
running, the application remains in host mode, waiting 
for connections from external machines. 
[0162] 223. The exemplary system also has applica
tion protection capabilities. Each PUPPI unit may in
clude a special hardware card that can be used to force 
a machine reboot if software problems are encountered. 
The Main Control Module (MCM) 1104 will be tasked 
with monitoring each process to verify that each is run
ning properly. If any process does not respond to the 
MGM's request within a predefined period of time, the 
hardware card will automatically reboot the machine. 
[0163] 224. For a stationary PUPPI in a controlled en
vironment, an exemplary PUPPI control unit is advan
tageously implemented as a standard rack mounted PC. 
For a mobile PUPPI, there are a variety of possible em
bodiments depending on the operating environment. 
The PUPPI hardware can include a separate enclosure 
for shielding the handset from the PC. The handset en
closure includes access for a serial cable for control pur
poses and a port for an external antenna. 
[0164] 225. In the event that multiple technologies are 
required at a remote location, a variety of options are 
available to implement them. For example, a single 
PUPPI unit with multiple serial ports can be set up to 
implement multiple technologies. The only limit to this 
approach is the processing power and storage capacity 
of the PUPPI to support multiple technologies. Alterna
tively, each PUPPI can support a single technology and 
be connected via a LAN with the ability to communicate 
with the Back End. 
[0165] 226. Referring to FIG. 12, for example, a router 
1200 is used as the interface between an external com
munication line 1210 (such as a DSL or dialup line) and 
a LAN 1220 that is connected to the PUPPls 1230. 
[0166] 227. In FIG. 13, the basic architecture for the 

5 

Back End according to the exemplary embodiment is il
lustrated. 
[0167] 228. The Back End performs the following ma
jor functions: 

Performing fleet management of the PUPPls to in
clude sending commands and receiving responses 
using the control link, and performing queuing of 
missions based on measurement scripts 

10 • Maintaining a database of PUPPI information 
Maintaining a database of requested and sched
uled collection missions 
Maintaining a database of collected data 
Providing a user interface for entering collection 

15 mission tasking and extracting collected data 

[0168] 229. The user interface 1310 to the system is 
a simple interface that allows users to prepare test 
scripts over the Internet 1320 to collect data, and to ex-

20 tract the collected data. The other major component of 
the Back End provides Fleet Management and Data 
Management for the PUPPI fleet 1330, the scheduled 
missions 1340, and the collected data 1350. 
[0169] 230. The Back End is implemented using com-

25 mercial-grade PCs and standard software and database 
tools. 
[0170] 231. The back end software preferably in
cludes a fleet manager application, a centralized data
base server, and a web server. The fleet manager soft-

30 ware allows the system operator to do the following: 

Define measurement 
Assign measurements to PUPPls 
Query PUPPls for diagnostic information 

35 • Start and stop PUPPI measurements 
Query PUPPls for configuration information 
Schedule delivery of measurements 
Query PUPPls for measurement results 

40 [0171] 232. All data collected from the PUPPls is 
stored on a centralized database server. The database 
contains detailed information about the measurements, 
assignments, configuration information, etc. The data to 
be collected by the system is entered through a scripting 

45 language. 
[0172] 233. Referring to FIG. 14, two basic software 
modules included in the Back End are illustrated. The 
modules, the Queue Builder Module 1410 and the 
Scheduler Module 1420, convert the mission requests 

50 from the script to an actual mission to be executed on 
the PUPPI. 
[0173] 234. The Queue Builder Module 1410 takes 
the information from the script and converts it to a queue 
of data collection missions for the PUPPls. The sched-

55 uler 1420 takes the information in the queue and con
verts it to a list of tasks at regular intervals (e.g. daily) 
that are sent to the PUP Pis and then executed. The re
sulting data is extracted from the PUPPI database 1430 
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after it is collected. 
[0174] 235. Referring to FIG. 15, hardware architec-
ture for the Back End according to the exemplary em
bodiment is illustrated. The Back End hardware in
cludes, at a minimum, a scalable configuration of com
mercial servers 1510, 1520, 1530 that support 24/7 op
erations. By design, significantly less data flows be
tween a WAP client and server than between an Internet 
client and server. Many of the tasks handled by an In
ternet client (e.g. DNS lookup request and response) 
have been moved from the client to the server (or gate
way) underWAP. Additionally, WAP-based WML pages 
differ from Internet based HTML pages. WML pages in
troduce the concept of decks and cards. WML pages 
contain decks that may have one or many cards. Each 
card is similar to a single page or screen view. A deck 
usually contains a collection of cards. When a user re
quests a URL from a WAP device, many times a deck 
with several cards is downloaded to the browser. Once 

Whether the web download was successful or 
not. 

[0177] 238. Web navigation measurements involve 
5 simulating a user navigating to a page other than the 

page defined by the main URL. For example, a customer 
may desire to know how long it takes to navigate to the 
financial news section on the Bloomberg site. 
[0178] 239. All of the information listed in the Web 

10 Download section can be collected for each deck that 
was downloaded as part of the navigation task. Addi
tionally, the information listed below may also be collect
ed pending a technical assessment by lnvertix. 

15 • Total Cards 
The total number of cards (or screens) to 

reach final destination. 
Total Decks 

the entire deck is downloaded, the user can move be- 20 

tween screens without requesting that new content be 
downloaded from the server. 

The total number of decks that had to be 
downloaded to reach final destination. 
Total Navigation Time 

The amount of time required to navigate to the 
final destination. [0175] 236. The exemplary system is configured to 

collect information that is specific to WAP-based brows- Total Navigation Bytes 
ing. The following metrics can be collected by the ex- 25 

emplary system. Web download would involve simulat-
The total number of bytes down loaded to nav

igate to the final destination. 
ing a user downloading a single web page. Listed below 
is an example of the type of information that is collecta-
ble. 

GET Time & Date 
The time and date that the browser issued a 

GET command requesting a URL. 
URL Address 

Address of the URL being retrieved. 
Deck Text Size 

The size in bytes of the text portion of the deck 
and all associated cards. 
Image Count 

A count of the number of images embedded 
in a deck. 

[0176] 237. For each image, the following information 
may be collected: 

Image Size 
The size in bytes of the image. 

Image Time 
The time to download the image. 

Image URL 
The URL of the image. 

Total Deck Time 
The amount of time required to download the 

entire deck and associated images. 
Total Deck Bytes 

The total number of bytes within the deck (text 
and images) 
Result 

30 

Result 
Whether the web navigation was successful 

or not. 

[0179] 240. Web transactions generally involve com
ponents of the Web Download and Web Navigation 
methods. Web transactions are defined as any action 
that requires the user to input information to obtain some 

35 result. Some examples would include inputting one's zip 
code to retrieve the weather, inputting a ticker symbol 
to retrieve a stock quote; or inputting one's billing infor
mation to purchase a book. Web transactions would col
lect all of the metrics included above for Web Download 

40 and Web Navigation. Additionally, the information listed 
below may also be collected. 

Time for Response 
Time for the network to respond to a user's 

45 input. 
Result 

Whether the user input was accepted / suc
cessful or not. 

50 [0180] 241. A full web transaction may require that a 
user input information on multiple screens. Metrics for 
each user input and response would be collected. The 
success or failure of a transaction would be based on 
the data that is returned in response to the request. 

55 

VIII. Data Mining Functionality 

[0181] 242. The disclosure thus far has emphasized 

19 
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the collection and storage of the data. However, the is
sue of handling the data in a manner that adds value to 
the end customer is valuable and adds to the economic 
viability of the system. The collected data can be ware
housed and mined to produce added value. 
[0182] 243. Telecom service providers (wireless car
riers, ISPs, CLECs, ILECs, Satellite, and IXCs) can build 
wireless data portals and integrate their back office 
stove-pipe data systems into a single data warehouse 
platform. In addition, telecom operators may build and 
operate wireless portals to make billing and other cus
tomer care data available to subscribers through an in
teractive, customizable Web and/or wireless data inter
face. 
[0183] 244. A data translation application is config
ured to collect data from various vendor-independent 
business areas (billing, customer care, marketing, net
work performance, etc.) and host it in a single data ware
house with specific vertical dimensional partitions. The 
data warehouse's data mode is configured to facilitate 
and speed up reporting. 
[0184] 245. According to a preferred embodiment, da
ta mining is implemented (for example, using MicroS
trategy's Intelligent E-Business Platform) so as to allow 
end users to use a graphical front-end web-based inter
face to perform analytical online queries on the under
lying data and create reports tailored to specific needs. 
Report details range from a high-level management re
port where users can drill down and across to atomic
level data. 
[0185] 246. Tools enable advanced call center man
agement applications to do the following: 

Increase employee productivity and reduce re
sponse times through detailed analysis of call vol
umes and patterns, 
Improve call center effectiveness by reporting on 
trouble ticket resolution, 
Make information available to the marketing staff for 
the development of customer campaigns, and 
Increase customer loyalty by keeping them in
formed through personalized messaging about net
work performance and problem resolution. 

[0186] 247. Effective marketing is critical for retaining 
customers as well as for acquiring new ones. Ensuring 
that customers have the optimal plan for their usage 
habits helps to boost revenue and reduce churn by en
abling managers to plan marketing strategy to create 
new product offerings, analyze pricing, and assess the 
profitability impact of new offerings. 
[0187] 248. A portal provides subscribers with a sing le 
point of access to information for data, analysis and dis
semination. As a personalized web-based gateway to 
information, it allows users to subscribe to key informa
tion, personalize it for their needs, and specify the de
sired frequency for its delivery, all through a single web
based interface. As one example, such functionality is 

powered by MicroStrategy lnfoCenter. The portal is de
signed for large-scale deployments and includes an 
asynchronous update server, a high-speed interface 
cache, and clustering to meet the needs of large-scale 

5 implementations. Adaptable to many user require
ments, the Telco Portal can provide the Telco Operator 
with the ability for its internal community to: 

analyze costs and revenues, 
10 • adapt pricing and promotions maintain quality of 

service, 

15 

improve sales and customer service, 
optimize customer loyalty programs, and 
reduce churn. 

[0188] 249. A portal also provides network operations 
and performance personnel with a powerful reporting 
tool that maps counties and trunk traffic activities. Daily, 
weekly, and monthly reports are automatically generat-

20 ed and pushed to appropriate personnel. Users can set 
rules for alerts and have messages sent to their mobile 
devices based on certain criteria triggers. Such function
ality is advantageously powered by MicroStrategy 
Broadcaster. 

25 

IX. Combination of Diverse Systems 

[0189] 250. The system is described as a stand-alone 
system in the explication of the embodiments above. 

30 However, in accordance with a further embodiment of 
the invention, the system is combined with one or more 
secondary data collection systems. 
[0 190] 251. One such secondary data collection sys
tem functions to collect some of the same data as gath-

35 ered by a system according to the exemplary embodi
ment, above. This secondary system collects that data 
and sends it to a system according to the exemplary em
bodiment for processing. 
[0191] 252. Another such secondary data collection 

40 system functions to collect data that is different than the 
data collected by the exemplary system. The data from 
the secondary system and the exemplary system are be 
combined, either pre- or post-processing, in order to 
produce value-added reports for customers. 

45 [0192] 253. According to an alternative embodiment, 
a system embodied according to the present invention 
collects additional data (beyond the standard data types 
discussed above) that is then exported for use by the 
secondary system, either pre- or post-processing. 

50 [0193] 254. Additionally, it is noted that a back end in
stallation according to the present invention is not limit
ed only to the control of remote measurement units. The 
back end portion of a system according to the present 
invention is useful for providing scheduling, control, and 

55 data gathering for a variety of other system (for example, 
data collecting sensors, telecommunications network 
operation centers for either wired or wireless systems, 
telecommunication QOS network operation centers, 

20 
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surveillance and security systems, automated adjust- ule. 
ment of wireless network base station parameters, etc.). 
[0194] 255. A third implementation paradigm is also 4. The measuring system of claim 1, wherein the con-
appropriate in the case of networks that already have trol link modem comprises a POTS modem, and the 
well established back end operations. As opposed to the 5 control link comprises a dedicated phone line. 
stand-alone and master controller paradigms discussed 
above, a back end according to the present invention 5. The measuring system of claim 1, wherein the con-
may be implemented as an added set offunctionalities trol link modem comprises a DSL modem, and the 
as a part of an already existing network back end instal- control link comprises a DSL line. 
lation. Any additional hardware needed to implement 10 

the functions of the present invention's back end are 6. The measuring system of claim 1, wherein the con-
simply integrated into those of an existing system, with trol link modem comprises an ISDN modem, and the 
the existing system being re-programmed to provide control link comprises an ISDN line. 
services as described above. 
[0195] The scope of the invention is limited only by 15 7. The measuring system of claim 1, wherein the WDP 
the appended claims. client is implemented in the control unit. 

8. The measuring system of claim 1, wherein the WDP 
Claims client is implemented in the test traffic modem. 

20 

1. A measuring system for measuring data quality of 9. The measuring system of claim 1, wherein the WDP 
service on at least one traffic wireless network, client comprises a WAP browser. 
comprising: 

10. The measuring system of claim 1, wherein the WDP 
a plurality of remote units (300) for performing 25 client comprises an iMode browser. 
measurements on the at least one traffic wire-
less network, each of the plurality of remote 11. The measuring system of claim 1, wherein the re-
units (300) implementing a Wireless Data Pro- mote unit simulates a subscriber using the WDP en-
tocol, WDP, client, each of the plurality of re- abled wireless device. 
mote units (300) comprising: 30 

12. The measuring system of claim 1, wherein one or 
at least one test traffic modem (310) adapt- more of the remote units includes a transport data-
ed to connect to one or more of the at least module, TDM, that collects transport related data. 
one traffic wireless networks, 
characterized by: 35 13. The measuring system of claim 1, wherein one or 
a control link modem (308), and more of the remote units includes a Short Message 
a control unit coupled to the test traffic mo- Service, SMS, module that collects SMS informa-
dem and to the control link modem; and tion. 

a back end processor (224) for remotely con- 40 14. The measuring system of claim 1, wherein one or 
trolling the plurality of remote units (300) the more of the remote units includes a Personal Digital 
back end processor (224) being in communica- Assistant, PDA, module that collects PDA informa-
tion with each of the plurality of remote units tion. 
(300) via a control link and exchanging com-
mands and responses with the control link mo- 45 15. The measuring system of claim 1, wherein one or 
dem via the control link; more of the remote units includes a Push Notifica-

tion Module, PNM, that collects information related 
wherein selected ones of the plurality of re- to data that is pushed. 

mote units simulate operation of a WDP enabled 
wireless device by having the WDP client access 50 16. The measuring system of claim 1, wherein one or 
the at least one traffic wireless network via the test more of the remote units includes a Passive Moni-
traffic modem (310). toring Module, PMM, that collects information relat-

ed to passive monitoring of the at least one traffic 
2. The measuring system of claim 1, wherein the test wireless network. 

traffic modem comprises a wireless handset. 55 

17. The measuring system of claim 1, wherein one or 
3. The measuring system of claim 1, wherein the test more of the remote units includes an HTML Data 

traffic modem comprises a wireless modem mod- Module that collects information related to HTML 

21 
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18. The measuring system of claim 1, wherein one or 
more of the remote units includes a Packet Sniffing 
Module, PSM, that performs packet sniffing. 

19. The measuring system of claim 1, wherein one or 5 

more ofthe remote units includes a Multimedia Data 
Module, MMDM, that performs tasks related to mul-
timedia data. 

20. The measuring system of claim 1, wherein one or 10 

more of the remote units includes a database pro-
viding storage for the measurements. 

21. The measuring system of claim 1, wherein the back 
end processor includes a database providing stor- 15 

age for the measurements. 

22. The measuring system of claim 1, wherein the back 
end processor includes a scheduler module that 
schedules the measurements. 20 

23. The measuring system of claim 1, wherein the back 
end processor includes a data mining module that 
analyzes the measurements. 

25 

24. The measuring system of claim 1, wherein one or 
more of the remote units is stationary. 

25. The measuring system of claim 1, wherein one or 
more of the remote units is mobile. 30 

26. The measuring system of claim 1, wherein the back 
end processor is implemented in a stand-alone con
figuration. 

test traffic modem; and 
wherein selected one of the plurality of remote units 
simulates a subscriber using a WAP-enabled wire
less device by having the WAP browser access the 
at least one traffic wireless network via the test traf
fic modem. 

31. The measuring system of claim 1 wherein the back 
end processor comprises: a fleet database provid
ing storage of information concerning the plurality 
of remote units; mission schedule database provid
ing storage of information concerning measure
ment missions to be carried out by the plurality of 
remote units; and 
a fleet management server in communication with 
each of the plurality of remote units via respective 
control links and adapted to exchange commands 
and responses with selected ones of the plurality of 
remote units, the fleet management server effecting 
communication with the remote units based on in
formation accessed from the fleet database, the 
commands being based on information accessed 
from the mission schedule database; 
wherein the fleet management server commands 
certain of the plurality of remote units to simulate 
operation of a WOP enabled wireless device by 
having the WOP client access the at least one traffic 
wireless network. 

Patenta nspri.iche 

1. Messsystem zum Messen der Datenqualitat des 
Dienstes mindestens eines kabellosen Verkehrs-

35 netzwerks, umfassend: 
27. 

28. 

29. 

30. 

The measuring system of claim 1, wherein the back 
end processor is implemented so as to provide com-
mand and control of diverse systems beyond the 
measuring system. 

The measuring system of claim 1, wherein the back 
end processor is implemented so as to gather test 
data from one or more secondary systems distinct 
from the remote units. 

The measuring system of claim 1, wherein the back 
end processor is implemented by adapting a pre-
existing back end installation to incorporate a set of 
added functionalities. 

The measuring system of claim 1 wherein: 

the test traffic modem is selected from the 
group consisting of: a wireless handset and a 

40 

45 

50 

wireless modem module, 55 

wherein a Wireless Application Protocol, WAP, 
browser is implemented via the control unit or the 

22 

eine Mehrzahl von fernen Einheiten (300) fur 
die Durchfuhrung von Messungen mindestens 
eines kabellosen Netzwerks, wobei jede der 
Mehrzahl von fernen Einheiten (300) einen 
Klienten eines kabellosen Datenprotokolls, 
WOP, in Gang setzt, jede der Mehrzahl von fer
nen Einheiten (300) umfasst: 

mindestens ein Testverkehrsmodem 
(310), das angepasst ist, eines oder meh
rere des mindestens einen kabellosen Ver
kehrsnetzes zu verbinden, 
gekennzeichnet durch 

ein Steuerverbindungsmodem (308), und 

eine Steuereinheit, die mit dem Testverkehrs
modem und dem 

Steuerverbindungsmodem gekuppelt ist, und 

ein Backend-Prozessor (224) fur die Fern-
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steuerung der Mehrzahl von fernen Einheiten 
(300), wobei der Backend-Prozessor (224) un
ter Kommunikation mit jeden der Mehrzahl von 
fernen Einheiten (300) uber eine Steuerverbin
dung steht, und Befehle und Antworten mitdem 
Steuerverbindungsmodem uber die Steuerver
bindung austauscht; 

wobei ausgewahlte Einheiten der Mehrzahl 
von fernen Einheiten den Betrieb eines WOP-fahi
gen kabellosen Gerats simulieren indem der 
WOF-Klient Zugang zu mindestens einem kabello
sen Verkehrsnetzwerk uber das Testverkehrsmo
dem hat (310). 

2. Messsystem nach Anspruch 1, worin das Testver
kehrsmodem ein kabelloses Handgerat umfasst. 

3. Messsystem nach Anspruch 1, worin das Testver
kehrsmodem ein kabelloses Modemmodul um
fasst. 

4. Messsystem nach Anspruch 1, worin das Steuer
verbindungsmodem ein POTS-Modem umfasst 

5 

10 

15 

13. Messsystem nach Anspruch 1, worin die eine oder 
die Mehrzahl von fernen Einheiten einen Kurzmit
teilungsdienst, SMS, umfasst, der SMS-lnformatio
nen sammelt. 

14. Messsystem nach Anspruch 1, worin die eine oder 
die Mehrzahl von fernen Einheiten ein Modul eines 
personlichen digitalen Assistenten, POA, umfasst, 
das POS-lnformationen sammelt. 

15. Messsystem nach Anspruch 1, worin die eine oder 
die Mehrzahl von fernen Einheiten ein Push-Be
nachrichtigungsmodul, PNM, umfasst, das in Be
ziehung stehende gepushte lnformationen sam
melt. 

16. Messsystem nach Anspruch 1, worin die eine oder 
die Mehrzahl von fernen Einheiten ein passives 
Oberwachungsmodul, PMM, umfassen, das in Be-

20 ziehung stehende lnformationen fur die passive 
Oberwachung mindestens eines kabellosen Ver
kehrsnetzwerks sammelt. 

und die Steuerverbindung eine zugeordnete Tele- 25 

fon-Linie umfasst. 

17. Messsystem nach Anspruch 1, worin die eine oder 
die Mehrzahl von fernen Einheiten ein HTML Oa
tentransportmodul umfassen, das mit HTML in Be
ziehung stehende lnformationen transportiert. 

5. Messsystem nach Anspruch 1, worin das Steuer
verbindungsmodem ein OSL-Modem umfasst und 
die Steuerverbindung eine zugeordnete OSL-Linie 30 

umfasst. 

18. Messsystem nach Anspruch 1, worin die eine oder 
die Mehrzahl von fernen Einheiten ein Packetsnif
fingmodul, PSM, umfasst, das Packetsniffing 
durchfuhrt. 

6. Messsystem nach Anspruch 1, worin das Steuer
verbindungsmodem ein IOSN-Modem umfasst und 
die Steuerverbindung eine zugeordnete IOSN-Linie 35 

umfasst. 

19. Messsystem nach Anspruch 1, worin die eine oder 
die Mehrzahl von fernen Einheiten ein Multimedia
datenmodul, MMOM, umfasst, das Aufgaben 
durchfuhrt, die sich auf Multimediadaten beziehen. 

7. Messsystem nach Anspruch 1, worin der WOP-Kli
ent in der Steuereinheit verwirklicht ist. 

8. Messsystem nach Anspruch 1, worin der WOP-Kli
ent im Testverkehrsmodem verwirklicht ist. 

9. Messsystem nach Anspruch 1, worin der WOP-Kli
ent einen WAP-Browser umfasst. 

10. Messsystem nach Anspruch 1, worin der WOP-Kli
ent einen iMode Browser umfasst. 

11. Messsystem nach Anspruch 1, worin die ferne Ein
heit einen Abonnenten simuliert, wobei ein WOF
fahiges kabelloses Gerat verwendet wird. 

12. Messsystem nach Anspruch 1, worin die eine oder 
die Mehrzahl von fernen Einheiten ein Oatentrans
portmodul, TOM, umfasst, das in Beziehung ste
hende Oaten transportiert. 

20. Messsystem nach Anspruch 1, worin die eine oder 
40 die Mehrzahl von fernen Einheiten eine Oatenbank, 

umfassen, die eine Speicherung der Messungen 
durchfuhrt. 

21. Messsystem nach Anspruch 1, worin der Backend-
45 Prozessor, eine Oaten bank, umfasst, die eine Spei

cherung der Messungen durchfuhrt. 

22. Messsystem nach Anspruch 1, worin der Backend
Prozessor ein Terminplanmodul umfasst, das eine 

50 Speicherung der Messungen durchfuhrt. 

55 
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23. Messsystem nach Anspruch 1, worin der Backend
Prozessor ein Oatensuchmodul umfasst, das die 
Messungen analysiert. 

24. Messsystem nach Anspruch 1, worin die eine oder 
die Mehrzahl von fernen Einheiten stationar sind. 



45 EP 1 374 481 B1 46 

25. Messsystem nach Anspruch 1, worin die eine oder 
die Mehrzahl von fernen Einheiten mobil sind. 

26. Messsystem nach Anspruch 1, worin der Backend-
Prozessor in einer frei stehenden Konfiguration 5 

ausgefuhrt ist. 

27. Messsystem nach Anspruch 1, worin der Backend
Prozessor so ausgestaltet ist, dass er Befehle und 
Steuerungen furverschiedene Systeme ausserhalb 10 

des Messsystems ausfuhren kann. 

formationen, welche die Flottendatenbank zugang
lich macht, wobei die Befehle auf lnformationen ba
sieren, die aus der Missionsterminplanungsdaten
bank zuganglich sind; 

wobei der Flottenmanagementserver fur ge
wisse der Mehrzahl von fernen Einheiten den Steu
erbefehl fuhrt, um den Betrieb eines WDP-fahigen 
kabellosen Gerats zu simulieren, indem der 
WDP-Klient Zugang zu dem mindestens einen ka
bellosen Verkehrsnetzwerk besitzt. 

Revendications 28. Messsystem nach Anspruch 1, worin der Backend
Prozessor so ausgefuhrt ist, dass er Versuchsdaten 
von einem oder mehreren sekundaren Systemen 
erfassen kann, die verschieden von den fernen Ein
heiten sind. 

15 1. Systeme de mesure pour mesurer la qualite de don
nees de service d'au moins un reseau de trafic sans 
fil, comprenant: 

29. Messsystem nach Anspruch 1, worin der Backend-
Prozessor so ausgestaltet ist, dass eine vorher exi-
stierende Backend-lnstallation ubernommen wer-
den kann, um einen Satz von zusatzlichen Funktio-
nalitaten einzuverleiben. 

30. Messsystem nach Anspruch 1, worin: 

das Testverkehrsmodem ausgewahlt ist aus 
der Gruppe bestehend aus: kabelloses Hand-
gerat und kabelloses Modemmodul; und 

worin ein Wireless Application Protocol , WAP, 
-Browser uber die Steuereinheit oder das Test-
verkehrsmodem ausgefuhrt wird; und 

worin die ausgewahlte Einheit oder Mehrzahl 
von fernen Einheiten einen Abonnenten simu-
lieren, der ein WAP-fahiges kabelloses Gerat 
verwendet, indem es durch den WAP-Browser 
Zugang zu dem mindestens einen kabellosen 
Verkehrsnetzwerk via dem Testverkehrsmo-
dem besitzt. 

31. Messsystem nach Anspruch 1, worin der Backend-
Prozessor enthalt: eine Flottendatenbank zur Spei-
cherung von lnformationen, die sich auf die Mehr-
zahl von fernen Einheiten beziehen; eine Missions-
Terminplanungsdatenbank zur Speicherung von In-
formationen, die sich auf die Messungsmissionen 
beziehen, die durchzufuhren sind, durch die eine 
oder die Mehrzahl von fernen Einheiten; und 

ein Flottenmanagementserver in Kommuni-
kation mit jeder der einen oder Mehrzahl von fern en 
Einheiten uber entsprechende Steuerverbindungen 
und der angepasst ist, Befehle und Antworten mit 
ausgewahlten Einheiten der einen oder der Mehr-
zahl von fernen Einheiten auszutauschen, wobei 
der Flottenmanagementserver die Kommunikation 
mit den fernen Einheiten erbringt, auf Basis von In-

20 

25 

30 

35 

40 

45 

50 
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une pluralite d'unites a distance (300) pour ef
fectuer des mesures sur au moins un reseau 
de trafic sans fil, chacune des unites a distance 
(300) de cette pluralite realisant un client de 
protocole de donnees sans fil WDP, chacune 
des unites a distance (300) de cette pluralite 
comprenant: 

au moins un modem de test de trafic (310) 
agence pour se connecter a un ou plu
sieurs du au moins un reseau de trafic sans 
fil, caracterise par : 

un modem de commande de lien (308) 
et 

une unite de commande accouplee au 
modem de test de trafic et au modem 
de commande de lien; et 

un processeur terminal (224) pour 
commander a distance la pluralite 
d'unites a distance (300), le proces
seur terminal (224) etant en communi
cation avec chacune des unites a dis
tance (300) de cette pluralite via un 
lien de commande et echangeant des 
commandes et des reponses avec le 
modem de commande de lien via le 
lien de commande; 

systeme dans lequel des unites selec
tionnees parmi la pluralite des unites a 
distance simulent !'operation d'un dis
positif sans fil mis en service par un 
WDP en donnant acces au client WDP 
audit au moins un reseau de trafic 
sans fil par l'intermediaire du modem 
de test de trafic (310). 
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2. Systeme de mesure selon la revendication 1, dans 
lequel le modem de test de trafic est un combine 
sans fil. 

3. Systeme de mesure selon la revendication 1, dans 5 

lequel le modem de test de trafic est un module de 
modem sans fil. 

15. Systeme de mesure selon la revendication 1, dans 
lequel une ou plusieurs des unites a distance com
prend un module de notification poussee, PNM, qui 
collectionne des informations sur des donnees qui 
sont poussees. 

16. Systeme de mesure selon la revendication 1, dans 
lequel une ou plusieurs des unites a distance com
prennent un module de surveillance passive, PMM, 4. Systeme de mesure selon la revendication 1, dans 

lequel le modem de commande de lien comprend 
un modem POTS, et le lien de commande com
prend une ligne de telephone specialisee. 

5. 0 Systeme de mesure selon la revendication 1, 
dans lequel le modem de commande de lien com
prend un modem OSL et le lien de commande est 
une ligne OSL. 

6. Systeme de mesure selon la revendication 1, dans 
lequel le modem de commande de lien comprend 
un modem RNIS et le lien de commande est une 
ligne RNIS. 

7. Systeme de mesure selon la revendication 1, dans 
lequel le client WOP est incorpore dans !'unite de 
commande. 

10 qui collectionne des informations par rapport a une 
surveillance passive du au moins un reseau de tra
fic sans fil. 

17. Systeme de mesure selon la revendication 1, dans 
15 lequel une ou plusieurs des unites a distance com

prennent un module de donnees HTML qui collec
tionne des informations en relation avec le HTLM. 

18. Systeme de mesure selon la revendication 1, dans 
20 lequel une ou plusieurs des unites a distance com

prennent un module de reniflement de paquets, 
PSM, qui effectue un reniflement de paquets. 

19. Systeme de mesure selon la revendication 1, dans 
25 lequel une ou plusieurs des unites a distance com

prennent un module de donnees multimedia, 
MMOM, qui effectue des taches en relation avec 

8. Systeme de mesure selon la revendication 1, dans des donnees multimedia. 
lequel le client WOP est incorpore dans le modem 
de test de trafic. 30 20. Systeme de mesure selon la revendication 1, dans 

9. Systeme de mesure selon la revendication 1, dans 
lequel le client WOP comprend un navigateur WAP. 

lequel une ou plusieurs des unites a distance com
prennent une base de donnees permettant l'enre
gistrement des mesures. 

10. Systeme de mesure selon la revendication 1, dans 
lequel le client WOP comprend un navigateur imo
de. 

35 21. Systeme de mesure selon la revendication 1, dans 
lequel le processeur terminal comprend une base 
de donnees permettant l'enregistrement des mesu
res. 

11. Le systeme de mesure selon la revendication 1, 
dans lequel !'unite a distance simule un abonne uti
lisant le dispositif sans fil mis en service par WOP. 

40 22. Systeme de mesure selon la revendication 1, dans 
lequel le processeur terminal comprend un module 
de planning qui etablit le planning des mesures. 

12. Systeme de mesure selon la revendication 1, dans 
lequel une ou plusieurs des unites a distance com- 23. Systeme de mesure selon la revendication 1, dans 
prend un module de donnees de transport, TOM, 45 lequel le processeur terminal comprend un module 
qui collectionne des donnees se referant au trans
port. 

13. Systeme de mesure selon la revendication 1, dans 
lequel une ou plusieurs des unites a distance com- 50 

prend un service a message court, SMS, qui collec
tionne des informations de SMS. 

14. Systeme de mesure selon la revendication 1, dans 
lequel une ou plusieurs des unites a distance com- 55 

prennent un module d'assistant numerique person-
nel, POA, qui collectionne des informations POA. 

25 

d'exploitation de donnees qui analyse les mesures. 

24. Systeme de mesure selon la revendication 1, dans 
lequel une ou plusieurs des unites a distance sont 
stationnaires. 

25. Systeme de mesure selon la revendication 1, dans 
lequel une ou plusieurs des unites a distance sont 
mobiles. 

26. Systeme de mesure selon la revendication 1, dans 
lequel le processeur final est incorpore dans une 
configuration isolee. 
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27. Systeme de mesure selon la revendication 1, dans 
lequel le processeur final est configure de fa9on a 
fournir la commande et le controle de plusieurs sys-
temes en dehors du systeme de mesure. 

5 

28. Systeme de mesure selon la revendication 1, dans 
lequel le processeur final est realise de fa9on a re-
cueillir des donnees de test a partir d'un ou plu-
sieurs systemes secondaires differents des unites 
a distance. 10 

29. Systeme de mesure selon la revendication 1, dans 
lequel le processeurfinal est realise par !'adaptation 
d'une installation finale deja existante et l'incorpo-
ration d'un jeu de fonctionnalite ajoutees. 15 

30. Systeme de mesure selon la revendication 1, dans 
lequel: 

le modem de test de trafic est choisi dans le 20 

groupe compose d'un combine sans fil et d'un 
module de modem sans fil, 

dans lequel une unite selectionnee parmi la 
pluralite des unites a distance simule un abonne qui 25 

utilise un dispositif sans fil servi par WAP en faisant 
acceder le navigateur WAP audit au moins un re-
seau de trafic sans fil par l'intermediaire du modem 
de test de trafic. 

30 

31. Systeme de mesure selon la revendication 1, dans 
lequel le processeur terminal comprend : une base 
de donnees de groupe permettant l'enregistrement 
d'informations concernant la pluralite d'unites a dis-
tance; une base de donnees de planning de mis- 35 

sions permettant l'enregistrement d'informations 
concernant les missions de mesure a effectuer par 
la pluralite d'unites a distance; et 

un serveur de gestion de groupe en commu-
nication avec chacune des unites a distance de la 40 

pluralite d'unites via des liens de commande res-
pectifs et adapte a l'echange des commandes et 
des reponses avec des unites a distance selection-
nees parmi la pluralite d'unites, le serveur de ges-
tion de groupe assurant une communication avec 45 

les unites a distance sur la base d'informations re-
prises de la base de donnees de groupe, les com-
mandes etant fondees sur des informations re9ues 
de la base de donnees de planning de missions; 

dans lequel le serveur de gestion de groupe 50 

commande certaines unites de la pluralite d'unites 
a distance afin de simuler !'operation d'un dispositif 
sans fil mis en service par un WOP en donnant ac-
ces au client WOP audit au moins un reseau da tra-
fie sans fil. 55 

26 
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service provider network through 
a virtual subscriber system. In 
one aspect of this invention, a 
method for testing a wireless 
service provider network generally 
comprises the steps of initiating 
outbound call attempts under 
control of a master to multiple 
automatic, mobile responders, 
receiving calls at at least some 
of the responders, monitoring 
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service provider network and 
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system include audio quality 
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be performed by multiple responder units displaced throughout the geography of the wireless service provider, so as to provide real time 
indication of the network quality. Preferably, a global positioning system is utilized to provide location information regarding a responder's 
position. In yet another aspect of this invention, a method for testing communication between two wireless communication devices is 
provided. A master initiates a call to a first responder including a first wireless communication device, the first wireless communication 
device initiates a call over the network to a second wireless communication device in a second responder, testing is performed, and the 
results of the testing are provided to the master via the network. Wireless communication devices and networks testable with these 
inventions include at least mobile phone systems and PCS systems. 
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1 

DESCRIPTION 

PCT/US98/16763 

APPARATUS AND METHODS FOR AUTOMATED 

TESTING OF WIRELESS COMMUNICATIONS SYSTEMS 

Field of the Invention 

This invention relates to the field of automated test equipment. More particularly, it 

relates to automated test equipment for wireless communication systems, especially cellular 

1 o communications systems and personal communications systems. 

Background of the Invention 

Various wireless communication systems have been known in the art. Personal 

wireless communication systems are available in various forms and formats. Currently, 

15 cellular telephone systems are a popular form of wireless personal communication systems. 

Additionally, personal communication services (PCS) systems are now available. 

Fig. 1 shows a diagramatic view of a typical wireless service provider network. 

Broadly, the complete system includes the public switched telephone network 10, the wireless 

service provider network 20 and wireless subscriber users 30. The public switched network 

2 o 10 serves in a conventional manner to provide switched communications among various 

callers. The wireless service provider network 20 generally comprises a distribution network, 

most typically including a radio frequency distribution network of cell sites 22. The cell sites 

22 provide a wireless communication link to mobile communication devices or mobile phones 

32. Mobile phones 32 are known by various terms, and come in various technologies, 

2 5 examples of such terminology and technology include, but are not limited to, wireless cellular, 

flip phones, cellular phones, mobile telephones, cell phones and PCS phones. Generally, 

within the wireless service provider network 20, one or more cell sites 22 are linked to a base 

station controller 24. In turn, one or more base station controllers 24 are linked to a mobile 

telephone switching center 26. The communication link 12 between the public switch 

3 o network IO and the wireless service provider 20, as well as communication links 28 among 

the various components of the wireless service provider network 20, are typically digital land-
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based or microwave carrier systems. For example, Tl, T3 or SONET facilities may be 

utilized. 

The particular system architecture within a given wireless service provider network 

20 currently tend to be manufacturer specific. Current manufacturers of such systems include 

5 Motorola, LM Ericsson, Nortel, Hughes Network Systems, Astronet and Lucent 

Technologies. Mobile phones 32 are available from many commercial sources. 

Historically, mobile phones 32 were analog systems. More recently, mobile phones 

32 include dual-mode mobile phones which support both analog and digital transmission 

systems. In addition to the providers of the wireless service network equipment, identified 

10 previously, current mobile phone manufacturers also include Oki, Samsung, Toshiba and 

NEC. 

Cell sites 22 are geographically distributed throughout a region served by a given 

wireless service provider. As the cell site 22 has a limited geographic coverage area, wireless 

service providers have been required to determine service area coverage through various 

15 methods. Predictive models of coverage area have been utilized. Further, "drive tests" have 

been utilized in which a technician affiliated with the wireless service provider moves about 

the geography of the region covered by the wireless service provider. Typically, a skilled 

field engineer drives a vehicle including sophisticated test equipment throughout the region 

believed to be covered by the wireless service provider. Commonly, the testing is initiated 

2 o by causing a call to be placed from the mobile test equipment to a land-based, receiving 

location. A communication path is thereby established between the mobile test equipment 

and the receiving station. The initiation of the call from the mobile test equipment is initiated 

by the technician. Tests typically performed include detailed radio frequency and system 

performance test data measuring radio frequency strength, frequency, noise, co-channel 

2 5 interference as well as other relevant parameters. Usually, the test data is collected and 

archived within the mobile test vehicle. The test data collected by the mobile unit is then 

often times combined with data from multiple other mobile units upon their return to the land

based facility. 

Such "drive tests" utilizing dedicated testing vehicles is subject to a number of 

3 o disadvantages. First, the testing for the entire wireless service provider network is not made 

in real time, as the test data resides in multiple vehicles, not at a central site. Second, the costs 
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associated with such dedicated vehicles is very high. A fully equipped vehicle used in a drive 

test often costs from $100,000 to $250,000. Further, a skilled field engineer is required to 

operate the equipment and conduct the tests. Generally, multiple tasks must be performed in 

operating such systems, for example, the field engineer often collects the data, whereas then 

5 that data must be entered by yet another person for processing, and later for display. Yet 

further intervention is required for modifications or upgrading of the equipment such as for 

upgrading software through revisions, bug-fixes or feature additions. 

Yet another type of testing performed on wireless service provider networks are cell 

simulation. The term call simulator has many synonyms, including, but not limited to, load 

1 o tester, load box, line simulator and bulk call generator. All of these terms generally relate to 

devices which serve to simulate calls. Typically, a call simulator serves to automatically 

generate outbound calls through the wireless service provider network to various intended 

called parties. Typically, the called parties are individuals having a mobile phone. Various 

information regarding the placement of calls, such as number of attempts and call completion 

15 percentages, may be generated at the load box end of the system. Typically, the called parties 

may be requested to manually record various data regarding the call, such as location of the 

received call and some subjective assessment of the call quality. 

Test equipment has been utilized in which a dedicated phone testing unit is placed in 

a vehicle. The unit is adapted to work with a specific manufacturer's phone. Calls may be 

2 o placed from and received by the dedicated phone, with network parameters under test 

including network coverage, quality, and identification of location of existing problems. A 

GPS capability is provided to provide location information. The parameter information is 

stored to a PCMCIA flash disk. This data may be transferred by a technician after storage 

for collection and analysis by the system. 

25 In yet another system, a ruggedized personal computer is placed in a mobile vehicle 

for wireless network provider testing. The system utilizes actual speech samples to monitor 

the system quantitatively utilizing a mean opinion scoring measurement. The mobile test unit 

consists of an embedded PC, audioprocessing hardware, GPS receiver and one or more 

cellular transceivers. The mobile test unit automatically places and receives calls to and from 

3 o the field test unit while being driven over a selected or random route. 

Wireless service providers have long sought methods for conducting coverage tests 
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which provide usable system quality and performance data without the requirement for such 

time intensive and costly field engineer drive tests, and to make audio quality tests using 

traditional test methods without the need to depend on subjective Mean Opinion Score quality 

rating measurements. This invention is directed towards a solution of these long standing 

5 concerns. 

Summary of the Invention 

Apparatus and methods for automated testing of wireless communications systems is 

provided. In one aspect of the inventive method, testing of the wireless service provider 

l O network generally comprises the steps of, first, initiating one or more outbound call attempts 

under control of a master to one or more automatic mobile responders, second, receiving calls 

from at least some of the automatic, mobile responders, third, monitoring parameters relating 

to the wireless service provider network and fourth, transmitting information between the 

responder and master indicative of the parameters. Testing of the wireless service provider 

15 may be in any form or parameter, and especially includes quantitative testing of the wireless 

service provider network. Other parametric testing optionally includes radio frequency power 

level testing, frequency testing, audio quality testing, especially through the use of the 23-tone 

test, and spectrum analysis. Optionally, the testing method further includes the step of 

analyzing the information transmitted, preferably from multiple responders to the master. In 

2 o this way, information may be obtained from multiple automatic mobile responders located 

throughout the geography covered by the wireless service provider network, thereby providing 

real-time assessment of the network. 

The system level invention comprises a system for testing a wireless network which 

generally comprises an analysis system coupled to a master, where the master serves to 

2 5 automatically place calls, and optionally to receive calls, when connected to a wireless 

network or public switched network. The system includes one or more responders adapted 

to automatically communicate through the wireless service provider network with the master. 

The responders are provided with an antenna connection for communication with the wireless 

service provider RF (radio frequency) network and include a receptacle adapted to receive one 

3 o or more wireless communication device. In accordance with one aspect of this invention, one 

or more standard mobile phones of any manufacturer may be utilized to emulate regular 
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wireless subscriber calls. The mobile phones used in the responder architecture may 

alternatively be VLSI-chip-level mobile phones, test phone or any combination thereof. A 

responder control system typically includes a wireless control device controller, parametric 

testing systems and digital signal processing capability. Preferably, the system is equipped 

5 with a global positioning system which provides some or all of the position, time and velocity 

of the responder unit. 

In yet another aspect of this invention, apparatus and method are provided for testing 

communications between a first wireless communication device and a second wireless 

communication device over a wireless service provider network. Generally, the apparatus and 

1 o steps comprise utilizing a master to initiate a call to a first responder including a first wireless 

communication device, wherein the first responder is instructed to effectuate a subsequent call 

to the second wireless communication device in the second responder. Once the call is placed 

between the first wireless communication device and second wireless communication device, 

testing is performed. At least one of the first and second responders communicates with the 

15 master to provide test data regarding the call between the first wireless communication device 

and the second wireless communication device. 

In one aspect of this invention, a testing system is provided whereby "virtual 

subscribers" are provided by automated, mobile responder units. In the preferred 

embodiment, the responders are of sufficiently small size so as to readily fit within a typical 

2 o automobile trunk, and are more particularly preferred to be substantially smaller than the 

volume of the trunk, preferably less than one cubic foot. In this way, the responders may be 

placed in vehicles which are not dedicated to the testing function, but have a independent 

purpose. For example, responders may be included in vehicles that cover regular, thorough 

routes, such as postal or public transit vehicles, or in vehicles which cover relatively regular 

2 5 routes with some degree of variation, such as delivery vehicles, or in vehicles which cover 

random routes, and may go into and out of the service area, such as taxis, or vehicles owned 

by the wireless service provider. While the responders typically would be located within a 

mobile vehicle, at least certain of the responders within a system may be immobile without 

varying from the invention described herein. 

3 o In yet another aspect of this invention, the system may be utilized to emulate any 

feature or function of the wireless service provider and to test implementation of that feature. 
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By way of example, certain systems permit a mobile telephone number to be changed to 

another area code. Certain models permit mobile phones telephone numbers to be changed 

remotely. The system of this invention would permit the changing of the telephone number 

of the mobile phone, when permitted, either locally at the responder or remotely, to permit 

5 testing of this feature. In this way, accuracy of roaming and number verification systems can 

be achieved. This particular test would serve to verify the home location register (HLR) used 

by wireless service providers. Yet other features of such a test system would permit testing 

of an authentication system center (AUC) which manages the security data for subscriber 

authentication. Similarly, the equipment identify register (EIR) which stores the data of 

10 mobile equipment (ME) or ME-related data. 

Accordingly, it is an object of this invention to provide an improved apparatus and 

method for providing usable system quality and performance data. 

It is yet another object of this invention to provide an apparatus and system which 

provides information regarding a wireless network without requiring drive tests by skilled 

15 field engineers. 

20 

It is yet a further object of this invention to provide a system which serves to improve 

the quality and reliability of wireless communications systems. 

Brief Description of the Drawings 

Fig. 1 shows a diagrammatic view of a wireless service provider network. 

Fig. 2 shows a diagrammatic view of the subscriber wireless automated remote 

measurement system. 

Fig. 3 shows a block diagram description of the analysis software components for the 

subscriber wireless automated remote measurement system. 

2 5 Fig. 4 shows a perspective view of the responder equipment. 

system. 

30 

Fig. 5 shows a block diagram view of the main hardware components of the responder 

Fig. 6 shows a flowchart for the responder program flow. 

Fig. 7 shows a flowchart for the inside weight for command sequence. 

Fig. 8 shows a flowchart for the received call-back instructions sequence. 

Fig. 9 shows a flowchart for a send-current location/time sequence. 
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Fig. IO shows a flowchart for the send oldest unsent unsuccessful call destails 

sequence. 

Fig. 11 shows a flowchart for the 23-tone test receiving and scoring sequence. 

Fig. 12 shows a flowchart for a network access test. 

Fig. 13 shows a flowchart for an audio quality test. 

Fig. 14 shows a flowchart for an unsuccessful completion test. 

Fig. 15 shows a flowchart for a dropped call test. 

Detailed Description of the Invention 

Fig. 2 shows a diagrammatic view of primary elements of the subscriber wireless 

automated remote measuring system in one aspect of this invention. A call simulator 40 

serves to initiate telephone calls. Preferably, the call simulator 40 emulates telephone calls 

placed over lines 56 through the public switched telephone network 10 and the wireless 

service provider network 20 to a responder 42 via the cell site 22. The call simulator 40 

15 preferably includes the ability to receive calls originated from the responder 42. Call 

simulators are available from many commercial sources including Ameritec Corporation 

(FeatureCall™ system), Zarak Systems, Inc. (Abacus: Advanced Bulk Call Simulator), 

Teradyne (Hammer product line), and Redcom (TeleTraffic Generator). 

The responder 42 serves to generate and/or receive calls. Further, it preferably 

2 o performs parametric measurements of test calls and network status over the wireless 

network through one or more cellular telephone interfaces. The responder typically would 

include one or more wireless communication device 48, such as a mobile phone or PCS 

device. 

In the preferred embodiment of the subscriber wireless automated remote measuring 

2 5 system, the responder 42 is capable of providing geographic position information. Most 

preferably, the responder 42 provides geographic position information through use of the 

global positioning system. In such a global positioning system, a satellite 52 provides 

positional information to the responder 42 as received by antenna 54. The responder 42 

preferably provides the positional information via antenna 50 during a telephonic 

3 o communication between the responder 42 and the line simulator 40 and analyzer 44. 

In operation, the responder 42 may be deployed to various geographic locations. 



W099/12228 PCT/US98/16763 

8 

In the preferred mode, the responder 42 would be included within a vehicle so as to travel 

through the service area. Automated coverage testing may be achieved through the use of 

such mobile responder units. In the preferred embodiment, the responder units 42 operate 

remotely under control of the master 40. Most preferably, numerous responders 42 are 

5 provided in separate vehicles or locations throughout the service area, preferably in separate 

vehicles, so as to provide data to the master 40 and analyzer 44 under remote control from 

the master 40. 

In one main intended application, this test methodology and equipment enables the 

wireless service provider the ability to validate service area predictive model data and to 

lo provide a survey of the quality of service and network status throughout a designated service 

area utilizing the wireless service providers subscriber's mobile phones. While the system 

may be utilized to test for any telephony related problem consistent with the goals and 

objects of this invention, the main types of problems contemplated are as follows. First, 

unsuccessful network access may be monitored. Such an unsuccessful network access is an 

15 uplink problem wherein the wireless subscriber is unable to originate calls from a mobile 

phone. Secondly, the system may check for audio quality. Typically, simulation of voice 

conversation is performed over a wireless connection and measured from the wireless 

subscribers location. Both downlink call simulation and uplink call simulation may be 

tested. Third, unsuccessful call completion may be monitored. An unsuccessful call is 

2 o defined as any call, either uplink and/or downlink, not completed as dialed. Fourth, 

dropped calls may be monitored. This generally is defined as any call terminated before a 

call termination command is initiated by either the calling or called party. Gererally, 

the responder 42 is preferably located within a vehicle, most preferably a vehicle which 

moves through a relatively large geographic area within the wireless service provider 

2 5 region. Examples of vehicles preferably utilized with the methods of the system include: 

postal or public transit vehicles (such as those that cover regular, thorough routes), delivery 

vehicles (such as those that cover regular routes which vary somewhat), taxis or other 

wireless service provider vehicles (such as those which cover random routes and sometimes 

go into and out of the service area). Alternatively, the responder 42 may be placed at a 

3 o fixed location. 

Fig. 3 shows a flowchart for the subscriber wireless automated remote measurement 
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system analysis methods. The master 60 bi-directionally interfaces with a graphical user 

interface system 62, such as the FeatureCall™ system. The master 60 accesses the test 

processor 64. The test processor 64 in turn interacts with the database 66. The database 

66 bi-directionally accesses a configuration screen and data manager 68 various reports 70, 

5 standard and custom, may be prepared. Generally, the subscriber wireless automated 

remote measuring system analysis consists of the test processor 64, database 66, 

configuration screen and data manager 68 and report generator 70. 

The database 66 must be of sufficient capacity, speed and sophistication to achieve 

the goals and objectives of this invention. Generally, a relational database management 

10 system (RDBMS) is utilized. In the preferred embodiment, the database 66 is Oracle Work 

Group for Windows NT. Among its various functions, the database 66 serves as a 

repository for test results and preferably contains configuration information. The test 

processor 64, among other tasks, receives messages from the master 60 and translates them 

into SQL for the oracle database. Preferably, the test processor 64 is able to connect to 

15 multiple masters 60. Optionally, feedback may be provided from the test processor 64 to 

the master 60. The report package 70 preferably includes a graphical user interface (GUI) 

application to display test results and print reports. Derived values, e.g., signal to noise 

ratio, may be calculated by the report package 70. The configuration screens and data 

manager package 68 preferably serves to save data captured by the system for future 

2 o analysis. Generally, system 68 is a file management system for augmentation of the 

database 66. Optionally, the system 68 may be incorporated into the report package 70. 

Optionally, a geological information system for GIS may be utilized in conjunction 

with the system disclosed herein. Typically, a geological information system provides 

through mapping software a system in which previously compiled geographic data may be 

2 5 combined with newly collected and/or processed information to provide a composite image. 

Such software is available from many sources, including ESRI (Environmental Systems 

Research Institute, Inc.), who offer programs including, but not limited to, ArcView, 

MapObjects, and ARC/INFO. Overlays may be utilized on the underlying data, such as 

location of cell sites, commercially existing map grids (e.g., Thomas Brother map grids) 

3 o or other relevant points of interest, either geographical or man-made. 

The analysis components identified in Fig. 3 may be run on a single Windows NT 
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workstation or notebook, or any other system which is compatible with the objects of this 

invention, such as Unix platforms, whether in a single work station or client-server 

configuration. Utilizing current technology, the system requirements would include: a 

single Pentium or PentiumPro processor running at or above 133 MHZ, 1.5 Gb available 

5 disk space, 48 Mb of RAM, a CD-ROM, 10 base-T network card, and Windows NT 3.51 

SPx or Windows NT 4.0 SPx. 

Fig. 4 shows an exploded, perspective view of the responder 80 in one physical 

implementation. Overall, the responder 80 may be relatively compact, such as to fit within 

a standard vehicle trunk, and is most preferably relatively compact, in the preferred 

10 embodiment being 8 inches x 11 inches x 2.5 inches, or smaller. A base 82 is connected 

to a lid 84 such as by operation of a key lock system 88 which cooperatively secures the lid 

84, base 82 and bracket 86. Preferably, the lid 84 is locked to the base 82 via a lock 

assembly 88. The bracket 86 preferably includes flanges 90 disposed on the bottom of the 

base to permit mounting of the responder 80, such as on the floor of a vehicle trunk. 

15 Optionally, a bracket may be utilized to facilitate vehicle trunk or side-wall installations. 

The interior of the responder 80 is preferably divided into two major components, 

the components being divided by a shield 92 so as to form a first compartment 94 and a 

second compartment 96. The first compartment 94 may contain, preferably, one or more 

2 o mobile phones 48, and may be alternatively designated as the mobile phone compartment 

94. The second compartment 96 may contain responder electronics and be alternatively 

designated as the responder electronics compartment 96. One or more printed circuit 

boards 98 may be supported from the base 82 via standoffs 100. The printed circuit boards 

98 may include the circuitry for the responder and, optionally, the global positioning 

2 5 satellite daughter board standoffs. 

In yet another aspect of this invention, the combination of a standard subscriber 

mobile phone and a component or chip-level mobile phone may be utilized on-line 

simultaneously on two separate cellular or PCS calls. The results of these two separate calls 

may be coordinated and correlated by the analysis system. 

3 o The first compartment 94, when adapted for holding the mobile phone, preferably 

includes foam rubber material on both the base 82 and the lid 84. This foam rubber 
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material serves to receive the mobile phone 48 within a nest so as to support the mobile 

phone 48 during vehicle motion. Optionally, a mobile phone window 102 is provided in 

the lid 84 to permit user observation of the mobile phone 48 panel. 

The second compartment 96 is connected to the first compartment 94 by a connector 

5 104 passing through shield 92. The mobile phone connector 106 meets with connector 104 

and connects to the mobile phone 48. The mobile phone connector 106 is typically unique 

depending upon the type of mobile phone 48 utilized. The software utilized by the 

responders cellular telephone controller serves to configure the system for the specific brand 

of mobile telephone then utilized within the responder 80. 

lo The responder 80 includes various connections to external. An antenna connection 

108 and global positioning satellite antenna connector 110 are provided. A barrier strip 112 

or water tight connector preferably provides for connection to ground 114, battery 116 and 

vehicle ignition 118. Preferably, provision is made to reduce risk of electrical error from 

electrostatic discharge through use of O-rings or elastomeric gaskets for sealing. 

15 Fig. 5 shows an electrical block diagram of the responder electronics. A 

microprocessor 110, such as Zilog microprocessor, is coupled to an address bus 112, 

databus 114 and control signal lines 116. A power supply 118 provides power to the 

system, and preferably comprises the vehicle battery. A regulator/sensor 120 provides a 

low battery voltage flag signal to the microprocessor 110 via the address but 112. The 

2 o regulator 120 optionally couples to a mobile phone variable voltage regulator 122, which 

in turn is connected to the mobile phone input/output port 124. The mobile phone 

input/output port 124 is preferably coupled to an analog to digital codec 126 providing 

phone/audio input/output. The AID codec 126 is coupled to buses, such as address bus 112 

and databus 114. Preferably, the A/D codec 126 is coupled to a digital signal processing 

2 5 chip 128, such as a 2171 DSP chip. The mobile phone input/output port 124 is further 

connected for mobile phone data and control signal communication to the mobile phone 

controller 130. The mobile telephone 130 is coupled to the buses, such as the address bus 

112 and databus 114. External computer input/output 132 is likewise coupled to the buses. 

Various control signals 134 are provided to various electronics. Chip select is 

3 o effected via coupling between the address bus 112 and the control signal interface 134. 

Optionally, an electronically programmable logic device (EPLD) 136 connects the chip 
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select and control signal interface 134. 
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Optionally, a global positioning satellite system is utilized. A GPS daughter board 

136 is coupled to the database 114. An antenna 138 connects to the daughter board 136. 

Fig. 6 is a software flowchart for the responder program flow. At start-up 140, cold 

start begins when the power rises above 11.4 volts in a nominally 12 volt system. 

Initialization 142 includes some or all of the following: global reset, start z-180 program, 

initialize digital signal processor and mobile telephone controller (CTC) initialize mobile 

phone, set call-back count to O and set call sequence number to 0. At "phone on" decision 

lO block 144, if the phone is not on, decision block 146 waits until the phone is turned on 

manually. If the phone is on, the call-back count block 148 is checked for count equals 

zero. If the count does not equal zero, then a call is placed to the master 150, which if not 

successful, block 158, is logged in the circular queue 160. A recheck is then made of the 

call-back count equally zero 148. If the call-back count is zero in decision block 148, the 

15 system waits for a call at block 162, receives the call at block 164, and performs a 

command at block 166. When completed, the system hangs up at step 168. 

Fig. 7 is a flowchart for the inside wait for command program flow. After initiation 

at the wait for command block 170, the sequence checks the vehicle power status 172 after 

which the "phone off-hook" decision block 174 is reached. If the phone is off hook at 

2 o block 174, the hang up mobile phone block 176 is executed and a return 178 is made to the 

wait for command block 170. If the phone is not off hook as determined in decision block 

174, decision block 182 queries whether valid DTMF command has been received at block 

180. If valid DTMF commands have been received at decision block 180, various 

commands may be directed, including one or more of the following: receive call back 

25 instructions 182, send current location and/or time 184, send oldest unsent unsuccessful call 

details 186, and receive and score 23-tone test 188. If no valid DTMF are received at block 

180, the program flows into block 172. In an alternative implementation, rather than 

utilizing DTMF tones for communication, a modem may be utilized. Whether transmitted 

via DTMF or modem, it is preferred that an error checking procedure be utilized with the 

3 o data transmission. 

Fig. 8 shows a flowchart for the receive call back instructions sequence. The master 
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(e.g., master 40 in Fig. 2 or 60 in Fig. 3) establishes the call 190 to the responder (e.g., 42 

in Fig. 2) and transmits a prompting command and parameters at block 192 after which the 

master proceeds to the done with command block 194. The responder initially is in the wait 

for command state 196. During the transmit command" 11" and parameters state 192, the 

5 responder is in a corresponding receive command "11" and parameters state 198. After 

receipt of the command and parameters, the call back number and call back counts are saved 

at block 200. The responder then returns to the wait for command state 196. 

Fig. 9 shows the flowchart for the send current location/time sequence. The master 

begins with the established call block 210. The system then transmits command "12" 212 

lo to the responder. The responder begins in a wait for command state 214. After the 

transmit a prompting command step 212, the responder receives the prompting command 

in block 216. While the master is in the wait for reply state 218, the responder composes 

the result in state 220 and sends the result in state 222 to the master where it receives the 

result in state 224. After sending the result, the responder returns to the wait for command 

15 state 214. After the master receives the result in step 224, it sends the result to the test 

processor in block 226 after which the program is placed in a done with command state 228. 

Fig. 10 shows a flowchart for the send oldest unsent unsuccessful call details 

program flow. The master begins with the establish call block 230. The master then 

2 o transmits a prompting command at block 232 to the responder, which initially in the wait 

for command state 234 and then receives the prompting command in state 236. While the 

master is in a wait for reply state 238, the responder finds the data in the circular queue 

state 240, and sends the result at block 242 to the master who receives the result at block 

244. The master then sends the result to the test processor at step 246, after which the 

25 master is done with the command at block 248. 

Fig. 11 is a flowchart for the 23-tone test receiving and scoring sequence. The 23-

tone test is described in one or more of the following United States Patents No. 4,301,536, 

4,417,337 and 4,768,203, incorporated herein by reference. The master establishes the call 

at block 250, acquires digital signal processing (DSP) resource at block 252 and transmits 

3 o a prompting command at block 56 to the responder. The responder begins in a wait state 

256, and receives the command from state 254 at the responder side in state 258. While the 
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master waits a period of time, e.g., 500 milliseconds at block 260, the responder during that 

wait interval 260 prepares a DSP to receive the 23-tone sequence at block 262. The master 

sends the tones at step 264 and the receiver receives the tones at step 266. Alternatively, 

or in combination, the responder may be commanded to transmit the 23-tone test to the 

5 master for analysis of the uplink path audio quality. The responder then processes bins and 

prepares results at step 268, sending the result at step 270 to the master which receives them 

at step 272. The responder then proceeds to a wait for command state 256. Upon receipt 

of results of step 272, the master sends the results to the test processor at step 274 after 

which it is placed in a done with command state 276. 

10 Fig. 12 shows a flowchart for the network access test. After start block 280, a call 

is placed to the mobile phone at step 282 after which call back instructions are sent at step 

284. The system then hangs up and waits for a call at step 286, and is optionally subject 

to a time out 288. If the call is placed, the call is then accepted at step 290, where upon a 

request for the current location is made at step 292. A request for the oldest unsent 

15 unsuccessful call details step 294 is made. At decision block 296, if the system has not 

received all unsent data, the system loops to yet again request the oldest unsent unsuccessful 

call detail step 294. If all unsent data has been received as determined at decision block 

296, decision block 298 determines whether more call attempts are necessary. If not, the 

program flows to a done state 300, whereas if more call attempts are required the program 

2 o flows to the hang up and wait for call state 286. 

Fig. 13 shows a flowchart for an audio quality test. From start block 310, a call is 

placed to the mobile phone at step 312, upon which a request is made for the current 

location in step 314 as determined by the responder. Thereafter, a 23-tone test is 

conducted at step 316. Alternatively, or in combination, the responder may be commanded 

2 s to transmit the 23-tone test to the master for analysis of the uplink path audio quality. 

30 

Decision block 318 determines if the loop is done. If the loop is not done, another call to 

the mobile phone at step 312 is made. If the loop 318 is done, the system hangs up at step 

320, and is placed in a done state 322. With regard to tone tests, such as the 23-tone test, 

the system may be full duplex, half duplex or simplex. 

Fig. 14 shows a flowchart for an unsuccessful completion test. From start block 
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330, a call is placed to the mobile phone at step 332. After a request for the current 

location in step 334, the results are logged in the master at step 336. Thereafter, the system 

hangs up at step 338. As determined by decision block 340, if the loop is not done, the 

system loops back to the call mobile phone step 332, whereas if the loop 340 is done the 

5 system goes to a done state 342. 

Fig. 15 shows a flowchart for a dropped call test. From the start block 350, a call 

is placed to the mobile phone in step 352. The results are logged in the master at step 354. 

Thereafter, for a predetermined period of time the system waits while tracking the current 

location and time at step 356. At decision block 358, if the call is still up, the system hangs 

lO up at step 360 and logs a successful call to the test processor at step 362. If the call is not 

still up at decision block 358, it is logged as a dropped call to the test processor at step 364. 

At the loop done decision block 366, if the loop is not done, a call mobile phone step 352 

is executed. If the loop done 366 is completed, the system goes to a done state 368. 

Although the foregoing invention has been described in some detail by way of 

15 illustration and example for purposes of clarity and understanding, it may be readily 

apparent to those of ordinary skill in the art in light of the teachings of this invention that 

certain changes and modifications may be made thereto without departing from the spirit 

or scope of the appended claims. 
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We Claim: 

of: 

1. A method for testing a wireless service provider network comprising the steps 

initiating one or more outbound call attempts under control of a master to one 

or more automatic, mobile responders, 

receiving calls at at least some of the automatic, mobile responders, 

monitoring parameters of the network during the call between the master and 

the automatic, mobile responder, and 

transmitting information indicative of the parameters to the master. 

2. The method of claim 1 for testing a wireless service provider network wherein 

the parameter tested includes quantitative and qualitative testing. 

3. The method of claim 1 for testing a wireless service provider network wherein 

l 5 the testing includes audio quality testing. 

4. The method of claim 3 for testing a wireless service provider network wherein 

the audio quality testing includes a 23-tone test. 

2 O 5. The method of claim 4 for testing a wireless service provider network wherein 

the 23-tone test is in half duplex. 

6. The method of claim 4 for testing a wireless service provider network wherein 

the 23-tone test is full duplex. 

25 

7. The method of claim 4 for testing a wireless service provider network wherein 

the 23-tone test is simplex. 

8. The method of claim 1 for testing a wireless service provider network wherein 

3 O the testing includes monitoring the radio frequency power. 
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17 

9. The method of claim 1 for testing a wireless service provider network wherein 

the testing includes monitoring frequency. 

10. The method of claim 1 for testing a wireless service provider network wherein 

5 the testing includes spectrum analysis. 

10 

11. The method of claim 1 for testing a wireless service provider network further 

including collection and transmission of information regarding global positioning. 

12. The method of claim 11 for testing a wireless service provider network 

wherein the global positioning information includes position. 

13. The method of claim 11 for testing a wireless service provider network 

wherein the global positioning information includes the time as provided by the global 

15 positioning system. 

20 

14. The method of claim 11 for testing a wireless service provider network 

wherein the velocity of the mobile responder is determined. 

15. The method of claim 1 for testing a wireless service provider network wherein 

the transmission of information indicative of the parameters is performed in a call initiated 

by the master to the responder. 

16. The method of claim 1 for testing a wireless service provider network wherein 

25 the step of transmitting information indicative of the parameters is performed in a call initiated 

by the responder to the master. 

30 

17. The method of claim 1 for testing a wireless service provider network further 

including the step of analyzing the information transmitted to the master. 

18. The method of claim 1 for testing a wireless service provider further including 
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the step of displaying the information provided from the responders to the master. 

19. The method of claim 1 for testing a wireless service provider network further 

including the step of archiving data supplied to the master in real time. 

5 

20. The method of claim 1 for testing a wireless service provider network further 

including the step of displaying information regarding the network in real time. 

21. The method of claim 1 for testing a wireless service provider network further 

1 o including the step of displaying geological information systems data in real time. 

15 

20 

25 

30 

22. The method of claim 1 for testing a wireless service provider network further 

including the step of collecting data regarding calls not received. 

23. A method for testing communication between a first wireless communication 

device and a second wireless communication device over a wireless service provider network, 

comprising the steps of: 

first, initiating a call from a master to a first responder including the first 

wireless communication device, 

second, initiating a call from the first wireless communication device to the 

second wireless communication device in a second responder over the wireless service 

provider network, 

monitoring parameters of the call, and 

communicating to the master information regarding the call between the first 

wireless communication device and the second wireless communication device. 

24. The method of claim 23 for testing communication between wireless 

communication devices wherein at least one of the first and second wireless communication 

devices is a mobile phone. 

25. The method of claim 23 for testing communication between wireless 



5 

10 

WO 99/12228 PCT/US98/16763 

19 

communication devices wherein at least one of the first and second wireless communication 

devices is a personal communications systems device. 

26. A system for testing a wireless communication network comprising: 

a master for automatically initiating calls, adapted for connection to a switched 

network including a wireless service provider network, 

one or more wireless responders adapted to automatically communicate with 

the master via the switched network, and 

an analysis system for receiving information from the responders through the 

wireless network in real time for providing test results regarding the wireless network. 

27. The system of claim 26 for testing a wireless network wherein the analysis 

system includes a test processor. 

15 28. The system of claim 26 for testing a wireless network wherein the analysis 

system includes a database for archiving test information. 

29. The system of claim 26 for testing a wireless network wherein the analysis 

system includes a graphical user interface. 

20 

30. The system of claim 26 for testing a wireless network wherein the public 

switch network further includes the public switched telephone network. 

31. A mobile responder for testing a wireless service provider network between 

2 5 a base station including a master and a wireless communication device located at the mobile 

responder, comprising: 

30 

an antenna connection adapted for communication with the wireless service 

provider network, 

a wireless communication device receptacle adapted to receive a wireless 

communication device, 

a responder control system including, 
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a wireless communication device controller, 

a parametric test system, and 

PCT/US98/16763 

a test result provision system adapted to provide test results to the 

master, and 

a power connection for providing power to the responder control 

system. 

32. The mobile responder of claim 31 for testing a wireless service provider 

network wherein the responder includes two or more separate compartments. 

33. The mobile responder of claim 32 wherein a first compartment is adapted to 

receive the wireless communication device. 

34. The mobile responder of claim 32 wherein a second compartment includes the 

15 responder control system. 

35. The mobile responder of claim 32 further including a pass through connection 

between the compartments. 
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Description 

BACKGROUND OF THE INVENTION 

inactive mobile device. From the perspective of the car
riers, their limited resources (e.g. channel capacity) 
have been utilized in an inefficient and unprofitable (i.e. 
calls to inactive devices are generally not billed) manner 

1. Field of the Invention 5 to contact an inactive mobile device. 

[0001] The present invention relates to wireless 
communication systems and, more particularly, to a 
wireless communication system utilizing subscriber sta
tus information to enable a user to determine the status 
of a mobile device associated with the intended recipi
ent of a call or message prior to any attempt to contact 
that person. 

10 

2. Description of the Related Art 15 

[0002] There are already several hundred million 
subscribers to wireless communication services 
throughout the world. With this proliferation of wireless 
communications, it is becoming more and more likely 20 

that parties will interact with one another in instances 
where the only means of communication for one or both 
parties is through wireless communication systems. 
Wireless communication refers to the situation in which 
at least one party is making use of a portable, wireless 25 

two-way interactive communication device and a wire-
less network. Portable, wireless two-way interactive 
communication devices can, for example, include per
sonal digital assistants (PDAs), two-way pagers, palm-
sized computers and mobile phones. 30 

[0003] Wireless carriers operate wireless networks 
that support wireless communications between parties. 
These carriers, such as providers of cellular phone or 
pager services, typically have knowledge of the activa-
tion status (e.g. on or off) of serviced devices. Wireless 35 

carriers also tend to know the location of the portable 
wireless two-way interactive communication devices of 
its subscribers, at least within its range of coverage. 
This activation and location information may be used by 
wireless carriers for the purpose of centrally managing 40 

calls to and from its subscribers (e.g., tracking position 
or automatic call redirection). 
[0004] Often one or both of the parties want to com
municate with each other in real- time. Such real-time 
communications is offered by portable wireless two-way 45 

interactive devices, referred to as mobile devices 
herein, such as mobile or cellular phones and two-way 
pagers. However, even when one or both parties have 
mobile devices, real-time communications between 
them are available only when their mobile devices are in 50 

a mode of operation capable of receiving incoming com
munications. Hence, when one attempts to reach 
another party having a mobile device, which may be 
powered off (also referred to as off-line), the call does 
not go through. Instead, the calling party may hear a 55 

message to the effect of "the subscriber you have called 
is either out of range or the phone off." In this situation, 
the calling party has wasted time trying to contact an 

2 

[0005] It would be desirable to have apparatuses 
and methods which facilitate obtaining and using infor
mation regarding mobile device status information for 
mobile devices of interest. 

SUMMARY OF THE INVENTION 

[0006] The present invention is directed to a com
munication system that makes available and utilizes sta
tus information so that users of the communication 
system are informed about the status of monitored 
mobile devices of interest before attempting to interact 
with those mobile devices. Subscribers having this serv
ice will have available near real-time information as to 
which associates (i.e. individuals or groups of interest to 
the subscriber for purposes of communication) may be 
contacted immediately and which associates are una
vailable. Additional information relating to why an asso
ciate of interest is unavailable (e.g. "I'm in a meeting") or 
when they plan to be available may also be provided. 
Since many users will choose not to call mobile devices 
that are deactivated, wireless carriers may experience a 
reduction in unbilled resource utilization, since sub
scribers are generally not billed for calls to inactive 
devices. The interaction between the mobile device of 
the user and the monitored mobile devices can be 
through a phone call or a text message, either of which 
can be rapidly achieved with minimal user effort by the 
inventive apparatus and method. 
[0007] Furthermore, the invention can be imple
mented in numerous ways, including as a method, an 
apparatus or device, a user interface, a computer read
able medium, and a system. Several embodiments of 
the invention are discussed below. 
[0008] As a mobile device, one embodiment of the 
invention includes a display screen, and computer pro
gram code for causing the display screen to display (i) 
an identifier for each of one or more portable, wireless 
two-way interactive communication device(s) and (ii) a 
status indicator pertaining to each of the one or more 
mobile devices, and a processor operatively connected 
to the display screen, wherein the processor operates to 
execute the program code. 
[0009] As a method for operating a mobile device 
having a display screen, one embodiment of the inven
tion includes the stages of receiving status information 
for one or more monitored mobile devices, and produc
ing a screen display on the display screen in accord
ance with the status information received. The screen 
display produced may include identifiers for the moni
tored mobile devices and status indicators pertaining to 
the monitored mobile devices, with the status indicators 
indicating whether the monitored mobile devices were 
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active or inactive during the last monitoring cycle. The 

screen display may include a short message from a 
user associated with a particular monitored mobile 
device (e.g. "I'm in a meeting"). 

[001 OJ As a user interface for a mobile device hav- 5 

ing a display screen and an user interface, one embod
iment of the invention includes: a list of users from an 
address book associated with a first mobile device, one 
or more of the users being associated with other mobile 
devices; and a status indication indicating an opera- 10 

tional status of a mobile device associated with one of 
the users on the list. The list of users and their status 
indications are displayed on the display screen of the 
first mobile device. Navigation through the list of users 
in an address book and selection of individual users is 15 

achieved using the user interface of the first mobile 
device. 
[0011) As a computer readable medium including 
computer program code for operating a mobile device 
having a display screen, one embodiment of the inven- 20 

tion includes: computer program code for receiving sta-

tus information (e.g. identifiers, short messages and 
activation status for designated mobile devices); and 
computer program code for producing a screen display 
on the display screen in accordance with the status 25 

information. The screen display may include an identi-
fier, a short message and a status indicator for desig

nated mobile devices, the status indicator indicating 
whether the designated devices are active or inactive. 
Optionally, the computer readable medium may include 30 

code for interacting with a user to designate mobile 
devices for which status information is required. 
[0012) As a computer readable medium including 

computer program code for operating a mobile device 
having a display screen, another embodiment of the 35 

invention includes: computer program code for receiv-
ing status information (e.g. an identifier, a short mes
sage and an activation status for designated mobile 
devices); computer program code for storing said 

received status information; computer program code for 40 

comparing user entered identifiers (e.g. a dialled phone 
number) with the received interface information; and 
computer program code for performing a desired action 
when an attempt is made to interact with a designated 
mobile device having an inactive status indicator or a 45 

designated mobile device experiences a change in its 
status. 
[0013) The advantages of the present invention are 
numerous. Different embodiments or implementations 
may yield one or more of the following advantages. One 50 

advantage of the invention is that users can be informed 

of status information pertaining to designated mobile 
devices. Another advantage of the invention is that 
users are able to send, receive and reply to short mes
sages to and from associates having mobile devices 55 

(e.g. instant messaging). Still another potential advan
tage of the invention is that status alerts can be pro

vided when designated mobile devices experience a 

3 

change in status. Yet another advantage of the invention 

is a privacy control mechanism that allows the users of 
the monitored mobile devices to control the release of 
their own operational status information since there may 
be occasions where the user does not want this infor

mation released or desires to have control of the 
release of this information. 

[0014) Other aspects and advantages of the inven
tion will become apparent from the following detailed 

description taken in conjunction with the accompanying 
drawings, which illustrate, by way of example, the princi
ples of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015) The present invention will be readily under
stood by the following detailed description in conjunc
tion with the accompanying drawings, wherein like 
reference numerals designate like structural elements, 
and in which: 

Figure 1 A is a block diagram of a wireless commu
nication system which may be utilized to implement 
the method of the present invention; 
Figure 1 Bis an illustration of a mobile device which 
may be used in conjunction with the wireless com
munication system described in Figure 1 A to imple

ment the method of the present invention; 
Figure 2A is a diagram of a proxy server device 
which may be used in conjunction with the wireless 

communication system described in Figure 1A to 
implement the method of the present invention; 
Figure 2B is a diagram of a representative data 

structure for a user account, which may be used to 
implement the method of the present invention; 
Figure 2C is a block diagram of a mobile device 
which may be used in conjunction with the wireless 
communication system described in Figure 1A to 
implement the method of the present invention; 

Figure 2D is a block diagram of a database which 
may be used in implementing the method of the 
present invention; 
Figure 3A is a flow diagram showing the stages of 
the client-side associates list processing according 
to one embodiment of the invention; 

Figure 3B is a flow diagram showing the stages of 
the server-side associates list request processing 
according to one embodiment of the invention; 
Figure 3C is a flow diagram which provides addi
tional details relating to access rights associated 
with the status information described in Figure 3B. 

Figures 4A and 4B are flow diagrams which provide 
additional details of the client-side associates list 

processing described in Figure 3A; 
Figure 4C illustrates screen displays representative 
operations for an associates list having iconic sta
tus indicators according to one embodiment of the 

invention; 
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Figure 4D illustrates screen illustrates an interactive 
associates list processing method according to an 
embodiment of the invention; 

Figure 5A is a flow diagram of the steps involved in 
notification processing according to one embodi- 5 

ment of the invention; 
Figure 5B is a block diagram of a presence detec
tion system according to one embodiment of the 
invention; 
Figure 6A is a flow diagram of application notifica- 10 

tion processing according to one embodiment of 
the invention; 
Figure 6B illustrates a representative high priority 
notification message screen display; 
Figure 6C illustrates a representative alert inbox 15 

screen display having a brief alert message; 
Figure 6D is a flow diagram of message read and 
reply processing according to one embodiment of 
the invention; 
Figure 6E illustrates a representative text message 20 

screen display that may be displayed on the display 
screen of the mobile device; 
Figure 7 A is a flow diagram of privacy settings 
processing according to one embodiment of the 
invention; 25 

Figure 7B illustrates representative screen displays 
presenting an associates list and menu screens for 
setting of an alert; and 
Figure 8 is a flow diagram of address book process-
ing according to one embodiment of the invention. 30 

DETAILED DESCRIPTION OF THE INVENTION 

[0016] The present invention is directed to a com-
munication system that makes use of status information 35 

so that users of the communication system are informed 
about the status of designated portable wireless two-
way interactive devices (also referred to as mobile 
devices herein) before attempting to establish contact 
with those devices. The method of communication 40 

between the mobile devices can be through a phone 
call or a text-based message, either of which can be 
rapidly achieved with minimal user effort (e.g. softkey 
activation). As such, a user of a mobile device is able to 
have an indication that the mobile device/associate (or 45 

devices/associates) of interest were active during a 
recent monitoring cycle prior to attempting to contact 
that device/associate (or devices/associates). 
[0017] Mobile devices include, but are not limited to 
personal digital assistants (PDA) portable devices, eel- 50 

lular phones, palm-sized computing devices, and wire-
less capable remote controllers. It is not unusual for 
such devices to have less than 1 % of the computing 
resources found in a personal computer. These mobile 
devices typically have a small display screen and a lim- 55 

ited user interface mechanism (e.g., a phone keypad) 
for user interactions with server devices and wireless 
networks providing mobile subscriber services. These 

4 

characteristics are useful in achieving the desired size, 
weight, power and mobility features which have proven 
to be important for mass-market mobile devices. 

[0018] Embodiments of the invention are discussed 
below with reference to Figures 1 A-8. However, those 
skilled in the art will readily appreciate that the detailed 
description given herein with respect to these figures is 
for explanatory purposes as the invention extends 
beyond these limited embodiments. 
[0019] Figure 1A is a block diagram of a wireless 
communication system 1 00 which may be utilized to 
implement the method of the present invention. The 
wireless communication system 100 typically includes a 
plurality of mobile devices 102. The mobile devices 102 
are supported by a wireless carrier network 1 04 that 
facilitates voice and data communications to and from 
the mobile devices 102. The wireless carrier network 
104 couples to a wired network 108 through a gateway 
server 1 06. The wired network 108 is, for example, the 
Internet, a local area network (LAN), or a wide area net
work (WAN). The wireless carrier network 104 can be 
any of a variety of types of wireless networks, for exam
ple, Cellular Digital Packet Data (CDPD), Global Sys
tem for Mobile Communications (GSM), Code Division 
Multiple Access (CDMA), Personal Handy Phone Sys
tem (PHS) and Time Division Multiple Access (TOMA) 
networks. 
[0020] Gateway server 1 06 can be referred to as a 
proxy server for the mobile devices 102 of wireless car
rier network 104. Since the communication protocol 
used in wireless carrier network 104 is often different 
from that used in the wired network 108, one of the func
tions of the gateway server 106 is to translate from one 
communication protocol to another. One of ordinary skill 
in the art would understand that the functions of gate
way server 106 may be performed by a network server 
device which includes or is capable of including a con
nection mechanism between wireless carrier network 
1 04 and wired network 108. 
[0021] Wireless communication system 100 
includes a status information management server 11 O 
and an associate status server 112, which may be a 
separate server device or its functions may be per
formed by gateway server 1 06. According to the present 
invention, mobile devices 102 can display and otherwise 
process lists of monitored associates, which may indi
cate not only an identifier for the users associated with 
particular mobile devices, but also status information for 
those mobile devices and short messages from the 
users (e.g. "I'll be available after 2 PM"). 
[0022] Status information management server 11 O 

retrieves and stores status information for a plurality of 
mobile devices serviced by wireless network 104. Wire
less network 104 monitors device status information for 
serviced devices for use in conjunction with network 
operation and maintenance. Associate status server 
112 maintains a list or record of mobile devices/associ

ates to be monitored for the subscribers (also referred 
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to as users) of mobile devices 102. Status information server 106. 
for the monitored mobile devices/associates is man
aged and updated as required. In accordance with the 
principles of the present invention, this information may 
include monitored device activation status, changes in 5 

activation status and short messages from the users of 
the monitored devices. 

[0026] Note that the mobile devices 102 can also be 
referred to as wireless client devices or wireless com
munication devices. The mobile devices 1 02 can take a 
variety of forms, including personal digital assistants 
(PDAs), mobile telephones (e.g., cellular telephones), 
etc. Typically, as noted above, the mobile devices 102 
include a screen display and have processing capabili
ties, which is less robust than that associated with con
ventional personal computers. 

[0023] A wireless carrier infrastructure is associ
ated with wireless carrier network 1 04. For example, the 
wireless carrier infrastructure generally includes a base 10 

station and an operations and maintenance center. The 
base station controls radio or telecommunication links 

[0027] Figure 1 Bis an illustration of a mobile device 
150, which may be used in conjunction with the wireless 
communication system described in Figure 1 A to imple
ment the method of the present invention. Mobile device 
150 may be, for example, a mobile telephone suitable 
for use as mobile devices 102 illustrated in Figure 1A. 
The wireless communication device 150 includes a dis
play screen 152, a keypad 154, softkeys (156A and 
156B) and associated softkey identifiers 158A and 
158B that allows a user thereof to interact with mobile 
device 150. Additionally, the mobile device 150 includes 
a speaker 158 and a microphone 160 as may be found 
in conventional mobile telephones. 

with the mobile devices serviced. The operations and 
maintenance center typically includes a mobile switch-
ing center that performs the switching of calls between 15 

the mobile devices and other fixed or mobile network 
users. Further, the operations and maintenance center 
manages mobile services, such as authentication and 
oversees the proper operation and setup of the wireless 
network. The wireless carrier infrastructure also main- 20 

tains user accounts for each of the mobile network 
users. Status information for the mobile device may be 
associated with a user account. This status information 
may include user identification information, device acti
vation status, and a short message from the user or 25 

location information. 

[0028] Keypad 154 includes, in one embodiment, a 
typical phone keypad and various control buttons, such 
as generic buttons and navigation (e.g., upward and 
downward arrow) buttons. The typical phone keypad 
includes twelve buttons, of which ten buttons are con-

[0024] According to one embodiment, the commu
nication protocol used by status information manage
ment server 11 0 and the wired network 1 08 is the well 
known HyperText Transfer Protocol (HTTP) or Secure 
HyperText Transfer Protocol (HTTPS), a secure version 
of HTTP, and runs on Transmission Control Protocol 
(TCP). In one embodiment, the communication protocol 
between the wireless communication devices 102 and 
the gateway server 1 06 via the wireless carrier network 
104 is Handheld Device Transport Protocol (HDTP) (for
merly known as Secure Uplink Gateway Protocol 
(SUGP)) or Wireless Access Protocol (WAP). 
[0025] The associate's list and short messages 
may be generated in a markup language such as Hand
held Device Markup Language (HDML) and Wireless 
Markup Language (WML). HDML and WML are similar 
to HyperText Markup Language (HTML) in that they are 
tag based document languages. HDML and WML use a 
set of commands or statements specified in a group of 
cards (referred to as a deck) that specify how informa
tion is to be displayed on a display screen of the mobile 
devices 102 and how the mobile devices 102 operate 
with respect to user interaction with the display screen. 
Normally, a number of cards are grouped into the deck 
and the deck is exchanged between the mobile devices 
102 and gateway server 1 06. Further, as would be 
understood by one having ordinary skill in the art, the 
invention may be practised by directly coupling the wire
less carrier network 1 04 to the wired network 108 with
out using the gateway server 106. Alternatively, a server 
device contained within the framework of the wired net
work 108 could perform the functions of the gateway 

secutively numbered 0 to 9, one button is for "*" sign, 
30 and another button is for "#" sign. Although not neces

sary for practising the invention, the keypad 154 pro
vides convenient means for a user to interact with 
mobile device 150. It should be understood, by one hav
ing ordinary skill in the art, that having a phone keypad 

35 is not a requirement to practice the present invention. 
Some mobile devices have no physical keys at all, such 
as those palm-sized computing devices that use soft 
keys or icons as an input mechanism. 
[0029] In accordance with the principles of the 

40 present invention, a user of a mobile device (e.g. mobile 
device 102) has access to status information relating to 
one or more monitored mobile devices. The particular 
mobile devices selected for monitoring may be associ
ated with a user/network application (e.g. an address 

45 book), input by the user directly, or generated by a third 
party as a result of some affiliation between the 
user/mobile device receiving the status information and 
the users/mobile devices being monitored. Regardless 
of the means of identification, a list or grouping of 

50 mobile devices to be monitored for a particular user is 
stored on a server device (e.g. associates status server 
112). The associates status server 112 periodically 
requests status information for monitored mobile 
device. These requests are forwarded to the status 

55 information management server 11 0 which retrieves the 
requested status information for the monitored mobile 
devices from associated network resources (i.e. a 
Home Location Register (HLR) or a Visitor Location 

5 
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Register (VLR) associated with a monitored mobile 
device). This information is stored and passed to the 
requesting entity (e.g. users of mobile devices 102) 
exercising control over the list/grouping of monitored 
mobile devices described above. One of ordinary skill in 5 

the art would understand that the functions of the status 
information management server 11 O and the associates 
status server 112 may be performed by a single server 
device. Additionally, the functions of both the status 
information management server 11 O and the associates 10 

status server 112 may be performed by gateway server 
106. 

[0030] Figure 2A is a block diagram of a gateway 
server device 200, which may be used in conjunction 
with the wireless communication system described in 15 

Figure 1 A to implement the method of the present 
invention. Gateway server device 200 is, for example, 
gateway server 106 of Figure 1A. Gateway server 
device 200 is coupled between the wired network 1 08 
and the wireless carrier network 104 of Figure 1A and 20 

performs tasks associated with network access, proto-
col conversion and account management. To avoid 
obscuring the primary aspects of the present invention, 
well-known methods, procedures, components and cir
cuitry associated with gateway server device 200 are 25 

not described in detail. 
[0031] Gateway server device 200 includes a Land 
Control Protocol (LCP) interface 202 that couples to 
wired network 108, and a Wireless Control Protocol 
(WCP) interface 206 that couples to the wireless carrier 30 

network 104. A server module 21 O is coupled between 
the LCP interface 202 and the WCP interface 206. 
[0032] Server module 21 O performs traditional 
server processing as well as protocol conversion 
processing from one communication protocol to another 35 

communication protocol (i.e. between the protocol used 
by wireless networks and protocols used by the wired 
networks). According to one embodiment, the protocol 
conversion processing can be implemented as a sepa-
rate module referred to as a mapper. In the case of pro- 40 

tocol conversion between HDTP and HTTP, the 
conversion is a data mapping relationship. As would be 
understood by those skilled in the art, WCP interface 
206 can be readily replaced by another interface mod-
ule when the wireless carrier network 104 uses a differ- 45 

ent communication protocol; the same is true of LCP 
interface 202 when the wired network 108 uses a differ-
ent communication protocol. 
[0033] The server module 21 O also includes an 
account manager 212 and an account interface 214. 50 

Account manager 212 manages a plurality of user 
accounts for the mobile devices serviced by the proxy 
server device 200. It is understood that the user 
accounts may be stored in another network server cou
pled to the proxy server device 200. In other words, the 55 

user accounts can be kept in a database that is physi
cally placed in another computing device coupled to the 
wired network 108. 

6 

[0034] Gateway server device 200 also includes a 
processor 218 and a storage component 220. Proces
sor 218 performs operations in accordance with instruc
tions from server module 210. It would be understood 
by those skilled in the art that gateway server device 
200 is a piece of hardware equipment that includes one 
or more processors (e.g., processor 218), working 
memory (e.g., storage 220), buses, interfaces and other 
components. Server module 21 O includes program 
code, which causes proxy server device 200 to perform 
designated tasks. It would also be understood by those 
skilled in the art that proxy server device 200, may per
form the functions of the associates status server (e.g. 
112 of Figure 1 A). 

[0035] Figure 2B is a diagram of a representative 
data structure 222 for a user account, which may be 
used to implement the method of the present invention. 
As previously noted gateway server device 200, which 
may be gateway server 106 of Figure 1A, maintains 
user accounts for various users or subscribers. These 
user accounts are also known as subscriber accounts. 
The representative data structure 222 includes a device 
ID field 224, a subscriber ID field 226, and a user infor
mation field 228. Device ID field 224 includes a device 
ID, and subscriber ID field 226 includes a subscriber ID. 
For example, in Figure 2B, the representative device ID 
is "93845823", and the representative subscriber ID is 
"861234567-10900_pn.mobile.xyz.net". The user infor
mation 228 can include account configuration informa
tion, user preferences, etc. These lists or groups of 
mobile devices/associates to be monitored may be 
stored in association with the user account file for the 
entity receiving the status information for the monitored 
mobile devices. 
[0036] Figure 2C is a block diagram of a mobile 
device 250, which may be used in conjunction with the 
wireless communication system described in Figure 1 A 
to implement the method of the present invention. 
Mobile device 250 includes a WCP interface 252 that 
couples to wireless network 1 04 via a radio-frequency 
(RF) transceiver (not shown) to receive incoming and 
outgoing signals. A device identifier (ID) storage 254 
supplies a device ID via WCP interface 252. 
[0037] The device ID identifies a specific code that 
is associated with mobile device 250. The device ID is 
used by gateway server device 200 to associate the 
mobile device 250 with a user account stored in the 
gateway server device 200. The device ID can be a 
phone number of the device or a combination of an IP 
address and a port number. An example of a combina
tion of an IP address and a port number is 
204.163.165.132:01905 where 204.163.165.132 is the 
IP address and 01905 is the port number. The device ID 
is further associated with a subscriber ID (i.e. in the 
Equipment Identification Registry (EIR) and the Home 
Location Registry (HLR)) authorized by a wireless car
rier network as part of the procedures to activate a sub
scriber account for the mobile device 250. The 
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subscriber ID may take the form of, for example, 
861234567-10900_pn.mobile.att.net by AT&T Wireless 
Service. The subscriber ID is a unique identification for 
mobile device 250. Each of the mobile devices serviced 
by a proxy server device (e.g. gateway server device 5 

106 of Figure 1) has a unique device ID that is associ
ated with a respective user account. 

[0038] Mobile device 250 also includes voice cir
cuitry 266 (e.g., a speaker and a microphone) and the 
associated hardware (e.g., an encoder/decoder 264, a 10 

processor 268 and keypad circuitry 262) which provide 
telephony functions in a telephone mode of operation 
which is separate and distinct from a data mode of oper
ation used when interfacing with a proxy server device. 
In the telephone mode of operation, a user can cause 15 

mobile device 250 to place a phone call to another party 
having a phone, either wireless or land-based. 
[0039] Mobile device 250 includes a client module 
256, which works in conjunction with processor 268 and 
the working memory 258 to perform the processing 20 

tasks performed by mobile device 250. These include: 
establishing a communication session with a proxy 
server device via a wireless network, requesting and 
receiving data via the wireless network, displaying infor
mation on the mobile device display screen through the 25 

use of display circuitry 260, and receiving user input 
from a user via a keypad controlled by keypad circuit 
262. Additionally, client module 256 contains computer 
code to cause processor 268 to execute instructions to 
control the operation of, among other things, a browser. 30 

In one embodiment, the browser is a micro-browser, 
which typically requires less computing power and 
memory than the HTML browsers used in personal 
computers. One such micro-browser is available from 
Phone.com located at 800 Chesapeake Drive, Red- 35 

wood City, CA 94063, the assignee of the present inven
tion. 
[0040] Figure 20 is a block diagram of database 
storage 280, which may be used in conjunction with the 
implementation of the method of the present invention. 40 

Database storage 280 includes a status data store 282, 
an associates mapping data store 284, and a message 
data store 286. Status data store 282 stores status 
information for monitored mobile devices on the user's 
associate list. Associates mapping data store 284 45 

stores the user's lists of associates and any information 
required to retrieve status information for those associ
ates (e.g. user identifiers and access rights). Message 
data store 286 stores messages being exchanged 
between subscribers or users of the wireless communi- 50 

cation system 1 00. More specifically, message data 
store 286 stored in the database 280 may be used to 
store "instant text messages" that can be exchanged 
between mobile devices. Some of these messages may 
be stored by the user of a monitored mobile device and 55 

scheduled for delivery when an inquiry is made as to the 
status of that device. For example, if the user of a mon
itored mobile device intends to have their device off for 

7 

the weekend they can create and store a message to 
that effect. 

[0041] The status data store 282 stores, updates 
and manages status information for monitored mobile 
devices on a user's list. This status information includes 
the activation status of the monitored mobile device. 
The activation status may be active (on-line) , inactive 
(off-line) or inactive with the time period of inactivity 
given. The activation status represents the last known 
activation status of the monitored device as registered 
during a preceding monitoring cycle. Active or on-line 
typically means that the mobile device is registered with 
a wireless network and can send and receive messages 
(e.g. phone calls or data messages). A representative 
SQL table of a relational database that can implement 
the status data store 282 is as follows: 

Create table associate_status_tbl ( 
associate_id varchar2(128) not null, 
status yarchar2(32), 

[0042] 

name varchar2{256), 
phone varchar2(128), 

primary key(sub_no) 
); 

In this example, the associate identifier col-
umn represents an internal identifier used by the status 
data store 282 to identify a subscriber. The status col
umn is used to hold the status of the subscriber's mobile 
device. The name column contains the subscriber's 
name. The phone column contains the phone number of 
the subscriber's mobile device. Hence, this SOL table 
not only provides status information for associates but 
also related information such as phone number and 
name, which may be used by user interfaces to facilitate 
communications. 
[0043] The associate mapping data store 284 
stores data identifying the associates of the user. The 
associate mapping data store 284 may also store infor
mation relating to the wireless carrier network providing 
service to the associate's mobile device and alert types 
to be provided. A representative SQL table of a rela
tional database that can implement the associate map
ping data store 284 is as follows: 
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create table associate_mapping_tbl ( 

) ; 

rid integer not null, 
subscriber varchar2(128I, 
associate varchar2(128I, 
status varchar2(32), 
presence_alert varchar2(32), 
message_ alert varchar2 (32) 

5 

10 

[0044] The subscriber column is the unique identi- 15 

fier representing the user (subscriber). The associate 
column is the unique identifier representing an associ-
ate of the subscriber (i.e., an associate is on the sub
scriber's associate list). The unique identifier 
representing an associate of the subscriber may include 20 

information relating to the carrier network providing 
service to the associate. The status column is used to 
hold the status of the subscriber's mobile device as reg
istered during the most recent monitoring cycle. The 
message alert column determines whether the sub- 25 

scriber desires a message alert when the activation sta-
tus of a monitored mobile device changes. 
[0045] Note that alerts relating to activation status 
changes in monitored mobile devices may be sent to 
parties other than the subscriber who initiated status 30 

monitoring. For example, consider the situation where a 
subscriber desired to set up a teleconference with a plu
rality of associates having mobile devices and one of 
the associates was off-line. When the activation status 
of the off-line associate changes an alert could be sent 35 

to all parties concerned, notifying them that the telecon
ference could (or would) now proceed. 
[0046] The message data store 286 is responsible 
for storing the text messages that users send to each 
other. A representative SOL table of a relational data- 40 

base that can implement the message data store 286 is 
as follows: 

45 

create table buddy_ msg_ tbl 
{ 

subscriber varchar2(128), 
associate varchar2( 1 28), 
rid integer, 
message varchar2( 1024). 
name varchar2(256), 
phone varchar2(128), 
need_alert char(1 ), 
read char(1}, 
sent_ date date not null, 
primary key (sub_no, rid) 

); 

[0047] The message column contains the mes
sage, and the sent_date column contains the date the 
message was sent. The need_alert column provides an 
indication that the subscriber desires an alert when the 
activation status of a monitored associate's mobile 
device changes. 
[0048] Figure 3A is a flow diagram showing the 
stages of the client-side associates list processing oper-
ation 300 according to one embodiment of the present 
invention. The associates list processing operation 300 
is, for example, performed on a mobile device, such as 
the mobile devices 102 illustrated in Figure 1 A. 
[0049] Associates list processing operation 300 is 
initiated by user interaction via the user interface of the 
mobile device. Once initiated, a request for associates 
information is sent at 302 to the associates status 
server (e.g. associates status server 112 of Figure 1 A). 
Then a determination is made 304 as to whether a reply 
to the request has been received from the associates 
status server. When a determination is made 304 that 
the reply has not yet been received, the associates list 
processing operation 300 awaits the reception of the 
reply until the reply is received or a time-out is reached. 
Once the reply to the request (e.g. an associates list 
including status information) has been received, the 
associates list, with status information including mobile 
device activation status, is processed (e.g. displayed) 
by the requesting device 306. 
[0050] Next, a determination is made 308 as to 

50 whether user input has been received. Once user input 
has been received, a determination is made 309 as to 
whether the user has requested to discontinue the 
associates list processing operation 300. For example, 
a user may determine that the mobile device for an 

55 associate of interest is off-line and may want to end 
processing. When the determination is made 309 that 
the associates list processing operation 300 is to end, 
the associates list processing operation 300 is termi-

8 
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nated. Otherwise, if the mobile device for the associate 
of interest is on-line, a decision 31 O determines whether 
a text message or a voice call (or some other communi
cations method such as causing the contacted device to 
vibrate or make some sound or perform some other 5 

task) is to be made or sent to the selected one of the 
associates of the displayed associates list. Here, both 
the sending and receiving communication devices are 
assumed to support both text messages (e.g., instant 
messages), voice calls and/or other communication 10 

means (e.g. audio and non-audio alerts). Often, a user 
desiring to communicate with an associate will prefer 
sending a short text message to the associate -such as 
when either user is in a meeting and cannot carry on a 
voice call but can discretely send a short text message. 15 

[0051] When a determination is made 31 O that a 
voice call is to be attempted, a call to the selected asso
ciate may be initiated 312. On the other hand, when the 
determination is made 31 O that a text message is to be 
sent, the mobile device enters a text entry mode of 20 

operation where a user of the mobile device may enter 
a text message. Next, the entered text message is sent 
316 to the selected associate. After the text message is 
sent the associates list processing operation 300 is 
complete and ends. 25 

[0052] According to the principles of the present 
invention, a list or grouping of mobile devices to be mon
itored for a requesting mobile device is maintained and 
managed on a remote server device (e.g. associates 
status server 112 of Figure 1 A). When a user of the 30 

monitoring mobile device requests, this list or grouping 
is forwarded via a wireless communication network (e.g. 
wireless carrier network 104 of Figure 1 A) in a format 
that may be processed by the requesting mobile device. 
That format may take any suitable form, for example, a 35 

markup language such as HDML, WML, XML, HTML, or 
cHTML. Once received by the requesting mobile device, 
the list or grouping may be displayed and the user of the 
requesting mobile device may take some action based 
on the information contained in the list or grouping. That 40 

action may be an attempt to contact one or more of the 
users of one of the monitored mobile devices based on 
contact information (e.g. phone numbers or URls) 
embedded in or otherwise associated with the list or 
grouping. 45 

[0053] Figure 3B is a flow diagram of associate sta-
tus information request processing operation 350 by a 
server device having access to that information accord-
ing to one embodiment of the present invention. The 
associates status information request processing oper- 50 

ation 350 is, for example, performed by the Status Infor
mation Management Server System 11 O as illustrated 
in Figure 1A. 
[0054] Associates status information processing 
operation 350 begins with a determination 352 as to 55 

whether a request for status information for one or more 
associates on an associates list (i.e., the monitored 
mobile devices associated with users of interest) has 

9 

been received at a first server device having access to 
that information. The request may be sent by a second 
server device (e.g. associate status server 112 of Fig
ure 1A) acting on behalf of a mobile device (e.g. mobile 
devices 102 of Figure 1 A) or by the mobile device itself. 
It is important to note that the functions of the status 
information management server (e.g. 11 O of Figure 1 A) 
and the associate status server may be performed by 
the same server device if the monitoring and monitored 
mobile devices belong to the same wireless carrier net
work. 

[0055] The associate of interest may be identified 
by a subscriber identifier retrieved from a database 
(e.g., associates mapping data store 284). Next, a 
determination is made at 354 as to whether the reques
tor has access rights to the requested status informa
tion. The user of a monitored mobile device would 
typically need to provide some indication that the 
requested information may be released. For example, 
when the account for the monitored mobile device is set 
up, the user could specify that this information may be 
universally released when requested or a request for a 
release could be sent to the user. Access rights are 
described in further detail below. 
[0056] If the user has access rights to the 
requested status information, then the information is 
retrieved at 356. Otherwise the process is terminated. 
The retrieved status information and related information 
is forwarded to the requesting entity 358 (i.e. associate 
status server 112) and ultimately to the monitoring 
mobile device in a suitable format. For example, with a 
mobile device using a network browser supporting 
HDML, then one suitable display format would be an 
HDML deck in which a series of screen displays are pro
vided within the deck. The suitable display format could 
also be a text file or a markup language such as WML, 
HTML, XML, compact HTML or any suitable file format. 
Information relating to the status of monitored mobile 
devices may also be presented to the user using sym
bols (e.g. icons), sounds and other notification methods. 
[0057] Figure 3C is a flow diagram which provides 
additional details relating to access rights which may be 
associated with the status information described above. 
When a request for status information for a designated 
mobile device (i.e. Mobile Device A) is received at 362, 
where that request is associated with a subscriber's 
associates list (i.e. Subscriber B's List), then a determi
nation is made at 364 as to whether the subject sub
scriber (i.e. Subscriber B) has received permission from 
the user of the subject mobile device (i.e. Mobile Device 
A) to receive the requested status information. If the 
subject subscriber has permission to receive the 
requested status information (access rights), then the 
requested status information for the subject mobile 
device (i.e. Mobile Device A) is retrieved at 366 and the 
subject subscriber's list (i.e. Subscriber B's List) is 
updated. 
[0058] According to the principles of the present 
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invention, a list of mobile devices allowing access to 
their status information may be generated and associ
ated with a monitoring mobile device. The status infor
mation for the monitored mobile devices, which may 
include device activation status, device status change 5 

or a short message from the user of one of the moni
tored mobile devices, is retrieved from the wireless net
work entity which tracks such information. This 
information may be stored on an intermediate server 
device ( e.g. associates status server 112 of Figure 1 A) 10 

where it is managed and updated as required. When the 
monitoring mobile device requests this information, a 
file in a suitable format (e.g. a markup language) is for
warded. Once received, the monitoring mobile device 
processes this file. When the user of the monitoring 15 

mobile device examines the associates list or attempts 
to contact one of the monitored associates, status infor
mation relating to the monitored mobile devices is pre
sented on the display screen (or via some other aspect 
of the user interface) of the monitoring mobile device. 20 

This allows the user to make an informed decision as to 
whether or when (or how) to contact the user of one of 
the monitored mobile devices. 

[0059] Figures 4A and 4B are flow diagrams which 
provide additional details of the client-side associates 25 

list processing operation 400 described in conjunction 
with Figure 3A above. The associates list processing 
operation 400 is, for example, performed by a client 
application that is executed by a mobile device, such as 
the mobile devices 102 illustrated in Figure 1A. 30 

[0060] Associates list processing operation 400 is 
initiated when a user of a mobile device requests the 
display of a current associates list. Once initiated, a 
request for an associate list is sent 402 to the server 
device having access to the status information (e.g., 35 

associate status manager 112 of Figure 1A). Then, a 
determination is made 404 as to whether a reply has 
been received to the request. If a reply has not yet been 
received, the associates list processing operation 400 
awaits the reception of the reply from the server device 40 

processing the request or a expiration of a predefined 
time period. Once a determination is made 404 that the 
reply has been received, an associates list and associ
ated status information are displayed 406. The associ
ates list can be provided as text or may be provided in a 45 

format such as a deck of HDML cards. Such HDML 
cards could include a priority designator, a message 
body, or a Universal Resource Locator (URL) that points 
to another deck of cards which may provide information 
needed for subsequent actions. 50 

[0061] At this point, as explained in detail below, the 
associates list processing operation 400 waits for a user 
of the mobile device to interact with the mobile device to 
make a selection, typically a selection with respect to 
designation of one of the associates on the associates 55 

list being displayed. As discussed below, in this embod
iment, associates list processing operation 400 controls 
designation of an associate, creating and sending text 

10 

messages, initiating voice calls, or other processing 
tasks. 

[0062] Once the associates list and any associated 
status information are displayed 406, a determination is 
made 408 as to whether a user input has been received. 
If the determination is made 408 that a user input has 
not yet been received, associates list processing opera
tion 400 awaits the reception of a user input or a time
out. Once the determination has been made 408 that a 
user input has been received, a determination is made 
41 O as to whether the user input is an associate selec
tion. When the determination is made 41 O that the user 
has selected a particular associate, a status indicator 
for the selected associate is displayed 412 (if not 
already displayed) and any associated messages are 
also displayed (i.e. "In a Meeting Till 5"). Status indica
tors may be displayed/updated for all monitored associ
ates when the associates list is displayed/updated or 
status information may be provided only when a partic
ular associate is selected. 
[0063] When a determination is made 41 O that a 
user input is not an associate selection, then another 
determination is made 414 as to whether the user input 
is a voice call request. When the determination is made 
414 that the user input is a voice call request, a call con
firmation is displayed 416. The display 416 of the call 
confirmation is optional but can be useful to inform the 
user of the phone number or address to be called. The 
call is placed at 420 to the selected number. Following 
the placement of the call, the associates list processing 
operation 400 is complete and ends. 
[0064] When the determination is made 414 that 
the user input is not a voice call request, another deter
mination is made 422 as to whether the user input is a 
text message request. When the determination is made 
422 that the user input is a text message request, a text 
entry area is displayed 424. The text entry area allows 
the user to enter the text for the text message to be sent. 
Another determination is then made 426 as to whether 
a user has finished providing the text for the text mes
sage and has requested to send the text message. 
Once the determination is made 426 that the text mes
sage has been entered in the text display area and a 
request to send the text message has been received, 
then the text message is sent 428 to the selected asso
ciate. After the text message has been sent 428, the 
associates list processing operation 400 is complete 
and ends. 
[0065] Note that since the call or text message was 
requested through the associates list, the user of the 
mobile device performing the associates list processing 
operation 400 is able to determine whether the mobile 
device of the associate of interest is able or unable to 
receive a message (a text message or a voice call) 
before attempting to deliver the message. Note also that 
the user of the mobile device performing the associates 
list processing operation 400 need not enter the phone 
number or address of the associate designated for 
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receipt of a message because that information may be 
extracted from the associates list by means well known 
in the art. 

[0066] When the determination is made 422 that 

which enables the user to refresh the display screen 
with a Menu screen display offering the user additional 
choices. 

the user input is not a text message request, another 5 

determination is made 430 as to whether the user input 

[0069] Upon user selection of the "Contact" softkey 
458 with the selected associate being "Bill Jobs", a 
screen display 462 is presented on the display screen. 

is for another type of request. When the determination is 
made 430 that the user input is another type of request, 
other processing may be performed 432 as required. 
Such other processing can vary widely with implemen- 10 

tation, but may include forwarding a message (voice or 
text) to an alternate device associated with the moni
tored mobile device or causing the mobile device of 
interest to perform some task (e.g. an audio or non
audio alert). Following this other processing, the associ- 15 

ates list processing operation 400 is complete and 

The screen display 462 indicates the associate and pro
vides the user with a choice of message type, namely, 
place a voice call or send a text message. The screen 
display 462 also includes a selection indicator 464 that 
the user can control to pick the message type to be 
used. The screen display 462a shows the voice call 
message type being selected, and thus has a "Call" 
softkey 466. When the user activates the "Call" softkey 
466, the voice call is invoked. Alternatively, when the 
select indicator 464 indicates that a text message is 

ends. 
[0067] Alternatively, when the determination is 
made 430 that the user input is not another type of 
request, another determination is made 434 as to 20 

whether the user desires to end the associates list 
processing operation 400. As an example, once the 
associates list processing operation 400 is terminated 

desired, screen display 462b is presented on the display 
screen. In this case, the softkey 466 is a "Send" softkey 
468. Upon activation of the "Send" softkey 468, a 
screen display 470 is presented on the display screen 
and allows the user to enter text for a text message. 
[0070] In one embodiment, the status information 
management server system returns a deck of cards 
(e.g., HDML or WML cards) to the mobile device that 
implement the associates list with associated status 
information. The deck of cards, for example, can be 

(or otherwise ends), the client application on the wire-
less communication device can transition to another 25 

mode or application. When the determination is made 
434 that a termination request has been received, the 
associates list processing operation 400 is complete 
and ends. On the other hand, when the decision 434 
determines that a termination request has not been 
received, then the associates list processing operation 
400 returns to 408 as is shown in Figures 4A and 4B. 
[0068] As an example of a representative graphical 
user interface for the associates list processing opera
tion 400, Figure 4C illustrates screen displays associ
ated with presenting an associates list and sending a 
text message. Initially, a screen display 450 having an 
associates list 451 is displayed. Here, presumably, the 
user of the mobile device having screen display 450 dis
played on its display screen lists "Bill Jobs", "Steve 
Gates• and "John Doe" as associates within the associ
ates list 451. Screen display 450 also includes a selec
tion indicator 452 indicating the particular one of the 
entries being selected. In this example, the first entry 
("Bill Jobs") is selected. Screen display 450 also dis
plays status indicators 454, 456 and 457. The status 
indicators 454, 456 and 457 are displayed based on the 
status information for the selected associate's mobile 
device. The status indicators 454 and 456 displayed 
adjacent to "Bill Jobs" and "Steve Gates" respectively 
indicate that these associates have their mobile device 
active (or on-line) as of the last monitoring cycle. The 
status indicator 457 displayed adjacent "John Doe" indi
cates that the associate's mobile device is inactive (or 
off-line) as of the last monitoring cycle. The screen dis
play 450 also provides a "Contact" softkey 458 which 
enables the user to send either a text or voice message 
to the selected associate, and a "Menu" softkey 460 

used to implement the display screens 450, 462a, 462b 
and 470 shown in Figure 4C. 
[0071] Figure 4D illustrates screen illustrates an 

30 interactive associates list processing method according 
to an embodiment of the invention. In this alternate 
embodiment a user attempting to contact "John Doe" by 
dialling his phone number 480 when his mobile device 
is listed as inactive might see a screen display like that 

35 presented in screen display 484. In this example, the 
associates mobile device activation status information is 
stored in the background and an attempt to dial a 
number for a particular mobile device having an off-line 
status indication causes a text message to be gener-

40 ated which indicates that "John Doe's" phone is inactive 
but gives the user the option of trying the call anyway or 
requesting notification when "John Doe's "phone 
becomes active 490. 
[0072] Figure 5A is a flow diagram of the steps 

45 involved in notification processing operation 500 
according to one embodiment of the invention. Notifica
tion processing operation 500 is, for example, per
formed by a network browser or client-application 
executing on a mobile device. Notification processing 

50 operation 500 begins with a determination 502 as to 
whether an alert is requested. In effect, when an alert is 
requested, notification processing operation 500 is ini
tialized. In particular, when a determination is made 502 
that an alert is requested, a list of alert types is dis-

55 played 504, for example, on the display screen of the 
mobile device. Then, one of the alert types is selected 
506 by a user of the mobile device. Next, an alert of the 
selected type is setup 508 for a selected associate. Typ-

11 
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ically, the alert is setup by notifying the status informa
tion management system (11 O of Figure 1 A) that an 
alert should be sent to the mobile device of the user (of 
the monitoring mobile device) when a designated 
mobile device displays a status change. Following alert 5 

setup 508, the establish-notification processing opera
tion 500 is complete and ends. 

[0073] Figure 5B is a block diagram of a presence 
detection system 550 according to one embodiment of 
the invention. The presence detection system 550 10 

includes a status information management server 552, 
which couples to a gateway server device 554, a Short 
Message Service Center (SMSC) 556, and a mobile 
switching center 558. Presence detection server 552 is 
a network server that collects and consolidates availa- 15 

bility information for monitored mobile devices from var-
ious sources. Status information management server 
552 can integrate with a variety of network elements in 
order to gather a near real time portrait of the status 
information for a plurality of monitored mobile devices. 20 

The precise integration technique will depend on the 
particular wireless network the mobile device is utilizing. 
For example, in a North American CDMA (IS-95) wire-
less network, the status information management 
server 552 can integrate with an IS-41 network to gather 25 

IS-41 events, such as mobile activation. In a GSM net
work, the status information management server 552 
could gather MAP events. Similarly, in other types of 
networks, the status information management server, or 
a functional equivalent, will gather status information 30 

relating to designated monitored mobile devices. 
[0074] The status information management server 
552 will also be capable of gathering events and infor
mation from other network elements, including the gate-
way server device 554 and the SMSC 556. In one 35 

embodiment, the status information management 
server 552 receives a variety of platform-specific 
events, and applies techniques specific to those events 
in order to determine subscriber availability. For exam-
ple, gateway server device 554 knows when the sub- 40 

scriber's mobile device has registered for a browsing 
session, and can report this as an event. As another 
example, the SMSC 556 knows when messages are 
pending for the user (i.e., indicating user unavailability). 
As still another example, the mobile switching center 45 

558 will know when the mobile device registers with the 
network, when it misses a periodic re-registration, etc. 
These events can be analysed to obtain a reliable indi
cation of the overall status of a monitored mobile device. 
For example, if the SMSC 556 reports that messages 50 

are pending, then the mobile device is marked as not 
available. Later, the MSC 558 may report that the 
mobile device has registered on the network, indicating 
that the mobile device is once again available. 
[0075] In one embodiment, status information 55 

stored in the status data store 282 and the associate 
mapping data store 284 is used to trigger status notifi
cations. The status information management server 552 
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is responsible for updating the status field in the status 
data store 282. A representative algorithm for these pur
poses is as follows: 

Find all users in the status data store 282 
(associate_status_tbl) who are on someone's asso
ciate list and whose status in the status data store 
282 is different than the status in the associate 
mapping data store 284 (friend_mapping_tbl). If the 
data store where an SQL database, this would be 
accomplished by the following: 

SELECT 

B.rid, B.subscriber, A.status, A.name, 
A.phone, B.presence_alert 

FROM 

associate_status_tbl A, associate_map
ping_tbl B 

WHERE 

A.subscriber = B.associate AND NOT 
A.status = B.status 

For each such user, then (i) update the status in the 
associate mapping data store 284 with the value in 
the more current status in the status data store 282, 
and (ii) send a notification to the subscriber indicat
ing that the associate's status has changed, pro
vided the subscriber desires to receive such 
notifications (and is authorized to receive such 
information). 

[0076] Figure 6A is a flow diagram of application 
notification processing operation 600 according to one 
embodiment of the invention. Application notification 
processing operation 600 is initialized when a mobile 
device receives an alert notification. The alert notifica
tion pertains to an alert previously setup in accordance, 
for example, with the establish notification processing 
operation 500 illustrated in Figure 5A. 
[0077] The application notification processing oper
ation 600 begins with a determination 602 as to whether 
a status alert has been received. Once a status alert 
has been received, the application notify processing 
operation 600 is effectively initialized. Once initialized, 
the received status alert is placed 604 in an alert inbox. 
The alert typically resides in the memory of the mobile 
device that received the status alert. In other words, the 
incoming status alert is associated with the particular 
mobile device that previously setup the alert request. 
Next, a determination is made 606 as to whether the 
received status alert is a high priority alert. When the 
determination is made 606 that the received status alert 
is a high priority alert, a notification message informing 
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of the status change that invoked the status alert is dis
played 608. When the received status alert is not a high 
priority alert, a decision is made 606 which causes the 
displaying 608 of the notification message to be 
bypassed or delayed. 5 

[0078) In general, the priority levels for the alerts 
can include high priority, medium priority, low priority 
and no priority. Different actions can be setup as 
responses to each type of priority. For example, with 
high priority, a message can immediately pop-up on the 10 

display screen and a beep can be caused to occur. With 
a minimum priority, no message pop up occurs, but the 
mobile device can be caused to emit a beep. With low 
priority, a light or symbol can be caused to flash. With no 
priority, no notification is performed. 15 

[0079) Following the display 608 of the notification 
message or following the decision 606 when the dis
playing 608 is bypassed, a determination is made 61 O 
as to whether a status alert message is to be viewed. 
When the determination is made 61 O that a request to 20 

view the status alert message has not been received, 
another determination is made 612 as to whether a quit 
has been requested. When a termination request is 
received, the application notify processing operation 
600 ends. Alternatively, when a termination request has 25 

not been received, the application notify processing 
operation 600 repeats as illustrated in Figure 6A. On the 
other hand, when the decision 61 O determines there 
has been a request to view the status alert message, 
the status alert message is displayed 614. Thereafter, 30 

the application notify processing 600 can prepare and 
send a reply message to the sender. The processing 
used to prepare and send a replay message can be 
similar to the blocks 308-318 of Figure 3A. 
[0080) As an example of a representative graphical 35 

user interface for the application notify processing oper
ation 600, Figures 6B and 6C illustrate representative 
screen displays that can appear on the display screen of 
the mobile device and which are related to receiving 
status alerts. Figure 6B illustrates a representative high 40 

priority notification message screen display 620. Here, 
the user of the mobile device having the screen display 
620 displayed on its display screen has "Bill Jobs" as an 
associate and requested a high priority alert when "Bill 
Jobs" comes on-line. The high priority notification mes- 45 

sage pops up on the display screen to immediately 
notify the user of the mobile device. In this example, the 
high priority notification message screen display 620 
includes a message statement 622 ("Bill Jobs is on
line"), a time stamp 624 indicating when "Bill Jobs" 50 

came on-line, and a phone number 626 for "Bill Jobs". 
The screen display 620 also provides an "OK" softkey 
628 and a "Call" softkey 630 which enables the user to 
send either a text or voice message to the associate that 
is the subject of the alert. 55 

[0081) Figure 6C illustrates a representative alert 
inbox screen display 632 having a brief alert message 
634. The brief alert message 634 indicates that "Bill 
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Jobs" is on-line. The alert inbox screen display 632 is 
displayed on the display screen when the inbox is 
selected. The screen display 620 also provides an "OK" 
softkey 628, which enables the user to receive more 
details (such as the screen display 620) pertaining to 
the alert or to send either a text or voice message to the 
selected associate. 

[0082) Figure 6D is a flow diagram of message read 
and reply processing operation 650 according to one 
embodiment of the invention. Message read and reply 
processing operation 650 is performed by a mobile 
device upon receiving an incoming text message. Mes
sage read and reply processing operation 650 begins 
with a decision 652 as to whether a text message has 
been received. In effect, decision 652 causes message 
read and reply processing 650 to be invoked once a text 
message has been received. After receiving the text 
message, the text message is displayed 654. As an 
example, many mobile devices have an inbox for receiv
ing incoming text messages. Hence, the text message 
can be stored in the inbox for subsequent retrieval by a 
user of the mobile device. Once the text message is 
retrieved from the inbox, it is displayed on the display 
screen of the mobile device. 
[0083) After the text message has been displayed, 
message read and reply processing operation 650 
determines at decision 656 whether a user input has 
been received. If no user input has been received, deci
sion 656 causes message read and reply processing 
650 to await user input. Once user input has been 
received, a determination is made 658 as to whether the 
user input is a voice call request. When a determination 
is made 658 that the user input is a voice call request, a 
call is placed 660 to the sender. Here, the recipient of 
the text message is able to efficiently place a call to the 
sender of the text message to provide a response to the 
message during the voice call. After the call has been 
placed to the sender, message read and reply process
ing operation 650 is complete and ends. 
[0084) Alternatively, when the determination is 
made 658 that the user input is not a voice call request, 
another determination is made 662 as to whether the 
user input is a text message request. When the determi
nation is made 662 that the user input is a text message 
request, a reply message is prepared and sent 664. 
After the reply message has been sent, the message 
read and reply processing operation 650 is complete 
and ends. 
[0085) When the user input is neither a voice call 
request, or a text message request a determination is 
made 666 as to whether the user input is a termination 
request. When the user input is a termination request, 
message read and reply processing operation 650 is 
complete and ends. Alternatively, when the user input is 
not a termination request, the message read and reply 
processing operation 650 repeats the decision 656 and 
subsequent processing stages. 
[0086) FIG. 6E illustrates a representative text mes-
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sage screen display 670 that is displayed on the display 
screen of the mobile device. Text message screen dis-
play 670 includes a sender designation 672, a message 
body 674 and a telephone number indicator 676 for the 
sender. Here, the message body 674 contains a ques- 5 

tion for the recipient -- "Want to have lunch?". The user 
of the mobile device that has received the incoming text 
message can then either directly call the sender using a 
"Call" softkey 678, or prepare and send a reply text 
message using a "Reply" softkey 680. When the user of 10 

the mobile device selects the "Reply" softkey 680, a 
screen display 682 is presented on the display screen of 
the mobile device. The screen display 682 is a reply text 
entry screen that enables the user of the mobile device 
to enter a reply text message. Screen display 682 also 15 

includes a "Send" softkey 684, which enables the user 
to send the reply message to the sender of the original 
text message. 

[0087] Figure 7A is a flow diagram of privacy set-
tings processing operation 700 according to one 20 

embodiment of the invention. Privacy settings process-
ing operation700 begins with a determination 702 as to 
whether a privacy adjustment is requested. When the 
determination is made 702 that a privacy adjustment is 
requested, privacy setting processing operation 700 is 25 

initialized; otherwise, the privacy settings processing 
operation 700 is bypassed. For example, the user of a 
mobile device could use the this operation to limit or 
prevent status monitoring of their mobile device. 
[0088] Once privacy setting processing operation 30 

700 is initialized, a list of privacy settings are displayed 
704. For example, the list of privacy settings is displayed 
on a display screen of the mobile device. Next, one of 
the privacy settings is selected 706. Here, a user of the 
mobile device views the list of privacy settings being dis- 35 

played 704 and selects one of the privacy settings to be 
utilized with respect to the mobile device. Then, a pri
vacy indicator for the subscriber is set 708 based on the 
selected privacy setting. Here, the privacy indicator for 
the user (subscriber) is stored in a database (e.g., asso- 40 

ciate mapping data store 284 of database storage 280) 
for subsequent retrieval. For example, the database 
storage can be database storage 112 illustrated in Fig-
ure 1 A or database 280 illustrated in Figure 2D. After 
the privacy indicator for the subscriber is set 708, the 45 

privacy settings processing operation 700 is complete 
and ends. 
[0089] As an example of a representative graphical 
user interface for privacy settings processing operation 
700, Figure 7B illustrates representative screen dis- 50 

plays presenting a associates list and setting of alert pri
orities. Initially, a screen display 750 having an 
associates list 751 is displayed. Here, presumably, the 
user of the mobile device having screen display 750 dis
played on its display screen has "Bill Jobs", "Steve 55 

Gates" and "John Doe" as associates. These three 
associates are contained within associates list 751. 
Screen display 750 also includes a selection indicator 
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752 indicating the particular one of the entries being 
selected. In this example, the first entry ("Bill Jobs") is 
selected. The screen display 750 also displays activa
tion status indicators 755, 756 and 757. The activation 
status indicators for each of the entries of associates list 
751 are generated based on the status information. The 
status indicator 756 displayed adjacent "Steve Gates" 
indicates that associate "Steve Gates" has his mobile 
device active (or on-line) as of the last monitoring cycle. 
The status indicators (755 and 757) displayed adjacent 
to associates "Bill Jobs" and "John Doe" respectively, 
provides an indication that these associates have their 
devices inactive (or off-line) as of the most recent moni
toring cycle. Screen display 750 also provides a "Talk" 
softkey 756 which enables a user to send either a text or 
voice message to the selected associate, and a "Menu" 
softkey 758 which enable the user to refresh the display 
screen with a Menu screen display offering the user 
additional choices. Additionally, indicator 754 provides 
an indication to the user that a change of status alert 
has been set for associate "Steve Gates". 

[0090] Upon user selection of the "Menu" softkey 
758 where the selected associate is "Bill Jobs", a 
screen display 760 is presented on the display screen. 
The screen display 760 indicates a list of menu items 
available to the user, namely, Alerts, Privacy, and Add 
Associate operations. Screen display 760 also includes 
a select indicator 762 indicating the particular one of the 
entries (operations) being selected. In this example, the 
first entry ("Alerts") is selected. Screen display 760 also 
provides an "OK" softkey 764 to invoke the selected 
entry (operation). 
[0091] Upon user selection of the "OK" softkey 764 
with the "Alerts" being selected, a screen display 766 is 
presented on the display screen. Screen display 766 
indicates a list of alert types available to the user, 
namely, high, medium, low and none. Screen display 
766 also includes a select indicator 768 indicating the 
particular one of the alert types being selected. In this 
example, the first alert type ("High") is selected. The 
screen display 766 also provides an "OK" softkey 764 to 
invoke the selected alert type. 
[0092] Additionally, the user of a monitored mobile 
device can choose to have their status information aug
mented with user supplied information. For example, 
the user can input a text string such as "I am in a meet
ing" or "I am busy" or "I am available" or an iconic sym
bol with a well-known or predefined meaning. This 
information is combined with the network status infor
mation (e.g. active or inactive) to provide a near real
time indication of a monitored user's status and availa
bility for exchanging messages. 
[0093] The associates list may be associated with 
or used in conjunction with applications resident within 
the mobile device. Address book applications, calendar 
applications and email applications are examples of 
such applications. For example, the associates list 
could be generated from a users address book or local 
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contact list. Changes to the address book would be 
reflected in the associates list and the user would not be 
required to make duplicate entries. One of ordinary skill 
in the art would understand that the process is also 
applicable to network applications (e.g. an address 5 

book resident on a network server but managed from 
the mobile device). 

[0094] Figure 8 is a flow diagram of an address 
book processing operation 800 according to one 
embodiment of the invention. Address book processing 10 

operation 800 is, for example, performed by a client-side 
application for the wireless communication device. The 
address book processing operation 800 need not be 
performed by a network browser operable on the mobile 
device, but can be a stand alone application or embed- 15 

ded within another functional application, such as an 
address book application. 
[0095] The address book processing operation 800 
initially activates an address book 802. Here, the 
address book is displayed on a display screen of the 20 

mobile device. The address book, for example, includes 
names and telephone numbers for people or busi
nesses. The address book (or phone book) can also 
include addresses for the people or the businesses. The 
people or businesses within the address book may be 25 

referred to as contacts. The address book is provided by 
an address book application that executes on the 
mobile device. 
[0096] Next, status information for the contacts in 
the address book is obtained 804. As an example, the 30 

status information can be obtained from a server and 
database such as the server 11 O and associate status 
server 112 illustrated in Figure 1 A. Next, contacts in the 
address book are displayed 806 with the associated sta

[0098] Alternatively, when a determination is made 
808 that a message (text or voice) is not to be sent (i.e., 
a communications is not to be initiated), another deter
mination is made 818 as to whether a termination 
request has been received. When a determination is 
made 818 that a termination request has been received, 
address book processing operation 800 is complete and 
ends. On the other hand, when the a determination is 
made 818 that a termination request has not been 
received, then address book processing operation 800 
returns to repeat the decision 808 and subsequent 
blocks. 

[0099] In accordance with the principles of the 
present invention, status information relating to one or 
more monitored devices is presented to the user of a 
monitoring mobile device. In one embodiment, the sta
tus information includes a status indicator (e.g. a sym
bol or icon) which provides an indication of the 
operational status (e.g. on or off) of a monitored device. 
Generally, a remote mobile device is active if it is able to 
receive messages (e.g., voice calls or text messages). 
In the case of a cellular phone, active means that the 
cellular phone is turned on and within range of a sup
porting wireless network carrier. On the other hand, 
inactive may mean that the cellular phone is either 
turned off or not in contact with the wireless network 
providing service. Note that due to various possible net
work and system delays, the status information 
obtained may not actually reflect the current status of 
monitored devices. Thus, the status information reflects 
the status of the monitored mobile device as was indi-
cated during the most recent monitoring cycle for which 
information could be obtained. 
[0100] Note that while Figures 4C and 7B use a par-

tus information. By displaying the status information 
associated with the contacts, the user of the mobile 
device using the address book can determine whether 
communication devices (and perhaps what communica-
tion devices if any), are in use (active) by their contacts 
listed in the address book. 

35 ticular symbol for the status indicator, any suitable sym
bol or other visual indication may be used. Other 
indicators, symbols, alphanumeric characters, icons, or 
other visually distinct objects may be used to indicate 
the status of remote devices. The status information can 

[0097] Next the user is queried 808 as to whether 
the user desires to initiate communications with one of 
the contacts in the address book. When a determination 
is made 808 that the user does desire to initiate commu
nications with one of the contacts in the address book, 
another determination is made 81 O as to whether the 
message to be sent is a text message or a voice call. 
When the determination is made 810 that the message 
to be sent is a voice call, a call to the selected contact is 
placed 812. On the other hand, when the determination 
is made 81 O that the message to be sent is a text mes
sage, the text message is provided 814. For example, 
the text message can be provided by data entry from a 
user of the mobile device. Next, the text message is sent 
816 to the selected contact. After the text message has 
been sent 816 or after the call to the selected contact is 
placed 812, address book processing operation 800 is 
complete and the routine ends. 

40 also be more specific in terms of the information con
veyed by using one or more status indicators. Namely, 
status indicators could indicate that the associated 
mobile device is active, was recently active, not active or 
has an unknown activation status. The status indicators 

45 could also indicate whether the mobile device is in use 
or out of range. Also, in the case where the monitored 
status information is unknown, such an indication could 
be displayed. Additionally, the status identifier or an 
additional identifier or symbol can be provided to indi-

50 cate whether the telephone number associated with the 
remote device corresponding to a contact is for a land
based phone or a wireless phone. Still further, the sta
tus indicators could vary as a function of the type of 
communications device. 

55 [0101] The invention can take the form of a compu-

15 

ter readable code on a computer readable medium (i.e. 
a substrate). The computer readable medium is a data 
storage device that can store data, which can thereafter, 
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be read by a computer system. Examples of a computer 
readable medium include read-only memory, random
access memory, CD-ROMs, magnetic tape, optical data 
storage devices and carrier waves. The computer read
able medium can be distributed over a network coupled 5 

computer system so that the computer readable code is 
stored and executed in a distributed fashion. 

[0102] The advantages of the invention are numer-
ous. Different embodiments or implementations may 
yield one or more of the following advantages. One 10 

advantage of the invention is that users can be visually 
informed of status information pertaining to other com
munication devices, even wireless communication 
devices. Another advantage of the invention is that user 
are able to send, receive and reply to test messages 15 

with associates on wireless communication devices 
with great ease. Still another potential advantage of the 
invention is that status alerts can be provided when 
friends or associates come on-line with their wireless 
communication devices. Yet another advantage of the 
invention is a privacy control mechanism that allows 
users to control the dissemination of their status infor
mation. Yet another advantage of the invention is that 
wired communications devices, even desktop comput
ers, can utilize the features of the invention. 
[0103] The many features and advantages of the 
present invention are apparent from the written descrip
tion, and thus, it is intended by the appended claims to 
cover all such features and advantages of the invention. 
Further, since numerous modifications and changes will 
readily occur to those skilled in the art, it is not desired 
to limit the invention to the exact construction and oper
ation as illustrated and described. Hence, all suitable 
modifications and equivalents may be considered to fall 

20 

25 

30 

within the scope of the invention. 35 

Claims 

1. A method of providing status information to a wire-
less communication device for a plurality of mobile 40 

device, the method comprising:-

retrieving status information for the plurality of 

devices among the plurality of designated 
mobile devices when an associated user has 
not provided an indication that status informa
tion may be released to third parties. 

3. A method as recited in claim 1 or 2 further compris
ing:-

4. 

5. 

6. 

requesting access rights for status information 
from those mobile devices among the plurality 
of designated mobile devices for which the 
wireless client device does not have access 
rights; 
receiving a request for status information mon
itoring, the request including identifiers for the 
one or more mobile devices to be monitored. 

A method as recited in any preceding claim further 
comprising:-

forwarding the generated file to one or more of 
the plurality of designated mobile devices. 

A method as recited in any preceding claim further 
comprising:-

forwarding the generated file to a designated 
communication device. 

A method for interacting with a wireless communi-
cation device having a display screen and user 
interface, the method comprising:-

retrieving status information for a plurality of 
previously identified mobile devices at pre
determined intervals; 
generating a list including a representation of 
the retrieved status information and an identi
fier for each of the plurality of previously identi
fied mobile devices; and 
forwarding the list to the wireless communica
tion device. 

designated mobile devices; 7. A method as recited in claim 6 wherein the repre
sentation of the retrieved status information is an 
alphanumeric string and wherein the representa
tion of the retrieved status information is a symbolic 
indicator. 

generating a file containing identifiers for the 45 

plurality of designated mobile devices and the 
retrieved status information; and 
forwarding the generated file to the wireless 
communication device. 

2. A method as recited in claim 1 further comprising:-
50 a. A method as recited in claim 6 or 7 further compris

ing:-

omitting status information for those mobile 
devices among the plurality of designated 
mobile devices for which an associated user 55 

provides an indication that status information 
should not be released to third parties; and 9. 
omitting status information for those mobile 

16 

obtaining identifiers for designated communi
cation devices that are to receive the list; and 
forwarding the list to the designated devices. 

A computer product executable by a computing 
device, the computer product including computer 
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program code for providing status information on 
the display screen of a wireless communication 
device, the computer product comprising:-

computer program code for retrieving a list con- 5 

taining status information for a plurality of previ
ously identified mobile devices; and 
computer program code for displaying the list 
containing identifiers and status information for 
the plurality of previously identified mobile 10 

devices on the display screen of the wireless 
communication device. 

10. A computer product executable by a computing 
device, the computer product including computer 15 

program code for providing status information on 
the display screen of a wireless communication 
device, the computer product comprising:-

computer program code for establishing an 20 

alert request relating to changes in device sta-
tus for one or more mobile devices among a 
plurality of previously identified mobile devices; 
and 
computer program code for receiving an alert in 25 

accordance with the alert request when one or 
more of the previously identified mobile devices 
is indicated as having an altered status. 

11. A computer product as recited in claim 1 O further 30 

comprising:-

computer program code for determining 
whether the alert priority exceeds a predeter-
mined priority level; and 35 

computer program code for immediately dis
playing a notification message informing of sta-
tus change that triggered the alert when the 
alert priority is greater than the predetermined 
priority level. 40 

12. A wireless communication device having a display 
screen and user interface, the device comprising:-

a storage device for storing a list containing 45 

status information and identifiers for a plurality 
of previously identified mobile devices; 
a memory for storing program code for a proc
essor; and 
a processor coupled to said storage device and 50 

said memory, wherein the processor operates 
to execute the program code stored in the 
memory to retrieve and store a list containing 
status information and identifiers for a plurality 
of previously identified mobile devices from a 55 

remote server device and display it on the dis-
play screen of the wireless communication 
device. 

17 
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t.: i, 0 -r· «> 7.> .:. t a-~m /:: i" 7., ffl>f<JJ! 6 t::~0f~fflflil 
f:!t-!J"- t:'-7-1iA. 

r ffl3J<rf s l JiiJ~c § fr<ill!!fflffib'. imc P H P !1111* < 2 
3) iP½ll'J~cffil'!i!ill!!~ ( 2 2) z-1J-L -C P Bfg~;al:.t.:: 
liffi!Jtlllfg~l::J:-, --CmFa~tLt.: i,(7)-C'il', 7.,.:. c z-~~t 
-t- 7.> ffl*J'.J! 1 1::~cffC7)ffifflmf:!!;-!J"- i::·y_ JJA. 
r ffl*ll 9 l JiiJlic § fr<Jll!!fflffiJJ,. imc ~ > ~ ~~ < 2 

4 ) IJ, ½ m ½ ht.: § tf<Jll!! lJ -7- 1-- i,p ½ ~tR ~ ht.: i, (7) c· ;/', 
7.> = /:: !-¾'It t -t" 7.> m3.l<JJ! 8 t:ocil!0ffiffl~-!J"- t:·y_ 
1f P:.. 
[m3J<Jj'j 1 0] JiiJlic§l'l<Jll!!fflffl#. ~pH P/!ffii* 
( 2 3) t::t3v•-C I CtJ-l', 70•:,t"- · 'f"-i-7-:7:i 

t.:1:1:C D-ROMijgj/J~~ ( 6 1) t::J:-:i-C I CtJ-

( 2) ~lffl-'11-7-250381 

P:, 70•:,t"- · 7''17.:7:al:.t.:liCD-ROMi;•½mfl 
tl'r l -C~~~~ ( 5 1 ) t::t:,v ,-c ~~~ht.:: §fr<Jil!! lJ .7.. 
1--IJ>h~tR Lt.: §1'1'-Jt-l!H:::t-tJD-t" 7., :1- l'iP½~ 7.,.:. t ~ 
~ /:: -t" 7.> ~11>.!<JJ! s t::~ciJ.C7)ffffflmf:!t-!J"-c .7.. JJA, 

rm3J<JJ! 1 u Wi~c§fr<Jil!!fffffib'. ~PH P!ll!i* 
( 2 3) iJ'hmh:ht.:'olt~i!f~l::J:-:i-C~~:h.i;, io:ic:-

«>6 = t ~¾'lie -t- 7.> !ff3J<rl'!s i::~ctiC7)'tiffi~"T-t." 
7-JJA. 
[ffl*1f 1 2] ll'Jlic§l'l"Jt-f!lfffffl;lfi. ~pH P~ 
< 2 3 l ;1;,hifJeac:·mFa~nt.:fffffl~. JiiJlic~1/:9~~ 
( 2 4) t::;!',1,,-cifJeaiil~~li ( 14 l t::J:-,-c~~l 

t.: i, C7)'("«> 7.> = c ~Mitt -t" 7.> !ff3.l<Jli 1 t::~c-C7)ffiffl1\t 
~-t.",7---JiA. 

[ffl3J<Jl'.i 1 3 l JiiJ~c~r-rfflffiiJ'. JiiJoct ✓-~~i!!l'. 

( 24) iJ>hffJeat::J:-,-CmFa~h7.>.:./::z-~/::i".i;, 
ffl3J<JJI 11::~~(l)fffffl~-!J"-t:' 7.1iA, 

[ffl*Jl'.! 1 4 l Wi~c~r-rfflffliJ1_ ~~ ::,.,y~~ 
( 2 4 ) iJ>h:>e*,l:.tc:!i]!liiiU:J: -, -CmFa~:h.i;,.:. t ~ 

~/:: T 7., ~ff3.l<ll 1 t::~cil!0ffffflm#!i-!J"-l:: 7.JJA, 
[ffl3J<JJ! 1 5 l Wi~c~rcrfflffiiJ'. JiiJoct ✓-:9~lft 
( 24) iJ'hmFa~h-C77:7S,,'::. lJ~lft ( 7) t::t:,1,, 

-C tl'r 1J ~ :h 7.> :>e* at t: Ii ]!lii{lll/J> ½ ~ 7.> .:. c z-~ /:: T 7.> 
~w>.!<~Ji 14 t::licff(7)ffffflm#!i-!J"-c;:1..}JA, 
[ffl*Jl'.! 1 6 l ffl*ll 1 t::licnC7)ffffflmfJ!;-!J"-c;:1..1f 

p:.t:;I',,.,, -c • iru~c P H P Yffii* < 2 3 > t;,Jl:'.J!JJfr<Jt: mlim 
ffla-mtl:l-1"6 cc i,t::. lru~ctYY~~ ( 2 4) iA ~ 
P H P lllm* ( 2 3 ) iJ1ft1'JJ(7)fil:j!!l'.iJ, h § fr<Jll!! ;t C:~ 

6 ffflt::R~ lt.:fil:i!!l'.iJ'. JiiJl!!l0~~r-J'tffffl/;:*;ttL -C 1, • 
~1, ,.:. t ~'¥!JJl:'.lt.: t t;. ~tu1i!!l'.b'½ §fr<Jil!!:al:. --c-~ 
P-Jffifflz-~1Jaa"Jt::mtl:l-t-7.> = 1:: ~~mt -t- .1;, ,gm-1!!;-!J" 
- t:' 7, 1fp:.. 

[lli*Jl'.! 1 7 l Wi~c~ Y:9~li < 2 4 > iJ". JmcP H 
P/!ffii* ( 2 3) .::·t07:7~Xti!-JUJ-t"7., 7:7~7.#l, 
~ ( 1 5) !-ffl. !t7:7t7.tl!-lriHl~ht.:PH 
P i1ffii*0.;t;.(7)1rulic~~r-rffifflllltlt0t.:cit')C7)7 :7 t 7. z-ll'f 
T.:. /:: ~~~ t T 6 ffl*Jll 1 t::~cff(7)'tffffl1\t#f;-!J"- t:' 7. 

JJAo 
[ffl*Jl'.! 1 8 l trulic7:7~.7..tl1HHli ( 1 5) &::t:,1,, 

-C • ffiffl .::· /:: (7) 7 :7 ~ 7.tl ~ lril l t.: = t ~ ~ /:: -t" 7., 

~w,:J<~Ji 1 7 t::~c•O)twfflmf:!t-!J"-t."7.1iP:.. 
[ffl3J<Jl'.i 1 9 l 1ru~c7:7~-7-tmlrilffll < 1 5 > t::t:,1,, 

-C. liifficP HP~* ( 2 3) .:.'I:.. :it.:!ifflffl.:.'/::01, 
7. '7- l' ~ lril l. ll'J~c P HP~* ( 2 3 ) IJ>~J ,7. '7 

-P:~mFaLt.:1:: t;C7)h. mctYY~~ < 24 > ;1;,_ 
JiiJ~~P-Jfflffllllff(7)t.:cit')C7)7 :7 ~ .7.. ~ll'f-t".:. c ~~ffi 
c T 6 m3J<JJ! 1 7 ,l:. t.: Ii 1 8 l::~cil!0'tiffiW#t-!J"- t:' X 

JJA. 
[ ffl3XJl'.i 2 0 l JiiJlicl ,7. '7- l' iJ>. I C tJ- l' , 7 o 

,,. t"- · T 1 -7-:7 :it:!iC D-ROMt::i!t;;lb;tht.:ffl 
ffl~. irul!cP H P/!ffii* < 2 3 > JJ,m.;t;.lfi-t-= u::J: ..,-c 



mFs~tl.7.,..:. t 2:-t\'mt T 7., lr,!j3J<JJ! 1 9 i::l!cl!/P)ffffljl', 
H!i-it- l::'.A :n:.t. 
[ ~;J<JJ! 2 1 l 11%c-l::: ::,, :>' ~~ ( 2 4 ) JJ>fl,&'ifJilm 
(18) 2:-fimi_, ICt,-1', 70•yl::0 -·'r1-A:J;t 

t.:liC D - ROMl::1',l'~;i6';t..ht.:•littlH:, 11%cP HP~ 
51:; ( 2 3) iJ>ilfth-tllT2: U::J::-,--Cm1s~W.:ffffl2:-'i't 
fg t.,t.: t ~, 1'1'Ji31fl~t.:J::-, -C11%~r-J•ti'rffl2:-tfH!iT 
7-> ..:. t 2:-~ffi: t T 7-> ~3.l<JJ! 1 t::i!c~O)~-!f-c·.A 
--Jii!t.. 
[~;l<JJ!2 2 l 11%c-l:::1/'9~~ ( 2 4) JJ>, wllicPH 

P~;,I:; ( 2 3) ;tt.:U/iiiJJ,~51:; ( 4) O){ll.~ffffl~'lt"' 
Tofil:~fflffl'l'l:~$ ( 1 3) a"f!mj_, tl!!O)PHP~;,l:;;/J• 
hfil:ii!i'~mO)!!\!iRiJ'ib-, t.: t ~ , ~{ll.~•~$ ( 1 
3 ) a"l9!m l, -C, lilJlicP H Pil[ll;,I:; ( 2 3 ) ;t t.:l;l:F.f ~;l[ll 

51:; ( 4) 0fil:~ffffli';i21:±l-t" 7-> 2: t a"~t T 7.,~fi;J<J!'I 
1 l::lic~(?)ffffltfH!i'"'t-1:: .A nA. 
[~;J<JJ!2 3 l 11%c-1:::::,,:1~1i' < 2 4 i iJ,. 11%cPH 
P~;,1:;0ui:~~m~'l'l:~-t-o~m'ltjffli(16>~ 
fimx.. lilJlictl!!O)P H P~;,l:;iJ>h{ll~~*0!!\!4RiJiit)-,t.: 
t ~ . f~~m.t4HUl$ ( 1 6 ) l.::l31,, ,z {ll.@'~1tiJi"l'l: "'~n '(', ,7., t ~ O)h,, ~ff!lO)P H Pil[ll;,l:;O)fil:li!i'f9!m2:
~'FT..:. t a"~ffi:t T 7->lr,!J;J<JJ! 2 21::~0•tfl!W'~-it
l::.An:.t. 
[ ?eRJl(?)~*ffi~maJJ] 
[0001] 
[llE~J:.0f1JJ!HHlfl *?eaJltL r,-'J-t-1v • r-:,,,7'' 1 

7:t1/ (PHP) 1/.ATA(;:.t,1,,,z, PHP~iJ,hO) 
~,&l::xt t., -C, -I::::,,? fflliJ, h~fflO)ffiffl2:-ttf~T 7-> • 
fflfflttH!i'"'t-1::.A l::lffl t.,. ~l::~,&0fil:~t §a~tl!!i: 
t • '3 ~Ji0~1'!'1:: J: -,, -C 5E';t. 7., :ilit:im7ac:l!!~r-Jfflffi~ , -I:: 
1/?l!l!liJ•h?ef§,&l::ttmz,e- 7., J:: '3 i::-t-7.>t8h0), tfiffl 
ttH!i-lf-c .AJJ:.tl.:lffli"" 7., l, O)"'(·i!')7.,. 

[ 0 0 0 2 l PH P 1/ .7. T Al;;:. 'r 1 :-J :>' 1v--Jii!t.0)=1-
r' v .7. 7 :t 1/0)-'f'aliJ>, ~0fflffl).,jj,~(.: • .FYl-1.:f~lt h 
tlt.:lHl!!f.li, :al! t: Ii ~t\JJ'Jr~O)¥'.P'I f;:~ Ith .ht:~tf!!f.jj 
~t. ~ifilfiljU.·-fr t., -Cfi~T J.>..:. t 1:: J::-,, ·c fflf.jj~ 
~f.jjiJifi~~.n -c,., •o~mffl;tt:::Ufflr-J~ < PB 
X) t O)F,ll-C·JffiFsa"fi '3..:. t iJ'-C't'.- 7., J:: 3 I:: l,t.: ti O)'(' 
;b-,-c, 4-f!t, ~J'lHt~.tLJ:: 3 I:: t., z1,,7., bO)-C·ibo. 
[0003]..:.0)J::3~PHP1/.7.TA~;l3\,~, PH 

P~;,l:;iJ>h0~,&l::xt l, -C, ~~O)~tf!!f.jj(;::J±-JBil::~~ 
It hnt.:-1:::;,, ?'11l~iJ'h. ffi" 0Yti'rffla"ttf~T 7.,fffflll', 
Hli-it-t·..:ziJi~j_h.h-Ct•J.>, *~Jlli. -'f"O)---------:it t., 
--c, ~:lf!lf.jj0-t_t-1:: ..:z.:c. IJ 7iJ'lt~t~ 1,, ,..:. t ~fUffl t., 
--c.~:lf!lf.jj~l::~~O)-t_t-1::..:z.:c.1J7~J::..,--c~~.n7.> 
~:'&O)fil:~fflffl I:: , ?e1s:'&O)mil!T 7-> § ~fl!! I:: ,., , 3 ~ 
fl:0~141.: J:: -, -C J-E'.;:f 7., :i!!~ 11'Jffiffl a" • -I:: 1/ :>' ll!lfiJ, h ?e 
fg,&l::ttH!ii"" 7-> f::11)0), •tfffflit1*-it- l:: .7.::/»t~tt~T 
7., ..:. c a" El~ t t., -C 1,, • 7., • ~ t3, ~:'&0)1.ll'.li!i'fffflli. 
tl!!O)J'Jit:;l:: J:: .., '( Zl§T 7., ..:. t b oJfflre ~ 7., ' 

( 3) ~lffl-'11-7-250381 

rooo4]..:.0~*-~Fs:'&0ui:li!i'1::.wmi"'7.>§~ 
tl!!t t::Jiti t, --C, :liUi~~Rfflffl!-ttH!it'~ tlk!. -it
c'..::ztU:--~c flilJ:.T ◊..:. t iJ>'('e- 7.,. W!fj_l;L ~~ 
O)fil:Ji't::J;t; I.Jc:, ft~'d: Ji1Hlili0~R~ffll3't:tf!!~pq~O)-lf 
- I:: ;;z. a"itH!i't~ .hl:J:fil!fUt·!, 7.,. ~ht::, ~:'&h''iE 
ffll~l.:{.ll.Mfflffl~~ 1/ :911!11.:mFsi"' 7., 2: /:: I.: J::-, -C. ?e 
Fs~#iE~'d:Jv-1-iJ'h7'1-tlt.:~*I.:, -l::1/?5QV'h 
~ :at t.: 1im11□0~pq fflffl t-?eFs-t- 7., -it-1:: ..:z & ormre 
~7.,. 

[ 0 0 0 5 ] PH P 1/ .7. 'r Al::J:: 7.,~~-l_t'-1::.7.U:. ill 
1, ~*f!H* ~ .tL 7-> -'f'iE 1:: ~., --c 1,,, 7-> • ~ O)J:lb*, ~ 
li, ltf$1~#E1, •-it- c::·..:z.:c. •J 71::xtJ;t; t., -C, ~~~IB'& 
't~lth.ho..:. /:: t.:>::toiJ', ~:lf!lf.jjO)~M'.t'&l.:J::-,--C 
tL -it-t'.7. a"'ltlt h.tL>;c1, ,:lf!ll!iJ!iJ'~o..:. /:: b~ i.. hn 
7., • ..:. 0) J: :l '.acl!t¢.{iJ> h Ii , ::,fs; ?e aJJ I:: J:: o -lj" - 1:: .7. I ;J: • 
~Jj_l:J:. tl!!Ttii'. fr,- 1-Ji!iP'I, ibl~:tl!!. JA\,•~~~ 
~5E.:C. lJ 7r<J't''fUfflT 7., O)i:;>, J: I) t/Jcffl:~t'ib 7.,. 

[0006] 
[ ~O)fiffi l ffE*, fo/t/JJffiFa-lf-c .7. c t., --C !i, 

(1) ~lflli/Elt/J.ll!.~iffi ( 7-ro?':n:.t:l3J::V:7' 1 

::)Y1v1f:.tl 
(2) *IJ!fflO)=i-Yv..::Z~iffi (7-t-oY:n:.tl 
(3) $*Jilrffl0)1/.::Z.7A=1-r'v.7.~iffi (7-J-o?'n 
:,t) 

~iJ1Jl!tt;:ffi1,, •h.h ,:1, •o. 
[0007] 
[JeRJliJiM~LJ:: 3 /::Tt>lill!l t.,;IJ,t.,~iJ'h, 2:.hh 

O)Jl!t'ffO)fo/!1JimFs-it- 1::·.::z.1;1:_ *~aJJt:::t:, 1,, --c §~I:: T 
7.,. ~:'&0{.ll.~1::/iti t, --Cft:im~•tffffla"tff*i"' o-it-1:: 
.7. ~lr :l 1::/Jbt::li, <f?i' t., b 1!f:im-C•!J~1, •. T~bi:,. 
[ o o o 8) (1) 1::~Tffl·llH~iffi/Elt/J.ll!.~iffi lJ -1::.7. 

tL ---:i0~tJ!!F,jj,:,i fl 1 ,-i"" 7.> ielffliJiJZ1, ,t.:/Jb, ?efg~ 
iJiJffl{tt 7., ~tf!!f.jjC')-lj'- t'..:z.:c. •J 71.:J::-, --C, ?eFs:'&O) 
fil:M~~i"':n:.t~:imfflT 7->..:. c li-'f:im~-C'ib t>. 
[ o o o 9) (2) 1::~~»m10=i-rv.7.~lfl!i~. 

(3) t::~-t"~JiJrffl0)1/ -ATA=1- r' v .7.~lr,s lJ -1::.7. 
li. -it-I:: .7. t-ttH!iT 7.,.:c. lJ 7iJi;J;lli~l::#E1, ,t.::/Jb. -'f:Cl) 

-l_t'- J:: .7..:C. lJ /a"lli~fflffl/:: l, '( ffli,, •O ..:_ C iJvp~~t' 
;b7., 2: /:: c, 7-t-o?'n:.ta"fifffl t., ,:1, ,7.,t.:/Jb, ffiiJ~ 
fflO)z'i'tfgiJ>ft t., 1, •WO)ffj!JfJiJ'it> 7.>. 
[ o o 1 o) ::,fs;~aJlli, .,:O)J: '3 ~ffE~f,lijO)ljlJf!a"ffi: 

~l,J: :l /::TobCl)-C'!,-:,'(. PHP1/.7.7Al:::t:,1,, 
t. ~,&iJip H Prii:51:;iJ>h?eFa l,t.:~Fs~a-'ltf§l, 
t.:, ~,&l::Jlit1J'. I) O),li!;tJ!lf.jjO)fil:Ji'l::J::-, -C ?eFa:'&0fil: 
~~~T 7.,..:. c -C', ~:'&0fil:li'fflffla-~5El,, ?efg 
:'&O)fil:@'fflfflc, ?e1a:'&O)w:fli:i"' 7-> §a<J:11!!1:: 1::J::.., --C'iE 
i 7.,b>:t:i!!~V'lfflffl~, -I:: >-?ll!lfl.:~lth.ht.:7'-:>' 
,S:,-.Al::~--:;;·1, •--C, ?eFs:'&l::ttf*-C·~ 7., J:: 3 1::i"' 7., 2: /:: 
a' §fl9/:: l, "(1,,7., 0 

[0011] 



[ ~All li:M~T 7,, t~/Jl:,'7>-¥~ l l:fil 1 l:;t, :;t;~JICl)J!ltf.11!.tl~ 
t\l~li:ff>l,t~L0t•;ti--:,·c_ 2 U;;J:JM-Faffili:ff>l, 2 2 
liJMFaffl2 1 i::m$i~ht~~~~-z:·,,7,,, 2 3t:L 
~U!;/i!;tf!!f,jj2 2(7)-Jt-l::,:::ZI. l) J (Ji':i°Jlt•ff>-ef"") p;J(;:;i) 
7,, PH Pllili*li:ff>T. 2 4 !;l:JBi{mf,J 2 H::~!t t,nt..:-t 
1/:9~M~~--:,-C,~~pgfflfflli:ilinT7,,f.::/Jl:,Cl)7-::$" 
"(-;z 2 5 li:1fl -Z:P7,,. 7-::$""".-Y- 2 5 (:l;:l:_ ?!:ft 
~iP t, er:, El fl~tf!!'W0~:1<'1k1'1' t , ~~0{.iLMfflffl t t: 
J:--:, t k'i 7,,~~r-J'fffffliJ>'T-/Jl:,~~h -Z: \. ,7,,. 
[ o o 1 2 l :;t;?1;a}l1;t_ rill 1 &:ff>~ ht..:JJITT!ll.~~f;:;13 

1, • t , ~a li: ~~ T 7.i t~ /JI:, t:: • o: Cl) J: 3 ~~fflCl)-'Jo ~ li: 
viiU. 7,,. 

(1) H-Y-r1v - "1/T 1 7 ~ 1/ <PH P) iJ•t,~7,,6 

~* (PHPlrl/J*) iJ', ~~~t~@l~li:Jrl 
-cmmT 7,,.:: i: t: J:--:, -c _ .:: 0~J:l!if.jji.l"i"lffit~ ttt.:: 
lBiFa*l!l 1: Cl)lll!"Z:-ffllit:JMFali: ti' 3 P H P ::,,· Y- -r A t:;13 I, • 
-C, PH Pllili*0{il@'t Elfr.Jtf!!t t:MJ;f;-ef"" 7,,~pgffiffl 
li:~lff lt..:7-::$" "(-;z ~1fT 7,,-t 1/:9~@'i!:JBiFaffit;: 
li~lt, PHPllili*0N@''littffc. PHP,w*:f)•t,*t,h 
t..: Elfr.Jti!!fflffltt;:J;6t t. -t 1/:9~ifi:i.l'T-:9""--Y-i.l• 
c,m.;,..m lt..:~itaJ'tiffl~~-~~li:Jr l --C pH Pllili 
*';:_il,fii, § 7,, ◊ 
[ 0 0 1 3 ] (2) (1) 0~&;:, JMFaffi:f)>, :i}mil<Jt·;i) 

7,,.:.t li:~ffit-ef""7,,. 
[ 0 0 1 4] (3) (1) 0~,£-&;:, JM~i)>, fljrg~ 

-c·m~~ht..::t--1 1-- '7-;7t·S7,, .:_ C a-~cT7.i, 
[ 0 0 1 5] (4) (3) 0~,£-&:, tlfr-J:5C~'- :'.!}mP 

H P-it-e"Y-li:m~T 7,, {,Cl)t·IJ7,,.:: t a'.~C T 7,,. 
[ 0 0 1 6 l (5) (1) 0~t:. PH P,w*Cl){_j'[ifi'.fflffl 

-/)>, .:: 0P H Pllili*z;,mm~tt -CI, ,7,,~~tl!if.jjt;:J: -o 

-Z:k'i 7,,' .:: Cl)~~tf!!f.jj(7)-Jt-1:: ;z.:r. lJ Tl'"&'., 7,,.:: t 
a-~ffi t T 7,, • 
[ 0 0 1 7 l ( 6) (1) 0~-£-t:, P H P >'ffii*Cl){.\l.Mffiffl 

-/J>, .::0P H Plrl/J*-f)•t,~U!;li!;tf!!f.jjli:Jr l -Z:zfg~h 
t.::. .:_ (7)~~f,jjCl)-Jt- t: 7,.I. lJ 7 J:J'.>'~Cl){l[Mfflffl-Z:• 

&'.> 7,,.:: t 'i"~t T 7,,. 
[ 0 0 1 8] (7) (6) 0~&;:, PH P >'ffii*Cl){_j'[jitffiffl 

-/J>, .:: Cl)P H Plrl/J*il>G P S~lita-Jr l -Z:~t..: {,Cl)c:·;i) 

7.i .:: t a-~ffi c T 7,, • 
[ 0 0 1 9 l (8) (1) 0~-£-&;:, §l~tt!!'nffilJ.I>, PH P 

llili*-/J•t,~~tf!!f,jja:Jrl --C P BFa~it~Wfi!Jmlit~t;: 
J:--:,--CzFa~hf.::bCl)~l;7,,.:.ta-~cT7,,. 
[ o o 2 o l (9) (8) 0~t:, El~J:1!!'~'- -t 1/:9 

~iitiJ•t,.il,t,ht..: Elfr.Jti!! lJ ;z 1--iJ•t,JY;fR~ht..: {,Cl)t·;i'., 
7,, .:: t a-~ffi t T 7,, • 
[ 0 0 2 1] (10) (8) 0~(;:, El~'littff-/J>, PH 

Pllili;,Rt::t:;1,,z I Cf]-!-<, 70•:,,t"- · T-17-.:?°it..: 
1:1:C D - RO Mlm~M&::J:-:, --C I C fJ- !-', 70 •y t" 

- · T -I Y-:7 it.::liC D - ROM:f)•t,~l'thili l-Z:~ff>"~ 
@'!:::t:; 1, •-Z: £v-'F~ ht..: Elfr.Jti!! lJ ;z 1--J.pt,~;fft lt..: §ti~ 

( 4) ~lffl-'11-7-250381 

t:MJ:6T o ::1- l-'-/J•t,~7,,.:: t a:~ffit-ef"" 7,,. 
[ 0 0 2 2 l (11) (8) 0~,£-!:, Elfr.Jtt!!fflffliJ>, PH 

P>'ffii*-/J•C:,.il,t,ht..:~ab1IPH::J:-, -Z: ff>~tt7,, {, 0--C'&'.> 
7,, .:: c a-~fJiU:: T 7,, • 
[ 0 0 2 3 l (12) (1) 0~,£-!:, §/1'-Jttl!fflffliJ>, PH 

P,w;,R:f),t,~p,c:*Fa~nt~fflffl~. -t1/?'~M&:J-3\.• 
--C~p,fl(W!l~Jiil:J:-, --Cfl(~lt~ i.,Cl)'(·~7,,.:: t ~~ 
cT7,,. 
[ o o 2 4 l (13) OJ 0~-£-!:, ~Rfflfflz;,, -t:1/ 

:9~Jiti,pt,~prt;:J::-, t*Fa~tl.7,,.:: t !--~~t T 7,,, 
[ o o 2 5 l 04) (1) 0~-£-1;:, ~Rfflfflil'. -t1/ 

:9~JitiJ,t,Jt"i"it..:lii!iffil:J:-:,-C*Fa~h7,,.:: t ~~ 
ti&cT7.i. 
[ 0 0 2 6) (15) (14)(7)~,£-!:, ~jfa)fflffliJ>, -t1/ 

Y~Mh'0*fi~tt --C 7 7 :71/ ~ 1J~Ml:::tJ1,,-z:/:tl:tJ~ 
h~Jt"i"i t..:lii!iffiiJ' t,~ 7,,.:: t li:~ffit T 7,,. 
[ 0 0 2 7 ) (16) (1) Cl)~,£-(;:, PH Pllili*iJ>5Ejtjjfr,J 

t::f_j'[Jltfflffl~*lilT7,, t c Lt::, -t1/:9~@'iJi, .::0P 
H P"1il;,R-/J>:im'fJJ0{illi!l'.iJ•t, Elil~tt!!i •z:-f$j/)T 7,, Ill!&::~ 
lt..:ru:JitiJ,, ll'I@l0m~Rfflffll:: 1'; i ti.. --C \. »~::- \. •.:: t a
'l"Jk' l t..: c 2-, ..:0ffiM-/J't, Ell't9tt!!i --c·Cl)m~Rfflffla: 
~1JDfl'-J!::m:±lT 0.:: t 2:~ffit T 7,,. 
[ 0 0 2 8 ] (17) (1) Cl)~,£-1::, -t 1/ ?'~@'i)i, P H 

P>'ffii*.::· c 07 :1-t:::ZWa:1l'il-ef"" 7,, 7 :7-t:::ZW1l'~a-
1f l, 7:1-t:::ZWa-1l'iii~ht..:PHPlrl/,1*0h0, ~~ 
pgfflfflJIXf!J}Cl)t.,:/Jl:,07 ;7-t;z 'i"il'FT.:: t a-~ffit T 7,,. 
[ 0 0 2 9] (18) (17)0~,£-(:, 7:7-t:::Zfl1l'j$Jili&:: 

;13\.,--C, fflffl.::·tCl)7:7-tY-Wa:1l'j$lt~..: t a-~t 
T~. 
[ 0 0 3 0) (19) (17):al:t..:IJ:(18)(7)~,£-(:, 7:1-tY

W1l'iml;:;!3\, ,-z:-, P H Pllili*.::" t , al: t~li'littff:'.' t 0 
HX'7- ]-( a-1l'ill,, PH Pllili*1'.,{._:c7v~;z '7- ts!-* 
Falt.:!:: 2- 0h, -t1/:9~MiJ>, ~~itaJ,Jiffll1Xffl0t~/JI:, 
(7)7:7-tY-a-il'FTC:ta:~ffitTo. 
[ 0 0 3 1 ) (20) (19)0~,£-I:, HY-?- r'iJ>, I C 

fJ-l-', 70•yc"- - -r·1;z;7;tt..:liCD-ROMt:::;!!: 
2-.ibiht..:fflffl{f:' pH Pllili*il>m,7-;./:tl-ef"".:: u;:J:-:,-C 
mFa~h~.:: c a:~ffitT7,,. 
[ 0 0 3 2] (21) (1) (7)~,£-(:, -t1/:$'~Ji!l'.;j>f-f:.ii:'W 

f.11!.$a-1Jffi.t, I Cf]-!-', 70 ,:, t"- · T 1 7-.:7 it~!i 
CD - ROM!:ii:2-.ibiht..:fflfflli:. PH Pflllil*z;,m.;,.. 
:±lT.:: t 1;:J:-, -Z:*Fa~ht..:fflfflli:~Falt.:: t 2-, trJ-31 
;f;:hi:t;:J:-, t~~itaJfflffla-m~T 7,,.:: t a-~~t T 7,,. 
[ 0 0 3 3] (22) (1) Cl)~-£-1;:, -t 1/?'~@'i)>, PH 

P >'ffii*i t..: liffii~llili*0ru:Ji!l'.fflffl a-1l'j$T 7,, ru:ifi:fflffl11' 
~!---()iil .Z. , 11!'.0 P H P "1il;,Ri)> t, {_j'.[Ji!l'.~~C')~~i)'>I)-, 

t..: t ~, f1Mffl¥1HHil'!ll~f9!~ l, --r. PH P f11,\!;,Rit~!;t 
ffi£~;,f;Cl){_j'.[Jiifflffla-miliTo..:ta-~1:Tb. 
[0034) (23) (22)0~,£-!:, -t1/?'~MiJ>, PH 

P>'ffii*0{illitf9!~W!--1l'~T7,,f9!~W1l'j$Jilili'.°1Jiil.t,11!! 



0P H Pillii*ii'0fil:~~~C')l!\{4l;t,pt:,-, t.: 1:: ~, fj!~f'i 
fl:j¾fflH;::t:n ,-c ur~~tl#:Jl:jj~ tee 1,, 6 t ~ 0;,,., 
~0PHPillii*0fil:~~~~T~1::~~cT6◊ 

[0035] 
[ -fl= ffi l l;llf 21.i, ::,fs;JeaJJO) mtJ!I! ~ maJJT 7-> ,,,_ '.>-::,; :2. l;llf 

t· ;/f) -, -C , l;llf U;: ~ ~ :ttt.: , P H P !$11* 2 3 , ~¼!£ti!! 
,§j2 2, -t1/:9:l'i~24:tJJ:Il'f-:9X:.-;z2 5t;:;\tJ;t, 
L-C, -'f:h.{':h.0i/J-fl=~~L -C\.•6. 
[ 0 0 3 6 ] JeFa~!.i, ~rlfflffiC')f'd ~5¥:lt J: -3 t T 

7.,~~- PHP~*23~ftL-C,mttT7.,~-c:2.I 
1J 70~£~ 2 2 ~~EB L-C, -t1/5':l'i~2 4 ~llf 
tf:±lT. ~0)/:: ~, ~~tl!!,§j2 21.,:L PH P!111i*2 3 
0ut~ffiffl~-t 1/5':l'i~ 2 4 &;:mfgi 6. -t 1/?"~~ 2 
4 c:ti, ~tl£tl!!lilj 2 2 ~ft L -C '.>'l:{§ r___, t.: P H P illii* 2 
3 0fil:~fijffi~, PH Pilfii*(7)3,II:%-:" 1:: (;:fl:{i}T 7.,. 

[ o o 3 7 ] ;xi;:, JeFa~I±, :'lt'imT 6 El 1¥Jt-l!1,0fflffi 
~, P HP~*2 3i;>6-t1/'.Y'~~2 4 t;:mFa t 7,,. -t 
1/7'~~2 41.i, ,;'t{gLt.: § rt(Jtl!!•lfffi/:: ~~O)fil:~ffl 
fflt~~-tL-C,'f-5'X:.-:2.25~~L,MJ;t,T 
7., ''f'-'.Y' ( ~P-J'tlttff) ~PH Pti:11* 2 3 t;:mfM 6. 
[ 0 0 3 8] Z::h.l;:J:-, -C, JeFa~l;l:, l'.llttfil:~iP6 § 

tr'-Jtl!!:i. 1:·0, ~~;i!!~l111i!t¥ff~ A-¥T 7-> ~ 1:: iJ'c:~ 
7., 0 

[0039] 
[~fif!/JilJ] i;llf31.i, ::,fs;JeaJJO)~J71J(1) ~~Lt.:t0-z:· 

;/f)~t,;i!!~Rfflfflm~~-c:2.~~T6ffllllt~~L 
-c1,,7,,. l;llj3f;::t:,1,,-c, U±i;Jtffl~~r___,-c1,,7,,. 21;1: 
1.~fllJl;:ff:$3?~:h.t.: PH P ,_,, ;7,.-f' AO:>£ff!!f.lJc:·~ ~ -C, 
t.fla!c:~T~-c XI. IJ 7~::tf L -C \, ,7.,. 3 l.iP HP,_,, 
;7,.-f'AO:>illii* (tJTPHP~*t,1,,-3) ·c◊~7.>. 1 01;1: 
1;milll 11=m~~ nt.:-t ::-5'~~-c·if>~ -c, -r-5' x:..
;z 1 1 -11::, ffi!Jiflll$ l 21:: ~::tfl-C\.•6. -r-5'X:..
;z 11 -1 t;:l.i, Jela~O)f.ll~1:: §1¥Jt1!!0·1fffit::MJ;t,L 
-c, :&Jm>:t;l!!~r-J•fittff~'F(',.l):MinL-C1, ,7.,. ffi!Jiflll$1 2 
1;1:~mm 11:: o:ilfflt•:iffira~fi,, -c, ;,;JeeJJ01ffflitlil~~ 
-t::·At;:£,~7a:~f!l!O):fjljifll[~fi'3. ~:h.6~$(;:l;I:, l1i! 
1 1;:~ ~ :h.t:mtJ!l!fl'-JfflJlltl;::t:, It 6 M JliT 7-> $'.)f011f:%~ 
( ) ~#L-C~L-c1,,7.,. £.t.:, l;lll4tL ~/:911(1) 

1:::t:,1t o~im0i!Jt1=~meJJT o ,,-,:,- ::-:2.111Ic:·;/f) 7.,. 

r o o 4 o l *~»tl74t::t:;tt o, ~P-J•fittffmf:Jt:°'1o:ii!J 
ftl;;L o:0J: '3 t;: L -Cfrb:h.6. 
(1) Je{i~u, PH P~*3 ~ftVC ~tl!!f.jj2 ~~EB 
L -C-t 1/:5'~~ 1 o ~llflltllT. 
(2) £:lf!llilj 21.i, P H P illii* 3 Cllf.ll~'lfffli ( P H P illii* 
iJ,1::0~:lf!l/('jjO)~-c.AI 1J 71;:1,,7.,iJ,~~Tifllil) ~ 
-t ::,, :9 :l'i~ 1 o t;: mFaT 7., • 

[0041] (3) -t1/:5'~~101±, £~2iJ•h5'l:ft 
Lt.: P H P ~* 3 CllfiL~•tffffl ~ , P H P ti:11*11!:% .::: t t;: 
:Jl:j¾T 7->. 
(4) JeFa~l:i, §fl'-J:lf!lfflffi~, 7•,yy.:z.;f':5'::,, (PB) 

( 5) ~lffl-'11-7-250381 

Fa-%:i.t.:liffilJffliFa-%t;:J:-, -C, PH P~*3 !"ft L "C, 

~~ 2 ~~mL -C-t 1/:9i'/,~ 1 o 1;:mFaT 7,, ◊ 

[0042] (5) -t1/5'~~101.i, £:lf!l/('jj2~~EBL 
-C'.l'l:Fa Lt.: §a~t-1!1,fflfflt Il:il Lt.:JeFa~Cllul.~fflffi1:: ~ 
~-1::l-C,'f-?'X:..-:2.11-l~~L-C,MJ;t,T 
6-r-Y, T>:th'l:,P H P~*3 0f.ll~iJ•6 §1¥J:li!!it·· 
O);l!!~P-Jfflffia", {tp,l:J: ~-c, PH Pilli\!*3 t::m{tt 
7,, • 

(6) ~:h.l;:J:-,-C, JeFa~l:L ~~0f.ll~iJ•6§~£ 
·eo:i, A:im~;l!!~li;Jfflffl2:'.l'l:ltJ&l,,, ~ 1:: iJ'it•~ 7,,. 

[ 0 0 4 3 ] i;llf 51;1:, ::,fs;JeBJjCl)~fi(!/74 (2) ~~Ltd, Cll 
c:·£i ~ -c ' ~]EI 1) 7 t;:t:, It◊ ;i!!~r-J•lfffiW{:lt~-CA 
!'~].T 6 ffllllt~~ Lt: b 0t·&:> 6. [;gf 3 l::t:;lt 6 1:: (ll] 
t. {, 02: (Al t.ilf:%c:·~ L, 8 l.ifflR3cfttl!"C'it, 6. 
[ 0 0 4 4 ] ~1iti/JilJ (2) t;: J: :h.l:f, ~~lr~Cll~'.iEI lJ 

Yt;::t,1, ,-c, fflr13cfttl/lS -C◊mlllt ~ :h.t.::t, •:, l- '7-7 
c:·, ~~fflffim~O)~-c :2. ~ ~fflT ib ~ 1:: i;{C:•~ 
6" l1i! 51::l':S~ ,-c, fflR3cfttM8 l.i, PH P ~-c.A~ 
~T6b0-Z:';/f)-:,'(, ~'.iEI 1J7t::t:,~,-c, i;llf31::~ 
~:h.t.:~mffi 1 1:: 1..J~,:Ci!J-fl=~fi 'J. -'c-Cll{i!10)$'.)t0)1,lj 
Jllt, i!JfFl:i~1if!!/JilJ( 1) C');t~ t I..J~t·;t, 7., • ~..1iti/JilJ(2) 
(;: J: :h.!:L ~'.iE.I. IJ 71;:t:, ~ • -C {, , ~1ii!!/74 (1) Cl)~ 1:: 
(Al~~, ;i!!~NfflffiW~0~-c A ~~T 6 ~ 1:: iJ>-C' 
~ 7,, ◊ 

r o o 4 5 J 111I61i, *Jel!JJO)~fiml74<3l ~~Lt.:tO) 
c:·;/f) ~ -C , 1;m P H P ~-t::·.A ~ fijffi L -C , ~N'lfffli 
mf:!t:-it- i::·:2. ~~l'JlT 6ffllllt !"~ Lt.: t O)"C'ib ~ -c, l1il 
3 t;::ts!t ib 1:: (Alt. t 0 ~ (Al t.cffi:%C:·~ L -C 1, • 6. 
[ 0 0 4 6] ~1iti/JilJ(3) t;:J:::h.l:f, ~~PH P~-c;z 

~f1Jm r___,-c, ~~r1fflfflm~0~-c;z~~fflT6 ~ 1:: 
iJ'ic:-~ 7.,, l1il 61;:;t;~ ,-c, 1;mm 1 l.i, PH P~-CA 
~m~TibbO)c:·i!')~-C, ~fil!/§1](2) t;::tJ~•-CPHP-it 
- c:·:2. ~Wi:!!iT offlr-J~MS 1:: f,',J~~i!J-f1=2:fi'3 • -'f 
O)fl!!0$:,i'Cllffllllt, i!J-fl=li~fil!WIJ (2) 0~* 1:: (ll]~-C·;/f) 
7.,. ~/Jilj(3) 1;:J::h.l:L 1.~I 1) 71;:t:,1, )"( b' ~1ii!! 
1911 (1) O)~* 1:: I..J~~, ~~P-J•fflfflW~0~- c ;z ~ ~ 
fflT 6 ~ c iJ'i-C•~ ib. 
[ 0 0 4 7 ] l;lll 71;1:, ::,fs;JeBJjCl)~fi(!/74 ( 4) ~~Ltd, Cll 

c:·£i~-c' ffi.lJD~Nfflffi~~-CA~~fflTomlllt 
a-~ Lt.: b 0t·;/f),t,. l;llf 3 t::t:;lt 61:: I..J t. b O)~ I..J t::.11!: 
%-C"~ l,, 2 - 1, 2 - 21±-'f:h."f:h.~:lf!llilj-C·t:,~ "C, 
-z-:h.{':h.t.i:tl-c-~T~-c.AI 1J 7~::tf L -c 1, ,7.,. 1 1 
- 21;1:y·- :5'X:..-A t·;t,-, -C, PH P~*Cllf.ll~fflffi/:: 
§1¥Jtl!!c t;:MJ;f; Lt.:A:m~;i!!~P-J'IJffl 1::, §1¥):lf!l:£. t·t;: 
~E13-gl,,,:lf!lt,i:(~-c:2.:r.lJ7~~~T6£:ft!!Jjjj)Cllf.ll 
~1ffl1::~'F(',.l)~L-C~•6. ;i.t.:, [;g[Sl.i, ~fi/!!711 
(4) t:::t:,lt 6~$0:>j/JfF~~)tll)J,t 7., y-71/ A[;g[C:·if> 
7,, • 
[ 0 0 4 8] ::,fs;~IJilJl;:t:;lt ib, ftim~;i!!~R'lfffli1::, 

El 1¥Jtl!!i 't"t;:ffm Lt:tl!!.Bc:·0f.ll~fflfflWf:ltlt'fClli/J{'F 



Ii, iX0J: '3 I:: L -Cfibh.-b. 
(1) ~f§;\!fli, ~:ll!!f.,j 2 - 1 0"t-c·.:z:r. 1) 7f90 (a) 

tl!Lsi:t", :i!i'~[igffiffl0:fJM:!!;~§¥:lt 7.,t.::<11':>, PH P!!iil* 3 
~fr L -C, (a) :ll!!,si:t:::&ify i'J 0~ 2 - 1 ~Ri£m L -C 
-l::/':$'~~1 O~ll'f-tflliT. 
(2) -::nt::J:-,-C~;\!ftl:, ~»U!ffe!J(l) 'c.(,,J~t::L -C, 
(a) t-l!Lsi:iJ' t, § li'-J:ll!!:i t·0&~~~P'l'n'fffl~~lt!IX 
-b • 
[ 0 0 4 9] (3) PHP!!iil*3li, ~~>§!J"Jtl!!l::Jrj 
~ -b et t", JE11J!fl"Jt:: w~fflffl ~m{ie\ 4 7.> ◊ ffe!Ji_ l;L ~ 
tl!lmi 2 - 20"1"- cX:c. lJ 7R0(b) tl!Lsi:IZ:~Lt.::'c. 
~, w~fflffl~mFa Lt.:: 'c. T 7.,. 
(4) -l::1/::>'~Ml Ot.:L ~:ll!!,§j2-2i;i•Gmf§~h.t.:: 
(b) tl!!aC':JwMffffl (PHP;l[ll*30)-f_j'[M'n'fffl) #, f 
-:5'".-7-. l 1-2t::tl}~~h.t.::(a) J:l!Lsi:i.P':>§!J"JJ:l!!A.. 
fi < t.:: ¥:>t::Ri£mT 7.> :ll!!a o:if_j'.[~fflfflt:: ~ :t n -c ~ •-b -JJ"lf 
iJ>~'fl]JE'.T 7.,. 
[ o o 5 o] (5) L LL, -::o:i{_j'.[M•tl'fffli;iif-Y"--7-. 
11- 2[:::~~h.-C~•:j:-lth.i:L -l::1/Y~Ml oa, 
PH P ;l[ll* 3 1::M L -C, ffit.:: I:: (b) tl!Lsi:iJ•t, §!J"Jtl!!:t-c· 
0, :iftlJD:i!i'~P'lffffl~mf§T-b. 
[ o o 5 1] ~»f!iffe!J(4) t::J:h.l:!_ ~:,!fiJ,J.ELt•~ 

iP':>7~nt.::~i'.I::, Ri£~~fll!i:IEL-C §!J"J:ll!!l:::~7.,t.::¥:> 
0ffit.::~:i!i'~Jf;Jffiffl~, ~:/JUL -C'J'l'.ttJ&7.,;: 'c.iJ>--c·~ 7., 

J: '3 1:::~ 7.,. 
[00 52] i;gf91i, *~aJl0~»U!ffeiJ(5) ~:>J't..f.::t0 

-C''&J-:, -c, ~Jt;J•tflff:fJM:!!;"t-c 7-.0:J~IDffeil~:>J' L, 1;g1 
3 !:::;t;Ht-b I:: I,,] t. Lv')~l,ll t.'l!l=%-C0 :>J'L -C~•-b. :tt.::, 
l;RI 1 0 Ii, ~nffiM (5) l::::!Jlt-b;g.Jlllo:i!!Jfl=~~l!Jtt 7., Y 
--'T 1/ 7-_l;gl"'(:·il) 7., • 

[ 0 0 5 3] *~!ffi{JIJl:::!Jlt 7.,. ~:j:-~ftqfflffl:fJM:!!; 
l!.f0!!Jfl=li, ~0 J: '3 I:: L -C fi .bh7.> • 
(1) ~{§;\!fl:L PH P!!iil*3 ~1rL -C, ~J:l!!ffll 2 ~Ri£m 
L -C-t '.1/?'~M 1 o ~ll'f-U'lli"9'. 
(2) ~{§;\!fli, jjljl7)-'J'.jijt-C·~ 1')1,!Jt.:: l3,§ji7)-f_j'.[Mtiffll~, 
P B{§%ett:liffi!Jjj:jl{§%1::J:-,-z:, PH P!!iil*3 ~f)-L 
-C, ~:ll!!mi 2 ~Ri£Ell L-C-t'.1/Y~~ 1 o 1::mfie\ 4 7.,, 

[ o o 5 4 l (3) ~t::. ~{§:,!ftL iii~T 7.> §!J"Jtl!!O)ffl 
ffl~, P Bf§%:t t.::tijfj!Jjj:jlf§%1::J:-,-z:, PH P/!iil* 3 
~* L -C, ~:ll!!f.,j 2 ~Ri£m L -C -l:: '.1/ ::>'~M 1 0 t::mfIT 
-b. 
(4) -l::'.1/:5'~Ml Oli, ~:tf!!,§j2~Ri£El3L-C~{§Lt.::§ 
!J"J:ll!!fflfflt~Fa;\!f0{j'[~•ffi'ffll:: ~~-/:: L'C 7''-:5'"
-.:Z l l - 1 ~~mL-C, M~T7.,f-?, ~.b~P 
H P/!iil*3(7){j'[~iJ,t, §!f"J:ll!!:t--C·~j1.J•tl'fffl~, ,er)'a 
i:: J: .., ·c P H P ~* 3 1::m1'ie\ <1 7., • 

[ o o 5 5] (5) -::ti.1::J:-,-c. ™§~Ii, -fO:>filMT 
-b ~tl!lmi"t- c 7- .:C. lJ 7 i;i> t, § !J"J:ll!!:i '('Cl), ~~:il[~ 
[igfflffl~~ltlfl-b;: I:: t,,-z:-~ -b. 

[ o o 5 6 l ~/111(5) 1::J:nl:L ~~-- ffl~:j:-J:l!! 

( 6) ~lffl-'11-7-250381 

Jffl~-'Nl!~!t@~C':JJt#;!J"J~wMffffl~m l'J~t.::~ 
i'., J: 'J llHffi"d::i!i'~P'Jfflffl~'J'l'.ltJ:\!0;: I:: :t.f-c·~ 7., J: 5 
(;::j:-7., • 

[ 0 0 5 7 ] l;gf 1 lli, *~aJJO)~tl!ffeiJ(6) '2'.:>J' Lt~ L 
o:i--c·il':,--,'(, GP S (Global Positioning System ) m 
~a:fljffl L t.:::ili~Jf;Jffifflf!M!!i"t- c 7-~ ~JJlT 7.>•nx. ~ 
:>J' L -CP7.>. l;gf 31::::!Jlt o I:: IEl t. bC':l~(,,J t.11l'%-C~ 
L, 1 7 liP H Pil[ll*3 t:::1llUtt,ti..t.::G P S~M-C·il':, 
-b. ett:, l;RI 1 21i, ~1911(6) ,:::tJlt7.,;g.JlllO)!JJ{i,~ 
!JI.IIJ!T 7., >--71/ .:Zi;)ll"'(:''&) ◊ O 

[ 0 0 5 8] ::$:~»U!Ml:::i-:llt 7.,, GP Stt'i~~frJJij lf~ 

~P'1fflfflf,\H:J!i~0j/Jfl=li, iXo:JJ: '3 I:: L -Cfi.bh.7.,. 
(1) ~;\!fli, PH P ~* 3 ~fr L -C, ~:ll!!,§j 2 ~Ri£El3 
L. -C-t '.1/::>'~M 1 o 2:il'f-tfttlT. 
(2) ~Fa;\!fli, GP s~~ 1 7 ~-,~!JJL -cm l')~t.::Elmi 
O)fil~fflffl~, P B{§%:it:lilfiljjj:jl{§%1::J:-:, -C, PH 

P!!iil*3~irLC:,£:ll!!mi2~Ri£El3LC:t'.1/:5'~~10 
t::m-f§T 7., " 
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Abstract of JP.2000091982 {A) 

PROBLEM TO BE SOLVED: To prevent the radio quality from deteriorating by 
continuously monitoring the output information of a mobile device and forcibly stopping 
the radio communication of faulty mobile device sending an abnormal output 
automatically or manually by a service engineer if the faulty mobile device is detected. 
SOLUTION: A base station controller ·13 which has received mobile device fault 
detection alarm signals from base stations ·12a to 12n transfers a message to base 
station maintenance controllers 14a to 14k. The base station maintenance controllers 
14a to ·14k sends a mobile device fault detection alarm report out to a total 
maintenance monitor device 19.; A base station position information data server ·16 
retrieves the position of specified base station information and a subscriber 
characteristic identification information data server 18 retrieves specified subscriber 
information from a data base and reports it to the total maintenance monitor device 19. 
After fault information is recorded, the total maintenance monitor device i 9 sends a 
specific MS transmission indication instruction to the base station maintenance 



contro!!ers 14a to 14k under automatic control or rnanua! controL 
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T ollff:J<JJI 1J'J~30)\ •f'h.ii•t.:llcti0, CD MA;§IIJ 
mlidiia;., ;:,_TA l.::l3 It 7., ~il.Hiff % 11'..lljj ll::.:n$. 
[~3:l<JJ15) lmc:li!et-t!!F,ijl;l:mFaWll::.a"!iiiiLt-:~, its 

Faff 11:Jii!i~z-liif~c:li!et-t!!~lllijfllll:11i~ t ]lijlJi:£~~~ 
lfj1J00:11ili!l' 1:: A..fi.;z L -c 1mct:1c1?.~ 'i'f~m:11i~ t.:iffi~ o 
..: I:: l!."%'ffi I:: -t offl>.l<JJf 1 J'J~4 0\ ,f'niJ•t.:~0, 
c D MA;§IIJ~oomFa;., ;z 7 A{.::t:;lt o~aifltW~{l'..lljj 
ll::.::n',$;. 
r ffl3J<JJI 6 ) 1mc£t-t!!f,ijffi!Jflill~Mii'ITTfoc£tfll)aj1!il'i'fftj!J 

W~Mb' t-., idi"11~ nt::: lmc:f$1/J~l!fW~:±: 7 7-A~Fa 
§'e7~a"iru~c£tl!!~t.:'1;m L-, 
~:li!etfll~l.:-C~~'.li:'.~nt~;§l!J~lll'l!i't!lt:±:77-A~Fa 
§e7G~t;,:$'1'<ii7'1.b.7t'J 1--Lt-:fl»½!;l:, jffl;iJIU.: 
1,7 ;,(-7' 1.:-rllllIE~ nt.: 1J 1--71 lfil~t8t:jliza"fi-3 
..: I:: z-%'ffi I:: T -b ffl>.l<JJ'! 1 J'J~ 5 0~ ,flt:IN.:octl!(}), 
c D MAfo/1/J~aidira;., .A "r At.::l31t-b~aA"Afl%1t.lln 
ll::.:nit;. 
[~~7] lmclli'.li:'.MSmFa~ll::.lli4ta"~laLt-:Jll1 

~c.£t-t!!F,ija _ mJi"~ nt.:fo/1/J~i.:x L mra<¥ ll::.lli% a"fi 
~ ,_ 
m1tw .tl:t·~ ~ip-:, tc::~ _ iru~ct:1&1?.1:'il'i'f-wf.l!!~MiiiJi 
lfjfJiY-Jt.:~~fo/1/J~I:: 0imFal.:i'l!ffl L, -C \ ,t-:~a@lil<ll!:ffi!iJ! 
0M1ilca"fi :l J: :l £tfll~t=t~ L, m'.li:'.~ nt-:mr~cfo/lll 
fll I:: (l)jm{§ a" ~ffi1JM1ilc L , 
lmct:1&1?.~ 'i'J'igJ.11!:11i~ U5!lllijM1ilc a" lii~2 L tc: ~, mFa~ 
ll::.lii~E.ffi'.lr ti: ]lij~i:,:li!et-t!!~ftj!Jflill:11i~ I:: liifllc:li!etl!l~~'i'fftjljf;ltl 
~~1:: "-'1-;m L -ciru~ct:1c~'i'f~m~~t=iffi~--t o.:: 1:: 
a-~1:: -t offl:J<rri 1 J'J~60~,f'niJ•t=~clft0_ co 
MA;§IIJ~iiidiFa;., ;;z_ "r Al.::l31t-b~aifltif~1tll1Jll::.n 
$. 
[~~8] ~\1.1/;Jli 1J'J~70\ •f'nii•l.:ilcl¼0C D 



M A~IIJ1!!€il:iBiFa S.--AT .b. t::t:Ht 7.:>~n"!ifl~ftllJj_iJ::1J 
WiJ'~fi .. ,,r~~7°□ ?" :1 A#licllt~ :nt::llc·U#:. 
[~*Jl'!9] S.--A=f.b.P'JO)~IIJ~a:l'iif.mT7.:>CDMA 

~IIJ1!!€iliffiFaS.--::Z 'r .b. t:'&")-> t:' 
tikllf L t..:~lllllla: lJ 7 ,1,;;, 1 A t:~tf:l 1_,;J~,li!J~t=~ 
Faw 11: ~ ;tt..: s: 1:: liciRcT 7.:. llcit'l=-3! t , 
ll~cit'l=-3!~£-~t::J: 1J,llilm-c:·~ 7.:>~'l=-fit ~1llfjzt..: 
S:ca:~ffitT7.:>,CDMA~~fgS.,,A'r.b.. 
[~*JI'! 1 0] lliillclic~'l=-3!&::(;tjJUJ.~•~W~tll 

~:WJ~llfW,lliltf:li.;pJriJ,1,,Jffi'H::ll~~ :ht: ~; 7., s: 1:: a:~ 
t T 7., lii*JI'! 9 llcitO), C D M Af!j:1/J~fg::., AT 

A. 
[~*Jl'!ll] YAT.b.P'JO)f!j;i/Jfta:l'iif-mT7.,CDM 

A~IIJ~:,Bjfgs.,, AT .b. -C'&>-> -C, 
{lj1.-',f~O)fif1=f;: J: IJ *"f~NffilJtlll ~ :h, S.-- ::Z T .b. P'I ~ 
~li!U::f:;;~fflffla:~7., = 1:: i)>"f:~ 7.,~-g-{*~lit 
t, 
3.; ::Z-'rARt:'H'7-:J :-,, I- o-,v~:ht..:film(O)~f/J~ 
t, 
lliilic~f/Jtllt 1!!€il@a-c~m~:nt..:~J:-l!!Ji'u 1::, 
~t-l!!Ji'ut:::t-rr 7., *"fffifJtlila: fi 'J ~:tt!lf.j]* ';:fifj!Jtlil~lit 
t, 
lliilic~t-l!!~f*"fffi!Jtill~lit t lliilic~:tt!lf.j] t O)fffl-c•tiffl,lo:>i'Ji' 
'Jta:T 7.,~:tt!lf.j]ffi!Jtill~litt, 
3.; ::z -'r Apql:t:UIJJ Lt:~ ;7.,~~:tt!!f.j]O){lllita-'r-:7"'
- ::Z11:: CPJi1r Ct:~ ,7.,£:tl!!f>'u{lllit·tlffi'r-:7-l}--r, 1::, 
~Jt!!Ji'u lltWtlttll~~f/Jtl/tlltWfflffl a: ~T 7.:. ~!Wlicit·'f 
- :7-l}--/'\ 1:: ' 
1JUJ.~O)ffllJ...fflffl~'fJf/Jlll~1fm1rtfifft 1) :-,,-:, L-C'r 
-;;>rZ-A{l::~:ht..:1JU1'.~~1fm1J•tflff'r-:7-l}--J'(t 
a:1llfj;tk;:t~~ffitT7.:>, CDMA~i/J~FsYA 
=f .b.. 

[ ?eRJJO)ff*IB~jJiRJJ] 
[0001] 
[?eBJJ0~T7.:>fif;lir)tlff] ::,t,;~BJll;L C DMA~IIJ~t 

:iBiFa S.--AT .b. t:::!3 ~, -C , ~t:: S.-- ::Z T L;;JU+l'f'/;'.:J ,17-::1 
>-' I- □-Jvl/lti~ii'tikilf L t..:~f/Jlll~~tll, %lffilJiffiFsfii!: 11: 
T7.,;: t t::J: 7., C DMA~i/J~FsS.--A-'rLt::t:Ht7., 
~iH,Jl'.~11::Will:1JW&v(C D M Af!j:1/)~{§o.; ::Z T 
Lt:~T 7.,. 
[0002] 
[ffE*0tif;lir] ffE*, COMA ( Code Division Mui tip 

le Access) ~f/J1!!€UFaS.--::Z TL -C0 l;t, l,,J-0J\fili'tlm( 
*t::fi~O)Fa~ii'~T 7.:. t..: <lb, ~:tt!!f.j]t::;t,tt 7., ~~f/J 
ff'liJ,t,O)'Jt1evrZ1v~~"-,i:'t::T 7.:.£•~ C,~E!i-ra'I~) 
iJ,t,, ;: O)~}!ifllJ~a-M~T 7., t..:<lbf::, CD M Afo/~ 
UFa S.--A -'r .b. t: H ~ 1-C U£:tt!!f.j] t fo/~t:;IJ!Ejt~{§ 
tll::/JilH!lffi1Jm (H17-::11/ I-□-,v) iJ'fi.vn-cz tJ, 
lliilicfllJAl!a:M~ LS.--AT AR0~"ufl'.a:-,i:'t::*--::,;: 
t iJ>:!3 ;:,;cJ)h. -C :l3 IJ, ~Jt!!~ii~~O)!R,;ll/;a-~tf:l L 

(3)!ffl2000-91982(P2000-91982A) 

t"..:if,,~U, -'f 0f$f/JM t:~ L ~Fs w 11: a: ~ it 7., J: -3 ,;cFs 
~i-~tll L ~i'ttf:l::/Ji-~11:;;tt..:tl:JllffiiJT 7.:.;: t ii'fi.b:h 
·n ,7.,. < ~lffl'l' 7 - 3 s 4 5 2 > 
[~RJJiiM~LJ: -3 /:: T7.,lill!~l LiJ>L~ii'~ _ ~ 

«:rt:ut..J.rt::¾llf 7., flll~.Ji'l:h'&>-> t..:. 1/!lia~Fatf:l::/J~ 
ffj!Jtilf (1~17-::1::, I-□-Jv) M~h'nki!t L&::ktf:l::/J t ~ 
-,-c~ •7.>61/Jf)!iJtff:tE Lt..:~, S.--A 'r AP'J0~n"!ifl'. 
'1f.\lf L ~ •~ 11:: a:~~ it 7.:. ~n# &> 7., t ~ , -3 ;: /:: -c· &> 
7., ◊ 
[ 0 0 0 3] -fO)J!l!EBU, ~f,jjO)li:< t:::tJ~i-CJliioci'& 

1i:t L t..:~f/J~iJ{:i\i::ktll ::/J t:-c mFa Lt..:~ _ £:tt!!f.j] i::;t, 
~ •-Cl;t{l!JO)fo/f/J~iJ,t,0'Ji'1ah'+#l::t:-~ ~ < ~ tJ, ~ 
li:fl!l~i.J,JW~-c-~ ,;c~, t ~, -3 fl,1M.ii'1:h'&>-> t..:. 
[ o o o 4) ~t..:, ~t~iJ,~f/Jfl!0Jl!;ll/;a:~tf:l Lt'..:;1;11; 

-€/-U, -'E-0f$11Jfl!t::~ LmFaWll: a: ~it7.:> J: -3 ~Fs%a: 
~tll L. ~i'ttf:l::/Ji-Wll::it..:l;tJllffilJT 7.,;: t h>fi.bn -C~, 
7.:> if;_ -'c-0ffi!Jtlll$#1:: L :if !3. -€/-ii>&>-> t..:i.;-€;-t::tL !R,;ll/; 
mn0;;t ;;t iffi1siJ'~m~ n~ t ~, -3 Fo'IM,ii'1:n'&>..., t..: .. 
[ 0 0 0 5 l ,js;?eRJJIUJriJ,~fl,1M.ii'1:a:lfi,7,,.t:~~ht..:t 

0-c--JfJ tJ , Jf 0) 13 f't(J 1:: To t s: .::, Ii, ~mFatf:l ::/J:irom 
ifj!JtllJtil~iJ' tik~f L t..:~f/JfJ!h' S-r AT L i1'J t:::(:f::(CT" 7., iJ' a: 
mi::ru.ll. L' ffft Lt:i.;-€;-l::Uttllt~f/JfJ!0)~1alli::/J a: 
~:tt!!f.j]ffi%lffilJW 11:~;t, S.--A 'r AR01!\lia.Puf:r0)~1!:a: 
l!IJJ!::T 7., CD MA~f/J1!!€aiffiFaS.-- ::Z T .b.0)1/!lia.PuJl'.~{!: 
llJj_tl::::tf'"d,;&U: C D M A~j/J~~FaS.-- ::Z -'r .b. a:~~ 
,,;'1:t::&") 7., O 

[0006] 
[lill!ma:M~T7.:>t:~0-'l=-f:i!lm~Jl'!locl!G0::,t,;~BJJ0 

~'§'l;t, C D M Af$j/J~fgs.,, 7.. T .b. I::$ ft 7.,~iH, 

fl~11::WJil::1JW-C·JfJ-, -Z.:, ~f/Jtl/10)tll1J'tfffl a:mm L -C 
l'iif.m I..,' wm,;ctf:l::/J a-~ L -c~ ){> tikli:t Lt..:~l!Jllla:~tll 
l,t'..:~, §!j/J;;l:t..:li1*9'~t:J: 7.,'j=-j/Jffiljtilf(;:J: tJ"imc 
~~01!!€am1a~%1Mf't(Jt:w1.1::~1tos: t ~~/::T 
7.,, CD M A6f/J1!!€tl:iBiFaS.-- ::Z T At::tJlt 7., ~ifl,fl'.qy;
{l::l!lill:1JWl::7:fT 7., • ~ff~JJ'! 2 l!clitO)::,t,;~aJJ0~'§'i;t, 
~:tt!lf.j]U, tikli:t Lt:lliillt'.~f/Jllll::~T 7.:. ~FaW 11:ffiira: 
tll L , tikllf Lt..: lliilic~f/JllliJ> t, O)'Jt(§ Fa ~;1;,~ 11: L t..:iJ' 
a-liiii L, tikli:t Lt..: llii!t'.fo/f/Jlllii' t, O)'Jt(§Fa %0)fii!: 11:iJ> 
liiu2--c:-~ ~i.,, _, t..:lk¥, tikllf Lt..:irulicfo/f/JIIIO)~~w lU1], 

fJl!.$0:ii' !3. -€/-1::J: IJ w~-c-~ ~~ ,;f;l;i!Jt:"&> 7.:. /:: ~~ L, 
lliilic~Jt!!r,jj;'p(:, tikllt L -c ~ ,7., lliillcflf/JMl::mfg L -c ~ \{> 

t''8:i-%lffilJaN::Wll:T 7.:.;: t a:~ffit T 0m3Jtll'l 1 ~ 
0), C D M Afo/f/J1!!€il:i!i1s S.-- ::Z T .b. l:::tJlt 7., ~,puff~ 
11::WJ1.l::1JWl::7f=T 7.,. ~f::J<;iij 3 llcflO)::,t,;?eRJJ0~'§'i;t, 
'Itti.mu~~f/Jf!!iJ,t,mFs~nt..:W;ti:Fa~a-7>-''r-r~ 
fr L -C 5'8i L,, ~ti:$U'Ji'Fa ~ ht..:lliiocfli;ti:Fs% a:i!
fo/~1::81] •J ~-C t,nt..:fli;ti:::1- H:J: tJ~fli;ti:7&.i 
L, SI R~tll$t::-Ci!-fli;ti:::1- l-'l:::t-rr7.:> SI Ra:~ 
tllL, Eb/ I o~tf:1$1::-Ci!-ffj/Jfj!O)E b/ Io a:~ 
tf:l L, ~~~tll$U, lliilicS I RXl;l:7mcE b/ I o t 



ffi!Jt.W El fflfii 1:: 0~~a-~/:l::l L, _ ~~/:1::l :1J ~$1:L llii 
llc~~v"lff~ffilffl vrc-il'i 1., fp'fl!JE r_, _ ~'ii:'.IIIJlfflt::i::Ll:.llii 
llc~~i,>li'f~ffilffl7~a-~ L, t.::~i'tt::~~ll!W 1:: f!J 
lffi L,, J:fil:0,li!;:ll!!)ljjffilJfiill~@' /;:~~ll!W~tll 75-A 
ffli!ra-m7.>.:: 1:: a-:mt1:: T 1., m4<JJi 1x.u:21::l!i:iJt0_ 
CD MAfH!J~i@Fa:Y 7-. 'r A(;:;Bft 1.,~§l'.;11:;llJi 

.iJ::71u;1::1:r=-t-7.>. llff*JJ! 4 ~ct20;,fs;JllBJ10~'§'1::i:_ rue 
;li!;:ll!!)ljjffi!Jt.W~@'1:1:;li!;:ll!!)ljjmqmuM~M(::1r-t r_, lllmc~~ 
~'!W~/:l::l75-Affl*a-~m L,, ~£~1¥':Tffi!J~ 
@'l:1:lliilic~I/Jllll!~/:1::l 7 5 -A~a-lE'/1\i::~Fa L,t.:: 
~- ~i!Jll/ill!W~/:l::l75-A~{~T~a-ruc£tl!! 
)ljjffi1Jt.W~M1::mFa t.., _ lltrlii:£~ffi!JJW~M1±ruc£t~ 
m-'il'ffiiJfiill~i'ft:IP t-:, im%1 ~ :ht.:: lliillc~~W~tll 7 5-
A '>'l:Fajj:;Tffl* a- lliillc;li!;:ll!!)ljj (;:li,;z L, - lliillc~il'-"1' 
ffi!Jt.W~il!il:l:iff'i'tm-'il'l'ltl:!l~il!i t::lliilic~~W~/:1::l 17 
-Affl*a-z/:1::l L, lltrllctftir1¥-'il'~il!i1iruc~ibfflt 
ll!W~ tll 7 5-A ffl* ~~Fat&, ~{]'[11:iffll/fFr· - -:9 
-tt-1 ,A..£t-l!!)ljjfil:1ftflllir-tt~*a-mt:tl L, _ 1JaJ,..~too~ 
}JIJfflffl'r'--Y-tt-, '"-1Iahfrfflfflflllii-tt~* a-mtll r_, _ 
ruc;li!;t~&il!iffffl'r'-7'-tt-J,1.ir.t'ii:'.~:ht.::£t~ffi 
fflv,t-:,&11:ia-'r-7'"'--7-.t,, t-:,~m 1_, -rlffi'illl~f.\Lil!ifflffl 
2:£t-l!!)ljjfil1ft~l::-Clliillctft~~~il!i"-~ L,, 
1Jll.A~too:tfffiljfflffl'r-7'-tf-J,lif.i'iE ~ :ht.::1JaJ,..~[OO 
~}JIJfflffl/pf-:,f±jiJi' /::f\;;1",/:: ™t ~.i51!F%~Cl)1JDA 
~fflffl a-lliilic'r-7' X..-7-.ip /-:,~ L, -C 1JllA~~ 
--c·tft1rm-'il'~m~il!i"-~ r_, _ m~1rm~&'. 
1:1:, Mlle£~&~* t Mlic1JDA1'fffiffl~ 1:: 1-~{g 
l..,t.::ll'lt - :J :1/'/-Jvll!Bffin;:~i!Jllll~W~/:l::l t lliilli:£~ 
fil:11:ifflffll:: llii~c1JDA~fflffl1:: ~~1/:rff 1:: ~l::Wl'-t ~.:: 
1:: l::J: l'J ~71H::M L:iffi%1 L,, Eli!JffiiJJWXli1¥7-ti /;:J: 
7.,-'j=-j!Jffi!Jfiill-Z:'ruc~ir~9'1'1/tl!l~1i'ii> ~ fr.'ii:'.M s mFaW 
.tl::fiii~ !-lliillc;li!;:ll!!)ljjJ¥9'ffiiJiiJ~&'. (;:isj' l m{t L - lliillcfiii 
'ii:'.M smFaw .tl::tiii~a-ruc;li!;:ll!!)ljj~9'ffi!JM~M1:: lltrlic£ 
t~ffiiJ fiill~i'ft 1:: "'~* L, --c ;li!;:ll!!)ljj l::iffim L - M~ctlii'iEM 
SmFaW .tl::f.i~a-~Fa L,t.::lliilic'.£~1.i, ffi'ii:'.~:ht.::~ 
IIJlll;::if LmFa~ .tl::f.i~!-fi -3 :.1:: a-~~ ti'~ liff*JJ! 
1 J'J::'i':30\if:h,i)>l::!~0, C DMA~i!J~Fa;;., 
;z 'r A 1:::13 It 1-> ~H.Rt'l1f:J;fl:;IW.tl::15'£1::#i' ~ , lift* 
JJi 5 ~cii\0;,fs;?El!J:!0~\;riJ:, ~~ffi1JJW~&'.li£tl!! 
)ljjm9'ffi!Jt.W~li:l:::if l., lliilic~ibfflt~~lfl7 '7-A ~ 
2:' 1/.;m L, - llii~c;li!;~~-'ij'ffilj~i'ftlilliillc'.~ibfflt~Wt,! 
/:l::l75-Affl'i!r2:' :iE'/1\1::'>'l:Fa L,t.::~, ~~Wt',!/:1::l 
75-A'>'l:1'g,'ic,T~~lliilii:£~ffiiJiiJ~1ftl::mFa l,, 
filc'.;li!;:lf!l)ljjffi!Jfiill~&'.lilliillc£~*9'ffilliiJ'5i'i&'.iJ' h ~ 
~i1-t.::1ru~c~i!l•ll!w~l±l7'7-A~Fajj:;Tffl'i!r2:ruc 
£:lf!l)ljj 1::~m L _ lliigc£:lf!l)ljjJ¥9'ffi!JM~1ftli~-'il'~ 
tBJi:l;:ll'fgc~i!Jll/i~W~ili 75-Affli\r!-mtll L, ll'f 
g~ir£i1;9'~~1ftl:l:Mgc~~~Wt9!1±17'7-A~ 
a-'>'l:Fafit, ;li!;~fil:Mfflfflf-7'-it-J \"-.£t~fil:il!iflll 
irit~;:l<a-m/:1::l l,, 1JD)\~i,'£):tfffii_J,tffi!&7'-j1-tf-J \A.. 

(4)~2OOO-91982(P2OOO-91982A) 

1JaJ...~ffifflflll1'.-tt~* 2:m/:1::l r_, _ ttgi:;li!;:ll!!)ljjuti'ftfflfflf 
-Y-tf-J\lif.i'ii:'.~:ht.::~fflffli,'t-Juti'fta-f-5'"'-
- ;z iJ, h t,im l, -C il't~~fil:&'.ffiffl a-;li!;~{.\L~l::-C 
ru~1'.t-i'if!iii'ffl~&'. "-ffl'i!r L, 1JD}..1fi,'£l'ifffi1Jfflffl'r 
- -:9-tf-J '\l;l:f.i'iE~ :ht.::;IJQ)\~(00:tf~)JIJ;F,jffli)>/-:,ff)ilr /:: 
B:;i',1::,l~,'tc~~3~01JDA~ffiffla-ll'flic'r-7'"'
-;zi),t-:,fjim l, --C1JDA1'fffifflffl1/:r-Z:'~1'.~9'~ffl~li:A.. 
~ r_, _ 1rullc~1'.~'if~11:i1:1: _ lliilic£:lf!lf.jjfl[i'ft~ 
t lliiilc1JDJ...~ffifflffl'i!r 1:: a-'>'l:Fa L,t.::ll'lt, :11/ 'J-Jvll!!iiffi 
l::~ibffltll!Wt9!tll t llii!c'.£t-f!!)ljjfil:@'ffiffl t lliilic1JDA~ffl 
ffll:: ~¥1/:rff1::~l::~~i'1.>.:: 1:: l::J: l'J*"f~l::ML,iffi 
%1 L,, El i!Jffi!Jt.WXl:l:1¥~1:: J: 7.>-'J=-i!Jffi!Jilll-Z:'~1'.* 
~t~i'ftv' t-:,flii'ii:'.M s zFaw .tl::tiii~a-llii~c;li!;:ll!!f.jj~q 
ffi!JM~1ft1;:1r-t L-mFa r_, _ rucr.t'ii:'.M smFaw .i1:m~a-llii 
llr.£t~m-'il'ffi!Jf1!11~11!l 1:: 1ru~r.£:ll!!f.jjffi1Jfiill~M t "-~m r_, 
-C£t~l::~9illl,, lrulicflii'ii:'.M SmFaW.tl::f.i~~-ri:FaL, 
t.::lliillc'.£tl!Jf.jjli, f.i'iE ~ .ht.::~i!J-1::M LmFaW .tl::f.i~ 
~ fi -3 .:: c a-~f;& t i' 7., lift;:fcJJi 1 J'J ::'i': 3 01, -. f:hiJ,1::lic 
i¼0, CD MA~i!J~HJIFa;;., ;z f-.b.l::t?tt1.>Y.Rtff 
'i/;'11:;llJi.tl::jji;t;l::#i' ◊ • ffl*JJ! 6 fcti0;,fs;J/lBJICI)~ §' 
1:1: _ ruc£~ffi!JM~il!in'ruc;li!;:ll!!)ljj~9'ffi!J fiill~i'ftiJ' ~ 
~%1~ tLt.:: lliilicffi!Jll/illlW~lfl 7 5-A'>'l:Fajj:;T~'i
filc;li!;:ll!!)ljj l::~m t.., _ ruc;li!;:ll!!)ljjl::-r~'ii:'.~ nt.::~~ 
il!Wt9!/:f:l75-A'J'i'.Fajj:;Tffl1/:rM'-/:, 7' 171)>7' 1 A 7'7 
l- L,t.::~irli, fill}Jl]t;:r,7 ,x-:5' 1::-C~'iE~ :ht.:: 1) l- '7 
1 @l~tfltWma-'IT-3 .:: t a-!f9'f;&1:: i' 7.,liff*JJ! 1 J'J::'i': 5 
Cl)\, •f:hi.Pl::~cii\0, CD MA~i!J~~{g;;., 7- f-Ai:: 
tilt ~~Hu"!iff:J;-fl::llJi.tl::71$1::#-t o. ffl*JJi7llctiG0 
*?EaJl0~ 1g1;1: _ tt~cf'liiJi:'.M s mFaW 11:m~ a-'>'l:Fa L-t.:: 
ruc£ffil)ljjl;I:, tliJi:'.~ :ht.::~i!Jtl/U::M LmFaW.tl::~a
fi\, ,_ mFaW.iJ::c·~~iJ,.,tc:~1'., lliill~ir~-:r,,.l!I!~ 
li:liiJ§Hfi!JtJ91::~~~i!J-t 0imFa 1::f!/!ffl L, -r 1, ,t.::Y@l 
H'«i00i0M,tta-fi-3 J: -3£~1::fiii~L- r.t'ii:'.~:ht.::llii 
~c~ibfflt1:: 0~Fa~'l9!ffil.lM,ttt..,_ M~c~irm~~li: 
li'l9!ffi!JM,tta-ii~f l.,t:ll'lt, mFaf'i' .tl::lri~ffl'i!ra-lliilic'.£:ll!! 
)ljjffi!Jfiill~li: 1:: 1rulir.£:ll!!)ljjJ¥'ifffi1Jfiill~li: 1:: "-~m L- -c1ruljc 
tlt1'.*"f!iii>tR&'.l::319illi' 1->.:: 1:: a-~f;& t T 1-> ffl;:J:cJJ! 1 
J'J::'i': 6 (1) 1,-. fhi,>1::licitCI), C D M Ani!l~~Fa;;., ;z 
f-A 1:::13 It 7., ~H.RtJ!l'.:J;-fl::IW.tl:::ni:tJ::#i"' 7., " ffl~ 8 
~ci1\Cl);,fs; JljHJlCI)~§' I ;I: , liff*J.fi 1 J'J::'i': 7 Cl)\. i-f':h,i)>l::lic 
t20C D M A~i!J~HiffiFa;;., ;z TA l:::131t 7., ~,M!f§l!i 

{l:;Jljj.tl::jji;t;i,>~fioJ~~:ro :7' 7 Ai.ilictiG~ :ht:~cffit1l 
tt-1::#-t 1.," ffl~ 9 llcft0;,fs;?EaJlCl)~'§'l:1:, ;;., ;z 'r A 
V']Cl)ni!Jllli a-~mi' 1., C D M A~i!J~~Fa ;;/ _:;z TA -z:, 
;,., -c _ -/&Ill L-t.::~i!Jll/ia-lJ7,v;91 A -z:-~l±l L'l9iffi'lil9 
(::~{gf!i!: .tl:: ~ -tttc:.:: t llc~T 7., llc~l'9: t -~~ 
-'f81:a-,e•~1::J:: IJ.f9!m--c·~ o.f9!m-'fl'9:c a-v!fl.z.t.::.:: 1:: 1-
~1:: T 7.,, CD MAffi!JYiffiFa;;., ;z f-Al::#i' 7.,. 

llff*JJ! 1 o licllc0*?EaJl0~1g1;1:_ ~~c~-¥1'9:1::1.i 
1JaA~ffiffl~ll!~/:l::lll'lttlJ~ll!W~/:l::l~mb'il'lfil'ltl::~ 



~ h "C l , 7., ..:. t 2: t\'m t T 7., lri!:r3.l<JJ! 9 llcltO), C D MA 
ntlJl!~tl:Jlf§s.,, A 'r At:.:f'fT -5 o ffl3.l<JJ! 1 1 ll~0*,e 
f!Jjv'.)~\aitL 1/ A 'T .l.RO)ni/Jtm~~T 7,, CD M An 
i/J~tliffi{§S.,, 7. 'T k '(>&')-, -C, *1'-ti0ii11=t:.J: iJ *9' 
tii:t.llilmffil!~ h, s.,, 7. :;-krci<7:i~Ml:.ffi,f.;•Frf¥!lb~7,,..:. 
t ii-Z:• ~ 7., Hfii~'Ttii:~M t , 5,-7. T AR--C·1 ,9 - ::i 
1/ ]--. O-Jv~ht;:.~Cl)ni/Jtmt, liiJllc~t~-@l 
*1-Ctlft~ ht;:.£J:l!if.jj t , ~£tt!!f.u(:.fe-tT 7.>~9'ffi1Jffill2: 
fi3£J:i!!f.jj*"f~ffill~Mt,M~£J:i!!f.jj*9'ffil1ffill~Mt 
1J/Jllc£tt!!f.u t 0r.ll-C''fffffl7lt!i'>'t~T 7,, £J:i!!f.jjffi!J~M 
t , Y 7. -r k Jf;J t:.-Cfi:1J/J l, -C 1, '-b~£ffi!f.uO)f_iLM l!'.-r·
'.9 X..-7. {l: l,J9r1f t., -Z: 1, •-b£tl!!f.uffi:Mffi¥ifr-:J-tt-1'
t' £tt!!f.ulltWff~ni!Jtm~W'Frf¥!1a-li~T 7,,lltWlic 
~7''- -:9-tf-J \ t ' :/JU).~0)-fll;IJ..:U:b>~~lf~lj 
tffflt IJ y,:, l, -Cf-j?A:;.-;t..{l:~:h.t:::/JU.A~lf~lj 
tffflf--:9-it-1, t a-fil!ix..t;:...:. t ~~ t T 7,,, CD M 

Ani/J~i!Jmiay 7. 'T kt:.:ffT 7.," 
[ 0 0 0 7] ~:13, *,ellJ!(;::!31, •"C IS I R J t Ii, Si 

gnat to Interference Ratio ( {g%X'f-=f-i_ll,Jt) l!:~l!,f<T 
7., 0 

[ 0 0 0 8] *,eBJJt;::!31,,-z:: : Eb/ I o J /::I;;: 1 t·•y 

J--. 'Jf,t;:. iJ O).:r.:t,Jv~-X't-=f-~ J:t~~T 7-> o 

[ 0 0 0 9] *~BJ!l:.;t31, ,z : MS J t W1obi le Stati 

on ( ni/Jtm l a-~~T 7,," 

[0010] 
[ ,eflJ!O)~ntiO)ID~l tXF, *1ellJIO)~fffiiT>ID~a-i;)gffi 

1:.£-J 1, , -Z: fMIB 1:. maJIT -b " ~ 1 l:.,f.;T J: 3 I:., *~ 
0fflfi!H;:f,1,7., CD l\1Ani!J~*1idi1aS.,, 7. -r Al;L £tt!!f.u 
~ffill~M13t£J:i!!f.jj12a~12nt£!l!!f.m*9'~ffill 
~M14a~14ktni/Jtmlla~llmi::£tt!!~ffi 
1i'ffi¥1Ff--:9-lt-1'1 6 tll$W~f-5'-tt-1q 7 t 
:/JOA,lJ~::fl~!Jffiffl-r-:9-tt-1, 1 8 t ~~9'~ 
ii: 1 9 t-Z:•ll!'{lfl/H'if!l!t~:tt-5 0 

[ 0 0 1 1 ] ni/Jal 1 1 a~ 1 1 mtl:£tt!!f.u 1 2 a~ 1 
2 n t ~1!!1*1-C'~ft~h-C :l3 t), CD MA~:1.J;;:1:1:. 
J: 7.,{§~0)ns'>'tia:bifi:bh7,, 0 ~tt!!f.jj 1 2 a~ 1 2 n 
li£!-lfl)ijH!mffill~li' 1 3 l:.~tlft ~ :h. -C 1, • 7,, " :! t;:., ..:. 0)5,; 
7...Y-kJf;Jt:.li~0£tt!!f.uffi!J~Ml 3 a-lfL, ~1<0 

£!-lflf.ul(jfJffill~M 1 3 l:.li, 1!itt!!f.u*';f;jj!Jffill'~M 1 4 a~ 
1 4 k :b~~tlft~h "C:13 iJ ~£tt!!f.ul:.xtT -b{~';f;jj!Jffil!a-fi 
?o 
[ 0 0 1 2 ] £tt!!f.u~9'ffiljffil!~ii: 1 4 a~ 1 4 k Ii, Lo 

cal Area Network 1 5 ( l-::.lrLAN t ~) I:. J: -, -C ft~ 
~h7,, -'f";, J--. '7-,:, l:.~tlft~:h., ..:.o.i LAN 1 5 J:J:. 
Ii, £!1!!f.uffili'ffiffl'f-5'-tt-1, 1 6 t 11$Wll~-r·-:;1 
-lt-1, 1 7 t:/JU.A~~:fj~g1Jffiffi'r-:9-tf-J'\l 8 /::Hf 
~9'~t.ll~M 1 9 t :ii:1£~ ~ tL -ct:, iJ , ~O)liCJ$ 
-'fcf',l;t li~~ht::Mlictfffl<7:i~-'Fl?,l;t ~7.> o ~iiil'-9' 
ID.ll~ii: 1 9 l:.li, ~"f~fflt'M1=.!/!.2 o :b'1itlft~:h. -Z:t:l 
l'J, <0~~*9'tii:t.llifi1Jffil!~fi-,t;:. iJ, *Y.7..°rAR~ 

(5)~2000-91982(P2000-91982A) 

ffi~9'ffiffla-1l7.>..:. t iPoJfre-Z:'&i> 7-> o 

[ 0 0 1 3 ] !!;t-l!!J,,jffiii:ffifflf--:9-tf-J'\l 6 tL CD 
M Anj}j~ilGffiFa 5,-7.. -r AR t:.-C fi:li/J l, "C 1, • 7,, ~~ 

O)ffiJi'a--r-YX..-7.,f[:l,jiJrlfl, -Ct:; iJ, LAN 1 5-1: 
O)J}IJ~li':b> h {~JJ•J 1:. ~ 3.1< ~ hts:ffiJE£ffi!f.jjO){_iL1i'ffiffl a
;fli,l!;T -ti ..:. t :b'c: ~ -5 , 
[ o o 1 4 l lltWlic~-r·--:9-tt-r, 1 7 !i, £tt!!f.u~W 

~i/Jffll~fWffiffl!:liciiT 7-> t;:.1t:,<7:if--:9-it-1,-c
~ '), *~aJl{;:;t:;1, ,-z: littii$ L,t;:f%i/J!IIO):/JUA~~ 
f_iLJi'ffiffl~ c·~lic~T 7,,~M-C';t:, 7., O :/JU.A~!IDlf~iJffl 
¥1rf-5'-tt-r, 1 81i, ~:IJDA~0lllilA'"'ffli;~i!Jtm!ID 
~•Jfflfflt IJ y,:, ~ht;:.-r·-:;1,-:;.-;,..-z:-&1> iJ, 711~M 
iP h-fll;l.lJIJ I:. ~,ff(~ ht;:. t!'iJE!m::fi~.lJOffiffl:b> h OOA ffiffl 
<am.a~.iffl~-~~~~~>~m*T7.>..::.t# 

--C'2' 7,, 0 

[ 0 0 1 5 ] *-1tii*9'i...'1!l~ii: 1 9 l.i, LA N 1 5 I:.~ 
m~h "("\, •~ '"9""/'("(" O)~Ji'~jll;JJ{;:ffiljffil]l.,_ *~BJ!O)§ 
~&1)7,, 1~~m1a:±:1Jftjli(jqffil] (H'7-:1YJ--.o
Jv) ffl!fmiJ,ttl>f t.,t-:n~iJ{y;,.. :;-.L.Jf;Jl:.:f'f'f£9 -b:b'a
m1:.ru.ll L , :f'ftt t.,t;:.~1:.1itt~-tJi/JalO)m1a:±::n a
w 1.1:: ~it, Y 7.. :;-AR 0~.Iliff <7:i%' ,fl: 2: ll/i 1.1::T 7-> J ..:. 

t ~~Jl.T 7.>t;:.1t:,0q,~f!'i~ffi1Jffill~ii:-C';t:,7.> o 

[ 0 0 1 6] *9'~2 Oli, llrl.'sf~fflfifF.!/!-2 0 ~&'.~ 
t:.J: iJ:tif'l=L, l>fWlicii7-5'-tt-1'1 71:.~~:h.t..: 
l>fWffiffl~~mT 7,,..:. t ii-Z:•t ~. 
[ 0 0 1 7 ] (;lg 2 f;:£t-t!!J,,j5'tia*ftlljf/ll]::;fo 'Y ,:, ~ a-,f.; 

T. ~i/J11=1iJ,j,"""f(7))mlJ"(·;b7.,. TY°r-t-21 U:5't{g 
Im 2 2 1:.mtt ~ h, ~ffi/Jfi!:b' h nsia ~ ht:: lltttFa ~ ~ 
~FaT :5, il'!llttt$2 3 -CU, '>'tf§~ht-:Fa~a-~~i/J 
tml:.WIJ iJ ~-C hht-:llttt=i- r I:. J: iJ il'!llttt~T-b. 
SI R~llil'lll2 41:.-Z:~tt::i- rl:.t-fT7,, SIR~~ 
tfl L, Eb/ I o~lli$2 51:.'(~~~v')E b/ I o 

a-~lli L, ..:hh(7)5't1a1a%:b'h'ffihht-:7'-:9 ( ~s 
I R:!i:.:li~E b/ I o) li~~:191:±:$2 6 f:.5(~~~ 
h, ~tl:lLt;:.~S I Ratt::li~E b/ Io tffiOffil!§ffi'ffi 
t:.fe-t t., -c O)~~a-~lliT 7,,. 

[ 0 0 18 l n~tl:l:htii:t.ll$2 71:li, :191:±:~ht;:.~ 
1ii.£:b'H~iiilfflR--C·'JfJ 7,, :b>f!JJE-t -5, ..:. o.ilk!j,, -JE!k!j,lffl 
i:.~ 0 H~iiioo;~--cib 7.,~iJ,mm t.,t-::ll/,ii, J:uro.i£ 
t-t!!J,,j~9'l(j1Jffill~ii:t:.t-t t.,ni/Jal~W:19!tll7'7-.b.1g%l!: 
mtl:lT :5. 
[ o o 1 9 ) (;lg 3 t:.1i~£Fa~:b'hf%i/Jal~W:19!tll7'7-

A~nstl:lT 7,, :! c:·0)7 o-+..y- J--.a-,r,T, x~O)ni/J 
ffl!:b>lllJ!k!j,1:.1it~£tt!!mi t iffiia t., -c 1, ,7,,~iia-~JET -b" 
~ni!Jtmt• hmFa~ 11.t;:.lltttFa~ a-£tt!!f.u i:.-c '>'tFa 1..,, 

~SI R;!t;:.li~E b/ I o:b>htl\~ia-%8 1 ~b' x:! 
·ea-~tl:l L t;:.f:ft, *1ij~:19!lli 70-1:.-c ~fll!~tl-b, 
[0020]70-32~-C-~~Y-:9ia-l~~o/r

T7,,, 

[ 0 0 2 1] 70-3 31:.-C, ~~Fa~o' i (7)~,ffiiJ{ 



ffilJt.WElffllffWtia t.lr-c-~-b :lpfrJ5ET o. 
[ o o 2 2 l ..: 0~, lffWffil:!llj1;jt•Zf> .-, tc:~l;L 7 o 

-34~-C~71/~i211/?~X1/r-T-b. 
[ 0 0 2 3] 70-3 5 t::-c, i ;!;ix em.t "(~,~~•;!;• 

2f!J5ET 7.>. 1J!7_ "( \, ,,:j:-~ ••i'itt, 70-3 3 ;1;,,;,Jlifit: 
a•)~T. 
[ o o 2 4 l ..: ..: -c·, ~Jl\:Fa% i5 i ti{lf'fWJfiilffla a--m:t 

-C ~ ,t.: ;: c a: 7 o - 3 3 -c-~ ti:\~ :h.t.::t~i'i a:~ i. -b • 
[ o o 2 5 l lffWffil:!lla 2'.ffl.t ·n,t-:~i;l:7o- 3 6 

"'-n!f3:T 7.>. 
[ o o 2 6 l ~il!!~01 ,17- :11/ 1--- o-,v.mt::·n~"3n 

t1Jt11:xt l -czFatf:J:nfil;rffi>J'a--~ l tfi-:i ·n, 7.> t:: 
i1piJ,t:,,;,f\ /3 lill:ilml -Cff~Jfiilffi;t-1,iJ~ l 't 
~, 7., fpf!J5ET 7.> • Ja!,1if.fr{Jt::l;L /3 l!!l-5l-0~"3f3:i/Jtlt::xt 
T-b I a 1 1 0~11Ja:1-x. •Y? l, zFalli:hill;Tt'·~7,, 
~-c-~ -t. 1: Lt•t•bh '""9"tl:l:h-lll;r~:h.~\. ,t f!Jlffi ltc: 
~- /3 lill:ilml -Clff~ffilffl:t-r,ltc:cflj'JET-L 
[ o o 2 7 ] /3 Im :Jim l -C ~~{§% i5 i iJilff~ffilffl a a'. 

:t-,,lt.:c'F'l5E~:h.kll,j, 70-371::-cni/JtllifW 
f,!:±l 7 :;,-A a'. l:: ut0~i1!!~~"1'ffi!Jt.W~~t::M l ztl:\T 
-b. ~:t:,, ffi/Jtlllf%'~tl:\7:;r-AFa%1::l;L :±l:h~;f; 
c~tl:l~:h.~f3:i/Jtl0~fl~ZIJff!'fflt~lli~:h.~~tl!!f.jj 
0~g1Jfflffl1.J,tt1Jn~:h.-b. ot t.: .. -'E-0t!l: 7 o- 3 8"'-n! 
f3:T-t.. 
[ 0 0 2 8] /3 lill:ilm L, -c~~{g% 8 i 1.Jijff~~lffl a a'. 

;t-,,lt.:cfq5E~tv~ch•-:,t-:•-&.-, 70- 3 4"'-n!f3: 
To. 
[0029]70-35~-C~91/9i~x2~:t~W 

*- 70-3 st::-co-91 2.1/?"t:::t:lito~%2~ 
*l .. 7o-3 l~f3:To. 
[ o o 3 o l 1,:1r .. J::lic70-;1;;mm~tt.o. 
[ o o 3 1] rnl4 t:f3:tJJ:!1/lllfW~tf:J75-..b.~ip,;,, 

f3:t/J:!1/lzFaWK~~0~fflJ1/-71/Aa'.>J'T.~il!!~~ 
I) f3:t/Jll~!%'1'!tl:l 7 :;r-Afflilr a'.5'!:Fa l tc:~tl!!rolffill 8m 
1!:flli~il!!~~';fffilJf!!IJ~1!!:lt::M lx •y-t-S-'2~T o. 
[ 0 0 3 2 l ~il!!~~"1'ffi1Jf!!IJ~1!:flli~~x •y-t-S-'21E 

;f;l::'J'l'.Fal~~, f3:i/JtlllfW~tl:\75-A'fl'.Fa§ls;7ffl 
ilr2~il!!~ffillf!!IJ~li't::zFai"" -b. 
[ O O 3 3] ~il!!FnJffi!Jf!!IJ~li'.li~FnJ*';fffilJ~li'ti•,;, 

®ill~ tL -b f3:i/Jtlll!W1'!tl:l 7 5-AJl:fa'k T~a'. ~ti!! 
~l:'-i;zT o. ..: 011,j, ~tl!!~t::-C~5E ~ :h.tc::fo/1/Jll~! 
~tl:\7:;r-A~1'§51:.Tffl*f<l''l:>91'<il'91 ..b. 77 r
ltc:fl1ii'ili, jfflgljl;:J',7X-9t::-C~5E~:h.tc: 1J r-71 
IIDJit!ltffza'.fi 3. 
[ 0 0 3 4 ] ~if!!~~~ljt,lil~~!ii!<!ci'i~~li'.t: 

Hl,f3:t/J:!1/lllfW~tl:l77-Afflilra'.zlliT7.>. 
[ o o 3 5] ~i'i~"1'filiffl~~l~llfWf,!:±l7:;r

A fflilf a'.'fl'.Faf&, ~tl!!~ui:~fflffl'r-9 'ij--J ,~ti!!roi 
ui:1!!:llll!i'iit~*2 ztf:J l, 1JDA~l,!,f1f.fiiJ'tfffll7'·-9-+t 
-1,A.1JDA~fflfflFh'li'iit~*a-ztf:JT -b. 

(6)~2000-91982(P2000-91982A) 

[ 0 0 3 6 ] ~tl!!~ui:1!!:lfflf&'r'-9-tt-1,1i=Mi5E~:h.tc: 
~tl!!f.jjfflffliPhui:ilia:-7'·-9.r-:;.-.7..;1pt-AJlt~ L,, ~ l)J:1, 

1'1-fr<J~ui:li'fflW2~tl!!~ui:~ilr't"i!<!ci'i~"1'~~~ 
~T-b" 
[ o o 3 7] 1JaA~~~g1JfflW7''-9-tt-1'1i=Mi'JE~ 

:h.tc:1JUA~ll'ilfl~Z1Jffifflh•h1JUA~ffiffl ( tl:JiJr, Jx.4'., 
:ifiM'i:, ~~1!=%~cl a'.'r-9.r-:;.-A:b'h~C, 1Ju 
A~fflfflfflilr~il<!ci'i~"1'~~11i"'-ffl*T-bo 
[ 0 0 3 8 ) ifti'i~"1'~~1!ili, ~~{_j'[~ t 1JU 

A~ffifflfflilr a'. :ft:I:: 'J'l'.Fa L, tc: ~, :11/ 'I - Iv 1ffim 1:::fo/tl] 
-W~:±l Lt.::;: t a:-¥ilrif c:ft:l::~>J' L .. ~';f~l::xt 
l Jffim-t -b • ;: 011,j, ~tl!!~ui:li' fflffl c 1JUA ~fflffl b :ft: 
l~~T o . 
[ 0 0 3 9 ) (ll]11,jl::il<!ci'i~"fl'liiN~1!:fllillf%'~-+r-1, 

t:M U!Wfflf&ll~f!i>J';< ·1-t-Ya-ztf:JT -b. 
[ o o 4 o l llfWlic~7'--9-tt-r\l;;t, llfW~I:: 

-r Jffim~ nt-:£f1!l~ui:li'fflffl c 1JnA~'tJW~ 91 .AA 7 
1/7° c ~1:li~T .is,. 

[ o o 4 1 l llfWfflffl0~c~hi§ls;Tltc:t&, Eli!Jffillt,llli 
tc:li~"1'~1:~ 0-'FIIJ~t,llll:J:: I), titi'i-~"1'~~1!:flh> 
Gffi5EM Szf§W K:Mi#il>£tl!J~~'cj'~f!!IJ~li'.1::M lz 
Fa~h.7.,. 
[ o o 4 2) 2fs:x •1-t-Yli£il!!~~"fffi1Jm~li't£tl!! 

~ffilJm~11ta'.!liiz~i1., ~l!!~l::Jffim~n-b, 
[0043]ffi5EMSz1aWKffi#a-~1al,~£!1!!f.jj 

Ii, l!trl::-CJffiFa C-C, >oli~~f3:t/Jtl/U::xtL$FaW Kffi 
#'i-fi~ ,, ~~~f3:t/JtliP00'fl'.FaFa%tiWK l,tc:h>0lii 
~f2T o. 
[ o o 4 4 l ;: 0~0li'UiJJ"?$;1i, ffi 1 t:: r ~~:fo/11Jt11 
t ~11::-c-01lllWJli'""9"nh,-5Ell,jr.lJmm c:1::t,1:: -3 tiw> 
liifiJ cffi21:: 1~"3f3:i/Jt110E b/I oi;{-5El!'fffl!ilt! 
~ l -C~l:f:l:;:pffllt ~-d.:h•c 3 i/>0liiil!J ~-c-1:,7.,, 
[ o o 4 5 ) ~~f3:i!Jt/&h•G0Jl:1a1a-ry-0W Kh9i'm~'t'· 
~ ~ip.-, tc: 11,j, f3:j}Jl/lc.i~~W K>'l!,~$0:;:p J'! iii: J:: IJ 
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Abstract of JPHii 27729 (A) 

PROBLEM TO BE SOLVED: To provide a mobile communication system by which 
information relating to places with a poor radio wave status is collected and such 
places are reprnied in advance to a portable information terminal based on the 
collected information. SOLUTION: A portable information terminal ·10 is provided with a 
current location detection section ·13 that detects a current location, a location 
information processing section ·14 that sends location information at start of 
communication, and a message notice section 16 that receives information related to a 
radio wave status at a current position.; A communication controller 20 is provided with 
a database 24 that stores the location information and information denoting the quality 
of radio wave status in cross reference with the location information, a location 
information extract section 2·1 that extracts the location information from the received 
radio wave and stores it in the database 24, an interrupt processing section 22 that 
monitors the communication status and stores the information denoting a poor radio 
wave status to the database 24 in cross reference with the location information, a radio 
wave state discrimination section 23 that discriminates the propriety of the radio wave 



status corresponding to the extracted !ocaUon information, and a message notice 
processing section 25 that sends the information relating to the radio wave status to the 
portable information terminal i 0, 
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:rvtETHOD AND APPARATUS FOR NETWORK CONTROL 
IN CO~CATIONS NETWORKS 

Background of the Invention 

The present invention relates to the field of wireless communications 

networks and more specifically to methods and apparatus for control of network 

resources in communications networks based upon the times that and locations at 

which communication events occur and at which communication resources are 

available. 

25 Wireless networks 

Wireless communications networks utilize network resources in an 

environment where the demand for and the availability of those communication 

resources is variable over time and with location. Also, the transmission 

characteristics of wireless communications networks frequently change over time 

30 and with location. The combined effects of changes in use requests, resource 
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availability, transmission characteristics and other factors dynamically affect system 

performance where system performance includes reliability, efficiency and 

availability. 

Wireless communications networks have many different characteristics and 

are described, for example, as being single-directional or bi-directional (with 

5 balanced or unbalanced traffic in the different directions), simultaneous or non

simultaneous, ground-limited or non-ground-limited and voice or data or combined 

voice and data. Wireless communications networks employ many types of 

communication protocols including multiple access protocols such as frequency 

division (FDMA), code division (CDMA) and space division (SDMA). 

10 

15 

Wireless communications networks utilize many different network 

resources including antennas, transmitters, receivers, spectrum, channels, switches, 

links and so forth. Wireless networks have interfaces to other systems such as the 

public switched telephone network (PSTN). 

Cellular Networks 

Cellular networks are wireless communications networks that "reuse11 

frequency and other radio frequency (RF) resources within zones or cells to 

provide wireless communication to users such as cellular phones, computers and 

other electronic devices. Each cell covers a small geographic area and collectively 

a group of adjacent cells covers a larger geographic region. Each cell has a fraction 

20 of the total amount of the RF spectrum or other resource available to support 

cellular users. Cells are of different sizes (for example, macro-cell or micro-cell). 

The actual shapes and sizes of cells are complex functions of the terrain, 

the man-made environment, the quality of communication and the user capacity 

required. Cells are connected to each other via land lines or microwave links and 

25 to the public-switched telephone network (PSTN) through telephone switches that 

are adapted for mobile communication. The switches provide for the hand-off 

(hand-over) of users from cell to cell as mobile users move between cells. 

2 
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In conventional cellular networks, each cell has a base station with RF 

transmitters and RF receivers co-sited for transmitting and receiving 

communications to and from cellular users in the cell. The base station transmits 

forward channel communications to users and receives reverse channel 

communications from users in the cell. 

The forward and reverse channel communications use separate channel 

resources, such as frequency bands or spreading codes, so that simultaneous 

transmissions in both directions are possible. With separate frequency bands, the 

operation is referred to as frequency division duplex (FDD) signaling. In time 

division duplex (IDD) signaling, the forward and reverse channels take turns using 

10 the same frequency band. In code division duplex (CDD), the signaling is spread 

across a wide spectrum of frequencies and the signals are distinguished by different 

codes. 

The base station in addition to providing RF connectivity to users also 

provides connectivity to a Mobile Telephone Switching Office (MTSO) or Mobile 

15 Switching Center (MSC). In a typical cellular system, one or more MTSO' s (MSC' 

s) will be used over the covered region. Each MTSO (MSC) can service a number 

of base stations (which are also known as Base Transceiver Stations (BTS)) and 

associated cells in the cellular system and supports switching operations for routing 

calls between other systems (such as the PSTN) and the cellular system or for 

20 routing calls within the cellular system. 

Base stations are typically controlled from the MTSO by means of a Base 

Station Controller (BSC). The B SC assigns RF carriers or other resources to 

support calls, coordinates the handoff of mobile users between base stations, and 

monitors and reports on the status of base stations. The number of base stations 

25 controlled by a single MTSO depends upon the traffic at each base station, the cost 

of interconnection between the MTSO and the base stations, the topology of the 

service area and other similar factors. 

A handoff is a communication transfer for a particular user from one base 

station in one cell to another base station in another call. A handoff between base 

3 
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stations occurs, for example, when a mobile user travels from a first cell to an 

adjacent second call. Handoffs also occur to relieve the load on a base station that 

has exhausted its traffic-carrying capacity or where poor quality communication is 

occurring. During the handoff in conventional cellular networks, there may be a 

transfer period of time during which the forward and reverse communications to 

5 the mobile user are severed with the base station for the first cell and are not yet 

established with the second cell. 

Cellular Architectures 

In wireless networks, both physical channels and logical channels exist 

where logical channels carry signaling data or user data that is mapped onto 

10 physical channels. In cellular networks, traffic channels are logical channels for user 

data and are distinguished from control channels that are logical channels for 

network management messages, maintenance, operational tasks and other control 

information used to move traffic data reliably and efficiently in the system. In 

general, the term channels refers to logical channels unless the context indicates 

15 otherwise and those logical channels are understood to be mapped to physical 

channels. The control channels process the access requests of mobile users. 

Conventional cellular implementations employ one of several techniques 

to allocate RF resources from cell to cell over the cellular domain. Since the power 

at a receiver of a radio signal fades as the distance between transmitter and receiver 

20 increases, power fading is relied upon to enable RF resource reuse in cellular 

networks. In a cellular system, potentially interfering transmitters that are far 

enough away from a particular receiver, and which transmit with acceptable 

transmission parameters, do not unacceptably interfere with reception at the 

particular receiver. 

25 In a frequency division multiple access (FDMA) system, a communications 

channel consists of an assigned frequency and bandwidth (carrier). Ifa carrier is in 

use in a given cell, it can only be reused in other cells sufficiently separated from 

the given cell so that the other cell signals do not significantly interfere with the 

4 
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carrier in the given cell. The determination ofhow far away reuse cells must be and 

of what constitutes significant interference are implementation-specific details. 

In a time division multiple access (TOMA) system, time is divided into 

time slots of a specified duration. Time slots are grouped into frames and the 

homologous time slots in each frame are assigned to the same channel. It is 

5 common practice to refer to the set of homologous time slots over all frames as a 

time slot. Typically, each logical channel is assigned a time slot or slots on a 

common carrier band. The radio transmissions carrying the communications over 

each logical channel are thus discontinuous in time. The radio transmitter is on 

during the time slots allocated to it and is off during the time slots not allocated to 

10 it. Each separate radio transmission which occupies a single time slot is called a 

burst. Each TD MA implementation defines one or more burst structures. Typically, 

there are at least two burst structures, namely, a first one for the user access 

request to the system, and a second one for routine communications once a user 

has been registered. Strict timing must be maintained in TDMA systems to prevent 

15 the bursts comprising one logical channel from interfering with the bursts 

comprising other logical channels in adjacent time slots. 

One example of a TDMA system is a GSM system. In GSM systems, in 

addition to traffic channels, there are four different classes of control channels, 

namely, broadcast channels, common control channels, dedicated control channels, 

20 and associated control channels that are used in connection with access processing 

and user registration. 

In a code division multiple access (CDMA) system, the RF transmissions 

are forward channel communications and reverse channel communications that are 

spread over a wide spectrum (spread spectrum) with unique spreading codes. The 

25 RF receptions in such a system distinguish the emissions of a particular transmitter 

from those of many others in the same spectrum by processing the whole occupied 

spectrum in careful time coincidence. The desired signal in an emission is recovered 

by de-spreading the signal with a copy of the spreading code in the receiving 

5 
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correlator while all other signals remain fully spread and are not subject to 

demodulation. 

In wide band CDMA, different bandwidths may be employed. For 

example, a relatively narrowband signal ( compared with the entire band available 

for the channel) may be used at some times for a lower data rate transfer and a 

5 wider band may be employed at other times for a higher bandwidth a higher date 

rate where the bandwidth is dynamically controlled. 

The CDMA forward physical channel transmitted from a base station in a 

cell site is a forward waveform that includes individual logical channels that are 

distinguished from each other by their spreading codes ( and are not separated in 

10 frequency or time as is the case with GSM). The forward waveform includes a pilot 

channel, a synchronization channel and traffic channels. Timing is critical for proper 

de-spreading and demodulation of CDMA signals and the mobile users employ the 

pilot channel to synchronize with the base station so the users can recognize any 

of the other channels. The synchronization channel contains information needed by 

15 mobile users in a CDMA system including the system identification number (SID), 

access procedures and precise time-of-day information. 

Spread spectrum communication protocols include but are not limited to 

CDMA as well as Frequency Hopping and Time Hopping techniques. Frequency 

Hopping involves the partitioning of the :frequency bandwidth into smaller 

20 frequency components, which a channel then uses by hopping from one frequency 

component to another in an essentially random manner. Interchannel distortion acts 

essentially as Gaussian white noise across time for each channel. Time Hopping 

involves a time division scheme wherein each channel starts and stops at differing 

time slots in an essentially random fashion. Again, interchannel distortion acts 

25 essentially as Gaussian white noise across time for each channel. 

Many cellular networks are inherently space division multiple access 

(SDMA) systems in which each cell occupies and operates in a zone within a larger 

region. Also, cell sectoring, microcells and narrow beam antennas all employ 

spatial divisions that are useful in optimizing the reuse of RF resources. 
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Space Diversity 

The combining of signals from a single source that are received at multiple 

spaced-apart antennas is called space diversity. Micro-diversity is one form of 

space diversity that exists when two or more receiving antennas are located in close 

proximity to each other (within a distance of several meters for example) and 

5 where each antenna receives the signals from the single source. In micro-diversity 

systems, the received signals from the common source are processed and combined 

to form an improved quality resultant signal for that single source. Micro-diversity 

is effective against Rayleigh or Rician fading or similar disturbances. The 

terminology micro-diverse locations means, therefore, the locations of antennas 

10 that are close together and that are only separated enough to be effective against 

Rayleigh or Rician fading or similar disturbances. The signal processing for micro

diverse locations can occur at a single physical location and hence micro-diversity 

processing need not adversely impact reverse channel bandwidth requirements. 

Macro-diversity is another form of space diversity that exists when two or 

15 more receiving antennas are located far apart from each other ( at a distance much 

greater than several meters, for example, several kilometers) and where each 

antenna receives the signals from the single source. In macro-diversity systems, the 

received signals from the single source are processed and combined to form an 

improved quality resultant signal for that single source. The terminology 

20 macro-diversity means that the antennas are far enough apart to have de

correlation between the mean signal levels for signals from the single source. The 

terminology macro-diverse locations means, therefore, the locations of antennas 

that are far enough apart to achieve that de-correlation. Macro-diversity processing 

involves forwarding of signals to a common processing location and hence 

25 consumes communication bandwidth. 
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The mean signal levels in macro-diversity systems are de-correlated 

because each separate signal path has unique propagation properties that diminish 

the signal strength. The propagation properties in each path are different from 

those in each other signal path. These unique propagation properties vary with 

distances above Rayleigh or Rician fading distances and are due to terrain effects, 

5 signal blocking by structures or vegetation and other similar environmental factors. 

10 

Fading due to such factors is referred to as shadow fading. De-correlation distances 

for shadow fading may be just above Rayleigh fading distances and may be as large 

as several kilometers. 

User Location In Cellular Networks 

In cellular networks, equipment and functions are distributed over zones, 

cells, and other coverage areas. In order to control and operate cellular networks 

efficiently, information about the location of active users in the system is 

increasingly important. 

In conventional cellular networks, the user location information that has 

15 been used has included the cell, or sector of a cell, in which a user is located. The 

location of a user in a cellular system is important because of the fading of signals 

as a function of the distance of a receiver from a transmitter. Although increases 

in broadcast power can be used at greater distances between broadcasters and 

receivers, such increases tend to cause reception interference by other receivers and 

20 hence tend to reduce the user capacity of the system. Accordingly, cellular 

networks balance RF resources in order to optimize parameters that efficiently 

establish good system performance. The problems associated with changing times 

and locations that communication events occur and the times and locations that 

communication resources are available have created a need for improved methods 

25 and apparatus for use in wireless mobile communication systems. 

In order to improve system performance, a need exists for improved 

communication controls that account for location/time distributions of changes in 
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user demand for resources, resource availability, transmission characteristics and 

other factors. 

Summary of the Invention 

The present invention is a method and apparatus for network control in 

communications networks. The communications network has one or more 

5 communications zones with users and network resources in each zone 

communicating in channels using messages. The channels are carried by data links 

between the users and network resources. 

Communications in the network are controlled by a network controller that 

includes network applications for controlling the communications among users and 

10 network resources as a function of system parameters, network stores for storing 

information including system parameters, a network operating system for 

integrating the operation of the network applications and the network controller, 

and network processors for processing the network applications and other 

components of the network operating system. 

15 The network controller controls the users and network resources based 

upon the times, locations and conditions of communication events. 

In a wireless system embodiment, the present invention uses historical and 

current information, including system parameters, about the wireless network to 

predict a spatial location where and when mobile wireless users can be connected 

20 for high quality data sessions. 

The invention makes advantageous use of knowledge of the actual 

transport layer over space, the current location and vector of the mobile user, 

either predictive or "planned" information regarding the future path of the mobile 

user, the "backlog" of stored transactions in the network and their priorities, and 

25 the size and nature of the information to be transferred. 

The invention is particularly useful when relatively large data structures are 

to transmitted to and from wireless users. Since large data structures cannot 

conventionally be transferred when the bit error rate (BER) is high without 
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lowering spectral efficiency, the present invention chooses times, locations and 

conditions where low BER exists so as to enhance the transfer of the data. The 

present invention also employs intelligent queuing to further enhance the 

performance. 

The invention is applied to all forms of wireless illumination, regardless of 

5 antenna aperture and is particularly meaningful where there is large variation. The 

use of"smart" (beam steered) antennas increases frequency re-use on the downlink 

in the presence of reliable spatial prediction. The asymmetry in data sessions 

usually means more data is transmitted to the mobile user than from it. 

A network controller is provided that operates to determine and control 

10 the location/time distribution of user requests for resources, the location/time 

distribution ~f available resources, and the location/time transmission 

characteristics. The network controller obtains and stores knowledge over time 

(both current and a priori) that is useful in dynamically optimizing system 

performance. 

15 In one embodiment of the invention, the wireless users are mobile and have 

locations in the zone that can change from time to time. The data transfer 

characteristics of wireless users are a function of their location and provide 

unreliable data transfer at specific locations and/or times. The network controller 

senses when a wireless user is at a specific location and the communication system 

20 adjusts to prevent unreliable data transfers at that specific location and time so as 

to cause a reliable data transfer at other locations or times. 

25 

The foregoing and other objects, features and advantages of the invention 

will be apparent from the follo\\ring detailed description in conjunction with the 

drawings. 

Brief Description of the Drawings 

FIG. 1 depicts a communications system for communications in a region, 

formed by a number of zones, and controlled by a region manager and network 

controllers. 

10 
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FIG. 2 depicts further details of the FIG. 1 system. 

FIG. 3 depicts the a block diagram representation of the network 

controller ofFIG. 1. 

FIG. 4 depicts a block diagram representation of the network controller 

of FIG. 3 in distributed form. 

FIG. 5 depicts the communications system ofFIG. 1 and FIG. 2 where the 

users are cellular users communicating with communication resources that include 

a zone manager for broadcasting communications to the cellular users and that 

include macro-diverse collectors for receiving user communications for forwarding 

to the zone manger. 

FIG. 6 depicts a representation of multiple zones using the macro-diverse 

collectors of FIG. 5 and forming a cluster of zones in a cellular system. 

FIG. 7 depicts a block diagram representation of a typical one of the zones 

of the FIG. 6 system. 

FIG. 8 depicts a block diagram representation of the users, micro-diverse 

15 collectors and an aggregator for the communications system of FIG. 5. 

20 

25 

FIG. 9 depicts a block diagram representation of a space/time data 

multiplexer for the communications system of FIG 5. 

FIG. 10 depicts a representation of a data message transmitted in the 

communications system ofFIG 5. 

FIG. 11 depicts a representation of the wireless data link transmission 

characteristic during the transmission of the data message of FIG. 10. 

FIG. 12 depicts a representation of the modification of the transmission of 

the data message of FIG. 10 to compensate for the data link transmission 

characteristic ofFIG. 11. 

FIG. 13 depicts a representation of the modification of the data link 

transmission characteristic ofFIG. 11 to accommodate the data message ofFIG. 

10. 

FIG. 14 depicts the architecture of the network operating system 

component of the network controller ofFIG. 3. 

11 
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FIG. 15 depicts a server network controller and a client network controller 

of the FIG. 3 type connected together for distributed interaction under control of 

a distributed network operating system. 

Detailed Description of the Invention 

Communications System -- FIG. 1 

5 FIG. 1 depicts a communications system 10 including a communications 

network 11 and other networks 14 such as the PSTN. The communications 

network 11 operates for communications in a region 19, formed by a number of 

zones 5, including the zones 5-1, ... , 5-Z, controlled by a region manager 12 

including a network controller (NET CTRL) 8. The zones 5 include users (U) 15 

10 and network resources (NR) 9 which are connected by data links 1 that enable the 

users 15 and network resources 9 to actively communicate over channels. The 

users 15 and network resources 9 also include network controllers 8 that cooperate 

with the network controller 8 in the region manger 12. Since the users 15 and 

network resources 9 are distributed over the region 19, their included network 

15 controllers 8 are distributed at different locations in the region 19. 

The region 19 and the zones 5 are within the universal spatial domain 

which for generality is defined by three-dimensional coordinate systems so that the 

term location refers to places in the spatial domain that have space coordinates 

within a three-dimensional coordinate system. The spatial domain is typically 

20 partitioned into regions, such as region 19 and the zones (cells) 5, so that scarce 

resources (for example, channel frequencies or other reusable phenomena) from 

one zone can be reused in other zones. In this manner, the scarce resource is 

conserved while communications capabilities are extended throughout the spatial 

domain and particularly in the present example throughout the region 19. A typical 

25 communications network 11 has users 15 in motion at many different locations in 

region 19 and the term motion refers to the relative movement of users 15 with 

respect to network resources 9. 
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In FIG. 1, the users 15 are any users of network resources 9 and are, for 

example, wireless phones, computers and other wireless devices in the 

communications network 11. The network resources 9 are, for example, 

broadcasters, receivers, signal processors and other communications devices useful 

for communications with users in region 19. The users 15 and the network 

5 resources 9 may include both receive-related and transmit-related components that 

can be integrated into a single combined component or may be present as separate 

components and, when separate, the components may or may not be physically 

proximate and may or may not be of different numbers. 

In FIG. 1, any ones of the users 15 may be active or inactive at any given 

10 time. Each active user 15 typically engages in bidirectional communications with 

network resources 9, which in tum typically act to interconnect to one or more 

other users 15 located either within or external to the communications network 11. 

The bidirectional communications between two or more users 15 or to other users 

in the communications system 10 may be simultaneous or non-simultaneous. 

15 The data links I in FIG. 1 include components for the direct and logical 

interconnection of network resources 9 and users 15 and these components exhibit 

capacities and levels of utilization that may change as a function of time, location 

and other system parameters. In some instances, the data link components may 

reach full capacity or may become disconnected directly or logically from particular 

20 network resources 9 or users 15. Furthermore, the data links 1 typically exhibit 

background noise, co-channel and adjacent channel interference, fading and other 

variations due to changes in the system. The changes in the system include changes 

in the number of active users 7, changes in the number of network resources 9, 

changes in background noise, changes due to local phenomena, changes in 

25 attenuation and signal propagation, changes in weather conditions, changes in the 

relative distance of users 15 and groups of users 15 relative to network resources 

9. 

The data link I between the users 15 and the network resources 9 can be 

characterized as wireline or wireless or characterized as a combination ofwireline 
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and wireless. Wireline links include wires and fiber optic and support any of a 

variety of communications protocols including fibre channel, wavelength division 

multiple access and orthogonal waveform techniques. 

The network contro1lers 8 operate to determine and control the 

location/time distribution of communications to service the needs of users 15 based 

5 upon the location/time distribution of available network resources 9 and the 

location/time distribution of transmission characteristics of channels between the 

users 15 and the network resources 9. The network controllers 8 use the location 

and time information obtained and may rely upon the history of prior conditions 

and information to predict conditions that will improve system performance. The 

10 network controllers 8 obtain and store information that is useful in dynamically 

optimizing system performance. 

When the communications network 11 ofFIG. 1 is ground-based and the 

users 15 are mobile telephone users, the system operation typically includes 

handoffs (hand overs) between neighboring zones 5 particularly when a mobile user 

15 15 travels from one zone 5 to another zone 5. In typical environments, noise, 

fading and high Bit Error Rates (BER) are present that can cause dropped calls. In 

such an environment, the present invention schedules the times and locations for 

communications in order to improve communications reliability and reduce losses 

and dropped calls due to noise, fading, high BER or other phenomena. 

20 The FIG. 1 system supports data communications that operate to transfer 

data messages having message transmission durations in data sessions. Data 

sessions for transferring data messages can consist of multiple transmission 

segments. Data messages from or to users 15 can be sent using multiple network 

resources 9 at different times and locations. For each data session, a determination 

25 is made as to where, when and how the data message is to be transferred 

considering system parameters such as sustainable bandwidth and communication 

reliability. 

Some embodiments of the communications network 11 have a 

disproportionate amount of traffic in the forward ( downlink) direction from 
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network resources 9 to users 15 relative to the reverse (uplink) direction from 

users 15 to network resources 9. 

Some embodiments of the communications network 11 experience wide 

variations in directional gain, loss and interference from their components. In such 

embodiments, typically one or more users 15 request data sessions within a 

5 common period of time. Prediction as to when and where to start these data 

sessions with the goal of improving resource allocation improves overall 

communication reliability and availability. In other embodiments, such as traffic 

surveillance and weather surveillance systems, a disproportionate amount of data 

is needed from particular user locations relative to all user locations which are 

10 available to provide data. 

Front time to time, the availability of network resources 9 to serve the 

needs of users 15 changes. Further, the data links 1 over which communications 

occur typically have characteristics that change as a function of time and as a 

function of where users 15 and network resources 9 are located at different times. 

15 The combined effects of changes in service needs, resource availability, 

transmission characteristics and other parameters of the communication network 

11 are dynamically changing and affect the overall system performance. System 

performance includes reliability, efficiency, availability and other factors. 

In FIG. I, each user 15 operates as function of network parameters that 

20 affect system performance in the communications system 10 and the 

communications network 11. For example, a user performance parameter, U( a, a, 

A, -r), is a function of a link parameter, ex, a signal parameter, a, a location 

parameter, A, and a time parameter, -r. The link parameter, ex, is a parameter that 

indicates properties of the RF spectrum resource that is reused such as frequency 

25 in an FDMA protocol or spreading codes or frequencies in CDMA protocol. In 

wide band CDMA (W-CDMA), spreading codes or frequencies are the resource 

where the spreading codes are more efficiently used, but the clock speeds are 

higher in order to accommodate the wider spectrum. The signal parameter, a, is 

a parameter that indicates the quality of the RF signal such as power or bit error 
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rate (BER). The location parameter, A, is a parameter that indicates a location in 

the region 19 and is typically measured in x, y, z or r({}J coordinates. The time 

parameter, -r, is real time, for example. 

Each network resource 9 operates as a function of the network 

parameters. For example, the resource parameter, R( ex, a, A, -r), is a function of the 

5 resources available to service users with the link parameters, ex, the signal 

parameters, a, the location parameters, A, and the time parameters, -r, for each of 

the users 15 and collectively for all of the users 15 of network 11. 

The network 11 as a whole operates as a function of the network 

parameters. For example, a system parameter, S(a, a, A, -r), is a function of all or 

10 some subset of the users 15 needing service, is a function of the network resources 

9 available to provide service considering the link parameters, ex, the signal 

parameters, a, the location parameters, A, and the time parameters, -r, for all of the 

users 15 and the network resources 9. 

The parameters U(ex, a, A, -r), R(a, a, A, -r) and S(ex, a, A, -r) or any 

15 components thereof or statistical values derived therefrom, at any particular time, 

-r=t, are determined from time to time and are stored in a history store for use in 

predicting performance from time to time. 

Communication events are events measured or determined, at event sample 

times (-r= I, 2, ... , T), during communications in the network 11. For each event 

20 sample time, the parameters U(ex, o, A, -r), R(a, o, J..., -r) and S(a, er, A, -r) are 

determined. In one embodiment, communications with mobile users 15 are 

processed to detect the users' locations). in the region 19 and for those locations 

the parameters U(a, o, A, -r), R(ex, o, A, -r) and S(a, a, A, -r) and/or statistical 

values derived therefrom (generically "sampled parameters") are determined. The 

25 sampled parameters for U(a, o, A, -r) are stored as a function of A and R(ex, o, A, 

-r) and S(a, o, A, -r) to create a stored data map for the communication region 19. 

After a statistically significant number of events are stored for a particular location, 

selected new communication events are processed with reference to the stored map 

in the history store. For example, for a selected communication event, the location 
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At of the communicating user 15 is determined, the map from the history store is 

interrogated for the location A0 and the parameters U(a, o, A, -r), R(a, o, A, 't') and 

S(a, a, J...., 't') are analyzed. If communication performance is predicted to be 

improvable, selected components of the parameters U ( ex, a, A, -r ), R( a, a, A, 't') and 

S(a, a, A, -r) are modified so as to improve system performance. 

The stored parameters can be processed in many different ways. For 

example, a sequence of location parameters for a user 15 are processed to yield 

user vector information including both the direction and speed of travel of the user. 

Such user vector information is useful in predicting the future path of the user. 

Speed is important at times because in some cases bad quality can be tolerated 

10 while at other times it cannot as a function of speed. For example, if a user is a 

vehicle moving fast through a location with bad quality, a data message burst or 

segment may not be affected by the location. Alternatively, if the location with bad 

quality is at a stop light where the moving vehicle stops for an extended period to 

wait for the light to change, the data message may be materially affected. Speed as 

15 a function oflocation is an important system parameter for this and other examples. 

Speed is determined for a user using a speed network application. 

In the present invention, the network controllers 8 distributed throughout 

the region 19 cooperate to detect, measure and process the network parameters 

and control the users 15 and network resources 9 to improve and optimize system 

20 performance. 

Wireless Communications Network -- FIG. 2 

In FIG. 2, an embodiment of the communications network 11 ofFIG. 1 is 

shown with users 15 and network resources 9 in region 19 including the zones 5. 

The users 15 are typically wireless mobile users such as mobile telephones, portable 

25 computers and other electronic devices. The users 15 include the users 15-1, ... , 

15-W, located in a zone 5-1. The network resources 9 are typical resources such 

as broadcasters, receivers and signal processors useful in communicating with 

wireless mobile users 15. The network resources 9 include the network resources 
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9-1, ... , 9-R located in zone 5-1. The users 15 and network resources 9 are 

connected by data links 1, including the data links { 1-(1,1) ... 1-(1,R)} ... and the 

data links ... {1-(W,1) ... 1-(W,R)}. Each ofthe zones 5-1, 5-2, ... , 5-Z in region 

19 include users, network resources and data links like those in the zone 5-1 and 

are under control of a region manager 12 and the network controllers 8 for 

5 controlling communications in the region. 

The wireless communications network 11 of FIG. 2 supports 

communications that operate to transfer messages having message transmission 

durations in message sessions. Message sessions can consist of multiple 

transmission segments. Messages can be sent using multiple network resources 9 

10 at different times and different locations 23 in region 19. For example, a mobile 

wireless user 15-1 can receive a message at a particular user location 23-1 in zone 

5-1, at another location 23-2 in zone 5-1 (to which the user 15-1 moves within a 

period of time) or to still another location outside of zone 5-1, for example, 

location 23-3 in zone 5-Z (to which the user 15-1 moves within another period of 

15 time). For each message session, a determination is made as to where, when and 

how the message is to be transferred considering system performance parameters. 

The control of the communications in the communication network 11 of 

FIG. 2 relies upon the operation of the network controllers 8 including the region 

network controller 8 in the region manager 12 and the zone network controllers 

20 8 in the zones 5. 

Network Controller -- FIG. 3 

In FIG. 3, a block diagram representation of the network controllers 8 of 

FIG. 1 and FIG. 2 is shown. The network controllers 8 utilize historical and current 

spatial and temporal information about the network 11 to determine where, when 

25 and how to service the communications needs of users 15. The network controller 

8 in FIG. 3 includes network applications 31, a network operating system 32, 

network processors 33 and network stores 34. 
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The network applications 31 are computer software or other control logic 

for controlling the communications between users 15 and network resources 9. The 

network applications 31 are executed in conjunction with the network operating 

system 3 2 and network processors 3 3 based upon spatial, temporal and other 

information generated and stored in the network stores 34. 

InFIG. 3, the network operating system 32 is a control program, control 

logic or other means which integrates the operation of the network applications 31, 

the network processors 33 and the network stores 34. The network operating 

system 32 maintains a User List, a Net Resources List, a Network Processors List, 

a Network Stores List and runs processes for scheduling and otherwise servicing 

10 the network applications 31. 

15 

In FIG. 3, the network processors 33 are general-purpose or special-

purpose digital processors for executing the control algorithms of the network 

operating system 3 2 and the network applications 31 and for accessing the network 

stores 34. 

In FIG. 3, the network stores 34 are data stores for storing the information 

used in controlling the communications between users and network resources. The 

network stores 34 are of the type accessible by general-purpose or special-purpose 

digital processors for storing control programs and/or control logic of the network 

operating system 32, the network applications 31 and the system parameters, 

20 models and other data of the communications network 11. 

The control information used by the network controllers 9 includes the 

location parameter A, the link parameter a, the quality parameter a and the time 1:'. 

Additional parameters determined as a function of location and/or time include 

traffic statistics such as calls started, calls ongoing, calls terminated, hand-offs 

25 accepted and rejected and call setups attempted and rejected. Further parameters 

include user data such as user location, velocity, equipment and historical travel 

patterns. Still further information includes environmental conditions due, for 

example, to weather (such as rain, hurricanes, tornados and fog); due to events 

(such as sporting and other events with large crowds that concentrate users) and 
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due to time-of-day patterns (such as daily commutes). Further parameters include 

message information including type, size and priority. Further parameters include 

data link and channel information such as bandwidth requirements, transfer time 

restrictions and transmission power. In general, the control information used by the 

network controllers 9 includes any data that is useful in predicting user 

5 communications needs and the availability of resources to meet those needs. 

10 

The network controller 8 of FIG. 3 obtains the parameter data and 

processes the data for storage in network stores 34. The network controller 8 uses 

the stored information to allocate communication resources 9 for servicing the 

users 15. 

Many different network applications 31 are present for execution by 

network controllers 8 to obtain and process parameters and control information 

transfers. In general, the network applications 31 include utility applications that 

are executed to provide information for determining and processing the system 

parameters and include output applications for controlling operations that provide 

15 an out put. Output applications include transfer applications for the transfer of 

information to and from users using network resources. The utility applications 

include, for example, a location application for determining the location J.. of users 

15 and network resources 9, a link application for determining links a, a quality 

application for determining the quality a of signals and a time application for 

20 coordinating time 't. 

Further examples of utility applications include model applications for 

processing the system parameters and other information to form models and data 

maps. Models generated from the history data are used to predict spatial and/or 

temporal changes for one or more parameters used for resource allocation. Models 

25 are generated in some embodiments based upon generalized pattern matching 

without any direct correlation to theoretical user models while in other 

embodiments the patterns are correlated to a theoretical user model. 

The present invention includes a number of transfer applications which are 

active in transferring information to and from users. A data multiplexer application 
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is one example of a transfer application in which a data message is transferred to 

a particular user from one or more of the network resources in a data session. In 

the data multiplexer application, the network controllers 8 determine if the data 

session for transferring the data message can be completed in a single transmission 

segment or whether multiple transmission segments are required using multiple 

5 network resources at different times and locations. The network controllers 

executing the data multiplexer determine where, when and how the data message 

is to be transferred considering the system parameters. 

Another example of a transfer application is a priority application where, 

for example, the first of a number of emergency E911 calls from one location are 

10 given priority but subsequent E911 calls from that location are given lower priority 

than E9 l l calfs from other locations. 

Distributed Network Controller -- FIG. 4 

FIG. 4 depicts a block diagram representation of the network controller 

8 ofFIG. 3 in distributed form. Each of the components of the network controller 

15 8 of FIG. 3 are distributed among the users 7, the network resources 9 and the 

region manager 12. Specifically, the network applications 31 are distributed as 

network applications modules 31-1, 31-2, ... , 31-A, the network operating system 

32 is distributed as network operating system modules 32-1, 32-2, ... , 32-N, the 

network processors 33 are distributed as network processor modules 33-1, 33-2, 

20 ... , 33-P, and network stores 34 are distributed as network stores modules 34-1, 

34-2, ... , 34-S. Each of the modules ofFIG. 4 can be located in different users 15 

and/or network resources 9, but they all operate together logically to carry out 

their respective functions. 

25 

Asymmetrical Cellular System -- FIG. 5 

In FIG. 5, one embodiment of the present invention is implemented in an 

asymmetrical wireless network having multiple collectors 45 in a network resource 
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9. The asymmetrical wireless network of FIG. 5 is of the type described in the 

above-identified US Patent 5,715,516. 

In FIG. 5, a zone 5-1 of the type described in connection with the wireless 

communication network 11 ofFIG. 1 and FIG. 2 provides communication to users 

15 that are wireless users 15 including users 15-1, ... , 15-W. The wireless user 15-

5 1, by way of example, has multiple reverse data links Ii, ... , lNc that connect to 

multiple collectors 45-1, ... , 45-Nc which in tum connect the reverse channels to 

zone manager 20. Each of the collectors 45-1, ... , 45-Nc and the zone manager 20 

are a network resource 9 as described in connection with FIG. 1 and FIG. 2 and 

collectively they are combined network resource 9'. The zone manager 20 connects 

10 the channels to the users 15-1, ... , 15-W. The wireless users 15, the collectors 45 

and the zone manager 20 include network controllers 8 of the distributed form of 

FIG. 4 for controlling the wireless communications in the zone 5-1. The network 

controllers 8 function, in one example, to determine which one or more of the 

collectors 45-1, ... , 45-Nc are active for particular ones of the users 5-1, ... , 15-W 

15 in connection with execution of a network application and at different times and 

locations of the users 15. 

Multiple Zone Asymmetrical Cellular Network-- FIG. 6 

In FIG. 6, one embodiment of the present invention is implemented in an 

asymmetrical wireless network of the FIG. 5 type having multiple zones 5, 

20 including the zones 5-1, 5-2, ... , 5-6, where each zone has multiple collectors 45 

including collectors Cl, C2, C3 and C4. The collectors 45 are network resources 

9 as described in connection with FIG 5. The asymmetrical wireless multiple zone 

network of FIG. 6 is of the type described in FIG. 5 and the above-identified US 

Patent 5,715,516. While the zones of FIG. 6 have been schematically represented 

25 as triangles that collectively form a hexagon, zones are frequently irregular in shape 

and FIG. 6 is only intended to be schematic in nature. Reference is made to the 

above-identified application entitled METHOD AND APPARATUS FOR 

COLLECTOR ARRAYS OF DIRECTIONAL ANTENNAS CO-LOCATED 
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WITH ZONE MANAGERS IN WIRELESS COMMUNICATIONS SYSTEMS 

in which an actual embodiment of zones with irregular shapes is shown. 

In FIG. 6, the zones 5 are like a zone 5-1 of FIG. 5 and a zone 5 

hereinafter described in connection with FIG. 7. Each of the zones 5-2, ... , 5-6 

includes users 15 like those for zones 5 and 5-1. The zone 5-1 includes a C2 

5 collector 45 that operates, at times determined by the network controllers 8, 

together with the collectors C 1 and C3 where collectors C 1 and C3 also operate, 

at times determined by the network controllers 8, with zone 5-2 together with 

collector C4. 

In FIG. 6, the cellular system is shown having zone managers 20-1, ... , 20-

10 6 of which zone manager 20-1 is typical. The zone managers 20 have broadcasters 

16-1, ... , 16-6; where broadcaster 16-1 is typical, that broadcast forward channel 

(FC) communications to multiple users 15 in one or more of the zones 5-1, ... , 5-6. 

The zone managers 20 are network resources 9 as described in connection with 

FIGS. 

15 In FIG. 6, each of the users 15 transmits reverse channel (RC) 

communications to one or more of multiple collectors 45 including collectors Cl, 

C2, C3 and C4, which in tum forward the reverse channel communications to 

aggregators 17-1, ... , 17-6, where aggregator 17-1 is typical. The zone managers 

20 can be located at a base station that is configured in a number of different ways. 

20 In one configuration determined by the network controllers 8, each broadcaster 

broadcasts forward channel communications in a different one of six sectors in six 

different :frequency ranges corresponding to the zones 5-1, 5-2, ... , 5-6. The users 

15 in the different zones transmit in reverse channels on corresponding :frequency 

ranges to the various collectors operating in their broadcast ranges and the 

25 collectors in tum forward reverse channel communications to a corresponding one 

of the aggregators 17. In another configuration determined by the network 

controllers 8, all of the zones use the same :frequency ranges and no sectorization 

is employed and in such an embodiment one or more zone managers may be 

employed. In general, regardless of the configuration, some collector sites are 
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associated with collectors for several zones. For example, C3 services users in two 

zones, 5-1 and 5-2. The backhaul link from C3 to the aggregator 17-1 is shared by 

users from zones 5-1 and 5-2. 

In one embodiment in order to conserve bandwidth, the confidence metric 

bandwidth for one zone is at times reduced in order to permit an increase in the 

5 bandwidth of another zone where the zones are sharing reverse channel 

communication bandwidth from common associated collectors, like collectors Cl 

and C3 in the example described. Bandwidth control algorithms are stored and 

executed in each collector. Further, the zone manager 20 ofFIG. 8 communicates 

with the processors 42 of FIG. 8 over remote interfaces when adjustments, such 

10 as for bandwidth balancing, are required. The implementation of the bandwidth 

control is through a bandwidth network application. 

15 

In FIG. 6, the region manager 12 controls the bandwidth allocation of the 

zone managers 20-1, ... , 20-6 for the contiguous zones 5-1, ... , 5-6 and for other 

zones which may or may not be contiguous to the zones 5-1, ... , 5-6. 

Cellular System -- FIG. 7 

In FIG. 7, a cellular system is shown having a zone manager 20 that 

includes broadcaster (B)l6, aggregator (A)l 7 and network controller (NET 

CTRL) 8. The broadcaster 16 broadcasts forward channel (FC) communications 

20 from broadcaster 16 to multiple users 15 including users Ul, U2, ... , UU located 

within a broadcaster zone 5 designated by the dashed-line triangle. The users 15 

can be at fixed locations or can be mobile. Each of the multiple users 15 transmits 

reverse channel (RC) communications to one or more of multiple collectors 45 

including collectors Cl, C2, and C3 which, when active, in turn forward the 

25 reverse channel communications to aggregator 17 in zone manager 20. The 

broadcaster I 6, the aggregator 17 and the network controller 8-0 can be co-sited 

or at different locations. The determination of which ones of the collectors 45 are 

active for any particular user 15 is under control of network controller 8-0. 

Network controller 8-0 operates to select active collectors based upon bandwidth 
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availability, signal quality and other system parameters. For purposes of 

explanation in this application, it is assumed that collectors Cl, C2 and C3 have 

been selected for user Ul. 

Each of the users 15 has a receiver for receiving broadcasts on the forward 

channels from the broadcaster 16. Also, each of the users 15 has a transmitter that 

5 transmits on reverse channels to the collectors 45. The collectors 45 are sited at 

macro-diverse locations relative to each other generally within broadcaster zone 

5. Therefore, multiple copies of macro-diverse reverse channel communications are 

received at the aggregator 1 7 for each user 15. 

In the FIG. 7 system, when any user 15 is turned from off to on in zone 5, 

10 an access protocol is followed in order that the user becomes recognized and 

registered for operations in the system. First, an orientation procedure is followed 

by user 15 to orient the user to zone manager 20 and any connected network such 

as the Public switched telephone network (PSTN). The user 15 receives access 

synchronization signals from the broadcaster 16. 

15 When a user 15 is turned from off to on in a broadcaster zone 5 and the 

orientation procedure has been followed, the user 15 sends access request bursts 

on an access reverse channel. Each burst includes a predetermined access request 

sequence of bits. 

The collectors 45, distributed at macro-diverse locations, are time 

20 synchronized and receive the reverse channel signals with access request bursts 

from the users 15. The access requests from the users received at the macro

diverse collectm:s 45 are processed and forwarded to an aggregator 17 for final 

user registration processing. 

In FIG. 7, the Ul user 15-1 1 is typical and receives forward channel (FC) 

25 communications including access sychronizationinformation from broadcaster 16. 

The user 15-11 also forwards user-to-collector reverse channel communications 

(°1"RC) including user access requests to each of the collectors 45 and particularly 

to the active collectors CI, C2 and C3 . Each of the active collectors C 1, C2 and 

C3 for user I 5-1 1 forwards collector-to-aggregator reverse channel 
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communications CC1aRC 1) to aggregator 17. The reverse channel communications 

from the Ul user 15-1 1 include the user-to-collector communication u1cRC 1 and the 

collector-to-aggregator communication ctaRC 1, the user-to-collector 

communication u/cRC2 and the collector-to-aggregator communication c/aRC2 and 

the user-to-collector communication u1cRC3 and the collector-to-aggregator 

5 communication ctaRC3. Each of the other users U2, ... , UU in FIG. 7 has similar 

forward channel communications that include access synchronization signals and 

reverse channel communications that include user access requests. 

In FIG. 7, the Ul users 15-li, ... , 15-lu1 are all located in a subzone 

bounded by the collector C 1 and the arc 51 and hence are in close proximity to the 

10 collector C 1. Because of the close proximity, the signal strength of the reverse 

channel transmissions from the Ul users 15-li, ... , 15-lu1 to collector Cl is 

normally high. Similarly, the U2 users 15-21, ... , 15-2u2 are all located in a subzone 

bounded by the collector C2 and the arc 52 and hence are in close proximity to the 

collector C2. Because of the close proximity, the signal strength of the reverse 

15 channel transmissions from the U2 users 15-21, ... , 15-2u2 to collector C2 is 

normally high. The U3 users 15-31, ... , 15-3u3 are all located in a subzone bounded 

by the collector C3 and the arc 53 and hence are in close proximity to the collector 

C3. The signal strength of the reverse channel transmissions from the U3 users 15-

3 i, ••. , 15-3u3 to collector C3 is normally high. 

20 In FIG. 7, the central subzone 5c generally bounded by the arcs 5i, 52 and 

53 are relatively far from the collectors Cl, C2 and C3 so that the reverse channel 

signal strength from all of the UU users l 5-U1, ... , 15-Uuu in this region to each of 

the collectors C 1, C2 and C3 is normally weaker than for users closer to the 

collectors in the subzones 51, 52 and 53. 

25 The forward and reverse channel communications ofFIG. 7 in the present 

invention apply to any digital radio signal system including, for example, TDMA, 

CDMA (including W-CDMA), SDMA and FDMA systems. If the digital radio 

signals of any particular system are not inherently burst structured, then some 
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arbitrary partitioning of time into intervals may be used for processing m 

accordance with the present invention. 

Multiple-Collector Configuration -- FIG. 8 

In FIG. 8, a plurality of collectors 45-1, ... , 45-Nc, like the collectors 45 

m FIG.5, each are network resources, available under control of network 

5 controllers 8, to receive reverse channel communications from users 15-1, ... , 15-

U. For each selected user 15, the selected ones of the collectors 45-1, ... , 45-Nc 

each process the received signals all representing the same communication from the 

user 15. When more than one of the collectors 4 5 is selected, these 

communications have macro-diversity because of the macro distances separating 

10 the collectors 45 ofFIG. 7. These communications include spatially macro-diverse 

data bursts, 1Bp, ... , NcBp, and corresponding processed confidence metric vectors 
1C~, ... , Nee~ that are forwarded to the aggregator 17 in formatted form 

designated as 1B/CM/1M/1CC, ... , NcB/ NcCM/ NW Nccc. The aggregator 17 

combines the spatially diverse data bursts 1Bp, ... , NcBp, and corresponding 

15 confidence metric vectors 1C~, ... , Nee~ to form a final single representation of 

the data burst, Bf, with a corresponding final co_nfidence metric vector, CMr. The 

aggregator 17 may use the measurement signals 1M, ... , NcM and control signals 

1cc, ... Nccc in selecting or processing the data bursts 1Bp, ... , N~P' and/or the 

corresponding confidence metric vectors 1C~, ... , Nee~. For example, if a 

20 particular burst is associated with a poor quality signal, the particular burst may be 

excluded from the aggregation. The quality of a signal is measured in one example 

based on the channel model attenuation estimate. 

In FIG. 8, the collectors 45-1, ... , 45-Nc include RF subsystems 43-1, ... , 

43-Nc which have two or more micro-diversity receive antennas 48-1, ... , 48-Na. 

25 The antennas 48-1, ... , 48-Na each receives the transmitted signals :from each one 

of a plurality of users 15-1, ... , 15-U. Each representation of a received signal from 

a single user that is received by the RF subsystems 43-1, ... , 43-Nc connects in the 

form of a burst of data to the corresponding one of the signal processors 42-1, ... , 
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42-Nc. The received data bursts from the antennas 48-1, ... , 48-Na are represented 

as 1Br, ... , N~r The signal processors 42-1, ... , 42-Nc process the plurality of 

received bursts for a single user to form single processed bursts, 1Bp, ... , N'np, 

representing the signals from the single user. The processed bursts, 1Bp, ... , Nci3P' 

have corresponding confidence metric vectors, 1C~, 2C~, ... , Nee~, 

5 representing the reliability of each bit of the data bursts. Each processed burst has 

the bits Ppi, pp2, ..• , Ppn and the processed confidence metric vector, C~, has the 

corresponding processed confidence metrics CrT)pi, CrT)p2, ••. , CrT)pn· Measurement 

signals, 1M, ... , N~ are formed that measure the power or other characteristics of 

the signal. The processed bursts, the confidence metric vectors, and the 

10 measurements connect to the interface units 46-1, ... , 46-Nc which format those 

signals and transmit or otherwise connect them as reverse channel signals to the ag

gregator 17. 

InFIG. 8, thesignalprocessors42-l, ... , 42-Ncreceivetiminginformation 

that permits collector signals from each collector to be time synchronized with 

15 signals from each of the other collectors. For example, each collector may have a 

global positioning system (GPS) receiver (not shown) for receiving a time 

synchronization signal. Alternatively, or in addition, the zone manager 20 of FIG. 

7 can broadcast or otherwise transmit time synchronization information. The signal 

processors 42-1, ... , 42-Nc provide time stamps in collector control signals 1cc, 

20 ... , Nccc that are forwarded from interface units 46-1, ... , 46-Nc as part of the 

reverse channel signals to the aggregator 17. 

In FIG. 8, a block diagram representation of the aggregator 17 is shown. 

The aggregator 17 includes a receive/format group 66 which operates to receive 

and format signals transmitted by the collectors 45. The received signals 

25 1B/1CM/11-1/1CC, 2B/2CM/2MfCC, ... , NcB/ Nccm;N~ Nccc, after formatting 

are connected to the signal processor 67 which processes the received signals for 

macro-diversity combining. The format group 66 uses the time stamp and other 

control code (CC) information to align the signals from different collectors for the 

same user. More specifically, the unit 66 for each one or more bursts compares and 
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aligns the time stamps from the control fields 1cc, 2cc, ... , Nccc so that the 

corresponding data, confidence metric and measurement signals from different 

collectors, for the same common burst from a user are aligned. 

The signal processor 67 for the aggregator 17 processes the burst signals 

from each user and the Nc representations of the reverse channel signal from the 

5 user as received through the Nc active collectors 45 under control of the network 

control 8 in aggregator 17. The network control 8 in aggregator 17 can use the 

signal processor 67 as the network processor 33 (see FIG. 3). The signal processor 

67 functions, among other things, to generate BER signals and communicates them 

to the network controller 8. The Ne data, metric and measurement values for a 

10 single user include the data and processed confidence metric pairs [1Bb, 1CM], [2Bb, 

2C~] ' ... , [N613b, Nee~] and the measurement values s, 1M, 2M, ... , NcM. The 

processed confidence metrics, 1C~, 2C~, ... , Nee~ are processed to form the 

aggregator processed confidence metrics, 1C~P' 2C~p, ... , Nec~p· 

15 

Communications Network Operation 

The communications network 11 ofFIG. 1 and FIG. 2 operates with many 

network applications 31 as explained with reference to FIG. 3 and FIG. 4. The 

network applications 31 include a number of transfer applications some of which 

are listed in the following LIST 1. 
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LISTI 

TRANSFER APPLICATIONS 

Aoolication Name Application Operation 

Resend Resend entire Data Message upon detection of high 

Application BER 

Segmented Resend Partition Data Messages into segments, record which 

Application segments arrive with BER above and which segments 

arrive with BER below BERT and resend only segments 

when BER is above BERT. 

Error-Correcting Send Data Messages with error correction codes and 

Application correct detected errors. 

Segmented Error- Predict which segments will encounter BER above 

Correcting BERT and send those segments with error-correcting 

Application codes. 

Data Multiplexer Predict locations where transfer in one or more 

Application segments can occur and send Data Message when user 

is at those locations using either a single-segment 

transfer or a multi-segment transfer. 

Multi-User Multiple users receive a broadcast of the same data 

Broadcast message, each transfer to a user potentially using a 

Application different one of the other transfer applications as a 

function of system parameters. 

The present invention operates, in one example, where a data message is 

transferred using a selected one of the transfer applications of LIST 1. The 

decision as to which transfer application to employ is made consulting the network 

20 stores 34 to determine if a history of similar transfers is stored including the 
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availability of resources from the resource parameter, R( a, a, A, -r ), the particular 

characteristics for the particular user from the user parameter U ( a, a, A, -r ), and the 

conditions of the system from the system parameter S(cx, a, A, -r). For example, 

if the history store for the particular user at the particular location, using selected 

data links and other resources for the current time of transmission, and the system 

5 load and priority determined by the system parameter indicates that a data 

multiplexer application is the desirable transfer application to select, then the data 

message is sent using the data multiplexer application. In general, the decision of 

which data transfer application and its transfer algorithm is to be used is based 

upon minimizing the load on system resources. 

10 The load on system resources varies as a function of the network transfer 

application selected. The resend application is more inefficient the greater the 

frequency that the BER is above BERT for a data message since more resources 

must be used for transferring resend traffic. The segmented resend application can 

have increased efficiency relative to the resend application but it is also is 

15 ineffective in high BER environments. The error-correcting application burdens the 

transmissions with extra error-correcting bits. While the segmented error

correcting application increases efficiency relative to the unsegmented error

correcting application, one of the other transfer applications may still be required 

when uncorrectable segments are present. The data multiplexer application is 

20 efficient and usually requires a minimum of resources relative to other network 

applications 31 that also achieve reliable message delivery. 

The quality of received signals as measured, for example, by BER is a 

function of many different parameters in the communications network 11. Also, the 

value for BERT can vary depending on the network application 31 being executed, 

25 the communication protocol, the types of data transferred and other system 

parameters. 
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Data Multiplexer Application--FIG. 9 

FIG. 9 depicts a block diagram representation of a data multiplexer 

application 31-1 together with utility applications 31-0. The utility applications 31-

0 are applications 31 of the network controllers 8 ofFIG. 3 and FIG. 4 and are 

used to support the data multiplexer application 31-1 and other network 

5 operations. The data multiplexer application 31-1 and the utility applications 31-0 

are executed by the network processors 33 of FIG. 3 and FIG. 4. 

The data multiplexer application 3 1-1 functions to determine when some 

portions of a data message are likely to exhibit excessive errors during the data 

session as compared to how a data message otherwise would be transmitted over 

10 a data link absent the intervention of the network controllers. Such errors occur 

when the BER: for messages over the data link is high. In one execution, the data 

message is broken into segments and each segment is sent only when the BER is 

low. In another execution, the transmission characteristics (TC) of the data link are 

modified to reduce BER to an acceptable level so that the data message can be sent 

15 without need for segmentation. In still additional executions, a combination of 

segmentation and transmission modification are used. 

The data multiplexer application 31-1 includes a parameter module 25, a 

link module 26, a transfer module 27 and a message module 28. The message 

module 28 functions to supply and control the data message identifying the 

20 properties of the message including the source of the message, the destination of 

the message, the length of the message and segmentation boundaries within the 

message. The link module 26 identifies the particular network resources that 

establish a data link between the source and destination identified in the data 

message module and the transmission characteristics of the data link. The transfer 

25 module 27 controls the transmission of the data message over the channel and 

selected data link, determines start and stop times of the data message and any 

segments that may be required. The parameter module 25 determines and processes 

the system parameters that are used in controlling the transfer. 
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In the data multiplexer application, the system parameters include the 

current location, Ac, of the destination user, the projected location, Ap, of the 

destination user, the current signal quality, ac, of the data link between the user at 

the current location and the network resource, the projected signal quality, op, of 

the data link between a user at the projected location and the network resource and 

5 the current time, 't'c, when the destination user is at the current location and the 

projected, 't'p, when the destination user will be at the projected location. The 

system parameters are determined and controlled in cooperation with the utility 

applications 31-0 ofFIG. 9. 

In FIG. 9, the utility applications 31-0 support the operation of the data 

10 multiplexer application in the following way. The location utility application 

operates to use location algorithms to periodically, at a location sampling rate, 

identify the current location, Ac, of the destination user. 

Referring to FIG. 7, the location algorithm operates, for example, to select 

three or more collectors 4 5 ( collectors C 1, CZ and C3) that are time synchronized 

15 and.measures the time difference of arrival of the reverse channel signals from a 

destination user such as user 15-1 1. Since the collectors 45 are at known locations, 

the locations of users can be accurately determined at the aggregator 17, for 

example. 

Each current location is stored together with the time of the sample in a 

20 current data table. Concurrently with each location measurement, a quality utility 

application measures the current signal quality, ac, at each current location and 

stores the data in the current data table. A quality-history utility application 

processes all the current data tables for each user to build a quality-history data 

map of the zone with signal quality versus location for each data link separately or 

25 in combination when aggregation of signals is employed. Each new sample of data 

is combined with a weighting algorithm with the data stored in the quality-history 

store. The weighting in one example uses the number of samples used to generate 

the data in the quality-history store as the weight for the data in the quality-history 

store and the weight for each new sample is a weight of I. 
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A speed network application determines the speed of a user, for example, 

by determining the rate of change of the locations in the current data table. 

Although locations of users are important, network applications can also 

determine locations of elements or conditions within the communications network. 

In some cases, the locations and patterns of "interferers" may be of interest. 

5 Interferers can be moving and, include by way of example, climate conditions such 

as heavy fog, rush-hour high usage areas in CDMA and other systems and 

microwave blasts. In general, any of such conditions in a communications network 

can be· located using a condition network application. 

A speed network application determines the speed of users, for example, 

10 by determining the rate of change of the locations in the current data table for each 

user. 

A path-history utility application processes all the current data tables for 

each user to build a path-history data map of the zone with current location versus 

projected location. The path-history algorithm functions to analyze the entire 

15 sequence of locations in the current data table for fits of similar sequences of 

locations in a path-history store. When more than one path in the path-history store 

correlates against the current sequence, branch locations in paths are recorded 

identifying possible alternate future paths. For each stored path, a range of path 

traversal rates are stored as a function of location, time and date. 

20 In one data multiplexer application, a data message is to be transferred 

from a particular user, such as user 15-1 in FIG. 2, to one or more of the network 

resources during a data session. In the data multiplexer application, the network 

controllers 8 determine if the data session for transferring the data message can 

complete in a single transmission segment or whether multiple transmission 

25 segments are required. The data message from user 15-1 can be sent using multiple 

network resources 9 at different times and locations and a determination is made 

as to where, when and how the data message is to be transferred considering the 

system parameters. For example, the data message can be commenced by network 

resources 9-1 when the user 15-1 is at location 23-1, thereafter may be suspended 
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for a time until user 15-1 moves to location 23-2 and the data message continues 

from network resource 9-R and still further may continue to completion only when 

user 15-1 is at location 23-3 in zone 5-Z. 

Data Multiplexer Example-- FIG. 10 to FIG. 13. 

In FIG. 10, the data message DM that extends from t=2 to t=12 is to be 

transmitted in a data session having one or more segments. By way of example, 

assume the data message of FIG. 10 is to be transferred from the user 15-1 1 of 

FIG. 7 to the aggregator 17 in zone manager 20. In the example, assume the user 

15-1 1 is moving on a path 71 starting at a location At=p prior to the current location 

10 At=2 and projected to travel to the location Ai=w· 

To transfer the data message ofFIG. 10 from user 15-1 1 to the aggregator 

17 in zone manager 20 using network resources which include the collector C 1, C2 

and C3, the network controllers 8 determine if the data session for transferring the 

data message can be completed in a single transmission segment or whether 

15 multiple transmission segments are warranted. The network controllers 8 include 

the network controller 8-0 in zone manager 20 and the network controllers 8-1, 8-

2 and 8-3 in the collectors Cl, C2 and C3, respectively. 

To determine if multiple segments are warranted, the network controllers 

8 determine the projected transmission characteristic of the data link over the 

20 projected travel path of the user 15-11 from the current time t=2 at least until t=l2 

and in the present example until t=20 using the utility applications 31-0 of FIG. 9. 

In FIG. 7, the prior path of the user 15-1 1 from }.,t=p to the current location at Ai=2 

is recorded in the current data table. The prior path data for user 15-1 1 is detected 

by operation of the collectors Cl, C2 and C3 transmitting location information to 

25 the aggregator 17. The prior path data in the current data table is analyzed against 

the path-history store data to determine the projected path of the user 15-1 1 

between the location At=2 and location Ai=20. 

As shown in FIG. 11, the transmission characteristic of the wireless data 

link from user 15-1 1 is estimated to have a high BER that is above the threshold 

35 



WO 00/10296 PCT /US99/18185 

BERT between t=9 until about t=14 and hence, between t=9 until about t=14, the 

data message of FIG. 10 cannot be reliably transmitted over the projected path of 

user 15-1 1 unless some adjustment is made. 

As shown in FIG. 12, the present invention in one embodiment makes an 

adjustment and transmits the data message of FIG. 10 in two segments, a first 

5 segment between t=2 and t=8 and a second segment between t= 16 and t=20. The 

first and second segments are present when the BER is below the threshold BERT. 

In FIG. 9, the link module 26 processes the link data a that determines and 

controls what data links are available and active. The transfer module 27 receives 

the data message from the message module 28 and in the present example breaks 

10 the data message for transmission into two segments. The parameter module 25 

processes system parameters including the quality parameter a for the current data 

table and projects the transmission characteristics of FIG. 11 that determine 

projected excessive BER from about t=9 to about t= 15. 

The following TABLE 1 is a current data table for the user system 

15 parameters U( a.,o,A, "t) for the data multiplexer application ofFIG. 9 when only the 

wireless data link a.=utcRCI between the user 15-1 1 and the collector Cl in FIG. 7 

is used for data transfer. Note that the measured current data quality parameter a 

of TABLE I tracks the estimated transfer characteristic of FIG. 11 so that error 

free transfer of the data message of FIG. IO is achieved with effective use of 

20 bandwidth in the two segments of FIG. 12. 
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2.5 

3.5 

3.0 

2.5 

4.0 

6.5 

10.0 

3.0 

1.5 

1.5 

The following TABLE 2 is a current data table for the user system 

parameter U(a,o,A;t) for the data multiplexer application of FIG. 9 when the 

wireless data links a=u1~Cl, a=wcRC2 and cx=u1~C3 between the user 15-1 1 and 

the collector Cl, the collector C2 and the collector C3, respectively, in FIG. 7 are 
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available for data transfer of the data message of FIG. 10. In the TABLE 2 

example, the network controllers determined that the data message ofFIG. 10 can 

be transmitted in a single segment if the quality of the data link between user 15-1 1 

and collector Cl is improved at least between t=8 to t=16. To improve the quality, 

the confidence metric processing for 1C~ in the collector 45-1 of FIG. 8 is 

5 adjusted. The result of the adjustment reduces the BER below the threshold BERT 

as shown by the broken line in FIG. 13. 

Note that the measured current data quality parameter a 1 of TABLE 2 is 

below the threshold BERT for the entire period t=2 to t=12 so that error free 

transfer of the data message of FIG. 10 is achieved in one segment from t=2 to 

10 t=12. 

Note-that the measured current data quality parameters Oi, 0 2 and a 3 of 

TABLE 2 ( which for purposes of the present example are assumed to be the same 

as the estimated values) indicate that other mechanisms for error free transfer of 

the FIG. 10 data message are available to the network controllers 8. For example, 

15 during the period from t=8 to t=16 when the quality of a 1 is bad, the quality of a3 

is uniformly good and below the threshold BERT. Accordingly, the network 

controllers 8 can operate to select one portion of the data message of PIG. 10 over 

the data link cx=u1'RC 1 from t=2 to t=8 and the other portion of the message over 

the data link cx=u1cRC3 from t=8 to t=12. As a further alternative, aggregation of 

20 the signals is possible from all of the data links cx=utcRC 1, cx=u1cRC2 and cx=utcRC3 
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between the user 15-1 1 and the collector C 1, the collector C2 and the collector C3, 

respectively, as forwarded to the aggregator 17. 

t=p ).t=p 2.5 5.5 5.5 

t=p+l A t=p+l 3.5 5.0 5.0 

• 
• 
• 

t=0 A t=O 3.0 4.5 5.5 

t=2 Ai=2 2.5 5.5 5.5 

• 
• 
• 

t=8 ). t=8 4.0 6.0 3.5 

t=lO A t=IO 4.5 5.0 3.5 

t=l2 A i=12 5.0 5.5 2.5 

t=l4 A t=14 4.5 5.0 3.5 

t=l6 A t=16 3.0 5.5 4.5 

t=l8 A t=l8 1.5 3.5 4.5 

t=20 A t=20 1.5 2.5 4.0 

The decision as to which particular resources and methods are employed 

for each data message is a function of the quality of the history data in the history 

stores and the efficient allocation of resources among users competing for system 
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resources. The utility applications 31-0 include a resource application that operates 

to determine resource parameters, R(a, a, A, -c), as a function of the resources 

available to service users with the link parameters, a, the signal parameters, a, the 

location parameters, A, and the time parameters, -c, for each of the users 15 and 

collectively for all of the users 15 of network 11. 

The network 11 as a whole operates as a function of the network 

parameters. For example, a system parameter, S( a, a, A, 't ), is a function of all or 

some subset of the users 15 needing service and is a function of the network 

resources 9 available to provide service considering the link parameters, ex, the 

signal parameters, a, the location parameters, A, and the time parameters, 't, for all 

10 of the users 15 and the network resources 9. 

The network controllers 8 are distributed in FIG. 7 in the manner indicated 

in FIG. 4. InFIG. 7, the network controller 8-0 in the zone manager 20 is a server 

network controller or a client network controller depending, among other things, 

on the direction of data transfer and the other network controllers 8-1, 8-2 and 8-3 

15 in the collectors C 1, C2 and C3 are client network controllers or server network 

controllers depending, among other things, on the direction of data transfer. 

The distributed components of network controller 8-0 include the FIG. 3 

components, namely, server network applications 31, server network operating 

system 32, server network processors 33 and server network stores 34. The server 

20 network stores 34 include the current data store for storing data of the TABLE 1 

and TABLE 2 type, a quality-history store, a path-history store, a program store 

for storing the network operating system 32 and network applications 31. The 

server network applications 31 include the transfer applications, such as the data 

multiplexer application, and utility applications. The utility applications include a 

25 resource application that operates to determine resource parameters, R( a, a, 1, 't) 

which among other things identifies the collectors (Cl, C2 and C3) available, 

operational features of the collectors (for example, confidence metric parameters, 

micro-diversity, aggregation and non-aggregation modes, location and time off-sets 

from server time, current users and channel assignments) and the features of the 
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zone manager (for example, confidence metric parameters, the presence of micro

diversity and the number of micro-diverse antennas for collectors, aggregation and 

non-aggregation modes, location and time off-sets from other zone managers and 

the current user load for the channels in use). The utility applications include 

system parameter, S(a, a, A, -c), application for keeping track of the users 15 

5 needing service and the network resources made available to provide service. The 

server network operating system 32 includes a scheduler task for scheduling the 

operations of the network applications 31 and the other operations of the network 

controller 8. The server network processors 33 are any one or more processors 

for executing the network applications 31 and the network operating system 32. 

10 In general, the server network applications 3 I, server network operating system 

3 2, server net;.ork processors 33 and server network stores 3 4 within the network 

controller 8-0 ofFIG. 7 correspond to the components of modules 31-1, 32-1, 33-

1 and 34-1 with reference to FIG. 3. 

The distributed components of network controllers 8-1, 8-2 and 8-3 in a 

15 conceptually simple embodiment are substantially identical to those in the network 

controller 8-0 except that they are made to function as clients or servers, the 

opposite as the functioning of controller 8-0 depending on the network application 

and other factors. With reference to FIG. 4 and FIG. 7, a network controller 8-1 

for collector Cl includes the distributed components 31-2, 32-2, 33-2 and 34-2 ,a 

20 network controller 8-2 for collector C2 includes the distributed components 31-3, 

32-3, 33-3 and 34-3 (not explicitly shown in FIG. 4) and a network controller 8-3 

for collector C3 includes the distributed components 3 1-4, 3 2-4, 3 3-4 and 3 4-4 

(not explicitly shown in FIG. 4). In actual practice, however, the requirements of 

the network controllers 8-1, 8-2 and 8-3 are generally less so that for economy, 

25 only a subset of the components of the network controller 8-0 need be mirrored in 

the network controllers 8-1, 8-2 and 8-3. 
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Network Operating System - FIG. 14 

In FIG. 14, the architecture of the network operating system 32 of FIG. 

3 is shown and is that of a real-time operating system with the conventional 

structure, features and capabilities of such operating systems. The architecture is 

5 different in that it is a wireless operating system in that components of the 

operating system are interconnected over wireless links in a communications 

network. In addition to the conventional structure, features and capabilities, the 

network operating system 32 includes in one embodiment the communications 

architecture of the following TABLE 3. 

10 

15 

20 

25 

30 

Network Operating System 
Scheduler Task 
Synchronizer Task 
Priority Task 
Conventional Tasks 

Network Applications 

Output Applications 

TABLE3 

Data Transfer 
Multipoint Data Transfer 
E911 
User Location Report 
Operation And Maintenance Reports 

Utility Applications 
User Location Detect And Location Store Update 
User Direction and Rate of Travel 
Network Resources Assignment and Control 
Link Quality Detect And Quality-History Store Update 
User Path Detect And Path-History Store Update 
Channel Assignment And Control 
Channel Handover 
Network Resources Selection (Broadcasters/Collectors) 
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Referring to TABLE 3, FIG. 3 and FIG. 14, the network operating system 

3 2, in addition to conventional tasks 84, includes, for example, a scheduler task 81, 

a synchronizer task 80 and a priority task 82. The scheduler task 81 functions to 

schedule execution of the network applications 31. The synchronizer task 80 

functions to synchronize the server execution with the client execution. The 

5 priority task 82 functions to control the prioritization of scheduled executions of 

network applications 31 and detects and responds to high priority events and the 

network applications that are affected. Each instance (for example, a server 

instance and a client instance) of the network operating system of FIG. 14 can be 

executed on one or more of the network processors 33 as indicated in FIG. 3 and 

10 in FIG. 4. 

Referring to FIG. 14, an embodiment of the network operating system 32-

1 is shown that can be both a server instance and a client instance of the network 

operating system. The network operating system 3 2-1 includes conventional tasks 

84, scheduler task 81, a synchronizer task 80 and a priority task 82. The scheduler 

15 task 81 schedules conventional tasks 84 and network applications 31 requiring 

execution. The network applications 3 1 requiring execution are stored in the 

network operating system (NOS) queues 83 including the priority queue 83-1, the 

repeat queue 83-2 and the demand queue 83-3. The demand queue 83-2 queues 

output applications that are added to the demand queue by the queue load 89. The 

20 queue load 89 is supplied by network applications from various sources including 

internally generated requests from the network operating system 32-1 at input 88 

and by network applications detected by the channel analyzer 85. The channel 

analyzer 85 functions to monitor activity on the channels to detect output 

applications that require scheduling. The repeat queue 83-2 queues utility 

25 applications that are repeatedly executed to keep the system parameters and other 

information current. The priority queue 83-1 queues priority applications that need 

priority attention as determined by the priority task 82. The priority task 82 

monitors the activity of the queue load 89 to detect high priority applications, such 

as E9 l 1 applications, and grants such applications priority to the scheduler task 81. 
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Scheduled tasks from the scheduler task 81 are then synchronized in the 

synchronizer task 80 to insure coordination between client and server embodiments 

of the network operating system 32. 

Server/Client Architecture - FIG. 15 

5 In FIG. 15, a server network controller 8-0 and a client network controller 

8-1 of the type described in connection with FIG. 3 with a network processor 33 

and network stores 34. The network stores 34 include the network operating 

system 32 and network applications 31 including output applications and utility 

applications. 

10 The manner in which the network controllers 8-0 and 8-1 operate in 

15 

connection with the data multiplexer application ofFIG. 9 is as follows assuming 

that the data message of FIG. 10 is to be transferred from a zone manager 20 to a 

user 15 (the opposite direction to that previously described) under control of the 

server network controller 8-0 and the client network controller 8-1 ofFIG. 15. 

In FIG. 15, two instances of the network operating system 32-1 ofFIG. 

14 are invoked, one for the network controller 8-0 having modules with subscripts 

ZM and one for the network controller 8-1 having modules with subscripts Ul. 

Referring to FIG. 9 and FIG. 15, the network controller 8-0 includes, for example, 

message module 28, MM:ZM, transfer module 27, TMZM, link module 26, LMZM, and 

20 parameter module 25, PMZM. Referring to FIG. 9 and FIG. 15, the network 

controller 8-1 includes, for example, the message module 28, MM:m, transfer 

module 27, TMm, link module 26, LMm, and parameter module 25, PMm. 

The module, MMZM, includes, for example, a Server_ID, a Client_ID, 

DataMessage _ID and a DataMessage _ Length and places through the queue load 

25 89 ofFIG. 14 the transfer application for the data message on the demand queue 

83-3. The module LMZM includes, for example, a Server_ID, a Client_ID, a 

DataMessage _ ID, a Channel_ ID and a Link_ ID for identifying the channel and link 

over which the data message is to be sent. The module PMZM includes, for 

example, a Server_ ID, a Client_ ID, a DataMessage _ ID, a Channel_ ID, a Link_ ID 
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and user parameters Pm for the particular data link between user 15 and zone 

manager 20. The parameter processing, relying on utility applications, determines 

the current location, ).c ofUl, the estimated path ofUl and where on the estimated 

path the transfer characteristic, TC, is less than BERT. The module TMZM includes, 

for example, a Server_ID, a Client_ID, a DataMessage_ID, a Channel_ID and a 

5 Link_ ID. The module TMZM, for locations on the estimated path ofUl where TC 

is less than BERT, partitions the Data Message into one or more segments. For 

transfer of the data message, the module TMZM issues a Message_ TransferMethod 

(one of the transfer applications of LISTI and in the present example Data 

Multiplexer), Message_ Length, No_ Segments, Message_ Start, intermediate 

10 segment messages, if any, and Message_ End. The intermediate segment messages 

include Segrrientl_Start, Segmentl_End, Segment2_Start, Segment2_End, ... , 

SegmentL_Start, SegmentL_End. Assuming that the FIG. 12 segmentation is 

employed, the module TMZM issues a Message_ TransferMethod (Data 

Multiplexer), Message_Length (10), No_Segments (2), Message_Start (t=2), 

15 Segment 1 _ Start ( t=2), Segment 1 _ End ( t=8), Segment2 _ Start (t= 16), Segment2 _ -

End (t=20) and Message_End (t=20). 

The module, MMui, receives a Server_ ID, a Client_ ID, DataMessage _ ID 

and a DataMessage_Length and places on the priority queue 83-1 through the 

queue load 89 and priority task 82 of FIG. 14 a transfer application to control 

20 receipt of the data message. The module LMm receives a Server_ID, a Client_ID, 

a DataMessage_ID, a Channel_ID and a Link_ID for identifying the channel and 

link over which the data message is being sent. The module PMm receives a 

Server_ID, a Client_ID, a DataMessage_ID, a Channel_ID, a Link_ID and, 

assuming in the embodiment described that the user has the capability to calculate 

25 BER, calculates user parameters Pm including the actual BER for the transfer of 

the data message over the particular data link between user 15 and zone manager 

20. The parameter processing determines when the transfer characteristic, TC, is 

less than BERT during the data message transfer. The module ™m receives a 

Server_ID, a Client_ID, a DataMessage_ID, a Channel_ID and a Link_ID. The 
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module TMm, for locations on the estimated path ofUl where TC is greater than 

BERT> determines if the Data Message segments are active, that a Segment_Start 

has been received and a Segment_End has not. During transfer of the data 

message, the module TMm looks for a Message_ TransferMethod, Message_ -

Length, No_ Segments, Message _Start, intermediate segment messages, if any, and 

5 Message_End. With the FIG. 12 segmentation, the module TMm receives a 

Message_TransferMethod (Data Multiplexer), Message_Length (10), 

No_Segments (2), Message_Start (t=2), Segmentl_Start (t=2), Segmentl_End 

(t=8), Segment2_Start (t=l6), Segment2_End (t=20) and Message_End (t=20). 

In embodiments where the users have the ability to detect BER, if any high 

10 BER error condition is detected during any one of the segments, the error 

condition is reported by the client network controller 8-1 to the server network 

controller 8-0 for appropriate resend or other operation. 

During a high BER period such as between t= 10 and t= 14 in FIG. 11 for 

example, communications over the channel may be lost such that the channel needs 

15 to be reestablished. Upon reestablishment of the channel, only unsent segments 

need to be sent, for example the segment from t=l6 to t=20 in FIG. 12 in the 

example described. 

While the invention has been particularly shown and described with 

reference to preferred embodiments thereof it will be understood by those skilled 

20 in the art that various changes in form and details may be made therein without 

departing from the spirit and scope of the invention. 
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Claims 

1. A communications network for communications in one or more 

communications zones comprising: 

a plurality of users in said communication zones, each user for 

communicating over channels using messages, 

a plurality of communication resources for said communication zones, said 

communication resources for communications with said users over said 

channels, 

a plurality of links for connecting said users to corresponding 

communication resources for transferring said messages over said 

channels, 

network controller means including, 

network applications for controlling the communications among users 

and network resources as a function of system parameters including 

a location parameter, 

network stores for storing information including system parameters, 

a network operating system for integrating the operation of the network 

applications and the network controller means, 

network processors for processing the network applications and the 

network operating system to control communications among users 

and network resources. 

2. The communications network of Claim 1 wherein said network controller 

means has network controller components distributed at multiple locations in 

the communications network. 

25 3. The communications network of Claim 2 wherein said network controller 

components include server components and client components that cooperate in 

a server/client relationship to control communications among users and network 

resources. 
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4. The communications network of Claim I wherein, 

said links include wireless data links having from time to time transfer 

characteristics that exhibit changes that affect the quality of transfers of 

said messages, 

said system parameters include quality parameters that represent the quality 

of transfers over said wireless data links, 

said network applications include a transfer application for controlling the 

scheduling of the transfer of said messages to adjust for changes in said 

transfer characteristics. 

10 5. The communications network of Claim 4 wherein quality is measured as a 

bit error rate. 

6. The communications network of Claim I wherein, 

said network applications include utility applications and one or more output 

applications. 

15 7. The communications network of Claim 5 wherein said output applications 

include a data multiplexer application. 

8. The communications network of Claim 7 wherein said data multiplexer 

application includes a message module for providing messages, a link module 

for controlling links for transferring said messages, a parameter module for 

20 processing system parameters to determine specific locations of users where 

said messages with high quality can be transmitted over the established links, 

and a transfer module for transferring said messages at said locations of users. 
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9. The communications network of Claim 7 wherein said data multiplexer 

application partitions data messages into segments and controls the times when 

and locations where said segments are transferred. 

10. The communications network of Claim 7 wherein said data multiplexer 

5 application partitions a data message having a message length, Message_ -

Length, into a number of segments, No_Segments, where the data message is 

transmitted with a message start time indicator, Message_ Start and is 

terminated with a message stop time indicator, Message_ Stop, and wherein one 

or more segments 1, 2, ... , L between Message_Start and Message_Stop are 

10 sent with segment start and stop indicators Segmentl_Start, Segmentl_End; 

Segment2_Start, Segment2_End; ... , SegmentL_Start, SegmentL_End whereby 

each of said one or more segments is transferred at said specific locations of 

users where said messages with high quality can be transmitted. 

11. The communications network of Claim 6 wherein said utility applications 

15 include a location application for determining the locations of users. 

12. The communications network of Claim 6 wherein said utility applications 

include a speed application for determining the speeds of users. 

13. The communications network of Claim 6 wherein said utility applications 

include a system application that operates to determine system parameters, S( ex, 

20 o, l, -r). 

14. The communications network of Claim 13 wherein said system application 

determines the location of interferers in the communications network. 
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15. The communications network of Claim 6 wherein said utility applications 

include a bandwidth application for determining bandwidth allocation in the 

communications network. 

16. The communications network of Claim 6 wherein said utility applications 

5 include a resource application that operates to determine resource parameters, 

R(a, o, A, -c). 

17. The communications network of Claim 16 wherein said resource 

application identifies collectors and operational features of the collectors used in 

transferring messages. 

10 18. The communications network of Claim 16 wherein said resource 

application identifies zone managers and operational features of zone managers 

used in connection with transferring messages. 

19. The communications network of Claim 6 wherein said utility applications 

include a confidence metric application for determining confidence metric 

15 parameters in the communications network. 

20 

20. The communications network of Claim 1 wherein, 

said network stores include a quality store for storing quality parameters for 

locations within said region to indicate the quality of communications at 

said locations, 

said network controller includes a transfer application that compares the 

current location of said user with locations in said location store to 

detect the stored quality of communications at said current location. 

21. The communications network of Claim 1 wherein, 
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said network stores include a path store for storing path information 

identifying paths of locations within said region followed by users, 

said network controller includes a network application for predicting a path 

of future locations of a particular user and comparing said future 

locations with locations in said quality store to detect the stored quality 

of communications at said future, 

said network controller includes a transfer application that permits data 

transfers at ones of said future locations as a function of the stored 

quality of communications at said future locations. 

10 22. The communications network of Claim 21 wherein, 

15 

20 

said network controller includes a utility application for updating said 

quality store for locations at which the quality of communications are 

detected. 

23. The communications network of Claim 1 wherein, 

said users are mobile and have locations that can change from time to time, 

said transfer characteristics are a function of said locations and where for 

specific locations the transfer characteristics exhibit low quality, 

said network controller includes a transfer application that adjusts said 

communications network to prevent transfers of said messages when 

said transfer characteristics exhibit low quality and said particular user is 

at said specific locations. 

24. The communications network of Claim I wherein said network controller 

includes server components and client components that cooperate in a 

server/client relationship to control communications among users and network 

25 resources. 
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25. The communications network of Claim 1 wherein, 

said users are mobile and capable of traveling in a broadcaster zone, each of 

said users including user receiver means for receiving forward channel 

communications and including transmitter means for transmitting reverse 

channel communications, 

said communications resources include, 

broadcaster means having a broadcaster transmitter for broadcasting 

said forward channel communications in said broadcaster zone, 

collector means including collector receiver means active to receive said 

reverse channel communications for ones of said plurality of users, 

aggregator means for receiving said collector reverse channel 

communications from said collector means. 

26. The communication system of Claim 25 wherein said collector receiver 

means includes micro-diverse antenna. 

15 27. The communication system of Claim 25 wherein said collector means 

includes a plurality of macro-diverse collectors. 

28. The communication system of Claim 25 wherein said forward channel 

communications and said reverse channel communications have a TDMA 

protocol. 

20 29. The communication system of Claim 25 wherein said forward channel 

communications and said reverse channel communications have a CDMA 

protocol. 

30. The communication system of Claim 25 wherein said forward channel 

communications and said reverse channel communications have a wide band 

25 CDMA protocol. 
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31. The communication system of Claim 25 wherein said forward channel 

communications and said reverse channel communications have a SDMA 

protocol. 

32. The communication system of Claim 25 wherein said forward channel 

5 communications and said reverse channel communications have a FDMA 

protocol. 

3 3. The communications network of Claim 25 wherein said network 

controller components include server components and client components that 

cooperate in ,fserver/client relationship to control communications among users 

10 and network resources and wherein, dependant on the direction of data transfer, 

said collector means can function as a server or a client and wherein said 

aggregator means can function as a client or a server. 

34. The communications network of Claim I wherein said network operating 

system includes queues for queuing network applications to be executed, a 

15 scheduler task for scheduling network applications in said queues and a 

synchronizer task for synchronizing scheduled tasks. 

35. The communications network of Claim 34 wherein said network operating 

system includes a priority task recognizing high priority network applications 

for priority scheduling by said scheduling task. 
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36. The communications network of Claim l wherein said system parameters 

include a user performance parameter, U(a, o, A, 1:) for indicating properties of 

a user where a is link parameter that indicates properties of an RF spectrum 

resource that is reused by different resources in the communications network , a 

5 is a signal parameter that indicates the quality of an RF signal, A is a location 

parameter that indicates a location in a communication zone, and ,:- is a time 

parameter. 

10 

15 

20 

37. The communications network of Claim 1 wherein said network operating 

system includes, 

queues for queuing network applications to be executed including a priority 

queue for queuing high priority network applications, a repeat queue for 

storing utility applications, and a demand queue for queuing output 

applications, 

a scheduler task for scheduling network applications in said queues, 

a synchronizer task for synchronizing scheduled tasks, 

a priority task for recognizing high priority network applications and for 

queuing said high priority network applications in said priority queue for 

priority scheduling by said scheduling task, 

a queue load for queuing network applications in said queues, said queue 

load responsive to a channel analyzer for queuing network applications 

active on a channel that require execution and responsive to an internal 

input for queuing network applications identified by the network 

operating system as requiring execution. 

38. The communications network of Claim 1 wherein a plurality of said 

25 communications zones are present where said zones overlap in communications 

coverage for users in a region and wherein communications in said region are 

under control of a region manager where said region manager includes a region 
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network controller for communicating with said network controller means for 

each of said zones. 

3 9. In a communications network for communications in one or more 

communications zones with a plurality of users in said communication zones, 

5 each user for communicating over channels using messages, with a plurality of 

communication resources for said communication zones, said communication 

resources for communications with said users over said channels, with a 

plurality of links for connecting said users to corresponding communication 

resources for transferring said messages over said channels, a method of 

10 controlling the communications network comprising: 

15 

controlling with network applications the communications among users 

and network resources as a function of system parameters including 

a location parameter, 

storing in network stores information including system parameters, 

integrating with a network operating system the operation of the 

network applications, the users and the communication resources, 

processing in network processors the network applications and the 

network operating system to control communications among users 

and network resources. 

20 40. The communications method of Claim 3 9 having network controller 

components including network applications, network stores, network operating 

system components and network processors distributed at multiple locations in 

the communications network. 

41. The communications method of Claim 40 wherein said network controller 

25 components include server components and client components that cooperate in 

a server/client relationship to control communications among users and network 

resources. 
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42. The communications method of Claim 39 wherein, 

said links include wireless data links having from time to time transfer 

characteristics that exhibit changes that affect the quality of transfers of 

said messages, 

said system parameters include quality parameters that represent the quality 

of transfers over said wireless data links, 

said network applications include a transfer application for controlling the 

scheduling of the transfer of said messages to adjust for changes in said 

transfer characteristics. 

10 43. The coniinunications method of Claim 42 wherein quality is measured as a 

bit error rate. 

44. The communications method of Claim 3 9 wherein, 

said network applications include utility applications and one or more output 

applications. 

15 45. The communications method of Claim 44 wherein said output applications 

include a data multiplexer application. 

46. The communications method of Claim 45 wherein said data multiplexer 

application includes a message module for providing messages, a link module 

for controlling links for transferring said messages, a parameter module for 

20 processing system parameters to determine specific locations of users where 

said messages with high quality can be transmitted over the established links, 

and a transfer module for transferring said messages at said locations of users. 

56 



WO 00/10296 PCT/US99/18185 

47. The communications method of Claim 45 wherein said data multiplexer 

application partitions a data message having a message length, Message_ -

Length, into a number of segments, No_ Segments, where the data message is 

transmitted with a message start time indicator, Message_ Start and is 

5 terminated with a message stop time indicator, Message_ Stop, and wherein one 

or more segments 1, 2, ... , L between Message_ Start and Message_ Stop are 

sent with segment start and stop indicators Segmentl_Start, Segmentl_End; 

Segment2_Start, Segment2_End; ... , SegmentL_Start, SegmentL_End whereby 

each of said one or more segments is transferred at said specific locations of 

10 users where said messages with high quality can be transmitted. 

15 

20 

25 

48. The communications method of Claim 44 wherein said utility applications 

include a location application for determining the locations of users. 

49. The communications method of Claim 48 wherein, 

said network stores include a quality store for storing quality parameters for 

locations within said region that exhibit poor quality communications, 

said network controller includes a transfer application that compares the 

current location of said user with locations in said location store to 

detect locations that exhibit poor quality communications. 

50. The communications method of Claim 48 wherein, 

said network stores include a path store for storing path information 

identifying paths of locations within said region followed by users, 

said network controller includes a network application for predicting a path 

of future locations of a particular user and comparing said future 

locations with locations in said quality store to detect future locations 

that are likely to exhibit poor quality communications, 
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said network controller includes a transfer application that permits data 

transfers at ones of said future locations that are not likely to exhibit 

poor quality communications. 

51. The communications method of Claim 50 wherein, 

said network controller includes a utility application for updating said 

quality store for locations at which poor quality communications are 

detected. 

52. The communications method of Claim 48 wherein, 

said users are mobile and have locations that can change from time to time, 

said transfer characteristics are a function of said locations and where for 

specific locations the transfer characteristics exhibit low quality, 

said network controller includes a transfer application that adjusts said 

communications network to prevent transfers of said messages when 

said transfer characteristics exhibit low quality and said particular user is 

at said specific locations. 

53. The communications method of Claim 48 wherein said network controller 

includes server components and client components that cooperate in a 

server/client relationship to control communications among users and network 

resources. 
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54. The communications method of Claim 48 wherein, 

said users are mobile and capable of traveling in a broadcaster zone, each of 

said users including user receiver means for receiving forward channel 

communications and including transmitter means for transmitting reverse 

channel communications, 

said communications resources include, 

broadcaster means having a broadcaster transmitter for broadcasting 

said forward channel communications in said broadcaster zone, 

collector means including collector receiver means active to receive said 

reverse channel communications for ones of said plurality of users, 

aggregator means for receiving said collector reverse channel 

communications from said collector means. 

5 5. The communications method of Claim 48 wherein said network operating 

system includes, 

queues for queuing network applications to be executed including a priority 

queue for queuing high priority network applications, a repeat queue for 

storing utility applications, and a demand queue for queuing output 

applications, 

a scheduler task for scheduling network applications in said queues, 

a synchronizer task for synchronizing scheduled tasks, 

a priority task for recognizing high priority network applications and for 

queuing said high priority network applications in said priority queue for 

priority scheduling by said scheduling task, 

a queue load for queuing network applications in said queues, said queue 

load responsive to a channel analyzer for queuing network applications 

active on a channel that require execution and responsive to an internal 

input for queuing network applications identified by the network 

operating system as requiring execution. 
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56. The communications method of Claim 48 wherein a plurality of said 

communications zones are present where said zones overlap in communications 

coverage for users in a region and wherein communications in said region are 

under control of a region manager where said region manager includes a region 

5 network controller for communicating with said network controller means for 

each of said zones. 
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Description 

Technical Field 

[0001] The present invention relates to a location in
formation notifying method and a location information 
notifying apparatus for notifying location information of 
a mobile communication terminal. 

Background Art 

[0002] Mobile communication networksfor mobile ter
minals such as cellular telephones are capable of ob
taining the current position of a mobile communication 
terminal. In recent years, various types of systems for 
performing information providing services using location 
information obtained by such mobile communication 
networks have been proposed. For example with PHS 
(Personal Handy-phone System) networks, it is possible 
to determine within which base station wireless zone a 
mobile communication terminal is currently used, and a 
system for providing a position tracking service using 
this location information is known. 
[0003] Also, a system wherein a GPS (Global Posi
tioning System) isinstalled for mobile communication 
terminals and location information obtained by the GPS 
is used for a service has also been proposed. 
[0004] The obtained location information of the mobile 
communication terminal differs in representational for
mat according to the position detection method em
ployed by the mobile communication network. For ex
ample, with a PHS network, the location information isi
dentification information (hereafter referred to as "base 
station ID") for identifying base stations managing wire
less zones where mobile communication terminals are 
used, and with GPS, the location information is in the 
format of latitude and longitude, obtained by measuring 
the positions of mobile communication terminals. 
[0005] On the other hand, the representational format 
for the desired location information, the precision there
of, and communication protocol differ between the com
puter systems which use such location information and 
provide various types of services. 
[0006] For example, there may be cases wherein han
dling of the location information in the latitude-and-lon
gitude representational format is desired by the compu
ter system application, or there may be cases wherein 
obtaining the location information in the representation
al format corresponding to administrative district is de
sired. Also, for example, computer systems which pro
vide position tracking services require relatively high
precision location information, but computer systems 
which provide weather forecast information at the loca
tion of where the mobile communication terminal require 
only relatively low-precision location information. Fur
ther, even in the event that the representational format 
of the location information is the same for the mobile 
communication terminal side and the computer system 

side, the method for obtainingthe location information 
by the computer systems differs according to the com
munication protocol which the application of the compu
ter system supports. 

5 [0007] Thus, as long as the representational formats 
and communication protocols for location information 
differ according to the mobile communication network 
and the computer using the location information, serv
ices dealing with network integration, which have been 

10 rapidly progressing in recent years, cannot be provided. 

Disclosure of Invention 

[0008] According to one aspect of the present inven-
15 tion, the position of a mobile communication terminal is 

detected and location information is generated, follow
ing which, in the event of notifying a first computer of 
location information, the representational format of the 
location information at the time of generating the loca-

20 tion information is converted into a first representational 
format which the first computer is capable of handling, 
and on the other hand, in the event of notifying a second 
computer of location information, the representational 
format of the location information at the time of gener-

25 ating the location information is converted into a second 
representational format which the second computer is 
capable of handling, and notification is made. Thus, a 
common platform for providing location information 
dealing with integration of networks from the perspec-

30 tive of representation format of location information, can 
be provided. 
[0009] According to another aspect of the present in
vention, following detection of the position of the mobile 
communication terminal, the computer generates and 

35 notifies location informationhaving a precision which the 
computer requires. Thus, a common platform for provid
ing location information dealing with integration of net
works from the perspective of precision of location in
formation, can be provided. 

40 [0010] Also, according to another aspect of the 
present invention, the position of the mobile communi
cation terminal is detected and location information is 
generated, and the location information is added to data 
transmitted from the mobile communication terminal to 

45 the computer, thereby notifying the computer of the lo
cation information. Thus, location information of the mo
bile communication terminal can be supplied to various 
computers in a form not dependent on the specifications 
of the mobile communication terminal. 

50 [0011] Also, according to another aspect of the 
present invention, upon receiving a request signal from 
the computer requesting obtaining of the location infor
mation of the mobile communication terminal, the posi
tion of the mobile communication terminal is detected in 

55 response to this request signal and location information 
is generated, and this location information is notified to 
the computer. Thus, the location information of the mo
bile communication terminal can be supplied to various 

2 
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computers as a standard interface protocol, in a form 
not dependent on the specifications of the mobile com
munication terminal. 

Brief Description of the Drawings 

[0012] Fig. 1 is a block diagram illustrating the config
uration of the overall network for executing the location 
information notifying method according to a first embod
iment of the present invention. 
[0013] Fig. 2 is a block diagram illustrating the config
uration of a simplified cellular telephone according to 
this embodiment. 
[0014] Fig. 3 is a block diagram illustrating the config
uration of a cellular telephone provided with a GPS re
ceiver, according to this embodiment. 
[0015] Fig. 4 is a format diagram illustrating an exam
ple of a simplified cellular telephone network conversion 
table according to this embodiment. 
[0016] Fig. 5 is a format diagram illustrating an exam
ple of a cellular telephone network conversion table ac
cording to this embodiment. 
[0017] Fig. 6 is a format diagram illustrating an exam
ple of a mobile packet communication network conver
sion table according to this embodiment. 
[0018] Fig. 7 is a format diagram illustrating an exam
ple of a latitude and longitude receiver list table accord
ing to this embodiment. 
[0019] Fig. 8 is a flowchart illustrating the operation of 
the location information providing unit of a gateway serv
er according to this embodiment. 
[0020] Fig. 9 is a flowchart illustrating the operation of 
the location information providing unit of a gateway serv
er according to a variation of this embodiment. 
[0021] Fig. 10 is a block diagram illustrating the con
figuration of the overall network for executing the loca
tion information notifying method according to a second 
embodiment of the present invention. 
[0022] Fig. 11 is a format diagram illustrating an ex
ample of an area ID conversion table according to this 
embodiment. 
[0023] Fig. 12 is a format diagram illustrating an ex
ample of a sector ID conversion table according to this 
embodiment. 
[0024] Fig. 13 is a format diagram illustrating an ex
ample of a location information precision table accord
ing to this embodiment. 
[0025] Fig. 14 is a flowchart illustrating the operation 
of the location information providing unit of a gateway 
server according to this embodiment. 
[0026] Fig. 15 is a block diagram illustrating the con
figuration of the overall mobile communication system 
for executing the location information notifying method 
according to a third embodiment of the present inven
tion. 
[0027] Fig. 16 is a format diagram illustrating an ex
ample of HTML-format sub-menu data which the IP 
server transmits to a mobile station, according to this 

embodiment. 
[0028] Fig. 17 is a diagram of a screen displayed at 
the mobile station based on the HTML-format sub-menu 
data shown in Fig. 11, according to this embodiment. 

5 [0029] Fig. 18 is a block diagram illustrating the con
figuration of a gateway server according to this embod
iment. 
[0030] Fig. 19 is a format diagram illustrating an ex
ample of the storage contents of an IP information da-

10 tabase provided in the gateway server according to this 
embodiment. 
[0031] Fig. 20 is a format diagram illustrating an ex
anple of the storage contents of a region code table pro
vided in the gateway server according to this embodi-

15 ment. 
[0032] Fig. 21 is a format diagram illustrating an ex
ample of the storage contents of a positional relation in
formation database provided in the IP server according 
to this embodiment. 

20 [0033] Figs. 22A and 22B constitute a flowchart illus
trating the flow of operations in a mobile communication 
system in a first specific example of this embodiment. 
[0034] Fig. 23 is a format diagram illustrating an ex
ample of the sorage contents of an in-zone information 

25 table provided in an exchange station according to this 
embodiment. 
[0035] Fig. 24 is a format diagram illustrating an ex
ample of the storage contents of a position registration 
database within a home memory according to this em-

30 bodiment. 
[0036] Fig. 25 is a format diagram illustrating an ex
ample of the storage contents of an ID database provid
ed in the gateway server according to this embodiment. 
[0037] Figs. 26A and 26B constitute a flowchart illus-

35 trating the flow of operation of the mobile communica
tion system according to a second specific example ac
cording to this embodiment. 
[0038] Fig. 27 is a flowchart illustrating the flow of op
eration of the mobile communication system according 

40 to the second specific example according to this embod
iment. 
[0039] Fig. 28 is a format diagram illustrating an ex
ample of the storage contents of the database provided 
in the gateway server according to this embodiment. 

45 [0040] Fig. 29 is a format diagram illustrating an ex
ample of the storage contents of a database provided 
in the gateway server according to this embodiment. 

50 

Best Mode for Carrying Out the Invention 

[0041] Embodiments of the present invention will be 
described with reference to the drawings. 
[0042] In the following, a description will be given 
forthe following three embodiments. 

55 [0043] First embodiment: An embodiment wherein a 
mobile communication terminal can notify of location in
formation to a computer, even in the event that the rep
resentational format of location information differs be-

3 
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tween the mobile communication terminal and the com
puter; 
[0044] Second embodiment: An embodiment wherein 
a mobile communication terminal notifies to a computer 
of location information at a precision desired by the com
puter; and 
[0045] Third embodiment: An embodiment wherein a 
mobile communication terminal notifies to various serv
ers of location information as a standard interface pro
tocol, while maintaining security of the location informa
tion of the mobile communication terminal. 
[0046] Note, however, that these first through third 
embodiments are nomore than examples, and that the 
present invention can take on various embodiments 
within the scope of the technical concept thereof. 

A: First embodiment 

[0047] With the first embodiment of the present inven
tion, an embodiment will be described wherein a mobile 
communication terminal can notify location information 
to a computer, even in the event that the representation
al format of the location information differs between the 
mobile communication terminal and the computer. 

A-1: Configuration of the first embodiment 

[0048] First, the configuration of the first embodiment 
will be described. 

(1) Overall configuration of the network 

[0049] Fig. 1 is a block diagram illustrating the overall 
configuration of a network relating to the embodiment. 
In this figure, reference numeral 10 denotes a simplified 
cellular telephone (mobile communication terminal) 
served by a simplified cellular telephone network 12 
(mobile communication network) called a PHS (Person
al Handy-phone System). The simplified cellular tele
phone 10 can receive PHS telephone communication 
services by performing wireless communication with a 
base station 11 of the simplified cellular telephone net
work 12. 
[0050] Reference numeral 20 denotes a cellular tele
phone (mobile communication terminal)served by a cel
lular telephone network 22 (mobile communication net
work) such as a PDC (Personal Digital Cellular)network. 
The cellular telephone 20 can receive cellular telephone 
servicessuch as the PDC service by performing wireless 
communication with a base station 21 of the cellular tel
ephone network 22. The above simplified cellular tele
phone network 12 and cellular telephone network 22 are 
connected by a gateway device not shown here, so that 
call connections can be made between them. 
[0051] Reference numeral 30 denotes a cellular tele
phone (mobile communication terminal)served by a mo
bile packet communication network 32 (mobile commu
nication network). The cellular telephone 30 can receive 

packet communication services by performing wireless 
communication with a base station 31 of the mobile 
packet communication network 32. The cellular tele
phone 30 is provided with a GPS receiver 34, and is ca-

5 pable of performing measurementsto obtain location in
formationrepresenting latitude and longitude. In the fol
lowing description, in cases where the above simplified 
cellular telephone 10, cellular telephone 20, and cellular 
telephone 30 are to be collectively referred to, these will 

10 be referred to as cellular telephones 10, 20, and 30. 
[0052] Reference numeral 40 denotes a gateway 
server, which relays data communications between the 
mobile packet communication network 30 and the Inter
net 70 or other external networks. This gateway server 

15 40 is provided with a data relay unit 40a for handling the 
above data communication relayingand a location infor
mation providing unit 40b (first location information no
tifying unit) for notifying location information of the 
above-described cellular telephones 10, 20, and 30 to 

20 computers such as IP (Information Provider) servers 
BOA, 80B, etc., connected to the Internet 70. This loca
tion information providing unit 40b is provided with a lat
itude and longitude receiver list table which is described 
herein below. 

25 [0053] Reference numeral 50 denotes a position 
measurement center (first location information generat
ing unit), which obtains and stores location information 
for the cellular telephones 10, 20, and 30. For example, 
the simplified cellular telephone network 12 is arranged 

30 so as to be able to determine wireless zone of the base 
station 11 in which each simplified cellular telephone 10 
currently exists. The position measurement center 50 
obtains the determination results from the simplified cel
lular telephone network 12, correlates the identification 

35 information of each simplified cellular telephone 10 and 
the identification information of the base station 11 (i.e., 
base station ID) by which the cellular telephone is 
served, and stores the correlated information in a base 
station ID table 50a. 

40 [0054] The cellular telephone network 22 is arranged 
so as to be able to determine service area in which each 
cellular telephone 20 currently exists. A service area is 
a region which includes a predetermined number of 
wireless zones of the base station 21. The position 

45 measurement center 50 obtains the determination re
sults from the cellular telephone network 22, correlates 
the identification information of each cellular telephone 
20 and the identification information of the service area 
(i.e., area ID)in which the cellular telephone is currently 

50 located and stores the correlated information in an area 
ID table 50b. 
[0055] The mobile packet communication network 32 
is arranged so as to be able to determine sector of the 
wireless zones of the base station 31 in which each cel-

55 lular telephone 30 currently exists. The wireless zone of 
the base station 31 is divided into partial regions by the 
directional antennas of the base station and each partial 
region is called as a sector. The position measurement 

4 
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center 50 obtains the determination results from the mo
bile packet communication network 32, correlates the 
identification information of each cellular telephone 30 

plified cellular telephone 10. The wireless unit 1 OB per
forms wireless communication of audio signals and var
ious types of control signals with the base station 11, 
thereby enabling wireless calls. The user interface unit and the identification information of the sector (i.e., sec

tor ID) in which the cellular telephone exists, and stores 
the correlated information in a sector ID table 50c. 
[0056] Further, the position measurement center 50 
is provided with a GPS correction unit 50d for performing 
correction processing on the measurement values of the 
cellular telephone 30 by the D (differential) -GPS meth
od. The GPS correction unit 50d obtains GPS measure
ment values of the cellular telephone 30 via the mobile 
packet communication network 32, and corrects the ob
tained GPS measurement values based on the GPS 
measurement margin of error held within itself. The lat
itude and longitude information as a result of the correc
tion is stored in a latitude and longitude table (not 
shown) within the GPS correction unit 50d, in such a 
manner so as to be correlated with the identification in
formation of the cellular telephones 30. 

5 1 QC is made up of a microphone and speaker for pro
viding audio input and output for calls, an operating pan
el for dialing operations, a liquid crystal display unit, and 
so forth. 
[0063] The configuration of the cellular telephone 20 

10 is the same as the configuration shown in Fig. 2, so de
scription thereof will be omitted. 
[0064] Fig. 3 is a block diagram illustrating the config
uration of the cellular telephone 30. In the figure, the 
cellular telephone 30 comprises a control unit 30A, a 

15 wireless unit 30B, a user interface unit 30C, and a GPS 
receiver 34, mutually connected by a bus. 
[0065] This cellular telephone 30 differs from the other 
cellular telephones 10 and 20 in that what is sent by 
wireless communication is not so-called voice calls, but 

[0057] As described above, according to the present 
embodiment, the location information of the cellular tel
ephones 10, 20, and 30 is obtained from the networks 
12, 22, and 32, in representational formats which are all 
different from each other. 

20 packet data communication, and in that a GPS receiver 
34 is provided. The GPS receiver 34 measures latitude 
and longitude which indicates the position of the cellular 
telephone 30, based on signals received from a satellite 
(not shown). The measured values of the latitude and 

[0058] Reference numeral 60 denotes a location in
formationconverting device (location information repre
sentation converting unit) which performs conversion of 

25 longitude are transmitted by the wireless unit 30B, sent 
to the position measurement center 50 via the mobile 
packet communication network 32 as described above, 
and subjected to D-GPS correction. 

the location information. This location information con
verting device 60 converts the location information of the 30 

cellular telephones 10, 20, and 30 obtained from the net
works 12, 22, and 32 with differing representational for
mats into location information with a representational 
format which can be handled by the computers such as 
the IP servers BOA, BOB, etc., connected to the Internet 35 

70, based on a location information conversion table de
scribed herein below. Due to this location information 
converting device 60, the computers requesting location 
information can receive supply of location information of 
the cellular telephones 10, 20, and 30, without taking 40 

the difference in representational format into consider
ation. 
[0059] The IP servers BOA and BOB which have ob
tained location information provide position-related in
formation relating to the location information to the eel- 45 

lular telephones 10, 20, and 30. 

(2) Configuration of the cellular telephones 

[0060] Next, the configuration of the cellular tele- 50 

phones 10,, 20, and 30, will be described. 
[0061] Fig. 2 is a block diagram illustrating the config
uration of the simplified cellular telephone 10. In the fig-
ure, the simplified cellular telephone 10 comprises a 
control unit 10A, a wireless unit 10B, and a user inter- 55 

face unit 10C, which are mutually connected by a bus. 
[0062] The control unit 1 OA is made up of a CPU, 
memory, etc., and controls each of the units of the sim-

5 

(3) Configuration of the location information conversion 
table 

[0066] Next, various types of location information con
version tables provided in the location information con
verting device 60 will be described with reference to Fig. 
4 through Fig. 6. 
[0067] Fig. 4 is a format diagram illustrating an exam
ple of a simplified cellular telephone network conversion 
table. As shown in the figure, the conversion table holds 
in a correlated manner the base station ID which is used 
as location information in the simplified cellular tele
phone network 12 and information such as latitude and 
longitude (X, Y) or administrative district (1-1-1, Torano
mon, Minato-ku) and the like, which can be handled as 
location information by computers such as the IP servers 
BOA and BOB and the like. 
[0068] Fig. 5 is a format diagram illustrating an exam
ple of a cellular telephone network conversion table. As 
shown in the figure, the conversion table holds in a cor
related manner the area ID which is used as location 
information in the cellular telephone network 22 and in
formation such as latitude and longitude (X, Y) or ad
ministrative district (1-1-1,Toranomon, Minato-ku) and 
the like, which can be handled as location information 
by computers such as the IP servers BOA and BOB and 
the like. 
[0069] Fig. 6 is a format diagram illustrating an exam
ple of a mobile packet communication network conver-
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sion table. As shown in the figure, the conversion table 
holds in a correlated manner the sector ID which isused 
as location information in the mobile packet communi
cation network 32 and information such as latitude and 
longitude (X, Y) or administrative district (1-1-1, Torano
mon, Minato-ku) and the like, which can be handled as 
location information by computers such as the IP servers 
BOA and BOB and the like. 

(4) Configuration of latitude and longitude receiver list 
table 

[0070] Next, the configuration of the latitude and lon
gitide receiver list table provided in the location informa
tion providing unit 40b of the gateway server 40 will be 
described with reference to Fig. 7. 
[0071] Fig. 7 is a format diagram illustrating an exam
ple of a latitude and longitude receiver list table. As 
shown in the figure, the latitude and longitude receiver 
list table holds a list of computers which can handle lat
itude and longitude as location information. In this ex
ample, they are the IP servers BOA, B0F, BOK···. Though 
not shown in Fig. 1, each of the IP servers B0F and BOK 
are computers connected to the Internet 70. 
[0072] In the event of providing location information 
to computers listed in this latitude and longitude receiver 
list table, the location information providing unit 40b sup
plies the latitude and longitude information obtained by 
making reference to the latitude and longitude table (not 
shown) within the GPS correction unit 50d as is to the 
computer which requested it, without passing through 
the location information converting device 60. 

A-2: Operation of the first embodiment 

[0073] Next, the operation of the embodiment with the 
above-described configuration will be described. 
[0074] Fig.Bis a flowchart illustrating the operation of 

tion providing unit 40b proceeds to step S2. In step S2, 
the location information providing unit 40b locates infor
mation regarding the IP server BOB amongthe latitude 
and longitude receiver list table shown in Fig. ?using the 

5 identification information of the IP server BOB contained 
in the request signal as a search key, and determines 
whether or not this IP server BOB is on the latitude and 
longitude receiver list. In the example shown in Fig. 7, 
the IP server BOB is not on the list, so the result of the 

10 determination is "No". 
[0077] Next, the processing of the location informa
tion providing unit 40b proceeds to step S3. In step S3, 
the location information providing unit 40b specifies the 
identification information of the cellular telephone 30, 

15 and makes a request to the position measurement cent
er 50 for the location information of the cellular tele
phone 30. Upon receiving this request, the position 
measurement center 50 locates information regard
ingthe specified the cellular telephone 30 amongthe 

20 sector ID table 50c using the identification information 
of the telephone as a search key, reads out the sector 
ID which is the location information of the cellular tele
phone 30, and provides this to the location information 
providing unit 40b. Thus, the location information pro-

25 viding unit 40b obtains the sector ID as the location in
formation of the cellular telephone 30. 
[0078] Next, the processing of the location informa
tion providing unit 40b proceeds to step S4. In step S4, 
the location information providing unit 40b specifies the 

30 obtained sector ID and the identification information of 
the IP server BOB, and orders the location information 
converting device 60 to convert the location information. 
Upon receiving this orders, the location information con-

35 

verting device 60 makes reference to the mobile packet 
communication network conversion table shown in Fig. 
6, with the specified sector ID and the identification in
formation of the IP server BOB as a search key. Thus, 
the location information converting device 60 reads out 

the location information providing unit 40b of the gate
way server 40. With reference to this flowchart, the fol- 40 

lowing is a description of operations, according to an ex
ample of notifying the location information ofthe cellular 
telephone 30 to the IP server BOB. 

from the mobile packet communication network conver
sion table the location information corresponding to the 
sector ID of the administrative district in the representa-
tional format which the IP server BOB is capable of han
dling, and supplies this to the location information pro
viding unit 40b. [0075] First, upon a request signal requesting the lo

cation information of the cellular telephone 30 being 45 

transmitted from the IP server BOB to the gateway server 
40, the processing of the location information providing 
unit 40b proceeds to step S1. At step S1, the location 
information providing unit 40b receives the above re
quest signal via the data relay unit 40a. Contained in 50 

this request signal is identification information of the IP 
server BOB which is the requester of the location infor
mation and identification information of the cellular tel
ephone 30 regarding which location information is being 
requested, and the location information providing unit 55 

40b detects these pieces of identification information 
from the request signal. 
[0076] Next, the processing of the location informa-

6 

[0079] Next, the processing of the location informa
tion providing unit 40b proceeds to step S5. In step S5, 
the location information providing unit 40b obtains the 
location information of the cellular telephone 30, which 
has been converted into the administrative district rep
resentational format, from the location information con
verting device 60. 
[0080] Next, the processing of the location informa
tion providing unit 40b proceeds to step S6. In step S6, 
the location information providing unit 40b sends the ob
tained location information of the cellular telephone 30 
out onto the Internet 70, with the identification informa-
tion of the IP server BOB specified as the destination ad-
dress. 
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[0081] Thus, the IP server BOB can obtain the location 
information of the cellular telephone 30 in an adminis
trative district representational format which can be han
dled by the server BOB. 

fer. That is to say, according to this first embodiment, it 
can be said that a common platform for location infor
mation notification can be provided. 

[0082] On the other hand, in the above example, in 
the event that notification of the location information of 

5 A-3: Modifications of first embodiment 

the cellular telephone 30 is to be made to the IP server 
BOA for example, the IP server BOA is registered in the 
latitude and longitude receiver list table shown in Fig. 7, 

[0085] As already mentioned, the present invention is 
not restricted to the above embodiment; rather, various 
modifications may be made. For example, the following 

so the result of the determination at step S2 is "Yes". In 10 modification may be made with the first embodiment. 
this case, the processing of the location information pro
viding unit 40b proceeds to step S7. In step S7, the lo
cation information providing unit 40b specifies the iden
tification information of the cellular telephone 30, and 
requests the latitude and longitude information of the 15 

cellular telephone 30 from the GPS correction unit 50d 
of the position measurement center 50. Upon receiving 
this request, the GPS correction unit 50d makes refer
ence to the above latitude and longitude table with the 
identification information of the specified cellular tele- 20 

phone 30 as a search key, and reads out the latitude 
and longitude information as the location information of 
the cellular telephone 30. Then the latitude and longi
tude information is supplied to the location information 
providing unit 40b. Upon obtaining the latitude and Ion- 25 

gitude information as the location information of the cel
lular telephone 30, the location information providing 
unit40b proceeds to step S6, and transmits the obtained 
latitude and longitude information to the IP server BOA. 
[0083] Also, though operation examples have been 30 

described wherein the location information of the cellu-
lar telephone 30 is notified to the IP servers BOB or BOA, 
the basic operation is the same in cases wherein the 
requester of the location information is another compu-
ter, or in cases wherein the cellular device the location 35 

information of which is requested belongs to another 
network, with only the tables to which reference is made 
changing to those corresponding to identification infor
mation of these. However, in the event that there is a 
request from a computer which handles provision of lat- 40 

itude and longitude, for location information (latitude and 
longitude information) specifying the identification infor
mation of a cellular device not provided with a GPS re
ceiver, the latitude and longitude information of this cel
lular device cannot be obtained even by making refer- 45 

ence to the above latitude and longitude table. In this 
case, latitude and longitude information cannot be pro
vided, and an error notification is made the requesting 
computer, to that effect. 
[0084] Thus, according to the first embodiment of the 50 

present invention, the computers can obtain location in
formation without taking differences in representational 
formats into consideration, even in cases wherein the 
representational formats of location information differ 
according to cellular devices belonging to different net- 55 

works and further even in cases wherein the represen
tational formats which the computers requesting the lo
cation information of the cellular devices can handle dif-

7 

(1) Arrangement of the network 

[0086] The arrangement of the network is not restrict
ed to that shown in Fig. 1. For example, the mobile com
munication networks which are connected are not re
stricted to the networks 12, 22, and 32; rather, any of 
these may be omitted, or alternately, other communica
tion networks may be further connected. 
[0087] For example, the above-described cellulartel
ephone network 32 may be a fixed communication net
work, and the cellular telephone 30 may be a fixed com
munication terminal or a portable communication termi
nal connected to the fixed communication network. 
[0088] Also, with regard to networks to which comput
ers such as the IP servers or the like are connected, the 
network is not restricted to the Internet; rather, i ntranets, 
dedicated lines, or other networks may serve. 
[0089] Further, the form of nodes on the network are 
not restricted to the gateway server 40, position meas
urement center 50, and location information converting 
device 60, shown in Fig. 1; rather, which functions to 
assign to which node is determined arbitrarily. For ex
ample, all of the functions of these nodes 40 through 60 
may be handled by the gateway server 40, or the loca
tion information providing unit 40b may be configured 
as a separate node. Also, an arrangement may be made 
wherein the position measurement center 50 notifies the 
location information of the cellular telephones 10 
through 30 to the cellular telephones 10 through 30, with 
the cellular telephones 10 through 30 themselves func
tioning as the location information providing unit 40b of 
the gateway server 40, and the location information con
verting device 60. 

(2) Notification of latitude and longitude information 

[0090] With the first embodiment, in the event that 
there is a request from a computer which is to be pro
vided with latitude and longitude, for location information 
(latitude and longitude information) of cellular tele
phones 10, 20, and 30 which are not provided with GPS 
receivers, an error notification is made to the requesting 
computer, that latitude and longitude information cannot 
be provided. 
[0091] However, the invention is not restricted to such 
an arrangement; rather, an arrangement may be made 
wherein in the event that latitude and longitude informa-



13 EP 1 126 376 A1 14 

tion cannot be obtained by GPS, the location information 
providing unit 40b provides to the computer latitude and 
longitude information obtained by making reference to 
the tables 50a through 50c. 
[0092] Fig. 9 is a flowchart illustrating the operation of 5 

the location information providing unit 40b of the gate-
way server 40 in such an arrangement. With reference 
to this flowchart, the following is a description of the op
eration, according to an example in which the location 
information of a cellular telephone 20 which is not pro- 10 

vided with a GPS receiver is notified, to the IP server 
BOA which can handle location information in the latitude 
and longitude representational format. 
[0093] First, upon a request signal requesting location 
information of the cellular telephone 20 being transmit- 15 

ted from the IP server BOA to the gateway server 40, the 
processing of the location information providing unit 40b 
proceeds to step S11. In step S11, the location informa-
tion providing unit40b receives the above request signal 
via the data relay unit 40a. Contained in this request sig- 20 

nal is the identification information of the IP server BOA 
which is the requester of the location information and 
identification information of the cellular telephone 20 re
garding which location information is being requested, 
and the location information providing unit 40b detects 25 

these pieces of identification information from the re
quest signal. 
[0094] Next, the processing of the location informa-
tion providing unit 40b proceeds to step S12. In step 
S12, the location information providing unit 40b specif- 30 

ically indicates the identification information of the cel
lular telephone 20, and requests location information for 
the cellular telephone 20 from the position measuring 
center 50. Upon receiving this request, the position 
measuring center 50 makes reference to the area ID ta- 35 

ble 50b with the identification information of the specif
ically indicated cellular telephone 20 as a search key, 
reads out the area ID as the location information of the 
cellular telephone 20, and supplies this to the location 
information providing unit 40b. Thus, the location infor- 40 

mation providing unit 40b obtains the area ID as the lo
cation information of the cellular telephone 20. 
[0095] Next, the processing of the location informa-
tion providing unit 40b proceeds to step S13. In step 
S13, the location information providing unit 40b specif- 45 

ically indicates the obtained area ID and the identifica-
tion information of the IP server BOA, and orders the lo
cation information converting device 60 to convert the 
location information. Upon receiving this order, the lo
cation information converting device 60 makes refer- 50 

ence to the cellular telephone network conversion table 
shown in Fig. 5, with the specifically indicated area ID 
and the identification information of the IP server BOA 
as a search key. Thus, the location information convert-
ing device 60 reads out the latitude and longitude loca- 55 

tion information corresponding to the area ID which is 
the representational format which the IP server BOA is 
capable of handling, and supplies this to the location in-

8 

formation providing unit 40b. 
[0096] Next, the processing of the location informa
tion providing unit 40b proceeds to step S14. In step 
S14, the location information providing unit 40b obtains 
from the location information converting device 60 the 
location information of the cellular telephone 20 which 
has been converted into the latitude and longitude rep
resentational format. 
[0097] Next, the processing of the location informa
tion providing unit 40b proceeds to step S15. In step 
S15, the location information providing unit 40b sends 
the obtained location information of the cellular tele
phone 20 out onto the Internet 70, with the identification 
information of the IP server BOA specified as the desti
nation address. 
[0098] Thus, the IP server BOA can obtain the location 
information of the cellular telephone 20 which is not pro
vided with a GPS receiver, in a latitude and longitude 
representational format which it is capable of handling. 

(3) Arrangement for operation of location information 
notification 

[0099] With the first embodiment, the arrangement 
was such that location information notification is per
formed in response to location information requests 
from the side of computers such as the IP servers BOA 
and BOB, but the invention is not restricted to this; rather, 
an arrangement may be made wherein, for example, the 
gateway server 40 notifies location information to the IP 
servers BOA and BOB in response to a notification re
quest from a cellular device, or wherein the gateway 
server 40 arbitrarily notifies location information to the 
IP servers BOA and BOB. 

(4) Receiver of location information notification 

[0100] With the first embodiment, the example is a 
case in which notifying the location information of the 
cellular devices 10, 20, and 30, is notified to computers 
such as IP servers connected to networks outside the 
networks 12, 22, and 32, but the invention is not restrict
ed to such; rather, an arrangement may be made where
in, instead of the location information of the cellular de
vices being notified to the cellular devices 10, 20, and 
30 themselves, the location information thereof is noti
fied to other cellular devices. Further, notification may 
be made to predetermined nodes within the networks 
12, 22, and 32, instead of the cellular devices 10, 20, 
and 30. That is to say, the terminology "predetermined 
computer" within the scope of the Claims is a concept 
encompassing these cellular devices and nodes within 
the networks. 

B: Second embodiment 

[0101] Next, as a second embodiment of the present 
invention, an arrangement wherein notification is made 
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of location information at a precision desired by a com
puter is given. The present embodiment will be de
scribed with an example wherein the location informa
tion of the cellular telephone 30 (mobile communication 
terminal) contained in the mobile packet communication 
network 32 (mobile communication network) according 
to the first embodiment is notified to a computer. 

B-1: Configuration of second embodiment 

(1) First, the configuration of the second embodiment 
will be described. 

[0102] Fig. 10 is a block diagram illustrating the over
all configuration of a network relating to the second em
bodiment. In this figure, the configurations which are the 
same as those in the above-described first embodiment 
will be denoted with the same reference numerals, and 
the description thereof will be omitted. The second em
bodiment differs from the first embodiment with regard 
to the functions of the position measurement center 51 
(second location information generating unit), location 
information converting device 61 (second location infor
mation generating unit), and location information provid
ing unit 40c (second location information notifying unit), 
and description will be made below accordingly. 
[0103] As described above, the position measure
ment center 51 correlates the identification information 
of the cellular telephone 30 and the sector ID of the serv
ice area where the cellular telephone 30 exists, and 
stores this in the sector ID table 50c. Further, the posi
tion measurement center 51 obtains the area ID of the 
service area where the cellular telephone 30 exists, and 
correlates the identification information of the cellular 
telephone 30with the area ID of the service area where 
the cellular telephone 30 exists, and stores the correla
tion in the area ID table. Obtaining of this area ID is per
formed by correlating each sector ID and area ID of serv
ice areas containing the sector IDs beforehand. 
[0104] The location information converting device 61 
converts the location information of the cellular tele
phone 30 into location information with a precision de
sired by the computers of IP servers 90A through 90C 
connected to the Internet, based on the location infor
mation conversion table described herein below. Due to 
the location information converting device 61, each 
computer requesting obtaining of location information 
can receive location information of the cellular tele
phone 30, without taking into consideration differences 
in precision with which it desires. 
[0105] Then, the IP servers 90A through 90C, upon 
having obtained location information, provide the posi
tion related information relating to the location informa
tion to the cellular telephone 30. 

(2) Configuration of location information conversion 
table 

[0106] Next, the various types of location information 
5 conversion tables provided in the location information 

converting device 61 will be described with reference to 
Fig. 11 and Fig. 12. 
[0107] Fig. 11 is a format diagram illustrating an ex
ample of a low-precision conversion table. As shown in 

10 the figure, the low-precision conversion table holds, in 
a correlated manner, the area ID (e.g., AREA001), and 
the region name of the service area indicated by the ar
ea ID (e.g., East Tokyo). 
[0108] Fig. 12 is a format diagram illustrating an ex-

15 ample of a medium-precision conversion table. As 
shown in the figure, the conversion table holds, in a cor
related manner, the sector ID (e.g., SEC001 ), and the 
region name of the sector which the sector ID indicates 
(e.g., 1 Cherne, Toranomon, Minato-ku, Tokyo). 

20 

(3) Configuration of the location information providing 
unit 40c 

[0109] Next, with reference to Fig. 13, the configura-
25 tion of the location information precision table provided 

in the location information providing unit 40c of the gate
way server 40 will be described. 
[011 0] Fig. 13 is a format diagram illustrating an ex
ample of the location information precision table. As 

30 shown in the figure, the location information precision 
table holds information relating to the precision of the 
location information required by the computers such as 
the IP servers 90A, 90B, 90C, and so forth. 
[0111] In this example, the IP server 90A is a server 

35 which performs, for example, route navigation serves to 
a destination point for the user or position tracking serv
ices, and accordingly requires high-precision location 
information with a margin of error around 10 meters. 
This high-precision location information is equivalent to 

40 the location information obtained by the GPS receiver 
34 provided in the cellular telephone 30. 
[0112] The IP server 90B is a server which provides, 
for example, town information for the area of town where 
the user is, and accordingly requires medium-precision 

45 location information with a margin of error of around sev
eral hundred meters. This medium-precision location in
formation is equivalent to the location information based 
on the sector ID of the sector where the cellular tele
phone 30 exists. 

50 [0113] The IP server 90C is a server which, for exam
ple, provides weather forecast information for the region 
where the user is, and accordingly only needs to obtain 
low-precision location information with a margin of error 
of around several kilometers to several tens of kilom-

55 eters. This low-precision location information is equiva
lent to the location information based on the area ID of 
the service area where the cellular telephone 30 exists. 
[0114] In the event that location information is to be 

9 
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provided to a computer listed in this location information 
precision table, the location information providing unit 
40c specifies one of the precisions, high-precision 
through low-precision, held in a manner correlated with 
the computer, and orders the location information con
verting device 60 to perform location information con
version. 

B-2: Operation of second embodiment 

[0115] Next, the operation of the second embodiment 
with the above-described configuration will be de
scribed. 
[0116] Fig. 14 is a flowchart illustration the operation 
of the location information providing unit 40c of the gate
way server 40. With reference to this flowchart, the fol
lowing is a description of the operation, according to an 
example of the location information providing unit 40c 
notifying the location information of the cellular tele
phone 30 to the IP server 90A. 
[0117] First, upon a request signal requesting the lo
cation information of the cellular telephone 30 being 
transmitted from the IP server 90A to the gateway server 
40, the processing of the location information providing 
unit 40c proceeds to step Sa1. At step Sa1, the location 
information providing unit 40c receives the above re
quest signal via the data relay unit 40a. Contained in 
this request signal is the identification information of the 
IP server 90A which is the requester of the location in
formation and identification information of the cellular 
telephone 30 regarding which location information is be
ing requested, and the location information providing 
unit 40c detects these pieces of identification informa
tion from out of the request signal. 
[0118] Next, the processing of the location informa
tion providing unit 40c proceeds to step Sa2. In step 
Sa2, the location information providing unit 40c speci
fies the identification information of the cellular tele
phone 30, and makes a request to the position meas-

[0120] Next, the processing of the location informa
tion providing unit 40c proceeds to step Sa4. In step 
Sa4, the location information providing unit 40c makes 
reference to the precision of the location information ob-

5 tained in step Sa2 and the precision of the location in
formation obtained in step Sa3, and determines whether 
or not conversion of location information is necessary. 
Specifically, in the event that the precision of the location 
information of the cellular telephone 30 obtained from 

10 the position measurement center 51 is the same preci
sion or a higher precision than that needed by the IP 
server 90A, a determination is made that there is no 
need to convert the location information. On the other 
hand, in the event that the precision of the location in-

15 formation of the cellular telephone 30 obtained from the 
position measurement center 51 is the a lower precision 
than that needed by the IP server 90A, determination is 
made that it is necessary to convert the location infor
mation. 

20 [0121] Here, while the precision of the location infor
mation of the cellular telephone 30 obtained from the 
position measurement center 51 is medium-precision, 
the precision needed by the IP server 90A is high-pre
cision, so determination is made that conversion of lo-

25 cation information is necessary, and the flow proceeds 
along "Yes". 
[0122] Next, the processing of the location informa
tion providing unit 40c proceeds to step Sa5. In step 
Sa5, the location information providing unit 40c speci-

30 fies the identification information of the cellular tele-
phone 30 and the precision of location information need
ed by the IP server 90A (high-precision), and orders the 
location information converting device 61 to convert the 
location information. Upon receiving this order, the lo-

35 cation information converting device 61 specifies the 
identification information of the cellular telephone 30 
and requests high-precision location information (lati
tude and longitude information) of the cellular telephone 

urement center 51 for the location information of the eel- 40 

lular telephone 30. Upon receiving this request, the po
sition measurement center 51 makes reference to the 
sector ID table 50c with the identification information of 

30 from the GPS correction unit 50d of the position 
measurement center 51. Upon receiving this request, 
the GPS correction unit 50d makes reference to the lat
itude and longitude table (not shown) with the identifi
cation information of the specified cellular telephone 30 

the specified cellular telephone 30 as a search key, and 
reads out the sector ID which as location information of 45 

the cellular telephone 30. Then, this sector ID is supplied 

as a search key, thereby reading out the latitude and 
longitude information which is the location information 
of the cellular telephone 30. Then, the latitude and lon
gitude information is supplied from the position meas
urement center 51 to the location information converting 
device 61. 

to the location information providing unit 40c. Thus, the 
location information providing unit 40c obtains the sec
tor ID as the location information of the cellular tele
phone 30. 
[0119] Next, the processing of the location informa
tion providing unit 40c proceeds to step Sa3. In step 
Sa3, the location information providing unit 40c makes 
reference to the location information precision table 
shown as an example in Fig. 13 with the identification 
information ofthe IP server90Acontained in the request 
signal as a search key, thereby obtaining the precision 
of the location information required by the IP server90A. 

50 [0123] Next, the processing of the location informa
tion providing unit 40c proceeds to step Sa6. In step 
Sa6, the location information providing unit 40c obtains 
the high-precision location information from the location 
information converting device 61. 

55 [0124] Further, the processing of the location informa
tionproviding unit 40c proceeds to step Sa7, sends the 
high-precision location information of the cellular tele
phone 30 out onto the Internet 70, with the identification 

10 
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information of the IP server 90A specified as the desti
nation address. 
[0125] Thus, the IP server 90A can obtain location in
formation of the cellular telephone 30 at the precision 
which it needs. 
[0126] On the other hand, in the above example, in 
the event for example of notifying the location informa
tion of the cellular telephone 30 to the IP server 90B, the 
precision of the location information obtained from the 
position measurement center 51 in step Sa2 matches 
the precision of the location information required by the 
IP server 90B, so the result of the determination in step 
Sa4 is "No". In this case, the processing of the location 
information providing unit 40c proceeds to step Sa 7, and 
sends the location information of the cellular telephone 
30 obtained from the position measurement center 51 
to the IP server 90B, without change. 
[0127] Thus, according to the second embodiment of 
the present invention, even in the event that the preci
sion of the location information needed by the comput
ers differs, the computers can obtain location informa
tion without taking into consideration such difference in 
precision, thereby allowing a common platform for loca
tion information notification to be provided. 

B-3: Modifications of second embodiment 

[0128] As already mentioned, the present invention is 
not restricted to the above second embodiment; rather, 
various modifications may be made. For example, the 
following modification may be made with the second 
embodiment. 

( 1) Arrangement of the network 

[0129] The arrangement of the network is not restrict
ed to that shown in Fig. 10. 
[0130] For example, the above-described cellular tel
ephone netwrk 32 may be a fixed communication net
work, and the cellular telephone 30 may be a fixed com
munication terminal or a portable communication termi
nal connected to the fixed communication network. 
[0131] Also, with regard to networks to which comput
ers such as IP servers or the like are connected, the 

node. 
[0133] Also, an arrangement may be made wherein 
the cellular telephone 30 functions as the location infor
mation providing unit 40c of the gateway server 40, and 

5 the location information converting device 61. This ar
rangement will be described below. 
[0134] In addition to the GPS receiver 34, the cellular 
telephone 30 is provided with a location information re
ceiving unit (not shown). This location information re-

10 ceiving unit requests transmission of location informa
tion of itself to the mobile packet communication net
work 32, and is provided with functions for receiving lo
cation information transmitted from the network 32. The 
location information transmitted from the network 32 is 

15 location information of medium-precision based on the 
sector ID or low-precision based on the area ID. 
[0135] First, the cellular telephone 30 transmits a re
quest signal requesting a route navigation service to the 
IP server 90A. In response to this request signal, the IP 

20 server 90A notifies the precision of the location informa
tion which it needs (e.g., high-precision location infor
mation) to the cellular telephone 30. 
[0136] In response to this notification, the cellular tel
ephone 30 obtains its own location information. The de-

25 fault operation of this location information obtaining is 
to obtain the location information with high-precision of 
latitude and longitude by the cellular telephone 30 in
structing the GPS receiver 34. 
[0137] Next, the cellular telephone 30 converts the lo-

30 cation information based on the precision notified from 
the IP server 90A. Here, the notified precision is high
precision of latitude and longitude, so the location infor
mation obtained from the GPS receiver 34 is notified to 
the IP server 90A without converting the latitude and lon-

35 gitude location information. 
[0138] On the other hand, in the above example, in 
the event that the cellular telephone 30 requests a 
weather forecast from the IP server 90C, the precision 
oft he location information specified by the IP server 90C 

40 is low-precision, so the cellular telephone 30 sends a 
request to the mobile packet communication network 32 
and obtains low-precision location information, which is 
transmitted to the IP server 90C. 

network is not restricted to the Internet; rather, intranets, 45 (3) Arrangement for operation of location information 
dedicated lines, or other networks may serve. notification 

(2) Arrangement of nodes on network 

[0132] Further, the arrangement of nodes on the net
work are not restricted to the cellular telephone 30, gate
way server 40, position measurement center 51, and lo
cation information converting device 61, as with the sec
ond embodiment; rather, which functions to assign to 
which node is determined arbitrarily. For example, all of 
the functions of the nodes 40, 51, and 61 may be han
dled by the gateway server 40, or a location information 
providing unit 40c may be configured as a separate 

[0139] With the second embodiment, the arrange
ment was such that location information notification is 

50 performed in response to location information requests 
from the side of computers such as the IP servers 90A 
through 90C and so forth, but the invention is not re
stricted to this; rather, an arrangement may be made 
wherein, for example, notification is made in response 

55 to notification requests from the cellular telephone 30, 
or wherein the gateway server 40 arbitrarily notifies. 

11 
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(4) Location information notification receiver 

[0140] With the second embodiment, the example is 
a case wherein the location information of the cellular 
telephone 30 is notified to computers such as IP servers 
90A through 90C and the like connected to networks 
outside the mobile packet communication network 32, 
but the invention is not restricted to such; rather, an ar
rangement may be made wherein the location informa
tion of the cellular telephone 30 is notified to another 
cellular telephone (not shown). Further, notification may 
be made to predetermined nodes within the mobile 
packet communication network 32, rather than to anoth
er cellular telephone. That is to say, the terminology 
"predetermined computer" within the scope of the 
Claims is a concept encompassing these other cellular 
telephones and nodes within the mobile packet commu
nication network 32. 

C: Third embodiment 

[0141] Next, with the third embodiment of the present 
invention, an arrangement will be described wherein the 
location information is notified to various servers as a 
standard interface protocol, while maintaining security 
of the location information of the mobile communication 
terminal. 
[0142] As for specific examples of this third embodi
ment, there are 1: a first specific example wherein loca
tion information is notified to the server along with data 

of the mobile telephone network 200 and packet com
munication services of the mobile packet communica
tion network 300. The mobile station 100 comprises an 
audio inpuUoutput unit for allowing the user to make 

5 voice calls, a wireless unit for performing wireless com
munication with the base station of the mobile commu
nication network, an information display unit configured 
of a liquid crystal panel or the like, an operating unit 
where information input operations such as numerical 

10 input and character input and the like is performed, and 
a built-in micro-computer for controlling each unit. 
[0147] Also, the mobile station 100 is provided with 
document data viewing software (a so-called browser), 
so as to display an interactive screen based on HTML 

15 (HyperText Markup Language) format data (hereafter 
referred to as HTML data) supplied from an information 
provider (hereafter abbreviated as IP) via the mobile 
packet communication network 300. 
[0148] The mobile telephone network 200 (mobile 

20 communication network) is a communication network 
for providing communication services to the mobile sta
tion 100, and the mobile station 100 can receive call 
services via this mobile telephone network 200, or via 
the network 200 and a fixed telephone network (not 

25 shown). 
[0149] The mobile telephone network 200 is config
ured of a base station 210, exchange station 220, home 
memory 230, and communication lines and the like con
necting these. 

30 [0150] A large number of the base stations 210 are 
signals transmitted from a mobile station; and 2: a sec- set up within the call service area at predetermined in-
ond specific example wherein location information is no- tervals, and a base station ID is provided for each base 
tified to the server in response to requests from the serv- station 210. The base stations 210 perform wireless 
er; these will now be described in order. communication with the mobile stations 100 existing 

35 within the various wireless zones. The exchange station 
C-1: First specific example 220 contains multiple base stations 210, and performs 

C-1-1 Configuration of first specific example 

[0143] First, the configuration of the first specific ex
ample will be described. 

( 1) Configuration of the overall system 

[0144] Fig. 15 is a block diagram illustrating the con
figuration of the overall mobile communication system 
relating to the first specific example. 
[0145] This mobile communication system comprises 
a mobile station 100, mobile telephone network 200, 
mobile packet communication network 300, Internet 
400, IP servers 500A, 500B, and so forth. In this first 
specific example, the above mobile packet communica
tion network 300 and mobile telephone network 200 will 
be collectively referred to as a mobile communication 
network. 
[0146] The mobile station 100 ( mobile communication 
terminal) is a mobile communication terminal such as a 
cellular telephone or aPHS, and receives call services 

exchanging processing of the communication lines of 
the mobile stations 100 existing within the wireless 
zones of the base stations. This exchange station 220 

40 has an in-zone information table 221 for obtaining the 
mobile stations 100 existing within the wireless zones 
of the base stations 210 which it contains. 
[0151] The home memory 230 has registered therein 
various information such as subscriber information, po-

45 sition registration information, billing information, etc., 
as a database. The position registration information is 
information indicating the areas within the network to 
which the mobile stations 100 belong, and this is stored 
in the position registration database 231. 

50 [0152] The mobile packet communication network 
300 is a communication network for providing packet 
communication services to the mobile station 100, and 
is configured of the above base station 210, exchange 
station 220, home memory 230, etc., and further packet 

55 subscriber processing devices 310, gateway server 
320, and communication lines connecting these. The 
packet subscriber processing devices 310 are computer 
systems included in the above exchange station 220 re-

12 
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garding the device configuration thereof, and each has 
a unique packet subscriber processing device ID. The 
packet subscriber processing devices 310 receive pack
et exchange requests from the mobile stations 100, con
firm the validity of the received packet exchange re
quests, and perform processing for relaying the packet 
exchange, and so forth. 
[0153] The gateway server 320 is a computer system 
provided in a mobile packet gateway relay exchange 
station (not shown) for mutual connection of the mobile 
packet communication network 300 with other networks 
such as the Internet 400 and the like, and intermediates 
data exchange between networks while converting dif
fering communication protocols between the multiple 
networks. Specifically, the gateway server 320 performs 
mutual conversion between the transfer protocol of the 
mobile packet communication network 300 and TCP/IP 
which is the standard communication protocol of the In
ternet 400. 
[0154] Further, the gateway server 320 holds main 
menu screen data for showing menus for the various 
services provided to the users of the mobile stations 100 
by the IP servers 500A, 500B, ··· and so forth, and the 
data is transmitted to a mobile station 100 in response 
to a request from the mobile station 100. This main 
menu screen data is HTML format data, and URLs in
cluding the host names of the IP servers 500A, 500B, 
···for executing the services corresponding to the menu 
items, are embedded in the main menu items. 
[0155] Further, the gateway server 320 further is pro
vided with functions for generating location information 
indicating the position of the mobile station 100. With 
the present embodiment, the gateway server 320 gen
erates location information of the mobile station 100 by 
analyzing inbound signals transmitted from the mobile 
station 100 to the IP servers 500A, 500B, · ··. Also, loca
tion information can be generated using the above-de
scribed in-zone information table 221 or the position reg
istration database 231, but such techniques will not be 
used with this first specific example; these techniques 
will be used with a second specific example described 
herein below. The configuration of the gateway server 
320 and details of the location information generating 
operations thereof will be described later. 
[0156] The IP servers 500A, 500B, ··· are server sys
tems run by the IPs, and send information out onto the 
Internet 400, to be provided to the users as HTML format 
data. In this first specific example, the IP servers 500A, 
500B, ··· are servers for providing to the mobile station 
100 position related information according to the posi
tion of the mobile station 100, and are provided with po
sition related information databases 510A, 510B, ··· 
which store various types of position related information. 
The IP servers 500A, 500B, ··· search the position relat
ed information databases 510A, 510B, ··· based on the 
location information of the mobile station 100 notified 
from the gateway server 320, and transmit the position 
related information obtained as a result of the search to 

the mobile station 100 via the Internet 400 or the like. 
[0157] Further, the IP servers 500A, 500B, ··· store 
HTML format sub-menu screen data for showing the us
er menus for services which it performs, and when the 

5 mobile station 100 accesses the IP servers 500A, 500B, 
···, the stored sub-menu screens are transmitted to the 
mobile station 100. 
[0158] Now, a description regarding the configuration 
of HTML data, which is the sub-menu screen data, will 

10 be given. 
[0159] Fig. 16 is a diagram illustrating anexample of 
HTML format sub-menu screen data which the IP serv
ers 500A, 500B, ··· transmit to the mobile station 100, 
and Fig. 17 is a diagram of the sub-menu screen dis-

15 played on the mobile station 100 based on the screen 
data. 
[0160] As shown in Fig. 11, sub-menu items include, 
for example, "restaurant information", "movie theater in
formation", "museum information", "registration oftrack-

20 ing information provision", and so forth. 
[0161] Of these sub-menu items, "restaurant informa
tion", "movie theater information", and "museum infor
mation" are for providing restaurant information and the 
like to the user of the mobile station 100, according to 

25 the location information of the mobile station 100. Each 
sub-menu item has a corresponding hypertext link text 
string embedded therein. 
[0162] For example, in the event that the user selects 
"Restaurant information" from the sub-menu screen 

30 shown in Fig. 17, the hypertext link text string "http://xxx. 
co.jp/cgibin/restaurant.cgi?area=NULLAREA" (see Fig. 
16) which is embedded in "restaurant information" is 
transmitted from the mobile station 100 to one of the IP 
servers 500A, 500B, ··· indicated by the host name "xxx. 

35 co.jp", via the gateway server 320 and the like. 
[0163] A predetermined data string "NULLAREA" is 
included at the end of the hypertext link text string, and 
this data string "NULLAREA" will be substituted with the 
location information of the mobile station 100 at the 

40 gateway server 320 and transmitted to the IP servers 
500A, 500B, ··· indicated by the host name, and hereaf
ter will be referred to as "location information substitut
ing data string". 
[0164] Now, the service contents of "Registration of 

45 tracking information provision" shown in Fig. 16 and the 
hypertext link text string "http://xxx.co.jp/cgi-bin/push
regist.cgi?uid=NULLID" embedded therein will be de
scribed in the second specific example described herein 
below. 

50 

(2) Configuration of gateway server 320 

[0165] Next, the configuration of the gateway server 
320 will be described. 

55 [0166] Fig. 18 is a block diagram illustrating the con
figuration ofthe gateway server 320. 

13 

[0167] The gateway server 320 is made up of an in
terface unit 321 (receiving unit and transmitting unit), 
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subscriber information managing unit 322, data distribu
tion managing unit 323 (third location information noti
fying unit, receiving unit, transmitting unit, detecting unit, 
substituting unit, notification permission/non-permis
sion determining unit, inquiry unit, determining unit, and 
error signal transmitting unit), IP server information 
managing unit 324 (disclosure information storing unit), 
location information generating unit 325 (third location 
information generating unit), and a bus 326 and the like 
mutually connecting these. 
[0168] The interface unit 321 functions as an interface 
between networks, such as performing protocol conver
sion between other networks such as the mobile packet 
communication network 300 and the Internet 400. 
[0169] The subscriber information managing unit 322 
stores and manages subscriber information which is ob
tained by making reference to the above-described 
home memory 230. 
[0170] The data distribution managing unit 323 man
ages data distribution processing between mobile sta
tions 100, between a mobile station 100 and another 
network such as the Internet 400, or between a mobile 
station 100 and the IP servers 500A, 500B, ···, and the 
like, and also functions to substitute a predetermined 
data string detected in data transmitted from the mobile 
station 100 with location information of the mobile sta
tion 100, as described later. Further, the data distribution 
managing unit 323 stores the above-described main 
menu screen data, and transmits the screen data to the 
mobile station 100 in response to request signals from 
the mobile station 100. In addition to "position related 
information services" for providing position related infor
mation relating to the position of the mobile station 100, 
the main menu items also include a "news distribution 
service" which performs news distribution, and so forth. 
[0171] Now, there are two methods for the mobile sta
tion 100 to access the IP servers 500A, 500B, ···,: a 
method for the user to select a desired main menu item 
from the main menu screen displayed on the mobile sta
tion 100, and a method for the user to use the keypad 
of the mobile station 100 to directly input the URL of the 
desired IP servers 500A, 500B, ···. 
[0172] First, in the event of the user selecting a main 
menu item from the main menu screen displayed on the 
mobile station 100, the arrangement is such that, upon 
the mobile station 100 transmitting a request signal con
taining a URL embedded in that main menu item to the 
gateway server 320, the data distribution managing unit 
323 of the gateway server 320 accesses one of the IP 
servers 500A, 500B, ··· based on the host name of the 
URL contained in the received request signal. 
[0173] Also, in the event of the user directly inputting 
the URL of the IP servers 500A, 500B, ··· which the user 
desires to access to the mobile station 100, the arrange
ment is such that, upon the mobile station 100 transmit
ting a request signal containing the input URL to the 
gateway server 320, the data distribution managing unit 
323 of the gateway server 320 accesses one of the IP 

servers 500A, 500B, ··· based on the host name of the 
URL contained in the received request signal. 
[0174] Once the mobile station 100 accesses one of 
the IP servers 500A, 500B, · · · by one of the above meth-

5 ods, the IP server 500A, 500B, ··· transmits a stored sub
menu screen to the mobile station 100, as described 
above. 
[0175] The IP server information managing unit 324 
is provided with an IP information database 327 which 

10 stores information relating to the IP servers 500A, 500B, 
···, and performs registration, updating, etc., of this in
formation. The above data distribution managing unit 
323 makes reference to this IP information database 
327, and transmits the location information of the mobile 

15 station 100 to the IP servers 500A, 500B, ···. The con
figuration of this IP information database 327 will be de
scribed later. 
[0176] The location information generating unit 325 
generates location information of the mobile station 100 

20 as described below. 
[0177] Inbound signals transmitted from the mobile 
station 100 to the IP servers 500A, 500B, ··· contain for 
example, URLs for the IP servers 500A, 500B, ··· which 
are the destinations of the signals, the mobile station ID 

25 of the originating mobile station 100, and so forth. Fur
ther, in the process of the inbound signals being relayed 
by the devices within the mobile communication net
work, the ID of each device is added to the signal. That 
is to say, following transmission of this inbound signal 

30 from the mobile station 100, reception at the base sta
tion 210 adds the base station ID of the base station, 
and further, reception at the packet subscriber process
ing device 310 adds the packet subscriber processing 
device ID of the packet subscriber processing device 

35 310. 
[0178] Accordingly, when the inbound signal transmit
ted from the mobile station 100 is received by the gate
way server 320, the signal contains the URL of one of 
the destination IP servers 500A, 500B, ···, the mobile 

40 station ID, a base station ID, and a packet subscriber 
processing device ID. The location information generat
ing unit 325 can determine in which base station 210 
wireless zone which mobile station 100 exists, by ana
lyzing the ID information and so forth. 

45 [0179] The location information generating unit 325 is 
provided with, in a correlated manner, a region code ta
ble 328, storing base station IDs and region codes of 
regions where the base stations of the base station IDs 
are located. The location information generating unit 

50 325 searches the region code table 328 with the base 
station ID of the zone where the mobile station 100 ex
ists as a search key, and the region code obtained as 
the result thereof and the mobile station ID of the above 
mobile station 100 are taken as the location information 

55 of the mobile station 100. 

14 
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(3) Configuration of IP information database 327 

[0180] Next, the configuration of the IP information 
database 327 provided in the IP server information man-
aging unit 324 will be described. 5 

[0181] Fig. 19 shows a data format diagram of the IP 
information database 327. 
[0182] As shown in the figure, for each "IP server 
name", information such as "host name", "service 
name", "location information disclosure flag", "user con- 10 

sent flag", and so forth, is stored in the IP information 
database 327 for each server. 
[0183] The location information disclosure flag is set 
to ON regarding an IP server 500 for which the location 
information of the mobile station 100 is disclosed (i.e., 15 

an IP server 500 capable of obtaining the location infor
mation of the mobile station 100). 
[0184] For example, in the figure, the IP server 500A 
and IP server 500B are IP servers for providing position 
related information providing services, and the IP server 20 

500B is an IP server for performing wide-area informa-
tion providing services. 
[0185] Now, wide-area information means informa-
tion which is not specific to a particular region, and wide
area information providing services are services provid- 25 

ing wide-area information to the mobile station 100 
which are not dependent on the location information of 
the mobile station 100. An example of wide-area infor
mation providing services is nationwide news distribu-
tion services and so forth. On the other hand, position 30 

related information providing services are services for 
providing information relating to a particular region 
based on the position of the mobile station 100, such as 
services for providing restaurant information and so 
forth, as described above. 35 

[0186] Accordingly, as shown in the figure, the IP 
server 500A and the IP server 500B are IP servers ca
pable of obtaining location information (i.e., the IP serv-
er 500A and IP server 500B receive disclosure of loca-
tion information), so the location information disclosure 40 

flag is set to ON. On the other hand, the IP server 500C 
is a server which does not obtain location information of 
the mobile station 100 (i.e., the IP server 500C does not 
receive disclosure of location information), so the loca-
tion information disclosure flag is set to OFF. 45 

[0187] Of the IP servers 500 which are the object of 
disclosure of the location information of the mobile sta-
tion 100, the user consent flag is set to ON regarding 
the IP servers 500 which need the consent of the user 
of the mobile station 100 when disclosing the location 50 

information. 
[0188] There are cases wherein the user does not 
want his/her own location information to be known, and, 
in such cases, this user consent flag has been provided 
in order to prevent the location information of the mobile 55 

station 100 from the disclosed to the IP servers 500A, 
500B, ···, against the will of the user. 
[0189] Accordingly, even with IP servers 500 which 

15 

receive disclosure of location information, there are IP 
servers which can unconditionally (i.e., without the con
sent of the user) obtain location information of the mo
bile station 100 (the IP server 500B shown in the figure) 
and IP servers which can obtain location information on
ly with consent of the user (the IP server 500A shown 
in the figure). 
[0190] Now, there is no flag information or the like to 
serve as such disclosure standards for IP servers 500 
not registered in the IP information database 327, but 
the gateway server 320 determines that the location in
formation disclosure flag is set to OFF for such IP serv
ers 500 not registered in the IP information database 
327 (i.e., not to receive disclosure of location informa
tion). 

(4) Configuration of region code table 328 

[0191] Next, the region code table 328 in the location 
information generating unit 325 will be described. 
[0192] Fig. 20 is a data format diagram for the region 
code table 328. 
[0193] This region code table 328 stores in a corre
sponding manner a "base station ID" which can be ob
tained as information indicating position within the mo
bile communication network, and a "region code" which 
IP servers 500A, 500B, ··· set up outside the network 
can obtain as information indicating position. 
[0194] For example, the base station ID group 
"BS001-BS005" shown in the figure is approximately 
equivalent to the area of 1-Chome, Shibuyaku, Tokyo, 
and accordingly a region code "CODE001" indicating 
1-Chome, Shibuya-ku, Tokyo, is stored corresponding 
to this base station group. 

(5) Configuration of position related information 
database 510 

[0195] Next, the configuration of the position related 
information databases 510A, 510B, ···, provided in the 
IP servers 500A, 500B, ···, will be described, with the 
position related information database 51 0Aas an exam
ple. 
[0196] Fig. 21 is a format diagram of the position re
lated information database 510A. 
[0197] This position related information database 
51 0A stores a "region code" for each region, and "region 
name" and "position related information" corresponding 
to each region code. 
[0198] Now various standards may be conceived for 
sectioning the regions, such as by administrative district 
such as town and city names, by postal code, by latitude 
and longitude, etc. In the figure, region code 
"CODE001" indicates "1-Chome, Shibuya-ku", which is 
an administrative district, and information such as 
"buildings" in "1-Chome, Shibuyaku" like "restaurants", 
"movie theaters", "museums", and "addresses", "tele
phone numbers", "events", and so forth, are stored in 
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the position related information database 51 0A. 

C-1-2: Operation of the first specific example 

[0199] Next, the operation of the first specific example 
with the above configuration will be described with ref
erence to the flowchart shown in Figs. 22A and 22B. 
[0200] First, the user selects a desired main menu 
item from the main menu screen displayed on the mobile 
station 100, or the user directly inputs the URL of a de
sired IP server 500A, 500B, ··· to the mobile station 100, 
thereby accessing an IP server 500A, 500B, ··· (here, 
the IP server 500A (host name: xxx.co.jp)). Next, the IP 
server 500A transmits the stored sub-menu screen data 
(e.g., the screen data illustrated in Fig. 16) to the mobile 
station 100 via the gateway server 320, and the mobile 
station 100 receives and displays this, thereby starting 
the processing shown in the figure. 
[0201] Once the user selects a desired menu item 
from the sub-menu screen displayed on the mobile sta
tion 100 (e.g., "restaurant information" shown in Fig. 17), 
in step SP1, the mobile station 100 transmits to the gate
way server 320 a request signal containing "http://xxx. 
co.jp/cgibin/restaurant.cgi?area=NULLAREA", which is 
embedded in the selected menu item. 
[0202] In step SP3, the gateway server 320 receives 
the request signal via the base station 210 and the like. 
[0203] In step SP5, the gateway server 320 deter
mines whether or not the location information substitu
tion data string "NULLAREA" is included in the hyperlink 
text string in the received request signal. In the event 
that the result of the determination is "No" (i.e., in the 
event that there is no location information substitution 
data string), the flow proceeds to step SP7, the gateway 
server 320 accesses one of the IP servers 500A, 500B, 
···, based on the host name contained in the hyperlink 
text string in the received request signal, and subse
quently performs data relay processing between the 
mobile station 100 and the IP servers 500A, 500B, ···, 
following the operations made by the user. 
[0204] On the other hand, in the event that the result 
of the determination in step SP5 is "Yes" (i.e., in the 
event that there is a location information substitution da
ta string), the flow proceeds to step SP9, the gateway 
server 320 makes reference to the host name contained 
in the hyperlink text string, and determines whether or 
not the IP server 500A indicated by the host name is to 
receive disclosure of location information. As described 
above, this determination is made by making reference 
to the setting state (ON or OFF) of the location informa
tion disclosure flag within the IP information database 
327. 
[0205] In the event that the result of the determination 
in step SP9 is OFF (i.e., in the event that the IP server 
500A is not the object of disclosure of location informa
tion), the flow proceeds to step SP11, and the gateway 
server 320 transmits a transmission impossible notifica
tion to the mobile station 100 to the effect that location 

information cannot not be transmitted to the IP server 
500A. 
[0206] Then, in step SP13, the mobile station 100 re
ceives the transmission impossible notification, and no-

5 tifies this to the user by displaying it on the liquid crystal 
display. On the other hand, in the event that the result 
of the determination in step SP9 is ON (i.e., in the event 
that the IP server 500A is to receive disclosure of loca
tion information), the flow proceeds to step SP15, and 

10 the gateway server 320 determines whether or not the 
consent of the user of the mobile station 100 is neces
sary when disclosing location information to the IP serv
er 500A. As described above, this determination is 
made by making reference to the setting state (ON or 

15 OFF) of the user consent flag within the IP information 
database 327. 
[0207] In the event that the result of the determination 
in step SP15 is OFF (i.e., in the event that user consent 
is unnecessary), the flow proceeds to step SP17. 

20 [0208] On the other hand, in the event that the result 
of the determination in step SP15 is ON (i.e., in the event 
that user consent is necessary), the flow proceeds to 
step SP19, and the gateway server 320 transmits to the 
mobile station 100 input screen data for obtaining con-

25 sent from the user for transmitting location information. 
[0209] Then, in step SP21, the mobile station 100 re
ceives and interpretsthe input screen data, and displays 
it on the liquid crystal display. 
[021 0] In step SP23, the mobile station 100 accepts 

30 input regarding permission/non-permission of consent 
from the user. 
[0211] In step SP25, the mobile station 100 transmits 
the input information input by the user to the gateway 
server 320. 

35 [0212] In step SP27, the gateway server 320 receives 
the input information. 
[0213] Then, in step SP29, the input information re
lating to permission/non-permission of consent is inter
preted, and determination is made regarding whether or 

40 not the location information may be transmitted to the 
IP server 500A. 
[0214] In the event that the result of the determination 
is "No" (i.e., in the event that location information may 
not be transmitted to the IP server 500A), the flow pro-

45 ceeds to step SP31, and the gateway server 320 trans
mits a transmission impossible notification to the mobile 
station 100 to the effect that location information cannot 
be transmitted to the mobile station 100. 
[0215] Then, in step SP33, the mobile station 100 re-

50 ceives the transmission impossible notification, and dis
play this on the liquid crystal display. The user can view 
the display to confirm that location information was not 
transmitted. 
[0216] On the other hand, in the event that the result 

55 of the determination in step S29 is "Yes" (i.e., in the 
event that location information may be transmitted to the 
IP server 500A), the flow proceeds to step SP17, and 
the gateway server 320 generates location information 

16 
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of the mobile station 100. That is, as described above, 
the gateway server 320 first extracts the base station ID 
contained in the request signal, searches the region 
code table 328 with the extracted base station ID as a 
search key, obtains the region code (which is 
"CODE001" here) corresponding to the base station ID, 
and uses the region code as the location information of 
the mobile station 100. 
[0217] In step SP35, the gateway server 320 substi
tutes the location information substitution data string 
"NULLAREA" within the request signal with the location 
information "CODE001" of the mobile station 100, and 
transmits the hyperlink text string including the substi
tuted location information, i.e., "http://xxx.co.jp/cgi-bin/ 
restaurant.cgi?area=CODE001 ", as the request signal, 
to the IP server 500A based on the host name "xxx.co. 
jp". 
[0218] In step SP37, the IP server 500A activates a 
position related information application in response to 
the received request signal. Then, position related infor
mation (restaurant information) corresponding to the lo
cation information (CODE001) received from the gate
way server 320 is obtained from the position related in
formation database 51 0A, and the above position relat
ed information is transmitted via the Internet 400 to the 
mobile station 100 based on the mobile station ID con
tained in the request signal. 
[0219] Subsequently, the mobile station 100 receives 
and displays the position related information via the 
gateway server 320, thereby achieving the objective aim 
of the user at this time. 

C-2: Second specific example 

[0220] Next, as a second specific example of the third 
embodiment, an example will be described wherein lo
cation information of the mobile station 100 is notified 
to the IP servers 500A, 500B, ·· ·, in response to requests 
from the IP servers 500A, 500B, ···. 

C-2-1: Configuration of second specific example 

[0221] With the second specific example, as de
scribed above, location information of the mobile station 

(1) Configuration of in-zone information table 221 of 
exchange station 220 

[0222] Fig. 23 is a format diagram illustrating an ex-
5 ample of the stored contents of the in-zone information 

table 221. 
[0223] As shown in the figure, the in-zone information 
table 221 stores a "base station ID"foreach base station 
210 contained in the exchange station 220, and a "mo-

10 bile station ID" of the mobile station 100 used in a wire
less zone of the base station 210 indicated by the base 
station ID (generally, the telephone No. of the mobile 
station 100 is used). Hereafter, information made up of 
the mobile station ID and base station ID will be referred 

15 to as in-zone information. 
[0224] For example, this shows that there are three 
mobile stations 100 represented by the mobile station 
IDs "MS09011111111", "MS09011111122", and 
"MS09011111130" existing in the wireless zone of the 

20 base station ID "BS001" shown in the figure. Also, there 
are no mobile stations 100 in the wireless zone of the 
base station ID "8S002", and there is one mobile station 
100 represented by the mobile station ID 
"MS09011111140" existing in the wireless zone of the 

25 base station 210 of the base station ID "8S003". 
[0225] When the mobile stations 100 move between 
the wireless zones of the base stations 210, processing 
for switching over to communication channels unique to 
each base station is performed between the mobile sta-

30 tions 100 and exchange stations 220 (a so-called hand
over), and the in-zone information of the above in-zone 
information table 221 are updated at the timing of this 
hand-over. 
[0226] Each exchange station 220 makes reference 

35 to this in-zone information table 221 and manages com
munication processing between the base stations 210 
and mobile stations 100. 

(2) Configuration of the position registration database 
40 231 of the home memory 230 

[0227] Fig. 24 is a format diagram illustrating an ex
ample of the stored contents of the position registration 
database 231. 

100 is generated using the in-zone information table 221 45 

of the exchange station 220 and the position registration 
database 231 of the home memory 230. Accordingly, in 

[0228] Now, an area made up of the wireless zones 
of multiple base stations 210 contained in one exchange 
station 220 will be referred to as a "position registration 
area" (or general calling area). This position registration 
area is a unit of position registration of the mobile sta
tions 100 performed within a mobile communication net
work, and the exchange station 220 performs general 
calling of the mobile stations 100 in units thereof. Also, 
each position registration area is provided with a posi
tion registration area ID. 

the following, the configuration of the in-zone informa-
tion table 221 and the position registration database 231 
will be described in detail, and further, description will 50 

be made regarding how the second specific example dif-
fers from the first specific example. Incidentally, other 
configurations are the same as those of the first specific 
example, and accordingly description thereof will be 
omitted. 55 

17 

[0229] As shown in the figure, the position registration 
database 231 stores each "mobile station ID" and the 
"position registration area ID" of the position registration 
areas where each mobile station exists, in an associated 
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manner. Information made up of this "mobile station ID" 
and "position registration area ID" will be called position 
registration information. 
[0230] For example, in the figure, this shows that the 
mobile station 100 represented by the mobile station ID 
"MS09011111111" exists in the position registration area 
represented by the position registration area ID 
"AREA0001 ". 

(3) Configuration of IP servers 500A, 500B, ··· 

[0231] The IP servers 500A, 500B, ··· store sub-menu 
screens, as in the above-described first specific exam
ple, but the configuration of the hyperlink text string em
bedded in the sub-menu items used in the second spe
cific example differ from those of the first specific exam
ple. 
[0232] Now, the configuration of the hyperlink text
string according to the second specific example will be 
described with reference to Fig. 16 and Fig. 17. 
[0233] The "registration of tracking information provi
sion" shown in Fig. 16 and Fig. 17 is a menu item for 
registering the mobile station 100 which is to be tracked, 
with the IP servers 500A, 500B, · · · for performing serv
ices such as, for example, periodically tracking the po
sition of the mobile station 100. 
[0234] Specifically, registering the ID of the mobile 
station with the IP servers 500A, 500B, ··· using the "reg
istration of tracking information provision" causes the IP 
servers 500A, 500B, ··· to periodically inquire regarding 
location information of the mobile station 100 indicated 
by the registered ID to the gateway server 320, and ob
tain location information. 
[0235] As shown in Fig. 16, the hyperlink text string 
"http://xxx.co.jp/cgibin/pushregist.cgi?ID=NULLID" is 
embedded in the menu item "registration of tracking in
formation provision", with the data string "NULLID" in
cluded at the end of the hyperlink text string. 
[0236] When the user selects "registration of tracking 
information provision" from the sub-menu screen shown 
in Fig. 17, a request signal containing the hyperlink text 
string "http://xxx.co.jp/cgi-bin/pushregist.cgi?ID=NUL
LID" is transmitted from the mobile station 100 to the 
gateway server 320, and at this time the predetermined 
data string "NULLID" is substituted with the ID ofthe mo
bile station 100 at the gateway server 320 and is trans
mitted to the IP servers 500A, 500B, ··· indicated by the 
host name. This predetermined data string "NULLID" 
will hereafter be referred to as "mobile station ID substi
tuting data string". 
[0237] The ID of the mobile station 100 substituted at 
this time is not the above-described mobile station ID 
made up of the telephone number of the mobile station 
100, but rather is an ID uniquely determined between 
the gateway server 320 and IP servers 500A, 500B, ··· 
(hereafter called pseudo ID). 
[0238] The substituted pseudo ID is temporarily 
stored in the IP servers 500A, 500B, ···, and the IP serv-

ers 500A, 500B, ·· · are arranged so as to transmit the 
location information request which specified that pseu
do ID to the gateway server 320. 

5 (4) Configuration of the gateway server 320 

[0239] Next, the configuration of the gateway server 
320 will be described. 
[0240] The gateway server 320 is made up of the in-

10 terface unit 321 (receiving unit) described in the first 
specific example, subscriber information managing unit 
322, data distribution managing unit 323 (receiving unit, 
fourth location information notifying unit, detecting unit, 
substituting unit, identification information adding unit, 

15 notification permission/non-permission determining 
unit, inquiry unit, determining unit, and error signal trans
mitting unit), IP server information managing unit 324 
(disclosure information storing unit), location informa
tion generating unit 325 (fourth location information gen-

20 erating unit), and a mobile station ID table for converting 
mobile station IDs into pseudo IDs. 
[0241] Fig. 25 is a format diagram illustrating an ex
ample of he stored contents of the mobile station ID ta
ble. 

25 [0242] As shown in the figure, the mobile station ID 
table stores a "mobile station ID" and a corresponding 
"pseudo ID". For example, the mobile station ID 
"MS09011111111" corresponds to the pseudo ID 
"00ZDGVXAKLLG" 

30 [0243] Upon detecting the mobile station ID substitut
ing data string from the request signal received from the 
mobile station 100, the data distribution managing unit 
323 of the gateway server 320 searches the mobile sta
tion ID table with the mobile station ID contained in the 

35 signal as a search key, substitutes the obtained pseudo 
ID with the mobile station ID substituting data string, and 
transmits this to one of the IP servers 500A, 500B, ···. 
[0244] On the other hand, the pseudo ID transmitted 
to the IP servers 500A, 500B, ··· is temporarily stored 

40 within the server as described above, and a location in
formation request with the pseudo ID specified above is 
transmitted from the IP servers 500A, 500B, ··· to the 
gateway server 320. 
[0245] Then, the location information generating unit 

45 325 of the gateway server 320 which has received the 
location information generating request generates loca
tion information ofthe specified mobile station 100. Now, 
the location information generating unit 325 does not 
generate location information using the base station ID 

50 within the inbound signal from the mobile station 100 
and so forth, as with the above-described first specific 
example, but rather generates location information by 
making reference to the above-described position reg
istration database 231 and in-zone information table 

55 221. The details of the operation of generating location 
information with the gateway server 320 will be de
scribed later. 

18 
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C-2-2: Operation of second specific example 

[0246] Next, the operation of the second specific ex
ample with the above configuration will be described 
with reference to the flowchart shown in Figs. 26A, 26B 
and 27. 
[0247] First, the user selects a desired main menu 
item from the main menu screen displayed on the mobile 
station 100, or the user directly inputs the URL of a de
sired IP server 500A, 500B, ··· to the mobile station 100, 
thereby accessing an IP server 500A, 500B, ··· (here, 
the IP server 500A (host name: xxx.co.jp)). Next, the IP 
server 500A transmits the stored sub-menu screen data 
(e.g., the screen data illustrated in Fig. 16) to the mobile 
station 100 via the gateway server 320, and the mobile 
station 100 receives and displays this, thereby starting 
the processing shown in the figure. 
[0248] Once the user selects a desired menu item 
from the sub-menu screen displayed on the mobile sta
tion 100 (e.g., "registration of position tracking informa
tion" shown in Fig. 17), in step SP51, the mobile station 
100 transmits a request signal containing the hyperlink 
text string "http://xxx.co.jp/cgi-bin/pushregist.cgi? 
ID=NULLID" embedded in the selected menu item and 
mobile station ID (e.g., "MS09011111111") to the gate
way server 320. 
[0249] In step SP53, the gateway server 320 receives 
the request signal. 
[0250] In step SP55, the gateway server 320 deter
mines whether or not the mobile station ID substitution 
data string "NULLID" is included in the received request 
signal. 
[0251] In the event that the result of the determination 
is "No" (i.e., in the event that there is no mobile station 
ID substitution data string), the flow proceeds to step 
SP57, the gateway server 320 accesses one of the IP 
servers 500A, 500B, ···, based on the host name con
tained in the hyperlink text string in the received request 
signal, and subsequently performs data relay process
ing between the mobile station 100 and the IP servers 
500A, 500B, ···, following the operations made by the 
user. 
[0252] On the other hand, in the event that the result 
of the determination in step SP55 is "Yes" (i.e., in the 
event that there is a mobile station ID substitution data 
string), the flow proceeds to step SP59, the gateway 
server 320 searches the mobile station ID table, and ob
tains the pseudo ID of the mobile station 100 
("00ZDGVXAKLLG" shown in Fig. 25). 
[0253] In step SP61, the gateway server 320 substi
tutes the mobile station ID substitution data string "NUL
LID" in the hyperlink text string within the request signal 
with the pseudo ID "00ZDGVXAKLLG", and transmits 
the hyperlink text string containing the substituted pseu
do ID "http://xxx.co.jp/cgi-bin/pushregist.cgi? 
ID=00ZDGVXAKLLG" and the like as a request signal 
to the IP server 500A based on the host name "xxx.co. 
jp". 

[0254] In step SP63, the IP server 500A receives and 
interprets the request signal, and stores the pseudo ID 
"00ZDGVXAKLLG" contained in the request signal as a 
mobile station which is to have position tracking per-

5 formed thereon. 
[0255] In step SP65, the IP server 500A specifies the 
stored pseudo ID "00ZDGVXAKLLG" and periodically 
transmits location information requests to the gateway 
server 320. 

10 [0256] In step SP67, the gateway server 320 receives 
the location information request from the IP server 
500A. Then, the gateway server 320 searches the mo
bile station ID table with the specified pseudo ID 
"00ZDGVXAKLLG" as a search key, and obtains the 

15 corresponding mobile station ID "M S09011111111 ". 
[0257] In step SP69, the gateway server 320 deter
mines whether or not the IP server 500A which has 
transmitted the location information request is to have 
the location information thereof disclosed. As described 

20 in the first specific example, this determination is made 
by making reference to the setting state (ON or OFF) of 
the location information disclosure flag within the IP in
formation database 327. 
[0258] In the event that the result of the determination 

25 in step SP69 is OFF (i.e., in the event that the IP server 
500A is not to be subjected to disclosure of location in
formation), the flow proceeds to step SP71, and the 
gateway server 320 transmits to the mobile station 100 
a transmission impossible notification to the effect that 

30 location information cannot be transmitted to the IP 
server 500A. Then, in step SP73, the IP server 500A 
receives the transmission impossible notification. 
[0259] On the other hand, in the event that the result 
of the determination in step SP69 is ON (i.e., in the event 

35 that the IP server 500A is to be subjected to disclosure 
of location information), the flow proceeds to step SP75, 
and the gateway server 320 determines whether or not 
the consent of the user of the mobile station 100 is nec
essary when transmitting location information to the IP 

40 server 500A. As described in the first specific example, 
this determination is made by making reference to the 
setting state (ON or OFF) of the user consent flag within 
the IP information database 327. 
[0260] In the event that the result of the determination 

45 in step SP75 is OFF (i.e., in the event that user consent 
is unnecessary), the flow proceeds to step SP77 in Fig. 
27. 
[0261] On the other hand, in the event that the result 
ofthe determination in step SP75 is ON (i.e., in the event 

50 that user consent is necessary), the flow proceeds to 
step SP79, and the gateway server 320 transmits input 
screen data for obtaining consent from the user for 
transmitting location information to the mobile station 
100 indicated by the mobile station ID 

55 "MS09011111111". 

19 

[0262] Then, in step SP81, the mobile station 100 re
ceives and interprets the input screen data, and displays 
it on the liquid crystal display. 
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[0263] In step SP83, the mobile station 100 accepts 
input regarding permission/non-permission of consent 
from the user. 
[0264] In step SP85, the mobile station 100 transmits 
the input information input by the user to the gateway 5 

server 320, and in step SP87, the gateway server 320 
receives the input information. 
[0265] Next, in step SP89 shown in Fig. 27, the gate
way server 320 interprets the input information relating 
to permission/non-permission of consent, and makes a 10 

determination regarding whether or not the location in
formation may be transmitted to the IP server 500A. 
[0266] In the event that the result of the determination 
is "No" (i.e, in the event that location information may 
not be transmitted to the IP server 500A), the flow pro- 15 

ceeds to step SP91, and the gateway server 320 trans
mits a transmission impossible notification to the mobile 
station 100 to the effect that location information cannot 
be transmitted to the IP server 500A. 
[0267] Then, in step SP93, the IP server 500A re- 20 

ceives the transmission impossible notification. 
[0268] Alternatively, in the event that the result of the 
determination in step SP89 is "Yes" (i.e., in the event 
that location information may be transmitted to the IP 
server 500A), the flow proceeds to step SP77, and the 25 

gateway server 320 generates location information of 
the mobile station 100, as described next. 
[0269] First, the gateway server 320 searches the po
sition registration database 231 with the mobile station 
ID as a search key, and obtains the corresponding po- 30 

sition registration area ID. The mobile station 100 exists 
within the position registration area indicated by the po
sition registration area ID obtained here. 
[0270] Next, the gateway server 320 accesses the in
zone information table 221 provided in the exchange 35 

station 220 indicated by the obtained position registra-
tion area ID, searches with the mobile station ID as the 
search key, and obtains the corresponding base station 
ID. 
[0271] Then, the gateway server 320 searches the re- 40 

gion code table 328 with the obtained base station ID 
as a search key, obtains the corresponding region code, 
and takes this as the location information of the mobile 
station 100. 
[0272] In step SP95, the gateway server 320 trans- 45 

mits to the IP server 500A the generated location infor
mation, as the location information of the mobile station 
100 indicated by the pseudo ID "00ZDGVXAKLLG". 
[0273] In step SP97, the IP server 500A receives the 
location information of the mobile station 100, and trans- 50 

mits position related information to the mobile station 
100, as appropriate, in response to the received location 
information. 
[0274] With the above-described first and second 
specific examples of the third embodiment, predeter- 55 

mined data strings decided upon between the gateway 
server 320 and the IP servers 500A, 500B, ···, are to be 
substituted with location information and mobile station 

20 

IDs, so location information can be notified to the IP 
server 500 in a form not dependent on the specifications 
of the mobile station 100. 
[0275] Also, the gateway server 320 determines 
whether or not notification of location information is per
missible, based on disclosure standard information 
such as the location information disclosure flag and the 
like, so security regarding the location information of the 
mobile station 100 is secured. 

C-3: Modifications of third embodiment 

[0276] As already described, the present invention is 
not restricted to the above third embodiment, rather, var
ious modifications may be made. For example, the fol
lowing modifications may be made with the first and sec
ond specific examples of the third embodiment. 

(1) Arrangement of IP servers 500A, 500B ··· 

[0277] With the first and second specific examples de
scribed above, the IP servers 500A, 500B ··· are con
nected to the gateway server 320 via the Internet 400, 
but the invention is not necessarily restricted to such a 
connection arrangement. 
[0278] For example, the IP servers 500A, 500B ··· 
may be connected to the gateway server 320 via dedi
cated lines, or may be provided within the mobile com
munication network. 
[0279] Also, though with the first and second specific 
examples the IP servers 500A, 500B ··· have functions 
of providing some sort of information to the mobile sta
tion 100, the invention is not restricted to this and these 
may just be computers. 
[0280] For example, in the second specific example, 
the IP server 500 may periodically obtain the location 
information of the mobile station 100 and provided the 
location information obtained as the result thereof to a 
predetermined information processing device (e.g., an 
administration center or the like which performs opera
tional administration of vehicles in which mobile stations 
100 are mounted), or the IP server 500 may simply ac
cumulate the obtained location information without mak
ing output to other terminals. 

(2) Arrangement of location information substitution 
data string or mobile station ID substitution data string 

[0281] In the first and second specific examples de
scribed above, the location information substitution data 
string "NULLAREA" or mobile station ID substitution da
ta string "NULLID" were added to the end of the hyper
link text string contained in the request signal. However, 
this arrangement is not essential, and including the 
above substitution data strings at predetermined posi
tions within the request signal transmitted from the mo
bile station 100 suffices. Also, the data string does not 
need to be the text strings "NULLAREA" and "NULLID"; 
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these may be other text strings instead. 

(3) Arrangement of location information description 
format 

[0282] Also, in the first and second specific examples 
described above, location information can be supplied 
to various IP servers by converting the predetermined 
text string determined beforehand into location informa
tion. 
[0283] However, the invention is not restricted to this, 
and matching the description format for location infor
mation between the mobile stations 100 and the IP serv
ers 500A, 500B ·· · will suffice. That is to say, the IP serv
ers 500A, 500B ·· · may notify the mobile stations 100 of 
the location information description format beforehand, 
such that the mobile stations 100 describe the location 
information based on the notified format, and transmit 
this to the IP servers 500A, 500B ···. 
[0284] An example ofthe notification processing of the 
above location information description format is as fol
lows. First, the IP servers 500A, 500B ··· describe the 
description format of location information within a pre
determined file, add a specific suffix to a file indicating 
that the file specifies the location information description 
format, and send this to the mobile stations 100. The 
mobile stations 100 make reference to the file and obtain 
the location information description format. 

(4) Arrangement of location information generation 

[0285] In the first and second specific examples de
scribed above, the mobile communication network in
cluding the gateway server 320 generated the location 
information of the mobile stations 100; however, the in
vention is not restricted to such, and location information 
of mobile stations 100 generated by other means may 
be notified to the IP servers 500A, 500B ···. 
[0286] The following is a description of a specific ex
ample of other means for generating location informa
tion of a mobile station 100. 
[0287] For example, the user may input location infor
mation to the mobile station 100 by operating the keys 
himself/herself. 
[0288] First, the data distribution managing unit 323 
(input screen transmitting unit and specified location in
formation receiving unit) of the gateway server 320 
transmits specified location information input screen da
ta for inputting user-specified location information, along 
with input screen data for inquiring of consent for trans
mitting the location information, to the mobile station 
100. 
[0289] The mobile station 100 interprets the received 
specified location information input screen data and dis
plays this on the liquid crystal display. The user inputs 
more specific location information to the specified loca
tion information input screen data displayed on the mo
bile station 100, such as the position with respect to a 

certain building like "East entrance of station A", or the 
"address" itself of the location of the user. 
[0290] The mobile station 100 then transmits the 
specified location information input by the user to the 

5 gateway server 320. The gateway server 320 transmits 
the specified location information received from the mo
bile station 100 to the IP servers 500A, 500B ··· along 
with the location information generated by its location 
information generating unit 325. 

10 [0291] In the event that the notified location informa
tion is detailed, the IP servers 500A, 500B ··· can corre
spondingly provide detailed and precise position related 
information. 
[0292] Also, the mobile station 100 may be provided 

15 with a measuring unit (position measuring unit) such as 
GPS or the like. 
[0293] The mobile station 100 measures the position 
of the mobile station 100 with the above position meas
uring unit and transmits the obtained position measure-

20 ment information to the data distribution managing unit 
323 (position measurement information receiving unit) 
of the gateway server 320. 
[0294] The gateway server 320 transmits only loca
tion information generated by the location information 

25 generating unit 325 to the IP servers 500A, 500B ··· with 
regard to mobile stations 100 not provided with the 
above position measuring means, and transmits the po
sition measurement information received from the mo
bile station 100 in addition to the location information 

30 generated by the location information generating unit 
325 to the IP servers 500A, 500B ··· with regard to mo
bile stations 100 provided with the above position meas
uring means. 
[0295] Now, the operation for the gateway server 320 

35 to transmit the location information and position meas
urement information to the IP servers 500A, 500B ··· will 
be described in detail. 
[0296] The position related information which is trans
mitted from the gateway server 320 to the IP servers 

40 500A, 500B ··· is made up of an 8-character text string. 
[0297] Of the 8-character text string, the four upper 
characters indicate the location information generated 
by the location information generating unit 325, and the 
four lower characters indicate the position measure-

45 ment information measured by the position measure
ment means. Further, in the event that measurement by 
the position measurement means is impossible, or in the 
event that the mobile station 100 is not provided with 
position measuring means, the 4-character text string 

50 "0000" indicates that position measurement information 
does not exist. 
[0298] For example, regarding location information of 
a mobile station 100 not provided with position measur
ing means, in the event that the location information 

55 generated by the gateway server 320 is "1-Chome, 
Shibuyaku, Tokyo" (which is represented by the text 
string "C49D"), the 8-character text string is 
"C49D0000". 

21 
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[0299] On the other hand, regarding location informa
tion of a mobile station 100 provided with position meas
uring means, in the event that the location information 
generated by the gateway server 320 is "1-Chome, 
Shibuyaku, Tokyo", and the position measurement in
formation generated by the position measuring means 
is "1-1 1-Chome, Shibuyaku, Tokyo", the text string 
"7236" representing "1-1" is inserted in to the lower four 
characters, so the 8-character text string is 
"C49D7236". 
[0300] Generally, using position measuring means 
such as GPS allows positions to be measured in a more 
detailed manner than the location information generated 
by the mobile communication network. Accordingly, in 
the event the above-described 8-character text string 
configuration is employed, the IP servers 500A, 500B · · · 
would only refer to the upper four characters of the 
8-character text string in the event that only general po
sition related information is to be provided to the user, 
and would make reference to the lower four characters 
in the event of providing detailed position related infor
mation, which is to say that the location information ref
erence operation can be changed according to the level 
of position related information to be provided to the mo
bile stations 100. 
[0301] Further, in the event that the lower four char
acters are "0000" (i.e., there is no position measurement 
information), and in the event that the IP servers 500A, 
500B ··· determine that more detailed location informa
tion is necessary, the gateway server 320 may be re
quested to transmit input screen data to the mobile sta
tion 100 for the user to input detailed location informa
tion. 
[0302] Thus, the IP servers 500A, 500B ··· would 
change the location information referring operation as 
appropriate, so the gateway server 320 does not need 
to perform the determination processing and the like re
garding whether to transmit general location information 
or detailed location information to the IP servers 500A, 
500B ···. 

(5) Operation of the gateway server 320 and IP servers 
500A, 500B ··· in the event of not disclosing location 
information 

[0303] In the above-described first specific example, 
in the event that the location information of the mobile 
station 100 is not disclosed to the IP servers 500A, 500B 
···, the gateway server 320 transmits a location informa
tion transmission impossible notification to the mobile 
station 100, but the invention is not restricted to this, and 
the transmission impossible notification may be trans
mitted to the IP servers 500A, 500B ··· to be accessed. 
[0304] Then, upon receiving the transmission impos
sible notification, the IP servers 500A, 500B ··· transmit 
screen data to the effect that location information cannot 
be obtained (hereafter referred to as error screen data) 
to the mobile station 100, and the mobile station 100 

displays the error screen. 
[0305] Then, the above-described transmission im
possible notification may be transmitted from the gate
way server 320 to the both the mobile station 100 and 

5 the IP servers 500A, 500B ···. 
[0306] Further, various arrangements may be con
ceived for the arrangement of the above transmission 
impossible notification, as described below. For exam
ple, in the above first specific example, an arrangement 

10 may be made wherein, even in the event that the loca
tion information may not be transmitted, the gateway 
server 320 transmits a request signal to the IP servers 
500A, 500B ··· containing the location information sub
stitution data string "NULLAREA" within the hyperlink 

15 text string of the IP servers 500A, 500B ···. Then, upon 
detecting the location information substitution data 
string "NULLAREA" within the request signal, the IP 
servers 500A, 500B ··· interpret the location information 
substitution data string to mean that location information 

20 may not be transmitted. 
[0307] Then, in the event that location information 
may not be transmitted, the gateway server 320 may 
replace the location information substitution data string 
"NULLAREA" with a predetermined keyword indicating 

25 that transmission is impossible (hereafter referred to as 
error keyword) and transmit it to the IP servers 500A, 
500B ···. 
[0308] Further, an arrangement may be made where
in link information to a site which provides error screen 

30 data displayed on the mobile station 100 may be insert
ed within this error keyword, so that the error screen da
ta is transmitted from the site to the mobile station 100. 
[0309] Such arrangements may be similarly applied 
to the second specific example, as well. 

35 

(6) Types of information serving as location information 
disclosure standards 

[031 0] With the above first and second specific exam-
40 pies, the gateway server 320 performs a determination 

of whether location information may or may not be dis
closed to the IP servers 500A, 500B ···, by making ref
erence to the IP information database 327. This IP in
formation database 327 had been set with location in-

45 formation disclosure flags and user consent flags, but 
information serving as disclosure standards is not nec
essarily limited to this flag information alone; rather, var
ious arrangements may be conceived, as described be
low. 

50 [0311] For example, IP servers 500A, 500B ··· to 
which location information for each mobile station 100 
is to be disclosed may be set. 
[0312] Fig. 28 is a data format diagram of a database 
provided in the gateway server 320 in such a case. 

55 [0313] As shown in the figure, this database (disclo
sure information storing unit) has an "IP server name" 
registered for each "mobile station ID" to which location 
information is to be disclosed. 

22 



43 EP 1 126 376 A1 44 

[0314] For example, the location information of the 
mobile station ID "MS0901111111" shown in the figure 
permits disclosure to "IP servers 500A, 500D, 500H ···". 
The user of the mobile station 100 notifies the IP server 
name to which disclosure is to be performed to the com
munications company operating the mobile communi
cation network beforehand, and the communications 
company registers in this database the IP server names 
to be disclosed based on this notification. The gateway 
server 320 makes reference to this database and deter-
mines whether or not location information can be dis
closed. 
[0315] That is to say, disclosure standards for each IP 
server 500A, 500B ··· are set for each mobile station 

5 

100 in the HTML format, but the invention is not restrict
ed to this, and other description languages such, for ex
ample, as XML (Extensible Markup Language) may be 
used. 

Claims 

1. A location information notifying method for notifying 
10 a predetermined computer of location information 

of a mobile communication terminal obtained on a 

100, unlike the arrangement in the above first and sec- 15 

ond specific examples wherein a uniform location infor
mation disclosure standard is set for all of the IP servers 
500A, 500B · ··. 

mobile communication network which contains mo
bile communication terminals capable of wireless 
communication, said computer to which said loca
tion information is notified being a plurality of com
puters including a first computer capable of han
dling said location information in a first representa
tional format and a second computer capable of 
handling said location information in a second rep
resentational format, said location information noti
fying method comprising: 

[0316] Also, specific mobile stations 100 may be set 
such that the location information thereof is not dis- 20 

closed at all. 
[0317] Fig. 29 is a data format diagram of a database 
provided in the gateway server 320 in such a case. 
[0318] As shown in the figure, the mobile station ID of 

a location information generating step of de

a mobile station 100 which does not disclose location 25 

tecting the position of said mobile communica
tion terminal and generating the location infor
mation thereof; information is registered in this database (terminal infor

mation storing unit). In the event that the user does not 
want to disclose his/her own location information to any 
server at all, notification to this effect is made to the com-

a location information converting step wherein, 
in the event of notifying said location informa-

munications company operating the mobile communi- 30 

tion to said first computer, said location infor
mation is converted from an original represen
tational format into said first representational cation network beforehand, and, based on this notifica

tion, the communications company registers this mobile 
station ID to this database. The gateway server 320 
makes reference to this database and determines 
whether or not location information can be disclosed. 
[0319] Providing various disclosure standards as de
scribed above allows various user needs to be met, such 
as notifying only a specific IP server 500 of location in
formation, or not wanting location information to be 
known at all. 

(7) Types of information serving as location information 
disclosure standards 

[0320] While the first and second specific examples 
invdved using mobile stations such as cellular tele
phones and PHSs and the like, the invention is not re
stricted to this, and mobile communication terminals 
such asPDAs (Personal digital Assistants) may be used, 
as long as they are provided with functions for perform
ing wireless communication of data with the base station 
210 of the mobile communication network. 

(8) Description language for data 

[0321] With the first and second specific examples, 
data was exchanged between the gateway server 320 
and IP servers 500A, 500B ···, and the mobile stations 

format, and in the event of making notification 
of location information to said second compu
ter, said location information is converted from 

35 said original representational format into said 
second representational format; and 

40 

a location information notifying step of notifying 
said computers of said location information with 
the representational format thereof converted. 

2. A location information notifying method according 
to Claim 1, wherein said mobile communication net
work comprises a plurality of mobile communication 
networks including a first mobile communication 

45 network and a second mobile communication net
work with differing representational formats for lo
cation information generated thereby; 

wherein said location information generating 
50 step generates, on one hand, the location infor

mation of a mobile communication terminal be
longing to said first mobile communication net
work in a third representational format, and, on 
the other hand generates the location informa-

55 tion of a mobile communication terminal be
longing to said second mobile communication 
network in a fourth representational format; 
and wherein, in the event of notifying said loca-
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tion information of said mobile communication toClaim 5, wherein said location information with a 
terminal belonging to said first mobile commu- precision needed by said computer includes one of: 
nication network to said computers, said loca-
tion information is converted in said location in- location information representing latitude and 
formation converting step from said third repre- 5 longitude information; and 
sentational format into a representational for- location information representing an adminis-
mat which said computers are capable of han- trative district. 
dling, and on the other hand, in the event of no-
tifying said location information of said mobile 7. A location information notifying method for notifying 
communication terminal belonging to said sec- 10 a predetermined computer of location information 
ond mobile communication network to said of a mobile communication terminal obtained on a 
computers, said location information is convert- mobile communication network which contains mo-
ed in said location information converting step bile communication terminals capable of wireless 
converts from said fourth representational for- communication, said location information notifying 
mat into a representational format which said 15 method comprising: 
computers are capable of handling. 

a location information generating step of de-
3. A location information notifying method according tecting the position of said mobile communica-

to Claim 1, wherein said first and said second rep- tion terminal and generating location informa-
resentational formats are one of: 20 tion; and 

a location information notifying step of notifying 
a format representing latitude and longitude in- said computer of said generated location infor-
formation; and mation by adding said generated location infor-
a format representing an administrative district. mation to data transmitted from said mobile 

25 communication terminal to said computer. 
4. A location information notifying method according 

to Claim 2, wherein said third or said fourth repre- 8. A location information notifying method according 
sentational formats are one of: to Claim 7, wherein said location information notify-

ing step includes: 
a format representing identification information 30 a step of notifying to said mobile communica-
provided to base stations of said mobile com- tion terminal the adding method of said location in-
munication network; formation from said computer, and notifying said 
a format representing identification information generated location information after said notified 
provided to wireless communication zones of a adding method. 
predetermined number of said base stations; 35 

a format representing identification information 9. A location information notifying method according 
provided to partial areas of wireless zones of to Claim 7, further comprising: 
said base stations; and 
a format representing latitude and longitude. a step of detecting a predetermined data se-

40 quence within data transmitted from said mo-
5. A location information notifying method for notifying bile communication terminal to said computer; 

a predetermined computer of location information and 
of a mobile communication terminal obtained on a a step of substituting said predetermined data 
mobile communication network which contains mo- sequence with said location information and 
bile communication terminals capable of wireless 45 transmitting to said computer. 
communication, said location information notifying 
method comprising: 10. A location information notifying method according 

to Claim 9, wherein said predetermined data se-
a location information generating step of de- quence is contained within data transmitted from 
tecting the position of said mobile communica- 50 said computer to said mobile communication termi-
tion terminal and generating location informa- nal; 
tion with a precision needed by said computer; and wherein said location information notify-
and ing step detects said data sequence in the process 
a location information notifying step of notifying of said mobile communication terminal returning 
said computer of said generated location infor- 55 data transmitted from said computer, and substi-
mation. tutes this with said location information. 

6. A location information notifying method according 11. A location information notifying method for notifying 
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a predetermined computer of location information 
of a mobile communication terminal obtained on a 
mobile communication network which contains mo
bile communication terminals capable of wireless 
communication, said location information notifying 5 

method comprising: 

a step of receiving from said computer a re
quest signal requesting location information of 
said mobile communication terminal; 10 

a location information generating step of de
tecting the position of said mobile communica-
tion terminal in response to said request signal 
and generating location information; and 
a location information notifying step of notifying 15 

said generated location information to said 
computer. 

12. A location information notifying method according 
to Claim 11, further comprising: 20 

an identification information adding step of add-
ing identification information of said mobile 
communication terminal to said data transmit-
ted from said mobile communication terminal to 25 

said computer, and transmitting to said compu-
ter; 
wherein said location information generating 
step determines the mobile communication ter
minal for which said location information to be 30 

generated and generates said location informa
tion, based on said identification information 
contained in said request signal from said com
puter. 

13. A location information notifying method according 
to Claim 12, wherein said identification information 
adding step comprises: 

35 

a step of detecting predetermined data se- 40 

quence within data transmitted from said mo-
bile communication terminal to said computer; 
and 
a step for substituting said predetermined data 
sequence with said identification information. 45 

14. A location information notifying method according 

to either Claim 7 or 11, further comprising: 

a notification permission/non-permission de
termining step of determining whether or not 
said location information may be notified to said 
computer; 
wherein said location information notifying step 
notifies said location information based on the 
determination result in said notification permis
sion/non-permission determining step. 

16. A location information notifying method according 
to Claim 15, wherein disclosure information regard
ing whether or not a computer is to have said loca
tion information disclosed thereto is stored in pre
determined storing means beforehand; 

and wherein said notification permission/non
permission determining step makes said determi
nation by referring to said disclosure information 
stored by said storing means with regard to said 
computer which is to have said location information 
disclosed thereto. 

17. A location information notifying method according 
to Claim 16, wherein said disclosure information is 
stored in said predetermined storing means before
hand for each mobile communication terminal; 

and wherein said notification permission/non
permission determining step makes said determi
nation by referring to said disclosure information 
stored by said storing means with regard to said 
computer which is to have said location information 
disclosed thereto. 

18. A location information notifying method according 
to Claim 15, wherein said notification permission/ 
non-permission determining step comprises: 

a step of making an inquiry to said mobile com
munication terminal regarding whether or not 
said location information may be notified to said 
computer; and 
a step of making said determination based on 
response information from said mobile commu
nication terminal to said inquiry. 

19. A location information notifying method according 
to Claim 15, wherein terminal information, relating 
to whether or not said location information may be 

to Claim 13, wherein said predetermined data se
quence is contained within the data transmitted 
from said computer to said mobile communication 
terminal; 

50 disclosed outside of said mobile communication 

and wherein said identification information 
adding step detects said data sequence in the proc
ess of said mobile communication terminal return-
ing the data transmitted from said computer, and 55 

substituting this with said identification information. 

15. A location information notifying method according 

25 

network with regard to a mobile communication ter
minal, is stored in predetermined storage means 
beforehand; 

and wherein said notification permission/non
permission determining step makes said determi
nation by referring to terminal information stored in 
said storage means with regard to said mobile com
munication terminal relating to said location infor-
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mation of which notification is to be made. 

5 

to any one of the Claims 1, 5, 7, and 11, wherein 
said mobile communication terminal is a cellular 
phone which performs wireless telephone commu
nication. 

25. A location information notifying apparatus for noti
fying a predetermined computer of location informa
tion of a mobile communication terminal obtained 
on a mobile communication network which contains 

20. A location information notifying method according 
to Claim 15, further comprising an error signal trans
mitting step of, in the event that it has been deter
mined that transmission is not permissible in said 
notification permission/non-permission determina
tion step, transmitting a transmission error signal to 
said mobile communication terminal or said compu
ter to the effect that said location information may 
not be notified. 

21. A location information notifying method according 
to either Claim 7 or 11, further comprising: 

10 mobile communication terminals capable of wire
less communication, said computer to which said 
location information is notified being a plurality of 
computers including a first computer capable of 

an input screen transmitting step oftransmitting 
input screen data for inputting to said mobile 
communication terminal specified location in
formation which the user of said mobile com-

15 

munication terminal can specify; and 20 

a specified location information receiving step 
of receiving from said mobile communication 
terminal said specified location information in-
put by said user; 
wherein said location information notifying step 25 

notifies said computer of said specified location 
information received in said specified location 
information receiving step, along with said lo
cation information generated in said location in-
formation generating step. 30 

22. A location information notifying method according 
to either Claim 7 or 11, wherein said mobile com
munication terminal comprises position measuring 
means for measuring its own position; 35 

wherein said location information notifying 
method comprises a measured location infor
mation receiving step of receiving from said 
mobile communication terminal measured lo- 40 

cation information relating to the position of 
said mobile communication terminal measured 
by said position measuring means; 
and wherein said location information notifying 
step notifies said computer of said measured 45 

location information received in said measured 
location information receiving step, along with 
said location information generated in said lo
cation information generating step. 

23. A location information notifying method according 
to any of the Claims 1, 5, 7, or 11, wherein said com
puter is an information providing server for provid-

50 

ing said mobile communication terminal with posi
tion-related information relating to the position of 55 

said mobile communication terminal. 

24. A location information notifying method according 

26 

handling said location information in a first repre
sentational format and a second computer capable 
of handling said location information in a second 
representational format, said location information 
notifying apparatus comprising: 

a first location information generating unit for 
detecting the position of said mobile communi
cation terminal and generating the location in
formation thereof; 
a location information representational format 
converting unit which, in the event of notifying 
said location information to said first computer, 
converts said location information from said 
representational format which is generated into 
said first representational format, and in the 
event of notifying said location information to 
said second computer, said location informa
tion is converted from said generated represen
tational format into said second representation
al format; and 
a first location information notifying unit for no
tifying said computer of said location informa
tion with the representational format thereof 
converted. 

26. A location information notifying apparatus accord
ing to Claim 25, wherein said mobile communica
tion network comprises a plurality of mobile com
munication networks including a first mobile com
munication network and a second mobile commu
nication network with differing representational for
mats for location information generated thereby; 

wherein said first location information generat
ing unit generates, on one hand, the location 
information of a mobile communication terminal 
belonging to said first mobile communication 
network in a third representational format, and, 
on the other hand, generates the location infor
mation of a mobile communication terminal be
longing to said second mobile communication 
network in a fourth representational format; 
and wherein, in the event of notifying said loca
tion information of said mobile communication 
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terminal belonging to said first mobile commu
nication network to said computer, said location 
information representation converting unit con
verts said location information from said third 
representational format into a representational 
format which said computer is capable of han
dling, and on the other hand, in the event of no
tifying said location information of said mobile 
communication terminal belonging to said sec
ond mobile communication network to said 
computer, said location information represen
tation converting unit converts said location in
formation from said fourth representational for
mat into a representational format which said 

with a precision needed by said computer includes 
one of: 

location information representing latitude and 
5 longitude information; and 

location information representing administra
tive distric. 

31. A location information notifying apparatus for noti-
10 tying a predetermined computer of location informa

tion of a mobile communication terminal obtained 

computer is capable of handling. 15 

on a mobile communication network which contains 
mobile communication terminals capable of wire
less communication, said location information noti
fying apparatus comprising: 

27. A location information notifying apparatus accord
ing to Claim 25, wherein said first and said second 
representational formats are one of: 

a format representing latitude and longitude in
formation; and 
a format representing an administrative district. 

28. A location information notifying apparatus accord
ing to Claim 26, wherein said third and said fourth 
representational formats are one of: 

a format representing identification information 
provided to lase stations of said mobile com
munication network; 
a format representing identification information 
provided to wireless communication zones of a 
predetermined number of said base stations; 

20 

a third location information generating unit for 
detecting the position of said mobile communi
cation terminal and generating location infor
mation; and 
a third location information notifying unit for 
transmitting said computer of said generated 
location information by adding said generated 
location information to data transmitted from 

25 said mobile communication terminal to said 
computer. 

32. A location information notifying apparaus according 
to Claim 31, wherein said third location information 

30 notifying unit comprises: 

a format representing identification information 35 

provided to patial areas of wireless zones of 
said base stations; and 

a receiving unit for receiving notification indicat
ing the adding method of said generated loca
tion information added to said data from said 
computer; and 
a transmitting unit for adding said generated lo
cation information to said data by said method 
and transmitting. a format representing latitude and longitude. 

29. A location information notifying apparatus for noti- 40 

tying a predetermined computer of location informa-
33. A location information notifying apparatus accord

ing to Claim 31, wherein said third location informa
tion notifying unit comprising: tion of a mobile communication terminal obtained 

on a mobile communication network which contains 
mobile communication terminals capable of wire-
less communication, said location information noti- 45 

tying apparatus comprising: 

a detecting unit for detecting a predetermined 
data sequence within data transmitted from 
said mobile communication terminal to said 
computer; and 

a second location information generating unit 
for detecting the position of said mobile com
munication terminal and generating location in
formation with a precision needed by said com
puter; and 
a second position notifying unit for notifying 
said computer of said generated location infor
mation. 

30. A location information notifying apparatus accord
ing to Claim 29, wherein said location information 

a substituting unit for substituting said prede
termined data sequence with said location in-

50 formation and transmitting this to said compu
ter. 

34. A location information notifying apparatus accord
ing to Claim 33, wherein said predetermined data 

55 sequence is contained within data transmitted from 
said computer to said mobile communication termi
nal; 

and wherein said third location information 

27 
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notifying unit detects said data sequence in the 
process of said mobile communication terminal re
turning the data transmitted from said computer, 
and substitutes this with said location information. 

35. A location information notifying apparatus accord
ing to Claim 31, further comprising: 

a notification permission/non-permission de
termining unit for determining whether or not 
said location information may be notified to said 
computer; 
wherein said third location information notifyin
gunit notifies said location information based 
on the determination result from said notifica
tion permission/non-permission determining 
unit. 

36. A location information notifying apparatus accord
ing to Claim 35, comprising a disclosure information 
storing unit for storing therein disclosure informa
tion regarding whether or not said computer is to 
have said location information disclosed thereto; 

wherein said notification permission/non-per
mission determining unit makes said determination 
by referring to said disclosure information stored by 
said disclosure information storing unit with regard 
to said computer which is to have said location in
formation disclosed thereto. 

37. A location information notifying apparatus accord
ing to Claim 36, wherein said disclosure information 
storing unit stores said disclosure information for 
each mobile communication terminal; 

and wherein said notification permission/non
permission determining unit makes said determina
tion by referring to said disclosure information 
stored by said disclosure information storing unit 
with regard to said computer which is to have said 
location information disclosed thereto. 

38. A location information notifying apparatus accord
ing to Claim 35, wherein said notification permis
sion/non-permission determining unit comprises: 

an inquiry unit for making an inquiry to said mo
bile communication terminal regarding whether 
or not said location information may be notified 
to said computer; and 

network with regard to a mobile communication ter
minal; 

wherein said notification permission/non-per
mission determining unit makes said determination 

5 by referring to said terminal information stored in 
terminal information storing unit, regarding said mo
bile communication terminal relating to said location 
information of which notification is to be made. 

10 40. A location information notifying apparatus accord
ing to Claim 35, comprising an error signal transmit
ting unit for, in the event that it has been determined 
that transmission is not permissible by said notifi
cation permission/non-permission determining unit 

15 transmitting a transmission error signal to said mo
bile communication terminal or said computer to the 
effect that said location information may not be no
tified. 

20 41. A location information notifying apparatus accord
ing to Claim 31, comprising: 

an input screen transmitting unit for transmit
ting input screen data for inputting to said mo-

25 bile communication terminal specified location 
information which the user of said mobile com
munication terminal can specify; and 
a specified location information receiving unit 
for receiving from said mobile communication 

30 terminal said specified location information in
put by said user; 
wherein said third location information notifying 
unit notifies said computer of said specified lo
cation information received by said specified lo-

35 cation information receiving unit, along with 
said location information generated by said 
third location information generating unit. 

42. A location information notifying apparatus accord-
40 ing to Claim 31, wherein said mobile communica

tion terminal comprises a position measuring unit 
for measuring its own position; 

45 

wherein said location information notifying ap
paratus comprises a measured location infor
mation receiving unit for receiving from said 
mobile communication terminal measured lo
cation information relating to the position of 
said mobile communication terminal measured 

a determining unit for making said determina- 50 

tion basedon response information from said 
mobile communication terminal to said inquiry. 

by said position measuring unit; 
and wherein said location information notifying 
unit notifies said computer of said measured lo
cation information received by said measured 
location information receiving unit, along with 39. A location information notifying apparatus accord

ing to Claim 35, comprising a terminal information 
storing unit for storing terminal information relating 
to whether or not said location information may be 
disclosed outside of said mobile communication 

55 said location information generated by said lo
cation information generating unit. 

43. A location information notifying apparatus for noti-
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tying a predetermined computer of location informa-
tion of a mobile communication terminal obtained 
on a mobile communication network which contains 
mobile communication terminals capable of wire
less communication, said location information noti- 5 

tying apparatus comprising: 

a receiving unit for receiving a request signal 
from said computer requesting location infor
mation of said mobile communication terminal; 10 

a fourth location information generating unit for 
detecting the position of said mobile communi
cation terminal in response to said request sig-
nal and generating location information; and 

47. A location information notifying apparatus accord
ing to Claim 43, further comprising: 

a notification permission/non-permission de
termining unit for determining whether or not 
said location information may be notified to said 
computer; 
wherein said fourth location information notify
ing unit transmits said location information 
based on the determination result from said no
tification permission/non-permission determin
ing unit. 

48. A location information notifying apparatus accord-
a fourth location information notifying unitfor 
notifying said generated location information to 
said computer. 

15 ing to Claim 47, comprising a disclosure information 
storing unit for storing therein disclosure informa
tion regarding whether or not a computer is to have 
said location information disclosed thereto; 

44. A location information notifying apparatus accord
ing to Claim 43, further comprising: 

an identification information adding unit for 
adding identification information of said mobile 
communication terminal to said data transmit-
ted from said mobile communication terminal to 
said computer, and transmitting this to said 
computer; 
wherein said fourth location information gener
ating unit determines the mobile communica-

wherein said notification permission/non-per-
20 mission determining unit makes said determination 

by referring to said disclosure information stored by 
said disclosure information storing unit with regard 
to said computer which is to have said location in
formation disclosed thereto. 

25 

49. A location information notifying apparatus accord
ing to Clam 48, wherein said disclosure information 
storing unit stores said disclosure information for 
each mobile communication terminal; 

tion terminal for which location information is to 30 and wherein said notification permission/non
permission determining unit makes said determina
tion by referring to said disclosure information 
stored by said disclosure information storing unit 
with regard to said computer which is to have said 
location information disclosed thereto. 

be generated and generates said location infor
mation, based on said identification information 
contained in said request signal from said com
puter. 

45. A location information notifying apparatus accord
ing to Claim 44, wherein said identification informa
tion adding unit comprises: 

35 

50. A location information notifying apparatus accord
ing to Claim 47, wherein said notification permis
sion/non-permission determining unit comprises: 

a detecting unit for detecting predetermined da- 40 

ta sequences within data transmitted from said 
mobile communication terminal to said compu-

an inquiry unit for making inquiry to said mobile 
communication terminal regarding whether or 
not said location information may be notified to 
said computer; and 

ter; and 
a substituting unit for substituting said prede
temined data sequence with said identification 45 

information. 
a determining unit for making said determina
tion based on response information from said 
mobile communication terminal to said inquiry. 

46. A location information notifying apparatus accord
ing to Claim 45, wherein said predetermined data 
sequence is contained within the data transmitted 
from said computer to said mobile communication 
terminal; 

and wherein said identification information 
adding unit detects said data sequence in the proc
ess of said mobile communication terminal return
ing data transmitted from said computer, and sub
stitutes this with said information. 

51. A location information notifying apparatus accord-
50 ing to Claim 47, comprising a terminal information 

storing unit for storing terminal information relating 
to whether or not said location information may be 
disclosed outside of said mobile communication 
network with regard to a mobile communication ter-

55 minal; 

29 

wherein said notification permission/non-per
mission determining unit makes said determination 
by referring to terminal information stored in said 
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terminal information storing unit, regarding said mo
bile communication terminal relating to said location 
information of which notification is to be made. 

52. A location information notifying apparatus accord- 5 

ing to Claim 47, comprising an error signal transmit-
ting unit for transmitting, in the event that it has been 
determined that transmission us not permissible 
has been made by said permission/non-permission 
determining unit, a transmission error signal to said 10 

mobile communication terminal or said computer to 
the effect that said location information may not be 
notified. 

53. A location information notifying apparatus accord- 15 

ing to Claim 43, comprising: 

an input screen transmitting unit for transmit
tingto said mobile communication terminal in-
put screen data for inputting specified location 20 

information which the user of said mobile com
munication terminal can specify; and 
a specified location information receiving unit 
for receiving from said mobile communication 
terminal said specified location information in- 25 

put by said user; 
wherein said fourth location information notify-
ing unit notifies said computer of said specified 
location information received by said specified 
location information receiving unit, along with 30 

said location information generated by said 
fourth location information generating unit. 

54. A location information notifying apparatus accord-
ing to Claim 43, wherein said mobile communica- 35 

tion terminal comprises a position measuring unit 
for measuring its own position; 

wherein said location information notifying ap
paratus comprises a measured location infor- 40 

mation receiving unit for receiving from said 
mobile communication terminal measured lo
cation information relating to the position of 
said mobile communication terminal measured 
by said position measuring unit; 45 

and wherein said fourth location information no
tifying unit notifies said computer of said meas
ured location information received by said 
measured location information receiving unit, 
along with said location information generated 50 

by said fourth location information generating 
unit. 

55. A location information notifying apparatus accord-
ing to any one of the Claims 25, 29, 31, and 43, 55 

wherein said computer is an information providing 
serverfor providing said mobile communication ter
minal with position-related information relating to 

30 

the position of said mobile communication terminal. 

56. A location information notifying apparatus accord
ing to any one of the Claims 25, 29, 31, and 43, 
wherein said mobile communication terminal is a 
cellular phone which performs wireless telephone 
communication. 
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FIG. 2 
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FIG. 8 
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FIG. 9 
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FIG. 11 

AREA ID REGION NAME 

AREA001 EAST TOKYO 
. . . . . . . . . . 

FIG. 12 
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SEC001 1-GHOME, TORANOMON, 
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. . . . . . . . 

FIG. 13 

IP SERVER NAME LOCATION INFORMATION 
PRECISION 

IP SERVER 90A HIGH-PRECISION 
I P SERVER 908 MEDIUM-PRECISION 

I P SERVER 90C MEDIUM-PRECISION 
. . . . . . . . . . 
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FIG. 17 
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FIG. 20 

BASE STATION ID REGION CODE 
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FIG. 23 

BASE STATION ID MOBILE STATION ID 

MS09011111111 
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BS003 MS09011111140 
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... . .. 

. . . . .. 

... ... 
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FIG. 24 

MOBILE STATION ID POSITION REGISTRATION AREA ID 

MS09011111111 AREA0001 

MS09011111112 AREA0011 

MS09011111113 AREA0050 

... ... 

... . .. 

... . .. 

.. . ... 

... . .. 

... . .. 

FIG. 25 
MOBILE STATION JD PSEUDO ID 

MS09011111111 00ZDGVXAKLLG 
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MODIFIED TRANSMISSION METHOD FOR 

IMPROVING ACCURACY FOR E-911 CALLS 

CROSS REFERENCE TO RELATED APPLICATIONS 

PCT/US0l/09078 

This is a continuation-in-part ofU.S. Patent Application Serial No. 09/227,764, filed on 

January 8, 1999, entitled "Calibration for Wireless Location System." 

FIELD OF THE INVENTION 

The present invention relates generally to methods and apparatus for locating wireless 

transmitters, such as those used in analog or digital cellular systems, personal 

communications systems (PCS), enhanced specialized mobile radios (ESMRs), and other 

types of wireless communications systems. This field is now generally known as wireless 

location, and has application for Wireless E9-1-1, fleet management, RF optimization, and 

other valuable applications. 

BACKGROUND OF THE INVENTION 

Early work relating to the present invention has been described in U.S. Patent Number 

5,327,144, July 5, 1994, "Cellular Telephone Location System," which discloses a system for 

locating cellular telephones using novel time difference of arrival (TDOA) techniques. 

Further enhancements of the system disclosed in the '144 patent are disclosed in U.S. Patent 

Number 5,608,410, March 4, 1997, "System for Locating a Source of Bursty Transmissions." 

Both patents are owned by the assignee of the cu.n-ent invention, and both are incorporated 

herein by reference. The present inventors have continued to develop significant 

enhancements to the original inventive concepts and have developed techniques to further 

improve the accuracy of Wireless Location Systems while significantly reducing the cost of 

these systems. 

Over the past few years, the cellular industry has increased the number of air interface 

protocols available for use by wireless telephones, increased the number of frequency bands 

in which wireless or mobile telephones may operate, and expanded the number of terms that 

refer or relate to mobile telephones to include "personal communications services", 
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"wireless", and others. The air interface protocols now include AMPS, N-AMPS, TDMA, 

CDMA, GSM,TACS, ESMR, GPRS, EDGE, and others. The changes in terminology and 

increases in the number of air interfaces do not change the basic principles and inventions 

discovered and enhanced by the inventors. However, in keeping with the current terminology 

of the industry, the inventors now call the system described herein a Wireless Location 

System. 

The inventors have conducted extensive experiments with the Wireless Location System 

technology disclosed herein to demonstrate both the viability and value of the technology. 

For example, several experiments were conducted during several months of 1995 and 1996 in 

the cities of Philadelphia and Baltimore to verify the system's ability to mitigate multipath in 

large urban environments. Then, in 1996 the inventors constructed a system in Houston that 

was used to test the technology's effectiveness in that area and its ability to interface directly 

with E9-1-1 systems. Then, in 1997, the system was tested in a 350 square mile area in New 

Jersey and was used to locate real 9-1-1 calls from real people in trouble. Since that time, the 

system test has been expanded to include 125 cell sites covering an area of over 2,000 square 

miles. During all of these tests, techniques discussed and disclosed herein were tested for 

effectiveness and further developed, and the system has been demonstrated to overcome the 

limitations of other approaches that have been proposed for locating wireless telephones. 

Indeed, as of December, 1998, no other Wireless Location System has been installed 

anywhere else in the world that is capable of locating live 9-1-1 callers. The innovation of the 

Wireless Location System disclosed herein has been acknowledged in the wireless industry 

by the extensive amount of media coverage given to the system's capabilities, as well as by 

awards. For example, the prestigious Wireless Appy Award was granted to the system by the 

Cellular Telephone Industry Association in October, 1997, and the Christopher Columbus 

Fellowship Foundation and Discover Magazine found the Wireless Location System to be 

one of the top 4 innovations of 1998 out of 4,000 nominations submitted. 

The value and importance of the Wireless Location System has been acknowledged by the 

wireless communications industry. In June 1996, the Federal Communications Commission 

issued requirements for the wireless communications industry to deploy location systems for 
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use in locating wireless 9-1-1 callers, with a deadline of October 2001. The location of 

wireless E9-1- l callers will save response time, save lives, and save enormous costs because 

of reduced use of emergency responses resources. In addition, numerous surveys and studies 

have concluded that various wireless applications, such as location sensitive billing, fleet 

management, and others, will have great commercial values in the coming years. 

Background on Wireless Communications Systems 

There are many different types of air interface protocols used for wireless communications 

systems. These protocols are used in different frequency bands, both in the U.S. and 

internationally. The frequency band does not impact the Wireless Location System's 

effectiveness at locating wireless telephones. 

All air interface protocols use two types of"channels". The first type includes control 

channels that are used for conveying information about the wireless telephone or transmitter, 

for initiating or terminating calls, or for transferring bursty data. For example, some types of 

short messaging services transfer data over the control channel. In different air interfaces, · 

control channels are known by different terminology, but the use of the control channels in 

each air interface is similar. C0ntrol channels generally have identifying information about 

the wireless telephone or transmitter contained in the transmission. Control channels also 

include various data transfer protocols that are not voice specific - these include General 

Packet Radio Service (GPRS), Enhanced Data rate for GSM Evolution (EDGE), and 

Enhanced GPRS (EGPRS). 

The second type includes voice channels that are typically used for conveying voice 

communications over the air interface. These channels are only used after a call has been set 

up using the control channels. Voice channels will typically use dedicated resources within 

the wireless communications system whereas control channels will use shared resources. This 

distinction will generally make the use of control channels for wireless location purposes 

more cost effective than the use of voice channels, although there are some applications for 

which regular location on the voice channel is desired. Voice channels generally do not have 
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identifying information about the wireless telephone or transmitter in the transmission. Some 

of the differences in the air interface protocols are discussed below: 

AMPS - This is the original air interface protocol used for cellular communications in the 

U.S. In the AMPS system, separate dedicated channels are assigned for use by control 

channels (RCC). According to the TIA/EIA Standard IS-553A, every control channel block 

must begin at cellular channel 333 or 334, but the block may be of variable length. In the 

U.S., by convention, the AMPS control channel block is 21 channels wide, but the use of a 

26-channel block is also known. A reverse voice channel (RVC) may occupy any channel 

that is not assigned to a control channel. The control channel modulation is FSK (frequency 

shift keying), while the voice channels are modulated using FM (frequency modulation). 

N-AMPS -This air interface is an expansion of the AMPS air interface protocol, and is 

defined in EIA/TIA standard IS-88. The control channels are substantially the same as for 

AMPS, however, the voice channels are different. The voice channels occupy less than 10 

KHz of bandwidth, versus the 30 KHz used for AMPS, and the modulation is FM. 

TDMA-This interface is also known D-AMPS, and is defined in EINTIA standard IS-136. 

This air interface is characterized by the use of both frequency and time separation. Control 

channels are known as Digital Control Channels (DCCH) and are transmitted in bursts in 

timeslots assigned for use by DCCH. Unlike AMPS, DCCH may be assigned anywhere in the 

frequency band, although there are generally some frequency assignments that are more 

attractive than others based upon the use of probability blocks. Voice channels are known as 

Digital Traffic Channels (DTC). DCCH and DTC may occupy the same frequency 

assignments, but not the same timeslot assignment in a given frequency assignment. DCCH 

and DTC use the same modulation scheme, known as n/4 DQPSK (differential quadrature 

phase shift keying). In the cellular band, a canier may use both the AMPS and TDMA 

protocols, as long as the frequency assignments for each protocol are kept separated. A 

carrier may also aggregate digital channels together to support higher speed data transfer 

protocols such as GPRS and EDGE. 
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CDMA- This air interface is defined by EWTIA standard IS-95A. This air interface is 

characterized by the use of both frequency and code separation. However, because adjacent 

cell sites may use the same frequency sets, CDMA is also characterized by very careful 

power control. This careful power control leads to a situation known to those skilled in the art 

as the near-far problem, which makes wireless location difficult for most approaches to 

function properly. Control channels are known as Access Channels, and voice channels are 

known as Traffic Channels. Access and Traffic Channels may share the same frequency 

band, but are separated by code. Access and Traffic Channels use the same modulation 

scheme, lmown as OQPSK. CDMA can support higher speed data transfer protocols by 

aggregating codes together. 

GSM - This air interface is defined by the international standard Global System for Mobile 

Communications. Like TDMA, GSM is characterized by the use of both frequency and time 

separation. The channel bandwidth is 200 KHz, which is wider than the 30 KHz used for 

TDMA. Control channels are known as Standalone Dedicated Control Channels (SDCCH), 

and are transmitted in bursts in timeslots assigned for use by SDCCH. SDCCH may be 

assigned anywhere in the frequency band. Voice channels are lmown as Traffic Channels 

(TCH). SDCCH and TCH may occupy the same frequency assignments, but not the same 

timeslot assignment in a given frequency assignment. SDCCH and TCH use the same 

modulation scheme, lmown as GMSK. GSM can also support higher data transfer protocols 

such as GPRS and EGPRS. 

Within this specification the reference to any one of the air interfaces shall automatically 

refer to all of the air interfaces, unless specified otherwise. Additionally, a reference to 

control channels or voice channels shall refer to all types of control or voice channels, 

whatever the preferred terminology for a particular air interface. Finally, there are many more 

types of air interfaces used throughout the world, and there is no intent to exclude any air 

interface from the inventive concepts described within this specification. Indeed, those skilled 

in the art will recognize other interfaces used elsewhere are derivatives of or similar in class 

to those described above. 
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The preferred embodiments of the inventions disclosed herein have many advantages over 

other techniques for locating wireless telephones. For example, some of these other 

techniques involve adding GPS functionality to tel~phones, which requires that significant 

changes be made to the telephones. The preferred embodiments disclosed herein do not 

require such changes. 

SUMMARY OF THE INVENTION 

The accuracy of the location estimate of a Wireless Location System is dependent, in part, 

upon both the transmitted power of the wireless transmitter and the length in time of the 

transmission from the wireless transmitter. In general, higher power transmissions and 

transmissions of greater transmission length can be located with better accuracy by the 

Wireless Location System than lower power and shorter transmissions. Wireless 

communications systems generally limit the transmit power and transmission length of 

wireless transmitters in order to minimize interference within the communications system and 

to maximize the potential capacity of the system. 

An inventive method disclosed herein meets the conflicting needs of both systems by 

enabling the wireless communications system to minimize transmit power and length while 

enabling improved location accuracy for certain types of calls, such as wireless 9-1-1 calls. 

This method comprises the following steps: a wireless transmitter receives normal 

transmission parameters from a base station; the user of the wireless transmitter initiates a 

call on the wireless transmitter by dialing a sequence of digits and pressing "SEND" or 

"YES"; a processor within the wireless transmitter compares the dialed sequence of digits 

with one or more trigger events stored within the wireless transmitter; if the dialed sequence 

of digits does not match the trigger event, then the wireless transmitter uses the normal 

transmission parameters in making the call; and if the dialed sequence of digits matches the 

trigger event, then the wireless transmitter uses a modified transmission sequence. 

Other features and advantages of the invention are disclosed below. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Figures 1 and lA schematically depict a Wireless Location System in accordance with the 

present invention. 

Figure 2 schematically depicts a Signal Collection System (SCS) 10 in accordance with the 

present invention. 

Figure 2A schematically depicts a receiver module 10-2 employed by the Signal Collection 

System. 

Figures 2B and 2C schematically depict alternative ways of coupling the receiver module(s) 

10-2 to the antennas 10-1. 

Figure 2C-1 is a flowchart of a process employed by the Wireless Location System when 

using narrowband receiver modules. 

Figure 2D schematically depicts a DSP module 10-3 employed in the Signal Collection 

System in accordance with the present invention. 

Figure 2E is a flowchart of the operation of the DSP module(s) 10-3, and Figure 2E-1 is a 

flowchart of the process employed by the DSP modules for detecting active channels. 

Figure 2F schematically depicts a Control and Communications Module 10-5 in accordance 

with the present invention. 

Figures 2G-2J depict aspects of the presently preferred SCS calibration methods. Figure 2G is 

a schematic illustration of baselines and error values used to explain an external calibration 

method in accordance with the present invention. Figure 2H is a flowchart of an internal 

calibration method. Figure 2I is an exemplary transfer function of an AMPS control channel 

and Figure 2J depicts an exemplary comb signal. 
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Figures 2K and 2L are flowcharts of two methods for monitoring performance of a Wireless 

Location System in accordance with the present invention. 

Figure 3 schematically depicts a TDOA Location Processor 12 in accordance with the present 

invention. 

Figure 3A depicts the structure of an exemplary network map maintained by the TLP 

controllers in accordance with the present invention. 

Figures 4 and 4A schematically depict different aspects of an Applications Processor 14 in 

accordance with the present invention. 

Figure 5 is a flowchart of a central station-based location processing method in accordance 

with the present invention. 

Figure 6 is a flowchart of a station-based location processing method in accordance with the 

present invention. 

Figure 7 is a flowchart of a method for determining, for each transmission for which a 

location is desired, whether to employ central or station-based processing. 

Figure 8 is a flowchart of a dynamic process used to select cooperating antennas and SCS' s 

10 used in location processing. 

Figure 9 is diagram that is referred to below in explaining a method for selecting a candidate 

list of SCS 's and antennas using a predetermined set of criteria. 

Figures 1 0A and 1 OB are flowcharts of alternative methods for increasing the bandwidth of a 

transmitted signal to improve location accuracy. 
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Figures l lA-1 lC are signal flow diagrams and Figure l lD is a flowchart, and they are used 

to explain an inventive method for combining multiple statistically independent location 

estimates to provide an estimate with improved accuracy. 

Figures 12A and 12B are a block diagram and a graph, respectively, for explaining a 

bandwidth synthesis method. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

The Wireless Location System (Wireless Location System) operates as a passive overlay to a 

wireless communications system, such as a cellular, PCS, or ESMR system, although the 

concepts are not limited to just those types of communications systems. Wireless 

communications systems are generally not suitable for locating wireless devices because the 

designs of the wireless transmitters and cell sites do not include the necessary functionality to 

achieve accurate location. Accurate location in this application is defined as accuracy of 100 

to 400 feet RMS (root mean square). This is distinguished from the location accuracy that can 

be achieved by existing cell sites, which is generally limited to the radius of the cell site. In 

general, cell sites are not designed or programmed to cooperate between and among 

themselves to determine wireless transmitter location. Additionally, wireless transmitters 

such as cellular and PCS telephones are designed to be low cost and therefore generally do 

not have locating capability built-in. The Wireless Location System is designed to be a low 

cost addition to a wireless communications system that involves minimal changes to cell sites 

and no changes at all to standard wireless transmitters. The Wireless Location System is 

passive because it does not contain transmitters, and therefore cannot cause interference of 

any kind to the wireless communications system. The Wireless Location System uses only its 

own specialized receivers at cell sites or other receiving locations. 

Overview of Wireless Location System (Wireless Location System) 

As shown in Figure 1, the Wireless Location System has four major kinds of subsystems: the 

Signal Collection Systems (SCS's) 10, the TDOA Location Processors (TLP's) 12, the 

Application Processors (AP's) 14, and the Network Operations Console (NOC) 16. Each SCS 

is responsible for receiving the RF signals transmitted by the wireless transmitters on both 
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control chrumels and voice chrumels. In general, each SCS is preferably installed at a wireless 

carrier's cell site, and therefore operates in parallel to a base station. Each TLP 12 is 

responsible for managing a network of SCS' s 10 and for providing a centralized pool of 

digital signal processing (DSP) resources that can be used in the location calculations. The 

SCS's 10 and the TLP's 12 operate together to determine the location of the wireless 

transmitters, as will be discussed more fully below. Digital signal processing is the preferable 

mrumer in which to process radio signals because DSP's are relatively low cost, provide 

consistent performance, and are easily re-programmable to handle many different tasks. Both 

the SCS's 10 and TLP's 12 contain a significant amount ofDSP resources, and the software 

in these systems can operate dynamically to determine where to perform a particular 

processing function based upon tradeoffs in processing time, communications time, queuing 

time, and cost. Each TLP 12 exists centrally primarily to reduce the overall cost of 

implementing the Wireless Location System, although the techniques discussed herein are not 

limited to the preferred architecture shown. That is, DSP resources can be relocated within 

the Wireless Location System without changing the basic concepts and functionality 

disclosed. 

The AP's 14 are responsible for managing all of the resources in the Wireless Location 

System, including all of the SCS's 10 and TLP's 12. Each AP 14 also contains a specialized 

database that contains "triggers" for the Wireless Location System. In order to conserve 

resources, the Wireless Location System can be programmed to locate only certain pre

determined types of transmissions. When a transmission of a pre-determined type occurs, 

then the Wireless Location System is triggered to begin location processing. Otherwise, the 

Wireless Location System may be programmed to ignore the transmission. Each AP 14 also 

contains applications interfaces that permit a variety of applications to securely access the 

Wireless Location System. These applications may, for example, access location records in 

real time or non-real time, create or delete certain type of triggers, or cause the Wireless 

Location System to take other actions. Each AP 14 is also capable of certain post-processing 

functions that allow the AP 14 to combine a nU111ber of location records to generate extended 

reports or analyses useful for applications such as traffic monitoring or RF optimization. 
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The NOC 16 is a network management system that provides operators of the Wireless 

Location System easy access to the programming parameters of the Wireless Location 

System. For example, in some cities, the Wireless Location System may contain many 

hundreds or even thousands of SCS' s 10. The NOC is the most effective way to manage a 

large Wireless Location System, using graphical user interface capabilities. The NOC will 

also receive real time alerts if certain functions within the Wireless Location System are not 

operating properly. These real time alerts can be used by the operator to take corrective action 

quickly and prevent a degradation of location service. Experience with trials of the Wireless 

Location System show that the ability of the system to maintain good location accuracy over 

time is directly related to the operator's ability to keep the system operating within its 

predetermined parameters. 

Readers of U.S. Patents 5,327,144 and 5,608,410 and this specification will note similarities 

between the respective systems. Indeed, the system disclosed herein is significantly based 

upon and also significantly enhanced from the system described in those previous patents. 

For example, the SCS 10 has been expanded and enhanced from the Antenna Site System 

described in 5,608,410. The SCS 10 now has the capability to support many more antennas at 

a single cell site, and further can support the use of extended antennas as described below. 

This enables the SCS 10 to operate with the sectored cell sites now commonly used. The SCS 

10 can also transfer data from multiple antennas at a cell site to the TLP 12 instead of always 

combining data from multiple antennas before transfer. Additionally, the SCS 10 can support 

multiple air interface protocols thereby allowing the SCS 10 to function even as a wireless 

carrier continually changes the configuration of its system. 

The TLP 12 is similar to the Central Site System disclosed in 5,608,410, but has also been 

expanded and enhanced. For example, the TLP 12 has been made scaleable so that the 

amount ofDSP resources required by each TLP 12 can be appropriately scaled to match the 

number of locations per second required by customers of the Wireless Location System. In 

order to support scaling for different Wireless Location System capacities, a networking 

scheme has been added to the TLP 12 so that multiple TLP's 12 can cooperate to share RF 

data across wireless communication system network boundaries. Additionally, the TLP 12 
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has been given control means to determine the SCS's 10, and more importantly the antennas 

at each of the SCS's 10, from which the TLP 12 is to receive data in order to process a 

specific location. Previously, the Antenna Site Systems automatically forwarded data to the 

Central Site System, whether requested or not by the Central Site System. Furthermore, the 

SCS 10 and TLP 12 combined have been designed with additional means for removing 

multipath from the received transmissions. 

The Database Subsystem of the Central Site System has been expanded and developed into 

the AP 14. The AP 14 can support a greater variety of applications than previously disclosed 

in 5,608,410, including the ability to post-process large volumes oflocationrecords from 

multiple wireless transmitters. This post-processed data can yield, for example, very effective 

maps for use by wireless carriers to improve and optimize the RF design of the 

communications systems. This can be achieved, for example, by plotting the locations of all 

of the callers in an area and the received signal strengths at a number of cell sites. The carrier 

can then determine whether each cell site is, in fact, serving the exact coverage area desired 

by the carrier. The AP 14 can also now store location records anonymously, that is, with the 

MIN and/or other identity information removed from the location record, so that the location 

record can be used for RF optimization or traffic monitoring without causing concerns about 

an individual user's privacy. 

As shown in Figure lA, a presently preferred implementation of the Wireless Location 

System includes a plurality of SCS regions each of which comprises multiple SCS's 10. For 

example, "SCS Region 1" includes SCS's 1 0A and 1 OB (and preferably others, not shown) 

that are located at respective cell sites and share antennas with the base stations at those cell 

sites. Drop and insert units 1 lA and 1 lB are used to interface :fractional Tl/El lines to full 

Tl/El lines, which in turn are coupled to a digital access and control system (DACS) 13A. 

The DACS 13A and another DACS 13B are used in the manner described more fully below 

for communications between the SCS's l0A, lOB, etc., and multiple TLP's 12A, 12B, etc. As 

shown, the TLP's are typically collocated and interconnected via an Ethernet network 

(backbone) and a second, redundant Ethernet network. Also coupled to the Ethernet networks 

are multiple AP's 14A and 14B, multiple NOC's 16A and 16B, and a terminal server 15. 
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Routers 19A and 19B are used to couple one Wireless Location System to one or more other 

Wireless Location System(s). 

Signal Collection System 10 

Generally, cell sites will have one of the following antenna configurations: (i) an 

omnidirectional site with 1 or 2 receive antennas or (ii) a sectored site with 1, 2, or 3 sectors, 

and with 1 or 2 receive antennas used in each sector. As the number of cell sites has increased 

in the U.S. and internationally, sectored cell sites have become the predominant 

configuration. However, there are also a growing number of micro-cells and pico-cells, which 

can be omnidirectional. Therefore, the SCS 10 has been designed to be configurable for any 

of these typical cell sites and has been provided with mechanisms to employ any number of 

antennas at a cell site. 

The basic architectural elements of the SCS 10 remain the same as for the Antenna Site 

System described in 5,608,410, but several enhancements have been made to increase the 

flexibility of the SCS 10 and to reduce the commercial deployment cost of the system. The 

most presently preferred embodiment of the SCS 10 is described herein. The SCS 10, an 

overview of which is shown in Figure 2, includes digital receiver modules 10-2A through 10-

2C; DSP modules 10-3A through 10-3C; a serial bus 10-4, a control and communications 

module 10-5; a GPS module 10-6; and a clock distribution module 10-7. The SCS 10 has the 

following external connections: power, fractional Tl/El communications, RF connections to 

antennas, and a GPS antenna connection for the timing generation ( or clock distribution) 

module 10-7. The architecture and packaging of the SCS 10 permit it to be physically 

collocated with cell sites (which is the most common installation place), located at other 

types of towers (such as FM, ANI, two-way emergency communications, television, etc.), or 

located at other building structures (such as rooftops, silos, etc.). 

Timing Generation 

The Wireless Location System depends upon the accurate determination of time at all SCS's 

10 contained within a network. Several different timing generation systems have been 

described in previous disclosures, however the most presently preferred embodiment is based 
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upon an enhanced GPS receiver 10-6. The enhanced GPS receiver differs from most 

traditional GPS receivers in that the receiver contains algorithms that remove some of the 

timing instability of the GPS signals, and guarantees that any two SCS's 10 contained within 

a network can receive timing pulses that are within approximately ten nanoseconds of each 

other. These enhanced GPS receivers are now commercially available, and further reduce 

some of the time reference related errors that were observed in previous implementations of 

wireless location systems. While this enhanced GPS receiver can produce a very accurate 

time reference, the output of the receiver may still have an unacceptable phase noise. 

Therefore, the output of the receiver is input to a low phase noise, crystal oscillator-driven 

phase locked loop circuit that can now produce 10 MHz and one pulse per second (PPS) 

reference signals with less than 0.01 degrees RMS of phase noise, and with the pulse output 

at any SCS 10 in a Wireless Location System network within ten nanoseconds of any other 

pulse at another SCS 10. This combination of enhanced GPS receiver, crystal oscillator, and 

phase locked loop is now the most preferred method to produce stable time and frequency 

reference signals with low phase noise. 

The SCS 10 has been designed to support multiple frequency bands and multiple carriers with 

equipment located at the same cell site. This can take place by using multiple receivers 

internal to a single SCS chassis, or by using multiple chassis each with separate receivers. In 

the event that multiple SCS chassis are placed at the same cell site, the SCS's 10 can share a 

single timing generation/clock distribution circuit 10-7 and thereby reduce overall system 

cost. The 10 MHz and one PPS output signals from the timing generation circuit are 

amplified and buffered internal to the SCS 10, and then made available via external 

connectors. Therefore a second SCS can receive its timing from a first SCS using the 

buffered output and the external connectors. These signals can also be made available to base 

station equipment collocated at the cell site. This might be useful to the base station, for 

example, in improving the :frequency re-use pattern of a wireless communications system. 

Receiver Module 10-2 (Wideband Embodiment) 

When a wireless transmitter makes a transmission, the Wireless Location System must 

receive the transmission at multiple SCS's 10 located at multiple geographically dispersed 
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cell sites. Therefore, each SCS 10 has the ability to receive a transmission on any RF channel 

on which the transmission may originate. Additionally, since the SCS 10 is capable of 

supporting multiple air interface protocols, the SCS 10 also supports multiple types of RF 

channels. This is in contrast to most current base station receivers, which typically receive 

only one type of channel and are usually capable of receiving only on select RF channels at 

each cell site. For example, a typical TDMA base station receiver will only support 30 KHz 

wide channels, and each receiver is programmed to receive signals on only a single channel 

whose :frequency does not change often (i.e. there is a relatively fixed frequency plan). 

Therefore, very few TDMA base station receivers would receive a transmission on any given 

frequency. As another example, even though some GSM base station receivers are capable of 

frequency hopping, the receivers at multiple base stations are generally not capable of 

simultaneously tuning to a single :frequency for the purpose of performing location 

processing. In fact, the receivers at GSM base stations are programmed to :frequency hop to 

avoid using an RF channel that is being used by another transmitter so as to minimize 

interference. 

The SCS receiver module 10-2 is preferably a dual wideband digital receiver that can receive 

the entire :frequency band and all of the RF channels of an air interface. For cellular systems 

in the U.S., this receiver module is either 15 MHz wide or 25 MHz wide so that all of the 

channels of a single carrier or all of the channels of both carriers can be received. This 

receiver module has many of the characteristics of the receiver previously described in Patent 

Number 5,608,410, and Figure 2A is a block diagram of the currently preferred embodiment. 

Each receiver module contains an RF tuner section 10-2-1, a data interface and control 

section 10-2-2 and an analog to digital conversion section 10-2-3. The RF tuner section 10-2-

1 includes two full independent digital receivers (including Tuner #1 and Tuner #2) that 

convert the analog RF input from an extemal connector into a digitized data stream. Unlike 

most base station receivers, the SCS receiver module does not perform diversity combining 

or switching. Rather, the digitized signal from each independent receiver is made available to 

the location processing. The present inventors have determined that there is an advantage to 

the location processing, and especially the multipath mitigation processing, to independently 

process the signals from each antenna rather than perform combining on the receiver module. 



WO 01/76093 PCT/US0l/09078 

16 

The receiver module 10-2 performs, or is coupled to elements that perform, the following 

functions: automatic gain control (to support both nearby strong signals and far away weak 

signals), bandpass filtering to remove potentially interfering signals from outside of the RF 

band of interest, synthesis of frequencies needed for mixing with the RF signals to create an 

IF signal that can be sampled, mixing, and analog to digital conversion (ADC) for sampling 

the RF signals and outputting a digitized data stream having an appropriate bandwidth and bit 

resolution. The frequency synthesizer locks the synthesized frequencies to the 10 MHz 

reference signal from the clock distribution/timing generation module 10-7 (Figure 2). All of 

the circuits used in the receiver module maintain the low phase noise characteristics of the 

timing reference signal. The receiver module preferably has a spurious free dynamic range of 

at least 80 dB. 

The receiver module 10-2 also contains circuits to generate test frequencies and calibration 

signals, as well as test ports where measurements can be made by technicians during 

installation or troubleshooting. Various calibration processes are described in further detail 

below. The internally generated test frequencies and test ports provide an easy method for 

engineers and technicians to rapidly test the receiver module and diagnose any suspected 

problems. This is also especially useful during the manufacturing process. 

One of the advantages of the Wireless Location System described herein is that no new 

antennas are required at cell sites. The Wireless Location System can use the existing 

antennas already installed at most cell sites, including both omni-directional and sectored 

antennas. This feature can result in significant savings in the installation and maintenance 

costs of the Wireless Location System versus other approaches that have been described in 

the prior art. The SCS's digital receivers 10-2 can be connected to the existing antennas in 

two ways, as shown in Figures 2B and 2C, respectively. In Figure 2B, the SCS receivers 10-2 

are connected to the existing cell site multi-coupler or RF splitter. In this manner, the SCS 10 

uses the cell site's existing low noise pre-amplifier, band pass filter, and multi-coupler or RF 

splitter. This type of connection usually limits the SCS 10 to supporting the frequency band 
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of a single carrier. For example, an A-side cellular carrier will typically use the band pass 

filter to block signals from customers of the B-side carrier, and vice versa. 

In Figure 2C, the existing RF path at the cell site has been interrupted, and a new pre

amplifier, band pass filter, and RF splitter has been added as part of the Wireless Location 

System. The new band pass filter will pass multiple contiguous frequency bands, such as both 

the A-side and B-side cellular carriers, thereby allowing the Wireless Location System to 

locate wireless transmitters using both cellular systems but using the antennas from a single 

cell site. In this configuration, the Wireless Location System uses matched RF components at 

each cell site, so that the phase versus frequency responses are identical. This is in contrast to 

existing RF components, which may be from different manufacturers or using different 

model numbers at various cell sites. Matching the response characteristics of RF components 

reduces a possible source of error for the location processing, although the Wireless Location 

System has the capability to compensate for these sources of error. Finally, the new pre

amplifier installed with the Wireless Location System will have a very low noise figure to 

improve the sensitivity of the SCS 10 at a cell site. The overall noise figure of the SCS digital 

receivers 10-2 is dominated by the noise figure of the low noise amplifiers. Because the 

Wireless Location System can use weak signals in location processing, whereas the base 

station typically cannot process weak signals, the Wireless Location System can significantly 

benefit from a high quality, very low noise amplifier. 

In order to improve the ability of the Wireless Location System to accurately determine 

TDOA for a wireless transmission, the phase versus frequency response of the cell site's RF 

components are determined at the time of installation and updated at other certain times and 

then stored in a table in the Wireless Location System. This can be important because, for 

example, the band pass filters and/or multi-couplers made by some manufacturers have a 

steep and non-linear phase versus frequency response near the edge of the pass band. If the 

edge of the pass band is very near to or coincident with the reverse control or voice channels, 

then the Wireless Location System would make incorrect measurements of the transmitted 

signal's phase characteristics if the Wireless Location System did not correct the 

measurements using the stored characteristics. This becomes even more important if a carrier 
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has installed multi-couplers and/or band pass filters from more than one manufacturer, 

because the characteristics at each site may be different. In addition to measuring the phase 

versus frequency response, other environmental factors may cause changes to the RF path 

prior to the ADC. These factors require occasional and sometimes periodic calibration in the 

scs 10. 

Alternative Narrowband Embodiment of Receiver Module 10-2 

In addition or as an alternative to the wideband receiver module, the SCS 10 also supports a 

narrowband embodiment of the receiver module 10-2. In contrast to the wideband receiver 

module that can simultaneously receive all of the RF channels in use by a wireless 

communications system, the narrowband receiver can only receive one or a few RF channels 

at a time. For example, the SCS 10 supports a 60 KHz narrowband receiver for use in 

AMPS/TDMA systems, covering two contiguous 30 KHz channels. This receiver is still a 

digital receiver as described for the wideband module, however the frequency synthesizing 

and mixing circuits are used to dynamically tune the receiver module to various RF channels 

on command. This dynamic tuning can typically occur in one millisecond or less, and the 

receiver can dwell on a specific RF channel for as long as required to receive and digitize RF 

data for location processing. 

The purpose of the narrowband receiver is to reduce the implementation cost of a Wireless 

Location System from the cost that is incurred with wideband receivers. Of course, there is 

some loss of performance, but the availability of these multiple receivers permits wireless 

carriers to have more cost/perfonnance options. Additional inventive functions and 

enhancements have been added to the Wireless Location System to support this new type of 

murowband receiver. "When the wideband receiver is being used, all RF channels are received 

continuously at all SCS 's 10, and subsequent to the transmission, the Wireless Location 

System can use the DSP' s 10-3 (Figure 2) to dynamically select any RF channel from the 

digital memory. With the narrowband receiver, the Wireless Location System must ensure a 

priori that the narrowband receivers at multiple cell sites are simultaneously tuned to the 

same RF channel so that all receivers can simultaneously receive, digitize and store the same 

wireless transmission. For this reason, the narrowband receiver is generally used only for 
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locating voice channel transmissions, which can be known a priori to be making a 

transmission. Since control channel transmissions can occur asynchronously at any time, the 

narrowband receiver may not be tuned to the correct channel to receive the transmission. 

When the narrowband receivers are used for locating AMPS voice channel transmissions, the 

Wireless Location System. has the ability to temporarily change the modulation 

characteristics of the AMPS wireless transmitter to aid location processing. This may be 

necessary because AMPS voice channels are only FM modulated with the addition of a low 

level supervisory tone known as SAT. As is known in the art, the Cram.er-Rao lower bound of 

AMPS FM modulation is significantly worse than the Manchester encoded FSK modulation 

used for AMPS reverse channels and "blank and burst" transmissions on the voice channel. 

Further, AMPS wireless transmitters may be transmitting with significantly reduced energy if 

there is no modulating input signal (i.e., no one is speaking). To improve the location 

estimate by improving the modulation characteristics without depending on the existence or 

amplitude of an input modulating signal, the Wireless Location System can cause an AMPS 

wireless transmitter to transmit a "blank and burst" message at a point in time when the 

narrowband receivers at multiple SCS' s 10 are tuned to the RF channel on which the message 

will be sent. This is further described later. 

The Wireless Location System performs the following steps when using the narrowband 

receiver module (see the flowchart of Figure 2C-l): 

a first wireless transmitter is a priori engaged in transmitting on a particular RF channel; 

the Wireless Location System. triggers to make a location estimate of the first wireless 

transmitter (the trigger may occur either internally or externally via a 

command/response interface); 

the Wireless Location System determines the cell site, sector, RF channel, timeslot, long 

code mask, and encryption key ( all information elements may not be necessary for all 

air interface protocols) currently in use by the first wireless transmitter; 

the Wireless Location System tunes an appropriate first narrowband receiver at an 

appropriate first SCS 10 to the RF channel and timeslot at the designated cell site and 
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sector, wherein appropriate typically means both available and collocated or in closest 

proximity; 

the first SCS 10 receives a time segment of RF data, typically ranging from a few 

microseconds to tens of milliseconds, from the first narrowband receiver and 

evaluates the transmission's power, SNR, and modulation characteristics; 

if the transmission's power or SNR. is below a predetermined threshold, the Wireless 

Location System waits a predetermined length of time and then returns to the above 

third step (where the Wireless Location System determines the cell site, sector, etc.); 

if the transmission is an AMPS voice channel transmission and the modulation is below a 

threshold, then the Wireless Location System commands the wireless communications 

system to send a command to the first wireless transmitter to cause a ''blank and 

burst" on the first wireless transmitter; 

the Wireless Location System requests the wireless communications system to prevent 

hand-off of the wireless transmitter to another RF channel for a predetermined length 

of time; 

the Wireless Location System receives a response from the wireless communications 

system indicating the time period during which the first wireless transmitter will be 

prevented from handing-off, and if commanded, the time period during which the 

wireless communications system will send a command to the first wireless transmitter 

to cause a ''blank and burst"; 

the Wireless Location System determines the list of antennas that will be used in location 

processing (the antem1~ selection process is described below); 

the Wireless Location System determines the earliest Wireless Location System 

timestamp at which the narrowband receivers connected to the selected antennas are 

available to begin simultaneously collecting RF data from the RF channel currently in 

use by the first wireless transmitter; 

based upon the earliest Wireless Location System timestamp and the time periods in the 

response from the wireless communications system, the Wireless Location System 

commands the narrowband receivers connected to the antennas that will be used in 

location processing to tune to the cell site, sector, and RF channel cmrently in use by 
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the first wireless transmitter and to receive RF data for a predetermined dwell time 

(based upon the bandwidth of the signal, SNR, and integration requirements); 

the RF data received by the narrowband receivers are written into the dual port memory; 

location processing on the received RF data commences, as described in Patent Nos. 

5,327,144 and 5,608,410 and in sections below; 

the Wireless Location System again determines the cell site, sector, RF channel, timeslot, 

long code mask, and encryption key currently in use by the first wireless transmitter; 

if the cell site, sector, RF channel, timeslot, long code mask, and encryption key currently 

in use by the first wireless transmitter _has changed be~een queries (i.e. before and 

after gathering the RF data) the Wireless Location System ceases location processing, 

causes an alert message that location pr<;>cessing failed because the wireless 

transmitter changed transmission status during the period of time in which RF data 

was being received, and re-triggers this entire process; 

location processing on the received RF data completes in accordance with the steps 

described below. 

The determination of the information elements including cell site, sector, RF channel, 

timeslot, long code mask, and encryption key ( all information elements may not be necessary 

for all ~ir interface protocols) is typically obtained by the Wireless Location System through 

a command / response interface between the Wireless Location System and the wireless 

communications system. 

The use of the narrowband receiver in the manner described above is known as random 

tuning because the receivers can be directed to any RF channel on command from the system. 

One advantage to random tuning is that locations are processed only for those wireless 

transmitters for which the Wireless Location System is triggered. One disadvantage to 

random tuning is that various synchronization factors, including the interface between the 

wireless communications system and the Wireless Location System and the latency times in 

scheduling the necessary receivers throughout the system, can limit the total location 

processing throughput. For example, in a TDMA system, random tuning used throughout the 
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Wireless Location System will typically limit location processing throughput to about 2.5 

· locations per second per cell site sector. 

Therefore, the narrowband receiver also supports another mode, known as automatic 

sequential tuning, which can perfonn location processing at a higher throughput. For 

example, in a TDMA system, using similar assumptions about dwell time and setup time as 

for the narrowband receiver operation described above, sequential tuning can achieve a 

location processing throughput of about 41 locations per second per cell site sector, meaning 

that all 395 TDMA RF channe_ls can be processed in about 9 seconds. This increased rate can 

be achieved by taking advantage of, for example, the two contiguous RF channels that can be 

received simultaneously, location processing all three TDMA timeslots in an RF channel, and 

eliminating the need for synchronization with the wireless communications system. When the 

Wireless Location System is using the narrowband receivers for sequential tuning, the 

Wireless Location System has no lmowledge of the identity of the wireless transmitter 

because the Wireless Location System does not wait for a trigger, nor does the Wireless 

Location System query the wireless communications system for the identity information prior 

to receiving the transmission. In this method, the Wireless Location System sequences 

through every cell site, RF channel and time slot, performs location processing, and reports a 

location record identifying a time stamp, cell site, RF channel, time slot, and location. 

Subsequent to the location record report, the Wireless Location System and the wireless 

communications system match the location records to the wireless communications system's 

data indicating which wireless transmitters were in use at the time, and which cell sites, RF 

channels, and time slots were used by each wireless transmitter. Then, the Wireless Location 

System can retain the location records for wireless transmitters of interest, and discard those 

location records for the remaining wireless transmitters. 

Digital Signal Processor Module 10-3 

The SCS digital receiver modules 10-2 output a digitized RF data stream having a specified 

bandwidth and bit resolution. For example, a 15 MHz embodiment of the wideband receiver 

may output a data stream containing 60 million samples per second, at a resolution of 14 bits 

per sample. This RF data stream will contain all of the RF channels that are used by the 
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wireless communications system. The DSP modules 10-3 receive the digitized data stream, 

and can extract any individual RF channel tln·ough digital mixing and filtering. The DSP's 

can also reduce the bit resolution upon command from the Wireless Location System, as 

needed to reduce the bandwidth requirements between the SCS 10 and TLP 12. The Wireless 

Location System can dynamically S!:)lect the bit resolution at which to forward digitized 

baseband RF data, based upon the processing requirements for each location. DSP's are used 

for these functions to reduce the systemic errors that can occur from mixing and filtering with 

analog components. The use ofDSP's allows perfect matching in the processing between any 

two SCS's 10. 

A block diagram of the DSP module 10-3 is shown is Figure 2D, and the operation of the 

DSP module is depicted by the flowchart of Figure 2E. As shown in Figure 2D, the DSP 

module 10-3 comprises the following elements: a pair ofDSP elements 10-3-lA and 10-3-

lB, referred to collectively as a "first" DSP; serial to parallel converters 10-3-2; dual port 

memory elements 10-3-3; a second DSP 10-3-4; a parallel to serial converter; a FIFO buffer; 

a DSP 10-3-5 (including RAM) for detection, another DSP 10-3-6 for demodulation, and 

another DSP 10-3-7 for nonnalization and control; and an address generator 10-3-8. In a 

presently preferred embodiment, the DSP module 10-3 receives the wideband digitized data 

stream (Figure 2E, step SI), and uses the first DSP (10-3-lA and 10-3-lB) to extract blocks 

of channels (step S2). For example, a first DSP programmed to operate as a digital drop 

receiver can extract four blocks of channels, wherein each block includes at least 1.25 MHz 

of bandwidth. This bandwidth can include 42 channels of AMPS or TDMA, 6 channels of 

GSM, or 1 channel of CDMA. The DSP does not require the blocks to be contiguous, as the 

DSP can independently digitally tune to any set of RF channels within the bandwidth of the 

wideband digitized data stream. The DSP can also perform wideband or narrow band energy 

detection on all or any of the channels in the block, and report the power levels by channel to 

the TLP 12 (step S3). For example, every 10 ms, the DSP can perform wideband energy 

detection and create an RF spectral map for all channels for all receivers (see step S9). 

Because this spectral map can. be sent from the SCS 10 to the TLP 12 every 10 ms via the 

communications link connecting the SCS 10 and the TLP 12, a significan.t data overhead 

could exist. Therefore, the DSP reduces the data overhead by companding the data into a 
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finite number of levels. Normally, for example, 84 dB of dynamic range could require 14 

bits. In the comp anding process implemented by the DSP, the data is reduced, for example, to 

only 4 bits by selecting 16 important RF spectral levels to send to the TLP 12. The choice of 

the number of levels, and therefore the number of bits, as well as the representation of the 

levels, can be automatically adjusted by the Wireless Location System. These adjustments are 

performed to maximize the information value of the RF spectral messages sent to the TLP 12 

as well as to optimize the use of the bandwidth available on the communications link between 

the SCS 10 and the TLP 12. 

After conversion, each block of RF channels (each at least 1.25 MHz) is passed through serial 

to parallel converter 10-3-2 and then stored in dual port digital memory 10-3-3 (step S4). The 

digital memory is a circular memory, which means that the DSP module begins writing data 

into the first memory address and then continues sequentially until the last memory address is 

reached. When the last memory address is reached, the DSP returns to the first memory 

address and continues to sequentially write data into memory. Each DSP module typically 

contains enough memory to store several seconds of data for each block of RF channels to 

support the latency and queuing times in the location process. 

In the DSP module, the memory address at which digitized and converted RF data is written 

into memory is the time stamp used throughout the Wireless Location System and which the 

location processing references in determining TDOA. In order to ensure that the time stamps 

are aligned at every SCS 10 in the Wireless Location System, the address generator 10-3-8 

receives the one pulse per second signal from the timing generation/clock distribution module 

10-7 (Figure 2). Periodically, the address generator at all SCS' s 10 in a Wireless Location 

System will simultaneously reset themselves to a !mown address. This enables the location 

processing to reduce or eliminate accumulated timing errors in the recording of time stamps 

for each digitized data element. 

The address generator 10-3-8 controls both writing to and reading from the dual port digital 

memory 10-3-3. Writing takes places continuously since the ADC is continuously sampling 

and digitizing RF signals and the first DSP (10-3-lA and 10-3-lB) is continuously 
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performing the digital drop receiver function. However, reading occurs in bursts as the 

Wireless Location System requests data for performing demodulation and location 

processing. The Wireless Location System may even perform location processing recursively 

on a single transmission, and therefore requires access to the same data multiple times. In 

order to service the many requirements of the Wireless Location System, the address 

generator allows the dual port digital memory to be read at a rate faster than the writing 

occurs. Typically, reading can be performed eight times faster than writing. 

The DSP module 10-3 uses the second DSP 10-3-4 to read the data from the digital memory 

10-3-3, and then performs a second digital drop receiver function to extract baseband data 

from the blocks of RF channels (step S5). For example, the second DSP can extract any 

single 30 KHz AMPS or TDMA chmmel from any block of RF channels that have been 

digitized and stored in the memory. Likewise, the second DSP can extract any single GSM 

channel. The second DSP is not required to extract a CDMA channel, since the channel 

bandwidth occupies the full bandwidth of the stored RF data. The combination of the first 

DSP 10-3-lA, 10-3-lB m1d the second DSP 10-3-4 allows the DSP module to select, store, 

and recover any single RF channel in a wireless communications system. A DSP module 

typically will store four blocks of channels. In a dual-mode AMPS/TDMA system, a single 

DSP module can continuously and simultaneously monitor up to 42 analog reverse control 

chmmels, up to 84 digital control channels, and also be tasked to monitor and locate any voice 

channel transmission. A single SCS chassis will typically support up to three receiver 

modules 10-2 (Figure 2), to cover three sectors of two antennas each, and up to nine DSP 

modules (three DSP modules per receiver permits an entire 15 MHz bandwidth to be 

simultaneously stored into digital memory). Thus, the SCS 10 is a very modulm· system than 

can be easily scaled to match m1y type of cell site configuration and processing load. 

The DSP module 10-3 also performs other functions, including automatic detection of active 

channels used in each sector (step S6), demodulation (step S7), and station based location 

processing (step S8). The Wireless Location System maintains an active map of the usage of 

the RF channels in a wireless communications system (step S9), which enables the Wireless 

Location System to manage receiver and processing resources, and to rapidly initiate 
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processing when a particular transmission of interest has occurred. The active map comprises 

a table maintained within the Wireless Location System that lists for each antenna connected 

to an SCS 10 the primary channels assigned to that SCS 10 and the protocols used in those 

channels. A primary channel is an RF control channel assigned to a collocated or nearby base 

station which the base station uses for communications with wireless transmitters. For 

example, in a typical cellular system with sectored cell sites, there will be one RF control 

channel frequency assigned for use in each sector. Those control channel frequencies would 

typically be assigned as primary channels for a collocated SCS 10. 

The same SCS 10 may also be assigned to monitor the RF control channels of other nearby 

base stations as primary channels, even if other SCS 's 10 also have the same primary 

channels assigned. In this manner, the Wireless Location System implements a system 

demodulation redundancy that ensures that any given wireless transmission has an 

infinitesimal probability of being missed. When this demodulation redundancy feature is 

used, the Wireless Location System will receive, detect, and demodulate the same wireless 

transmission two or more times at more than one SCS 10. The Wireless Location System 

includes means to detect when this multiple demodulation has occurred and to trigger 

location processing only once. This function conserves the processing and communications 

resources of the Wireless Location System, and is further described below. This ability for a 

single SCS 10 to detect and demodulate wireless transmissions occurring at cell sites not 

collocated with the SCS 10 permits operators of the Wireless Location System to deploy 

more efficient Wireless Location System networks. For example, the Wireless Location 

System may be designed such that the Wireless Location System uses much fewer SCS 's 10 

than the wireless communications system has base stations. 

In the Wireless Location System, primary channels are entered and maintained in the table 

using two methods: direct progrannning and automatic detection. Direct programming 

comprises entering primary channel data into the table using one of the Wireless Location 

System user interfaces, such as the Network Operations Console 16 (Figure 1), or by 

receiving channel assigmnent data from the Wireless Location System to wireless 

communications system interface. Alternatively, the DSP module 10-3 also runs a 
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background process known as automatic detection in which the DSP uses spare or scheduled 

processing capacity to detect transmissions on various possible RF channels and then attempt 

to demodulate those transmissions using probable protocols. The DSP module can then 

confirm that the primary channels directly programmed are correct, and can also quickly 

detect changes made to channels at base station and send an alert to the operator of the 

Wireless Location System. 

The DSP module performs the following steps in automatic detection (see Figure 2E-1): 

for each possible control and/or voice channel which may be used in the coverage area of 

the SCS 10, peg counters are established (step S7-1); 

at the start of a detection period, all peg counters are reset to zero (step S7-2); 

each time that a transmission occurs in a specified RF channel, and the received power 

level is above a particular pre-set threshold, the peg counter for that channel is 

incremented (step 87-3); 

each time that a transmission occurs in a specified RF channel, and the received power 

level is above a second particular pre-set threshold, the DSP module attempts to 

demodulate a certain portion of the transmission using a first preferred protocol (step 

87-:4); 

if the demodulation is successful, a second peg counter for that channel is incremented 

(step S7-5); 

if the demodulation is unsuccessful, the DSP module attempts to demodulate a portion of 

the transmission using a second preferred protocol (step S7-6); 

if the demodulation is successful, a third peg counter for that channel is incremented ( step 

S7-7); 

at the end of a detection period, the Wireless Location System reads all peg counters (step 

S7-8); and 

the Wireless Location System automatically assigns primary channels based upon the peg 

counters (step S7-9). 

The operator of the Wireless Location System can review the peg counters and the automatic 

assignment of primary channels and demodulation protocols, and override any settings that 
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were performed automatically. In addition, if more than two preferred protocols may be used 

by the wireless carrier, then the DSP module 10-3 can be downloaded with software to detect 

the additional protocols. The architecture of the SCS 10, based upon wideband receivers 10-

2, DSP modules 10-3, and downloadable software permits the Wireless Location System to 

support multiple demodulation protocols in a single system. There is a significant cost 

advantage to supporting multiple protocols within the single system, as only a single SCS 10 

is required at a cell site. This is in contrast to many base station architectures, which may 

require different transceiver modules for different modulation protocols. For exan1ple, while 

the SCS 10 could support AMPS, TDMA, and CDMA simultaneously in the same SCS 10, 

. there is no base station currently available that can support this functionality. 

The ability to detect and demodulate multiple protocols also includes the ability to 

independently detect the use of authentication in messages transmitted over the certain air 

interface protocols. The use of authentication fields in wireless transmitters started to become 

prevalent within the last few years as a means to reduce the occurrence of fraud in wireless 

communications systems. However, not all wireless transmitters have implemented 

authentication. When authentication is used, the protocol generally inserts an additional field 

into the transmitted message. Frequently this field is inserted between the identity of the 

wireless transmitter and the dialed digits in the transmitted message. When demodulating a 

wireless transmission, the Wireless Location System determines the number of fields in the 

transmitted message, as well as the message type (i.e. registration, origination, page response, 

etc.). The Wireless Location System demodulates all fields and if extra fields appear to be 

present, giving consideration to the type of message transmitted, then the Wireless Location 

System tests all fields for a trigger condition. For example, if the dialed digits "911" appear in 

the proper place in a field, and the field is located either in its proper place without 

authentication or its proper place with authentication, then the Wireless Location System 

triggers normally. h1 this example, the digits "911" would be required to appear in sequence 

as "911" or "*911 ", with no other digits before or after either sequence. This functionality 

reduces or eliminates a false trigger caused by the digits "911" appearing as part of an 

authentication field. 
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The support for multiple demodulation protocols is important for the Wireless Location 

System to successfully operate because location processing must be quickly triggered when a 

wireless caller has dialed "911 ". The Wireless Location System can trigger location 

processing using two methods: the Wireless Location System will independently demodulate 

control channel transmissions, and trigger location processing using any number of criteria 

such as dialed digits, or the Wireless Location System may receive triggers from an external 

source such as the carrier's wireless communications system. The present inventors have 

found that independent demodulation by the SCS 10 results in the fastest time to trigger, as 

measured from the moment that a wireless user presses the "SEND" or "TALK" ( or similar) 

button on a wireless transmitter. 

Control and Communications Module 10-5 

The control and communications module 10-5, depicted in Figure 2F, includes data buffers 

10-5-1, a controller 10-5-2, memory 10-5-3, a CPU 10-5-4 and a Tl/El communications chip 

10-5-5. The module has many of the characteristics previously described in Patent Number 

5,608,410. Several enhancements have been added in the present embodiment. For example, 

the SCS 10 now includes an automatic remote reset capability, even if the CPU on the control 

and communications module ceases to execute its programmed software. This capability can 

reduce the operating costs of the Wireless Location System because technicians are not 

required to travel to a cell site to reset an SCS 10 if it fails to operate normally. The automatic 

remote reset circuit operates by monitoring the communications interface between the SCS 

10 and the TLP 12 for a particular sequence of bits. This sequence of bits is a sequence that 

does not occur during normal communications between the SCS 10, and the TLP 12. This 

sequence, for example, may consist of an all ones pattern. The reset circuit operates 

independently of the CPU so that even if the CPU has placed itself in a locked or other non

operating status, the circuit can still achieve the reset of the SCS 10 and return the CPU to an 

operating status. 

This module now also has the ability to record and report a wide variety of statistics and 

variables used in monitoring or diagnosing the performance of the SCS 10. For example, the 

SCS 10 can monitor the percent capacity usage of any DSP or other processor in the SCS 10, 
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as well as the communications interface between the SCS 10 and the TLP 12. These values 

are reported regularly to the AP 14 and the NOC 16, and are used to determine when 

additional processing and communications resources are required in the system. For example, 

alarm thresholds may be set in the NOC to indicate to an operator if any resource is 

consistently exceeding a preset threshold. The SCS 10 can also monitor the number of times 

that transmissions have been successfully demodulated, as well as the number of failures. 

This is useful in allowing operators to determine whether the signal thresholds for 

demodulation have been set optimally. 

This module, as well as the other modules, can also self-report its identity to the TLP 12. As 

described below, many SCS's 10 can be connected to a single TLP 12. Typically, the 

communications between SCS's 10 and TLP's 12 is shared with the communications between 

base stations and MSC's. It is frequently difficult to quickly determine exactly which SCS's 

10 have been assigned to particular circuits. Therefore, the SCS 10 contains a hard coded 

identity, which is recorded at the time of installation. This identity can be read and verified by 

the TLP 12 to positively detennine which SCS 10 has been assigned by a carrier to each of 

several different communications circuits. 

The SCS to TLP communications supports a variety of messages, including: commands and 

responses, software download, status and heartbeat, parameter download, diagnostic, spectral 

data, phase data, primary channel demodulation, and RF data. The communications protocol 

is designed to optimize Wireless Location System operation by minimizing the protocol 

overhead and the protocol includes a message priority scheme. Each message type is assigned 

a priority, and the SCS 10 and the TLP 12 will queue messages by priority such that a higher 

priority message is sent before a lower priority message is sent. For example, demodulation 

messages are generally set at a high priority because the Wireless Location System must 

trigger location processing on certain types of calls (i.e., E9-1-1) without delay. Although 

higher priority messages are queued before lower priority messages, the protocol generally 

does not preempt a message that is already in transit. That is, a message in the process of 

being sent across the SCS 10 to TLP 12 communications interface will be completed fully, 

but then the next message to be sent will be the highest priority message with the earliest time 
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staru.p. In order to minimize the latency of high priority messages, long messages, such as RF 

data, are sent in segments. For example, the RF data for a full 100-millisecond Alv.lPS 

transmission may be separated into 10-millisecond segments. In this manner, a high priority 

message may be queued in between segments of the RF data. 

Calibration and Performance Monitoring 

The architecture of the SCS 10 is heavily based upon digital technologies including the 

digital receiver and the digital signal processors. Once RF signals have been digitized, timing, 

frequency, and phase differences can be carefully controlled in the various processes. More 

importantly, any timing, frequency, and phase differences can be perfectly matched between 

the various receivers and various SCS's 10 used in the Wireless Location System. However, 

prior to the ADC, the RF signals pass through a number of RF components, including 

antennas, cables, low noise aru.plifiers, filters, duplexors, multi-couplers, and RF splitters. 

Each of these RF components has characteristics important to the Wireless Location System, 

including delay and phase versus frequency response. When the RF and analog components 

are perfectly matched between the pairs of SCS 's 10, such as SCS 1 0A and SCS 1 OB in 

Figure 2G, then the effects of these characteristics are automatically eliminated in the 

location processing. But when the characteristics of the components are not matched, then the 

location processing can inadvertently include instrumental errors resulting from the 

mismatch. Additionally, many of these RF components can experience instability with power, 

time, temperature, or other factors that can add instrumental errors to the determination of 

location. Therefore, several inventive techniques have been developed to calibrate the RF 

components in the Wireless Location System and to monitor the performance of the Wireless 

Location System on a regular basis. Subsequent to calibration, the Wireless Location System 

stores the values of these delays and phases versus frequency response (i.e. by RF channel 

number) in a table in the Wireless Location System for use in correcting these instrumental 

errors. Figures 2G-2J are referred to below in explaining these calibration methods. 

External Calibration Method 

Referring to Figure 2G, the timing stability of the Wireless Location System is measured 

along baselines, wherein each baseline is comprised of two SCS' s, 1 OA and 1 OB, and an 
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imaginary line (A - B) drawn between them. In a TDOA / FDOA type of Wireless Location 

System, locations of wireless transmitters are calculated by measuring the differences in the 

times that each SCS 10 records for the arrival of the signal from a wireless transmitter. Thus, 

it is important that the differences in times measured by SCS 's 10 along any baseline are 

largely attributed to the transmission time of the signal from the wireless transmitter and 

minimally attributed to the variations in the RF and analog components of the SCS' s 10 

themselves. To meet the accuracy goals of the Wireless Location System, the timing stability 

for any pair of SCS's 10 are maintained at much less than 100 nanoseconds RMS (root mean 

square). Thus, the components of the Wireless Location System will contribute less than 100 

feet RMS of instrumentation error in the estimation of the location of a wireless transmitter. 

Some of this error is allocated to the ambiguity of the signal used to calibrate the system. This 

ambiguity can be determined from the well-known Cramer-Rao lower bound equation. In the 

case of an AMPS reverse control channel, this error is approximately 40 nanoseconds RMS. 

The remainder of the error budget is allocated to the components of the Wireless Location 

System, primarily the RF and analog components in the SCS 10. 

In the external calibration method, the Wireless Location System uses a network of 

calibration transmitters whose signal characteristics match those of the target wireless 

transmitters. These calibration transmitters may be ordinary wireless telephones emitting 

periodic registration signals and/or page response signals. Each usable SCS-to-SCS baseline 

is preferably calibrated periodically using a calibration transmitter that has a relatively clear 

and unobstructed path to both SCS 's 10 associated with the baseline. The calibration signal is 

processed identically to a signal from a target wireless transmitter. Since the TDOA values 

are known a priori, any errors in the calculations are due to systemic errors in the Wireless 

Location System. These systemic errors can then be removed in the subsequent location 

calculations for target transmitters. 

Figure 2G illustrates the external calibration method for minimizing timing errors. As shown, 

a first SCS lOA at a point "A" and a second SCS lOA at a point "B" have an associated 

baseline A-B. A calibration signal emitted at time To by a calibration transmitter at point "C" 

will theoretically reach first SCS lOA at time To+ TAc• TAc is a measure of the amount of 
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time required for the calibration signal to travel from the antenna on the calibration 

transmitter to the dual port digital memory in a digital receiver. Likewise, the same 

calibration signal will reach second SCS l0B at a theoretical time To+ TBc- Usually, 

however, the calibration signal will not reach the digital memory and the digital signal 

processing components of the respective SCS's 10 at exactly the correct times. Rather, there 

will be errors el and e2 in the amount of time (TAc, TBc) it takes the calibration signal to 

propagate from the calibration transmitter to the SCS' s 10, respectively, such that the exact 

times of arrival are actually To + TAc + e 1 and TO + T BC + e2. Such errors will be due to some 

extent to delays in the signal propagation through the air, i.e., from the calibration 

transmitter's antenna to the SCS antennas; however, the errors will be due primarily to time 

varying characteristics in the SCS front end components. The errors el and e2 cannot be 

determined per se because the system does not know the exact time (To) at which the 

calibration signal was transmitted. The system can, however, determine the error in the 

difference in the time of arrival of the calibration signal at the respective SCS 's 10 of any 

given pair ofSCS's 10. This TDOA error value is defined as the difference between the 

measured TDOA value and the theoretical TDOA value 'to, wherein -c0 is the theoretical 

differences between the theoretical delay values TAc and TBc- Theoretical TDOA values for 

each pair of SCS 's 10 and each calibration transmitter are known because the positions of the 

SCS's 10 and calibration transmitter, and the speed at which the calibration signal 

propagates, are known. The measured TDOA baseline (TDOAA-B) can be represented as 

TDOAA-B = 'to + E, wherein E = e 1 - e2. In a similar manner, a calibration signal from a 

second calibration transmitter at point "D" will have associated errors e3 and e4. The ultimate 

value of E to be subtracted from TDOA measurements for a target transmitter will be a 

function (e.g., weighted average) of the E values derived for one or more calibration 

transmitters. Therefore, a given TDOA measurement (TDOAmeasurect) for a pair of SCS' s 10 at 

points "X" and "Y" and a target wireless transmitter at an unknown location will be corrected 

as follows: 

TDOAx-Y TDOAmeasured - E 

E kl El+ k2E2 + .... kNEN, 
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where kl, k2, etc., are weighting factors and El, E2, etc., are the errors determined by 

subtracting the measured TDOA values from the theoretical values for each calibration 

transmitter. In this example, error value E 1 may the error value associated with the 

calibration transmitter at point "C" in the drawing. The weighting factors are determined by 

the operator of the Wireless Location System, and input into the configuration tables for each 

baseline. The operator will take into consideration the distance from each calibration 

transmitter to the SCS' s 10 at points "X" and "Y", the empirically determined line of sight 

from each calibration transmitter to the SCS's 10 at points "X" and "Y", and the contribution 

that each SCS "X" and "Y" would have made to a location estimate of a wireless transmitter 

that might be located in the vicinity of each calibration transmitter. In general, calibration 

transmitters that are nearer to the SCS 's 10 at points "X" and "Y" will be weighted higher 

than calibration transmitters that are farther away, and calibration transmitters with better line 

of sight to the SCS 's 10 at points "X" and "Y" will be weighted higher than calibration 

transmitters with worse line of sight. 

Each error component el, e2, etc., and therefore the resulting error component E, can vary 

widely, and wildly, over time because some of the error component is due to multipath 

reflection from the calibration transmitter to each SCS 10. The multipath reflection is very 

much path dependent and therefore will vary from measurement to measurement and from 

path to path. It is not an object of this method to determine the multipath reflection for these 

calibration paths, but rather to determine the portion of the errors that are attributable to the 

components of the SCS's 10. Typically, therefore, error values el and e3 will have a common 

component since they relate to the same first SCS 1 OA. Likewise, error values e2 and e4 will 

also have a common component since they relate to the second SCS 10B. It is known that 

while the multipath components can vary wildly, the component errors vary slowly and 

typically vary sinusoidally. Therefore, in the external calibration method, the error values 

E are filtered using a weighted, time-based filter that decreases the weight of the wildly 

varying multipath components while preserving the relatively slow changing error 

components attributed to the SCS's 10. One such exemplary filter used in the external 

calibration method is the Kalman filter. 
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The period between calibration transmissions is varied depending on the error drift rates 

determined for the SCS components. The period of the drift rate should be much longer than 

the period of the calibration interval. The Wireless Location System monitors the period of 

the drift rate to determine continuously the rate of change, ~d may periodically adjust the 

calibration interval, if needed. Typically, the calibration rate for a Wireless Location System 

such as one in accordance with the present invention is between 10 and 30 minutes. This 

corresponds well with the typical time period for the registration rate in a wireless 

communications system. If the Wireless Location System were to determine that the 

calibration interval must be adjusted to a rate faster than the registration rate of the wireless 

communications system, then the AP 14 (Figure 1) would automatically force the calibration 

transmitter to transmit by paging the transmitter at the prescribed interval. Each calibration 

transmitter is individually addressable and therefore the calibration interval associated with 

each calibration transmitter can be different. 

Since the calibration transmitters used in the external calibration method are standard 

telephones, the Wireless Location System must have a mechanism to distinguish those 

telephones from the other 'wireless transmitters that are being located for various application 

purposes. The Wireless Location System maintains a list of the identities of the calibration 

transmitters, typically in the TLP 12 and in the AP 14. In a cellular system, the identity of the 

calibration transmitter can be the Mobile Identity Number, or MIN. When the calibration 

transmitter makes a transmission, the transmission is received by each SCS 10 and 

demodulated by the appropriate SCS 10. The Wireless Location System compares the 

identity of the transmission with a pre-stored tasking list of identities of all calibration 

transmitters. If the Wireless Location System determines that the transmission was a 

calibration transmission, then the Wireless Location System initiates external calibration 

processmg. 

Internal Calibration Method 

In addition to the external calibration method, it is an object of the present invention to 

calibrate all channels of the wideband digital receiver used in the SCS 10 of a Wireless 
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Location System. The external calibration method will typically calibrate only a single 

channel of the multiple channels used by the wideband digital receiver. This is because the 

fixed calibration transmitters will typically scan to the highest-power control channel, which 

will typically be the same control channel each time. The transfer function of a wideband 

digital receiver, along with the other associated components, does not remain perfectly 

constant, however, and will vary with time and temperature. Therefore, even though the 

external calibration method can successfully calibrate a single channel, there is no assurance 

that the remaining channels will also be calibrated. 

The internal calibration method, represented in the flowchart of Figure 2H, is particularly 

suited for calibrating an individual first receiver system (i.e., SCS 10) that is characterized by 

a time- and frequency-varying transfer function, wherein the transfer function defines how 

the amplitude and phase of a received signal will be altered by the receiver system and the 

receiver system is utilized in a location system to determine the location of a wireless 

transmitter by, in part, detern1ining a difference in time of arrival of a signal transmitted by 

the wireless transmitter and received by the receiver system to be calibrated and another 

receiver system, and wherein the accuracy of the location estimate is dependent, in part, upon 

the accuracy of TDOA measurements made by the system. An example of a AMPS RCC 

transfer function is depicted in Figure 21, which depicts how the phase of the transfer function 

varies across the 21 control channels spanning 630 KHz. 

Referring to Figure 2H, the internal calibration method includes the steps of temporarily and 

electronically disconnecting the antenna used by a receiver system from the receiver system 

(step S-20); injecting an internally generated wideband signal with known and stable signal 

characteristics into the first receiver system (step S-21); utilizing the generated wideband 

signal to obtain an estimate of the manner in which the transfer function varies across the 

bandwidth of the first receiver system (step S-22); and utilizing the estimate to mitigate the 

effects of the variation of the first transfer function on the time and frequency measurements 

made by the first receiver system (step S-23). One example of a stable wideband signal used 

for internal calibration is a comb signal, which is comprised of multiple individual, equal-
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amplitude frequency elements at a known spacing, such as 5 KHz. An example of such a 

signal is shown in Figure 2I. 

The antenna must be temporarily disconnected during the internal calibration process to 

prevent external signals from entering the wideband receiver and to guarantee that the 

receiver is only receiving the stable wideband signal. The antem1a is electronically 

disconnected only for a few milliseconds to minimize the chance of missing too much of a 

signal from a wireless transmitter. In addition, internal calibration is typically performed 

immediately after external calibration to minimize the possibility that the any component in 

the SCS 10 drifts during the interval between external and internal calibration. The antenna is 

disconnected from the wideband receiver using two electronically controlled RF relays (not 

shown). An RF relay cannot provide perfect isolation between input and output even when in 

the "off' position, but it can provide up to 70 dB of isolation. Two relays may be used in 

series to increase the amount of isolation and to further assure that no signal is leaked from 

the antenna to the wideband receiver during calibration. Similarly, when the internal 

calibration function is not being used, the internal calibration signal is turned off, and the two 

RF relays are also turned off to prevent leakage of the internal calibration signals into the 

wideband receiver when the receiver is collecting signals from wireless transmitters. 

The external calibration method provides an absolute calibration of a single channel and the 

internal calibration method then calibrates each other channel relative to the channel that had 

been absolutely calibrated. The comb signal is particularly suited as a stable wideband signal 

because it can be easily generated using a stored replica of the signal and a digital to analog 

converter. 

External Calibration Using Wideband Calibration Signal 

The external calibration method described next may be used in connection with an SCS 10 

receiver system characterized by a time- and frequency-varying transfer function, which 

preferably includes the antennas, filters, amplifiers, duplexors, multi-couplers, splitters, and 

cabling associated with the SCS receiver system. The method includes the step of 

transmitting a stable, known wideband calibration signal from an external transmitter. The 
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wideband calibration signal is then used to estimate the transfer function across a prescribed 

bandwidth of the SCS receiver system. The estimate of the transfer function is subsequently 

employed to mitigate the effects of variation of the transfer function on subsequent 

TDOA/FDOA measurements. The external transmission is preferably of short duration and 

low power to avoid interference with the wireless communications system hosting the 

Wireless Location System. 

In the preferred method, the SCS receiver system is synchronized with the external 

transmitter. Such synchronization may be performed using GPS timing units. Moreover, the 

receiver system may be programmed to receive and process the entire wideband of the 

calibration signal only at the time that the calibration signal is being sent. The receiver system 

will not perform calibration processing at any time other than when in synchronization with 

the external calibration transmissions: In addition, a wireless communications link is used 

between the receiver system and the external calibration transmitter to exchange commands 

and responses. The external transmitter may use a directional antenna to direct the wideband 

signal only at the antennas of the SCS receiver system. Such as directional antenna may be a 

Yagi antenna (i.e. linear end-fire array). The calibration method preferably includes making 

the external transmission only when the directional antenna is aimed at the receiver system's 

antennas and the risk of multipath reflection is low. 

Calibrating for Station Biases 

Another aspect of the present invention concerns a calibration method to correct for station 

biases in a SCS receiver system. The "station bias" is defined as the finite delay between 

when an RF signal from a wireless transmitter reaches the antenna and when that same signal 

reached the wideband receiver. The inventive method includes the step of measuring the 

length of the cable from the antennas to the filters and determining the corresponding delays 

associated with the cable length. In addition, the method includes injecting a known signal 

into the filter, duplexor, multi-coupler, or RF splitter and measuring the delay and phase 

response versus frequency response from the input of each device to the wideband receiver. 

The delay and phase values are then combined and used to correct subsequent location 

measurements. When used with the GPS based timing generation described above, the 
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method preferably includes correcting for the GPS cable lengths. Moreover, an externally 

generated reference signal is preferably used to monitor changes in station bias that may arise 

due to aging and weather. Finally, the station bias by RF channel and for each receiver 

system in the Wireless Location System is preferably stored in tabular form in the Wireless 

Location System for use in correcting subsequent location processing. 

Performance Monitoring 

The Wireless Location System uses methods similar to calibration for performance 

monitoring on a regular and ongoing basis. These methods are depicted in the flowcharts of 

Figure 2K and 2L. Two methods of performance monitoring are used: fixed phones and drive 

testing of surveyed points. The fixed phone method comprises the following steps ( see Figure 

2K): 

standard wireless transmitters are permanently placed at various points within the 

coverage area of the Wireless Location System (these are then known as the fixed 

phones) (step S-30); 

the points at which the fixed phones have been placed are surveyed so that their location 

is precisely known to within a predetermined distance, for example ten feet ( step S-

31 ); 

the surveyed locations are stored in a table in the AP 14 (step S-32); 

the fixed phones are permitted to register on the wireless communications system, at the 

rate and interval set by the wireless communications system for all wireless 

transmitters on the system (step S-33); 

at each registration transmission by a fixed phone, the Wireless Location System locates 

the fixed phone using normal location processing ( as with the calibration transmitters, 

the Wireless Location System can identify a transmission as being from a fixed phone 

by storing the identities in a table) (step S-34); 

the Wireless Location System computes an error between the calculated location 

determined by the location processing and the stored location determined by survey 

(step S-35); 

the location, the error value, and other measured parameters are stored along with a time 

stamp in a database in the AP 14 (step S-36); 
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the AP 14 monitors the instant error and other measured parameters ( collectively referred 

to as an extended location record) and additionally computes various statistical values 

of the error(s) and other measured parameters (step S-37); and 

if any of the error or other values exceed a pre-determined threshold or a historical 

statistical value, either instantaneously or after performing statistical filtering over a 

prescribed number oflocation estimates, the AP 14 signals an alarm to the operator of 

the Wireless Location System (step S-38). 

The extended location record includes a large number of measured parameters usefully for 

analyzing the instant and historical performance of the Wireless Location System. These 

parameters include: the RF channel used by the wireless transmitter, the antenna port(s) used 

by the Wireless Location System to demodulate the wireless transmission, the antenna ports 

from which the Wireless Location System requested RF data, the peak, average, and variance 

in power of the transmission over the interval used for location processing, the SCS 10 and 

antenna port chosen as the reference for location processing, the correlation value from the 

cross-spectra correlation between every other SCS 10 and antenna used in location processing 

and the reference SCS 10 and antenna, the delay value for each baseline, the multipath 

mitigation parameters, and the residual values remaining after the multipath mitigation 

calculations. Any of these measured parameters can be monitored by the Wireless Location 

System for the purpose of determining how the Wireless Location System is performing. One 

example of the type of monitoring perfonned by the Wireless Location System may be the 

variance between the instant value of the correlation on a baseline and the historical range of 

the correlation value. Another may be the variance between the instant value of the received 

power at a particular antenna and the historical range of the received power. Many other 

statistical values can be calculated and this list is not exhaustive. 

The number of fixed phones placed into the coverage area of the Wireless Location System 

can be determined based upon the density of the cell sites, the difficulty of the terrain, and the 

historical ease with which wireless communications systems have performed in the area. 

Typically the ratio is about one fixed phone for every six cell sites, however in some areas a 

ratio of one to one may be required. The fixed phones provide a continuous means to monitor 
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the performance of the Wireless Location System, as well as the monitor any changes in the 

frequency plan that the carrier may have made. Many times, changes in the frequency plan 

will cause a variation in the performance of the Wireless Location System and the 

performance monitoring of the fixed phones provide an immediate indication to the Wireless 

Location System operator. 

Drive testing of surveyed points is very similar to the fixed phone monitoring. Fixed phones 

typically can only be located indoors where access to power is available (i.e. the phones must 

be continuously powered on to be effective). To obtain a more complete measurement of the 

perfom1ance of the location performance, drive testing of outdoor test points is also 

performed. Referring to Figure 2L, as with the fixed phones, prescribed test points throughout 

the coverage area of the Wireless Location System are surveyed to within ten feet (step S-40). 

Each test point is assigned a code, wherein the code consists of either a "·*" or a "#", followed 

by a sequence number (step S-41). For example, "*1001" through "*1099" may be a 

sequence of 99 codes used for test points. These codes should be sequences, that when dialed, 

are meaningless to the wireless communications system (i.e. the codes do not cause a feature 

or other translation to occur in the MSC, except for an intercept message). The AP 14 stores 

the code for each test point along with the surveyed location (step S-42). Subsequent to these 

initial steps, any wireless transmitter dialing any of the codes will be triggered and located 

using normal location processing (steps S-43 and S-44). The Wireless Location System 

automatically computes an error between the calculated location determined by the location 

processing and the stored location determined by survey, and the location and the error value 

are stored along with a time stamp in a database in the AP 14 (steps S-45 and S-46). The AP 

14 monitors the instant error, as well as various historical statistical values of the error. If the 

error values exceed a pre-detennined threshold or a historical statistical value, either 

instantaneously or after performing statistical filtering over a prescribed number of location 

estimates, the AP 14 signals an alarm to the operator of the Wireless Location System (step 

S-47). 
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TDOA Location Processor (TLP) 

The TLP 12, depicted in Figures 1, lA and 3, is a centralized digital signal processing system 

that manages many aspects of the Wireless Location System, especially the SCS 's 10, and 

provides control over the location processing. Because location processing is DSP intensive, 

one of the major advantages of the TLP 12 is that the DSP resources can be shared among 

location processing initiated by transmissions at any of the SCS' s 10 in a Wireless Location 

System. That is, the additional cost ofDSP's at the SCS's 10 is reduced by having the 

resource centrally available. As shown in Figure 3, there are three major components of the 

TLP 12: DSP modules 12-1, Tl/El communications modules 12-2 and a controller module 

12-3. 

The Tl/El communications modules 12-2 provide the communications interface to the SCS's 

10 (Tl and El are standard communications speeds available throughout the world). Each 

SCS 10 communicates to a TLP 12 using one or more DS0's (which are typically 56Kbps or 

64 Kbps). Each SCS 10 typically connects to a fractional Tl or El circuit, using, e.g., a drop 

and insert unit or channel bank at the cell site. Frequently, this circuit is shared with the base 

station, which communicates with the MSC. At a central site, the DS0's assigned to the base 

station are separated from the DS0's assigned to the SCS's 10. This is typically accomplished 

extemal to the TLP 12 using a digital access and control system (DACS) 13A that not only 

separates the DS0's but also grooms the DS0's from multiple SCS's 10 onto full Tl or El 

circuits. These circuits then connect from the DACS 13A to the DACS 13B and then to the 

Tl/El communications module on the TLP 12. Each Tl/El communications module contains 

sufficient digital memory to buffer packets of data to and from each SCS 10 communicating 

with the module. A single TLP chassis may support one or more Tl/E 1 communications 

modules. 

The DSP modules 12-1 provide a pooled resource for location processing. A single module 

may typically contain two to eight digital signal processors, each of which are equally 

available for location processing. Two types oflocation processing are supported: central 

based and station based, which are described in further detail below. The TLP controller 12-3 

manages the DSP module(s) 12-1 to obtain optimal throughput. Each DSP module contains 



WO 01/76093 PCT/US0l/09078 

43 

sufficient digital memory to store all of the data necessary for location processing. A DSP is 

not engaged until all of the data necessary to begin location processing has been moved from 

each of the involved SCS's 10 to the digital memory on the DSP module. Only then is a DSP 

given the specific task to locate a specific wireless transmitter. Using this technique, the 

DSP's, which are an expensive resource, are never kept waiting. A single TLP chassis may 

support one or more DSP modules. 

The controller module 12-3 provides the real time management of all location processing 

within the Wireless Location System. The AP 14 is the top-level management entity within 

the Wireless Location System, however its database architecture is not sufficiently fast to 

conduct the real time decision making when transmissions occur. The controller module 12-3 

receives messages from the SCS's 10, including: status, spectral energy in various channels 

for various antennas, demodulated messages, and diagnostics. This enables the controller to 

continuously determine events occurring in the Wireless Location System, as well as to send 

commands to take certain actions. When a controller module receives demodulated messages 

from SCS 's 10, the controller module decides whether location processing is required for a 

particular wireless transmission. The controller module 12-3 also determines which SCS's 10 

and antennas to use in location processing, including whether to use central based or station 

based location processing. The controller module commands SCS 's 10 to return the necessary 

data, and commands the communications modules and DSP modules to sequentially perform 

their necessary roles in location processing. These steps are described below in further detail. 

The controller module 12-3 maintains a table known as the Signal of Interest Table (SOIT). 

This table contains all of the criteria that may be used to trigger location processing on a 

particular wireless transmission. The criteria may include, for example, the Mobile Identity 

Number, the Mobile Station ID, the Electronic Serial Number, dialed digits, System ID, RF 

cham1el number, cell site number or sector number, type of transmission, and other types of 

data elements. Some of the trigger events may have higher or lower priority levels associated 

with them for use in determining the order of processing. Higher priority location triggers 

will always be processing before lower priority location triggers. However, a lower priority 

trigger that has already begun location processing will complete the processing before being 
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assigned to a higher priority task. The master Tasking List for the Wireless Location System 

is maintained on the AP 14, and copies of the Tasking List are automatically downloaded to 

the Signal of Interest Table in each TLP 12 in the Wireless Location System. The full Signal 

of Interest Table is downloaded to a TLP 12 when the TLP 12 is reset or first starts. 

Subsequent to those two events, only changes are downloaded from the AP 14 to each TLP 

12 to conserve communications bandwidth. The TLP 12 to AP 14 communications protocol 

preferably contains sufficient redundancy and error checking to prevent incorrect data from 

ever being entered into the Signal of Interest Table . When the AP 14 and TLP 12 

periodically have spare processing capacity available, the AP 14 reconfirms entries in the 

Signal of Interest Table to ensure that all Signal of Interest Table entries in the Wireless 

Location System are in full synchronization. 

Each TLP chassis has a maximum capacity associated with the chassis. For example, a single 

TLP chassis may only have sufficient capacity to support between 48 and 60 SCS's 10. When 

a wireless communications system is larger that the capacity of a single TLP chassis, multiple 

TLP chassis are connected together using Ethernet networking. The controller module 12-3 is 

responsible for inter-TLP communications and networking, and communicates with the 

controller modules in other TLP chassis and with Application Processors 14 over the Ethernet 

network. Inter-TLP communications is required when location processing requires the use of 

SCS 's 10 that are connected to different TLP chassis. Location processing for each wireless 

transmission is assigned to a single DSP module in a single TLP chassis. The controller 

modules 12-3 in TLP chassis select the DSP module on which to perform location 

processing, and then route all of the RF data used in location processing to that DSP module. 

lfRF data is required from the SCS's 10 connected to more that one TLP 12, then the 

controller modules in all necessary TLP chassis communicate to move the RF data from all 

necessary SCS's 10 to their respective connected TLP's 12 and then to the DSP module and 

TLP chassis assigned to the location processing. The controller module supports two fully 

independent Ethernet networks for redundancy. A break or failure in any one network causes 

the affected TLP's 12 to immediately shift all communications to the other network. 
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The controller modules 12-3 maintain a complete network map of the Wireless Location 

System, including the SCS 's 10 associated with each TLP chassis. The network map is a 

table stored in the controller module containing a list of the candidate SCS/antennas that may 

be used in location processing, and various parameters associated with each of the 

SCS/antennas. The structure of an exemplary network map is depicted in Figure 3A. There is 

a separate entry in the table for each antenna connected to an SCS 10. When a wireless 

transmission occurs in an area that is covered by SCS's 10 communicating with more than 

one TLP chassis, the controller modules in the involved TLP chassis determine which TLP 

chassis will be the "master" TLP chassis for the purpose of managing location processing. 

Typically, the TLP chassis associated with the SCS 10 that has the primary channel 

assignment for the wireless transmission is assigned to be the master. However, another TLP 

chassis may be assigned instead if that TLP temporarily has no DSP resources available for 

location processing, or if most of the SCS's 10 involved in location processing are connected 

to another TLP chassis and the controller modules are minimizing inter-TLP 

communications. This decision making process is fully dynamic, but is assisted by tables in 

the TLP 12 that pre-determine the preferred TLP chassis for every primary channel 

assignment. The tables are created by the operator of the Wireless Location System, and 

programmed using the Network Operations Console. 

The networking described herein functions for both TLP chassis associated with the same 

wireless carrier, as well as for chassis that overlap or border the coverage area between two 

wireless carriers. Thus it is possible for a TLP 12 belonging to a first wireless carrier to be 

networked and therefore receive RF data from a TLP 12 (and the SCS's 10 associated with 

that TLP 12) belonging to a second wireless carrier. This networking is particularly valuable 

in rural areas, wherein the performance of the Wireless Location System can be enhanced by 

deploying SCS' s 10 at cell sites of multiple wireless carriers. Since in many cases wireless 

carriers do not colocate cell sites, this feature enables the Wireless Location System to access 

more geogr<J,phically diverse antennas than might be available if the Wireless Location 

System used only the cell sites from a single wireless carrier. As described below, the proper 

selection and use of antennas for location processing can enhance the perfonnance of the 

Wireless Location System. 
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The controller module 12-3 passes many messages, including location records, to the AP 14, 

many of which are described below. Usually, however, demodulated data is not passed from 

the TLP 12 to the AP 14. If, however, the TLP 12 receives demodulated data from a 

particular wireless transmitter and the TLP 12 identifies the wireless transmitter as being a 

registered customer of a second wireless carrier in a different coverage area, the TLP 12 may 

pass the demodulated data to the first (serving) AP 14A. This will enable the first AP 14A to 

communicate with a second AP 14B associated with the second wireless carrier, and 

determine whether the particular wireless transmitter has registered for any type of location 

services. Ifso, the second AP 14B may instruct the first AP 14A to place the identity of the 

particular wireless transmitter into the Signal of Interest Table so that the particular wireless 

transmitter will be located for as long as the particular wireless transmitter is in the coverage 

area of the first Wireless Location System associated with the first AP 14A. When the first 

Wireless Location System has detected that the particular wireless transmitter has not 

registered in a time period exceeding a pre-determined threshold, the first AP 14A may 

instruct the second AP 14B that the identity of the particular wireless transmitter is being 

removed from the Signal of Interest Table for the reason of no longer being present in the 

coverage area associated with the first AP 14A. 

Diagnostic Port 

The TLP 12 supports a diagnostic port that is highly useful in the operation and diagnosis of 

problems within the Wireless Location System. This diagnostic port can be accessed either 

locally at a TLP 12 or remotely over the Ethernet network connecting the TLP's 12 to the 

AP's. The diagnostic port enables an operator to write to a file all of the demodulation and 

RF data received from the SCS's 10, as well as the intermediate and final results of all 

location processing. This data is erased from the TLP 12 after processing a location estimate, 

and therefore the diagnostic port provides the means to save the data for later post-processing 

and analysis. The inventor's experience in operating large scale wireless location systems is 

that a very small number of location estimates can occasionally have very large errors, and 

these large errors can dominate the overall operating statistics of the Wireless Location 

System over any measurement period. Therefore, it is important to provide the operator with 
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a set of tools that enable the Wireless Location System to detect and trap the cause of the very 

large errors to diagnose and mitigate those errors. The diagnostic port can be set to save the 

above information for all location estimates, for location estimates from particular wireless 

transmitters or at particular test points, or for location estimates that meet a certain criteria. 

For example, for fixed phones or drive testing of surveyed points, the diagnostic port can 

determine the error in the location estimate in real time and then write the above described 

information only for those location estimates whose error exceeds a predetermined threshold. 

The diagnostic port determines the error in real time by storing the surveyed latitude, 

longitude coordinate of each fixed phone and drive test point in a table, and then calculating a 

radial error when a location estimate for the corresponding test point is made. 

Redundancy 

The TLP's 12 implement redundancy using several inventive techniques, allowing the 

Wireless Location System to support an M plus N redundancy method. M plus N redundancy 

means that N redundant ( or standby) TLP chassis are used to provide full redundant backup 

to M online TLP chassis. For example, M may be ten and N may be two. 

First, the controller modules in different TLP chassis continuously exchange status and 

"heartbeat" messages at pre-determined time intervals between themselves and with every 

.AP 14 assigned to monitor the TLP chassis. Thus, every controller module has continuous 

and full status of every other controller module in the Wireless Location System. The 

controller modules in different TLP chassis periodically select one controller module in one 

TLP 12 to be the master controller for a group ofTLP chassis. The master controller may 

decide to place a first TLP chassis into off-line status if the first TLP 12A report~ a failed or 

degraded condition in its status message, or if the first TLP 12A fails to report any status or 

heartbeat messages within its assigned and pre-determined time. If the master controller 

places a first TLP 12A into off-line status, the master controller may assign a second TLP 

12B to perform a redundant switchover and assume the tasks of the off-line first TLP 12A. 

The second TLP 12B is automatically sent the configuration that had been loaded into the 

first TLP 12A; this configuration may be downloaded from either the master controller or 

from an AP 14 connected to the TLP's 12. The master controller may be a controller module 
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on any one of the TLP's 12 that is not in off-line status, however there is a preference that the 

master controller be a controller module in a stand-by TLP 12. When the master controller is 

the controller module in a stand-by TLP 12, the time required to detect a failed first TLP 

12A, place the first TLP 12A into off-line status, and then perform a redundant switchover 

can be accelerated. 

Second, all of the Tl or El communications between the SCS's 10 and each of the TLP 

Tl/El communications modules 12-2 are preferably routed through a high-reliability DACS 

that is dedicated to redundancy control. The DACS 13B is connected to every groomed 

Tl/El circuit containing DS0's from SCS's 10 and is also connected to every Tl/El 

communications module 12-2 of every TLP 12. Every controller module at every TLP 12 

contains a map of the DACS 13B that describes the DACS' connection list and port 

assignments. This DACS 13B is connected to the Ethernet network described above and can 

be controlled by any of the controller modules 12-3 at any of the TLP's 12. When a second 

TLP 12 is placed into off-line status by a master controller, the master controller sends 

commands to the DACS 13B to switch the groomed Tl/El circuit communicating with the 

first TLP 12A to a second TLP 12B which had been in standby status. At the same time, the 

AP 14 downloads the complete configuration file that was being used by the second (and now 

off-line) TLP 12B to the third (and now online) TLP 12C. The time from the first detection of 

a failed first TLP chassis to the complete switch-over and assumption of processing 

responsibilities by a third TLP chassis is typically less than few seconds. In many cases, no 

RF data is lost by the SCS's 10 associated with the failed first TLP chassis, and location 

processing can continue without interruption. At the time of a TLP fail-over when a first TLP 

12A is placed into off-line status, the NOC 16 creates an alert to notify the Wireless Location 

System operator that the event has occurred. 

Third, each TLP chassis contains redundant power supplies, fans, and other components. A 

TLP chassis can also support multiple DSP modules, so that the failure of a single DSP 

module or even a single DSP on a DSP module reduces the overall amount of processing 

resources available but does not cause the failure of the TLP chassis. In all of the cases 

described in this paragraph, the failed component of the TLP 12 can be replaced without 
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placing the entire TLP chassis into off-line status. For example, if a single power supply fails, 

the redundant power supply has sufficient capacity to singly support the load of the chassis. 

The failed power supply contains the necessary circuitry to remove itself from the load of the 

chassis and not cause further degradation in the chassis. Similarly, a failed DSP module can 

also remove itself from the active portions of the chassis, so as to not cause a failure of the 

backplane or other modules. This enables the remainder of the chassis, including the second 

DSP module, to continue to function normally. Of course, the total processing throughput of 

the chassis is reduced but a total failure is avoided. 

Application Processor (AP) 14 

The AP 14 is a centralized database system, comprising a number of software processes that 

manage the entire Wireless Location System, provide interfaces to external users and 

applications, store location records and configurations, and support various application

related functionality. The AP 14 uses a commercial hardware platform that is sized to match 

the throughput of the Wireless Location System. The AP 14 also uses a commercial relational 

database system (RDBMS), which has been significantly customized to provide the 

functionality described herein. While the SCS 10 and TLP 12 preferably operate together on 

a purely real time basis to determine location and create location records, the AP 14 can 

operate on both a real time basis to store and forward location records and a non-real time 

basis to post-process location records and provide access and reporting over time. The ability 

to store, retrieve, and post-process location records for various types of system and 

application analysis has proven to be a powerful advantage of the present invention. The 

main collection of software processes is known as the ApCore, which is shown in Figure 4 

and includes the following functions: 

The AP Perfonnance Guardian (ApPerfGuard) is a dedicated software process that is 

responsible for starting, stopping, and monitoring most other ApCore processes as well as 

ApCore communications with the NOC 16. Upon receiving a configuration update command 

from the NOC, ApPerfGuard updates the database and notifies all other processes of the 

change. ApPerfGuard starts and stops appropriate processes when the NOC directs the 

ApCore to enter specific run states, and constantly monitors other software processes 



WO 01/76093 PCT/US0l/09078 

50 

scheduled to be running to restart them if they have exited or stopping and restarting any 

process that is no longer properly responding. ApPerfGuard is assigned to one of the highest 

processing priorities so that this process cannot be blocked by another process that has "run 

away". ApPerfGuard is also assigned dedicated memory that is not accessible by other 

software processes to prevent any possible corruption from other software processes. 

The AP Dispatcher (ApMnDsptch) is a software process that receives location records from 

the TLP's 12 and forwards the location records to other processes. This process contains a 

separate thread for each physical TLP 12 configured in the system, and each thread receives 

location records from that TLP 12. For system reliability, the ApCore maintains a list 

containing the last location record sequence number received from each TLP 12, and sends 

this sequen9e number to the TLP 12 upon initial connection. Thereafter, the AP 14 and the 

TLP 12 maintain a protocol whereby the TLP 12 sends each location record with a unique 

identifier. ApMnDsptch forwards location records to multiple processes, including Ap911, 

ApDbSend, ApDbRecvLoc, and ApDbFileRecv. 

The AP Tasking Process (ApDbSend) controls the Tasking List within the Wireless Location 

System. The Tasking List is the master list of all of the trigger criteria that determines which 

wireless transmitters will be located, which applications created the criteria, and which 

applications can receive location record information. The ApDbSend process contains a 

separate thread for each TLP 12, over which the ApDbSend synchronizes the Tasking List 

with the Signal of Interest Table on each TLP 12. ApDbSend does not send application 

information to the Signal oflnterest Table , only the trigger criteria. Thus the TLP 12 does 

not know why a wireless transmitter must be located. The Tasking List allows wireless 

transmitters to be located based upon Mobile Identity Number (MIN), Mobile Station 

Identifier (MSID), Electronic Serial Number (ESN) and other identity numbers, dialed 

sequences of characters and/ or digits, home System ID (SID), originating cell site and 

sector, originating RF channel, or message type. The Tasking List allows multiple 

applications to receive location records from the same wireless transmitter. Thus, a single 

location record from a wireless transmitter that has dialed "911" can be sent, for example, to 
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a 911 PSAP, a fleet management application, a traffic management application, and to an RF 

optimization application. 

The Tasking List also contains a variety of flags and field for each trigger criteria, some of 

which are described elsewhere in this specification. One flag, for example, specifies the 

maximum time limit before which the Wireless Location ~ystem must provide a rough or 

final estimate of the wireless transmitter. Another flag allows location processing to be 

disabled for a particular trigger criteria such as the identity of the wireless transmitter. 

Another field contains the authentication required to make changes to the criteria for a 

particular trigger; authentication enables the operator of the Wireless Location System to 

specify which applications are authmized to add, delete, or make changes to any trigger 

criteria and associated fields or flags. Another field contains the Location Grade of Service 

associated with the trigger criteria; Grade of Service indicates to the Wireless Location 

System the accuracy level and priority level desired for the location processing associated 

with a particular trigger criteria. For example, some applications may be satisfied with a 

rough location estimate (perhaps for a reduced location processing fee), while other 

applications may be satisfied with low priority processing that is not guaranteed to complete 

for any given transmission (and which may be pre-empted for high priority processing tasks). 

The Wireless Location System also includes means to support the use ofwildcards for trigger 

criteria in the Tasking List. For example, a trigger criteria can be entered as "MIN = 

215555****". This will cause the Wireless Location System to trigger location processing for 

any wireless transmitter whose MIN begins with the six digits 215555 and ends with any 

following four digits. The wildcard characters can be placed into any position in a trigger 

criteria. This feature can save on the number of memory locations required in the Tasking 

List and Signal oflnterest Table by grouping blocks of related wireless transmitters together. 

ApDbSend also supports dynamic tasking. For example, the MIN, ESN, MSID, or other 

identity of any wireless transmitter that has dialed "911" will automatically be placed onto 

the Tasking List by ApDbSend for one hour. Thus, any further transmissions by the wireless 

transmitter that dialed "911" will also be located in case of further emergency. For example, 

if a PSAP calls back a wireless transmitter that had dialed "911" within the last hour, the 
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Wireless Location System will trigger on the page response message from the wireless 

transmitter, and can make this new location record available to the PSAP. This dynamic 

tasking can be set for any interval of time after an initiation event, and for any type of trigger 

criteria. The ApDbSend process is also a server for receiving tasking requests from other 

applications. These applications, such as fleet management, can send tasking requests via a 

socket connection, for example. These applications can either place or remove trigger criteria. 

ApDbSend conducts an authentication process with each application to verify that that the 

application has been authorized to place or remove trigger criteria, and each application can 

only change trigger criteria related to that application. 

The AP 911 Process (Ap911) manages each interface between the Wireless Location System 

and E9-1-1 network elements, such as tandem switches, selective routers, ALI databases 

and/or PSAPs. The Ap911 process contains a separate thread for each connection to a E9-1-1 

network element, and can support more than one thread to each network element. The Ap91 l 

process can simultaneously operate in many modes based upon user configuration, and as 

described herein. The timely processing ofE9-l-1 location records is one of the highest 

processing priorities in the AP 14, and therefore the Ap911 executes entirely out of random 

access memory (RAM) to avoid the delay associated with first storing and then retrieving a 

location record from any type of disk. When ApMnDsptch forwards a location record to 

Ap91 l, Ap911 immediately makes a routing determination and forwards the location record 

over the appropriate interface to a E9-l-1 network element. A separate process, operating in 

parallel, records the location record into the AP 14 database. 

The AP 14, through the Ap91 l process and other processes, supports two modes of providing 

location records to applications, including E9-1-1: "push" and "pull" modes. Applications 

requesting push mode receive a location record as_ soon as it is available from the AP 14. This 

mode is especially effective for E9-1-1 which has a very time critical need for location 

records, since E9-1-1 networks must route wireless 9-1-1 calls to the correct PSAP within a 

few seconds after a wireless caller has dialed "911". Applications requesting pull mode do 

not automatically receive location records, but rather must send a query to the AP 14 

regarding a particular wireless transmitter in order to receive the last, or any other location 
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record, about the wireless transmitter. The query from the application can specify the last 

location record, a series of location records, or all location records meeting a specific time or 

other criteria, such as type of transmission. An example of the use of pull mode in the case of 

a "911" call is the E9-1-1 network first receiving the voice portion of the "911" call and then 

querying the AP 14 to receive the location record associated with that call. 

When the Ap911 process is connected to many E9-1- l networks elements, Ap911 must 

determine to which E9-l-1 network element to push the location record ( assuming that 

"push" mode has been selected). The AP 14 makes this determination using a dynamic 

routing table. The dynamic routing table is used to divide a geographic region into cells. Each 

cell, or entry, in the dynamic routing table contains the routing instructions for that cell. It is 

well known that one minute of latitude is 6083 feet, which is about 365 feet per millidegree. 

Additionally, one minute of longitude is cosine(latitude) times 6083 feet, which for the 

Philadelphia area is about 4659 feet, or about 280 feet per millidegree. A table of size one 

thousand by one thousand, or one million cells, can contain the routing instructions for an 

area that is about 69 miles by 53 miles, which is larger than the area of Philadelphia in this 

example, and each cell could contain a geographic area of 3($5 feet by 280 feet. The number 

of bits allocated to each entry in the table must only be enough to support the maximum 

number of routing possibilities. For example, if the total number of routing possibilities is 

sixteen or less, then the memory for the dynamic routing table is one million times four bits, 

or one-half megabyte. Using this scheme, an area the size of Pennsylvania could be contained 

in a table of approximately twenty megabytes or less, with ample routing possibilities 

available. Given the relatively inexpensive cost of memory, this inventive dynamic routing 

table provides the AP 14 with a means to quickly push the location records for "911" calls 

only to the appropriate E9-1-1 network element. 

The AP 14 allows each entry in dynamic routing to be populated using manual or automated 

means. Using the automated means, for example, an electronic map application can create a 

poJygon definition of the coverage area of a specific E9-1-1 network element, such as a 

PSAP. The polygon definition is then translated into a list oflatitude, longitude points 

contained within the polygon. The dynamic routing table cell corresponding to each latitude, 
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longitude point is then given the routing instruction for that E9-l-1 network element that is 

responsible for that geographic polygon. 

When the Ap911 process receives a "911" location record for a specific wireless transmitter, 

Ap91 l converts the latitude, longitude into the address of a specific cell in the dynamic 

routing table. Ap911 then queries the cell to determine the routing instructions, which may be 

push or pull mode and the identity of the E9-1-1 network element responsible for serving the 

geographic area in which the "911" call occurred. If push mode has been selected, then 

Ap91 l automatically pushes the location record to that E9- l-1 network element. If pull mode 

has been selected, then Ap911 places the location record into a circular table of "911" 

location records and awaits a query. 

The dynamic routing means described above entails the use of a geographically defined 

database that may be applied to other applications in addition to 911, and is therefore 

supported by other processes in addition to Ap91 l. For example, the AP 14 can automatically 

determine the billing zone from which a wireless call was placed for a Location Sensitive 

Billing application. In addition, the AP 14 may automatically send an alert when a particular 

wireless transmitter has entered or exited ~ prescribed geographic area def"med by an 

application. The use of particular geographic databases, dynamic routing actions, any other 

location triggered actions are defined in the fields and flags associated with each trigger 

criteria. The Wireless Location System includes means to easily manage these geographically 

defined databases using an electronic map that can create polygons encompassing a 

prescribed geographic area. The Wireless Location System extracts from the electronic map a 

table of latitude, longitude points contained with the polygon. Each application can use its 

own set of polygons, and can define a set of actions to be taken when a location record for a 

triggered wireless transmission is contained within each polygon in the set. 

The AP Database Receive Process (ApDbRecvLoc) receives all location records from 

ApMnDsptch via shared memory, and places the location records into the AP location 

database. ApDbRecvLoc starts ten threads that each retrieve location records from shared 

memory, validate each record before inserting the records into the database, and then inserts 



WO 01/76093 PCT/US0l/09078 

55 

the records into the correct location record partition in the database. To preserve integrity, 

location records with any type of error are not written into the location record database but 

are instead placed into an error file that can be reviewed by the Wireless Location System 

operator and then manually entered into the database after error resolution. If the location 

database has failed or has been placed into off-line status, location records are written to a flat 

file where they can be later processed by ApDbFileRecv. 

The AP File Receive Process (ApDbFileRecv) reads flat files containing location records and 

inserts the records into the location database. Flat files are a safe mechanism used by the AP 

14 to completely preserve the integrity of the AP 14 in all cases except a complete failure of 

the hard disk drives. There are several different types of flat files read by ApDbFileRecv, 

including Database Down, Synchronization, Overflow, and Fixed Error. Database Down flat 

files are written by the ApDbRecvLoc process if the location database is temporarily 

inaccessible; this file allows the AP 14 to ensure that location records are preserved during 

the occurrence of this type of problem. Synchronization flat files are written by the 

ApLocSync process (described below) when transferring location records between pairs of 

redundant AP systems. Overflow flat files are written by ApMnDsptch when location records 

are arriving into the AP 14 at a rate faster than ApDbRecvLoc can process and insert the 

records into the location database. This may occur during very high peak rate periods. The 

overflow files prevent any records from being lost during peak periods. The Fixed Error flat 

files contain location records that had errors but have now been fixed, and can now be 

inserted into the location database. 

Because the AP 14 has a critical centralized role in the Wireless Location System, the AP 14 

architecture has been designed to be fully redundant. A redundant AP 14 system includes 

fully redundant hardware platforms, fully redundant RDBMS, redundant disk drives, and 

redundant networks to each other, the TLP's 12, the NOC's 16, and external applications. 

The software architecture of the AP 14 has also been designed to support fault tolerant 

redundancy. The following examples illustrate functionality supported by the redundant 

AP's. Each TLP 12 sends location records to both the primary and the redundant AP 14 when 

both AP's are in an online state. Only the primary AP 14 will process incoming tasking 
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requests, and only the primary AP 14 will accept configuration change requests from the 

NOC 16. The primary AP 14 then synchronizes the redundant AP 14 under careful control. 

Both the primary and redundant AP's will accept basic startup and shutdown commands from 

the NOC. Both AP's constantly monitor their own system parameters and application health 

and monitor the corresponding parameters for the other AP 14, and then decide which AP 14 

will be primary and which will be redundant based upon a composite score. This composite 

score is determined by compiling errors reported by various processes to a shared memory 

area, and monitoring swap space and disk space. There are several processes dedicated to 

supporting redundancy. 

The AP Location Synchronization Process (ApLocSync) runs on each AP 14 and detects the 

need to synchronize location records between AP's, and then creates "sync records" that list 

the location records that need to be transferred from one AP 14 to another AP 14. The 

location records are then transferred between AP's using a socket connection. ApLocSync 

compares the location record partitions and the location record sequence numbers stored in 

each location database. Normally, if both the primary and redundant AP 14 are operating 

properly, synchronization is not needed because both AP's are receiving location records 

simultaneously from the TLP's 12. However, if one AP 14 fails or is placed in an off-line 

mode, then synchronization will later be required. ApLocSync is notified whenever 

ApMnDsptch connects to a TLP 12 so it can determine whether synchronization is required. 

The AP Tasking Synchronization Process (ApTaskSync) runs on each AP 14 and 

synchronizes the tasking information between the primary AP 14 and the redundant AP 14. 

ApTaskSync on the primary AP 14 receives tasking information from ApDbSend, and then 

sends the tasking information to the ApTask:Sync process on the redundant AP 14. If the 

primary AP 14 were to fail before ApTaskSync had completed replicating tasks, then 

ApTask:Sync will perform a complete tasking database synchronization when the failed AP 

14 is placed back into an online state. 

The AP Configuration Synchronization Process (ApConfigSync) runs on each AP 14 and 

synchronizes the configuration information between the primary AP 14 and the redundant AP 
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14. ApCon:figSync uses a RDBMS replication facility. The configuration information 

includes all information needed by the SCS's 10, TLP's 12, and AP's 14 for proper operation 

of the Wireless Location System in a wireless carrier's network. 

In addition to the core functions described above, the AP 14 also supports a large number of 

processes, functions, and interfaces useful in the operation of the Wireless Location System, 

as well as useful for various applications that desire location information. While the 

processes, functions, and interfaces described herein are in this section pertaining to the AP 

14, the implementation of many of these processes, functions, and interfaces permeates the 

entire Wireless Location System and therefore their inventive value should be not read as 

being limited only to the AP 14. 

Roaming 

The AP 14 supports "roaming" between wireless location systems located in different cities 

or operated by different wireless carriers. If a first wireless transmitter has subscribed to an 

application on a first Wireless Location System, and therefore has an entry in the Tasking 

List in the first AP 14 in the first Wireless Location System, then the first wireless transmitter 

may also subscribe to roaming. Each AP 14 and TLP 12 in each Wireless Location System 

contains a table in which a list of valid "home" subscriber identities is maintained. The list is 

typically a range, and for example, for current cellular telephones, the range can be 

determined by the NP A/NXX codes ( or area code and exchange) associated with the MIN or 

MSID of cellular telephones. When a wireless transmitter meeting the "home" criteria malces 

a transmission, a TLP 12 receives demodulated data from one or more SCS's 10 and checks 

the trigger information in the Signal of Interest Table . If any trigger criterion is met, the 

location processing begins on that transmission; otherwise, the transmission is not processed 

by the Wireless Location System. 

When a first wireless transmitter not meeting the "home" criterion makes a transmission in a 

second Wireless Location System, the second TLP 12 in the second Wireless Location 

System checks the Signal of Interest Table for a trigger. One of three actions then occurs: (i) 

if the transmission meets an already existing criteria in the Signal of Interest Table, the 
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transmitter is located and the location record is forwarded from the second AP 14 in the 

second Wireless Location System to the first AP 14 in the first Wireless Location System; (ii) 

if the first wireless transmitter has a "roamer" entry in the Signal of Interest Table indicating 

that the first wireless transmitter has "registered" in the second Wireless Location System but 

has no trigger criteria, then the transmission is not processed by the second Wireless Location 

. · System and the expiration timestamp is adjusted as described below; (iii) if the first wireless 

transmitter has no "roamer" entry and therefore has not "registered", then the demodulated 

data is passed from the TLP 12 to the second AP 14. 

In the third case above, the second AP 14 uses the identity of the first wireless transmitter to 

identify the first AP 14 in the first Wireless Location System as the "home" Wireless 

Location System of the first wireless transmitter. The second AP 14 in the second Wireless 

Location System sends a query to the first AP 14 in the first Wireless Location System to 

determine whether the first wireless transmitter has subscribed to any location application and 

therefore has any trigger criteria in the Tasking List of the first AP 14. If a trigger is present 

in the first AP 14, the trigger criteria, along with any associated fields and flags, is sent from 

the first AP 14 to the second AP 14 and entered in the Tasking List and the Signal oflnterest 

Table as a "roamer" entry with trigger criteria. If the first AP 14 responds to the second AP 

14 indicating that the first wireless transmitter has no trigger criteria, then the second AP 14 

"registers" the first wireless transmitter in the Tasking List and the Signal of Interest Table as 

a "roamer" with no trigger criteria. Thus "!:>oth current and future transmissions from the first 

wireless transmitter can be positively identified by the TLP 12 in the second Wireless 

Location System as being registered without trigger criteria, and the second AP 14 is not 

required to make additional queries to the first AP 14. 

When the second AP 14 registers the first wireless transmitter with a roamer entry in the 

Tasking List and the Signal of Interest Table with or without trigger criteria, the roamer entry 

is assigned an expiration timestamp. The expiration timestamp is set to the current time plus a 

predetermined first interval. Every time the first wireless transmitter makes a transmission, 

the expiration timestarnp of the roamer entry in the Tasking List and the Signal of Interest 

Table is adjusted to the current time of the most recent transmission plus the predetermined 
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first interval. If the first wireless transmitter makes no further transmissions prior to the 

expiration timestamp of its roamer entry, then the roamer entry is automatically deleted. If, 

subsequent to the deletion, the first wireless transmitter makes another transmission, then the 

process of registering occurs again. 

The first AP 14 and second AP 14 maintain communications over a wide area network. The 

network may be based upon TCP/IP or upon a protocol similar to the most recent version of 

IS-41. Each AP 14 in communications with other AP' s in other wireless location systems 

maintains a table that provides the identity of each AP 14 and Wireless Location System 

corresponding to each valid range of identities of wireless transmitters. 

Multiple Pass Location Records 

Certain applications may require a very fast estimate of the general location of a wireless 

transmitter, followed by a more accurate estimate of the location that can be sent 

subsequently. This can be valuable, for example, for E9-1-1 systems that handle wireless 

calls and must make a call routing decision very quickly, but can wait a little longer for a 

more exact location to be displayed upon the E9-1-1 call-taker's electronic map terminal. The 

Wireless Location System supports these applications with an inventive multiple pass 

location processing mode, described later. The AP 14 supports this mode with multiple pass 

location records. For certain entries, the Tasking List in the AP 14 contains a flag indicating 

the maximum time limit before which a particular application must receive a rough estimate 

of location, and a second maximum time limit in which a particular application must receive 

a final location estin1ate. For these certain applications, the AP 14 includes a flag in the 

location record indicating the status of the location estimate contained in the record, which 

may, for example, be set to first pass estimate (i.e. rough) or final pass estimate. The Wireless 

Location System will generally determine the best location estimate within the time limit set 

by the application, that is the Wireless Location System will process the most amonnt of RF 

data that can be supported in the time limit. Given that any particular wireless transmission 

can trigger a location record for one or more applications, the Wireless Location System 

supports multiple modes simultaneously. For example, a wireless transmitter with a particular 

MIN can dial "911 ". This may trigger a two-pass location record for the E9-l-1 application, 
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but a single pass location record for a fleet management application that is monitoring that 

particular MIN. This can be extended to any number of applications. 

Multiple Demodulation and Triggers 

In wireless communications systems in urban or dense suburban areas, frequencies or 

channels can be re-used several times within relatively close distances. Since the Wireless 

Location System is capable of independently detecting and demodulating wireless 

transmissions without the aid of the wireless communications system, a single wireless 

transmission can frequently be detected and successfully demodulated at multiple SCS's 10 

within the Wireless Location System. This can happen both intentionally and unintentionally. 

An unintentional occurrence is caused by a close frequency re-use, such that a particular 

wireless transmission can be received above a predetermined threshold at more than one SCS 

10, when each SCS 10 believes it is monitoring only transmissions that occur only within the 

cell site collocated with the SCS 10. An intentional occmrence is caused by programming 

more than one SCS 10 to detect and demodulate transmissions that occur at a particular cell 

site and on a particular frequency. As described earlier, this is generally used with adjacent or 

nearby SCS' s 10 to provide system demodulation redundancy to further increase the 

probability that any particular wireless transmission is successful detected and demodulated. 

Either type of event could potentially lead to multiple triggers within the Wireless Location 

System, causing location processing to be initiated several times for the same transmission. 

This causes an excess and inefficient use of processing and communications resources. 

Therefore~ the Wireless Location System includes means to detect when the same 

transmission has been detected and demodulated more than once, and to select the best 

demodulating SCS 10 as the starting point for location processing. When the Wireless 

Location System detects and successfully demodulates the same transmission multiple times 

at multiple SCS/antennas, the Wireless Location System uses the following criteria to select 

the one demodulating SCS/antenna to use to continue the process of determining whether to 

trigger and possibly initiate location processing ( again, these criteria may be weighted in 

determining the final decision): (i) an SCS/antenna collocated at the cell site to which a 

particular frequency has been assigned is preferred over another SCS/antenna, but this 
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preference may be adjusted ifthere is no operating and on-line SCS/antenna collocated at the 

cell site to which the particular frequency has been assigned, (ii) SCS/antennas with higher 

average SNR are preferred over those with lower average SNR, and (iii) SCS/antennas with 

fewer bit errors in demodulating the transmission are preferred over those with higher bit 

errors. The weighting applied to each of these preferences may be adjusted by the operator of 

the Wireless Location System to suit the particular design of each system. 

Interface to Wireless Communications System 

The Wireless Location System contains means to communicate over an interface to a wireless 

communications system, such as a mobile switching center (MSC) or mobile positioning 

controller (MPC). This interface may be based, for example, on a standard secure protocol 

such as the most recent version of the IS-41 or TCP/IP protocols. The formats, fields, and 

authentication aspects of these protocols are well kn.own. The Wireless Location System 

supports a variety of command / response and informational messages over this interface that 

are designed to aid in the successful detection, demodulation, and triggering of wireless 

transmissions, as well as providing means to pass location records to the wireless 

communications system. In particular, this interface provides means for the Wireless 

Location System to obtain information about which wireless transmitters have been assigned 

to particular voice channel parameters at particular cell sites. Example messages supported by 

the Wireless Location System over this interface to the wireless communications system 

include the following: 

Query on MIN/ MDN / MSID / IMSI / TMSI Mapping - Certain types of wireless 

transmitters will transmit their identity in a familiar form that can be dialed over the 

telephone network. Other types of wireless transmitters transmit an identity that cannot be 

dialed, but which is translated into a number that can be dialed using a table inside of the 

wireless communications system. The transmitted identity is permanent in most cases, but 

can also be temporary. Users oflocation applications connected to the AP 14 typically 

prefer to place triggers onto the Tasking List using identities that can be dialed. Identities 

that can be dialed are typically lmown as Mobile Directory Numbers (MDN). The other 

types of identities for which translation may be required includes Mobile Identity Number 
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(MIN), Mobile Subscriber Identity (MSID), International Mobile Subscriber Identity 

(IMSI), and Temporary Mobile Subscriber Identity (TMSI). If the wireless 

communications system has enabled the use of encryption for any of the data fields in the 

messages transmitted by wireless transmitters, the Wireless Location System may also 

query for encryption information along with the identity information. The Wireless 

Location System includes means to query the wireless communications system for the 

alternate identities for a trigger identity that has been placed onto the Tasking List by a 

location application, or to query the wireless communications system for alternate 

identities for an identity that has been demodulated by an SCS 10. Other events can also 

trigger this type of query. For this type of query, typically the Wireless Location System 

initiates the command, and the wireless communications system responds. 

Query I Command Change on Voice RF Channel Assignment - Many wireless 

transmissions on voice channels do not contain identity information. Therefore, when the 

Wireless Location System is triggered to perform location processing on a voice channel 

transmission, the Wireless Location System queries the wireless communication system 

to obtain the current voice channel assignment information for the particular transmitter 

for which the Wireless Location System has been triggered. For an AMPS transmission, 

for example, the Wireless Location System preferably requires the cell site, sector, and 

RF channel number currently in use by the wireless transmitter. For a TDMA 

transmission, for example, the Wireless Location System preferably requires the cell site, 

sector~ RF channel number, and timeslot currently in use by the wireless transmitter. 

Other information elements that may be needed includes long code mask and encryption 

keys. In general, the Wireless Location System will initiate the command, and the 

wireless communications system will respond. However, the Wireless Location System 

will also accept a trigger command from the wireless communications system that 

contains the information detailed herein. 

The timing on this command / response message set is very critical since voice channel 

handoffs can occur quite frequently in wireless communications systems. That is, the 

Wireless Location System will locate any wireless transmitter that is transmitting on a 
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particular channel - therefore the Wireless Location System and the wireless 

communications system must jointly be certain that the identity of the wireless transmitter 

and the voice channel assignment information are in perfect synchronization. The 

Wireless Location System uses several means to achieve this objective. The Wireless 

Location System may, for example, query the voice channel assignment information for a 

particular wireless transmitter, receive the necessary RF data, then again query the voice 

channel assignment information for that same wireless transmitter, and then verify that 

the status of the wireless transmitter did not change during the time in which the RF data 

was being collected by the Wireless Location System. Location processing is not required 

to complete before the second query, since it is only important to verify that the c~rrect 

RF data was received. The Wireless Location System may also, for example, as part of 

the first query command the wireless communications system to prevent a handoff from 

occurring for the particular wireless transmitter during the time period in which the 

Wireless Location System is receiving the RF data. Then, subsequent to collecting the RF 

data, the Wireless Location System will again query the voice cha1mel assignment 

information for that same wireless transmitter, command the wireless communications 

system to again permit handoffs for said wireless transmitter and then verify that the 

status of the wireless transmitter did not change during the time in which the RF data was 

being collected by the Wireless Location System. 

For various reasons, either the Wireless Location System or the wireless communications 

system may prefer that the wireless transmitter be assigned to another voice RF channel 

prior to performing location processing. Therefore, as part of the command / response 

sequence, the wireless communications system may instruct the Wireless Location 

System to temporarily suspend location processing until the wireless communications 

system has completed a handoff sequence with the wireless transmitter, and the wireless 

communications system has notified the Wireless Location System that RF data can be 

received, and the voice RF channel upon which the data can be received. Alternately, the 

Wireless Location System may determine that the particular voice RF channel which a 

particular wireless transmitter is currently using is unsuitable for obtaining an acceptable 

location estimate, and request that the wireless communications system command the 
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wireless transmitter to handof£ Alternately, the Wireless Location System may request 

that the wireless communications system command the wireless transmitter to handoffto 

a series of voice RF channels in sequence in order to perform a series of location 

estimates, whereby the Wireless Location System can improve upon the accuracy of the 

location estimate through the series ofhandoffs; this method is further described later. 

The Wireless Location System can also use this command / response message set to query 

the wireless communications system about the identity of a wireless transmitter that had 

been using a particular voice channel (and timeslot, etc.) at a particular cell site at a 

particular time. This enables the Wireless Location System to first perform location 

processing on transmissions without knowing the identities, and then to later detennine 

the identity of the wireless transmitters making the transmissions and append this 

information to the location record. This particular inventive feature enables the use of 

automatic sequential location of voice channel transmissions. 

Receive Triggers - The Wireless Location System can receive triggers from the wireless 

communications system to perform location processing on a voice channel transmission 

without knowing the identity of the wireless transmitter. This message set bypasses the 

Tasking List, and does not.use the triggering mechanisms within the Wireless Location 

System. Rather, the wireless communications system alone determines which wireless 

transmissions to locate, and then send a command to the Wireless Location System to 

collect RF data from a particular voice channel at a particular cell site and to perform 

location processing. The Wireless Location System responds with a confirmation 

containing a timestamp when the RF data was collected. The Wireless Location System 

also responds with an appropriate format location record when location processing has 

completed. Based upon the time of the command to Wireless Location System and the 

response with the RF data collection timestamp, the wireless communications system 

determines whether the wireless transmitter status changed subsequent to the command 

and whether there is a good probability of successful RF data collection. 
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Make Transmit - The Wireless Location System can command the wireless 

communications system to force a particular wireless transmitter to make a transmission 

at a particular time, or within a prescribed range of times. The wireless communications 

system responds with a confirmation and a time or time range in which to expect the 

transmission. The types of transmissions that the Wireless Location System can force 

include, for example, audit responses and page responses. Using this message set, the 

Wireless Location System can also command the wireless communications system to 

force the wireless transmitter to transmit using a higher power level setting. In many 

cases, wireless transmitters will attempt to use the lowest power level settings when 

transmitting in order to conserve battery life. In order improve the accuracy of the 

location estimate, the Wireless Location System may prefer that the wireless transmitter 

use a higher power level setting. The wireless communications system will respond to the 

Wireless Location System with a confirmation that the higher power level setting will be 

used and a time or time range in which to expect the transmission. 

Delay Wireless Communications System Response to Mobile Access - Some air interface 

protocols, such as CDMA, use a mechanism in which the wireless transmitter initiates 

transmissions on a channel, such as an Access Channel, for example, at the lowest or a 

very low power level setting, and then enters a sequence of steps in which (i) the wireless 

transmitter makes an access transmission; (ii) the wireless transmitter waits for a response 

from the wireless communications system; (iii) if no response is received by the wireless 

transmitter from the wireless communications system within a predetermined time, the 

wireless transmitter increases its power level setting by a predetermined amount, and then 

returns to step (i); (iv) if a response is received by the wireless transmitter from the 

wireless communications system within a predetennined time, the wireless transmitter 

then enters a normal message exchange. This mechanism is useful to ensure that the 

wireless transmitter uses only the lowest useful power level setting for transmitting and 

does not further waste energy or battery life. It is possible, however, that the lowest power 

level setting at which the wireless transmitter can successfully communicate with the 

wireless communications system is not sufficient to obtain an acceptable location 

estimate. Therefore, the Wireless Location System can command the wireless 
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communications system to delay its response to these transmissions by a predetermined 

time or amount. This delaying action will cause the wireless transmitter to repeat the 

sequence of steps (i) through (iii) one or more times than normal with the result that one 

or more of the access transmissions will be at a higher power level than normal. The 

higher power level may preferably enable the Wireless Location System to determine a 

more accurate location estimate. The Wireless Location System may command this type 

of delaying action for either-a particular wireless transmitter, for a particular type of 

wireless transmission (for example, for all '911' calls), for wireless transmitters that are at 

a specified range from the base station to which the transmitter is attempting to 

communicate, or for all wireless transmitters in a particular area. 

Send Confirmation to Wireless Transmitter - The Wireless Location System does not 

include means within to notify the wireless transmitter of an action because the Wireless 

Location System cannot transmit; as described earlier the Wireless Location System can 

only receive transmissions. Therefore, if the Wireless Location System desires to send, 

for example, a confirmation tone upon the completion of a certain action, the Wireless 

Location System commands the wireless communications system to transmit a particular 

message. The message may include, for example, an audible confirmation tone, spoken 

message, or synthesized message to the wireless transmitter, or a text message sent via a 

short messaging service or a page. The Wireless Location System receives confirmation 

from the wireless communications system that the message has been accepted and sent to 

the wireless transmitter. This command / response message set is important in enabling 

the Wireless Location System to support certain end-user application functions such as 

Prohibit Location Processing. 

Report Location Records - The Wireless Location System automatically reports location 

records to the wireless communications system for those wireless transmitters tasked to 

report to the wireless communications system, as well as for those transmissions that the 

wireless communications system initiated triggers. The Wireless Location System also 

reports on any historical location record queried by the wireless communications system 

and which the wireless communications system is authorized to receive. 
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Monitor Internal Wireless Communications System Interfaces, State Table 

In addition to this above interface between the Wireless Location System and the wireless 

communications system, the Wireless Location System also includes means to monitor 

existing interfaces within the wireless communications system for the purpose of intercepting 

messages important to the Wireless Location System for identifying wireless transmitters and 

the RF channels in use by these transmitters. These interfaces may include, for example, the 

"a-interface" and "a-bis interface" used in wireless communications systems employing the 

GSM air interface protocol. These interfaces are well-known and published in various 

standards. By monitoring the bi-directional messages on these interfaces between base 

stations (BTS), base station controllers (BSC), and mobile switching centers (MSC), and 

other points, the Wireless Location System can obtain the same information about the 

assignment of wireless transmitters to specific channels as the wireless communications 

system itself knows. The Wireless Location System includes means to monitor these 

interfaces at various points. For example, the SCS 10 may monitor a BTS to BSC interface. 

Alternately, a TLP 12 or AP 14 may also monitor a BSC where a number ofBTS to BSC 

interfaces have been concentrated. The interfaces internal to the wireless communications 

system are not encrypted and the layered protocols are known to those familiar with the art. 

The advantage to the Wireless Location System to monitoring these interfaces is that the 

Wireless Location System may not be required to independently detect and demodulate 

control channel messages from wireless transmitters. In addition, the Wireless Location 

System may obtain all necessary voice channel assignment information from these interfaces. 

Using these means for a control channel transmission, the SCS 10 receives the transmissions 

as described earlier and records the control channel RF data into memory without performing 

detection and demodulation. Separately, the Wireless Location System monitors the messages 

occurring over prescribed interfaces within the wireless communications system, and causes a 

trigger in the Wireless Location System when the Wireless Location System discovers a 

message containing a trigger event. Initiated by the trigger event, the Wireless Location 

System determines the approximately time at which the wireless transmission occurred, and 

commands a first SCS 10 and a second SCS 1 OB to each search its memory for the start of 
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transmission. This first SCS 1 OA chosen is an SCS that is either collocated with the base 

station to which the wireless transmitter had communicated, or an SCS which is adjacent to 

the base station to which the wireless transmitter had communicated. That is, the first SCS 

1 OA is an SCS which would have been assigned the control channel as a primary channel. If 

the first SCS lOA successfully determines and reports the start of the transmission, then 

location processing proceeds normally, using the means described below. If the first SCS 

1 OA cannot successfully determine the start of transmission,- then the second SCS 1 OB reports 

the start of transmission, and then location processing proceeds normally. 

The Wireless Location System also uses these means for voice channel transmissions. For all 

triggers contained in the Tasking List, the Wireless Location System monitors the prescribed 

interfaces for messages pertaining to those triggers. The messages of interest include, for 

example, voice channel assignment messages, handoff messages, frequency hopping 

messages, power up I power down messages, directed re-try messages, termination messages, 

and other similar action and status messages. The Wireless Location System continuously 

maintains a copy of the state and status of these wireless transmitters in a State Table in the 

AP 14. Each time that the Wireless Location System detects a message pertaining to one of 

the entries in the Tasking List, the Wireless Location System updates its own State Table. 

Thereafter, the Wireless Location System may trigger to perform location processing, such as 

on a regular time interval, and access the State Table to determine precisely which cell site, 

sector, RF channel, and timeslot is presently being used by the wireless transmitter. The 

example contained herein described the means by which the Wireless'Location System 

interfaces to a GSM based wireless communications system. The Wireless Location System 

also supports similar functions with systems based upon other air interfaces. 

For certain air interfaces, such as CDMA, the Wireless Location System also keeps certain 

identity information obtained from Access bursts in the control channel in the State Table; 

this information is later used for decoding the masks used for voice channels. For example, 

the CDMA air interface protocol uses the Electronic Serial Number (ESN) of a wireless 

transmitter to, in part, determine the long code mask used in the coding of voice channel 

transmissions. The Wireless Location System maintains this information in the State Table 
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for entries in the Tasking List because many wireless transmitters may transmit the 

information only once; for example, many CDMA mobiles will only transmit their ESN 

during the first Access burst after the wireless transmitter become active in a geographic area. 

This ability to independently determine the long code mask is very useful in cases where an 

interface between the Wireless Location System and the wireless communications system is 

not ,operative and/or the Wireless Location System is not able to monitor one of the interfaces 

internal to the wireless communications system. The operator of the Wireless Location 

System may optionally set the Wireless Location System to maintain the identity information 

for all wireless transmitters. In addition to the above reasons, the Wireless Location System 

can provide the voice channel tracking for all wireless transmitters that trigger location 

processing by calling "911 ". As described earlier, the Wireless Location System uses 

dynamic tasking to provide location to a wireless transmitter for a prescribed time after 

dialing "911", for example. By maintaining the identity information for all wireless 

transmitters in the State Table, the Wireless Location System is able to provide voice channel 

tracking for all transmitters in the event of a prescribed trigger event, and not just those with 

prior entries in the Tasking List. 

Applications Interface 

Using the AP 14, the Wireless Location System supports a variety of standards based 

interfaces to end-user and carrier location applications using secure protocols such as TCP/IP, 

X.25, SS-7, and IS-41. Each interface between the AP 14 and an external application is a 

secure and authenticated connection that permits the AP 14 to positively verify the identity of 

the application that is connected to the AP 14. This is necessary because each connected 

application is granted only limited access to location records on a real-time and/or historical 

basis. In addition, the AP 14 supports additional command/ response, real-time, and post

processing functions that are further detailed below. Access to these additional functions also 

requires authentication. The AP 14 maintains a user list and the authentication means 

associated with each user. No application can gain access to location records or functions for 

which the application does not have proper authentication or access rights. In addition, the 

AP 14 supports full logging of all actions taken by each application in the event that problems 

arise or a later investigation into actions is required. For each command or function in the list 
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below, the AP 14 preferably supports a protocol in which each action or the result of each is 

confirmed, as appropriate. 

Edit Tasking List - This command permits external applications to add, remove, or edit 

entries in the Tasking List, including any fields and flags associated with each entry. This 

command can be supported on a single entry basis, or a batch entry basis where a list of 

entries is included in a single command. The latter is useful, for example, in a bulk 

application such as location sensitive billing whereby larger volumes of wireless 

transmitters are being supported by the external application, and it is desired to minimize 

protocol overhead. This command can add or delete applications for a particular entry in 

the Tasking List, however, this command cannot delete an entry entirely if the entry also 

contains other applications not associated with or authorized by the application issuing 

the command. 

Set Location Interval - The Wireless Location System can be set to perform location 

processing at any interval for a particular wireless transmitter, on either control or voice 

channels. For example, certain applications may require the location of a wireless 

transmitter every few seconds when the transmitter is engaged on a voice channel. When 

the wireless transmitter m.ake an initial transmission, the Wireless Location System 

initially triggers using a standard entry in the Tasking List. If one of the fields or flags in 

this entry specifies updated location on a set interval, then the Wireless Location System 

creates a dynamic task in the Tasking List that is triggered by a timer instead of an 

identity or other transmitted criteria. Each time the timer expires, which can range from 1 

second to several hours, the Wireless Location System will automatically trigger to locate 

the wireless transmitter. The Wireless Location System uses its interface to the wireless 

communications system to query status of the wireless transmitter, including voice call 

parameters as described earlier. If the wireless transmitter is engaged on a voice channel, 

then the Wireless Location System performs location processing. If the wireless 

transmitter is not engaged in any existing transmissions, the Wireless Location System 

will command the wireless commmncations system to make the wireless transmitter 
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immediately transmit. When the dynamic task is set, the Wireless Location System also 

sets an expiration time at which the dynamic task ceases. 

End-User Addition/ Deletion - This command can be executed by an end-user of a 

wireless transmitter to place the identity of the wireless transmitter onto the Tasking List 

with location processing enabled, to remove the identity of the wireless transmitter from 

the Tasking List and therefore eliminate identity as a trigger, or to place the identity of the 

wireless transmitter onto the Tasking List with location processing disabled. When 

location processing has been disabled by the end-user, known as Prohibit Location 

Processing then no location processing will be performed for the wireless transmitter. The 

operator of the Wireless Location System can optionally select one of several actions by 

the Wireless Location System in response to a Prohibit Location Processing command by 

the end user: (i) the disabling action can override all other triggers in the Tasking List, 

including a trigger due to an emergency call such as "911 ", (ii) the disabling action can 

override any other trigger in the Tasking List, except a trigger due to an emergency call 

such as "911 ", (iii) the disabling action can be overridden by other select triggers in the 

Tasking List. In the first case, the end-user is granted complete control over the privacy of 

the transmissions by the wireless transmitter, as no location processing will be perfonned 

on that transmitter for any reason. In the second case, the end-user may still receive the 

benefits of location during an emergency, but at no other times. In an example of the third 

case, an employer who is the real owner of a particular wireless transmitter can override 

an end-user action by an employee who is using the wireless transmitter as part of the job 

but who may not desire to be located. The Wireless Location System may query the 

wireless communications system, as described above, to obtain the mapping of the 

identity contained in the wireless transmission to other identities. 

The additions and deletions by the end-user are effected by dialed sequences of characters 

and digits and pressing the "SEND" or equivalent button on the wireless transmitter. 

These sequences may be optionally chosen and made known by the operator of the 

Wireless Location System. For example, one sequence may be "*55 SEND" to disable 

location processing. Other sequences are also possible. When the end-user can dialed this 
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prescribed sequence, the wireless transmitter will transmit the sequence over one of the 

prescribed control channels of the wireless communications system. Since the Wireless 

Location System independently detects and demodulates all reverse control channel 

transmissions, the Wireless Location System can independently interpret the prescribed 

dialed sequence and make the appropriate feature updates to the Tasking List, as 

described above. When the Wireless Location System has completed the update to the 

Tasking List, the Wireless Location System commands the wireless communications 

system to send a confirmation to the end-user. As described earlier, this may take the 

form of an audible tone, recorded or synthesized voice, or a text message. This command 

is executed over the interface between the Wireless Location System and the wireless 

communications system. 

Command Transmit - This command allows external applications to cause the Wireless 

Location System to send a command to the wireless communications system to make a 

particular wireless transmitter, or group of wireless transmitters, transmit. This command 

may contain a flag or field that the wireless transmitter( s) should transmit immediately or 

at a prescribed time. This command has the effort of locating the wireless transmitter(s) 

upon command, since the transmissions will be detected, demodulated, and triggered, 

causing location processing and the generation of a location record. This is useful in 

eliminating or reducing any delay in determining location such as waiting for the next 

registration time period for the wireless transmitter or waiting for an independent 

transmission to occur. 

External Database Query and Update - The Wireless Location System includes means to 

access an external database, to query the said external database using the identity of the 

wireless transmitter or other parameters contained in the transmission or the trigger 

criteria, and to merge the data obtained from the external database with the data generated 

by the Wireless Location System to create a new enhanced location record. The enhanced 

location record may then be forwarded to requesting applications. The external database 

may contain, for example, data elements such as customer information, medical 

information, subscribed features, application related information, customer account 
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information, contact information, or sets of prescribed actions to take upon a location 

trigger event. The Wireless Location System may also cause updates to the external 

database, for example, to increment or decrement a billing counter associated with the 

provision of location services, or to update the external database with the latest location 

record associated with the particular wireless transmitter. The Wireless Location System 

contains means to performed the actions described herein on more than one external 

database. The list and sequence of external databases to access and the subsequent actions 

to take are contained in one of the fields contained in the trigger criteria in the Tasking 

List. 

Random Anonymous Location Processing - The Wireless Location System includes 

means to perform large scale random anonymous location processing. This function is 

valuable to certain types of applications that require the gathering ?fa large volume of 

data about a population of wireless transmitters without consideration to the specific 

identities of the individual transmitters. Applications of this type include: RF 

Optimization, which enables wireless carriers to measure the performance of the wireless 

communications system by simultaneously determining location and other parameters of 

a transmission; Traffic Management, which enables government agencies and commercial 

concerns to monitor the flow of traffic on various highways using statistically significant 

samples of wireless transmitters travelling in vehicles; and Local Traffic Estimation, 

which enables commercial enterprises to estimate the flow of traffic around a particular 

area which may help determine the viability of particular businesses. 

Applications requesting random anonymous location processing optionally receive 

location records from two sources: (i) a copy of location records generated for other 

applications, and (ii) location records which have been triggered randomly by the 

Wireless Location System without regard to any specific criteria. All of the location 

records generated from either source are forwarded with all of the identity and trigger 

criteria information removed from the location records; however, the requesting 

application(s) can determine whether the record was generated from the fully random 

process or is a copy from another trigger criteria. The random location records are 



WO 01/76093 PCT/US0l/09078 

74 

generated by a low priority task within the Wireless Location System that performs 

location processing on randomly selected transmissions whenever processing and 

communications resources are available and would otherwise be unused at a particular 

instant in time. The requesting application(s) can specify whether the random location 

processing is performed over the entire coverage area of a Wireless Location System, 

over specific geographic areas such as along prescribed highways, or by the coverage 

areas of specific cell sites. Thus, the requesting application(s) can direct the res~urces of 

the Wireless Location System to those area of greatest interest to each applicatfon. 

Depending on the randomness desired by the application(s), the Wireless Location 

System can adjust preferences for randomly selecting certain types of transmissions, for 

example, registration messages, origination messages, page response messages, or voice 

channel transmissions. 

Anonymous Tracking of a Geographic Group - The Wireless Location System includes 

means to trigger location processing on a repetitive basis for anonymous groups of 

wireless transmitters within a prescribed geographic area. For example, a particular 

location application may desire to monitor the travel route of a wireless transmitter over a 

prescribed period of time, but without the Wireless Location System disclosing the 

particular identity of the wireless transmitter. The period of time may be many hours, 

days, or weeks. Using the means, the Wireless Location System: randomly selects a 

wireless transmitter that initiates a transmission in the geographic area of interest to the 

application; performs location processing on the transmission of interest; irreversibly 

translates and encrypts the identity of the wireless transmitter into a new coded identifier; 

c_reates a location record using only the new coded identifier as an identifying means; 

forwards the location record to the requesting location application(s); and creates a 

dynamic task in the Tasking List for the wireless transmitter, wherein the dynamic task 

has an associated expiration time. Subsequently, whenever the prescribed wireless 

transmitter initiates transmission, the Wireless Location System shall trigger using the 

dynamic task, perform location processing on the transmission of interest, irreversibly 

translate and encrypt the identity of the wireless transmitter into the new coded identifier 

using the same means as prior such that the coded identifier is the same, create a location 
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record using the coded identifier, and forward the location record to the requesting 

location application(s). The means described herein can be combined with other functions 

of the Wireless Location System to perform this type of monitoring use either control or 

voice channel transmissions. Further, the means described herein completely preserve the 

private identity of the wireless transmitter, yet enables another class of applications that 

can monitor the travel patterns of wireless transmitters. This class of applications can be 

of great value in determining the planning and design of new roads, alternate route 

planning, or the construction of commercial and retail space. 

Location Record Grouping, Sorting, and Labeling - The Wireless Location System 

include means to post-process the location records for certain requesting applications to 

group, sort, or label the location records. For each interface supported by the Wireless 

Location System, the Wireless Location System stores a profile of the types of data for 

which the application is both authorized and requesting, and the types of filters or post

processing actions desired by the application. Many applications, such as the examples 

contained herein, do not require individual location records or the specific identities of 

individual transmitters. For example, an RF optimization application derives more value 

from a large data set of location records for a particular cell site or channel than it can 

from any individual location record. For another example, a traffic monitoring application 

requires only location records from transmitters that are on prescribed roads or highways, 

and additionally requires that these records be grouped by section of road or highway and 

by direction of travel. Other applications may request that the Wireless Location System 

forward location records that have been formatted to enhance visual display appeal by, for 

example, adjusting the location estimate of the transmitter so that the transmitter's 

location appears on an electronic map directly on a drawn road segment rather than 

adjacent to the road segment. Therefore, the Wireless Location System preferably "snaps'' 

the location estimate to the nearest drawn road segment. 

The Wireless Location System can filter and report location records to an application for 

~ireless transmitters communicating only on a particular cell site, sector, RF channel, or 

group of RF channels. Before forwarding the record to the requesting application, the 
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Wireless Location System first verifies that the appropriate fields in the record satisfy the 

requirements. Records not matching the requirements are not forwarded, and records 

matching the requirements are forwarded. Some filters are geographic and must be 

calculated by the Wireless Location System. For example, the Wireless Location System 

can process a location record to determine the closest road segment and direction of travel 

of the wireless transmitter on the road segment. The Wireless Location System can then 

forward only records to the application that are determined to be on a particular road 

segment, and can further e~ance the location record by adding a field containing the 

determined road segment. In order to determine the closest road segment, the Wireless 

Location System is provided with a database of road segments of interest by the 

requesting application. This database is stored in a table where each road segment is 

stored with a latitude and longitude coordinate defining the end point of each segment. 

Each road segment can be modeled as a straight or curved line, and can be modeled to 

support one or two directions of travel. Then for each location record determined by the 

Wireless Location System, the Wireless Location System compares the latitude and 

longitude in the location record to each road segment stored in the database, and 

determines the shortest distance from a modeled line connecting the end points of the 

segment to the latitude and longitude of the location record. The shortest distance is a 

calculated imaginary line orthogonal to the line connecting the two end points of the 

stored road segment. When the closest road segment has been determined, the Wireless 

Location System can further determine the direction of travel on the road segment by 

comparing the direction of travel of the wireless transmitter reported by the location 

processing to the orientation of the road segment. The direction that produces the smallest 

error with respect to the orientation of the road segments is then reported by the Wireless 

Location System. 

Network Operations Console (NOC) 16 

The NOC 16 is a network management system that permits operators of the Wireless 

Location System easy access to the programming parameters of the Wireless Location 

System. For example, in some cities, the Wireless Location System may contain many 

hundreds or even thousands ofSCS's 10. The NOC is the most effective way to manage a 
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large Wireless Location System, using graphical user interface capabilities. The NOC will 

also receive real time alerts if certain functions within the Wireless Location System are not 

operating properly. These real time alerts can be used by the operator to take corrective action 

quickly and prevent a degradation of location service. Experience with trials of the Wireless 

Location System show that the ability of the system to maintain good location accuracy over 

time is directly related to the operator's ability to keep the system operating within its 

predetermined parameters. 

Location Processing 

The Wireless Locatio11- System is capable of performing location processing using two 

different methods known as central based processing and station based processing. Both 

techniques were first disclosed in Patent Number 5,327,144, and are further enhanced in this 

specification. Location processing depends in part on the ability to accurately determine 

certain phase characteristics of the signal as received at multiple antennas and at multiple 

SCS's 10. Therefore, it is an object of the Wireless Location System to identify and remove 

sources of phase error that impede the ability of the location processing to determine the 

phase characteristics of the received signal. One source of phase error is inside of the wireless 

transmitter itself, namely the oscillator (typically a crystal oscillator) and the phase lock loops 

that allow the phone to tune to specific channels for transmitting. Lower cost crystal 

oscillators will generally have higher phase noise. Some air interface specifications, such as 

IS-136 and IS-95A, have specifications covering the phase noise with which a wireless 

telephone can transmit. Other air interface specifications, such as IS-553A, do not closely 

specify phase noise. It is therefore an object of the present invention to automatically reduce 

and/or eliminate a wireless transmitter's phase noise as a source of phase error in location 

processing, in part by automatically selecting the use of central based processing or station 

based processing. The automatic selection will also consider the efficiency with which the 

communications link between the SCS 10 and the TLP 12 is used, and the availability ofDSP 

resources at each of the SCS 10 and TLP 12. 

When using central based processing, the TDOA and FDOA determination and the multipath 

processing are performed in the TLP 12 along with the position and speed determination. 
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This method is preferred when the wireless transmitter has a phase noise that is above a 

predetermined threshold. h1 these cases, central based processing is most effective in 

reducing or eliminating the phase noise of the wireless transmitter as a source of phase error 

because the TDOA estimate is performed using a digital representation of the actual RF 

transmission from two antennas, which may be at the same SCS 10 or different SCS's 10. In 

this method, those skilled in the art will recognize that the phase noise of the transmitter is a 

common mode noise in the TDOA processing, and therefore is self-canceling in the TDOA 

determination process. This method works best, for example, with many very low cost AMPS 

cellular telephones that have a high phase noise. The basic steps in central based processing 

include the steps recited below and represented in the flowchart of Figure 6: 

a wireless transmitter initiates a transmission on either a control channel or a voice channel 

(step S50); 

the transmission is received at multiple antem1as and at multiple SCS' s 10 in the Wireless 

Location System (step S51); 

the transmission is converted into a digital format in the receiver connected to each 

SCS/antenna (step S52); 

the digital data is stored in a memory in the receivers in each SCS 10 (step S53); 

the transmission is demodulated (step S54); 

the Wireless Location System detennines whether to begin location processing for the 

transmission (step S55); 

if triggered, the TLP 12 requests copies of the digital data from the memory in receivers at 

multiple SCS's 10 (step S56); 

digital data is sent from multiple SCS's 10 to a selected TLP 12 (step S57); 

the TLP 12 performs TDOA, FDOA, and multipath mitigation on the digital data from pairs 

of antennas (step S58); 

the TLP 12 performs position and speed determination using the TDOA data, and then 

creates a location record and forwards the location record to the AP 14 (step S59). 

The Wireless Location System uses a variable number of bits to represent the transmission 

when sending digital data from the SCS's 10 to the TLP 12. As discussed earlier, the SCS 
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receiver digitizes wireless transmissions with a high resolution, or a high number of bits per 

digital sample in order to achieve a sufficient dynamic range. This is especially required 

when using wideband digital receivers, which may be simultaneously receiving signals near 

to the SCS l0A and far from the SCS lOB. For example, up to 14 bits may be required to 

represent a dynamic range of 84 dB. Location processing does not always require the high 

resolution per digital sample, however. Frequently, locations of sufficient accuracy are 

achievable by the Wireless Location System using a fewer number of bits per digital sample. 

Therefore, to minimize the implementation cost of the Wireless Location System by 

conserving bandwidth on the communication links between each SCS 10 and TLP 12, the 

Wireless Location System determines the fewest number of bits required to digitally 

represent a transmission while still maintaining a desired accuracy level. This determination 

is based, for example, on the particular air interface protocol used by the wireless transmitter, 

the SNR of the transmission, the degree to which the transmission has been perturbed by 

fading and/or multipath, and the current state of the processing and communication queues in 

each SCS 10. The number of bits sent from the SCS 10 to the TLP 12 are reduced in two 

ways: the number of bits per sample is minimized, and the shortest length, or fewest 

segments, of the transmission possible is used for location processing. The TLP 12 can use 

this minimal RF data to perform location processing and then compare the result with the 

desired accuracy level. This comparison is performed on the basis of a confidence interval 

calculation. If the location estimate does not fall within the desired accuracy limits, the TLP 

12 will recursively request additional data from selected SCS's 10. The additional data may 

include an additional number of bits per digital sample and/or may include more segments of 

the transmission. This process of requesting additional data may continue recursively until 

the TLP 12 has achieved the prescribed location accuracy. 

There are additional details to the basic steps described above. These details are described in 

prior Patent Numbers 5,327,144 and 5,608,410 in other parts of this specification. One 

enhancement to the processes described in earlier patents is the selection of a single reference 

SCS/antenna that is used for each baseline in the location processing. In prior art, baselines 

were determined using pairs of antenna sites around a ring. In the present Wireless Location 

System, the single reference SCS/antenna used is generally the highest SNR signal, although 
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other criteria are also used as described below. The use of a high SNR reference aids central 

based location processing when the other SCS/antennas used in the location processing are 

very weak, such as at or below the noise floor (i.e. zero or negative signal to noise ratio). 

When station based location processing is used, the reference signal is a re-modulated signal, 

which is intentionally created to have a very high signal to noise ratio, further aiding location 

processing for very weak signals at other SCS/antennas. The actual selection of the reference 

SCS/antenna is described below. 

The Wireless Location System mitigates multipath by first recursively estimating the 

components of multipath received in addition to the direct path component and then 

subtracting these components from the received signal. Thus the Wireless Location System 

models the received signal and compares the model to the actual received signal and attempts 

to minimize the difference between the two using a weighted least square difference. For 

each transmitted signal x(t) from a wireless transmitter, the received signal y(t) at each 

SCS/antenna is a complex combination of signals: 

y(t) = L X (t - 'tn)an eiro(t- rn) , for all n = 0 to N; 

where x(t) is the signal as transmitted by the wireless transmitter; 

an and 'tn are the complex amplitude and delays of the multipath components; 

N is the total number of multipath components in the received signal; and 

ao and 'to are constants for the most direct path component. 

The operator of the Wireless Location System empirically determines a set of constraints for 

each component of multipath that applies to the specific environment in which each Wireless 

Location System is operating. The purpose of the constraints is to limit the amount of 

processing ·time that the Wireless Location System spends optimizing the results for each 

multipath mitigation calculation. For example, the Wireless Location System may be set to 

determine only four components of multipath: the first component may be assumed to have a 

time delay in the range 'tiA to 1:rn; the second component may be assumed to have a time 
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delay in the range 'tzA to TzB; the third comp01.1ent may be assumed to have a time delay in 

the range 't3A to 't3B; and similar for the fourth component; however the fourth component is 

a single value that effectively represents a complex combination of many tens of individual 

( and somewhat diffuse) multipath components whose time delays exceed the range of the 

third component. For ease of processing, the Wireless Location System transforms the prior 

equation into the :frequency domain, and then solves for the individual components such that 

a weighted least squares difference is minimized. 

When using station based processing, the TDOA and FDOA determination and multipath 

mitigation are performed in the SCS 's 10, while the position and speed determination are 

typically performed in the TLP 12. The main advantage of station based processing, as 

described in Patent Number 5,327,144, is reducing the amom1t of data that is sent on the 

communication link between each SCS 10 and TLP 12. However, there may be other 

advantages as well. One new objective of the present invention is increasing the effective 

signal processing gain during the TDOA processing. As pointed out earlier, central based 

processing has the advantage of eliminating or reducing phase error caused by the phase 

noise in the wireless transmitter. However, no previous disclosure has addressed how to 

eliminate or reduce the same phase noise error when using station based processing. The 

present invention reduces the phase error and increases the effective signal processing gain 

using the steps recited below and shown in Figure 6: 

a wireless transmitter initiates a transmission on either a control channel or a voice chatmel 

(step S60); 

the transmission is received at multiple antennas and at multiple SCS' s 10 in the Wireless 

Location System (step S61); 

the transmission is converted into a digital format in the receiver connected to each antenna 

(step S62); 

the digital data is stored in a memory in the SCS 10 (step S63); 

the transmission is demodulated (step S64); 

the Wireless Location System determines whether to begin location processing for the 

transmission (step S65); 
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if triggered, a first SCS 1 0A demodulates the transmission and determines an appropriate 

phase correction interval (step S66); 

for each such phase correction interval, the first SCS 1 0A calculates an appropriate phase 

correction and amplitude correction, and encodes this phase correction parameter and 

amplitude correction parameter along with the demodulated data (step S67); 

the demodulated data and phase ,correction and amplitude correction parameters are sent 

from the first SCS 1 0A to a TLP 12 (step S68); 

the TLP 12 determines the SCS's 10 and receiving antennas to use in the location 

processing (step S69); 

the TLP 12 sends the demodulated data and phase correction and amplitude correction 

parameters to each second SCS l0B that will be used in the location processing (step 

S70); 

the first SCS 10 and each second SCS 1 OB creates a first re-modulated signal based upon 

the demodulated data and the phase correction and amplitude correction parameters (step 

S71); 

the first SCS 1 0A and each second SCS 1 OB performs TDOA, FDOA, and multipath 

mitigation using the digital data stored in memory in each SCS 10 and the first re

modulated signal (step S72); 

the TDOA, FDOA, and multipath mitigation data are sent from the first SCS 1 0A and each 

second SCS l0B to the TLP 12 (step S73); 

the TLP 12 performs position and speed determination using the TDOA data (step S74); 

. and 

the TLP 12 creates a location record, and forwards the location record to the AP 14 (step 

S75). 

The advantages of determining phase correction and amplitude correction parameters are 

most obvious in the location of CDMA wireless transmitters based upon IS-95A. As is well 

known, the reverse transmissions from an IS-95A transmitter are sent using non-coherent 

modulation. Most CDMA.base stations only integrate over a single bit interval because of the 

non-coherent modulation. For a CDMA Access Channel, with a bit rate of 4800 bits per 

second, there are 256 chips sent per bit, which permits an integration gain of24 dB. Using the 
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technique described above, the TDOA processing in each SCS 10 may integrate, for example, 

over a full 160 millisecond burst (196,608 chips) to produce an integration gain of 53 dB. 

This additional processing gain enables the present invention to detect and locate CDMA 

transmissions using multiple SCS' s 10, even if the base stations collocated with the SCS' s 10 

cannot detect the same CDMA transmission. 

For a particular transmission, if either the phase correction parameters or the amplitude 

correction parameters are calculated to be zero, or are not needed, then thei;e parameters are 

not sent in order to conserve on the number of bits transmitted on the communications link 

between each SCS 10 and TLP 12. In another embodiment ofthe invention, the Wireless 

Location System may use a fixed phase correction interval for a particular transmission or for 

all transmissions of a particular air interface protocol, or for all transmissions made by a 

particular type of wireless transmitter. This may, for example, be based upon empirical data 

gathered over some period of time by the Wireless Location System showing a reasonable 

consistency in the phase noise exhibited by various classes of transmitters. In these cases, the 

SCS 10 may save the processing step of determining the appropriate phase correction 

interval. 

Those skilled in the art will recognize that there are many ways of measuring the phase noise 

of a wireless transmitter. In one embodiment, a pure, noiseless re-modulated copy of the 

signal received at the first SCS l0A may be digitally generated by DSP's in the SCS, then the 

received signal may be compared against the pure signal over each phase correction interval 

and the phase difference may be measured directly. In this embodiment, the phase correction 

parameter will be calculated as the negative of the phase difference over that phase correction 

interval. The number of bits required to represent the phase correction parameter will vary 

with the magnitude of the phase correction parameter, and the number of bits may vary for 

each phase correction interval. It has been observed that some transmissions, for example, 

exhibit greater phase noise early in the transmission, and less phase noise in the middle of 

and later in the transmission. 
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Station based processing is most useful for wireless transmitters that have relatively low 

phase noise. Although not necessarily required by their respective air interface standards, 

wireless telephones that use the TDMA, CDMA, or GSM protocols will typically exhibit 

lower phase noise. As the phase noise of a wireless transmitter increases, the length of a 

phase correction interval may decrease and/or the number of bits required to represent the 

phase correction parameters increases. Station based processing is not effective when the 

number of bits required to represent the demodulated data plus the phase correction and 

amplitude parameters exceeds a predetermined proportion of the number of bits required to 

perform central based processing. It is therefore an object of the present invention to 

autwnatically determine for each transmission for which a location is desired whether to 

process the location using central based processing or station based processing. The steps in 

making this determination are recited below and shown in Figure 7: 

a wireless transmitter initiates a transmission on either a control channel _or a voice channel 

(step S80); 

the transmission is received at a first SCS lOA (step S81); 

the transmission is converted into a digital format in the receiver connected to each antem1a 

(step S82); 

the Wireless Location System determines whether to begin location processing for the 

transmission (step S83); 

if triggered, a first SCS 1 OA demodulates the transmission and estimates an appropriate 

phase correction interval and the number of bits required to encode the phase correction 

and amplitude correction parameters (step S84); 

the first SCS 1 OA then estimates the number of bits required for central based processing; 

based upon the number of bits required for each respective method, the SCS 10 or the TLP 

12 determine whether to use central based processing or station based processing to 

perform the location processing for this transmission (step S85). 

In another embodiment of the invention~ the Wireless Location System may always use 

central based processing or station based processing for all transmissions of a particular air 

interface protocol, or for all transmissions made by a particular kind of wireless transmitter. 
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This may, for example, be based upon empirical data gathered over some period of time by 

the Wireless Location System showing a reasonable consistency in the phase noise exhibited 

by various classes of transmitters. In these cases, the SCS 10 and/or the TLP 12 may be saved 

the processing step of determining the appropriate processing method. 

A further enhancement of the present invention, used for both central based processing and 

station based processing, is the use of threshold criteria for including baselines in the final 

determination oflocation and velocity of the wireless transmitter. For each baseline, the 

Wireless Location System calculates a number of parameters that include: the SCS/antenna 

port used with the reference SCS/antenna in calculating the baseline, the peak, average, and 

variance in the power of the transmission as received at the SCS/antem1a port used in the 

baseline and over the interval used for location processing, the correlation value from the 

cross-spectra correlation between the SCS/antenna used in·the baseline and the reference 

SCS/antenna, the delay value for the baseline, the multipath mitigation parameters, the 

residual values remaining after the multipath mitigation calculations, the contribution of the 

SCS/antem1a to the weighted GDOP in the final location solution, and a measure of the 

quality of fit of the baseline if included in the final location solution. Each baseline is 

included in the final location solution is each meets or exceeds the threshold criteria for each 

of the parameters described herein. A baseline may be excluded from the location solution if 

it fails to meet one or more of the threshold criteria. Therefore, it is frequently possible that 

the·number of SCS/antennas actually used in the final location solution is less than the total 

number considered. 

Previous Patent Numbers 5,327,144 and 5,608,410 disclosed a method by which the location 

processing minimized the least square difference (LSD) value of the following equation: 

LSD= [Q12(Delay_T12-Delay_O12)2+ Q13(Delay_T13-Delay_013)2+ ... + Qxy(Delay_Txy

Delay _ Oxy)2 

In the present implementation, this equation has been rearranged to the following form in 

order to make the location processing code more efficient: 
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LSD=~ (TDOAOi - 'ti+ 't'0)2w/; over all i=l to N-1 

where N = number of SCS/antennas used in the location processing; 

TDOAoi = the TDOA to the ith site from reference site 0; 

PCT/US0l/09078 

Ti = the theoretical line of sight propagation time from the wireless transmitter to the ith site; 

1:0 = the theoretical line of sight propagation time from the transmitter to the reference; and 

wi = the weight, or quality factor, applied to the ith baseline. 

In the present implementation, the Wireless Location System also uses another alternate form 

of the equation that can aid in determining location solutions when the reference signal is not 

very strong or when it is likely that a bias would exist in the location solution using the prior 

fonn of the equation: 

LSD'=~ (TDOAoi - 't'i)2w/- b2 ~ w/; over all i=0 to N-1 

Where N = number of SCS/antennas used in the location processing; 

TDOAOi = the TDOA to the th site from reference site 0; 

TDOA00 = is assumed to be zero; 

'ti = the theoretical line of sight propagation time from the wireless transmitter to the ith site; 

b = a bias that is separately calculated for each theoretical point that minimizes LSD' at that 

theoretical point; and 

Wi = the weight, or quality factor, applied to the ith baseline. 

,. The LSD' form of the equation offers an easier means of removing a bias in location 

solutions at the reference site by making Wo equal to the maximum value of the other weights 

or basing w0 on the relative signal strength at the reference site. Note that ifwo is much larger 
~ 

than the other weights, then b is approximately equal to 1:0. In general, the weights, or quality 

factors are based on similar criteria to that discussed above for the threshold criteria in 

including baselines. That is, the results of the criteria calculations are used for weights and 
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when the criteria falls below threshold the weight is then set to zero and is effectively not 

included in the determination of the :fmal location solution. 

Antenna Selection Process for Location Processing 

Previous inventions and disclosures, such as those listed above, have described techniques in 

which a first, second, or possibly third antenna site, cell site, or base station are required to 

detem1ine location. Patent number 5,608,410 :further discloses a Dynamic Selection 

Subsystem (DSS) that is responsible for detem1ining which data frames from which antenna 

site locations will be used to calculate the location of a responsive transmitter. In the DSS, if 

data frames are received from more than a threshold number of sites, the DSS determines 

which are candidates for retention or exclusion, and then dynamically organizes data frames 

for location processing. The DSS prefers to use more than the minimum number of antenna 

sites so that the solution is over-determined. Additionally, the DSS assures that all 

transmissions used in the location processing were received from the same transmitter and 

from the same transmission. 

The preferred embodiments of the prior inventions had several limitations, however. First, 

either only one antenna per antem1a site (or cell site) is used, or the data from two or four 

diversity antennas were first combined at the antenna site ( or cell site) prior to transmission to 

the central site. Additionally, all antenna sit~s that received the transmission sent data frames 

to the central site, even if the DSS later discarded the data frames. Thus, some 

communications bandwidth may have been wasted sending data that was not used. 

The present inventors have determined that while a minimum of two or three sites are 

required in order determine location, the actual selection of antennas and SCS's 10 to use in 

location processing can have a significant effect on the results of the location processing. In 

addition, it is advantageous to include the means to use more than one antenna at each SCS 

10 in the location processing. The reason for using data from multiple antem1as at a cell site 

independently in the location processing is that the signal received at each antenna is 

uniquely affected by multipath, fading, and other disturbances. It is well known in the field 

that when two antennas are separated in distance by more than one wavelength, then each 
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antenna will receive the signal on an independent path. Therefore, there is frequently 

additional and unique information to be gained about the location of the wireless transmitter 

by using multiple antennas, and the ability of the Wireless Location System to mitigate 

multipath is enhanced accordingly .. 

It is therefore an object of the present invention to provide an improved method for using the 

signals received from more than one antenna at an SCS 10 in the location processing. It is a 

further object to provide a method to improve the dynamic process used to select the 

cooperating antennas and SCS's 10 used in the location processing. The first object is 

achieved by providing means within the SCS 10 to select and use any segment of data 

collected from any number of antennas at an SCS in the location processing. As described 

earlier, each antenna at a cell site is connected to a receiver internal to the SCS 10. Each 

receiver converts signals received from the antenna into a digital form, and then stores the 

digitized signals temporarily in a memory in the receiver. The TLP 12 has been provided with 

means to direct any SCS 10 to retrieve segments of data from the temporary memory of any 

receiver, and to provide the data for use in location processing. The second object is achieved 

by providing means within the Wireless Location System to monitor a large number of 

antennas for reception of the transmission that the Wireless Location System desires to 

locate, and then selecting a smaller set of antennas for use in location processing based upon 

a predetermined set of parameters. One example of this selection :process is represented by 

the flowchart of Figure 8: 

a wireless transmitter initiates a transmission on either a control channel or a voice channel 

(step S90); 

the transmission is received at multiple antennas and at multiple SCS' s 10 in the Wireless 

Location System (step S91); 

the transmission is converted into a digital format in the receiver connected to each antenna 

(step S92); 

the digital data is stored in a memory in each SCS 10 (step S93); 
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the transmission is demodulated at at least one SCS 1 OA and the channel number on which 

the transmission occurred and the cell site and sector serving the wireless transmitter is 

determined (step S94); 

based upon the serving cell site and sector, one SCS 1 OA is designated as the 'p1imary' 

SCS 10 for processing that transmission (step S95); 

the primary SCS 1 OA determines a timestamp associated with the demodulated data ( step 

S96); 

the Wireless Location System determines whether to begin location processing for the 

transmission (step S97); 

if location processing is triggered, the Wireless Location System determines a candidate list 

of SCS 's 10 and antennas to use in the location processing (step S98); 

each candidate SCS/antenna measures and reports several parameters in the channel 

number of the transmission and at the time of the timestarnp determined by the primary 

SCS lOA (step S99); 

the Wireless Location System orders the candidate SCS/antennas using specified criteria 

and selects a reference SCS/antenna and a processing list ofSCS/antennas to use in the 

location processing ( step S 100); and 

the Wireless Location System proceeds with location processing as described earlier, using 

data from the processing list ofSCS/antennas (step S101). 

Selecting Primary SCSI Antenna 

The process for choosing the 'primary' SCS/antenna is critical, because the candidate list of 

SCS's 10 and antennas 10-1 is determined in part based upon the designation of the primary 

SCS/antenna. When a wireless transmitter makes a transmission on a particular RF channel, 

the transmission frequently can propagate many miles before the signal attenuates below a 

level at which it can be demodulated. Therefore, there are frequently many SCS/antennas 

capable of demodulating the signal. This especially occurs is urban and suburban areas where 

the frequency re-use pattern of many wireless communications systems can be quite dense. 

For example, because of the high usage rate of wireless and the dense cell site spacing, the 

present inventors have tested wireless communications systems in which the same RF control 

channel and digital color code were used on cell sites spaced about one mile apart. Because 
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the Wireless Location System is independently demodulating these transmissions, the 

Wireless Location System frequently can demodulate the same transmission at two, three, or 

more separate SCS/antennas. The Wireless Location System detects that the same 

transmission has been demodulated multiple times at multiple SCS/antennas when the 

Wireless Location System receives multiple demodulated data frames sent from different 

SCS/antennas, each with a number of bit errors below a predetermined bit error threshold, 

and with the demodulated data matching within an acceptable limit of bit errors, and all 

occurring within a predetermined interval of time. 

When the Wireless Location System detects demodulated data from multiple SCS/antel11}as, it 

examines the following parameters to determine which SCS/antenna shall be designated the 

primary SCS: average SNR over the transmission interval used for location processing, the 

variance in the SNR over the same interval, correlation of the beginning of the received 

transmission against a pure pre-cursor (i.e. for AMPS, the dotting and Barker code), the 

number of bit errors in the demodulated data, and the magnitude and rate of change of the 

SNR from just before the on-set of the transmission to the on-set of the transmission, as well 

as other similar parameters. The average SNR is typically determined at each SCS/antenna 

either over the entire length of the transmission to be used for location processing, or over a 

shorter interval. The average SNR over the shorter interval can be detennined by performing 

a correlation with the dotting sequence and/or Barker code and/or sync word, depending on 

the particular air interface protocol, and over a short range of time before, during, and after 

the timestamp reported by each SCS 10. The time range may typically be +/-200 

microseconds centered at the timestamp, for example. The Wireless Location System will 

generally order the SCS/antennas using the following criteria, each of which may be 

weighted (multiplied by an appropriate factor) when combining the criteria to determine the 

final decision: SCS/antennas with a lower number of bit errors are preferred to SCS/antennas 

with a higher number of bit errors, average SNR for a given SCS/antenna must be greater 

than a predetermined threshold to be designated as the primary; SCS/antennas with higher 

average SNR are preferred over those with lower average SNR; SCS/antennas with lower 

SNR variance are preferred to those with higher SNR variance; and SCSI antennas with a 

faster SNR rate of change at the on-set of the transmission are preferred to those with a 
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slower rate of change. The weighting applied to each of these criteria may be adjusted by the 

operator of the Wireless Location System to suit the particular design of each system. 

The candidate list of SCS 's 10 and antennas 10-1 are selected using a predetermined set of 

criteria based, for example, upon knowledge of the types of cell sites, types of antennas at the 

cell sites, geometry of the antennas, and a weighting factor that weights certain antennas 

more than other antennas. The weighting factor takes into account knowledge of the terrain in 

which the Wireless Location System is operating, past empirical data on the contribution of 

each antenna has made to good location estimates, and other factors that may be specific to 

each different WLS installation. In one embodiment, for example, the Wireless Location 

System may select the candidate list to include all SCS's 10 up to a maximum number of sites 

(max_number_of_sites) that are closer than a predefined maximum radius from the primary 

site (max_radius_from_primary). For example, in an urban or suburban environn1ent, 

wherein there may be a large number of cell sites, the max_number_of_sites may be limited 

to nineteen. Nineteen sites would include the primary, the first ring of six sites surrounding 

the primary (assuming a classic hexagonal distribution of cell sites), and the next ring of 

twelve sites surrounding the first ring. This is depicted in Figure 9. In another embodiment, in 

a suburban or rural environn1ent, max_radius_from_primary may be set to 40 miles to ensure 

that the widest possible set of candidate SCS/antennas is available. The Wireless Location 

System is provided with means to limit the total number of candidate SCS's 10 to a 

maximum number (max_number_candidates), although each candidate SCS may be 

permitted to choose the best port from among its available antennas. This limits the 

maximum time spent by the Wireless Location System processing a particular location. 

Max_ number_ candidates may be set to thirty-two, for example, which means that in a typical 

three sector wireless communications system with diversity, up to 32*6 = 192 total antennas 

could be considered for location processing for a particular transmission. In order to limit the 

time spent processing a particular location, the Wireless Location System is provided with 

means to limit the number of antennas used in the location processing to 

max_number_antennas_processed. Max_number_antennas_processed is generally less than 

max_ number_ candidates, and is typically set to sixteen. 
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While the Wireless Location System is provided with the ability to dynamically determine 

the candidate list of SCS 's 10 and antennas based upon the predetermined set of criteria 

described above, the Wireless Location System can also store a fixed candidate list in a table. 

Thus, for each cell site and sector in the wireless communications system, the Wireless 

Location System has a separate table that defines the candidate list ofSCS's 10 and antennas 

10-1 to use whenever a wireless transmitter initiates a transmission in that cell site and sector. 

Rather than dynamically choose the candidate SCS/antennas each time a location request is 

triggered, the Wireless Location System reads the candidate list directly from the table when 

location processing is initiated. 

In general, a large number of candidate SCS 's 10 is chosen to provide the Wireless Location 

System with sufficient opportunity and ability to measure and mitigate multipath. On any 

given transmission, any one or more particular antennas at one or more SCS 's 10 may receive 

signals that have been affected to varying degrees by multipath. Therefore, it is advantageous 

to provide this means within the Wireless Location System to dynamically select a set of 

antennas which may have received less multipath than other antennas. The Wireless Location 

System uses various techniques to mitigate as much multipath as possible from any received 

signal; however it is frequently prudent to choose a set of antennas that contain the least 

amount of multipath. 

Choosing Reference and Cooperating SCSI Antennas 

In choosing the set of SCS/antennas to use in location processing, the Wireless Location 

System orders the candidate SCS/antennas using several criteria, including for example: 

average SNR over the transmission interval used for location processing, the variance in the 

SNR over the same interval, correlation of the beginning of the received transmission against 

a pure pre-cursor (i.e. for AMPS, the dotting and Barker code) and/or demodulated data from 

the primary SCS/antenna, the time of the on-set of the transmission relative to the on-set 

reported at the SCS/antenna at which the transmission was demodulated, and the magnitude 

and rate of change of the SNR from just before the on-set of the transmission to the on-set of 

the transmission, as well as other similar parameters. The average SNR. is typically 

determined at each SCS, and for each antenna in the candidate list either over the entire 
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length of the transmission to be used for location processing, or over a shorter interval. The 

average SNR over the shorter interval can be determined by performing a correlation with the 

dotting sequence and/or Barker code and/or sync word, depending on the particular air 

interface protocol, and over a short range of time before, during, and after the timestamp 

reported by the primary SCS 10. The time range may typically be +/- 200 microseconds 

centered at the timestamp, for example. The Wireless Location System will generally order 

the ·candidate SCS/antennas using the following criteria, each of which may be weighted 

when combining the criteria to determine the final decision: average SNR for a given 

SCS/antenna must be greater than a predetermined threshold to be used in location 

processing; SCS/antennas with higher average SNR are preferred over those with lower 

average SNR; SCS/antennas with lower SNR variance are preferred to those with higher SNR 

variance; SCS/antennas with an on-set closer to the on-set reported by the demodulating 

SCS/antenna are preferred to those with an on-set more distant in time; SCS/antennas with a 

faster SNR rate of change are preferred to those with a slower rate of change; SCS/antennas 

with lower incremental weighted GDOP are preferred over those with higher incremental 

weighted GDOP, wherein the weighting is based upon estimated path loss from the primary 

SCS. The weighting applied to each of these preferences may be adjusted by the operator of 

the Wireless Location System to suit the particular design of eacl; system. The number of 

different SCS 's 10 used in the location processing is maximized up to a predetermined limit; 

the number of antennas used at each SCS 10 in limited to a predetermined limit; and the total 

number ofSCS/antennas used is limited to max_number_antennas_processed. The 

SCS/antenna with the highest ranking using the above described process is designated as the 

reference SCS/antenna for location processing. 

Best Port Selection Within an SCS 10 

Frequently, the SCS/antennas in the candidate list or in the list to use in location processing 

will include only one or two antennas at a particular SCS 10. In these cases, the Wireless 

Location System may permit the SCS 10 to choose the "best port" from all or some of the 

antennas at the particular SCS 10. For example, if the Wireless Location System chooses to 

use only one antenna at a first SCS 10, then the first SCS 10 may select the best antenna port 

from the typical six antenna ports that are connected to that SCS 10, or it may choose the best 
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antenna port from among the two antenna ports of just one sector of the cell site. The best 

antenna port is chosen by using the same process and comparing the same parameters as 

described above for choosing the set of SCS/antennas to use in location processing, except 

that all of the antennas being considered for best port are all in the same SCS 10. In 

comparing antennas for best port, the SCS 10 may also optionally divide the received signal 

into segments, and then measure the SNR separately in each segment of the received signal. 

Then, the SCS 10 can optionally choose the best antenna port with highest SNR either by (i) 

using the antenna port with the most segments with the highest SNR, (ii) averaging the SNR 

in all segments and using the antenna port with the highest average SNR, or (iii) using the 

antenna port with the highest SNR in any one segment. 

Detection and Recovery From Collisions 

Because the Wireless Location System will use data from many SCS/antenna ports in 

location processing, there is a chance that the received signal at one or more particular 

SCS/antenna ports contains energy that is co-channel interference from another wireless 

transmitter (i.e. a partial or full collision between two separate wireless transmissions has 

occurred). There is also a reasonable probability that the co-channel interference has a much 

higher SNR than the signal from the target wireless transmitter, and if not detected by the 

Wireless Location System, the co-channel interference may cause an incorrect choice of best 

ante1ma port at an SCS 10, reference SCS/antenna, candidate SCS/antenna, or SCS/antenna to 

be used in location processing. The co-channel interference may also cause poor TDOA and 

FDOA results, leading to a failed or poor location estimate. The probability of collision 

increases with the density of cell sites in the host wireless communications system, especially 

in dense suburban or rural environments where the frequencies are re-used often and wireless 

usage by subscribers is high. 

Therefore, the Wireless Location System includes means to detect and recover from the types 

of collisions described above. For example, in the process of selecting a best port, reference 

SCS/antenna, or candidate SCS/antenna, the Wireless Location System determines the 

average SNR of the received signal and the variance of the SNR over the interval of the 

transmission; when the variance of the SNR is above a predetermined threshold, the Wireless 
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Location System assigns a probability that a collision has occurred. If the signal received at 

an SCS/antenna has increased or decreased its SNR in a single step, and by an amount greater 

than a predetermined threshold, the Wireless Location System assigns a probability that a 

collision has occurred. Further, if the average SNR of the signal received at a remote SCS is 

greater than the average SNR that would be predicted by a propagation model, given the cell 

site at which the wireless transmitter initiated its transmission and the lmown transmit power 

levels and antenna patterns of the transmitter and receive antennas, the Wireless Location 

System assigns a probability that a collision has occurred. If the probability that a collision 

has occurred is above a predetermined threshold, then the Wireless Location System 

performs the further processing described below to verify whether and to what extent a 

collision may have impaired the received signal at an SCS/antenna. The advantage of 

assigning probabilities is to reduce or eliminate extra processing for the majority of 

transmissions for which collisions have not occurred. It should be noted that the threshold 

levels, assigned probabilities, and other details of the collision detection and recovery 

processes described herein are configurable, i.e., selected based on the particular application, 

environment, system variables, etc., that would affect their selection. 

For received transmissions at an SCS/antenna for which the probability of a collision is above 

the predetennined threshold and before using RF data from a particular antenna port in a 

reference SCS/antenna determination, best port determination or in location processing, the 

Wireless Location System preferably verifies that the RF data from each antenna port is from 

the correct wireless transmitter. This is determined, for example, by demodulating segments 

of the received signal to verify, for example, that the MIN, MSID, or other identifying 

information is correct or that the dialed digits or other message characteristics match those 

received by the SCS/antenna that initially demodulated the transmission. The Wireless 

Location System may also correlate a short segment of the received signal at an antenna port 

with the signal received at the primary SCS 10 to verify that the correlation result is above a 

predetermined threshold. If the Wireless Location System detects that the variance in the 

SNR over the entire length of the transmission is above a pre-determined threshold, the 

Wireless Location System may divide the transmission into segments and test each segment 

as described herein to determine whether the energy in that segment is primarily from the 
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signal from the wireless transmitter for which location processing has been selected or from 

an interfering transmitter. 

The Wireless Location System may choose to use the RF data from a particular SCS/antenna 

in location processing even if the Wireless Location System has detected that a partial 

collision has occurred at that SCS/antenna. fu these cases, the SCS 10 uses the means 

described above to identify that portion of the received transmission which represents a signal 

from the wireless transmitter for which location processing has been selected, and that 

portion of the received transmission which contains co-channel interference. The Wireless 

Location System may command the SCS 10 to send or use only selected segments of the 

received transmission that do not contain the co-channel interference. When determining the 

TDOA and FDOA for a baseline using only selected segments from an SCS/antenna, the 

Wireless Location System uses only the corresponding segments of the transmission as 

received at the reference SCS/antenna. The Wireless Location System may continue to use all 

segments for baselines in which no collisions were detected. In many cases, the Wireless 

Location System is able to complete location processing and achieve an acceptable location 

error using only a portion of the transmission. This inventive ability to select the appropriate 

subset of the received transmission and perform location processing on a segment by segment 

basis enables the Wireless Location System to successfully complete location processing in 

cases that might have failed using previous techniques. 

Multiple Pass Location Processing 

Certain applications may require a very fast estimate of the general location of a wireless 

transmitter, followed by a more accurate estimate of the location that can be sent 

subsequently. This can be valuable, for example, for E9-1-1 systems that handle wireless 

calls and must make a call routing decision very quickly, but can wait a little longer for a 

more exact location to be displayed upon the E9-1-1 call-taker's electronic map terminal. The 

Wireless Location System supports these applications with an inventive multiple pass 

location processing mode. 
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In many cases, location accuracy is enhanced by using longer segments of the transmission 

and increasing the processing gain through longer integration intervals. But longer segments 

of the transmission require longer processing periods in the SCS 10 and TLP 12, as well as 

longer time periods for transmitting the RF data across the communications interface from 

the SCS 10 to the TLP 12. Therefore, the Wireless Location System includes means to 

identify those transmissions that require a fast but rough estimate of the location followed by 

more complete location processing that produces a better location estimate. The Signal of 

Interest Table includes a flag for each Signal of Interest that requires a multiple pass location 

approach. This flag specifies the maximum amount of time permitted by the requesting 

location application for the first estimate to be sent, as well as the maximum amount of time 

permitted by the requesting location application for the final location estimate to be sent. The 

Wireless Location System performs the rough location estimate by selecting a subset of the 

transmission for which to perform location processing. The Wireless Location System may 

choose, for example, the segment that was identified at the primary SCS/antenna with the 

highest average SNR. After the rough location estimate has been determined, using the 

methods described earlier, but with only a subset of the transmission, the TLP 12 forwards 

the location estimate to the AP 14, which then forwards the rough estimate to the requesting 

application with a flag indicating that the estimate is only rough. The Wireless Location 

System then performs its standard location processing using all of the aforementioned 

methods, and forwards this location estimate with a flag indicating the final status of this 

location estimate. The Wireless Location System may perform the rough location estimate 

and the final location estimate sequentially on the same DSP in a TLP 12, or may perform the 

location processing in parallel on different DSP's. Parallel processing may be necessary to 

meet the maximum time requirements of the requesting location applications. The Wireless 

Location System supports different maximmn time requirements from different location 

applications for the same wireless transmission. 

Very Short Baseline TDOA 

The Wireless Location System is designed to operate in urban, suburban, and rural areas. In 

rural areas, when there are not sufficient cell sites available from a single wireless carrier, the 

Wireless Location System can be deployed with SCS' s 10 located at the cell sites of other 
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wireless carriers or at other types of towers, including AM or FM radio station, paging, and 

two-way wireless towers. In these cases, rather than sharing the existing antennas of the 

wireless carrier, the Wireless Location System may require the installation of appropriate 

antennas, filters, and low noise amplifiers to match the frequency band of the wireless 

transmitters of interest to be located. For example, an AM radio station tower may require the 

addition of 800 MHz antennas to locate cellular band transmitters. There may be cases, 

however, wherein no additional towers of any type are available at reasonable cost and the 

Wireless Location System must be deployed on just a few towers of the wireless carrier. In 

these cases, the Wireless Location System supports an antenna mode known as very short 

baseline TDOA. This antenna mode becomes active when additional antennas are installed on 

a single cell site tower, whereby the antennas are placed at a distance of less than one 

wavelength apart. This may require the addition of just one antenna per cell site sector such 

that the Wireless Location System uses one existing receive antenna in a sector and one 

additional antenna that has been placed next to the existing receive antenna. Typically, the 

two antennas in the sector are oriented such that the primary axes, or line of direction, of the 

main beams are parallel and the spacing between the two antenna elements is known with 

precision. In addition, the two RF paths from the antenna elements to the receivers in the SCS 

10 are calibrated. 

In its nonnal mode, the Wireless Location System determines the TDOA and FDOA for pairs 

of antenna that are separated by many wavelengths. For a TDOA on a baseline using 

antennas from two difference cell sites, the pairs of antem1as are separated by thousands of 

wavelengths. For a TDOA on a baseline using antennas at the same cell site, the pairs of 

antennas are separated by tens of wavelengths. In either case, the TDOA determination 

effectively results in a hyperbolic line bisecting the baseline and passing through the location 

of the wireless transmitter. When antennas are separated by multiple wavelengths, the 

received signal has taken independent paths from the wireless transmitter to each antenna, 

including experiencing different multipath and Doppler shifts. However, when two antennas 

are closer than one wavelength, the two received signals have taken essentially the same path 

and experienced the same fading, multipath, and Doppler shift. Therefore, the TDOA and 

FDOA processing of the Wireless Location System typically produces a Doppler shift of zero 
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( or near-zero) hertz, and a time difference on the order of zero to one nanosecond. A time 

difference that short is equivalent to an unambiguous phase difference between the signals 

received at the two antennas on the very short baseline. For example, at 834 MHz, the 

wavelength of an AMPS reverse control channel transmission is about 1.18 feet. A time 

difference of 0.1 nanoseconds is equivalent to a received phase difference of about 30 

degrees. In this case, the TDOA measurement produces a hyperbola that is essentially a 

straight line, still passing through the location of the wireless transmitter, and in a direction 

that is rotated 30 degrees from the direction of the parallel lines formed by the two antennas 

on the very short baseline. When the results of this very short baseline TDOA at the single 

cell site are combined with a TDOA measurement on a baseline between two cell sites, the 

Wireless Location System can determine a location estimate using only two cell sites. 

Bandwidth Monitoring Method F·or Improving Location Accuracy 

AMPS cellular transmitters presently comprise the large majority of the wireless transmitters 

used in the U.S. and AMPS reverse voice cham1el transmissions are generally FM signals 

modulated by both voice and a supervisory audio tone (SAT). The voice modulation is 

standard FM, and is directly proportional to the speaking voice of the person using the 

wireless transmitter. In a typical conversation, each person speaks less that 35% of the time, 

which means that most of the time the reverse voice channel is not being modulated due to 

voice. With or without voice, the reverse channel is continuously modulated by SAT, which 

is used by the wireless communications system to monitor channel status. The SAT 

modulation rate is only about 6 KHz. The voice channels support in-band messages that are 

used for hand-off control and for other reasons, such as for establishing a 3-way call, for 

answering a second incoming call while already on a first call, or for responding to an 'audit' 

message from the wireless communications system. All of these messages, though carried on 

the voice channel, have characteristics similar to the control channel messages. These 

messages are transmitted infrequently, and location systems have ignored these messages and 

focused on the more prevalent SAT transmissions as the signal of interest. 

In view of the above-described difficulties presented by the limited bandwidth of the FM 

voice and SAT reverse voice channel signals, an object of the present invention is to provide 
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an improved method by which reverse voice channel (RVC) signals may be utilized to locate 

a wireless.transmitter, particularly in an emergency situation. Another object ofthe invention 

is to provide a location method that allows the location system to avoid making location 

estimates using RVC signals in situations in which it is likely that the measurement will not 

meet prescribed accuracy and reliability requirements. This saves system resources and 

improves the location system's overall efficiency. The improved method is based upon two 

techniques. Figure 1 OA is a flowchart of a first method in accordance with the present 

invention for measuring location using reverse voice channel signals. The method comprises 

the following steps: 

(i) It is first assumed that a user with a wireless transmitter wishes to be located, or wishes 

to have his location updated or improved upon. This may be the case, for example, if 

the wireless user has dialed "911" and is seeking emergency assistance. It is therefore 
) 

also assumed that the user is coherent-and in communication with a centrally located 

dispatcher. 

(ii) When the dispatcher desires a location update for a particular wireless transmitter, the 

dispatcher sends a location update command with the identity of the wireless 

transmitter to the Wireless Location System over an application interface. 

(iii) The Wireless Location System responds to the dispatcher with a confirmation that the 

Wireless Location System has queried the wireless communications system and has 

obtained the voice channel assignment for the wireless transmitter. 

(iv) The dispatcher instructs the wireless user to dial a 9 or more digit number and then 

the "SEND" button. This sequence may be something like "123456789" or 

"911911911 ". Two functions happen to the reverse voice channel when the wireless 

user dial a sequence of at least 9 digits and then the "SEND" button. First, especiajly 

for an AMPS cellular voice channel, the dialing of digits causes the sending of dual 

tone multi-frequency (DTMF) tones over the voice channel. The modulation index of 

DTMF tones is very high and during the sending of each digit in the DTMF sequence 

will typically push the bandwidth of the transmitted signal beyond+/- 10 KHz. The 

second function occurs at the pressing of the "SEND" button. Whether or not the 

wireless user subscribes to 3-way calling or other special features, the wireless 
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transmitter will send a message over the voice using a "blank and burst" mode where 

the transmitter briefly stops sending the FM voice and SAT, and instead sends a 

bursty message modulated in the same manner as the control channel (10 Kbits 

Manchester). If the wireless user dials less than 9 digits, the message will be 

comprised of approximately 544 bits. If the wireless user dials 9 or more digits, the 

message is comprised of approximately 987 bits. 

(v) After notification by the dispatcher, the Wireless Location System monitors the 

bandwidth of the transmitted signal in the voice channel. As discussed earlier, when 

only the SAT is being transmitted, and even if voice and SAT are being transmitted, 

there may not be sufficient bandwidth in the transmitted signal to calculate a high 

quality location estimate. Therefore, the Wireless Location System conserves location 

processing resources and waits until the transmitted signal exceeds a predetermined 

bandwidth. This may be, for example, set somewhere in the range of 8 KHz to 12 

KHz. When the DTMF dialed digits are sent or when the bursty message is sent, the 

bandwidth would typically exceed the predetermined bandwidth. In fact, if the 

wireless transmitter does transmit the DTMF tones during dialing, the bandwidth 

would be expected to exceed the predetermined bandwidth multiple times. This would 

provide multiple opportunities to perform a location estimate. If the DTMF tones are 

not sent during dialing, the bursty message is still sent at the time of pressing 

"SEND", and the bandwidth would typically exceed the predetermined threshold. 

(vi) Only when the transmitted bandwidth of the signal exceeds the predetermined 

bandwidth, the Wireless Location System initiates location processing. 

Figure 1 OB is a flowchart of another method in accordance with the present invention for 

measuring location using reverse voice channel signals. The method comprises the following 

steps: 

(i) It is first assumed th.at a user with a wireless transmitter wishes to be located, or wishes 

to have their location updated or improved upon. This may be the case, for example, if 

the wireless user has dialed "911" and is seeking emergency assistance. It is assumed 
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that the user may not wish to dial digits or may not be able to dial any digits in 

accordance with the previous method. 

(ii) When the dispatcher desires a location update for a particular wireless transmitter 

user, the dispatcher sends a location update command to the Wireless Location 

System over an application interface with the identity of the wireless transmitter. 

(iii) The Wireless Lo_cation System responds to the dispatcher with a confirmation. 

(iv) The Wireless Location System commands the wireless communications system to 

make the wireless transmitter transmit by sending an "audit" or similar message to the 

wireless transmitter. The audit message is a mechanism by which the wireless 

communications system can obtain a response from the wireless transmitter without 

requiring an action by the end-user and without causing the wireless transmitter to 

ring or otherwise alert. The receipt of an audit message causes the wireless transmitter 

to respond with an "audit response" message on the voice cham1el. 

(v) After notification by the dispatcher, the Wireless Location System monitors the 

bandwidth of the transmitted signal in the voice channel. As discussed earlier, when 

only the SAT is being transmitted, and even if voice and SAT are being transmitted, 

there may not be sufficient bandwidth in the transmitted signal to calculate a high 

quality location estimate. Therefore, the radio location conserves location processing 

resources and waits until the transmitted signal exceeds a predetermined bandwidth. 

This may be, for example, set somewhere in the range of 8 KHz to 12 KHz. When the 

audit response message is sent, the bandwidth would typically exceed the 

predetermined bandwidth. 

(vi) Only when the transmitted bandwidth of the signal exceeds the predetermined 

bandwidth, the Wireless Location System initiates location processing. 

Estimate Combination Method For Improving Location Accuracy 

The accuracy of the location estimate provided by the Wireless Location System may be 

improved by combining multiple statistically-independent location estimates made while the 

wireless transmitter is maintaining its position. Even when a wireless transmitter is perfectly 

stationary, the physical and RF environment around a wireless transmitter is constantly 

changing. For example, vehicles may change their position or another wireless transmitter 
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which had caused a collision during one location estimate may have stopped transmitting or 

changed its position so as to no longer collide during subsequent location estimates. The 

location estimate provided by the Wireless Location System will therefore change for each 

transmission, even if consecutive transmissions are made within a very short period of time, 

and each location estimate is statistically independent of the other estimates, particularly with 

respect to the errors caused by the changing environment. 

When several consecutive statistically independent location estimates are made for a wireless 

transmitter that has not changed its position, the location estimates will tend to cluster about 

the true position. The Wireless Location System combines the location estimates using a 

weighted average or other similar mathematical construct to determine the improved 

estimate. The use of a weighted average is aided by the assignment of a quality factor to each 

independent location estimate. This quality factor may be based upon, for example, the 

correlation values, confidence interval, or other similar measurements derived from the 

location processing for each independent estimate. The Wireless Location System optionally 

uses several methods to obtain multiple independent transmissions from the wireless 

transmitter, including (i) using its interface to the wireless communications system for the 

Make Transmit command; (ii) using multiple consecutive bursts from a time slot based air 

interface protocol, such as TDMA or GSM; or (iii) dividing a voice channel transmission into 

multiple segments over a period of time and performing location processing independently 

for each segment. As the Wireless Location System increases the number of independent 

location estimates being combined into the final location estimate, it monitors a statistic 

indicating the quality of the cluster. If the statistic is below a prescribed threshold value, then 

the ·wireless Location System assumes that the wireless transmitter is maintaining its 

position. If the statistic rises above the prescribed threshold value, the Wireless Location 

System assume that the wireless transmitter is not maintaining its position and therefore 

ceases to perform additional location estimates. The statistic indicating the quality of the 

cluster may be, for example, a standard deviation calculation or a root mean square (RMS) 

calculation for the individual location estimates being combined together and with respect to 

the dynamically calculated combined location estimate. When reporting a location record to a 

requesting application, the Wireless Location System indicates, using a field in the location 
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record, the number of independent location estimate combined together to produce the 

reported location estimate. 

Another exemplary process for obtaining and combining multiple location estimates will now 

be explained with reference to Figures 1 lA-1 lD. Figures 1 lA, 1 lB and 11 C schematically 

depict the well-known "origination", "page response," and "audit" sequences of a wireless 

communications system. As shown in Figure 1 lA, the origination sequence (initiated by the 

wireless phone to make a call) may require two transmissions from the wireless transmitter, 

an "originate" signal and an "order confirmation" signal. The order confirmation signal is sent 

in response to a voice channel assignment from the wireless communications system ( e.g., 

MSC). Similarly, as shown in Figure 1 lB, a page sequence may involve two transmissions 

from the wireless transmitter. The page sequence is initiated by the wireless communications 

system, e.g., when the wireless transmitter is called by another phone. After being paged, the 

wireless transmitter transmits a page response; and then, after being assigned a voice channel, 

the wireless transmitter transmits an order confirmation signal. The audit process, in contrast, 

elicits a single reverse transmission, an audit response signal. An audit and audit response 

sequence has the benefit of not ringing the wireless transmitter which is responding. 

The manner in which these sequences may be used to locate a phone with improved accuracy 

will now be explained. According to the present invention, for example, a stolen phone, or a 

phone with a stolen serial number, is repeatedly pinged with an audit signal, which forces it 

to respond with multiple audit responses, thus permitting the phone to be located with greater 

accuracy. To use the audit sequence, however, the Wireless Location System sends the 

appropriate commands using its interface to the wireless communications system, which 

sends the audit message to the wireless transmitter. The Wireless Location System can also 

force a call termination (hang up) and then call the wireless transmitter back using the 

standard ANI code. The call can be terminated either by verbally instructing the mobile user 

to disconnect the call, by disconnecting the call at the landline end of the call, or by sending 

an artificial over-the-air disconnect message to the base station. This over-the-air disconnect 

message simulates the pressing of the "END" button on a mobile unit. The call-back invokes 
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the above-described paging sequence and forces the phone to initiate two transmissions that 

can be utilized to make location estimates. 

Referring now to Figure 1 lD, the inventive high accuracy location method will now be 

summarized. First, an initial location estimate is made. Next, the above-described audit or 

"hang up and call back" process is employed to elicit a responsive transmission from the 

mobile unit, and then a second location estimate is made. Whether the audit or "hang up and 

call back" process is used will depend on whether the wireless communications system and 

wireless transmitter have both implemented the audit functionality. Steps second and third 

steps are repeated to obtain however many independent location estimates are deemed to be 

necessary or desirable, and ultimately the multiple statistically-independent location estimates 

are combined in an average, weighted average, or similar mathematical construct to obtain an 

improved estimate. The use of a weighted average is aided by the assignment of a quality 

factor to each independent location estimate. This quality factor may be based upon a 

correlation percentage, confidence interval, or other similar measurements derived from the 

location calculation process. 

Bandwidth Synthesis Method For Improving Location Accuracy 

The Wireless Location System is further capable of improving the accuracy of location 

estimates for wireless transmitters whose bandwidth is relatively narrow using a technique of 

artificial bandwidth synthesis. This technique can applied, for example, to those transmitters 

that use the AMPS, NAMPS, TDMA, and GSM air interface protocols and for which there 

are a large number of individual RF channels available for use by the wireless transmitter. 

For exemplary purposes, the following description shall refer to AMPS-specific details; 

however, the description can be easily altered to apply to other protocols. This method relies 

on the principle that each wireless transmitter is operative to transmit only narrowband 

signals at frequencies spanning a predefined wide band of frequencies that is wider than the 

bandwidth of the individual narrowband signals transmitted by the wireless transmitter. This 

method also relies on the aforementioned interface between the Wireless Location System 

and the wireless communications system over which the WLS can command the wireless 

communications system to make a wireless transmitter handoff or switch to another 
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frequency or RF channel. By issuing a series of commands, the Wireless Location System 

can force the wireless transmitter to switch sequentially and in a controlled manner to a series 

of RF channels, allowing the WLS effectively to synthesize a wider band received signal 

from the series of narrowband transmitted signals for the purpose of location processing. 

In a presently preferred embodiment of the invention, the bandwidth synthesis means 

includes means for determining a wideband phase versus frequency characteristic of the 

transmissions from the wireless transmitter. For example, the narrowband signals typically 

have a bandwidth of approximately 20 KHz and the predefined wide band of frequencies 

spans approximately 12.5 MHz, which in this example, is the spectrum allocated to each 

cellular carrier by the FCC. With bandwidth synthesis, the resolution of the TDOA 

measurements can be increased to about 1/12.5 MHz; i.e., the available time resolution is the 

reciprocal of the effective bandwidth. 

A wireless transmitter, a calibration transmitter (if used), SCS's l0A, l0B and l0C, and a 

TLP 12 are shown in Figure 12A. The location of the calibration transmitter and all three 

SCS's are accurately known a priori. Signals, represented by dashed arrows in Figure 12A, 

are transmitted by the wireless transmitter and calibration transmitter, and received at SCS 's 

1 0A, 1 OB and 1 0C, and processed using techniques previously described. During the location 

processing, RF data from one SCS (e.g. l0B) is cross-correlated (in the time or frequency 

domain) with the data stream from another SCS ( e.g. 1 0C) separately for each transmitter and 

for each pair of SCS's 10 to generate TDOA estimates TDOA23 and TDOA13. An 

intermediate output of the location processing is a set of coefficients representing the 

complex cross-power as a function of frequency ( e.g., R23). 

For example, if X(f) is the Fourier transform of the signal x(t) received at a first site and Y(f) 

is the Fourier transform of the signal y(t) received at a second site, then the complex cross

power R(f)=X(f)Y*(f), wherein Y* is the complex conjugate ofY. The phase angle ofR(f) at 

any frequency f equals the phase ofX(f) minus the phase ofY(f). The phase angle ofR(f) 

may be called the fringe phase. In the absence of noise, interference, and other errors, the 

fringe phase is a perfectly linear function of frequency within a (contiguous) frequency band 
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observed; and slope of the line is minus the interferometric group delay, or TDOA; the 

intercept of the line at the band center frequency, equal to the average value of the phase of 

R(f), is called "the" fringe phase of the observation when reference is being made to the 

whole band. Within a band, the fringe phase may be considered to be a function of frequency. 

The coefficients obtained for the calibration transmitter are combined with those obtained for 

the wireless transmitter and the combinations are analyzed to obtain calibrated TDOA 

measurements TDOA23 and TDOA13, respectively. In the calibration process, the fringe phase 

of the calibration transmitter is subtracted from the fringe phase of the wireless transmitter in 

order to cancel systematic errors that are common to both. Since each original fringe phase is 

itself the difference between the phases of signals received at two SCS's 10, the calibration 

process is often called double-differencing and the calibrated result is said to be doubly

differenced. TDOA estimate T-ij is a maximum-likelihood estimate of the time difference of 

arrival (TDOA), between sites i andj, of the signal transmitted by the wireless transmitter, 

calibrated and also corrected for multipath propagation effects on the signals. TDOA 

estimates from different pairs of cell sites are combined to derive the location estimate. It is 

well known that more accurate TDOA estimates can be obtained by observing a wider 

bandwidth. It is generally not possible to increase the "instantaneous" bandwidth of the signal 

transmitted by a wireless transmitter, but it is possible to command a wireless transmitter to 

switch from one frequency channel to another so that, in a short time, a wide bandwidth can 

be observed. 

In a typical non-wireline cellular system, for exan1ple, channels 313-333 are control channels 

and the remaining 395 channels are voice channels. The center frequency of a wireless 

transmitter transmitting on voice RF channel number 1 (RVC 1) is 826.030 MHz and the 

center-to-center frequency spacing of successive channels of0.030 MHz. The number of 

voice channels assigned to each cell of a typical seven-cell frequency-reuse block is about 57 

(i.e., 395 divided by 7) and these channels are distributed throughout the 395-channel range, 

spaced every 7 channels. Note then that each cell site used in an AMPS system has channels 

that span the entire 12.5 MHz band allocated by the FCC. If, for example, we designate cells 

of each frequency set in a re-use pattern as cells "A" through "G", the channel numbers 
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assigned to the "A" cell(s) might be 1, 8, 15, 22, ... , 309; the numbers of the channels 

assigned to the "B" cells are determined by adding 1 to the "A" channel numbers; and so on 

throughG. 

The method begins when the wireless transmitter has been assigned to a voice RF channel, 

and the Wireless Location System has triggered location processing for the transmissions 

:from the wireless transmitter. As part of the location processing, the TDOA estimates 

TDOA13 and TDOA23 combined may have, for example, a standard deviation error of 0.5 

microsecond. The method combining measurements from different RF channels exploits the 

relation between TDOA, :fringe phase, and radio :frequency. Denote the "true" value of the 

group delay or TDOA, i.e., the value that would be observed in the absence of noise, 

multipath, and any instrumental error, by 't; similarly, denote the true value of :fringe phase by 

<j>; and denote the radio frequency by f. The :fringe phase q> is related to 't and fby: 

cj> =-fr+ n (Eq. 1) 

where <I> is measured in cycles, fin Hz and 't in seconds; and n is an integer representing the 

intrinsic integer-cycle ambiguity of a doubly-differenced phase measurement. The value of n 

is unknown a priori but is the same for observations at contiguous frequencies, i.e., within 

any one frequency channel. The value ofn is generally different for observations at separated 

:frequencies. 't can be estimated from_ observations in a single frequency channel is, in effect, 

by fitting a straight line to the fringe phase observed as a function of frequency within the 

channel. The slope of the best-fitting line equals minus the desired estimate of 't. In the 

single-cham1el case, n is constant and so Eq. 1 can be differentiated to obtain: 

d<jl/df= -'t (Eq. 2). 

Independent estimates of 'tare obtainable by straight-line fitting to the observations of <I> vs. f 

separately for each channel, but when two separate (non-contiguous) :frequency channels are 

observed, a single straight line will not generally fit the observations of <I> vs. f :from both 
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channels because, in general, the integer n has different values for the two channels. 

However, under certain conditions, it is possible to determine and remove the difference 

between these two integer values and then to fit a single straight line to the entire set of phase 

data spanning both channels. The slope of this straight line will be much better determined 

because it is based on a wider range of frequencies. Under certain conditions, the uncertainty 

of the slope estimate is inversely proportional to the frequency span. 

In this example, suppose that the wireless transmitter has been assigned to voice RF channel 

1. The radio frequency difference between channels 1 and 416 is so great that initially the 

difference between the integers n1 and 11416 corresponding to these channels cannot be 

determined. However, from the observations in either or both channels taken separately, an 

initial TDOA estimate -r0 can be derived. Now the Wireless Location System commands the 

wireless communications system to make the wireless transmitter to switch from channel 1 to 

channel 8. The wireless transmitter's signal is received in channel 8 and processed to update 

or refine the estimate -r0 . From -r0 , the "theoretical" fringe-phase <po as a function of frequency 

can be computed, equal to (-fro). The difference between the actually observed phase <J> and 

the theoretical function <po can be computed, wherein the actually observed phase equals the 

true phase within a very small fraction, typically 1150th, of a cycle: 

<!>-<l>o = -f (-r--ro) + 111 or ng, depending on the channel (Eq. 3) 

or 

A<j> = -Afc-111 or 118, depending on the channel (Eq. 4) 

where A<j> = <J>-<!>0 and A,:= 1:-1:0. Equation (4) is graphed in Figure 12B, depicting the 

difference, Aq>, between the observed fringe phase <j> and the value <J>o computed from the 

initial TDOA estimate -,:0, versus frequency ffor channels 1 and 8. 

For the 20 KHz-wide band of frequencies corresponding to channel 1, a graph of Aq> vs. fis 

typically a horizontal straight line. For the 20 KHz-wide band of frequencies corresponding 

to channel 8, the graph of A<J> vs. f is also horizontal straight line. The slopes of these line 
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segments are generally nearly zero because the quantity (fLh) usually does not vary by a 

significant fraction of a cycle within 20 KHz, because Lh is minus the error of the estimate 1:0• 

The magnitude of this error typically will not exceed 1.5 microseconds (3 times the standard 

deviation of0.5 microseconds in this example), and the product of 1.5 microseconds and 20 

KHz is under 4% of a cycle. In Figure 12B, the graph of Acp for channel I is displaced 

vertically from the graph of A<p for channel 8 by a relatively large an1ount because the 

difference between n 1 and 118 can be arbitrarily large. This vertical displacement, or difference 

between the average values of A<p for channels 1 and 8, will (with extremely high probability) 

be within ±0.3 cycle of the true value of the difference, n 1 and ng, because the product of the 

maximum likely magnitude of A.1: (1.5 microseconds) and the spacing of channels 1 and 8 

(210 KHz) is 0.315 cycle. In other words, the difference n 1 - 118 is equal to the difference 

between the average values of Acp for channels 1 and 8, rounded to the nearest integer. After 

the integer difference 111 - n 8 is determined by this rounding procedure, the integer A<p is 

added for channel 8 or subtracted from Aq> for channel 1. The difference between the average 

values of A<j> for channels 1 and 8 is generally equal to the error in the initial TDOA estimate, 

1:0, times 210 KHz. The difference between the average values of A<j> for channels 1 and 8 is 

divided by 210 KHz and the result is added to 1:0 to obtain an estimate of 1:, the true value of 

the TDOA; this new estimate can be significantly more accurate than 1:0• 

This frequency-stepping and TDOA-refining method can be extended to more widely spaced 

channels to obtain yet more accurate results. If 1:1 is used to represent the refined result 

obtained from channels 1 and 8, 'to can be replaced by 1:1 in the just-described method; and 

the Wireless Location System can command the wireless communications system to make the 

wireless transmitter switch, e.g., from channel 8 to channel 36; then 1:1 can be used to 

determine the integer difference ng - n36 and a TDOA estimate can be obtained based on the 

1.05 MHz frequency span between channels 1 and 36. The estimated can be labeled 1:2; and 

the wireless transmitter switched, e.g., from channel 36 to 112, and so on. In principle, the 

full range of frequencies allocated to the cellular carrier can be spanned. The channel 

numbers (1, 8, 36, 112) used in this example are, of course, arbitrary. The general principle is 

that an estimate of the TDOA based on a small frequency span ( starting with a single 
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channel) is used to resolve the integer ambiguity of the fringe phase difference between more 

widely separated frequencies. The latter frequency separation should not be too large; it is 

limited by the uncertainty of the prior estimate ofTDOA. In general, the worst-case error in 

the prior estimate multiplied by the frequency difference may not exceed 0.5 cycle. 

If the very smallest (e.g., 210 KHz) frequency gap between the most closely spaced channels 

allocated to a particular cell cannot be bridged because the worst-case uncertainty of the 

single-channel TDOA estimate exceeds 2.38 microseconds (equal to 0.5 cycle divided by 

0.210 MHz), the Wireless Location System commands the wireless communications system 

to force the wireless transmitter hand-off from one cell site to another ( e.g. from one 

frequency group to another), such that the frequency step is smaller. There is a possibility of 

misidentifying the integer difference between the phase differences (A<j>'s) for two channels, 

e.g., because the wireless transmitter moved during the handoff from one cham1el to the 

other. Therefore, as a check, the Wireless Location System may reverse each handoff ( e.g., 

after switching from channel 1 to channel 8, switch from channel 8 back to channel 1) and 

confirm that the integer-cycle difference determined has precisely the same magnitude and 

the opposite sign as for the "forward" hand-off A significantly nonzero velocity estimate 

from the single-channel FDOA observations can be used to extrapolate across the time 

interval involved in a channel change. Ordinarily this time interval can be held to a small 

fraction of 1 second. The FDOA estimation error multiplied by the time interval between 

channels must be small in comparison with 0.5 cycle. The Wireless Location System 

preferably employs a variety of redundancies and checks against integer-misidentification. 

Directed Retry for 911 

Another inventive aspect of the Wireless Location System relates to a "directed retry" 

method for use in connection with a dual-mode wireless communications system 

supporting at least a first modulation method and a second modulation method. In such 

a situation, the first and second modulation methods are assumed to be used on different 

RF channels (i.e. channels for the wireless communications system supporting a WLS 

and the PCS system, respectively). It is also assUilled that the wireless transmitter to be 

located is capable of supporting both modulation methods, i.e. is capable of dialing 
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"911" on the wireless communications system having Wireless Location System 

support. 

For example, the directed retry method could be used in a system in which there are an 

insufficient number of base stations to support a Wireless Location System, but which 

is operating in a region served by a Wireless Location System associated with another 

wireless communications system. The "first" wireless communications system could be 

a cellular telephone system and the "second" wireless communications system could be 

a PCS system operating within the same territory as the first system. According to the 

invention, when the mobile transmitter is currently using the second (PCS) modulation 

method and attempts to originate a call to 911, the mobile transmitter is caused to 

switch automatically to the first modulation method, and then to originate the call to 

911 using the first modulation method on one of the set of RF channels prescribed for 

use by the first wireless communications system. In this manner, location services can 

be provided to customers of a PCS or like system that does is not served by its own 

Wireless Location System. 

Modified Transmission Method for Improving Accuracy for E9-1- l Calls 

The accuracy of the location estimate of the Wireless Location System is dependent, in part, 

upon both the transmitted power of the wireless transmitter and the length in time of the 

transmission from the wireless transmitter. In general, higher power transmissions and 

transmissions of greater transmission length can be located with better accuracy by the 

Wireless Location System than lower power and shorter transmissions. These transmission 

characteristics of higher power and longer lengths are not attractive for wireless 

communications systems, however. Wireless communications systems generally limit the 

transmit power and transmission length of wireless transmitters in order to minimize 

interference within the communications system and to maximize the potential capacity of the 

system. The following method meets the conflicting needs of both systems by enabling the 

wireless co~unications system to minimize transmit power and length while enabling 

improved location accuracy for certain types of calls, such as wireless 9-1-1 calls. 
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The transmitted power and length of the transmission are typically controlled by the wireless 

communications system. That is, a wireless transmitter will receive parameters from the 

forward control channels of a base station in a wireless communications system, and the 

parameters will define power and transmission length for all phones and all wireless 

transmissions to that base station. By way of example, in an IS-136 (TDMA) type of system, 

the base station may set a parameter known as DMAC to 4, which defines the output power 

of a wireless transmitter's control channel transmission to be 8 dB less than full portable 

power, or approximately 100 mWatts. Further, the base station may set origination 

transmissions to have a length of2 bursts, or 13.4 milliseconds, by minimizing the number of 

fields included in the transmission. For improved accuracy, the Wireless Location System 

would prefer transmissions of greater power, 600 mW atts for example, and lengths of 3 or 

more bursts, which can be achieved by enabling fields such as "Authentication", "Serial 

Number", or "Mobile Assisted Channel Allocation Report". AMPS, CDMA, GSM, and 

iDEN systems similarly have parameters controlling transmissions within those networks. 

The following method can be used to improve the accuracy of specific types of calls from 

wireless transmitters, such as calls to "9-1-1". This might be important because, for example, 

particular types of calls might have greater accuracy requirements than other types of calls. 

Wireless calls to 9-1-1, for example, have very specific accuracy requirements defined by the 

Federal Communications Commission that may not apply to other types of calls. Therefore, 

this method is particularly inventive for wireless calls to 9-1-1 because in the United States, 

the FCC has mandated that "9-1-1" is the only number to call from wireless phones for 

emergencies. This mandated dialing sequence provides a consistent dialing sequence to use 

as a trigger for invoking this method for emergency calls. Previous~y, various states and cities 

had posted a wide variety of emergency numbers along highways. 

There are two parts to this method to improve accuracy (i) processing logic within the 

w~eless transmitter that detects one or more trigger events and causes a separate set of 

transmission parameters to be used, and (ii) processing logic with the Wireless Location 

System that detects the trigger event and processes the transmission using the different set of 

transmission parameters. 
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Within the wireless transmitter, the following steps are performed: 

a wireless transmitter listens to the forward control channels of a wireless communications system 

and receives the "normal" transmission parameters broadcast for use by all wireless 

transmitters; 

the user of a wireless transmitter initiates a call on the wireless transmitter by dialing a 

sequence of digits and pressing "SEND" or "YES"; 

the processor within the wireless tran$mitter compares the dialed sequence of digits with 

one or more trigger events stored within the wireless transmitter (in this example, the 

trigger event may be "9-1-1" and/or variations such as "*9-1-1" or "#9-1-1 "); 

if the dialed sequence of digits does not match the trigger event, then the wireless 

transmitter uses the normal transmission parameters in making the call; and 

if the dialed sequence of digits matches the trigger event, then the wireless transmitter 

uses a modified transmission sequence. 

The modified transmission sequence consists of one or more of the following steps: 

the wireless transmitter first examines the normal parameters broadcast on the forward 

channels by the base station to determine the normal power setting and normal fields 

to be included in the transmission; 

the wireless transmitter may increase its transmitted power by a predetermined amount 

over the power level setting in the normal parameters, up to the maximum power 

setting; 

the wireless transmitter may increase its transmitted power to the maximum power 

setting; 

the wireless transmitter may transmit an additional predete1mined number of access 

probes (in the case of certain air interfaces such as CDMA) even after the base station 

has acknowledged receipt of the access probes to the wireless transmitter; 

the wireless transmitter may include additional fields, such as "Authentication", "Serial 

Number", or "Mobile Assisted Channel Allocation Report" fields, in the transmitted 

message even if these fields are not requested in the normal parameters broadcast on 

the forward channels by the base station; 
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the wireless transmitter may follow a transmitted message with one or more repeated 

registration messages, where each registration message may be of the normal length 

determined from the transmission parameters broadcast on the forward channels by 

the base station, or may be modified to a longer length by including additional fields, 

such as "Authentication", "Serial Number", "Mobile Assisted Channel Allocation 

Report", or "Capability Report" fields; or 

the wireless transmitter may follow a transmitted message transmitted on a first one of a 

plurality of channels with one or more repeated registration messages transmitted on 

another second one of a plurality of channels, where each registration message may be 

of the normal length determined from the transmission parameters broadcast on the 

forward channels by the base station, or may be modified to a longer length by 

including additional fields, such as "Authentication", "Serial Number", "Mobile 

Assisted Channel Allocation Report", or "Capability Report" fields. 

In one of the steps in modified transmission sequence, the wireless transmitter may follow a 

transmitted message transmitted on a first one of a plurality of channels with one or more 

repeated registration messages transmitted on another second one of a plurality of channels. 

The purpose of this step is to provide the Wireless Location System with transmissions of 

both longer length and on different frequencies. By observing transmissions at different 

frequencies, the Wireless Location System can potentially improve its location processing by 

better mitigating multipath and reducing noise due to interference. In selecting another 

second one of a plurality of channels, the wireless transmitter may modify its channel 

selection process by: 

selecting another second channel in use by a second base station within listening range of 

the wireless transmitter and for which the wireless transmitter can receive the forward 

control channel broadcast by that second base station (the second base station may be 

the same as the first base station, or another sector of the first base station, or an 

entirely separate base station); or 

selecting another second channel for which the wireless transmitter can detect no forward 

control channel activity by any base station (in this case, the wireless transmitter will 
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transmit one or more registration messages without expecting any acknowledgement 

from the wireless communications system). 

In some wireless communication systems, transmitted messages may follow one of several 

message encryption schemes defined in protocols such as TDMA, CDMA, or GSM. These 

encryption schemes are designed, in part, to prevent systems other than base stations from 

correctly interpreting the content of the messages transmitted by wireless transmitters. As a 

further step in this method, and in addition to the steps detailed above, the wireless 

transmitter may optionally deactivate encryption when a trigger event occurs and for all 

messages transmitted as part of the modified transmission sequence. 

By using a trigger event as the only time in which the wireless transmitter modifies its 

transmission from the normal parameters broadcast by the base station, the wireless 

transmitter greater reduces the number of times in which the modified transmissions are used 

and therefore greater reduces the probability of increased interference to the wireless 

communications system caused by not using normal parameters. For example, this can be a 

significant advantage to increasing the location accuracy of 9-1-1 emergency calls, without 

measurable degradation to the remainder of a wireless network's call processing. While 

wireless 9-1-1 calls have great importance, the actual density of wireless 9-1-1 calls is very 

low when compared to all other calls in a wireless network. Across the U.S., there are an 

average of only 1.5 wireless 9-1-1 calls per cell site per day. Therefore, there is likely to be a 

very low incidence of interference to wireless networks caused by increased transmission 

power or transmission length during 9-1-1 calls. Even if an interference incident were caused 

by a phone using the methods of this invention, normal call processing within all existing air 

interface protocols provides for back-off and re-attempt by the phone receiving in the 

interference. Therefore, this method should never cause.non-emergency call attempts to fail. 

While the above method has been described for calls using the dialed digits "9-1-1" and 

variations, the method can be applied to other types of triggered events as well. Finally, the 

trigger events may be permanently stored in the wireless transmitter, programmed by the user 

into the wireless transmitter, or broadcast by the wireless communications system for receipt 

by all wireless transmitters. Further, the actions to be taken during the modified transmission 
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sequence may be permanently stored in the wireless transmitter, programmed by the user into 

the wireless transmitter, or broadcast by the wireless communications system for receipt by 

all wireless transmitters. 

The Wireless Location System is capable of independently demodulating transmissions on 

multiple channels, and can therefore detect and process for location purposes the entirety of 

all messages sent from the wireless transmitter, including all of the modified transmission 

sequences described above. In most, if not all, cases the base station will ignore additional 

fields sent in a message by the wireless transmitter. Further, the additional registration 

messages will also have no effect on call processing by the base station. Therefore, the 

additional actions described above will have the primary effect of aiding the Wireless 

Location System in improving the accuracy of the location estimate without degrading the 

performance of the wireless communications system. 

Conclusion 

The true scope the present invention is not limited to the presently preferred embodiments 

disclosed herein. For example, the foregoing disclosure of a presently preferred embodiment 

of a Wireless Location System uses explanatory terms, such as Signal Collection System 

(SCS), TDOA Location Processor (TLP), Applications Processor (AP), and the like, which 

should not be construed so as to limit the scope of protection of the following claims, or to 

otherwise imply that the inventive aspects of the Wireless Location System are limited to the 

particular methods and apparatus disclosed. Moreover, as will be understood by those skilled 

in the art, many of the inventive aspects disclosed herein may be applied in location systems 

that are not based on TDOA techniques. For example, the processes by which the Wireless 

Location System uses the Tasking List, etc. can be applied to non-TDOA systems. In such 

non-TDOA systems, the TLP's described above would not be required to perform TDOA 

calculations. Similarly, the invention is not limited to systems employing SCS's constructed 

as described above, nor to systems employing AP's meeting all of the particulars described 

above. The SCS's, TLP's and AP's are, in essence, programmable data collection and 

processing devices that could take a variety of fo1ms without departing from the inventive 

concepts disclosed herein. Given the rapidly declining cost of digital signal processing and 
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other processing :functions, it is easily possible, for example, to transfer the processing for a 

particular function from one of the functional elements (such as the TLP) described herein to 

another :functional element (such as the SCS or AP) without changing the inventive operation 

of the system. In many cases, the place of implementation (i.e. the :functional element) 

described herein is merely a designer's preference and not a hard requirement. Accordingly, 

except as they may be expressly so limited, the scope of protection of the following claims is 

not intended to be limited to the specific embodiments described above. 
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CLAIMS 

What is claimed is: 

1. A method for use in a Wireless Location System (WLS) in locating a mobile wireless 

transmitter, comprising the steps of: 

a) a wireless transmitter receives normal transmission parameters from a base station; 

b) the user of the wireless transmitter initiates a call on the wireless transmitter by 

dialing a sequence of digits and pressing "SEND" or "YES"; 

c) a processor within the wireless transmitter compares the dialed sequence of digits 

with one or more trigger events stored within the wireless transmitter; 

d) if the dialed sequence of digits does not match the trigger event, then the wireless 

transmitter uses the normal transmission parameters in making the call; and 

e) if the dialed sequence of digits matches the trigger event, then the wireless transmitter 

uses a modified transmission sequence. 

2. A method as recited in claim 1, wherein the modified transmission sequence comprises 

the wireless transmitter increasing its transmitted power by a predetennined amount over 

the power level setting in the normal parameters, up to a maximum power setting. 

3. A method as recited in claim 1, wherein the modified transmission sequence comprises 

the wireless transmitter increasing its transmitted power to the maximum power setting. 

4. A method as recited in claim 1, wherein the modified transmission sequence comprises 

the wireless transmitter transmitting an additional predetennined number of access probes 

even after the base station has acknowledged receipt of the access probes to the wireless 

transmitter. 

5. A method as recited in claim 1, wherein the modified transmission sequence comprises 

the wireless transmitter including additional fields in the transmitted message even if 

these fields are not requested in the normal parameters broadcast on forward channels by 

the base station. 
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6. A method as recited in claim 1, wherein the modified transmission sequence comprises 

the wireless transmitter following a transmitted message with one or more repeated 

registration messages. 

7. A method as recited in claim 1, wherein the modified transmission sequence comprises 

the wireless transmitter following a transmitted message transmitted on a firnt one of a 

plurality of channels with one or more repeated registration messages transmitted on 

another second one of a plurality of channels. 

8. A method as recited in claim 5, wherein the additional field is an Authentication field. 

9. A method as recited in claim 5, wherein the additional field is a Serial Number field. 

10. A method as recited in claim 5, wherein the additional field is a Mobile Assisted Channel 

Allocation Report field. 

11. A method as recited in claim 6, wherein the one or more repeated registration messages 

may be of the normal length determined from the transmission parameters broadcast on 

the forward channels by the base station. 

12. A method as recited in claim 6, wherein the one or more repeated registration messages 

may be modified to a longer length by including additional fields. 

13. A method as recited in claim 7, wherein the one or more repeated registration messages 

may be of the normal length determined from the transmission parameters broadcast on 

the forward channels by the base station. 

14. A method as recited in claim 7, wherein the one or more repeated registration messages 

may be modified to a longer length by including additional fields. 

15. A method as recited in claims 12 or 14, wherein the additional field is an Authentication 

field. 

16. A method as recited in claims 12 or 14, wherein the additional field is a Serial Number 

field. 

17. A method as recited in claims 12 or 14~ wherein the additional field is a Mobile Assisted 

Channel Allocation Report field. 
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18. A method as recited in claims 12 or 14, wherein the additional field is a Capability Report 

field. 

19. A method as recited in claim 7, wherein the second one of a plurality of channels is 

selected to be one in use by a second base station within listening range of the wireless 

transmitter and for which the wireless transmitter can receive the forward control channel 

broadcast by that second base station. 

20. A method as recited in claim 7, wherein the second one of a plurality of channels is 

selected to be one for which the wireless transmitter can detect no forward control 

channel activity by any base station. 

21. A method as recited in claim 19, wherein the second base station may be the same as the 

first base station, another sector of the first base station, or an entirely separate base 

station. 

22. A method as recited in claim 20, wherein the wireless transmitter will transmit the one or 

more registration messages without expecting any acknowledgement from the wireless 

communications system. 

23. A method as recited in claim 1, wherein the trigger events are permanently stored in the 

wireless transmitter. 

24. A method as recited in claim I, wherein the trigger events are programmed by the user 

into the wireless transmitter. 

25. A method as recited in claim 1, wherein the trigger events are broadcast by the wireless 

communications system for receipt by a plurality of wireless transmitters. 

26. A method as recited in claim 1, wherein the actions to be taken during the modified 

transmission sequence may be permanently stored in the wireless transmitter. 

27. A method as recited in claim 1, wherein the actions to be taken during the modified 

transmission sequence are programmed by the user into the wireless transmitter. 

28. A method as recited in claim 1, wherein the actions to be taken during the modified 

transmission sequence are broadcast by the wireless communications system for receipt 

by all wireless transmitters. 
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29. A method as recited in claim 1, wherein the trigger event includes the dialed digits "9-1-

1" and/or variations such as "*9-1-r' or "#9-1-1". 

30. A method as recited in claim 1, wherein the wireless transmitter deactivates encryption 

when a trigger event occurs. 

31. A method as recited in claim 1, wherein the wireless transmitter deactivates encryption 

for all messages transmitted as part of the modified transmission sequence. 

32. A wireless transmitter for use in a wireless communications system, capable of 

performing the following :functions: 

a) receiving normal transmission parameters from a base station; 

b) initiating a call when a user of the wireless transmitter dials a sequence of digits and 

presses "SEND" or "YES"; 

c) comparing the dialed sequence of digits with one or more trigger events stored within 

the wireless transmitter; 

d) using the normal transmission parameters in making the call if the dialed sequence of 

digits do not match the trigger event; and 

e) using a modified transmission sequence if the dialed sequence of digits matches the 

trigger event. 

33. A wireless transmitter as recited in claim 32, wherein the modified transmission sequence 

comprises the wireless transmitter increasing .its transmitted power by a predetermined 

amount over the power level setting in the normal parameters, up to a maximum power 

setting. 

34. A wireless transmitter as recited in claim 32, wherein the modified transmission sequence 

comprises the wireless transmitter increasing its transmitted power to the maximum 

power setting. 

35. A wireless transmitter as recited in claim 32, wherein the modified transmission sequence 

comprises the wireless transmitter transmitting an additional predetermined number 9f 

access probes even after the base station has acknowledged receipt of the access probes to 

the wireless transmitter. 
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36. A wireless transmitter as recited in claim 32, wherein the modified transmission sequence 

comprises the wireless transmitter including additional fields in the transmitted message 

even if these fields are not requested in the normal parameters broadcast on forward 

channels by the base station. 

37. A wireless transmitter as recited in claim 32, wherein the modified transmission sequence 

comprises the wireless transmitter following a transmitted message with one or more 

repeated registration messages. 

38. A wireless transmitter as recited in claim 32, wherein the modified transmission sequence 

comprises the wireless transmitter following a transmitted message transmitted on a first 

one of a plurality of channels with one or more repeated registration messages transmitted 

on another second one of a plurality of channels. 

39. A wireless transmitter as recited in claim 36, wherein the additional field is an 

Authentication field. 

40. A wireless transmitter as recited in claim 36, wherein the additional field is a Serial 

Number field. 

41. A wireless transmitter as recited in claim 36, wherein the additional field is a Mobile 

Assisted Channel Allocation Report field. 

42. A wireless transmitter as recited in claim 36, wherein the one or more repeated 

registration messages may be of the normal length determined from the transmission 

parameters broadcast on the forward channels by the base station. 

43. A wireless transmitter as recited in claim 37, wherein the one or more repeated 

registration messages may be modified to a longer length by including additional .fields. 

44. A wireless transmitter as recited in claim 3 8, wherein the one or more repeated 

registration messages may be of the normal length determined from the transmission 

parameters broadcast on the forward channels by the base station. 

45. A wireless transmitter as recited in claitp. 38, wherein the one or more repeated 

registration messages may be modified to a longer length by including additional fields. 
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46. A wireless transmitter as recited in claims 43 or 45, wherein the additional field is an 

Authentication field. 

47. A wireless transmitter as recited in claims 43 or 45, wherein the additional field is a Serial 

Number field. 

48. A wireless transmitter as recited in claims 43 or 45, wherein the additional field is a 

Mobile Assisted Channel Allocation Report field. 

49. A wireless transmitter as recited in claims 43 or 45, wherein the additional field is a 

Capability Report field. 

50. A wireless transmitter as recited in claim 38, wherein the second one of a plurality of 

channels is selected to be one in use by a second base station within listening range of the 

wireless transmitter and for which the wireless transmitter can receive the forward control 

channel broadcast by that second base station. 

51. A wireless transmitter as recited in claim 38, wherein the second one of a plurality of 

channels is selected to be one for which the wireless transmitter can detect no forward 

control channel activity by any base station. 

52. A wireless transmitter as recited in claim 50, wherein the second base station may be the 

same as'the first base station; another sector of the first base station, or an entirely 

separate base station. 

53. A wireless transmitter as recited in claim 51, wherein the wireless transmitter will 

transmit the one or more registration messages without expecting any aclmowledgement 

from the wireless communications system. 

54. A wireless transmitter as recited in claim 32, wherein the trigger events are permanently 

stored in the wireless transmitter. 

55. A wireless transmitter as recited in claim 32, wherein the trigger events are programmed 

by the user into the wireless transmitter. 

56. A wireless transmitter as recited in claim 32, wherein the trigger events are broadcast by 

the wireless communications system for receipt by a plurality of wireless transmitters. 
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57. A wireless transmitter as recited in claim 32, wherein the actions to be taken during the 

modified transmission sequence may be permanently stored in the wireless transmitter. 

58. A wireless transmitter as recited in claim 32, wherein the actions to be taken during the 

modified transmission sequence are programmed by the user into the wireless transmitter. 

59. A wireless transmitter as recited in claim 32, wherein the actions to be taken during the 

modified transmission sequence are broadcast by the wireless communications system for 

receipt by all wireless transmitters. 

60. A wireless transmitter as recited in claim 32, wherein the trigger event includes the dialed 

digits "9-1-1" and/or variations such as "*9-1-1" or "#9-1-1". 

61. A Wireless Location System capable of locating a wireless transmitter using a modified 

transmission sequence, wherein the modified transmission sequence comprises a message 

sent from the wireless transmitter using transmission parameters different from the 

normal transmission parameters broadcast on the forward control channel by the base 

stations in a wireless communications system. 



WO 01/76093 
126 

AMENDED CLAIMS 

PCT/US0l/09078 

[received by the International Bureau on 24 July 2001 (24.07.01); 
original claims 29, 60 and 61 amended; new claims 62-83 added; 

remaining claims unchanged (5 pages)] 

29. A method as recited in claim 1, wherein the trigger event includes the dialed digits "9-1-

1" and/or variations such as "*9-1-1" or "#9-1-1", or international equivalents thereof 

30. A method as recited in claim 1, wherein the wireless transmitter deactivates encryption 

when a trigger event occurs. 

31. A method as recited in claim 1, wherein the wireless transmitter deactivates encryption 

for all messages transmitted as part of the modified transmission sequence. 

32. A wireless transmitter for use in a wireless communications system, capable of . 

performing the following functions: 

a) receiving normal transmission parameters from a base station; 

b) initiating a call when a user of the wireless transmitter dials a sequence of digits and 

presses "SEND" or "YES"; 

c) comparing the dialed sequence of digits with one or more trigger events stored within 

the wireless transmitter; 

d) using the normal transmission parameters in making the call if the dialed sequence of 

digits do not match the trigger event; and 

e) using a modified transmission sequence if the dialed sequence of digits matches the 

trigger event. 

33. A wireless transmitter as recited in claim 32, wherein the modified transmission sequence 

comprises the wireless transmitter increasing its transmitted power by a predetermined 

amount over the power level setting in the normal parameters, up to a maximum power 

setting. 

34. A wireless transmitter as recited in claim 32, wherein the modified transmission sequence 

comprises the wireless transmitter increasing its transmitted power to the maximum 

power setting. 

35. A wireless transmitter as recited in claim 32, wherein the modified transmission sequence 

comprises the wireless transmitter transmitting an additional predetermined number of 

access probes even after the base station has acknowledged receipt of the access probes to 

the wireless transmitter. 

AMENDED SHEET (ARTICLE 19) 
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57. A wireless transmitter as recited in claim 32, wherein the actions to be taken during the 

modified transmission sequence may be permanently stored in the wireless transmitter. 

58. A wireless transmitter as recited in claim 32, wherein the actions to be taken during the 

modified transmission sequence are programmed by the user into the wireless transmitter. 

59. A wireless transmitter as recited in claim 32, wherein the actions to be taken during the 

modified transmission sequence are broadcast by the wireless communications system for 

receipt by all wireless transmitters. 

60. A wireless transmitter as recited in claim 32, wherein the trigger event includes the dialed 

digits "9-1-1" and/or variations such as "*9-1-1" or "#9-1-1 ", or international equivalents 

thereof. 

61. A wireless transmitter adapted to transmit a modified transmission sequence to facilitate 

location by a Wireless Location System, wherein the modified transmission sequence 

comprises a message sent from the wireless transmitter using transmission parameters 

different from the normal transmission parameters broadcast on a forward control channel 

by base stations in a wireless communications system. 
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62. A wireless transmitter as recited in claim 61, wherein the wireless transmitter is 

programmed to perform the following functions: 

receiving the normal transmission parameters from a base station; 

initiating a call when a user of the wireless transmitter dials a sequence of digits and 

presses a predefined button; 

comparing the dialed sequence of digits with one or more trigger events stored 

within the wireless transmitter; 

using the normal transmission parameters in making the call if the dialed sequence 

of digits do not match the trigger event; and 

using the modified transmission sequence if the dialed sequence of digits matches 

the trigger event. 

63. A wireless transmitter as recited in claim 61, wherein the modified transmission sequence 

comprises the wireless transmitter increasing its transmitted power by a predetermined 

amount over the power level setting in the normal parameters, up to a maximum power 

setting. 

64. A wireless transmitter as recited in claim 63, wherein the modified transmission sequence 

comprises the wireless transmitter increasing its transmitted power to the maximum 

power setting. 

65. A wireless transmitter as recited in claim 61, wherein the modified transmission sequence 

comprises the wireless transmitter transmitting an additional predetermined number of 

access probes after the base station has acknowledged receipt of the access probes to the 

wireless transmitter. 

66. A wireless transmitter as recited in claim 61, wherein the modified transmission sequence 

comprises the wireless transmitter including at least one additional field in the transmitted 

message even if the additional field is not requested in the normal parameters broadcast 

on forward channels by the base station. 

67. A wireless transmitter as recited in claim 61, wherein the modified transmission sequence 

comprises the wireless transmitter following a transmitted message with one or more 

repeated registration messages. 

68. A wireless transmitter as recited in claim 61, wherein the modified transmission sequence 

comprises the wireless transmitter following a transmitted message transmitted on a first 

one of a plurality of channels with one or more repeated registration messages transmitted 

on a second one of the plurality of channels. 
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69. A wireless transmitter as recited in claim 66, wherein the additional field is an 

Authentication field. 

70. A wireless transmitter as recited in claim 66, wherein the additional field is a Serial 

Number field. 

71. A wireless transmitter as recited in claim 66, wherein the additional field is a Mobile 

Assisted Channel Allocation Report field. 

72. A wireless transmitter as recited in claim 68, wherein the one or more repeated 

registration messages are of the normal length determined from the transmission 

parameters broadcast on the forward channels by the base station. 

73. A wireless transmitter as recited in claim 68, wherein the one or more repeated 

registration messages are modified to a longer length by including additional fields. 

74. A wireless transmitter as recited in claim 68, wherein the one or more repeated 

registration messages are of the normal length determined from the transmission 

parameters broadcast on the forward channels by the base station. 

75. A wireless transmitter as recited in claim 68, wherein the second one of a plurality of 

channels is selected to be one in use by a second base station within listening range of the 

wireless transmitter and for which the wireless transmitter can receive the forward control 

channel broadcast by that second base station. 

76. A wireless transmitter as recited in claim 68, wherein the second one of a plurality of 

channels is selected to be one for which the wireless transmitter can detect no forw~d 

control channel activity by any base station. 

77. A wireless transmitter as recited in claim 61, wherein the trigger events are permanently 

stored in the wireless transmitter. 

78. A wireless transmitter as recited in claim 61, wherein the trigger events are programmed 

by the user into the wireless transmitter. 

79. A wireless transmitter as recited in claim 61, wherein the trigger events are broadcast by a 

wireless communications system for receipt by a plurality of wireless transmitters. 

80. A wireless transmitter as recited in claim 61, wherein the actions to be taken during the 

modified transmission sequence are preprogrammed and permanently stored in the 

wireless transmitter. 

81. A wireless transmitter as recited in claim 61, wherein the actions to be taken during the 

modified transmission sequence are programmed by the user into the wireless transmitter. 
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82. A wireless transmitter as recited in claim 61, wherein the actions to be taken during the 

modified transmission sequence are broadcast by the wireless communications system for 

receipt by all wireless transmitters. 

83. A wireless transmitter as recited in claim 61, wherein the trigger event includes the dialed 

digits "9-1-1", or international equivalents thereof. 
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LOCATION-BASED ADAPTIVE RADIO CONTROL 

Background of the Invention 
This invention pertains to radios. 
Two-way radios have a number of operating 

parameters including, but not limited to, transmitting 
power, operating frequencies (channel), operating band, 
modulation type, modulation index, frequency deviation, 
squelch setting, channel spacing, control channel (for 
trunked communications), noise blanker characteristic, 
and receive bandwidth. Of these parameters, some are 
fixed, while others may be, to some degree, variable. 
One example of a parameter which is usually, but not 
always, fixed is the modulation type, such as FM or AM. 
One example of a parameter which is usually, but not 
always, variable is the operating frequency or 
frequencies (channel). 

At a given time, it may be desirable to adjust 
the operating parameters in response to the current 
operating environment to obtain optimum performance. For 
example, it may be desirable to minimize interference to 
other users. 

A significant factor in determining the current 
optimum operating parameters is the geographic location 
of the radio. As an example, a particular radio 
operating in a densely-populated area, such as downtown 
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Los Angeles, Ca1ifornia must contend with, among other 
factors, a relatively large number of other radios using 
the same. frequency spectrum. As a result, the available 
frequencies (channels) may be limited. Also, the radio 
must limit its transmitting power to avoid interfering 
with neighboring users. On the other hand, if this 
identical radio were located in the middle of a 
sparsely-populated area, such as Death Valley, 
California, it would contend with few (if any) other 
radios using the same frequency spectrum. As a result, 
more channels are available and the transmitting power 
may be increased to achieve greater range without 
interfering with neighboring users. 

For radios which are fixed in location, that is, 
non-mobile, usually there are few parameters, if any, 
which need to be varied during day-to-day operation. This 
is because the operating environment is relatively 
constant for the radio which is due, to a large extent, 
to the fact that the location of the radio is fixed. 

For radios whose location is not fixed (that is, 
mobile), on the other hand, it is desirable for operating 
parameters to be adjusted whenever a change in the 
location of the radio causes the operating environment to 
change. For example, using our above example, if a 
mobile radio initially selects an operating frequency 
band and transmit power while it is located in downtown 
Los Angeles, the radio may need to periodically adjust 
(change) these frequency band and power settings as its 
location constantly changes during the course of its 
journey from the downtown area to a final destination of 
Death Valley. Moreover, it also may be advantageous to 
change other operating parameters during the course of 
such a journey. 

Another situation where a mobile radio might need 
to adjust operating parameters based on its location 
arises in trunked radio systems. In such systems, many 
subscriber units share a fixed (and typically smaller) 
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number of communication channels. In such systems, a 
common control station uses a control channel to allocate 
the shared channels amongst the subscriber units. When a 
subscriber wishes to place a call, it first tunes to the 
control channel and transmits a channel request message 
to the control station. Upon receipt of this message 
(and assuming an idle channel is available) the control 
station reserves, or assigns, an idle channel for the 
call. The control station then transmits the channel 
assignment information to the requesting subscriber via 
the control channel. Upon receipt of this channel 
assignment message, the requesting subscriber unit tunes 
to the assigned channel and proceeds to place its call. 

A possible scenario which might arise in such 
trunked systems is a mobile subscriber unit which travels 
in geographic region A served by trunked system A with 
associated control channel A, and which mobile subscriber 
unit also travels in region B served by trunked system B 
with associated control channel B. With present trunked 
radio systems, no convenient mechanism exists to allow 
the subscriber unit to easily and readily change from one 
trunked system to another when travelling in this way. 

In general, then, it is desirable for a mobile 
radio to have the ability to change operating parameters 
based on its current location. Given this fact, the 
question arises of how to effect the desired changes in 
the operating parameters. While it is obvious the human 
operator could manually adjust the operating parameters 
to obtain optimum performance, this could also prove to 
be risky. This is because, due to human error, the 
operator may be mistaken as to either the present 
location of the radio, or the current optimum operating 
parameters for the present location of the radio, or 
both. 



WO90/04293 PCT /US89/03452 

5 

10 

15 

20 

25 

30 

35 

- 4 

Summary of the Invention 

Therefore, it is an object of the present 
invention to vary one or more operating parameters of a 
mobile radio automatically, and without human 
intervention, based on the location of the radio. 
According to the invention, a method is provided, and an 
apparatus described, whereby one or more operating 
parameters of a mobile radio may be varied automatically, 
and without human intervention, based on the location of 
the radio. 

Brief Description of the Drawings 

Fig. 1 depicts the location-based adaptive radio 
control arrangement. 

Fig. 2 depicts a flow diagram illustrating the 
steps of the invention. 

Detailed Description of the Invention 

The invention may be used with any location 
determining device or system (101), such as LORAN, 
satellite global positioning systems, or dead reckoning, 
and with any mobile radio having adjustable operating 
parameters. such location determining systems are well 
understood and need not be described here in any further 
detail.. (In the context of this invention, "mobile" 
refers to a non-fixed location radio, and includes both 
vehicle mounted and personally carried radios.) 

The invention (100) is shown in Fig. 1. 
Switch 1 (102) is arranged to select the 

operating frequency band of the radio. When switch 1 is 
in position designated "A", the radio operates on the 800 
MHz band (103). When switch 1 is in the position 
designated "B", the radio operates on the 30 MHz band 
( 104) • 
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♦ switch 2 (105) is arranged to select the output 
power level of the transmitter. -When switch 2 is in the 
position designated "A", the output power is 10 Watts 
(106). When switch 2 is in the position designated "B", 
the output power is 100 Watts (107). 

Switch 3 (108) is arranged to select the control 
channel of the radio. When switch 3 is in the position 
designated "A", the control channel selected is channel A 
(l.09). When switch 3 is in position designated "B", the 
control channel selected is channel B (110). 

The mobile radio (120) is equipped with a 
location determining device (101) which, in turn, is 
arranged to control the position of switch 1 (102), 
switch 2 (105), and switch 3 (108). In this embodiment, 
the location determining device (101) is capable of 
determining whether the radio is located in location A 
{the urban area) or location B {the rural _area). 

When the location determining device (101) 
determines the radio is located in location A, it causes 
switch 1 (102) to reside in position "A", thereby causing 

20 the radio to operate on the 800 MHz band. Also when the 
location determining device {101') determines the radic;:, is 
located in location A, it causes switch 2 (105) to reside 
in position "A", thereby causing the radio to transmit at 

25 

30 

35 

10 Watts power output. Finally, when the location 
determining device (101) determines the radio is located 
in location A, it causes switch 3 (108) to also reside in 
position "A", thereby causing the radio to use channel A 
as a control channel. 

When the location determining device (101) 
determines the radio is located in location B, it causes 
switch 1 {102) to reside in position "B", thereby causing 
the radio to operate on the 30 MHz band. Also when the 
location determining device (101) determines the radio is 
located in location B, it causes switch 2 (105) to reside 
in position "B", thereby causing the radio to transmit at 
100 watts power output. Finally, when the location 
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determining device (101) determines the radio is located 
in location B, it cause• switch 3 (l.08) to reside in 
position "B", thereby causing the radio to use channel :e 
as a control channel. 

Pig. 2 ■hows the r10w diagram (200) of the steps 
of the invention. 

The proceas ■tarts with the radio determining its 
1ocation (201). ~f the radio determines it is located in 
a first predetermined location, such as location A (tha 
urban area), the radio operates on the soo MHz ban4 
(202), adjuats the transmitter to 10 watts of output 
power (203), and uses channel A as a control channel 
(204). The radio then returns (220) to its initial 
determining step (201), and makes a new determination of 
its location. 

rn this embodiment, if the radio determines it is 
1ocated in iocation B (the rural. area), the radio 
operates on the 30 MHz ~and (212), adjusts its 
transmitter to 100 watts of output power (213), and uses 
channel Bas a control channel (214). The radio then 

20 returns (220} to its initial determining step (201), and 
makes a new determination of its location. -

What is claimed is: 

25 

30 

35 
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CLAIMS: 

1. A method for adjusting a radio comprising the steps of: 

in said radio: 

5 (a) determining said radio's location; and, 

(b) responsive to said determination, automatically 

adjusting at least one variable operating parameter. 
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2. A method for adjusting a radio, comprising the steps of: 

in said radio: 

(a) determining when said radio is located within a 

predetermined region; and, 

5 (b) responsive to said determination, automatically 

adjusting at least one variable operating parameter. 
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3. A method for adjusting a radio, comprising the steps of: 

in said radio: 

(a) determining which of several predetermined 

regions said radio is located within; and, 

(b) -responsive to said determination, automatically 

adjusting at least one variable operating parameter. 
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4. A method for adjusting a radio, comprising the steps of: 

(a) determining said radio's distance from at least one 

predetermined fixed point; and, 

(b) responsive to said determination, automatically 

5 adjusting at least one variable operating parameter. 
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5. A radio having adjusting means, said adjusting means 

comprising: 

means for determining said radio's location; and, 

means responsive to said determining means for 

5 automatically adjusting at least one variable operating 

parameter. 
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6. A radio having adjusting means, said adjusting means 

comprising: 

means for determining when said radio is located within 

a predetermined region; and~ 

means responsive to said determining means for 

automatically adjusting at least one variable operating 

parameter. 
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7. A radio having adjusting means, said adjusting means 

comprising: 

means for determining which of several predetermined 

regions said mobile radio is located within; and, 

5 means responsive to said determining means for 

automatically adjusting at least one variable operating 

parameter. 
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8. A radio having adjusting means, said adjusting means 

comprising: 

means for determining said radio's distance from at least 

one predetermined fixed point; and, 

5 means responsive to said determining means for 

automatically adjusting at least one variable operating 

parameter. 
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Error Recording Method and Apparatus 

Field of the Invention 

This invention relates generally to data acquisition and more 

specifically to a method of ·and and an apparatus for data 

acquisition for use in diagnostics of mobile and portable 

radiotelephone equipment. 

Background of the Invention 

As electronic systems increase in complexity, they become 

more difficult for technicians to detect the cause of problems 

15 which may occur in the system. Therefore, there is a need for a 

comprehensive diagnostic system which includes a built-in error 

recording method and apparatus to assist the technicians in 

discovering problems. 
Electronic systems typically contain a limited amount of 

20 diagnostic capability. There are two basic types of diagnostic 

systems. The first type of system has a large number of sensors in 

the system and can record a large amount of useful information, 

however, this system is usually external to the operational 

electronic system and only operates in the lab. It is very useful in 

2 5 making intelligent diagnoses of problems which occur in the 
testing environment. However, not all field problems can be 

reproduced in a testing environment, therefore, this system can not 

diagnose all of the problems which may exist. 

The second type of diagnostic system is operable in the field. 

3 0 This system records only a limited amount of information, such as 

the latest type of error coded as a particular error code number. 

When the electronic system is returned to the laboratory because 

of a problem, the technician can access this error code. In a 

complex electronic system this error code, representing the latest 

3 5 type of error in time, is not always representative of the problem 

which had been occurring in the field. The technician has no way of 
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knowing if this is the true problem and often spends hours tracking 
an incorrect problem. 

Although these two diagnostic systems are well suited for 
their applications, when a complicated electronic system is 

5 returned to a technician frequently there is no communication 
between the user of the electronic system and the technician in the 
lab as to the problem which is occurring. This can be caused by 
language barriers as well as dista~ce between the user and the 
technician. Therefore, there is a need for a comprehensible 

1 O technique of automatically recording errors in the field so that the 
a technician can make a intelligent diagnosis of the problems 
which exist. 

1 5 Summary of the Invention 

The present invention encompasses a method of recording an 
error event having one of a plurality of error types, in response to 
a trigger derived from the error event. A numeric error code 

2 O related to the error type is determined and in response to the 
trigger, a memory location correlated to the numeric error code is 
calculated. A counter value which represents the number of times 
the error type has occurred is incremented in response to the step 
of determining the numeric error code. A time related to the error 

2 5 event is marked. The counter value and the time is then stored in 
the memory location. 

In one aspect the invention provides a method of recording an 
error event having one of a plurality of error types, in response to 
a trigger derived from the error event, the method comprising the 

30 steps of: 
determining a numeric error code related to the error type; 
calculating, in response to the trigger, a memory location 

correlated to said numeric error code; 
incrementing a counter value which represents the number of 

3 5 times the error type has occurred and in response to said step of 
determining said numeric error code; 

marking a time related to the error event; and 
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storing said counter value and said time in said calculated 
memory location. 

In another aspect, the invention provides a radiotelephone 
having a power amplifier, a non-volatile memory, a data output 
port and a microprocessor and an error event recorder responsive 
to a trigger derived from an error event having a plurality of error 
types, and including: 

means for turning off, in response to the trigger, the power 
amplifier; 

means for determining a numeric error code related to the 
error type; 

means for multiplying said numeric error code by a first 
predetermined numeric value; and 

means for adding a second predetermined numeric value to a 
result of said step of multiplying, thereby deriving a first location 
in the non-volatile memory. 

means for incrementing a counter value which represents the 
number of times the error type has occurred and in response to said 

step of determing said numeric error code; 
means for marking a time related to the error event; and 
means for storing said counter value and said time in said 

first location in the non-volatile memory. 

Brief Description of the Drawings 

FIG. 1 is a block diagram of a radio frequency data 
transmission system which may utilize the current invention. 

FIG. 2 is the format of data acquisition. 
FIG. 3 is the process flow chart of acquiring and storing the 

30 data. 

Description of a Preferred Embodiment 

A radio telephone system conveying signals between a fixed 
3 5 site transceiver 101 and a portable transceiver 103 is shown in 

FIG. 1. The portable transceiver 103 is contained in a portable 
radiotelephone, such as model number TZ803 available from 
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Motorola; Inc.. The portable radiotelephone includes a logic section 
105, a main microprocessor 109, a memory block 107 and killer 
input and output (KIO) controller 111, such as model number 
Z84C9008VEC available from Zilog. 

5 The portable transceiver 103 is responsible for receiving and 
transmitting the signals between the fixed site transceiver 101 
and the portable radiotelephone. The receiver 117 receives the 
signals from the fixed site transceiver 101 and distributes the 
received signals to the logic section 105. The main 

1 0 microprocessor 109 sends signals via the KIO controller 111 to the 
power amplifier 113, the power amplifier 113 amplifies the 
signals allowing the transmitter 115 to transmit to the fixed site 
transceiver 101. 

The main microprocessor 109 is responsible for controlling 
15 the data paths of the receive signals and monitoring the portable 

radiotelephone for errors. Upon receiving signals from the 
transceiver 103, the KIO controller 111 transmits the received 
signals to the logic section 105. Within the logic section 105 a 
standard cell application specific integrated circuit (ASIC} 125 

20 controls the voice and data parameters and also contains digital to 
analog converters and analog to digital converters for control 
signals to and from the power amplifier 113. The receive 
microprocessor 127, such as a model number 6805 available from 
Motorola, Inc., detects the received voice signals and data signals, 

2 5 transmitting the voice signals to the optional voice processor 123 
and the data signals to the main processor 109. The optional voice 
processor interface block 123 is responsible for scrambling and 
unscrambling the voice signals for privacy. Then the voice signals 
are transferred to the handset interface 121 . The handset 

3 0 interface 121 transfers the voice signals to the user of the 
portable radiotelephone. The handset interface 121 also receives 
voice signals from the user. This voice signals are transferred to 
the optional voice processor 123 for scrambling. These signals are 
transferred into the standard cell ASIC 125 which converts the 

3 5 voice signals to analog signals. The analog signals are sent back to 
the power amplifier 113 and the transmitter 115 for transmission 
back to the fixed site transceiver 101. 
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In the memory block 107 there is an EPROM 131 which 

contains call processing and error monitoring software. The error 

monitoring software is used by the main processor 109 to monitor 

the conditions and check for errors of the memory block 107, the 

5 logic section 105, the portable transceiver 103, the parallel and 

serial ports, the counters and the timers contained in the KIO 111. 

Upon finding an occurrence of an error event the monitoring 
software jumps to an error recording routine and stores the errors 

in the non-volatile memory 133 according to the method included 

1 O in the invention . 
The error recording routine stores related information in the 

non-volatile memory 133 according to the form described in FIG. 2. 

In the preferred embodiment, there are fifty-six error types which 

are checked by the monitoring software. Each error type has a 

1 5 distinct address location in the non-volatile memory 133. At each 

distinct location there are four bytes of information stored. The 

first byte 201 contains an 8 bit counter which represents the 

number of occurrences of this type of error up to a value of two

hundred-fifty-five occurrences. The next three bytes of 

2 O information 203, 205, 207 contain a time stamp representing the 

time at which the last error type has occurred. The binary numbers 

stored in these three bytes 203, 205, 207 represent the number of 

minutes of operation of the portable radiotelephone since its 

release from the factory. The third byte 207 contains the most 

2 5 significant byte and the first byte 203 contains the least 

significant byte. 
FIG. 3 is a process flow chart of the error recording routine 

which is activated after an error event has been found by the main 

monitoring routine. The first step of the routine 303 turns off the 

3 0 power amplifier to eliminate any possibility of undesired or 

improper transmissions. The second step 305 determines a 

numeric error code related to the error type. Next, the error code 

is written out serially to a data line which can be externally 

monitored at 307. This is done for testing purposes in the lab 

3 5 when the non-volatile memory 133 is not operational. Next, in 

block 309 the non-volatile memory 133 is checked to see if it is 

operational. If the non-volatile memory 133 is not operational 
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then the radiotelephone is reset at 331 and the process is stopped 
at 335. If the non-volatile memory 133 is operational an address 
correlated to the error code is created for a location in the non
volatile memory 133. The first step in creating this address is to 

5 multiply the numeric error code by four at 311. The next step is to 
add the base address of 8949 to the result of the previous 
multiplication at 313. This multiplication and addition forms the 
non-volatile memory location address. Next, the value of the 
counter in byte 201 is compared to two-hundred-fifty-five at 315. 

1 O This comparison is done to avoid incrementing the counter in byte 
201 to zero, since two-hundred-fifty-five is the highest value 
which an eight bit counter can count. If the counter of byte 201 is 
equal to two-hundred-fifty-five, then the counter value is not 
changed. If the counter value is less than two-hundred-fifty-five, 

1 5 then it is incremented by one at 317. The counter value represents 
the number of times the error type determined at 305 has occurred. 
The time at which the error event occurred is marked at 321. Both 
the counter value and the marked time of the error are stored in 
the calculated memory location at 323. The numeric error code is 

20 stored in a second memory location which contains the latest error 
type at 325. Next, the type of error is assigned a magnitude at 327 
by using the numeric error code as a pointer in a look-up table 
which contains the appropriate magnitude for the error. Then, the 
magnitude is compared at 329 to the number two. If the magnitude 

2 5 is less than two, the error is considered non-fatal and the program 
jumps to the main monitoring program and the operation of the 
radiotelephone is uninterrupted at 333. If the magnitude of the 
error is determined to be greater than two, the error is considered 
fatal and the entire radiotelephone is reset at 331. 

3 0 The fifty-six addresses which are correlated to the error 
code form a table in the non-volatile memory 133. This table of 
the errors, containing the error type, the most current time of an 
occurence of the error type, and the number of occurrences of this 
error type, is available through the handset interface 121. 
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Claims 

1. A method of recording an error event having one of a plurality 
5 of error types, in response to a trigger derived from the error 

event, the method comprising the steps of: 
determining a numeric error code related to the error type; 
calculating, in response to the trigger, a memory location 

correlated to said numeric error code; 
1 0 incrementing a counter value which represents the number of 

times the error type has occurred and in response to said step of 
determining said numeric error code; 

marking a time related to the error event; and 
storing said counter value and said time in said calculated 

1 5 memory location. 

20 

2. A method of recording an error event in accordance with 
claim 1 further comprising the step of storing the error type in a 
second memory location. 

3. A method of recording an error event in accordance with 
claim 1 further comprising the steps of: 

assigning, in response to said step of storing, a magnitude to 
said error type; and 

25 selecting a reset if said magnitude of said error type exceeds 
a predetermined magnitude. 

4. A method of recording an error event in accordance with 
claim 3 further comprising the step of returning to a main program 

3 O if said predetermined magnitude exceeds said magnitude of said 
error type. 

5. A method of recording an error event as claimed in any 
precedi'ng clair:n, in a: radiotelephone having a power amplifier, a 

3 5 non-volatile memory, a data output port and a microprocessor, in 
response to a trigger derived from the error event, the method 
comprising: 
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turning off, in response to the trigger, the power amplifier; 
determining a numeric error code related to the error type; 
multiplying said numeric error code by a first predetermined 

numeric value; and 
5 adding a second predetermined numeric value to a result of 

said step of multiplying, thereby deriving a first location in the 
non-volatile memory. 

6. A method of recording an error event in accordance with 
1 O claim 5 further comprising the step of writing, in response to the 

trigger, said numeric error code to the data output port. 

7. A method of recording an error event in accordance with 
claim 5 further comprising the steps of: 

15 determining, in response to the trigger, if the non-volatile 
memory will accept data; and 

stopping, in response to a determination of no acceptance of 
data, the recording of the error event. 

2 o 8. A radiotelephone having a power amplifier, a non-volatile 
memory, a data output port and a microprocessor and an error event 
recorder responsive to a trigger derived from an error event having 
a plurality of error types, and including: 

means for turning off, in response to the trigger, the power 
25 amplifier; 

means for determining a numeric error code related to the 
error type; 

means for multiplying said numeric error code by a first 
predetermined numeric value; and 

3 0 means for adding a second predetermined numeric value to a 
result of said step of multiplying, thereby deriving a first location 
in the non-volatile memory. 

means for incrementing a counter value which represents the 
number of times the error type has occurred and in response to said 

3 5 step of determing said numeric error code; 
means for marking a time related to the error event; and 
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means for storing said counter value and said time in said 

first location in the non-volatile memory. 
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Use of Mobile Locating and Power Control for 

Radio Network Optimization 

BACKGROUND 

PCT /SE99/02000 

The present invention is directed generally to radiocommunication systems and, 

more particularly, to techniques for identifying and mapping areas of poor signal quality 

in a CDMA radiocommunication system. 

10 A mobile phone network conventionally consists of a plurality of base stations 

arranged in a pattern so as to define a plurality of overlapping cells which provide 

radiocommunication support in a geographic area. Base stations in the network are 

located so as to provide optimal coverage of the mobile phone service area. The 

transmission pattern of a geographic arrangement of network base stations typically looks 

15 like a honeycomb of cells. Each base station with omnidirectional transmission in the 

network serves a roughly circular area with a diameter ranging from a few hundred meters 

to several kilometers depending on population density. Additionally, base stations may 

have adaptive antennas that cover only narrow sectors, thus producing "sectored" cells 

instead of circular cells. The mobile phone network typically only has a specified number 

20 of frequencies available for use by mobile subscribers. Therefore, to maximize use of the 

specified number of frequencies while preventing interference between adjacent base 

stations, each base station supports different frequencies than its corresponding adjacent 
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base stations. When a mobile subscriber moves to the edge of a cell associated with a 

current servicing base station the mobile subscriber can be "handed-off' to an adjacent 

base station so as to enable call quality and signal strength to be maintained at a 

predetermined level. 

5 Traditionally, radio communication systems have employed either Frequency 

Division Multiple Access (FDMA) or Time Division Multiple Access (TDMA) to 

allocate access to available radio spectrum. Both methods attempt to ensure that no two 

potentially interfering signals occupy the same frequency at the same time. For example, 

FDMA assigns different signals to different frequencies. TDMA assigns different signals 

10 to different timeslots on the same frequencies. TDMA methods reduce adjacent channel 

interference through the use of synchronization circuitry which gates the reception of 

information to prescribed time intervals. 

In contrast, Code Division Multiple Access (CDMA) systems allow interfering 

signals to share the same frequency at the same time. More specifically, CDMA systems 

15 "spread" signals across a common communication carrier by multiplying each signal with 

a unique spreading code sequence. The signals are then scrambled and transmitted on the 

common carrier in overlapping fashion as a composite signal. Each mobile receiver 

correlates the composite signal with a respective unique despreading code sequence, and 

thereby extracts the signal addressed to it. 

20 The signals which are not addressed to a mobile receiver in CDMA assume the 

role of interference. To achieve reliable reception of a signal, the bit energy to 

interference ratio (Eb/Io) should be above a prescribed threshold for each mobile station. 

The bit energy of the signal is therefore adjusted to maintain the appropriate Eb/Io 

threshold level. However, increasing the energy associated with one mobile station 

25 increases the interference associated with other nearby mobile stations. As such, the radio 

communication system must strike a balance between the requirements of all mobile 

stations sharing the same common carrier. A steady state condition is reached when the 

Eb/Io requirements for all mobile stations within a given radio communication system are 

satisfied. Generally speaking, the balanced steady state may be achieved by transmitting 
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to each mobile station using power levels which are neither too high nor too low. 

Transmitting messages at unnecessarily high levels raises interference experienced at each 

mobile receiver, and limits the number of signals which may be successfully 

communicated on the common channel ( e.g. reduces system capacity). 

In a conventional CDMA system such as, for example, a CDMA system using the 

IS-95 standard, power control commands are transmitted from the base station to a mobile 

station so that a constant bit energy to interference ratio is maintained for each received 

signal at the base station. To accomplish this reverse link power control, the base station 

sends a power control bit 800 times a second over the forward fundamental channel to the 

10 mobile station. This power control bit informs the mobile station whether the mobile 

station should raise or lower its transmission power level so as to maintain a constant 

Eb/Io at the base station. A transmitted power control bit with a value of 0 indicates that 

the mobile station should raise power. A transmitted power control bit with a value of 1 

indicates that the mobile station should lower power. In response to the transmitted 

15 power control bit, the mobile station adjusts the transmission power by 1 db increments 

on the reverse link. The base station then measures the Eb/Io ratio of the power adjusted 

reverse link signal and repeats the above process in an iterative fashion until the Eb/Io 

ratio reaches the specified level. 

Measurement of the Eb/Io ratio provides an indication of either poor network 

20 coverage or high network interference conditions in a CDMA system. If poor network 

coverage exists at a given location of a mobile station then bit energy Eb will decrease (Io 

will not change if the number of users remains the same) and thus the Eb/Io ratio will 

likely decrease. Furthermore, if high interference exists at a given location, the 

interference Io will increase and thus the Eb/Io ratio will likely decrease. An increase in 

25 the interference Io generally implies that the number of mobiles has increased, since Io is 

composed of the normalized interference from mobile stations in the same cell, the 

interference from mobile stations in adjacent cells, and the background noise. The 

component of the interference due to same cell mobile stations will generally 

predominate. 
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Poor network coverage can occur due to a number of conditions including poor 

network planning, localized terrain features, shadowing due to obstacles ( e.g., buildings, 

trees) in the path of the mobile station-base station connection, and "holes" in network 

coverage due to the phenomenon of "cell breathing." "Cell breathing" occurs when a 

5 mobile on the edge of a cell transmits close to its maximum power to overcome 

interference from other mobiles in the cell and to communicate with the base station. 

When new mobiles enter the cell and are allocated a channel they will raise the overall 

interference level. Thus, the mobile station at the cell edge will have to raise its power 

further to maintain the required signal to interference ratio at the base station. However, 

10 due to maximum power limitations, the mobile station at the cell edge is unable to raise 

its power any further. Thus, mobiles in this situation are either handed off to another cell 

or another frequency or the call is dropped. The net effect of this process is that the cell 

border effectively shrinks. This cell shrinking due to high load can cause coverage holes 

between cells. 

15 High interference conditions can occur when there are a large number of users in a 

cell in a CDMA network. These large number of users produce an unstable state where 

any single user must increase power to overcome interference from surrounding users. 

The increase in power of any single user causes an increase in the overall level of 

interference, which further causes other users to also raise their power. This process can 

20 result in a rapidly escalating state of congestion. High interference conditions can be 

managed by the network by balancing the requirements of all mobile stations sharing the 

same common channel, as already discussed above. However, high data rate services that 

require the transmission of bursty packets of data over the air can cause localized 

interference conditions that cannot be adequately managed by the network. 

25 Often, as noted above, high interference or poor coverage conditions can persist in 

certain localities of a CDMA network in-spite of the use of power control commands. 

These areas of persistent poor coverage or high interference can impair the quality of the 

mobile subscriber signal and also impair the ability of the network to avoid call dropping. 

In areas where poor coverage or high interference conditions exist, the quality of the 
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phone signal will likely be degraded. Furthermore, in geographic areas of poor coverage 

or very high interference, the potential for call dropping exists. 

Conventionally, network coverage and interference conditions are monitored 

through the performance of drive tests by network operator staff To perform this 

5 monitoring, operator staff drive throughout the network and conduct and record call 

quality checks. This conventional monitoring technique, however, requires an inordinate 

amount of resources to survey the network. Such resources include extra monitoring 

equipment, extra staff to conduct the drive tests, and additional staff time to drive around 

and survey the network. Furthermore, the time delay between the actual time at which 

10 interference in a locality increases to a level that will have an adverse impact on call 

quality or system performance and the time taken to survey the network, tabulate the 

results, and implement changes in the network coverage, ensures a period of degraded 

performance to affected mobile subscribers. 

Accordingly, it would be desirable to provide a technique for monitoring a cellular 

15 network that minimizes the time required to detect areas of poor network coverage or 

high interference and which further minimizes the necessity of operator intervention. 

SUMMARY 

These desirable characteristics and others are provided by the following 

20 exemplary embodiments of the invention. 

According to one exemplary embodiment of the invention a method of 

constructing a data representation indicating a signal quality associated with a location 

of a mobile station in a radiocommunications network is provided. The method of this 

exemplary embodiment comprises the steps of: selectively adjusting uplink or downlink 

25 transmission power between said mobile station and said network using power control 

parameters; providing a location of said· mobile station based on at least said power 

control parameters; selectively constructing a data representation indicating signal 

quality using said provided location and at least said power control parameters. 



WO00/28756 PCT/SE99/02000 

-6-

According to a second exemplary embodiment of the present invention a method 

of constructing a map of signal qualities associated with locations of mobile stations in a 

radiocommunications network is provided. The method of this exemplary embodiment 

comprises the steps of: a) selectively adjusting uplink or downlink transmission power 

5 between said mobile stations and said network using power control parameters; b) 

providing locations of each of said mobile stations based on at least said power control 

parameters; c) constructing data representations indicating said signal qualities using said 

provided locations of each of said mobile stations and at least said power control 

parameters; and d) selectively repeating steps a) through c) to construct a map of signal 

10 qualities throughout at least a portion of said network. 

According to a third exemplary embodiment of the present invention a method of 

constructing a map of signal qualities associated with locations of mobile stations in a 

radiocommunications network is provided. The method of this exemplary embodiment 

comprises the steps of: a) providing at least one parameter indicative of a signal quality 

15 associated with a location of a mobile station, wherein said at least one parameter 

includes transmission power control parameters; b) comparing said at least one 

parameter with at least one criteria to provide a comparison result; c) initiating a 

positioning request from said network based on said comparison result; d) providing a 

location of said mobile station based on said positioning request; e) constructing 

20 a data representation indicating said signal quality using said at least one criteria and 

said location; and f) selectively repeating steps a) through e) to construct a map of signal 

qualities throughout at least a portion of said network. 

25 

BRIEF DESCRIPTION OF THE DRAWINGS 

The objects and advantages of the invention will be understood by reading the 

following detailed description in conjunction with the drawings in which: 

FIG. 1 represents an exemplary implementation of an apparatus for a cellular 

communications system according to the present invention; 
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FIG. 2 shows a diagram of a cellular system operating in accordance with 

exemplary embodiments of the present invention; 

FIG. 3 shows a flow diagram of exemplary method steps of the present 

invention; and 

5 FIG. 4 shows a network map indicating areas of deficient signal quality 

according to exemplary embodiments of the invention. 

DETAILED DESCRIPTION 

To provide some context within which to describe the present invention consider 

10 Figure 1, which represents a block diagram of an exemplary cellular mobile 

radiotelephone system, including an exemplary base station 110 and mobile station 120. 

The base station includes a control and processing unit 130 which is connected to the 

MSC 140 which in turn is connected to the PSTN (not shown). General aspects of the 

cellular radiotelephone system shown in Figure 1 are known in the art. 

15 The base station 110 handles a plurality of traffic channels through a traffic 

channel transceiver 150, which is controlled by the control and processing unit 130. 

Also, each base station includes a pilot channel transceiver 160 for broadcasting pilot 

signals to mobile stations 120 in the network. 

The mobile station 120 scans for pilot channels from one or more base stations 

20 using its traffic and pilot channel transceiver 170. Then, the processing unit 180 

evaluates the received pilot signals to determine which base station is a suitable 

candidate to serve the mobile station 120. When the processing unit 180 selects the 

base station associated with the preferred pilot channel, the mobile station 120 

demodulates the transmitted paging channel from that base station and then receives 

25 system parameter information from that base station. 

In accordance with an exemplary embodiment of the invention, shown in Figure 

1, mobile station position update information can be provided by the base station 

control and processing unit 130. This position update information can be calculated in 

any desired manner. For example, the position can be derived from a GPS receiver 
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220 located in the mobile station receiver 120. One skilled in the art will recognize, 

however, that various techniques for determining the location of a mobile station are 

known in the art, such as, for example, the technique disclosed in European Patent 

Application EP 0800319Al. If GPS is used to report the mobile station location, the 

5 mobile station can transmit position update information ("mobile position report") to 

the base station 110 in a regular periodic message that is either periodically transmitted 

or transmitted based on a positioning request from the network. In other positioning 

methods, however, the actual positioning determination is performed by the network 

and thus no position data needs to be transmitted over the air interface. 

10 In exemplary embodiments of the invention, the position update information 

provided at the base station 110 is used in conjunction with the power control 

commands transmitted to the mobile station 120 to determine signal quality conditions. 

First, one or more interference determining algorithms are set in the operations and 

maintenance center (OMC) 1 shown in Figure 2. As described below in more detail, 

15 different algorithms can be used to identify signal quality conditions on the network 

map. The parameters for the different algorithms are then sent 2 to the prescribed base 

station controllers (BSC) 3 to be implemented within a supervisory functionality that is 

incorporated into each BSC. One skilled in the art will recognize, however, that the 

supervisory functionality could be incorporated into the processor of the mobile 

20 switching center (MSC) or a network node separate from either the BSC or the MSC. 

As illustrated in the flow diagram of Figure 3, the BSC supervisory 

functionality (SF) first logs 4 the power control commands issued to mobile stations. 

Then, based on the power control commands or constant measurements of uplink 

power, the SF determines 5 the uplink power of the mobile stations. Subsequently, the 

25 SF determines signal quality conditions using a number of algorithms, as discussed 

further below, so as to invoke a positioning function that determines the mobile 

station's geographic position 6. The positioning function then requests the identity and 

location of the associated mobile station. In response to this request, the mobile station 

transmits location information (7, Fig. 2) to the BSC, in an exemplary embodiment 



WO00/28756 PCT /SE99/02000 

-9-

wherein the mobile station includes a GPS receiver or some other locating mechanism. 

Alternatively, if the locating function 6 is performed by network components, then the 

positioning function requests the mobile station's current position from the system. 

In the algorithm of one exemplary embodiment, an interference or poor coverage 

5 condition is identified by determining those mobile stations that are operating within a 

certain percentage of their transmission power ceilings 8. This could include operation at 

the mobile station's power ceiling. This operating status is indicative of an interference 

condition, a cell border, or a coverage hole, since the mobile station is likely to have been 

driven into a high power state due to the issuance of power control commands from the 

10 base station in attempts to overcome high interference conditions or poor coverage 

conditions. 

In the algorithm of another exemplary embodiment, an interference or poor 

coverage condition is identified by analyzing the trend of the power transmission curve 

associated with each mobile station over time 9. When the slope of the power 

15 transmission curve is high, a large fluctuation in power is indicated which can correspond 

to increased interference. Therefore, the SF can calculate the slope of the power 

transmission curve over the current time interval and compare this to a specified 

threshold: 

20 

25 

fl.p 
-(t=t \:?_( 
fl.t U00€EJ::/<e 3 

When the calculated slope of the power transmission curve exceeds the specified 

threshold value 10, the base station controller invokes the positioning function 6 to 

determine the mobile station's geographic position. 

In the algorithm of an additional exemplary embodiment, the SF logs the signal 

interference level, measured at the base station, to produce an interference curve that 

permits discrimination between different signal quality conditions when the interference 

curve is compared with the power control curve. Using the slope of the logged 

interference curve and the slope of the power control curve, the SF can distinguish 
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between low network coverage or high interference conditions. Under poor/low network 

coverage conditions the slope of the power control curve will decrease and the slope of 

the interference curve will maintain a substantially constant level ( equivalent to Eb! /Io

=Eb/Io ! ). Under high interference conditions the slope of the interference curve will 

5 increase while the slope of the power control curve will maintain a substantially constant 

level ( equivalent to Eb-- /Io i =Eb/Io!). Under indeterminate poor signal quality 

conditions, the slope of the power control curve will decrease simultaneously with an 

increase in the slope of the interference curve ( equivalent to Eb! /Io f =Eb/Io!). 

In the algorithm of this exemplary embodiment, the SF distinguishes between 

10 poor coverage and high interference conditions by calculating the slope of the power 

control curve (.6.P/.6.t) and the slope of the interference curve (.6.Io/.6.t). These calculated 

slopes are then compared with a number of defined threshold values as shown in Figure 3. 

If the slope of the power control curve is decreasing at a rate greater than a defined 

threshold 

15 (.6.P/.6.t<-th3) and the slope of the interference curve is maintaining a substantially constant 

level ( I .6.Io/ .6.t I <th4) 20, then a low or poor coverage condition is indicated at the position 

of the mobile station. If the slope of the power control curve is maintaining a 

substantially constant level ( I .6.P / .6.t I <th6), but the slope of the interference curve is 

increasing at a rate greater than a defined threshold (.6.Io/.6.t>th5) 21, then a high 

20 interference condition is indicated at the position of the mobile station. Also, if the slope 

of the power control curve decreases at a rate greater than a defined threshold (.6.P/ .6.t<-th7) 

and the slope of the interference curve increases at a rate greater than a defined threshold 

(.6.Io/ .6.t >th8) 22, then a poor signal quality condition of indeterminate cause exists. This 

indeterminate condition may either indicate low/poor network coverage or high 

25 interference. When poor coverage, high interference, or indeterminate poor signal quality 

conditions are indicated by the algorithm-of this exemplary embodiment, the base station 

controller invokes the positioning function 6 to determine the mobile station's geographic 

location. 
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It is noted that the numerous comparisons of the interference curve slope (Liio/Lit) 

with corresponding threshold values, discussed above and shown in Figure 3 at steps 20, 

21, and 22, could each be replaced with, or used in combination with, an additional 

comparison between the interference level (Io) and corresponding thresholds. For 

5 example, the criterion Liio/Lit>th5, shown in step 21 of Figure 3, could be replaced with an 

interference-to-threshold comparison Io>th9• Io>th9 could also be used as an additional 

criterion in combination with Liio/ Lit>th5 • Use of an interference level criterion would 

thus provide an additional indicator of high interference in steps 20, 21, and 22 shown in 

Figure 3. 

10 

15 

In an algorithm of a further exemplary embodiment, the SF analyzes the frame 

error rate of the uplink signal from the mobile station 11. In IS-95, for example, reverse 

link frames are sent every 20ms over the reverse fundamental channel. If the measured 

FER of these frames exceeds a specified threshold (FER>th2) 12 for a particular period of 

time, the SF will invoke the location function 6. 

The different algorithms for determining signal quality conditions, discussed 

above, can be combined for use in an additional embodiment. This additional 

embodiment can make use of two or more of the signal quality measures shown in Figure 

3 (8, 9, 11, 20, 21, or 22) to determine an overall signal quality value. For example, the 

positioning function could be invoked when the mobile station is transmitting within X¾ 

20 of its power ceiling and when the slope of the power transmission curve for that mobile is 

greater than a specified threshold. As an additional example, the positioning function 

could be invoked when the mobile station is transmitting within X¾ of its power ceiling 

and when the reverse link FER exceeds a specified threshold. One skilled in the art will 

recognize that any number of interference measures could be combined in one or more 

25 algorithms to determine the existence of poor signal quality conditions and, subsequently, 

determining the geographic position of the mobile station experiencing the poor signal 

quality condition. 

After the positioning function determines the mobile station location, the BSC 

(3, Fig. 2) compiles the mobile station identification, signal quality measures, cell 
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identification, and mobile station location information and transmits the information to 

the OMC (13, Fig. 2). A processor at the OMC operates upon the received data to 

construct a data representation 14 that indicates the signal quality measure and the 

associated mobile station location. This data representation can include translations of 

5 the different signal quality measures into different colored visual representations 17. 

For example, a FER greater than a first threshold could be represented as a green pixel 

or dot. Additionally, a FER greater than a second, higher threshold could be 

represented as a blue pixel or dot to indicate greater signal degradation. Over a period 

of time, a series of dots will accumulate in an area that is inadequately covered by the 

10 network. As the geographic illustration in Figure 4 shows, an accumulation of green 

dots 18 or blue dots 16 will clearly indicate areas of low or high signal quality. This 

application of color coding to provide a visual representation of signal quality could 

analogously be applied to any of the signal quality measures discussed above. 

Furthermore, the technique of color coding could be used to show the interference 

15 conditions encountered by the mobile station as the mobile station traverses the network 

map. Thus, using this technique, only one pixel would be associated with a given 

mobile station and the pixel would move on the visual representation of the network 

map as the mobile station moves, and may or may not change color, depending on the 

signal quality affecting conditions that are encountered. 

20 The above exemplary embodiments all involve the reverse link from the mobile 

station to the base station. However, one skilled in the art will recognize that 

information on the forward link power control can also be used in a similar fashion to 

enable the mobile stations to raise or lower the power of the serving base station. This 

forward link power control is achieved by the mobile station informing the base station 

25 to adjust its power to maintain a specified FER on the forward channel received at the 

mobile station. Conventionally, this is accomplished using layer 3 commands that are 

not transmitted as often as specific power control commands (at present layer 3 power 

control messages are sent approximately a maximum of four times a second). Forward 

link power control using error indicator bits in the reverse link sent once every 20ms 
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frame, has a maximum rate of 50Hz. However, in third generation systems, such as 

WCDMA or CDMA2000, fast power control on the forward link is anticipated. 

Exemplary embodiments of the invention thus provide desirable techniques for 

automatically mapping areas of poor signal quality in a cellular network. Using mobile 

5 station positioning information, a visual map can be constructed for viewing in the 

operations and maintenance center that permits real time identification of areas of poor 

signal quality in the network that may require remediation. These techniques are 

advantageous in that they require minimal loading on current systems (i.e., provision of 

mobile station location data) and permit a reduction in resources and man-hours that 

10 were previously required to manually survey the network. 

Although a number of embodiments are described herein for purposes of 

illustration, these embodiments are not meant to be limiting. Those skilled in the art 

will recognize modifications that can be made in the illustrated embodiment. Such 

modifications are meant to be covered by the spirit and scope of the appended claims. 
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What is Claimed is: 

1. A method of constructing a data representation indicating a signal quality 

associated with a location of a mobile station in a radiocommunications network, 

5 comprising the steps of: 

10 

selectively adjusting uplink or downlink transmission power between said 

mobile station and said network using power control parameters; 

providing a location of said mobile station based on at least said 

power control parameters; and 

selectively constructing a data representation indicating said signal 

quality using said provided location and at least said power 

control parameters. 

2. The method of claim 1, wherein said data representation is coded with a 

15 value derived from at least said power control parameters. 

3. The method of claim 2, wherein said coded value represents color. 

4. The method of claim 1, wherein said power control parameters indicate 

20 that said mobile station is transmitting within a percentage of a maximum power of said 

mobile station. 

5. The method of claim 1, wherein said power control parameters indicate 

that said network is transmitting within a percentage of a specified maximum power. 

25 

6. The method of claim 1, wherein said mobile station location is provided 

based on one or more specified trends in said power control parameters. 
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7. The method of claim 1, wherein said location of said mobile station is 

provided based additionally on a forward link frame error rate associated with said 

mobile station. 

8. The method of claim 1, wherein said location of said mobile station is 

provided additionally based on a reverse link frame error rate associated with said 

mobile station. 

9. The method of claim 1, wherein said signal quality indicates poor 

10 network coverage. 

15 

10. The method of claim 1, wherein said signal quality indicates high signal 

interference. 

11. The method of claim 1, wherein said mobile station location is provided 

based on one or more specified trends in said power control parameters and one or more 

trends in measured interference levels associated with said uplink or downlink. 

12. A system for constructing a data representation indicating a signal quality 

20 associated with a location of a mobile station in a radiocommunications network 

comprising: 

25 

means for selectively adjusting uplink or downlink transmission power 

between said mobile station and said network using power control 

parameters; 

means for providing a location of said mobile station based on at least 

said power control parameters; and 

means for selectively constructing a data representation indicating said 

signal quality using said provided location and at least 

said power control parameters. 
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13. The system of claim 12, wherein said data representation is coded with a 

value derived from at least said power control parameters. 

14. The system of claim 13, wherein said coded value represents color. 

15. The system of claim 12, wherein said power control parameters indicate 

that said mobile station is transmitting within a percentage of a maximum power of said 

mobile station. 

16. The system of claim 12, wherein said power control parameters indicate 

that said network is transmitting within a percentage of a specified maximum power. 

17. The system of claim 12, wherein said mobile station location is provided 

based on one or more specified trends in said power control parameters. 

' 
18. The system of claim 12, wherein said location of said mobile station is 

provided based additionally on a forward link frame error rate associated with said 

mobile station. 

19. The system of claim 12, wherein said location of said mobile station is 

provided additionally based on a reverse link frame error rate associated with said 

mobile station. 

20. The system of claim 12, wherein said signal quality indicates poor 

25 network coverage. 

21. The system of claim 12, wherein said signal quality indicates high signal 

interference. 
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22. The system of claim 12, wherein said mobile station location is provided 

based on one or more specified trends in said power control parameters and one or more 

trends in measured interference levels associated with said uplink or downlink. 

23. A method of constructing a map of signal qualities associated with 

locations of mobile stations in a radiocommunications network comprising the steps of: 

a) selectively adjusting uplink or downlink transmission power between 

said mobile stations and said network using power control 

parameters; 

b) providing locations of each of said mobile stations based on at least said 

power control parameters; 

c) constructing data representations indicating said signal qualities using 

said provided locations of each of said mobile stations and at least 

said power control parameters; and 

d) selectively repeating steps a) through c) to construct a map of 

signal qualities throughout at least a portion of said 

network. 

24. A method of constructing a data representation indicating a signal quality 

20 associated with a location of a mobile station in a radiocommunications network, 

comprising the steps of: 

25 

providing at least one parameter indicative of a signal quality 

associated with said location of said mobile station, wherein said 

at least one parameter includes transmission power control 

parameters; 

comparing said at least oH.e parameter with at least one criteria to provide 

a comparison result; 

initiating a positioning request from said network based on said 

comparison result; 
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providing a location of said mobile station based on said positioning 

request; and 

constructing a data representation indicating said signal quality 

using said at least one criteria and said location. 

25. The method of claim 24, wherein said power control parameters control 

reverse link transmission power. 

26. The method of claim 24, wherein said power control parameters control 

10 forward link transmission power. 

15 

27. The method of claim 24, wherein said comparison result indicates a trend 

of said power control parameters. 

28. The method of claim 27, wherein said positioning request is initiated when 

said comparison result indicates one or more specified trends in said power control 

command parameters. 

29. The method of claim 24, wherein said at least one parameter includes a 

20 forward link frame error rate. 

25 

30. The method of claim 24, wherein said at least one parameter includes a 

reverse link frame error rate. 

31. The method of claim 24, wherein said comparison result indicates that said 

mobile station is transmitting within a percentage of a maximum power of said mobile 

station. 
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32. The method of claim 24, wherein said data representation is coded with a 

value derived from said comparison result. 

33. The method of claim 32, wherein said coded value represents color. 

5 

34. The method of claim 24, wherein said signal quality indicates poor 

network coverage. 

35. The method of claim 24, wherein said signal quality indicates high signal 

10 interference. 

15 

20 

25 

36. The method of claim 24, wherein said mobile station location is provided 

based on one or more specified trends in said power control parameters and one or more 

trends in measured interference levels associated with said uplink or downlink. 

3 7. A method of constructing a map of signal qualities associated with 

locations of mobile stations in a radiocommunications network comprising the steps of: 

a) providing at least one parameter indicative of a signal 

quality associated with a location of a mobile station, wherein said 

at least one parameter includes transmission power control 

parameters; 

b) comparing said at least one parameter with at least one criteria to 

provide a comparison result; 

c) initiating a positioning request from said network based on said 

comparison result; 

d) providing a location of said mobile station based on said positioning 

request; 

e) constructing a data representation indicating said signal 

quality using said at least one criteria and said location; and 
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f) selectively repeating steps a) through e) to construct a map of 

signal qualities throughout at least a portion of said 

network. 

A method of constructing a map of signal qualities associated with 

locations of mobile stations in a radiocommunications network comprising the steps of: 

a) selectively adjusting uplink or downlink transmission power between 

said mobile stations and said network using power control 

parameters; 

b) providing locations of each of said mobile stations based on at least said 

power control parameters; 

c) constructing data representations indicating said signal 

qualities using said provided locations of each of said mobile 

stations and at least said power control parameters; and 

d) selectively repeating steps a) through c) to construct a map of 

signal qualities throughout at least a portion of said 

network. 
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Error Reporting in a Mobile Telecommunications Network 

Field of the Invention 

The present invention relates to error reporting m a mobile telecommunications 

network. More particularly, the invention relates to error reporting in the Iu User Plane 

(UP) between a Universal Mobile Telecommunications Network (UMTS) core network 

and a UMTS Terrestrial Radio Access Network (UTRAN). 

Background to the Invention 

Figure 1 illustrates schematically a part of a Universal Mobile Telecommunications 

System (UMTS) network. The network includes a core network part 1, which may be a 

network handling voice calls using UMTS Mobile-services Switching Centres (UMSCs) 

or may be a data network such as a General Packet Radio Service (GPRS) network 

including Serving GPRS Support Nodes (SGSNs). In Figure 1 the UMSCs and SGSNs 

are indicated generally with the reference numeral 2. A subscriber or User Equipment 

(UE) 3 is coupled to the core network 1 via an access network 4 referred to as a 

Universal Terrestrial Radio Access Network (UTRAN). More particularly, the 

UMSCs/SGSNs 2 are connected to Radio Network Controllers (RNCs) 5,6 of the 

UTRAN 4 over an interface referred to as the Iu interface. 

Each RNC 5 forms part of a Radio Network Subsystem (RNSs) 7,8 which also 

comprises a set of Base Transceiver Stations 9 referred to in UMTS terminology as 

Node B's. The interface between a RNC 5,6 and a Node B 9 is known as the Iub 

interface. A Node B 9 provides the connection point for a UE 3 to the UTRAN 4, and 

the interface between the Node B 9 and the UE 3 is known as the Uu interface. The 

RNS (RNS 7 in Figure 1) which connects a UE 3 to the core network I at any given 

time is referred to as the Serving RNS (SRNS) for that particular UE 3. 

Figure 2 illustrates in very general terms the bearer structure used by UTRAN to carry 

user data between the UE 3 and the core network 1. When it is required to establish a 

user plane connection, the responsible UMSC or SGSN 2 instructs the UTRAN 4 to 

establish a logical connection between the UMSC or SGSN 2 and the UE 3. This 
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logical connection is referred to as a Radio Access Bearer (RAB). The established RAB 

inherits requirements of the requested UMTS service, e.g. Quality of Service, etc. 

Based on the inherited requirements of the RAB, the RNC 5,6 establishes user plane 

connections with the core network 1 (i.e. UMSC or SGSN 2) and with the UE 3. The 

connection between the RNC 5,6 and the core network 1 is referred to as the Iu bearer 

whilst the connection between the RNC 5,6 and the UE 3 is referred to as the Radio 

Bearer (RB). Both of these bearers represent further logical channels, with the RNC 

performing a mapping between them. The bearers themselves are mapped onto 

appropriate traffic channels for transmission over the respective interfaces (Iu and Uu). 

In addition to carrying user data, the Iu bearer carries related control information 

between the UTRAN and the core network. Work is currently ongoing under the 

auspices of the European Telecommunications Standards Institute (ETSI) to specify the 

Iu User Plane (UP) protocol for carrying this control information. The specification is 

referred to as 25.415 and the current version is version 3.0.0 (1999-10). The current 

version of the Iu UP protocol does not deal with error handling, i.e. it does not provide 

for an °abnormal event" procedure. It is acknowledged that such a procedure is 

necessary to deal with errors such as might occur, for example, during a call 

initialisation stage. 

Summary of the Invention 

It is to be expected that ETSI will define as part of the 25.415 recommendation a set of 

error types, together with an lu UP Packet Data Unit (PDU) format for conveying error 

messages between Iu entities (in the UTRAN and in the core network). It will be 

appreciated that an error message may pass through one or more intermediate entities on 

its journey between the originating entity and the terminating entity. A potential 

problem with such a solution however is that an entity receiving an error message may 

not know the source of an error message, even though it might know the error type and 

the identity of the last entity in the transmission path. 

According to a first aspect of the present invention there is provided a method of 

reporting errors in a mobile telecommunications network comprising a core network 

and a UMTS Terrestrial Radio Access Network (UTRAN), the method comprising: 
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generating an error message at an error originating entity in one of the core 

network and the UTRAN; 

sending the error message to an error destination entity in the other of the core 

network and the UTRAN over an Iu interface; and 

at each intermediate entity through which the error message passes, 

incrementing a distance counter contained in or accompanying the error message, 

wherein the error destination entity is able to identify the error originating entity 

on the basis of the value of the distance counter contained in or accompanying the 

received error message. 

In certain embodiments of the present invention, error messages are sent between a 

UMTS Mobile Switching Centre (UMSC) of the core network and a Radio Network 

Controller (RNC) of the UTRAN. In other embodiments of the present invention, the 

error message may be sent between two RNCs, via the core network. The error 

message may be generated at either an Iu User Plane protocol instance or at an upper 

layer entity of the UMSC/RNC. Similarly, the message may be sent over the Iu 

interface to either an Iu User Plane protocol instance or upper layer entity of the 

receiving UMSC/RNC. Where the error message is generated by an upper layer entity, 

the message may be sent to a peer entity, over the Iu interface, via respective Iu User 

Plane protocol instances at the sending and receiving nodes (where the term "node" 

identifies either a UMSC or an RNC). Where the error message is generated by an lu 

User Plane protocol instance, the error message may be sent to an upper layer entity of 

the same node, as well as over the Iu interface. 

Preferably, the error message is incorporated into an abnormal event frame for sending 

over the Iu interface. The frame is constructed at the Iu interface of the node where the 

error message is generated. More preferably, the frame contains an error type identifier 

("cause value") and said distance counter. 

According to a second aspect of the present invention there is provided a mobile 

telecommunications network comprising a core network and a UMTS Terrestrial Radio 

Access Network (UTRAN) each comprising a number of nodes communicating over an 

Iu interface with nodes of the other network, wherein each node comprises: 

means for generating error messages at an error originating entity; 
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means for sending error messages to an error destination entity in another node, 

and means for receiving error messages from an error generating entity in another 

entity, over an Iu interface; and 

at least one intermediate entity through which error messages pass and which are 

arranged to increment a distance counter contained in or accompanying each error 

message, 

wherein an error destination entity is able to identify the error originating entity 

on the basis of the value of the distance counter contained in or accompanying the 

received error message. 

According to a second aspect of the present invention there is provided a method of 

reporting errors in a mobile telecommunications network comprising a core network 

and a UMTS Terrestrial Radio Access Network {UTRAN), the method comprising: 

generating an error message at an error originating entity in one of the core 

network and the UTRAN; 

constructing an abnormal event frame incorporating said error message and a 

code which identifies the location of said error originating entity; and 

sending the error message to an error destination entity in the other of the core 

network and the UTRAN over an Iu interface, 

wherein the error destination entity is able to identify the location of the error 

originating entity on the basis of said code contained in said abnormal event frame. 

The method comprises constructing a second or modified abnormal event frame 

incorporating said error message and a code which identifies the location of said error 

originating entity, the first mentioned code identifying the originating entity as 

belonging to a different node than the destination entity, and the second mentioned code 

identifying the originating entity as belonging to the same node as the destination entity. 

Brief Description of the Drawings 

Figure 1 illustrates schematically a UMTS network; 

Figure 2 illustrates schematically the bearer structure used in the UTRAN part of the 

UMTS network ofFigure l; 
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Figure 3 illustrates an Abnormal Event Packet Data Unit used in the network of Figure 

1; 

Figure 4 illustrates a portion of the network of Figure 1 in which an external error has 

arisen; and 

Figure 5 illustrates a portion of the network of Figure 1 in which an internal error has 

arisen. 

Detailed Description of a Preferred Embodiment 

A typical UMTS network has been described above with reference to Figure 1, whilst 

the UTRAN bearer structure employed in such a network has been described with 

reference to Figure 2. The lu bearer illustrated in Figure 2 terminates in the RNC and 

UMSC at so-called Iu User Plane protocol instances. Each of the Iu User Plane 

protocol instances communicate with upper layers of the same node, and in addition 

make use of a number of Iu UP functions. 

Errors in the lu User Plane (UP) can be classified as 'syntactical errors', 'semantical 

errors' or 'other errors'. A field in a message is defined to be syntactically incorrect if 

the field contains an unknown value defined as "reserved", or if its value part violates 

syntactic rules given in the specification of the value part. A message is defined to have 

semantically incorrect contents if it contains unexpected information which, possibly 

dependent on the state of the receiver, is in contradiction to the resources of the receiver 

and/or to the procedural part. Errors that are not seen as syntactical or semantical are 

defined as other errors. These errors include repeated failures of some procedures ( e.g. 

Initialisation) and some error situations outside the Iu UP ( e.g. initialisation failure at 

transcoder). 

Error handling in the Iu User Plane (UP) is handled by an "abnormal event° procedure. 

This procedure makes use of an lu UP frame which is sent over the Iu interface and 

which is referred to as an "abnormal event" frame. The abnormal event frame is 

illustrated in Figure 3 and contains a 'Cause value' which identifies the type of the 

error. The abnormal event frame also contains a field termed 'Error distance' which 

identifies the distance (from the receiving entity) to the entity reporting the abnormal 

event. The 'Error distance' is O when the error is originally sent. When an Abnormal 
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event report is relayed forward, the 'Error distance' is incremented by one. The Error 

distance comprises two bits, and the four possible values are defined as follows: 

0 - Reporting local error 

I - First forwarding of abnormal event report 

2 - Second forwarding of abnormal event report 

3 - Reserved for future use. 

An abnormal event procedure can be triggered at an RNC or UMSC by; an error 

detected by one of the Iu UP functions ( e.g. received frame format unknown), a request 

made by upper layers ( e.g. Initialisation failure in transcoder), or an abnormal event 

frame sent over the Iu UP. 

When an error is detected within an Iu UP function, one of the following actions is 

taken depending on the type of the error: ( 1) the error is reported to the upper layers 

( e.g. upper layer report to operation and maintenance level); (2) an abnormal event 

frame is sent over the Iu UP; (3) an abnormal event frame is sent over the Iu UP and the 

error is reported to the upper layers; or (4) no action is taken. 

Considering now a specific example, when an In-UP-Status-Request indicating an 

abnormal event is received at an Iu User Plane protocol instance ( of an RNC or UMSC) 

from the upper layers, an abnormal event frame should be sent over the Iu interface 

indicating the appropriate error type. When the abnormal event frame is received over 

the Iu UP protocol at a peer Iu User Plane protocol instance, an In-Status-Indication 

indicating the abnormal event is sent from there to the upper layers. 

Figure 4 below shows this "external" error case where the abnormal event procedure is 

originally triggered by an Iu-UP-Status-Request. The abnormal event procedure acts on 

the received message by sending an abnormal event frame over the Iu interface. On the 

other side of the Iu interface, the reception of an abnormal event frame triggers an 

abnormal event procedure there, and an Iu-UP-Status-Indication is sent to the associated 

upper layers. The handling is symmetrical over the Iu UP protocol. 

Figure 5 below shows an "internal" error case where the abnormal event procedure is 

originally triggered by an Iu UP function associated with an Iu User Plane protocol 
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instance. The abnormal event procedure acts on this message by sending an abnormal 

event frmne over the Iu interface. On the peer side of the interface, the reception of the 

abnormal event frame triggers a further abnormal event procedure, and an Iu-UP-Status

Indication is sent to the upper layers from the peer Iu User Plane protocol instance. 

Again, the handling is symmetrical over the Iu UP protocol. 

It will be appreciated by the person of skill in the art that various modifications may be 

made to the above described embodiments without departing from the scope of the 

present invention. In particular, whilst the invention has been illustrated above with 

reference to an Iu interface between an RNC and a UMSC, this interface may exist 

between two RNCs, where the interface is carried transparently via the core network. 

As an alternative to incorporating a distance counter into the abnormal event frame, a 

code may be incorporated which identifies the source of the error. For example, a code 

0 may indicate that the error originating entity is an upper layer at a peer node (an 

application error), a code 1 may indicate that the error originating entity is an Iu UP 

protocol instance at a peer node (an Iu UP function error), and a code 2 may indicate 

that the error originating entity is an Iu UP protocol instance at the same node as the 

destination entity (again an Iu UP function error). 
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Claims 

1. A method of reporting errors in a mobile telecommunications network 

comprising a core network and a UMTS Terrestrial Radio Access Network (UTRAN), 

the method comprising: 

generating an error message at an error originating entity in one of the core 

network and the UTRAN; 

sending the error message to an error destination entity in the other of the core 

network and the UTRAN over an Iu interface; and 

at each intermediate entity through which the error message passes, 

incrementing a distance counter contained in or accompanying the error message, 

wherein the error destination entity is able to identify the error originating entity 

on the basis of the value of the distance counter contained in or accompanying the 

received error message. 

2. A method according to claim 1, wherein the error message is sent between a 

UMTS Mobile Switching Centre (UMSC) of the core network and a Radio Network 

Controller (RNC) of the UTRAN. 

3. A method according to claim 1, wherein the error message is sent between two 

RNCs, via the core network. 

4. A method according to any one of the preceding claims, wherein the error 

message is generated at either an Iu User Plane protocol instance or at an upper layer 

entity of a UMSC or RNC. 

5. A method according to any one of the preceding claims, wherein the error 

message is sent over the Iu interface to either an Iu User Plane protocol instance or 

upper layer entity of the receiving UMSC/RNC. 

6. A method according to any one of the preceding claims, wherein the error 

message is generated by an upper layer entity and is sent to a peer entity, over the Iu 

interface, via respective Iu User Plane protocol instances at the sending and receiving 

UMSCorRNC. 
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7. A method according to any one of the preceding claims, wherein the error 

message is generated by an Iu User Plane protocol instance and is sent to an upper layer 

entity of the same node, as well as over the Iu interface. 

8. A method according to any one of the preceding claims, wherein the error 

· message is incorporated into an abnormal event frame for sending over the Iu interface. 

9. A method according to claim 8, wherein the frame contains an error type 

identifier and said distance counter. 

10. A mobile telecommunications network comprising a core network and a UMTS 

Terrestrial Radio Access Network (UTRAN) each comprising a number of nodes 

communicating over an Iu interface with nodes of the other network, wherein each node 

comprises: 

means for generating error messages at an error originating entity; 

means for sending error messages to an error destination entity in another node, 

and means for receiving error messages from an error generating entity in another 

entity, over an Iu interface; and 

at least one intermediate entity through which error messages pass and which are 

arranged to increment a distance counter contained in or accompanying each error 

message, 

wherein an error destination entity is able to identify the error originating entity 

on the basis of the value of the distance counter contained in or accompanying the 

received error message. 

11. A method of reporting errors m a mobile telecommunications network 

comprising a core network and a UMTS Terrestrial Radio Access Network (UTRAN), 

the method comprising: 

generating an error message at an error originating entity in one of the core 

network and the UTRAN; 

constructing an abnormal event frame incorporating said error message and a 

code which identifies the location of said error originating entity; and 
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sending the error message to an error destination entity in the other of the core 

network and the UTRAN over an Iu interface, 

wherein the error destination entity is able to identify the location of the error 

originating entity on the basis of said code contained in said abnormal event frame. 

12. A method according to claim 11, wherein the method comprises constructing a 

second or modified abnormal event frame incorporating said error message and a code 

which identifies the location of said error originating entity, the first mentioned code 

identifying the originating entity as belonging to a different node than the destination 

entity, and the second mentioned code identifying the originating entity as belonging to 

the same node as the destination entity. 
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Description 

[0001] The present invention relates to cellular communication systems and, more particularly, to a cellular config
uration for determining the location of a mobile station. 

5 [0002] The increased terminal mobility offered by cellular telephone networks as well as mobile radio data networks 
has brought about an increased demand for location-based services and applications. Fleet operators are interested 

in automated vehicle tracking applications to enhance their dispatch operations. Moreover, stolen vehicle recovery 
systems have enjoyed a significant amount of success during the past few years. However, most efforts to date have 
been designed around specialized equipment employed at the mobile operator site for acquiring location information. 

10 For example, U.S. Patent No. 5,043,736 to Darnell et al. discloses a cellular position locating system where the location 
of a remote unit is derived from data transmitted by a global positioning system to a specially equipped receiver at the 
remote unit 

[0003] WO-A1-94/0i978 discloses a system for locating mobile vehicles and communicating therewith. There is 
provided a plurality of cellular systems each serving a plurality of base stations. Each of the base stations provides 

15 communication services to a plurality of cellular subscriber stations. An interface computer is connected to a home 

mobile switching centre of the cellular subscriber for accessing identification data in a roaming network relative to 
predetermined cellular subscriber stations. A location computer interconnected with the interface computer translates 
tho interface computer's identification data into location data, indicating the geographical position of each cellular sub

scriber station. based upon the known geographical position of the particularly cellular system in which the subscriber 
20 station is currently registered. 

25 

[0004] It is the object of the present invention to provide a method for determining the location of a mobile station in 
a cellular system in a simplified manner. 
[0005] This object is achieved by the subject matter of claim 1. Preferred embodiments of the invention are described 
by the dependent claims. 

Figure 1 is a flowchart depicting a communications sequence in accordance with one embodiment of the present 
invention; 
Figure 2 is a flowchart depicting a communications sequence in accordance with another embodiment of the 
present invention; 

30 Figure 3 is a block diagram of a mobile system configuration employing the present invention; and 

Figure 4 is a detailed block diagram representation of the mobile system configuration in Figure 3. In the following 
preferred embodiment of the invention are described with reference to the figures. 

[0006] The implementation of certain cellular services requires that the mobile station location be made available to 
35 the service provider, For example, in a 911 emergency service, medical personnel need an accurate and precise 

reading on the source of a distress call in order for prompt medical attention to be made available within the entire 

coverage area of single or multi-carrier cellular networks. Although the location finding system disclosed by Darnell et 
al., supra, conveys highly accurate positional information from a modified mobile station specially configured to interface 
with a GPS system, a more desirable system from a subscriber perspective would keep intact the existing mobile 

40 station configuration. 
[0007] The present invention concerns an enhancement to the existing cellular network topology permitting the ac
quisition of a mobile station location using cellular parameters from the network. The cellular parameters define the 

placement of each mobile station within its cellular network and its relationship to other mobile stations. For example, 
the parameters may include data identifying the communications trunk group serving the mobile station, a member 

45 number, and cell and/or sector ID. An accurate conversion of cellular data into a geographical profile may be performed 

using radio plans as a translational mechanism. The radio plans, which correspond to geographic maps of radio cov
erage, furnish information such as the latitude and longitude derived from the cell base station antenna location, ele
vation, radius, and angles for sectoriLed cells. 

[0008] For purposes of discussion and clarity, the term "mobile station locator" (MSL or "Locator") is used hereinafter 
so to encompass a facility, mechanism, or assembly in whatever form implemented, constructed, or operable, which in

teracts with and is the recipient of location-determinative cellular data from the cellular network. The MSL itself maintains 
an information resource responsive to input cellular data for generating a corresponding geographical location estimate. 
The resource is constructed by accumulating position data from radio coverage maps, for example, where cellular data 
is translatable into geographical information. 

55 [0009] The basic configuration of a cellular network includes a plurality of base stations defining cell sites and pro
viding wireless communication to mobile station units within the cell site coverage area. The cellular network is further 
configured with a plurality of mobile switching centers in communication with the base stations and other switching 
centers to perform processing and switching functions enabling connections between mobile stations and interfacing 
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to external networks such as the PSTN. 
[0010] In one embodiment of the present invention detailed in the flow diagram sequence of Figure 1, a code rep
resenting the identity of a mobile station is transmitted from the mobile switching center (MSC or "Center")to the mobile 

station locator. In particular, the identity code corresponds to a mobile Identification Number (MIN) and/or an Electronic 
5 Serial Number (ESN). The Locator then queries the Center with the MIN, requesting network data on the mobile station 

having the designated MIN. In response to this query, the Center retrieves the requested information such as trunk 
group and member number, and then forwards it to the Locator. A translation operation at the Locator converts the 
cellular network data into corresponding geographical location information. 
[0011] In another embodiment of the present invention detailed in the flow diagram sequence of Figure 2, cellular 

to network data is transmitted along with the MIN from the Center to the Locator; accordingly, in this embodiment, the 

Locator does not promptthe Center for cellular data. In a preferred implementation, the Center invokes the transmission 
of cellular data pertaining to a mobile station in response to a trigger command from the mobile station represented 

by certain dialed mobile digits known as a feature code. 
[0012] Figure 3 is a system level block diagram illustratively representing a cellular configuration for implementing 

15 the present invention. For purposes of investigating the location-finding capability, an Assistance Center 31 was in

cluded to monitor the call from the mobile station and the position information from the Mobile Station Locator (MSL) 
32. In particular, AC 31 is an entity receiving a voice channel over a cellular link connected to the Mobile Switching 
Center (MSC) 33, and receiving the geographical location data from Locator 32. The Assistance Center 31 includes a 

processing center with dispatching and/or storage capabilities which receives user calls and location data and provides 
20 services based upon that information. The Assistance Center 31 specifically contains equipment which provides the 

capability for a call-taker (Le. operator or dispatcher) to talk with the cellular phone caller and display the caller's 
position on a graphical display. 
[0013] The Mobile Switching Center 33 is a cellular telephone network switch that provides processing and switching 
functions to allow cellular phones to communicate with other phones (cellular and wireline). The Mobile Station Locator 

25 32 is a facility performing the retrieval and storage of location informalion pertaining lo mobile stations, In particular, 
Locator 32 receives, retrieves, stores and processes location information, and then furnishes it to AC 31. The Locator 
32 is equipped with an MSL-MSC Interface (MMI) that performs the retrieval of location information from the Mobile 
Switching Center 33, 
[0014] Base stations, also called cell sites, are connected to Center 33 and provide radio communication with the 

so cellular phones. Base stations can be configured with omnidirectional or sectorized antennas. An omni cell provides 

radio coverage radiating out from the cell center in all directions; this type of a cell may be approximated by a circle 
on a map. A sectorized cell has antennas which provide coverage for a section of the circle; this type of a cell may be 
approximated by a pie-wedge shape on a map. 
[0015] The cellular configuration shown in Figure 3 was exercised during a Location Assistance and Tracking I nfor-

35 mation Service (LATIS) field trial demonstration to explore the methods by which the location of a mobile station (e.g., 
cellular phone) originating a call may be made available to entities both internal and external to the cellular network. 

The Locator 32 principally serves the function of collecting location data from the cellular network, translating it, and 
providing it to AC 31, The location data comprised the geographic coordinates and size of the serving cellular network 
cell site (e.g., base station). The resolution of this location data was limited by the size of the cell site; however, the 

40 resolution of the data from multiple cell sites was enhanced by sector information such as the cell subsetisection, 
[0016] The LATIS trial activated the acquisition mode to determine a mobile station's position by engaging the op
erator into initiating a call into the cellular network. In particular, the mobile station operator dialed a recognizable 

feature code (FC) on a standard cellular phone. The Center 33 recognized the feature code and connected the call to 
AC 31 for establishing a voice connection between the answering personnel and the caller. 

45 [0017] The acquisition of location information by Locator 32, and its subsequent delivery to AC 31, is accomplished 

during the LATIS trial by a first and second transport scheme hereinafter designated Methods I and IL In Method I, 
Center 33 transmits the caller's identity to AC 31 over a network connection. The caller's identity is defined by a Mobile 
Identification Number (MIN) which corresponds to the telephone number of lhe station originating a call. For the pur

poses of the trial, the MIN was ten (10) digits in length. 
so [0018] The AC 31 responds by forwarding to Locator 32 a message containing the caller's MIN in order to request 

cellular data relevant to the MIN. The Locator 32 then interacts with Center 33 to retrieve the cell-site trunk currently 
in use by that particular mobile station. The Locator 32 converts the trunk information received from Center 33 into a 
location "value" including a geographic coordinate (latitude and longitude), a resolution parameter (radius), and possibly 
two angle values (for sectorized cells), This information is then formatted and transmitted to AC 31 for graphical display, 

55 Depending upon the type of base station currently serving the cellular phone, the location value may be displayed by 
AC 31 in different ways, such as with a circle described by the geographic coordinate and the resolution, or a pie
wedge conveying this information and supplemented with the two angle values. 
[0019] In Method II, Center 33 multiplexes the caller's identity (e.g., MIN) with cellular network data and transmits 
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the combined signal to AC 31. For example, Center 33 may outpulse the MIN plus a 5-digit code representing the 
serving cell/sector. The AC 31 receives this code and forwards it to Locator 32, which converts it into a geographical 
location value that is transmitted to AC 31 for graphical display. The following table summarizes the features of the 
transport methods used during the trial. 

Location Transport Method Mobile Dialed Digits (Feature Code) Signaling Data Outpulsed from MSC to AC 

I •57 MIN(10) 

II 211 MIN (10) +cell&sector (5) 

[0020] Although the LATIS field trial included specific routes for communicating cellular network data to Locator 32, 

these routes are indicated for illustrative purposes only and should not serve as a limitation of the present invention. 
Rather, the cellular network data may be transmitted to Locator 32 directly or indirectly via any type of communications 
link. Furthermore, the network data may be transmitted before or contemporaneously with the voice channel. For 

t5 example, the voice channel may be forwarded to AC 31 or another entity over one link, while the network data may be 
independently routed over an alternative path to Locator 32. In addition, the MIN and/or network data (depending upon 
the application) may be multiplexed with the voice channel before transmission from Center 33. 

[0021] Likewise, even though in Method I the Locator 32 was prompted with the MIN by Assistance Center 31, and 
in Method II the cell/sector location data was initially transmitted to AC 31 before being coupled to Locator 32 for 

20 conversion, this supervisory/coordinating role of AC 31 should not serve as a limitation of the present invention. Rather, 
it should be apparent to those skilled in the art that the MIN for Method I and the cellular network data for Method II 

could be transmitted directly to Locator 32 from Center 33, while the voice communication would be separately trans
mitted by Center 33 to AC 31 or any other end user. 
[0022] Figure 4 is a further block diagram representation of the cellular configuration in Figure 3. The specific com-

25 ponents, subsystems, and other entities mentioned in conjunction with Figure 4 should not be viewed as a limitation 
of the present invention, but as representative of one implementation of the cellular configuration. It should be apparent 
to those skilled in the art that the functions demonstrated in Figure 4 may be implemented by other equivalent means. 
[0023] The mobile station employed standard cellular phones such as Motorola transportable cellular phones which 
did not require any non-standard modifications. The phones were initialized with MINs (telephone numbers) from the 

30 serving GTE Mobil net cellular system so that the phone would be on its "home" system throughout the trial. 
[0024] The Mobile Switching Center 33 was an AT&T Autoplex System 1000 comprising one Executive Cellular 
Processor (ECP) 41 and several Digital Cellular Switches (DCS) 42. Each DCS 42 is connected to several base stations 

(cell sites). The only hardware modification made to Center 33 was the connection of a dedicated T-1 span (trunk 

group) to carry the test calls to an Assistance Center Switch 43. The link between the DCS 42 and ACS 43 is designated 
35 interface A in Figure 4. 

[0025] The ECP 41 was modified to provide the necessary digit translation, call routing, and trunk signaling. The 
following discussion enumerates the modifications made to certain forms of ECP 41. 

(1) The Subscriber and Feature Information Form was modified to add Primary Dialing Class number 22. The MIN 

40 of each test phone was part of Dialing Class number 22: this class was created for the trial to restrict the dialing 
capabilities of the test phones and to prevent interference with the live traffic. 
(2) Pattern matching was added to the Dialing Plan form (DPLAN). These modifications specified the feature codes 
that were used. If the dialed digits received form the mobile station matched *57 (Method I), or 211 (Method II), a 
Destination Index of 911 for the DXDRTE route and a Dialed Number Modification (DNMOD) of 13 were assigned. 

45 If the digits matched *58 + 12 or more digits (which would be latitude/longitude), a Destination Index of 911 and a 
DNMOD of 14 wore assigned. 
(3) Dialed Number Modification (DNMOD) of 13 performed cell and sector matching. If the call originated from one 

of the cells/sectors in the table, a corresponding set of digits was added to the dialed digits (*57 or 211 ), and the 
entire set was routed to the Digit-By-Digit Call Routing (DXDRTE). 

so (4) Dialed Number Modification (DNMOD) of 14 performed latitude and longitude translation. The •sa was deleted 
from the incoming digits, and the remaining lat/long digits were routed to the Digit-By-Digit Call Routing (DXDTRE). 

(5) The Digit-By-Digit Call Routing (DXDTRE) assigned an outgoing trunk group and outpulsed the digits. The 
Feature Group D signaling method was used. The caller's MIN was outpulsed in the ANI (Automatic Number 
Identification) field, and lhe digits sent by the DNMOD forrns were oulpulsed in the Called Address field. 

55 

[0026] As noted above, Assistance Center 31 in Figure 3 is equipped with means for communicating with the mobile 
station via the cellular network over a communications link such as a voice channel, and for receiving and displaying 

the geogrRphical position informRtion of the mobile st8tion c8ller. The AssistRnce Center 31 is represented in Figure 
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4 as an Assistance Center Switch (ACS) 43 and an Assistance Center Dispatch Station 46. discussed infra. The ACS 
43 contains telephone switching equipment capable of receiving and discerning identity and location information per
taining to incoming calls, and routing those calls to operators as necessary. 
[0027] The ACS 43 is configured to include a Summa Four SDS-500 switch 44 which was configured with two T1 

5 cards, one used during the trial and the other used for testing. The ACS 43 may further include a dial tone generator, 
an MF (multifrequency) card for inband signaling-data capture, and an SLIC card to control attached telephone sets if 

so desired. A dedicated T1 span (interface A) from Center 33 was connected to one of the T1 cards; calls from Center 
33 entered through ports on this card. The SOS switch 44 was controlled by an SOS host 45 which was running the 
SOS control software. The switch 44 communicated switch-related information and activity to the host 45 through 

to reports: the host 45 issued commands to control the switch 44; and the switch 44 responded to commands with re
sponses. The SOS host machine 45 was an HP-9000 series workstation. 

15 

[0028] The control software for the switch 44 was written in the C programming language and comprised five main 

modules (discussed infra) to execute the functions of receive messages, send messages, signal capture, analyze 
number, and prepare MSL input. 

Receive Messages module 

[0029] This module received messages from the SOS switch 44. This module was designed to support different types 

of applications; based upon the destination code and function ID in a message, the message was forwarded to an 
20 application module. For the trial, only one module, namely the signal capture module, was used. 

Send Messages module 

[0030] This module received messages from host modules and queued them for transmission to the switch. It returned 

25 several slatus responses lo lhe calling module, including socket full/oulpul pending and communication error. 

Signal Capture module 

[0031] This module reacted to changes in the T1 and telset resources: these changes were sent to the host via 
30 lnpulse Rule Complete reports, Incoming Port Change reports, Outgoing Port change reports, or responses to Outgoing 

Port Control commands. Based upon the report, a command was built and sent to the switch via the Send Messages 
module. The commands included the resource's virtual communication address, and were formulated with the SOS 
Application Program Interface (API). 
[0032] The lnpulse Rule Complete report indicated that the signaling information from an inbound call (on the T1 

35 span) was complete. The received signaling data were then sent to the Analyze Number module for analysis and further 
action. 

Analyze Number module 

40 [0033] This module analyzed the digits received by the signal capture module to determine which set of location data 
it contained (e.g., latitude & longitude, cell & sector, or none). The location data were then reformatted into a location 
information set and sent to the Prepare MSL Input module. 

45 

Prepare MSL Input module 

[0034] This module prepared a location record for the MSL from the given location information set. If any error in the 
location set was detected, an appropriate error message was written to a log file. Otherwise, a data record was passed 
immediately to Locator 32 via lhe Send Messages module. 

[0035] Additionally, this module sent an Outgoing Port Control command to the switch to perform an Outpulse Rule 
so (ringing, etc.) for an ACOS telset (discussed infra). Since six telsets were used, if the first one was busy, the second 

one rang; if they both were busy, the call was queued (with ringback heard by the caller), and the first available telset 
received the call. 
[0036] As noted above, the Assistance Center may also include an Assistance Center Dispatch Station (ACDS) 46 
for housing telephone dispatching equipment 47 that enables an operator to talk with a caller and process the caller's 

55 location. This phone equipment would be interfaced to the SOS switch 44 through the SLIC card. 

[0037] The ACOS comprised six standard telephones 47 and one HP-9000 series workstation 48. The telephones 
47, connected to the ACS 43, allowed the operator to communicate with the callers/testers. Two software applications 
ran on the workstation: a Geographic Information System (GIS) for electronic mapping of callers' locations and a Graph-
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ical User Interface (GUI) which allowed the operator to quickly collect test scenario data. 

[0038] The Geographic Information System is an X Window application which displays geographic data. In addition, 

GIS contains highly powerful algorithms for determining the shortest route/path between any two or more points. The 

following features were specifically added for use in the trial 

A feature was added to display incoming location data with a car icon; this corresponded with "exact" locations 

where latitude and longitude data were present. 

A feature was added to display incoming location data with a circle; this corresponded with locations from omni

directional base stations. 

A feature was added to display incoming location data as a pie-wedge (section of a circle): this corresponded with 

locations from sectorized base stations. 

Capabilities were added to retrieve and delete the information related to a call. While any icon was illuminated, 

the operator could click on the icon and retrieve the specific information related to that call: MIN, latitude & longitude 

(if applicable), and cell/sector values (if applicable). The operator could also delete the entry, at which point the 

15 icon would be removed. 

20 

[0039] The GUI assists the operator in the gathering of necessary information. The GUI was built using X Windows/ 

Motif 1.1 widget family, and includes a menu bar with twelve fields which the operator can fill with test information. The 

fields are delineated below. 

(a) Dialing MIN: The tester's MIN. 

(b) Date: The date and times were obtained from the workstation's operating system. 

(c) Dial Type: The dialing types (Method I or II) are listed. 

(d) Cell: The name and number of the test cells were listed. 

25 (e) Cell_id: The number of the cell used. 

(f) Sector: The sector used by the tester in that cell. 

(g) Caller: Caller's name. 

(h) Call_taker: The operator's name. 

(i) Weather: Four conditions were listed: sunny, partly cloudy, rainy, and foggy. 

30 (j) Location: Thirty-two pre-assigned test locations were listed. 

(k) Result: Pass or fail result was given to each test_index. 

(I) Duration: Three call-duration times were listed: less than ten seconds, less than one minute, and greater than 

one minute. 

35 [0040] A comment field was also provided to function as a server for location information. The Mobile Station Locator 

32 was implemented with an HP-9000 series workstation. 

[0041] The Locator 32 included an MSL Host & Server unit 49 containing software written in C and comprising the 

following six modules: main control, request, query-one, query-all, database-retrieval, GIS-interface. The MSL server 

49 was designed to handle multiple simultaneous calls and operated as follows. The main control module waited for 

40 an incoming request from the ACS 43 (via interface B). For each incoming call, if the location data were present, the 

MSL server 49 translated it (if necessary) and formatted a data message which was sent to the ACDS 46. If the incoming 

call did not contain location data, the MSL server 49 checked if information from a Mobile Switching Center was included; 

if the Center was known, Locator 32 interacted with that particular Center using the query-one module. If the Center 

was not known, Locator 32 had the capability to interact with all connected Mobile Switching Centers using the query-

45 all module. Both types of query modules were designed to use an MSL-MSC interface module 50, discussed below. 

[0042] To ascertain the performance of the Mobile Station Locator 32, the main control module recorded the following 

events, with time-stamps, in log files: 

50 

55 

incoming mobile station call message received; 

query sent to MSC interface process by the MSC query process; 

query response received from the MSC interface process; and 

mobile station location record sent to ACDS. 

MSL-MSC Interface 

[0043] The purpose of the MSL-MSC Interface (MMI) module 50 is to perform MSC-specific processing to retrieve 

location information. The MMI 50 was written as an Expect script using TCL (Tool Command Language). The MMI 50 

login routine established a connection with the Autoplex ECP 41 Recent Change port through the workstation's serial 
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port. During the trial, this connection involved dialing a modem and logging into the ECP 41, all of which were handled 
automatically by the MMI 50. Once a connection was established, the MMI 50 main program continuously scanned an 
input file for query requests from the MSL server 49. 
[0044] When a query request was found, the MMI 50 would issue an OP:DN command to the ECP 41; this command 

5 would contain the MIN received from Locator32 in the query request message. Under normal operating circumstances, 
ECP 41 would return an MGR (Mobile Call Register) value. The MMI 50 would then issue an OP:MCR command with 

the MGR value. Under similar operating circumstances, ECP 41 would return, among other data, the cell site trunk 
information corresponding with the trunk currently serving the mobile station. The MMI 50 returned this information 
(trunk group and member number) to the MSL server 49 by writing it into an outputfile. If any errors were encountered, 

to the MM I 50 would write an appropriate error message into the output file. 

MSL Data Message Formats and Translations 

[0045] The Locator 32 receives location data and performs conversions to provide a uniform output message format 
15 to applications (API). An illustrative output message format is as follows 

20 

25 

cell and sector 4 characters 

longitude 8 

latitude 8 

elevation 5 

radius 5 

starting angle 5 

real coverage angle 5 

message/comments 125 

A space was used to delimit each field. 
[0046] The MSL host 49 executes certain conversion operations to properly translate the cellular network identifica
tion data for a specified mobile station into geographical position information. For example. transport Method I provides 

30 trunk group and member number data from the MSL-MSC Interface 50 to the MSL host 49. This data is translated in 

a first conversion operation into cell ID and sector ID information. In a second conversion operation. employed as a 

principal operation for transport Method II or as a secondary operation for transport Method I, the input data comprising 
cell/sector ID is converted into latitude and longitude, resolution (radius), angle 1, and angle 2. 
[0047] The conversion operations are preferably performed using indexable tables previously generated and stored 

35 at Locator 32. The data for the first conversion operation was obtained. for example, from lists of trunk groups and 
member numbers used by each cell site (categorized by cell 10 and/or sector ID). The data for the second conversion 
operation was gathered from radio plans (geographic maps of radio coverage) for the cells chosen for the trial, and 

organized into a tabular format. The latitude and longitude of each cell were taken directly from these radio plans using 
the base station antenna location as an index. The angles for sectorized cells were also extracted from the radio plans 

40 and other tables. The resolution of each cell/sector was determined from the radio plans as the distance from its center 

to the furthest point that provided at least -75dB radio signal coverage. The - 75dB figure was preferably used as a 
measure of the signal strength necessary to qualify as a threshold for handoff. 
[0048] The following describes the interfaces among the units represented in Figure 4. 

45 (1) MSC-ACS Interface (link "A") 

This is a T1 span with Feature Group D (FG-D) signaling. The MSC 33 outpulsed ANI (the mobile's MIN) and, 
depending upon the location-transport method, a string of dialed digit which contained information pertaining to 

the location of the caller. 

so (2) ACS-MSL interface (link "B") 

55 

This is a file-transfer interfR.ce between the SOS host 45 and the MSL Server 49 processes. For all mobile
originated calls, a request message including the mobile's MIN and optional location information was written by 
the SOS Host 45 into a file. The MSL server 49 read the data from the file. The SOS Host 45 and MSL processes 
were executed on separate machines connected through an ethernet link. 

(3) MSL-MSC interface (link "C") 
This is a serial connection between the MSL interface unit 50 and the MSC's recent change port. Since Locator 

32 is located remotely from Center 33, modems are used on a dial-up telephone line. The MS L's MM 150 interacted 
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with the MSC 33 to retrieve serving trunk group and member number data for a given MIN when transport Method 
I is operational. 

(4) MSL-ACDS interface (link "D") 
5 This is a file-transfer interface between the MSL Server 49 and the ACDS 46 application processes. The MSL 

writes its output messages containing the geographic location information into a file which is read by the ACDS 
application (GIS). Since the MSL and ACDS processes are executed on separate machines, an ethernet connec
tion was used to transport the file read-write messages. 

10 [0049] As an alternative to the location-finding schemes discussed above, the geographical location data may be 
obtained at the mobile station site using an enhanced mobile unit interfaced to an external position location system 
such as a GPS satellite. Location data for this service consisted of the latitude and longitude information uploaded by 

the enhanced mobile station. The resolution of this data was dependent upon the capabilities of the positioning equip
ment used at the mobile station. 

15 [0050] For this service (designated transport Method Ill), an "enhanced" cellular phone employed an attached posi
tioning device capable of determining the current location of the mobile unit. At the mobile operator's command, the 
enhanced phone read the current location information from the positioning device and automatically initiated a call. 
The dialed digits comprised a feature code plus the latitude and longitude location information. The Mobile Switching 

Center recognized this feature code and connected the call to the Assistance Center. In particular, the Switching Center 
20 outpulsed the MIN plus the latitude ('lat') and longitude ('Ion') which were included in the digits dialed by the cellular 

phone; the 'lat' required eight digits, and the 'Ion' required seven digits. The Switching Center transmitted this information 
to the Station Locator, which reformatted it and sent it to the Assistance Center for graphical display. Transport Method 
Ill is summarized in the following table. 

25 Location Transport Method Mobile Dialed Digits Signaling Data Outpulsed to AC from MSC 

Ill *58+Ion(8)+Iat(7) MIN(i 0)+lon(8)+Iat(7) 

[0051] The implementation of transport Method Ill required certain modifications to the mobile system configuration 
30 described above. The following discussion recites the enhancements made for the GPS-based implementation. 

Enhanced Cellular Phones 

[0052] Five GTE CCP-2000 Cellular Credit Card Phones (CCP) were modified for use in the aforementioned LATIS 

35 trial to implement Transport Method Ill. The modifications included the software and hardware revisions noted below. 
[0053] Hardware modifications included the following. 

40 

The RJ-i 1 data jack on the side of the CCP was modified to connect directly to the serial port of the CC P's micro
processor. This allowed the CCP to communicate with an attached positioning device via a serial link. 

[0054] Several modifications were made to the CCP's operating software. 

The software polled the serial port once every second looking for location data from the connected positioning 
device. If data was found and valid position information was included, the data was flagged as valid and stored in 

45 a buffer. If no data was found, or if invalid position information was included, the data was flagged as invalid. 

The software displayed a location status on the CCP's display. If location data flag indicated valid data in the buffer, 
the display would be updated with latitude and longitude information alternating every five seconds. If the data 
was flagged as invalid, an "Invalid Loe Data" message was displayed every five seconds. 
The function of the "Data" key was changed to provide the following functionality. When the Data key was pressed 

50 by a user/tester, the CCP would automatically initiate a call. The dialed digits included a 3-digit programmable 
feature code (FC) followed by 15 digits of position information (8 longitude digits followed by? latitude digits). Once 

the call was successfully initiated, control of the CCP was returned to the tester. 
The "Lock" key functionality was modified such that it would act as a toggle for a Tracking Mode. If the Tracking 
Mode was currently off when the Lock key was pressed, the CCP software would enable the mode; if the mode 

55 was on when the key was pressed, the software turned off the mode. While in the Tracking Mode, the CCP software 
maintained complete control of the phone; the tester could only press the Lock key, which would lead to the mode 
being disabled and control returned to the tester. While in the Tracking Mode, the CCP would initiate calls auto

malically in a pre-programmed interval. The call initiation was identical to thal corresponding to the Dala key press, 

8 
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but the duration of the call and the time between calls were determined by a set of programmable parameters. 
The CC P's service utility was modified to allow the feature code for the Data key to be programmed. Modifications 
were made also to allow programming of the feature code, call duration, and between-call interval for Tracking 
Mode. 

[0055] The positioning devices were Lowrance OEM GPS receivers, although any such geographical positioning 

system may be employed. These receivers were capable of receiving signals from location acquisition systems such 
as GPS satellites, processing the signals, and computing a location estimate based on those signals. One GPS receiver 
was connected to each CCP-2000 phone through a serial data cable. The GPS receivers automatically forwarded 

to location information messages once every second. These messages contained the receiver status, position status, 

and position information. The resolution of GPS receivers is highly dependent upon environmental factors and varies 
continuously. Under typical conditions, a GPS receiver that is receiving data from three or more satellites will have an 

accuracy of 50 to 1 00 meters. 
[0056] While there has been shown and described herein what are presently considered the preferred embodiments 

15 of the invention, it will be apparent to those skilled in the art that various changes and modifications can be made 

therein without departing from the scope of the invention as defined by the appended claims. 

Claims 
20 

1. A method of determining the location of a mobile station in a cellular system comprising a plurality of cell sites 
each including a plurality of mobile stations in communication with a base station, and comprising a plurality of 
interconnected mobile switching centres each in communication with the base stations of certain cell sites, wherein 
each mobile switching centre maintains network identification data for each mobile station being served in said 

25 cerlain cell sites, the method comprising lhe steps of: 

30 

receiving network identification data from one of the mobile switching centres, wherein the network identifica
tion data defines the placement of the mobile station within the cellular system: 

converting the received network identification data into geographical location information using geographic 
maps of radio coverage; 

characterised in that 
the network identification data are transmitted contemporaneously with a voice channel from the mobile switching 

35 centre serving a cell site in which the mobile originates communication, and 

40 

45 

performing the following additional steps before transmitting said network identification data 

transmitting an identity code assigned to the communicating mobile station in a cellular channel from the mobile 
switching centre; 

prompting the mobile switching centre with said identity code to request the network identification data for said 
communicating mobile station; 

at the mobile switching centre, responsively retrieving the requested network identification data using the 
identity code. 

2. The method according to claim 1 characterised in that the method is performed in response to a trigger command 

from lhe mobile slalion. 

so 3. The method according to one of claims 1 to 2 characterised in that the network identification data include data 

55 

identifying the communications trunk group serving the mobile station, a member number, and cell and/or sector ID. 

4. A location finding assembly in a cellular system adapted to perform all the steps of the method according to one 
of claims 1 to 3. 

9 
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Patentanspri.iche 

1. Verfahren zum Bestimmen des Ortes einer Mobilstation in einem zellularen System, das eine Vielzahl von Zellen
Standorten umfasst, die jeweils eine Vielzahl mit einer Basisstation in Verbindung stehender Mobilstationen enthalt. 

5 und das eine Vielzahl von miteinander verbundenen Mobil-Vermittlungszentren umfasst, die jeweils mit den Ba
sisstationen van bebestimmten Zellen-Standorten in Verbindung stehen, wobei jedes Mobil-Vermittlungszentrum 
Netzwerk-ldentifikationsdaten fOr jede Mobilstation, die in den bestimmten Zellen-Standorten bedient wird, unter
halt, wobei das Verfahren die folgenden Schritte umfasst 
Empfangen von Netzwerk-ldentifikationsdaten von einem der Mobil-Vermittlungszentren, wobei die Netzwerk-

10 ldentifikationsdaten die Platzierung der Mobilstation innerhalb des zellularen Systems definieren; 

Umwandlen der empfangenen Netzwerk-ldentifikationsdaten in geographische Lageinformation unter Verwen
dung geographischer Funkbedeckungskarten; 

dadurch gekennzeichnet, dass 
die Netzwerk-ldentifikationsdaten gleichzeitig mit einem Sprachkanal von dem Mobil-Vermittlungszentrum gesen-

15 det wird, das einen Zellen-Standort bedient, in dem die Mobilstation eine Kommunikation hervorbringt, und 
DurchfOhren der folgenden zusatzlichen Schritte vor dem Senden der Netzwerk-ldentifikationsdaten: 

20 

25 

Senden eines der kommunizierenden Mobilstation zugowiosenen ldentitiitscodes in einem Zellenkanal von 
dem Mobil-Vermittlungszentrum; 

Veranlassen des Mobil-Vermittlungszentrums mit dem ldentitatscode, die Netzwerk-ldentifikationsdaten /Or 
die kommunizierende Mobilstation zu verlangen, und 

als Reaktion, in dem Mobil-Vermittlungszentrum Ruckgewinnen derverlangten Netzwerk-ldentifikationsdaten 

unter Verwendung des ldenlitiitscodes. 

2. Verfahren nach Anspruch 1, dadurch gekennzeichnet, dass das Verfahren als Reaktion auf einen Auslosebefehl 
von der Mobilstation durchgefOhrt wird. 

30 3. Verfahren nach einem der Anspruche 1 bis 2, dadurch gekennzeichnet, dass die Netzwerk-ldentifikationsdaten 

Oaten enthalten, die die Kommunikations-Kanalgruppe, die die Mobilstation bedient, eine Elementnummer und 
Zelle und/oder Sektor-ID identifizieren. 

4. Lagebestimmungeinrichtung in einem Zellensystem, die eingerichtet ist, alle Schritte des Verfahrens nach einem 
35 der Anspruche 1 bis 3 durchzu/Ohren. 

Revendications 

40 1. Procede de determination de la position d'une station mobile dans un systeme cellulaire comprenant une pluralite 
de sites cellulaires incluant une pluralite de stations mobiles en communication avec une station de base, et com
prenant une pluralite de centres de commutation mobiles interconnectes chacun en communication avec les sta

tions de base de certaine sites cellulaires, dans lequel chaque centre de commutation mobile maintient !es donnees 
d'identification du reseau pour chaque station mobile servie dans les dits certains sites cellulaires, le procede 

45 comprenant les etapes suivantes : 

reception des donnees d'identification du reseau depuis un des centres mobiles de commutation, dans lequel 
les donnees d'identiiicalion du reseau determinenl la position de la station mobile a l'interieur du systeme 

cellulaire: 
so conversion des donnees re9ues d'identification du reseau en une information de positionnement geographique 

en utilisant des cartes geographiques de couverture radio; 

caracterlse en ce que 
les donnees d'identification du reseau sont transmises simultanement avec le canal vocal depuis le centre 

55 de commutation mobile servant un site cellulaire dans lequel le mobile debute une communication, et 

que les etapes additionnelles suivantes sont effectuees avant de transmettre les dites donnees d'identifica
tion du reseau : 

10 
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transmission d'un code d'identite assigne a la station mobile en communication dans un canal cellulaire a 
partir du centre de commutation mobile; 
appel du centre de commutation mobile avec le dit code d'identite pour requerir les donnees d'identification 
du reseau pour la dite station mobile en communication ; 
reconstitution des donnees d'identification du reseau requises en reponse en utilisant le code d'identite au 
centre de commutation mobile. 

2. Procede selon la revendication 1, caracterise en ce que le procede est effectue en reponse a une commande 
de declenchement de la station mobile. 

3. Procede selon l'une quelconque des revendications 1 et 2, caracterise en ce que !es donnees d'identification du 
reseau incluent des donnees identifiant le groupe de liaison des communications servant la station mobile, un 
numero de membre et une identification de cellule et/ou secteur. 

15 4. Ensemble de determination d'une position dans un systeme cellulaire adapte pour effectuer toutes les etapes du 
procede selon l'une des revendications 1 a 3. 

20 
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Description 

Field Of The Invention 

5 [0001] The invention relates to a method for allocating downlink electromagnetic power to enhance pertormance of 
a wireless network. 

Background Of The Invention 

10 [0002] Whenever a wireless network is initially installed or expanded, various wireless parameters must be tuned 
to proper values prior to full commercial operation. The tuning of wireless parameters is referred to as radio frequency 
(RF)network optimization. The RF optimization includes adjusting the downlink transmit power of base stations. 
[0003] Wireless service providers often have relied upon a trial-and-error strategy to optimize radio frequency 
antenna coverage of cells or other geographic areas within a wireless network. The trial-and-error strategy requires 

15 repeated measurements at the same locations through iterative test drives until a feasible downlink transmit power for 
each base station is found. The test drive refers to taking radio frequency measurement samples from a vehicle which 
is equipped to measure radio frequency parameters versus location while driving through the coverage area of a wire
less network. Based on recorded measurements of parameters in a cluster of cells during a test drive, recommenda
tions on adjusting system parameters are established. However, the trial-and-error approach sometimes leads to 

20 quality deterioration or service interruption if incorrect recommendations are applied to an operational system. After the 
recommended changes to system parameters are implemented, another test drive typically is completed to validate 
system pertormance. If the latest test drive did not indicate adequate pertormance, the wireless network or expansion 
may be delayed from commercial operation, while yet another round of parameter adjustments is followed by a corre
sponding test drive. 

25 [0004] Even if a wireless network timely goes into commercial operation, improper radio frequency optimization 
may reduce the capacity of a wireless network. Failure to accurately set the parameters of downlink transmit power may 
lead to unnecessary expenditures for capital intensive cellular infrastructure. For example, additional channel capacity 
or additional cell sites, which are not truly needed, may be added to compensate for an incorrectly optimized wireless 
system. 

30 [0005] The trial-and-error approach to optimization wastes valuable time of engineering and technical resources by 
often entailing iterative or multiple field measurements to obtain an acceptable solution for radio frequency optimization. 
The repetitive nature of the trial-and-error tends to make such an approach difficult or impractical for handling large net
works. Thus, a need exists for improving the accuracy of optimization rather than relying on the time-consuming and 
happenstance accumulation of empirical data. 

35 [0006] During radio frequency optimization, the overall geographic coverage area may be divided into clusters of 

40 

smaller geometric regions, each encompassing a few adjacent cells. The trial-and-error approach is then applied to the 
clusters, one after another. After finishing all clusters, the wireless network is reoptimized as a whole, particularly at the 
boundary between clusters, with the same trial-and-error method. Thus, the trial-and-error approach is time consuming 
and may not-even produce suitable or optimum coverage results. 

Summary Of The Invention 

[0007] In accordance with the invention, a method for allocating downlink transmit-power in a wireless network 
determines downlink transmit powers to permit a target pertormance goal to be satisfied for defined radio frequency 

45 coverage areas. Base stations transmit electromagnetic transmissions. Received signal parameters of the electromag
netic transmissions are measured at measurement locations within defined radio frequency coverage areas. A data 
processing system determines propagation factors associated with the electromagnetic transmissions as a function of 
the measurement locations. A data processing system determines a downlink transmit power for at least one of the 
base stations based upon at least one target pertormance goal for the coverage areas and the propagation factors. 

50 [0008] The target performance goal may comprise a target carrier-to-interference ratio for the coverage areas with 
reference to the propagation factor associated with each of the measurement locations. The processing system may 
calibrate the downlink transmit power to satisfy the target carrier-to-interterence ratio for the measurement locations 
with a defined reliability. For example, the downlink transmit power may be selected such that a corresponding actual 
carrier-to-interterence ratio meets or minimally exceeds the target-to-carrier interference ratio for the measurement 

55 locations with a defined reliability. The defined reliability may be defined in terms of probability or other statistical meas
ures. 
[0009] The systematic attributes of the method and its associated data structure increase the efficiency of radio fre
quency optimization by eliminating the recursive or iterative nature of taking field measurements pursuant to the con-

2 
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ventional trial-and-error approach. Moreover, the method of the invention is well-suited for reliable execution on a 
general purpose computer. 

Brief Description Of The Drawings 

[0010] 

FIG. 1 is a flow chart illustrating a general method of allocating downlink transmit power in accordance with the 
invention. 

FIG. 2 is a flow chart providing an illustrative example of the method of FIG. 1. 

FIG. 3 shows a measuring procedure for measuring signal power in a wireless network in accordance with the 
invention. 

FIG. 4 is an example of a data format for organizing signal power measurements acquired during the measuring 
procedure of FIG. 3. 

FIG. 5 shows a received signal power at various measurement locations for the wireless network of FIG. 3 prior to 
20 adjusting downlink transmit power in accordance with the invention. 

FIG. 6 shows a received signal power at various measurement locations for the wireless network of FIG. 3 after 
adjusting downlink transmit power in accordance with the invention. 

25 FIG. 7 shows the received carrier-to-interference ratio at various measurement locations for the wireless network 
of FIG. 3 prior to adjusting downlink transmit power in accordance with the invention. 

30 

FIG. 8 shows the received carrier-to-interference ratio at various measurement locations for the wireless network 
of FIG. 3 after adjusting downlink transmit power in accordance with the invention. 

FIG. 9 shows an illustrative system for allocating downlink power to base stations in a wireless network. 

Detailed Description Of The Preferred Embodiments 

35 [0011] In accordance with an example shown in FIG. 1, a method for allocating downlink transmit power includes 
measuring received signal powers; determining a propagation factor from the measured signal powers for each base 
station; calculating an initial downlink transmit power for each base station based on the corresponding propagation fac
tor; and calibrating the initial downlink transmit power to obtain a resultant downlink transmit power to enhance perform
ance of the wireless network. Pertormance may be enhanced by reducing co-channel interference in the wireless 

40 network or otherwise. 

General Method for Power Allocation 

[0012] Starting from step S10, a test receiver measures received signal parameters of corresponding base stations 
45 at measurement locations within defined radio frequency coverage areas. Although the signal parameters may include 

signal strength, background noise, or both, in an alternate embodiment the measured signal parameters may comprise 
signal-to-noise ratio, signal-to-interterence ratio, frame-error rate, bit-error rate, or the like. Each defined radio frequency 
coverage area may represent a sector, a cell, or the like. In one example, step S10 includes measuring background 
noise associated with each of the measurement locations. 

50 [0013] In step S12, a processing system accepts the measured received signal parameters from step S1 Oas input. 
The processing system determines a propagation factor of a respective electromagnetic signal for each of the base sta
tions as a function of the measurement locations. The propagation factor characterizes the unique propagation path 
between a base station and each measurement location. The base station transmits a downlink electromagnetic trans
mission to the test receiver at the measurement location via one or more unique propagational paths. The propagation 

55 factor represents the aggregate impact of propagational variables for one or more propagational paths between a 
measurement location and a corresponding downlink base station. The propagation factor inherently considers propa
gational variables such as free space loss, diffraction loss, and obstruction loss, among others to provide a realistic indi
cation of actual propagation conditions within the wireless network to an accuracy partially determined by the number 

3 
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of measurement locations per geographic area. 

[0014] In step S14, the processing system generally determines (e.g., calculates) an initial downlink transmit power 
within a transmitter power interval for each of the base stations based upon a target carrier-to-interference ratio for the 
coverage areas. The initial downlink transmit power is determined with reference to the propagation factors associated 

5 with corresponding propagational paths between base stations and respective measurement locations. Although the 
target carrier-to-interference ratio may be uniform for the entire network, the target carrier-to-interference ratio may be 
different for different geographic coverage areas to tailor radio frequency coverage to meet traffic conditions or reliability 
concerns. 
[0015] In one illustrative example, step S14 preferably includes calculating the initial downlink transmit power for 

10 each of the base stations with reference to each measurement location based upon the target carrier-to-interference 
ratio, the measured signal powers, the measured background noise, and the propagation factors. 
[0016] In step S 16, the processing system calibrates the initial downlink transmit power to obtain a resultant down
link transmit power satisfying the target carrier-to-interference ratio for the measurement locations with a defined relia
bility. The defined reliability may represent the probability of the resultant downlink transmit power meeting or exceeding 

15 a target threshold in a particular geographic coverage area, where the target threshold is a signal parameter (e.g., sig
nal strength) corresponding to the target carrier-to-interference ratio. In an example, the resultant downlink transmit 
power is selected such that a corresponding actual carrier-to-interference ratio meets or minimally exceeds the target
to-carrier interference ratio for the measurement locations with a defined reliability. 
[0017] The defined reliability may represent a minimum probability or percentage of time in which the actual carrier-

20 to-interference ratio meets or exceeds the target carrier-to-interference ratio for the aggregate measurement locations 
associated with a corresponding geographic coverage area. The reliability may be expressed as a fraction in which the 
numerator includes the number of measurement locations in a geographic area that permit the target to carrier-to-inter
ference ratio to be exceeded. The denominator of the fraction represents the total number of measurement locations in 
the same geographic area that are considered. 

25 [0018] The resultant downlink power may be referred to as the minimal downlink power corresponding to an actual 
carrier-to-interference ratio meeting or exceeding the target carrier-to-interference ratio with a given probability. The 
actual carrier-to-interference ratio preferably meets or minimally exceeds the target-to-carrier interference ratio for the 
measurement locations with a defined reliability consistent with the known maximum power of each of the base sta
tions. Each resultant downlink power may be viewed as a function of the calibration factor, the target carrier-to-interfer-

30 ence ratio, the measured signal powers, the measured noise signal powers, the propagation factors, and the 
measurement locations. 
[0019] At the fixed end, the base station is associated with a power adjuster for adjusting its downlink power. For 
example, the base station may include an integral power control device for producing a continuously variable transmit 
downlink power or discrete steps of transmit downlink power. In an alternate embodiment, a base station includes an 

35 adjustable attenuator coupled to a radio frequency transmit port of the base station. The maximum transmitter power is 
the highest transmit power that the base station is capable of producing based on hardware limitations, governmental 
regulations, or both. The downlink transmit power may be normalized for a scale ranging from Oto 1, with one being the 
maximum transmitter power. The normalization of the downlink transmit power provides a convenient format for subse
quent mathematical operations. The downlink power, once set, remains fixed for a reasonable time which exceeds the 

40 duration of a typical expected call. 
[0020] Antennas are coupled to the base stations. The transmit-power allocation method of the invention produces 
the best results if the antennas are installed with proper orientations. If the antennas are installed with proper orienta
tions, minimal or no radio frequency coverage improvement can be achieved by changing the antenna orientation or 
other antenna parameters. Here, a radio frequency coverage improvement means that the carrier-to-interference ratio 

45 could be enhanced without reducing traffic capacity of the wireless network. Nevertheless, even if the antennas are not 
properly oriented, antennas with corresponding fixed radiation patterns are sufficient to carry out the power allocation 
method. Although both the orientation and radiation patterns of the antennas contribute to the actual carrier-to-interfer
ence ratio of the wireless network, the antenna orientation for a directional antenna and the transmitter power are mutu
ally independent parameters; hence, capable of independent power adjustment. 

50 

Mathematical Calculations for Power Allocation 

[0021] FIG. 2 provides an illustrative example of the mathematical calculations that may underlie the general steps 
presented in FIG. 1. Step S18 of FIG. 2 describes step S10 of FIG. 1 in mathematical terms. Step S20 of FIG. 2 pro-

55 vicles an illustrative mathematical equation which is applicable to step S12 of FIG. 1. Steps S22, S22 and S24 provide 
a group of mathematical equations which are applicable step S14. Step S28 and step S30 disclose mathematical equa
tions which are applicable to step S16. 
[0022] Beginning in step S18, a test receiver measures received signal powers Vi(x) of corresponding base sta-

4 
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tions, i = 1, 2, ... ,n at measurement locations x within defined radio frequency coverage areas Si for i = 1, 2, ... ,n. The 
measurement of the received signal power provides a basis for determination of the propagation factor in step S20. On 
the mobile side, m measurement locations are selected and considered representative of a desired radio frequency net
work coverage. 

5 [0023] A measurement location is a geographical point where a mobile station is supposed to obtain communica-
tions service from the wireless network A test receiver measures a received signal transmitted by the base station with 
a known downlink transmit power. The known downlink transmit power typically represents a pre-adjustment transmit 
power if any iteration of the allocating procedure is independently considered from all other iterations. In an illustrative 
example, the measured signal parameters include received signal strengths and background noise. The test receiver 

10 measures the received signal strength at the measurement locations which may be selected on the basis of traffic dis
tribution or other business concerns. In addition, the test receiver may measure the noise N(x). The signal strength 
parameter measurements preferably are normalized to allow ready comparisons of all measurements and mathemati
cal manipulation in subsequent procedures. 
[0024] In step S20, a propagation factor Ej(x) is determined for each of the base stations i= 1,2, ... ,n as a function 

15 of the measurement locations x in accordance with the following equation: 

20 
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(1) 

wherein Yi is a known downlink power of base station i, Vi(x) is a received signal parameter (e.g., signal strength) as a 
function of measurement location x, and N(x) is a background noise power as a function of measurement location x. 
[0025] In step S22, a processing system calculates an initial downlink transmit power wi for each of the base sta
tions i = 1,2 ... ,n based upon a target carrier-to-interference ratio Ci for the coverage areas Si for i = 1,2, ... ,n served by 
the base stations i and the propagation factors Ei(x) for i = 1,2, ... ,n at each of the measurement locations x. The initial 
downlink transmit power wi is calculated such that an actual carrier-to-interference ratio Ci(x) for each cell meets or 
exceeds a target carrier-to-interference ratio selected as a goal by a user of the adjustment method. As used herein, 
the actual carrier-to-interference ratio shall refer to the post-adjustment carrier-to-interference ratio, unless otherwise 
specified. However, the actual carrier-to-interference ratio should just barely exceed or minimally exceed the target car
rier-to-interference ratio, to minimize transmit power and thereby increase system capacity. Moreover, minimizing trans
mit power reduces concerns of electromagnetic biological hazards. To adjust the downlink transmit power, the actual 
carrier-to-interference ratio at those m locations are set above a target carrier-to-interference with reference to a certain 
probability. The probability and the corresponding target carrier-to-interference are selected as goals by a user of the 
power allocation method in accordance with the invention. 
[0026] The actual carrier-to-interference ratio Ci(x) may be expressed as a function of measurement location x, 
propagation factor Ei(x), noise N(x), and transmitter power Yi in accordance with equation 18. (See equation 18 in the 
Mathematical Models section infra where many numerically referenced equations are presented in sequential order.) 
The actual carrier-to-interference ratio for a cell is determined for each measurement location within the cell, based on 
measurement of received signal parameters, such as signal strength, received noise, or both, in step S18. The meas
ured signal strength and measured noise of step S18 may be used in conjunction with equation 18 to determine the 
actual carrier-to-interference ratio. 
[0027] The target carrier-to-interference ratio Ci for a cell is selected as a goal by the user. If the actual-carrier to 
interference ratio is equal to or greater than the target carrier-to-interference with a given probability, the actual carrier 
to interference satisfies the target carrier-to- interference. Equation 20 (see Mathematical Models section infra) 
describes the target carrier-to-interference as a constant for all the measurement locations within a cell, a sector, or 
another defined geographic coverage area. 
[0028] Step S22 involves calculating the initial selected downlink power within a downlink power interval by com-
pleting the following mathematical procedure. First, a vector 

and a matrix 

are constructed in accordance with the following equations: 
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(2) 

( 3) 

wherein Ci represents a carrier-to-interference ratio for a defined coverage area i, Ei(x) is a propagation factor for first 
set of defined coverage areas i, Ei(x) is a propagation factor for a second set of defined coverage areas distinct from 
the first set, N(aj represents background noise, mis the considered (e.g., total) number of measurement locations x, k 
represents a particular measurement location, and n is the total number of the defined coverage areas within the first 

20 set and the second set. 

25 

30 

35 

[0029] Second, an iterative procedure is applied to the vector z and matrix A to solve for the vector 

starting with 

in accordance with the following equation: 

( 4) 

[0030] The foregoing equation (equation 4) is an iterative equation, which is applied until a desired precision is 
reached. A desired precision is reached if a difference between the result of the last previous iteration and the present 

40 result is less than a defined threshold. For example, the defined threshold may be empirically determined by field stud
ies of wireless networks. 

45 

[0031] However, if the result of equation 4 does not converge, the solution for vector w may be estimated by a first 
iteration, a second iteration, or the latest iteration that is sufficiently reliable and consistent with earlier iterations. For 
example, the first iteration of equation 4 has 

w = z. 

50 [0032] Although the vector w falls within a downlink power interval, the initial downlink power is preferably mathe-
matically treated to render a more exact solution or verify its exactness prior to adjusting the downlink transmit power 
of the base station. Once the initial downlink power is treated or verified to be sufficiently reliable, the initial downlink 
power may be referred to as the resultant downlink transmit power. In any event, the initial downlink transmit power 
should not be confused with the measured, received downlink transmit power of step S18, which merely represents a 

55 field measurement, as opposed to the determination of a suitable power setting for radio frequency coverage enhance
ment. 
[0033] The rationale behind the equations for calculating the initial downlink power is best understood with refer
ence to equation 23 (see Mathematical Models section infra), which forms the basis for equations 2, 3, and 4. Equation 
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23 represents a square error difference between the target carrier-to-interference and the measured carrier-to-interfer
ence. If the square error difference is minimized, the result defines a power interval in which a resultant downlink trans
mit power may be found for the base station. In practice, each base station may have a unique power interval and a 
corresponding unique resultant downlink transmit power. 

5 [0034] Equation 23 is a basic expression of the minimum-square error approach for determining the resultant base 
station powers for each selected base station in the wireless network. The resultant base station downlink power is 
determined to achieve the target carrier-to-interference ratio or to minimally surpass the target carrier-to-interference 
ratio. Once the resultant downlink transmit power is applied to a wireless network, the resultant downlink transmit power 
may be referred to as a post-adjustment downlink transmit power. Equation 24 expresses the value of y that can mini-

10 mize equation 23. Equation 26 is a vector representation of equation 24 used merely to simplify the expression of equa
tion 24. Equation 26 may be rewritten as equation 31 . 
[0035] While the solution of equation 31 represents the resultant downlink transmit power for each base station, 
execution of equation 31 may be problematic because of typical computer hardware limitations. Typical hardware limi
tations include quantization error and limitations on the maximum number of significant digits for mathematical calcula-

15 tions. Accordingly, inverting the matrix of equation 31 tends to produce a crash of computer operations or lead to 
inaccurate results. Accordingly, instead of solving equation 31, the processing system first attempts to solve equation 
26 by application of equation 4, as previously discussed to reduce the potential for inoperative problems with computers 
or inaccurate results. Thus, the foregoing approach as set forth in equations 2, 4, and 4, represents more than merely 
a theoretical solution to the problem of attaining a suitable resultant downlink transmit power for each selected base sta-

20 tion in the wireless network. Rather, equations 2, 3, and 4 represent the refinement and tempering of raw mathematical 
equations into a practical algorithm well-suited for reliable operation in a general purpose computer or another data 
processing system. Moreover, in an example equation 4 is iterative and may be solved merely by using multiplication, 
which makes it resistant to the numerical instability as may occur by division or matrix inversion. 
[0036] In step S24, a processing system determines if the above iterative calculation of the initial downlink transmit 

25 power wi converge to indicate a solution for wi 
[0037] The relation between the convergence of the iteration of equation 4 and the physical attributes of a particular 
wireless network provides the additional information with regard to the quality of the network. Divergence of the algo
rithm indicates serious design weakness of the wireless network, such as an unintentionally redundant radio frequency 
coverage of different base stations. 

30 [0038] Alternatively, rather than attaining a global solution of the equation 4 in step S22, an approximation can pro-

35 

vide a local solution of an initial downlink transmit power within a transmit power interval for corresponding base sta
tions. The global solution is preferred to the local solution because the results are more accurate. In step S26, the 
processing system calculates wi in accordance with the following approximation: 

(5) 

wherein Ci represents a carrier-to-interference ratio for a defined coverage area i, x represents a measurement location, 
40 wi represents an initial downlink power for base station i within a power interval, and Si refers to defined measurement 

locations x within the coverage area i. 
[0039] Alternately, the following set of equations may be used instead of equation 63: 

45 

50 

55 
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E"'·1c = min E (x) 
I XES1 I 

NM., = max N(x) 
xes, 

( 6) 

( 7) 

( 8) 

( 9) 

wherein Yi is a known downlink power of base station i, Ci represents a carrier-to-interference ratio for a defined cover-
20 age area, Ei(x) is a propagation factor for first set of defined coverage areas i, Ei(x) is a propagation factor for a second 

set of defined coverage areas distinct from the first set, N(x) represents background noise, mis the considered (e.g., 
total) number of measurement locations x, k represents a particular measurement location, Si represents defined 
measurement locations x (e.g., measurement locations that are relevant because of traffic considerations in the wire
less network) within a coverage area i, and Sk represents defined measurement locations x within a coverage area k. 

25 [0040] Both equations 5 and 74 represent a local approximation of the initial downlink transmit power. One of the 
difficulties in arriving at a solution is that any change of downlink transmit power in one geographic coverage area (e.g., 
cell) may theoretically have a secondary impact all other geographic coverage areas. Where the secondary impact on 
other geographic coverage areas is ignored to some extent, a localized solution for the initial downlink transmit power 
may be obtained, such as pursuant to equation 5. However, the accuracy of the solution of equation 5 is less than the 

30 accuracy of the solution of equation 4, so equation 4 may be preferred and equation 5 may be relegated to the role of 
a contingent alternative to equation 4. Equation 5 or 74 is particularly applicable where equation 4 diverges or does not 
converge. 

35 

40 

[0041] In step S28, a processing system determines a calibration factor a based upon a known maximum power 
YiM of each of the base stations at each geographic area Si FOR i = 1,2, ... ,n in accordance with the following equation: 

~ {/•
1 

n C, · N(x) } a= mm -'-,max max-------------
•=1 w 1:I xeS, w E. (x) - C "n w E (x) 

I I I I 4.Jj:I } J 

( 10) 

wherein YiM is a known maximum downlink power of base station i, Ci represents a carrier-to-interference ratio for a 
defined coverage area, Ei(x) is a propagation factor for first set of defined coverage areas i, Ei(x) is a propagation factor 

45 for a second set of defined coverage areas distinct from the first set, N(x) represents background noise, x represents a 
measurement location, n represents a total number of the first set or the second set, wi represents an initial downlink 
power for base station i within a power interval, and wi represents an initial downlink power for base station j within a 
power interval. 
[0042] Equation 1 O is directed at solving a problem posed by the minimum-square error approach set forth in step 

50 S22 or of the approximation in step S26. In the minimum-square error approach the initial downlink power is repre
sented as a downlink power interval containing the true resultant downlink power. The calibration factor is determined 
to bring out the true resultant downlink power from within the downlink power interval as further described in step S30. 
[0043] In step S30, a processing system calibrates the initial downlink transmit power wi for each base station i= 
1,2, ... ,n with the determined calibration factor a to obtain a resultant downlink transmit power Yi superseding the initial 

55 downlink transmit power, in accordance with the following equation: 

Yi= a wi for i = 1,2, ... ,n. (11) 

8 



EP 1028543 A1 

The resultant downlink power represents a refinement of the initial downlink transmit power. Equation 1 O takes an initial 
downlink transmit power within a transmit power interval and scales the initial transmit power to the resultant transmit 
power that equals or just exceeds the target carrier-to-interference ratio with reference to a probability. Because the ini
tial downlink transmit power, w, is distributed within the transmit power interval corresponding to the target carrier-inter-

5 ference ratio, one value of w within the transmit power interval may correspond to an actual carrier to interference ratio 
that exceeds the target carrier to interference ratio, while another value of w within the transmit power interval may cor
respond to an interference ratio that is greater than the target carrier-to-interference ratio. The attenuation factor makes 
the result w fall within the portion of the power interval that corresponds to a resultant downlink transmit power that 
meets or minimally exceeds the target carrier-to-interference ratio. The determination of the minimum-square equation, 

10 in effect, redistributes the carrier-to-interference ratios along the measurement locations, while the calibration adjusts 
the minimum-square error result to fit the inequality given by the target carrier-to-interference ratio. 

[0044] The solution expressed as resultant transmit powers may be accompanied with an appropriate cautionary 
language or a confidence factor indicating the reliability of the solution. For example, equation 4 has a sufficiently high 
reliability when a certain minimum number of iterations are completed and the successive differences between the solu-

15 tions falls under a threshold value. Therefore, solutions from equation 4 have the highest confidence when the threshold 
value is met. If the successive iterations of equation 4 do not converge, the latest iteration before the nonconvergence 
is used and is associated with a lower level of confidence which is lower than a highest confidence value. If the succes
sive iterations do not converge, Equation 5 may be invoked as an alternative solution with a confidence that is equal to 
or lower than that of the latest iteration of equation 4 prior to the nonconvergence or divergence. 

20 [0045] While other mathematical methods can be used to solve equation 26 (see Mathematical Models section 
infra) and reach a set of resultant downlink transmit powers, the other mathematical methods would necessitate sub
jecting the matrix A to different conditions, which may not be appropriate for a realistic engineering model of radio fre
quency coverage of a wireless network. The method of the invention provides a systematic approach for adjusting 
transmit power through organized acquisition of field measurements. The method formalizes the testing procedure to 

25 reduce labor and effort by employing a mathematical framework representative of signal propagation in a wireless net
work. As to the quality of the result, the resultant downlink transmit power allocations are mathematically provable as 
generally optimal, following from the minimum of minimum-square error approach. Moreover, the new procedure 
applies to unloaded as well as loaded systems, which makes it a natural candidate for the so-called continuous optimi
zation of network. 

30 

Mathematical Models for Power Adjustment 

[0046] Now that the mathematical principles underlying the power allocation method have been generally dis
cussed, several key mathematical modeling concepts are presented to provide a firm foundation for equations set forth 

35 herein. First, a basic definition of carrier-to-interference is presented. Second, a minimum-square error approach is 
described based upon the basic definitions of the carrier-to-interference and derivations thereof. Third, the mathemati
cal framework surrounding the calibration process is described. Fourth, the local approximation is described as an alter
native to the minimum-square error approach. 

40 

45 

50 

55 

[0047] Usually, the carrier-to-interference ratio is defined as 

(CI I), (12) 

where (C/l)i refers to the carrier-to-interference ratio associated with base station i, N the background and Vi the 
received carrier signal power of cell i. It is, however, convenient from the measurement point of view, to use the defini
tion 

(13) 

[0048] In fact, the procedure could use either definition. This is because there exists a unique mapping between 
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(C/l)i,1 and (C/l)i, i.e. 

{C//); 
( GIi) ; , 1 = 1 +{ C//) ; (14) 

5 which is a one-to-one mapping 

[O, oo)-[O, 1) (15) 

Equations 12 and 14 are equivalent and the definition (C/l)i,1 will be used in the following equations. Two important 
10 terms underlie the power allocation method: (1) the propagation factor and (2) the minimum-square error. The bridge 

between the propagation factor and the minimum-square error is a basic relationship, which is sought. 

15 

[0049] Vi(x) denotes the total received signal power of any geographic coverage region i and at any measurement 
location x. The geographic coverage region may comprise a sector, a cell, or the like. Now, let Yi be the downlink trans
mit power of geographic coverage region i. As a result of the linearity of the Maxwell's equations, 

(16) 

where Ej{x) is a function that is independent of Yi, N(x) is the noise received at the measurement location x. The back
ground noise N(x) includes all other signals than the wanted signal intended to serve the geographic coverage region. 

20 The background noise is received in the same frequency bandwidth, and includes more than just thermal noise. By this 
definition of N(x), Vi{x) has been associated with all unwanted electromagnetic powers receivable at location x. Thus, 
the power allocation method of the present invention is advantageously applicable to a loaded wireless network, an 
unloaded wireless network, or both because of the manner in which the noise is defined. 
[0050] Because both N{x) and Vi(x) are physically measurable, Ei(x) can be determined for given Yi· Ei(x) refers to 

25 the propagation factor, because it accounts for the attenuation of the signal strength, or another measurable effect of a 
different signal parameter, caused by the propagation of electromagnetic waves. In a CDMA(e.g., CDMA IS-95) net
work, the quantity YiEi(x) may correspond to the energy per chip Ee, which can be derived from the product of two values 
that can be measured by the pseudo-noise scanning receiver directly, for example, 

30 

(17) 

where W is the known bandwidth and 10 refers to the total interference. 
35 [0051] Let Cj{x) be the carrier-to-interference ratio for geographic coverage area i and at measurement location x, 

then, according to the definition of expression 13, 

{ 18) 
40 

where Yi• Ei(x) is the signal power received at location x from geographic coverage area i and the wireless network 
45 includes a total of n co-channel cells. Through the signal power, function Ci(x) is indirectly measurable at location x. In 

the denominator, N(x) is used to account for the background noise including the thermal noise; the background noise is 
dependent of location x. Under the definition given above, 

n n 
50 N(x)= L Vix)-LyiE/x) (19) 

i=1 i=1 

Thus, while considering the pilot channel in an IS-95 system as an illustrative example, N{x) also includes the interfer-
55 ence from the traffic signals in the example. 

[0052] Prior to the deployment of the network, the coverage area of each cell is usually defined according to the 
network plan, so that correspondence between any test measurement locations x and a radio frequency geographic 
coverage area (i.e. cell) can be identified except for the hand-off region. The purpose of the RF power allocation is to 
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achieve at actual carrier-to-interference ratio meeting or minimally exceeding the target carrier-to-interference ratio in 
all coverage areas (i.e. cells) with a given probability. The target carrier-to-interference ratio may depend on the cell in 
which the test mobile station is momentarily located. A realistic assumption is 

C {
C, for xeSi 

;(x) ~ 
0 elsewhere 

(20) 

10 for positive Cis, where Si refers to the area covered by cell i. In reality, the network operator is only concerned with 
measurement locations x that are relevant to the expected traffic. The test drive, as best illustrated in FIG. 3, preferably 
includes such measurement locations x. Consequently, Si refers to the measurement locations x of geographic region 
i rather than any potential location in the whole geographic region (i.e. cell). Now that the target carrier-to-interference 
ratio of Ci is given, it follows from equation 18 that 

15 

(21) 

20 for x & Ai with the only unknowns y1, y2 ... , Yn· The foregoing equation is the basic relation to begin the minimum-square 
error approach. 
[0053] From equation 21 an equation and an inequality relation is obtained. One might first consider the equation 
and set the goal as finding Yi such that the equation holds true. However, equation 21 cannot hold true for all x, because 
usually the domain contains more points x than the number of base station (transmitters) n. In other words, the equation 

25 does not have a solution in C(S), where C(S) refers to the set of continuous functions over the domain of Ei(x), i=1, 2, . 
. , n, and N(x) 

(22) 

30 wherein S represents the route of the test drive over which one or more test receivers take measurements of the 
received signal at measurement locations x. 
[0054] Instead of the above approach to solving equation 21, a solution in terms of the minimum-square error 
(MSE) between the left hand and the right hand of equation 21 can be found. Equation 21 may be solved with L2(S), 
the function space over S with Legesque L2 norm, if the goal is changed to finding Yi, i=1, 2, ... , n that makes the fol-

35 lowing equation minimal: 

40 

45 

50 

55 

n 

J sl ~- yiEi(x)-:~:>iEi(x)-N(x)l
2
dx 

I j=1 

(23) 

The necessary mathematical conditions of the minimum-square error can be found by differentiating equation 23 with 
respect to Yi for i=1, 2, ... , n, resulting in: 

n 1 
2,Yi <EilEi >+ <E;IN >=c Yi <EilEi > 
j=1 I 

(24) 

for Ci * 1, where 

(25) 

If < E i IE i ) * 0 , the equation 24 can be written in vector format as: 

A·y+z=y ( 2 6) 

where 
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Y
1 ={y1tY2,••.Yn} 

5 
z 1 = {z1,z2 , ... ,z,.} 

A= ~;J 
with 

10 

(27) 

15 and 

20 

(28) 

As the power vector y is of primary concern as the solution of equation 26, the reasonable question to raise here is 
whether equation 24 has a solution, and if it does whether or not the solution is unique. The answer to this question may 
be based on the Fredholm alternative in Banach space, as set forth in L. Raade, B. Westergre, BETA: Mathematics 
Handbook, CRC Press, Boca 1992, pp.264-267.: 

25 [0055] Let K be a compact (integral) operator in Banach space B. Then the equation 

30 

35 

40 

45 

50 

J-Kf=g (29) 

has a unique solution f & B for any g & B if the equation 

f-Kf =0 (30) 

admits only the trivial solution f = 0. 
[0056] If equation 26 has a homogenous solution, then 

A= 

I. 

So, as long as this is not the case, the solution of equation 26 is unique. The solution can be expressed as 

[0057] There are several methods of determining the inversion of I - A. However, from a practical point of view, 
inversion of matrix presents an absolutist yes-or-no solution. The inversion matrix may not provide an pragmatic result 
intermediate between the extremes. Because the result of solving the inversion matrix may not be adequate for engi-

55 neers and technicians of wireless service providers, an iteration algorithm is well-suited for obtaining the resultant 
downlink transmit powers as a system-wide solution for each base station. 
[0058] The requirement that IIAII < 1 implies the convergence of the Neumann's series: 
The limit of the partial sum 
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(32) 

exists, when the operator norm is less than unit, i.e. IIAII < 1. This limit of the partial sum represents a basic result of 
the functional analysis and can be found for instance in Theorem 3.48 in R. Kress, Numerical Analysis, Springer, Ver
lag, New York, 1998, pp.46-47. The following proposition follows, assuming Ci* 1 and { E dE i } * O for all i = 1, 2, .. 

10 . , n, so that IIAII < 1. 
Then the series 

( 33) 
15 

converges for k ➔ oo and the limit 

20 

(34) 

is the least square solution to equation 21. The above relationship is proved in the following manner. From equation 26, 

25 the iteration of equation 33 can be constructed, or the partial sum 

30 

t 
y (t) == L A j • z ( 35) 

i=O 

the existence of the limk➔w y(k) follows the equation 32. Because equation 26 results from the least square minimization 
of difference between the left hand and the right hand of equation 21, the solution of equation 26 is the minimum-square 
error solution to equation 21. 

35 [0059] Equation 26 leads to a result that minimizes the difference between the left hand and the right hand of equa-
tion 21 in L2 norm. In other words, among all possible {yiEi(x)} that can be found in L2(S), y generates the set that 
induces "in average" the smallest square difference between the left and the right hand of equation 21. 
[0060] In reality, the carrier-to-interference ratio defined by equation 18 is always less than unitary. So is the target 
C/1 value Ci. Thus, the condition Ci * 1 is fulfilled. The second condition < E dE i } * 0 is also satisfied, because Ei is 

40 the received signal power for unit transmit power. Still, there is the question when is the condition IIAII < 1 true. From 
the functional analysis, it is known that the spectral radius that determines the norm of the operator. The spectral radius 
is given by the maximum of the eigen values, hence 

45 

50 

55 

IIAII = max~ll : A eigenvalues of A) ( 36) 

To avoid the labor of finding the eigen values, it is in many situations sufficient to know the upper bound, e.g. given in 
R. Kress, Numerical Analysis, Springer Verlag, New York, 1998, pp. 46-47. 

(37) 

Roughly speaking, the smaller the aii5• the higher the chance, that the iteration converges. That means, the small values 
of aii indicates a higher practical chance that the minimum-square error problem can be solved. This behavior of the 
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equation 26 has deeper implication to the network quality. This can be seen by introducing a normalization of the prop
agation factor in the following equation: 

(38) 

where IIEII = ✓ (£;IE;> is the L 2-norm of Ei. Thus, ui is the normalized propagation factor, the matrix and the vector can 
be written in 

( 39} 

(40} 

where n = N(x)/IINII . By doing so, each matrix element is decomposed into two independent parts. The term { u du i ) 
depends only on the distribution of the normalized propagation factor, not on its absolute value. This is the product of 
ui and ui. Because { u i lu i ) is independent of the downlink transmit power of the base station, { uilui lean be modified 

25 or improved by the orientation of the base station antennae rather than adjustment of the transmitter power. Hence, the 
quality of the network design can be measured by looking at the orthogonality property. 

30 

35 

40 

45 

50 

[0061] The normalized propagation factor ui is a distribution function, describing how the radiated energy of base 
station i is distributed along the test route S, hence 

(41) 

where the equal sign holds when i = j . But, if the equal sign holds when i * j , then u i = u i . Physically, the foregoing 
case means the virtually complete redundancy of the radio frequency coverage of two base stations. On the other hand, 
if 

(42) 

where oii is the Kronecker's symbol with oi,i = 0 for i * j and oi,i = 1, then 

(43) 

Since IIAII = max n i=1 Ci, one can assert when Ci for all i = 1, 2, ... , n, equation 26 can be solved by iteration of equa
tion 33 if equation 42 is true. Condition equation 42 expresses radio frequency coverage orthogonality. An example of 
a network fulfilling coverage orthogonality is 

(44) 

with E0i > 0. In the ideal coverage of any RF network, each cell is covered by the corresponding base station only until 
the cell boundary. That is, after a mobile station transgresses the cell boundary, the base station ideally would no longer 
provide a signal to the mobile station such that a discrete cell boundary existed. 
[0062] However, in reality all signals transmitted by a base station will reach, albeit weaker, beyond the cell bound-

55 ary, as a result of electromagnetic propagation of the downlink transmit signal. The downlink transmit signal power 
decays gradually and the coverage orthogonality only represents a mathematical idealization. Obviously, the reality lies 
between the extremes of complete redundancy (i.e. unwanted overlapping radio frequency coverage) and the coverage 
orthogonality, i.e. between { u du j ) = 1 and { u du j ) = o ii . Consequently, the coverage orthogonality can be used as 
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a measure for the radio frequency performance of the wireless network: the smaller < udui )for j * i, the better the wire
less network. So, A of a good network has a diagonal or quasi diagonal structure. Besides the product < uilui >, the term 

(45) 

in equation 40 also contains information about the wireless network. It indicates the balance of the network with respect 
to the coverage of its base stations. The ratio is unitary when the network is balanced, where no base station dominates 

10 the whole network and IIEill is constant for all geographic coverage regions i. Then, the matrix depends only 
on < uilui )and { uilui )is power independent for a resultant downlink transmit power. In reality, IIEill is different for dif
ferent base station i due to the propagational environment and the measurement locations. 
[0063] Next, the ratio < uilui )is inspected more closely, to see its value in relation to the convergence of iteration of 
equation 33. The relationship between the ratio and the convergence can partly be retrieved from the upper bound of 

15 the operator norm of A. The upper bound of IIAII, as given by equation 37, can be written in terms of the normalized 
functions: 

20 ( 4 6) 

25 The smaller the upper bound, the smaller the operator norm and the better the convergence of the iteration algorithm. 
An objective is to find the conditions when U B becomes minimum. In reality, Ci is given and fixed, and < uilui )is fixed 
and cannot be changed without redesigning the wireless network. Thus, the parameter to be tuned is the downlink 
transmit power. The foregoing minimum can be reached when radiated energies of base stations, summed over the 
measurement locations x, are the same for i = 1, 2, ... , n. Precisely, for a given Ci and < uilui > , i,j = 1, 2, ... , n, the 

30 upper bound UB of the operator norm IIAII reaches minimum, when 

(47) 

for all i and j. 
35 Equation 4 7 is proved as follows. Since < u i lu i > = < u i lu i >, there are n(n-1 )/2 terms of 

( 4 8) 
40 

in UB, where i * j. Let IIE )1 2 
= IIE ill 2 + i;, then 

45 

(49) 

50 If IIEill > IIEdl, then the term following i; is negative. But at the same time, i; < 0 due to the definition. Thus, 

55 

(50) 

So, it reaches minimum, when i; = 0. 
[0064] The solution of equation 26 presents a mere minimum-square error solution of the equation in equation 21, 
and, as such, it does not make equation 21 equal for all x. Roughly speaking, having applied the minimum-square error 
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solution Yi, i = 1, 2, ... , n, to equation 21, it is still equally probable to find: 

(51) 

and 

(52) 

Therefore, the minimum-square error solution achieves a "fair" distribution of the deviation of the carrier-to-interference 
around the target values Ci for i = 1, 2, .. , n. The ultimate goal, however, is that equation 21 be fulfilled as much as pos
sible. With respect toy of equation 26, only a fair re-distribution of carrier-to-interference ratio is obtained. The final goal 
can be reached by an additional step, in which the carrier-to-interference level shall be adjusted uniformly toward equa
tion 21 for all i = 1, 2, ... , n. This can be done, for instance, by changing the target carrier-to-interference value Ci, so 
that it lies above or beneath the actual threshold, which enables the fulfillment of equation 21. But this approach is lim
ited by the fact that Ci is fixed and less that unit. 
[0065] In order to find a feasible method to reach the target carrier-to-interference, let us look at the inequality of 
equation 21. Consistent with previous arguments, the following equation ensues: 

y~z+A-y 
(53) 

Thus, it turns out that the solution y of equation 26 is the lower bound of the solutions of equation 53. Let 

(54) 

It is found that: 

(55) 

45 for a > 1 and 

( 56) 
50 

for a < 1. Thus, the result can be correspondingly calibrated by replacing y by ay with a > 0. Function CiCx,a) is positive 
for positive a. It can be easily confirmed that Ci(x,a) has no maximum for a & [O,oo] and for all x. Cj{x,a) is a monotone 

55 increasing function of a & [O,oo] and its range is [O, 1] with: 
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(57} 

5 

One method to determine a is to solve the equation: 

10 (58) 

for a, and obtain: 

15 ( 59) 

20 Then, let a be maxni=1maxxssfi(x) with respect to i. If Yi is the minimum-square error solution of equation 21 with YiEi(x) 
> 0, i = 1, 2, ... , n, and N(x) > O for all x, and if: 

(60) 
25 

exists, then equation 21 holds true, when Yi is replaced by 
30 

n 

Y, ·max:F, 
t=I 

(61) 

35 with i = 1, 2, ... , n. 
The foregoing relationship may be proved by considering 

40 

N(x) N(x) N(x) 
----<--<--

F, - F,(x) rnax;:.1 F, 
(62) 

for all x and i = 1, 2, ... , n, one obtains 
45 

( 63) • 

50 

55 

owing to N(x) > 0 and YiEi(x) > 0 for all x and i = 1, 2, ... , n. 
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[0066] In reality, each transmitter power is limited by a given maximum value, say yMi· A realistic a must take 
account of this limitation. Therefore, let yMi be the maximal power available for base station i = 1, 2, ... , n. Then, a real
istic assessment of the resultant power is given by a • Yi with: 

II YM " 
a:= min{-'-,max F;}. 

1=1 Y; , .. 1 

(64) 

10 Equation 64 is provable by showing that a • Yi is either mathematically optimal or that a • Yi mathematically represents 
an optimal value among all feasible values. Let 

.. 
a 0 = max F, 

•=l 
(65) 

15 

If a = a 0, then: 

20 
M 

< Y, < M y,a -Y1 ·---Y, ( 66) 
Y, 

is mathematically optimal and feasible. On the other hand, if a* a 0, there is at least one i, such that 

25 

M M 
Y, . { y 1 fi . 1 2 . .} --< mm a 0,-- or J = , , ... ,n;1-;;1;1 (67) 
Y, Y1 

30 

Upon consideration of equation 67, equation 58 is not satisfied for all x. That is, a • Yi is not mathematically optimal. But 

35 y;" y~ M 
Y1a~y1 ·-<y ·-=y 

Y, 
1 

Y 1 
1 

(68) 

40 for all j = 1, 2, ... , n, i.e., is still feasible. Because of equation 67, a• Yi represents mathematically optimal choice among 
all feasible choices. 

[0067] Another concern regarding the network power allocation method is based on equation 33 is the conver
gence. If the network is designed and installed so poorly that the partial sum of equation 33 does not converge, a viable 
alternative is needed for determining the downlink transmit powers of the base stations. 

45 [0068] The minimum-square error solution comes from the minimization of left and right side of equation 21 in L_ 
2(8), where S is the union of the area of all cells. Now, instead of entire domain of S, the procedure is confined the scope 
to each cell Si, while coping with the C/1 of that cell. Restricting the procedure to the scope of each cell Si is supported 
by the fact. that YiEj{x) should dominate only in cell i. In other cells, say j, signal power of YiEj{x) becomes interference 
and needs to be suppressed. Despite the fact that no Ej{x) can be tuned on a local basis, an attempt may be made to 

50 find a quantity that can be used for the approximate estimation. For this purpose, the following inequality is examined, 

(69) 

where 
55 

18 



EP 1028543 A1 

( 7) 

5 

( 8} 

10 

E"'·k =min£ (x) 
, xeSt , 

15 { 9) 

wherein Yi is a known downlink power of base station i, Ci represents a carrier-to-interference ratio for a defined cover-
20 age area, Ei(x) is a propagation factor for first set of defined coverage areas i, Ei(x) is a propagation factor for a second 

set of defined coverage areas distinct from the first set, N(x) represents background noise, m is the considered (e.g., 
total) number of measurement locations x, and k represents a particular measurement location. If E ~· . E ry, . and NM,i 
exist so that equation 69 is true, then equation 21 holds, too. In fact, equation 69 is a tighter relation than equation 21. 
It suffices to consider the equation in equation 69, from which one obtains 

25 

30 

35 

40 

45 

50 

55 

N""·' +'" yEM.1 
~Jt:l J J 

Y, =-.-_-C-,---E~ ... -,---
. I' 

C, {70) 

The foregoing expression contains unknowns Yi on the right. For clarity, the foregoing expression can be rewritten as 
the following equation: 

( 71) 

The right side of equation 71 does not depend on Yj· The left side, Ci, in units of watts, is very small compared to one, 
typically -SdB. From experience, the power power allocation affects the distribution of the interference power among i 
than the sum: 

LE7'' ~ LY1E1'i 
1,., r•i 

( 7 2) 

in cell Si. Thus, the following estimation 
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(73) 

can be assumed. From the tighter relation equation 69 follows 

(74) 

£"'·' 
l 

This is the result of approximation of equation 21 under the premise that equation 69 exists and equation 73 is justifia
ble. 

[0069] One advantage of equation 74 is that the calculation of Yi requires only local data, i.e. measured data at Si. 
Therefore, equation 7 4 is simple and easy to use, particularly when the analytical algorithm fails. The physical interpre-

20 tation of equation 74 is plausible, if the equation is considered in decibels (dB) as follows: 

25 

lOlog(y,) = lOlog(C, )- IO min log[C, (x,l)]= C,dB - mi!). C,dB (x,l) ( 7 5 l 
n~ n~ 

The resultant power value is just the difference between the target carrier-to-interference value and the actual carrier
to-interference value by unit power. 

30 Procedure for Measuring Signal Parameters 

[0070] FIG. 3 shows an illustrative example of measuring the received signal powers in step S10. FIG. 3 depicts an 
illustrative wireless network 114 including four base stations that are centrally located in four corresponding hexagonal 
cells 100. Each hexagonal cell 100 represents the radio frequency coverage of the corresponding base station centrally 

35 located within the hexagonal cell 100. 
[0071] The base stations may be located with reference to an x axis and a y axis as shown. A first base station 102 
has the x, y coordinates 4 km, O km, respectively. A second base station 104 has the x, y coordinates O km. 4 km, 
respectively. A third base station 106 has the x, y coordinates -4 km, O km, respectively. A fourth base station 108 has 
the x, y coordinates O km, - 4 km, respectively. 

40 [0072] While a test route 11 O through each radio frequency coverage area is shown as an elliptical path, a path with 
any shape, regardless of whether it is continuous or discontinuous may be used. The measurement locations x (112) 
may be located on the path of the test drive such that a statistically significant sample of test measurements are 
attained in each radio frequency coverage area. The measurement locations 112 may coincide with areas of anticipated 
heavy traffic or of critical importance to subscribers of the wireless communications network. 

45 [0073] As shown in FIG. 3, the test route 11 O is designed such that it goes through each cell 100. The test route 
11 O is a ellipse with a center that coincides with the origin 116 of the above coordinate system and the center of the 
square defined by the base stations. In the 4Km inter-site spacing of the above example, the long (x-direction) and short 
(y-direction) axes of the ellipse are approximately 10km and 3km, respectively. While in theory the progression through 
the measurement points may proceed by moving a test receiver along the elliptical test route 11 O in an clock-wise or 

50 counter-clockwise nature, in practice an actual test drive may be limited to the local roads and highway system to appro
priately limit the expense of the measurement process. The wireless network 114 may be subject to background noise 
and radio frequency slow fading with a characteristic deviation (e.g., 8 dB). There is no restriction as to whether the 
measurements are made simultaneously at all locations with multiple test receivers or sequentially with a single test 
receiver moving along a route that intercepts the measurement locations 112. 

55 [0074] As shown in FIG. 4, in an example, step S12 includes organizing the determined propagation factors into a 
propagation factor matrix including respective propagation factors for each base station at the measurement locations 
112. The propagation factor matrix may have columns representing uniform base station identifiers and rows represent
ing uniform measurement locations 112. Each entry in the propagation factor matrix may be determined in accordance 
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with equation 1. 

Computer-Simulated Estimates of Potential Performance Improvement of a Wireless Network 

5 [0075] FIG. 5 represents the measured downlink transmit signal power within the hypothetical (e.g., computer-sim
ulated) wireless network of FIG. 3 prior to the adjustment (e.g., power allocation) method of the present invention. In 
contrast, FIG. 6 represents the measured downlink signal power within the hypothetical wireless network of FIG. 3 after 
conducting the adjustment (e.g., power allocation) method of the invention. FIG. 6 includes base stations adjusted to 
the resultant downlink transmit powers, whereas FIG. 5 does not. In both FIG. 5 and FIG. 6, the vertical axis shows 

10 transmitted downlink power in watts, whereas the horizontal axis represents various measurement locations 112, which 
include measurement locations 112 for illustrative purposes. The downlink transmit power of each base station is plot
ted as a distinct curve as received at the measurement locations 112. A first base station 102 is represented by a 
rotated rectangle symbol. A second base station 104 is represented by a ordinary rectangle symbol. A third base station 
106 is represented by a triangular symbol. A fourth base station 108 is represented by an "x". 

15 [0076] After power allocation as shown in FIG. 6, some of the downlink transmit signals are stronger than prior to 
power allocation such that the actual carrier-to-interference at all selected measurement locations 112 meets or just 
exceeds a target carrier-to interference level. 
[0077] FIG. 7 and FIG. 8 are a pre-adjustment and post power-adjustment graph of carrier-to-noise ratio, respec
tively. FIG. 7 and FIG. 8 reflect the hypothetical characteristics of the inter-site spacing and the geometry of the test 

20 route 110 previously described in conjunction with FIG. 3, although the actual inter-site spacing and the geometry 
depends on the particular attributes of any wireless network to which the adjustment method is applied. Carrier-to-noise 
ratio or radio frequency signal-to-noise ratio is a better indication of system performance than merely downlink transmit 
power as expressed in FIG. 5 and FIG. 6 because maximum performance and subscriber capacity of the wireless net
work may depend upon minimizing noise. FIG. 7 and FIG. 8 use the same representational symbols for the first, sec-

25 ond, third, and fourth base stations as FIG. 5 and FIG. 6. Although each of the base stations may include an 
omnidirectional antenna as illustrated by the polygonal cells of FIG. 3, an alternate embodiment may include at least 
one directional antenna coupled to any base station. Further, the vertical axis shows carrier-to-interference ratio in dB, 
whereas the horizontal axis shows measurement locations 112. 
[0078] FIG. 7 and FIG. 8 include background noise and slow fading that blur the reception of a loaded wireless net-

30 work. The received carrier-to-interference ratio is simultaneously recorded from all four base stations. The carrier-to
interference value varies from location-to-location, and from cell-to-cell, where each cell is identified by a dominant base 
station. 
[0079] If for purposes of an illustrative example, the target carrier-to-interference for the wireless network is at the 
negative 5 dB level, the improvement between the pre-adjustment and the post power-adjustment graph is readily 

35 apparent. In the pre-adjustment graph of FIG. 7 only measurement location numbers 23-33 satisfied the target carrier
to-interference ratio for the second base station 104; only measurement location numbers 49-52 satisfied the target car
rier-to-interference ratio for the third base station 106; only measurement location numbers 72-81 satisfied the target 
carrier-to-interference ratio for the fourth base station 108. Thus, the communications service provided to measurement 
location numbers 1-22, 34-48, 53-71, and 82-100 has an inadequate carrier-to-interference ratio. 

40 [0080] In contrast, in the post power-adjustment graph of FIG. 8, substantially all of the measurement location num-
bers 1-100 are served with adequate carrier-to-interference ratios by the base stations. In particular, the first, second, 
third and fourth base stations each have some measurement locations 112 exceeding the target carrier-to-interference 
ratio of - 5 dB. 
[0081] In terms of a statistical requirement, the minimum performance requirement for the network of this example 

45 is -5 dB with a probability of 0.9. The pre-adjustment graph of FIG. 7 does not attain the statistical requirement, but the 
post power-adjustment graph of FIG. 8 does. After adjusting the downlink transmit power of the base stations to the 
resultant downlink transmit power, the post power-adjustment graph, reveals that more than 95 percent of carrier-to
interference ratios for the cells are above the target threshold. 
[0082] FIG. 7 and FIG. 8 could represent, for example, a test receiver's measurements of the carrier-to-interference 

50 ratio for the pilot channels of each cell on a test drive route through a CDMA network The pilot channel in IS-95 is typ
ically transmitted with the maximum available downlink power in conformance with the resultant downlink transmit 
power. 

55 

Power Allocation System 

[0083] FIG. 9 discloses a system for allocating downlink transmit power that may be used to practice any power 
allocation method disclosed herein. The power allocation system includes a test receiver 502 coupled to a processing 
system 503 and a user interface 508 coupled to the processing system 503. The test receiver 502 measures electro-
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magnetic transmissions from one or more base stations 501 as previously described. The user interface 508 allows a 
user to define one or more of the following: target performance goals, target carrier-to-interference ratios, and defined 
reliabilities. The processing system 503 accepts input from the user interface 508 and the test receiver 502 to determine 
a constellation ( e.g., a system-wide set) of resultant downlink transmit powers for the base stations 501 in the wireless 

5 network over the measurement locations. The processing system 503 determines the constellation such that system
wide interference; particularly, co-channel interference is minimized or otherwise reduced. 

[0084] The test receiver 502 measures received signal parameters (e.g., signal strengths), of electromagnetic 
transmissions from the base stations 501, at measurement locations within defined radio frequency coverage areas. 
The test receiver 502 may be capable of measuring background noise associated with each of the measurement loca-

10 tions. The measured background noise is within a frequency range of the electromagnetic transmissions. 
[0085] The processing system 503 includes a determiner 504 for determining propagation factors and a calculator 
506 for calculating initial downlink transmit powers for the base stations 501. The propagation factors are associated 
with the electromagnetic transmissions as a function of the measurement locations. The initial downlink transmit powers 
generally are within the bounds of the transmitter power intervals based upon the propagation factors and at least one 

15 target performance goal for the coverage areas. 
[0086] In an alternate embodiment, the determiner 504 is arranged to determine a propagation factor matrix 505 
including respective propagation factors for at least one propagational path between each measurement location and a 
corresponding base station 501. The propagation factor matrix 505 may have columns representing uniform base sta
tion 501 identifiers and rows representing uniform measurement locations. 

20 [0087] The calculator 506 is arranged to calculate the initial downlink transmit power for each of the base stations 
501 based upon the measured signal parameters (e.g., signal strength, measured background noise, or both) the prop
agation factors, and a target carrier-to-interference ratio as the target performance goal. In an alternate embodiment. 
the measured signal parameters may comprise signal-to-noise ratio, signal-to-interference ratio, frame-error rate, bit
error rate, or the like. 

25 [0088] The processing system 503 may further include a calibrator 507 for calibrating the initial downlink transmit 
powers to obtain the constellation of the resultant downlink transmit powers. The resultant downlink transmit powers 
satisfy a target carrier-to-interference ratio as the target performance goal for the measurement locations with a defined 
reliability. The initial downlink transmit powers are used to derive resultant downlink transmit powers with corresponding 
actual carrier-to-interference ratios meeting or minimally exceeding a target carrier-to-interference ratio as the target 

30 performance goal for the measurement locations with a defined reliability. The calibrator 507 may calibrate the initial 
downlink transmit powers by considering a known maximum transmit power of each of the base stations 501. The 
processing system 503 is adapted to establish the defined reliability as a percentage of time in a coverage area during 
which the target-to-carrier interference ratio is met or exceeded. 

35 Application of the Power Allocation Method 

[0089] Any power, allocation method disclosed herein may be applied to the power allocation of wireless networks, 
such as code-division multiple access (CDMA), frequency-division multiple access (FDMA), and time-division multiple 
access (TOMA), among others. In an interference-limited wireless network, an appropriate transmit-power allocation of 

40 the downlink power is essential for achieving the expected service quality of the network. Particularly, the power levels 
of beacon channels are crucial for radio frequency coverage and efficient hand-offs. The power levels of beacon chan
nels and traffic channels may be subjected to radio frequency power allocation in accordance with the invention to attain 
or approach the most efficient use of limited spectral resources. 
[0090] A wireless network, such as a cellular radio network, provides traffic capacity through the reuse of frequency 

45 resources. As a result of frequency reuse, carrier signals are always subject to interference, which is measured by the 
carrier-to-interference ratio (C/1). The carrier-to-interference ratio is the ratio of the carrier signal power to the sum of all 
other signals received at the same frequency. The carrier-to-interference ratio represents a measure of signal-to-noise 
that serves as quality indicator equally well for (code-division multiple access) CDMA system and (time-division multiple 
access) TOMA system. 

50 [0091] In order to achieve sufficient carrier-to-interference for the traffic channels, both CDMA and TOMA systems 
have introduced the power control mechanisms, which allows for the base station and the mobile stations to accommo
date the transmit power to the path loss and fading. By doing so, the carrier-to-interference ratio of traffic channels is 
adapted to the particular location of the mobile stations. However, adjusting downlink transmit power alone does not 
necessarily achieve expected performance of the network, because the power control is usually not applicable to the 

55 common control channels. The common control channels include beacon channels, paging channels, access channels, 
overhead channels, or equivalent channels for controlling and managing subscriber traffic. 
[0092] Beacon channels are often used to make hand-off decisions and to provide access for the mobile station 
accessing the network. Because a beacon channel needs to be simultaneously accessible by all mobile stations within 
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a certain geographic coverage area, the beacon channel is typically prohibited from varying its downlink transmit power. 
The beacon channel is generally transmitted with the maximum downlink transmit power of all channels in a cell and 
remains constant. The broadcast control channel (BCCH) in Group Special Mobile (GSM) and PILOT in IS-95 are 
examples of beacon channels. The downlink transmit power of the beacon channel determines the "talk-out" radio fre-

5 quency coverage of the cell served by the base station. As such, a predictable downlink transmit power of the beacon 
channel is crucial for the establishment of the cell boundary and for the hand-off efficiency. 

[0093] In one common scheme, the downlink transmit power of the beacon channel in a CDMA system forms the 
reference of all other channels including traffic channels. In certain TOMA systems, the traffic channels are transmitted 
with the same fixed power as the beacon channel unless the power control is applied. Even under power control in a 

10 TOMA system, the maximum available downlink transmit power of the traffic channel is usually determined by the bea
con downlink transmit power. 
[0094] The present power allocation method recognizes that, in a wireless network, each base station requires an 
individual resultant downlink transmit power for its beacon channel, to accommodate to its unique radio frequency cov
erage environment. The transmit-power allocation of the proper downlink transmit power to the beacon channel of each 

15 base station is crucial to the optimal or proper pertormance of the network. Therefore, one significant application of the 
adjustment method of the invention involves finding the an optimal or adequate transmit-power allocation of the transmit 
power for each beacon channel. The traffic channels may then use the resultant downlink transmit power as a reference 
for their downlink transmit power to enhance radio frequency coverage of the entire wireless network, or a portion 
thereof. 

20 [0095] In accordance with the invention, the transmit-power allocation method allocates just the requisite downlink 
power to various base stations, and preferably no more power than required, to attain reliable radio frequency coverage, 
maximize radio frequency capacity, or both. The transmit-power allocation method is well-suited for providing a net
work-wide solution as the resultant transmit downlink powers on a base-station by base-station basis. The resultant 
transmit downlink power may be mathematically verifiable as an optimal or appropriate downlink power, rather than rely-

25 ing upon an iterative trial-and-error technique to set transmit power levels for the base stations of a wireless network 
[0096] The transmit-power allocation method of the invention generally comprises an algorithm for execution on a 
general purpose computer. As input data, the algorithm primarily requires the signal power measured by a test receiver 
in as few as one test drive through the given network. Thus, the transmit-power allocation method not only enhances 
the radio frequency coverage reliability, but may also reduces the time and cost required for conducting network power 

30 allocation. 
[0097] Further, unlike typical analytical approaches used in the network planning, the transmit-power allocation 
method of the invention does not require a priori or presumptive information for modeling the propagation environment, 
such as topographic data, antenna height above average terrain, location of the base stations, and antenna character
istics. Instead, the transmit-power allocation method of the invention only requires field measurements as input data to 

35 yield a system-wide solution for downlink transmit powers of the base stations. The field measurements implicitly pro
vide data theoretically related to the foregoing presumptive information, but in a more accurate fashion based on a real
istic tests of an actual wireless network. Accordingly, the transmit-power allocation method is insensitive to the 
inaccuracy associated with other analytical approaches using modeling techniques in network planning. 
[0098] The algorithm infers just the requisite transmission power for one or more channels associated with each 

40 base station to achieve a target carrier-to-interference, or analogous reliability goal, over the geographic area of the 
wireless network, or a portion thereof. The target carrier-to-interference ratio may be expressed in decibels and as a 
probability for meeting or exceeding that decibel level. The requisite transmission power for each base station may be 
inferred based on a relationship between a target carrier-to-interterence ratio and received downlink radio frequency 
signals. As result, the beacon channel of each base station may be adjusted to an appropriate or an optimal downlink 

45 power value that provides the expected carrier-to-interference ratio. 
[0099] The resultant downlink transmit power may refer to the resultant downlink power of the beacon channels, 
such as the PILOT channels of an IS-95 CDMA system. In practice, controlling the resultant downlink transmit power of 
the beacon channels forms a reference for other radio frequency communications channels, such as traffic channels, 
as previously described. The resultant downlink power may also be applied to other common control channels, other 

50 than the beacon channels. Further, the resultant downlink transmit power may be directly applied to a downlink transmit 
power of a traffic channel in a TOMA system that is not equipped with a power control mechanism. 
[0100] The criterion for the transmit-power allocation of the resultant downlink power preferably constitutes more 
than mere compliance with the target carrier-to-interference ratio. In particular, if the wireless network comprises a 
CDMA system, minimizing the downlink transmit power of each base station to a certain extent is desirable. Because 

55 the traffic capacity of a CDMA system is proportional to the number of users per unit power, the resultant downlink 
power should not unnecessarily exceed the target-to-carrier interference ratio. Further, a low downlink transmit power 
level may reduce concerns of electromagnetic biological hazards. Therefore, the resultant downlink power represents 
finding the minimum downlink power for each base station necessary to produce the just required carrier-to-interterence 
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ratio. The resultant downlink transmit power allocation on a system-wide basis is determined based on evaluation 
among other feasible transmit-power allocations of downlink power. Because the transmit-power allocation method is 
applicable to unloaded as well as loaded system, the transmit-power allocation method is an efficient tool for an initial 
post-installation power allocation as well as subsequent periodic network power allocations. 

5 [0101] This specification describes various illustrative embodiments of the method of the present invention. The 

10 

15 

20 

25 

30 

35 

scope of the claims is intended to cover various modifications and equivalent arrangements of the illustrative embodi
ments disclosed in the specification. Therefore, the following claims should be accorded the reasonably broadest inter
pretation to cover the modifications, equivalent structures, and features, which are consistent with the spirit and scope 
of the invention disclosed herein. 

Claims 

1. A method for allocating downlink power in a wireless network comprising the steps of: 

measuring received signal parameters, of electromagnetic transmissions from base stations, at measurement 
locations within defined radio frequency coverage areas; 

determining propagation factors associated with the electromagnetic transmissions as a function of the meas
urement locations; and 

determining a downlink transmit power for at least one of the base stations based upon the propagation factors 
and a target performance goal for the coverage areas. 

2. The method according to claim 1 further comprising the step of: 

calibrating the downlink transmit power to satisfy the target performance goal for the measurement locations 
with a defined reliability. 

3. The method according to claim 1 further comprising the step of: 

calibrating the downlink transmit power to satisfy a target carrier-to-interference ratio as the target performance 
goal for the measurement locations with a defined reliability. 

4. The method according to claim 1 further comprising the step of: 

calibrating the downlink transmit power to obtain a corresponding actual carrier-to-interference ratio meeting or 
minimally exceeding a target carrier-to-interference ratio as the target performance goal for the measurement 
locations with a defined reliability. 

40 5. The method according to claim 2 wherein the calibrating step includes calibrating the initial downlink transmit power 
by considering a known maximum transmit power of each of the base stations. 

45 

6. The method according to claim 3 wherein the calibrating step comprises establishing the defined reliability as a per
centage of time in a coverage area during which the target-to-carrier interference ratio is met or exceeded. 

7. The method according to claim 1 wherein the measuring step further comprises measuring background noise 
associated with each of the measurement locations, the background noise being within a frequency range of the 
electromagnetic transmissions, and wherein the calculating step further comprises calculating the downlink trans
mit power for each of the base stations based upon the propagation factors, background noise and signal strengths 

50 as the measured signal parameters, and a target carrier-to-interference ratio as the target performance goal. 

55 

8. The method according to claim 1 wherein the determining of the propagation factors further comprises determining 
a propagation factor matrix including respective propagation factors for at least one propagational path between 
each measurement location and a corresponding base station. 

9. The method according to claim 1 wherein the determining of the propagation factors further comprises determining 
a propagation factor matrix having columns representing uniform base station identifiers and rows representing uni
form measurement locations. 
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10. The method according to claim 1 wherein the determining of the propagation factors is accomplished in accordance 
with the following equation: 

wherein Yi is a known downlink power of base station i, Vi(x) is a received signal parameter as a function of meas
urement location x, and N(x) is a background noise power as a function of measurement location x. 

11. The method according to claim 1 wherein the determining of the downlink transmit power includes the following 
steps: 

constructing a vector 

and a matrix 

in accordance with the following equations: 

wherein Ci represents a carrier-to-interference ratio for a defined coverage area i, Ei(x) is a propagation factor 
for first set of defined coverage areas i, Ej(x) is a propagation factor for a second set of defined coverage areas 
distinct from the first set, N(XiJ represents background noise, m is the considered number of measurement 
locations x, k represents a particular measurement location, and n is the total number of the defined coverage 
areas within the first set and the second set. 
applying an iteration 

to the foregoing equations starting with 

to solve for the vector 
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12. The method according to claim 1 wherein determining of the downlink transmit power is accomplished by using a 
local approximation in accordance with the following inter-related equations: 

EM.1c = max£ .(x) 
1 xes1 

1 

E"'·1c = min E (x) 
' xes1 ' 

wherein Yi is a known downlink power of base station i, Ci represents a carrier-to-interference ratio for a defined 
coverage area, Ei(x) is a propagation factor for first set of defined coverage areas i, Ei(x) is a propagation factor for 
a second set of defined coverage areas distinct from the first set, N(x) represents background noise, m is the con-

30 sidered number of measurement locations x, k represents a particular measurement location, and Si refers to the 
defined measurement locations x within the coverage area i. 

35 

40 

45 

50 

55 

13. The method according to claim 1 further comprising the step of: 

adjusting downlink transmit-power settings of corresponding base stations to conform with a system-wide con
stellation of the downlink transmit powers selected to meet or minimally exceed the target performance goal. 

14. A method for allocating downlink power in a wireless network comprising the steps of: 

measuring received signal strengths, of electromagnetic transmissions from base stations, at measurement 
locations within geographic coverage areas; 

determining propagation factors of the electromagnetic transmissions for at least one propagational path 
between each of said measurement locations and a corresponding base station; 

calculating an initial downlink transmit power within a transmitter power interval for each of the base stations 
based upon the propagation factors and target carrier-to-interference ratios for the measurement locations; 
and 

calibrating the initial downlink transmit power to obtain a resultant downlink transmit power satisfying the target 
carrier-to-interference ratios for the measurement locations with at least a minimum probability. 

15. The method according to claim 14 further comprising the step of: 

selecting the target carrier-to-interference ratios as generally uniform throughout a majority of the geographic 
coverage areas in the wireless network 

16. The method according to claim 14 further comprising the step of: 
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selecting the target carrier-to-interference ratios as different for different ones of the geographic coverage 
areas, wherein the geographic coverage areas comprise one or more sectors of a cell with different estimated 
traffic loadings. 

5 17. The method according to claim 14 further comprising the step of: 

adjusting downlink transmit powers of the base stations to conform to resultant downlink transmit powers 
selected to satisfy the target carrier-to-interference ratios for the corresponding measurement locations. 

1 o 18. The method according to claim 14 wherein the resultant downlink transmit power comprises a resultant downlink 
transmit power meeting or minimally exceeding the target carrier-to-interference ratios for the corresponding meas
urement locations. 
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19. The method according to claim 14 further comprising the step of: 

adjusting a downlink transmit power of a beacon channel of a first one of the base stations to conform to the 
resultant downlink transmit power. 

20. The method according to claim 19 further comprising the step of: 

adjusting a downlink transmit power of traffic channels of at least the first one based on a power control algo
rithm using the beacon channel as a reference signal power for a maximum permitted downlink transmit power 
of the traffic channels. 

21. The method according to claim 14 wherein the calibrating step calculates a calibration factor by executing the fol
lowing equation: 

~ {y{" n C; · N(x) } 
a = nun -- max max 

1:l w, • 1:l :i:eS, w E (x)-C "n w E (x) 
I ' '£-,=I J J 

wherein • Yi is a known maximum downlink power of base station i, Ci represents a carrier-to-interference ratio for 
a defined coverage area, Ei(x) is a propagation factor for first set of defined coverage areas i, Ej(x) is a propagation 
factor for a second set of defined coverage areas distinct from the first set, N(x) represents background noise, x 
represents a measurement location, n represents a total number of the first set or the second set, wi represents an 
initial downlink power for base station i within a power interval, and wi represents a initial downlink power for base 
station j within a power interval. 

22. The method according to claim 14 wherein the calibrating step establishes each resultant downlink power as a 
function of a calibration factor and a function of the target carrier-to-interference ratio as applied to the propagation 
factors. 

23. The method according to claim 14 wherein the calibrating step establishes each resultant downlink power in 
accordance with the following equations: 

Yi= awi for i = 1,2, ... n. 

55 wherein Ci represents a carrier-to-interference ratio for a defined coverage area i, x represents a measurement 
location, wi represents an initial downlink power for base station i within a power interval, Si refers to defined meas
urement locations x within the coverage area i, a is an attenuation factor, and Yi is a resultant downlink transmit 
power for base station i. 

27 



5 

10 

15 

EP 1 028 543 A1 

24. A system for allocating downlink power in a wireless network including base stations, the system comprising: 

a test receiver for measuring received signal strengths, of electromagnetic transmissions from the base sta
tions, at measurement locations within defined radio frequency coverage areas; and 

a processing system including a determiner for determining propagation factors and a calculator for calculating 
initial downlink transmit powers for the base stations, the propagation factors being associated with the elec
tromagnetic transmissions as a function of the measurement locations, the initial downlink transmit powers 
being within corresponding transmitter power intervals based upon the propagation factors and at least one tar
get performance goal for the coverage areas. 

25. The system according to claim 24 wherein the processing system further comprises: 

a calibrator for calibrating the initial downlink transmit powers to obtain resultant downlink transmit powers sat
isfying a target carrier-to-interference ratio as the target performance goal for the measurement locations with 
a defined reliability. 

26. The system according to claim 24 wherein the processing system further comprises: 

20 a calibrator for calibrating the initial downlink transmit powers to obtain resultant downlink transmit powers with 
corresponding actual carrier-to-interference ratios meeting or minimally exceeding a target carrier-to-interfer
ence ratio as the target performance goal for the measurement locations with a defined reliability. 

27. The system according to claim 24 wherein the processing system includes a calibrator for calibrating the initial 
25 downlink transmit powers by considering a known maximum transmit power of each of the base stations. 

28. The system according to claim 24 wherein the processing system is adapted to establish the defined reliability as 
a percentage of time in a coverage area during which the target-to-carrier interference ratio is met or exceeded. 

30 29. The system according to claim 24 wherein the test receiver is adapted to measure background noise associated 
with each of the measurement locations, the background noise being within a frequency range of the electromag
netic transmissions, and wherein the calculator is arranged to calculate the initial downlink transmit power for each 
of the base stations based upon the measured signal strengths, the measured background noise, the propagation 
factors, and a target carrier-to-interference ratio as the target performance goal. 

35 

30. The system according to claim 24 wherein the determiner is arranged to determine a propagation factor matrix 
including respective propagation factors for at least one propagational path between each measurement location 
and a corresponding base station. 

40 31. The system according to claim 24 wherein the determiner is arranged to determine a propagation factor matrix hav
ing columns representing uniform base station identifiers and rows representing uniform measurement locations. 

45 

50 

55 
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FIG. 1 

MEASURING RECEIVED SIGNAL STRENGTHS, OF ELECTROMAGNETIC V S10 
TRANSMISSIONS FROH BASE STATIONS. AT HEASUREHENT LOCATIONS WITHIN 

DEFINED RADIO FREQUENCY COVERAGE AREAS. 

I 

DETERMINING PROPAGATION FACTORS ASSOCIATED WITH THE ELECTROMAGNETIC V S12 
TRANSHISSIONS AS A FUNCTION OF THE MEASUREMENT LOCATIONS: 

DETERMINING AN INITIAL DO'rt'NLINK TRANSHIT POWER WITHIN A TRANSMITTER V S14 
POWER INTERVAL FOR AT LEAST ONE OF THE BASE STATIONS 

BASED UPON THE PROPAGATION FACTORS AND A TARGET PERFORMANCE 
GOAL FOR THE COVERAGE AREAS: 

CALIBRATING THE INITIAL DOWNLINK TRANSMIT PMR TO OBTAIN A _/ S16 
RESULTANT DOWNLINK TRANSMIT POWER SATISFYING A TARGET CARRIER-TO-

INTERFERENCE RATIO AS THE TARGET PERFORMANCE GOAL FOR THE 
HEASUREtfNT LOCATIONS WITH A DEFINED RELIABILITY 
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FIG. 2 
MEASURE RECEIVED SIGNAL POWERS Vi(x) OF CORRESPONDING BASE STATIONS, i=1. S18 

2 ..... n AT HEASUREHENT LOCATIONS x WITHIN DEFINED RADIO FREQUENCY 
COVERAGE AREAS Si FOR i=1.2 ... ,n. 

DETERHINE A PROPAGATION FACTOR E i I xl FOR EACH OF THE BASE STATIONS i" S20 
1.2 ..... n AS A FUNCTION OF THE HEASUREHENT LOCATIONS x IN ACCORDANCE WITH 
THE FOLLOWING EQUATION: Vi(xl - N<xl 

Ei(x)• Y· 

using the known down-link power Yi of basi station i that generates the 
received signal power Vi(xl, for each location x and for each i=1.2 ..... n. S22 

CALCULATE AN INITIAL DOWNLINK TRANSMIT P(MER w i FOR EACH OF Ttf BASE 
STAlIONS is1,2, .... n BASED UPON A TARGET CAflRIEA-TO-INTERFERANCE RATIO Ci 

FOR ltE COVERAGE AREAS Si FOR i=l.2 •...• n SERVED BY TIE BASE STATIONS i ANO 
THE PROPAGATION FACTORS Ei lx) FOR i=1.2 ..... n AT EACH OF THE tEASURHENT 

LOCATIONS x IN ACCORDANCE WITH TIE
0

FOLLOWIN3 EQUATIONS: 
1. Construct vector z=<zi}1=t and 11a~rix A " <ai jli. j=1 using ~ove data through 

Ik=!tHxk}Ei{xk) Ik=1 Ei(xk)Ej(xk) 
z i =Ci II 2 a .. =C · -------='-

i: k-1 E. [xk) l} 1 ~m E~ (xkl 
2 A l th · t t · - 1 £. k" 1 l 
. PP Y e I era 10n w(nl,,wWl+A•w<n-H 
starting with wlo)l=z and stops with desired precision. The result is refered to as 
vector w = {w .w .w ..... wn>. 

YES 

CALCULATE W i IN ACCORDANCE WITH TIE FOLLOWING APPROXIMATION: 
C· 

"". 1 •1· . minxES.Ci(X,11 
1 

S26 

OETERHU£ A CALIBRATION FACTOR ex BASED l.fON A KNOW HAXIHUN POWER y~ S28 
OF EACH OF n£ BASE STATIONS AT EACH GEOGRAPHIC AREA Si FOR i=1,2 ..... n IN 
ACCORDANCE WITH Ttf FOLLOWING EQUATION: 

n y~ n CrNfx> 
oc:,nin {~.max 11ax n } 

i=1 W1 i:1xESiwiE~xl-Ciij=1wjEjlx) 
USING THE K~ HAXHU1 POWER OF Ttf TRANSMITTER y 1 AT EACH SECT(J1 i = 1. 2 ..... n. 

CALIBRATE Tl£ INITIAL DOWNLINK TRANSHIT PO\EA wi FOR EACH BASE STATION i" S30 
1. 2 ..... n WITH THE OETERHINED CALIBAA TION FACTOR ex TO OBTAIN AN OPTitllH 

DOWNLINK TRANSMIT POWER Yj SUPERSEDING TtE INITIAL oa.'NLINK TRANSMIT 
POWER. IN ACCORDANCE WITH THE FOLLOWING EQUATION: 

Yi = cxwi FOR i=1.2 ..... n. 
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FIG. 3 

FIG. 4 

118 
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erative to route personal number communications to sub
scribers at remote locations, for example to a subscriber's 
cellular mobile radiotelephones (16) operated in a roaming 
manner in a foreign cellular service area (40). Location 
information corresponding to the whereabouts of an active 
and registered mobile radiotele, . ne is transmitted, either 
directly or indirectly via a cle;:,·. 1ghouse (35), to switch
ing equipment that maintains a database of communications 
disposition information (13), comprising subscriber alterna
tive destinations for personal number communications. The 
location information is continuously updated to reflect regis
trations and deregistrations, roaming, and other information 
indicative of subscriber location and status. In response to 
receipt of a call directed to a personal number, the switching 
equipment (15) is operative to route the call to the subscriber 
in the foreign cellular service area ( 40) if the communica
tions disposition information indicates that the subscriber's 
cellular telephone (16) is activated and validated. J 
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PERSONAL NUMBER COMMUNICATION 
SYSTEM WITH CELLULAR MOBILE 

RADIOTELEPHONE ROAMING CAPABILITY 
lS 

Technical Field 
The present invention generally relates to 

communication systems, and more panicularly relates to a 
system for automatically and interactively delivering 

20 communications to subscribers at preselected destinations. one 
or more of which can include cellular mobile radiotelephones. 
operated in a roaming manner. · 

Background of the Invention 
2s Personal number communications (PNC) systems 

have been developed to facilitate the delivery of 
communications to individual subscribers. In such systems. a 
personal number (PN) is assigned to each subscriber. The 
system receives and stores communication routing information 

30 in the fonn of one or more destinations or hierarchical lists of 
destinations. Such destinations or lists of destinations are 
based on predetennined routing criteria such as time of day. 
day of the week, priority of calling pany, status of 
communications device (e.g .• bt;sy or inactive). desire for 

35 privacy, or other predetermined condition. The hierarchy and 
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composition of the destination lists may be changed by the 
subscriber. when convenient. 

Any incoming communication directed to a 
subscriber's personal number is received by the system and. in 

5 some cases, the source of the communication is identified so 
that priority callers can be especially handled. In some 
systems, while the source of an incoming communication is 
being identified, the system selects a first destination from the 
list of destinations. If one of the destinations is a cellular 

10 mobile radiotelephone, some PNC systems will automatically 
select the cellular telephone from the list of destinations if the 
cellular telephone is active. In this case, the system must 
somehow detect that the cellular telephone is active, and 
assume the presence of the subscriber at the mobile telephone 

15 destination. 
An example of such a personal number 

communication system is described in U.S. Patent Application 
Serial No. 07 /936,384, filed August 26, 1992. entitled 
"Personal Number Communication Systems", which is 

20 assigned to the same assignee as the present invention, the 
disclosure of which is incorporated herein by reference and 
made a part hereof. 

As will be understood from the referenced co
pending application, at the first of a plurality of destinations. 

25 the PNC system announces the identified source of a 
communication and requests communication disposition 
information from the subscriber as to the acceptance, formal 
rejection, or passive rejection, such as a "no answer", of the 
communication. If accepted, the system routes the 

30 communication to the first destination. If rejected, the system 
routes the communication to a next destination in the 
hierarchical list of destinations, until the communication is 
successfully routed or until a default destination is reached. If 
there is no response from the called pany at the first 

35 destination, the lack of response is considered a passivt: 
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rejection. The system them proceeds to request 
communication disposition information from the nexr 
destination in the destination list according to the hierarchy 
selected by the subscriber. The system continues to request 

s communication disposition information from each sequential 
destination on the destination list until the communication is 
accepted or until the last destination on the destination list is 
reached, at which point the communication is routed to the last 
destination, which is often a voice mailbox or message service. 

10 Certain difficulties with personal number 
communications systems occur when one or more of the 
possible destinations is a cellular mobile radiotelephone 
(CMR). A particular difficulty arises from the fact that 
cellular mobile radiotelephone service subscribers by 

1s definition are .. mobile" -- it is expected that the physical 
location of the telephone may vary from cell to cell within a 
cellular system, and may even vary from cellular system to 
cellular system. Users of cellular mobile radiotelephones can 
travel between cities having different cellular systems operated 

20 by different operating companies·. Detecting that a given 
cellular telephone is "active", and therefore able to send and 
receive communications, is a complex technical challenge. 

Cellular mobile radiotelephone (CMR) systems 
are designed so that only "registered" and validated mobile 

2s telephones can make and receive calls. Registration of a 
cellular telephone occurs automatically via "autonomous 
registration" (AR) when the telephone is powered on within a 
cell of a system.· To effect autonomous registration. radio 
signals carrying identifying information about the cellular 

30 telephone (such as the Mobile Identification Number or "'MIN" 
and Electronic Serial Number or "ESN") are automatically 
transmitted from the telephone to an antenna at the cell site. 
Circuitry at the cell site and the mobile telephone switching 
office (MTSO) detects the identifying information in the radio 

35 signals and registers the cellular telephone as "present" and 
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active. The telephone ·s MIN is validated by look-up in a 
computer database of authorized subscribers. Upon validation 
of the identifying information, the cellular system operator 
permits communications to occur by commanding a registered 

s telephone to tune to a particular radio voice channel for 
making or receiving calls. 

Normally, only cellular telephones that are 
identified by the system operator as subscribers or "home" 
units are allowed access to the system for making or receiving 

10 communications. Other, non-home mobile radiotelephones 
present within a system are known as .. roamers", and cannot 
make or receive calls without additional steps. Cellular mobile 
radiotelephones are identified as "home" units or "roamers" by 
examining the identification information provided by the 

15 telephone when it registers. When a cellular telephone 
registers or originates a call. it transmits a series of data 
messages to the serving cell. These data messages contain the 
identification information. particularly the MIN and ESN, that 
uniquely identifies the telephone. The data messages are 

20 provided first to the cell, and then through a data link to the 
mobile telephone switching office (MTSO). The MTSO, also 
known as "the switch", then makes voice connections between 
mobile telephones and the main telephone network. At the 
MTSO. a validation determination is made whether the 

25 telephone is an authorized user (or subscriber) by looking up 
the MIN/ESN in the MTSO 's computer database to see if there 
is an entry in the database corresponding to that particular 
telephone. If the MIN is valid and "home", calls are allowed 
to proceed. If the MIN indicates the presence of a "roamer", 

30 further validation steps are required. 
A CMR subscriber's ability to receive incoming 

calls when roaming outside his or her home service area is 
restricted. Such restrictions create particular difficulties in 
delivering communications in a personal number 

35 communication service. Unanswered calls placed to a cellular 
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subscriber's home number are typically answered with a voice 
message indicating that the subscriber cannot be found. \\'bile 
it is theoretically possible to use the information that the 
subscriber cannot be found to route a PNC call to an 

s alternative destination, it would be preferable that the PNC 
call be delivered to the subscriber while roaming in the 
foreign service area. 

One method for receiving incoming calls when 
roaming in a foreign service area requires would-be calling 

10 panies to know the whereabouts of the subscriber. If the 
caller knows the CMR system in which the roamer is present, 
then there are procedures for accessing the subscriber through 
the facilities known as the "local access number" of the foreign 
CMR system. However, callers must know the roamer's travel 

15 itinerary and the roamer local access number of the CMR 
system in which the roamer is present. Armed with this 
information, a would-be caller can dial the roamer local access 
number (typically ten digits) of the CMR system in which the 
roamer is present, and then reach the subscriber by dialing the 

20 subscriber's MlN. 
Another method for receiving incoming calls 

when roaming in a foreign service area relies upon the use of 
cellular "clearinghouses". In this method. an intermediary or 
"clearinghouse" is notified by the subscriber when the 

25 subscriber enters the foreign service area and provides the 
service of connecting calls directed to the subscriber's MIN in 
the home service area to the telephone in the foreign service 
area. The clearinghouse performs the function of validation 
of the subscriber on behalf of the foreign service area MTSO. 

30 and provides call routing information to the home service 
MTSO. 

One such clearinghouse-based system is described 
in U.S. Patent No. 4,901,340 to Parker et al., entitled "System 
for the Extended Provision of Cellular Mobile Radiotelephone 

35 Service". This patent describes a system for enabling a 
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roaming CMR subscriber to automatically receive. in a foreign 
service area (that is, the area outside his home service area). 
calls placed to his MIN at the home service area. This system 
underlies a service denominated the FOLLOW ME 

s ROAMING® service provided by GTE Mobile Net, Inc .. 
nominal assignee of the '340 patent, and/or GTE 
Telecommunications Services. Inc. 

Other clearinghouse or roaming services are 
commercially available, for example, the ROAMING 

IO AMERICA service provided by Electronic Data Systems, Inc. 
("EDS"), Personal Communications Corp., Dallas, Texas. 

While clearinghouse systems facilitate the delivery 
of telephone calls to roamers in foreign service areas. they do 
not inherently provide any type of personal number 

15 communications (PNC) service. Moreover, not all cellular 
systems provide either FOLLOW ME ROAMING service or 
ROAMING AMERICA service -- some only allow access to 
roamers via a local access number. 

The above-referenced clearinghouse-based 
20 roaming systems require that a roaming subscriber activate the 

call-delivery service by providing roaming notification 
information. Typically, thfs entails that the roaming 
subscriber enter a "star" code such as *18 via the telephone 
keypad upon entry into the foreign service area. The roaming 

25 notification information is a signal indicative that a roaming 
C:MR subscriber desires to receive, in the foreign service area. 
calls placed to the home service area. The clearinghouse 
service then validates the roaming subscriber by 
communicating with the home MTSO. Upon validation of the 

30 roaming subscriber, the clearinghouse assigns a temporary line 
directory number (TLDN) to the roaming subscriber and 
transmits this TLDN to the home MTSO via a data 
communications link. Then, command information is 
provided to the roaming CMR subscriber's home service area 

35 MTSO so as to enable the home service area MTSO to call 
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forward. via the TLDN, calls placed to the subscriber's MIN 
in his home seivice area. 

At least partly because of the difficulties 
encountered with local access numbers and star-code roaming 

s seivice activation, systems have been developed for detecting 
the presence of roamers and facilitating the delivery of calls to 
them. One such a system is described in pending U.S. Patent 
Application Serial No. 647,719. filed January 28, 1991. 
entitled "Interactive Roamer Contact System for Cellular 

10 Mobile Radiotelephone Network", which is assigned to the 
same assignee as the present invention. In this system, 
roamers are automatically detected via the identification 
information provided by the roaming telephone upon 
registration. When a roamer is detected, a call is 

15 automatically placed to the roaming telephone to initiate a 
communication session. During the call, the user is 
interactively provided with information concerning access to 
roaming services with synthesized voice messages. The 
subscriber can elect to activate roaming service, for example 

20 FOLLOW ME ROAMING, by pressing appropriate keys on 
the keypad during the interactive communication session. 

While this interactive roamer contact system 
facilitates the detection and contact of roamers for the purpose 
of easing the use of roaming services, it does not fully address 

25 the problem of delivering calls to PNC subscribers when 
roaming. Given that identification information is 
automatically obtained from roaming telephones in the above
described interactive roamer contact system as a result of 
autonomous registration (AR), it would be desirable if the 

30 identification information could be automatically provided via 
a clearinghouse or direct data links to personal number 
communications (PNC) systems so as to facilitate the provision 
of personal number communication services to roamers. 

The PNC system described in the referenced co-
35 pending application is implemented utilizing known service 
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control point (SCP) equipment. which includes a computer 
database that associates personal numbers (PNs) of subscribers 
with telephone numbers and other device numbers (such as the 
MIN of cellular telephones) of the various alternative 

5 destinations. In order to route a call to a mobile telephone. 
SCP equipment not only must know that a subscriber's mobile 
telephone is registered and active, but also must be able to 
route the call appropriately. 

To support autonomous registration (AR) 
10 capability with a personal number communication service, 

therefore, the service control point (SCP) equipment must 
somehow obtain and store information that a subscriber is 
registered on their mobile telephone, whether home or 
roaming, and must also obtain and store routing information 

1s that allows the call to be forwarded appropriately. If the 
subscriber is currently served by the home MTSO, then the 
routing directory nwnber is the MIN. IT on the other hand the 
subscriber is roaming and visiting another MTSO, the routing 
directory number is generally a t_emporary line directory 

20 nwnber (TLDN) obtained via a clearinghouse or directly from 
the visited MTSO. Presently, knowledge by SCP equipment of 
registrations and routing directory nwnbers is not possible 
because SCP equipment does not directly communicate with 
visited MTSOs or clearinghouses. 

25 Accordingly. there is a need for a system to 
provide location information derived from registrations and 
other indications of roaming by personal number 
communications subscribers with cellular mobile 
radiotelephones so that the PNC systems can detect that the 

30 cellular telephone is active and correctly route calls to the 
subscriber in a visited or a home cellular system. There is 
also a need for systems and methods that speed the delivery of 
communications in personal number communications serv1ces 
where a subscriber utilizes a cellular mobile radiotelephone 

35 and roams from area to area. 
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Summary of the Invention 
As will be seen. the present invention satisfies the 

foregoing criteria by providing a system and method for s delivering communications to a subscriber of a personal 
number communication service that has a cellular mobile 
radiotelephone or other mobile communications device. 
Briefly described, the method comprises receiving location 
information corresponding to a present location of a 

10 subscriber. The location inf onnation can be obtained from a 
clearinghouse, or by other means such as directly from a 
visited cellular system. Next, the system receives 
communication routing information corresponding to a 
plurality of destinations associated with the subscriber. These 

15 destinations are generally arranged in hierarchical fashion by 
the subscriber, and are indicative of the subscriber's call 
routing preferences. When the system receives a 
communication directed to the subscriber, typically via the 
subscriber's personal number, the communication is routed to 

20 one of the destinations in accordance with the communication 
routing information and the location information. 

More particularly -described. when a personal 
number communications service provider receives calls for a 
person at their personal number, and one of the potential 

2s destinations for the communication is a cellular mobile 
radiotelephone, the present invention entails proper routing of 
communications to the person whether in their home cellular 
service area, or in a roaming cellular service area, and 
regardless of whether the individual reflects a "busy" or 

30 inactive status. The present invention is operative to obtain 
location information from the remote location and to properly 
route the call. 

Generally, when a PNC subscriber is in their 
home area. the routing number is the cellular telephone 

35 number (MIN). When a subscriber is visiting outside of their 
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home area, the routing generally is via the temporary line 
directory number (TLDN). 

At least three possibilities are handled: ( l) the 
cellular PNC subscriber is in the home area and registered to 

s receive calls. (2) the subscriber is in a visiting cellular area 
and ready to receive calls, or (3) the cellular subscriber's 
telephone is busy or the telephone is switched off. In the 
present invention, such possibilities are indicated by status 
information in addition to the location information. Thus, 

10 according to another aspect of the invention, the 
communication is routed to one of the destinations in 
accordance with the communication routing information, 
location information. and status information. 

Because of present day regulatory limitations, 
1s certain system operators may not be legally allowed to receive 

and respond to status information that the cellular phone is 
switched off or is busy. In the event that status information is 
not available, with the present invention calls are nonetheless 
routed appropriately via the home cellular carrier through 

20 appropriate switching arrangements, generally made through 
the subscriber's selected long distance carrier. In the event 
that status information is lawfully utilizable and available. the 
call can be routed to alternative destinations. 

Advantageously, the present invention allows 
2s subscribers to continue use of a single personal number as a 

contact number for receipt of all communications including 
wire line, wireless (including cellular), facsimile 
transmissions, paging, voice mailboxes, etc. In certain 
embodiments, the provision of communications to the 

30 subscriber is transparent and seamless, without the need for 
entry of any special codes so that the subscriber is 
automatically detected as being either in a roaming mode or in 
a home mode, or if the location information and/or status 
information does not indicate that the cellular telephone is 
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active and available. the communication is automatically 
routed to alternative destinations. 

Furthermore. the present invention is still capable 
of routing personal number communications to most types of 

5 communication devices. Thus. the destinations may include 
office and home telephones. mobile telephones, voice mail 
services, other message services, facsimile transmission 
devices, and both digital and alphanumeric pagers. Features 
implemented in personal number communication systems as 

10 described in the r,f:.ferenced co-pending application are 
provided, with enhanced capability of automatic routing of 
calls to cellular subscribers. 

Accordingly, it is an object of the present 
invention to provide an improved personal number 

15 communication system. 
It is another object of the present invention to 

provide an improved personal number communication system 
that facilitates delivery of communications to subscribers with 
cellular mobile radiotelephones. 

20 It is another object of the present invention to 
provide an improved personal number communication system 
that .facilitates delivery of communications to subscribers with 
cellular mobile radiotelephones who roam. 

It is another object of the present invention to 
25 provide an improved personal number communications 

systems with cellular roaming capability that supports remote 
autonomous registration. 

It is another object of the present invention to 
provide a personal number communications system that is 

30 effective without requiring cellular carriers to support IS-4 l 
or even SS7 connectivity, yet still provide PNC roaming 
capability. 

It is another object of the present invention to 
provide an improved personal number communications system 

35 for subscribers with cellular mobile radiotelephones that are 
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automatically operative, and do not require the subscriber to 

manually activate roaming by entry of star codes or other 
activation codes. 

It is another object of the present invention to 
s provide a personal number communications system that is 

operative to automatically route PNC communications to 

subscribers based on communication routing information and 
location information. 

It is another object of the present invention to 
10 provide a personal number communications system that is 

operative to automatically route PNC commun*cations to 
subscribers based on communication routing information, 
location information, and, if allowed. status information. 

That the present invention and the preferred 
1s embodiment thereof overcomes the drawbacks set forth above 

and accomplishes the objects of the invention set forth herein 
will become apparent from the detailed description of the 
preferred embodiment to follow. 

20 Brief Description of the Drawings 
FIG. 1 is a block diagram illustrating general 

concepts, the flow of information. and the telecommunications 
connections in the present invention. 

FIG. 2 is a block diagram illustrating the 
2s relationship between a home MTSO, a visited MTSO, and 

switching equipment in the preferred embodiment of the 
present invention. 

FIG. 3 is a block diagram illustrating a personal 
number communications (PNC) system with cellular mobile 

30 radiotelephone roaming capability. constructed in accordance 
with the preferred embodiment of the present invention. 

FIG. 4 illustrates an exemplary registration 
notification data packet that is transmitted between various 
communicating entities in the system of the preferred 

35 embodiment. 
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FIG. 5 illustrates a communication sequence 
between various elements of the system of the preferred 
embodiment in a situation wherein a PNC subscriber is 
roaming in an IS-41 capable foreign cellular service area. 

5 FIG. 6 illustrates a communication sequence 
between various elements of the system of the preferred 
embodiment in a situation wherein a PNC subscriber is 
roaming in a non-IS-41 capable foreign cellular service area. 

FIG. 7 illustrates a communication sequence 
10 between various elements of the system of the preferred 

embodiment in a situation wherein a PNC subscriber 1s 
roaming in a foreign cellular service area, without a 
clearinghouse intermediary. 

FIG. 8 illustrates a communication sequence 
15 between elements of the system of the preferred embodiment 

in a situation wherein a PNC subscriber in a foreign cellular 
service area deactivates roaming. 

FIG. 9 illustrates a communication sequence 
between elements of the system of ~he preferred embodiment 

20 in a situation wherein a PNC subscriber in a foreign cellular 
service area is implicitly de-activated by a clearinghouse. 

FIG. 10 illustrates a communication sequence 
between elements of the system of the preferred embodiment 
in a situation wherein a PNC subscriber in a foreign cellular 

25 service area transmits predetermined codes activating various 
features of the PNC services to the service control point 
equipment. 

FIG. 11 illustrates a communication sequence 
betwetn elements of the system of the preferred embodiment 

30 involving use of a temporary line directory number (TLDN) 
to route personal number service calls to a PNC subscriber in 
a foreign cellular service area. 

FIG. 12 illustrates a communication sequence 
between elements of the system of the preferred embodiment 

35 involving routing of calls to a PNC subscriber's voice mailbox 
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in the event of detection of a busy or inactive starus of the 
PNC subscriber in a foreign cellular service area. 

FIG. 13 illustrates a communication sequence 
between elements of the system of the preferred embodiment 

5 in a situation wherein an inactive or busy response is obtained 
with respect to a PNC subscriber who was previously detected 
as roaming in a foreign cellular service area. 

FIG. 14 illustrates a communication sequence 
between various elements of the system of the preferred 

lO embodiment in a situation wherein location information is 
provided from a line information database (LIDB) maintained 
by a validation service. 

FIG. 15 is a diagram illustrating various 
information fields in the database maintained by the service 

15 control point (SCP} equipment in the system of the preferred 
embodiment. 

Detailed Description of the Disclosed Embodiments 
Referring now to the drawings, in which like 

20 numerals indicate like elements throughout the several figures. 
FIG. 1 is a block diagram illustrating certain basic concepts of 
a personal number communication (PNC) service or system 
10 constructed in accordance with the present invention. 
involving subscribers that utilize at least one cellular mobile 2s radiotelephone (CMR)(not shown). Stated generally, a PNC 
system 10 allows the provision of PNC services to subscribers. 
The system receives a communication from a calling party 12 
directed to a subscriber/called party's personal number (PN). 
and routes the communication to a called party I 6 at one of a 

JO possible plurality of alternative destinations. In accordance 
with the present invention, the called party 16 may designate a 
cellular mobile radiotelephone (CMR) as one of the alternative 
destinations. 

It will be understood that two principal 
35 communication functions must be implemented in constructing 
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the present invention or carrying out the methods of the 
present invention. First. there must be communication of data 
indicative of the PNC subscriber's location (e.g. location 
information) and routing path requirements ( e.g. routing 

5 information) between various communicating and control 
entities that will enable the connection of voice grade trunks 
20 to route calls to appropriate locations. Secondly, there 
must be es-'\blishment of appropriate voice grade trunks 20 
between the various entities in accordance with such location 

10 information to route a communication to the PNC subscriber 
at the location. Various communicating entities carry out 
these communication functions. 

In addition. and under certain circumstances. 
there is communication of data indicative of the PNC 

1s subscriber's status. e.g., whether the subscriber's equipment is 
busy, registered but idle, etc. 

In general. switching equipment 13 is utilized in 
the system 10 to provide the function of receiving location 
information, receiving routing information, receiving status 

20 information, receiving PN calls, mapping a personal number 
to a destination number, establishing voice grade trunk 
connections, etc. However, those skilled in the an will 
understand that such switching equipment 13 may be 
constructed with a variety of different components. e.g. 

25 service node (SN) equipment, service control point (SCP) 
equipment, service switching point (SSP) equipment, private 
branch exchange (PBX) equipment. other central office (CO) 
equipment. etc. Often, such switching equipment 13 employs 
one or more computers connected for data communications; 

30 such computers receive, store, process. and transmit routing 
information via known protocols such as SS7, X.25, IS-41. 
etc., to facilitate the routing and maintenance functions of the 
telecommunications network. Thus, as used herein, the term 
"switching equipment" means any communications apparatus 

35 that is operative to connect an incoming communication to a 
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destination. in accordance with predetermined criteria such as 
routing information. 

For purposes of describing the present invention. 
a preferred embodiment of switching equipment I 3 

s comprising SCP equipment and SSP equipment will be 
described in detail. it being understood that ocher types of 
telephone switching and computing equipment are considered 
equivalent and may be utilized to provide the functions of the 
invention. 

10 Still referring to FIG. 1, the communicating 
entities include the switching equipment 13. a wireless 
information provider 24 (which may include a clearinghouse 
3 5), and a foreign or home cellular carrier 4 0. 5 0, 
respectively. Preferably, the various communicating entities 

15 are connected for data communications via Signaling System 7 
(SS7) data communication links 2 8. These data 
communication links 28 enable cellular registration 
information. which is a species of location information, to be 
provided from a cellular carrier such as an MTSO 25 and the 

20 wireless information provider 24 to the switching equipment 
13. 

In accordance with the invention, registration 
information indicative of the presence of a mobile telephone is 
obtained by a registration function 26 and provided to the 

25 system 10. The registration information is utilized as location 
information, and under certain circumstance status 
information. Toe registration information is utilized by the 
PNC system to modify the communication disposition 
information maintained by the system, and selectably deliver 

30 communications to various destinations in accordance with the 
communication disposition information. 

The registration function 2 6 can occur at a 
foreign (visited) cellular system, as the foreign system detects 
roamers, or by a clearinghouse, or in other manners. It is 

35 particularly contemplated that the registration function, which 
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obtains the registration information. may comprise delivery of 
a "copy" of registration information obtained bv 
communicating entities such as ceHular telephone switching 
offices and clearinghouses as such communicating entities 

5 detect and handle roaming cellular mobile radiotelephones. 
Since such communicating entities obtain registration 
information as a normal part of their operations. the present 
invention may be implemented by utilizing "copies" of the 
registration information obtained via d.·.a communications 

10 links established with such entities. 
While FIG. l shows that wireless information 

provider 24 comprising a clearinghouse 35. it should be 
understood that the present invention contemplates use of any 
wireless information provider, including but not limited to 

15 clearinghouses, a visited foreign cellular system, or a home 
cellular system, any of which can obtain location information 
as a function of autonomous registrations, activation of 
roaming services, validation procedures. and the like. Thus. it 
is contemplated that the wireless information provider 24 will 

20 provide a registration function that at least partly entails 
detecting registration of cellular subscribers (whether roaming 
or home), and in certain cases, correlating or mapping 
personal numbers (PN) to mobile identification numbers 
(MIN). The wireless information provider then. upon 

25 determination that a registration corresponds to a 
communication intended for a personal number, provides 
location information via the data communications links 28 to 
the switching equipment 13, sometimes via a clearinghouse 
35, which enables set up of appropriate routings of the call via 

30 voice grade telecommunications lines 20. 
It will also be understood that the registration 

information and location information may be directly 
provided from the registration function (regardless of where it 
occurs) to the switching equipment 13. Thus, FIG. l shows a 

35 direct data communications path 28 from the registration 
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function to the switching equipment, as well as via a 
clearinghouse 35. The clearinghouse function is required only 
in embodiments of the invention where an intermediary is 
employed to provide location information and routing 

s information to the service node, e.g. when ROAMING 
AMERICA or FOLLOW ME ROAMING services are utilized. 

As used herein, the term "location information·· 
means information indicative of the geographic location of a 
PNC subscriber, which information can be used to call-

10 forward or route calls to a remote location. The term can 
include, in the appropriate context, but is not limited to, 
cellular "identification information" provided upon 
registration of a cellular te]ephone, such as. but not limited to, 
MIN, SID, REGH, REGR, REGID, REGINCR, SCM. ESN. 

ts etc. A "registration message" typically includes identification 
information, but can include other location information. 

Upon receipt of a registration message containing 
registration information, identification information, or other 
location information at switching eq~ipment 13, the switching 

20 equipment will determine appropriate routing for subsequently 
received PNC calls. 

It will therefore be understood that while location 
information in the preferred embodiment may be provided 
through the clearinghouse 35, the present invention is not 

25 limited to obtaining location information from a 
clearinghouse, but may also obtain location information 
directly from cellular systems through appropriate contractual 
arrangements and establishment of data communication links 
(such as via SS7 links) so that the location information can be 

30 directly supplied from the visited location. Such arrangements 
are especially contemplated for use in systems operated by 
multi-state telecommunications service providers, such as 
BellSouth Corporation, that operate a number of different 
cellular systems in different geographical areas, so as to 
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integrate the prov1s10n of personal number communication 
services within the jurisdiction of the multi-state operator. 

Those skilled in the art will understand that 
switching equipment 13, wireless information provider 24, 

5 and any other communicating entities are preferably connected 
using SS7 data communications in the known manner. The 
SS7 communications protocol is provided in the document 
entitled "Bell Communications Research Specification of 
Signaling System 7 ," Document TR-NWT-000246, Issue 2 

10 (June 1991), plus Revision 1 (December 1991), which is 
incorporated herein by reference and made a part hereof. 
However, it will be understood that other types of data 
communications media such as X.25 may also be utilized to 
communicate the data messages contemplated in the present 

t5 invention. 
Typically, the data messages or communications 

between the various entities relating to cellular telephone 
intersystem operations are provided in a format known to 
those skilled in the art as "IS-41 ". The requirements for 

20 communications utilizing IS-41 messages are based on the 
EIA/TIA document entitled "Cellular Radio
telecommunications lntersystem Operations: Functional 
Overview", IS-41.1, Sections 1-5, which is incorporated 
herein by reference and made a part hereof. 

25 Referring now to FIG. 2, next will be described a 
generalized communications scenario involving an incoming 
PN call to the switching equipment 13, and alternative routing 
pathways to the called party at his or her cellular telephone 
16. In the preferred embodiment, the switching equipment 13 

30 comprises a service switching point (SSP) equipment 15 that is 
operative to route the incoming PN call to a destination ( as yet 
unknown), and service control point (SCP) equipment 14 that 
is operative to receive location information and determine 
appropriate routing for the incoming call. Assume in FIG. 2 

35 that the called party has a cellular mobile radiotelephone. is a 



W095/12268 PCT/0S94/11910 

20 

subscriber for cellular service with a designated home MTSO 
25a, and is roaming with his or her CMR at a visited MTSO 
2 5 b. The roaming CMR is designated at 16 '. Upon 
autonomous registration by the roaming CMR 16', the visited 

5 MTSO 25b provides a registration message to a clearinghouse 
35 via data communications line 28a. In turn, the 
clearinghouse 35 provides the location information to the 
switching equipment 13 via data communications line 28b. In 
the preferred embodiment, the SCP 14 in the switching 

10 equipment 13 receives the location information. 
An incoming PN call will arrive via 

telecommunications line 20a at the switching equipment 13. 
In panicular, the incoming PN call will be handled by SSP 
equipment 15. The SSP equipment is operative to 

15 communicate with the SCP equipment to determine 
appropriate routing for the PN call. The routing will be 
determined by the location information (and possibly status 
information) maintained by the SCP. The PN call will then be 
routed to the visited MTSO 25b via telecommunications line 

20 20b, assuming that the PNC subscriber has previously 
designated that he or she wishes to rece_ive PN calls when 
roaming. 

Still referring to FIG. 2, a similar routing 
function occurs if the PNC subscriber is not roaming, but 

2s desires to receive PN calls at his or her cellular telephone. In 
such a case, the switching equipment 13 will route the call to 
the home MTSO 25a via telecommunications line 2 Oc. 
assuming that the PNC subscriber has previously designated 
that he or she wishes to receive PN calls when at the cellular 

30 telephone. The call is typically routed in accordance with the 
cellular telephone's MIN, which is determined when the 
switching equipment 13 maps or correlates the subscriber·s 
personal number to the MIN. Under such circumstances. the 
location information will indicate that the subscriber is not 

35 roaming (or is not to be treated as roaming) because of 
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messages from the clearinghouse 35 ( e.g. a registration 
cancellation message) or other messages containing location - ~ -
information provided directly from the home MTSO 25a. It 
will therefore be appreciated that the clearinghouse can 

5 provide location information directly to the home MTSO 25a 
via data communications line 28c. 

According to another aspect of the invention, the 
home MTSO 2Sa may further route the call to a visited MTSO 
2Sb via a telecommunications link 20d. This situation would 

IO occur in an embodiment wherein PN calls are first routed to a 
home MTSO for the PN subscriber, and the home MTSO 
serves the function of the switching equipment 13. Thus. it 
will be understood that the functional blocks shown in the 
various figures are for purposes of illustration only, and an 

15 important aspect of the present invention is routing of the PN 
calls to the PN subscriber in accordance with location 
information, status information, communication disposition 
information, etc. 

Turning now to FIG. 3, the preferred 
20 embodiment of a system 10 constructed in accordance with the 

present invention, which implements a method and apparatus 
for a personal number communication (PNC) system. 
involving subscribers that utilize at least one cellular mobile 
radiotelephone (CMR) 16, will be described. The system in 

25 FIG. 3 is a specific and preferred implementation of the 
concepts illustrated generally in FIGS. 1 and 2. 

The preferred system 10 preferably operates in 
conjunction with the public switched telephone network 
(PSTN). The PSTN comprises the well-known components of 

30 at least one end or central office 18a associated with a calling 
party 12, switching equipment 13 associated with a called 
party PNC subscriber 16 (which may include central office 
18b), and a plurality of telecommunication lines 20, shown as 
the thicker lines in FIG. I. for conducting communications 

35 between the calling party and the PNC called party. In the 
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exemplary embodiment of FIG. l. the switching equipment 13 
comprises service switching point (SSP) equipment 14 (which 
may include central office 18b) and service control point 
(SCP) equipment 15 that implement the PNC service. 

s Since the present invention operates in 
conjunction with a PNC system, the called party may be at one 
of a number of different destinations or locations, such as at a 
cellular telephone 16 in the subscriber's home cellular system 
50, at a cellular telephone 16' in a visited cellular system 40. 

10 or at an alternative location such as 46. It will be understood 
that the communication from the calling party 12 is made to 
the PNC subscriber's personal number (PN), which is routed 
to the called party's current location. 

The telecommunications lines 20 are typically 
rs those associated with voice grade telecommunications wire 

line, connecting the calling party central office 18a and the 
called party central office 18b, which is operative to receive 
in the first instance the communication from the calling party 
12. An optional long distance carrier (LDC) 22, such as 

20 provided by AT&T, U.S. Sprint, MCI, etc., may be interposed 
between the central offices 18a, 18b, in the known manner. 
when long distance communications are involved. 

In the preferred embodiment, the SSP equipment 
14 comprises known telephone switching equipment provided 

25 by telecommunications switching equipment vendors such as 
Ericsson, AT&T, Northern Telecom, etc. Likewise, the SCP 
equipment 15 preferably comprises a computer platform 
operative to run PNC application software including routine 
service, routing. and associated subscriber databases. 

30 Examples of SCP equipment vendors are Hewlett-Packard .. 
IBM, Tandem Computers, AT&T, etc. Details of such 
computer platforms is available in the literature supplied by 
the manufacturers, and details of the PNC service logic is 
provided in the referenced and incorporated copending U.S. 

35 patent application Serial No. 07/936,384. 
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The public switched telephone network may 
comprise one or more MTSO's 25 in situations where at least 
one PNC destination involves a cellular mobile radiotelephone. 
as in the present case wherein the called party utilizes a 

5 cellular mobile radiotelephone 16 in the subscriber· s 
automobile. Thus, as shown in FIG. 3, the preferred PNC 
system 10 comprises at least one MTSO 2Sa (directly or 
indirectly) that is considered the "home" location for the 
subscriber, that is a part of the subscriber's home cellular 

10 system 50. 
A type 2 trunking interface, consisting of twenty

four channels, provides voice trunks 20a between the home 
MTSO 25a and the SSP 14 via the central office 18b. As will 
be known to those skilled in the art, the SSP equipment 14 

15 comprises or is directly connected to one or more central 
offices, such as the central office 18b. Through this 
interconnection, calls made by subscribers using their mobile 
telephones can be routed properly to wireline destinations, 
typically via the associated central _office 18b. As known to 

20 those skilled in the art, the MTSO's 25 route calls to and from 
cellular users based on the Numbering Plan Area (NP A) and 
end office code (NXX), or 1,000 block number group. if 
required. 

The MTSO's 25 utilized in the present invention 
25 typically include a Home Location Register (HLR)( not 

'illustrated). which as described in IS-41.l is a database 
operated by a cellular system operator to which a user identity 
is assigned for record purposes. The HLR database stores 
subscriber information such as the Electronic Serial Number 

30 (ESN) of a subscriber's telephone 16. the Mobile 
Identification Number (MIN) of the telephone. any Directory 
Number (DN) associated with the telephone, profile 
information, current cell location, validation period. etc. The 
database may also store a Temporary Line Directory Number 

35 (TLDN) provided by a clearinghouse or by a visited MTSO to 
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facilitate routing calls to the visited MTSO. The HLR may or 
may not be located within. and be indistinguishable from. 
MTSO equipment. The HLR database may serve more than 
one MTSO, and may be distributed over more than one s physical entity. 

The MTSO's 25 typically also include a Visitor 
Location Register (VLR)(not illustrated), which is a database 
other than the HLR used to store and retrieve information 
related to, for example, handling of calls to or from a visiting 

IO subscriber or roamer. The VLR may or may not be located 
within, and be indistinguishable from, MTSO equipment. A 
VLR may serve more than one MTSO. 

The preferred cellular systems 40, 50 funher 
include a roamer detection module (ROM)(not shown) 

15 associated with the MTSO 25. Such a roamer detection. 
module is described in connection with the above-referenced 
co-pending patent application entitled "Interactive Roamer 
Contact System for Cellular Mobile Radio Telephone 
Network", the disclosure of which is incorporated herein by 

20 reference and made a part hereof. Such a roamer detection 
module may be utilized in the MTSOs 25 to detect 
registrations of roamers. to provide the registration function 
described in connection with FIG. 1, and to provide the 
location information to the clearinghouse 3 5 or to the 

25 switching equipment 13. 
In systems utilizing an ROM, when mobile 

telephones in a cell are powered on, mobile telephone 
registration information or identification information may be 
delivered by the ROM to the switching equipment 13 in the 

30 form of IS-41 signaling messages on the SS7 network. In FIG. 
3, SS7 signaling connections or other data communications 
links are shown in dotted lines, identified with the reference 
numeral 28. Accordingly, when the PNC cellular subscriber 
has activated the cellular telephone 16 within the home service 

35 area 50, such as within a cell 30, information indicative of the 
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activation of the cellular telephone 16 is stored in a home 
location register (HLR) database associated with the MTSO 
25a; and data indicative of the registration of the mobile 
telephone is transmitted via a data communications link 28a to 

5 the SCP equipment 15. Such registration information also 
comprises location information inasmuch as it originates from 
the home cellular system, thereby indicating the current 
location of the PNC subscriber and a current status of "cellular 
phone turned on and active." 

10 Generally, in the case where the PNC subscriber 
is located within his or her home cellular system 50. the 
registration information is provided directly from an RDM 
located in the home cellular system. This registration 
information is then entered as location information into a PNC 

15 subscriber location database maintained in the switching 
equipment 13 as a pan of the provision of the PNC service. 

As will be known from the incorporated PNC 
system patent application, the PNC subscriber database also 
stores communication disposition information. Such 

20 communication disposition information, which comprises PNC 
destination information, is used to determine the locations to 
which PNC calls should be directed. Calls directed to the PNC 
subscriber's personal number are routed to the cellular 
telephone 16 if the PNC destination information so indicates. 

25 It should be understood that in a PNC system. 
communications are "disposed" of in accordance with the 
communication disposition information. Communications are 
"disposed" of by, for example. delivering communications to 
selected destinations such as land line telephones, voice mail 

30 boxes, fax machines, pagers, or mobile telephones. as well 
providing announcements to callers. Thus. disposal of a 
communication is not limited to delivery of the 
communication, but can include other types of treatment such 
as providing announcements, etc. 
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Information stored in the PNC system indicative 
of a subscriber's preferred disposition of communications is a 
first species of communication disposition infonnation. 1n 
addition to such first communication disposition information. 

s it should also be understood that a second species of 
communication disposition information relates to information 
that can be provided by the subscriber in response to attempted 
delivery of a communication. For example, in the above
referenced PNC system patent application, an attempted call 

10 can be accepted, formally rejected (by entry of a *code or 
other similar command), or passively rejected (as with a no 
answer). Such information as to the acceptance, formal 
rejection or passive rejection of the communication may be 
detected at the foreign cellular system, and provided by 

15 foreign system to the PNC system, for example, in the form of 
an IS-41.5 RemoteFeatureControlRequest (RFCR) message. 

As regards the data communications links 28, 
those skilled in the art will understand that certain incersystem 
communications involving voice grade trunk connections are 

20 implemented utilizing multi-frequency signaling techniques, 
while others involve utilization of data communications links 
such as the links 28. Preferably, the data communications 
links will utilize a data communications protocol specifically 
designed for telecommunications signaling functions such as 

2s IS-41. The EIA/fIA interim standard IS-41 establishes 
protocols for data communications between communicating 
entities such as between the proprietor of switching equipment 
associated with a calling party and the proprietor of switching 
equipment associated with a called party. As those skilled in 

30 the art will know, IS-41 was initially defined to support 
cellular inter-system hand-off and call delivery, such as 
between a home MTSO 25a and a visited MTSO 2Sb. IS-41 
utilizes the known X.25 protocol as a transport mechanism 
with contemplation for migration to a SS7 network. The data 

35 communications network lines 28 used in the present invention 
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may comprise the ex1stmg SS7 network of the telephone 
system operating companies, but may also comprise various 
interconnected private SS7 networks and other forms of data 
communications networks. 

5 The [S-41 signaling standard facilitates the hand-
off of calls between dissimilar cellular systems, not unlike the 
way that calls are handed off between cells of a single system. 
Data that is communicated between the cellular systems is 
passed over the IS-41 network (using X.25 or SS7 protocols), 

10 and contains identifying information associated with the 
cellular telephone and other information which can comprise 
location information and trunk identification information for 
purposes of connecting voice grade trunks. 

FIG. 4 illustrates an exemplary data packet or 
1s message 60 transmitted via the IS-41 protocol. In particular, 

the data packet illustrates a "registration notification" or 
REG.NOT message that corresponds to the registration 
function. Specific aspects of the REG .NOT message are found 
at Section 8.1.3.3 in IS-41.5, page 53. The information in a 

20 REG.NOT message comprises various fields of identification 
information in the form of a data record provided from an 
MTSO to another communications entity such as the switching 
equipment 13. The message is includes information 
identifying the cellular telephone (e.g. MIN and ESN), 

25 identifying the cellular system in which registration occurred 
(MSCID), identifying a geographic area (LocationAreald), and 
other related information. It will be understood that similar 
IS-41 packets are also utilized in connection with the present 
invention, as described further herein below. 

30 Referring again to FIG. 3, a clearinghouse 3 5 
may be utilized in the present invention to effect the 
registration function, by obtaining and transmitting location 
information to the switching equipment 13. The 
clearinghouse is operative to obtain identification information 

35 and location information from a visited MTSO 25b via rhe 
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data link 2 Sc in response to registration of the PNC 
subscriber's cellular telephone 16,, validate the called party as 
a subscriber, and transmit location information via the data 
communications link 28d to the switching equipment 13. The 

s clearinghouse can comprise the GTE FOLLOW ME 
ROAMING® service, the EDS ROAMING AMERICA 
service, or other similar clearinghouse service. 

It will be understood that the clearinghouse 35, if 
utilized, provides various functions related to roaming services 

10 provided for roaming cellular telephones, many of which may 
be utilized in connection with the present invention but are not 
essential to the present invention. One such function that is 
described in U.S. Patent No. 4,901.340 is the assignment of a 
temporary directory number (TON), also called a temporary 

15 line directory number (TLDN). for use in the remote service 
area. When calls are to be routed to a roamer, the FOLLOW 
ME® roaming processor provides the TLDN, via a data. 
message provided on the data communications link 28d 
between the clearinghouse 35 and the switching equipment 13. 

20 The switching equipment is thereafter operative to intercept 
and forward calls placed to the subscriber's MIN directed to 
the home MTSO 25a to the TLDN. Calls are subsequently 
forwarded via the public switched telephone network from the 
subscriber's home MTSO 2Sa to the foreign MTSO 25 b via 

zs voice trunks 20. 

Interface Between Clearinghouse and PNC System 
In order to implement the present invention, it is 

necessary that some type of call-forwarding facility such as 
30 FOLLOW ME ROAMING be available, but also. it is 

necessary that a translation function be effected. The 
translation function, which may be considered a mapping 
function, correlates calls made to the PNC subscriber° s 
personal number to the subscriber's cellular telephone, so that 

35 calls are forwarded to an appropriate cellular number. With 
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the present invention, the calls are forwarded to a roaming 
location, if the PNC subscriber's c;::ll destination hierarchy so 
indicates. 

Next will be discussed the specifications for the 
5 signaling link requirements between the clearinghouse 35 or 

other information provider and the switching equipment 13 
for the purpose of providing operators of systems constructed 
in accordance with the present invention with cellular 
registration information on specific PNC cellular users. The 

10 system operator will receive this information on behalf of the 
cellular carrier that provides the subscriber with a PNC 
service. 

As discussed, the clearinghouse 3 5 is an 
information provider that conveys registration information to 

15 an operator of the PNC system. It is the function of the 
clearinghouse to send identification information and location 
information in the form of a notification (REG.NOT) when a 
cellular subscriber to the PNC service has requested that 
cellular calls be routed to his or her cellular telephone in a 

20 visited cellular system, such as 40. A .. visited system" is a 
cellular network 40 that allows the cellular user to roam into 
the network and receive cellular- calls, for example, the visited 
MTSO 25b in FIG. 3. 

It will be understood that in systems utilizing the 
25 services of certain commercially available roaming systems as 

the clearinghouse 35, "star-codes" ("'* codes") are utilized to 
signal the clearinghouse that the subscriber wishes to invoke 
certain feature sets for the service provided. A "* code" is a 
code typically involving the dialing of an asterisk ("*") on the 

30 telephone keypad, followed by a one or more numbers. the 
totality of which comprises a * code. For example, in the 
FOLLOW ME ROAMING® service areas, a * code of * 18 
indicates that the cellular user understands that he or she has 
roamed into a visited cellular system and has requested to 

35 receive cans in the visited system utilizing the FOLLOW ME 
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ROAMING® service. Similarly, the subscriber can enter a 
cancellation * code, typically * 19, that is used to indicate a 
request to stop receiving calls in the visited system. [n similar 
fashion, the ROAMING AMERICA service utilizes * 31 to 

s activate roaming call reception, while *30 signifies 
deactivation of roaming. 

Likewise, for use in the present invention. a PNC 
* code may be dialed by a PNC subscriber in his or her home 
cellular system when he or she wishes to receive PNC calls at 

IO the cellular telephone, which is also indicated by the entry of a 
•'*" foJlowed by a predetermined one or more digit number. 
When the following two conditions are satisfied, the PNC 
subscriber can receive PNC calls in the visited system: ( 1) the 
cellular PNC subscriber has activated some type of roaming 

1s service that enables calls to be forwarded to the visited MTSO 
2Sb, and (2) the switching equipment 13 has received location 
information, typically via the clearinghouse, of this fact. so 
that PNC calls to the subscriber can be properly routed to the 
visited MTSO. 

20 It will thus be understood that the clearinghouse 
3S must receive cellular registration information from the 
cellular carrier via business arrangements between the cellular 
carrier that operates the visited MTSO 2Sb and the clearing
house. Typically. this information will be provided by IS--+ l 

25 messages on SS7 or other data communications links such as 
28c. Upon receipt of the registration information from the 
cellular carrier, the clearinghouse 3S passes this information 
to the system 10, and primarily via a data communications 
link 28d to the switching equipment 13 associated with the 

30 system 10. 
In the preferred embodiment, the clearinghouse 

35 receives location information from the clearinghouse 3 5 
and passes the information to the switching equipment l3 via a 
signaling transfer point (STP). Telephone system operators 

35 such as the assignee of the present invention typically 
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interconnect with the clearinghouses via a pair of STP's 
utilizing a pair of a-links and a quad of b-links (not shown). 
Upon receipt of a registration message and other information 
from the clearinghouse 35 and STP, it will direct the message 

s to an appropriate switching equipment 13. Preferably. the 
clearinghouse 35 connects to the switching equipment via SS7 
signaling links. 

The protocol architecture for communications 
between the clearinghouse 35 and the switching equipment 13 

10 utilizes SS7 ANSI standards with IS-41 mobile application pan 
to provide registration functionality. The SS7 protocol 
architecture including the mobile application pan is based on 
the EIA/ITA IS-41.1. referenced hereinabove. 

It will also be understood that the clearinghouse 
15 35 must have a business arrangement with the operator of the 

PNC system 10. typically that will include at least one cellular 
carrier serving as the home cellular system 5 0. The 
clearinghouse also has business arrangements with other 
cellular systems, such as the visited cellular system 40. The 

20 PNC system operator, as will be understood, purchases and 
provides personal numbers (PNs) for use in connection with 
the present invention. Although the clearinghouse may record 
and track the fact that a particular roamer is a recipient of 
PNC service and is to be associated with a particular PN, it is 

2s not a requirement of the present invention that it do so. 
Rather, the clearinghouse serves the function of providing the 
location information to the PNC system operator, and thereby 
facilitates the registration function. 

The registration function, and the corresponding 
30 provision of location and identification information from a 

visited cellular carrier via a clearinghouse 35, requires 
support of various data communications operations specified in 
EIA/TIA IS-41.5. which is incorporated herein by reference 
and made a part hereof. In particular, the clearinghouse is 

35 preferably able to support the IS-41 operations of registration 
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notification (RN or REG.NOT), registration cancellation (RC 
or REG.CAN), remote feature control request (RFCR). and 
the like. These parameters are specified in the referenced 
EIAJTIA IS-41.5. In addition, the clearinghouse pref era bl y 

s supports the error codes specified in IS-41.5. 
Those skilled in the art will realize that IS-4 l is 

an established protocol and is being used for that reason. It is, 
however, possible that another protocol may be used that 
serves the same intent as described in this embodiment. 

10 It is further preferred that the clearinghouse 3 5 
provide a series of additional information messages to support 
the provision of the location information, status information, 
registration information, etc. to the switching equipment 13, 
thereby facilitating the connection of appropriate 

1s telecommunications lines 20 between the system operator's 
central office 18b and the visited MTSO 25b so as to connect 
a voice trunk for routing the call to the roaming PNC 
subscriber's telephone 16 '. 

In this regard, the following TABLE I is a list of 
20 exemplary messages that are transmitted between a wireless 

information provider, such as 24 in FIG. 1. and Switching 
equipment 13. The messages are general in the sense that such 
messages are communicated without regard to whether a 
clearinghouse is involved or not. In other words, certain 

25 messages must be communicated between the visited cellular 
system and the switching equipment in order to effect the 
preferred embodiment of the present invention. The messages 
can be communicated directly in certain cases, for example. 
when the operator of the system IO has direct data 

JO communications with visited cellular systems. or indirectly via 
a clearinghouse 35. 

Thus, TABLE I is provided by way of example 
and not by way of limitation. These messages are utilized in 
the remaining figures, as explained further below. A signal 

35 indicated in the table below in "all capital letters" generally 
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indicates a message initiated with one entity at a first time. 
while a corresponding entry in lower-case letters in the 
diagrams of FIGS. 2-10 indicate a reply or response to the 
message provided by the entity that receives the message. 
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TABLE I 
lvIESSAGES BETWEEN WIRELESS INFORMATION 

PROVIDER AND SCP 

Functional 
ll~~,rigthlD Abbr. u~~,ri12!i2n 

Registration This message is sent to a 
Notification REG.NOT home location register 

(HLR) of an MTSO to 
indicate that a visitor has 
been newly registered or re-
registered and is active 
within a cell in the system 
This is described in 8.l.3.3 
of IS-41.5. Once the visitor 
is validated, the MTSO also 
makes an entry in its visitor 
location register (VLR) and 
may indicate the presence of 
a roamer that is enabled to 
originate or receive calls. 

Registration This message is sent from 
Cancellation REG.CAN the HLR to the VLR to 

indicate that it has been 
determined that a visitor is 
no longer in the VLR 's 
service area or otherwise 
unable to send or receive 
calls. 
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Remote Feature RFC This message transmits a 
Control remote feature control 

request in the form of a 
feature * code provided by 
the cellular subscriber of 
the visited MTS0 2Sb, to 
invoke the provision of 
features, for example, 
features associated with the 
personal number 
communications service. It 
typically entails provision of 
the MIN. the ESN. and the 
control digits entered 
( typically * codes in the 
preferred embodiments). 

Routing Request RR or This message is sent by 
ROUT. switching equipment 13 to 
REQ inquire as to the preferred 

method of routing a pending 
call to a visiting subscriber. 
It is substantially in accor-
dance with the description 
in Section 8.1.3.6 of IS-
41.5. 
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Location Request LOC.REQ This message is sent to a 
HLR from a switching 
system which has a call 
pending, thereby requesting 
information concerning the 
current whereabouts and 
routing information for 
routing the call to a visited 
MTSO 2Sb. It is described 
in Section 8.1.3.5 of IS-
41.5. Optionally, the 
switching equipment 13 
may use this message instead 
of the RR message. 
Essentially, this is a message 
that location information be 
obtained from the 
clearinghouse 35 and pro-
vided to the switching 
eQuipment 13. 

Transfer to TTNR . If an inactive or busy re-
Number Request sponse is obtained from a 

clearinghouse in response to 
a routing request query, a 
subsequent query can be 
made to determine subse-
quent call treatment. A re-
sponse to a 1TNR message 
is a directory number or 
TLDN to which a sub-
scriber's call is to be for-
warded if the subscriber is 
currently busv or inactive. 
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ServiceProfile SPD This message is sent from a 
Directive visited MTSO to a home 

MTSO whenever local cir-
cumstances result in a 
change in a roamer's service 
profile from one previously 
sent. For example, the 
message contemplates in-
voking of a Transfer To 
Number Request (TINR) 
when the subscriber wishes 
to have calls transferred to a 
location typically in the 
same geographic location as 
the roaming PNC cellular 
subscriber but in an office, 
hotel room, etc. 

Qualification QD This message is sent from a 
Directive home system to a visited 

system whenever local cir-
cumstances result in a 
change in a validation from 
that which was previously 
sent. It is described in 
Section 8.1.3.2 of IS-41.5. 

It will be recalled that the preferred embodiment 
of the invention is constructed utilizing service switching point 
(SSP) equipment 14 and SCP equipment (SCP) 15 as the 

s switching equipment 13 and to implement the PNC functions. 
It will therefore be understood that within the switching 
equipment 13, various messages are transmitted between SSP 
equipment 14 and the SCP equipment 15, so that information 
obtained via the data links 28 in connection with the location 

10 information and the like can be provided to the SSP for set up 
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of call transfer to an appropriate location or destination. 
Certain of these messages are illustrated in the following table, 
which is provided by way of illustration and not limitation: 

TABLE II 
1v1ESSAGES BETWEEN SSP AND SCP 

Functional 
ll~~s;:ci 121hm 6bbc. ll~~tci11thm 

Query A query is a message from 
the SSP 14 to the SCP 15 
requesting subsequent 
treatment or routing 
instructions. Typically it is 
formulated as a result of a 
call to the PN hosted by the 
SSP. 

Response This message is a response 
provided by an SCP 15 to a 
query by an SSP 14. It 
generally includes some 
form of disposition to be 
applied to the call (i.e .• to 
the PN call). The 
disposition may be an 
announcement. a request for 
digit collection from the 
caller, a routing DN, etc. 
The routing DN may be an 
.MIN, 1LDN or an alternate 
DN such as a pager number 
or a voice mail box 
identification. 
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It will also be understood that in cases where a 
clearinghouse is utilized as the wireless information provider. 
certain types of messages are communicated between the 
clearinghouse and the visited cellular system. In these cases. 

s the nature of the messages between the clearinghouse and the 
visited system is similar to the information provided directly 
from the visited system to the switching equipment 13. 
However, the messages may be somewhat different when a 
clearinghouse is involved since, with a dLect data 

10 communication between a visited system and the switching 
equipment 13, certain overhead information may or may not 
be required. Thus, there are certain messages that are 
common to either case of ( 1) direct data communications from 
a visited system to the switching equipment 13, and (2) 

1s indirect data communications from a visited system via a 
clearinghouse to the switching equipment 13. Examples of 
messages that are unique to the case of a clearinghouse include, 
but are not limited to, the following: 

20 TABLE ill 
MESSAGES BETWEEN WIRELESS INFORMATION 

PROVIDER (CLEARINGHOUSE) AND VISITED SYSTEM 

QUALIFI- QUAL This message relates to 
CATION qualification or subscriber 

REQUEST validation, which is 
required by the visited 
system before it will 
provide roaming service to 
a roaming cellular 
telephone. An appropriate 
message format is provided 
in IS-41.5, Section 8.1.3.1. 
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ROUTING RR or This message relates to 
REQUEST ROUT.REQ assigning a TLDN or other 

routing protocol in support 
of roaming and call 
delivery. Routing may be 
constrained by legal or 
regulatory guidelines. 

While these functions are performed by the 
clearinghouse, similar functions are performed by the 
switching equipment 13 (by the SSP 14 and SCP 15) in the 

5 absence of a clearinghouse. 

Communication Scenarios Between System 
Components 

Turning next to FIGS. _5-15, the preferred system 
10 10 requires communication between the various entities 

involved including the switching equipment 13, the 
clearinghouse 35, a visited MTSO 25b, and in some cases, a 
home MTSO 25a. As described, the disclosed switching 
equipment 13 comprises SSP equipment 14 and SCP 

15 equipment 15. Thus, although the following discussion will 
relate primarily to communications between the SS P 
equipment 14 and the SCP equipment 1 S, it will be 
understood that such equipment comprises "switching 
equipment" and the term "switching equipment" is being used 

20 in the general sense. 
It will be understood that a number of different 

communication scenarios arise given the various alternatives as 
to location of the PNC subscriber relative to a home MTSO 
versus a visited MTSO, roaming in an IS-41-capable versus a 

2s non IS-41-capable visited system, actuation of various PNC 
service features, utilization of long distance carriers, etc. The 
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different scenarios of FIGS. 5-15 are handled in the preferred 
embodiment of the present invention. All of the various 
scenarios are based on two fundamental concepts: ( I ) 
provision of location information and (2) establishment of s appropriate routing of an incoming PNC communication to the 
PNC subscriber. 

Generally considered, the switching equipment 13 
receives copies of information recording the location of a PNC 
subscriber. This location information can include routing in-

lO formation that indicates preferred routing of the call to the 
location of the PNC subscriber. With the location 
information, the switching equipment 13 is able to route that 
subscriber's PNC calls to the present location of the 
subscriber. As will be understood, this location could be a 

15 cellular location, either a home location or roaming in a 
visited cellular system location, or it could be a wire line 
location, an announcement, or any alternative destination. 

Location information as to the whereabouts of the 
PNC cellular subscriber may be acquired in a number of 

20 different ways. The subscriber's location may be explicitly 
detected or implicitly detected. An explicit detection involves 
roaming requests provided by the roaming subscriber via his 
or her cellular telephone, requests provided by a clearinghouse 
service such as the FOLLOW :ME ROAMING® service, or a 

25 direct REG.NOT message from a visited cellular system. An 
explicit detection may occur in response to validation or 
autonomous registration of a subscriber in a roaming 
environment. 

As regards explicit location information, a clear-
JO inghouse or other communicating entity operative to provide 

the location information informs the switching equipment 13 
about any explicitly detected subscriber events. For example, 
such explicitly detected subscriber events include information 
provided by the clearinghouse 35, registration information 

35 provided by the home MTSO 25a in response to detection of 



W095/12268 PCT/0S94/11910 

42 

the presence of the subscriber in the home cellular svstem 50 
( such as when the subscriber returns after roaming). or 
location information provided by other data communications 
elements such as an RDM function when a PNC subscriber 

s registers or is detected. 
Implicit location information, as the term is used 

herein. is typically derived from subscriber validation. Those 
skilled in the art will understand that subscriber validation for 
cellular telephones is available in the cellular industry and the 

10 wire line industry. Validation provides implicit location in
formation about a subscriber because validation procedures do 
not necessarily imply that call delivery is required. Such 
validation information may be used in the present invention to 
determine routing information that can be used to route PNC 

15 calls. An example of such an implicitly detecting network 
element is a line information database (LIDB) (not illustrated) 
for the purpose of validating calling cards ( or for that matter 
credit cards). Such a LIDB may be implemented by a 
telephone company, by clearinghouses, or within cellular 

20 systems that have established validation procedures with the 
home cellular systems of subscribers or any third party service 
provider. 

As in the case of explicitly detecting systems. 
implicitly detecting systems also inform the switching 

25 equipment 13 about implicitly detected subscriber events. 
Foremost among such events of course is the validation of a 
subscriber within any cellular system. Those skilled in the art 
will understand and appreciate that the present invention there
fore is not limited to situations involving a clearinghouse, but 

30 can encompass direct provision of location information from 
visited cellular systems by direct data communication links 
such as shown at 28b in FIG. 3. In cases of direct data 
communication links from visited cellular systems such as 40 
to switching equipment 13, business arrangements have been 

35 made between the operator of the visited system, or the visited 
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system is a cellular system controlled by the operator of the 
PNC service, perhaps in another geographic area served by the 
system operator. For example, BellSouth Corporation 
operates different cellular systems in different metropolitan 

s areas, e.g. Atlanta's cellular system and Miami's cellular 
system. While all of such systems are ultimately managed by 
the same business entity, because of the geographic separation 
between the cities, location information must be provided to 
the switching equipment 13, which can but need not handle 

10 PNC communications for subscribers in Atlanta and Miami 
simultaneously. 

For purposes of describing the communication 
scenarios of the figures, the following general discussion is 
applicable. Messages passed between the various 

15 communicating entities described therein are illustrated 
temporally from top to bottom, with the first occurring event 
at the topmost position in the figure, with the arrow pointing 
in the direction of the communication or message. A thin line 
terminating in an arrowhead indicat~s a data message passed 

20 typically via SS7 or other data communications link 28. A 
message in all caps such as "REG .NOT" indicates a message 
originating with a communicating entity, while a temporally 
later message between the same entities in lower case letters. 
such as "reg.not" indicates a response or reply to a previously-

25 sent originating message. A bold line extending between 
various entities indicates a telecommunications trunk 20 such 
as a voice grade trunk, including but not limited to wire less 
and wire line connections, typically indicative of the switched 
voice path connected between SSP equipment 14 and/or 

30 another switch such as an MTSO 25. 
Referring now to FIG. 5, first will be discussed a 

scenario involving the roaming of a PNC subscriber with a 
cellular telephone 16' within a visited cellular system 40. 
Assume that the visited system 40 includes at least one IS--1.1-

35 capable MTSO 25b. This scenario involves routing to the 
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roaming PNC subscriber at an IS-41 compatible MTSO 25b 
and typically involves use of only two messages: registration 
notification and registration cancellation when appropriate. A 
registration notification message REG.NOT is used to inform 

s the SCP 15 that the PNC cellular subscriber has an active cel
lular telephone. This information then may be used to route 
PNC calls to the roaming subscriber at the visiting MTSO 
25b, via the home MTSO 2Sa. 

In this embodiment, the SCP l S need only 
lO instruct the SSP 14 to route the call to the MIN at the home 

MTSO 25a. The home MTSO is already aware (through the 
IS-41 roaming and call delivery procedures) that their 
subscriber is visiting and prepared to receive calls. Thus, in 
this embodiment, the SSP 14 depends on the home MTSO 

15 capability to appropriately forward a call to the PNC 
subscriber. 

A registration cancellation REG.CAN message, 
not illustrated in FIG. 5, will be used to inform the home 
MTSO 2Sa that PNC calls are to be routed to the cellular 

20 subscriber at the home MTSO 2Sa. 
In the situation of FIG. 5, only the MIN is 

required to properly route the call. Since the scenario 
presumes an IS-41-capable visited MTSO 2Sb, the home 
MTSO 25a will receive REG.NOT from the clearinghouse 35 

25 and thereby be enabled to effect routing to the visited MTSO. 
Upon receipt of a PNC call, the SSP 14 provides 

a Query message to the SCP 15 based on the PN, and receives 
a Response containing the MIN as the routing ON. The MIN 
therefore directs the call to the home MTSO 25a. The home 

30 MTSO then issues a routing request (RR} to the visited MTSO 
2Sb, and receives a TLDN from the visited MTSO. 

The SSP 14 is thus operative to effect a voice path 
from the SSP via a first voice path 20a to the home MTSO 
25a, which is thereafter operative to establish a second voice 

35 path 20b to the visited MTSO 2Sb. The PNC call is therefore 
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delivered to the PNC subscriber at the roammg cellular 
telephone 16' in the visited system 40. 

Again, it will be understood that the clearinghouse 
35 is utilized to receive the registration notification message 

s and provide it to the home MTSO. Whenever the 
clearinghouse 35 detects that a cellular PNC subscriber 
registers in the IS-41 visited MTSO 25b, the clearinghouse 
sends a corresponding REG.NOT message to the home MTSO 
25a. This registration notification message therefore 

10 comprises location information that is used in the system 10 to 
detect that a cellular PNC subscriber is currently present at the 
visited MTSO 25b. Subsequently, the system 10 will route 
PNC calls directly to the cellular subscriber MIN. Thus, when 
a PNC call arrives at the SSP 14, a Query message is provided 

1s to the SCP IS, which responds with the MIN. 
It will be understood that in circumstances 

wherein the PNC subscriber has elected alternative destina
tions, a different response will be provided by the SCP 15 to 
the SSP 14. · o effect the approp~ate features or alternative 

20 destinations ontemplated by the PNC service. For example, 
the PNC subscriber may have provided communication 
disposition information as described in the referenced co
pending patent application Serial No. 07 /936,384, filed August 
26, 1992, entitled '"Personal Number Communication 

2s Systemsn, to the effect that, e.g., the call should be routed an 
alternative destination #1 during certain times of the day, or to 
an alternative destination #2 such as a voice mailbox or other 
default location if he or she does not wish to receive calls, etc. 
In the particular scenario of FIG. 5, and in response to 

30 provision in a Response by the SCP 1 S with a MIN, the 
communication disposition information provided as a part of 
the PNC service indicates that the cellular telephone of the 
subscriber is the intended destination. Thus, a voice path is 
established from the SSP 14 to the home MTSO 25a. by 

35 commanding the home MTSO 25a to provide appropriate 
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trunk connection signaling information (via the appropriate 
signaling techniques such as the SS7 network) to the visited 
MTSO 25b and establish an appropriate voice connection on 
the line 20b. 

s Like a registration notification, a registration 
cancellation affects the disposition of a PNC call in the present 
invention. Like a registration notification, a registration 
cancellation can be explicit or implicit. 

A registration cancellation is explicit when an IS-
10 41 REG.CAN message is provided by a visited MTSO. This 

would occur when the clearinghouse detects that the PNC cel
lular subscriber has disabled roaming call delivery service 
such as FOLLOW ME ROAMING® or ROAMING 
AMERICA with appropriate * codes, or the clearinghouse 

15 detects that an automatic deregistration event has occurred. 
Registration cancellation can also be implicit, as 

when automatic deregistration timers associated with roaming 
expire. For example, the GTE FOLLOW ME ROAMING® 
service presently clears its database at midnight of every day, 

20 thereby implicit deregistering all roamers. Similarly, 
registration cancellation can automatically occur after a 
predetermined time has elapsed since the last PNC cellular 
subscriber event at a visited MTSO. For example, 
clearinghouses such as the FOLLOW ME ROAMING® 

25 service automatically cancel registration status twelve hours 
since the last subscriber event. 

In the case of a registration cancellation, either 
explicit or implicit, the following steps take place. The 
clearinghouse 35 determines explicitly or implicitly that a 

30 registration of a cellular subscriber has been canceled. The 
clearinghouse provides a registration cancellation. REG.CAN 
message to the home MTSO 25a. The home MTSO then 
"knows" that, unless the subscriber has registered back in the 
home service area. a call (PNC or otherwise) cannot be routed 

35 to the cellular telephone. No ROUT.REQ will be issued. and 
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no TLDN will be obtained. Any PNC call must be routed to 
an alternative destination. 

Thus, subsequent to receipt of a registration 
cancellation message, the preferred system IO is operative to 

s route subsequent PNC calls to destinations other than the 
cellular destination, since a registration cancellation status 
indicates that the PNC subscriber's ceHular telephone is not 
active or otherwise cannot receive the call. These alternative 
destinations may be derived from the communication 

10 disposition information stored in the SCP 15. which may 
include a default time-of-day sch~dule. or a voicemail box that 
is explicitly designated for use in such de-registration events. 

It will be observed in connection with FIG. 5 that 
the utilization of the clearinghouse 35, while forming a pan of 

15 the currently preferred and discloser· :::nbodiment, is not nec
essary as a required element in all er:." .. , :Jdiments of the present 
invention. Alternative embodiments envision direct data 
communications between the visited cellular system 40 to the 
switching equipment 13, with appropriate data 

20 communications messages of registration notification, 
registration cancellationy etc. The significant aspect to be 
understood in this regard is that the database associated with 
the switching equipment 13 is operative to store location in
formation derived an MTSO (whether home or visited) 

25 indicating the presence and activation of a PNC subscriber's 
cellular telephone. Then, this location information is utilized 
in conjunction with communication routing information. also 
maintained in the database of the switching equipment 13. 
typically in the form of the hierarchical list of destinations 

30 associated with the PNC subscriber. 
It will therefore be understood that the foregoing 

illustrates a method of delivering a communication to a PNC 
subscriber having a mobile communications device such as a 
cellular mobile radiotelephone, comprising the steps of 

35 receiving location information corresponding to a present 
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location of a subscriber. where the subscriber utilizes a 
cellular telephone. The switching equipment I 3 performs 
steps of receiving and storing communication routing 
information corresponding to one of a plurality of selectable 

5 destinations associated with the subscriber. In response to 
receipt of a communication directed to the PNC subscriber, 
the switching equipment is operative to route the 
communication to a selected one of the destinations in 
accordance with the communication routing information 

10 hierarchy, and the location information. 
It will also be understood that the database main

tained at the switching equipment 13, which corresponds the 
location information with the communication routing or 
disposition information, may be considered a personal number 

15 routing database {PNRDB) that facilitates the correspondence 
between the location information and the communication 
routing or destination information. 

FIG. 6 illustrates a communication scenario in a 
situation wherein the PNC cellular subscriber activates roam-

20 ing in a non-IS-41 visited MTSO 25b. In such a situation. it 
will be understood that registration notification messages are 
not automatically provided, via SS7 or otherwise, in response 
to detection of a roaming cellular subscriber. In order for the 
PNC subscriber to receive cellular calls in such as non-IS---1- I 

25 MTSO, the subscriber must provide an appropriate activation 
code through the cellular telephone 16', and such an activation 
code must ultimately be transmitted to the switching equipment 
13, either directly or via a clearinghouse 35, so that the 
switching equipment will know that the cellular phone is active 

30 and allowed to receive calls. Moreover, in visited systems that 
only allow access via a local access numbers, this number must 
also somehow be associated with the telephone's Mm and PN 
so as to effect proper call routing. In the preferred 
embodiment, this association is maintained at the SCP 15 in 

35 the switching equipment. 
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These considerations typically require provision 
of the activation * code, the MIN, and, in pro.per cases. the 
local access number (optional), by the non-IS-41 visited MTSO 
25b to the clearinghouse 35. (Alternatively, the clearinghouse 

s 35 can store local access numbers in its database, and provide 
same as a part of its clearinghouse service to the switching 
equipment.) Responsive to receipt of the activation * code. 
and validation by the clearinghouse 35 of the roamer via the 
required mechanism, the clearinghouse provides the 

10 registration notification message to the switching equipment 
13, and the remaining steps are substantially in accordance 
with that described in connection with FIG. 5. As in the case 
of FIG. 5, the voice path to the visited MTSO 25 b is estab
lished from the SSP 14 to the home MTSO 2Sa via voice 

15 trunk 20a, and thence between the home MTSO and the non
IS-41 visited MTSO 2Sb via voice trunk 20b. 

FIG. 7 illustrates a scenario substantially the same 
as in FIG. 6. except without the intervention of a 
clearinghouse as intermediary. In other words, FIG. 7 

20 assumes a direct data communications link (not necessarily SS7 
or IS-41) between a visited M!SO 25b and the home MTSO 
2Sa and the switching equipment 13. The scenario assumes an 
appropriate business arrangement between the different 
cellular system operators so that registration information, 

25 validation, activation of roaming call receipt, etc. are handled 
satisfactorily between the system operators. The activation * 
code is provided directly from the non-IS-41 cellular system 
40 to the home MTSO; alternatively, the activation code could 
be provided directly to the switching equipment 13. It will 

30 therefore be appreciated that in such cases, the clearinghouse 
and either the home MTSO or the switching equipment 
perform much the same function. It will therefore be 
understood that the use of a clearinghouse is optional in the 
present invention, since the important consideration is the 
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detection of the presence of a roaming PNC subscriber. and 
enablement of call routing to the PNC subscriber. 

FIG. 8 illustrates a scenario wherein the PNC 
cellular subscriber provides a de-activation code at the visited 

s MTSO 25b indicative of a command by the subscriber to halt 
incoming calls to the cellular telephone 16 '. In this situation, 
a registration cancellation REG .CAN message is transmitted 
from the clearinghouse 35 to the switching equipment 13, 
which updates its database to modify the location information. 

10 Essentially, the location information in the database maintained 
by the switching equipment will now show that the subscriber 
is not present in the visited MTSO 25b, and that subsequent 
PNC calls should be routed to alternative destinations in 
accordance with the communicating routing or disposition in-

15 formation associated with the PNC service profile stored at the 
SCP 15. 

Thus, in response to receipt of an incoming PNC 
call, a Query on the part of the SSP 14 to the SCP IS will 
result in a Response from the SCP of information indicating an 

20 alternative destination. In one situation, the response might 
still be the MIN of the cellular telephone, in which case a voice 
path 20a is established to the home MTSO 25a, which then 
routes the call to an alternative destination , such as a voice 
mail service 45 or an alternative telephone 46, as shown in 

2s FIG. 3. Alternatively, the response can be an alternative 
routing directory number (DN) denominated ALT which re
sults in the routing of the PNC call to an alternative destination 
indicated at 45 or 46. 

FIG. 9 illustrates a scenario of implicit de-activa-
30 tion by a clearinghouse, so as to cause subsequent incoming 

PNC calls to be redirected from a visited MTSO 40 to an 
alternative destination. As discussed earlier, various 
clearinghouse services such as FOLLOW ME ROAMINGK 
and ROAlvlING AMERICA automatically remove registrarion 

35 information from their databases at predetermined times of 
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day or after the passage of a predetermined amount of time. 
For example, the FOLLOW ME ROAMING® service 
automatically cancels registrations at midnight. while 
ROAMING AMERICA® does the same after twelve hours 

5 have elapsed since the last cellular event. In such a situation. 
an implicit de-activation has occurred, and the clearinghouse is 
operative to provide a registration cancellation message 
REG.CAN to the switching equipment 13. Subsequently, a 
PNC call will be routed by the switching equipment to an 

10 alternative destination 45, 46 as in the case of FIG. 8. 
It will be understood from the foregoing discus

sions that situations not involving a clearinghouse operate 
substantially in the same manner as described above, with the 
exception that the communication messages relating to 

15 roaming, validation. registration, cancellation, etc. are directly 
passed directly between the communicating entities. Typically, 
this preferably involves direct SS7 data communications 
between a visited cellular system 40, SCP equipment 15. and 
the home MTSO 25a. Like the scenario of FIG. 7, an implicit 

20 de-activation as in FIG. 9 without use of a clearinghouse 
contemplates direct data communication links established 
between a visited MTSO 25b and the home MTSO 25a, with 
subsequent provision of appropriate messages from the home 
MTSO to the switching equipment 13. 

25 In this case. the home location register (HLR) 
associated with the home MTSO 25a maintains its database 
with requisite location information that can be provided to the 
switching equipment 13. Whenever the home location register 
is provided with signals (such as a REG.NOT) indicating that 

30 cellular PNC subscriber has registered in a visited MTSO 25b, 
the HLR database is updated and a corresponding REG.NOT 
message is sent to the switching equipment 13. The 
registration notification provides requisite information that 
allows routing of the PNC call to the visited MTSO 25b via 

35 the home MTSO 25a. The switching equipment 13 can route 
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such calls to the visited MTSO by routing to the MIN. and the 
home MTSO forwards the call to the visited MTSO. Such 
operation requires that the home MTSO 25a provide a 
properly-formatted registration notification message to the 

5 switching equipment 13 when it receives a registration 
notification and location information from the visited MTSO 
2Sb. 

The remaining steps responsive to receipt of the 
PNC call at the SSP 14, routing of the call to the home MTSO 

10 2Sa via the PNC subscriber's MIN, and subsequent routing of 
the call from the home MTSO 25a via line 20 to the visited 
MTSO 25b, are substantially as described in connection with 
FIG. 7. 

Still referring to FIG. 9, in like manner, 
15 registration cancellations are provided from the visited MTSO 

25b to the clearinghouse 35, and thence to the switching 
equipment 13 in response to detection that the PNC ceJlular 
subscriber wishes to disable any FOLLOW ME ROAMING® 
or ROAMING AMERICA type service while at the visited 

20 MTSO 2Sb, the home MTSO detects that ·the predetermined 
time or time block has occurred as a registration cancellation 
event, or that the home MTSO 25a has detected, via the 
autonomous registration operation, that the PNC cellular 
subscriber has returned to the home MTSO 25a. Since the 

25 switching equipment 13 must keep track of the location, it is 
expected that the home MTSO 2Sa will provide any location 
information, however detected. to the switching equipment 13 
so as to facilitate subsequent routing. Note that in this 
embodiment, either the PNC user entered * codes (explicit 

30 deactivation) that were detected by a visited MTSO ( or the 
home MTSO) and are sent to the clearinghouse, or the 
clearinghouse detects the passage of time (implicit 
deactivation). In either event. the clearinghouse in turn sends 
these to the switching equipment 13. 
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Turning next to FIG. IO. when a remote feature 
control request (RFCR) is provided by a roaming PNC 
cellular subscriber. it is necessary that the codes indicative of a 
command to invoke a feature, for example * codes. be 

s transmitted to the switching equipment 13 so that the feature 
can be implemented. The switching equipment 13 can receive 
remote feature control information indirectly via the 
clearinghouse 35, or directly from the home cellular system if 
a data communications link is established, when the subscriber 

10 dials a roamer * code in a visited system, or the subscriber 
enters a roamer cancellation control code in the visited system. 
The clearinghouse is preferably operative to send a message 
containing the remote feature control request operation, 
typically in the form of an IS-41 

1s RemoteFeatureControlRequest (RFCR) message, to the 
switching equipment 13 when the visiting subscriber dials the 
appropriate code and the visited MTSO 2Sb transmits the code 
to the clearinghouse. Preferably, the RFCR message also 
provides the MIN and the assigned _personal number (PN) if 

20 maintained at the clearinghouse. The format of a 
RemoteFeatureControlRequest is described in IS-41.5 at 
8.1.3.7. 

The timing for an exemplary RFCR scenario is 
shown in FIG. 10. When the subscriber dials a predetermined 

25 sequence of codes intended to invoke a feature, the informa
tion is passed from the visited MTSO 2Sb to the clearinghouse 
35. The clearinghouse 35 then transmits an RFCR message to 
the switching equipment 13. The database maintained by the 
SCP 15 is then updated to reflect that the subscriber possessing 

30 this particular MIN (associated with their panicular PN) 
intends to invoke particular service features with respect to 
subsequently received communications. 

When a PNC call arrives at the SSP 14. a Query 
message is transmitted from the SSP 14 to the SCP 15. and the 

35 SCP responds by handling the communication in the manner as 
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modified by the remote feature. As a specific example. as
sume that the remote feature is to cause communications di
rected to the personal number to be routed to a next or alter
nate destination in the hierarchical list of destinations, such as 

s a voice mailbox. Then, the Response provided from the SCP 
15 to the SSP 14 will include a directory number (DN) in
dicative of the alternative destination such as 45, 46. The 
communication is then routed to this alternative destination 
represented by the DN. 

10 Remote features are considered species of 
communication disposition information, since actuation of 
panicular features affects the handling and/or routing of an 
incoming communication. Examples of remote features 
contemplated for use by roaming cellular PNC subscribers in 

ts the present invention include but are not limited to the 
following: 

20 

25 

~ 
*10 
*11 
*14 
*15 
*25NPA-NXXX -

Disposition 
Send call to home phone 
Send call to secretary 
Send call to voice mail 
Send call to cellular phone 
Send call to phone number NP A
NXXX 

As another specific example of a remote feature. 
it is contemplated that the alternative destination can include a 
message service 45 that is operative to play a prerecorded an
nouncement, such as, "We're sorry, but (name of subscriber) 

30 is not presently available. At the tone, please leave a voice 
message.", and then record a voice message. 

It will be understood that in embodiments of the 
present invention which involve direct data communications 
between switching equipment 13, a visited cellular system 40. 

35 and a home cellular system 50, the RFCR message is 
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transmitted directly from the visited MTSO 25b to the home 
MTSO 25a. The home location register (HLR) database 
associated with the home cellular system 50 is updated to 
reflect the feature that is to be invoked. The HLR will 

s transmit a corresponding RFCR to the switching equipment 13 
so that the database can be updated to reflect activation of the 
feature. Again, this RFCR message is transmitted when it is 
detected that the PNC cellular subscriber wishes to enable 
special features, for example enablement of the FOLLOW ME 

IO ROAMING® or ROAMING AMERICA type of service, or 
when tb~ feature code constitutes a specific request to foIV1ard 
cellular calls to a specific override directory number. Such 
features are generally indicated with dialed digits following 
the * code, for example *14, if not supported by the visited 

15 cellular system, can constitute a command to activate call 
forwarding to a remote location, and a string of digits can 
constitute the call-forwarding number. 

In response to a RemoteFeatureControlRequest 
(RFCR) query, the switching equipment 13 provides an 

20 appropriate rfcr response back to the clearinghouse. If the 
received parameters are all valid, then the switching 
equipment 13 sends a response containing a return result to 
the clearinghouse. The parameters returned in the rfcr 
response may indicate a successful activation of the requested 

2s feature, as described in IS-41.5, Section 8.2.16. 
As in previous cases. the information in the RFCR 

is used at the switching equipment 13 to appropriately route 
subsequent PNC calls to the ceHular PNC subscriber or to the 
indicated alternative destinations. 

30 FIG. 11 illustrates a communication scenario 
wherein a temporary line directory number (TLDN) is uti
lized to route a PNC call associated with the * code activation 
request to a visited MTSO 25b. This scenario should be 
contrasted with that illustrated in FIG. 5. The scenario of 

35 FIG. 5 is considered "MIN-based" routing. wherein the voice 
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path is established via the MIN to the home MTSO 25a, and 
thence to the visited MTSO 25b. In FIG. 11. a TLDN is 
utilized to route the call directly from the SSP 14 to the 
visited MTSO 25b. As in the case of FIG. 5, when the 

s roaming PNC cellular subscriber is detected at the visited 
MTSO 2 5 b, either via activation of FOLLOW ME 
ROAMING® service or ROAMING AMERICA service, or 
autonomous registration, or otherwise in accordance with the 
present invention, a REG.NOT message is passed from the 

10 visited MTSO 2Sb to the clearinghouse 35, and thence to the 
switching equipment 13. Appropriate responses are provided, 
as indicated. The switching equipment 13 updates its database 
to reflect that the cellular subscriber is active on the cellular 
telephone. 

15 In response to receipt of a PNC call, a PN-based 
Query is transmitted from the SSP 14 to the SCP 15. The 
SCP responds with a PN or MIN-based ROUT.REQ message 
to the clearinghouse. which responds with a TLDN associated 
with the MIN. The SCP 1S receiving the TLDN provides a 

20 Response containing the TLDN back to the SSP 14. The SSP 
is thereafter operative route the call via a voice path 20a 
directly to the visited MTSO that provided the TLDN in the 
first instance. It should be apparent that such a scenario is 
more direct and efficient than MIN-based routing, which 

25 requires voice paths from the SSP to the home MTSO, and 
thence to the visited MTSO. 

FIG. 12 illustrates a communication scenario 
wherein the system is operative for routing a PNC call to an 
alternative destination ( e.g. voice mail 45) based on receipt of 

30 status information from a visited MTSO 2Sb, either directly 
or indirectly via the clearinghouse 35. for example. busy or 
inactive status of the roaming PNC subscriber's telephone 16,. 
It should be noted at this juncture that certain system operators 
may be legally precluded from routing calls to alternative 

35 destinations in response to status information such as busy or 
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inactive, under the Modified Final Judgment, if such status 
information is obtained from outside the LATA. Accordingly, 
the method illustrated in FIG. 12 should be considered an 
alternative embqdiment of the present invention. 

s The embodiment of FIG. 12 should be contrasted 
with the embodiment of FIG. 8, which involves routing to an 
alternative destination in response to status information in the 
form of a registration cancellation message (REG.CAN). Note 
that in the embodiment of FIG. 8, the routing to the alternative 

10 destination is in response to the cancellation of registration, 
and not in response to receipt of information that the roaming 
cellular subscriber telephone is busy or otherwise inactive. 
Accordingly, it will be understood that there may be cases 
where the subscriber has de-activated his or her cellular 

1s telephone, but no registration cancellation event has yet 
occurred that would cause the transmission of the REG.CAN 
message. It will be recalled from earlier discussion that 
REG.CAN triggers the routing to the alternate destination 45. 
A situation of de-activation but no transmission of REG.CAN 

20 is likely to occur in the case of non-IS-41 systems. since there 
is no automatic and uniform mechanism in such systems for 
transmitting a REG.CAN to a· roaming subscriber's home 
system. 

In such a situation of de-activation in a non-IS-41 
25 system, a PNC call would be routed via the home MTSO 25a 

to the visited MTSO 25b, only to receive a busy or inactive 
message from the visited MTSO 25b. However, this would 
necessarily incur a long distance charge through a long 
distance carrier associated with the service package utilized by 

30 the PNC subscriber. Needless to say. such long distance 
expenses could be avoided on behalf of the subscriber if the 
routing to the alternative destination could be effected in 
response to status information indicating that the cellular 
telephone was busy or no longer active. 
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In the embodiment of FIG. 12, it is specifically 
contemplated that the system operator is lawfully entitled to 
respond to status information provided either directly from a 
visited MTSO or indirectly via a clearinghouse. As in prior 

5 scenarios, when the roaming PNC subscriber's telephone 16, 
is registered at the visited MTSO 2 Sb, a registration 
notification (REG.NOT) is sent to the clearinghouse 35. A 
corresponding REG.NOT is passed from the clearinghouse to 
the switching equipment 13, which updates its database to 

10 reflect that the cellular PNC subscriber is active and roaming. 
In response to receipt of a PNC call to the SS P 

14, a Query is transmitted to the SCP 15, as before. The SCP 
generates a route request message (ROUT.REQ) to the 
clearinghouse, which in tum passes a ROUT.REQ message 

15 based on the MlN to the visited MTSO 2Sb. Since FIG. 12 
presumes that the subscriber is inactive or busy, but no 
registration cancellation (REG.CAN) has been indicated. the 
appropriate reply message to the route request is an indication 
of busy or inactive status. The reply .message from the visited 

20 MTSO is a rout.reg (busy/inactive). and typically includes a 
return result parameter containing an AccessDeniedReason = 
busy/inactive as described in IS-41.5, Section 8.1.3.6. As will 
be understood, an AccessDeniedReason can include inactive or 
busy, as specified in Section 8.2.18. 

25 The busy/inactive status is then provided to the 
SCP 15 via a corresponding rout.reg (busy/inactive) response 
message from the clearinghouse, which returns a Response to 
the SSP Query indicative of routing to a default destination. 
Thus, a voice path is established to the subscriber's alternative 

30 destination as determined by the database associated with the 
switching equipment 13 (the SCP 1 S in the disclosed 
embodiment. In the example of FIG. 12, the default 
destination is a voice mailbox 45. 

It should also be noted that much of the scenario 
35 described in connection with FIG. 12 is applicable in the ca-.e 
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where the home MTSO 2 5 a is substituted for the 
clearinghouse 35, and a ROUT.REQ query and TLDN 
response communication mechanism occurs directly between 
the SCP 15 and the home MTSO. It will thus be understood 

s that under circumstances wherein the system operator can act 
on a busy or inactive status, the clearinghouse (or home 
MTSO) will return a DN or TLDN if the call can be connected 
to the visited MTSO 25b and thence to the roaming telephone 
16', but the clearinghouse (or home MTSO) may also return 

10 an inactive or busy response. The TLDN or DN would be 
used to route the pending PNC call to the subscriber at the 
visited MTSO if the subscriber is active, while an inactive or 
busy response would be used to route the PNC call to one of 
the PNC subscriber's alternative destinations such as voice 

15 mail, secretary's telephone, or the like. 
FIG. 13 illustrates an alternative communication 

scenario wherein a PNC cellular subscriber's call is to be 
forwarded or "transferred to" an alternative destination if the 
subscriber is currently busy or inactive. The scenario in this 

20 figure presupposes that some entity, such as the clearinghouse 
35 is maintaining a service profile in a computer database of 
visiting cellular subscribers, together with associated "transfer 
to numbers" (TTNR) as forwarding numbers (it being 
understood that the home MTSO could also perform the 

25 function). If a subscriber enters a feature request indicating 
that calls should be transferred to a certain location 
(particularly a local land location in the foreign service area as 
an alternative destination). a TTNR comprising a DN of that 
alternative destination can be passed back to the switching 

30 equipment 1 3 for proper handling. Thus. a 
ServiceProfileDirective (SPD) message containing the TTNR 
is sent by the visited MTSO to the clearinghouse ( or home 
MTSO). This message is described at 8.1.3.9 at IS-41.5. and 
can include a DN comprising a number of digits of a 

35 destination representing a TTNR. 
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It will of course be understood that the home 
MTSO 2Sa itself. or the visited MTSO 2Sb, can maintain the 
data indicative of the transfer to number. 

Still referring to FIG. 13, in response to receipt s of a PNC call. the SSP 14 passes a Query message to the SCP 
1 S. which passes a routing request ROUT.REQ to the 
clearinghouse 35 (or the home MTSO). This ROUT.REQ is 
in tum passed to the visited MTSO 25b based on the MIN. In 
response to determination that the subscriber is busy or 

IO inactive, which is presumed, a busy/inactive status message is 
passed back from the visited MTSO 25b to the clearinghouse 
35, and thence to the SCP 15. Upon receipt of a busy/inactive 
status message, the SCP provides a TransferToNumberRequest 
(TINR) message to the clearinghouse, which in tum provides 

15 the transfer to number previously received as the response. in 
the form of a transfer directory number (DN). Toe SCP 15 
then provides its response to the SSP 14 in the form of a 
transfer directory number (DN). The SSP then routes the call 
to the transferred DN, which eomprises an alternative 

20 destination such as the destination 48 (see FIG. 3). 
Thus, it will be understood that once an inactive 

or busy response is obtained from the clearinghouse in re
sponse to a routing request message from the switching 
equipment 13, the system queries the clearinghouse ( or home 2s MTSO) to determine subsequent call treatment. This emails 
transmission of a 1TNR query to the clearinghouse, which in 
tum forwards this to the visited MTSO, if necessary. The 
cellular subscriber's profile, maintained either at the 
clearinghouse (or at the home MTSO) contains an alternative 

30 transfer to number. A response to the TTNR is a directory 
number (DN), which is where the subscriber's call is to be 
forwarded if that subscriber is currently busy or inactive. 

It will also be understood that the scenario de
scribed in connection with FIG. 13 may involve routing via a 
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subscriber·s long distance carrier in order to reach the trans
fer-to location. 

It will be further understood in connection with 
FIG. 13 that the invention can be implemented without the 

5 clearinghouse 35. In such an embodiment, the routing request 
message ROUT.REQ is transmitted directly from the 
switching equipment 13 to the home MTSO (not shown). 
which stands in the place of the clearinghouse, and the 
response is a busy or inactive status indication. The ITNR is 

10 then passed directly from the switching equipment 13 to the 
home MTSO, and the response received is the transfer DN 
provided by the home MTSO. It will therefore be appreciated 
that in this scenario, which presumes no MFJ restrictions, once 
an inactive or busy response is obtained from a home MTSO 

15 in response to a routing request, the system can query the 
home MTSO directly by sending a TTNR query. The 
response to the TTNR is a DN to which the subscriber's call is 
to be forwarded if the subscriber is currently busy or inactive. 

FIG. 14 illustrates a communication scenario that 
20 involves the validation of a cellular· subscriber using a line in

formation database (LIDB) 90. For purposes of the present 
discussion, it will be understood that an LIDB 90 is a 
computer database primarily operative for validation and anti-· 
fraud functions in connection with cellular telephone systems. 

2s For example, a commercially available LIDB is the Calling 
Card database manufactured by Tandem Computer Corp. The 
LIDB 90 matches a personal identification number (PIN) to a 
cellular telephone's MIN for validation purposes. Operation 
and maintenance of such a computer database is considered 

30 within the skill of the art. The operation is simply to match 
predetermined PIN's to MIN's on a real-time basis, with the 
system providing access or validation only in response to 
receipt of a validation message from the LIDB. 

It will be further understood that an LIDB may be 
35 operated by a number of different business entities, including 
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but not limited to the PNC system operator. clearinghouses. 
and anticipated validation databases established for future 
communication systems such as the anticipated Motorola 
IRIDIUM™ personal telecommunications system. Therefore. 

5 the present invention will be considered operative with such 
communication systems or any communications systems that 
require validation prior to access. 

In this regard, FIG. 14 illustrates validation of a 
cellular subscriber using the LIDB database 90. A cellular 

10 subscriber is validated using the MIN that is provided at 
autonomous registration, and a PIN or other password that is 
entered via the telephone keypad in response to, for example, a 
voice prompt message. It is assumed that the roaming 
subscriber with a telephone 16' has entered his or her PIN, 

1s the MIN has been obtained by the visited MTSO 25b, and the 
PIN and MIN information has been passed in the form of a 
message to the home MTSO 25a. The information is passed 
directly to the home MTSO 2Sa, but it will be understood that 
the information could be passed via a clearinghouse (not 

20 illustrated) or directly to the LIDB 90. For example. 
validation information may be passed in the form of a 
ServiceProfileDirective (SPD) message, as described in IS-
41.5, 1 8.1.3.9. 

The home MTSO 25a passes the MIN and PIN to 
25 the LIDB 90, which performs the validation function. If the 

MIN is properly validated, an appropriate response such as a 
QualificationDirective (QD), as described in IS-41.5. fl 
8.1.3.2, is sent to the visited MTSO, indicating that the 
subscriber is authorized to access the system. 

30 Once the LIDB has performed the validation. the 
LIDB transmits a QualificationDirective (QD) message to the 
home MTSO 2Sa, which in tum passes a QD to the visited 
MTSO 25b. According to one aspect of the invention, upon 
validation the LIDB 90 passes a registration notification 

35 message REG.NOT to the switching equipment 13. This in 
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effect informs the SCP 15 in the switching equipment that the 
cellular PNC subscriber is active and roaming. Subsequent 
PNC calls to that subscriber are routed via the MIN. as shown. 
which entails routing either to the home MTSO 25a and thence 

s to the visited MTSO 25b, or alternatively directly to the 
visited MTSO, via the TLDN (using ROUT.REQ), as legal 
circwnstances permit for the system operator. 

It should also be understood that in addition to 
registration detection in a visited system, preferred embodi-

10 ments of the present invention provide notification of a regis
tration of a PNC subscriber back at the home MTSO 25a upon 
return to or entry into the home cellular system SO. In 
preferred embodiments of the invention, it is anticipated that 
the subscriber will dial a PNC * code in the home cellular 

15 system to signal a return home. Alternatively, registration of 
the cellular PNC subscriber in the home MTSO can trigger the 
provision of the registration cancellation message REG.CAN 
to the switching equipment 13 when the registration is 
detected. 

20 Turning now to FIG. 15, it will be understood 
that preferred embodiments of the present invention 
contemplate periodic correlation of information relating 
personal numbers (PN) to mobile identification numbers 
(MIN). Such correlated information is required by the 

25 wireless information providers such as home MTSO' s and 
cellular systems that directly communicate with the switching 
equipment, by clearinghouses, by visited MTSO 's with direct 
communications arrangements with the PNC service provider. 
and by any other communicating entities that are not associated 

30 with the provider of the personal number service. A 
correlation table, maintained in the form of a computer 
database, is required in order to determine which MIN's are 
associated with a PNC system and therefore should receive the 
registration function treatment. Those skilled in the art will 

35 understand that this database, the implementation is within the 
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skill of the art. will require periodic updates in order to add 
or delete personal numbers, and relationships between the 
personal numbers and cellular telephone numbers. Preferably. 
updates will be provided on an as-needed basis, and can be 

s provided through conventional mechanisms such as facsimile 
messages, electronic mail. or other methods. 

In this regard, FIG. 15 illustrates an exemplary 
computer database record 100 that is utilized in switching 
equipment 13, and in particular in the SCP IS of the disclosed 

10 embodiment, to implement PNC service on behalf of roaming 
cellular subscribers. As known to those skilled in the art, a 
database record comprises a plurality of information fields 
that are associated with one another, and searchable by text 
string searching or via preconstructed indices. Fields utilized 

15 in the preferred record 100 include the personal number 
(PN), the Mobile Identification Number (MJN) of one or more 
cellular telephones as alternative destinations for the PNC 
subscriber, a principal destination directory number (DN 1 ), 
one or more alternative destination directory numbers (DN2 --

20 DNi), activated feature codes, inactive feature codes, status 
fields (busy/inactive/non validated/validated), a routing DN to 
reach the voice mail system, ari IEC code to be used when the 
PNC call needs to be forwarded across a LAT A boundary, and 
other PNC related information as described in the 

25 incorporated PNC patent application referenced above. 
Additionally, various of the fields in the computer 

database record 100 may include user control or status flags, 
ON/OFF, to signify that various features have been activated, 
or have been enabled for activation by the system operator. 

JO As a specific example, it is specifically contemplated that a 
subscriber may selectably activate delivery of ca11s to the 
mobile telephone when roaming, or may prevent deHvery of 
calls when roaming. Therefore, the database record field for 
the mobile telephone includes an ROAMING DELIVERY 

35 ON/OFF field associated with cellular telephone. In the event 
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that the flag indicates OFF status, calls will not be delivered to 
the mobile telephone when roaming, and the PNC hierarchy 
will cause an incoming communication to be directed to 
another destination, e.g. voice mail. 

5 Likewise, the subscriber can indicate ON/OFF 
status for delivery of calls to the mobile telephone when in the 
home cellular service area, with the HOME DELIVERY 
ON/OFF flag. 

Preferably, the subscriber will selectably actuate 
10 various feature ON/OFF flags by entry of * codes, which will 

be delivered to the system 10 with RFCR messages, whether 
home or roarning. 

Other related information for storage in the 
database may occur to those skilled in the an. 

15 In summary, there has been illustrated and de-
scribed an improved method and system for providing 
personal number communication system enhancements that 
route PNC calls to roaming cellular subscribers, in various 
scenarios including intermediaries ·such as cellular c!earing-

20 houses, direct SS7 and IS-41 compatibility between home 
cellular service MTSO's and visited cellular system MTSO's. 
non-IS-41 capable communicating entities, and the like. Means 
have been described for obtaining location information 
corresponding to the present whereabouts of a roaming PNC 

25 cellular subscriber, and for utilizing the location information 
in conjunction with routing or destination information 
provided with the PNC seivice, and status information where 
permitted, for routing PNC calls to the subscriber at the 
roaming cellular site or to alternative destinations, as appro-

30 priate under the communication disposition information 
provided in connection with the PNC seivice. 

Therefore, while particular preferred embodi
ments of the invention have been shown and described, it 
should be understood that the preferred embodiments have 

35 been disclosed by way of example, and that other modifica-
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tions may occur to those skilled in the art without departing 
from the scope and the spirit of the appended claims. 
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What is claimed is: 

l. 

67 

CLAIMS 

PCT/US94/11910 

A method of delivering a communication to 
a subscriber, comprising the steps of: 

receiving location information 
corresponding to a present location of a subscriber; 

storing communication disposition 
10 information corresponding to a plurality of destinations 

associated with the subscriber; 

receiving a communication directed to the 
subscriber; and 

disposing of the communication to one of 
15 the destinations in accordance with the communication 

disposition information and the location information. 

2. The method of Claim 1. wherein said 
communication disposition information comprises 

20 communication routing information. 

25 

3. The method of Claim 2. wherein said 
communication routing information comprises a directory 
number associated with one of the plurality of destinations. 
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4. The method of Claim 3. wherein the 
directory number comprises a temporary line directory 
number (TLDN). 

5. The method of Claim 3, wherein the 
directory number comprises the Mobile Identification Number 
(MIN) associated with a cellular mobile radiotelephone. 

6. The method of Claim 2, wherein the 
10 communication routing information comprises information 

indicative of a telephone line routing path to connect the 
communication to one of the destinations. 

7. The method of Claim 1, wherein the step of 
15 receiving location information comprises the step of receiving 

explicitly detected location information. 

8. The method of Claim 7, wherein the step of 
receiving explicitly detected location information comprises 

20 receipt of a registration notification message from a cellular 
telephone system. 

9. The method of Claim 7, wherein the step of 
receiving explicitly detected location information comprises 

25 receipt of a registration cancellation message from a cellular 
telephone system. 
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I 0. The method of Claim 1. wherein the step of 
receiving location information comprises the step of receiving 
implicitly detected location information. 

11. The method of Claim 10, wherein the step 
of receiving implicitly detected location information comprises 
receipt of information indicative that a cellular telephone has 
not been active in a cellular system within a predetermined 

time. 

12. The method of Claim I, wherein the step of 
receiving communication disposition information comprises 
receiving hierarchical routing information corresponding to a 
plurality of possible destinations for routing communications. 

13. The method of Claim 12, further 
comprising the step of assigning the subscriber a personal 
number, and wherein the step of receiving communication 
disposition information comprises receiving hierarchical 

20 routing information corresponding to a plurality of possible 
destinations for routing communications directed to the 
personal number. 

14. The method of Claim 1, wherein the 
25 location information is provided by a cellular telephone 

validation clearinghouse. 
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15. The method of Claim l. wherein the 
location information is provided by a home mobile telephone 
switching office (MTSO) associated with the subscriber. 

16. The method of Claim l. wherein the 
location information is provided via a data communications 
link from a visited cellular radiotelephone system. 

17. The method of Claim I. wherein the 
10 location information is provided via a Signaling System 7 

(SS7) data communications link. 

18. The method of Claim L further comprising 
the step of modifying the communication disposition 

15 information based on the location information. 

19. The method of Claim 18, wherein the step 
of modifying the communication disposition information based 
on the location information comprises selecting one of the 

20 plurality of destinations based on the location information. 
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20. The method of Claim 18. wherein the 
communication disposition information comprises a first 
directory number associated with a cellular telephone as a first 
one of the plurality of destinations and a second directory 

s number associated with a second one of the plurality of 
destinations. 

IO 

15 

20 

25 

wherein the location information comprises 
information that the cellular telephone has been detected as 

roaming in a visited cellular telephone system, and 

wherein the step of modifying the communication 
disposition information based on the location information 
comprises selecting the first directory number in response to 
the location information. 

21. The method of Claim 20, wherein the step 
of modifying the communication disposition information based 
on the location information comprises selecting the second 
directory number in response to absence of receipt of the 
location information. 

22. The method of Claim 18, wherein the step 
of modifying the communication disposition information 
comprises modifying a list of alternative destinations for the 
communication based on the location information. 
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23. The method of Claim I. wherein the 

location information is provided from a remote cellular 

system in which the subscriber is roaming with a mobile 
telephone. 

24. The method of Claim 1, wherein the 

location information comprises a copy of registration 

information obtained upon registration of the mobile telephone 
as a roamer in the remote cellular system. 

25. The method of Claim 24, wherein the 
registration of the mobile telephone comprises autonomous 
registration. 
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26. A method of delivering a communication ro 
a subscriber, comprising the steps of: 

assigning a personal number to the 
subscriber; 

s storing communication disposition 
information corresponding to a plurality of destinations for 
communications. at least one of the destinations including a 
mobile telephone; 

receiving location information indicative of 
10 the present location of the mobile telephone; 

receiving a communication directed to the 
personal number; 

selecting the destination of the mobile 
telephone from the communication disposition information in 

15 response to a first condition of the location information; 

selecting an alternative destination from the 
communication disposition information in response to a second 
condition of the location information; and 

disposing of the communication m 
20 accordance with the selected destination of the communication 

disposition information. 

27. The method of Claim 26, wherein the first 
condition of the location information corresponds to 

2s information that the mobile telephone is active and able to 

receive calls. 
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28. The method of Claim 27. wherein the first 
condition of the location information is provided in the form 
of a registration notification message from a visited cellular 
system. 

29. The method of Claim 27, wherein the 
second condition of the location information corresponds to 
information that the mobile telephone is not active. 

30. The method of Claim 29, wherein the 
second condition of the location information is provided in the 
form of a registration cancellation message from a visited 
cellular system in which the mobile telephone was previously 
registered. 
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31. A method of delivering a communicarion to 
a subscriber. comprising the steps of: 

assigning a personal number to rhe 
subscriber; 

s receiving location information 

10 

15 

20 

corresponding to a present location of a subscriber; 

receiving communication disposition 
information corresponding to a plurality of destinations 
associated with the subscriber; 

receiving a communication directed to the 
subscriber's personal number; and 

delivering the communication to one of the 
destinations in accordance with the communication disposition 
information and the location information. 

32. The method of Claim 31, wherein the 
location information comprises routing information indicative 
of a telecommunications path for delivering the 
communication. 

33. The method of Claim 32, wherein the 
communication disposition information indicates a mobile 
telephone one of the destinations for the communication. and 
wherein the routing information corresponds to a 

25 telecommunications path for delivering the communication ro 
the mobile telephone. 
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34. The method of Claim 33. wherein the 

present location of the subscriber is roaming in a foreign 

cellular system. and wherein the routing information 

corresponds to a telecommunications path for delivering the 
s communication to the mobile telephone while roaming in the 

foreign cellular system. 

35. The method of Claim 31, wherein at least 
one of the destinations includes a mobile telephone as a first 

10 destination. and wherein the location information indicates 
whether the mobile telephone is active in a foreign cellular 

system. 

36. The method of Claim 35, wherein the step 
1s of delivering the communication comprises: 

selecting the first destination from the 
communication disposition information; 

determining from the location information 
whether the mobile telephone is active in the foreign cellular 

20 system; 

25 

in response to determination that the mobile 

telephone is active in the foreign cellular system, delivering 
the communication to the mobile telephone in the foreign 
cellular system. 
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f Claim 36. further 

D determination that the 

foreign cellular system. 
delivent1g the ilDlunication to aa alternative destination. 

38. The method of Claim 36, wherein the 
communication disposition information includes information 
indicative whether communications are to be delivered to the 
mobile telephone when., .·e in the foreign cellular system. 
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39. A method of delivering a communication to 
a mobile telephone of a personal number subscriber in a 
personal number communication system. comprising the steps 
of: 

s storing communication disposition 
information corresponding to a plurality of destinations 
associated with the subscriber; 

receiving location information from a 
clearinghouse, the locating information including a directory 

10 number at which the mobile telephone can be reached; 

receiving a communication for the 
subscriber at the subscriber's personal number; and 

delivering the communication to the 
subscriber at the directory number associated with the 

1s personal number. 

20 

40. The method of Claim 39, wherein said 
clearinghouse is a roaming cellular mobile radiotelephone 
information and validation clearinghouse. 

41. The method of Claim 39, wherein the 
clearinghouse is operative to obtain the location information 
from a mobile telephone switching office (MSTO) associated 
with a cellular system in which said mobile telephone is 

25 operated. 
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42. The method of Claim 41, wherein the 
clearinghouse obtains the location information from the MTSO 
via an SS7 data communications link. 

43. The method of Claim 41, wherein the 
MTSO provides IS-41 data messages, and the clearinghouse 
obtains the location information via IS-41 messages. 

44. The method of Claim 41, wherein the 
10 MTSO obtains registration information from subscriber's 

mobile telephone as it registers. and transmits at least a ponion 
of the registration information to the clearinghouse as the 
location information. 

15 45. The method of. Claim 39, wherein the 
communication disposition information includes information 
indicative whether communications are to be delivered to the 
mobile telephone when roaming in a foreign cellular system. 
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46. A method of disposing of a communication 
to a personal number of a subscriber of a personal number 
communication system when roaming with a mobile telephone. 
comprising the steps of: 

s storing communication disposition information in 
the database in association with the subscriber's personal 
number; 

receiving status information from a remote 
communication service corresponding to the status of the 

w subscriber's mobile telephone; 

15 

20 

25 

modifying the stored communication disposition 
information with the status information; 

receiving a communication directed to the 
subscriber's personal number, 

querying the database as to disposal of the 
comrnunication;and 

disposing of the communication in accordance 
with the communication disposition information as modified 
by the status information. 

4 7. The method of Claim 46, wherein the status 
information comprises location information corresponding to 
a location of the subscriber's mobile telephone. 

48. The method of Claim 46, wherein the status 
information comprises registration information obtained upon 
registration of the mobile telephone at a cellular system. 
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49. The method of Claim 48, wherein the 
registration information is obtained upon registration of the 
mobile telephone when roaming at a foreign cellular system. 

50. The method of Claim 46, wherein the status 
information comprises a busy signal obtained by a cellular 

system in which the mobile telephone is active. 

51. The method of Claim 46, wherein the status 
information comprises a no answer signal obtained by a 
cellular system in which the mobile telephone is active. 

52. The method of Claim 46, wherein the 
1s remote communication service comprises a cellular telephone 

clearinghouse. 

53. The method of Claim 52, wherein the 
cellular telephone clearinghouse comprises a FOLLOW ME 

20 ROAMING® clearinghouse. 

25 

54. The method of Claim 46, wherein the 
remote communication service comprises a foreign cellular 
system. 



W095/12268 

5 

IO 

PCT/US94/l 1910 

82 

55. The method of Claim 54. further 

comprising the step of communicating the status information 

from the foreign cellular system to the personal number 

communication system via an SS7 data link. 

56. The method of Claim 46, wherein the status 
information comprises information indicative that the mobile 
telephone is active in a foreign cellular system and has enabled 
roaming services in the foreign cellular system. 

57. The method of Claim 46, wherein the step 
of modifying the communication disposition information with 
the status information comprises updating a database record 
associated with the subscriber's personal number to indicate 

15 that the mobile telephone is active and roaming in a particular 
foreign cellular system. 

58. The method of Claim 46, wherein the 
communication disposition information includes roaming 

20 delivery information indicative whether communications are 
to be delivered to the mobile telephone when roaming in a 
foreign cellular system, and further comprising the step of 

delivering the communication to the mobile telephone m 

accordance with the roaming delivery information. 

25 
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59. The method of Claim 58, wherein the 
roaming delivery information is selectably actuatable by the 
subscriber, whereby communications are delivered to the 
mobile telephone when roaming or selectably blocked from 

5 delivery to the mobile telephone when roaming. 
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60. A method of delivering a communication to 
a subscriber, the subscriber being associated with a mobile 
communication device. comprising the steps of: 

assigning a personal number to the 
5 subscriber; 

receiving first communication disposition 
information including a plurality of possible dispositions of a 
communication; 

receiving location information 
10 corresponding to a present location of the mobile 

communication device; 

receiving a communication directed to the 
personal number, 

selecting a first destination from the 
1s communication disposition information; 

20 

if the first destination corresponds to the 
mobile communication device, directing the communication to 
the mobile communication device utilizing the location 
information; 

announcing at the first destination the 
receipt of the communication; 

receiving second communication disposition 
information; and 

disposing of the communication rn 
25 accordance with the second communication disposition 

information. 
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6 l. The method of Claim 60. wherein the first 
communication disposition information comprises a plurality 
of destinations for delivery of communications. 

62. The method of Claim 60, wherein the first 
communication disposition information comprises dispositions 
selected from the list including: land line telephones, call 
forwarding directory numbers, mobile telephones, facsimile 
machines, pagers, voice mail boxes, and announcements. 

63. The method of Claim 60, wherein the 
second communication disposition information indicates 
acceptance, active rejection, or passive rejection of the 
communication. 

64. The method of Claim 60, wherein the 
communication disposition information comprises a list of 
destinations hierarchically arranged in order of subscriber 
preference for communication routing, and wherein the step 

20 of receiving the first communication disposition information 
comprises receiving the list of destinations and hierarchy 
information for each of the destinations. 
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65. The method of Claim 64, wherein the 
destinations comprise devices having directory numbers. the 
devices comprising the following: land line telephones. mobile 
telephones, cellular telephones, voice mail services, facsimile 

s devices, and paging devices; and 

15 

wherein the step of receiving the list of 
destinations comprises receiving at least two directory 
numbers, and storing the directory numbers in a database. 

66. The method of Claim 65, wherein the step 
of selecting a first destination comprises selecting a first 
destination from a plurality of directory numbers in the 
database. 

67. The method of Claim 60, wherein the step 
of receiving first communication disposition information 
further comprises receiving a default destination, and 

wherein the method further comprises the step of 
routing the communication to the default destination in 

20 response to a predetermined condition of the second 
communication disposition information. 

68. The method of Claim 67, wherein the 
predetermined condition of the second communication 

25 disposition information comprises a busy condition of the 
mobile communication device. 
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69. The method of Claim 67, wherein rhe 
predetermined condition of the second communication 
disposition information comprises a no answer condition of the 
mobile communication device. 

70. The method of Claim 67, wherein said 
subscriber has a voice mail service, and wherein the step of 
routing the communication to said default destination 
comprises routing the communication to the voice mail 

10 service. 
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71. A method for delivering a communication 
to a subscriber, comprising the steps of: 

receiving communication disposition 
information from the subscriber, the communication 

5 disposition information comprising a plurality of destinations. 
the destinations being hierarchically arranged in order of 
preference by the subscriber, at least one of the destinations 
corresponding to a mobile communication device; 

receiving a communication directed to the 
10 subscriber; 

selecting a first destination from the 
plurality of destinations in the order of the_ hierarchy; 

receiving location information indicative 
that the mobile communication device is presently enabled to 

15 receive communications while operated in a roaming manner 
in a foreign service area; 

determining whether the first destination 
corresponds to the mobile communication device; 

in response to determination that the mobile 
20 communication device is enabled, routing the communication 

to the mobile communication device in the foreign service 
area. 
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72. The method of Claim 71, further 
comprising the step of: 

in response to determination that the mobile 
communication device is not enabled, routing the 

s communication to a second destination of the plurality of 
destinations. 

73. The method of Claim 71, wherein the 

location information comprises registration information 
lO obtained by the foreign service area. 

15 

20 

74. The method of Claim 71, wherein the 
location information includes routing information for routing 
the communication to the foreign service area. 

75. The method of Claim 73, wherein the 
routing information comprises a temporary line directory 
number. 

76. The method of Claim 71, wherein the 
location information is provided by a cellular telephone 
clearinghouse via data communications link. 

77. The method of Claim 71, wherein the 
2s location information is provided directly from the foreign 

service area via a data communications link. 
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78. A method for delivering a communication 

to a personal number associated with a personal number 
communication service subscriber, comprising the steps of: 

maintaining a personal number communication 
s system database of information relating the personal number 

to communication disposition information associated with the 
subscriber; 

storing communication disposition information in 
the communication disposition database corresponding to a 

10 plurality of selectable dispositions of communications directed 
to a personal number associated with the subscriber, at least 
one of the selectable dispositions corresponding to a mobile 
telephone associated with the subscriber; 

detecting the registration of the subscriber's 
15 mobile telephone in a cellular systeni; 

at the cellular system, providing a registration 
message indicative of the registration of the mobile telephone 
at the cellular system; 

receiving the registration message at switching 
20 equipment; 

at the switching equipment, receiving a 
communication directed to the subscriber's personal number; 

in response to receipt of a communication 
directed to the subscriber's personal number, retrieving the 

2s communication disposition information associated with the 
subscriber's personal number from the _personal number 
system database; and 
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in response to the communication disposition 
information and the registration message. forwarding the 
communication to the subscriber's mobile telephone in the 
cellular system. 

79. The method of Claim 78, wherein the 
communication disposition information is selectably variable 
by the subscriber. 

80. The method of Claim 79, wherein the 
communication disposition information is selectably variable 
by the subscriber from a remote location utilizing command 
codes. 

81. The method of Claim 78, wherein the step 
of detecting the registration_ of the subscriber's mobile 
telephone in a cellular system comprises detecting the 
registration of the subscriber's mobile telephone in a visited 
cellular system where the mobile telephone is roaming. 

82. The method of Claim 8 l, wherein the 
registration message is delivered from the visited cellular 
system to the switching equipment via a data communications 
link. 

83. The method of Claim 82, wherein the data 
communications link comprises an SS7 data link. 
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84. The method of Claim 78. wherein the 
communication disposition information includes information 
indicating whether a communication is to be forwarded to the 

s mobile telephone while roaming in a foreign service area. and 
wherein the step of forwarding the 

communication to the subscriber's mobile telephone comprises 
routing the communication to the mobile telephone in the 
foreign service area in response to an indication that the 

10 communication is to be forwarded to the mobile telephone 
while roaming in a foreign service area. 

85. The method of Claim 84, wherein the step 
of forwarding the communication to the subscriber's mobile 

15 telephone comprises routing the communication to an 
alternative destination in response to an indication that the 
communication is not to be forwarded to the mobile telephone 
while roaming in a foreign service area. 

20 86. The method of Claim 78, further 
comprising the step of providing communication routing 
information from the cellular system to the switching 
equipment. 
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87. The method of Claim 86. wherein the step 
of providing communication routing information comprises 
providing a temporary line directory number (TLDN) to the 
switching equipment. 
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88. A method of delivering a communication to 
a subscriber roaming in a remote communications system. 
comprising the steps of: 

at the remote communications system. detecting 
s the presence of a mobile telephone associated with the 

subscriber; 

providing a copy of registration information 
indicative of the presence of the subscriber's mobile telephone; 

receiving the copy of the registration information 
10 provided by the remote communications system; 

15 

20 

25 

receiving a communication directed to the 
subscriber; and 

routing the communication to the subscriber's 
mobile telephone in the remote communications system. 

89. The method of Claim 88, wherein the 
remote communications system is a cellular mobile 
radiotelephone system. 

90. The method of Claim 88, wherein the 
method is carried out in connection with a personal number 
communication (PNC) system where incoming 
communications are directed to a personal number associated 
with the subscriber. 
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91 . The method of Claim 90. wherein the PNC 
system stores communication disposition information 
indicative of a plurality of possible dispositions of 
communications directed to the subscriber, at least one of the 

s possible dispositions corresponding to delivery of the 
communication to the subscriber's mobile telephone when 
roaming in a remote communications system. 

92. The method of Claim 91, wherein the 
10 communications disposition information includes a selectably 

actuatable user flag to allow the subscriber to selectably 
indicate whether communications are to be delivered to the 
remote communications system. 
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93. A personal number communication system. 
comprising: 

a location information system for obtaining 
subscriber location information corresponding to a remote 

s location of a subscriber mobile communications device; 

switching equipment operative to receive a 
subscriber communication directed to a subscriber at a 
subscriber personal number. and responsive to a routing 
message to route said subscriber communication to said 

10 subscriber; 

15 

a subscriber database containing 
information concerning subscriber location. subscriber 
personal numbers. and subscriber mobile communications 
devices; 

a first communications channel for 
communicating said subscriber location information from the 
clearinghouse to the subscribenlatabase; 

a second communications channel for 
communicating a routing inquiry from said switching 

20 equipment to said subscriber database in response to receipt of 
a subscriber communication channel; 

a third communications channel for sending 
said routing message indicative of communications routing 
information and said subscriber location information from 

2s said subscriber database to said switching equipment. 
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whereby said switching equipment is 
operative for routing said subscriber communication to said 
subscriber at said remote location. 

94. The system of Claim 93, where said 
location information system comprises a cellular 
clearinghouse. 

95. The system of Claim 93, wherein said 
10 location information system comprises a mobile telephone 

switching office (MTSO) associated with a foreign cellular 
service area. 

96. The system of Claim 93, wherein said 
15 location information system comprises a home mobile 

telephone switching office (MTSO) associated with said 
subscriber mobile communication device, and wherein said 
home MTSO is operative for obtaining said location 
information from a cellular clearinghouse. 

20 

97. The system of Claim 93, wherein said 
location information system comprises a home mobile 
telephone switching office (MTSO) associated with said 
subscriber mobile communication device, and wherein said 

25 home MTSO is operative for obtaining said location 
information directly from a foreign MTSO where -;aid 
subscriber mobile communication device is roaming. 
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98. The system of Claim 93, wherein the first 
communications channel is an SS7 data communications link. 

99. The system of Claim 93. wherein said 
subscriber database is maintained at service control point 
(SCP) equipment associated with a telephone switching office, 
and wherein the second communications channel and said third 
communications channel comprises a data communications 

10 channel between service switching point (SSP) equipment and 
said SCP equipment. 

15 

20 

100. The system of Claim 93, wherein said third 
communications channel 

service switching point equipment 
responsive to communications routing information for routing 
calls made to a subscriber personal number to a remote 
location indicated by said location information. 
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IO 1. A system of delivering a personal number 
communication to a subscriber with a mobile telephone while 
roaming in a foreign cellular system remote from a home 
cellular system associated with the mobile telephone. 

s comprising: 

10 

a personal number communication (PNC) 
system operative for disposing of communications to the 
subscriber in accordance with predetermined communication 
disposition information provided by the subscriber, 

said predetermined communication 
disposition information including the subscriber's mobile 
telephone when roaming in said foreign cellular system; 

a roamer detection module associated with 
said foreign cellular system. said roamer detection module 

ts being operative to detect the presence of the subscriber's 
mobile telephone while roaming in said foreign cellular system 
and to obtain registration information corresponding to the 
subscriber's mobile telephone; 

a data communication pathway for 
20 communicating a registration message including said 

registration information from said foreign cellular system to 
said PNC system; 

an incoming telecommunications pathway 
associated with said PNC system for receiving an incoming 

2s personal number communication directed to the subscriber; 
an outgoing telecommunications pathway 

associated with said PNC system for connecting said incoming 
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personal number communication to a destination in accordance 

with said communication disposition information: and 

said PNC system being operative for 

directing said incoming personal number comrnuncation via 

5 said outgoing telecommmunications pathway to said 

subscriber's mobile telephone roaming in said foreign cellular 

system. 

102. The system of Claim l 0 1, wherein said data 

10 communications pathway comprises a Signaling System 7 

(SS7) data communications link. 

103. The system of Claim 101, wherein said 

registration message comprises a plurality of independently 

15 communicated IS-41 messages. 

20 

25 

104. The system of Claim l 0 l, wherein said 

registration message is delivered from said foreign cellular 

system to said PNC system via a clearinghouse. 

105. The system of Claim 101, wherein said 

registration message is delivered from said foreign cellular 

system directly to a home mobile telephone switching office 

(MTSO) associated with the subscriber's mobile telephone. 
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l 06. The system of Claim l 0 1, wherein said 
registration message includes routing information for 
connecting said outgoing telecommunications pathway to said 
foreign cellular system. 

I 07. The system of Claim 104, wherein said 
routing information is provided in a subsequent 
communication via said data communication pathway, m 
response to a query provided by said PNC system. 
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VEHICLE TRACKING, COMMUNICATION AND FLEET MANAGEMENT SYSTEM 

Background of the Invention 

The invention disclosed herein broadly relates to asset management systems, and more 

particularly to a system for tracking the real-time location and status of vehicles of a fleet, and 

5 for communicating between the vehicles and a dispatcher or expediter in the fleet offices. 

Operators of fleet vehicle businesses need to know where each vehicle in the fleet is 

located and what it is doing in order to make decisions on how to use the vehicles most 

efficiently. In recept years, vehicle locating systems have been developed using Global 

Positioning System ( GPS) satellite information, and, for greater accuracy, differential GPS 

10 (DGPS) systems. These systems are highly accurate where line of sight (LOS) conditions 

exist, that is, where the vehicle (or more accurately, the vehicles GPS receiver) has a clear 

LOS to the appropriate number of GPS satellites. But such conditions are typically 

unavailable or are at least less frequently available for a vehicle operating on city streets, 

particularly in areas where multi-story buildings are present,. owing to the shielding that such 

15 buildings effect. In those circumstances an alternative navigation system such as dead 

reckoning (DR) navigation may be used to provide vehicle position and velocity data in urban 

canyons (i.e., streets bordered by tall buildings) where GPS measurements are only 

intermittently available. Or a map matching technique or navigation grid may be used as 

another or additional alternative. 

20, Currently, wireless voice communication between dispatchers and drivers is the 

25 

primary means of addressing the need of the fleet owner or operator to know what each 

vehicle is doing, i.e., its operations taking place at any given time, and where the vehicle is 

located when a particular operation is occurring. In industries where vehicles perform a 

repetitive sequence of events with each load, such as for ready mix concrete operations, 

"status boxes" have recently come into use. The status boxes require the driver to press a 

button at each stage of operation such as "load/' leave plant, 11 "arrive job," "begin pour, 11 and 

so forth. 

The primary problem with either wireless voice communication or status box systems 
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is that data are manually provided to the dispatcher from the driver of the vehicle. This 

leads to untimely (late) and, perhaps worse, inaccurate data more than ninety percent of 

the time, according to analyses performed by the fleet owners/operators. The availability 

of timely, accurate data is essential if the fleet operator is to operate its business efficiently 

and economically. 

Time Division Multiple Access (TDMA) wireless networks, which are in use for 

many applications including digital cellular telephones and wireless local area networks, 

may be used for the communication between dispatchers and drivers. A TDMA network 

allows multiple users of a single channel or frequency by assigning specific time slots to 

each user to use exclusively for transmission. For optimal performance ofTDMA 

networks, precise time synchronization between members of the network is required. 

Efficient use of bandwidth in the network requires that the gap times between 

transmissions of each user, which is wasted time, be minimized. An important component 

to the gap time is uncertainty of time in all the participants in the network. Synchronization 

of wireless networks is often very coarse, requiring large gaps between transmissions, if 

specialized hardware is not used. Moreover, synchronization of network elements to a 

precise reference like GPS based timing information involves having a GPS receiver 

located on each network element, both mobile and fixed,, increasing installation costs and 

complexity for both fixed network infrastructure and mobile network devices, especially if 

navigation data provided by GPS is not required. 

Precise time synchronization between all of the wireless devices in the network can 

be performed in a number of ways. Typically, a precise, stable time reference, such as one 

based on the Global Positioning System (GPS) or other time distribution services~ is 

located within each wireless device or within just the fixed infrastructure of the network, 

with synchronization information being transmitted to the mobile units. In these cases, 

device or infrastructure costs are increased because timing equipment has to be distributed 

among several locations or devices and installed where space and access for maintenance 

are limited. 

Transmitting as much information as possible in a given amount of bandwidth is an 

important design goal in any communications network. This is especially true in wireless 

networks in which available bandwidth is very limited and customer requirements for data 
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throughput are immense. Operation on most wireless bands is subject to occupied 

bandwidth constraints, requiring the data signal to be contained in a vary narrow region of 

the electromagnetic spectrum. In TDMA networks, a challenge is to minimize the gap 

times between transmissions and the overhead associated with each data packet in order to 

send as much information bearing data over the network as continuously as possible. The 

present invention addresses these two requirements with digital filtering to control 

occupied bandwidth and data recovery by the receiving system that requires no 

synchronization patterns to be transmitted. 

Summmy of the Invention 

The primary goal of the fleet management system of the present invention 

( sometimes hereinafter called the PROTRAK system or the Galileo system ( each of 

PROTRAK and Galileo, either alone or with various suffixes attached, is a trademark of 

Fleet Management Services, Inc. of Chandler, Arizona, to which the present patent 

application is assigned), the fleet management system, or simply the system) is to provide 

fleet management information to customers (i.e., the owners, operators, subscribers, or 

users of the fleet who seek to avail themselves of the advantages of a vehicle tracking, 

communication and fleet management system) to enable them to manage their assets more 

profitably. The system provides its customers with several means to accomplish this. 

First, the PROTRAK system gives the fleet operator the capability to locate vehicles of 

the fleet in real-time. Second, the system allows the operator to communicate with those 

vehicles over a very efficient and reliable wireless network -- a time division multiple 

access (TDMA) wireless network. Third, the system enables the operator to receive 

timely, accurate data regarding what each vehicle of the fleet is doing, ie., what 

operation(s) it is performing at any given time. Fourt~ the system provides the operator 

with an ability to correlate the position and messaging information generated by the system 

with the operator's other management information systems to provide an integrated 

information source for improved fleet business management. 

With respect to the latter, a fleet operator's existing management systems typically 

consist of accounting, human resources, inventory, and other systems which may not be 

well integrated. In addition, the operator may not have a reliable way to measure vehicle 
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and driver performance which is critical to the operator" s operations. The PROTRAK 

system provides the required vehicle and driver information together with a database 

management system that is capable of collecting such information and integrating it with 

data retrieved from the operator's other information systems in a database management 

application. This application can be used by the operator to generate reports that are 

tailored to its business and are based on all of the available data. 

The PROTRAK system is particularly designed to operate in a market niche 

between cellular, specialized mobile radio (SMR.), and paging services. The system may 

be used to track virtually any number of vehicles in a fleet across all metropolitan areas 

covered by the network. 

Timely, accurate data can be made available to the fleet operator automatically by 

combining wireless data network technology, a wireless data computer (also referred to 

herein as a tracking computer, or simply a tracker), sensors, and dispatch and/or database 

reporting software and computers at the fleet operator's facilities to receive, display, and 

process the data provided by the vehicles. The vehicle computer has interfaces to various 

sensors that indicate operations being performed by the vehicle. Data provided by the 

sensors are processed by software algorithms in the computer to determine when events of 

interest occur. The event, relevant parameters,. and the time of the event are then 

immediately transmitted through the wireless network to the fleet operator. 

The network used to enable event driven status reporting is designed to provide 

frequent small packets of data from vehicles to fleet owners very efficiently. The network 

architecture is a unique, full duplex design for metropolitan area operations. Data are 

transmitted to vehicles over a subcarrier on an FM radio station. Vehicles transmit their 

data using a TDMA protocol on a single UHF channel. Vehicle data are received by 

Network Hubs, which are receivers placed on commercial towers around the metropolitan 

area of interest. The received data are sent back to a Network Distribution Center (NDC, 

occasionally referred to herein as Network Control Center) via telephone lines and are 

relayed to the fleet owners via the Internet, telephone connection, or other preferably 

wireless means. Data sent to the vehicles by the owners is first sent to the NDC which 

sends it to transmitting equipment at the radio station via telephone lines. 

The TDMA protocol in the network is controlled by servers in the NDC. The 
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precise timing required by the TDMA network for efficient operation is controlled by a 

synchronization pattern contained in the subcarrier data broadcast that is received by the 

vehicles and the network hubs within the PROTRAK system. This enables all vehicles and 

hubs to have a common time reference that is accurate to about three microseconds. This, 

in turn, enables a multiplicity of ( e.g., 50) vehicle reports in the TDMA network each 

second. The servers assign reporting intervals and time slots to vehicles so that they can 

send data and status changes automatically. Typical periodic updates of navigation data or 

other non-critical information are provided at two to three minute intervals; it is 

impractical for the vehicle computer ( tracker) 

to wait for a periodic interval of that length to send time critical event data. 

A total of 50 20-msec long time slots are available for periodic transmissions. 

Multiple vehicles share slots, the number depending upon the update rate of the slot. For 

example, 60 vehicles can share a one minute update interval slot. Slots not assigned to 

periodic updates are open for any vehicle to use to request access to the network. If more 

than one vehicle tries to use the same interval in a particular slot, both may still be heard if 

each is heard by a separate hub receive site. Otherwise there is a collision (interference) of 

data, and the vehicles involved must retry their requests. 

According to an aspect of the invention, a method and apparatus are disclosed for 

automatically determining and reporting events from a vehicle to an owner or dispatcher of 

the vehicle at a remote location. Events to be reported are changes in status of vehicle 

operation, location, or measurements of vehicle systems or cargo. A computer (tracking 

computer, generally referred to herein as the tracker) installed on the vehicle is connected 

to various sensors which measure parameters of interest to the dispatcher or owner and 

reports critical changes in parameters over the wireless TDMA network. Computers at a 

fixed location display these status changes for use by the dispatcher or record the data for 

later analysis. Software in the tracker in the vehicle together with data supplied by what 

may be a small number or a wide variety of sensors allows multiple, complicated, and 

abstract status events that are relevant to specific vehicle or industry applications to be 

determined and reported by the tracker. Automatically generated reports from the 

trackers provide more accurate and timely data to the fleet management offices of the 

customer than is available from the drivers of the vehicles. 
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The tracking computer has navigation hardware and software for determining the 

location, speed, and direction of travel of the vehicle in which it is installed. The 

application software used by operators to receive data from their vehicles also enables 

them to send "site dispatch11 commands to the trackers which indicates a rectangular 

region to be used to indicate where events such as "load, 11 or "unloa411 for example, 

should take place. Location information is then combined with the sensor data in the 

algorithms to determine event sequencing, provide exception reporting to indicate that the 

vehicle performed a specific action at the wrong location, performed unauthorized stops 

on the way to or from a job, or other events specific to a particular business or industry. 

In an exemplary embodiment of this aspect or feature of the invention, three basic 

components are combined to enable vehicle data to be useful to the fleet operator, namely: , 

(1) sensors on the vehicle to measure parameters to be combined in a computer to 

automatically determine when events of interest occur, (2) a wireless network that allows 

prompt, economical transmission of small packets of data containing event status to the 

fleet operator, and (3) software applications to store and further process event information 

for improved asset management by the fleet operator. 

The tracker has several inputs and outputs to allow it to sense and control 

numerous vehicle functions simultaneously, with configurable interfaces that include serial 

interfaces, analog inputs, discrete inputs, discrete outputs, and an interface for pulse 

measurement or clock outputs. The tracker also has dedicated interfaces for measuring 

battery voltage, ignition, speed, and reverse. These enable measurement of a wide variety 

of_vehicle functions, either directly or through auxiliary sensor modules that provide data 

to the computer serial interfaces. The outputs allow control of vehicle functions remotely, 

through the wireless network. 

Tracker software permits processing and integration of various sensor inputs to 

enable higher level or abstract status events to be determined and reported. For example, 

in a "loading" status for a ready mix truck, a loading is determined from a number of 

inputs by combining truck location at the plant, truck stationary, and truck drum rotating 

in the charge direction at a speed greater than a predetermined minimum speed for a 

minimum time interval. Examples of other status events include "ambulance emergency 

lights on,, or "four wheel drive engaged,'' which, as with other simpler status events, are 
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simply detected and reported. 

The tracker reports events over the wireless network whose architecture and 

protocols are tailored for prompt reporting of events while concurrently supporting 

slower, periodic update intervals for less critical data. As noted above, the network uses a 

TDMA protocol to enable a large number of vehicles to send short data packets frequently 

on a single wireless channel. Data is sent to the vehicles over a subcarrier on an FM 

broadcast channel. An important aspect of the invention is the provision of precise time 

synchronization required for the TDMA protocol over the FM link to the vehicles and 

receive sites. In the exemplary embodiment, as many as fifty vehicles per second can 

report data at a variety of update intervals ranging between five seconds and one hour. 

Typical periodic updates of navigation data and other non-critical information are 

provided at two to three minute intervals. However, it is not practical for the tracker to 

wait for periodic intervals of that length to send time critical event data. Accordingly, for 

such events., the network maintains a number of time slots for additional access to the 

network on request of any vehicle needing to transmit event data. The requesting vehicle 

is then granted sufficient auxiliary reporting times at twelve second intervals to send its 

data. The total latency between an event being detected and the transmission of data is 

kept under thirty seconds. 

Owners and dispatchers of fleet vehicles are provided with computer software 

applications that enable connection of their desktop PC's to the TDMA network using the 

Internet or other means. Data furnished from the vehicles are routed to these applications 

by the network servers, and are also stored in a local database. One of these software 

applications allows viewing the vehicle locations as icons on a map displayed on a monitor, 

showing event changes for each velncle on the map in real time as they occur, and also 

enables the dispatcher to send messages or dispatch locations to the vehicles. Automated 

events may be provided as well to other dispatch or vehicle management applications, as 

required. Advantageously, these applications integrate vehicle event data with other 

systems utilized in the fleet operator7 s business, such as order entry and call management. 

Reports on vehicle events may be generated from these applications over the Internet from 

data stored in the network database. 

According to another of its aspects, the present invention minimizes infrastructure 
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cost for time references m the TDMA wireless network and locates the time reference m a 

central network control facility that is easily maintained and monitored. The time 

reference uses GPS referenced time, and TDMA network time is held in synchronization 

to the GPS reference by a wireless phase lock loop (PLL), removing the requirement to 

locate the time reference within the wireless transceiver devices or infrastructure elements. 

This aspect of the invention enables precise time synchronization of all wireless network 

elements by using special timing hardware and by distributing a single, remote GPS based 

time reference throughout the network using a wireless PLL. Digital data is remotely 

synchronized in the TDMA networ~ a full duplex system designed to efficiently transmit 

short bursts of data from mobile vehicles to their owner on a frequent basis. Vehicles 

transmit data using a TDMA protocol in the UHF frequency band in precisely controlled 

time slots at a rate of 50 vehicles per second. Vehicles send location, status, and message 

data to the fleet owners or dispatchers who are connected to the wireless network through 

the Internet or other means. Data transmitted to the vehicles is broadcast over a subcarrier 

of an FM radio station, including network timing and control information as well and 

messages and information from fleet operators. 

Timing of the TDMA portion of the network is controlled from a central network 

control facility that houses the servers which control vehicle access to the network and 

manage fleet owner connections to the network. Synchronization of the vehicle devices 

and fixed hub receiver systems that receive vehicle data is maintained through 

synchronization information contained in the FM subcarrier broadcast. The FM subcarrier 

timing data is, in turn, referenced to a GPS based time source at the network control 

center. 

A Subcarrier Control Computer (SCC), responsible for providing the data to the 

subcarrier modulator, is located at the FM radio station transmitter or studio facilities. It 

clocks the transmit data at precise intervals based on timing commands from a Network 

Timing Control Computer (NTCC), located at the network control center. The NTCC 

and sec are connected through a modem for data q,11d timing control commands sent to 

the sec. The NTCC computes timing commands based on the synchronization 

information from a GPS receiver time reference and that from an FM subcarrier receiver 

which receives data from the SCC. The difference in time from the GPS time reference 
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and the received synchronization data over the FM subcarrier is processed by the NTCC 

using a PLL algorithm to generate a timing correction which is sent to the SCC. 

This wireless PLL timing control loop enables a single, remotely located time 

reference to synchronize the TD:MA network. In additio~ the feedback inherent in the 

control loop allows the system to compensate for variations in FM radio station group 

delay so that the broadcast synchronization data is applicable at the FM antenna. This is 

important for large networks based on this technology that require multiple FM stations to 

cover overlapping geographical areas, because it enables the FM stations to be 

synchronized. 

The invention also relates to bandwidth optimizations for the transmission of data 

over wireless TDMA data networks. The invention minimizes occupied bandwidth in a 

wireless channel by digitally filtering the data to be transmitted before modulation. The 

filter is implemented in a low-cost microcontroller, which replaces each edge in a digital 

square wave data stream with transitions that have the shapes of rising or falling sine 

waves. This has the advantages of reducing higher harmonics in the data signal, especially 

at the highest data rate, where the square wave is effectively replaced by a sine wave. 

Another aspect of the invention maximizes the efficiency of the TDMA network by 

refraining from sending any special bit synchronization information in addition to the data. 

In most systems, a large number of bits is devoted to synchronization, framing, or data 

clock recovery. In one aspect of the present inventio~ the bit clock and data 

synchronization are performed by the receiver by using forward error correction 

algorithms, special bit interleaving, and high performance digital signal processing 

hardware and software. Still another aspect of the invention uses space diversity 

combining between multiple receive sites to improve the reliability of receiving data. More 

reliable data reception saves bandwidth by reducing the number of retries required to move 

data through the network. 

Brief Description of the Drawings 

The above and other aims, objects, features, aspects, and attendant advantages of 

the invention will become apparent from the following detailed description of the presently 

contemplated best mode of practicing the invention, with reference to presently preferred 
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exemplary embodiments and methods thereof: in conjunction with the accompanying 

drawings~ in which: 

FIG. 1 is a simplified block diagram of the overall PROTRAK. syste~ including 

the TDMA networ~ of the invention; 

FIG. 2 is a block diagram of the system architecture for customer application 

interfaces; 

FIG. 3 is a detailed schematic diagram of the components of the wireless network , 

and customer interfaces; 

FIG. 4 illustrates details of the NDC in the network of FIG. 3; 

FIG. 5 is a time-line of data flow in the network; 

FIG. 6 is a block diagram of the base message feedback loop for bit-sync timing; 

FIG. 7 is a diagram of the base message broadcast format; 

FIG. 8 is a diagram of an exemplary tracker module message transmit frame; 

FIG. 9 is a diagram illustrating the repeating interval relationship to slots~ frames 

and frame cycles for tracker message packets; 

FIG. 10 illustrates the relationship between trackers, slots, and repeating intervals; 

FIG. 11 is a diagram of a nominal navigation grid used in the system of the 

invention; 

FIG. 12 is a diagram of a timing control phase locked loop (PLL) according to an 

aspect of the invention for the TDMA network of FIG. 1; 

FIG. 13 is a timing diagram of the synchronization pulse sequence transmitted by 

the SCC on the FM subcarrier at the start of each second's data, for the control loop of 

FIG.12; 

FIGS. 14A-D are flow charts of timing control loop processing performed in 

operational modes of the NTCC software synchronization of the TDMA network to GPS 

time; 

FIG. 15 is a block diagram (mathematical) of the timing control loop; 

FIG. 16 is a block diagram of the transmit TDMA data processing performed by 

the tracking computer (tracker) installed in a fleet vehicle; 

FIG. 17 is a table illustrating the TDMA transmit data interleaving pattern; 

FIGS. 18A-C are diagrams comparing an original TDMA data sequence to the 
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delay coded version of that sequence, and also illustrating premodulation filtering of the 

delay coded sequence; 

FIG. 19 is a flow chart of the filtering algorithm performed by a specially selected 

microcontroller which implements premodulation filtering for the result shown in FIG. 

18C; 

FIG. 20 is a diagram representing a comparison of the approximate relative power 

spectrums of the unencoded, delay coded, and filtered data ofFIGS.18A-C; 

FIG. 21 is a block diagram that illustrates the receive TDMA data processing 

performed by the Network Hub receiver; 

FIG. 22 is a flow chart of the space diversity algorithm used by the NDC server to 

combine vehicle data received by the network hubs; 

FIG. 23 illustrates an exemplary placement of the tracker, a Mobile Data Terminal 

(MDT) and antennas on a typical fleet vehicle, the vehicle being further equipped for 

accommodating various sensors for event reporting; 

FIG. 24 is a simplified block diagram of a tracker installed in a vehicle of FIG. 23; 

FIG. 25 is a block diagram of the internal power distribution to the tracker; 

FIG. 26 is a block diagram of the tracker power distribution summary; 

FIG. 27 is a diagram of the power mode state transition logic of the tracker; 

FIG. 28 is a synchronization timing and data clocking diagram for the tracker and 

Network Hubs; 

FIG. 29 is a timing diagram of tracker data transmissions; 

FIG. 30 is a simplified block diagram of a Network Hub; 

FIG. 31 is a simplified block diagram of a Subcarrier Control Computer (SCC); 

FIG. 32 is a diagram of the NTCC/SCC data flow; 

FIG. 33 is a diagram illustrating various sensors, inputs, outputs and interfaces to 

the tracker of FIG. 24; 

FIG. 34 is an exemplary rectangular zone on a stored map used to determine and 

display the tracker~s location (in particular, that of the vehicle in which the tracker is 

mounted); 

FIG. 35 is a simplified block diagram of a drum rotation sensor used for a ready

mix concrete truck; 
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FIG. 36 is a timing diagram of the pulses resulting from the interaction of sensor 

and magnets on drum rotation, for the sensor embodiment of FIG. 35; 

FIG. 37 is a state transition diagram that defines logic used by the tracker to 

combine sensor and navigation data to automatically derive status of a ready-mix concrete 

truck; and 

FIG. 38 is a flow chart of a preferred diversity algorithm used by the tracker for 

recovering corrupted data. 

Detailed Description of Exemplary Embodiments and Methods 

I. The Overall PROTRAK System 

It is desirable, first,, to provide an overview of the overall PROTRAK vehicle 

tracking, communication and fleet management system, a simplified block diagram of 

which is shown in FIG. 1. In addition to definitions of acronyms and other abbreviated 

terms presented herein, a glossary of abbreviated terms used throughout this specification 

is set forth in Appendix A. The "brain'' of the system is the Network Distribution Center 

(NDC) 10 which is responsible for interfacing with subscriber (variously also referred to 

herein as customer, owner, operator, fleet subscriber, or user) fleets via a modem on a 

public switched telephone network (PSTN) line or Internet or other wide area network, 

and interfacing with fleet vehicles through a multiplicity of Network Hubs ( sometimes 

referred to herein as Net Hubs, or simply, Hubs) such as 11-1, 11-2, ... 11-i, and one or 

more FM Radio Stations such as 12. 

Information to be passed to vehicles in one or more fleets of interest is generated 

by a fleet dispatch office terminal or customer command station (CCS) such as 14 for 

Customer A, 15 for Customer B, ... and 16 for Customer i, for delivery to the vehicles 

such as 17-1, 17-2, ... 17-n for Customer A(and so forth for customers B, ... i). The 

information is initially sent from the respective CCS via modem over the PSTN ( e.g., lines 

19, 20, 21) or via the Internet or other means to NDC 10. The NDC prioritizes the 

information and sends it via a modem over the PSTN ( e.g.,, line 22) or over such other 

means to FM Radio Station 12, from which the information is broadcast, e.g., on a 67 

KHz or 92 KHz FM subcarrier. The information is broadcast with precise timing defined 
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by GPS satellite navigation information. 

All vehicles in the network receive the approximately 4,664 bits per second (bps) 

binary frequency shift keyed (BFSK) FM subcarrier broadcast from the FM Radio Station 

( and others, if applicable) and decode the information contained therein. Each vehicle is 

assigned a slot in time to broadcast its location and responses to CCS requests. The 

assigned slots are unique to preclude simultaneous broadcasting by two or more vehicles, 

and the broadcast timing is precisely controlled through GPS and FM subcarrier 

synchronization. 

When a vehicle's time to broadcast arrives, it sends a 144 bit message at a rate of 

7,812.5 bits per second. This information is received by at least one of the Network Hubs 

11-1, ... , 11-i, which demodulates the message and provides data therefrom via a modem 

to NDC 10 over the PSTN (e.g., via lines 24, 25, 26). NDC 10 parses all received data 

and provides the vehicle location and status information for each specific fleet subscriber 

to its respective CCS over the PSTN. 

Real-time tracking of vehicle location and status may be performed by the 

PROTRAK system as often as once every five seconds, for example, but more generally is 

updated at a rate of once every three minutes. Vehicle locations are tracked with an 

accuracy to about 5 meters through the use ofDGPS information provided by the FM 

subcarrier broadcast. Where GPS is intermittently unavailable because of signal masking 

when vehicles are located on city streets bordered by tall buildings or because of other 

obstructions, the system employs dead reckoning (DR), map-matching and/or other 

navigation techniques to detect the vehicle location. 

The wireless system provides a versatile medium for sending brief messages 

consisting of short packets of information to or from a vehicle mounted instrument or 

other wireless communications device. Although the system is aimed at business asset 

management, wireless service supports a wide range of packet communication needs for 

fixed as well as mobile assets. Use ofGPS in the receiving device is not required, by 

virtue of GPS synchronization of the FM subcarrier broadcasts. 

The system capacity is sufficient to accommodate at least 5,000 individual vehicles 

being tracked in the network at any one time with the bandwidth provided by a single FM 

radio station subcarrier at 67 KHz or 92 KHz for outbound communications and a single 
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UHF or narrowband personal communication services (PCS) 12.5 KHz bandwidth 

frequency for inbound vehicle messages. System expansion may be provided, for example, 

in 5,000 vehicle blocks by the addition of another FM radio station subcarrier and another 

UHF or narrowband PCS frequency. Where feasible, frequency reuse principles on UHF 

or narrowbanq PCS frequencies are applied before another inbound frequency is added, to 

maximize channel capacity. 

Communications in the PROTRAK system provide greater reliability than cellular 

or specialized mobile radio (SMR},, and possibly than paging systems, with anticipated 

reliable reception of messages by vehicles and dispatchers 97% first time. If information is 

not received the first time, the system is able to make that determination and will 

re-attempt transmission until successful, or until it is found that delivery cannot be made. 

At least some fleet operators (e.g., ambulance services) require reliable operation despite 

adverse conditions, such as power outages. The overall system has internal backups to 

avoid single point failures. 

Fleet subscriber vehicles are allowed to "roam'' from one network of the system to 

another, such as where a vehicle is in transit from one metropolitan area to another. The 

system enables the vehicle to gracefully exit the first city network and similarly enter the 

second city network when in range of the second city. 

System components are designed to support a wide range of fleet subscribers. 

Vehicle trackers (i.e., on-board tracker modules) are capable ofhosting a number of 

peripheral functions, such as analog, digital? serial interface, and higher speed data 

collection required by some subscribers. Network Hubs are capable of supporting various 

antenna and receiver configurations to enhance coverage and various power configurations 

to support remote site operation. Unavailability of telephone lines does not present a 

problem, since wireless means are used for indirect or direct interface to the NDC. 

IT. The Fleet Data Management Application 

PROTRAK system architecture and database management applications that 

interact with each subscriber's (customer's) existing information systems include the NDC 

and CCSs which are used to provide real-time vehicle location and message capability for 

dispatchers. The customer side of the PROTRAK system consists of three applications, 
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including (1) a database management and CCS server (DMCS) that ties the network and 

customer information together, (2) the CCSs with their real-time location and messaging 

services, and (3) report generation that allows customers to access and manipulate the data 

managed by the DMCS. 

A block diagram of the system architecture with respect to customer application 

interfaces is shown in FIG. 2. NDC 10 runs two server applications, namely, an NDC 

Server 32 that provides real-time information to·connected customers, and a tracking data 

log server 33 that collects tracking information from the system in real-time and stores it in 

a large capacity database, with additional capability to respond to queries for historical 

tracking data. The customer establishes a single conventional TCP/IP connection (34, 35) 

to each of these servers through a single dial-up line directly to the NDC .or through the 

Internet (via an Internet service provider, or ISP). 

The connections to the NDC are controlled by DMCS 27 which may be located at 

the customer's facility 28 remote from the NDC 10. All of the real-time data available for 

all of the customer's vehicles are provided to this DMCS application. DMCS 27 stores 

these data and passes them on to the CCS applications 30 in filtered format so that CCS 

operators can observe ( e.g., as icons on a monitor display or screen at their respective 

stations) and communicate with only those vehicles for which they are responsible. 

Another function ofDMCS 27 is to provide interfaces to a customer's other 

management applications such as accounting 31, human resources 32, inventory control 

33, and computer aided dispatching 34 systems. Data are accessed and reports are 

generated by a database reporting application 36. The interface between Dh1CS 27 and 

CCS 30 and database reporting 36 applications is conventional TCP/IP. These 

applications may run on the same or separate computers using, for example, Wmdows 

(trademark of Microsoft Corporation) 95, Windows 98 or Windows NT ( or any advance 

of such software, or any software of other providers which enables the same or similar 

functions to be performed). The operator's other applications interface to DMCS 27 

through standard or custom interface protocols. 

The DMCS application is responsible for tying together the NDC server 

applications, CCS and database reporting applications, and the operator's existing 

applications (e.g., the customer's management information and back office systems) into an 
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integrated system. The DMCS acts as the enterprise connection to NDC 10. It establishes 

TCP/IP socket connections to the NDC real-time and data log servers 32 and 33 as 

required, and maintains access to data for all of the fleet operator's vehicles to be tracked 

by the PROTRAK system. Vehicle location and message data is provided by NDC 10, 

and DMCS 27 sends real-time messages and commands to the vehicles and may request 

archived tracking information from the NDC for time periods when the DMCS was not 

logged-in to the NDC. 

The CCS (or each of multiple CCSs) 30 is primarily a real-time vehicle location 

display and messaging tool to support dispatching functions. DMCS 27 routes commands 

and messages from CCS 30 to NDC 10,, and provides tracking data from the NDC to the 

CCS for only those vehicles that the CCS operator is controlling (i.e., dispatching, 

monitoring, scheduling, etc.). The DMCS supports multiple CCS applications operating 

simultaneously, controlling and viewing different groups of vehicles in an overall fleet. 

DMCS 27 also supports database queries from multiple CCS 30 and database 

reporting 36 applications. Each CCS 30 requires real-time information from the database 

regarding vehicle drivers, dispatching, scheduling, and cargo. The database reporting 

application requires historical tracking data and information from other systems as 

necessary to produce reports pertaining to the customer's business. 

III. The Network Distribution Center 

The NDC 10 architecture will be briefly described with reference to the exemplary 

NDC software and hardware system in the simplified block diagram of FIG. 3, which 

emphasizes communication protocols used by the NDC software applications. As noted 

above, the NDC 10 controls information flow between vehicles ( e.g., 17) and their fleet 

subscriber command station (e.g., CCSs 14 and 15 at customer site 13) logged into the 

system. The RF network is managed by the NDC by controlling network timing, and 

determining the nature of the data transmitted to the vehicles. All data received by 

Network Hubs (e.g., 11-1, 11-2) are collected by NDC 10 for processing, distribution to 

customers, and data archiving, and the NDC allows customers to log in via the Internet, 

TCP/lP network, or other suitable connection 40. An interface to a PROTRAK Data 

Center (PDC, not shown) supports roaming between cities and overall tracker-fleet 
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subscriber identification. 

An NDC Server 42 in NDC 10 communicates with the CCSs 14, 15, etc., as well 

as with NDC command stations (not shown) v,.1ithin the NDC, and Network Hubs 11-1, ... 

11-i through respective sockets and related net connections including a router and a 

mode~ and also with a Network Timing and Control Computer (NTCC) 47 through a 

serial interface 49. The NDC Server has only one interface -- a messaging protocol which 

will be described presently. NDC administrators use NDC Command Stations (which are 

similar to CCSs, but within the NDC) for display, control, analysis and maintenance of the 

NDC Server. NDC Server 42 is assigned a registered domain name and an IP address on 

the Internet to allow fleet subscribers and/or NDC command stations to connect to the 

Server through the Internet rather than using a system modem bank. By way of i1lustrative 

example and not limitation, three different connectivity options are shown in the NDC 

hardware block diagram of FIG. 4. 

As noted above, DMCS 27 interfaces with the customer's critical business 

applications 31, etc. including accounting, inventory control, human resources, etc., as 

well as with CCSs 14, 15, etc., and NDC 10. NDC Server 42 controls all data sent to and 

received from vehicles and command stations, and also controls the configuration of the 

TDMA vehicle transmission UHF radio network by assigning vehicles to specific time 

slots for transmission and controlling which vehicles are allowed to operate. Data from 

vehicles 17 received from the Network Hubs 11-1, etc. are combined and decoded, and 

then provided to fleet subscriber CCSs for use in maintaining control of the radio network. 

Data from CCSs are sent to vehicles as required, and are also used to schedule the 

appropriate level of update service, with the data being transmitted to the vehicles over a 

serial interface to each NTCC computer at the NDC. 

The network control function is the most critical task of NDC server 42, 

performed in real-time based on prompts from NTCC 47. System requirements for 

substantial TCP/IP support, Internet, and maintenance and support workstations require 

use of a platform such as Windows NT, which allows the system to make use of third 

party hardware and software. Running this task periodically, once per second, is 

accomplished, first, by providing the network control function with sufficient priority to 

complete its required tasks within the one second period allowed; and, second, by polling 
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the NTCC serial interface at a high rate to detect the reception of timing data indicating 

that the server should start the network control task. 

NTCC 47 controls the real-time portion of the PROTRAK syste~ including the 

SCC 48 transmit timing through a feedback loop (to be discussed presently in connection 

with FIG. 6) using an FM: receiver in a roof module. One NTCC roof module 55 (FIG. 4) 

exists for each FM radio station 12 supported by NDC 10. The NTCC 47 is also 

responsible for introducing frame ID data and differential correction data into the 

transmitted data stream. Data packets generated by server 42 are sent to NTCC 47 for 

inclusion in the output data stream. By having NTCC 47 communicate with SCC 48 via a 

dedicated modem 51 and telephone line or other line that is not part of the modem rack 

used for the Network Hubs and the CCSs, the time-critical interface for timing and 

corrections is separated from any unpredictable activities of the modem rack or ethemet 

interface. 

NTCC 47 monitors the FM station 12 broadcast for timing and content. If the 

broadcast was received skewed with respect to the GPS integer second, then timing 

correction commands are sent to SCC 48. The NTCC also compares the received 

broadcast data to the data block that was transmitted, to ensure the data was correct. FM 

received signal strength is also monitored to detect changes in FM broadcast power. 

Broadcast and SCC status are provided to the server 42 so that it can determine what 

action to take in the event of a failure. 

A number of Wmdows NT workstations constitute the NDC command stations 

( e.g.,, 43, 45, FIG. 4), which are connected to NDC server 42 via 100 Mbps ethemet or 

other suitable path such as a local area network (LAN). These stations provide the 

capability to perform several functions, including displays of different areas of the 

navigation grid, network and modem monitoring, data log analysis, user account 

maintenance, and software development. 

The NDC server 42 may communicate with the Network Hubs and CCSs via a 

TCP/IP, or by way of other connectivity options such as those shown in FIG. 4. A US 

Robotics Total Control modem rack, for example, may be used to provide TCP/IP 

connectivity to the server. Each rack is implemented to support 48 modems via 2 

conventional T 1 lines, and several racks can be stacked to support a larger number of 
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modems. The server may,, for example, have two independent ethemet networks, and the 

modem rack is on a separate network from the NDC command stations so that NDC 

command station network activity will not introduce any latency in the modem data. User 

connections do not have any real-time requirements, but data transferred between the 

server 42 and the Network Hubs (e.g.,, 41-1, ... , 41-1) must occur regularly at one second 

intervals. 

A time-line of the network data flow is shown in FIG. 5. Data transmitted by the 

vehicles on frame 1 is available to the NDC server 42 (FIG.3) at the beginning of frame 3. 

On the detection of the start of frame status from the NTCC 47, that data and user data 

received over frame 2 are processed. Data packets to be transmitted to vehicles are also 

sent to the NTCC. In the last part of.frame 3, the NTCC formulates a data block which is 

sent to SCC 48 during frame 4. The SCC finally broadcasts the data block on frame 5. 

The network control function comprises radio network management, vehicle and 

user input data processing, and base output data processing. Based on the time-line 

shown in FIG. 5, these tasks combined must begin promptly with the detection of the start 

of a frame (based on serial data received from the NTCC) and complete within roughly 

one-half second. 

NDC 10 controls the assignment of network transmit slots to the vehicles and 

manages the exit and entry of vehicles into and out of the network. It also coordinates the 

broadcast of network contro4 vehicle control, message, and system identification packets 

to the vehicles. Network management in the system must run at one second intervals and 

complete within about one-half second. The system maintains data structures for all active 

vehicles and fleet subscriber command stations, and has a capability to cross-reference 

vehicles to fleets and to assigned broadcast slots. Data required includes: 

• 

• 
• 
• 
• 

vehicle position for transmission to fleet subscribers, and for data logging; position 
data may also be used for UHF frequency reuse or FM channel assignment; 
the transmit slot( s) occupied by the vehicle; 
the vehicle's tracker ID, local control ID, owner, and group; 
message and control acknowledges, retries, and time-outs; 
roaming information; and 
service type, including nominal update rates, real-time service or track history 
requirements. 

The NDC server requires efficient and logical algorithms to assign vehicles to the 
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transmit slots. The various vehicle update rates, as well as reserving space for network 

entry and polled response vehicle transmissions must be taken into account. Periodic 

transmit slot defragmentation may also be required. In practice as the system runs, 

vehicles enter and exit the network continuously, and slots must be reassigned for use by 

subsequent vehicles. 

Data transmitted by the vehicles such as 1"7 (FIG. 3) is received at NDC 10 from 

the Network Hubs (e.g., 11-1, 11-2) via a modem bank in which the modems connected to 

the Hubs have the highest priority with respect to data transfer between Hubs and NDC 

server 42. NDC 10 processes the network data in one second intervals, and therefore, the 

vehicle data from each Hub must be available for processing by the NDC server during the 

one second interval after that frame's data was received by the Hubs. 

The server 42 performs space diversity processing, error control decoding and 

error correction, and decryption on the received vehicle data packets. Data received in 

time slots assigned to vehicles may be available from multiple Hubs. Since only one 

vehicle 17 has been transmitting, the received data at each Hub should be the same. 

Multi-path signal loss and other factors can cause errors in the received data, but those 

errors are likely to be different for each Hub. NDC 10 can then blend the data from all 

Hubs to produce a most likely solution. 

After diversity processing is completed, error detection/correction processing is 

performed. The vehicle data packets are coded to allow numerous bit errors to be 

corrected through interleaving of the data bits and forward error correction coding. The 

data packets are then decrypted. 

The received data packets are parsed and the information is used to update the 

NDC network control data structures. State and status data are logged for off-line 

analysis. Vehicle state data and fleet subscriber data are provided to the logged in fleet 

subscribers as it is received. The logged state data may be used to provide fleet 

subscribers with vehicle tracking history rather than real-time tracking data. 

In the case of data received from customers (fleet subscribers, owners, or lessees, 

for example) 13, the data is processed as follows. Commands and data requests from 

logged-in fleet subscribers will be combined with vehicle information to generate vehicle 

control, network control, and messaging packets to be transmitted to the respective 
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vehicles 17. Events sµch as customers logging in or out may control whether or not 

vehicles are allowed to enter the network or are forced to exit. For customers desiring 

real-time tracking data only, the respective vehicles are not allowed in the network unless 

they are logged-in. Other customers may require track histoty information and, in those 

cases, vehicles are tracked any time they are on. Fleet subscribers with low update rate 

needs, e.g., a few times per day, may request vehicle positions manually through their 

command stations. Their vehicles are polled by the NDC 10 based on a fleet CCS request, 

but cannot enter the periodic part of the network. Some subscribers, such as those that 

provide emergency response services, are able to request changes in vehicle position 

update rates from their command stations. 

When roaming is implemented, fleets are allowed to track vehicles on any grid 

regardless of their NDC connection. Since fleet subscribers may not know where their 

vehicles are located at any given ti;me, the system of the invention aggregates data for all 

vehicles through a wide area network connecting each NDC to enable the CCS to display 

all vehicles, regardless of the market (metropolitan or other area) in which they are 

located. 

Transmit data is generally processed as follows. On each one second frame, the 

NDC 10 generates base message data packets to be broadcast to the vehicles 17. The 

NDC periodically sends Grid, F¾ and UHF identification packets. Text message and user 

data packets are sent as requested by the CCSs such as 14, 15. Network configuration 

and vehicle control packets are generated from the network management function. All 

packets are sent from the NDC server 42 over a high speed serial interface 49 to the 

NTCC 47. The NTCC blends NDC packets with real-time packets and differential 

corrections and sends a complete base message block to SCC 48. SCC 48 then transmits 

the base message at the start of the next second. At least a two second delay exists 

between the time NDC server 42 sends a packet to NTCC 47 and the time it is transmitted 

by the 48. 

Since the NDC server 42 essentially places data packets into an output queue on 

the NTCC computer, NTCC 47 must indicate to the server the space available in the 

buffer. Depending on vehicle and user actions, some frames may generate many 

network/vehicle control or message packets and others may not generate any. NTCC-
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supplied DGPS correction packets also use bandwidth periodically. This produces a 

variable delay between the time the packets are generated by server 42 and the time they 

are actually received by the vehicles 17. The NTCC 47 must provide server 42 

information regarding size of the queue, so that the server does not, on average, overflow 

the output bandwidth of the FM broadcast from station or tower 12. 

A data packet priority system may be implemented so that some packets are sent 

sooner than lower priority packets that were queued first. For example, text message 

packets may have a lower priority than vehicle control packets. As packets are delayed in 

the queue, their priority is increased so that they are certain to be transmitted with a 

maximum of a few frames of delay. 

Data to be logged by the NDC server includes information for billing, vehicle track 

history for some subscribers, and detailed radio packet log data for test, analysis, and 

maintenance purposes. 

A PROTRAK Data Center ties the individual city NDCs 10 together into an 

integrated system to support national roaming, and serves as a central point for a database 

of vehicle-mounted tracker IDs and customer IDs with a cross-reference. Subscriber 

profiles indicate what services and update rates each vehicle tracker requires. Data for 

roaming vehicles is transferred from the NDC 10 at which it is received to the NDC at 

which the subscriber is located through the PDC. 

The NDC database from which the server dispenses information to CCSs, NDC 

command stations, etc. upon request is a high capacity database program such as 

Microsoft structured query language (SQL) server or Oracle 8 enterprise. Since these 

applications and their associated users are only allowed to access a subset of the data 

stored in the database, the NDC server is responsible to authenticate users and prevent the 

unauthorized access of data. For example~ a CCS used by Customer A is not normally 

allowed to access tracking data logged for Customer B unless authorized by Customer B. 

IV. 111e PROTRAK Network 

The PROTRAK system time division multiple access (TDMA) RF network 

control~ messaging and user data are transmitted to tracking computers (trackers) installed 

in the respective fleet vehicles to be tracked, over an FM broadcast subcarrier. Tracker 
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transmissions include tracker positio~ network status, and user data. Vehicle data are 

transmitted to Network Hub sites using the conventional UHF business band. Network 

frame timing and tracker transmit slot timing are ultimately controlled by GPS-derived 

precise timing. The NDC manages the network and tracker slot allocation. Data sent by 

the NDC are transmitted via modem to the FM broadcast statio~ and data received from 

the trackers are provided via modem from the hub sites. 

For the base broadcast, the TDMA network timing is based on precise time from 

GPS. The network is partitioned into one second long frames, 3 600 frames are present in 

a frame cycle, and 168 frame cycles exist in one week. Since the frame cycle period is an 

even divisor of 604800 (the number of seconds in a week), the frame number can be 

directly determined from GPS time. To support network users (fleet subscribers) without 

GPS receivers, the frame number is transmitted in each base message. 

A bit-sync in the base broadcast controls the timing of the entire network, 

indicative of the start of each network frame to the trackers and Network Hubs, all of 

which have FM receivers. The Hubs and trackers with position information account for 

their distances to the FM transmit antenna to derive the frame start time. 

The manner of handling closed loop timing will be described with reference to 

FIG. 6, which illustrates the base message feedback loop for hit-sync timing. The base 

message contains a bit synchronization pattern which is used to control tracker broadcast 

timing. The synchronization is controlled to indicate each GPS integer second by a closed 

loop feedback system. NTCC 47 at the NDC uses an FM receiver 58 and GPS receiver 54 

to measure the delay between the integer second and the arrival of the bit-sync in the FM 

subcarrier transmission received at the FM receiver. After accounting for the 

predetermined distance between the FM broadcast antenna 53 and the NDC, the difference 

between the GPS indicated integer second and that indicated by the bit-sync is sent to SCC 

38 at the FM station via modem(s) 47. SCC 38 then slews the broadcast start time to 

correct for the measured error. 

The SCC receives transmit data and timing control information from the NTCC 

computer 477 and clocks the data out to the subcarrier modulator 68. For example~ an 

external USRobotics 28.8Kbps modem is connected to SCC 48 via a Motorola 68332 

peripheral serial communications interface (SCI). SCC 48 answers calls from NTCC 47, 



5 

10 

15 

20 

25 

30 

WO 01/46710 PCT/US00/33272 

24 

data to be transmitted on the next frame is provided by the NTCC, and the SCC buffers 

that data for transmission. NTCC 47 also provides SCC 48 with timing control 

commands, which the SCC uses to acljust the start time and period of its transmit frame 

clock to maintain coherency with the GPS integer second. The SCC sends mode and 

status information to the NTCC. 

SCC 48 must accurately control the timing of the start of the output data stream so 

that the bit-sync pattern leaves the transmit antenna at a precise time with respect to the 

GPS integer second. It is desirable that the start of the data transmission he repeatable to 

less than one microsecond (µsec) and be controllable to about 0.4 µsec. The SCC uses 

programmable timers within the time processing unit (TPU) of the Motorola 68332 

microprocessor to trigger the transmission of data to the subcarrier modulator. NTCC 47 

uses data from FM receiver 58 and GPS receiver 54 to evaluate the offset and period of 

the base transmission. Synchronization is achieved by changing the timer period based on 

commands from the NTCC. When the system is first turned on, a period of about 20-30 

seconds is required to achieve synchronization. Thereafter, minor corrections to the SCC 

clocking are provided periodically. The data clock is accurate to less than about 2 parts 

per million (ppm) relative to the receive data clocks on the remote trackers. A detailed 

description of the timing control algorithms employed by NTCC and the trackers installed 

on the vehicles is presented in Section V below. 

In practice, SCC 38 is mounted together with subcarrier modulator 68, modem, 

and DC power supply for the SCC in a rack. Subcarrier modulator 68 may be an 

SCA-300B subcarrier modulation generator available from Circuit Research Labs, Inc. of 

Tempe,, Arizona, which receives binary data from SCC 48 at a ±12V data input port 61. 

The binary data is filtered and modulated on a digitally generated subcarrier. Subcarrier 

modulator 68 also has two discrete switch closure inputs 59, 60 which are used by SCC 48 

to tum the subcarrier on and off. 

The NTCC roof module 55 includes GPS receiver 54, PROTRAK CPU 56, and 

FM receiver 58. CPU 56 compares the time at which the FM bit synchronization is 

received by receiver 58 to the integer second pulse-per-second (PPS) from the signal 

received by GPS receiver 54. Time difference is measured by recording at a timing control 

register of the TPU in the Motorola 68332 microprocessor on receipt of the PPS and on 
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receipt of the bit-sync. The TPU timer resolution is on the order of O .2 µsec. The 

measured time difference provided to NTCC 47 is used to compute timer corrections for 

SCC 48 to apply to its transmit timer. 

The NTCC acts as the real-time interface between the NDC server and the 

network. For timing control, NTCC 47 maintains the network frame count based on GPS 

time and computes and provides updates to the SCC transmit timer to keep the base 

transmission aligned with GPS time. Three timing controls are available~ as follows: (1) In 

frame lag/advance control, for PPS-bit-sync offsets greater than 0.5 seconds the NTCC 

can delay or advance the frame number contained in the output data so that the transmitted 

frame number matches the actual frame as defined by GPS, which allows the time to be 

adjusted in one second steps. (2) In SCC transmit timer lag/advance control, for offsets 

0.5 seconds or less the transmit timer can be loaded with a longer or shorter value to 

introduce a one-time shift in the output time with respect to the GPS integer second. (3) 

In SCC transmit timer period adjustment control, the interval between bit-sync epochs and 

the PPS integer second can be measured, and scale factor (frequency) errors in the 

transmit timer can be corrected by adjusting the nominal timer value up or down. 

A period of 20-30 seconds of coarse alignment may be necessary or desirable using 

controls (1) and (2t above. Once the SCC is synchronized, controls (2) and (3) are used 

to make fine corrections to the synchronization to account for small timer errors 

attributable to temperature and residual synchronization errors. 

"Base messages11 are data sent from the NDC to the trackers over the broadcast 

network on the FM subcarrier. The base message data contains nenivork control 

information, repeating interval slot allocation definitions, DGPS correction data, 

messaging/paging data, and user specific data. The format of the base data broadcast to 

trackers will be described presently herein. 

For information flow, message data which controls network activity (network and 

tracker control packets) is created by the NDC server 42 (FIG. 4) in response to data 

received from trackers and from CCSs (e.g., 44) (or NDCs, e.g., 43). Paging and user 

data packets are created from commands by the users. These packets are sent to NTCC 

47 for assembly into a base message. The NTCC adds a network frame number and DGPS 

correction data, as required, and then applies encryption, error control coding, and bit 
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interleaving. The resulting message is sent to SCC 48, which inserts the bit-sync pattern 

and transmits the message data at the beginning of the next frame. The processing steps 

are summarized as follows: 

1. 
2. 

3. 

NDC 10 computes base message data packets and sends them to NTCC 47. 
On each one second interval, NTCC 47: 
a) Assembles available data packets from NDC 10, frame number, and DGPS 

corrections, if necessary, into a single message block. Unused bytes are 
filled with a pad. 

b) Performs encryption on the message block. 
c) Performs error control coding on the message block. A Golay (23,12) 

code is used in the presently preferred embodiment, but a different code 
maybe used. 

d) Performs bit inter-leaving. Data is transmitted by sending long segments of 
all bit l's followed by bit 21s etc., which provides significant burst error 
correction capability. 

e) Sends the message block to SCC 48 for transmission. 
SCC 48 inserts a bit synchronization pattern in front of the message block, Miller 
encodes the data, and transmits it to the sucarrier modulator 68 (FIG. 6) at the 
start of the frame after the message block is received from NTCC 4 7. 

The format of the message block is as follows. The maximum bit rate for the 

SCA-300B subcarrier modulation generator used as 68 is 4800 bps. It is desirable to use 

the maximum available bit rate consistent with modulation index requirements (for receiver 

sensitivity) and data block size. A Golay (23,12) code is used with bit interleaving; data is 

sent in 40x23 = 920 bit blocks. Five blocks are transmitted for a total of 4600 bits. SCC 

48 Miller encodes the data and adds the bit sync. The Miller code doubles the number of 

bits so the SCC will transmit data at a bit rate of approximately 9328.36 bps. 4600 bits 

require 986.24 milliseconds. Since an 8 bit preamble and 24 bit long bit sync require 

6.8608 msec, SCC 48 has a 6.8992 millisecond gap time to restart the transmit clock with 

updated synchronizations to send the next message. 

FIG. 7 is a diagram of the base (NDC) message broadcast format. At the start 70 

of each integer second the bit-sync pattern 71 is transmitted, followed by the base message 

data 72, and finally by a very brief interval 73 of dead time up to the start of the next 

integer second. Bit interleaving is applied to the base message to reduce susceptibility to 

burst errors. Interleaving is applied on a block by block basis. The Golay code corrects 3 

errors in 23, so 40 bit deep interleaving allows a burst of 120 bits or 25. 728 milliseconds 

to be corrected. This is long enough to correct desensitization that occurs in the shared 
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transmit/receive antenna when a tracker transmits in its 20 millisecond IDMA slot. 

For bit synchronization, the trackers and Net Hubs use the bit-sync in the FM 

broadcast to synchronize their clocks for transmission and reception of tracker data. 

Trackers with valid position data can use the known range to the FM broadcast site to 

offset their transmissions to account for the delay in reception of the bit-sync. 

For tracker identification, all trackers are assigned a 30 bit tracker ID at the 

factory, unique throughout the PROTRAK system. Wht1e this could be the only ID used 

to identify a tracker, a shorter ID is assigned to trackers when they receive their main 

repeating interval slot assignment, which allows the NDC Server to identify trackers in its 

RF network grid with fewer data bits. The shorter IDs consist of a Network ID and an 

Interface ID. Since two network sizes are used, the most significant bit of the 16 bit ID is 

used to indicate the network size. Table 1 below shows the Network/Interface ID format 

for the two lot sizes used. 

Table 1. Network/Interface ID Format 

13 9 8 7 6 5 4 3 2 1 
15 14 12 11 10 

0 Network ID Interface ID 

1 Network ID Interface ID 

To minimize disruption of the text, other tables are, for the most part, set forth in 

AppendixB. 

0 

Trackers may be assigned an ID within one of the 128 Networks with 256 

Interface IDs or one of the 2048 Networks with 16 Interface IDs. Network IDs are used 

by the NDC Server to reduce the number of bits required to identify a subset of a 

customer's tracker modules. For example, if a fleet operator sends a message to ten of its 

trackers {vehicles) that are all contained in the same 16 tracker network, the NOC server 

may individually address these trackers using 52 bits, with 12 bits indicating the Network 

ID an only 4 bits being required to identify each tracker Interface ID. 

Since the DMCS manages customer groups, the NDC server may coordinate with 

the DMCS to learn about customer groups. Or,. the NDC server may use logged data to 

determine what trackers have been grouped together. As a result, the NDC server places 

trackers of the same group and/or customer ID into the same network. While trackers 
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from different customers and/or groups may be placed in the same networ~ tracker 

groups that are placed together in the same network may be identified with a relatively 

small number of bits. 

The Network/Interface ID assignment scheme is used in data packet formats. The 

base broadcast data contains a variable number of short data packets concatenated 

together, which are of fixed or variable length depending on type. The packets include 

DGPS correction data, network description infonnation, user commands and messaging, 

and tracker control commands. 

A. Data Packets and Formats 

Data packet decoding is performed after error detection/correction and decryption. 

Each base message (i.e., from NDC 10) begins with a frame ID. Data packets follow until 

the available space in the data block is filled or no packets remain to be sent. The unused 

space in the message is filled with all zeros that encode to an alternating one-zero pattern 

in Miller code. Each packet starts with a packet ID byte followed by the data in the 

packet and a checksum/parity word. Synchronization of the packet decoder on the data is 

maintained by verifying the first byte after the frame ID is a packet ID, and then looking 

ahead the number of bytes in the first packet to verify that checksum is correct and the 

subsequent byte is also a valid packet ID. This continues until all of the data packets are 

decoded. A Base Packet Summary is set forth in Table 2 (Appendix B). 

Text message packets are generated in response to messages/paging commands 

from user command stations (i.e., from the CCSs). By way of example for the present 

exemplary embodiment, the maximum message length is assumed to be 80 characters. In 

addition, an optional 28 character response set may be appended as discussed below with 

reference to pre-defined message response sets. 

Text messages may be addressed to the trackers (i.e., to tracking computers 
installed in the vehicles 17) in the following ways: 

• Tracker ID 
• Network/Interface ID 

• 
• 

Customer ID 
Interface ID 
Interface ID range within a Network 

In the present exemplary embodiment, the tracker ID number is 30 bits, the 
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Network/Interface ID is 16 bits, and the customer ID is 24 bits. A variable number of 

address bits are reserved depending on address mode and number of trackers being 

addressed. 

Acknowledgment of text messages is performed by the tracker requesting an 

auxiliary repeating interval time slot. The auxiliary slot repeats at 12 second intervals and 

includes enough slots to send the acknowledgment, e.g., one plus additional slots to allow 

for retries. Table 3: "Text Message Packet - Single Tracker or Entire Fleet"; Table 4: 

"Pre-Defined Message Response Sets'\ Table 5: "Test Message Packet - Tracker Group"; 

Table 6: "Tracker Group Message Interface ID List Packet"; and Table 7: "Tracker ID 

List Block", are set forth in Appendix B. 

A "Pre-Defined Message Definition'' packet (Table 8, Appendix B) provides 

trackers ( sometimes referred to herein as tracker modules) with a text message that should 

be associated with a specified pre-defined message ID. Although individual trackers 

request this definition, the message is broadcast to all trackers associated with a particular 

customer (fleet operator, subscriber or user, as those terms are used interchangeably 

herein). Trackers receiving this message store the pre-defined message definition if the 

specified customer ID matches their known customer ID. This stored association is then 

used to display the appropriate message upon receipt of a '"Pre-Defined Message Packet." 

The latter packet allows a shorter message format for "canned" user messages that are 

frequently transmitted by an individual customer. Since the trackers know the text of 

these messages a priori, only a message ID and a 16-bit cyclic redundancy check (CRC) 

need be sent by the NDC. The ID identifies the message and the CRC allows the tracker 

to determine whether the text matches the CRC of the known pre-defined message. 

Pre-defined message CRCs are computed using the entire pre-defined message. 

Hence, a tracker may determine if the ID has been reassigned to a new message. If that is 

true, or if a specified pre-defined message is unknown, the tracker may request the entire 

pre-defined message using a "Pre-Defined Message Request PackeC' Upon receipt of 

such a request packet, the NDC server provides the requesting tracker with the pre

defined message in a ''Pre-Defined Message Definition Packet." Tracker addressing is 

similar to that for text messages. The ''Pre-Defined ID Message Packet'' structure for a 

single tracker or entire fleet is shown in Table 9, and for a tracker group, in Table 10, of 
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DGPS correction data packets (Table 11) are generated by the NTCC and inserted 

into the base message block at roughly 10 second intervals. The range/range-rate 

corrections are computed by the GPS receiver (e.g., 54, FIG. 6) in the NTCC roof module 

55. These may be in RTCM or other desired format. The scaling on the corrections is the 

same as that in RTCM-104. The NTCC transmits correction data in a format with 

complete "Type l 11 and "Type 2" style corrections. Other RTCM message types may 

alternatively be supported if desired. RTCM message types 1 and 2 have the same format, 

with only the frame IDs being different. The packet is of variable length depending upon 

the number of corrections therein. The number of bytes is 5+5Nsv. 

A User Data message packet supports generic, user specific data that is sent to the 

trackers from CCSs. The format of the message is similar to the text message packet, 

having 80 data bytes available for any customer purpose. Customer specific software must 

be programmed into the tracker, MDT, and CCS for the customer to make use ofthis 

message. User Data packet addressing and acknowledgments are identical to those of text 

packets. The •user Data Message Packer' structure for a single tracker or entire fleet is 

shown in Table 12, and for a tracker group is shown in Table 13. 

A "Grid Identification packet" (Table 14) provides the trackers with the center of 

local and adjacent PROTRAK navigation grids ( e.g., see FIG. 11, to be discussed 

presently herein). In an exemplary embodiment, the navigation grid is a square area about 

262 Km on a side, roughly centered on each PROTRAK market area. Each navigation 

grid (market) has a unique 15 bit ID number. The '°Grid ID packet" is transmitted at 

roughly 20 second intervals, and alternates between the local grid and adjacent grids. 

Adjacent grid information is provided to allow roaming trackers to quickly locate the 

PROTRAK system in new markets as they move through markets. Preferably, the 

trackers store grid information in non-volatile memory. 

The center of the navigation grid is provided in 24 bit scaled integers with an LSB 

(least significant bit) of about 2. 4m in latitude, which should be adequate for most tracker 

navigation applications. The nominal navigation grid is assumed to be square and made up 

of 1024 adjoining 64 square Km squares. If necessary, additional data may be added to 

this message to define rectangular or oddly shaped navigation grids. 
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An "FM Identification packef' (Table 15) provides the trackers with the FM base 

broadcast frequencies and transmitter locations for the local and adjacent PROTRAK 

navigation grids. The transmitter location is used for broadcast delay time computations. 

The frequency of the subcarrier is also provided. Preferably, the trackers also store 

transmitter information in non-volatile memory. The transmitter location is provided in 24 

bit scaled integers with an LSB of about 2.4m in latitude, which is quite adequate for 

broadcast delay computations. Each navigation grid may have multiple FM transmitters. 

The packet supports up to 4 transmitters by a transmitter ID number. If required, 

additional data in this message or another message may be used to define grid areas served 

by each transmitter for capacity or coverage reasons. 

A 'C-CJHF Identification packef' (Table 16) provides the trackers with the UHF 

frequency on which they are to transmit their state data. Frequencies are provided for the 

local and adjacent PROTRAK navigation grids. Here again, the trackers should store the 

UHF frequency information in non-volatile memory. Each navigation grid may have 

multiple tracker transmit frequencies, and the "UHF Identification packet" supports up to 

4 frequencies by a frequency ID number. If necessary, additional data in this message or 

another message may be used to define ·grid areas in which to use each UHF frequency for 

capacity or coverage reasons. 

NDC 10 transmits a packet containing the current GPS time at 10-20 second 

intervals to aid the initialization of the vehicle-mounted GPS receivers associated with the 

trackers. The «GPS time packet" (Table 17) is computed and inserted into the base 

message block by the NTCC. The time zone offset and UTC leap seconds are added to 

the current GPS time to determine local time. 

A •cset main repeating interval slot definition packeC (Table 18) assigns a 

continuous repeating interval and a Network/Interface ID to a tracker. Trackers receiving 

this packet send a tracking update to NDC server 42 when (Frame ID) mod (Interval 

Length) is equal to the repeating interval index indicated in the packet. If a tracker already 

has an assigned main repeating interval, it will be replaced by the interval in this packet. 

Trackers can determine if this packet is addressed to them by checking whether the tracker 

ID field is equal to the recipient's tracker ID. If it is, the tracker will use the assigned 

repeating interval and Network/interface ID. Otherwise~ the tracker will ensure that none 
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of its repeating intervals match the described interval. If the described interval matches the 

tracker's current main interval, the tracker will cease using this interval ( and 

Network/Interface ID) and attempt a network entry. Or, if the described interval matches 

one the tracker's current auxiliary intervals, the tracker will remove this interval from its 

list. 

The Network/Interface ID assigned with the main repeating interval is valid while 

the main repeating interval is valid. As a result, trackers will respond to messages with 

their Tracker ID or their temporary Network/Interface ID while they are in the RF 

network. Once a tracker exits from the RF network ( or had its main repeating interval 

purged), the associated Network/Interface ID is no longer valid for that tracker. Trackers 

receiving a main repeating interval assignment may use the assigned interval until they 

request to exit the network, acknowledge a purge repeating interval packet, or exceed the 

self- purge update count. 

An «add auxiliary repeating interval slot definition packet" assigns a repeating 

interval to a tracker for a single interval (Table 19). Trackers that receive this packet send 

a tracking update to NDC server 42 when (Frame ID) mod (Interval Length) is equal to 

the repeating interval index indicated in this packet. As a result of receiving this packet, 

trackers will send a single update. Trackers may determine if this packet is addressed to 

them by using the tracker ID or the Network/Interface ID field. If the tracker ID field 

identifies the recipient, the tracker will use the assigned repeating interval to report its 

tracking information to the NDC server. Otherwise, the tracker will ensure that it does 

not report its tracking information using the described interval. It should be noted that 

although a tracker may have multiple auxiliary repeating intervals~ each tracker only has 

one main repeating interval. Table 20 (Appendix B) shows the «Add Auxiliary Repeating 

Interval Slot Definition packet" structure for a single interval by network/interface ID. 

The ccadd auxiliary repeating interval slot definition" packet for a limited number of 

intervals assigns a repeating interval to a tracker for a specified number of intervals. 

Trackers that receive this packet send a tracking update to the NDC server when (Frame 

ID) mod (Interval Length) is equal to the repeating interval index indicated in this 

message, and these updates are sent by the trackers an interval count number of times. 

Here again, trackers may determine if this packet is addressed to them by using the tracker 
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ID or the Network/Interface ID field, and report their respective tracking information to 

the NDC server, or not, in the same manner as specified above. Tables 21 and 22 show 

the structure of the "Add Auxiliary Repeating Interval Slot Definition'' packet structure for 

a limited number of intervals by tracker ID and by network/interface ID, respectively. 

An "Available Network Entry Slots" Packet (Table 23) contains a slot count that 

indicates the number of slots within a one-second frame, and a bit mask that indicates the 

slots that are currently available for network entry. Bit O of byte 2 indicates if slot O is 

available, bit 1 of byte 2 indicates if slot 1 is available, bit O of byte 3 indicates if slot 8 is 

available, etc. Before a tracker is allowed to send a ''Net Entry Request" packet, it must 

receive an "Available Network Entry Slots" packet and successfully receive every base 

packet message prior to sending its "Net Entry Request." The packet is only valid until 

the next one is received, so the tracker will not send a network entry request in a slot that 

is no longer available. The NDC server 42 broadcasts this packet as the available network 

entry slots change, and also sends it at least once every 10 seconds. 

A "'Repeating Interval Slot Configuration Information" Packet (Table 24), sent 

every 30 seconds by the NDC Server, indicates the frame cycle length, the self-purge 

interval count, and the tracker ID request mode. Each of these values is needed for a 

tracker to determine the transmit timing and/or format of its periodic tracking update 

packets. The frame cycle length indicates the number of one-second frames that are 

contained in a frame cycle. Since this number will always be a divisor of the number of 

seconds in a GPS week, a frame ID may be determined using GPS time. The Frame ID is 

calculated using the GPS Second as follows: 

Frame ID = (GPS Second) mod (frame cycle length) 

The self-purge update count indicates the number of periodic updates that a tracker 

may provide in an assigned repeating interval slot without requesting to re-enter the 

network. Trackers with an assigned repeating interval slot must request to have their 

repeating interval slot re-assigned to them by indicating ffRe-assign Main Repeating 

Interval Slot Request" or "Re-assign Auxiliary Repeating Interval Slot Request" for their 

network status code. Trackers that fail to have their repeating interval slot re-assigned 

before reaching the self-purge update count will purge their assigned repeating interval 



5 

10 

15 

20 

25 

30 

WO 01/46710 PCT/US00/33272 

34 

slot. 

The "Tracker ID Request Mode" indicates if trackers are required to supply their 

tracker ID number within tracker data packets. This request mode may indicate that 

trackers are not required to supply their tracker ID number, trackers are required to supply 

their tracker ID for their next update only, or trackers are required to supply their tracker 

ID for all updates. 

Tracker modules collect built-in test (BIT) information, which is then supplied to 

the NDC Server at the rate (in seconds) specified in the "Repeating Interval Slot Config 

Info" packet. If the rate is zero,, the tracker is not required to supply the BIT packet. If 

the rate is greater than zero, the tracker will provide its BIT packet at the rate indicated. 

To supply a BIT packet update, trackers request an auxiliary slot when (tracker ID) mod 

(BIT packet rate) equals the current frame ID. As a result, tracker requests for auxiliary 

slots are distributed evenly. If a request for auxiliary slot would interfere with a tracker's 

scheduled update, the tracker will defer the request to a later time. 

The NDC server uses a c'Network Entry Response'' packet (Table 25) to respond 

to a tracker's network entry request when the tracker's service type does not otherwise 

permit network entry. The assigned tracker state code contained in this packet enables a 

tracker to determine its type and requirements to be assigned a repeating interval slot. 

Manual tracking trackers are to wait for a "'Repeating Interval Slot Definition (Single 

IntervalY, packet, and login-only tracking and unknown trackers must wait for a ''Network 

Entry Request Permission'' message. The NDC server 42 may send a "Network Entry 

Request Permission'' message as a result of a CCS ( e.g., 14, FIG. 3) connecting to the 

DMCS 27 or because an individual tracker•s service type has changed. 

The NDC erver sends a ''Network Entry Request Permission" packet (Table 26) 

to a subscriber's entire fleet of LOT trackers, to a subscriber group of trackers, or to an 

individual tracker, for one or more trackers to request network entry. If a subscriber is not 

connected to view its group of LOT trackers, the trackers are not allowed to enter the RF 

network but are notified instead to wait for network entry request permission. When a 

subscriber connects to the DMCS using CCS software, the DMCS checks whether a 

subscriber with this ID is already connected, and, if not, sends a message to the NDC 

Server identifying all trackers in the CCS user1s group. The NDC Server responds to this 
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message by sending a 'Network Entry Request Permission'' packet to allow the trackers in 

the CCS user's group to request network entry. Depending on the subscriber group size 

or subscriber fleet size, this packet may be sent by the server to the entire fleet or to only a 

group of trackers, with a view to reduce the required RF bandwidth as much as possible. 

The "Network Entry Request Permission" packet may also be sent if a tracker's service 

type is modified, such as if a manual tracking tracker is changed to a continuous tracking 

tracker. 

A ''Purge Assigned Repeating Intervals" message (Table 27) is sent by the NDC 

server by Tracker ID, Customer ID, or Tracker ID List Packet, to indicate that a tracker 

or a group of trackers should purge some or all of its assigned repeating intervals. This 

would be done, for example, when the only subscriber in a group of LOT trackers 

disconnects from the DMCS, because information from those trackers is no longer 

reported when its viewing is ceased by the disconnected subscriber. The DMCS provides 

a list of trackers to be removed from the RF network to the NDC Server. The ''Purge 

Assigned Repeating Intervalsn message may also be sent to individual trackers, such as 

where a continuous tracking tracker has its service changed to manual tracking, in which 

case the tracker in question is informed of its new service and to wait for a repeating 

interval slot. Similarly, if an individual trackee s service type and update rate are both 

changed ( e.g., from continuous with an update rate of 30 seconds to LOT with an update 

rate of 60 seconds) it will be sent this message if its subscriber is not connected to the 

NDC server. And where a tracker has been assigned an auxiliary interval for an 

emergency condition, to report data at a high update rate, for example, for a short period 

in addition to its main repeating interval, the message is sent by the NDC server to that 

tracker when the emergency ends, to purge its auxiliary repeating interval. 

Trackers acknowledge receipt of the "Purge Assigned Repeating Intervals" 

message by setting the appropriate status bit in their next periodic update, or, .if necessary, 

by requesting a one-time slot to provide an acknowledgment. A tracker whose main 

repeating interval slot is purged may use that slot a final time to provide the 

acknowledgment in a state and status tracker packet. When the NDC server receives a 

purge acknowledgment, it may reassign the repeating interval slot at that time, or wait 

until a self-purge update count has been reached to re-assign it. 
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When a Text or Pre-defined text message is sent to a tracker, a pre-defined or 

custom response set may be identified,, indicating the text labels associated with the mobile 

data terminal softkeys when the message is displayed. When a softkey is pressed to 

respond to a message,, the softkey number is returned to the NDC server in a "Message 

Response State and Status" or a "Message Response Reduced State and Status." A 

"'Message Response Acknowledge"' base message (Table 28) acknowledges the NDC 

server" s successful receipt of a response packet. A message response is only discarded by 

the tracker module if it successfully received an acknowledgment within 2 minutes; 

otherwise, the response is re-sent. 

A "Site Dispatch" Message (Table 29) aids in automating the fleet operator1s 

ability to determine when a specific tracker has arrived/departed from a job site, by 

providing the tracker module a pair oflatitude/longitude values that define the tracker1s 

next job site, and a text description of the site location (destination address). Upon 

receipt, the tracker module acknowledges the message using a <'Message Response State 

and Status'' or ''Message Response and User Data'' packet. 

Trackers send '"Site Status" packets when they enter or leave one of their known 

sites. A ,cSite Purge" Message packet (Table 30) from the NDC requests a tracker to 

remove one of its known sites. After receiving this packet, the tracker will no longer 

provide a "Site Status'" message for the site associated with the "Site ID" specified in the 

«Site Purge'"' Message. 

A "'User Data Acknowledge.,, packet (Table 31) serves to acknowledge the NDC,s 

receipt of a reliable user data message from a vehicle's tracker. The tracker retains a copy 

of all reliable user data packets until it receives this acknowledgment message from the 

NDC server. I£ the acknowledgment is not received within 2 minutes, the tracker will 

resend the reliable user data packet. 

An "NDC server Boot Sequence ID', may he used by the tracker to determine if 

the NDC server of a navigation grid (seethe reference to and discussion of the «Grid 

Identification'' packet above) has re-booted. When a tracker module discovers that this ID 

has changed, it purges all RF state information (including RI Slot assignments) received 

with a previous boot sequence ID. New RF state information received is then associated 

with the new c'NDC server Boot Sequence ID_,., The '~C Server Boot Sequence ID" 
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allows trackers in low-power mode or trackers that have been out of FM subcarrier range 

to determine if their RI Slot and other information is still valid. Trackers that have been so 

for an extended period of time must ensure that the NDC Server boot count has not 

changed before they provide a tracking update. A "Grid Identification Packet2" (Table 

32) provides the c"NDC Server Boot Sequence ID_,, 

A ccsite Status Acknowledge" packet (Table 33) is used to acknowledge the 

NDC's receipt of a reliable "Site Status,, message from a tracker. The tracker retains a 

copy of each reliable site status message packet until it receives this acknowledgment 

message from the NDC Server. If the acknowledgment is not received within 2 minutes, 

the tracker re-sends the reliable "Site Status" packet. 

B. Tracker Messages 

Tracker messages are transmitted from the trackers to the NDC over the TDMA 

UHF radio network. Tracker data consist of navigation state information, responses to 

network related commands from the NDC, paging/messaging responses, and user specific 

data. Each tracker has its own unique assigned repeating interval slot(s) to transmit its 

data. The data are received by the network hubs and transmitted to the NDC when each 

frame is complete. According to an aspect of the invention, since a tracker data packet 

may be received by more than one hub, the NDC is provided with a capability to perform 

diversity processing to aid in recovering corrupted data. 

Although,, according to the invention, trackers generally have an assigned 

continuous repeating interval time slot in the TDMA network, provision is made for 

trackers with low update rate requirements to operate in a polled mode, in which NDC 10 

must request such low update-need tracker installed on a vehicle 17 to transmit during a 

single repeating interval time slot. A short time before the tracker's assigned transmit time, 

the tracker must assemble a packet of data for transmission. Based on the broadcast FM 

bit-sync received at FM receiver 58 ofNTCC roof module 55 and estimated distance to 

the broadcast antenna 53 (FIG. 6), the applicable tracker must begin its transmission at its 

assigned transmit time within its assigned repeating interval slot with an accuracy of about 

one microsecond. 

Over each frame, each Network Hub 11-1, etc., attempts to receive data from 
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trackers in every time slot. At the end of the frame, Hub-received packets are packed into 

a single message and sent via modem to the NDC 10. The NDC server 42 performs error 

correction and diversity processing on the tracker packets from all of the hubs. Tracker 

state data is logged and/or transmitted to the applicable CCS and/or NDC Command 

Stations via the TCP/IP or other connectivity application. Summarizing, the processing 

steps are: 

1. 

2. 

3. 
4. 

On the frame prior to its assigned repeating interval transmit slot, the tracker: 
a) Forms a data packet to be transmitted; 
b) Performs encryption on the message; 
c) Performs error control coding on the message (preferably using a (12,8) 

code, although a different code may be employed if desired); 
d) Performs bit interleaving ( a complicated interleave pattern is required to 

reduce bit errors when the data is shifted by 1 bit from truth, to permit the 
hub baseband processing. The interleave scheme provides a depth of 11 
bits, which improves burst error correction capability). 

A high resolution timer synchronized to the GPS integer second using the FM 
bit-sync and tracker position is set to trigger the tracker transmission at the 
appropriate time with an accuracy of about one microsecond. 
Each hub attempts to clock in data at the appropriate time for each slot. 
At the end of a frame, the hubs send all tracker data received over the frame to the 
NDC. 

Tracker message timing, and format of the tracker data block must be considered. 

The tracker broadcast TDMA network consists of 168 frame cycles in one week, with 

each frame cycle having 3600 one second long frames. Each frame is divided into several 

tracker transmit time slots. The number of slots depends on the tracker message length, 

the transmit bit rate, and the required gap between slots for transmitter power up/down 

and message propagation delay. The transmit rate is 7812.5 bps (15625 bps Miller 

encoded). A tracker message length is 144 bits, 8 Miller bits of preamble (10101010). 

The transmit data requires 18.944 milliseconds. A total slot time of20 milliseconds is 

therefore allocated to allow for speed of light delays and transmitter power on/off time; 

accordingly,, 50 tracker transmit slots are available on each frame. An example of one 

tracker transmit frame is shown in FIG. 8, in which vehicle (tracker) message packets 76 

are sequentially transmitted in their ( the trackers') respective assigned slots from the start 

77 of an integer second, and followed by an interval of dead time 78 (if necessary) which is 

sufficient to occupy the balance of the frame up to the start 79 of the next integer second. 

Because of hardware limitations and CPU load times required to setup transmit 
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timers and clocks,, a tracker cannot transmit in two adjacent time slots. The gap between 

tracker transmission slots must be large enough to account for propagation delay of the 

radio signal through the air and time required for the transmitter to come on and off 

power. The worst case propagation delay is 1.2 msec. This is the time it takes light to 

travel twice the length of the navigation grid diagonal. A gap time this long will prevent 

the transmission from a tracker that is 181 Km from the FM transmitter and is using only 

the FM bit-sync for transmit timing from overlapping with the transmission from a tracker 

that is near the FM transmitter and using GPS to aid transmit timing. Given tracker 

transmit power and antenna heights, a reasonable distance at which a hub can hear a 

tracker transmission will be about 30 Km. Therefore, the gap time must support about 

211 Km or 0. 7 msec. The radio on/off power time is required to be less than 0.1 msec. 

Hence, the total gap time between tracker transmissions must be at least 0.8 msec. 

The normal tracker data packet requires 90 data bits (including 24 user data bits). 

The other tracker data packets require 90 or 96 data bits. These message packet size 

requirements directly drive error control coding requirements for the packets. The present 

exemplary tracker packet error coding design uses a (12,8) code for all tracker packets, 

which provides a total packet length of 144 bits with 96 data bits for all time slots. 

The trackers use the one second interval bit-sync in the FM broadcast for their 

transmit timing. The transmission time is accurate to within one microsecond. In the 

present approach, the tracker estimates the integer second time from the received FM 

broadcast bit-sync event time. The timer value of a TPU (i.e., time processing unit ofthe 

68332 microprocessor used in the trackers, CCSs, and Networks Hubs) for each integer 

second will then be known. From that, the TPU timer value for the start of the tracker's 

transmit time can be computed. The TPU is programmed to assert the transmit key to 

start the output data clock precisely at the start of the transmit slot time, and to de-assert 

the key to stop the data clock when the message is complete. 

For data clocking at the Network Hub (e.g., 11-1, which is to be described in 

greater detail in the subsequent description of FIG. 31, but for present purposes brief 

reference is now made to the latter), a digital signal processor (DSP microprocessor) 80 is 

used at the Hub to demodulate the message data received from the vehicle trackers by the 

Hub's UHF receiver 81 and provide it to the Hub CPU 82. CPU 82 determines the TPU 
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time ( of the Motorola 68332 microprocessor 83) for the integer second based on the FM 

broadcast bit sync received at FM receiver 85. The two receivers 81, 85 and the DSP 80 

are on an RF card 86 of the Hub. CPU 82 signals DSP 80 to begin sampling UHF data at 

the start of each transmit slot time. The DSP then collects data, recovers the bit clock, 

and samples the bits. It performs Miller decoding, de-interleaving, and (12,8) error 

detection for up to 13 different bit delays to support the unknown speed of light delay 

from the tracker to the hub. The bit delay with the lowest number of code words with 

errors is selected, and that data is clocked to CPU 82 for transmission by the Net Hub to 

NDC server 42 (FIG. 3) at NDC 10 via a modem 87 or other connectivity option. DSP 

80 must complete all of its processing in the 20 millisecond window available for each 

tracker transmission. 

As described earlier herein, each one second frame is divided into fixed length 

tracker packet transmit slots. Since the number of slots within a frame is also fixed, the 

trackers in the system of the invention must share these transmit slots. Most trackers 

transmit their state, position,, and/or user data information on a periodic basis. 

Accordingly, a periodic slot allocation scheme is selected for use by which to share 

individual slots within a frame across an interval of time. 

In this periodic slot allocation scheme, individual slots are associated with 

repeating intervals. This allows trackers with a common periodic update rate to share a 

specific slot across an interval ( equivalent to the common periodic update rate) of time 

that contains multiple frames and is a divisor of 3600. FIG. 9 illustrates a repeating 

interval for several individual transmit slots for tracker message packets, showing the 

repeating interval relationship to slots, frames, and frame cycles. Frame cycle 90 consists 

of a multiplicity of frames ( e.g., 90-1, ... , 90-i, ... , 90-n) as mentioned above. Each frame 

contains a multiplicity of slots 91 which are allocated to tracker message transmissions 

according to the scheme. The interval index for the repeating interval 92 associated with 

slot O is different from the interval index for the repeating interval 93 for slot 1, and so 

forth for slots 2, ... , n-2, n-1, n. The interval index shown may be calculated using the 

following equation: 

Repeating interval index= (frame ID) mod (interval length) 

Trackers are assigned one main repeating interval and/or multiple auxiliary 
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repeating intervals to transmit their tracking data. Tracking data is transmitted by the 

trackers during their main repeating interval until they are informed to cease transmitting 

by the NDC server, or until the tracker" s state changes ( e.g., switches to low-power 

mode). Main intervals are only assigned to trackers with continuous or LOT tracking 

service. Trackers transmit their tracking data during auxiliary intervals for a specified 

number of times unless their state changes or the NDC server informs them otherwise. 

One or more auxiliary repeating intervals may be assigned to trackers of all service types. 

As indicated in FIG. 9, each repeating interval is defined by a slot, a repeating 

interval index, and an interval length. In addition, auxiliary repeating intervals have an 

• interval count. Since a tracker may calculate the frame ID using the GPS second, the 

repeating interval index may also be calculated using the repeating interval length and the 

frame ID. Trackers will transmit their tracking information in their assigned slot during 

the frame when the (frame ID) mod (interval length) is equal to their assigned interval 

index. Auxiliary repeating interval updates are provided by trackers an interval count 

number of times. Trackers that are assigned an auxiliary repeating interval with an interval 

count of -1 will provide tracking updates indefinitely during their assigned repeating 

interval. 

As noted above, very long update intervals -- e.g., longer than 3600 seconds -

may be handled by polling. Trackers having such long update needs do not have an 

assigned continuous repeating interval, but transmit only on command from the NDC 

server. Tracker update repeating interval rates are summarized in Table 34 (Appendix B). 

Since slots within a frame are dynamically associated with a repeating interval, so 

that trackers with a common tracking update rate may share a slot across an interval of 

time, the NDC server uses a set of repeating interval slot assignment algorithms to 

dynamically associate slots with repeating intervals, as follows. 

Initialization: 
Make all slots network entry slots. 

Add a tracker to a desired repeating interval for a desired interval count: 
I) Add tracker to best available repeating interval: 

• Search for a slot associated with the desired repeating interval with 
the least amount of space available, 

• If an available repeating interval is found, add the tracker to the 
repeating interval for the desired interval count and set interval 
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status equal to assigned, 
• If tracker was not added to a repeating interval, go to step 2, 
• Else, grant request. 

2) Associate desired repeating interval with an available network entry- slot. 
0 Search for an available network entry- slot, 
• If an available network entry slot is found, associate the slot with 

the desired repeating interval, 
• Else, if repeating interval * to frame cycle length, change desired 

repeating interval to next available repeating interval. Go to step 1. 
3) Add tracker to the interval associated with a slot in step 2. 

• Add tracker to the interval for the desired interval count, 
• Grant request. 

Find the tracker ID for a received packet ( and decrement interval count if 
necessary): 

packet. 

1) Use the packet's slot number to determine if the slot is associated with a 
repeating interval. 
2) If the slot is associated with a repeating interval, determine the tracker ID using 
the interval inde~ reset the missed update count, decrement the interval count if 
necessary, set the interval status to active, and :free slot if necessary. 

• Compute the interval index: (packet frame ID) mod (interval length) 

• Use the interval index to determine the tracker ID. 
• Set the missed update count to 0. 
• If interval count is* to -1, decrement the interval count. 
• If interval count = 0, remove tracker from repeating interval. If no 

other trackers are associated with this slot's repeating interval, 
convert this slot to be a network entry slot. 

3) Else, the slot is a network entry slot. The tracker ID should be in tracker 

Process empty slot: 
I) Use the missed packet update slot number to determine the slot type. 
2) If the slot is associated with a repeating interval, increase the tracker's missed 
update count. 
3) If interval status= assigned or interval status= active, poll tracker. 
4) If interval status= assigned, re-broadcast repeating interval slot assignment. 

Remove tracker from repeating interval: 
1) Search for slot associated with the tracker's repeating interval. 
2) Remove tracker from repeating interval. 

• Set interval status = empty. 
• Send base packet to tracker to purge assigned repeating interval. 

3) Ifno other trackers are associated with tbis slot's repeating interval, convert 
slot to be a network entry- slot. 

The NDC server 42 maintains information in memory regarding the relationship 
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between trackers, slots, and repeating intervals, as a form of repeating interval slot 

assignment storage. FIG. 10 is a diagram that illustrates the repeating interval slot entity 

relationship, with the diagram notations that: 

box= entity oval = attribute 
double box= weak entity underline = key 
diamond = relationship dashed underline = partial key 
double diamond = weak relationship dashed oval = derived attribute 

(~ y) = (minimum,, maximum) 

Also, uncaptured constraints are as follows: 

1 <= interval length <= frame cycle length 
Interval length is a divisor of the frame cycle length 
Interval index= (Frame ID) mod (interval length) 
If the interval count= -1, trackers provide updates indefinitely. 
Interval status = { empty, assigned, active, inactive} 
Interval type = { main, auxiliary, none} 

Thus, for example, the "Requests Network Entry in" relationship ( diamond 100) in 

FIG. 10 indicates that trackers may request network entry in slots (double box 101) that 

are not associated with a repeating interval ( double box 102). Hence, trackers must be 

notified of valid nenvork entry slots before they attempt to request network entry. And 

the "provides updates in" relationship (diamond 103) indicates that trackers provide 

tracking updates in repeating intervals (double box 102). In addition, attributes such as 

interval type (oval 104), interval count (oval 105), interval status (oval 106) and missed 

update count ( oval 107) are associated with this relation. Interval count indicates the 

number of repeating intervals a tracker should transmit its tracking information. Missed 

update count indicates the number of successive times a tracker has missed providing its 

tracking update during its assigned repeating interval. Interval status is an enumerated 

type that indicates if an interval is empty, assigned, active, or inactive. Interval type is an 

enumerated type that indicates if a repeating interval with a non-empty status is a main or 

auxiliary interval or no interval is assigned. 

The tracker message block format of the data transmitted by the trackers consists 

of an error coded and bit-interleaved data block. Since the UHF transmitter/receiver 

requires that the data contain :frequent state changes so that the phase-locked-loop (PLL) 

does not chase the data, the transmit data is Miller line encoded to ensure such state 
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changes content. 

The basic data size requirements for information transmitted by the trackers, and 

the minimum space requirements for tracker state, network status, and network command 

responses are defined as follows. Tracker state consists of position, speed, and direction. 

As previously stated, the PROTRAK system navigation grid for the presently preferred 

embodiment is about 262 Km on a side. The grid is broken down into 1024 8.192 Km by 

8.192 Km grid zones. The position supplied by the tracker consists of a grid zone and an 

offset into the zone from the southwest comer. The nominal navigation grid is square, but 

other forms such as odd-shaped grids may be used if desired or more suitable in a 

particular system/network configuration. The odd shaping may be accomplished by 

arranging zones in unique patterns. 

FIG. 11 is a diagram of a nominal navigation grid, for a latitude of 45 degrees at 

the center. It should be noted that in practice (but not shown in the idealized Figure) the 

curvature of the earth causes the grid to be wider in latitude at the north than in the south. 

The lines of constant longitude bounding the grid are about 3 Km closer together at the 

north end than at the south end of the grid. 

For a given grid, the grid center latitude and longitude (<p0 , A0) is provided to the 

trackers by the NDC in the grid identification packet. The tracker computes its latitude 

and longitude, (cp, l), and then computes the offset from the grid center: Acp = cp - <p0 

and Al = l - .11.0• The north and east delta positions from the grid center are: 

AN=p0Acp 
AE = v oAA.cos( cp) 
where Po and VO are the earth radii of curvature: 
V0 = a/sqrt(l-e2sin2(cp0)) 

Po= Vo(l-e2)/(1-e2sin2(q>0)) 

where a is the earth semi-major axis and e is the earth eccentricity. 

For example~ the lower left comer of the 8.192 Km square containing the position is: 

.MvsK = floor(M/8192) 
AE8K = floor(AE/8192) 
The offset into the square is: 
ANOff= AN - 8192(M8Jd 
AEOff= AE - 8192(.dE&:) 

For the nominal square navigation grid, the 8 Km zone number is computed as 

Z= (16 + AEsld + 32(15 -AN8;J 
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The NDC computes the original latitude and longitude by adding the north and east offsets 

to the north and east coordinates of the SW comer of the zone indicated by the tracker 

using the following equations: 

llN8K = 15 - (Z/32) 
M 8K= (Z mod(32)) -16 
llN= 8192(llN8Id + Mo.ff 

M = 8192(Maid + Mo.ff 

Then it computes latitude as: 

<I>= <l>o + 8N/po 
Then longitude may be computed as: 

A= A.0 + M/(V0cos(<p)) 

The :full latitude and longitude are provided to the applicable CCS by way of message data 

from the tracker to the Network Hub( s ), which is forwarded on to the NDC and then to 

the customer site. 

The amount of data required to describe the tracker state is 48 bits. The zone ID 

number requires 10 bits. The north and east offsets "\vithin the zone each require 11 bits 

for a resolution of 4 meters. Speed requires 7 bits for a resolution of 0.5m/sec ( about 1.1 

mph) and a maximum value of about 143 mph. Heading requires 7 bits for a resolution of 

0.015625 semicircles (about 2.8 deg). Two state data validity bits are defined. Two 

additional spares can be provided to make the state data fit simply into a 48 bit "Tracker 

State Data Blockn ( of which Byte/Bit Definitions are summarized in Table 35). 

A '"Reduced State Data Block'' (Byte/Bit Definitions summarized in Table 36) is 

required so that trackers may provide their full tracker ID number, respond to user 

messages and/or NDC Commands, and provide user data. This data block contains only a 

low-resolution position (8 meters), and requires 34 bits. 

A "Network Status Code" (Definitions in Table 37) is used by trackers to enter 

and exit the RF network. Additional codes may be provided to automate tracking service 

changes. In the present exemplary embodiment, nine network status codes, out of an 

available total of 32, are defined. 

Most data packets provide room for customer defined data to be provided to 

CCSs. The NDC simply passes the data through to the customer, the content of the data 

being specific to the needs of the respective customers. The user data consists of a 
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minimum of 1 byte, and may be as long as a full tracker transmit packet. All of this is 

defined by the user, and the user data is referred to here as the 'V ser Data Block.,, 

Text messages, pre-defined messages, user data, and site dispatch messages are 

acknowledged by trackers to indicate their receipt. In additio~ text messages, pre-defined 

messages, and site dispatch messages may require two responses, one being a return 

receipt that indicates when the message was read, and the other indicating the recipient's 

softkey response. Acknowledgments/responses are sent to the NDC Server in a "Message 

Acknowledgment/Response'' Block (Table 38). 

A packet ID number is used to identify each packet. The packet ID requires 4 bits 

for a total of 16 different packet types. The first 4 bits of each packet are reserved for the 

ID Block. 

Tracker data packet formats include the following. The tracker transmit data block 

consists ofa single data packet, each of which is 96 bits long for a (12,8) error coded 

block. Initially, all trackers must send a "Net Entry Requesf' Packet to enter the RF 

network. The latter packet allows trackers to request their main repeating interval slot or 

a single auxiliary repeating interval. 

Once in the RF network, trackers can send a variety of different packet types 

depending upon the tracker state. The normal packet used by periodic trackers is a state 

and status packet. A short state and status packet is also used by trackers when the NDC 

Server requests trackers to provide their tracker ID number. Trackers needing to send a 

large amount of user data may use the "User Data" packet and/or "Short User Data,, 

packet during its repeating interval. "When trackers need to send their tracker ID number, 

position information, and user data, a ''Reduced State User Data and Status"' data packet 

may be used. Trackers needing to acknowledge user data or acknowledge/respond to 

text/pre-defined messages may use 'Message Response" and '1Jser Data" packets. 

Tracker packet types are identified by packet ID, with space being provided for 16 

different packet types (summarized in Table 39). Unused or spare data bits and bytes in 

the packets are set to zero. Packets consist of bit-packed data blocks, each of which has 

been defined earlier herein. 

A "Net Entry Request" packet (Bit Definitions shown in Table 40) is used by 

tracker modules to enter the RF network. Trackers may request their main repeating 
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interval slot or a one-time auxiliary repeating interval slot. Before a tracker is allowed to 

send such a request, it must receive an c'Available Network Entry Slots" base packet and 

continue to successfully receive the FM base broadcast until it sends a "Net Entry 

Request" packet. Of the network entry slots available, trackers will generate a random 

number to select the next frame to send the request and generate a second random number 

to select an available slot. For each random number generated, the trackers may use their 

tracker ID. If a tracker does not receive a repeating interval (RI) slot assignment within 

60 seconds after sending a network entry request, it resends the request. 

Since it is possible that multiple trackers may talk within the same slot, the "Net 

Entry Request" packet indicates the RI slot type and tracker ID multiple times to allow the 

NDC server to determine if the packet is valid. Trackers must purge their main RI slot 

prior to sending a "Net Entry Request'' packet. For example, a tracker that has been in 

"low-power" mode will purge its low power slot before sending the net entry request. 

This rule allows the NDC server to release re-assigned RI slots associated with a tracker 

requesting net entry. 

A ''State and Status'' packet is the normal packet transmitted by periodic trackers. 

This packet contains full resolution tracker position, velocity, network status information, 

and five user data bytes. The "State and Status'' packet bit definitions are shown in Table 

41. 

A "Reliable User Data'' packet (Bit Definitions in Table 42) provides several bytes 

of user data. Instead of providing position information during its assigned repeating 

interval, a tracker may utilize this user data packet to send ten user data bytes at one time. 

If necessary, a one-time repeating interval slot may be requested to send/resend this 

packet. 

Upon receipt of a "Reliable User Data" packet, the NDC server broadcasts a 

'7¥essage Response Acknowledge" message with the same User Data Sequence ID. 

Trackers must retain a copy of each "Reliable User Data" packet until the NDC server 

successfully acknowledges it. If an acknowledgment is not received within 2 minutes, the 

tracker will resend the user data packet. 

A «Short State and Status" packet (bit definitions illustrated in Table 43) is 

broadcast by trackers during their normal transmission slot when the NDC Server requests 
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that trackers send their status. It contains full resolution tracker position,, velocity, one 
user data byte, and network status information. 

A 'Reliable Short User Data" packet (Table 44 showing its bit definitions) is 

transmitted to provide several bytes of user data. Instead of providing position information 
during its assigned repeating interval, a tracker may employ this user data packet to send 

six bytes of user data at one time. Upon receipt of a 'Reliable User Data" packet, the 
NDC server broadcasts a "Message Response Acknowledge'' message with the same User 

Data Sequence ID. Trackers must retain a copy of each "'Reliable User Data'' packet until 
the NDC server successfully acknowledges it. If an acknowledgment is not received 

within 2 minutes, the tracker resends the packet. 

A "Reduced State User Data and Status" packet (bit definitions shown in Table 
45) is used by trackers to provide a reduced state and status with user data. The packet 
contains network status, the full tracker ID number, reduced state data, and user data. 

A 'Message Response and User Data" packet (bit definitions shown in Table 46) 
is broadcast during a tracker's normal transmission slot. This packet provides both an 

aclrnowledgment/response and user data. If necessary, tracker modules may elect to 

request a single slot to provide this response to the NDC server more quickly than waiting 

for their normal transmission slot to send the packet. Single slots may be assigned to a 
tracker using a "Net Entry Request" packet. 

A «Short Message Response and User Data'' packet (Table 47) is broadcast during 
a tracker's normal transmission slot when the NDC server requests that trackers send their 

tracker ID. This packet contains the full 30 bit tracker ID, an acknowledgment/response, 
and user data. As in the case of the regular "'J\1essage Response and User Data'' packet 

discussed above, if necessary trackers may elect to request a single slot to provide this 
response to the NDC server more quickly than using their normal transmission slot. Single 
slots may be assigned to a tracker using a 'Net Entry Request" packet. 

A "Site Dispatch'' message from the customer dispatch office (through a CCS) 

indicates to the tracker the area of a job site. Consequently, the tracker is able to 

determine when the tracker has arrived at or departed from a job site. A "Site Status" 

packet (Table 48) is used by a tracker to indicate job site arrival/departure. This packet 

indicates the tracker ID, message sequence ID ( originally associated with the site dispatch 
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message), arrival/ departure status, time of arrival/departure,. the source of arrival/departure 
status, and user data. 

Geocoding with mapping data may not always be accurate. Hence, it is not always 
possible to determine if a tracker has reached the job site using the expected 

latitude/longitude for an address. The tracker sends a "Site Status" packet based on 

latitude/longitu4e if arrival/departure occurs (using the latitude/longitude values in the 
"Site Dispatch'' message) to allow the user to manually indicate arrival/departure. The site 
source bit in this packet indicates how arrival/departure was determined. Initially, the 
"Site Status" packet may be sent twice for anival and twice for departure using the two 
status sources. If necessary, here also the trackers may elect to request a single slot to 
provide this response to the NDC server more quickly than would occur using their 
normal transmission slot. Single slots may be assigned to a tracker using a ''Net Entry 
Request" packet. 

A '<_Built-In Test" (BIT) tracker packet is sent to provide the NDC with 

information about trackers to aid in system testing and to determine whether trackers are 
functioning properly. · At a rate specified in the "RI Slot Config'' base packet, trackers 
provide one of the valid '"BIT" packets in an auxiliary slot requested by each tracker. 
Each cnIT" packet type should be sent in rotation. If necessary,, the «BIT' packet type 

rotation may be modified to supply urgent built-in test information. The bit definitions for 
the '"BIT'' Packet are shown in Table 49, and the various types of '':BIT" packet data 
blocks are shown in in Tables 50 (Network and RF System, Type= 0), 51 (Vehicle and 

Environment,. Type= 1), 52 (Navigation, Type= 2), 53 (Version, Type= 3), and 54 
(Ready Mix, Type= 4). All values supplied in a '':BIT" packet data block indicate the 
values recorded since the last '':BIT'" packet of the same packet type was supplied to the 
NDC server. 

When a tracker receives a pre-defined message, discussed earlier herein, it displays 
the known message associated with the specified pre-defined message ID/16 bit CRC. 
However, if the tracker does not know the message associated with that ID, or determines 
that the CRC of the known message does not match the CRC in the received packet, it 

may request the message definition by transmitting a "'Pre-Defined Message Definition 
Request" packet. For more efficient use of bandwidth, this packet may be sent by the 
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tracker in a network entry slot. 

When the NDC server receives this request packet, it broadcasts a '<pre-Defined 

Message De:finitionn packet (Table 55) that provides the tracker with a pre-defined 

message ID/message pair. Since pre-defined messages are defined on a customer-by

customer basis, all trackers associated with the same customer benefit from this message 

definition packet. Hence, trackers need not always request the message definition packet 

from the NDC server even when they receive a pre-defined message ID for the first time. 

V. Time Division Multiple Access (TDMA.) Nenvork Timing 

As has been discussed hereinabove, a feature of the IDMA network is that it 

allows multiple users of a single channel or frequency by assigning specific time slots to 

each user to use exclusively for transmission of data. Efficient use ofbandwidth in such a 

network requires that the gap times between transmissions of each user, which is wasted 

time, be minimized. The gap time must be sufficient to account for uncertainties in user 

clocks, propagation delays, and transmitter turn-on and turn-off times. Minimization of 

clock uncertainty is a primary objective of this aspect of the invention. 

Transmitter on/off times are a :function of the electronics hardware. In the overall 

system, the vehicle computer network interface hardware is optimized to tum on and off in 

less than 128 microseconds. Minimization of propagation delays is limited by speed of 

light delays between vehicles and hub receive sites. Approximately 800 microseconds are 

allotted in the network for worst case near/far vehicle locations of 240 kilometers. With 

these parameters fixed, then, attention is turned to minimizing the clock uncertainty. 

The simplified block diagram of FIG. 1, described earlier herein but to which 

reference is again made for purposes of the present discussion, illustrates the entire TDMA 

wireless network utilized in the exemplary embodiment of the invention. NDC 10 

maintains precise synchronization of the vehicles 17-1, 17-2, ... , 17-n on-board trackers 

and the Network Hubs 11-1, 11-2, ... , 11-i to enable operation of the TDMAnetwork. 

Synchronization of the timing of the trackers with each other and with the Network Hubs 

which receive the data transmitted by the trackers is achieved through the reception of a 

synchronization pattern in the data transmitted over the modulated subcarrier broadcast 

from FM radio station 12. Receivers in the NDC, the trackers and the Hubs receive the 



5 

10 

15 

20 

25 

30 

WO 01/46710 PCT/US00/33272 

51 

FM subcarrier data, and these units align their internal clocks to synchronization pulses 

contained in the data. 

The error budget for clock synchronization between each vehicle ( or more 

specifically, the tracker thereof), e.g., 17-1, and the Net Hub sites, e.g., 11-1, is 10 

microseconds. It is essential that trackers have the correct time within this window, or run 

the risk of transmitting at the same time as another tracker, reducing the likelihood that 

either transmission will be correctly received. Similarly, if Hub receivers (e.g., 81, FIG. 

31) lack the correct time within the 10 microsecond window, they may not activate at the 

correct time to receive tracker transmissions. 

The internal clock reference for each network component, SCC, tracker, Hub 

receiver, and NDC receiver, in the exemplary embodiment is a temperature compensated 

crystal oscillator (TCXO) with 1.5 ppm frequency stability. This means that the clock will 

generate less than 1.5 microseconds of error in one second; however, the 10 microsecond 

error budget would be violated in seven seconds of free running operation. Clocks in all 

of the vehicle and receive sites will drift at different rates and different directions. A stable 

clock reference is required to keep all of the clocks synchronized to each other. A GPS 

receiver located at the NOC as opposed to the transmitter site, is the stable time reference 

for the TDMA network. 

FIG. 12 is a simplified diagram of the timing control loop 110 -- a remote timing 

control phase locked loop (PLL) -- for the TDMA network. Timing control loop 110 

includes a GPS receiver 111 time reference, an FM subcarrier receiver 112, and the NTCC 

47, all located at NDC 10 (here and occasionally elsewhere herein referred to as the 

Network Control Center). PLL 110 also includes SCC 48 at the FM radio station 12 to 

control the timing of the transmitted data, and subcarrier modulator 68 to provide the data 

to the mixing equipment in a transmitter 113 at the radio station, for broadcast on FM 

subcarrier signal 114 via transmitter tower 53. 

Crystal oscillators (including TCXOs) are relatively accurate time sources, but drift 

over time without periodic correction. The GPS receiver 111 acts as a stable, precise time 

reference for the TDMA network timing synchronization, that provides a Pulse Per 

Second (PPS) on a discrete output interface. The PPS is at a GPS time indicated by a 

message in the serial output interface of receiver 111, typically on integer second 
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boundaries, and is typically accurate to about 300 nanoseconds when subject to Selective 

Availability introduced into the GPS satellite signals 115. 

FM subcarrier receiver 112 at NDC 10, which is identical to the FM subcarrier 

receivers used by the trackers and the Network Hubs, receives the synchronization pulses 

from SCC 48 in the FM subcarrier signal 114. The same hardware ensures that variation 

in delay through the receivers is minimized. The subcarrier receiver 112 determines the 

time of reception of the synchronization pulses relative to the reception of the PPS from 

GPS receiver 111. The difference dt between the average time of the synchronization 

pulses and the time of the PPS is provided through a serial interface 116 to NTCC 47. 

The NTCC software processes the time difference, and computes in different ways 

depending upon its mode of operation a time correction command to be sent to SCC 48. 

In its normal, continuous mode, time corrections are computed using a low bandwidth 

control loop. 

Every second, SCC 48 sends a new block of data which is slightly shorter than one 

second in length, leaving a very short gap in the data from one second to the next. A 

sequence of three synchronization pulses is present at the start of the data. SCC 48 

applies the received time correction commands to the time at which it starts sending the 

next block of data. The gap between data blocks allows the start time of the data to be 

adjusted to be earlier or later than the interval used by SCC 48 at the time the command 

was issued. 

FIG. 13 illustrates the three time synchronization pulses 120,. 121, 122 of precisely 

timed length of964.8 microseconds with a precise interval of750.4 microseconds, 

transmitted by the SCC 48 (FIG. 12) at the start 125 of each second's data. The transmit 

data 126 immediately follow this synchronization sequence and last for 986240 

microseconds. The resulting gap 127 -- roughly 8600 microseconds long; but varying in 

length as time corrections sent from the NTCC 47 to the SCC 48 (FIG. 12) are applied-

occupies the remainder of the one second interval to the start 128 of the next one second 

interval. 

The NTCC software performs synchronization of the network to GPS time, 

illustrated by the process flow charts of FIGS. 14A-D. The NTCC runs through four 

operational modes of time alignment, viz.: Initialization (FIG. 14A), Coarse Offset (14B), 
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Coarse Rate (14C), and Fine Rate (14D). In the Initialization mode (FIG. 14A), NTCC 

47 (FIG. 12) ensures that the clock interval reported by SCC 48 is within IO ppm of the 
nominal one second count. Under normal circumstances, the SCC clock interval should be 
within 2.2 ppm, which is the root sum square (RSS) of the 1.5 ppm accuracy of the SCC 
and subcarrier receiver clocks. If it is outside the 10 ppm window, NTCC 47 commands 

SCC 48 to adjust its clock interval to the nominal value. The SCC waits for each 

command to take effect, and when it is within tolerance, sets the time alignment mode to 
Coarse Offset. 

In the Coarse Offset mode (FIG. 14B), NTCC 47 takes three samples of the time 

difference dt between the PPS from GPS receiver 111 and the synchronization pattern 

received at FM receiver 112 from the FM subcarrier. An average offset from GPS time is 
computed ('Edt/3) from the three values. If the magnitude of the offset is greater than or 
equal to 100 µsecs, a command is sent to SCC 48 to shift the start time of the 

synchronization pulse sequence by the offset amount. NTCC 47 then waits three seconds, 
repeats the process until the 100 microsecond tolerance is achieved, and then sets the time 

alignment mode to Coarse Rate. 

The Coarse Rate mode (FIG. 14C) is used to bring the SCC time offset and clock 

interval into near alignment in preparation for closed loop operation of the Fine Rate 

mode. The time difference dt reported by the subcarrier receiver 116 is sampled each 

second for 20 seconds, and a least squares linear fit to the 20 samples is performed. The 
result of the fit is a line with slope m and offset b: 

dt=mt+ b 

where dt is a function of time, t. A rate command is sent to sec 48 to correct m to zero. 

Then an offset command is sent to the sec which compensates for the time required for 
the fit to be computed and the time required for the command to take effect -- a total of 23 
seconds: m(20+3) + b. Once the average offset from the last three samples is under 20 
microseconds, the time alignment mode is changed to Fine Rate. 

In the Fine Rate mode (FIG. 14D), the NTCC runs a low bandwidth PLL to 

continuously control the network timing and monitors the control loop for error 

conditions. The values of dt, offset and rate of the SCC clock are continually monitored 
by NTCC 47. If the value of dt is in error by more than 40 microseconds for three 
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consecutive samples, and the average offset is in error by more than 16 microseconds, then 

the time alignment mode is set back to Coarse Offset, and the synchronization flag is 

cleared. A least squares fit is continuously run on the clock error signal. If the average 

value is in error by more than 8 microseconds or the rate is in error by more than 1 ppm 

for 5 samples in a row, then the mode is set back to Coarse Rate, and the synchronization 

flag is cleared. If both of those conditions are met when the loop is not synchronized, then 

the synchronization flag is set. 

A block diagram of the timing control PLL 110 in FIG. 15 mathematically 

illustrates the functions of the subcarrier receiver 112, NTCC 47, and SCC 48 in 

performing timing control. The closed loop bandwidth of the PLL is about 0.014Hz, 

(roughly a 70 second period). NTCC 47 continuously samples the dt output of subcarrier 

receiver 112 and runs the PLL controller 130 to generate rate commands to send to SCC 

48. The rate commands serve to correct for small clock errors 131, 132 in the TCXOs of 

SCC 48 and subcarrier receiver 112. 

Each computer receiving or transmitting on the TDMA network in the present 

exemplary embodiment uses a Motorola 68332 microcontroller -- a 32 bit processor with a 

68020 core with on-chip server peripherals. One of the peripherals is a Time Processing 

Unit (TPU, e.g., shown in conjunction with processor 83 in the Hub block diagram of 

FIG. 30), which has 16 channels of specialized hardware for measuring pulse widths and 

generating clocks. With a 20 MHz clock, it can make measurements with a resolution of 

0 .2 microseconds. The TPU is used to detect the FM subcarrier synchronization pulses 

and generate the precise clocks for transmitted data, both on the subcarrier and by the 

vehicle tracking computers in the TDMA network. 

In so doing, the TPU detects and times the synchronization pulse pattern 

transmitted over the FM subcarrier. Processing in this regard performed by the NDC 

subcarrier receiver, the tracker, and the Network Hub receivers is virtually identical. The 

CPU runs two timers, viz., a 2048 Hz clock for task scheduling and the internal TPU 5 

MHz clock (system clock divided by four). For timing purposes, the 2048 Hz clock is 

used to account for ambiguity in the TPU time due to rollover of its 16 bit counter every 

13 milliseconds. TPU channel function assignments are shown in Table 56 (Appendix B). 

Referring to that table, in operation of the TPU for synchronization and clock 
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generatio~ the synchronization pulse sequence is detected by running a Period/Pulse 

Width Accumulation (PPWA) function on TPU channel 4. The TPU interrupts the 

processor on each falling edge detected in the input data and provides the processor with 

the time of the falling edge and the preceding pulse width. When the processor detects 

three pulses of the appropriate width and spacing, within a tolerance window, it 

determines the start time of the synchronization in TPU counts based on the average 

falling edge time of the received pulses. The tracker has two receivers for FM data. 

Depending on the quality of signal available at either antenna, it may attempt to detect the 

synchronization sequence on the second channel using the method described immediately 

above with TPU channel 11. 

The start of the synchronization pattern is used as a reference by all receivers to 

generate the data clock necessary to clock the FM data into shift registers and into the 

processor memory for decoding. An identical synchronization algorithm is used by all of 

the network elements to ensure that variability in time estimates is minimized. An estimate 

of the synchronization start time is maintained by the CPU using a low bandwidth PLL 

similar to that used by the NTCC to control the synchronization relative to GPS time. The 

CPUs in the tracker, Network Hub, and NDC subcarrier receiver all run a second order 

PLL with a O. 05 Hz bandwidth to create an estimate of the synchronization start time, so 

that noise in the receive data does not cause substantial jitter in the synchronization time. 

It also allows the processor to maintain a time estimate that only degrades slowly in 

accuracy (TCXO error) when synchronization pulses are missed, thus maintaining the 

capability to receive and transmit data under poor RF reception conditions. The time 

estimate is used to start the data clocks using four TPU channels. 

TPU channel 5 runs an Output Compare (OC) function which is designed for 

generating single output transitions or continuous clocks. Using the synchronization time 

estimate, the CPU programs the channel to output a pulse at a precise delay from that 

time. TPU channel 6 runs the Input Transition Capture/Count (ITC) function which is set 

up to detect changes on an input line and interrupt the processor and/or initiate processing 

on other TPU channels. In this case it detects the pulse from channel 5 and starts OC 

functions on channels 7 and 8 which generate a bit clock and a byte clock. The bit clock 

toggles for each receive bit and causes each bit to be shifted into a shift register. The byte 
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clock runs at one eighth the rate of the bit clock and latches the byte into processor. Once 

all of the data bits are clocked ~ the processor turns off the clocks in the gap time before 

the next second's data. 

As previously described here~ the NDC subcarrier receiver 112 (FIG. 12) 

compares the received synchronization time to the PPS time from GPS receiver 111 to 

provide the dt measurement to the NTCC 47 software. The precise measurement of dt is 

made by connecting the PPS output signal from GPS receiver 111 to TPU channel I I on 

the subcarrier receiver CPU. Channel 11 runs an ITC function which detects the pulse and 

interrupts the processor. The processor records the PPS time. Under normal conditions, 

the three synchronization pulses are then detected on channel 4, and the synchronization 

time is computed. These times have a precision of0.2 microseconds and an accuracy of 

the TCXO, 1.5 pp~ the dt being simply the difference between the times. 

Trackers use the synchronization time estimate as a reference for starting the 

transmit data sequence. Approximately one second before the time slot assigned to a 

tracker occurs, the CPU sets up processing tasks to format data to be transmitted, loads 

output buffers, and initializes TPU channels. TPU channel O runs an OC function that is 

initialized about 6 milliseconds before the transmit sequence is to begin. This channel 

asserts the transmit key line of the RF card and also initiates the chain of other TPU events 

required to transmit data in the TDMA network. The OC function generates a single 

transition at the start of the appropriate 20 millisecond time slot, turning on the 

transmitter. This signal is also fed into channel 1 of the TPU which runs the ITC :function. 

The detection of the transition on channel O starts a transmit data clock on channel 2, 

delayed by 96 microseconds to allow the transmitter power to stabilize. The clock 

transmits data from a shift register on the TPU, a queued serial peripheral interface (QSPI, 

e.g.,. see processor 83, FIG. 30). The clock is also fed into TPU channel 3, which runs an 

ITC function to count the number of bits transmitted. The transmit bit count is used by 

the processor to refill the QSPI output register based on an interrupt from. the ITC when 

the desired output count is reached. The CPU also turns off the OC transmit key on 

channel O by scheduling an opposite transition 19200 microseconds after the key signal 

was asserted. 

The Net Hub receive site CPU uses the TPU to generate the framing information 
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to denote the start of each 20 millisecond TDMA time slot. Based on the estimated 

synchronization start time, the CPU sets up an OC :function on a TPU channel to toggle at 

precise 20 millisecond intervals. This signal controls processing start times for a digital 

signal processor (DSP) to clock and data recovery on any data received in each slot. In 

this case, the TPU cannot be used to generate the data clock because the speed oflight 

delays from vehicle-mounted trackers to the Hub receiver are variable and unpredictable. 

The DSP processor ( e.g., 80, FIG. 30) performs batch processing on the prior slot's 

recorded data, while data for the current slot is stored into a bank of memory. On the next 

slot interval toggle, the DSP switches banks, and the new data is stored in the bank just 

processed. 

The SCC is the generator of the synchronization pattern in the FM broadcast data 

that is used by the other elements in the system as a precise time reference for operating in 

the TDMA network. The SCC uses the same sequence of TPU :functions on channels to 

send its data to the FM subcarrier modulator as the tracker uses to transmit data in the 

TDMA network. The differences are that the SCC transmits for nearly one second., and 

the start time of the transmission is controlled by command from the NTCC over a modem 

link. The SCC runs on a 1 O MHz TCXO instead of a 20 MHz clock, so its time resolution 

is 0.4 microseconds instead of0.2 microseconds. 

Near the beginning of each integer second, the SCC receives a clock correction 

command from the NTCC and the data to be transmitted on the next second. While it is 

receiving these data, the SCC is transmitting the current second's data. The SCC formats 

a bit stream that includes the synchronization pulse sequence at the start, followed by the 

data. At the end of the current data transmission cycle, the CPU sets up TPU :functions 

and loads the output buffer ( also the QSPI) with the data to be transmitted. An OC 

:function is initialized to toggle at the current one second interval count of the TPU, as 

modified by the NTCC command. 

The NTCC command can be either a one-time offset during initial time alignment 

of the SCC> or a rate adjustment command during normal Fine Rate time alignment mode. 

For example, the nominal TPU count for a one second interval on the SCC is 2500000. If 

the NTCC determines that the SCC clock is fast by 0.4 ppm, it will send a rate adjustment 

command to the SCC to lengthen its count by one to 2500001, so the fast SCC clock must 
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count one additional 0.4 microseconds to reach a true interval of one second. The SCC 

uses this interval until corrected again by the NTCC. 

As with the tracking computer, an ITC function on another channel is used to 

detect the OC transition and initiate an OC continuous bit clock on a third channel. A 

fourth channel counts bits transmitted and refills the QSPI buffers as required. Once all of 

the bits are transmitted, the CPU turns off the output clock and starts a repeat of the 

process. 

VI. Bandwidth Efficient Wireless Transceiver System 

As observed in the above section on the TDMA networ~ the efficient use of 

bandwidth is essential for wireless TDMA digital data networks. The techniques 

employed according to another aspect of the invention, to be described in this section of 

the specification, maximize efficiency by filtering the baseband data to reduce the occupied 

bandwidth of the channel and eliminating the transmission of synchronization information 

to minimize the overhead of non-information bearing data. The baseband filter is 

implemented by a digital microcontroller and replaces the original square wave data stream 

with deterministic transitions that reduce harmonic content and maintain bit widths, 

regardless of data input frequency. Removal of synchronization data is enabled by the 

addition of processor intensive clock and data recovery algorithms at the receive site. The 

network also uses forward error correction coding and space diversity processing, 

according to other aspects of the invention, to increase the reliability of received data 

which reduces bandwidth used for retransmission of corrupted data. 

The TDMAnetwork of the exemplary embodiment is split into 50 vehicle transmit 

time slots per second. By means described in the preceding section of this specification, 

the trackers and Net Hub receiver computers are all synchronized within a few 

microseconds of timing accuracy so that gap times between the 50 time slots are at a 

minimum. The trackers maintain an accurate time count to determine the point in time at 

which a data packet is to be transmitted. Processing performed by the trackers to transmit 

the data packet includes Forward Error Correction (FEC) coding, bit interleaving, delay 

line encoding, premodulation :filtering, and Binary Frequency Shift Keying (BFSK). On 

reception of the packet, the Hub computer performs FSK demodulation to an Intermediate 
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Frequency (IF), digital sampling of the IF signal, bit clock recovery, bit synchronization 
using an iterative process, and data decoding. Each second, up to 50 vehicle data packets 

are transmitted to the NDC Network server which combines data from other Net Hub 

receivers in a diversity processing algorithm and performs FEC decoding on the resultant 

data packet. 

FIG. 16 is a block diagram of the transmit TDMA data packet processing 

performed by the tracker (tracking computer) 135 in each vehicle. A data packet 137 

consists of 12 total information bearing data bytes, or 96 bits. The data to be transmitted 

is bitwise packed very tightly in most cases so that there are few wasted bits between data 
item fields. The contents of the data packets sent by the tracker vary depending on the 

type of data the tracker needs to report; the packets typically contain navigation data in 
periodic reporting slots and special data such as event (e.g., what the vehicle is doing or 

encountering) reports, network control information, or outbound message codes in 

auxiliary reporting slots. 

The tracker first performs forward error correction (FEC) coding 138 of the data. 

A (12,8) code is employed which uses codes words that are 12 bits long to encode each 
data byte. This is a modified BCH error correcting code that enables the server to correct 

one bit in each 12 bit code word. The (12,8) code is also used by the Net Hub receiver 
processor in its bit synchronization algorithm to locate the likely start of the data packet by 

selecting the clock offset which minimizes the number of code word errors. The result of 

the FEC coding step 138 is a total of 144 data bits to be transmitted. 

Next the 144 data bits are interleaved, at 139, without which each code word 

would be transmitted in order. Wireless data in mobile environments can be corrupted by 

burst errors which cause several consecutive bits to be received in error. Since the FEC 
algorithm can only correct one bit in each code word, a burst of bit errors would make a 

word uncorrectable. Bit interleaving assures that the first bit of each word is sent first, 
followed by all of the second bits, and so on, to provide some immunity to burst errors. 

This enables the FEC algorithm to correct a burst that destroys all of the first bits, for 
example, since it affects only one bit in all of the code words instead of all of the bits in a 

single code word. In each packet, all of the code words must be successfully decoded to 
make sense of the packet. 
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A unique interleaving scheme is used for the data transmitted by the vehicle tracker 

to enable the bit synchronization algorithm used by the hub receiver to work. Instead of 

the simple ordering of all first bits, all second bits, through all twelfth bits, the ordering 

used is shown in FIG. 17. This provides an interleaving depth of 11 instead of the 12 

possible with simple interleaving, but provides a randomization of the data bits to ensure 

that single bit shifts in received data cause errors in all code words. In FIG. 17, the 

interleaved bit ordering is shown in tabular form: the rows are interleaved 12 bit words, 

and the columns are the bits within the words. Bits are transmitted from left to right and 

top to bottom. The bits of the original FEC code words are identified by the W /B format 

at each interleaved bit position. These are the bits, B, of code word, W. 

Returning to FIG. 16, after interleaving, the CPU encodes the data using a delay, 

or Miller, line encoding algorithm 140. Delay coding is similar to Manchester coding in 

that it guarantees transitions in the encoded digital data. It differs in that it does not 

increase the maximum baud rate of the unencoded data. A disadvantage of the delay code 

is that it is slightly more complicated to encode than Manchester. The delay code replaces 

each '1' in the original data stream with a transition at the mid bit point; the transition 

begins at the previous bit's output level. A '0' in the original data is represented by no state 

change, except if the previous unencoded bit was a '0'. In that case, the second '0' is 

encoded as a state change between bit boundaries. The algorithm ensures that there are 

three distinct bit widths: 1, 1.5, and 2 times the width of the original bits. FIGS. 18A-C, 

which will be discussed further presently, provide a comparison of an original data 

sequence to the delay coded version of that sequence, and an illustration of the filtering of 

the delay coded sequence. 

Returning again to FIG. 16, square wave digital data as with the original data 

sequence and the delay coded version thereof must be filtered so as to round off the edges 

so that harmonics which cause the occupied bandwidth of the transmitted data to be wide 

are minimized. A premodulation filter 141 for the delay coded version is implemented in 

the present exemplary embodiment using a PIC™ 16F84-10I/SO microcontroller (PIC is a 

trademark ofMicrochip Technology Inc. of Chandler, Arizona, manufacturer of the 

device), followed by a digital to analog converter (DAC) 142 constructed using a precise 

resistor network. The filtered, analog representation of the original digital data stream is 
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modulated using frequency shift keying, at 143, and transmitted by the tracker from an 

antenna 145 thereof after amplification at 144. 

The filtering algorithm used in premodulation filter 141 to ensure that there are 

three distinct bit widths: L, 1.5, and 2 times the width of the original bits, is shown in flow 
chart form in FIG. 19. The PICTM microcontroller continuously samples the input digital 

data looking for a transition. When a transition occurs" at 147, the microcontroller 

executes in-line code to rapidly output byte values that represent the transition as a sine 

wave shape to the DAC 142. When the output of the transition curve is complete, the 

microcontroller software goes back to searching for the next input data transition. 

The PIC™ microcontroller digitally replaces each data transition with a rising or 

falling half sine wave, as required. The maximum baud rate of the delay coded data is 

7812.5 bps. This is equivalent to a maximum data frequency of3906.25Hz. In this 

application, the microcontroller runs with a 10 MHz clock, and has an instruction cycle of 

4 clock cycles. The method for the fastest output of data to the DAC requires two 

instructions per point, or 0.8 microseconds. The period of the highest frequency data is 

256 microseconds. Ideally, each transition would be replaced with a 160 point half sine 

curve (128 microseconds divided by 0.8 microseconds per point) so that the highest 

frequency data present would appear to the modulator as a pure sine wave. 

It is not possible to use all of the 128 microseconds to produce the :filtered 

transition output because time must be left for the overhead of transition detection and 

other functions. Therefore, a 150 point transition curve is used. FIGS. 18B and 18C, 

respectively, illustrate the delay coded data and the filtered output created by the digital 

premodulation filter. Each edge in the data in the delay coded version of FIG. 18B is 

delayed by approximately 64 microseconds. Since this filtering delay is constant, it is 

accounted for in the transmit data clocking provided by the CPU. FIG. 20 provides a 

diagrammatic comparison of the approximate power spectrums of the unencoded 137, 

delay coded 140, and filtered data of FIGS. 18A-C. Delay coding concentrates more 

energy at an average of about 3/4 of the maximum frequency. The spectra for two filter 

versions are shown in the diagram of FIG. 20, one being an ideal 160 point transition filter 

148 illustrated for reference purposes, and the other being a 150 point practical 

implementation 141. The latter has slightly higher power between one and three times the 
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fundamental frequency. The filter substantially cuts the channel bandwidth required for 

transmitting the TDMA FSK data, for reasons noted above. 

A digital filter of this type provides the considerable advantage that its output has a 

constant delay, regardless of input frequency, which is equivalent to linear phase delay 

with increasing frequency. This is a property of digital finite impulse response filters. 

Traditional digital or analog infinite impulse response :filtering techniques have nonlinear 

phase, which can distort bit widths as the input frequency varies. Depending on the filter 

cutoff frequency, this can cause intersymbol interference. The constant delay allows 

precise bit widths to be transmitted without distortion. When data with deterministic and 

repeatable bit widths is received, the bits and bit values can be reliably clocked and 

decoded. 

In the UHF transmitter modulator section used in the present exemplary tracker 

data processing of FIG. 16, the microcontroller 141 takes the transmit data (TXD) input 

and provides as output a byte value. That output feeds a Bourns 2QP16TF6235 resistor 

ladder network that acts as DAC 142. Microcontroller 141 also performs the task of 

keying the tracker transmitter based on precisely timed signals from the CPU card 149. 

After :filtering, the data are modulated on a UHF carrier in the 450-470 MHz 

shared use business band on a 12.5 KHz offset channel. The bandwidth control provided 

by the premodulation filter is a key element in allowing a data rate of7812.5 bps on such a 

narrow channel, while using a very simple FSK modulation technique. The modulation 

uses about 2KHz of deviation. The tracker transmitter has a two Watt output. 

Network hub receivers are located around the metropolitan area to receive the 

TOMA transmissions from the vehicle trackers. FIG. 21 is a block diagram of the 

processing performed by each Network Hub 11 on the received RF signals. The UHF 

TDMA receiver front end hardware (RF card 151) is always turned on. Signals received 

at antenna 152 are demodulated at 153 to a 455 KHz intermediate frequency (IF) signal 

which is digitized at 154. The IF frequency is further processed by an application-specific 

integrated circuit (ASIC) 155 that performs digital :filtering and demodulation to a 

baseband signal. At precise 20 millisecond intervals corresponding to the boundaries 

between vehicle transmissions, each 20 millisecond segment of the baseband signal is 

sampled (156) at a high rate and stored in memory. 
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A digital signal processor (DSP) (e.g., 80, FIG. 29) in the CPU section 158 of the 

Net Hub is used to extract the data from the sampled baseband signal. The processing is 

performed in a batch mode on the entire data packet after it has been received. In the 

meantime,, data being received is stored in an alternate memory bank for processing on the 

next 20 millisecond cycle. Batch processing provides for the use of more powerful 

algorithms because then data set can be analyzed in its entirety. Real-time processing 

requires the algorithm to recover data on the fly without the benefit of subsequent input 

data. The DSP performs clock recovery and then locates the data within the 20 

millisecond window. The recovered data are de-interleaved, and the data for all 50 time 

slots are ultimately sent to the NDC Network server for further processing. 

Recovering the data is a processor intensive algorithm. To reduce the number of 

bits transmitted by the vehicles, and therefore increase the number of vehicles that are able 

to report each second, no special bit patterns are sent with the data packet for the receiver 

to detect. Requiring bit synchronization patterns to detect the data also reduces reliability 

in a mobile RF environment because if the bit pattern is corrupted, the message packet 

cannot be recovered, even ifit is received without error. Each vehicle transmission occurs 

at a very precise moment, but its reception is delayed by the speed of light over the 

distance between the vehicle and the hub receiver by up to 800 microseconds. The Hub 

must locate the start of the message within the 20 millisecond window without aid from 

special bit synchronization patterns. For this, it uses an iterative search that sequentially 

clocks in the data at greater and greater delays from the nominal message start time until a 

valid data packet is located. 

First,, the DSP algorithm. recovers the bit clock (160, FIG. 21) for the received 

data,, by differentiating the received data. The differentiated data will have large 

magnitude values at the bit edges. With delay coding, bit edges will be frequent, since 

transitions are guaranteed in the data. The time delay from the beginning of the data set to 

each apparent bit edge is measured, modulo 64 microseconds. The modulo delay is 

averaged to determine a mean data clock edge time that is applicable for the entire data 

set. A mid bit time is computed as a 32 microsecond offset from the average delay. 

With this offset, the data in the buffer is sampled at 15625 bits per second (64 

microsecond intervals). This clock rate is used to recover the delay code, since it has 
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transitions at the mid bit point for ones in the origina,L unencoded data. A total of 288 

delay coded bits are clocked in. 

Delay decoding (161) is performed on the sampled 288 bits to produce 144 

original data bits. Only certain allowable bit patterns are present in the delay code. If a bit 

error causes an invalid pattern, the pattern is decoded to one of the possible bits 

represented by the pattern. If subsequent error detection processing on the decoded data 

indicates an error, the~ if only one ambiguous data pattern was encountered in that 

particular code word during the delay decoding process, the other bit value is used and the 

error detection is repeated. If successfui the second bit value is retained. If more than 

one bit is ambiguous or the second bit also fails to result in valid data, the original value is 

retained, and processing is allowed to move forward. The bit error may be correctable at a 

later stage in the data processing chain. 

The bits are then de-interleaved (162), and the FEC code words are checked for 

errors (163) but not corrected. The interleaving sequence plays an important role in this 

process. Standard interleaving of all first bits followed by all second bits, etc. will only 

cause the first or last code word to be in error if the bit clock is in error by up to 12 bits. 

This makes the use of error detection for aligning the bit clock to locate the correct data 

useless. The interleaving scheme used in this case jumbles the data sufficiently and single 

bit shifts cause all code words to be in error. 

The number of correct code words is counted and stored. The bit clock is then 

shifted ( delayed) by 64 microseconds, and the delay decoding 161, de-interleaving 162, 

and error detection 163 process is repeated (164). In the present exemplary embodiment 

this is done 12 times to cover the entire 800 microsecond range of possible delays. The 

decoded data 165 at the clock offset that has the most correct code words, as determined 

by this processing by the Network Hub 11 of the vehicle 17 tracker data in the received 

RF signals, is packaged for transmission to the NDC server 42 (FIG. 3). 

Each second, server 42 receives data for all 50 time slots from all Network Hub 

receivers. The network is designed so that multiple Hubs will receive each single tracker 

data transmission. This redundant data is combined by the server using a space diversity 

voting algorithm that increases the reliability of received data. A flow chart of the space 

diversity algorithm ofNDC server 42 is shown in FIG. 22, this algorithm being performed 
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for each of the 50 time slots in each one second period. 

Each tracker packet has 12 code words. The server uses the FEC code to detect 

errors in the code words provided by each Hub. If at least 6 code words of the 12 are 

error free (170), the packet is retained for further processing (171). The assumption is 

that if most code words have errors, the probability of successfully recovering valid data 

from the entire packet is low. Once all likely valid packets are collected for the time slot 

(172), one of two processing paths is taken. 

If the time slot is defined for periodic reporting (173), then the diversity voting 

algorithm is applied as indicated in processing path 174. The packets collected in the first 

phase are summed bit by bit using received signal strength reported by the Hub as a 

weighting factor (175). Signal strength is used as an indication of the likelihood that the 

message was received successfully. Set bits in the message packet are added to the sum 

using the positive signal strength; cleared bits are added to the sum using negative signal 

strength (176). As a simple example, consider the three bit sequences below with their 

corresponding signal strengths. After summing, bits with positive valued sums are 

decoded as set bits, and bits with negative valued sums are decoded as cleared bits. If a 

packet contains a bit with a sum of zero ( a tie), the packet is discarded. 

bit 
Packet A: 
PacketB: 
Packet C: 

01234567 
11001010 
11011110 
11001110 

Voting Results: 

Signal Strength: 100 
Signal Strength: 30 
Signal Strength: 80 

bit 0: +100+30+80 = +210 > O => 1 
bit 1: +100+3o+80 = +210 > O => 1 
bit 2: -100 -30 -80 = -210 < O => O 

bit 3: -100+30 -80 = -150 < O => O 

bit 4: +100+30+80 = +210 > O => 1 

bit 5: -100+30+80 = +010 > O => I 
bit 6: +100+30+80 = +210 > o => 1 
bit 7: -100-30 -80 = -210 < O => O 

Voted Packet: 11001110 

After voting, forward error correction is applied to the result to correct remaining 

errors in the code words (177). The (12,8) code allows one error in each code word to be 

corrected. Each packet contains an 8 bit or 16 bit CRC ( cyclic redundancy check) code to 
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verify that the packet is unlikely to have errors (178); however, it is still possible for the 

packet to contain bit errors. The final check on the data consists of verifying the 

reasonableness of the data contained in the packet, and, if so, the packet is stored (179). 

If a time slot is not defined for periodic reporting, it is available for any tracker to 

transmit a 'Network Entry Request" packet to obtain a primary or auxiliary reporting 

interval slot. Vehicles 17 (FIG. 3) near each other that transmit simultaneously will 

almost certainly corrupt each other's transmissions. If they are widely separated, their 

tracker data packets can be received reliably by Hubs 11-1, 11-2, ... , 11-i, near each of the 

vehicles. Server 42 processes packets in these slots individually. In lieu of using the 

diversity voting algorithm, processing proceeds along path 180 (FIG. 22). Network entry 

packets contain redundant data in addition to the CRC, which enables the server to 

determine if the packet is valid with a high degree of confidence. Here, no voting is 

performed but forward error correction (181) and CRC checks (182) are performed, 

followed by a determination of data packet validity from the redundant data in the 

respective 'Network Entry Request" packet (183). If the data packet is determined to be 

valid by this processing scheme, it is stored in memory (184). 

VII. Tracker and Tracker Software 

The primary functions of the tracker installed in each respective vehicle are 

navigation and radio communication. Its secondary tasks are supporting the user interface 

of the Mobile Data Terminal (MDT), discrete and analog data collection, and power 

control ofitse1f and peripherals. FIG. 23 is a representative illustration of an exemplary 

placement of the tracker 135, MDT 190, and antennas (including FM receive antenna 191, 

UHF/FM antenna 192, and GPS antenna 193) on a typical fleet vehicle 195 (illustrated as 

a cement mixer, for example). As illustrate~ the vehicle 195 is further equipped for 

accommodating various sensors for event reporting, which will be described in another 

section of this specificatio~ below. 

A flexible, but efficient real time executive is employed to support the primary 

functions of the tracker. Before describing the real time executive, however, reference is 

made to a simplified block diagram of the tracker (tracking computer) 135 shown in FIG. 

24. It consists of two primary circuit cards or sections: a CPU section 200 and a wireless 
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network interface, or RF, section 201. The CPU section 200 contains the power supplies 

for the tracker, the main microprocessor ( central processing unit, or CPU) 203 to perform 

all data processing, a GPS chip set (including an RF front end component, GP 2010, and a 

correlator component, GP202 l, of an exemplary Plessey chip set) integrated with the 

processor for reception and decoding of GPS satellite signals, and sensor electronics and 

interfaces. The CPU section 200 performs the navigation (partly through GPS navigation 

section 204 but also through dead reckoning and/or map matching or other navigation 

sensors via inputs to CPU 203), as well as data processing and sensor processing through 

the CPU 203. 

Dead reckoning navigation in a land vehicle environment maintains a robust 

navigation solution when GPS data may be unavailable as a result of satellite masking in 

tunnels or by tall buildings during travel of the vehicle or at a job site. A gyroscope (not 

shown) is mounted inside the tracker box to sense angular rate in the vertical axis. The 

tracking computer, which uses angular rate to estimate heading of the vehicle, is also tied 

into a vehicle speed sensor output from the transmission and into the reverse lights of the 

vehicle to indicate if the speed sensed is in the forward or reverse direction. The speed 

sensor is an integral part of other sensor measurement functions that rely on distance 

traveled outputs or verification that the vehicle is stationary or moving at a low speed. 

As will be discussed further in connection with a subsequent Figure, three power 

supplies (generally designated by block 205) are provided on the CPU card 200, one a 12 

VDC supply that provides power to the RF card, a second a 12 VDC supply that provides 

power to the MDT and other external peripherals of the unit, including sensors, and the 

third a 5 VDC supply for the CPU 203 processing functions. 

The RF section or card 201 contains the radio frequency circuits (including 

receivers 207 and 208 which receive inputs from vehicle-mounted antennas 191 and 192, 

respectively) necessary for reception and demodulation of radio frequency data received 

over the FM subcarrier from radio station 12. RF section 201 also contains circuits (in 

transmitter 210) necessary for modulation and amplification to transmit data in the UHF 

band using the TDMA network protocol However, the RF card does not perform any 

data processing of its own. Rather, the main CPU 203 is responsible for all baseband data 

processing for message decoding and encoding, forward error correction, and data 
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clocking in the tracker 135. 

In terms of tracker software, referring back to the real time executive employed to 

support the primary functions of the tracker, it will be useful to again note that the CPUs 

used in each of the trackers and Net Hubs are substantially identical. The Net Hub CPU 

82 illustrated in the simplified block diagram of FIG. 29, for example, shows a Motorola 

68332 microprocessor with associated on-chip peripherals such as a TPU, QSPI, and SC~ 

and related shift register as preferably constituting the CPU. The tracker CPU 203 

corresponds therewith. It has two periodic interrupt sources for task scheduling and 

dispatching, namely, an accumulator interrupt (ACCUMINT) from the GP2021 and a 

periodic interrupt timer (PIT) derived from the CPU clock. The ACCUMINT is used to 

run a simple, high priority, real-time dispatcher, while the PIT is used to run a slower, 

priority-driven scheduler for long-duration navigation and communication tasks. 

The interrupt priority is: 
1. TPU 
2. SCI 
3. ACCUMINT 
4. PIT 

level 6 
level 4 
level 3 
level 2 

The ACCUMINT interrupt runs a periodic, high-priority dispatcher for short ( < 1 

msec) duration tasks. TPU interrupts occur from TPU events related to network 

communication and timing. The PIT runs a secondary, low rate, and must be the lowest 

priority interrupt because it can only be enabled when the ACCUMJNT interrupt service 

routine (ISR) completes. The SCI generates UART interrupts from serial communication 

with the compass or other peripherals. The QSPI is used for vehicle transmit data, must 

be serviced twice during a vehicle transmission, and does not generate interrupts. The 

TPU and SCI interrupt handlers should be as fast as possible. 

The ACCUMINT is supplied by the GP202 l and is derived from the 10 MHz 

TCXO which also drives the 20 MHz processor clock ( also from the GP2021 ). The 

ACCUMINT rate is nominally programmed for an approximate rate of 2048.131 Hz (the 

period is 488.25 µsec). This is in error from a true 2048 Hz rate by 64 ppm. The 

ACCUMINT can be disabled and re-enabled by writing to a GP2021 register. The 

GP202 l timer tick (TIC) flag, which is programmed for a rate of 8 Hz, controls when 

GPS measurement data is available and is used to schedule dead reckoning navigation 
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processing. 

The structure of the ACCUMINT handler/real-time dispatcher is outlined as: 

disable GP2021 interrupts by writing to the correlator 

read all new accumulator data 
if{TIC) 
{ 

} 

store and time-tag wheel/speed sensor data 
set flag to collect GPS channel measurement data 
set flag to run dead reckoning navigation functions 

(GP2021 interrupts are still disabled on the correlator) 
update tracking loop( s) for specified channel( s) 
service either GP2021 UART (universal asynchronous receiver/transmitter) A or B 

update network event timing 
schedule high priority communication and data collection events as required 

enable GP202 l interrupts by writing to the correlator 
dispatch high priority periodic tasks 
dispatch communication and data collection tasks 
enable PIT interrupts if previously enabled 
return 

With the tracking loop implementation of the present exemplary embodiment, the 

tasks of reading the accumulator data and updating the tracking loops requires on average 

about 160 µsecs for 8 channels. This includes data collection and demodulation for all 

channels and tracking loop closure for one channel. Each channel generates accumulation 

data at 1 msec intervals {approximately every other ACCl.Th1INT). It is important that the 

tracking loop update processing for each channel be completed before new accumulation 

data is available for that channel. 

Th~ scheduler starts tasks related to network timekeeping and communication, 

reading and storing GPS measurement data, periodic tasks that include AID and discrete 

1/0 processing, synthesizer programming, and any other high-priority, short duration (less 

than 500 µsec) tasks. 

A TIC flag is generated by the GP2021, and indicates when GPS measurement 

data have been latched. The default TIC rate is approximately 10 Hz. For the tracker,· the 

rate is programmed to approximately 8 Hz (a period of0.125000050 secs), and is used to 

latch odometer/wheel sensor data in addition to GPS measurement data. The 8 Hz rate 

allows simple power of two math for time intervals and reduces the measurement 

processing by 20%. GPS processing functions are required to keep the TIC rate periodic 
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with GPS time, but it . ,ot necessary (on the tracker) to, alijg~the TIC witq the GPS 
:1 " : 'i • '• ! :· ;: . .·. 

integer second. As part of the navigation processing, the TIC periou . _Jjusted for single 

TI Cs as required to maintain an average TIC rate of 0.125 seconds with respect to GPS 

time. The ACCUMINT dispatcher updates the TIC interval as required by the navigation 

processing. 

The GP2021 chip has two UARTs, which do not generate interrupts so they must 

be polled. Each UART has an 8 byte FIFO (first in - first out). If the data rate on the 

UARTs is restricted to 38.4 kbps, then the FIFO can be filled about every 2 msecs. The 

CPU can service each UART every other ACClTh1INT and not lose data. One of the 

UARTs is used to communicate with the MDT; and the other may be used for a suitable 

peripheral. 

Time-critical RF communications tasks are run as required, which include setting 

up the TPU channels to: 

• 
• 
• 

start and stop data clocks 
start and stop the QSPI 
tum on and off the transmitter 
program the TPU to detect the next bit-sync . 

Scheduling these tasks requires a few milliseconds of resolution in some cases. 

The tracker uses the QSPI for message transmission. The transmit data are line 

encoded in MiJier format, which requires 288 code bits to be transmitted at 15625 bps for 

an equivalent of 144 data bits at 7812.5 bps. The QSPI output buffer can hold 256 bits, so 

the QSPI can be preloaded with 256 bits and then refilled with the remainder of the 

message a few milJiseconds later. An additional data word (for at total of 304 bits) has to 

be clocked out to the RF card. A preamble of8 bits precedes the data, and 8 bits foHow 

the data after the transmitter is turned off to ensure the last data bit transmitted is low. 

The tracker uses the TPU to clock data into external shift registers for receive 

data. Two FM data streams are received from spatially diverse antennas. The data is line 

encoded in Miller format which requires 9200 code bits to be transmitted at about 9328.36 

bps, for an equivalent of 4600 data bits at about 4664.18 bps. A preamble and 

synchronization pattern of 64 bits precedes the data. The two data streams are clocked 

synchronously but processed independently. The bytes are read from the shift register on 

the falling edge of the latch clock, leaving 428.8 µsecs to read the data. 
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With respect to data collection tasks, TIC events signal that GPS measurement 

data are available from the GP2021 correlator. When these occur, the processor must 

read the data before the next TIC (about 125 msecs). The processor also reads 

wheel/odometer data. In the ISR, data is only stored -- data processing takes place under 

control of the PIT scheduler. 

The tracker software also has a number of periodic, short duration tasks that can 

be run by the ACCUMINT dispatcher. These include AID functions for reading data from 

the gyro and other data sources; as well as bit toggling for implementing simple serial 

interfaces for programming RF card synthesizers and the PIC used for power control of 

the Tracker Module. 

The TPU is used for RF communication timing, RF data input and output clocking, 

and vehicle wheel or speed sensor inputs. As previously described here~ the TPU 

channels (16) and functions are summarized in Table 56 (Appendix B). 

In handling of wheel and speed sensor inputs from the dead reckoning navigation 

of the PROTRAK system, the TPU counts pulses from these sensors to measure vehicle 

speed. In the TPU, channels 13 and 14 are reserved for quadrature inputs from the wheel 

sensors, channels 12 and 15 are reserved for vehicle direction and cruise control speed 

sensor inputs, channel 15 runs an ITC function,, and channel 12 runs a discrete input 

function. In most systems, a cruise control speed sensor is used. 

The SCI UART on the Motorola 68332 processor is used for a magnetic compass 

interface or other relatively low data rate device (4800-9600 bps). When running, the SCI 

generates transmit or receive interrupts at approximately 1 msec i~tervals (at 4800bps). 

These interrupts must be serviced within 1 msec. 

The PIT of the processor runs at 32 Hz, and in that mode the PIT ISR runs a 

prioritizing executive which performs the following tasks, in the following order of 

priority: 

1. Communication and RF timing/scheduling tasks 
2. FM data error decoding 
3. Dead reckoning (DR) navigation (8 Hz solution propagation) 
4. FM data parsing 
5. GPS measurement processing (pseudorange/range-rate measurements, satellite 
acquisition) 
6. Combined GPS/dead reckoning :filtering (Kalman Filter update of DR solution) 
7. GPS satellite visibility/channel allocation 
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For the executive, tasks are scheduled periodically or on demand in order of 

priority. High priority tasks are allowed to interrupt lower priority tasks. 

The power supply architecture for tracker 135 includes four independent power 

supplies which run from input battery power (6-28 V). Referring to FIGS. 25 and 26, 

which are block diagrams of the internal power distnbution to the tracker and power 

distribution summary, respectively, one of these supplies is a linear SV supply 215 that 

provides power to the Microchip PIC™ microcontroller (µC) 216 used for master power 

control of the tracker. It also keeps an SRAM (not shown) powered so that machine state 

is maintained while the processor is off. 

Microcontroller 216 runs on very low current and is on at all times, controlling a 

5V CPU supply 217 and 12V radio supply 218. SV supply 217 is a switched power 

supply that provides power to CPU 203, digital electronics and GPS receiver 204 of CPU 

section 200. 12V radio supply 218 supplies power to the RF card 201, and also powers 

the GPS antenna low noise amplifier (LNA) 219 through a SV linear regulator 220. Since 

the TCXO which ultimately drives the CPU clock resides on RF card 201, CPU 203 

requires both this supply (218) and SV CPU supply 217 to be on. The last of the four 

independent power supplies is a 12V auxiliary supply 222 that provides regulated 12V 

power to all external peripherals (e.g., MDT 190, compass 230, and others 232, FIG. 26) 

designated by 223 (in FIG. 25) and power to an on-board gyro 224 through a SV linear 

regulator 225. CPU 203 controls this 12V auxiliary supply 222. The tracker also receives 

12 volt discrete input 226 to the CPU 203 and microcontroller 216 which indicates that 

the ignition switch 233 is in the RUN/ ACC position. 

Microcontroller 216 controls power to tracker 135, and, together with the CPU's 

S~ remains turned on at all times. These two draw less than 5 mA of current. When 

the ignition discrete indicates that the switch is in the RUN or ACC position, 

microcontroller 216 turns on CPU 203 and power supplies 217 and 218. When the 

ignition is off, CPU 203 can command microcontroller 216 to tum off the power for time 

intervals between 5 and 630 minutes, or until then ignition is turned on, which ever occurs 

first. 

Tracker 135 supports power saving modes so that vehicle battery power 

consumption is minimized when the vehicle ignition is turned off, and which also have 
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radio network control and data retention implications. The tracker power saving modes 

are: 

• 

• 

Full On: Tracker 135 and external peripherals are turned-on and operating 
normally. 
Peripherals Off: Tracker 135 is on and operating normally., but auxiliary 12V 
peripheral power supply 222 is off Peripherals are turned off immediately or,. if 
desired, within a predetermined time Tl, e.g., 1-2 minutes after ignition tum off: 
which inhibits DR navigation because both internal gyro 224 and the external 
compass 230 will be off 
Sleep: With the ignition off: CPU 203 is turned off for a prespecified time duration 
T2 (e.g., about 40 minutes). When the CPU is turned back on (Peripheral Off 
mode), it can listen for any new message or other data, respond and then tum off 
again. Sleep mode allows login-only and continuous track systems to receive data 
from the command station while the ignition is off Poll-only vehicles will remain 
in Sleep mode and not wake up until the ignition is turned on. The system also 
remains in Sleep mode if the battery voltage drops below a predetermined lower 
limit. 

• Off: In this mode,, power is not applied to the tracker. 

Depending upon specific customer requirements, the tracker power saving mode control 
may vary, e.g.: 
• Emergency vehicle operators may want the system to always be in Full On mode to 

enable ability of the CCS to communicate at all times (via the TDMA network) 
with the vehicle. 

• Some users may prefer a staged power saving approach in which vehicles that are 
periodically turned on and off, such as delivery trucks, remain in the network while 
turned off. 

FIG. 27 is a diagram illustrating the logic for the power mode control state 

transitions of the tracker 135. Time durations Tl and T2 are set as desired. The Sleep 

Time is the off time commanded by the CPU for the Sleep Mode 240. The mode 

transitions and network related operation in each mode are as follows. 

The Off state 241 is reached when external battery power is removed from the 

tracker. When battery power is applied to the tracker, the power control processor 

(microcontroller 216) resets and turns on the CPU 203 and radio supplies 218, turning on 

the tracker, but leaving peripherals 223 turned o:ff(mode 242). 

In the Full On mode (243), the RF and CPU sections 201 and 200 are turned on. 

The system will navigate and operate in the RF network normally. Continuous Track (CT) 

trackers are assigned periodic transmit slots. Login-Only Track (LOT) trackers are 

assigned periodic transmit slots if the respective customer is logged in. Without a 
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customer (i.e., fleet subscriber or owner) being logged~ these units will occasionally 

attempt to enter the network or remain quiet until notified by the NDC that their owner 

has logged in. Poll-only trackers will attempt a network entry and then remain quiet until 

requested to transmit. 

When the ignition is turned off: peripherals ( e.g.,, MDT 190, magnetic compass 

230, if attached, etc., and the internal gyro 224 (optional)) powered by the tracker are 

" turned off immediately, or after time duration Tl expires (mode 242). The compass and 

gyro navigation sensors are turned off based on the assumption that if the ignition is off: 

the vehicle will not be moving. The tracker will return to the Full On mode 243 if the 

ignition is turned back on. 

From the Peripheral Off mode 242, the LOT and CT trackers may enter the Sleep 

mode 240 after a time duration ofT2 since the ignition was turned off. To reach Sleep, 

the tracker requests a low-power periodic network slot from the NDC which has a long 

transmit interval. When the slot is granted, the tracker stores necessary data to an area in 

SR.AM,, saves any data to flash memory as required, and commands microcontroller 216 to 

tum off CPU 203 for a sleep period of a few minutes less than the low-power transmit 

interval. Poll-Only trackers will request low-power shutdown from the NDC. When the 

shutdown request is acknowledged or times out,. the tracker stores data to SRAM and 

flash memory, if required, and commands microcontroller 216 to tum off CPU 203 until 

the ignition is turned back on. 

When microcontroller 216 wakes the tracker (actually, the CPU 203) from Sleep 

mode 240, the CPU checks battery voltage and the previous system state stored in SRAM. 

If the tracker is in a low power slot, it will listen to the FM subcarrier data for a 3-4 

minute window around the slot time to determine if the NDC sends any information meant 

for it. At this time, the NDC has the opportunity to send the tracker message or other 

data. Once all network transactions are complete, the tracker will again command the 

microcontroller to tum the CPU off 

If the ignition remains off for a predetermined time duration or the battery voltage 

drops below the minimum threshold V MIN; the tracker will request a low-power shutdown 

from the NDC on its next transmit opportunity. When the shutdown request is 

acknowledged or times out, the microcontroller 216 is commanded to not awaken the 
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CPU 203 until the ignition is tu...rn.ed t,ack on. 

PCT/US00/33272 

~ ~7~ state recovery is achieved as follows. Since the entire contents of the 

global variables and stack are maintained during Sleep mode 240, CPU 203 may restart a 

specific point in the code with all data intact. This can be done if the registers, program 

counter, and stack pointer are pushed onto the stack, and the stack pointer is stored at a 

known location. A CRC must be performed on pertinent parts of the SRAM to ensure 

data integrity on restart, after which the CPU is allowed to send a power down command 

to the microcontroller. On reset, the CPU checks the CRC on the SRAM to determine if 

it was restarting. If so, the software sets appropriate flags, and then retrieves the stack 

pointer and registers from the stack. It is then able to jump to the point at which it left off 

before powering down. If the CRC on the SRAM fails, the CPU executes a normal 

startup. 

When the tracker is turned on, it must search for the SCC broadcast on the 

received FM subcarrier. Under normal conditions, the tracker will have channel 

information stored in flash memory for the primary FM channel to be use~ and will 

initially search channels and subcarriers that it has stored in memory. If no SCC 

synchronization patterns are found, it must systematically search all FM channels and 

subcarriers. To that end, bit-sync hunt is performed by searching for a predetermined 

unique synchronization pattern. If the bit-sync event is missed (i.e., not all three pulses 

occur within the expected time window) no new correction is applied, and the clock is 

allowed to free run. The time estimate is still updated based on changing distance to the 

transmitter if navigation data are valid. If the bit-sync is missed continuously for more 

than 20 seconds, the error in the integer second time estimate may drift out of allowable 

limits. When this occurs, the CPU must resume bit-sync hunt on the current and other 

available FM channels. 

Timing and clocking for tracker ( and Net Hub) FM data reception, are handled as 

indicated by the timing and clocking diagram of FIG. 28. The clocking of received FM 

data 246 is scheduled by CPU 203 to begin at a specific TPU timer value which is not 

directly related to the FM data synchronization pattern 247, but is related to the estimated 

integer second time plus the estimated speed of light delay 248. Timing in the Figure is 

indicated in units ofTPU 5 MHz TICs. The rising edge of the shift clock 250 causes bits 
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to be shifted into an external shift register. The rising edge of the latch clock 252 latches 

the received byte in the output of the shift register. CPU 203 receives an interrupt on the 

falling edge of the latch clock to read in the data, with 428.8 µsecs to read the byte. 

The difference 253 between the time of received synchronization pattern and the 

time it was expected by the CPU is shown in FIG. 28 in exaggerated scale. Difference 

253 is normally less than 20 µsecs,. caused by vehicle motion,. clock errors between the 

SCC and the tracker/Hub, and jitter and other errors caused by the FM receiver. CPU 203 

uses the average difference for the three pulses to correct its current estimate for the 

integer second time for the next second. 

Tracker UHF data transmission, timing and clocking are handled as shown in the 

tracker data transmission timing and clocking diagram of FIG. 29. On the frame just 

before or during the frame the tracker is to transmit, the real-time executive must schedule 

the data transmission tasks. The tasks are scheduled to run with appropriate lead time (up 

to 6.5 msecs) to start TPU tasks to generate output state changes at the desired TPU timer 

values. The transmitter key and serial data clock should be precisely started and stopped. 

The first 16 bytes of the output data are loaded into the QSPI shift register before 

transmission begins, and the last part of the data is loaded before the QSPI empties. Times 

indicated in FIG. 29 are also in units of TPU 5 MHz timer ticks. TPU channel 3 may be 

required to count output bits so that the data clock and QSPI can be stopped gracefully. 

Of course, data transmitted by the tracker includes information to identify the 

precise location or position of the vehicle in which the tracker is installed. As previously 

noted herein, the tracker utilizes high performance dead reckoning (DR) navigation to 

provide vehicle position and velocity data in urban canyons where GPS measurements are 

only intermittently available. The DR sensors include speed measurement which,. in the 

present exemplary embodiment, is preferably based on the vehicle's cruise control speed 

sensor, if available, and an azimuth gyro and possibly a magnetic compass which are 

utilized for heading determination. A reverse direction sensor may be tied to the tail lights. 

These sensors are calibrated through the use of a Kalman filter based on DGPS corrected 

raw measurement inputs. The accuracy goal for the DR navigator is 0.2% of distance 

traveled (95% probable) after 4 minutes of DGPS measurement availability over a 

"typical II vehicle trajectory. 
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DR algorithm requirements take the following into account. Update rate of the DR 

navigation system is about 8 Hz in the presently preferred embodiment. Azimuth gyro 

data are sampled at a high rate (about 100 Hz) and integrated to propagate an estimate of 

heading. Speed sensor or wheel pulse count data are sampled with high priority to ensure 

regular time tagging intervals at 8 Hz and are transformed through heading and integrated 

to propagate an estimate of position. 

GPS measurement requirements include pseudorange measurements available from 

the GPS section of the software at 8 Hz. These measurements are sampled and pre

processed as required. The GPS measurements are used by a Kalman filter run at t\vo 

second intervals. Either the latest available measurement or an average of measurement 

data available up to the update time is used. The Kalman filter requirements recognize 

that the Kalman filter used to blend DGPS and dead reckoning data must support and 

estimate sensor error states with enough fidelity to achieve the desired dead reckoning 

navigation accuracy. In addition, the Kalman filter supports coarse alignment (heading 

error uncertainty larger than a small angle) and operates when some aiding sensors ( such 

as a compass) are not connected. 

A raw measurement filter must have three dimensional position and velocity error 

states and a good clock error model. Filter error states include: 

• 
• 
• 
• 
• 
• 
• 

3 Position Error (NED) 
3 Velocity Error (NED) 
1 Heading or W antler Angle Error State 
2 or 3 Clock Error States 
2 Gyro Error States (bias and scale factor) 
2 Odometer Error States (scale factor and scale factor non-linearity) 

1 Compass alignment error state 

Magnetic compasses typically have error characteristics that vary sinusoidally with 

heading, so it is important to utilize an efficient method to handle the variable compass 

alignment error. Compass errors may be handled outside the structure of the Kalman 

filter. The processor has a temperature sensor which can be used for temperature 

compensation of the gyro. 

When the navigation system is turned o~ it can be initialized from position and 

heading stored at power down. However, these data are not entirely reliable, so initial co

variances must be large. If the system has a magnetic compass, initial measurements from 
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it may be corrupted by nearby magnetic fields. The filter must be able to support a 

"coarse-align" mode, which typically involves using error states that are the sine and 

cosine of the heading/wander angle error because error propagation is linear with these 

terms. Once the sine and cosine errors are small, the system can switch to a single heading 

error state. 

The Kalman filter propagates the error model for the dead reckoning process based 

on gyro and speed sensor data. It also propagates aiding sensor error models including 

GPS clock errors and compass alignment errors. Measurements available to the filter 

include: 

I) GPS pseudorange 
2) Compass magnetic heading 
3) Gyro bias at zero velocity 

Zero velocity (zero angular rate) measurements are only available when the vehicle is 

stopped. 

The Kalman filter error propagation and update cycle may require more than one 

second to complete. When filter processing starts, measurement data and error model 

information must be latched in software so that 8 Hz dead reckoning navigation solution 

propagation can continue in real-time while the filter operates on the previous cycle's data. 

Time tagging of dead reckoning and GPS measurement data is critical to successful 

navigation. Dead reckoning speed sensor pulse counts and gyro data are sampled so that 

they are valid at GPS TIC events. The GPS raw measurements are also valid at the TIC 

events, so that time alignment may be performed in a simple manner. 

Part of the Kalman filter estimate is a bias and velocity error of the receiver clock 

(the master IO MHz TCXO). Because of this error and the inability to set the TIC interval 

precisely, the TIC interval drifts slightly from a true 8 Hz rate with respect to GPS time. It 

is desirable to account for this error and periodically adjust the TIC interval to correct for 

the drift. 

The tracker has several analog inputs which must be shared through a multiplexed 

AID. The highest priority analog input is the gyro, which must be sampled at between 50 

Hz and 100 Hz when the vehicle may be moving (i.e., at any time the ignition is on). The 

battery voltage is monitored, mostly when ignition is off to ensure the unit is not draining 

the battery. Several external analog sensors may be connected to the tracker to provide 
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customer specific information on vehicle parameters. Requirements for monitoring of 

these sensors is customer specific. 

The RF card has a Received Signal Strength Indicator (RSSI) that is sampled 

periodically to determine the strength of the FM subcarrier broadcast. The temperature 

sensor on the CPU board is yet another analog signal, used for gyro calibration. 

Parameter storage handling is an important aspect. The tracker CPU card uses 

flash memory for long term parameter storage when the unit is off or disconnected from 

vehicle power, The SRAM is backed up by vehicle power so that short term, sleep mode 

storage of the machine state will remain intact. Data is stored to flash memory on a daily 

or weekly basis so that loss of power will only cause the most recent data to be lost. 

The CPU card has, for example, 512 K bytes of bank-erasable flash memory. The 

program and constant data preferably occupy the lower half of the memory, with the upper 

256K reserved for parameter storage. A disadvantage of flash memory is that if any bank 

is being written or erased, the entire device is unavailable, until the operation completes. 

Since the code is in flash memory, care must be taken when writing to the device. The 

code which writes to flash must run in RAM with interrupts disabled. Erasing must use 

the suspend erase feature of the device. This is implemented with interrupt handling while 

the erase is being performed. In most cases, writing and erasing flash memory will occur 

when the CPU intends for the microcontroller to tum it off. Therefore, it is not a problem 

to disable all of the interrupts because no navigation or radio communications will be 

taking place. 

The flash memory device is word (16-bit) addressable. Data written to flash must 

be done word-wise on even byte boundaries. Bytes can be read on odd byte boundaries, 

however. 

As a storage method, a Linear File Store (LFS) system is preferably used to store 

parameter data. This method generates a linked list of variable length records which 

extends to fill a block of memory. When the block becomes full, the records not marked 

for reclamation are copied to a new bloc~ and the old block is erased. The file system 

must recover from power loss during writing and reclamation. The LFS approach 

supports robust handling of power loss conditions .. Records stored in flash memory should 

have a CRC or checksum to ensure the data are valid. 
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Parameter data are stored in at least one bank of flash memory, and updated 

periodically as new information becomes available. The flash memory stores the following 

types of data: 

1. 

2. 

3. 

GPS satellite almanac data for satellite acquisition: New almanac data is stored on 
a weekly basis. It is read when the CPU is turned on and written when new data 
from the satellites is at least one week newer than the stored data. A full set of 
almanacs requires 2K of memory. 
PROTRAK system market information: Data on the location and :frequencies of the 
FM subcarrier transmitters used in each market is stored as the data are transmitted 
from the NDC. Storing this information allows the tracker to search known 
PROTRAK frequencies for the NDC broadcast <lat~ thereby speeding system 
initialization. The navigation grid centers and UHF transmission :frequencies for 
each market are also stored. Adequate space should be reserved for these data to 
allow 5-10 sets of data to be stored. 
Tracker Serial Number: The unit's serial number is stored in flash memory, and is 
never erased or modified, except at the factory. Serial number and 
customer/device specific configuration data are stored separately from the 
parameter data in the :flash memory. 

Other parameters are defined as required. 

The tracker supports log dat~ e.g., logging of position and other sensor 

information to flash memory for later download. This is useful for determining the 

location of a vehicle when it moves outside the service area; and, on return to the service 

area, the data can downloaded through the MDT interface or the radio. 

VIIl. Mobile Data Terminal 

The MDT 190 serves as a control and display unit (CDU) for the tracker 135 

(FIGS. 23, 26), primarily for the convenience of the vehicle operator. The MDT is a small 

conventional programmable computer similar to but generally smaller than a notebook PC 

(with customer-specific software) and display terminal with liquid crystal display (LCD)~ 

keypad, associated memory, and internal (integrated) circuitry, to enable display of text 

and other data, and to enable the vehicle operator to respond to text paging messages and 

to enter other data to be transmitted to the dispatcher. MDT 190 and tracker 135 

communicate over a balanced, differential, asynchronous serial interface, wbic~ in the 

exemplary embodiment, uses a Texas Instruments (TI) SN65C1167NS dual differential 

driver/receiver interface circuit. Tracker 135 supports "standard'' baud rates up to 3 8400 

bps, and MDT 190 should support a baud rate of at least 4800 bps. Programming 'of the 
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MDT is controlled through the serial interface as well. The protocol and message formats, 

as well as the power and programming interfaces, are described in further detail below. 

The preferred serial interface protocol for communication between the tracker and 

the MDT, and which is also used in other PROTRAK. system serial interfaces, is based on 

the Rockwell NavCore V GPS engine interface described in the Rockwell International 

"NavCore Designer's Guide," Rev. H, 14 December 1993 (hereinafter referred to as the 

NavCore interface protocol). The MDT interface uses different baud rates and message 

timing. 

In keeping with NavCore and other message numbering conventions, each 

interface is identified by a different thousands place in the message ID number. The 

MDT-tracker interface uses 7000 as the interface identifier. Messages transmitted by 

tracker 135 use ID numbers beginning with 7100 and messages received by it use ID 

numbers beginning with 7200. In the exemplary embodiment, the message IDs are: 

For tracker to MDT: 
7101 Navigation Data 
7102 Received Message Data 
7103 Received User Data 
7104 Available Message Data 
7106 User Data Message List 

For MDT to tracker: 
7201 Data Request 
7202 Text Message Response 
7203 User Data Output 
7204 Request Available Message Data 
7205 Request Message 
7206 Request User Data Message List 

When requested by MDT 190 (by action of the vehicle operator), tracker 135 

sends navigation data (message 7201, Table 57, Appendix.B) including current position, 

velocity, and time at approximately 1 Hz to the MDT. When the tracker receives a 

"Request Message~' (7205, Table 66) from the MDT, it sends the data for the requested 

text message to the MDT using a "Received Message Data" packet (7102, Table 58). 

The latter either contains the full text of the received message or an ID number indicating 

a "canned" text to display. A response set is sent along with the text message, containing 

a unique set of text items that can be selected by the vehicle operator in response to the 



5 

10 

15 

20 

25 

30 

WO 01/46710 PCT/US00/33272 

82 

received message. 

Each message has an identifier, or issue of data (IOD), a rollover counter, to 

differentiate messages within the system and to associate messages with their responses. 

When the operator selects a response to a message ( e.g.,, an inquiry from the dispatcher), 

that message's IOD is sent back to the tracker with the response in message 7202. The 

response is selected using arrow keys on the face (keypad) of the MDT. The MDT stores 

the text, which can be up to a maximum of 80 characters, of a single message while it is 

displayed for the operator. The text of each response may be limited ( e.g., to about 10 

characters) attributable to screen size. 

In the "Received Message Data" (Table 58), the Message Type indicates whether 

the message contains a canned or full text message. If the message is canned, the next 

byte contains the ID number of the message; otherwise, it contains the length in bytes of 

the received message texi:. The next 2 bytes contain the IOD number of the received text 

message and the user response if a message has already been sent. The next 3 words 

indicate the date and time the message was received. The next word contains the number 

of valid responses in the response list. Next is the list of 4 text responses to be displayed 

above softkeys of the MDT. Unused response strings are zero filled. If the message is full 

text, the characters of the message follow in order. For an odd number of bytes, the last 

message byte is set to 0. The data checksum follows the response set in the case of a 

canned message or the text data in the case of a full text message. 

The tracker receives customer-defined data from the NDC in a packet consisting of 

a data identifier (1 byte) and 20 bytes of data. Depending upon customer requirements 

and the type of data received, the tracker either acts on the data itself, or relays it to the 

MDT by sending a "Received User Data" message (7103, Table 59) for vehicle operator 

attention. At the MDT, customer-specific software processes the received data. 

The tracker is capable of receiving and storing numerous text messages from the 

NDC. When the tracker receives a new message (as well as at periodic intervals), it sends 

an "Available Message Data'' message (7104, Table 60) to the MDT, indicative of the 

number of unread messages and the number of saved messages, as well as a unique ID for 

each message for use to retrieve a specific message from the tracker. Upon receipt of this 

message 7104, the MDT periodically beeps a speaker or other alert device (e.g., a lamp, 
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LED, or the LCD display itself) within the MDT if the number of unread messages is not 

zero, to informs the vehicle operator of unread messages needing a response. Individual 

unread messages are retrievable from the tracker by the driver sending a Request Message 

(7205, Table 66) from the MDT. 

Tracker 135 is programmed with a set of canned 'User Data" messages, a list of 

which (message 7106, Table 61) may be requested for display on the MDT by the driver's 

sending "Request User Data Message List'' message (7206, Table 67). Upon subsequent 

receipt of a "'Request Message'' for a specific "User Data" message, the tracker will 

provide the text of that requested message to the MDT. Each message is a fixed 30 

characters in length with unused locations set to OxOO. 

A number of status and debugging messages are available from the tracker for 

periodic output, and the MDT can request that these messages -- or specific ones of them 

by designation of message ID -- be turned on or off by sending a <Data Request" message 

(7201, Table 62). By default, all of the available ones of these periodic messages are off 

Once such a message is turned on, however, the tracker will continue to output it 

periodically, until the message is turned off or full power is removed from the tracker. 

When the vehicle operator selects a response to a received text message, the MDT 

sends that response to the tracker using a Text Message Response message (7202, Table 

63) which contains the IOD of the message being answered and the numeric response 

value. 

The tracker is used to send customer-defined data to the NDC and on the 

dispatcher or subscriber via the Hub( s ), using an output packet consisting of a data 

identifier (1 byte) and either 1 or 9 bytes of data, with customer-specific MDT interfaces 

that allow data entry. The data may consist of emergency requests, or a simple status of 

the vehicle as "job complete," or more complex information. In any case, after data entry 

it is sent from the MDT to the tracker by means of a 'User Data Output" message (7203, 

Table 64), for transmission by the tracker to the NDC. The message is fixed length with 

actual space for 10 data bytes, and only 1 or 9 is meaningful based on the LSB of word 6. 

The remaining data bytes have their values set to zero. 

When the vehicle operator desires to view any saved messages, he or she inputs 

MDT 190 to send a 'Request Available Message Data'' message (7204, Table 65) to the 
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tracker to retrieve the list of available text messages, and the tracker responds with a list of 

the "Available Message Data" (7104, Table 60). Thereafter, a "Request Message" (7205, 

Table 66) is sent by the vehicle operator from the MDT to retrieve from the tracker a 

specific one of the available text messages from those contained in the list. As noted 

above, a ''Request User Data Message Lisr (7206, Table 67) is sent by the vehicle 

operator from the MDT to retrieve a list of the canned ''User Data" messages stored by 

the tracker. 

Returning to power considerations, tracker 135 supplies 12 VDC power to MDT 

190 as previously indicated in FIG. 26, with maximum current drawn by the MDT, 

including power-on and back light turn-on, preferably limited to 0.5 A The MDT has a 

single interface connector, which is a printed circuit board mounted 9 pin D type in the 

present exemplary embodiment. The connector signals from the tracker to the MDT are: 

1. Boot Load Control (not connected) 
2. +RXData 
3. -RXData 
4. +TXData 
5. -TXData 
6. Ground 
7. +12V 
8. +12V 
9. Ground 

MDT read-only memory (ROM) is programmable through the serial interface. The 

MDT is put into programming mode by asserting (pulling low) a Boot Load Control 

signal, and is then programmed by sending blocks of data through the serial port. 

IX. Network Hubs 

Referring now to the simplified block diagram of an exemplary Network Hub in 

FIG. 30, the Hub 11 receives vehicle data transmissions, recovers the binary data, and 

sends the data to the NDC via a telephone line. The Network Hub includes an FM radio 

receiver 85 (which is identical to the FM radio receiver in each vehicle tracker) to receive 

broadcast messages for timing purposes, a UHF radio receiver 81 to receive vehicle 

transmissions, and a modem 87 for communication with the NDC. 

The Network Hubs are installed at strategic points -- typically, leased space on 

existing radio towers in and around the metropolitan area being served -- to receive 
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vehicle data transmissions. The Hubs require only 11 OV AC power and business quality 

telephone line to operate. In a typical market, between 10 and 30 Hubs are needed to 

serve the various fleet operations calling for vehicle tracking. This relatively small number 

of units and need for high RF performance makes cost a less significant factor for the Hubs 

than for the trackers in the vehicles. FM and UHF receiver sensitivity and system 

reliability are very important. 

Each Network Hub is divided into four major functional areas, namely: 1) CPU 82, 

2) Power Supply 84, 3} Modem 87, and 4) RF Card 86. The CPU 82 corresponds closely 

to the tracker CPU, using a Motorola 68332 microcontroller running at 20 MHz. The 

68332 is ideally suited for this application because of the SCI, QSPI, and TPU peripherals. 

Hub CPU 82 utilizes processor, SRAM, and flash memory as in the tracker, but does not 

require the GPS section of the tracker. Other similarities/differences to/from the tracker 

CPU in the Hub CPU are the addition in the latter of a TCXO., level conversion for the 

modem interface, and replacement of the UHF transmitter interface with a UHF receiver 

interface, but retention of the same FM receiver interface. The CPU flash memory is 

in-circuit programmable through a header or connector using the processor's BDM mode 

interface. 

The Hub uses the FM data stream, which is at a rate of about 4664 bps from the 

FM receiver 85, for system time synchronization just as the trackers do. The FM data is 

intended to be used by trackers, but still must be decoded at the Hub to the extent required 

to derive the timing data. The TPU in the 683 32, to which the FM data stream is sent, and 

software running on the CPU use bit-synchronization information in the FM data stream to 

enable the TPU to generate the bit and byte data clocks used to control a shift register 88 

on the CPU card, which also receives the FM data stream, and clocks the data into the 

processor 83. As with the tracker CPU, the Hub CPU is responsible for programming the 

FM frequency and subcarrier offset of the RF card over a serial interface. 

For the UHF receiver interface, the UHF receiver 81 uses a DSP microprocessor 

80 to extract the bit and byte clocks from the received UHF data stream. The processor 

on the UHF card is provided with timing information from the CPU, by which it can 

determine the windows in time to search for the received vehicle data. 

The 68332 microcontroller 83 uses the peripheral SCI UART to communicate with 
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external USRobotics modem 87 which has an RS-232 interface. Conversion is performed 
between SV and RS-232 level signals. The SCI supports a bit rate of 19200 bps, 

generating up to about 2800 receive and transmit interrupts per second, with the modem 

connecting at 14400 bps. If support of faster bit rates is desirable, it may be attained using 
an external UART with a FIFO or including the GP2010 and GP2021 components of the 

GPS chip set to provide buffered, poled UARTs. 

The power supply 84 converts l l0V AC to 12V DC for the CPU and RF sections 

of the Hub which separately regulate power to 5V DC so as to isolate the two sections. 

AC to DC conversion is performed by an off-the-shelf linear power supply and 

transformer. 

Modem power is supplied via a plug-in transformer, and the CPU provides the 
serial interface signals to support hardware flow control with the modem. The CPU 

software controls the modem to dial the NDC, login, and verify that the connection is 

operational. If the connection is broken, the Hub will hang-up and re-dial to re-establish 
it, repeatedly re-dialing until a connection is made if the NDC modem does not answer 

initially. The NDC phone number and the Hub user ID and password are stored in CPU 
flash memory. A connection speed of 14400 bps is used to maximize connection 

reliability. An EMI ( electromagnetic interference) hardened modem may be needed in 

some situations since the system operates near RF transmitters. 

The RF section 86 of the Hub receives the NDC broadcast on the FM subcarrier at 

FM receiver 85, and receives the TDMA vehicle transmissions on a UHF channel at UHF 

receiver 81. The data are provided to the CPU as serial streams. The CPU generates the 
data clocks for the NDC broadcast data as well as programs the receive frequencies of the 

RF card, and the RF card generates the clocks for the vehicle data. 

The FM subcarrier data is on a 67 KHz or 92 KHz offset from normal FM 

channels, and the FM receive frequency and offset are fully programmable by the CPU. 
The subcarrier data is modulated by the SCA-300B 68 (FIG. 6) which uses a simple 

BFSK modulation scheme. 

The vehicle trackers transmit data packets at assigned times on a frequency in the 

UHF business band, the UHF receive frequency also being programmable by the CPU in 

12.5 KHz offsets between 450 l\1Hz and 470 l\1Hz. For efficient use of available 
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bandwidth, the vehicle data rate is 7812.5 bps. 
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The CPU software enables it to perform its primary tasks, including time 

synchronization to the TDMA network,. communication with the NDC via modem, RF 

card programming and control, reception and decoding ofFM subcarrier data, and 

reception of vehicle UHF data and relay of the data to the NDC. Various software 

functions are written to be common with the same functions in other parts of the system. 

For example, many functions related to modem communication with the NDC are identical 

to those used in the SCC, although the serial data messages are different and the Hub must 

dial and login while the SCC is not required to do so. RF synthesizer programming, FM 

data reception, and FM data stream time synchronization code are identical to that of the 

tracker. 

X. Subcarrier Control Computer (SCC) 

The Subcarrier Control Computer 48 (FIG. 6) hardware of an exemplary 

embodiment is shown in the simplified block diagram of FIG. 31. The SCC controls the 

transmission of the NDC base broadcast message. The message is clocked out to 

SCA-300B subcarrier modulator 68 with precise message start times and a precise data 

rate. The SCC is preferably rack mounted along with the subcarrier modulator at the FM 

radio station 12. NTCC 47 at NDC 10 dials the SCC modem 57 to connect SCC 48 to the 

NDC. NTCC 47 provides the broadcast message data to be sent by the SCC to modulator 

68, and the NTCC also controls the time at which each transmission begins. 

CPU 260 of the SCC (as in the examples of the CPUs used for the Net Hub and 

the tracker, preferably a 16 MHz Motorola 68332 processor) uses a peripheral SCI UART 

(see, e.g., CPU 83 of the Net Hub of FIG. 30) as the interface for communication with 

external (preferably USRobotics) modem 57 via an input/output (I/0) card 262. A 

conversion is made between 5V and RS-232 level signals. The modem is set to 

communicate with CPU 260 at 19200 bps, and is allowed to connect to NTCC 47 at rates 

between 14400 bps and 19200 bps. At this communication rate, the SCI can generate up 

to about 2800 receive and transmit interrupts per second. 

CPU 260 uses the peripheral QSPI of the 68332 device (see again, e.g., CPU 83 of 

the Net Hub of FIG. 30) for the subcarrier modulator interface, to send the serial transmit 
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data to subcarrier modulator 68. Here also, a conversion is made between SV and RS-232 

level signals. The QSPI is clocked by the TPU of the 68332 processor for precisely 

controlled clock phasing. The output data rate is approximately 4664 .18 bps (2. 5 

Wiz/536). However, the transmit data is Miller encoded so that 2 Miller code bits are 

transmitted for every data bit (9328.36 code bps), for a divisor of 268. The OC (output 

compare) TPU function uses a half cycle count of 134. An existing RF serial clock from 

the TPU to the QSPI is used for the output data clock 

Transmit data timing and clocking requires three TPU channels, since starting the 

data clock at the correct time requires using two additional TPU channels. The first TPU 

channel is wired to the second channel. On the first channel, the CPU initiates a single 

transition OC at a desired time and programs a third channel for OC with continuous pulse 

mode with a precise timing control register (TCR) start time equal to the actual desired 

start time. The second channel is set up to run ITC (input transition count/capture) with a 

link to the third channel. When the processor initiates the transition on the first channel, 

the TPU, through the ITC link,, starts the data clock on the third channel at the precise 

start time. 

In keeping with the precise timing required by the PROTRAK system, SCC 48 is 

run directly from a 1.5 ppm TCXO crystal oscillator. To maintain common bit rates 

between the SCC, the Network Hubs and the trackers, which run at 20 MHz, the TPU of 

CPU 260 is run at 10 MHz. The real time executive is run at a 1 KHz rate which allows 

the required programming resolution of the TPU functions. The executive needs the value 

of the TPU TCR counter at each executive timer tick so that executive time can be 

synchronized with the TPU timer for programming of data transmission functions. To that 

end~ it is convenient to use the ITC TPU function to generate interrupts for the executive. 

Interrupts are generated by detecting transitions from a second TPU channel running a 

pulse-width modulation (PWM) function at the desired executive rate. 

CPU 260 initiates a 50% duty cycle square wave on the :first channel of the TPU. 

The PWM :frequency should be a convenient divisor of2.5 MHz; a half period width of 

2500 (1 KHz executive rate) is deemed adequate. The output of this channel is fed into 

the input of the second channel which runs ITC. The ITC samples TCRI and interrupts 

the processor on every transition of the PWM signal. The executive can then read the 
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TPU register to determine the TCRl value at that interrupt TIC. 

The primary function of SCC 48 is to transmit the base broadcast message 

provided by NTCC 47 at a precise 1 Hz rate, synchronized to the GPS integer second. 

NTCC 47 listens to the SCC initiated broadcast and controls the timing by comparing the 

start of each received broadcast message to GPS time, computing a timing correction 

based on the difference between the time of reception and GPS time and sending a 

correction back to the SCC. SCC 48 then adjusts the transmission time of the subsequent 

messages based on this correction. This timing process has been described in further detail 

hereinabove. 

The NTCC 47 modem interface is implemented such that the SCC 48 will answer 

the call placed by the NTCC to its modem. The SCC receives broadcast message data and 

timing control commands over the serial interface, with the broadcast message from 

NTCC 47 typically being sent in five packets. The SCC then assembles the packets in 

order and sends the message data to subcarrier modulator 68 on the next integer second. 

An LCD panel display 263 on SCC 48 is used to display status and debugging infom1ation. 

A number of software functions are written to be common with functions in other 

parts of the system. For example, many functions related to modem comm1,1nication by the 

SCC with the NTCC are identical to those used in the Network Hub. However, the serial 

data messages are different and, unlike the SCC, the Hub must dial and login. Parts of the 

time synchronization code and executivt,=, are common with the Network Hubs and 

trackers. 

During normal operations, SCC 48 receives 5 blocks of 15 5 bytes of data from 

NTCC 47, to be transmitted each second on the FM subcarrier broadcast by radio station 

12. The SCC Miller encodes the data, inserts a preamble and synchronization pattern at 

the beginning, and places the resulting 9264 bits into an output buffer. Before the next 

transmit time, the output data clock is stopped and set to start again at the next desired 

start time as commanded by the NTCC. The QSPI output buffer is primed, and CPU 260 

toggles a TPU output channel to start the transmit synchronization process. 

For NTCC-SCC synchronization, NTCC 47 coordinates the timing of sending the 

broadcast data to SCC 48 by basing it on the time of reception of an SCC Status message 

(see Table 72 of Appendix B, referenced in the NTCC Section discussion below). The 
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SCC sends this message each time it initiates a data transmission. At that time, NTCC 47 

sends new broadcast data message (1102, see Table 71 of Appendix B, also referenced in 

the NTCC Section discussion below). This timing scheme ensures minimum latency of the 

broadcast data, and eliminates timing ambiguities between the NTCC and the SCC 

attributable to the lack of an absolute time reference at the SCC. 

The complete 5 blocks (575 bytes) transmitted by NTCC 47 requires 

approximately 500 msecs to be sent to SCC 48, at 14400 bps. The SCC allows a total of 

about 900 msecs for the reception of new data before the processing must be completed 

for transmission of the data on the next second. This extra time allows for retry of one or 

two message blocks that may have been corrupted. A higher connect bit rate will allow 

additional retries, but with the possibility that it may be less reliable. Invalid broadcast 

data from an NTCC message with a valid header should be transmitted even if an 

error-free retry from the NTCC is not available, because the Golay coded data may be 

correctable by the vehicle trackers themselves. 

For message data processing, SCC 48 forms the complete transmit data buffer by 

putting the preamble and bit-sync pattern in the buffer and then appending the data. The 

transmit data is sent by the NTCC to the SCC with non-return to zero (NRZ) line coding. 

The SCC is required to Miller encode the data, which converts the 4600 NRZ data bits to 

9200 Miller bits. The encoding process takes about 12 - 15 msecs. :Miller code uses 

memory of the previously encoded bits so it can only be performed on a data block if the 

previous block has been received. The preamble is an alternating one-zero Miller bit 

pattern inserted before the bit-sync pattern: 11 00 11 00 11 00 11 00, with the left most bit 

transmitted first. The bit-sync pattern is 48 Miller bits long and is 9 high bits followed by 

7 low bits, repeated 3 times. 

The QSPI of the 68332 processor of CPU 260 is used as the output shift register. 

The internal QSPI buffer holds 16 bytes if it is configured for 8 bit transfers. With 8 bit 

transfers it will empty every 13. 72 msecs, so a task must be scheduled in the real time 

executive to service the QSPI queue. The QSPI sends data with most significant bit first, 

which is taken into account when forming the preamble and bit-sync patterns and when 

loading the QSPI. 

The NTCC/SCC data flow is illustrated in the timing diagram of FIG. 32. SCC 48 
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simultaneously sends broadcast data 265 for the current frame and received data 266 from 

the NTCC for the next frame. After about 900 msecs into the current frame ( at 267), the 

SCC must cut off reception of data from NTCC 47 and begin processing the available 

blocks. If data blocks are completely missin& the SCC assumes the NRZ data to be all 

zeros and performs Miller encoding accordingly. SCC 48 must also compute a new 

transmit time based on received commands from the NTCC. The TPU is programmed 

with the new transmit time during the gap time 269 between the broadcast data 

transmissions. 

All of the transmit timing and synchronization occurs in the approximately 6. 9 

msec gap time 269 between transmissions. During this time, SCC 48 performs the 

following steps to begin transmitting the data for the next time: 

1. Stop the QSPI. 
2. Tum off the OC data clock on TPU channel 3. 

3. Switch the output data buffer to the newly received data. 
4. Program TPU channel 3 for continuous pulse mode to start at the next transmit time. 

5. Load the QSPI with the new data and enable the QSPI. 

6. Send the SCC status message to the NTCC. 
7. Toggle TPU channel 1 OC state to start the synchronization process. 

Transmit data timing and clocking requires 3 TPU channels: Channel I is 

programmed to be a single transition OC function, which is set up to toggle during the gap 

_time by the CPU. The output of channel 1 is wired into the input of channel 2. 

The channel parameters are: 

PSC= 11 
PAC=0l0 
TBS=0l00 
OFFSET=0 

do not force any state 
toggle on match 
output channel, match TCR 1 

(REF_ ADDR 1) = TCRl time for transition 
(REF_ ADDR2) = don't care 
(REF_ADDR3) = don't care 

Channel 2 is programmed with the ITC function to continually generate links to 

channel 3. The ITC is set up to trigger on any transition. 

The channel parameters are: 

PSC= 11 
PAC= 011 
TBS= 0000 
MAX_COUNT=l 

detect either edge 
input channel, capture TCRl 
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START LINK CHANNEL= 3 - -
LINK._CHANNEL_COUNT= 1 
BANK._ ADDRESS = unused TPU parameter RAM location 

PCT/US00/33272 

Channel 3 is programmed with a continuous pulse OC function. This is the output 

data clock and is wired to the clock input of the QSPI. During the gap time, it is 

reprogrammed with an updated REF_ TIME which is the transmit start time. 

The channel parameters are: 

PSC= 10 
PAC= 010 
TBS= 0100 
RATIO= IFF 

force low on initialization 
force low on match 
output channel, match TCRl 

(REF_ADDRI) = don't care 
(REF_ADDR2) = 134 
(REF_ADDR3) = transmit TCRl time 

The reference address pointers point to locations in TPU parameter RAM (random 

access memory). Therefore, the parameter space of unused channels must be used to store 

the data for this channel. Interrupts from these channels may be disabled. 

SCC 48 has three modes of operation: initialization, idle, and run. When the SCC 

is turned on, it enters the initialization mode. In this mode, the software initializes system 

variables, turns on the LCD 263 and backlight, initializes the modem 57, and sets up the 

TPU to start the real time executive. After initialization is complete, the SCC enters the 

idle mode. 

In the Idle mode, SCC 48 waits for a call to be received from NTCC 47. While 

waiting, the SCC does not send data to subcarrier modulator 68, and the output remains 

high or low. Modem 57 is monitored for a connection event. When the modem connects, 

the SCC enters the Run mode and receives commands from the NTCC. 

In Run mode, NTCC 47 commands SCC 48 into one of two data transmission 

modes, viz.: synchronization or broadcast. The NTCC uses synchronization mode first, to 

align the broadcast synchronization pattern with GPS time. In this mode, the SCC 

chooses an arbitrary start time and transmits a preamble and bit-sync pattern without any 

data at one second intervals. The NTCC commands the SCC to move the transmit start 

time until synchronization with GPS time is achieved. At this point, the NTCC commands 

the SCC to assume broadcast mode. In this mode, the NTCC provides the five blocks of 

data each second to be transmitted. During run mode operation, the SCC sends its status 
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message to the NTCC before each transmission starts as described above. 

If valid message data stops are being received from the 1'.TTCC for a predetermined 

period of time, the SCC hangs up the modem, reinitializes the modem, and returns to idle 

mode to await another call from the NTCC. 

XI. Network Timing and Control Computer (NTCC) 

As has been described hereinabove (and with brief reference again to FIG. 6), 

NTCC 47 interfaces with a number of other applications, including NDC Server 42, 

NTCC roof module 55, and via a modem, sec 48. The NTCC serves as a real-time 

control interface to the radio network for the NDC, and also receives timing data and 

DGPS corrections from a NavSymm :XR.5M GPS receiver 54 in the roof module. 

Interfaces between the computers are serial. PPS and reset discretes are supported 

between NTCC 47 and roof module 55. 

NDC server 42, roof module 55, and sec 48 all use the same protocol and 

message formats to communicate with NTCe 47, based on the aforesaid NavCore 

interface protocol. The NavCore interface protocol is modified for purposes of the 

present exemplary embodiment of the PROTRAK. system, in that the lower byte of the 

status flag word in the header is used for a free running message counter. The message 

counter uniquely identifies the message and is used in an ACK/NACK reply if an 

acknowledge to the message is required. This enables multiple messages of the same type 

to be pending (awaiting acknowledges) simultaneously. The message counter in the 

ACK/NACK identifies the specific message being acknowledged. 

In keeping with NavCore and certain other message numbering conventions, each 

interface is identified by a different thousands place in the message ID number. Messages 

transmitted by NTCC 47 use ID numbers beginning with xl00 and messages received by 

the NTee use ID numbers beginning with x200, where xis the thousands place interface 

identifier. The message IDs for each serial interface are shown in Table 68 below. 

Table 68: Serial Interface Message ID Numbers 

Interface 

sec 
NDC Server 

Message ID Range 

1100/1200 
2100/2200 



5 

15 

20 

25 

30 

WO 01/46710 PCT/US00/33272 

94 

Roof Module 3100/3200 

The NTCC serial interfaces are performed using a Contee COM-8SF-2 multi-port 

serial IO board, which is capable of communicating at up to 115200 bps. PPS and reset 

discretes are supported by a Contee P10-48W board. 

The NTCC communicates with the SCC, NDC server, and roof module with serial 

data messages. With reference again to FIG. 6, NTCC 47 establishes a connection to 

SCC 48 by placing a call to the SCC through modem 57. When the modem is connected, 

the NTCC begins sending timing control messages, and the SCC begins sending status 

messages. After time synchronization is achieved, the NTCC begins sending full transmit 

data sets consisting ofDGPS data and NDC generated messages consisting of 5 frames of 

115 bits in length. The SCC is responsible for generating the bit sync and the start of the 

FM broadcast. The messages used for communication between the NTCC and the SCC 

are summarized in Table 69 (Appendix B), and in further detail below and in other tables 

of Appendix B, as indicated below. 

NTCC 47 controls the timing of the FM subcarrier broadcast using a "Timing 

Contror message (1101, Table 70). SCC 48 uses the data in this message to adjust its 

transmit timer so that the broadcast data bit sync will be synchronized with GPS time. The 

timing control message is transmitted by the NTCC near the beginning of a one-second 

interval. The SCC integer second timer is programmed using the timer control contained 

in the timing control message before the current timer expires. 

In brief, and ·with reference to Table 70 (Appendix B), the timing control mode is 

the least significant byte of word 6 in the timing control message, and has three values: 0 = 
off, 1 = coarse, and 2 = fine. The control type is the most significant byte of word 6, 

indicating how the timer control in words 7 and 8 of the message is to be applied. The 

control type has three values: 0 = do not use, 1 = add to nominal, and 2 = one shot. If the 

control type is 0, it is ignored; ifit is I, the value of the timer control is added to the 

nominal tin1er value and the timer is reprogrammed; and if it is 2, the timer is programmed 

with the value of the timer control one time and then reverts to the nominal value. 

A c'Transmit Data Frame' message (I 102, Table 71), contains a portion of the full 

SCC broadcast message which is broadcast each second. The broadcast message is 

broken into smaller frames, so that if part of the message is missed it can be repeated more 
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quickly than repeating the entire broadcast message. 

The nominal broadcast message typically consists of five 115 byte frames (23 bit 

interleaving of (23,12) Golay code), which makes the entire broadcast message 4600 data 

bits long. Data frame messages containing data to be transmitted on the next broadcast 

frame are transmitted to the SCC from the NTCC on the current frame. The SCC 

transmits the available broadcast data at the beginning of each second. If frames of data 

are missing, the missing frames are replaced by zeros in the transmit data stream. 

Near the beginning of each secon~ the NTCC determines the data to be 

transmitted on the next second, and these data are broken up into frames. Several 

messages with ID 1102, one for each frame, are queued at one time. 

The broadcast frame ID in word 6 of the "Transmit Data Frame' message indicates 

the broadcast frame for which the transmit data is intended. The SCC uses this value to 

preclude mixing of the data intended for different broadcast frames. The frame number 

and total number of frames are contained in the least significant and most significant bytes 

of word 7 to indicate the manner of assembly of the frames of data if the messages are 

received out of order. The number of bytes in the frame, l (in word 8), indicates the 

number of data bytes to follow. If l is odd, the most significant byte of the last data word 

is padded with 0x00. The data bytes are ordered so that they are transmitted to the SCC 

in the same order as they are to be re-transmitted by the SCC. 

SCC 48 transmits status information to NTCC 47 at one-second intervals, in "SCC 

Status" messages (1201, Table 72). A current nominal timer in the message contains the 

present nominal value of the transmit timer countdown. SCC status in word 8 is bit

coded. 

NTCC 47 communicates with NDC server 42 via an 115200 bps serial interface, or 

TCP/IP directly, or over dial-up. The server supports two simultaneous NTCC systems 

for FM station/NTCC redundancy, sending the same tracker data to both NTCC systems, 

but trackers and Network Hubs operate from only one at a time. This is the primary 

system, and if that system fails, NDC server 42 commands the Net Hubs to switch to the 

secondary FM station, and the trackers will soon thereafter also switch to the secondary 

station. 

During normal operation, server 42 sends packets containing data to be transmitted 
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to the vehicles (i.e., to the trackers installed thereon) to NTCC 47. The NTCC formats 

the data into transmit data frames and sends them to the SCC. The NTCC provides server 

42 with a status message to be transmitted at the beginning of each integer second to allow 

the server to schedule processing tasks. The status message indicates status of the NTCC 

and SCC to the server, and informs the server regarding available space in the output 

queue for data to be sent to the vehicles. 

Messages used in communication between NTCC 47 (as well as an additional 

NTCC, if present) and NDC server 42 are summarized in Table 73. Dial-up NTCCs must 

login twice, with a 3Com/U.S.Robotics Modem Bank and Radius server for the first login 

using standard ''login:" and «password:'' prompts to authenticate user ID and password. If 

a dial-up NTCC is successfully logged into the network, it is connected to a TCP port on 

the NDC server reserved for Network Hub connections. Once connected, the NDC server 

sends a "Login Info Request" message (2104, Table 74) to the connecting Network Hub 

to authenticate it to the NDC server. The same user ID/password pair used to login to the 

modem bank is sent as a response in a '"Login Info Response'' message (2304, Table 75). 

However, NTCCs with TCP/IP connectivity to the NDC server need not login to the 

modem bank, but rather may simply connect to a TCP port on the NDC server and 

respond to the "'Login Info Request'' message." 

After the NTCC is authenticated, the NDC server requests an NTCC Profile by 

sending an ''NTCC Profile Request'' message (4105, Table 76). Although the NTCC may 

modify its profile, the NDC server maintains an accurate profile by using the information 

contained in an "NTCC Profile Response" message (4305, Table 77) which is sent by the 

NTCC in reply to the request message. 

The NTCC controls the real-time portion of the radio network for the NDC server. 

A «status Message 2" (2103~ Table 78) is sent by the NTCC to the server at the start of 

each second, to be used by the server as a rough time mark for scheduling periodic tasks. 

The accuracy of the time mark depends on the rate at which the NTCC and the server 

service their serial transmit and receive data queues, respectively. If two NTCCs are 

connected to the server, the server uses the time mark information from the primary 

NTCC. 

"When the NTCC requests connection to the NDC server, the server transmits data 
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describing the FM radio station to which the NTee will attempt to connect in an c'FM 

Data" message (2201,, Table 79) which indicates the :frequency of the FM station and the 

subcarrier frequency on which the PROTRAK system is operating. The position of the 

FM transmitter in latitude,, longitude and altitude is provided in the message to enable the 

NTCC to compute the propagation delay of the broadcast. The telephone number in the 

message is a null-terminated, ASCil string that the NTee must dial to connect to the 

sec. 

For each base station transmit packet generated by the NDe server, e.g. "FM 

Identification/' "Slot Allocation;' etc., the server sends a 'Vehicle Packet" message 

(2202, Table 80) containing the transmit packet to the NTee, which is ultimately to be 

transmitted to the vehicles by the SCC via the FM subcarrier. The NTCC places this 

packet in the output queue,, and in the base station broadcast message as space permits. 

"Vehicle Packet" messages are not acknowledged by the NTCC, simply because of the 

volume of messages to be coordinated by the server. 

When the NTCC connects to the NDC server, the latter sends a "Local Time Zone 

Offset" message (2203, Table 81) to the NTCC indicative of the offset, which the NTeC 

broadcasts to trackers (via the SCC and the FM subcarrier radio transmission) with the 

ccGPS Time'' base packet. The NDC Server sends this offset message 2203 to the NTCC 

not only in response to receiving a valid NTee profile response message, but at the start 

of each hour. In this way, the NTCC maintains the latest time zone information in all local 

time zones that change on the hour. 

NTCC 47 communicates via a 38400 bps serial interface with roof module 55, 

whose CPU 56 receives the FM broadcast via receiver 58 from SCC 48 at radio station 

12. As previously described herein, the time of arrival of the Flvf data is compared to the 

GPS integer second~ and the difference between the integer second start and the time the 

message data are received is provided to NTCC 47 to develop a correction for timing 

control feedback to sec 48. The NTCC compares the received data to the data provided 

to the SCC~ to verify that the correct data was transmitted. NTCC 47 :furnishes RF 

information to roof module 55 to enable the latter to tune FM receiver 58 to the proper 

channel and subcarrier. 

Messages used for communication between NTCe 47 and roof module 55 are 
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summarized in Table 82. The NTCC sends a "Frequency Control" message (3101, Table 

83) to the roof module during initialization, commanding the latter to tune to the proper 

FM radio frequency 

The NTCC furnishes time and status information to the roof module by sending a 

"Time/Status'' message (3102, Table 84) at one-second intervals. Although the roof 

module in the exemplary embodiment uses GPS time for synchronization to the PPS from 

the GPS receiver, as an alternative a roof module CPU 56 may be used that does not 

require periodic time information, but simply initialization information for GPS receiver 

54. The "Time/Status'' message, sent shortly after the PPS, contains the time at the PPS. 

Other mode and status information are also provided to the roof module CPU. 

In a "Status'' message (3201, Table 85), the roof module provides its status to the 

NTCC, including the current frequency being used. A timing status word in the message 

indicates the GPS time synchronization status with bit O = received time valid and bit 1 = 
time synchronized. FM status word is coded with bit O = synthesizers locked, bit 1 = 
bit-sync hunt mode, bit 2 = sync detected. 

The roof module reports received FM data in a message (3202, Table 86) to the 

. NTCC, which the NTCC compares to the data transmitted for frame time synchronization 

and monitoring of the transmitter and roof module receiver. During normal operation, the 

FM data is received starting near the beginning of the integer second and ends shortly 

before the end thereo( so the FM data for a one-second interval is reported to the NTCC 

at the beginning of the next interval. 

The roof module indicates the time difference ( delay) between the integer second 

and the received FM bit-sync to the NTCC in a "Timing" message (3203, Table 87), for 

timing loop control. The integer second is defined by the GPS PPS, and the "Timing" 

message must be sent immediately after the delay is computed to allow the NTCC to 

compute a clock correction and send it to the SCC before the start of the next integer 

second. In the normal run mode, the sync is detected about 15 msec after the integer 

second. The GPS week and time are provided in the ''Timing'' message for the start of the 

integer second for which the delay is computed. The delay specified is the time from start 

of integer second to detection of the sync. The TPU running at 5 :MIIz has a resolution of 

0.2 µsec. 
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The GPS receiver 54 of roof module 55 is a NavSymm XR5M GPS receiver for 

DGPS correction generation. The NTCC has two serial interfaces to the XRSM receiver -

- a CDU port and the DGPS output port -- the CDU port being used to control receiver 

operation and the DGPS port supplying RTCM-104 format DGPS corrections. 

Alternatively, roof module 55 may be implemented so that the interface with its CPU 56 

supports the GPS functions. 

Discrete Interfaces include PPS (pulse-per-second) and Reset, the NTCC requiring 

a PPS for synchronizing its executive to GPS time. The roof module also uses a PPS for 

timing of the subcarrier broadcast, and in the current embodiment, the Navstar XRSM 

GPS receiver provides the PPS and the NTCC uses a reset signal to control initialization 

of that receiver. 

XII. Database Management and CCS Server IDMCS) 

The DMCS (e.g., 27, FIG. 3) at a customer site 13 is conveniently described in 

conjunction with control of the interface between NDC server 42 and components that 

communicate with the server including the CCSs ( e.g., 14, 15), the NDC command 

stations ( e.g., 43, 45, FIG.4), the Network Hubs ( e.g., 11-1, 11-2, FIG. 3), and NTCC 

47, and messages used for those communications. 

The standard message format used to communicate between the NDC Server and 

all other systems is based on the message format defined in the aforesaid NavCore 

interface protocol, with a fixed five-word header section and an optional data section as 

shown in Table 88. The standard message header format is shown in Table 89. 

The Message Start Word is always Ox8IFF, indicating the start of a valid message. 

The Standard Message Type ID (IDNN) indicates the interface (I) where a message is 

used, the message direction (D), purpose, and number (NN). The valid Message Type ID 

range for the software components that interface with the NDC server is shown in Table 

90, and, for those software components that interface with the DMCS, in Table 91. The 

Data Word Count field indicates the number of 16-bit words contained in the data portion 

of a message (this field being O if the message has no data section), excluding the Data 

Checksum field. 

In the Flags/Message ID field, the least significant byte (bits 7 - 0) identifies the 
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message if an acknowledgment or negative acknowledgment is necessary,, and bits 12, 11,, 

and 10 are flags indicating Required Acknowledgment, Acknowledgment, and Negative 

Acknowledgment, respectively. If a message is sent with the Required Acknowledgment 

bit (12) set, the receiver must respond using the same Message ID with the 

Acknowledgment bit (11) or the Negative Acknowledgment bit (10) set. If a required 

acknowledgment is not received within a preset amount of time, or a Negative 

Acknowledgment is received, the sender must send the message again. 

The Header Checksum is computed by adding all words contained in the header 

and performing a 2's complement on the sum, expressed mathematically as (from the 

NavCore interface protocol): 

kept). 

(I). 

4 
SUM=Mod216 ~ word (I) 

I= 1 

Header Checksum= -SUM if SUM * -32768 
Header Checksum= SUM if SUM = -32768 

Where: 

1. 
2. 

3. 

4. 

Unary negation is computed as the 2's complement of some 16-bit data word. 

Mod 216 indicates the least 16 bits of an arithmetic process (only lower 16 bits 

The summation is the algebraic binary sum of the words indicated by subscript 

The -32768 Sum Value must be treated as a special case since it cannot be 

negated. 

Most standard messages used to communicate with the NDC server have a data 

section as shown in Table 92. The Data Word Count in the message header identifies the 

number of data words in the data section, these beingl 6-bit data words that form a 

message in the format indicated by the Standard Message Type ID. Messages without a 

data section have no data checksum. Messages with a data section do have a data 

checksum, which is computed in the same way as the header checksum. The only 

difference between the two calculations is that the header checksum is calculated using the 

first four words of the header while the data checksum is calculated using all of the data 

words prior to the Data Checksum field. 
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Each byte of the Standard Message is transferred with bits ordered from least 

significant to most significant, i.e., the least significant bit being transmitted/received first 

Each word is sent with the least significant byte first. 

The message formats used for the NDC server/DMCS interface are as follows. 

With respect to command/response messages and message request/response sequences 

that may be initiated by NDC server 42, once a DMCS 27 has connected to the NDC 

server, it must be ready to receive and respond, if necessary, to messages sent by the 

server. The Message Type ID of 71XX identifies messages that are initiated by the NDC 

server while necessary responses to these messages are indicated by Message Type ID 

73:XX (as shown in Table 90). 

Dial-up DMCS applications are required to login twice. A U.S. Robotics Modem 

Bank and Radius server perform the first login, using standard PPP login prompts to 

request authentication of the user ID and password. If a dial-up DMCS is successfully 

logged into the network, it may connect a TCP port on the NDC server, at which point the 

server sends a c"Loginlnfo Request'' message (7101, Table 93) to the connecting DMCS 

for authentication to the server. The same user ID/password pair used to login to the 

modem bank is sent as a response in a ~"Login Info Response'' message (7301, Table 94). 

A '"Login Info Response Result'' message (7107, Table 95) is returned by the NDC server 

to indicate the result of the login attempt. The double login is necessary to control access 

to both the NDC server network and the NDC server itself, and is hidden from dial-up 

DMCS users. DMCS applications with TCP/IP connectivity to the NDC server do not 

require login to the modem bank, but simply connect to a TCP port on the NDC Server 

and respond to the '"Login Info Request" message. 

When messages (Text, Predefined, or Site Dispatch) are sent to trackers, a timeout 

value may be specified. If a message is not acknowledged before its specified timeout 

value, the NDC server sends a 'Message Timeout" message (7107, Table 96) to indicate 

that the message was not acknowledged and that no further attempt will be made to send 

the message unless a re-send request is made. Messages sent to multiple trackers may be 

acknowledged by a subset of the original recipient list. The tracker IDs listed in the 

'Message Timeout" are for those trackers that failed to acknowledge the message prior to 

the timeout. 
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NDC command stations have the option to send an '~C Command" message 

(7102, Table 97) to CCSs connected to the DMCS,, to notify CCS users of important 

events (e.g.,, system shutdown warning during testing). ADMCS that receives an '"NDC 

Command'' message responds using an '"NDC Command Response'' message (7302, 

Table 98) and forwards it to all CCSs. 

While the DMCS is connected to the NDC server it receives real-time tracking 

data from the server in a 'Real-time Tracking Data'' message (7103, Table 99) for 

trackers associated with the respective customer. Such messages, which may contain 

messages of several different types, e.g., tracker location,, tracker speed, tracker heading,, 

user data received from a tracker, message acknowledgments/responses, and site status 

information,, are sent to the DMCS as they are received by the server. Tracking data 

messages for trackers with continuous tracking service or login only tracking (LOT) 

service are received at a rate specified by the tracker's associated active update rate. And 

for trackers with manual tracking service, tracking data messages are received as a result 

of a request made by the DMCS with a Send Tracking Request Message. The Real-time 

Tracking Data Message Format is shown in Table 100. 

As previously described herein,, the trackers have a capability to sense when the 

associated vehicle's ignition has been turned on or off. If a tracker is in the RF network 

and a vehicle's ignition is turned off for a predetermined interval of time, the tracker 

requests a low- power slot from the NDC server. After receiving its low-power slot, the 

tracker shuts down until just prior to its next update. Trackers continue to provide 

updates in this slot while the ignition remains off or the vehicle's battery voltage is below a 

minimum value. A "Tracker Power Mode" message (7107, Table 101) is sent to the 

applicable DMCS each time a tracker for which it is accountable switches to or from low 

power mode. 

When the DMCS or NDC command station updates a tracker profile, the updated 

profile information is forwarded to all connected DMCS applications associated with the 

profile in the form of a ~'Tracker Profile Update' message (7104, Table 102), with the 

Tracker Profile Fonnat shown in Table 103. 

NDC server 42 does not manage the installation history for trackers, but can query 

the DMCS ( e.g., 27) to determine when trackers have been installed and removed from 
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vehicles. A ''Retrieve Tracker Installation History' message (7105, Table 104) allows the 

NDC server to specify an installation date range. A "'Retrieve Tracker Installation History 

Response'' message (7305, Table 105) is used by the DMCS to supply information to the 

NDC server for all trackers that were installed into vehicles during the specified time 

period. Since the response message may be quite large, an individual response message is 

returned for each tracker installed. An exemplary Tracker Installation Record is shown in 

Table 106. 

DMCS 27,, which is responsible for management of vehicle profile information 

( e.g., vehicle identification number (VIN), state, license, make, model, year), provides this 

information to NDC server 42 in the form of a ''Retrieve Vehicle Profile List" message 

(7106,, Table 107), upon request. The NDC server typically makes this request ifit knows 

a VIN (which it has learned from the "Retrieve Tracker Installation History Response" 

message) and needs additional information about the vehicle. If the VIN is not known, the 

Retrieve Vehicle Profile by Installed Tracker may be used. A Retrieve Vehicle Profile List 

Response message and Vehicle Profile Format are shown in Tables 108 and 109, 

respectively. 

Once a DMCS has successfully logged into the NDC server, it may send command 

messages to the server with a Message Type ID of 72XX. Any responses from the server 

to these command messages are identified by Message Type ID 74:XX. 

Command/response messages and message request/response sequences initiated by a 

logged on DMCS are discussed below. 

When messages (Text, Predefined, or Site Dispatch) are sent to trackers, a 

message sequence ID is associated with the message. Messages pending acknowledgment 

may be cancelled by sending a "Cancer' message (7215, Table 110) with the associated 

message sequence ID, which is followed by a "Cancel Message Response'' message (7415, 

Table 111). 

A user ID and password combination is necessary for dial-up access or TCP access 

to the NDC server. Users that login to the NDC server network and application use the 

same user ID and password for both. Once a user has logged into the NDC server, a 

~Modify Account Password" message (7201, Table 112) may be used to modify the 

password, and is responded to by a Modify Account Password Response message (7401, 
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When a tracker profile is entered into the NDC server database, a tracking service 

is entered as part of the pro.file. Each tracker has a tracking service,, with valid tracking 

services being continuous tracking, LOT, and manual tracking. Trackers with continuous 

tracking service send their tracking information on a periodic basis even if a DMCS is not 

connected to the NDC server to receive this information. Trackers with LOT service 

transmit their information periodically if a DMCS is connected to the NDC server to 

receive this tracking information. Manual tracking service trackers only transmit their 

tracking information upon request. For continuous and LOT, an update rate (in seconds) 

is also entered as part of the profile to indicate the periodic rate at which the tracker 

should send its tracking information, the rate being used to initially set a tracker's active 

update rate when a tracker is first eligible to enter the radio network. A "Modify Tracking 

Service" message (7202, Table 114) may be sent to modify the tracking service and the 

associated update rate, and is followed by a ~"Modify Tracking Service Response'' message 

(7402,, Table 115). 

DMCS applications may send a «Ping Request" message (7203, Table 116) to 

verify their connection to the NDC server. If a "Ping Response" message (7403, Table 

117) is received, the connection is active and the NDC server is operational. 

Referring back to the '"Message Timeout" message sent by the NDC server, 

described above, a "Resend'' message (7216, Table 118) is sent to the server to indicate 

that a message should be re-sent to trackers from the original list of recipients that failed 

to acknowledge the message before the timeout period, followed by a ''Resend Message 

Response"' message (7416, Table 119). 

As with the DMCS's responsibility for management and maintenance of vehicle 

profile information, and the use of a Retrieve Vehicle Profile List, described above, the 

NDC server maintains an information profile for each tracker, which contains information 

to identify the tracker. The information includes the tracker's update rate, service type, 

and service flags. A '1letrieve Tracker Profile List'' message (7204, Table 120) is sent to 

retrieve a list of tracker profiles associated with a customer account. The list to be 

returned may be limited by specifying the tracker IDs. The applicable response message 

(7404) is shown in Table 121. Text messages may be sent to vehicles with a tracker 
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and an MDT. A <<Send" message (7205, Table 122) commands the NDC server to send a 

text message to all trackers associated ·with the requesting user or to a list of individual 

trackers identified by tracker ID. Pre-defined Exemplary Message Response Sets are 

shown in Table 123. If the NDC server successfully queues a message to be sent, a «send 

Message Response,, message (7405, Table 124) is used to indicate a Message Sequence 

ID associated with the message being sent. If the message is successfully acknowledged 

and/or responded to by a tracker,, the DMCS receives a <'Message Response And User 

Data" or "Short Message Response and User Data" packet within a "Real-time Tracking 

Data" Message ( discussed above) that contains the same Message Sequence ID. 

Pre-defined text messages also may be sent to vehicles with a tracker and MDT. A 

'"Send Pre-defined Message ID'' message (7206, Table 125) commands the NDC server to 

send a pre-defined message ID to all trackers associated with the requesting user or to a 

list of individual trackers identified by tracker ID. If the NDC server successfully queues a 

message to be sent, a "'Send Pre-defined Message ID Response" message (7406, Table 

126) is used to indicate a Message Sequence ID associated with the message ID being 

sent. If the message is successfully acknowledged and/or responded to by a tracker, the 

DMCS will receive a "Message Response And User Data" or "Short Message Response 

and User Data" packet within a "Real-time Tracking Data" message that contains the same 

Message Sequence ID. 

A <•send Site Dispatch" message (7207, Table 127) is used to facilitate dispatching 

and automating the recording of site arrival/departure. It is sent by the DMCS to a tracker 

to indicate a job site area and a message (e.g., site street address) to be displayed to the 

vehicle operator. A pre-defined or custom response set may be defined to permit a manual 

response. Upon arrival/departure at/from the site defined by the message, the tracker 

sends a "Site Status" packet within a "Real-time Tracking Data" Message to indicate site 

arrival/departure, either by virtue of the tracker's determination based on its 

latitude/longitude relative to the job site are~ or of the vehicle operator using the MDT to 

indicate the tracker site arrival/departure, and a consequent "Send Site Dispatch 

Response" message (7407, Table 128). 

A "Send User Data" message (7208, Table 129) comm~ds the NDC server to 

send a User Data message to all trackers associated with the requesting user ( customer) or 
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to a list of individual trackers identified by tracker ID. If the NDC server successfully 

queues a message to be sent, a "Send User Data Response" message (7408, Table 130) 

indicates a Message Sequence ID associated with the message being sent. If the message 

is successfully acknowledged by a tracker, the.DMCS receives a "Message Response And 

User Data" or "Short Message Response and User Data'' packet within a "Real-Time 

Tracking Data'' message that contains the same Message Sequence ID. 

Trackers that have manual tracking service only transmit their tracking information 

upon request. A "Send Tracking Request'' message (7209, Table 131) allows the DMCS 

to request tracking information from a specific tracker. If a tracker successfully receives a 

tracking information request, it transmits its tracking information during the next available 

time slot reserved for such a transmission, and the requesting DMCS receives a "Real-time 

Data" message with the requested tracking information. A "Send Tracking Request 

Response' message (7409) is shown in Table 132. 

When the DMCS creates/updates/modifies a tracker installation record, the record 

is forwarded to the NDC server as an update sent in the form of a "Tracker Installation 

Record Update" message (7210, Table 133). Also, when the DMCS updates a vehicle 

profile, the updated profile information is forwarded to the NDC server in the form of a 

"Vehicle Profile Update" message (7212, Table 134). 

XIII. Event Driven Status Reporting 

This aspect of the invention provides a method and apparatus for automatically 

determining and reporting events from a vehicle to an owner or dispatcher of the vehicle at 

a location which is remote from the vehicle. Events to be reported include changes in 

status of vehicle operation, location, or measurements of vehicle systems or cargo. The 

tracking computer (tracker) in the vehicle is connected to various sensors which measure 

parameters of interest to the dispatcher or owner, and reports critical changes in 

parameters over the TDMA network. CCS/DMCS computers at the customer's location 

display status changes for use by the dispatcher, or record data for later analysis. Software 

in the tracker and a variety of sensors allows multiple, complicated, and abstract status 

events that are relevant to specific vehicle or industry applications to be determined and 

reported by the tracker. Automatically generated reports from vehicles enables 
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considerably more accurate and timely data to be provided to the customer's site than is 

available from the human operators of the vehicles. 

FIG. 33 is a diagram of various types of sensors and/or measurement sources that 

are readily connected/supplied to the tracking computer (tracker) 135, either singly or in 

combination with each other, including c~ain ''basic" sensors, analog inputs, discrete 

inputs, TPU inputs, and serial interfaces to the tracker that can be configured for almost 

any measurement and control purpose. An expanded list of sensor inputs is set forth 

below. These fall into the two broad categories of (1) basic vehicle functions and (2) 

operational functions of the vehicle specific to the industry in which it is used. Operational 

functions require the addition of sensors to a standard vehicle. The reader is also referred 

back to FIG. 23 which illustrates certain particularly significant sensors of operational 

functions for ready-mix trucks, such as truck 195 -- a drum rotation sensor 281 and a 

washout water flow detection sensor 281 --, as well as a generalized set of inputs 280 to 

tracker 135 from sensors/measurement sources of the types referenced in this section of 

the specification. 

Basic vehicle functions or parameters that are measured directly by the tracker may 

vary from vehicle to vehicle, but typically include the following: 

• Vehicle Ignition and Run Time 
• Headlights 
• Reverse 
• Wheel Speed (from the transmission) . Passenger/Driver Door Open 
• Four Wheel Drive Engagement 
• Ambulance Lights/Sirens . Fuel Level 
• Coolant temperature 
• Oil Pressure 
• Battery Voltage 
• Engine Warnings 

Other vehicle functions may require the addition of sensors for measurement, or 

may be measured directly on equipment added to the vehicle to perform a function specific 

to the business in which the vehicle is used. Some typical parameters or functions that fall 

into this category are: 

• Theft or Tamper Alarms 
• Cargo Door Open 
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Cargo Temperature 
Vehicle Weight 
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Power Takeoff Engagement: Power Takeoffs (PTOs) can run a wide range of 

equipment, including: 
-Pumps 
- \Vinches 
- Cranes 
-Augers 

Engine Data Bus Parameters and Tolerance Checking 
Dump Box Up or Hatch Open 
Ready Mix Drum Rotation Speed and Direction 
Ready Mix Wash Water Usage 
Ready Mix Fill Water Volume 

Vehicle functions are combined with location and speed information from the 

navigation system. Correlation of measurements to vehicle motion enables events to be 

triggered based on vehicle locatio~ or to qualify measured data as proper operation of a 

vehicle -- or as an exception to normal operations, such as opening a cargo door outside of 

normal customer or company loading/unloading zones. 

In this respect, the system allows the owner or dispatcher of the vehicle to define 

rectangular zones on a stored map ofihe metropolitan area of interest; for example, a zone 

300 as shown in FIG. 34. The comers defining the zones (e.g., 301, 302,303,304 for 

zone 300) are sent to the vehicles so that the tracker can determine, based on its 

navigation solutio~ whether it is inside or outside any particular zone. These zones are 

typically set up to identify home or plant sites where vehicles are usually based or pick up 

cargo, or job sites where vehicles are usually dispatched to deliver cargo or perform a 

service. 

Zones can also define map regions for other purposes such as restricted speed, 

restricted weight, or borders that the vehicle is not allowed to cross. Using navigation 

alone, the tracker can report: 

• 
• 

• 
• 
• 

Distance Traveled Between Zones 
Engine On and Off 
Driving Over a Specified Speed 
Driving at Inappropriate Times 
Unauthorized Stops 
Times of Arrival and Departure to and from Specified Locations 

Combining location information with other measured parameters on the vehicle can 
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generate other status events, such as using the vehicle location to confirm the correct 

vehicle status, notifying the dispatcher if a cargo door opens at an inappropriate time or 

place, or correlating an engine problem to a particular location to understand the 

underlying circumstances. 

When a vehicle tracker needs to transmit event data, it requests special time slots 

using one of these time slots. It is then granted sufficient auxiliary reporting times at 

twelve second intervals to send its data. The total latency between an event being detected 

and the transmission of data is preferably kept under thirty seconds. 

All data passed through the network and other status information is stored on large 

database servers for later retrieval for reports on vehicle activity or analysis, The tracker 

reports events using different types of data packets depending on the event. Events 

indicated simply by direct measurement of an input are reported in a common event packet 

format that indicates the input measured ( discrete or analog) and the new value. These are 

events such as cargo door open, four wheel drive engaged, or PTO driven pump on. 

These data are stored in the database and passed on to the customer applications. Since a 

fleet owner (operator or subscriber) may have many types of vehicles in the fleet, and each 

may have different event data of interest on the same inputs to the tracker, the data must 

be clearly identified from vehicle to vehicle. 

Identifying the event reports by the tracker is accomplished by a tracker 

configuration application running in the NDC. When a tracker is installed in a vehicle and 

sensors are connected to its inputs, the configuration application activates the tracker by 

sending it a command for the attached inputs which identifies thresholds and hysteresis on 

triggering an event on the input. The configuration application also stores the association 

of each of the tracker's inputs to the specific event type, such as cargo door open. In 

more complicated situations where a vehicle has a detailed set of logic to operate to 

detennine when and what type of events occur, for example a ready mix truck or an 

ambulance, the configuration application sends a command to the vehicle's tracker to 

activate an entire section of software to process inputs. In these cases, industry specific 

data packets are sent by the tracker to identify detailed event status and data 

corresponding to the event. 

A number of specific applications for event driven reporting of vehicle status are 
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described below. Examples of applications to specific industries, by way of illustration and 

not limitation, are the following: ready mix concrete, bulk powder transport, bulk 

aggregate transport, and ambulance operation. Many more examples of applications that 

require automated event reporting might be listed. The combinations and applications of 

parameters that can be measured and reported are virtually limitless. 

A Ready Mix Concrete 

While efficient use of fixed assets is important in any business, it is particularly 

important in the ready mix concrete industry. This is primarily a delivery business, since 

the product being delivered is essentially a commodity and the raw material costs do not 

vary significantly between suppliers. The business, therefore, is one in which the efficient 

use of very expensive transportation assets makes the difference between profit and loss. 

The transit mixer truck has a well defined sequence of events through which it runs 

in the process of delivering concrete, generally comprising the steps of 

1) Load 
2) Leave Plant 
3) Arrive Job 
4) Begin Pour 
5) EndPour 
6) ,vash 
7) Leave Job 
8) Arrive Plant 

It is known that the ready mix concrete industry has been in search of a method to 

indicate these events to the dispatcher in a cost effective, timely, and accurate manner. 

Reliable indication of these events to the dispatcher results in the most efficient use of the 

truck fleet. By knowing the stage of operation each truck is in, the dispatcher can choose 

the best available trucks for the next loads. This is particularly true when planned 

schedules are changed by customer needs or delays in delivery. Ready mix companies have 

typically used driver voice enunciation for these events or driver operated status boxes. 

Voice and status box use have a :fundamental limitation in that they require the 

driver to take action to notify the dispatcher of his current state of operation. Even well 

intentioned drivers too often forget to notify the dispatcher. Industry estimates are that 

less than 10% of data provided through these means is accurate. Status boxes are control 
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heads interfaced to the voice radios, the status box having multiple buttons, typically a 

button operable to indicate each of the above-noted delivery phases. An advantage of the 

status box is that data from it can be provided to common dispatch applications used in the 

industry to enable the dispatch software to track the truck through the phases without 

manual intervention by the dispatcher. However, this advantage is rarely realized because 

of unreliability of the data from the driver, and the consequent inability of the dispatcher to 

make proper decisions for the most efficient use of assets. 

With the appropriate sensors on the transit mixer truck and software in the wireless 

data computer, the ready mix concrete delivery phases can be automatically and reliably 

determined. Reliable" automated sequencing is achieved according to this aspect of the 

present invention by implementation of three basic sensors on the truck, as well as reliable 

navigation, and involved state logic. In a preferred embodiment, the sensors comprise a 

drum rotation sensor 280 (FIG .. 23) that measures both speed and direction of the mixer 

drum, a water flow sensor 281 that measures water being used to wash off the truck, and a 

door switch ( e.g., associated with the switch that senses an open door to turn on the 

interior lights in the truck cab) that indicates when the driver's door is open. Information 

regarding location and speed of the vehicle is required to determine when the truck is at a 

plant or a job site (or en route to the site). The state logic ties all of this information 

together to allow the tracker to report each phase of the delivery process back to the 

subscriber's site. 

Drum rotation sensor 280 measures the speed and direction of the drum 287 of 

truck 195. In a preferred embodiment, sensor 280 is unlike typical drum revolution 

counters installed on mixer trucks that use limit switches or Hall effect magnetic or 

proximity switches to count drum revolutions, but instead accurately provides both speed 

and direction -- parameters which are needed to help determine when the truck is being 

loaded, when pouring of the wet concrete contents of the drum is commenced and when it 

is completed. Loading is typically performed by running the drum in the "charge'' 

direction at high speed, whereas normal mixing is performed while the truck is on the road 

and at a much slower charge speed. Pouring is typically performed at a very slow 

discharge speed, and drum speed is often increased as the drum empties. Referring to the 

block diagram of the drum rotation sensor 280 of FIG. 35, two Allegro 3240 Hall effect 
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sensors 288, 289 are employe~ separated by approximately two inches on a bracket 290 

that mounts to the top of the transmission 291 that drives the ready mix drum 287. Sensor 

280 is activated by six magnets that are placed around the axis of drum rotation on the 

interface plate between the transmission and the drum. Magnet assemblies 292 used to 

actuate the Hall effect sensors 288, 289 are attached to the drum-transmission interface 

flange 293. 

The transmission to drum interface is the ideal location for rotation sensor 280 

when added to the mixer after it is built. Direct measurement of transmission RPM is 

preferred but is only practical if the transmission can be modified at the factory to supply a 

rotational speed/ direction output. The transmission interface has well controlled 

dimensions and is relatively free of contaminants and from driver interference. It is also 

common among front and rear discharge mixers. Other potential locations for sensor 

placement, such as the idler wheels at the drum mouth or between the midpoint of the 

drum and the truck chassis, have drawbacks that include dimensional variations from 

manufacturer to manufacturer and from vehicle model to model. These locations are also 

more exposed to grease, dirt, damage, and variations in gap distances due to flexure of the 

truck frame and bouncing of the drum out of its idler wheels. 

The top of the standard transmission interface has mounting holes available for oil 

coolers and water tanks and may be used for sensor mounting. Despite the large size of a 

transit mixer truck 195 (FIG. 23), the clearances around the transmission interface are 

very tight. Also, roughly one inch of clearance exists between the bolts holding the drum 

to the interface plate and the pedestal to which the transmission is mounted. Options for 

magnet mounting are restricted if factory installed rotation counters must be 

accommodated. These sensors are of several varieties including reed switches using a 

similar magnet bolt design, limit switches actuated by a flange attached one of the drum 

bolts, or proximity sensors actuated by a flange just outside the interface plate radius. 

To mount magnets in the drum bolt radius of the interface plate for all 

manufacturers' mixer trucks, a magnet holder bracket is used. For contemporary mixer 

truck models, the following configurations are supported: (1) no bracket, (2) single 

bracket used to offset a rotation counter actuation magnet, or (3) six brackets used to hold 

in-radius magnets when bolt holes are unavailable. Mixers using ZF transmissions from 
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most manufacturers do not require the bracket. In these cases, six threaded holes in the 

interface plate are available for magnet bolts to be inserted. Mixers manufactured by 

McNeilus with ZF transmissions have a reed switch rotation counter actuated by a factory 

installed magnet bolt in the interface plate, which is replaced by a magnet rivet offset from 

the normal bolt radius by the bracket. The reed switch is moved from its factory bracket 

to a hole in the newly installed speed and direction sensor bracket. EIP transmissions 

populate all but two holes in the interface plate with bolts to hold the drum to the 

transmission. For this transmission, the bracket is rotated 90 degrees and flipped over so 

that the magnet rivet is held between the bolts that mate the drum to the plate. Either six 

bracket-rivet assemblies are used, or a combination of two magnet bolts and four 

brackets-rivet assemblies. 

Sensor 280 in this exemplary embodiment has a four wire interface 294 to the 

tracker 135: power, ground, and a signal line from each Hall effect sensor. The signals are 

inputs to the TPU of the Motorola 68332 microcontroller (CPU) for the tracker. The 

TPU has dedicated hardware for measuring pulses with very precise timing. When a 

magnet on the drum passes by a sensor, the sensor outputs a low going pulse. Referring 

now to FIG. 36 which is a timing diagram of the pulses resulting from the interaction of 

the sensors and the magnet on drum rotation, with the two sensors 288, 289 denoted A 

and B, respectively, a simple determination is made of drum 287 speed and direction. 

Speed is determined by two successive pulses 295, 296 from sensor A. The time between 

pulses (T AJ.J in seconds divided by 6 magnets (pulses) per revolution multiplied by 60 

seconds in a minute yields the RPM of the drum. The maximum speed of a ready mix 

drum is about 16 RPM. Direction is determined by the relative timing of pulses detected 

by both sensors. If the time between a pulse 295 on sensor A and a pulse 297 on sensor B 

(T AJB) is less than the time to the next pulse 296 on sensor A (T AJ.J, then the drum is 

rotating in the A to B direction, which is the charge direction. Conversely, if the time 

between a pulse on sensor A and a pulse on sensor B is greater than the time to the next 

pulse on sensor ~ then the drum is rotating in the B to A direction, which is the discharge 

direction. 

The gap 298 (FIG. 35) between the faces of the magnets and the sensor is an 

important consideration. During loading and over the road, the truck experiences very 
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heavy shock and vibration loads. These loads can cause the drum to bounce on its idler 

wheels and the truck frame to flex. As trucks and transmissions age, the problem becomes 

worse. Preferably, a gap 298 of at least about three quarters of an inch is provided to 

avoid damage to sensors or magnets. 

Transit mixer trucks typically have a water tank that stores water under pressure. 

The water is used to add water to the concrete mixture and also to wash off the truck 

when a pollf has been completed. In order to determine when wash is Qccuipng, the water 

flowing through the hose is measured using a flow switch. The flow switch:4tiggers at a 

preset flow volume threshold. A number of technologies for the flow switch can be used 

to detect flow" viz.: water tank air pressure, eddy current, differential pressure through an 

orifice, and spring deflection sliders or flappers. A flow switch is a preferred sensor 281 

(FIG. 23) for this application because the volume of flow is not important, just the time 

being spent washing the truck. A key design consideration for a flow switch or sensor is 

that it must work with water that is contaminated with dirt and debris such as rocks and 

large fragments of rust. 

For rear discharge mixers, the driver must exit the truck to set up the chutes before 

pouring. A door switch is used to determine when the driver's door is opened. Driver 

door opening is used to confirm arrival at the job site, but is not critical for proper 

operation of the system. 

A state transition diagram which defines the logic used by the tracker to combine 

sensor and navigation data to automatically derive mixer status is shown in FIG. 37. The 

logic is necessarily complex to account for all of the anomalies from the normal concrete 

delivery flow that may be encountered. Thresholds and timeouts are set to prevent false 

triggers oflogic states at the expense of a small delay in indicating the event. The primary 

states listed above are shown in bold in the Figure. 

The delivery process starts with the truck ignition being turned on (310) at the 

plant (311). Once the navigation system is initialized, the tracker installed in the truck 

determines that it is at the plant. Mixers are loaded by parking under the batch plant and 

running the drum.in the charge direction very fast. This is detected by the tracker if the 

truck has a speed ofless than two miles per hour, the truck is at the plant, and the drum 

speed and direction is about the fast charge threshold,, all for 60 seconds. When this is 
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detected (312), the tracker transmits the loading status (313). 

After loading, the truck typically proceeds to the wash rack where water is added 

to the mix., dust is washed from the true~ and the water tank on the truck is topped off A 

state that is detectable but not usually required by a ready mix company is identifying if a 

truck is at the wash rack (314). This can be determined by a slight change in position of 

the truck and parking after loading without leaving the plant. Next the truck will leave the 

plant. This is determined by having a location outside the predetermined rectangular zone 

(e.g . ., see FIG. 34) that defines the plant and a speed above 15 miles per hour. When this 

is detected (315), the tracker transmits the leave plant status (316). Hysteresis is placed 

on the zone boundary crossing so that a truck driving along the edge of the zone does not 

cause multiple arrive-leave plant sequences. 

Optimal use of the system requires the dispatcher to send a dispatch message to the 

truck that indicates to the tracker the rectangular zone defining the boundaries of the job 

site, but it is not required for the tracker to provide automated status. Job site location 

information enables the tracker to determine job arrival separately from the beginning of 

the pour, enables the tracker to determine exception information about pours taking place 

away from job sites, and allows route optimization software to have reliable information 

about trip times. 

Job arrival is determined by the truck entering the defined job zone and then having 

a speed below five miles per hour for at least one minute, or the driver's door opening, 

whichever occurs first (317). If a job zone is not defined, thenjob arrival is determined by 

the drum. operating in the discharge direction for more than 10 seconds (318). 

Alternatively, a fraction of a revolution of the drum. in the discharge direction can be used . 

When these conditions are detected, the tracker transmits the arrive job status (319). 

The start of pour condition is determined when the drum is run in the discharge 

direction for 20 seconds, or alternatively, one or two revolutions. Once this is detected 

(320), start pour is transmitted by the tracker (321). This places the tracker software in 

the pouring state (322), and it is then looking for an end of pour condition. 

End of pour m.ay be detected in a number of ways. Some pours are conducted in 

slow discharge. When the drum is near empty, the drum is sped up to extract the last 

remaining concrete. If the drum. is run in fast discharge for 10 seconds after running in 



5 

10 

15 

20 

25 

30 

WO 01/46710 PCT/US00/33272 

116 

slow discharge {323), this will trigger end of pour (324). If wash water is used for two 

minutes (325), end of pour is also triggered (326) because use of that much water almost 

certainly indicates the truck is being washed. End pour (327) can also be triggered is the 

speed of the truck is over 30 miles per hour (328). Trucks can rarely move that fast on a 

job site, particularly if they are still pouring because the chutes are typically left attached to 

the truck until pour is complete. An alternative method can be enabled if information 

about the amount of concrete loaded on the truck is provided to the vehicle tracker from 

the dispatcher (from a CCS at the subscriber site via the DMCS, NDC server, NTCC, 

SCC, subcarrier modulator and FM broadcast). In this case, end of pour can be better 

estimated by the number of revolutions required to empty the drum for a given volume 

originally loaded. A second alternative is to use an on-board weight measurement system 

such as the AW4600 or AW5600 from Air-Weigh. The tare weight of the truck can be 

compared to the weight during pour, and an end of pour can be detected when the weight 

approaches the tare weight. 

The beginning of wash is determined by use of water to wash the truck for a 

predetermined amount of time. If end pour (324) was detected by a fast discharge event 

(323), then water must be used for one minute (329) to indicate wash status (330). If end 

pour (326) was detennined from the use of water for two minutes (325), then wash status 

(331) is transmitted along with the end pour status {326). 

A leave job event is transmitted when the vehicle leaves the defined job site. A 

back up is provided, as shown in FIG. 37, to enable sending of the leave job status in case 

a job zone was not defined. Leave job (332, 333) is determined in any case if the vehicle 

speed is greater than 30 miles per hour (334). It should be noted that the system state can 

return to pouring (322) in some cases after wash (331) or leave job (333) are detected, if 

the drum is run in discharge again before the truck returns to a plant site (335). This 

enables the system to support operational anomalies like pouring concrete from one truck 

in two different locations at one overall job site. 

If job sites are defined for the tracker, they can be used to monitor behavior of the 

vehicle or driver that is contrary to the fleet operator,s (subscriber,s) policy. For example, 

if a pour is detected outside the defined job site rectangle, the vehicle computer can 

generate an exception and transmit it. This will alert the dispatcher that the driver may be 
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pouring concrete at an unauthorized location and reduce loss of material and improve 

efficiencies. Finally, arrive plant (311) is detected when the truck enters a rectangle that 

defines a plant location and the speed is less than 15 miles per hour (337). 

In addition to the normal ready mix delivery sequence, the business owner is 

interested in determining the amount of water added to the mixing drum at the job site. 

Again, drivers are an unreliable source of this information because they rarely record the 

actual amount added. It is critical that the correct amount be added and known because an 

incorrect mixture may not cure properly. 

Determining the amount of water added can be accomplished by placing a water 

flow meter in line with the pipe that fills the drum. An example of one of these units is 

EMCO/Fluidyne part no. 1200-1-1. These types of meters typically provide a pulse or 

analog output. Either type is easily integrated into the standard inputs of the tracking 

computer. Water added is counted between the time the truck arrives at the job site and 

finishes pouring. The amount added is transmitted out as an event along with the end of 

pour event. 

B. BulkPowder Transport 

Bulk transport trucks haul powdered material such as lime, cement, and fly ash. 

The bulk hoppers are loaded from the top by gravity. They are unloaded by forcing air 

through a network of pipes under the hoppers which,, along with gravity, pulls the material 
I 

out of the hoppers and pumps it up into storage silos. Bulk hauling companies need to 

know when the truck arrives at a customer's site, when it begins unloading, when it ends 

unloading, and when it leaves the site. The basic requirements are very similar to those 

described above for the ready mix concrete industry. 

Unloading is performed by pumping air through the pipes under the bulk hoppers. 

Air pressure is usually generated by the truck itself It is either done by a PTO driven 

pump or with an exhaust gas driven turbo pump. In most companies, the exhaust driven 

pump is more popular because it weighs much less than the PTO pump. With either pump 

the truck engine is run at high RPM to generate the required air pressure. 

Determining when the PTO pump is on is quite straightforward. One of the 

discrete inputs is connected to the input for the light on the pump that indicates it has been 
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turned on. The input wiring is designed to ensure that the input is triggered even if the 

light is burned out. Any time the PTO is turned or off, a corresponding status message is 

transmitted by the tracker to indicate the status change event. 

On trucks with exhaust driven turbo pumps, directly measuring if the pump has 

been engaged is very difficult. Since the pump is driven by the engine exhaust, the housing 

is very hot. Integrated circuit electronics cannot be used reliably in this kind of 

environment, so electronic flow switches and pressure switches would be difficult to use. 

The engagement lever on the pump is mechanically sloppy and difficult to instrument. In 

addition, any sensors outside the truck near the pump are subject to tampering. 

With these difficulties in mind, a tachometer sensor is used to determine if the 

truck is pumping material. The sensor circuit is designed to detect a low-level analog 

signal, convert it to a digital signal level and divide the :frequency to a lower value. The 

lower frequency signal is connected to the tracker through the TPU interface for a discrete 

input. Software in the tracker CPU counts the received pulses and converts them to an 

RPM. 

Engine speed is used in conjunction with the truck being stationary to determine 

the unload status. If the truck is stationary and the engine speed is above the appropriate 

RPM threshold for enough time for the driver to set up the truck and connect the delivery 

hoses, then the unload status is transmitted. If the dispatcher has provided the tracker 

with site information,. that is used to ensure the unloading is taking place at the site. If it is 

outside the site, the tracker transmits an exception to warn the dispatcher. 

C. Aggregate Bulk Tran$JJort 

Aggregate bulk transport trucks are dump trucks that haul gravel, rock, and sand 

generally for use by ready mix companies, construction,. or landscaping. This industry has 

similar requirements for truck status reporting as the bulk powdered material haulers. The 

vehicle owners need to know when and how often a dump truck empties its load. Vehicles 

in this industry are often rented by ready mix or other companies that do not own 

aggregate hauling trucks oftheir own. The vehicle owner needs reports on run time 

hours, odometer mileage, and number ofloads hauled for billing purposes; and the renter 

needs to know the same things to ensure that it is getting the desired efficiency from the 
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In order to determine if the truck dump bed is up, a reliable sensor must be used 

that is immune to vibratio~ shock., and the extreme environment ofloading. A proximity 

sensor that can sense the presence of metal at distances of over one half inch is preferred, 

and such a sensor is available in a range of sensor models from Turck sensor company. 

The sensor is connected to one of the discrete inputs on the tracker. When the tracker 

determines that the dump bed has left the proximity of the sensor for a guard time interval 

to eliminate noise, it transmits the dump status. 

Dump truck owners are also interested in preventing loss of cargo. As with ready 

mix, if applicable geographical zone or boundary definitions are provided in mapping data 

or otherwise to the tracker, then it can determine if the dump was raised outside of the 

areas where product should be delivered. 

D. Ambulance 

Ambulance operators must demonstrate to the government that they meet the 

required response times for emergency and non-emergency calls. They do this by 

providing reports on each trip~ with respect to the pick up location, the hospital delivered 

to, the times of the calls, and other factors. The reports are often collected manually based 

on recorded call logs. Ambulance companies also must comply with special local rules, 

regulations and ordinances that apply to operating emergency vehicles such as to refrain 

from using emergency lights and sirens on freeways or in non-emergency situations. 

These :functions can be automated to a significant degree by sensing when the 

lights and sirens are turned on and off and by using dispatch zones. When call scene 

locations and hospital or clinic locations are encompassed by zones and provided to the 

vehicle tracker,, and sensors are installed on the emergency lights, the tracker can 

determine the response times and delivery locations automatically. 

When the tracker detects that the emergency lights are turned on, it transmits the 

event and the time at which the lights are turned on. It then also begins counting time and 

distance until the vehicle arrives at the call scene. Call scene arrival can be determined 

automatically if a zone is provided to the tracker or can be determined manually by the 

driver pressing a status button on the display terminal. Once on-scene arrival is 
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determined, the tracker transmits the arrival time and the distance traveled. The sequence 

of leaving the scene and arriving at the hospital is similarly ascertained through zone 

detection and sensors. 

For report generation, all data reported by the tracker is stored for later processing 

at the ambulance owners site. The report then contains each call location, distance 

traveled and response time along with the emergency condition for each leg of the trip. 

XIV. Tracker FM Diversity Processing 

Reliable reception of data in a mobile radio environment is difficult to accomplish. 

Signal quality is rapidly time varying as a vehicle moves through the clutter of 

obstructions, reflections, and interfering radio sources. The FM subcarrier data signal 

received by the vehicle tracker can rapidly fade in an out due to signal obscuration and 

multipath reflections. In order to recover data in the most reliable fashion possible, the 

network design uses a combination ofFEC coding, bit interleaving, CRCs on message 

packets, and space diversity in the vehicle antenna system. Although the first three of 

these have been discussed earlier herein, they will be re-visited briefly for convenience of 

the reader. 

The forward error correction is a Golay (23,12) code. This algorithm encodes 

each 12 bits of message information into 23 code bits. When receive~ the decoding 

algorithm is able to correct errors in up to 3 of the 23 code bits. The FM transmitter sends 

300 message bytes (2400 bits) of data encoded this way into 4600 code bits each second. 

To improve the immunity of the link to bursts of errors caused by multipath or 

blockage effects, the transmitted bits are interleaved. The 200 code words transmitted on 

the FM subcarrier each second are split into five 40 word blocks. Within each 40 word 

block, the bit order of the transmitted data is rearranged so that the 40 first bits of each 

word are sent first followed by the 40 second bits and so on. This interleaving enables the 

Golay algorithm to correct up to 120 consecutive bit errors. 

Some error conditions are severe enough that they cannot be reliably corrected by 

the FEC code. To guard against this, each message packet in the FM data contains a 

standard 16 bit CRC used for error detection. If the CRC is not correct for a packet, then 

the packet is thrown out. The CRC can detect any odd bit errors, all double bit errors, and 
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many other error· combinations. For short message packet lengths typically transmitted in 

the syste~ the 16 bit CRC algorithm is sufficient when coupled with the forward error 

correction and interleaving. 

Space diversity in the receiving system of the vehicle is used to reduce errors 

caused by longer duration multipath fading or obscurations that cannot be corrected with 

interleaving alone. Two independent receivers (207,208, FIG. 24) and antennas (191, 

192, see, also, FIG. 23) are used to receive the FM subcarrier signal for the tracker 135. 

The receive antennas are separated on the roof of the vehicle as much as is reasonably 

possible. At 100 MHz FM frequencies, the distance between the antennas on the vehicle 

should be about 4ft for optimum diversity processing. This distance is usually achievable 

for most vehicles. Signals from the two antennas are independently demodulated to 

baseband data using two receiver chains. The tracker CPU 203 then uses a diversity 

processing algorithm to recover the data. 

Tracker CPU 203 decodes the received data using a sequence of algorithms: (1) bit 

de-interleaving, (2) Golay FEC decoding, (3) message packet parsing and diversity 

processing. The de-interleaving and Golay decoding are relatively straightforward 

algorithms. The parsing and diversity algorithm are described below. 

A flow chart of the diversity algorithm is shown in FIG. 38. Each second, the 

tracker begins processing data received over the FM subcarrier. The two received data 

streams are denoted by stream A and stream B. Diversity decoding starts at the beginning 

of the message block, with either stream A or B. Message synchronization is set at the 

beginning because the first byte to be processed in each second's data is the start of a 

message packet. A flag is also set to allow switching to the alternate stream (350) if a 

message cannot be properly decoded. 

If the next byte to be processed is a valid message ID (351 ), then the current 

stream is parsed for the message packet (352). If the CRC passes for the packet (353), 

message synchronization is held (354) and the pointer is incremented by the message 

length (355). Then the next byte is checked for a valid message ID (351). This is the 

normal flow of processing until the end of buffer mark is detected (358) or there is no 

more room in the buffer for messages (359). 

If a valid mes~age ID is not detected and the other stream has not been checked, 
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then the corresponding byte in the other stream (360) is checked for a valid message ID 

(351). Ifit is valid, then the message is parsed as described above. Alternatively, in either 

of the above cases, if the CRC is not valid (362), then the message packet is corrupted. If 

there was message synchronization (363), then an error count is incremented (364); 

otherwise, this indicates that the message ID was not the start of an actual message. If the 

other stream had not been parsed for the message, it is tested. 

If at any point both streams fail to produce a valid message ID or properly parsed 

message packet, the algorithm reverts to checking both streams on a byte by byte basis to 

locate the next valid message packet. 

It will be appreciated from the foregoing detailed description that certain 

objectives, features and aspects of the present invention are particularly noteworthy. For 

one, a vehicle fleet management information system for fleet asset management is provided 

which enables identification oflocation and direction of movement of each vehicle in the 

fleet in real-time and automatic communication directly with management offices to report 

vehicle location and direction, and as well, status of predetermined events in which the 

vehicle may become engaged, in which apparatus at a network control or distribution 

center assigns each vehicle in the fleet a unique time slot to transmit its reporting 

information over a communications network without substantially interfering with 

transmissions from other vehicles in their own respective time slots. For another, precise 

time synchronization is provided for all elements of the network,, which is at least in part a 

TDMA wireless network,, by means of a timing control PLL for distributing a single, 

remote global positioning satellite GPS based time reference throughout the network. The 

network includes a dual band full-duplex interface with TDMA on one-half of the interface 

and broadcast on the other half Also, microprocessors in components throughout the 

network each have a time processing unit for performing precise clock synchronization 

within 10 microseconds for the TDMA portion of said network. 

Still another resides in the provision of apparatus for establishing a protocol for 

entry by vehicle transmitters into the network in assigned time slots for periodic 

transmission of messages, and apparatus for providing space diversity of the messages 

received from the vehicle transmitters to avoid data corruption. Also, different periodic 

transmission intervals are provided for different vehicles in the network by dynamically 
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allocating the slots for various update rates. Additionally,, auxiliary reporting slots are 

provided to allow prompt reporting of important data by the respective vehicle 

transmitters independent of slower periodic transmission intervals. And apparatus in the 

system supports both guaranteed and non-guaranteed delivery of message data Further, 

assigned slots are unique to respective vehicles, so as to minimize bandwidth usage by 

allowing identity of the transmitting vehicle to be inferred from the time slot in which the 

transmission is received. Each vehicle transmitter has a filter for baseband data to reduce 

the occupied bandwidth of the channel on which data is transmitted, including removal of 

synchronization data to minimize overhead of non-information bearing data. The baseband 

filter is implemented by a digital microcontroller that replaces an original square wave data 

stream of the baseband data with deterministic transitions that reduce harmonic content 

and maintain bit widths, regardless of data input frequency. Each receiver in the network 

has the capability to recover the transmitted data without transmitted synchronization 

information by locating the start of each data message within a predetermined scant time 

window without aid from bit synchronization patterns. To that end, an iterative search is 

performed that sequentially clocks in the data at greater and greater delays from the 

nominal message start time until a valid data packet is located. 

Yet another provides for sensing, detecting or measuring certain repeated events in 

which the vehicle will be engaged according to the very basic nature of its use, and 

according to the industry in which it is being used, and for automatic reporting of the 

detected events to the fleet management office. These are especially important aspects for 

vehicles which must follow a routine prescribed for efficiency, s sake by the fleet 

management office, such as ready mix concrete trucks, powdered and aggregate materials 

transport haulers, ambulances~ etc. 

Although certain presently preferred and exemplary embodiments and methods 

have been described herein to illustrate the best mode presently contemplated of practicing 

the invention, it will be apparent to those skilled in the relevant art that variations and 

modifications may be made without departing from the true spirit and scope of the 

invention. Accordingly, it is intended that the invention shall be deemed limited only to the 

extent required by the appended claims and the rules and principles of pertinent law. 
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APPENDIX A: GLOSSARY OF ABBREVIATED TERMS 

ACCUMINT (accumulator interrupt) 

BSFK (binary frequency shift keying) 

CCS (Customer Command Station) 

CDU (control and display Unit) 

CPU ( central processing unit) 

CRC ( cyclic redundancy check) 

DGPS ( differential global positioning system) 

DMCS (Database Management and CCS Server) 

DR ( dead reckoning navigation) 

DSP ( digital signal processor) 

FEC (forward error correction) 

FM (frequency modulation) 

FSK (frequency shift keying) 

GP 2010 (RF front end component ofPlessey GPS chip set) 

GP2021 (correlator component ofPlessey GPS chip set) 

GPS (global positioning system) 

1F (intermediate frequency) 

IOD (issue of data) 

ISP (Internet service provider) 

ISR (interrupt service routine) 

ITC (input transition capture/count) 

LFS (linear file store) 

LNA (low noise amplifier) 

LOT (login only tracking) 

MDT (Mobile Data/Display Terminal) 

NDC (Network Distribution Center) 

NTCC (Network Timing Control Computer) 

OC ( output compare) 

PCS (personal communications services) 

PDC (PRO'fRAKTM Data Center) 
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PIT (periodic interrupt timer) 

PPM (parts per million) 

PPP (point-to-point protocol) 
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PPWA (periodic pulse width accumulation) 

PSTN (public switched telephone network) 

PWM (pulse-width modulation) 

PCT/US00/33272 

QSPI (queued serial peripheral interface, a Motorola 68332 processor peripheral) 

RF (radio frequency) 

RI (repeating interval) 

RSS (root sum square) 

RXD (receive data) 

SCA ( subsidiary communications authorization) 

SCC (Subcarrier Control Computer) 

SCI ( serial communications interface) 

Slv.1R ( specialized mobile radio) 

SQL ( structured query language) 

SRAM (static random access memory) 

TCR (timing control register) 

TCXO (temperature compensated crystal oscillator) 

TIC (time mark (timer ticks) from GPS chip set) 

TDMA (time division multiple access) 

TPU ( time processing unit) 

TXD (transmit data) 

UART (universal asynchronous receiver/transmitter) 

UHF ( ultra high frequency) 
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Table 2 · Base Packet Summary . 
Description ID Length Comments 

. · Number· (Bytes) .. 
Text Message Packet- Single Tracker or OxOl Variable Indicates message and . 

Entire response set for a trackerlfleet 
message. 

Text Message Packet- T1'3Cker Group Ox02 Variable Indicates message and 
response set for group 
message. - .... 

Tracker Group Message Interface ID List Ox03 Variable Indicates group of recipient 

Packet : ID's for text and user data. 
messages. 

Pre-defined Message Definition OxlD Varia,ble Provides a pre-defined 
.. message definition to tracker 

modules on a per customer 
· basis. 

Pre-defined ID Message Packet - Single Ox04 Variable User Specific 
Tracker or Entire Fleet 
Pre-defined ID Message Packet -Tracker OxOS Indicates user data for group 

Gn;,up message. 

DGPSPacket Ox06 Variable Computed by NTCC 

User Data Message Packet- Single Tracker Ox07 Variable User specific 

User Data Message Packet-Tracker Group Ox08 Variable User specific 

Grid ID Packet 0x09 •. 11 

FM Identification Packet OxOa 13 
UHF Identification Packet OxOb 5 

GPS Time Packet OxOc 7 Computed byNTCC 

Set Main Repeating Interval Slot Definition OxOd 12 Assigns main repeating 

Packet interval and Netwmklinter.face 
ID. 

Add Auxiliary Repeating Interval Slot , OxOe 10 Assigns auxilimy repeating 

Definition - Single Interval by Tracker ID intervals 

Packet 
Add Auxiliary Repeating Interval Slot OxOf '8 

Definition - Single Interval by 
Network/Interface ID Packet 
Add Auxiliary Repeating Interval Slot OxlO 11 Assigns auxiliary repeating 

Definition-Limited Number ofintervals intervals 
by Tracker ID Packet 
Add Auxiliary Repeating Interval Slot Oxll 9 
Definition - Limited Number of Intervals 

: 

by Network/Interface ID Packet 
Available Network Entry Slots Packet Ox12 8 Sent once per minute. 
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7a6/e Z {cnrfi.Au,ul) 
Repeating Interval Slot Config Info Packet Oxl3 3: Sent once per minute. 

Used to determine transmit 
timing/format of periodic 
update tracker packets. ·, 

Oxl4 
Network Entry Response Packet OxlS 6 
Network Entry Request Permission Packet Ox16 s .. 
Purge Assigned Repeating Intervals-By Oxl7 -6 . - . -
Tnicker JD, Customer ID, or Tracker ID 
ListPacket ·. 
Message Response Acknowledge Ox18 Variable Acknowledges Text and 

Predefined Message Responses 
Site Dispatch Message Oxl9 Variable Provides tracker with.job site 

location and message for user. 
User Data Acknowledge Oxla Variable Acknowledges reliable user 

data packets. 
Grid Identification 2 Oxlb 13 Defines RF Navigation grid 

and indicates NDC Server 
Boot Sequence ID 

Site Purge Message Oxlc Variable Erases a known site :from a 
tmcker. 

Site Status Acknowledge Ox.le 

Table .3 ~ Text Message Packet-Single Tracker or Entire Fleet 
#ofbytes Description 
1 Packet ID: OxOl 
1 . Bits 0-2: Response Set1 (predefined set of response choices) 

Bit 3-4: Addres~ Mode O= Tracker ID, 1 = Networ.k/Interface ID, 
2 = Customer ID 
Bit 5-7: Spare 

3 Message Sequence ID (unique for each customer) 
Variable Tracker ID (4 bytes). Network/Interface JD (2 bytes), Customer ID (3 bytes) 
3 Send Time2 (GPS Second)' 
l Message Length CL1) 
L1· Message . 1·Th.e table below mdicates the predefined. response sets. 
, Indicates the time the message was originally sent. NOTE: Since only the GPS second is 
;provided, tracker modules may assume that the message is less than one GPS week old. 
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Table .4. ~ Pre-defined Message Response Sets 

Response Set ID MDT Softkey 1 · MDT Softkey 2 :MDT Softkey 3 MDT Softkey 4 

Ql {BLANK} {BLANK} {BLANK} {BLANK} 

1 Yes No Call {BLANK.} 

2 OK {BLANK} {BLANK} {BLANK.} 

3 OK Cancel Call {BLANK.} 

4 Accept Decline Call {BLANK.} 

5 {BLANK} {BLANK} {BLANK} {BLANK.} 

6 {BLANK} {BLANK} {BLANK} {BLANK} 

7 {BLANK} {BLANK} {BLANK} {BLANK.} 
l 

. . 
Response Set ID mdicates that no pre-defined response is reqwred.. However, a cnstom 

response set may still be defined within the message. Custom response sets may be defined by 

appending response set values to the message. Response set values are delimited by a "I" 
(vertical bar) character. · 

Table 5 = Text Messoge Packet-Tracker Group 

#ofbytes Description 

1 Packet ID: Ox.02 

1 Bits 0-2: Response Set (ptedefined set of response choices) 

Bits: 3 - 7: spare 

3 CustomerID 
3 Message Sequence ID (wlique for each customer) 

3 Send Time (GPS Second)' 

1 Message Length CL1) 

Li Message . . 
1 See Pre-defined Message Response Sets for more information about response sets. 

NOTE: Text messages sent to a group of trackers will be sent two packets. One packet contains 

the text message, Customer ID, and Message Sequence ID while the otherpaclcet contains the 

tracker ID's, Customer ID, and Message Sequence ID. 
2 Indicates·the time the message was mi.g:ina1ly sent. NOTE: Since only the GPS second is 

provided, tracker modules may assume that the message is less than one GPS week old. 

Table,w; Tracker Group Message Interface m List Packet 

#ofbytes Description 

1 Packet ID: Ox03 

2 Message Length1 

1 Tracker ID List Block Count (Til..BCi) 

Variable Tracker ID List Block #1 

... 
Variable Tracker ID List Block #TILBC1 

3 Message Sequence ID (unique for each customer) 

3 Customerµ> . 
1 Indicates 1he total length of.this message excluding the packet ID and the Message Length 

value .. 
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Table 7: Tracker ID List Block 
#ofbytes Description 
1 Tracker ID Bio~ Type/Size 

Bits 0- 3 : ID Type ( 
0-Network ID List1, 

1 - Interface ID List Within a Network', 
2 - Interface ID Range Pairs Within a Network1, 
3 - Network/Interface ID, 
4-TrackeF ID) 
Bit 4 : Network Size ID1 (0 = 256 Trackers, 1 =· 16 Trackers) 
5-7: Spare 

1 Network ID Count (NC)/ID Count {IC) 

Variable ID Network #of Description 
Type Size bytes 
0 0 1 Network ID #1 

... 
1 Network ID #NC 

1 3 Bits 0-11: Network ID #1 
Bits 12- 23: Network ID #2 

... 
3 Bits 0-11: NetworkID #NC-1 

Bits 12 - 23: Network ID# NC 
1 0 1 Network ID #1 

1 Interface ID Count (IlC1) 

1 Interface ID #1 
... 
1 Interface ID #IIC1 

... 
1 Network ID #NC 
1 Interface ID Count (II~c) 
1 Interface ID #1 
... 
1 Interface ID# 114.c 

1 2 Network ID #1 .. 
1 Interface ID Count (IICs) 
1 Bits 0-3: Interface ID #1 

Bits 4 - 7: Interface ID #2 
... 
1 Bits O -3: Interface ID# lIC- 1 

Bits 4- 7: Interface ID# lIC 
: ... 

2 Network ID #NC 
1 Interface ID Count (Il~ 
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1 Bits O - 3: Interface ID #1 
: Bits 4- 7: Interface ID #2 

... 
1 Bits 0-3: InterfaceID#II~c-1 

Bits 4- 7: Interface ID# Il¼c 
2 0 1 Network ID #1 

1 Interface ID Pair Count (IJPC1) 

1 Interface ID Pair #1 Start - -· 
1 Interface ID Pair#l End 
... - .. 
1 Interface ID Pair# IIPC1 Start 
1 Interface ID Pair# IIPC1 End 
... 
1 Network ID #NC 
1 Interface ID Pair Count (IJP½fc) 
1 Interface ID Pair #1 Start 
1 InterfaceIDPair#lEnd 
-·· . 
1 Interface ID Pair# IIPCm: Start 
1 Interface ID Pair# IIPCm:End 

1 2 Network ID #1 
1 Interface ID Pair Count (IJPC1) 

1 Bits O - 3: Interface ID Pair #1 Start . 
Bits 4- 7: Interface ID Pair #1 End 

... 
1 Bits 0-3: Interface ID# DPC1 Start 

Bits 4-7: Interface ID# IIPC1 End 
... 
2 Network ID #NC 
1 Interface ID Pair Count (DP~ 
1 Bits 0-3: InterfaceID#l Start 

Bits 4-7: Interface ID #1 End 
... 
1 Bits O -3: Interface ID# IIP½fc Start 

Bits 4-7: Interface ID# IIPCm:End 
3 NIA 2 Bit:$ 0 - 15: Network Interface ID #1 

... 
2 Bits 0- 15: Network Interface ID #IC1 

4 NIA 4 Tracker ID #1 
... 
4 Tracker ID #I.C1 
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.I.A . .a. UlC u r I c-.u::.un"'11.& ....... U' ..... i>A.£,~ ...... "' ............. __ - --- . 
#ofbytes Description 
1 Packet ID: OxlD 
3 CustomerID 
1 Pre-defined Message ID 
1 Message Length CL.) 
L1 Message 

Table <t: Pre-defined ID Message Packet - Single Tracker or Entire Fleet 
#ofbytes • Description 
1 Packet ID: Ox04 

1 Bits 0-2: Response Set' (predefined set oi~onse choi~es) ..-- . 
Bits 3-4: Address Mode 0-Trackec ID,· l =·Netwoik/Intei:facc ID, 2 = Customer ID 
Bit 5-7: Spare 

3 ·· ·Message Sequence ID (unique for each customer) 

Variable2 Tracker ID (4 bytes). Network/Interface ID (2 bytes). Customer ID (3 bytes) 
3 Send Time (GPS Second)3 

1 Pre-defined Message ID 
2 Pre-defined Message 16 Bit CRC 
1 Custom Response Set Length (L1) 

Custom Response Ser 
1 See Pre-defined Message Response Sets for more information about response sets. 
2 Indicates the time the message was originally sent. NOTE: Since only the GPS second is 
provided, tracker modules may assume that the message is less than one GPS week old. 
3 If the Pre-defined response set is 0, this pre-defined message packet may contain a custom set 
of pre-defined response sets •. Custom response set values are delimited by a "I" (vertical bar) 
character. 

Table JO; Pre-defined ID Message Packet -Tracker Group 
#ofbytes Description 
1 Packet ID: Ox05 
2 Message Length1 

1 Bits 0-2: Response Set' (predefined set of response choices) 
Bit 3.:.7: Spare 

1 Tracker ID List Block Count (TILBC1) 

Variable Tracker ID List Block #1 
... 
Variable Tracker ID List Block #TILBC1 

3 Send Time (OPS Seco:nd)3 
1 Pre-defined Message ID ·-
2 Pre-defined Message 16 Bit CRC 
1· Custom Response Set Length (I.1) 

L1 Custom Response Set" 
I . 
Indicates the total length of this message excluding the packet ID and the Message Length 

value. · 
2 See Pre-defined Message Response Sets for mo~ information about response sets. 
3 Indicates the time the message was originally sent. NOTE: Since only the GPS second is 
provi~ tracker modules may assume that the message is less than one GPS week old. 
4 If the Pre-defined response set is o. this pre-defined message packet may contain a custom set 
of pre-defined response sets. Custom response set values are delimited by a "I" (vertical bar) 
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Table JI;. DGPS Packet 
ByteNumber Description 
0 Packet JD: Ox06 
1 Bits Q-5: RTCM Frame JD (0-63) 

Bits 6-7: Spare 
2 Bits 0-4: Number of SVs in the message (0=>32 SVs=Nsv) 

Bits 5-7: Spare 
3-4 Bits 0-12: RTCM-104 Modified Z-Count -

Bits 13-15: Station.Health 
(i=O-Nsv-1) Conection Data for each SV follows (5 bytes each) 

.S+Si l3its 0-4: SV PRN ID of this correction_(O=>PRN 32) 
Bits S-6: User Differential Range Error-
Bit 7: Scale Factor 

6+Si IODE 
7+5i-8+5i Pseudorange Correction 
9+Si Pseudorange-mte Con-ection 

Table tt: User Data Message Packet- Single Tracker or Entire Fleet 

#ofbytes • Description 
1 Packet-JD: Ox07 
1 Bits 0-2: Spare2 

Bits 3-4: Address Mode O= Tracker ID, 1 = Networlc/Interfac:e ID, 2 = Customer ID 
Bit 5-7: Spare2 

3 Message Sequence ID 
Variable Tracker ID (4 bytes), Network/Interface ID (2 bytes). Customer ID (3 bytes) 

3 Send Time (OPS Second)1 

1 Message Length (LJ 
L1 Message 
l 

. . . 
Indicates the time the message was onginally senl NOTE. Smee only the GPS second 1S 

provided, tracker modules may assume that the message is less than one GPS week old. 
2 Spare values were split to allow Address Mode to be in same position for all messages. 

Table I 3; User Data Message Packet-Tracker Group 
#ofbytes Description 
1 Packet JD: OX.08 
3 Customer JD 
3 Message Sequence ID 

3 Send Time {GPS Second)' 

1 User Data Length (LJ 
UserData Li 

NOTE: User data sent to· a group of trackers will be sent tw~ packets. One packet contains the 

user data, Customer ID, and Message Sequence ID while the other packet contains the tracker 

ID's, Customer ID, and Message Sequence ID. See Tracker Group Message Interface JD List 

Packet·to identify the trackers receiving this user data packet 
1 Indicates the tune the message was originally sent NOTE: Since only the GPS second is 
provided, tracker modules may assume that the message is less than one GPS week old. 
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Table 14; Grid ID Packet 
ByteNumber Description 

0 Packet ID: Ox09 

1-2 Bits0-14: GridIDnumber 
Bit 15: local grid=l; adjacent grid=O 

3-5 Grid Origin Latitllde: LSB=2"-23 semicircles 

6-8 Grid Origin Longitude: LSB=2J)o-23 semicircles 

9-10 Grid Origin Altitllde (HAE): LSB=l meter 

Table-JS: FM Identification Paeket 
ByteNumber Description -
0 Packet ID: OxOa 

1-2 Bits 0-14: Grid ID number 
Bit 15: local grid=l; adjacent grid=O 

3 Bits 0-1: Tr.msmitterID 

Bits 2-3: Number of transmitters (~ transmitters) 
Bits 4-7: Spare 

4-6 FM Transmitter Latitude: LSB=2"-23 semicircles 

7-9 FM Transmitter Longitude: LSB=2"-23 semicircles 

10-11 FM Tnmsmitter Altitude (HAE): LSB=l meter 

12 Bits 0-6: Frequency 0=>87.5MHz, 1=>87.?MHz, 102=>107.9MHz 

Bit 7: Subcanier: 0:;,67KHz, 1=>92KBz 

Table 1, : UHF Identification Packet 
ByteNumber Description . · 

0 Packet ID: Ox.Ob 

1-2 Bits 0-14: Grid ID number 
Bit 15: local grid=l; adjacent grid=O 

3 Bits 0-1: UHF Frequency ID 

Bits 2-3: Number of :frequencies (0=;,4 frequen~es) 
Bits 4-7: Spare 

4-S Bits 0-11: Frequency 0=>450MHz, 1=>450.012SMHz. 1600=>470:MHz 

Bits 12-15: ~pare 

Table f 7: GPS Time Packet 
ByteNumber Description 

0 PacketJl):OxOc 

1-2 Bits 10.-is: Leap Seconds 
Bits 0-9: GPS Week 0-1023 

3-5 Bits 0..:19: GPS Second 0-604799 
Bits 20-23: Rollover Count 

6 Bits 0-6: Time Zone Offset from GPS/UTC, LSB=15 nµnutes 

Bit 7.: Spare i 
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Tabl~ 18: Set Main Repeating Interval Slot Definitton Packet 
Byte Number Description 
0 Packet ID: Ox0d 
1-4 Bits 0-29:T:racker ID 

Bit 30: entiy type· flag (O=nonnal, l =low power)1 

Bit 31: spare 
5-6 Network/Interface ID 
7 Slot 
8-9 Repeating Interval Index 
10-11 Interval Length 
1 Tracker modules may enter the network by requesting networlc ·entry or by requesting a low 
power slot with their state and status tracking update. If a tracker requested net entry using a net 
entry request packet, this flag.is 0. If a tracker requested a low power RI slot, this flag is 1. 

Table /'1: Add Auxiliary Repeating Interval Slot Definition.__ Single Interval by Tracker 
ID Packet 

ByteNumber Description 
0 Packet ID: Ox0e 
1-4 TmckerID 
s· Slot .. 
6-7 Repeating Interval Index 
8-9 Interval Length 

Table lo: Add A11n,1ary Repeating Interval Slot Definition- Single Interval by 
Network/Interface ID Packet 

Byte Number Description 
0 Packet ID: OxOf 
1-2 Network/Interface ID 
3 Slot 
4-5 Repeating Interval Index 
6-7 Interval Length 

Table Z.h Add Auxiliary Repeating Interval Slot Definition - Limited Number of Intervals 

by Tracker ID Packet 
Byte Number Description 

0 Packet ID: Oxl 0 

1-4 TrackerID 
5 Slot 
6-7 Repeating Interval Index 
8-9 Interval Length 
10 Interval Count 
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Table &Z: Ad.Cl Au::o.uary .Kepeaung uu.erv.u allua. ...,.,,ll&lluu.u - .&J--- ~ •--- -- - . 
by Network/Interface ID Packet 

Byte Number D~cription · 
0 Packet ID: Oxll 
1-2 Network/Interface ID 

3 Slot 
4-5 Repeating Interval Index 
6-7 Interval Length 
8 Interval Count 

Table Z 3; Available Network Entry Slots Packet 
#ofbytes Description 

1 Packet ID: Oxl2 
1 Slot Count 
(SlotCount+7)/8 Bit map of available slots 

Flag (0 = not available, 1 = 
available) 

Slot O Flag= bit 0, byte 2, 
Slot I Flag= bit 1, byte 2, 
. 
. 
. 
Slot 8 Flag= bit 0, byte 3, 
Slot 9 Flag= bit 2, byte 3, 
. 
. 

. . . 

Table 24: Repeating Interval Slot Config Info Packet 

ByteNumber Description 

0 Packet ID: Oxl3 

1-2 Frame cycle length 

3 Self-purge update count 

4 Tracker ID Request Mode 
O = Tracker ID Not Req~ . 
1 = Tracker._ID required for next update only, 
2 = Tracker ID required for all updates 

5-6 BIT Packet Rate (in seconds). 

Table 25: Network Entry Response Packet 
Byte Number Description , 
0 Packet ID: Ox15 
1-4 Tracker ID 
5 Bits O -1 : Assigned Tracker State Code: 

0 = wait for auxiliary repeating interval slot . : 
1 = wait for net entry permission, / 

2 = wait for regisl:ration1 I 

PCT/US00/33272 

1 Indicates that the tracker has not been registered with the NDC Server. Unregistered trackers 
nu,v c-.nntinue to reauest network entrv each hour. 
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Table .Z&i.: Network Entry Request Pernuss1on ractu::1. 
#ofbytes Description 
1 Packet JD: ~16 .. 

4orl' Bits 0-1: Address Mode O = by 1racker JD, 1 - by customer ID, 3 = by 
Tracker ID List 
Bits 2 - 31: Address (by Tracker ID.) 
Bits 2-25: Customer ID (by customer ID) 

2 or V ariable1 2 bytes: Network/Interface ID (by Network/Interface ID) 
Variable: Tracker ID List Block (by Tracker ID List) . 1 If address type mdicates .. by tracker ID'" or "by customer ID", the ID follows unm.ecliately 

afterwards. If "by NetworldJnterf:ace ID" or "by Tmcker ID List'' is indicated, the ID starts in 
the next byte. · 

Table 2.1: Purge Assigned Repeating Intervals-By Tracker ID, Customer ID, or Tracker 
ID List Packet . 

#ofbytes Description 
l Packet ID: Oxl 7 
4or 11 Bits 0-1: Address Mode O = by tracker ID, 1 = by customer ID, 2 = by 

Netwoi:k/Jnterface ID, 3 = by Tracker ID List 
Bits 2 - 31: Address (by Tracker ID)3 
Bits 2-25: Customer ID (by customer ID) 

2 or Variable1 2 bytes: Network/Inter.face ID (by Network/Interface ID) or 
Variable: Tmcker JD List Block (by Tracker ID List) or 

l Bits 0- 3: 0 = Purge all repeating intervals. 
1 = Purge all auxiliary repeating intervals, 
2 = Purge main repeating interval1 

3 = Purge specified repeating interval,. 
Bit 4: 0 = Wait for Net Entry ~_Permission. 
1 = Request Network Entry 

1 (optiona1)4 Specified Repeating Interval: Slot"! 
2 ( optional) 4 Specified Repeating Interval: Index4 

2 (optional) 4 Specified Repeating Interval: Length4 

l . . 
" • .. . 

If address type indicates "by tracker ID or 'by customer ID • the ID follows immediately 
afterwards. If "by Network/Interface ID., or "by Tmcker ID List" is indicated, the ID starts in 
the next byte. 
2 Trackers should purge their Network/Interface ID when their main repeating interval is purged. 
3 OxOOOO = Broadcast tmcker ID. If a purge assigned repeating interval is sent to OxOOOO, all 
1rackermodules should purge the indicated repeating interval(s). 
4 Optional portion of the message that only exists if ":Purge specified repeating interval" is 
indicated. • 

Table 28 ~ Message Response Acknowledge 
#ofbytes .Description 
1 Packet ID: Oxl 8 
1 Bits 0-2: Response Key ID 

1 == Softkey #1, 2 = So:ftkey #2, 3 = Softk:ey #3,4 = Softkey #4 
Bits 3-4: Address Mode O=Tracker ID, 1= Network/Interface ID 
Bit 5-7: Spare 

3 Message Sequence ID' (unique for each customer) 
Variable Tracker-ID (4 ~es), Network/Interface ID (2 bytes) 
' The Message Sequence ID 1S the same ID associated -with the onginal text's1te dispatch 
""_.,.,O'P. thRt reauired the reSDonse. 
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~ s + I). ft:i, M dl-e V:1: I e ..,spa e£Ja9e 

#ofbytes Description 
1 Packet ID: Ox19 
1 Bits 0-2:·Response Set1 (predefined set of response choices) 

. Bit 3-4: Address Mode O= Tracker ID, 1 = Network/Interface ID, 
2 = Customer ID 
Bits 5-6: Site Type3 (O=job site, 1 =home base, 2= customer defined, 
3 = customer defined) 
Bit 7: spare 

3 Message Sequence ID (unique for each customer) 

Vatiable Tracker ID (4 bytes), Netwoik/Interface ID (2 bytes), Customer ID (3 byt~) 

3 Send Time (GPS Second) 
3 Site ID (unique per type per customer)4 

3 Northeast Latitude -90° to -+90° (LSB = 180° * 2-23) 
3 Northeast Longitude -l80°·to +180° (LSB = 180° * 2-23) 

3 Southwest Latitude -90° to -+90° (LSB = 180° * z-23) 

3 Southwest Longitude -180° to +180° (LSB = 180° * 2"23
) 

1 Message Length (L1) (Max= 128 bytes, including responseY, 

L1 Message2 

. . 
1 See the Pre-defined Message Response Sets table for more information. 

#ofbytes Description 
1 Packet ID: Oxlc 
1 Bits 0-2: Response Set1 (predefined set of response choices) 

Bit 3-4: Address Mode O= Tracker ID, 1 = Network/Interface ID, 
2 = Customer ID 
Bits 5-6: Site Type3 (O=job site, 1 =home base, 2= customer de~ed, 
3 = customer defined) 
Bit 7: spare 

, 

3 Message Sequence ID (unique for each customer) 
Variable Tracker ID (4 bytes), Network/hiterface ID (2 bytes), Customer ID (3 bytes) 

3 Send Tune (GPS Second) 
3 Site ID (unique per type per customer)2 

. . 1 See the Pre-defined Message Response Sets ~le for more information. 
2 Site :rp values are unique per customer per site.type, except for the mass purge Site ID of 

OxlF:F:F:FF'. The Site ID OxlF'.FF.FF tells the tracker to purge all messages of the type indicated 
in the Site Type :field. 
3 The tracker module may use the site type to d~e the length of time a site should be 

retained and the algorithm that should be used to determine anival/departure status. Job sites 

should be retained by the tracker until the tracker enters and leaves the site. Home base sites 

should be retained until deleted. And, types 2 & 3 should be retained based on customer defined 
rules. 
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#ofbytes Description 
1 Packet ID: Oxla 
1 Bits 0: Address Mode O=Tracker JD, l= Networldlnterface ID 

Bit 1-7: spare 
1 User Data Sequence ID1 

Variable Tracker ID (4 bytes). Networldlnterface 1D (2 bytes) 
1 Sequence JD assigned by tracker when reliable user data packet was transmitted. See Reliable 

User Data and Reliable Short User Data for more information. 

Table .3Z: Grid ID Packet2 
#ofbytes Description 

1 Packet ID: Oxlb 
2 Bits 0-14: Grid ID number 

Bit 15: local grid=l; adjacent gtj.d=O 

3 Grid Origin Latitude: LSB=2"-23 semicircles 

3 Grid Origin L,ongitude: LSB=21\-23 semicixcles 

2 Grid Origin Altitude (HAE): LSB=l meter 

2 NDC Server Boot Sequence ID 

Table 33 · Site Status Acknowledge· 

#ofbytes Description 

1 Packet ID: Oxld 

1 Bits 0: Address Mode O=Tracker JD, 1-Networlc/Interface ID 

Bits 1-2: Site Type3 (O=job site. l==home base, 2= customer defined, 

3 = customer defined) 
Bit 3-7: spare 

Variable Tracker ID (4 bytes),Network/Jnterface ID (2 bytes) 

3 SitelD 
1 Site Sequence ID' 
l 

. . acket was tnmsmitted. See Site Sequence ID asSigned by tmcker when reliable site status p 

Status for more infonnation. 

Table 34: Planned Tracker Update Repeating Interval Rates 

Transmit Transmit Comments 

Interval Interval 
(sec) (min) 

3600 60 Low power repeating interval 

1800 30 : 

1200 20 
900 15 12 hrs/day, 1000 updates/month 

600 10 8 hrs/day, 1000 updates/month 

300 5 
225 3.75 12 hrs/day, 4000 updates/month 

144 2.4 8 hrs/day, 4000 updates/month 

60 1 
30 0.5 I I 

10 0.166667 
5 0.083333 Emergency Vehicles 



WO 01/46710 PCT/US00/33272 
140 

Table :i5: Tracker State Data. Block Byte/Bit Definitions -
Byte/Bit. Bit Length Description 

0/0, 10 GridZoneID 

1/2,24 ' Bits 0-10: AN0lf .. 

Bits 11-21: 4Ear 
Bit 22: State Data Validity l=valid 
Bits 23: GPS Validity l=DGPS current 

4/2, 7 Bits 0-6: Speed 

5/1, 7 Bits 0-6: Heading 

Table3h: Reduced State Data Block Byte/Bit Definitions 

Byte/Bit. Bit Length Description 

0/0, 10 Grid Zone ID .. 

1/0,24 Bits 0-10: ANofl" 

Bits 11-21: 4Eott 
Bit22: State Data Validity l=valid 
Bits 23: GPS Validity l=DQPS current 

Table 37: Network Status Code Definitions 
Code Description 
0 No status 

1 Network exit request 

2 Low Power Repeating Interval Slot Request 

3 Low Power exit request 

4 All Repeating Interval Slots Purged 

5 Main Repeating Interval Slot Purged 
6 Auxiliary Repeating Interval Slot Purged 

7 Re-assign Main Repeating Interval Slot Request 

8 Re-assign Auxiliary Repeating Interval ·Slot Request 

9-31 

Table 38; Message Acknowledgemmit/Response Block 

Byte/Bit, Bit Length Description 

0/0, 1 Acknowledgement/Response Flag (0 = Ack Only, 1 = Response) 

0/1, 3 Response Key ID 
(O=Retum Receipt', 1 = Softkey #1, 2 = Softkey #2, 3 = Softkey #3, 4 = 
Softkey#4) 

0/4, 1 spare· 

0/5, 21 Message/Site Sequence ID 

3/2, 20 GPS Second Receipt/Response Time1 

1 Indicates the GPS Second when the message was received for acknowledgment or the GPS 

Second when the Softkey was pressed for a response. 
2 Indicates that message was read by driver. 
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·Table 3'{: Tracker Packet Summary 
Description ID Comments Spare 

Number 
,. 

Bits 
Net Entry Request O· Used to request main RI Slot or a one-time 14 

auxiliary RI Slot. 
State and Status 1 Normal Periodic Transmission 1 
Reliable User Data. 2 User Specific 4 

Short State and Status 3 Contains Tracker ID 3 
Reliable Short User Data. 4 User Specific with Tracker ID 6 

Reduced State User Data s Stat~ Tracker ID, and User Data 3 
and Status 
Message Response and 6 Message respo~e with user data. .. 6 
UserData - .. 

Short Message Response 7 Messa~e response with full tracker ID and user 0 
and User Data data. 
Site Status 8 Used to indicate job site arrival/departure 2 
Built-in test (BIT) ·9 Packet to provide info about the tracker, it's Vaties 

environment and the RF network. bytype. 
Pre-defined Message Ox0a Used by tracker to request a p~:fined 0 
Definition Request message definition. 

NOTE: This packet may be sent in a network 
entry slot. 

Table 40: Net Entry Request Packet Bit Definitions 
Byte/Bit,bit length BitNumber Description 
0/0,4 0-3 . Packet ID Block (Ox00) 
0/4, 1 4-4 0 = Main RI Slot, 

1 = Single Auxiliary RI Slot 
0/5, 1 5-5 0 = Main RI Slot, 

1 = Single Auxiliary RI Slot 
0/6, 30 6-35 Bits 0-29: Tracker ID Number 
4/4,30 36-65 Bits 0-29: Tracker ID Number 
8/2,5 66-70 Aux Interval Count 
sn,s 71-75 Aux Interval Count 
9/4,4 76-79 Spare 
10/0, 16 80-95 CRC16 

Table 4-1 ~ State and Status Packet Bit Definitions 
Byte/Bit, bit length BitNumber Description 
0/0,4 0-3 Packet ID Block (Ox0l) 
0/4,5 4-8 Network Status Code 
1/1, 48 9-56 Tracker State Data Block 
7/1,24 57-&0 User Data Block 
10/1,7 81-87 Spare 
11/0, 8 88-95 CRC8 I I 

I ' 
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Table 4 z: Reliable User Data Packet Bit Definitions 

Byte!Bit,bit length BitNumber Description 
0/0,4 0-3 Packet ID Block (Ox02) 
0/4,8 4-11 User Data Sequence ID 

1/4. 72 12-83 User Data Block 
10/4, 4 84-87 Spare 
11/0,8 88-9S CRC8 

Table 4-3; Short State and Status Packet Bit Definitions 
Byte/Bit,bit length BitNumber Description 
0/0,4 0-3 Packet ID Block (0x03) 
0/4, 30 4-33 Bits 0-29: +racker ID Number 
412, 5 34-38 Network Status Code 

4/7, 48 39-86 Tracker State Data Block 
10/5, l 87-87 Spare 
11/0, 8 88-9S CRC8 

Table 44~ Reliable Short User Data Packet Bit Definitions 

Byte/Bit,bit length BitNwnber Description 
0/Q,4 0-3 Packet ID Block (0x04) 

0/4,30 4-33 Bits 0-29: Tracker ID Number 

4/2, 8 34-41 User Data Sequence ID 
512, 40 42-81 UserData 

10/2,6 82-87 Spare 

11/0, 8 88-95 CRC8 

Table45: Reduced State User Data and Status Packet Bit Definitions 

Byte/Bit,bit length BitNumber Description 
0/0,4 0-3 Packet ID Block (Ox0S) 
0/4, 30 4-33 Bits 0-29: Tracker JD Number 

4/2,5 34-38 Network Status Code 
4/7,34 39-72 . Reduced State Data Block 

8/7, 8 73-80. UserData 
10/7, 7 81-87 Spare 
11/0, 8 88-95 CRC8 

Table 4~ ~ Message Response and User Data Packet Bit Definitions 

Byte/Bit,bit length BitNwnber Description 

0/0,4 0-3 Packet ID Block (Ox06) 

0/4,46 4-49 Message Acknowledgement/Response Block 

6/2, 32. 50-81 User Data.Block 
10/2, 6 82-87 Spare 
11/0, 8 88-95 CRCS 
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Table· 41: Short Message Response and User Data Packet Bit Definitions 
Byte/Bi~it length BitNumber Description 
0/0,4 0-3 Packet ID Block (Ox07) 
0/4,30 4-33 Bits 0-29: Tracker ID Number 
4/2,46 34-79 Message Acknowledgement/Response Block 
10/0, 8 80-87 User Data Block 
11/0, 8 88-95 CR.CS 

Table 48: Site Status Packet Bit Definitions 
Byte/Bit,bit length BitNumber Description 
0/0,4 0-3 Packet ID Block (Ox08) 
0/4, 30 4-33 Bits 0-29: Tracker ID Number 
4/2,2 34-35 : Site Type (O=job site, l=home base; 2= customer defined, 

3 = customer defined) 
4/2, 21 36-56 Site ID 
7/0, 1 56-56 Status (0 = AII:iva.l. l = Departure) 
7/1, 1 57-57 Automatic Source Fltllt 
7/2, I 58-58 User Somce Fiag3 
7/2,20 59-79 GPS Second Anival/Departure Tnn.e1 

9/6, 8 80-87 Site Status Sequence ID 
11/0, 8 88-95 CR.CS 
1 Indicates the GPS Second value upon arrival/departure.. 
2 Set for "event-driven" initiated. event. 
3 Set for user initiated event. 

Table 4'J: Built-in Test (BIT) Pack.et Bit Def"mitions 
Byte/Bit.bit length BitNumber Description 

0/0,4 0-3 Packet ID Block (Ox09) 

0/4,4 4-7 BIT Packet Type 

1/0, 80 BIT Packet Data Block' 

11/0, 8 88-95 CRC8 
1 See following tables for the BIT Packet Data Blocks. 

Table so:. Built-in ·rest t.lUJ:J .l."'aCKet uata s10CK (NetWOrK ana Kl' ~ymem, J.ype -- VJ 

#ofbytes Description 
2 Missed Bit Sync Count 
2 CRC Error Count A 
2 CRC Error Count B 
l NumberofTimes Sync Was Lost 
1 Max Sync Loss Duration 
I Number of Network. Entry Attempts 
1 Nmnber of Reliable Packet Retries 
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' --.,. - 04 -
#ofbytes Description 
1 Highest Battery Voltage .. 

1 Lowest Battery Voltage 
l Number of Times Ignition Was Turned Off 
1 Shortest 0.ffDmation (min) 
1 Longest 0.ffDmation (min) 
l IDghest Temperature (0 C) 
1 Lowest Temperature {°C) 
3 Spare (OxOOOOOO) 

Table 52.: Built•in Test (BIT) Packet Data Block (Navigation, Type = 2) 
Byte/Bit, bit length BitNumber Description -
0/0, 8 0-7 Number of Tim.es Nav was Invalid 
1/0, 8 8-15 Maxim.l.llil Duration Nav was Invalid (min) 
2/0, 8 16-23 Number ofTJ.m.es without DGPS 
3/0, 8 24-31 : Maxim.um Duration without DGPS (min) 
4/0,4 32-35 Number ofSVs tmcked 
4/4,5 36-40 SNR for Channel 0 
511, S 41-45 SNR for Channel 1 
516, S 46-50 SNR. for Channel 2 
613, S 51-55 SNR for Channel 3 
7/0,5 56-60 SNR for Channel 4 
7/S,S 61-6S SNR for Channel S 
812,S 66-70 SNR for Channel 6 
sn,s 71-75 SNR for Channel 7 
9/4,4 76-79 Spare 

Table 53 1 Built-in Test (BIT) Packet Data Block (Version, Type= 3) 
#ofbytes Description 
1 Tracker Software Major Release 
1 Tracker Software Minor Release 
1 Tracker Software Build 
I Tracker Hardware Major Release 
l Tracker Hardware Minor Release. 
l MDT Softwme Major Release 
1 MDT Software Minor Release 
1 .MDT So.ftwarc Build 
1 .MDT Hardware Major Release 
1 MDT Hardware Minor Release 

Table 54-: Built-in Test (BIT) Packet Data Block (Ready Mix, Type= 4} 
#ofbytes. Description 
2 Number of times wash out hose was on for 15 minutes 

continuo11Sly 
2 Number of1imes water was tumed on 
2 

I 

'Number of times door was opened 
2 Number of times drum was charged 
2 Number of times drum was discharged 
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Byte/Bit,bit length BitNumber ·Description 

0/0,4 0-3 Packet ID Block (Ox0A) 

0/4,30 4-33 Bits 0-29: Tracker ID Number 

4/2,30 34-63 Bits 0-29: Tracker ID Number 

8/0, 8 64-71 Pre-defined Message ID 

9/0, 8 72-79 Pre-defined Message ID 

10/0, 16 80-9S CRC16 

--Ta,ble5':TPU Channels and Functions 

Channel 8lgnl lqndFrom OlllpUITo UnbdTo Pllorit1 'IPU Uade PUrpoU " I 
Function I 

1PO TYK"" ""1· L 0C H=t lnllla!edf'tDe ITUffl m tmnllmllter 

1P1 ~~- ·- ...,. L rrc s-esnmnm,al) StanTXHrialdockat camKttlmll 

1P2 RF Sllrial CIC SCLK.TP3 H 0C Conlfnuous Pulla TXudalb!t clock to OSPI 

1P3 RFSllrialClk TP2 TP2 H ITC ......... Counttmnsmlll!ldll!ls 

1P4 RXDataA R..,FMDa!aA M PPWA PtaaAcalmlN<>Unk d.TP11 

1P5 RX•--1 TPll L oc Host lnfflated PlBa lnllfala FMdala""'"""""' 

lPII mc-2 TI'fi rP7 1P8 L ITC •~m•s~,~~- SlanRXHrial r:lackaat-,.cttlme 

1P7 ShlltClk Shift•- H oc Conllnuaus Puln RXblldar:I< 

......, I.AtCflCllt Shift ..... M oc Conllz1Uaua PdM RXtwta to=-

...... UAdforRAM 

=10 
l'INdforRJ\M 

1P11 RXO-B ~FMOa!aB M PPWA Dellldllit all. TP04 

TP12 DlrKl!an ""-ma! L ITC Oelactdlrecllcn• ~--

1P13 WbetlS-A Ex1emal L CDEC Counlwheel-•---

TP1<4 •-s-e E>demlll L QDEC Counlwheel-•---

TP15 Cnll&eS.. Eldemal L ITC -stllll/NOLlnk Collllt-•---
TD11 ,~ GP20211&1em. 

RDDf ModlH Receiver 

Tal,Je s1-.. d,.awg_a.f-1tm Da-le,... 

Word Description Type Units/ Range 

Number LSB 

1-5 Header 
6 Status 
7-8 Latitude Long 2·31 semicircles :l:0.5 

9-10 Longitude Long 2·31 semicircles :1:l.O 

11 Altitude Short 0.125m 

12 North Velocity Short 2.gm/sec 

13 East Velocity Short Tm/sec 
14 Down Velocity Short Tm/sec 
15 Year Ushort 
16(1sb) Month Uchar 1-12 

16(msb) Day Uchar 1-31 

17(1sb) Hour Uchar 0-23 

17(msb) Mmute Uchar 0-59 

18 Second Usbort 2·7 sec 0-7679 

19 Data Checksum 
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To.bJ,t. SB: kce.ived Mess"'-e /Jr,,{o,. (1,oz.') 

Word Number Description Type Units/ Range 
LSB 

1-5 Header 
6(lsb) Message Type l=canned, 2=full text uchar 
6(msb) Canned ID/I'ext Length(L) ucbar 
7(1sb) IOD uchar 0-255 
7(msb) User Response uchar 04 
8 Year ushort 
9(lsb) Month uchar 1-12 
9(msb) Day- uchar -1-31 
lO(lsb) Hour uchar 0-23 
lQ(msb). ~Ute uchar· 0-59 

ll(lsb) Number of valid: responses · uchar 04 
ll(msb) Spare uchar 
12-16 Response 1 Text char 
17-21 Response 2 Text char 
22-26 Response 3 Text char 
27-31 Response 4 Text char 
nextL/2 Text if type=2, padded with O in last char 

b~ ifL is odd · 

1o.b/e sq : tect 1'1t.~ {j~rA.la (1103) 
Word Description Type Units/ Range 

Number LSB 
1-5 Header 
6 Data Type Identifier usbort 0-255 
7-16 20 Data bytes uchar 

Table C.O:Available Message Data (7104) 

Word Description Type Units/ Range 

Number LSB 

1-5 Header 
6 Number of unread messages (X) ·. ushort 0-255 

7 Id of most recent unread message ushort 0-255 

7+X-1 Id of oldest unread message ushort 0-255 

7+X Number of saved messages (Y) ushort 0-255 

7+X+l Id of most recent saved message : ushort 0-255 

7+X+Y-1 Id of oldest saved message ushort 0-255 

7+X+Y Data Checksum 
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Table~/: User Data Message List (7106) 

Word D~ption 
Number 

1-5 Header 
6 Number of messages in the list (N) 
7-21· Message 1 

(7+N*15)- MessageN 
(21+N*15) 
7+N*15 Data Checksum 

Table,2:Data Request (7201) 

Word 
Number 

1-5 
6 
7 
8 

Header 
Message ID 
On/Off 

Description . 

Data Checksum 

Table,3: Text Message Response (7202) 

Word Description 
Number 

1-5 Header 
6(lsb) IOD 
6(msb) Response 
7 Data Checksum 

Table ft!/• User Data Output (7203) 

Word Description 
Number 

1-S Header 
6(lsb) Number of Bytes 
6(msb) Data Type Identifier 
7-11 10 Data bytes (1 or 9 will be used) 
12 Data Checksum 

Table'4S:Request Available Message Data (7204) 

Word 
Number 

1-5 Header 

Description 

147 

Type 

usbort 
char 

char 

Type 

ushort 
ushort 

Type 

uchar 
ushort 

Type 

uchar 
uchar 
uchar 

Type 

Units/ 
LSB 

Units/ 
LSB 

Units/ 
LSB 

Units/ 
LSB 

Units/ 
LSB 

PCT/US00/33272 

Range 

0-255 
0-255 

0-255 

Range 

Range 

0-255 
0-7 

Range 

1 or9 
0-255 

Range 
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Word Description 
Number 

1-5 
6 
7 

Header 
Message Identifier 
Data Checksum 

148 

Type 

ushort 

Table,7: Request User Data Message List (7206) 

Word 
Number 

1-5 Header . 

Description 

Tableh1: NTCC/SCC Message Summary 

Message ID .-Source 

Type 

Description 
Timing Control 

Units/ 
I.SB 

Units/ 
LSB 

lHz 

PCT/US00/33272 

Range 

0-255 

Range 

Rate 
1101 
1102 
1201 

NTCC 
NTCC 
sec 

Transmit Data Frame (1 of N) 
SCCStatus 

N frames at IHz 
1Hz 

Table 7D: Timing Control (1101) 

.Word 
Number 
1-5 
6(lsb} 
6(msb) 
7-8 
9 

Description 

Header 
Timing Control Mode 
Control Type 
Tnner Control 
Data. Checksum 

Table 7i: Transmit Data Frame (1102} 

Word 
Number 

1-5 
6 
7(lsb) 
7(msb) 
8 
9-8+(/+l)/2 

,.::, 9+(1+ 1 )/2 

Description 

Header 
Broadcast Frame ID 
Frame Number (n) 
Total Number ·ofFrames (N) 
Number of Bytes per Frame (f) 
Frame Data Bytes 
Data Checksum 

Table 72: SCC Status (1201) 

Word 
Number 

1-5 
6-7 
8 
9 

Description 

Header 
Current Nominal Timer 
scc·status 
Data Checksum 

Type Units 

uchar 
: ucbar 

long 0.1 microsec 

Type Units 

short 
uchar 
u.char 
short 
uchar 

Type Units 

long 0.1 microsec 
coded 

Range 

0-2 
0-2 
±0.S sec 

Range 

0-188 
0-? 
0-? 

Range· 

0-1.o+,sec 
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Table 75:NTCC/Server Message Summary 

MessagelD 
2104 
2304 
2105 
2305 
2103 
2201 
2202 
2203 

Source 
Server 
NTCC 
Server 
NTCC 
NTCC 
Server 
Server 
Server 

Description 
Login Info Request 
Login Info Response 
NTCC Profile Request 
NTCC Profile Response 
Status2 
FMData 
Vehicle Pack.et 
Local Time Zone Offset 

Table 74; Login Info Request Message (2104) I ~
0
ofbytes I =on I ValucorRangc 

Table 75: Login Info Response Message (2304) 

#ofbytes Description Value or Range 

10 Header 

2 User ID Lcnl!th Ox0000 -0x0020 

L1 User ID 

2 Password Length Ox0OO0 -0x0020 

~ Password 
Padding' 
1 Data Checksum 

1 Ox00 'Will be used for padding if necessary to make entire body word aligned. 

Table 1,: NTCC Prome Request Message (4105) I ~;fbytcs I ~=:tion I Value or Range 

T~ble i7; NTCC Prome Response Message (4305) 

#ofbytcs Description Value or Range 

10 Header 

4 NTCC Serial Number 

4 R.oofModolc Serial Number 

2 ' 
Data Checksum 

I • 

1 OxO0 will be used for padding if necessary to make entire body word aligned. 

Rate 
At Initialization 
At Initialization 
At Initialization 
At Initialization 
lHz 
At Connection 
mghRate 
At Initialization and 
once per hour 

PCT/US00/33272 
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Table 7d: Status Message 2 (2103) 
#ofbytes Description Value or Range 
10 Header 
2 Timing Status O=NoSync 

l=InSync 
2 Weck Roll-over Count .. 
2 Leap Seconds 
2 GPSWcek 
4 GPSSecond 
2 Current Network Fr.mic Number .. 

1 System Status Mode l=Init, 
~=Sync, 
3=Rnn 

1 Bits 0-3: Timing Mo~ Bits 0-3: O=Init, !=Coarse Offset, 2=Coarse Rate, 3=Fme Rate 
Bits 4-7: TlIDlllg Sub Mode Bits 4-7: 0-Samplc, l=Wait, 2=Command. 3=Chcck 

1 Bits 0-3: GPS Status Bits 0-3: O=Waitiug For GPS,l=GPS Initialized 
Bits 4-7: System TlDle Status · Bits4-7:0=Invalid, l=Valid 

2 SCC Clock Rate LSB=O.lPPM 
1 Bits 0-3: sec Port status Bits 0-3: O=Inactive, l=Activc 

Bits 4-7: SCCPort Comicction Status Bits 4-7: O=Not Connected, !=Connected 
4 Sync Loss Events 
4 Total Sync Loss Time 
1 NDCPort O=Inactivc, 

l=Active 
1 Bit 0: RoofModulc Status Bit 0: 0-= Inactive, 1 = Active 

Bits 1-2: RoofModulc Channel Status Bits 1-2:. 0 = No Frequency Date, 1 == Not Locked, 2 = Locked 
Bit3:FMSync Bit 3: 0 • Unreliable, I -= Reliable 
Bit 4: FM Sync Message Bit 4: 0 =Unreliable, l a:: Reliable 
Bits 5-7: spare BitsS-7: 0 

1 FM Bit Sync Reliability LSB-1% 
1 Sync Data Status O=Unreliable, 1 =Reliable, 2=Tmicd out 
1 Sync Data Reliability LSB=1% 
l Bits 0-3: GPS CDU Port Bits 0-3: O=Inactive, l=Active 

Bits 4-7: PPS Bits 4-7: O=Invalid, l=Valid 
1 GPS SVID Count (C1) 0-12 
1 GPSSVID#O 
... : 

1 GPS SVID #(C1-1) 
1 GPS CN0 Count(~ :0-12 
1 GPSCN0#O 
... 
1 GPS CN0 #(Crl) 
1 Bits 0-3: RTCM Port Bits 0-3: O=Inactive, !=Active 

Bits 4-7: Data Bits 4-7: O=Unavailable, !=Available : 

1 RTCM Tl SVID Count (C3) 0-12 
2(ifC3> RTCM Tl Frame Number 0-3599 
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a e D 

0) Note: TI Frame Number not supplied if C3 = 0. 

1 R.TCM Tl SVID tlO 

... 
1 RTCMTl SVID#(Crl) 

1 RTCM T2 SVID Count (C.) 0-12 

2(ifC.> R.TCMT2 Frame Number 0-3599 
0) Note: T2 Frame Number not supplied if~= O. 

1 R.TCM T2 SVID tlO 

... 
1 R.TCMT2 SVID#(C.rl) .. 

2 FM Error Frame 

2 FM Error Count 
2 FMBitCount 

4 FM Total Error Count 

4 FM Total Bit Couuf 

4 BcrtPPM LSB = .001 PPM 

2 Total Bytes Sent on Last Frame short 

2 Free Bytes After Last Frame short 

2 Packets Received short 

2 Packet Bytes Received short 

2 Packets Sent short 

2. Pack~t Bytes Sent short 

2 Packets in Queue short 

2 Packet Bytes in Queue short 

Paddiug1 

1 Data Checksum 

Table.7'1=FM Data (2201) 

Word Description Type Units Range 

Number 
1-5 Header 
6 Frequency short 0.1MHz 875-1079 

7 Subcarrier short kHz 67 or'Ji. 
8-9 Latitude long Z-31 semicircles -1 to 1 
10-11 Longitude long 2-31 semicircles -0.5 toO.S 

12 Altitude short meters 
13-27 Telephone Number String char 
28 Data Checksum 

TableB01Vehicle Packet (2202) 

· Word Description Type Units Range 
Number 

· 1-5 Header 
6 Vehicle Data Length (I) short bytes 
7-6+(/+1)/2 Packet Contents 
7+(1+1)/2 Data Checksum 
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Table a 1~ Local Time Zone Offset (2203) 

Word Description Type Units Range 
Number 

1-5 H~ 
6 Time Zone Offset short LSB = 15 min -48 to 48 
7 Data Checksum 

Table Bz: NTCCIRoofModule Message Summary 

Message ID Source 
3101 
3102 
3201 
3202 
3203 

NTCC 
NTCC 
RoofModule 

· RoofModule 
RoofModule 

Table 83: Frequency Control (3101) 

Word Description. 
Number 

1-5 Header 
6 Frequency 
7 Subcanier 
8 Data Checksum 

Table84~ Tim.e/Status (3102) 

Word Description 
Number 

1-5 Header 
6 Timing Status 
7 GPSWeek 
8-9 GPSSecond 

Description 
Frequency Control 
Time/Status 
Status 
Received FM Data 
Timing 

Type 

short 
short 

Type 

coded 
short 

.long 

Units 

0.1MHz 
KHz 

\ 

Units 

10 Current Network Frame Number short 
11 Mode 
12 System Status 
13 Data Checksum 

......... :-~~ ;:: ._: • .., ... • p 

Table.BS: Status (3201) 

Word 
· Number 
1-5 
6 
7 
8 
9 
10 
11 

Description 

Header 
Frequency 
Subcarrier 
Timing Status 
System Status 
FM Status 
Data Checksum 

coded 
coded 

Type Units 

short 0.1~ 
short kHz 
coded 
coded 
coded 

Rate 
AHnitialization 
lHz 
lHz 
lHz 
lHz 

Range 

875-1079 
67 or92 

Range 

0-1023 
0-604799 
0-188 

Range 

875-1079 
67or92 
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Table.Sh: Received. FM Data (3202) 

Word 
Number 

1-5 
6 
7 
8-7+(1+1)/2 
8+(/+1)/2 

Description 

Header 
Frame Number 
Number of Bytes (/) 
DataBytes 
Data Checksum. 

Table 87: Timing (3203) 

Word J)escription 
Number 

1-5 Header 
6 GPSWeek 
7-8 GPS Second 
9-10 Delay to Sync 
11 Data Checksum. 

'E bl 88. Standard M a e . L~e F ormat 

Message Section #ofwords Descriotion 

Header 1 Messasre Start Word 

1 Standard Messaire Type ID 

1 Data Word Count (N) 

1 flags 

1 Header Checksum 

Data (Optional) 1 DataWord#l 

... 
1 DataWord#N 

1 Data Checksum 

Tobi eq • Standard M e . essaee ea r ormat H de F 

Message Section #ofwords Description 

Header 1 Message Start Word 

1 Standard Message Tvne ID 

1 Data Word Count (N) 

1 ·Flags/Message ID 

1 Header Checksum 

153 

Type 

short 
short 
ucbar 

Type 

short 
long 

Units 

Units 

long 0.1 microsec 

. Value or Ranire 

Ox81FF 

OxXXOO 

ValueorRans?C 

Ox81FF 

OxXXOO 
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Range 

0-188 

Range 

0-1023 
0-604799 
0-1 sec 
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Table.9.0; Messaire Tvne ID llnn,... NDCServer 

Softwar= Component with an Dircction/pmposo Reserved Message ID Range 

Interface to NDC Server 

NTCC FromNDC Server 2100-2.199 

To NDC Server 2200 2299 

R-onse to NDC Server initiated mcssa...., 2300-2399 

11,_.0DSC to NTCC initiated mcssime 2400-2499 

NetworkHub FromNDC Server 4100-4199 

To NDC Server 4200-4299 

Resnonse to NDC Server initiated messaire 4300-4399 

'R"'""Onse Network Hub initiated mcssal!e 4400 4499 

NDC Command Station FromNDC Server S100-5199 

To NDC Server 5200-5299 - . -· 

Resnonse to NDC Scrm: initiat.cd mess.an: 5300-S399 

Response to NDC Command Station initiated S400-5499 
mesmnre 

DMCS FromNDC Server 7100-7199 

To NDC Server 7200-7299 

Resnonse to NDC Server initiated messal!c 7300-7399 

Re.=onse to DMCS initiated mcssave 7400-7499 

Table 'ff: Messm?e Tvne ID Ran- - DMCS 

Software Component with an Din:cticm/pmpose Reserved Message ID Range 

Interface to DMCS 

ccs FromDMCS 6100-6199 

ToCCS 6200-6299 

R......,.onse to DMCS initiated masSai?e 6300-6399 

Resnonse to CCS initiated messae 6400-6499 

T: hle qz• StandardM a ·--Da ta Section 

Message Section #ofwords Dcscrlution V elue or Range 

Optional data section 1 DataWmd#l 
... 
1 DataWord#N 

1 Data Checksum 

I # of bytes I Description . V 
Header 

Taltleq4: Louin Info R-..om:e ""301) 

#ofbytcs Description Value or Range 

10 Header 

2 User ID Lenlrth lL., OxOOOO- Ox0010 

Lt : User ID 

2 Password Len!rth <L2) OxOOOD-OxOOlO 

k Password 

Pnddin,.l 

2: Data Checksum 
I Ox.OO will be used for padding if necessary to make entlre body word aligned. 
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Table </5: Login Info Response Result Message (7501) 

f f b I D cription I Value or Range #o ytes cs 

10 Header 
0xoooo = success. 

2 Rcsµlt 
OxOOOf = Invalid User Name/Password, 

Ox0002 = Add Connection Failme, 

Ox0003 = Database Access Error 

2 Data Checksum 

Table : Messai,e 'limeout M...._.,..,_ (7107) 

: #ofhvtes Dcscrintion Value or Rane:c 

! 10 Header 

3 Messae:e Seouence ID 

2 Number ofTrackers.N.1 OxOOOO- OxOBoo' 

4 Tracker ID #1 OxOOOOOOOO- Ox03FFFFFF 

... 
4 Tracker ID #N1 OxOOOOOOOO- Ox03FFFFFF 

1 Paddine: OxOO 

2 Data Checksum 

' 
. 

The number of tracker modules that failed to acknowledge the message before the nmeout. If the message was 

sent to all trackers associated with the customer, this number will indicate the trackers that have not yet responding 

to ihe message. 

Table q;: NDC Command Messaee (7102) 

#ofhvtes Descrintion Value or Rane:e 

10 Header 

2 NDC Command Station User Name Len!rth lL. \ OxOOOO -Ox0020 

L, NDC Command Station User Name 

2 Messafte Lerurth CL,) OxOOOO- OxOlOO 

T- Messa1te 

2 NDCS Command Seanence ID1 OxOOOO-OxFFFF 

Paddinit2 

2 Data Checksum 
i 

. 
Response should use this ID value. . 

2 OxOO will be used for padding if necessary to make entire body word aligned. 

Table~8! NDC Command Resoonse Messaire ln02) 

#ofbvres Descri.Dtion Value orRan2e 

10 Header 

2 NDCS Command Seauence ID1 OxOOOO-OxFFFF 

2 Status OxOOOO = Succcss/Forwarded to Customer Command 
Stations(s), 
OxOOOl = No Customer Command Stations connected. 

2 Data Checksum 
1 Response should use the same ID sent with the request ~ssage. 
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Table 'l't: Real-time Tracldn,. Data Messaee r: 103l 
#ofbvtes Descrmtion Value or Ran!!e 

·-
10 Header 

2 Ycar2 
1 Month2 1-12 

Dav2 1...:31 
. ---

1 

1 Hour2 0-23 

1 Minute? 0-S9 

1 Secorui2 0-S9 

2 Trackin1r Seauence Value3 OxOOOO- OxF.FFF 

2 TvncID1 Ox0000-0x0004 

1 Tmcbr Low Power Mode Flaft 0 = not low power, l = low nower 

4 TrackerID Ox00000000-0x3FFFFFFF 

Variable Tmckinl? Data Messae:e1 

Paddina4 

2 Data Checksum 

1 See Real-time Trac;king Data Message Format table. 
2 Date/l'"mie values indicate when the NDC Server received the message and are specified using Greenwich Mean 
Time(GMT). . 
3 The NDC Server mairu:aius 'l tracking sequence counter for each vehicle. This counter is used to assign tracking 

sequence values to messages sent from a vehicle to the NDC Server. Message sequence values Il)lly be used by CCS 

applications to detemlinc if any messages are missing from a set of Tebicle ttadcing messages. 
NOTB: Traeling sequence values for each tracker rollover every 65536 updates. 
4 OxOO will be used for padding if necessary to make entire body word aligned. 
5 'Ibis flag indicates if the tradtcr is cmn:ntly in low power mode. When trackers enter low power mode, they 
request a low power update slot in the RF network. The low powe:n1pdatc Iatc is less :fr:cqucnt (1 hour) than most 

tracker update rates. As a: result, trackers may power down between 11pdatcs to conserve tkcir vehicle's battery. 

Trackers in low power mode will not be able to provide immediate l'Cknowledgement to messages. Messages sent 

to trackers in this mode will be queued by the NDC Server mitil the message is acknowledged or the message 

n:achcs its timeout. 
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Table lOO: Real-time T.raelmm Data Mess11""e Format 

TypeID 

OXOOOl 

Ox0002 

0x0003 

Ox0004 

Ox0005 

0x0006 

Ox0007 

Name 
•. 

State 

Reliable User Data 

Short State 

Reliable Short User 
Data 

Reduced State and 
UserData 

Message Response and 
User Data 

Short Message 
Response and User 
Data 

#of 
bvtl'!s 

4 

4 

1 

1 

3 
1 
9 
1 
4 

4 

1 

1 

1 

5 
1 
4 

4 

r 
I 

1 
1 

3 

2 
1 
1 
1 
1 

1 
4 
1 

1 

Description 

Latitude1 

Longitude1 

Speed 

Heading 

User Data Block 

Soare 
User Data Block 

Spare 

Latitude1 

Longitudc,1 

Speed 

Heading 

Snare 

·user Data 

Si,are 

Latitude2 

Longitude2 

UsorData 

Snare .• 

Ack/Resoome Fla!? 
Response Key ID 

Message Sequence/ 
SitcID5 

GMTYear' 
GMTMondr 
GMTDd 
GMTHour3 

GMTMinutc3 

GMTSecond3 

User Dam 

Snare 

Ack/Response Flag 

PCT/US00/33272 

Value or Range 

-90° to +90° (LSB = 180" • 2.a1
) 

-180° to +180° (LSB = 180° "'2.a1
) 

OxOO-Ox:/F .. 
(LSB = 0.5 mis.,. 1.1 mnh) 

-180° to +180° 

(LSB = 360° "' 2"7 =2.8125") 
.. 

7 soare bits are available 

-90° to +90° (I.SB = 180° * 2"31
) 

-180° to +180° CLSB = 180" * 241
) 

OxOO-Ox7F 

(LSB = 0.5 mis= 1.1 nmh) 

-180° to +180° 

(LSB = 360° • z7 = 2.8125") 

I soare bit is available 

-90° to +90" (I.SB = 180" "' 2-31
) 

-180" to +1801> (I.SB= 18QI> * 2.31) 

7 snmc bits arc available 

0 = Acknowled20 onlv. 1-Resnonsc 

0 = Acknowledge only/Retm:n Ret:eipt6 

1 = Softkey #1, 
2=Softby#'1., 

3=~#3, 
4 = Softkev #4 

1-12 
1-31 
0-23 
0-59. 
0-59 

6 snare bits aIC available 

0 =Acknowledge.only, 1 = Response 
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A c. JOO &111' '"'4 
1 Response Key ID 0 = Acknowledge only/Return R.eceipf 

1 = Softby #1, _ .. 

2 = Soi'tby#-2. 

3 = Softkcy #3, 
4 - Softkev #4 

3 Message Sequence/ 
Site ID' 

2 GMTYear1 

1 GMTMonth3 1-12 

1 'GMTDav3 1-31 

1 GMTHpm-1 0 23 

l GMTMinute' 0-59 .. 

l GMTSeeond3 0 S9 - . --· 

1 User Data 

Ox0008 Site Status 3 SitelD4 •• 

1 Status 0 = Ar.rival, 1 = DC1Jartme 

1 Status Source 1 - OPS. 2 = User, 3 = GPS and User 

2 GMTYear1 

1 GMTMonth3 1-12 

1 GMTDav3 1-31 

1 GMTHour.3 0-23 

1 GMTMinutc3 0 59 

1 GMTSecond3 0 59 

1 UscrDam 

1 ~l!IC 

• ± 4 mctms of rcsolutton 
2 :I: 8 meters of resolution 
3 T'nnc of receipt for acknowledgements and time. when Softkcy WIJ5 pzcssed for a rcspomie. 

4 This Site ID is thD same ID associated with the Site Dispatch ~sage. Sec Send Site Djspatch for mom 

information. 
5 Message sequence ID associated with a text or pre-defined message. Or, site ID associated with a site dispamh 

message. See .. Send Message Response Message", "Send Pre-defined Message ID Response Message ", or ''Send 

Site Dispatch" for more iofor.mation. . 
6 If acklresponsc flag is 0, 0 indicates ack only. If ack/rcsponse flag is 1, 0 indicates that user read the message. 

Table Jof: Tracbr Power Mode Messru>-e _(7107) 

#ofbvt.es Descrintion Value or .Ranl!C 

10 Header 

1 Tracker Low Power Mode FlaJ?1 0 = notlow 110wer, 1 = low nnwer 

4 TrackerJD OxOOOOOOOO- Ox3FFFFFPF 

1 Paddin,: (=Oxom 

2 Data Checksum . 
T.bis flag indicates if the tracker is currently m low po~ mode. When ttackms enter low power mode, they 

request a low power update slot in tho RF netw_ork. The low power update rate is less fequent (1 holll') than most 

tracker update rates. As a result. trackers may power down between updates to conserve their vehicle's batteiy. 

Trackers in low power mode will not be able to provide immediate acknowledgement to messages. Messages sent 

to trac.kem in. this mode will be queued by the NDC Server until tlie message is acknowledged or tlie message 

reaches its timeout. 

Tahl~ roi: Tracker Profile Undate Message {7104) 

#ofbvtes Descri'Otion Value or Ran!!e 

IO Header 

8 Tracker Fonnat1 

Paddin2
4 

2 Data Checksum 
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V<L . 
#ofbvt..,s Dcscrintion Value orRan11:e 

4 TraclcerlD OxOOOOOOOO- Ox3FPFFFFF 

1 Tracking Service O=LOT. 
.. 

1= Continuous, 
2=Manual 

2 Default Update Rate (m seco11ds) OxOOOO (0), OxOOOS (5). OxOOOa (10), 

OxOOle (30), Ox003c (60), 
0x0090 (144), OxOOel (2.25), 

0x012c (300), 0x02S8 (600), 

Ox0384 (900), 0x04b0 (1200), 

Ox0708 (1800), OxOelO (3600) 

(OxOOOO for manual trackinit traekers) 

l Bit 0: Track History Service Flag Bit 0: O= Not Available, !=Available 

Bit 1: Message Service Fl;lg Bit 1: O=NotAvailablc, l"" Availabic. 

Bit 2: Modify Update Rate Service Flag Bit 2: 0 = Not Available. 1 ~ Available 
, .. ,, 

· '.Bit 3: Modify Tiacking Service Flag Bit3:·0=NotAvailablc, 1 =Available 

Bits 4-7: scare 

Table ID A: Retrieve Tracker JnstaJlation Historv M-- (7105) 

#ofbvt"" Dcscrintion Value or Rane 

10 Header 

2 Tostall St.artY cm2 <OxOOOO = All) 

1 Install Start Month2 • 1-12 

1 Install Start Dav2 1-'31 

1 Install Start Hour2 0-23 

1 . Install Start Minuu:2 0-59 

1 Install Start Second2 0-59 

2 bstall End Year fOxOOOO = All) 

1 Install End Month2 1-12 

1 Install End Dav2 1-31 

1 Install End Hour=t 0-23 

1 Install End Minute2 0-59 

1 Install End Second2 0-59 

2 NDCS Command S"'"UCnce ID1 OxOOOO - OxFFFF 

2 Data Checksum 
-. RespoDSc should use this ID value. 
2 Date range used to indicate dcsu:cd tracla:r install date/time. If start and/or end yesr is set to OxOOOO, the 

corresponding start and/or end date is NOT used to fimi:t the result. 

Table lo;i~ Retrieve Tracker Installation.Historv R """oose M~!ISI- (730S\ 

#ofbvt~., Des,.,,;,,tion 
~ Value or Ranl!C 

10 Header 

2 NDCS Command g .. .,,.,...,"'C ID1 ··OxOOOO- OxFFF.F 

2 StalUS OltOOOO= Success, 
OxOOOl = Database Access Error 

2 Total Response Count2 

2 R,._.,.,onse Number2 

4 TrackerlD OxOOOOOOOO- Ox3FFFFFFF 

2 Tracker Installation Record Count (C1) 

Variable Tracker Installation Record #1 

... 
Variable Tracker Installation Reconi #IC, 

2 Data Checksum 
1 Resnonse should use the same ID sent with the request message. 

PCT/US00/33272 
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2 For each tracker in the request date range, a separate response message is sent to the NDC Server. The Total 

Response Count indicates the total number of response messages while the Response Number indicates the zero
based response number. 

Table/()&, · Tracker Installation Record 
#ofbvtes Descrintion· Value or Ran,re 

2 VINLenmh ff 1) OxOOOO - OxODZO 

Li VIN 
2 Install Year 

1 Install Month 1-12 

l Install Dav 1-31 

1 Install Hour 0-23 

1 Install Minute 0-59 .. 

I Install Second 0-.59 
·- ,, -·· - . -

2 Uninstall Year1 

1 Uninstall Month1 ·1-12 

1 Uninstall Dav1 1-31 

1 Uninstall Hour1 0-23 

l Uninstall Minute1 0-.59 

1 Uninstall Secorui1 0-59 
1 If UIJinstall dale has not been set and/or tracker lll still mstalled m vehicle, all umnstall date values should be set to 

NULL. 

Table /07; Retrieve Vehicle Profile List M...._,,,u•e (7106) 

#ofb- Descrintion Value or Ranire 

10' Header 

2 VIN Count1 (Cl) 

2 VIN Len1rth #1 (L, l 

L, VIN#l 

... 
2 VIN Len9th #Cl tr-, 
Lr-. VIN#Cl 
2 NDCS Command Seauence ID2 OxOOOO-OxFFFF 

2 Data Checksum 
• If VIN Count is OxOOOO, all customer profiles are returned. 
2.Resporise should use this ID value. 

Table 10.8 : Retrieve Vehicle Profile List R.esnonse Messa2e '7306) 

:/#ofbvtes Descrlotion Value or Ran= 

10 Header 

2 NDCS Command SeatICncc ID1 OxOOOO-OxFFFF 
2 Status OxOOOO = Success. 

OxOOOl = Database Access Error 

2 Total Number of Profiles in Re.v,onse 

2 Vehicle Profile Numbeil IN) 

Variable Vehicle Profile Formar #1 

... 
Variable Vehicle Profile Formar #N 

2 Data Checksum 
1 Response should use the same ID sent with the request message. 
2 Profile number N out of the total number of profiles in the profile list being retumed. 
3 See Vehicle Profile Format below. 
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Table IO't : Vehicle Profile Format 

2 VJN Lenirth a 1) 

~ VJN 
.. 

2 Alias Len..th. IL.) 

L Alias 
2 State Lenr:rth fT - 'I 

L. State 

2 Ucense Lenoth n .. ) 
1" Llcense 

2 Make Len!!th (Le) 

L, Make 

2 Model Len!!tlt lL) 

4 Model 
.. 

2 Year 
2 Data Checksum .. 

Table //0: Cancel Mesim..e (721S\ 

#ofbvtes Descrintion Value or Ran= 

10 Header 

3 Mcssa11:e Seouence ID 

1 Paddine: OxOO 

2 Data Checksum 

Table.JU: Cancel Mt!SSJH>'e Remonse Messa- (7415) 

#ofbvtes Dcscrlotion Value or Ran= 

10 Header 

1 Client R=uest m3 OxOO-OxFF 

2 Stanis OxOOOO = Succcss1
• 

OxOOOl = Invalid Message Sequence ID, 

Ox0002 = Messa11:e AckAJreadv Received 

2 Data checksum 

1 Success indicates that no further attempt will be made to send the message. However, it's still conceivable that the 

message was sent. 

Table 11"2 ~ Modifv Account Password M- """e {7201l 

#ofbvtes Description Value or Ran~ 

10 Header 

2 Cwrent Password Lenm:h (L1) OxOOOO ~ Ox0020 

L1 Cuncnt Password 

2 New Password Lensrth <Li) OxOOOO- Ox0020 

Lz New Password 

1 Client ReQuest ID2 OxOO-OxFF 

Padding1 

2 Data Checksum 

1 OxOO will be used for padding if neccssary,to make entire body word aligned. 
2 The Client Request IO is assigned by the DMCS and is retumed by the NDC Server in the response message. 



WO 01/46710 PCT/US00/33272 
162 

Tablell!: Modifv Account Password R""'"onse M.....,.. .. e (7401) 

#ofbvt--.., Descriotion Value or Rm1ae 

10 Header 

1 Client Reauest ID1 0xOO-0xFF 

2 Status OxOOOO = Success, 
OxOOOl = Success - NDC Server Password Only, 

0x0002 = Incom:ct CmrcntPassword, 
0x0003 = Invalid New Password, 

Ox.0004 = Database access error 

1 Paddin!! OxOO 

2 Data checksum 

1 The ID associated with the request sent by the DMCS. 

Table IJ4: Modifv Trackim!: Service M-0 e (7202) 

#ofhvtes Descriution ValueorRanR 

10 Header 

4 Tracker ID OxOOOOOOOO- Ox3FFFFFFF 

2 Tracking Service Ox.0000::LOT. 

Ox.0001= Continuous, 
Ox0002=Manual 

2 Update Rate in Seconds Ox0005 (S), OxOOOa (10), 

OxOOle (30), Ox003c (60), 

Ox.0090 (144), OxOOel (225), 

Ox012c (300), Ox0258 (600), 

Ox0384 (900), Ox04b0 (1200), 

Ox.0708 (1800). OxOelO <3600) 

1 Client Rcaucst mi. OxOO-OxFP 

1 pruidin ... OxOO 

2 Data Checksum 

1 The Client Request ID is assigned by the DMCS and is ~turned by the NDC Server in the response message. 

Table.115 ~ Modif'v Trart&mr Service R-ose M,_.....,. (7402} 

#ofbvres Descrintion Value or Ran= 
10 Header 

l Client Reauest ID2 . OxOO-OxFF 

2 Staws OxOOOO = Success, 
OxOOOl = Service ~ot A vailable1, 

Ox.0002 = Invalid Update Rate, 

Ox.0003 = Invalid Tnicking Service, 

Ox.0004 = Invalid Tracker ID, 

Ox0005 = R.-nuestcd Rate Not Currentlv Available 

1 Paddine: OxOO 
2 Data Checksum 

1 
The ability to modify the tracking service is an ·~ptional .service that is maintained on a per tracker basis. Trackers 

without thi.s service will receive this en-or mes.s~ge. 
2 The ID associated with the request .sent by the DMCS. 
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#ofb Value or Ran e 

10 

Table /I 8 : Resend Messa-. ""-16l 
#ofbvte.s Descrirition Value or Ranlle 

10 Header 
3 MCSS"""' Sc .... -ncc m 
1 Tuneout1 (in minutes) OxO0 = No Tnneout. 

OxOt- OxFO = timeout value in minutes 

2 Data Checksum . .. 
Inmcates the maxunum retry timeout value. A Message Tnneout message will be sent to the CCS/DMCS if the 

message is not acknowledged by the timeout value. If 0xOO is specified for the timeout, the message is sent until the 

PROTRAK system max timeout is reached. 

TableJfq: Resend Mess ...... R"""onse Messlll!e '741&\ 

#of~ Descrintion Value or Ranite 

10 Header 

1 Client R.sauest m3 OxOO-OxFF 

2 Status OxOOOO = Success1
• 

OxOOOl .= Invalid Message Sequence ID, 

Ox0002 = Messlll!e Ack: Already Received 

2 Data checksum 

1 Success indicates that no further attempt will be made to send the message. However, it's still conceivable that the 

message was sent. 

Table z.o: Retrieve Tracker Proffle List M-..e (7204 ) 

#ofbvtes Dcscrintion Value or Ranft: 

10 Header 

2 NumberofTrackcrID's (N1)1 

4 Tracker ID #1 Ox.00000000- Ox3FFFFFFF 

... 
4 Tracker ID #N, OxOOOOOOOO- Ox3FFFFFFF 

1 Client Reauest m3 0x00-OxFF 

Paddin~ 

2 Data Checksum 

1 Specjfying OxOOOO for the number of Tracker ID' s will return all of the tracker profiles associated with the 

customer's login account profile. 
2 0xOO will be used for padding if necessary to make entire body word. aligned. 
3 The Clieat Request ID i& assigned by the DMCS and is returned by the NDC Server in the response message. 
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Table 12I~ Retrieve Tracker Profile List Resoonse Mesa2e ('1404) - .. 
#ofbvte" Descriotioo Value or Rane 

10 Header 

1 Client ReQuest II>5 OxOO-OxFF 
2 Statns OxOOOO = Success, 

Ox0001 = Database Access Error, 
Ox0002 = Invalid Tracker ID2 

2 Total Number of Profiles in Re_cmonse List 

2 Tracker Proffle Number (N)1 

Variable Tracker Proffle #N3 

Paddinir4 .. -- "·•-

2 Data Checksum - . -· 

1 Profile number N out of the total number of profiles in the profile list being returned. 
2 Invalid only applies to ID's that are not in the valid range andfor format. ID's missing from the database (or 
associated with other customer ID'11) will result in the profile not being rctmncd without an cm>r code. 
3 See Tracker Profile Format table, 
4 OxOO will be used for padding if necessary to make entire body woni aligned. 
5 The ID associated with the request sent by the DMCS. 

Table rz2: Send Mess:me (7205) 
#ofbvtP.s Descrlntion Value or R"n"" 

10 Header 

2 Number of Trackers N1
1 Ox0000-0x0800S 

4 TrackerID#l OxOOOOOOOO- Ox03FFFFFF 

··-
4 Tracker ID #N, OxOOOOOOOO- Ox03FFFFFF 
2 Messal?e Len..th (L,) OxOOOO- 0xO0SO· 
L, Message 
1 Resoonse Set m2 OxOOOO- Ox0007 
1 T'llDCOUt

6 (in minutes) OxOO = No. T"llllCout, 
OxOl- OxFO = timeout value in minutes 

l Oient ReQuest ID' OxOO-OxFF 
Paddinir 

2 Data Checksum 

1 If the number of trackers is OxOODO, the Customer m associated with the customer's login account profile is used. 
2 A pre-defined response-set (see Pre-defined Message Response Sets) ~y be ;elected. Trackers ~ respond using 
a resp"onse ID that indicates the response selected from the pre-defined set. This response m is retmned to the 
DMCS in a "Message Response and State" or a ''Message Response and Reduced State" packet within a "Real-time 
Tracking Data.Message" that contams the same Message Sequence ID. 
3 OxOO will be used for padding jf necessary to make entire body word aligned. 
" The Client Request ID is assigned by the DMCS and is rctumcd by the NOC Server in the response message. 
s. Due to FM sub-cmrier bandwidth limitations, messages sent to a large number of trackers may take several 
seeonds (or minutes) to be delivered. Groups are expected to be small {around 20-60 trackers). However. the NDC 
Server uses an ID allocation scheme that allows it to communicate with a large number of aackcrs in its RF network 
·if tracker group associations arc known ahead of time. The DMCS is responsible to provide these tracker group 
associatiollS. 
6 Indicates the maximum retry timeout value. A Message TlDl.eout message will be sent to the CCS/DMCS if the 
message is not acknowledged by the timeout value. If OxOO is specified for the timeout, the message is sent until the 
PROTRAKsystem max timeout is reached. . 
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