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® e
WIRELESS LOCATION USING MULTIPLE SIMULTANEOUS LOCATION ESTIMATORS

FIELD OF THE INVENTION

The presentinventionis directed generally to a system and method for locating people or objects, and in particular, to a

system and method for locating a wireless mobile station using a plurality of simultaneously activated mobile station location

estimators.

BACKGROUND OF THE INVENTION

Introduction

Wireless communications systems are becoming increasingly important worldwide. Wireless cellular telecommunications

systems are rapidly replacing conventional wire-based telecommunications systems in manyapplications. Cellular radio telephone

networks (“CRT”), and specialized mobile radio and mobile data radio networks are examples. The generalprinciples ofwireless

cellular telephony have been described variously, for example in U. $. Patent 5,295,180 to Vendetti, et al, which is incorporated herein

by reference.

There is great interest in using existing infrastructures for wireless communication systemsfor locating people and/or

objectsin a cost effective manner. Such a capability would be invaluablein 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 trilateralization techniques to permit location include those

disclosed in U.S. Patents 4,818,998 and 4,908,629 to Apsell etal. (“the Apsell patents”) and 4,891,650 to Sheffer (“the Sheffer
patent”). However, these systems have drawbacks that include high expense in that special purpose electronics are required.

Furthermore, the systems are generally only effective in line-of-sight conditions, such as ruralsettings. Radio wave surface

reflections, refractions and ground clutter cause significant distortion,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/orconflicts in location measurements can result in substantial inaccuracies.

Another example of a location system using time of arrival and triangulation for location are satellite-based systems, such

as the military and commercialversionsof the Global Positioning Satellite system (“GPS”). GPS can provide accurate position

determination (i.e., about 100 meters error for the commercial version of GPS) from a time-based signal received simultaneously

from at least three satellites. A ground-based GPSreceiverat or near the object to belocated determinesthe difference between the

time at which each satellite transmits a time signal and the time at which the signal is received and, based on thetime differentials,

determines the object’s location. However, the GPSis impractical in many applications. The signal power levels from the satellites
1
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are low and the GPS receiver2.clear, line-of-sight path to atleast three saecoDY horizon of about 60 degrees for
effective operation. Accordingly, inclement weather conditions, such as clouds,terrain features, such ashills and trees, and buildings

restrict the ability of the GPS receiver to determineits position. Furthermore, the initial GPS signal detection process for a GPS

receiver is 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.

Differential GPS, or DGPS systems offer correction schemes to accountfor time synchronizationdrift. Such correction

schemesinclude the transmission of correction signals over a two-wayradio link or broadcast via FM radio station subcarriers. These

systems have been found to be awkward and have met with limited success.

Additionally, GPS-based location systems have been attempted in which the received GPSsignals are transmitted to a

central data center for performing location calculations. Such systems have also met with limited success. In brief, each of the
various GPS embodiments have the same fundamental problemsoflimited reception of the satellite signals and added expense and

complexity of the electronics required for an inexpensive location mobile station or handsetfor detecting and receiving the GPS

signals from the satellites.

Radio Propagation Background

The behavior of a mobile radio signalin the general environmentis unique and complicated. Efforts to perform

correlations between radio signals and distance between a base station and a mobile station are similarly complex. Repeated attempts

to solve this problem in the past have been met with only marginal success. Factors include terrain undulations, fixed and variable

clutter, atmospheric conditions, internal radio characteristics of cellular and PCS systems, such as frequencies, antenna

configurations, modulation schemes, diversity methods, and the physical geometries ofdirect, refracted and reflected waves between

the base stations and the mobile. Noise, such as man-madeexternally sources (e.g., auto ignitions) and radio system co-channel and

adjacent channel interferencealso affect radio reception and related performance measurements, such as the analogcarrier-to-

interference ratio (Ci), or digital energy-per-bit/Noise density ratio (E,,,) and are particular to various points in time and space
domains.

RF Propagation in Free Space

Before discussing real world correlations between signals and distance,it is useful to review the theoretical premise, that of

radio energy path loss across a pure isotropic vacuum propagation channel, andits dependencies within and among various

communications channel types. Fig. | illustrates a definition of channel types arising in communications:

Over the last forty years various mathematical expressions have been developed to assist the radio mobile cell designer in establishing

the proper balance between base station capital investment and the quality of the radio link, typically using radio energy field-

strength, usually measured in microvolts/meter, or decibels. .

First consider Hata’s single ray model. A simplified radio channel can be described as:
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where G, = system gain in decibels

L,= free space path loss in dB,

F = fade margin in dB,

(Equation !)

L, = transmission line loss from coaxials used to connect radio to antenna,in dB,

L,= miscellaneouslosses such as minor antenna misalignment, coaxial corrosion, increase in the receiver noise figure due

to aging,in dB,

L,= branching loss dueto filter and circulator used to combineorsplit transmitter and receiversignals in a single

antenna

G,= gain of transmitting antenna

G= gain of receiving antenna

Free space path loss! L, as discussed in Mobile Communications Design Fundamentals, William C. ¥.Lee, 2nd, Ed across the propagation channel

is a function of distance d, frequency

f (for f values < | GHz, such as the 890-950 mHz cellular band):

 Po 1

P, (4ndfc)’

where Por = received powerin free space

P= transmitting power

_ c= speedoflight,

The difference between two received signal powers in free space,

A, = (10)log{22} - (20) oof+}(ax)or) 2

(equation 2)

(equation 3)
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indicates that the free propaga loss is 20 dB per decade. Frequencies between | & 2GHz experience increased valuesin
the exponent, ranging from 2 to 4, or 20 to 40 dB/decade, which would be predicted for the new PCS1.8 - 1.9 GHz band.

This suggests that the free propagation path loss is 20 dB per decade. However, frequencies between | GHz and 2 GHz experience

increased values in the exponent, ranging from 2 to 4,or 20 to 40 dB/decade, which would be predicted for the new PCS 1.8 - 1.9 GHz

band. One consequence from a location perspective is that the effective range of values for higher.exponentsis an increased at higher

frequencies, thus providing improved granularity of ranging carrelation.

Environmental Clutter and RF PropagationEffects

Actual data collected in real-world environments uncovered huge variations with respect to thefree space path loss
equation, givingrise to the creation of many empiricalformulas for radio signal coverage prediction. Clutter, either fixed or

stationary in geometric relation to the propagationof the radio signals, causes a shadow effect of blocking that perturbs the free

spaceloss effect.-Perhaps the best known modelset that characterizes the average pathloss is Hata’s, “Empirical Formulafor

Propagation Loss in Land Mobile Radio”, M. Hata, [EEE Transactions ¥T-29, pp. 317-325, August 1980,three pathloss models, based

on Okumura’s measurements in and around Tokyo, “Field Strength and its Variability in VHF and UHF Land Mobile Service”, Y.

Okumura,et al, Review of the Electrical Communications laboratory, Vol 16, pp 825-873,Sept. - Oct. 1968.

The typical urban Hata model for L, was defined as L, = L,,:

Ly, = 69.55 + 26.16log(/) — 13.82 log(h,, ) — ays ) + (44.9 — 6.55 log(7,, ) log(d)[dB])

, , (Equation 4)

where Lyy — pathloss, Hata urban

hBS = base station antenna height

hMS= mobile station antenna height
d= distance BS-MS in km

a(ms) is a correction factor for small and medium sized Cities, found to be:
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llog(f }.... —1.56log(/ — 0.8) = a(h,,, ) ©
(Equation 5)

For large cities the correction factor was found to be:

a(hyc) = 3.2 [log11.75hy,5]° — 4.97

(Equation 6)

assumingf is equal to or greater than 400 mHz.

The typical suburban model correction was found to be:

fy’ 7Ltrm = LHe > teeZ) - 5.4[dB] (Equation 7)

The typical rural model modifted the urban formula differently, as seen below:

Lizeurat = Lyy— 4-78 (log)? + 18.33log f- 40.94 [dB] (Equation 8)
20

Although the Hata model was found to be useful for generalized RF waveprediction in frequencies under | GHz in certain
suburban and ruralsettings,as either the frequency and/or clutter increased, predictability decreased. In current practice, however,

field technicians often have to make a guess for dense urban an suburban areas (applying whatever model seems best), then

installing a base stations and begin taking manual measurements. Coverage problems can take upto a yearto resolve.

Relating Received Signal Strength to Location

Having previously established a relationship between d and P,,, reference equation 2 above: d represents the distance

between the mobile station (MS) and the base station (BS); P,, represents the received power in free space) for a given set of

unchanging environmental conditions, it may be possible to dynamically measure P,, and then determine d.

In 1991, U.S. Patent 5,055,851 to Sheffer taught that if three or more relationships have been established in a triangular

space of three or more base stations (BSs) with a location database constructed having data related to possible mobile station (MS)

locations, then arculation calculations may be performed, which use three distinct P,, measurements to determine an X,Y, two

5
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 4on is based on the fact that the dimensionallocation, which cai

approximate distance of the mobile station (MS) from any base station (BS) cell can be calculated based on the received signal

¢ projected onto an area map. The triangulation ca i

strength. Sheffer acknowledges that terrain variationsaffect accuracy, although as noted above, Sheffer’s disclosure does not account
for a sufficient numberof variables, such as fixed and variable location shadow fading, which are typicalin dense urban areas with

movingtraffic.

Most field research before about 1988 has focused on characterizing (with the objective of RF coverage prediction) the RF

propagation channel(i.e., electromagnetic radio waves) using a single-ray model, although standardfit errors in regressions proved

dismal (e.g., 40-80 dB). Later, multi-ray models were proposed, and muchlater, certain behaviors were studied with radio and

digital channels. In 1981, Vogler proposed that radio wavesat higher frequencies could be modeled using optics principles. In 1988

Walfisch and Bertoni applied optical methods to develop a two-ray model, which when comparedto certain highly specific, controlled

field data, provided extremely good regression fit standard errors of within |.2 dB.

In the Bertoni two ray model it was assumed that most cities would consist of a core of high-rise buildings surrounded by a

muchlarger area having buildingsof uniform height spread over regions comprising many square blocks, with street grids organizing

buildings into rows that are nearly parallel. Rays penetrating buildings then emanating outside a building were neglected.Fig. 2
providesa basis for the variables.

After a lengthy analysis it was concluded that path loss was a functionof three factors: (I)the path loss between antennas

in free space; (2) the reduction of rooftop wavefields due to settling; and (3) the effect of diffraction of the rooftop fields down to

ground level. The last two factors were summarily termed Loy, givenby:

2

17H

 

LE, = 571+ A+log(f)+ Rk -— (18 log(A7 ))—- 18 tog|1 - | cwaion

The influence of building geometry is containedin A:

= 5log [( s) ‘| ~9logd + 20log { tan [2(h—Hyjs)] 3
(Equation 10)

However, a substantialdifficulty with the two-ray model in practice is that it requires a substantial amountof data

regarding building dimensions, geometries, street widths, antenna gain characteristics for every possible ray path, etc. Additionally,

it requires an inordinate amount of computational resources and such a modelis not easily updated or maintained.
Unfortunately, in practice clutter geometries and building heights are random. Moreover,data of sufficient detail has been

extremely difficult to acquire, and regression standard fit errors are poor; i.e., in the general case, these errors were found to be 40-

60 dB. Thus the two-ray mode! approach, although sometimes providing an improvementoversingle ray techniques, still did not

predict RF signal characteristicsin the general case to level of accuracy desired (< 10dB).

6
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Work by Greenstein ©.. developed from the perspective of measurementQeresion models, as opposed to the
previous approachof predicting-first, then performing measurement comparisons. Apparently yielding to the fact that low-power,

low antenna (e.g., 12-25 feet above ground) height PCS microcell coverage wasinsufficient in urban buildings, Greenstein,et al,

authored “Performance Evaluations for Urban Line-of-sight Microcells Using a Multi-ray Propagation Model”, in IEEE Globecom

Proceedings, 12/91. This paper proposed the idea of formulating regressions based on field measurements using small PCS microcells

ina lineal microcell geometry (i.¢., geometries in which there is always a line-of-sight (LOS) path between_a subscriber’s mobile and

its current microsite).

Additionally, Greenstein studied the communication channels variable Bit-Error-Rate (BER) in a spatial domain, which was

a departure from previous research that limited field measurements to the RF propagation channelsignal strength alone. However,

Greenstein based his finding on two suspicious assumptions: |) he assumed that distance correlation estimates were identicalfor
uplink and downlink transmission paths; and 2) modulation techniques would be transparent in terms of improved distance

correlation conclusions. Although some data held very correlations, other data and environments produced poor results. Accordingly,

his results appear unreliable for use in general location context. -

ln 1993 Greenstein,et al, authored “A Measurement-Based Model for Predicting Coverage Areas of Urban Microcells”, in
the IEEE Journal On Selected Areas in Communications, Vol. ||, No. 7, 9/93. Greenstein reported a generic measurement-based model

of RF attenuation in terms of constant-value contours surrounding a given low-power,low antenna microcell environmentina dense,

rectilinear neighborhood, such as New York City. However, these contours were for the cellular frequency band. In this case, LOS and
non-LOS clutter were considered for a given microcell site. A result of this analysis was that RF propagation losses (or attenuations),
when cell antenna heights were relatively low, provided attenuation contours resembling a spline plane curve depicted as anasteroid,

aligned with major street grid patterns. Further, Greenstein found that convex diamond-shaped RF propagation loss contours were a
common occurrence in field measurementsin a rectilinear urban area. The special plane curve asteroid is represented by the formula

x22 + y? = 7. However, these results alone have not been sufficiently robust and generalto accurately locate an MS, due to the

variable nature of urban clutter spatial arrangements...

At Telesis Technology in 1994 Howard Xia,et al, authored “Microcellular Propagation Characteristics for Personal

Communications in Urban and Suburban Environments”,in IEEE Transactions of Vehicular Technology,Vol. 43, No.3, 8/94, which

performed measurements specifically in the PCS 1.8 to 1.9 GHz frequency band. Xia found corresponding but more variable outcome

results in San Francisco, Oakland (urban) and the Sunset and Mission Districts (suburban).

Summary ef Factors Affecting RF Propagation

The physical radio propagation channel perturbs signal strength, frequency (causing rate changes, phase delay, signal to

noise ratios (e.g., C/I for the analog case, or E,,, , 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(L,)

Cisco v. TracBeam / CSCO-1002
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* Slow fading loss m| (a) @
Fast fading loss or margin (L,..)

Loss due to slow fading includes shadowing dueto clutter blockage (sometimes included in Lp). Fast fading is composed of

multipathreflections which cause: |) delay spread; 2) random phase shift or Rayleigh fading; and 3) random frequency modulation

5 due to different Doppler shifts on different paths.

Summing the path loss and the two fading margin loss components from the above yieldsa total path loss of:

Listt = by + bie + bis

Referring to Fig. 3, the figure illustrates key components of a typicalcellular and PCS power budget design process.Thecell designer

10_increases the transmitted power P,, by the shadow fading margin L,,, 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 P,, at the

receiver. The P,, level must have enoughsignal to noise energy level (e.g., 10 dB) to overcomethe receiver’s internalnoise level (e.g.,

-118dBm in the case of cellular 0.9 GHz), for a minimum voice quality standard. Thus in the example Pix must never be below -108
dBm,in order to maintain the quality standard. 

15 Additionally the short term fast signal fading due to multipath propagationis taken into account by deployingfast fading

margin L,..». which is typically also chosen to be a few percentiles of the fast fading distribution.The | to 2 percentiles complimentehalg other network blockage guidelines. For example the cell base station traffic loading capacity and network transport facilities are

usually designed for a |-2 percentile blockage factor as well. However, in the worst-case scenario both fading margins are

simultaneously exceeded, thus causing a fading margin overload. 20 In Roy , Steele’s, text, Mobile Radio Communications, {EEE Press, 1992, estimates for a GSM system operating in the 1.8

GHz band with a transmitter antenna height of 6.4m and an MS receiver antenna height of 2m, and assumptions regardingtotal

pathloss, transmitter power would be calculated asfollows:
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Table 1: GSM Power Budget Example

Lasta

 

 

    
 

Min. RX pwr required

  TXpwr = 27 dBm

Steele's samplesize in a specific urban London area of 80,000 LOS measurements and data reduction found a slow fading variance of

 
3

 
o = 7dBve£m

10_assuming lognormalslow fading PDF and allowingfora 1.4% slow fading margin overload, thus

slow = 20 = 14dB

The fast fading margin was determined to be:

is Efast = 74B
In contrast, Xia’s measurements in urban and suburban California at 1.8 GHz uncovered flat-land shadow fades

on the orderof 25-30 dB when the mobile station (MS) receiver was traveling from LOS to non-LOS geometries.in hilly terrain fades

of +5 to -50 dB were experienced. Thus it is evident that attemptsto correlate signal strength with MS ranging distance suggest that

error ranges could not be expected to improve below 14 dB, with a high side of 25 to 50 dB. Based on 20 to 40 dB per decade,

20 Corresponding error rangesfor the distance variable would then be on the orderof 900feetto several thousand feet, depending upon

the particular environmental topology and the transmitter and receiver geometries.
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SUMMARY OF THE INVENTION

OBJECTS OF THE INVENTION

It is an objective of the present invention to provide a system and method for to wireless telecommunication systemsfor

accurately locating people and/or objects ina cost effective manner. Additionally,it is an objective of the present invention to provide

suchlocation capabilities using the measurements from wireless signals communicated between mobile stations and a network of base
stations, wherein the same communication standard orprotocolis utilized for location as is used by the networkof base stations for

providing wireless communications with mobile stations for other purposes such as voice communication and/or visual

communication (such as text paging, graphical or video communications). Related objectives for the present invention include

providing a system and methodthat:

(lJ) can be readily incorporated into existing commercial wireless telephony systems with few,if any, modifications of a typical

telephony wireless infrastructures .
(12) canuse the nativeelectronics oftypical commercially avaitable telephony wireless mobile stations (e.g., handsets) as

location devices; |

(13) can be used for effectively locating people and/or objects wherein there are few (if any) line-of-sight wireless receivers for

receiving location signals from a mobile station (herein also denoted MS);

(1.4) can be used not only for decreasing location determiningdifficulties due to multipath phenomena butin fact uses such
multipath for providing more accuratelocation estimates;
(1.5) can be used for integrating a wide variety of location techniquesin a straight-forward manner; and

(1.6) can substantially automatically adapt and/or (re)train and/or (re)calibrate itself according to changes in the environment

and/or terrain of a geographical area where the present inventionis utilized.

Yet another objective is to provide a low cost location system and method, adaptable to wireless telephony systems, for
using simultaneously a plurality of location techniquesfor synergistically increasing MS location accuracy and consistency. In

particular, at least someofthe following MS location techniques can be utilized by various embodiments of the present invention:
(2.1) time-of-arrival wireless signal processing techniques;

(2.2)__time-difference-of-arrival wireless signal processing techniques;

(23) adaptive wireless signal processing techniques having, for example, learning capabilities and including, for instance,

artificial neural net and genetic algorithm processing: .
(2.4)_signal processing techniques for matching MS location signals with wireless signal characteristics of known areas;

(25) conflict resolution techniques for resolving conflicts in hypotheses for MS locationestimates;

(2.6) enhancement of MS location estimates through the use of both heuristics and historical data associating MS wireless signal

characteristics with known locations and/or environmental conditions.
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  Yet another objective rovide location estimates in terms of time vectors,3 an be used to establish motion,

speed, and an extrapolated next location in cases where the MS signal subsequently becomes unavailable.

DEFINITIONS

Thefollowing definitions are provided for convenience. In general, the definitions here are also defined elsewhere in this
document as well.

3.1) The term “wireless” herein is, in general, an abbreviation for “digital wireless”, and in particular, “wireless”refers to

digital radio signaling using one of standard digital protocols such as CDMA, NAMPS, AMPS, TDMA and GSM,as oneskilled in the art
will understand.

(3.2) As used herein, the term “mobile station” (equivalently, MS)refers to a wireless device that is at least a transmitting

device, and in most cases is also a wireless receiving device, such as a portable radio telephony handset. Note that in some contexts

herein instead or in addition to MS, the following termsare also used: “personal station” (PS), and “location unit” (LU). In general,

these terms may be considered synonymous. However, the later two terms may be used when referring to reduced functionality

communication devices in comparison to a typical digital wireless mobile telephone.

(33) The term,“infrastructure”, denotes the network of telephony communication services, and moreparticularly, that portion

of sucha network that receives and processes wireless communications with wireless mobile statio ns. In particular, this infrastructure
includes telephony wireless base stations (BS) such as those for radio mobile communication systems based on CDMA, AMPS, NAMPS,

TDMA, and GSM wherein the base stations provide a network of cooperative communication channels with anair interface with the

MS, and a conventional telecommunicationsinterface with a Mobile Switch Center (MSC). Thus, an MS user within an area serviced by

the base stations may be provided with wireless communication throughout the area byuser transparent communication transfers

(ie., “handoffs”) between the user’s MS and these base stations in order to maintain effective telephony service. The mobile switch

center (MSC) provides communications and control connectivity among base stations and the public telephone network.

(3.4)_The phrase, “composite wireless signal characteristic values” denotes the result of aggregating andfiltering a collection of

measurements of wireless signal samples, wherein these samples are obtained from the wireless communication between an MSto be

located and the base station infrastructure (e.g., a plurality of networked base stations). However,other phrasesare also used herein

to denote this collection ofderived characteristic values depending on the context and thelikely orientation of the reader. For

example, when viewing these values from a wireless signal processing perspective of radio engineering, as in the descriptionsof the

subsequent Detailed Description sections concerned with the aspects of the present invention for receiving MS signal measurements

from the basestationinfrastructure, the phrase typically used is: “RF signal measurements”. Alternatively, from a data processing

perspective, the phrases: “location signature cluster” and “location signal data” are used to describe signal characteristic values

between the MS and the plurality of infrastructure base stations substantially simuttaneously detecting MS transmissions. Moreover,
since the location communications between an MS and the base station infrastructure typically include simultaneous communications

with more than one base station, a related useful notionis that of a “location signature” which is the composite wireless signal
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characteristic values for signalé. between an MS to be located anda single base staSamalso, in some contexts, the phrases:
“signal characteristic values” or “signal characteristic data” are used when either or both a location signature(s) and/ora location

signature Cluster(s) are intended.

SUMMARY DISCUSSION

The presentinvention relates to a wireless mobile station location system. In particular, such a wireless mobile station

location system may be decomposed into: (i) a first low level wireless signal processing subsystem for receiving, organizing and

conditioning low level wireless signal measurements from a network of base stations cooperatively linked for providing wireless

communications with mobile stations (MSs); and (ii) a second high level signal processing subsystem for performing high level data

processing for providing mostlikelihood location estimates for mobile stations.

More precisely, the present invention is a novel signal processor that includesat least the functionality for the high signal

processing subsystem mentioned hereinabove. Accordingly, assuming an appropriate ensembleof wireless signal measurements

characterizing the wireless signal communications between a particular NS and a networked wireless base station infrastructure have

been received and appropriately filtered of noise and transitory values (such as by an embodiment of the low level signal processing

subsystem disclosed in a copending PCT[patent application ttleyesLocation Using A Plurality of Commercial NetworkInfrastructures,” by F. W. LeBlanc, and the present applicant(s)th cope 4on being herein incorporated by 

reference), the present invention uses the output from such a low level signal processing system for determining a most likely location
estimate of an MS.

That is, once the following steps are appropriately performed (e.g., by the LeBlanc copending application):

(4.1) receiving signal data measurements corresponding to wireless communications between an MS to be located

(herein also denoted the “target MS”) and a wireless telephony infrastructure;-

(42) organizing and processing the signal data measurementsreceived from a given target MS and surrounding BSs so
that composite wireless signal characteristic values maybe obtained from which target MS location estimates may

be subsequently derived. In particular, the signal data measurements are ensembles of samples from the wireless

signals received from the target MS by the basestation infrastructure, wherein these samples are subsequently

filtered using analog and digital spectralfiltering.

the present invention accomplishes the abjectives mentioned above by the following steps:

(43) providing the composite signal characteristic values to one or more MS location hypothesizing computational

models (also denoted herein as “first order models” and also “location estimating models”), wherein each such

model subsequently determines one or more initial estimatesof the location of the target MS based on, for

example, the signal processing techniques 2.| through 23 above. Moreover, each of the models output MS location

estimates having substantially identical data structures (each such data structure denoted a “location

hypothesis”). Additionally, each location hypothesis may also includes a confidence value indicating the likelihood

12
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 or probabilit bi the target MS whose location is desired resides in a &- ponding location estimate for the

target MS;

(44) adjusting or modifying location hypotheses output by the models according to,for example, 2.4 through 2.6 above

So that the adjusted location hypotheses provide better target MS location estimates. In particular, such

adjustments are performed on both the target MS location estimatesof the location hypothesesas well as their

corresponding confidences; and

(4.4) subsequently computing a “most likely” target MS location estimate for outputting to a location requesting

application such as 911 emergency, thefire or police departments, taxi services, etc. Note thatin computing the

most likely target MS location estimate a plurality of location hypotheses may be taken into account. In fact, it is

an important aspect of the present invention that the mostlikely MS location estimate is determined by

computationally forming a composite MS location estimate utilizing such a plurality of location hypotheses so that,

for example, location estimate similarities between location hypotheses can be effectivelyutilized.

Referring now to (4.3) above, thefiltered and aggregated wireless signal characteristic values are provided to a numberof

location hypothesizing models (denoted First Order Models, or FOMs), each of whichyields a location estimate or location hypothesis

related to the location of the target MS. In particular, there are location hypotheses for both providing estimates af where the target

MS likely to be and where the target MSis notlikely to be. Moreover, it is an aspect of the present invention that confidence values of

the location hypotheses are provided as a continuous range of real numbers from, e.g., -I to |, wherein the most unlikely areas for

locating the target MS are given a confidence valueof-| ,and the most likely areas for locating the target MS are given a confidence

value of |. That is, confidence values that are larger indicate a higher likelihood that the target MSis in the corresponding MS

estimated area, wherein | indicates that the target MS is absolutely NOT in the estimated area, 0 indicates a substantially neutral or

unknownlikelihood of the target MS being in the corresponding estimated area, and | indicates that the target MS is absolutely

within the corresponding estimated area.

Referring to (4.4) above,it is an aspect of the present invention to provide location hypothesis enhancing and evaluation

techniques that can adjust target MS location estimates according to historical M$ location data and/or adjust the confidence values
oflocation hypotheses according to haw consistent the corresponding target MS location estimateis: (a) with historical MS signal

characteristic values, (b) with various physical constraints, and (c) with various heuristics. in particular, the following capabilities

are provided by the present invention:

(5.1) a capability for enhancing the accuracy ofaninitial location hypothesis, H, generated bya first order model, FOM,,

by using H as, essentially, a query or index into an historical data base (denoted herein asthe location signature

data base), wherein this data base includes: (a) a plurality of previously obtained location signature clusters (i.e.,

composite wireless signal characteristic values) such that for each such cluster there is an associated actual or

verified MS locations where an MS communicated with the base station infrastructure for locating the MS, and (b)
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 previousMS *) n hypothesis estimates from FOM, derived from eac(#), location signature clusters stored
according to (a);

(5.2) a capability for analyzing composite signal characteristic valuesof wireless communications between the target MS

and the base station infrastructure, wherein such values are compared with composite signal characteristics values

of known MSlocations (these latter values being archived in the location signature data base). In one instance, the

composite signal characteristic values used to generate various location hypothesesfor the target MS are compared

against wireless signal data of known MS locations stored in the location signature data base for determining the
reliability of the location hypothesizing models for particular geographic areas and/or environmental conditions;

(5.3) a capability for reasoning about thelikeliness of a location hypothesis wherein this reasoning capability uses

heuristics and constraints based on physics and physical propertiesof the location geography;

(5.4)an hypothesis generating capability for generating new location hypotheses from previous hypotheses.

As also mentioned abovein (2.3), the present invention utilizes adaptive signal processing techniques. One particularly

important utilization of such techniques includes the automatic tuning of the preserit invention so that, e.g., such tuning can be
applied to adjusting the values of location processing system parameters thataffect the processing performed by the present
invention. For example, such system parameters as those used far determining the size of a geographicalarea to be specified when

retrieving location signal data of known MS locations from thehistorical (location signature) data base can substantially affect the

location processing. In particular, a system parameter specifying a minimum size for such a geographical area may,if too large,

Cause unnecessary inaccuraciesin locating an M$. Accordingly, to accomplish a tuning of such system parameters, an adaptation

engine is included in the present invention for automatically adjustingor tuning parameters used by the present invention. Note that

in one embodiment, the adaptation engine is based on genetic algorithm techniques.

A novel aspect of the present invention relies on the discovery that in many areas where MS location servicesare desired,
the wireless signal measurements obtained from communications between the target MS and the base station infrastructure are

extensive enough to providesufficiently unique or peculiar values so that the pattern of values alone mayidentify the location of the

target MS. Further, assuminga sufficient amountof such location identifying pattern information iscaptured in the composite

wireless signal characteristic values for a target MS, and that there is a technique for matching such wireless signal patterns to

geographicallocations, then a FOM based on this technique may generate a reasonably accurate target MS location estimate.

Moreover,if the present invention (e.g., the location signature data base) has captured sufficient wireless signal data from location
communications between MSs and the base station infrastructure wherein the locations of the MSs are also verified and captured, then
this captured data (e.g., location signatures) can be used to train or calibrate such models to associate thelocation of a target MS

with the distinctive signal characteristics between the target MS and one or more basestations. Accordingly, the present invention

includes one or more FOMs that may be generally denoted asclassification models wherein such FOMsare trained or calibrated ta

associate particular Composite wireless signal characteristic values with a geographicallocation where a target MS could likely
generate the wireless signal samples from which the composite wireless signal characteristic values arederived. Further, the present

invention includes the capability for training (calibrating) and retraining (recalibrating) such classification FOMs to automatically
14
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  maintain the accuracy of these\Hs even though substantial changesto the radio cove: q dea may occur, such as the
construction of a new high rise building or seasonalvariations (due to,for example,foliage variations).

Note that such classification FOMs that are trained or calibrated to identify target MS locations by the wireless signal

patterns produced constitute a particularly novel aspect of the present invention. {t is well knownin the wireless telephony art that

the phenomenonofsignal multipath and shadow fading renders most analytical location computational techniques such as time-of-

arrival (TOA)-or time-difference-of-arrival (TDOA) substantially useless in urban areas and particularly in dense urban areas.

However, this same muttipath phenomenonalso may produce substantially distinct or peculiar signal measurement patterns, wherein

such a pattern coincides with a relatively small geographical area. Thus, the present invention utilizes multipath as an advantagefor

increasing accuracy where for previouslocation systems multipath has been a source of substantial inaccuracies. Moreover,it is

worthwhile to note that the utilization of classification FOMsin high multipath environmentsis especially advantageo us in that high
multipath environments are typically densely populated. Thus, since such environmentsare also capable of yielding a greater density

of MS location signal data from MSs whose actual locations can be obtained, there can be a substantial amountof training or

calibration data captured by the present invention for training orcalibrating such classification FOMs andfor progressively improving

the MS location accuracy of such models. Moreover,sinceit is also a related aspect of the present invention to include a plurality

stationary, low cost, low power “location detection base stations” (LBS), each having both restricted range MS detection capabilities

and a built-in MS, a grid of such LBSs can be utilized for providing location signal data (from the built-in MS) for (re)training or

(re)calibrating such classification FOMs.

In one embodimentof the present invention, one or more classification FOMs may each include a learning module such as

an artificial neural network (ANN) for associating target MS location signal data with a target MS location estimate. Additionally,
one or more classification FOMs may be statistical prediction models based on such statistical techniques as, for example, principle

decomposition, partial least squares, or other regression techniques.

It is a further aspect of the present invention that the personal communication system (PCS) infrastructures currently

being developed by telecommunication providers offer an appropriate localized infrastructure base upon which to build various

personallocation systems (PLS) employing the presentinvention and/orutilizing the techniques disclosed herein. In particular, the

present invention ts especially suitable forthe location of people and/or objects using code division multiple access (CDMA)wireless
infrastructures, although other wireless infrastructures, such as, time division multipfe access (TDMA)infrastructures and GSM are

also contemplated. Note that CDMA personal communications systemsare described in the Telephone Industries Association standard

15-95, for frequencies below | GHz, and in the Wideband Spread- Spectrum Digital Cellular System Dual-Mode Mobile Station-Base

Station Compatibility Standard,for frequencies in the |.8-1.9 Giz frequency bands, both of which are incorporated herein by

reference. Furthermore, CDMA general principles have also been described, for example,in U. 5. Patent 5,109,390,to Gilhausen,et al, A
and CDMA Network Engineering Handbook by Qualcomm,Inc., each of which is also incorporated herein by reference.

Notwithstanding the above mentioned CDMAreferences, a brief introduction of CDMAis givenhere. Briefly, CDMA is an

electromagnetic signal modulation and multiple access scheme based on spread spectrum communication. Each CDMAsignal

corresponds to an unambiguous pseudorandom binary sequence for modulating the carrier signal throughout a predetermined
15
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  spectrum of bandwidth frequer!e-/ransmissions of individual CDMAsignals are selecte bis drrelation processing of a pseudonoise
waveform. In particular, the CDMA signals are separately detected in a receiver by using a correlator, which accepts only signal

energy from the selected binary sequence and despreads its spectrum. Thus, when a first CDMA signalis transmitted, the

transmissions of unrelated CDMAsignals correspond to pseudorandom sequences that do not match the first signal. Therefore, these

othersignals contribute only to the noise and representa self-interference generated by the personal communicationssystem.

As mentionedin (1.7) and in the discussionof classification FOMs above, the present invention can substantially

automatically retrain and/or recalibrateitself to compensate for variations in wireless signal characteristics (¢.g., multipath) due to

environmental and/or topographic changes to a geographic area serviced by the present invention. For example, in one embodiment,

the present invention optionally includestow cost, low power basestations, denoted location base stations (LBS) above, providing, for

example, CDMA pilot channels to a very limited area about each such LBS. The location base stations may providelimited voice traffic

capabilities, but each is capable of gathering sufficient wireless signal characteristics from an MS within the location base station’s
range tofacilitate locating the M$. Thus, by positioning the location base stations at knownlocations in a geographic region suchas,

for instance, on street lamp poles and road signs, additional MS location accuracy can be obtained. That is, due to the low power

signal output by such location base stations, for there to be signaling control communication (e.g.,-pilot signaling and other contro]

signals) betweena location base station and a target MS, the MS mustbe relatively nearthe location base station. Additionally, for

each location base station riot in communication with the target MS, it is likely that the MS is not near to this location base station.

Thus, by utilizing information received from both location base stations in communication with the target MS and those that are not

in communication with the target MS, the present invention can substantially narrow the possible geographic areas within which the

target MSis likely to be. Further, by providing each location base station (LBS) with a co-located stationary wireless transceiver

(denoted a built-in MS above) having similar functionality to an MS, the following advantages are provided:

(6.1) assuming that the co-located base station capabilities and the stationary transceiver of an LBS are such that the base

station capabilities and the stationary transceiver communicate with one another, the stationary transceiver can be signaled by

another component(s) of the present invention to activate or deactivate its associated base station capability, thereby conserving

powerfor the LBS that operate on restricted power such as solar electrical power;

(6.2) the stationary transceiver of an LBS can be usedfor transferring target MS location information obtained by the LBS to a

conventional telephony base station;

(6.3) since the location of each LBS is known and canbeused in location processing, the present inventionis able to (re)train

and/or (re)calibrate itself in geographicalareas having such LBSs. Thatis, by activating each LBS stationary transceiver so that there
is signal communication between the stationary transceiver and surrounding base stations within range, wireless signal characteristic

values for the location of the stationary transceiver are obtained for each such base station. Accordingly, such characteristic values

can then be associated with the known location ofthe stationary transceiver for training and/orcalibrating various of the location

processing modulesof the present invention such as the classification FOMs discussed above. In particular, such training and/or
calibrating mayinclude:

(i) (re)training and/or(re)calibrating FOMs;
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 (ii) Win the confidence value initially assigned to a locas:
the generating FOM is in estimating the location of the stationary transceiver using data obtained from wireless signal characteristics

Hypothesis according to how accurate

of signals between the stationary transceiver and base stations with which the stationary transceiver is capable of communicating;

(iil) automatically updating the previously mentioned historical data base (ie, the location signature
5 data base), wherein the stored signal characteristic data for each stationary transceiver can be used for detecting environmental

and/or topographical changes(e.g., a newly built high rise or other structures capable of altering the multipath characteristics of a
given geographical area); and

() tuning of the location system parameters, wherein the steps of: (a) mod ifying various system

parameters and (b)testing the performance of the modified location system on verified mobile station location data (including the

10_stationary transceiver signal characteristic data), these steps being interleaved and repeatedly performed for obtaining better system

location aecuracy within useful time constraints.
It is also an aspect of the present invention to automatically (re)calibrate as in (6.3) above with signal characteristics from

other knownorverified locations. In one embodimentofthe present invention, portablelocation verifying electronics are provided so

that when such electronics are sufficiently near a located target MS, the electronics: (I) detect the proximity of the target MS; (ii):

15 determine a highly reliable measurementofthe location of the target MS; (iii) provide this measurementto other locationSESSGeil determining componentsof the present invention so that the location measurement can be associated and archived with related

signal characteristic data received from the target MS at the location where the location measurementis performed. Thus, the use ofiy

such portable locationverifying electronics allows the present invention to capture and utilize signal characteristic data from verified,

substantially random locationsfor location system calibration as in (6.3) above. Moreover, it is important to note that such location

20__verifying electronics canverify locations automatically whereinit is unnecessary for manualactivation of a location verifying process. 
One embodimentof the present invention includes the location verifying electronics as a “mobile (location) base station”

(MBS) that can be, for example, incorporated into a vehicle, such as an ambulance,police car,or taxi. Such a vehicle can travel to
sites having a transmitting target MS, wherein such sites may be randomly located and the signal characteristic data from the

transmitting target MS at such a location can consequently be archived with a verified location measurement performed at the site by

25 the mobile location base station. Moreover,it is important to note that such a mobile location base station as its name implies also

includes base station electronics for communicating with mobile stations, though not necessarily in the manner of a conventional

infrastructure base station. In particular, a mobile location base station may only monitor signal characteristics, such as MS signal

strength, from a target MS without transmitting signals to the target MS. Alternatively, a mobile location base station can

periodically be in bi-directional communication with a target MSfor determining a signal time-of-arrival(or time-difference-of-

30_arrival) measurement between the mobile location base station and the target MS. Additionally, each such mobile location base
Station includes components for estimating the location of the mobile location base station, such mobile location base station location
estimates being important when the mobile location base stationis used for locating a target MS via, for example, time-of-arrival or

time-difference-of-arrival measurements as one skilled in the art will appreciate. In particular, a mobile location base station can

include:

17

Cisco v. TracBeam / CSCO-1002

Page 23 of 2386



Cisco v. TracBeam / CSCO-1002 
Page 24 of 2386

 
 

aA

10

15

20

25

30

  (7.1) a mobile station (14 oth communicating with other componentsof the nvention (such asa location

processing center included in the present invention);

(7.2) a GPSreceiverfor determining a location of the mobile location base station;

(73) a gyroscope and other dead reckoning devices; and

(7.4) devices for operator manual entry of a mobile location base station location.

Furthermore, a mobile location base station includes modulesfor integrating or reconciling distinct mobile location base

station location estimates that, for example, can be obtained using the components and devicesof (7.1) through (7.4) above. That ts,

location estimates for the mobile location base station ry be obtainedtro:GPSsatellite data, mobile location base s iongatdata ,daarkceekonin COX cRonary dewessprovided by the location processing centersdaad-rackoning.datzo ined from the mobile location base station vehicledead
wackoning-devices, and location data manually input by an operator of the mobile location basestation.

Thelocation estimating system of the present invention offers many advantagesoverexisting location systems.

The system of the present invention, for example, is readily adaptableto existing wireless communication systems and can accurately
locate people and/or objects in a cost effective manner. In particular, the present invention requires few,if any, modifications to

commercial wireless communication systems for implementation. Thus, existing personal communication system infrastructure base

stations and other componentsof, for example, commercial CDMAinfrastructures are readily adapted to the present invention. The

present invention can be used to locate people and/or objects that are not in the line-of-sight of a wireless receiver or transmitter,

can reduce the detrimentaleffects of multipath on the accuracy of the location estimate, can potentially locate people and/orobjects

located indoors as well as outdoors, and uses a number ofwireless stationary transceivers for location. The present invention employs

a numberofdistinctly different location computational models for location which provides a greater degree of accuracy, robustness

andversatility than is possible with existing systems. For instance, the location models provided include not only the radius-

radius/TOA and TDOA techniques but also adaptive artificial neural net techniques. Further, the present invention is able to adapt to

the topography of an area in which location serviceis desired. The present inventionis also able to adapt to environmental changes

substantially as frequently as desired. Thus, the present invention is able to take into account changesin the location topography

overtime without extensive manual data manipulation. Moreover, the present invention can be utilized with varying amountsof

signal measurement inputs. Thus,if a location estimateis desired in a very short timeinterval(e.p.,less than approximately one to
two seconds), then the present location estimating system can be used with only as much signal measurement data asis possible to

acquire during aninitial portion of this time interval. Subsequently, after a greater amount of signal measurement data has been

acquired, additional more accuratelocation estimates may be obtained. Note that this capability can be useful in the context of 911
emergency responsein that a first quick course wireless mobile station location estimate can be used to route a 911 call from the

mobile station to a 911 emergency response center that has responsibility for the area containing the mobile station and the 911

caller. Subsequently, once the 911 cafl has been routed accordingto this first quick location estimate, by continuing to receive

additionalwireless signal measurements, more reliable and accurate location estimates of the mobile station can be obtained.

Moreover, there are numerous additional advantagesof the system of the present invention when applied in CDMA

communication systems. The location system of the present invention readily benefits from the distinct advantages of the CDMA
18
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 Spread spectrum scheme, name WE se advantagesinclude the exploitation of radio freq . pectralefficiency and isolation by (a)
Monitoring voice activity, (b) management of two-way power control, (c) provisioning of advanced variable-rate modems and error

correcting signal encoding, (d) inherent resistance to fading, (e) enhanced privacy, and (f) multiple “rake” digital data receivers and

searcher receivers for correlation of signal muttipaths.

Ata more general level, it is an aspect of the present invention to demonstrate the utilization of various novel

computational paradigms such as: Rig3 &)
(8.1) providing a multiple hypothesis computational architecture(as illustrated best ine) wherein the hypothesesare:

(8.1.1) generated by modular independent hypothesizing computational models;

(8.1.2)—the models are embedded in the computational architecture in a manner wherein the architecture allows for

substantial amounts of application specific processing common orgeneric to a plurality of the models to be straightforwardly

incorporated into the computationalarchitecture;
(8.13)—the computational architecture enhances the hypotheses generated by the models both according to past

performance of the models and according to application specific constraints and heuristics without requiring feedback loops for

adjusting the models;

(8.1.4)—the modelsare relatively easily integrated into, modified and extracted from the computationalarchitecture;

(8.2)—_providing a computational paradigm for enhancing aninitial estimated solution to a problem by usingthis initial

estimated solution as,effectively, a query or index into an historical data base of previoussolution estimates and corresponding

actualsolutions for deriving an enhanced solution estimate based on past performance of the module that generated theinitial

estimated solution. .

Note that the multiple hypothesis architecture provided herein is useful in implementing solutions in a wide range of

applications. For example, the following additional applications are within the scope of the present invention:

(9.1) document scanning applicationsfor transforming physical documents in to electronic forms of the documents. Note that in

many cases the scanning of certain documents (books, publications, etc.) may have a 20% character recognition error rate. Thus,

the novel computation architecture of the present invention can be utilized by (I) providing a plurality of document scanning models
as the first order models, (ii) building a character recognition data base for archiving a correspondence between characteristics of

actual printed character variations and the intended characters (according to,for example, font types), and additionally archiving a

correspondence of performance of each of the modelson previously encountered actual printed character variations (note, this is

analogousto the Signature Data Baseof the MS location application described herein), and(iii) determining any generic constraints

and/or heuristics that are desirable to be satisfied by a plurality of the models. Accordingly,by comparing outputs from thefirst
order document scanning models, a determination can be made as to whetherfurther processing is desirable dueto, for example,

discrepancies betweenthe output of the models. If further processing is desirable, then an embodimentof the multiple hypothesis

architecture provided herein maybe utilized to correct such discrepancies. Note that in comparing outputs from thefirst order

document scanning models, these outputs may be compared atvarious granularities; e.g., character, sentence, paragraphor page;
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  (9.2) diagnosis and monitd: tA pplications such as medical diagnosis/monitoring,c
diagnosis/monitoring; .
(9.3) robotics applications such as scene and/orobject recognition;

(9.4) seismic and/or geologic signal processing applications such as for locating oil and gas deposits;

(9.5) Additionally, note that this architecture need not have all modules co-located. In particular,it is an additional aspect of

the present invention that various modules can be remotely located from one another and communicate with one anothervia

telecommunication transmissions such as telephony technologies and/or the Internet. Accordingly, the present invention is

particularly adaptable to such distributed computing environments. For example, some numberofthe first order models may reside

in remote locations and communicate their generated hypotheses via the Internet.

For instance, in weather prediction applicationsit is not uncommon for computational models to require large amounts of

computational resources. Thus, such models runningat various remote computational facilities can transfer weather prediction

hypotheses (e.g., the likely path of a hurricane) to a site that performs hypothesis adjustments accordingto: (i) past performanceof

the each model;(ii) particular constraints and/or heuristics, and subsequently outputs a mostlikely estimate for a particular weather

condition.

In an alternative embodiment of the present invention, the processing following the generation oflocation hypotheses

(each having aninitial location estimate) by the first order models may be such that this processing can be provided on Internet user

nodes and the first order models may reside at Internet server sites. In this configuration, an Internet user may request hypotheses

from such remote first order models and perform the remaining processing at his/her node.

In other embodimentsof the present invention, a fast, abeit less accurate location estimate maybe initially performed for
very time critical location applications where approximatelocation information may be required. For example, less than | second
response for a mobile station location embodimentof the present invention may be desired for 911 emergency response location
requests. Subsequently, once a relatively course location estimate has been provided, a more accurate most likely location estimate

can be performed by repeating the location estimation processing a second time with, e.g., additional with measurementsof wireless

Signals transmitted between a mobile stationto be located and a networkof base stations with which the mobile station is

communicating, thus providing a second, more accuratelocation estimate of the mobile station.

Additionally, note that it is within the scope of the present invention to provide one or more central location development

Sites that may be networked to, for example, geographically dispersed location centers providinglocation services according to the

present invention, wherein the FOMs may be accessed, substituted, enhanced or removed dynamically via network connectioas(via,

e.g,, the Internet) with a centrallocation developmentsite. Thus, a small but rapidly growing municipality in substantially flat low

density area mightinitially be provided with access to, for example, two or three FOMs for generating location hypothesesin the

municipality’s relatively uncluttered radio signaling environment. However, as the population density increases and the radio

signaling environment becomes cluttered by, for example, thermal noise and multipath, additional or alternative FOMs may be

transferred via the network to the location center for the municipality.
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Note that in some We: of the present invention, since there a lack of@... between the FOMs and
subsequent processing of location hypotheses, the FOMs can be incorporated into an expert system,if desired. For example, each FOM

maybe activated from an antecedent of an expert system rule. Thus, the antecedent for such a rule can evaluate to TRUE if the FOM

outputs a location hypothesis, and the consequent portion of such a rule may put the output location hypothesis ona list of location
5 hypotheses occurring in a particular time window for subsequent processing by the location center. Alternatively, activation of the

FOMs may be in the consequents of such expert system rules. That is, the antecedent of such an expert system rule may determineif

the conditions are appropriate for invoking the FOM(s) in the rule’s consequent.

Of course, other software architectures may also to used in implementing the processing of the location center without
departing from scope of the present invention. In particular, object-oriented architectures are also within the scope of the present

10_invention. For example, the FOMs may be object methods on an MS location estimator object, wherein the estimator object receives

substantially all target MS location signal data output by the signal filtering subsystem. Alternatively, software bus architectures are

contemplated by the present invention, as one sailediin the art willIugdersta d,tvheein the software architecture may be modularCK, andfacilitate parallel processing. Patheleuaadacaof the present invention are provided by the figures and detailed
description accompanyingthis imention summary.
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Fig. | illustrates various perspectives of radio propagation opportunities which may be considered in addressing correlation

BRIEF DESCRIPTION OF THE DRAWINGS

with mobile to base station ranging.

Fig. 2 shows aspects of the two-ray radio propagation model and the effects of urbanclutter.

,®eviacereneRialexampleoe the statistical power budget is calculated in design of a Commercial Mobile Radio
Fig. 4 illustrates an overall view of a wireless radio location network architecture, based on AIN principles.

Fig. 5 is a high level block diagram of an embodimentof the present invention for locating a mobile station (MS) within a

radio coverage area for the present invention.

Fig. 6 is a high level block diagram of the location center 142.

Fig. 7 is a high level block diagram of the hypothesis evaluator for the location center.

Fig. 8 is a substantially comprehensive high level block diagram illustrating data and controlflows between the

componentsof the location center, as well the functionality of the components.

Fig. 9 is a high level data structure diagram describing the fields of a location hypothesis object generated by the first

order models 1224 ofthe location center.

Fig. 10 is a graphical illustration of the computation performed by the most likelihood estimator 1344 of the hypothesis

evaluator.

Fig. I] isa high level lock diagram of the mobile base station (MBS).
Fig. 12 is a high level state transition diagram describing computational states the Mobile Base station enters during

operation,

Fig. 13 is a high level diagram illustrating the data structural organization of the Mobile Base station capability for

autonomously determining a most likely MBSlocation from a plurality of potentially conflicting MBS location estimating sources.

Fig. 14 shows one method of modeling CDMAdelay spread measurement ensembles andinterfacing such signals to a typical
artificial neural network based FOM.

Fig. 15 illustrates the nature of RF “Dead Zones” , notch area, and the importanceofincluding location data signatures

from the back side of radiating elements.

Figs. 16a through | 6c present a table providing a brief description of the attributes of the-location signature data type

stored in the location signature data base 1320.

Figs. 17a through {7c present a high fevel flowchart of the steps performed by function, “UPDATELOCSIG_DB,”for

updating location signatures in the location signature data base 1320; note, this flowchart corresponds to the description ofthis

function in APPENDIX C.

22

Cisco v. TracBeam / CSCO-1002

Page 28 of 2386



Cisco v. TracBeam / CSCO-1002 
Page 29 of 2386

 
10

45

20

25

30

Figs. 18a through2.a high level flowchart of the steps performed by @. “REDUCEBADDBLOC_SIGS,”
for updating location signatures in the location signature data base 1320; note, this flowchart corresponds to the description of this
function in APPENDIX C.

Figs. 19a through 19b present a high level flowchart of the steps performed by function,

“INCREASECONFIDENCEOFGOODDBLOC_SIGS,”for updating location signaturesin the location signature data base 1320;

note, this flowchart correspondsto the description of this function in APPENDIX C.

Figs. 20a through 20d present a high level flowchart of the steps performed by function,

“DETERMINELOCATIONSIGNATUREFITERRORS,” for updating location signaturesin the location signature data base 1320;

Note, this flowchart correspondsto the description of this function in APPENDIX C.

Fig. 21 presents a high level flowchart of the steps performed by function, “ESTIMATE_LOC_SIG_FROM_DB,” for updating

location signatures in the location signature data base 1320; note, this flowchart correspondsto the description of this function in

APPENDIX C.

Figs. 22a through 22b present a high level flowchart of the steps performed by function, “GETAREA_TO_SEARCH,”for

updating location signatures in the location signature data base 1320; note, this flowchart correspondsto the description of this

function in APPENDIX C.

Figs. 23a through 23b present a high level flowchart of the steps performed by function,

“GET_DIFFERENCEMEASUREMENT,” for updatinglocation signatures in the location signature data base 1320; note, this flowchart
correspondsto the description of this function in APPENDIX C.

Fig. 24 is a high level illustration of context adjuster data structures andtheir relationship to the radio coverage area for

the present invention; |
Figs. 25a through 25b present a highlevel flowchart of the steps performed by the function, “CONTEXTADJUSTER,” used

in the context adjuster 1326 for adjusting mobile station estimates provided by thefirst order models 1224; this flowchart

correspondsto the description of this function in APPENDIX D. .
Figs. 26a through 26c present a high level flowchart of the steps performed by the function,

“GET_ADJUSTED_LOC_HYP_LISTFOR,” usedin the context adjuster 1326 for adjusting mobile station estimates provided by the

first order models |224; this flowchart correspondsto the description of this function in APPENDIX D.

Figs. 27a through 27b present a high level flowchart of the steps performed by the function, “CONFIDENCEADJUSTER,”

used in the context adjuster 1326 for adjusting mobile station estimates provided bythefirst order models 1224; this flowchart

correspondsto the description of this function in APPENDIX D.

Fig. 28a and 28bpresents a highlevel flowchart of the steps performed by the function,

“GETCOMPOSITEPREDICTIONMAPPEDCLUSTERDENSITY,” used in the context adjuster 1326 for adjusting mobile station
estimates providedby thefirst order models 1224; this flowchart corresponds to the description of this function in APPENDIX D.
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Figs. 29a throughA. a high level flowchart of the steps performed by Oeics,
“GETPREDICTIONMAPPEDCLUSTERDENSITYFOR,” used in the context adjuster 1326 for adjusting mobile station estimates

provided by thefirst order models 1224; this flowchart corresponds to the description of this function in APPENDIX D.

Fig. 30 illustrates the primary componentsofthe signal processing subsystem.

Fig. 31 illustrates how automatic provisioning of mobile station information from multiple CMRS occurs.
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Detailed Description Introduction

Variousdigital wireless communication standards have been introduced such as Advanced Mobile Phone Service (AMPS), Narrowband

Advanced Mobile Phone Service (NAMPS), code division multiple access (CDMA) and Time Division Multiple Access (TDMA)(¢.g.,
5 GlobalSystems Mobile (GSM). These standards provide numerous enhancements for advancing the quality and communication

capacity for wireless applications. Referring to CDMA,this standard is described in the Telephone Industries Association standard IS-

95, for frequencies below | GHz, and in |-STD-008, the Wideband Spread-Spectrum Digital Cellular System Dual-Mode Mobile

Station-Base station Compatibility Standard, for frequencies in the 1.8 - 1.9 GHz frequency bands. Additionally, CDMA general

principles have been described,for example, in U.S. Patent 5,109,390,Diversity Receiver in a CDMA Cellular Telephone System by

10 Gilhousen. There are numerous advantagesof such digital wireless technologies such as CDMA radio technology. For example, the

CDMAspread spectrum scheme exploits radio frequency spectral efficiency and isolation by monitoring voice activity, managing two-

way power control, provision of advanced variable-rate modemsanderror correcting signal design, and includes inherent resistance

to fading, enhanced privacy, and provides for multiple "rake”digital data receivers and searcher receivers for correlation of multiple 
physical propagation paths, resembling maximum likelihooddetection, as weil as support for multiple base station communication

3 15__with a mobile station, i.e, soft or softer hand-off capability. When coupled with a location center as described herein, substantial
tad improvementsin radio location can be achieved. For example, the CDMA spread spectrum schemeexploits radio frequency spectral

= efficiency and isolation by monitoring voice activity, managing two-way power control, provision of advanced variable-rate modems
i and error correcting signal design, and includes inherent resistance to fading, enhanced privacy, and provides for multiple “rake”

digital data receivers and searcherreceivers for correlation of multiple physical propagation paths, resembling maximum likelihood

20 detection, as well as support for multiple base station communication with a mobile station,i.e., soft hand-off capability. Moreover, 
this same advanced radio communication infrastructure can also be used for enhanced radio location. As a further example,the

capabilities of I-41 and AIN alreadyprovide a broad-granularity of wireless location,as is necessary to, for example,properly direct

a terminatingcall to an MS. Such information,originally intendedforcall processing usage, can be re-used in conjunction with the

location center described herein to provide wireless location in thelarge (i.e., to determine which country,state and city a particular

25 MS is located) and wireless location in the small (i.e. which location, plus or minus a few hundred feet within one or more base

. stations a given MS is located).

Fig. 4 is a high level diagram of a wireless digital radiolocation intelligent network architecture for the present invention.

Accordingly,this figure illustrates the interconnections between the components,for example, of a typical PCS network configuration

and various components that are specific to the present invention. In particular, as one skilled in the art will understand,a typical

30 wireless (PCS) network includes: .
(a) a (large) plurality of conventional wireless mobile stations (MSs) 140 for atleast one of voice related communication,

visual (e.g., text) related communication, and according to present invention, location related communication;
(b) a mobile switching center (MSC) 112;
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  (0) a plurality of wir"<ell sites in a radio coverage area 120, wherein each aed includes an infrastructure base
station such as those labeled 122 (or variations thereof such as 122A - 122D). In particular, the base stations 122

~ denote the standard high traffic, fixed location base stations used for voice and data communication with a plurality

of MSs 140, and,accordingto the present invention, also used for communication of irformation related to locating

such MSs 140. Additionally, note that the base stations labeled 152 are more directly related to wireless location

enablement. For example,as described in greater detail hereinbelow, the base stations 152 may be low cost,low

functionality transponders that are used primarily in communicating MS location related information to the location
center 142 (via base stations 122 and the MSC 112). Note that unless stated otherwise, the base stations 152 will be

referred to hereinafter as “location base station(s) 152” or simply “LBS(s) 152”);

(d) a public switched telephone network (PSTN) 124 (which may include signaling system links 106 having network

control componentssuch as: a service control point (SCP) 104 , ane or more signaling transfer points (STPs) 110.

Added to this wireless network, the present invention provides the following additional components:

(10.1) a location center 142 which is required for determining a location of a target MS 140 using signal characteristic values for

this target MS;

(10.2) one or more mobile base stations 148 (MBS) which are optional, for physically traveling toward the target MS 140 or

tracking the target MS; ,

(10.3) a plurality of location base stations 152 (LBS) which are optional, distributed within the radio coverage areas 120, each

LBS 152 havingarelatively small MS 140 detection area 154;

Since location base stations can be located on potentially each floor of a multi-story building, the wireless location

technology described herein can be used to perform location in terms of height as well as bylatitude and longitude.

In operation, the MS 140 mayutilize one of the wireless technologies, CDMA, TDMA, AMPS, NAMPSor GSM techniques for
radio communication with: (a) one or more infrastructure base stations 122, (b) mobile base station(s) 148 , (c) an LBS 152.

Referring to Fig. 4 again, additional detailis provided oftypical base station coverage areas, sectorization, and highlevel
components within a radio coverage area 120, including the MSC 112. Although base stations may be placed in any configuration, a

typical deployment configuration is approximately in a cellular honeycomb pattern, although manypracticaltradeoffs exist, such as

site availability, versus the requirement for maximalterrain coveragearea. Toillustrate, three such exemplary base stations (BSs)

are 122A, 122B and 122C, each of whichradiate referencing signals within their area of coverage 169 to facilitate mobile station (MS)

140 radio frequency connectivity, and various timing and synchronization functions. Note that some base stations may contain no

sectors 130 (e.g. 122E), thus radiating and receiving signals in a 360 degree omnidirectional coverage area pattern, or the base

station may contain “smart antennas” which have specialized coverage area patterns. However,the generally most frequent base

stations 122 have three sector 130 coverage area patterns. For example, base station 122A includessectors 130, additionaily labeled

a, b and c. Accordingly, each of the sectors 130 radiate and receive signals in an approximate 120 degree arc, from an overhead view.

As oneskilled in the art will understand, actual base station coverage areas 169 (stylistically represented by hexagons about the base
26
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 stations 122) generally are de ‘=
y * 3

to overlap to some extent, thus ensuring seamless cé in a geographical area. Control

electronics within each base station |22 are used to communicate with a mobile stations 140. Information regarding the coverage

area for each sector 130, such as its range,area, and “holes”or areas of no coverage (within the radio coverage area 120), may be

known andused bythe location center 142 to facilitate location determination. Further, during communication with a mobile station

140, the identification of each base station 122 communicating with the MS 140 as well, as anysectoridentification information, may

be known and provided to the location center 142. -

In the case of the base station types 122, 148, and 152 communication of location information, a base station or mobility

controller 174 (BSC) controls, processes and provides an interface between originating and terminating telephone calls from/to
mobile station (MS) 140, and the mobile switch center (MSC) 112..The MSC 122, on-the-other-hand,performs various administration | .

functions such as mobile station 140 registration, authentication and the relaying of various system parameters, as oneskilled in the
art will understand.

The base stations 122 may be coupled by various transport facilities 176 such as leased lines, frame relay, T-Carrier links, optical

fiberlinks or by microwave communicationlinks.

When a mobile station 140 (such asa CDMA, AMPS, NAMPS mobile telephone) is powered on and in the idle state, it constantly

monitors the pilot signal transmissions from each of the base stations 122 located at nearby cell sites. Since base station/sector

coverage areas mayoften overlap, such overlapping enables mobile stations 140 to detect, and, in the case of certain wireless

technologies, communicate simultaneously along both the forward andreverse paths, with multiple base stations 122 and/orsectors

130. In Fig. 4 the constantly radiatingpilot signals from base station sectors 130, such assectors a, b and c of BS 122A, are detectable

by mobile stations 140 within the coverage area 169 for BS 122A. Thatis, the mobile stations 140 scan for pilot channels,

corresponding to a given base station/sector identifiers (IDs) , for determining which coverage area 169 (i.e., cell) it is contained. —

This is performed by comparing signals strengthsofpilot signals transmitted from these particular cell-sites.

The mobile station 140 then initiates a registration request with the MSC 112, via the base station controller 174. The MSC 12

determines whether or not the mobile station 140is allowed to proceed with the registration process (except in the case of a 11 call,

wherein no registration process is required). At this point calls may be originated from the mobile station 140 or calls or short

message service messages can be received from the network. The MSC |2 communicates as appropriate,with a class 4/5 wireline

telephony circuit switch or other central offices, connected to the PSTN 124 network. Such central offices connect to wireline

terminals, such as telephones, or any communication device compatible with the line. The PSTN 124 may also provide connectionsto

long distance networks and other networks.

The MSC 112 may also utilize 15/41 data circuits or trunks connecting to signal transfer point 110, which in turn connects

to a service control point 104, via Signaling System #7 (SS7) signaling links (e.g., trunks) for intelligent call processing, as one
skilled in the art will understand. In the case of wireless AIN services such links are usedforcall routing instructionsofcalls

interacting with the MSC 112 or any switch capable of providing service switching point functions, and the public switched telephone

network (PSTN) 124, with possible termination back to the wireless network.
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 ~he location center (LC) 142 interfaces with the MSC (®,via dedicated transport facilities
178, using for example, any number of LAN/WANtechnologies, such as Ethernet, fast Ethernet, framerelay,virtual private networks,

Referring to Fig. 4 a K

etc., or via the PSTN 124. The LC 142 receives autonomous(e.g., unsolicited) command/response messages regarding, for example:

(a) the state of the wireless network of each service provider, (b) MS 140 and BS 122 radio frequency (RF) measurements, (c) any

MBSs 148, (d) location applications requesting MS locations using the location center. Conversely, the LC 142 provides data and

control information to each of the above components in (a) - (d). Additionally, the LC 142 may provide location information to an

MS 140, via a BS 122. Moreover, in the case of the use of a mobile base station (MBS) 148, several communications paths mayexist

with the LC 142.

The MBS 148 actsas a low cost, partially-functional, moving base.station, andis, in one embodiment, situated in a vehicle

where an operator may engage in MS 140 searching and tracking activities. In providing these activities using CDMA, the MBS 148

provides a forward link pilot channel for a target MS 140, and subsequently receives unique BS pilot strength measurements from the

MS 140. The MBS 148 also includes a mobile station for data communication with the LC 142, viaa BS 122. In particular, such data
communication includes telemetering the geographic position of the MBS 148 as well as various RF measurementsrelated to signals
received from the target MS 140. In some embodiments, the MBS 148 mayalso utilize multiple-beam fixed antenna array elements

and/or a moveable narrow beam antenna , such as a microwavedish 182. The antennasfor such embodiments may have a known

orientation in order to further deducea radio location of the target MS 140 with respect to an estimated currentlocationof the MBS

148. As will be described in more detail herein below, the MBS 148 mayfurther contain a global positioning system (GPS), distance

sensors, dead-reckoningelectronics, as well as an on-board computing system and display devices for locating both theSeber ®
itself as well as tracking and locating the target MS 140. The computing and display provides a means for communicating the

position of the target MS 140 ona map display to an operatorof the MBS 148.

Each location base station (LBS) 152 is a low cost location device. Each such LBS 152 communicates with one or more of

the infrastructure base stations 122 using one or more wireless technology interface standards. In some embodiments, to provide

such LBS's cost effectively, each LBS 152 only partially or minimally supports the air-interface standardsof the one or more wireless

technologies used in communicating with both the BSs 122 and the MSs 140. Each LBS 152, when put in service, is placed at a fixed

location, such as at a traffic signal, lamp post, etc., and wherein the location of the LBS may be determined as accurately as, for

example, the accuracy ofthe locationsof the infrastructure BSs 122. Assuming the wireless technology CDMAis used, each BS 122

uses a time offset of the pilot PN sequence to identify a forward CDMApilot channel. In one embodiment, each LBS 152 emits a

unique, time-offset pilot PN sequence channel in accordance with the CDMA standard in the RF spectrum designated for BSs 122, such

that the channel does not interfere with neighboring BSs 122 -cell site channels, nor wouldit interfere with neighboring LBSs 152.

However, as one skilled in the art will understand, timeoffsets, in CDMA chip sizes, may be re-used within a PCS system, thus

providing efficient use of pilot time offset chips, thereby achieving spectrum efficiency. Each LBS 152 mayalso contain multiple

wirelessreceivers in order to monitor transmissions from a target MS 140.. Additionally, each LBS 152-contains mobile station 140

electronics, thereby allowing the LBS to both be controlled by the LC 142, and to transmit information to the LC 142,via at least one

neighboring BS 122.
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   A the location of a particular target MS 140is desiredMe C 142 can requestlocation
information about the target MS 140 from,for instance, one or more activated LBSs 152 ina geographical area of interest.

Accordingly, whenever the target MS 140 is in such an area,or is suspected of being in the area, either upon command from the LC

142, or in a substantially continuous fashion, the LBS's pilot channel appears to the target MS 140 as a potential neighboring base

station channel, and consequently,is placed, for example, in the CDMA neighboringset, or the CDMA remainingset, of the target MS

140 (as one familiar with the CDMA standardswill understand).

During the normal CDMA pilot search sequence of the mobile station initialization state (in the-target MS), the target MS

140 will, if within range of such an activated LBS 152, detect the LBS pilot presence during the CDMApilot channel acquisition

substate. Consequently, the target MS 140 performs RF measurements on thesignal from each detected LBS 152. Similarly, an

activated LBS 152 can perform RF measurements on the wireless signals from the target MS 140. Accordingly, each LBS 152 detecting

the target MS 140 may subsequently telemeter back to the LC 142 measurementresults related to signals from/to the target MS 140.

Moreover, upon command,the target MS 140 will telemeter back to the LC 142 its own measurementsof the detected LBSs 152, and

consequently, this new location information, in conjunction with location related information received from the BSs 122, can be used

to locate the target MS 140.

It should be noted that an LBS 152 will normally deny hand-off requests, since typically the LBS does not require the added

complexity of handling voice or traffic bearer channels, although economics and peaktraffic load conditions would dictate preference

here. GPS timing information, needed by any CDMA base station,is either achieved via a theinclusion of a local GPS receiver or via a

telemetry process from a neighboring conventional BS 122, which contains a GPS receiver and timing information. Since energy

requirements are minimalin such an LBS 152, (rechargeable) batteries or solar cells may be used to power the LBS. No expensive

terrestrial transport link is typically required since two-way communicationis provided by the included MS 140 (or anelectronic

variation thereof}. Thus, LBSs 152 maybe placed in numerouslocations, such as: .

(a) in dense urban canyon areas(e.g., where signal reception may be poor and/or very noisy);

(b) in remote areas (e.g., hiking, camping and skiing areas);
(C along highways(e.g., for emergency as well as monitoring traffic flow), and their rest stations; or

(d) in general, wherever more location precision is required than is obtainable using other wireless infrastruction network

components.

Location Center - Network Elements API Description
&

A location application programming5faterlaceBt{hgtrorentirs required between the location center 142 (LC) and
the mobile ovenene(MSC) network element type, in order to send and receive various control, signals and data messages. The L-

onalusing a preferably high-capacity physical layer communications interface, such as IEEE standard 8023
(10 baseT Ethernet), although other physical layer interfaces could be used, such as fiber optic ATM,framerelay, etc. Two forms of

API implementation are possible. tn the first case the signals control and data messages are realized using the MSC 112 vendor’s
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  Native operations messages inte in the product offering, without any special modifica’ * In the second case the L-API includes
a full suite of commands and messaging contentspecifically optimized for wireless location purposes, which may require some,

although minor development on the part of the MSC vendor.

Signal Processor Description

Referring to Fig. 30, the signal processing subsystem receives contro! messages and signal measurements and transmits

appropriate control messages to the wireless netwarkvia the location applications programminginterface referenced earlier, for
wireless location purposes. The signa! processing subsystem additionally provides various signaleMand pre-
processing functions, including buffering, signal type classification,signal filtering, message control and routing functions to the

location estimate modules.

There can be several combinationsof Delay “preaigStrength sets of measurements made available to the signal
processing subsystem 20. In some cases the mobile station 140Liebemay be able to detect up to three or four Pilot Channels
representing three to four Base Stations, or as few as one PilotChannel, depending upon the environment. Similarly, possibly more
than one BS 122 can detect a mobile station 140 transmitter signal, as evidenced by the provision of cell diversity or soft hand-off in

the CDMA standards, and the fact that multiple CMRS” base station equipment commonly will overlap coverage areas. For each mobile
station 140 or BS 122 transmitted signal detected by a receiver groupat a station, multiple delayed signals,or “fingers” may be

detected and tracked resulting from multipath radio propagation conditions, from a given transmitter. .

In typical spread spectrum diversity CDMAreceiver design, the “first” finger represents the mostdirect, or least delayed

multipath signal. Second or possibly third or fourth fingers may also be detected and tracked, assuming the mobile station contains a

sufficient numberof data receivers. Although traditional TOA and TDOA methods would discard subsequentfingers related to the

same transmitted finger, collection and use of these additional values can prove useful to reduce location ambiguity, and are thus
collected by the Signal Processing subsystem in the Lacation Center 142.

From the mobile receiver’s perspective, a number of combinations of measurements could be made available to the

Location Center. Due to the disperse and near-random nature of CDMAradio signals and propagation characteristics, trad tional
TOA/TDOAlocation methods haye failed inhe past, because the numberofsignals received|in differentasement of setacoat

Sey \e' Ql anuigathparticularly small urban areasaree 500 square feet, the numberof RF signals2saattheremmatipath components may vary by
over 100 percent.

Dueto the large capital outlay costs associated with providing three or more overlapping base station coverage signals in

every possible location, most practicaldigital PCS deploymentsresult in fewer than three base station pilot channels being reportable

in the majority of location areas, thus resulting in a farger, more amorphouslocation estimate. This consequence requires a family of

location estimate location modules, each firing whenever suitable data has been presented to a model, thus providing a location

estimate to a backend subsystem which resolves ambiguities. .
In one embodimentof this invention using backend hypothesis resolution, by utilizing existing knowledge concerning base

station coverage area boundaries (such as via the compilation a RF coverage database - either via RF coverage area simulations or
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  field tests), the location error s,s decreased. Negative logic Venn diagrams can be ge" Al which deductively rule out certain

location estimate hypotheses.

Although the forward fink mobile station’s received relative signal strength (RRSS,.) of detected nearby base station

transmitter signals can be used directly bythe location estimate modules, the CDMA base station’s reverse link receivedrelative signal

5__strength (RRSS,.) of the detected mobile station transmitter signal must be modified prior to location estimate modeluse,since the

mobile station transmitter powerlevel changes nearly continuously, and would thus renderrelative signal strength useless for

location purposes. ,

One adjustment variable and one factor value are required by the signal processing subsystem in the CDMAair interface

case:|.) instantaneousrelative powerlevel in dBm (IRPL) of the mobile station transmitter, and 2.) the mobile station PowerClass.

10_By adding the IRPL to the RRSS,,, a synthetic relative signal strength (SRSS,,) of the mobile station 140 signal detected at the BS 122

is derived, which can be used by tocation estimate model analysis, as shown below:

SRSSqs = RRSSys +- [RPL (in dBm)

 
SRSSyq a corrected indication of the effective path loss in the reverse direction (mobile station to BS), is now comparable with RRSS,.— wa

and can be used to provide a correlation with either distance or shadow fading because it now accounts for the change of the mobile

station transmitter’s power level. The two signals RRSS,, and SASS,, can now be processed in a variety of ways to achieve a more

og

heoreSate

iideeeLid

robust correlation with distance or shadow fading.

>ai* Although Rayleigh fading appears as a generally random noise generator,essentially destroying the correlation value of

20 either RASS, or SRSS,, measurements with distance individually, several mathematical operations or signal processing functions can 
be performed on each measurementto derive a more robustrelative signal strength value, overcoming the adverse Rayleigh fading 

effects. Examples include averaging, taking the strongest value and weighting the strongest value with a greater coefficient than the

wealervalue, then averaging the results. This signal processing technique takes advantage of the fact that although a Rayleigh fade

mayoftenexist in either the forward or reverse path,jt is much (rss probable that a Rayleigh fade also exists in the reverse or
© 25 forward path, respectively. A shadow fade however,ialects the snasignal strenignin both paths, ~ A?

oA At this point a CDMA radio signalgrecadoptionsfometerelativeSo strength measurement”aisderivedwhtehris:
used to establish a correlation with either distance or shadow fading, or both. Although the ambiguity of ethershadow fading or
distance cannotbe determined, other means can be used in conjunction, such as the fingers of the CDMA delay spread measurement,

and any other TOA/TDOAcalculationsfrom other geographical points. In the case of a mobile station with a certain amountof

30_shadow fading between its BS 122 (Fig. 2), the first finger of a CDMA delay spread signal is most likely to be a relatively shorter

duration than the case where the mobile station 140 and BS |22 are separated by a greaterdistance, since shadow fading does not
materially affect the arrival time delay of the radio signal. ,

By performing a small modificationin the contro! electronics of the CDMA base station andmobile station receiver

&\ circuitry, it is possible to provide the signal processing subsystem 20 (reference Fig. 30) within the Loationseeter42 (Fig. 1) with
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data that exceed the sneto-on delay-spread fingers to data receiver corespondel2h additional information,in the form
of additional CDMAfingers (additional multipath) andall associated detectable pilot channels, provides new information which is

The SUteyGaey’ ; . : . .en used to enhanceseetregpothe Location Center’s location estimate location estimate modules.

5
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30

toeckiien center

a This enhanced capability is provided via a contro! message, sent from thetecation-conter 142 to the mobile switch center
12, and then to the base station(s) in communication with,or in close proximity with, mobile stations 140 to be located. Two types of

location measurement request control messages are needed: oneto instruct a target mobile station 140 (i.e., the mobile station to be

located) to telemeter its BS pilot channel measurements back to the primary BS |22 and from there to the mobile switch center112

and then to the location system 42. The second control messageis sent from the location system 42 to the mobile switch center112,

thento first the primary BS, instructing the primary BS” searcher recerver to output (i.e., return to the initiating request message

source) the detected target mobile station 140 transmitter CDMA pilot channeloffset signal and their corresponding delay spread

finger (peak) values and related relative signal strengths.

The contro! messages are implemented in standard mobile station 140 and BS 122 CDMAreceivers such that all data results

from the search receiver and multiplexed results from the associated data receivers are available for transmission back to the

Location Center 142. Appropriate value ranges are required regarding mobile station 140 parametersTADD,,TDROP,, and the

ranges and values for the Active, Neighboring and Remaining Pilot sets registers, held within the mobile station 140 memory. Further
mobile station 140 receiver details have been discussed above.

In the normalcase without any specific multiplexing meansto provide location measurements, exactly how many CDMA

pilot channels and delay spread fingers can or should be measured vary according to the numberof data receivers contained in each

mobile station 140. As a guide, it is preferred that whenever RF characteristics permit, at least three pilot channels and the strongest

first three fingers, are collected and processed. From the BS 122 perspective, it is preferred that the strongestfirst four CDMA delay

spread fingers and the mobile station power levelbe collected and sent to the location system 42,for each of preferably three BSs 122

which can detect the mobile station 140. A much larger combination of measurementsis potentially feasible using the extended data

collection capability of the CDMA receivers. Ag
Fig. 30 illustrates the componentsof the SignalProcessingSubsystem. The main components consist of the input queue(s)

7, signal classifier/fitter 9, digital signaling processor 17, imagingfilters 19, output queue(s) 21, router/distributor 23, a signal

processor database 26 anda signal processing controller 15.

Input queues 7 are required in order to stage the rapid acceptanceof a significant amount of RF signal measurement data,

used for either location estimate purposes or to accept autonomouslocation data. Each location request using fixed base stations

may, in one embodiment, contain from | to 128 radio frequency measurements from the mobile station, which translates to

approximately 61.44 kilobytes of signal measurement data to be collected within 10 seconds and 128 measurements from each of

possibly four base stations, or 245.76 kilobytes for all base stations, for a total of approximately 640 signal measurements from the

five sources, or 307.2 kilobytes to arrive per mobile station location request in 10 seconds. An input queue storage space is assigned at

the moment a location request begins,in orderto establish a formatted data structure in persistent store. Depending upon the
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    a . .
urgency of the time required t—"-der a location estimate, fewer or more signal measure samples can be taken and stored in the

input queue(s) 7 accordin

_ sivas ee Ewin k signali bilities by d h
The signal processing cubsysterrsupperts a variety of wireon network signalin easurement Ga abilitiesbydetecting thea ignal p Bf ty mone sieral Be | p q “ g@ lexeitioncapabilities of the mobile and base station through messaging structcespanidedpectelocoton application

5 Detection is accomplished in the signal classifier 9 (Fig. 30) by referencing a mobile station database table within the signal processor

database 26, which provides, given a mobile station identification number, mobile station revision code, other mobile stationshies. SreyA Sereakne mobileescenter table 31 provides MSC characteristics and identifications to the signal classifier/filtera

9. Thesignal classifier/filter adds additional message header information that further classifies the measurement data which allows

the digital signalprocessor and imagefilter componentsto select the proper internal processing subcomponents to perform

10_operations on the signal measurement data,for use by the location estimate modules.
LO

ee gang service control point messagessutonamously received from the input queue 7, the signal classifier/filter 9dgresmn Ashether Suctra message .“a ceecceViaaPignal processing database 26 query.< is to be associated with a home base station module. Thus
"sppropriat headerinformation is added to the message, thus enabling the message to pass through the digital signal processor {7

cA Unaffected to the cutpusgenth,sadthen to the router/distributor 23. The router/distributor 23 then routes the message to the HBS
15_first order model. Those skilled in the art will understand that associating location requests from Home Base Station configurations

require substantially less data: the mobile identification number and the associated wireline telephone number transmission from the

homelocation register are on the orderof less than 32 bytes. Consequentially the home base station message type could be routed

without any digital signal processing.

Output queue(s) 21 are required for similar reasons asinput queues 7: relatively large amounts of data must be held in a specific
20 ew format for further location processing by the catnysimaneoaee2

The router and distributor component23 issvesponsble to directing specific signal measurement data types and structures
 

to their appropriate modules. For example, the HBS FOM hasno use for digital filtering structures, whereas the TDOA module would

not be able to process an HBS response message. .

Thecontroller 15 is responsible for staging the movement of data amongthe signal processing sbystem~oman input queue
25 ca 7, digitalsignal processor 17, router/distributor 23 and the output queue21, andto initiate signaessere|within the wireless

ce  hetwork, in response from inigencleSlocatemessage|inFe the location apphation programminginterface.
In addition the controller 15 receives autonomous messages from the MSC , via the location applications programming

A~ interface cs or L-API and the input queue 7, whenever a 9-1-1 wireless call is originated. The mobile switch center provides this
\ autonomousi notification to the location system as follows:Bpapestiying the appropriate mobile switch center operations and

30 maintenance commandsto surveil calls based on certain digits dialed such as 9-1-1, the location applications programminginterface,

in communications with the MSCs,receives an autonomousnotification whenever a mobile station user dials 9-1-1. Specifically, a bi-

directional authorized communicationsport is configured, usually at the operations and maintenance subsystem of the MSCs, or with

their associated network element manager system(s), with a data circuit, such as a DS-I, with the location applications programming
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interface in Fig. |. Next, theB.capability of the mobile switch centeris scivarMe respective communicationsport.
The exact implementation of the vendor-specific man-machine or Open Systems Interface (OSI) commands(s) and their associated
data structures generally vary among MSC vendors, however the trace function is generally available in various forms, and is required

in order to comply with Federal Bureau of Investigation authorities for wire tap purposes.After the appropriate surveillance

commandsare established on the MSC, such 9-1-1 call notifications messages gontajnip the mobile station identification numberSAS Reokion
(HIN) and, in phase | £9-1-1 implementations, a pseudo-automatic numberqenticattont (a.k.a. pAN|) which provides an association

ee .

with the primary base station in which the 9-1-1 caller is innornmunicnIn cases where the pANI is known from the onset, the
signal processing subsystem avoids querying the MSC in question to determine the primary base station identification associated with

the 9-1-1 mobile station caller.

After the signal processing controller 15 receives the first message type, the autonomousnotification message from the

mobile switch center I12 to the location system 42, containing the mobile identification number and optionally the primary base

station identification, the controller 1S queries the base station table 13 in the signal processor database 26 to determine the status

and availability of any neighboring base stations, including those base stations of other CMRSin the area. The definition of

neighboring base stations includenot only those within a provisionable “hop” based on the cell design reuse factor, but also includes,
in the case of CDMA, results from remaining set information autonomously queried to mobile stations, with results stored in the base
station table. Remaining set information indicates that mobile stations can detect other base station (sector) pilot channels which

may exceed the “hop” distance,yet are nevertheless candidate base stations (or sectors) for wireless location purposes. Although

cellular and digital cell design may vary, “hop” distanceis usually one or two cell coverage areas away from the primary base

station’s cell coverage area.

Having determineda likely set of base stations which may both detect the mobile station’s transmitter signal, as well as to

determinetheset of likely pilot channels (i.e., base stations and their associated physical antennasectors) detectable by the mobile

station in the area surrounding the primary base station (sector), the controller [5 initiates messages to both the mobile station and
appropriate base stations (sectors) to perform signal measurements and to return the results of such measurements to the signal

processing system regarding the mobile station to be located. This step may be accomplished via several interface means.In a first

case the controller15 utilizes, for a given MSC, predetermined storage information in the MSC table 3! to determine which type of

commands,such as man-machine or OSI commandsare needed to request such signaling MSC. The controller
generates the mobile and base station signal measurement commandsQpprepriate for the MSC and passes the commandsvia the
input queue 7 and the locations application programminginterface ino the appropriate MSC,using the authorized

. . . ARQAA CME, . . . .
communications port mentioned earlier. In asecome-case-thecontroller [5 communicates directly with base stations within having to

&

A

interface directly with the MSC for signal measurement extraction.

Uponreceiptof the signal measurements,the signal classifier 9 in Fig. 30 examineslocation application programming

interface-provided message header information from the source of the location measurement (for example, from a fixed BS 122, a
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Re& ig
Blin system 168 ina" or messagelocation data ré 9hoa home base station), provided byaCLoAR
 mobile station 140, a distribute

the location applications programming interfacete-APr> via the input queue 7 in Fig. 30 and determines whether or not device filters
17 or imagefilters 19 are needed, and assesses a relative priority in processing, such as an emergency versus a backgroundlocation

task, in terms of grouping like data associated with a given location request. In the case where multiple signal measurement requests

5 are outstanding for various base stations, some of which may be associated with a different CMRS network, and additionalsignal
classifier function includes sorting and associating the appropriate incoming signal measurements together such thatthe digital

signal processor 17 processes related measurementsin order to build ensemble data sets. Such ensembles allow for a variety of

functions such,as averaging, outlier removal over a timeperiod, and relatedfiltering functions, and further prevent association errors

aA fromaceerginocation estimate processing.
10 Anotherfunction of the signal classifier/low passfilter component 9 is tofilter information that is not useable, or

information that could introduce noise or the effect of noise in the location estimate modules. Consequently low pass matchingfilters

are used to match the in-commonsignal processing componentsto the characteristics of the incoming signals. Low pass filters match:
“1 Coast : _, awablas .

ex Mobile Station, base station, CHRS and MSC characteristics,aswvatrato classify Home Base Station messages.tell

3 Thesignal processing subsystemcontains a base station database table 13 (Fig. 30) which captures the maximum number
‘:€ 15 of CDMA delay spread fingers for a given base station.

F The base station identification code, or CLLI or common languagelevel identification code is useful in identifying or
a relating a human-labeled namedescriptor to the Base Station. Latitude, Longitude and elevation values are used by other subsystems

in the location system for calibration and estimation purposes. As base stations and/or receiver characteristics are added,deleted, or

changed with respect to the network used for location purposes, this database table must be modified to reflect the current network

20 configuration.

Just as an upgraded base station may detect additional CDMA delay spread signals, newer or modified mobile stations may
 

detect additionalpilot channels or CDMA delay spreadfingers. Additionally different makes and modelsoftmobileopile stations may
eA-acquire improved receiver sensitivities, suggesting a greater coverage cpaSReNe terelationships among

various mobile station equipment suppliersand artaig technical data relevantto this location invention.
25 A Although notstrictly necessary,Faerie can be populated in this table from the PCS Service Provider's Customer Care

system during subscriber activation andfulfillment, and could be changed at deactivation, or anytime the end-user changes mobile

stations. Alternatively, since the MIN, manufacturer, model number, and software revision level information is available during a

telephonecall, this information could extracted during the call, and the remainingfields populated dynamically, based on

manufacturer’s’ Specifications information previously stored in the signal processing subsystem 20. Default values are used in cases
30 where the MIN is notfound, or where certain information must be estimated.

A low pass mobile stationfilter, contained within the signal classifier/low pass filter 9 of the signal processing subsystem

20, uses the above table data to perform the following functions: |) act as a low passfilter to adj ustthe nominal assumptionsrelated
to the maximum number of CDMAfingers, pilots detectable; and 2) to determine the transmit powerclass and the receiver thermal

noise floor. Given the detected reverse path signal strength, the required value of SRSS,, a corrected indicationof the effective path
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  loss in the reverse direction (ms ation to BS), can be calculated based data containe\“"4n the mobile station table |1, stored

in the signal processing database 26.

<Theeffects oftngaTngs allowed and the maximum numberof pilot channels allowed
essentially form a low pass filter effect, wherein the least common denominatorof characteristics are usedto filter the incoming RF

5 signal measurements such that a one for one matching occurs. The effect of the transmit power class and receiver thermal noise floar

values is to normalize the characteristics of the incoming RF signals with respect to those RF signals used.

The signalclassifier/filter 20 is in communication with both the input queue 7 and the signal processing database 26. In

the early stage of a location request the signal processing subsystem 142in Fig. 4,will receive the initiating location request from

either an autonomous 9-|-1 notification message from a given MSC, or froma location application Horexampleseetig-367, for

eXl0O which mobile neeaang about the target mobile station 0gdh required. Referring to Fig. 30, a query is made
eA from the signalprocessingcontroller 15 to the signal processning database 26, speciallyAwmobistation tableUtto determineif
e\ the mobile station characteristics associated with the MIN to be located is available inssable-te, if the data exists then there is no need

for the controller 5 to query the wireless network in order to determine the mobile station characteristics, thus avoiding additional

real-time processing which would otherwise be required acrossthe air interface, in order to determine the mobile station MIN

15 characteristics. The resulting mobile station information mybe provided eithervia the signal processing database 26 or alternatively
a query maybe performed directly from the signal processing subsystem 20 to the MSC in order to determine the mobile station

characteristics. anather lecasion LAPT CCS 2341
O’\ Referring nowto Fig. 31,g-teeatiorrapplication programming interfacet=RPREESTSS to the appro priateaaGEOcy

© care system provides the mechanism to populate and update the mobile station table {1 within the database 26. Thece-APPEES-13
20 containsits own set of separate input and output queuesorsimilar implementations and security controls to ensure that provisioning

 
data is not sent to the incorrect CMRS, and that a given CMRS cannot access any other CMRS’ data. The interface 1155a to the

customercare system for CMRS-A 1150a provides an autonomousor periodic notification and response application layer protocol

type, consisting of add, delete, change and verify message functions in order to update the mobile station table 11 within the signal

A processing database 26, via the controller 15. A similar intertceHBB is used to enable provisioning updates to be received from
25—CMRS-B customercare system I150b.

Although the L-API-CCS application message set may be any protocol type which supports the autonomous notification
message with positive acknowledgmenttype, the TIMI.S group within the American National Standards Institute has defined a good

eA starting point in whichSScnt using the robust OS! THN X-interface at the service managementlayer.
The object model defined in Standards proposal number TIM!.5/96-22R9, Operations Administration, Maintenance, and Provisioning

30 —(OAM&P)- Model for Interface Across Jurisdictional Boundaries to Support Electronic Access Service Ordering: Inquiry Function, can.

be extended to support the L-API-CCSinformation elements as required and further discussed below. Other choices in which the L-

API-CCS application message set may be implemented include ASCII, binary, or any encrypted message set encodingusing the Internet

protocols, such as TCP/IP, simple network management protocol, http, https, and email protocols.
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  ‘Dassifier/LPfilter 9, the DSP 17

provides a time series expansion method to convert non-HBS data from a formatof an signal measure data ensemble of time-series

Referring to the digi Mal processor (DSP)17, in communication with the

based radio frequency data measurements,collected as discrete time-stice samples, to a three dimensional matrix location data value

image representation. Other techniques furtherfilter the resultant image in orderto furnish a less noisy training and actual data

5 sampleto the location estimate modules.
After 128 samples (in one embodiment) of data are collected of the delay spread-relative signal strength RF data

measurement sample: mobile station RX for BS-1 and grouped into a quantization matrix, where rows constitute relative signal

strength intervals and columnsdefine delay intervals. As each measurement row, column pair (which could be represented as a

complex numberor Cartesian point pair) is added to their respective values to generate a Z direction of frequency of recurring

10—_measurement value pairs or a density recurrence function. By next applying a grid function to each x, y, andzvalue,a three-

dimensionalsurfacegrid is generated, which represents a location data value or unique print of that |28-sample measurement.
In the general case where a mobile stationis located in an environment with varied clutter patterns, such asterrain

undulations, unique man-made structure geometries(thus creating varied multipath signal behaviors), such as a city or suburb,

although the first CDMA delay spread finger may be the same value forafixed distance between the mobile station and BS antennas,

15 g asthe mobile station moves across such anarediferent finger-data are measured.In the right image for the defined BS antenna
sector, location classes, or squares numbered one through seven, are shown acrossa particular rangeof line of position (LOP). 
&—_Atraditional TOA/TDOA ranging method between a given BS and mobile station only provides a range alongaearc, thus

introducing ambiguity error. However a unique three dimensional image can be used in this method to specifically identify, with

recurring probability, a particular unique location class along the same Line Of Position, as long as the multipath is unique by
position but generally repeatable, thus establishing a method of not only ranging, but also of complete latitude, longitude location

estimation in a Cartesian space. In other words, the unique shape of the “mountain image” enables a correspondenceto a given
 

uniquelocation class along a line of position, thereby eliminating traditiona! ambiguity error.

Although man-made external sources of interference, Rayleigh fades, adjacent and co-channel interference, and variable

clutter, such as moving traffic introduce unpredictability (thus no “mountain image” wauld everbe exactly alike), three basic types

25 of filtering methods can be used to reduce matching/comparison error fromatraining case to a locationrequest case: I.) select only

the strongest signals from the forward path (BS to mobile station) and reverse path (mobile station to BS), 2.) Convolute the forward

path 128 sample image with the reverse path 128 sample image, and 3.) process all image samples through various digital image
filters to discard noise components.

{n oné embodiment, convolution of forward and reverse imagesis performed to drive out noise. This is one embodiment
30 that essentially nulls noise completely, evenif strong and recurring, as long as that same noise characteristic does not occurin the

opposite path. .

The third embodiment or technique of processing CDMA delay spread profile images through various digital imagefilters,

provides a resultant “image enhancement” in the sense of providing a more stable pattern recognition paradigm to the neural net
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location estimate model. orc, image histogram equalization can be used to rar images’ intensity values, or density
recurrence values, so that the image’s cumulative histogram is approximately linear.

Other methods which can be used to compensate for a concentrated histogram include: 1) Input Cropping, 2) Output

Cropping and 3) Gamma Correction. Equalization and input cropping can provide particularly striking benefits to a CDMA delay

spread profile image. Input cropping removesa large percentage of random signal characteristics that are non-recurring.

Otherfilters and/orfilter combinations can be used to help distinguish between stationary and variable clutter affecting

multipath signals. For example,it is desirable to reject multipath fingers associated with variable clutter,since over a period of a few

minutes such fingers wouldnot likely recur. Further filtering can be used to removerecurring(at least during the sample period), and

possibly strong but narrow “pencils” of RF energy. A narrow pencil image component could be represented by a nearperfect reflective

surface, such as a nearby metal panel truck stopped ata traffic light.

On the other hand,stationary clutter objects, such as concrete and glass building surfaces, adsorb someradiation before

continuing with a reflected ray at some delay. Such stationary clutter-affected CDMA fingers are morelikely to pass a 4X4 neighbor

Medianfilter as well as a 40 to 50 percent Input Crop filter, and are thus more suited to neural net pattern recognition.. However

when subjected to a 4X4 neighbor Median filter and 40 percentclipping, pencil-shaped fingers are deleted. Other combinations

include, for example, a 50 percent cropping and 4X4 neighbor medianfiltering. Other filtering methods include custom linear

filtering, adaptive (Weiner)filtering, and custom nonlinearfiltering.
QHSQiADIS .

ca The DSP I7 may provide dataemsenbie results, such as extracting the shortest time delay with a detectable relative signal
Strength,to the router/distributor 23, or alternatively results may be processed via one or more imagefilters 19, with subsequent

transmission to the router/distributor 23. The router/distributor 23 examines the processed message data from the DSP !7 and stores

routing and distribution information in the message header. The router/distributor 23 then forwards the data messages to the output

queue 21, for subsequent queuing then transmission to the appropriate location estimator FOMs.

LOCATION CENTER HIGH LEVEL FUNCTIONALITY

Ata very high level the location center {42 computeslocation estimatesfor a wireless Mobile Station 140 (denoted the

“target MS” or “MS”) by performing the following steps:

(23.1) receiving signal transmission characteristics of communications communicated between the target MS 140 and one or

More wireless infrastructure base stations 122;

(23.2)_filtering the received signal transmission characteristics (by a signal processing subsystem 1220illustrated in Fig. 5) as

needed so that target MSlocation data can be generated thatis uniform and consistent with location data generated from other

target MSs 140. In particular, such uniformity and consistency is both in terms of data structures and interpretationofsignal

characteristic values provided by the MS location data;
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(23.3) inputting thesewMS location data to one or more MS location A,models (denoted First order models
or FOMs, and labeled collectively as 1224 in Fig. 5), so that each such model may use the input target MS location data for generating

a “location hypothesis” providing an estimate of the location of the target MS 140;

(23.4) providing the generated location hypotheses to an hypothesis evaluation module (denoted the hypothesis evaluator 1228in

Fig. 5):

(a) for adjusting atleast one of the target MS location estimates of the generated location hypotheses andrelated

confidence values indicating the confidence given to each location estimate, wherein such adjusting uses archival information related

to the accuracy of previously generated location hypotheses,

(b) for evaluating the location hypotheses according to various heuristics related to, for example, the radio coverage

area 120 terrain, the laws of physics, characteristics oflikely movement of the target MS 140; and

() for determining a most likely tocation area for the target MS 140, wherein the measurement of confidence

associated with each input MS location area estimate is used for determining a ‘moses location areas ndCATON Ww CF, SSHE 2 P requesting an estimate of  
a

(23.5) outputting a most likely target MS location estimate to one or more epp

the location of the target MS 140.

Location Hypothesis Data Representation

In orderto describe how the steps (23.1) through (23.5) are performedin the sections below, some introductory remarks

related to the data denoted aboveas location hypotheseswill be helpful. Additionally, it will also be helpful to provide introductory

remarks related to historical location data and the data base managementprogramsassociated therewith.

For each target MS location estimate generated and utilized by the present invention, the location estimate is provided in a

data structure (or object class) denoted as a “location hypothesis”(illustrated in Table LH-1). Although brief descriptions of the data

fields for a location hypothesis is provided in the Table LH-1, manyfields require additional explanation. Accordingly,location

hypothesis data fields are further described as noted below.

Table LH-I

First order mode! ID (providing this Location Hypothesis); note, since it is possible for location

hypotheses to be generated by other than the FOMs 1224, in general, this field identifies the

module that generated this location hypothesis.

The identification of the target MS 140 to this tocation hypothesis applies.

The most likely location point estimate of the target MS 140.

valid_pt Booleanindicating the validity of “pt_est”.

 
39

Cisco v. TracBeam / CSCO-1002

Page 45 of 2386



Cisco v. TracBeam / CSCO-1002 
Page 46 of 2386

 
h5. ad

=etsk
aa
ie

idsFee

 

 

 
 

Location Area Estimate of the target MS 140 prove by the FOM. This area estimate will be 

   

 
 

used whenever “imagearea” below is NULL. 

 Boolean indicating the validity of “area_est” (one of “pt_est” and “area_est” must be

valid). 

 
 

valid_area

extrapolationarea

Original_Timestamp

 Boolean (true if adjustments to thefields of this location hypothesis are to be performed in

 the Context adjuster Module).

 Reference to a substantially minimalarea (e.g., mesh cell) covering of “pt_est”. Note, since

  this MS 140 may be substantially on a cell boundary, this covering may,in somecases, include

 
 

  
 

more thanonecell.

 Reference to a substantially minimal area (¢.g., mesh cell) covering of “pt_covering” (see

 
 

detailed description of the function, “confidenceadjuster”). Note that if this field is not

NULL,thenthis is the target MS location estimate used by the location center 142 instead of  
 “areaest”. 

  Reference to (if non-NULL) an extrapolated MS target estimate area provided bythe location

extrapolator submodule 1432 of the hypothesis analyzer 1332. That is, this field, if non-NULL,  
 
 

 

 

 
is an extrapolation of the “imagearea” field if it exists, otherwise this field is an 

 
 

extrapolation of the “area_est” field. Note other extrapolation fields mayalso be provided

depending on the embodiment of the present invention, such as an extrapolation of the

“pt_covering”.

   A real value in the range [-1.0, + 1.0] indicating a likelihood that the target MS 140is in (or

out) of a particular area.If positive: if “image_area” exists, then this is a measure of the  
 likelihood that the target MS 140 is within the area represented by “imagearea”,orif  
 “image_area” has not been computed (e.g., “adjust” is FALSE), then “area_est” must be  valid and this is a measure of thelikelihood that the target.MS [40is within the area  
 represented by “area_est”. If negative, then “area_est” must be valid and this is a measure  
 of the likelihood that the target MS [40 is NOT in the area represented by “area_est”. If it is  
 zero (nearzero), then the likelihood is unknown. 
 Date and time that the location signature cluster (defined hereinbelow) for this location  hypothesis was received by the signal processing subsystem 1220. 
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‘ActiveTimestamp ~~|Run-time field providing the time to which this iscavfon hypothesis has hadits MS tocation

estimate(s) extrapolated (in the location extrapolator 1432 of the hypothesis analyzer 1332).

Note that this field is initialized with the value from the “OriginalTimestamp”field.

Processing Tags and environmental}For indicating particulartypes of environmental classifications not readily determined by the

categorizations “Original_Timestamp”field (e.g., weather, traffic), and restrictions on location hypothesis

processing.

loc_sig_cluster Provides access to the collection oflocation signature signal characteristics derived from

communications between the target MS 140 and the base station(s) detected by this MS

(discussed in detail hereinbelow); in particular, the location data accessed here is provided to

the first order models by the signal processing subsystem 1220; i-e., access to the “loc sigs”

(received at “timestamp” regardingthe location ofthe target MS)

descriptor Original descriptor (from the First order model indicating why/how the Location Area Estimate

and Confidence Value were determined).

As can be seen in the Table LH-I, each location hypothesis data structure includesat least one measurement, denoted

hereinafter as a confidence value (or simply confidence), that is a measurement of the perceivedlikelihood that an MS location

estimate in the location hypothesis is an accurate location estimate of the target MS 140. Since such confidence values are an

important aspect of the present invention, much of the description and use of such confidence values are described below; however, a

brief description is provided here. Each such confidence value is in the range -1.0 to 1.0, wherein the larger the value, the greater the

perceived likelihood that the target MS 140 is in (or at) a corresponding MSlocation estimate of the location hypothesis to which the

confidence value applies. As an aside, note that a location hypothesis may have more than one MS location estimate (as wilt be

discussed in detail below) and the confidence value will typically only correspond or apply to oneof the MSlocation estimates in the

location hypothesis. Further, values for the confidence value field may be interpreted as: (a) -1.0 may be interpreted to mean that

the target MS 140 is NOT in such a corresponding MS area estimate of the location hypothesis area, (b) 0 may be interpreted to mean

that it is unknown as to the likelihood of whether the MS 140 in the corresponding MS area estimate, and (c) + 1.0 may be

interpreted to mean that the MS 140 is perceived to positively be in the corresponding MS area estimate.

Additionally, note that it is within the scope of the present invention that the location hypothesis data structure may also

include otherrelated “perception” measurements related to a likelihood of the target MS 140 being in a particular MS location area

estimate. For example,it is within the scope of the presentinventionto also utilize measurements such as, (a) "sufficiency factors”

for indicating the likelihood that an MS location estimate of a location hypothesis is sufficient for locating the target MS 140; (b)

“necessity factors” for indicating the necessity that the target MS be in an particular area estimate. | However, to more easily describe
the present invention, a single confidencefield is used having the interpretation given above.
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-dcation hypothesesin, for example, the location waBe as in (23.4) above, it is important
to keep in mind that each location hypothesis confidence value is a relative measurement. That is, for confidences, cf, and cf,, if cf,

 Additionally, in utilinct

<= cf, then fora location hypotheses H, and H, having cf, and cf, respectively, the target MS 140 is expected to more likely reside

in a target MS estimate of H, than a target MS estimate of H,. Moreover, if an area,A, is such that it is included in a plurality of
location hypothesis target MS estimates, then a confidence score, C5, can be assigned to A, wherein the confidence score for such an

area is a function of the confidences (both positive and negative) forall the location hypotheses whose (most pertinent) target MS

location estimates contain A. That is, in order to determine a mostlikely target MS location area estimate for outputting from the

location center |42, a confidence score is determined for areaswithin the location center service area. More particularly, if a function,
“f”, isa function of the confidence(s) of location hypotheses, and f is a monotonic function in its parameters and f(cf,, cf,, cf, ... ,

cfy) = CS, for confidences cf, of location hypotheses H, i=1,2,...,H, with CS, contained in the area estimate for H,, then “f” is

denoted a confidence score function. Accordingly, there are many embodiments for a confidence score function f that maybeutilized

in computing confidence scores with the present invention; e.g.,

(a) (cf,cf, ~ hy) = Sd = CS;
(b) f(cf,, cf,, fy) = Sef = (5,0 = 1,3,5,..5

(©) {(c,, ch, .. cy) = SK, * cf) = CS,, wherein K, i = |, 2, ... are positive system (tunable) constants (possibly
dependent on environmental characteristics such as topography,time, date,traffic, weather, and/orthe type of base station(s) 122
from which location signatures with the target MS 140 are being generated,etc.).

Forthe present description ofthe invention, the function f as definedin (c) immediately above is utilized. However,for
obtaining a general understanding of the present invention, the simpler confidence score function of (a) may be more useful. It is

important to note, though, thatit is within the scope of the present invention to use other functions for the confidence score function.

Coverage Area: Area Types And Their Determination

The notion of “area type” as related to wireless signal transmission characteristics has been used in many investigationsof

radio signal transmission characteristics. Some investigators, when investigating such signal characteristics of areas have used

somewhat naive areaclassifications such as urban, suburban, rural, etc. However, it is desirable for the purposesof the present

invention to have a more operational definition of area types that is more closely associated with wireless signal transmission

behaviors.

To describe embodiments ofthe an area type schemeused in the present invention, some introductory remarks are first

provided. Note that the wireless signal transmission behavior for an area depends on atleast the following criteria:

(23.8.1) substantially invariant terrain characteristics (both natural and man-made) of the area; e.g., mountains,

buildings, lakes, highways, bridges, building density;

(23.8.2) time varying environmental characteristics (both natural and man-made) of the area; e.g., foliage, traffic,

weather, special events such as baseball games; °
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  (23.8.3)wireless co ‘ F ation componentsor infrastructure in the area; e.g\e Trangement and signal
communication characteristics of the base stations 122 in the area. Further, the antenna characteristics at the base

stations 122 may be importantcriteria.

Accordingly,a description ofwireless signal characteristics for determining area types could potentially include a

characterization of wireless signaling attributes as they relate to each of the abovecriteria. Thus, an area type mightbe: hilly, treed,

suburban, having no buildings above 50 feet, with base stations spaced apart by two miles. However, a categorization of area types

is desired that is both more closely tied to the wireless signaling characteristics of the area, and is capable of being computed

substantially automatically and repeatedly over time. Moreover,for a wireless location system, the primary wireless signaling

characteristics for categorizing areas into at least minimally similar area types are: thermal noise and, more importantly, multipath
characteristics (es, multipath fade and timedelay). |

Focusing for the moment on the multipath characteristics,it is believed that (23.8.1) and (23.8.3) immediately above are,

in general, more important criteria for accurately locating an MS 140 than (23.8.2). That is, regarding (23.8.1), multipath tends to

increase as the density of nearby vertical area changes increases. For example, multipathis particularly problematic where there is a

high density of high rise buildings and/or where there are closely spaced geographic undulations. In both cases, the amount of

change in verticalarea per unit of area in a horizontalplane (for some horizontal reference plane) may be high. Regarding (23.8.3),
the greater the density of base stations 122,the less problematic multipath may becomein locating an MS 140. Moreover, the

arrangement of the base stations 122 in the radio coverage area |20 in Fig. 4 may affect the amount and severity of multipath.

Accordingly, it would be desirable to have a method and system for straightforwardly determining area typeclassifications

related to multipath, and in particular, multipath due to (23.8.1) and (23.8.3). The present invention provides such a

determinationbyutilizing a novel notion of area type, hereinafter denoted “transmission area type” (or, “(transmission) area type”

when both a generic area type classification scheme and the transmission area type discussed hereinafter are intended) for classifying

“similar” areas, wherein each transmission area type class orcategory is intended to describe an area having at least minimally

similar wireless signal transmission characteristics. Thatis, the novel transmission area type schemeofthe present invention is based

on: (a) the terrain area classifications; e.g., the terrain of an area surrounding a target MS 140, (b) the configuration ofbase stations

122 in the radio coverage area |20, and (c) characterizations of the wireless signal transmission paths between a target MS 140

location and the base stations 122.

In one embodiment of a method and system for determining such (transmission) area type approximations,a partition

(denoted hereinafter as P,) is imposed upon the radio coverage area 120 for partitioning for radio coverage area into subareas,

wherein each subarea is an estimate of an area having included MS 140 locations that are likely to have is at least a minimal amount
of similarity in their wireless signaling characteristics. To obtain the partition P, of the radio coverage area 120, thefollowing steps

are performed:

(23.8.4.1) Partition the radio coverage area 120 into subareas, wherein in each subareais: (a) connected, (b) variationsin
the lengths of chords sectioning the subarea through the centroid of the subarea are below a predetermined

threshold, (c) the subarea has an area below a predetermined value, and (d) for most locations (e.g., within a first
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ex withina first or-seeonerteviation ) thataan MS140 at oneof these locations will detect (forward transmission path)

 
Bes have been verifed, it is likely (e.g.,

and/orwill be detected (reverse transmission path) by a samecollectionof base stations 122. For example,ina
CDMA context, a first such collection may be (for the forward transmission path) the active set of base stations

5 122, or, the union of the active and candidatesets,or, the union of the active, candidate and/or remaining sets of

base stations 122 detected by “most” MSs 140 in. Additionally (or alternatively), a second such collection may be

the base stations |22 that are expected to detect MSs 140 at locations within the subarea. Of course, the union or

intersection ofthe first and second collections is also within the scope of the present invention for partitioning the

radio coverage area 120 according to (d) above. {t is worth noting thatit is believed that base station 122 power

10 levels will be substantially constant. However,evenif this is not the case, one or more collections for (d) above
may be determined empirically and/or by computationally simulating the power output of each base station 122 at

a predetermined level. Moreover,it is also worth mentioning thatthis step is relatively straightforward to

implement using the data stored in the location signature data base 1320(i.e., the verified location signature

clusters discussed in detail hereinbelow). Denote the resulting partition here as P,.

(23.8.4.2) Partition the radio coverage area 120 into subareas, wherein each subarea appearsto have substantially

homogeneousterrain characteristics. Note, this may be performed periodically substantially automatically by
scanning radia coverage area images obtained from aerialor satellite imaging. For example, EarthWatch Inc.of

Longmont, CO can provide geographic with 3 meterresolution from satellite imaging data. Denote the resulting

partition here as P,.

(23.8.4.3) Overlay both of the above partitions of the radio coverage area 120 to obtain new subareas that are

intersections of the subareas from each of the above partitions. This new partition is P, (i.e., Py = P, intersect P,),

 
and the subareasofit are denoted as “P, subareas”.

Now assumingP, has been obtained, the subareas of P, are provided witha first classification or categorization as follows:

(23.8.4.4) Determine an area type categorization schemefor the subareas of P,. For example, a subarea, A, of P,, may be

25 . categorized orlabeled according to the number ofbase stations !22 in each of thecollections used in (23.8.4.1)(d)

above for determining subareas of P,. Thus, in one such categorization scheme, each category may correspond to

a Single numberx (such as 3), wherein for a subarea,A,of this category, there is a groupofx (e.g., three) base

Stations 122 that are expected to be detected by a most target MSs 140 in the area A. Other embodimentsare also

possible,such as a categorization scheme wherein each category may correspond toa triple: of numbers such as
30 (5,2, I), wherein for a subarea A of this category,there is a common groupof5 base stations 122 with two-way

Signaldetection expected with most locations (e.g., within a first or second deviation) within A, there are 2 base

_ Stations that are expected to be detected by a target MS 140 in A but these base stations can not detect the target

MS, and there is one base station 122 that is expected to be able to detect a target MS in A but not be detected.
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(23.8.4.5) peterminBes type categorization schemefor the subareas of (*) that the subareas of P, may be
categorized according to their similarities. In one embodiment, such categories may be somewhatsimilar to the
naive area types mentioned above(e.g., dense urban, urban, suburban,rural, mountain, etc.). However, it is also

an aspect of the present invention that more precise categorizations may be used, such as a category forall areas

5 having between 20,000 and 30,000 square feet of vertical area change per 11,000 square feet of horizontal area

and also having a high traffic volume (such a category likely corresponding to a “moderately dense urban” area

type).

(23.8.4.6) Categorize subareas of P, with a categorization scheme denoted the “P, categorization,” wherein for each P,

subarea,A, of Pa “P, area type” is determined for A according to the following substep(s):

10 (a) Categorize A by the two categories from (23.8.4.4) and (23.8.5) with whichit is identified. Thus, A is

categorized (in a corresponding P, area type) both accordingto its terrain and the base station

infrastructure configuration in the radio coverage area 120.

(23.8.4.7) For each P, subarea,A, of P, perform the following step(s):

(a) Determine a centroid, C(A), for A;

(b) Determine an approximation to a wireless transmission path between C(A) and each base station 122

of a predetermined group of base stations expected to be in (ane and/or two-way)signal

communication with most target MS 140 locations in A. For example, one such approximation is a
 

straight line between C(A) and eachof the base stations 122 in the group. However, other such

approximationsare within the scope of the presentinvention,such as, a generally triangular shaped

area as the transmission path, wherein a first vertex of this area is at the corresponding base station

for the transmission path, and the sides of the generally triangular shaped defining the first vertex
 

have a smallest angle between them that allows A to be completely between thesesides.

(© For each basestation 122, BS,, in the group mentioned in (b) above, create an empty list, BS-list, and

put on this list at least the P, area types for the “significant” P, subareas crossed by the transmission

25 path between C(A) and BS,. Note that “significant” P, subareas may be defined as, for example, the

P, subareas through whichat least a minimallength of the transmission path traverses.

Alternatively, such “significant” P, subareas may be defined as those P,subareas that additionally

are know or expected to generate substantial multipath.

(d) Assign as the transmission area type for A as the collectionof BS,-lists. Thus, any other P, subarea

30 having the same (or substantially similar) collectionof lists of P, area types will be viewed as having
approximately the same radio transmission characteristics.

Note that other transmission signal characteristics may be incorporated into the transmission area types. For example,
thermal noise characteristics may be included by providing a third radio coverage area 120 partition, P,, in addition to the partitions

of P, and P, generated in (23.8.4.1) and (23.8.4.2) respectively. Moreover, the time varying characteristics of (23.8.2) may be
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incorporated in the raniMB. type frame work by generating multiple versions aK®ensnisson area types such that the
transmission area type for a given subarea of P, may change depending on the combination of time varying environmental

characteristics to be considered in the transmission area types. For instance, to account for seasonality, four versions of the partitions

P, and P, may be generated, one for eachof the seasons, and subsequently generate a (potentially) different partition P, for each

season. Further, the type and/or characteristics of base station 122 antennas mayalso be included in an embodiment of the

transmission area type.

Accordingly, in one embodiment of the present invention, whenever the term “area type” is used hereinbelow,

transmission area types as described hereinabove are intended.

Location Information Data Bases And Data

Location Data Bases Introduction

It is an aspect ofthe present invention that MS location processing performed by the location center 142 should becomeincreasingly

better at locating a target MS 140 both by (a) building an increasingly more detailed modelof the signal characteristics of locations in the

service area for the present invention, and also (b) by providing capabilities for the location center processing to adapt to environmental

changes.

One way these aspects of the present inventionare realized is by providing one or more data base management systems and data

basesfor:

(a) storing and associating wireless MS signal characteristics with knownlocations af MSs 140 used in providingthesignal

characteristics. Such stored associations may not only provide anincreasingly better model of the sipnal characteristics of the geography of the

service area, but also providean increasingly better model of more changeable signal characteristic affecting environmentalfactors such as
weather, seasons, and/or traffic patterns;

(b) adaptively updatingthe signal characteristic data stored so that it reflects changes in-the environment of the service

area such as, for example, a new high rise building or a new highway.

Referring again to Fig. 5 of the collective representation of these data basesis the location information data bases 1232. Included

among these data bases is a data base for providing training and/orcalibration data to one or more trainable/calibratable FOMs 1224, as well

as an archival data base for archiving historical MS focation information related to the performance of the FOMs. These data bases will be

discussed as necessary hereinbelow. However, a furtherbrief introduction to the archival data base is provided here. Accordingly, the term,

“location signature data base” is used hereinafter to denote the archival data base and/or data base management system depending on the

context of the discussion. The locationsignature data base (shown in, for example, Fig. 6 and labeled 1320) is a repository for wireless signal

characteristic data derived from wireless signal communications between an MS 140 and one or more base stations |22, wherein the

corresponding location of the MS 140 is known and also stored in the location signature data base 1320. More particularty, the location

signature data base 1320 associates each such known MS location with the wireless signal characteristic data derived from wireless signal

communications betweenthe MS 140 and one or more base stations |22 at this MS location. Accordingly,it is an aspect of the present invention
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  to utilize such historical MS signa a in data for enhancing the correctness and/or confidencé ain location hypotheses as will be
described in detailin other sections below.

Data Representationsfor the Location Signature Data Base

There are four fundamental entity types (or object classes in an object oriented programming paradigm) utilized in the location

signature data base 1320. Briefly, these data entities are described in the items (24.1) through (24.4)thatfollow:

(24.1) (verified) location signatures: Each such (verified)locationsignature describes the wireless signalcharacteristic measurements

between a given base station (e.g., BS 122 or LBS 152) and an MS 140 at a (verified or known)location associated with the (verified)location

signature. That is, a verifted location signature correspondsto a location whose coordinates such as latitude-longitude coordinates are known,

while simply a location signature may have a known or unknownlocation corresponding with it. Note that the term (verified) location

signature is also denoted by the abbreviation, “(verified) loc sig” hereinbelow;

(242) (verified) location signature clusters: Each such (verified) location signature cluster includes a collection of (verified) location

signatures correspondingto all the location signatures between a target MS 140 at a (possibly verified) presumed substantially stationary

location and each BS (e.g., 122 or 152) from which the target MS 140 can detect the BS’s pilot chaneloeissso\thchssifcation of the BS in
the target MS (ie. for CDMA, regardless of whether a BSis in the MS’s active, candidate or remainingbase stationsets, as one skilled in the art
will understand). Note that for simplicity here,it is presumed that each location signature cluster has a single fixed primary base station to

which the target MS 140 synchronizes or obtainsits timing;

(243) “composite location objects (or entities)”: Each such entity is a more general entity than theverified location signature cluster. An

object of this type is a collection of (verified) location signatures that are associated with the same MS 140 at substantially the same location at

the same time and each such loc sig is associated with a different base station. However, there is no requirement that a loc sig from each BS

122 for which the MS 140 can detect the BS’s pilot channelis included in the “composite location object (or entity)”; and

(244) HISlocation estimation data that includes MS location estimates output by one or more MS location estimatingfirst order models

1224, such MS location estimate data is described in detail hereinbelow.

It is important to note that a loc sig is, in one embodiment, an instance of the data structure containing the signal characteristic measurements

output by the signal filtering and normalizing subsystem also denoted as the signal processing subsystem 1220 describing the signals between: (i) a specific

base station 122 (BS) and(ii) a mobile station 140 (MS), wherein the BS’s location is known and the MS’s location is assumed to be substantially constant

(during a 2-5 secondinterval in one embodimentof the present invention), during communication with the MS 140 for obtaininga single instanceofloc sig

data, although the MS location may or may not be known. Further, for notational purposes, the BS 122 and the MS 140 for a loc sig hereinafter will be denoted

the “BSassociated with the loc sig”, and the “MSassociated with the loc sig” respectively. Moreover, the location of the MS 140 at the time the loc sig data

is obtained will be denoted the “location associated with theloc sig” (this location possibly being unknown).

In particular, for each (verified)loc sig includes the following:

(25.1) MS_type: the make and modelof the target MS 140 associated with a location signature instantiation; note that the type of MS

140 can also be derived from this entry; e.g., whether MS 140 is a handset MS,car-set MS, or an MS forlocation only. Note as an

aside, for at least CDMA, the type of MS 140 provides information as to the numberof fingers that may be measured by the MS., as

oneskilled in the will appreciate.
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 (25.2) BS_id: an identification X >ting with the target MS;
(25.3) MS_loc: a representation of a geographic location(e.g. latitude-longitude) or area representing a verified/known MSlocation where

signal characteristics betweenthe associated (location) base station and MS 140 were received. That is, if the “verified_flag”

attribute (discussed below) is TRUE, then this attribute includes an estimated locationof the target MS. If verified_flagis

e station 122 (or, location base station 152) com 

5 FALSE, then this attribute has a value indicating “location unknown”.

Note “MSloc” may include the following two subfields: an area within which the target MS is presumed to be, and a

point location (e.g., a latitude and longitude pair) where the target MS is presumed to be (in one embodimentthis is the

centroid of the area);
(25.4)verified_flag: a flag for determining whetherthe loc sig has been verified; i.e., the value here is TRUE iff a location of MS_loc

10 has beenverified, FALSE otherwise. Note,if this field is TRUE (i.c., the loc sig is verified), then the base station identified by

BS_id is the current primary base station for the target MS;
(25.5) confidence: a value indicating how consistent this loc sig is with other loc sigs in the location signature data base 1320; the

value for this entry is in the range [0, !] with 0 corresponding to the lowest (i.e., no) confidence and | corresponding to the

highest confidence. That is, the confidence factoris used for determining how consistent theloc sig is with other “similar” verified

loc sigs in the location signature data base 1320, wherein the greater the confidence value, the better the consistency with other loc

sigs in the data base. Note that similarity in this context may be operationalized by at least designating a geographic proximity of a

loc sig in which to determine if it is similar to other loc sigs in this designated geographic proximity and/or area type (e.g.,

transmission area type as elsewhere herein). Thus, environmental characteristics mayalso be used in determining similarities such as:

similar time of occurrence (e.g., of day, and/or of month), similar weather (e.g., snowing, raining, etc.). Note, these latter

characteristics are different from the notion of geographic proximity since proximity may be only a distance measurement about a

location.Note also that a loc sig having a confidence factorvalue below a predetermined threshold may not be used in evaluating MS

location hypotheses generated by the FOMs 1224.

(25.6) timestamp: the time and date the loc sig was received by theassociated base station of BS_id;

 
(25.7) signaltopography characteristics: In one embodiment, the signal topography characteristics retained can be represented as

25 characteristics of at least a two-dimensional generated surface. That is, such a surface is generated by the signal processing
subsystem 1220 from signal characteristics accumulated over(a relatively short) time interval. For example,in the two-dimensional
surface case, the dimensions for the generated surface maybe, for example,signal strength and time delay. That is, the

accumulations over a brief time interval of signal characteristic measurements between the BS 122 and the MS 140 (associated with
the loc sig) may be classified according to the two signal characteristic dimensions(e.g., signalstrength and correspondingtime

30 delay). That is, by sampling the signal characteristics and classifying the samples according to a mesh ofdiscrete cells or bins,

wherein each cell correspondi to a different rangeof signal strengths and time delays a tally of the number of samples fallingin the

range of each cell can be maintained. Accordingly, for each cell, its correspondingtally may be interpreted as height of the cell, so

that whenthe heights of all cells are considered, an undulating or mountainoussurface is provided. In particular,for a cell mesh of

appropriate fineness, the “mountainoussurface”, is believed to, under most circumstances, provide a contourthat is substantially
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uniqueto the location @... MS 140. Note that in one embodiment, the signa! ©&. are typically obtained throughout a
predetermined signal sampling time intervalof 2-5 seconds as is discussed elsewhere in this specification. In particular, the signal

topography characteristics retained fora loc sig include certain topographicalcharacteristics of such a generated mountainous

surface, For example, each loc sig mayinclude: for each local maximum (of the loc sig surface) above a predetermined noise ceiling

5 threshold, the (signal strength,time delay) coordinates of the cell of the local maximum and the correspondingheight of the local

maximum. Additionally, certain gradients may also be included for characterizing the “steepness”of the surface mountains.

Moreover,note that in some embodiments, a frequency mayalso be assoctated with each local maximum. Thus, the data retained for

eachselected local maximum can include a quadrupleof signal strength,time delay, height and frequency. Further note that the data

types here may vary. However, for simplicity, in parts of the description of loc sig processingrelated to the signal characteristics

- 10 here, it is assumed that the signal characteristic topography data structure here is a vector;

(25.8) qualityobj: signal quality (or error) measurements, e.g., Eb/No values, as one skilled in the art will understand;

(25.9) noise_ceiling: noise ceiling values used in the initial filtering of noise from the signal topography characteristics as provided by the signal

processing subsystem 1220;

(25.10) power_level: power levels of the base station (e.g., 122 or 152) and MS 140 for the signal measurements;

(2.11) timing_error. anestimated (or maximum) timingerror between the present (associated) BS (e.g., an infrastructure base station [22 or

a location base station 152) detecting the target MS 140 and the current primary BS 122 for the target MS 140. Note that if the BS
122 assoctated with the loc sig is the primary base station, then the value here will be zero;

(25.12) cluster_ptr: a pointer to the location signature composite entity to which this loc sig belongs.

(25.13) repeatable: TRUE iff the loc sig is “repeatable” (as described hereinafter), FALSE otherwise. Note that each verified loc sig is designated

as either “repeatable” or “random”.Aloc sig is repeatable if the (verified/known)location associated with theloc sig is such that

signal characteristic measurements between the associated BS 122 and this MS can be either replaced at periodic time intervals, or
 
a updated substantially on demand by most recent signal characteristic measurements between the associated base station and the

associated MS 140 (or a comparable MS) at the verified/knownlocation. Repeatable loc sigs maybe,for example, provided by

stationary orfixed location Ms 140 (e.g., fixed location transceivers) distributed within certain areas of a geographicalregion

25 serviced by the location center [42 for providing MS location estimates. Thatis, it is an aspect ofthe present invention that each such

stationary MS 140 can be contacted by the location center 142 (via the base stations of the wireless infrastructure) at substantially
any timefor providing a new collection(i.e., cluster ) of wireless signal characteristics to be associated with the verified location for

the transceiver. Alternatively, repeatable loc sigs may be obtained by, for example, obtaining location signal measurements manually

from workers who regularly traverse a predetermined route through some portion of the radio coverage area; i.¢., postal workers25>
30 : a: a. 

Aloc sig is random if the loc sig is not repeatable. Random foc sigs are obtained, for example, from verifying a previously unknown

target MS location once the MS 140 has beenlocated. Such verifications may be accomplished by, for example, a vehicle having one or

more location verifying devices such as a GPS receiver and/or a manuallocation input capability becomingsufficiently close to the

located target MS 140 so that the tocation of the vehicle may be associated with the wireless signal characteristics of the MS 140.
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 Vehicles having such low ‘detection devices may include: (a) vehicles that travelBrthat are primarily for another
purpose than to verify loc sigs, e.g., police cars, ambulances,fire trucks, rescue units, courier servicesand taxis; and/or (b) vehicles
whose primary purpose is to verify loc sigs; e.g., location signal calibration vehicles. Additionally; vehicles having both wireless

transceivers and locationverifying devices may providethelocation center 142 with random loc sigs. Note, a repeatable foc sig may

become a random locsig if an MS 140 at the location associated with the loc sig becomes undetectable such as, for example, when the

MS 140 is removed from its verified location and therefore the loc sig for the location can not be readily updated.

Additionally, note that at least in one embodiment of the signal topography characteristics Q57) above,such a first surface may be
generated for the (forward)signals from the base station 122 to the target MS 140 and a second such surface may be generated for (or

alternatively, the first surface may be enhanced by increasingits dimensionality with) the signals from the MS 140 to the base station 122

(denoted the reverse signals).

Additionally, in some embodiments the location hypothesis may include an estimated error as a measurement of perceived accuracy

in addition to or as a substitute for the confidence field discussed hereinabove. Moreover,location hypotheses mayalso includea text field for
providing a reason for the values of one or more ofthe location hypothesis fields. For example,this text field may provide a reason as to why
the confidencevalue is low, or providean indication that the wireless signa! measurements used had a low signal to noise ratio.

Loc sigs have the following functions or object methods associated therewith:

(26.1) A “normalization” methed for normalizing toc sig data according to the associated MS 140 and/or BS | 22 signal processing and

generating characteristics. That is, the signal processing subsystem 1220, one embodiment being described in the PCT patent

application titled, “Wireless Location Using A Plurality of Commercial Network Infrastructures,”by F. W. LeBlanc and the present

inventor(s), provides (methodsforloc sig objects) for “normalizing” each loc sig so that variationsin signal characteristics resulting

from variationsin (for example) MS signalprocessing and generating characteristics of different types of MS’s may be reduced. in

particular, since wireless network designers are typically designing networks foreffective use of hand set MS's 140 having a

substantially common minimum set of performance characteristics, the normalization methods provided here transform theloc sig

data so that it appears as thoughthe loc sig was provided by a common handset MS 140. However, ather methods may also be

provided to “normalize” a loc sig so that it may be comparedwithloc sigs obtained from other types of MS’s as well. Note that such

normalization techniques include, for example,interpolating and extrapolating according to power levels so that loc sigs may be

normalized to the same powerlevel for, e.g. comparison purposes.

Normalization for the BS 122 assoctated withaloc sig is similar to the normalization for MS signal processing and generating

characteristics. Just as with the MS normalization,thesignal processing subsystem 1220 provides a loc sig method for “normalizing”

loc sigs according to base stationsigna! processing and generating characteristics. .
. Note, however,loc sigs stored in the locationsignature data base 1320 are NOT “normalized” according to either MS or

BS signal processing and generating characteristics. That is, “raw”values of the wireless signal characteristics are stored with each

loc sig in the location signature data base 1320.
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(26.2) A method ordecrnisngbes type” correspondingto the signal transmission chai cs of the area(s) betweenthe associated
BS 122 andthe associated MS 140 location forthe loc sig. Note, such an area type maybe designated by, for example, the techniques

for determining transmission area typesas described hereinabove.

(26.3) Other methods are contemplated for determining additionalenvironmental characteristics of the geographical area between the

associated BS 122 and the associated MS 140 location for the loc sig; e.g., a noise value indicating the amount of noise likely in such an
area.

Referring now to the composite location objects and verified location signature clusters of (243) and (24.2) respectively, the
following informationis contained in these aggregation objects:

(27.1.1) anidentification of the BS 122 designated as the primary base station for communicating with the target MS 140;

(27.1.2) a reference to each loc sig in the location signature data base 1320 that is for the same MS location at substantially the same time with

the primary BSas identified in (27.1);

(27.13) an identification of each base station (e.g., 122 and 152) that can be detected by the MS 140 at the time thelocation signal

measurements are obtained. Note that in one embodiment, each composite location object indudes a bit string having a

corresponding bit for each base station, wherein a “I” for such a bit indicates that the corresponding base station was identified by

the MS, and a “O” indicatesthat the base station was not identified. Inan alternative embodiment, additional locationsignal

measurements may also be included from other non-primary base stations. For example,the target MS 140 may communicate with

other base stations than it’s primary base station. However, since the timing for the MS 140is typically derived from it’s primary
base station andsince timing synchronization between base stationsis not exact (e.g., in the case of CDMA,timing variations may be

plus or minus | microsecond)at least someof the location signal measurements maybe less reliable that the measurements from the

primary base station, unless a forced hand-off technique is used to eliminate system timing errors amongrelevant base stations;
(27.1.4) a completeness designation that indicates whetherany locsigs for the composite location object have been removed from (or

invalidated in) the location signature data base 1320.

Note, a verified composite location abject is designated as “incomplete” ifa loc sig initially referenced by the verified composite
location object is deleted from the location signature data base 1320 (e.g., because of a confidence thatis too low). Further note that if all loc

sigs for a composite location object are deleted, then the composite object is also deleted from the location signature data base 1320. Also note

that commonfields between loc sigs referenced by the same composite location object may be provided in the composite location object only

(eg., timestamp, etc.).

Accordingly, a composite location object that is complete(i.e., not incomplete)isa verified location signature cluster as described in

(242).

Location Center Architecture
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Overview of Location Center OF Components
Fig. 5 presents a high level diagram of the location center 142 and the location engine 139 in the context of the infrastructure for the

entire location system of the present invention.

it is important to note that the architecture for the location center 142 and the location engine 139 provided by the present

invention is designed for extensibility and flexibility so that MS 140 location accuracy and reliability may be enhanced as further location data

become available and as enhanced MS location techniques becomeavailable. in addressing the design goals of extensibility andflexibility, the

high level architecture for generating and processing MS location estimates may be considered as divided into the following high level functional

groupsdescribed hereinbelow.

Low Level Wireless Signal Processing Subsystem for Receiving and Conditioning Wireless Signal Measurements

Afirst functional group oflocation engine 139 modules is for performingsignal processing and fitering of MS location signal data
recetved from a conventional wireless (e.g., CDMA) infrastructure, as discussed in the steps (23.1) and (23.2) above. This group is denoted the

signal processing subsystem 1220 herein. One embodiment of such a subsystem is described in the PCT patent applicationtitled, “Wireless

Location Using A Plurality of Commercial Network infrastructures,”by F. W. LeBlanc and the present inventor(s). .

Initial Location Estimators: First Order Models

A second functional groupoflocation engine 139 modules is for generating various target MS 140 locationinitial estimates, as

described in step (33). Accordingly, the modules here use input provided by the signal processing subsystem 1220. This second functional
groupincludes one or more signal analysis modules or models, each hereinafter denoted asafirst order model 1224 (FOM), for generating

location hypotheses for a target MS 140 to be located. Note thatit is intended that each such FOM (224 use a different technique for

determining alain area estimate for the target MS 140. A brief description of sometypes offirst order models is provided immediately
below. Note thattig-@-inastrateraAa :

some of the FOMs 1224 contemplated by the present invention, and additionally illustrates the primary communications with other modulesof

 
 p-taoredetavview ofthe location system for the present invention. In particular,this figure illustrates

the location system for the present invention. However,it is importantto note that the present invention is not limited to the FOMs 1224 shown

and discussed herein. Thatis, it isa primary aspect of the present inventionto easily incorporate FOMs usingothersignal processing and/or

computationallocation estimating techniques than those presented herein. Further, note that each FOM type may havea plurality of its models

incorporated into an embodiment of the present invention.

For example,(as will be described in further detail below), one such type of model or FOM 1224 (hereinafter models of this type are

referred to as “distance models”) may be based ona range or distance computation and/oron a base station signal reception angle
determination betweenthe target MS 140 from each of one or more base stations. Basically, such distance models 1224 determinea location

estimate of the target MS 140 by determining a distance offset from each of one or more base stations122,possibly ina particular direction

from each (some of) the base stations, so that an intersectionof each area locus defined by the base station offsets may provide an estimateof

the location of the target MS. Distance made! FOMs 1224 may compute such offsets based on:
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  (a) signal timing mea’ A nts between the target mobile station 140 and one or mh," stations 122;eg... timing
measurements such as timedifference of arrival (TDOA), or time of arrival (TOA). Note that both forward and reverse signal

path timing measurements may be utilized;

(b) signal strength measurements (e.g., relative to power control settings of the MS 140 and/or one or more BS 122); and/or

5 (c) signal angle of arrival measurements, or ranges thereof, at one or more base stations 122 (such angles and/or angular ranges

provided by, e.g., base station antenna sectors having angular rangesof 120° or 60°, or, so called “SMART antennas”with

variable angular transmission ranges of 2° to 120°). .
Accordingly, a distance model may utilize triangulation ortrilateration to compute a location hypothesis having either an area location or a

point location for an estimate ofthe target MS 140. Additionally, in some embodiments location hypothesis may indude an estimated error

10 Anothertype of FOM 1224 is a statistically based first order model 1224, wherein a statisticaltechnique, such as regression

techniques (e.g., least squares, partial least squares, principle decomposition), or e.g., Bollenger Bands(e.g. for computing minimum and

e maximum base station offsets). In general, models of this type output locationhypthesesdeterminedby performing one or more statistical
techniques or comparisons betweenthe verified location signatures in location signature data base 1320, and the wireless signal measurements

 fromatarget MS. Models of this type are also referred to hereinafter as a “stochastic signal(first order) model”or a “stochastic FOM” or aie

‘S15. “statistical model”
3 Still anothertype of FOM 1224 is an adaptive learning model, such as an artificial neural net or a genetic algorithm, wherein the FOM
iad may be trained to recognize or associate each of a plurality of locations with a corresponding set of signal characteristics for communications

a between the target MS 140 (at the location) and the base stations 122. Moreover, typically such a FOM is expected to accurately
= interpolate/extrapolate target MS 140 location estimates fromaset of signal characteristics from an unknowntarget MS 140location. Models
"Li 20 of this type are also referred to hereinafter variously as “artificial neural net models” or “neural net models”or “trainable models”or

2 “learning models.” Note that a related type of FOM 1224 is based on pattern recognition. These FOMs can recognize patternsin the signal
characteristics of communications between the target MS 140 (at the location) and the base stations122 andthereby estimate a location area

of the target MS.. However, such FOMs may notbe trainable.

Yet anothertype af FOM 1224 can be based onacollection of dispersed low power, low cost fixed location wireless transceivers (also

25 denoted “location base stations 152” hereinabove) that are provided for detecting a target MS 140 in areas where,e.g., there is insufficient base

station 122 infrastructure coverage for providing a desired level of MS !40 focation accuracy. For example,it may uneconomicalto provide high
traffic wireless voice coverage of a typical wireless base station 122 in a nature preserve orat a fair groundthat is only populated a few days out

of the year. However,if such low cost location base stations 152 canbe directed to activate and deactivate via the direction of a FOM 1224 of
«the present type, then these location base stations callbetsed-to- bathiocation-a-targe¢ MS 140 and also provide indications of where the target

30—MSisnot. For example,if there are location base stations 152 populating an area where the target MS 140 is presumed to be, then by activating

these location base stations 152, evidence may be obtained as to whether or not the target MS is actually in the area; e.g. if the target MS 140 is

detected by a location base station 152, then a correspondinglocation hypothesis having a location estimate correspondingto the coverage area

of the location base station may have a very high confidence value. Alternatively,if the target MS 140 is not detected by a location base station

53

Cisco v. TracBeam / CSCO-1002

Page 59 of 2386



Cisco v. TracBeam / CSCO-1002 
Page 60 of 2386

 
25

30

 
  152, then a corresponding locatio™™ | éthesis havinga location estimate correspondingto the c 4A area ofthe location base station may

have a very low confidence value. Models of this type are referred to hereinafter as “location base station models.”

Yet another type of FOM 1224 can be based on input from a mobile base station 148, wherein location hypotheses may be generated

from target MS 140 location data received from the mobile base station14, .
Still other types of FOM 1224 can be based on various techniques for recognizing wireless signal measurement patterns and

associating particular patterns with locationsin the coverage area 120. For example,artificial neural networks orother learning models can

used as the basis for various FOMs. ;

Note that the FOM types mentioned here as well as other FOM typesare discussed in detail hereinbelow. Moreover, it is important to

keepin mind that a novel aspect of the present invention is the simultaneous use oractivation of a potentially large numberof such first order

models 1224, wherein such FOMsare notlimited to those described herein. Thus, the present invention provides a framework for incorporating

MSlocation estimators to be subsequently provided as new FOMs ina straightforward manner. For example, a FOM 1224 based on wireless

signal time delay measurements fromadistributed antenna system for wireless communication may be incorporated into the present invention

for locating a target MS 140 in an enclosed area serviced by the distributed antenna system. Accordingly, by using such a distributed antenna

FOM,the present invention may determine the floor of a multi-story building from which a target MS is transmitting. Thus, MSs 140 can be

located in three dimensions using such a distributed antenna FOM. Additionally, FOMs for detecting certain registration changes within,for

example, a public sthscepboneneioncanalobeusedMoca a target MS 140. For example, for some MSs 140 there may be an
associated or dedicated device for each such MSthat allows the MS to function as a cordless phoneto a line based telephone network when the

device detects that the MS is within signaling range. In one use of such a device (also denoted herein as a “homebase station”), the device
registers with a homelocation register of the public sched reve ‘hen thethere is a status change such as from not detecting the
corresponding MS to detecting the MS, or visa versa, as oneskilled in the art will understand. Accordingly, by providing a FOM that accesses the
MSstatus in the homelocation register, the location engine 139 can determine whether the MSis within signaling range of the home base

station or not,and generate location hypotheses accordingly. Moreover, other FOMs based on,for example, chaos theory and/orfractaltheory
are also within the scope of the present invention.

It is important to note the following aspects of the present invention retating to FOMs 1224:

(28.1) Each such first order model 1224 may be relatively easily incorporated into and/or gemeforgemoved from the present invention. For example,assumingthatthe signal processing subsystem 1220SOEreensto the FOMs,and there ts aamniform FOM output interface,it is
believed that a large majority (if not substantially all) viable MSlocation estimation strategies may be accommodated. Thus, it is

straightforward to add or delete such FOMs 1224.

(28.2) Eachsuch first order model 1224 may be relatively simple andstill provide significant MS140 locating functionality and predictability.

For example, much of what is believed to be commonorgeneric MSlocation processing has been coalesced into, for example: a location

hypothesis evaluation subsystem, denoted the hypotheses evaluator 1228 and described immediately below. Thus, the present invention is

modular and extensible such that, for example, (and importantly) different first order models 1224 maybe utilized depending on the

signal transmission characteristics of the geographic region serviced by an embodiment of the present invention. Thus, a simple

configuration of the present invention may have a small number of FOMs 1224 for a simple wireless signal environment (e.g., flat terrain,
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 cam Aments such as in cities like San Francisco, fo urban canyonsand low } "ation density). Alternatively, for complex wireless signal

Tokyo or New York, a large numberof FOMs 1224 may be simultaneously utilized for generating MS location hypotheses.

An Introduction to an Evaluator for Location Hypotheses: Hypothesis Evaluator

A third functional group of location engine 139 modules evaluates location hypotheses output by the first order models 1224 and

thereby provides a “most likely” target MS location estimate. The modules for this functional group are collectively denoted the hypothesis

evaluator 1228.

Hypothesis Evaluator Introduction

A primary purpose of the hypothesis evaluator 1228 is to mitigate conflicts and ambiguities related to location hypotheses output by

the first order models 1224 and thereby output a “most likely”estimate of an MS for which there is a request for it to be located. In providing

this capability, there are variousrelated embodiments of the hypothesis evaluatorthat are within the scope of the present invention. Since each

location hypothesis includes bath an MS location area estimate and a corresponding confidence value indicating a perceived confidence or
likelihood of the target MS being within the correspondinglocation area estimate, there is a monotonic relationship between MS location area
estimates and confidence values. That is, by increasing an MSlocation area estimate, the corresponding confidence value may also be increased

(in an extremecase,the location area estimate could be the entire coverage area 120 and thus the confidence value may likely correspond:-to the

highest level ofcertainty; ie., + 1.0). Accordingly, given a target MS location area estimate (of a location hy pothesis), an adjustment to its

accuracy may be performed by adjusting the MS location area estimate and/or the corresponding confidence value. Thus, if the confidence

value is, for example, excessively low then the area estimate may be increased 2s a technique for increasing the confidence value. Alternatively,

if the estimated area is excessively large, and there is flexibility in the corresponding confidence value, then the estimated area may be

decreased and the confidence value also decreased. Thus, if at somepoint in the processingof a location hypothesis, if the location hypothesis is

judged to be more (less) accurate than initially determined, then(i) the confidence value of the location hypothesis can be increased

(decreased), and/or(ii) the MS location area estimate can be decreased (increased).

Ina first class of embodiments, the hypothesis evaluator 1228 evaluates location hypotheses and adjusts or modifies only their

confidence values for MS location area estimates and subsequently uses these MSlocation estimates with the adjusted confidence values for

determining a “most likely” MS location estimate for outputting. Accordingly, the MS location area estimates are not substantially modified.

Alternatively, in a second class of embodiments for the hypothesis evaluator 1228, MS location area estimates can be adjusted while confidence

values remain substantially fixed. Of course, hybrids betweenthefirst two embodiments can also be provided. Note that the present

embodiment provided herein adjusts both the areas and the confidence values.

More particularly, the hypothesis evaluator 1228 may perform any or most ofthe following tasks:

(30.1) it utilizes environmental information to improve and reconcile location hypotheses supplied by the first order models 1224. A basic

premise in this context is that the accuracy of the individualfirst order models may be affected by various environmental factors such

as, for example, the season of the year, the time of day, the weather conditions, the presence of buildings, base station failures, etc;
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essentially, a query or index into the location signature data base 1320 for obtaining a corresponding enhanced location

hypothesis, wherein the enhanced location hypothesis has both an adjusted target MS location area estimate and an

adjusted confidence based on past performance of the FOM in the location service surrounding the target MS location

5 estimate of the initial location hypothesis;

(30.3)it determines how wellthe associated signal characteristics used for locating a target MS compare with particularverified loc sigs stored

in the locationsignature data base 1320 (see the location signature data base section for further discussion regarding this aspect of the

invention). That is, for a given location hypothesis, verified loc sigs (which were previously obtained from one or more verified

locations of one or more MS’s) are retrieved for an area correspondingto the location area estimate of the location hypothesis, and the

10 signal characteristics of these verified loc sigs are compared with the signal characteristics used to generate the location hypothesis for

determining their similarities and subsequently an adjustment to the confidence of the location hypothesis (and/or thesize of the
location area estimate);

(30.4) the hypothesis evaluator 1228 determinesif (or how well) such location hypotheses are consistent with well known physicalconstraints

such as the laws of physics. For example,if the difference betweena previous(most likely) location estimate of a target MS and a |Re.aEnig 15 location estimate by a current location hypothesis requires the MS to:

 
(al) move at an unreasonably high rate of speed (e.g. 200 mph),or

~ (bl) move at an unreasonably high rate of speed for an area (e.g., 80 mph ina corn patch), or

(cl) make unreasonably sharp velocity changes(e.g., from 60 mphin one direction

to 60 mphin the oppasite directionin 4 sec), then the confidence in the current Location Hypothesists likely to be
reduced.

Alternatively, if for example, the difference between a previous locationestimate of a target MS and a current location hypothesis

™ indicates that the MS is:

(22) moving at an appropriate velocity for the area being traversed,or

 

(b2) movingalong anestablished path (e.g., a freeway),

25 then the confidence in the current location hypothesis may be increased.

(30.5) the hypothesis evaluator 1228 determines consistencies and inconsistencies between location hypotheses obtained from different first
order models. For example,if two such location hypotheses, for substantially the sametimestamp,have estimated location areas
where the target MS is likely to be and these areas substantially overlap, then the confidence in both such location hypotheses may be

increased. Additionally, note that a velocity of an MS may be determined (via deltas of successive location hypotheses from one or

30 more first order models) even when there is low confidence in the location estimates for the MS, since such deltas may, in some cases,

be more reliable than the actual target MS location estimates;

(30.6) the hypothesis evaluator [228 determines new (more accurate) location hypotheses from other location hypotheses. For example,this

module may generate new hypotheses from currently active ones by decomposinga location hypothesis having a target MS
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location estimate ohtwo radically different area types. Additionally, thitsntiule may generate location hypotheses
indicating areas of poor reception; and .

(30.7) the hypothesis evaluator1228 determines and outputs a most likely location hypothesis for a target MS.

Note that the hypothesis evaluator may accomplish the above tasks, (30.1) - (30-7), by employing various data processing tools including,but

notlimited to, fuzzy mathematics, genetic algorithms, neural networks, expert systems and/orblackboard systems.

Note that, as can be seenin Figs. 6 and 7, the hypothesis evaluator 1228includes the following fourhigh level modules for

processing output location hypothesesfrom the first order models 1224: a context adjuster 1326, a hypothesis analyzer 1332, an MS status

repository 1338 and a most likelihood estimator 1334. These four modules are briefly described hereinbelow. —

Context Adjuster Introduction.

The context adjuster 1326 module enhances both the comparability and predictability of the location hypotheses output by the first

order models 1224. Inparticular, this module modifieslocation hypotheses received from the FOMs 1224'so that the resutting location
hypotheses output by the context adjuster 1326 may be further processed uniformly and substantially without concern as to differences in

accuracy between the first order models from which location hypothesesoriginate. In providingthis capability, the context adjuster 1326 may
adjust or modify various fields of the input location hypotheses. In particular, fields giving target MS 140 location estimates and/or confidence

valuesfor such estimates may be modified by the context adjuster 1326. Further, this module may determine those factors that are perceived to

impact the perceived accuracy (e.g., confidence) of the location hypotheses: (a) differently between FOMs,and/or(b) with substantialeffect.

For instance, environmentalcharacteristics may be taken into account here, such as timeof day, season, month, weather, geographical area

categorizations (e.g., dense urban,urban,suburban, rural, mountain, etc.), area subcategorizations (e.g., heavily treed,hilly, high traffic area,

etc). A detailed description of one embodiment of this module is provided in APPENDIXDhereinbelow. Note that, the embodiment described

herein is simplified for illustration purposes such that only the geographical area categorizations are utilized in adjusting (i.e., modifying)

location hypotheses. But, it is an important aspect of the present invention that various categorizations, such as those mentioned immediately

above, may be used for adjusting the location hypotheses. Thatis, categories such as, for example:

(a) urban,hilly, high traffic at Spm,or

(b) rural,flat, heavy tree foliage density in summer may be utilized as oneskilled in the art will understand from the descriptions

contained hereinbelow.

Accordingly, the present invention is not limited to the factors explicitly mentioned here. Thatis, it is an aspect of the present

invention to be extensible so that other environmentalfactors of the coverage area 120 affecting the accuracy oflocation hypotheses mayalso

be incorporated into the context adjuster 1326.

It is also an important and novel aspect ofthe context adjuster 1326 that the methodsfor adjusting location hypotheses provided in

this module may be generalized and thereby also utilized with multiple hypothesis computationalarchitecturesrelated to various applications

wherein a terrain, surface, volume or other “geometric” interpretation (¢.g., a metric space of statistical samples) may be placed onalarge

body of stored application data forrelating hypothesized data to verified data. Moreover,it is important to note that various techniques for

“Visualizing data” may provide such a geometric interpretation. Thus, the metheds herein maybe utilized in applications such as:
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(a) ‘sonar, radar, x-ray or infrared identification of abjects such as occurs in robotic navigation, medical imageanalysis,
geological, and radarimaging.

More generally, the novel computational paradigm ofthe context adjuster 1326 maybe utilized ina numberof applications wherein

5 there isa large body of archived information providing verified or actual application process data related to the past performance of the

application process. :

It is worth mentioning that the computationalparadigm used in the context adjuster 1326 is a hybrid of a hypothesis adjuster and a

data base query mechanism. For example, the context adjuster 1326 uses an input (location) hypothesis both as an hypothesis and as a data

base query or index into the location signature data base 1320 for constructing a related but more accurate location hypothesis. Accordingly,

10_substantial advantages are provided by this hybrid architecture, such as the following two advantages.

Asa first advantage, the context adjuster 1326 reduces the likelihood that a feedback mechanism is necessary to theinitial

hypothesis generators (Le., FOMs 1224)for periodically adjusting default evaluationsof the goodness or confidence in the hypotheses generated.

That is, since each hypothesis generated is, in effect, an index into a data base or archiveof verified application (e.g, location) data, the context

adjuster 1326,in turn, generates new corresponding hypotheses based on the actualor verified data retrievedfrom anarchival data base. Thus,

asa result, this architecture tends to separate the computations of the initial hypothesis generators (e.g., the FOMs 1224 in the present MS
location application) from any further processing and thereby provide a more modular, maintainable andflexible computational system.

As a second advantage,the context adjuster [326 tendsto create hypotheses that are more accurate than the hypotheses generated

by the initial hypotheses generators. Thatis, for each hypothesis, H, provided by one ofthe initial hypathesis generators, G (e.g., a FOM 1224),

a corresponding enhanced hypothesis, provided by the context adjuster 1326, is generated by mapping the past performanceofG into the

archived verified application data (as will be discussed in detail hereinbelow). In particular, the context adjuster hypothesis generation is based

on the archived verified (or known) performance application data that is related to both G and H. For example, in the present wireless location

 
application,if a FOM 1224, G, substantially consistently generates, ina particular geographicalarea, location hypotheses thatare biased

approximately 1000feet north of the actual verified MS 140 location, then the context adjuster 1326 can generate corresponding hypatheses

without this bias. Thus, the context adjuster 1326 tends to filter out inaccuracies in the initially generated hypotheses.

25 Therefore in a multiple hypothesis architecture where typically the generated hypotheses may be evaluated and/or combined for

providing a “most likely” result, it is believed that a plurality of relatively simple (and possibly inexact) initial hypothesis generators may be

used in conjunction with the hybrid computationalparadigm represented by the context adjuster 1326 for providing enhanced hypotheses with

substantially greater accuracy.

Additionally, note that this hybrid paradigm applies to other domains that are not geographically based. For instance, this hybrid

30_paradigm applies to many prediction and/ordiagnostic applications for which:

(a) the application data and the application are dependent ona numberof parameters whose values characterize the range

of outputs for the application. That is, there isa set of parameters, p,, P:,Py ~ » Py from which a parameter space p, xP) X p)X — X Py is derived

whose points characterize the actual and estimated (or predicted) outcomes. As examples, in the MS location system, p, = latitude and p, =
longitude;
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 (b) FA data from which points for the parameterspace,p, x (®). Py Can be obtained, wherein this data
relates to (or indicates) the performance of the application, and the points obtained from this data are relatively dense in the space (atleast

around the likely future actual outcomesthat the application is expected to predict or diagnose). For example, such historical data may

associate the predicted outcomesof the application with corresponding actual outcomes;

(9 there is a metric or distance-like evaluation function that can be applied to the parameterspace for indicatingrelative

Closeness or accuracy ofpoints in the parameter space, wherein the evaluation function provides a measurement of closeness thatis related to
the actual performance of the application.

Note that there are numerousapplications for which the abovecriteria are applicable. For instance, computer aided
control of chemical processing plants are likely to satisfy the above criteria. Certain robotic applications mayalsosatisfy this criteria.

In fact, it is believed that a wide rangeof signal processing applicationssatisfy this criteria.

MS Status Repository Introduction

The MSstatus repository 1338is a run-time storage managerfor storing location hypotheses from previousactivationsof the

location engine 139 (as well as for storing the output “most likely”target MS location estimate(s)) so that a target MS 140 may be tracked

using target MS location hypotheses from previous location engine 139 activations to determine, for example, a movementof the target MS 140

between evaluations of the target MS location.

Location Hypothesis Analyzer Introduction.

The location hypothesis analyzer 1332, adjusts confidencevalues of the location hypotheses, accordingto:

(a) heuristics and/orstatistical methodsrelated to how well the signal characteristics for the generated target MS location hypothesis

matcheswith previously obtained signal characteristics for verified MS locations.

(b) heuristics related to how consistent the location hypothesis is with physical laws, and/or highly probable reasonableness conditions

relating to the location of the target MS and its movement characteristics. For example, such heuristics may utilize knowledgeof

the geographicalterrain in which the MS is estimated to be, and/or, for instance,the MS velocity, acceleration or extrapolation of

an MSposition,velocity, or acceleration.

(c) generationof additionallocation hypotheses whose MSlocations are consistent with, for example, previous estimated locations for

the target MS.

As shown in Figs. 6 and 7, the hypothesis analyzer 1332 module receives (potentially) modified location hypotheses from the context

adjuster 1326 and performsadditionallocation hypothesis processing that is likely to be common and generic in analyzing most location

hypotheses. More specifically, the hypothesis analyzer 1332 may adjust either or both of the target MS [40 estimated location and/orthe

confidence of a location hypothesis. In brief, the hypothesis analyzer 1332 receives target MS 140 location hypothesesfrom the context analyzer

1336, and depending on the time stamps of newly received location hypotheses and any previous(ie., older) target MSlocation hypotheses that

may still be currently available to the hypothesis analyzer 1332, the hypathests analyzer may:

(a) update some of the older hypotheses by an extrapolation module,
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(b)utilize someof the©... as previous target MS estimates for use iniMS 140, and/or
(0) if sufficiently old, then delete the older location hypotheses.

Note that both the newly received location hypotheses and the previous location hypotheses that are updated (i.e. extrapolated)

and still remain in the hypothesis analyzer 1332 will be denoted as “current location hypotheses” or “currently active location hypotheses”.
The moduleswithin the focation hypothesis analyzer 1332 use various types of application specific knowledge likely substantially

independent from the computations by the FOMs 1224 when providing the corresponding original location hypotheses. That is, since it is aspect

of at least one embodiment of the present invention that the FOMs 1224 be relatively straightforward so that they may be easily to modified as

well as added or deleted, the processing,for example, in the hypothesis analyzer 1332 (as with the context adjuster 1326) is intended to

compensate, when necessary,for this straightforwardness by providing substantially generic MS location processing capabilities that can require

a greater breadth of application understanding related to wireless signal characteristics of the coverage area 120.

Accordingly, the hypothesis analyzer 1332 may apply various heuristics that, for example, changethe confidencein a location

hypothesis depending on how wellthe location hypathesis (and/ora series of location hypotheses from e.g., the same FOM 1224): (a) conforms

with the laws of physics, (b) conforms with known characteristics of location signature clusters in an area ofthe location hypothesis MS 140

estimate, and (c) conforms with highly likely heuristic constraint knowledge. In particular, as illustrated best in Fig. 7, the location hypothesis

analyzer 1332 may utilize at leastone of a blackboard system and/oran expert system for applying various application specific heuristics to the
location hypotheses output by the context adjuster 1326. More precisely, the location hypothesis analyzer 1332 includes, in one embodiment, a

blackboard managerfor managing processes and data of a blackboard system. Additionally, note that in a second embodiment, where an

expert system is utilized instead of a blackboard system,the location hypothesis analyzer provides an expert system inference enginefor the

expert system. Note that additionaldetail on these aspects of the invention are provided hereinbelow.

Additionally, notethat the hypothesis analyzer 1332 may activate one or more extrapolation procedures to extrapolate target MS
140 location hypotheses already processed. Thus, when one or more new location hypotheses are supplied (by the context adjuster 1224) having

a substantially more recent timestamp,the hypathesis analyzer mayinvoke an extrapolation module (i.e. location extrapolator 1432, Fig. 7) for

adjusting any previous location hypothesesfor the same target MS 140 that are still being used by the location hypothesis analyzer so that all

target MS location hypotheses (for the same target MS) being concurrently analyzed are presumed to be for substantially the sametime.

Accordingly, such a previous lecation hypothesis that is, for example, |5 seconds older than a newly supplied location hypothesis (from perhaps

a different FOM 1224) may have both: (a) an MS location estimate changed (e.g., to account for a movement of the target MS), and (b)its

confidence changed (e.g., to reflect a reduced confidence in the accuracy ofthe location hypothesis).

[tis important to note that the architecture of the present inventionis such that the hypothesis analyzer 1332 has an extensible

architecture. That is, additionallocation hypothesis analysis modules maybe easily integrated into the hypothesis analyzer 1332 as further
understanding regarding the behaviorof wireless signals within the service area 120 becomesavailable, Conversely, some analysis modules may

not be required in areas having relatively predictable signal patterns. Thus, in such service areas, such unnecessary modules maybe easily

removed or not even developed.

Most Likelihood Estimator Introduction
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The most likelihood ©. 1344 is a module for determining a “most likely” ABinc fora target MS being located by
the location engine 139. The most likelihood estimator 1344 receives a collection of active or relevant location hypotheses from the hypothesis

analyzer 1332 and uses these location hypotheses to determine one or more most likely estimatesfor the target MS 140. Still referring to the

hypothesis evaluator1228,it is important to note that not all the above mentioned modules are required in all embodiments of the present

5 invention. In particular, for some coverage areas 120, the hypothesis analyzer1332 may be unnecessary. Accordingly, in such an embodiment,

the enhanced location hypothesis output by the context adjuster 1326 are provided directly to the most likelihood estimator 1344.

Control and Output Gating Modules

A fourth functional groupof location engine 139 modulesis the control and output gating moduleswhichincludes the location

centercontrol subsystem 1350, and the output gateway 1356. The location control subsystem 1350 providestlie highest level of control and

10 monitoring of the data processing performed by the location center 142. In particular, this subsystem performsthe following functions:
(a)controls and monitors location estimating processing for each target MS 140. Note that this includes high level exception or

error handling functions; .
(b) receives and routesexternalinformation as necessary. For instance, this subsystem may receive (via, e.g., the public telephone

ov+ thing ekatre262 such environmentalinformation as increased signal noise in a particular sicpode "e
to increase traffic, a changein weather conditions, a base station {22 (or other infrastructure provisioning), change in

Operation status (e.g., operational to inactive);
GN (0 receivesand directs location processing requests from otherlocation centers |42(via,vggehen)nee

(d) performs accounting and billing procedures;

(e) interacts with location center operators by, for example, receiving operator commands and providing output indicative of

processing resources being utilized and malfunctions;

 
Laver rey ube tect:ON

eA (A) provides access to output requirements for various applications requesting location estimates. For example, annternettocation
request from a trucking company in Los Angeles to a location center 142 in Denver may only want to know if a particular truck

ordriveris within the Denver area. Alternatively, a local medicalrescue unit is likely to request a precise a location estimate as

ible.
aFig: Cad~Cis) above

25 Note that inkgeb{a}—(abovear, atleast at a high level, performed by utilizing the operator interface 1374 .
Referring now to the output gateway 1356, this module routes target MS 140location estimates to the appropriatelocation

application(s). Forinstance, uponreceivingalocation estimate fram the most likelihood estimator 1344, the output gateway 1356 may

determine that the locatjon estimate is for an automobile bengtracked by the police and therefore sust-be-providec-must be providedapetncalar

according to¢he-particutarprotocol.
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System Tuning and Adaptation“ Adaptation Engine 6
A fifth functional groupof location engine 139 modules providesthe ability to enhance the MS locating reliability and/or accuracy of

the present invention by providingit with the capability to adapt to particular operating configurations, operating conditions and wireless

signaling environments without performing intensive manualanalysis of the performance of various embodiments of the location engine 139.

That is, this functional group automatically enhances the performance of the location engine for locating MSs 140 within a particular coverage

area 120 using at least one wireless network infrastructure therein. More precisely, this functional group allows the present invention to adapt
by tuning or optimizing certain system parameters accordingto location engine 139 location estimate accuracyand reliability.

There are a number location engine 139 system parameters whose valuesaffect location estimation, and it is an aspect of the present

invention that the MS location processing performed should become increasingly better at locating a target MS 140 not only through building an

increasingly more detailed model of the signal characteristics of location in the coverage area |20 such as discussed above regarding the

locationsignature data base 1320, but also by providing automated capabilities for the location center processing to adapt by adjusting or
“tuning” the values of such location centersystem parameters. .

Accordingly, the present invention indudes a module, denoted herein as an “adaptation engine”1382, that performsan
optimization procedure on the location center 142 system parameters either periodically or concurrently with the operation of the location

centerin estimating MS locations. That is, the adaptation engine 1382 directs the modificationsof the system parameters so that the location

engine 139 increases in overall accuracy in locating target MSs 140. In one embodiment, the adaptation engine 1382 includes an embodiment of

a genetic algorithm as the mechanism for modifying the system parameters. Genetic algorithmsare basically search algorithms based on the

mechanics of natural genetics. The genetic algorithm utilized herein ts included in the form of pseudo code in APPENDIX B. Note that to apply

this genetic algorithm in the context of the location engine 139 architecture only a "coding scheme" and a “fitness function" are required as one

skilled in the art will appreciate. Moreover,it is also within the scope ofthe present invention to use modified ordifferent adaptive and/or

tuning mechanisms. For further information regarding such adaptive mechanisms, the following references are incorporated herein by

reference: Goldberg, D.E. (1989). Genetic algorithms for search,optimization, and machine learning. Reading, MA: Addison-Wesley

Publishing Company; and Holland, J. H. (1975) Adaptation in natural and artificial systems. Ann Arbor, Mi: The University of Michigan Press.

Implementationsof First Order Models

Further descriptions of variousfirst order models |224 are providedin this section.

Distance First Order Models (TOA/TDOA)

Asdiscussed in the Location Center Architecture Overview section herein above, distance models determine a presumed

direction and/or distance that a target MS 140 is from one or more base stations 122. in some embodiments of distance models, the

target MS location estimate(s) generated are obtained using radio signal analysis techniques that are quite general and therefore are

Not capable of taking into account the peculiarities of the topography of a particular radio coverage area. For example, substantially
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all radio signal analysis secinDing conventional procedures (or formulas) are saDracharacteristic measurements”
such as:

(a) signal timing measurements (e.g., TOA and TDOA),

(b) signal strength measurements, and/or

(c) signal angle of arrival measurements.

Furthermore, such signal analysis techniquesare likely predicated on certain very general assumptions that can not fully account for

signal attenuation andtnutipagh due to a particular radio coverage area topography.
a tolengBior TDMA basestation network as an example, each base station (BS) 122 is required to emit a constant
signal-strength pilot channel pseudo-noise (PN) sequence on the forwardlink channel identified uniquely in the networkby a pilot

sequenceoffset and frequency assignment. It is possible to use the pilot channels of the active, candidate, neighboring and remaining

sets, maintained in the target MS, for obtaining signal characteristic measurements (e.g., TOA and/or TDOA measurements) between

the target MS 140 and the base stations in one or more of these sets.

Based on such signal characteristic measurements and the speed of signal propagation,signal characteristic ranges or

range differences related to the location of the target MS 140 can be calculated. Using TOA and/or TDOA ranges as exemplary, these

ranges can then be input to either the radius-radius multilateration or the time difference multilateration algorithms along with the

known positions of the corresponding base stations 122 to thereby obtain one or more location estimates of the target MS 140. For
example,if there are, four base stations [22 in the active set, the target MS 140 may cooperate with each of the base stationsin this

set to provide signalarrival time measurements. Accordingly, each of the resulting four sets of three of these base stations 122 may

be used to providean estimateof the target MS 140 asone skilled in the art will understand. Thus, potentially (assuming the

measurements for each set of three base stations yields a feasible location solution) there are four estimates for the location of the

target MS 140. Further, since such measurements and BS 122 positions can be senteither to the network or the target MS 140,

location can be determined in eitherentity.

Since many of the signal measurementsutilized by embodiments of distance models are subject to signal attenuation and

multipath dueto a particular area topography. Many ofthe sets of base stations from which target MS location estimates are desired

may result in either no location estimate, or an inaccurate location estimate. |

Accordingly, some embodimentsof distance FOMs may attemptto mitigate such ambiguity or inaccuraciesby, ¢.g.,

identifying discrepancies (or consistencies) between arrival time measurements and other measurements (e.g., signal strength), these

discrepancies (or consistencies) may be used to fiMeout @atleastththose signal measurements and/or generated location estimates that
appearless accurate. In particular, such ientiyingrayerncan be performed by,for example, an expert system residing in the
distance FOM.

A second approach for mitigating such ambiguity or conflicting MS location estimatesis particularly novel in that each of

the target MS location estimatesis used to generate a location hypothesis regardless of its apparent accuracy. Accordingly, these

location hypotheses are input to an alternative embodiment of the context adjuster 1326 thatis substantially (but not identicalto)
the context adjuster as described in detail in APPENDIX D_ so that each location hypothesis may be adjusted to enhanceits accuracy.
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In contradistinction to thenf: of the context adjuster 1326 of APPENDIX D,wi location hypothesis is adjusted
according to past performanceofits generating FOM 1224 in anarea of theinitiallocation estimate of the location hypothesis(the
area, e.g., determined as a function of distance from this initial location estimate), this alternative embodiment adjusts each of the

location hypotheses generated by a distance first order model according to a past performance of the model as applied to signal

characteristic measurements from the sameset of base stations 122 as were used in generating the location hypothesis. That is,

instead of only using only an identification of the distance model (ie., its FOM_ID) to, for example, retrieve archived location

estimates generated by the model in an area of the location hypothesis’ estimate (when determining the model’s past performance),
the retrieval retrieves only the archived location estimates that are, in addition, derived from the signal characteristics measurement

obtained from the same collection of base stations 122 as was used in generating the location hypothesis. Thus, the adjustment

performed by this embodiment of the context adjuster 1326 adjusts according to the past performanceof the distance model and the

collection of base stations 122 used.

Coverage Area First Order Model

Radio coveragearea of individual base stations 122 maybe used to generate location estimates ofthe target MS 140.

Althougha first order model 1224 based on this notion may be less accurate than other techniques, if a reasonably accurate RF
coverage area is known for each (or most) of the base stations |22, then such a FOM (denoted hereinafter as a “coverageareafirst

order model” or simply “coverage area model”) may be very reliable. To determine approximate maximum radio frequency (RF)

location coverage areas, with respect to BSs 122, antennas and/or sector coverage areas, for a given class (orclasses)of (e.g., CDMA

or TDMA) mobile station(s) 140, location coverage should be based on an MS’s ability to adequately detect thepilot channel, as

opposed to adequatesignal quality for purposes of carrying user-acceptable traffic in the voice channel. Note that more energy is

necessary for traffic channel activity (typically on the order of at least -94 to -104 dBm received signal Strength) to support voice,

than energy needed to simply detect a pilot channel’s presence for location purposes(typically a maximum weakest signal strength

range of between -104 to -110 dBm), thus the “Location Coverage Area” will generally be a larger area than thatof a typical “Voice

Coverage Area”, although industry studies have found some occurrences of “no-coverage” areas within a larger covered area. An

example of a coverage area including both a “dead zone”, .e., area of no coverage, and a “notch” (of also no coverage) is shownin

Fig. 15.

The approximate maximum RF coverage area for a given sector of (more generally angular range about) a base station 122
may be represented as a set of points representing a polygonal area (potentially with, e.g., holes therein to accountfor dead zones

and/or notches). Note that if such polygonal RF coverage area representations can be reliably determined and maintained over time

(for one or more BSsignal powerlevel settings), then such representations can be used in providing a set theoretic or Venn diagram

approachto estimating the location of a target MS 140. Coverage areafirst order modelsutilize such an approach.
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  In ene oogaeembodeaaRs, a a efage area modelutilizes both the detection and non-dev Eon of base stations |22 by the target
MS 140 (conversely,of the MS by one or more base stations |22) to define an area where the target MS 140 may likely be. A relatively

straightforward application of this techniqueis to:

(a) find all areas of intersection for base station RF coverage area representations, wherein: (i) the corresponding base

5 stations are on-line for communicating with MSs 140; (ii) the RF coverage area representations are deemed reliable

for the power levels of the on-line base stations; (tii) the on-line base stations havingreliable coverage area

representations can be detected by the target MS; and(iv) each intersection must include a predetermined numberof

the reliable. RF coverage area representations (e.g., 2 or 3); and

(b) obtain new tocation estimates by subtracting from each of the areas ofintersection any of the reliable RF coverage area

10 representationsfor base stations !22 that can not be detected by the target MS.

Accordingly, the new areas may be used to generate location hypotheses.

Location Base Station First Order Model

In the location base station (LBS) model (FOM 1224), a database is accessed which containselectrical, radio propagation

and coverage area characteristics of each of the location base stations in the radio coverage area. The LBS modelis an active model,

in that it can probe orexcite one or more particular LBSs 152 in an area for which the target MS 140 to belocated is suspected to be

placed. Accordingly, the LBS model may receive as input a mostlikely target MS 140 location estimate previously output by the
location engine 139 of the present invention, and use this location estimate to determine which (if any) LBSs 152 to activate and/or

deactivate for enhancing a subsequentlocation estimate of the target MS. Moreover, the feedback from the activated LBSs 152 may
be provided to other FOMs 1224, as appropriate, as well as to the LBS model. However,it is an important aspect of the LBS model
that whenit receives such feedback, it may output location hypotheses having relatively small target MS 140 location area estimates

 
aboutthe active LBSs 152 and each such location hypothesis also has a high confidence value indicative of the target MS 140

positively being in the correspondinglocation area estimate (e.g., a confidence value of .9 to +1), or having a high confidence value

indicative of the target MS 140 not being in the correspondinglocation area estimate (i.e., a confidence value of-0.9 to -I). Note

that in some embodiments of the LBS model, these embodiments may have functionality similar to that of the coverage areafirst
25 order model described above. Further note that for LBSs within a neighborhood of thetarget MS wherein there is a reasonable chance

that with movement of the target MS may be detected by these LBSs, such LBSs may be requested to periodically activate. (Note, that

it is not assumed that such LBSs have an on-line external power SOUFCE; €.g., some may be solar powered). Moreover,in the case
where an LBS 152 includes sufficient electronics to carry voice communication with the target MS 140 and is the primary BSfor the

target MS (or alternatively,in the active or candidateset), then the LBS modelwill not deactivate this particular LBS during its

30_procedure of activating and deactivating various LBSs 152.
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Stochastic First Order Model

The stochastic first order models mayuse statistical prediction techniques such as principle decomposition, partiaHease

 

“squares, partial least squares, or other regression techniques for predicting, for example, expected minimum and maximum distances of the

target MS from oneor more base stations 122, e.g., Bollenger Bands. Additionally, some embodiments may use Markov processes and
Random Walks (predicted incremental MS movement) for determining an expected area within which the target MS 140 is likely to be.
That fs, such a process measures the incrementaltime differences of each pilot as the MS movesfor predicti ng a size of a location area

estimate using past MS estimates such as the verified location signaturesin the location signature data base 1320.

Pattern Recognition and AdaptiveFirst Order Models

It is a particularly important aspect of the present invention to provide:

(a) one or more FOMs 1224 that generate target MS 140 location estimates by using pattern recognition or associativity
techniques, and/or

(b) one or more FOMs 1224 that are adaptive or trainable so that such FOMs may generate increasingly more accurate

target MS location estimates from additional training.

‘Statistically Based Pattern Recognition First Order Models

Regarding FOMs 1224 using pattern recognition or associativity techniques, there are many such techniquesavailable. For

example, there are statistically based systems such as “CART” (anacronyn for Classification and Regression Trees) by ANGOSS
Software International Limited of Toronto, Canada that may be usederautematieat}-ferdeteeting or recognizing patterns in data

A cellenthye wm
that were unprovided (andlikely previously unknown). Accordingly, by imposing a relatively fine mesh orgrid ale ‘
coverage area, wherein eachcell ts entirely within a particular area type categorization such as the transmission area types (discussed

in the section, “Coverage Area: Area Types And Their Determination” above), the verified location signature clusters within the cells

of each area type may be analyzed for signal characteristic patterns. If such patterns are found, then they can be usedto identify at

least a likely area type in which a target MSis likely to be located. Thatis, one or more location hypotheses may be generated having

target MS 140 location estimates that cover an area having the likely area type wherein the target MS 140 is located. Further note
that suchstatistically based pattern recognition systems as “CART”include software code generators for generating expert system

software embodimentsfor recognizing the patterns detected within a training set (e.g., the verified location signature clusters).

Accordingly,although an embodiment of a FOM as described here may not be exceedingly accurate,it may be very reliable.

Thus, since a fundamental aspect of the present invention is to use a plurality MS location techniques for generating location

estimates and to analyze the generated estimates(likely after being adjusted) to detect patterns of convergenceorclustering among

the estimates, even large MS location area estimates are useful. For example,it can be the case that four different and relatively large

MS location estimates, each having very highreliability, have an area of intersection that is acceptably precise and inherits the very
high reliability from each of the large MS location estimates from which theintersection area was derived.
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A similarstatistical dFOM 1224to the one above may be provided vesradio coverage area is decomposed
ex Substantially as abovesputeaaiiontWig the signal characteristics for detecting useful signal patterns, the specific identifications

of the base station 122 providing the signal characteristics may also be used. Thus, assuming there is a sufficient density of verified

location signature clusters in some of the mesh cells so that the statistical pattern recognizer can detect patternsin the signal

5. characteristic measurements, an expert system may be generated that outputs a target MS 140 location estimate that may provide

both a reliable and accurate location estimate of a target MS 140.

Adaptive/Trainable First Order Models

Adaptive/Trainable First Order Models

The term adaptive is used to describe a data processing component that can modify its data processing behavior in
10 _respanse to certain inputs that are used to change how subsequent inputs are processed by the component. Accordingly, a data

processing component may be “explicitly adaptive” by modifying its behavior according to the input of explicit instructions or control

data thatis input for changing the component’s subsequent behavior in ways that are predictable and expected. That is, the input

encodes explicit instructions that are known by a userof the component. Alternatively, a data processing component may be

“implicitly adaptive” in that its behavior is modified by other than instructions or control data whose meaning is known by a userof 
15 the component. For example, such implicitly adaptive data processors may learn by training on examples, by substantially unguided

ta exploration of a solution space, or other data driven adaptive strategies such asstatistically generated decision trees. Accordingly, it

is an aspect of the present invention to utilize not only explicitly adaptive MS location estimators within FOMs 1224, but also 
implicitly adaptive MS location estimators. In particular, artificial neural networks (also denoted neural nets and ANNs herein) are7

ined
pe usedin some embodiments as implicitly adaptive MS location estimators within FOMs. Thus, in the sections below,neural net

20 architectures and their application to locating an MS is described.

Artificial Neural Networks For MS Location

Artificial neural networks may be particularly useful in developing one or more first order models 1224 for locating an MS

140, since,for example, ANNs can be trained for classifying and/orassociatively pattern matching of various RF signal measurements

such as the location signatures. Thatis, by training one or moreartificial neural nets using RF signal measurementsfrom verified

25_locationsso that RF signal transmissions characteristics indicative of particular locations are associated with their corresponding

locations, such trained artificial neural nets can be used to provide additional target MS 140 location hypotheses. Moreover,it is an
aspect of the present invention that the training of such artificial neural net based FOMs (ANN FOMs) is provided without manual

intervention aswill be discussed hereinbelow.
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  Artificial Neural Networks Thi verge on Near OptimalSolutions

It is as an aspect of the present invention to use an adaptive neural network architecture which has the ability to explore

the parameter or matrix weight space corresponding to a ANN for determining new configurations of weights that reduce an objective

or error function indicating the error in the output of the ANN over some aggregateset of input data ensembles. Accordingly, in one
5 embodiment, a genetic algorithm is used to provide such an adaptation capability. However, it is also within the scope of the present

invention to use other adaptive techniques such as, for example, simulated annealing, cascade correlation with multistarts, gradient

descent with multistarts, and truncated Newton’s method with multistarts, as oneskilled in the art of neural network computing will
understand.

Artificial Neural Networks as MS Location Estimators for First Order Models

10 Although there have been substantial advancesin artificial neural net computing in both hardware and software, it can be

difficult to choose a particular ANN architecture and appropriatetraining data for yielding high quality results. In choosing a ANN

architecture at least the following three criteria are chosen (either implicitly or explicitly):

(a) a learning paradigm: i.e., does the ANN require supervised training (i-e., being provided with indications of correct and

incorrect performance), unsupervised training, or a hybrid of both (sometimes referred to as reinforcement);

(b) a collection of learning rules for indicating how to update the ANN; .
(0)alearningalgorithm for using the learning rules for adjusting the ANN weights.

Furthermore, thereare other implementationissues such as:

(d) how manylayers a artificial neural net should have to effectively capture the patterns embedded within the training
data. For example,the benefits of using small ANN are many. less costly to implement, faster, and tend to generalize
better because they avoid overfitting weights to training patterns. Thatis, in general, more unknown parameters

 
(weights) induce more local and global minima in the error surface or space. However, the error surface of smaller

nets can be very rugged and have few goodsolutions, makingit difficult for a local minimization algorithm to find a

good solution from a random starting point asoneskilled in the art will understand;

{e) how many units or neuronsto provide per layer;

25 (f) how large should the training set be presented to provide effective generalization to non-training data

(g) whattype of transfer functions should be used.

However, the architecture of the present invention allows substantial flexibility in the implementation of ANN for FOMs

1224. In particular, there is no need to choose only one artificial neural net architecture and/or implementation in that a plurality of

30 ANNs may be accommodated by the architecture of the location engine 139. Furthermore,it is important to keep in mind thatit may

not be necessary to traina ANN for a FOM as rigorously as is done in typical ANN applications since the accuracy and reliability in

estimating the location of a target MS 140 with the present invention comes from synergistically utilizing a plurality of different MS
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  location estimators, each of w ay be undesirablein terms of accuracy and/or reliab 2 some areas, but when their estimates
are synergistically used as in the focation engine 139, accurate andreliable location estimates can be.attained. Accordingly, one

embodimentof the present invention may have a plurality of moderately well trained ANNs having different neural net architectures

Such as: multilayer perceptrons, adaptive resonance theory models, and radial basis function networks.

Additionally, many of the above mentioned ANN architecture and implementation decisions can be addressed substantially

automatically by various commercial artificial neural net development systems such as: “NEUROGENETIC OPTIMIZER” by BioComp

Systems, wherein genetic algorithms are used to optimize and configure ANNs, and artificial neural network hardware and software

products by Accurate Automation Corporation of Chattanooga, Tennessee, such as “ACCURATE AUTOMATION NEURAL NETWORK

TOOLS.

Artificial Neural Network Input and Output

{t is worthwhile to discuss the data representations for the inputs and outputs of a ANN used for generating MS location

estimates. Regarding ANN input representations, recall that the signal processing subsystem 1220 may provide various RFsignal

Measurementsas input to an ANN (such as the RF signal measurements derived from verified location signatures in the location

signature data base 1320).for example, a representation of a histogram of the frequency of occurrence of CDMAfingers in a timedeloy verSuS Signestrength dimensional domain maybe provided as input to such an ANN. In particular, a 2-dimensionalgrid of
‘signal Strength versus time delay bins may be provided so that received signal measurementsare slotted into an appropriate bin of
the grid. In one embodiment, suchaapriiS a six by six arrayof bins such asillustrated in the left portion of Fig. 14. Thatis, each of
the signalstrength and time delayanisesare partitioned into six ranges so that both the signal strength and the time delay of RF
signal measurements can be slotted into an appropriate range, thus determining the bin.

Note that RF signal measurement data (i.e., location signatures) slotted into a grid of bins provides a convenient

mechanism for classifying RF measurementsreceived over time so that when each new RF measurementdata is assigned toits bin, a

counterfor the bin can be incremented. Thusin one embodiment, the RF measurements for each bin can be represented pictorially as

a histogram. In any case, once the RF measurements have been slotted into a grid, variousfilters may be applied for filtering outliers

and noise priorto inputting bin values to an ANN. Further,various amountsof data from suchagrid may be provided to an ANN. In

one embodiment, the tally from each bin is provided to an ANN. Thus, as many as 108 values could be input to the ANN (two values

defining eachbin, anda tally for the bin). However, other representations are also possible. For instance, by orderingthe bin tallies

linearly, only 36 need be provided as ANN input. Alternatively, only representations of bins having the highest tallies may be

provided as ANN input. Thus, for example,if the highest 10 bins and their tallies were provided as ANN input, then only 20 inputs

need be provided (ie., 10 input pairs, each havinga single bin identifier and a corresponding tally).
In addition, note that the signal processing subsystem 1220 mayalso obtain the identifications of other base stations 122

(152) for which their pitot channels can be detected by the target MS 140 (i.e., the forward path), or for which the base stations can

detect a signal from the target MS (i.e., the reverse path). Thus, in order to effectively utilize substantially all pertinent location RF
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 signal measurements (i.e., fro Sestion signature data derived from communications ®the target MS 140 and the basestation
infrastructure), a technique is provided wherein a plurality of ANNs may be activated using various portions of an ensemble of

location signature data obtained. However, before describing this technique,it is worthwhile to note that a naive strategy of

providing input to a single ANN forlocating target MSs throughout an area having a large number ofbasestations (e.g., 300) is likely

5 tobe undesirable. Thatis, given that each base station (antenna sector) nearby the target MS is potentially able to provide the ANN

with location signature data, the ANN would have to be extremely large and therefore may require inordinate training and

retraining. Forexample, since there may be approximately 30 to 60 ANN inputs per location signature, an ANN for an area having

even twenty base stations 122 can require at least 600 input neurons, and potentially as manyas 1,420 (i.e., 20 base stations with 70

inputs per base station and oneinput for every oneof possibly 20 additional surrounding base stations in the radio coverage area 120

10 that might be able to detect,or be detected by, a target MS 140 in the area corresponding to the ANN).

Accordingly, the technique described herein limits the numberof input neurons in each ANN constructed and generates a
larger numberof these smaller ANNs. Thatis, each ANN is trained on location signature data (or, more precisely, portionsof location

signatureClusters) in an area Aj, (hereinafter also denoted the “net area”), wherein each input neuron receives a unique input fromOne ©

a R so,

15 (Al) location signature data (e.g., signal strength/timedelaybin tallies) corresponding to transmissions between an mie anda
relatively small numberof base stations 122 in the area Ajy, For instance, location signature data obtained from,forexample, 
four base stations 122 (or antennasectors) in the area A,,yy., Note, each location signature data cluster includes fields describing

  

8 the wireless communication devices used; e.g., (i) the make and modelof the target MS; (ii) the current and maximum
os transmission power; (iii) the MS battery power(instantaneousor current); (iv) the base station (sector) current power level; (v)
ry 20 the base station make and model and revisionlevel; (vi) the air interface type and revision level (of, e.g. CDMA, TDMA or
a AMPS).

ieid
(A2) a discrete input corresponding to each basestation 122(or antennasector130)ina larger area containing A,yy, wherein each

such input here indicates whether the correspondingbasestation (sector):

(i) ison-line (i.e., capable of wireless communication with MSs) and atleast its pilot channel signal is detected by the target

25 MS 140, but the base station (sector) does not detect the target MS;

(ii) is on-line and the base station (sector) detects a wireless transmission from the target MS, but the target MS does not
detect the base station (sector) pilot channelsignal;

(iil) is on-line and the base station (sector) detects the target MS and the base station (sector)is detected by the target MS;

(iv) is on-line and the base station (sector) does not detect the target MS, the base station is not detected by the target MS; or

30 (v) is off-line (1.e., incapable of wireless communication with one or more MSs).

Note that (i)-(v) are hereinafter referred to as the “detectionstates.”

Thus, by generating an ANN for each of a plurality of net areas (potentially overlapping), a local environmental change in the wireless

signalcharacteristics of one net area is unlikely to affect more than a small numberof adjacentor overlapping netareas.

Accordingly, such local environmental changes canbe reflected in that only the ANNs having net areas affected by the local change
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  need to be retrained. Addition @medote that in cases where RF measurements from a targ.-™/ 140 are received across multiple net

areas, multiple ANNs may be activated, thus providing multiple MS location estimates. Further, multiple ANNs may be activated when

a location signature cluster is received for a target MS 140 and location signature cluster includeslocation signature data

corresponding to wireless transmissions between the MS and, e.g., more base stations (antenna sectors) than needed forthe collection

5 B described in the previous section. Thatis, if each collection B identifies four base stations 122 (antenna sectors), and a received

location signature cluster includes location signature data correspondingto five base stations (antennasectors), then there may be

upto five ANNs activated to each generatea location estimate.

Moreover, for each of the smaller ANNs,it is likey that the numberof input neuronsis on the orderof 330; (i.e. 70gignature548,539 ; . .
A inputs per eachoffour locationLsignatires(he,35inputsfor the forward wireless communications and 35 for the reverse wireless

caletead, Yo the tyes of
10x communications), plus 40 additionaldiscrete inputs for an appropriate area surrounding A,y,, plus 10 inputsretatectypeet MS,

powerlevels, etc. However, it is important to note that the numberof base stations (or antenna sectors 130) having corresponding

location signature data to be provided to such an ANN may vary. Thus, in some subareasof the coverage area 120, focation siauCor es6data from five or more base stations (antenna sectors) may be used, whereas in other subareas threeeyes
Regarding the output from ANNs used in generating MS location estimates, there are also numerous options. In one

9

aRa
15 embodiment, two values correspondingto the latitude and longitude of the target MS are estimated. Alternatively, by applying a

mesh to the coverage area 120, such ANN output may be in the form of a row value and a column valueofa particular mesh cell (andehidat
its corresponding area) where the target MS is estimated to be. Note that thecell sizes of the mesh need notbe of a particular shapeWhies
norof uniform size. However, simple non-oblong shapes are desirable. Moreover, such cells should be sized so that each cell has ansy

area approximately the size of the maximum degree of location precision desired. Thus, assuming square mesh cells, 250 to 350 feet

20_percell side in an urban/suburban area, and 500 to 700feetpercell side in a rural area may be desirable. 
ia . Artificial Neural Network Training

Thefollowing are steps provide one embodimentfor training a location estimating ANN according to the present invention.

(a) Determinea collection,C, of clusters of RF signal measurements (i.e., location signatures) such that each cluster is for RF

transmissions between an MS 140 and a commonset, B, of base stations 122 (or antennasectors 130) such the

25 measurementsare as described in (Al) above. In one embodiment, thecollection C is determined by interrogating the

location signature data base 1320 for verified location signature clusters stored therein having such a commonset B of

_base stations (antenna sectors). Alternatively in another embodiment, note that the collection C may be determined

from (i) the existing engineering and planning data from service providers who are planning wirelesscell sites, or (ii)

service provider test data obtained using mobile test sets, access probes or other RF field measuring devices. Note that

30 suchacollection B of base stations (antennasectors) should only be created when the set C of verified location signature

clusters is of a sufficient size so that it is expected that the ANN canbe effectively trained.
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 (b) Determine a colle @), base stations (or antenna sectors 130), B’, from L@oon set B, wherein B’is small (¢.g.,
four or five).

(c) Determine the area, A,,,, to be associated with collection B’ of base stations (antennasectors). In one embodiment,this

area is selected by determining an area containing the set L of locations ofall verified location signature clusters

determined in step (a) having location signature data from each of the base stations (antenna sectors) in the collection
B’. More precisely, the area, A,yy, may be determined by providing a covering of the locations of L, such as, e.g., by cells

of a mesh of appropriately fine mesh size so that each cell is of a size not substantially larger than the maximum MS
location accuracy desired.

(d) Determine an additional collection, b, of base stations that have been previously detected (and/orare likely to be

detected) by at least one MS in the area A,,y. ,

(e) Train the ANN on input data relatedto:(i) signal characteristic measurementsof signal transmissions between MSs 140 at

verified locations in Ajyy, and the base stations (antennasectors) in the collection B’, and (ii) discrete inputs of

detection states from the base stations representedin the collection b. For example, train the ANN on input including:

(i) data from verified location signatures from each of the base stations (antenna sectors) in the collection B’, wherein

each location signature is part of a cluster in the collection C;(ii) a collection of discrete values corresponding to other

base stations (antenna sectors) in the area b containing the area, A,,,.

Regarding (d) immediately above,it is important to note thatit is believed thatless accuracy is required in training a ANN

used for generating a location hypothesis (in a FOM 1224)for the present invention than in mostapplications of ANNs (or other

trainable/adaptive components) since, in most circumstances, when signal measurementsare provided for locating a target MS 140,

the location engine 139 will activate a plurality location hypothesis generating modules (corresponding to one or more FOMs 1224)

for substantially simultaneously generating a plurality of different location estimates (i.e., hypotheses). Thus,instead of training

each ANN so thatitis expected to be, e.g., 92% or higher in accuracy,it is believed that synergies with MS location estimates from

other location hypothesis generating componentswill effectively compensate for any reduced accuracy in such a ANN (or anyother

location hypothesis generating component). Accordingly,it is believed that training time for such ANNs may be reduced without

substantially impacting the MS locating performanceof the location engine 139.

Finding Near-Optimal Location Estimating Artificial Neural Networks

In one traditionalartificial neural network training process, a relatively tedious set of trial and error steps may be

performed for configuring an ANN so that training produces effective learning. In particular, an ANN may require configuring

parameters related to, for example, input data scaling,test/training set classification, detecting and removing unnecessary input

variable selection. However, the present invention reduces this tedium. That is, the presentinvention uses mechanisms suchas

genetic algorithms or other mechanismsfor avoiding non-optimal but locally appealing (i.e., local minimum)solutions, and locating
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  near-optimalsolutions instead. TI particular, such mechanism may be used to adjust the tratrix of weights for the ANNs so that very

good, near optimal ANN configurations may be found efficiently. Furthermore, since the signal processing system 4220 uses various

types of signal processing fitters for filtering the RF measurementsreceived from transmissions between an MS 140 and one or more
base stations (antenna sectors 130), such mechanismsfor finding near-optimalsolutions may be applied to selecting appropriate

filters as well. Accordingly, in one embodiment of the present invention, such filters are paired with particular ANNs so that the

location signature data supplied to each ANNis filtered according to a corresponding “filter description” for the ANN, wherein the

filter description specifies thefilters to be used on location signature data prior to inputting this data to the ANN. In particular, the

filter description can define a pipeline of filters having a sequenceof filters wherein for each two consecutivefilters, f, and f, (f,

precedingf,), in a filter description, the output of f, flows as inputto f,. Accordingly, by encoding sucha filter description together

with its corresponding ANN so that the encoding can be provided to a near optimal solution finding mechanism such as a genetic

algorithm,it is believed that enhanced ANN locating performance can be obtained. That is, the combined genetic codes ofthe filter

description and the ANN are manipulated by the genetic algorithm in a search for a satisfactory solution (i.e., location error estimates

within a desired range). This process and system provides a mechanism for optimizing not only the artificial neural network

architecture, but also identifying a near optimal match between the ANN and one or more signal processing filters. Accordingly, the

followingfilters may be used inafilter pipeline ofa filter description: Sobel, median, mean, histogram normalization, input cropping,
Gaussian

neighbor,Gaussien, Weinerfitters.
One embodiment for implementing the genetic evolvingoffilter description and ANN pairs is provided by the following

Steps that may automatically performed without substantial manualeffort:

1) Create an initial population of concatenated genotypes, or genetic representations for each pair of an artificial neural

networks and correspondingfilter description pair. Also, provide seed parameters which guide the scope and

. characterization ofthe artificial neural network architectures,filter selection and parameters, genetic parameters and
system control parameters.

2) Prepare the input or training data,including, for example, any scaling and normalizationof the data.

3) Build phenotypes, or artificial neural network/filter description combinations based on the genotypes.

4) Train andtest the artificial neural network/filter description phenotype combinationsto determinefitness; e.g.,

determine an aggregate location error .measurement for each network/filter description phenotype.

5) Compare the fitnesses and/orerrors, and retain the best networkAilter description phenotypes.

6) Select the best networks/filter descriptions in the phenotype population (i.e., the combinations with small errors).

7) Repopulate the population of genotypesfor the artificial neural networks and thefilter descriptions back to a

predetermined size using the selected phenotypes. ,

8) Combine the artificial neural network genotypes andfilter description genotypes thereby obtainingartificial neural

network/filter combination genotypes.

9) Mate the combination genotypes by exchanging genes or characteristics/features of the network/ filter combinations.

10) If system parameterstoppingcriteria is not satisfied, return to step 3.
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Note thatartificial neural network genotypes may be formed by selecting varioustypesofartificial neural network

architectures suited to function approximation, such asfast back propagation, as well as characterizing several varieties of candidate

transfer/activation functions, such as Tanh, logistic, linear, sigmoid and radial basis. Furthermore, ANNs having complex inputs may

be selected (as determined byafilter type in the signal processing subsystem 1220) for the genotypes.
Examples of genetic parameters include: (a) maximum populationsize (typical default: 300), (b) generation limit (typical

default: 50), (c) selection criteria, such as a certain percentage to survive (typical default: 0.5) or roulette wheel, (d) population

refilling, such as random or cloning (default), (e) matingcriteria, such as tatl swapping (default) or two cut swapping, (f) rate for a
choice of mutation criterion, such as random exchange (default: 0.25) or section reversal, (g) population size of the concatenated

artificial neural network/ filter combinations, (h) use of statistical seeding on theinitial population to bias the random initialization

toward stronger first order relating variables, and (i) neural node influence factors, e.g., input nodes and hidden nodes. Such

parameters can be used as weighting factors that influences the degree the system optimizes for accuracy versus network

compactness. For example, an input node factor greater than 0 provides a meansto reward artificial neural networks constructed

that use fewer input variables (nodes). A reasonable default valueis 0.1 for both input and hidden node factors.

Examples of neural net/filter description system control parameters include: (a) accuracy of modeling parameters, such as

relativeaccuracy, R-squared, mean squared error, root mean squared error or average absolute error (default), and (b) stopping

Criteria parameters, such as generations run, elapsed time, best accuracy found and population convergence.

Locating a Mobile Station Using Artificial Neural Networks

When using an artificial neural networkfor estimating a location of an MS 140,it is important thattheartificial neural

network be provided with as much accurate RF signal measurement data regarding signal transmissions between the target MS 140

and the base station infrastructure as possible. In particular, assuming ANN inputs as described hereinabove, it is desirable to obtain

the detection states of as many surrounding base stations as possible. Thus, whenever the location engine 139 is requested to locate a

target MS 140 (andin particular in an emergency context such as an emergency 9I| call), the location center 140 automatically

transmits a request to the wireless infrastructure to which the target MSis assigned for instructing the MS to raise its transmission

powerto full power for a short period of time (¢.g., 100 millisecondsin a base station infrastructure configuration an optimized for

such requests to 2 seconds in a non-optimized configuration). Note that the request for a changein the transmission power level of

the target MS has a further advantagefor location requests such as emergency 911 that are initiated from the MS itself in that a first

ensemble of RF signal measurements can be provided to the location engine 139 at the initial 941 calling power level and then a

second ensemble of RF signal measurements can be provided at a second higher transmission powerlevel. Thus, in one embodiment

of the presentinvention, anartificial neural network can be trained not only on the location signaturecluster derived from either the

initial wireless 911 transmissions or the full power transmissions, but also on the differences between these two transmissions. In
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particular, the difference in A... states of the discrete ANN inputs between the WDssissin powerlevels may provide
useful additional information for more accurately estimating a location of a target MS.

It is important to note that when gathering RF signal measurements from a wireless base station networkfor locating MSs,

the network should not be overburdened with location related traffic. Accordingly, note that network location data requests for data

particularly useful for ANN based FOMs is generally confined to the requests to the base stationsin the immediate area of a target MS
140 whose location is desired. For instance, both collections of base stations B’ and b discussed in the context of training an ANN are

also the samecollections of base stations from which MS location data would be requested. Thus, the wireless network MS location

data requests are data driven in that the base stations to queried for location data (i.e., the collections B’ and b) are determined by
previous RF signal measurement characteristics recorded. Accordingly,the selection of the caflections B’ and b are adaptableta

changesin the wireless environmental characteristics of the coverage area 120.

LOCATION SIGNATURE DATA BASE

Before proceeding with a description ofotherlevels of the present invention as described in (24.1) through (24.3)above,in this section
further detail is provided regardingthe location signature data base 1320. Note that a brief descriptionof the location signature data base was

provided above indicating that this data base stores MS tocation data fromverified and/or known locations (optionally with additional known

environmental characteristic values) for use in enhancing current target MS location hypotheses and for comparing archived location data with

location signal data obtained from a current target MS. However, the data base management system functionality incorporated into the

locationsignature data base 1320 is an important aspect of the present invention,and is therefore described in this section. In particular, the

data base management functionality described herein addresses a numberofdifficulties encountered in maintaining a large archive of signal

processing data such as MS signallocation data. Some of these difficulties can be described as follows:
(2) in many signal processing contexts, in order to effectively utilize archived signal processing data for enhancing the performance

of a related signal processing application,there must be an large amount of signal related data in the archive, and this data

must be adequately maintained so that as archived signal data becomes less useful to the corresponding signa! processing

application (i., the data becomes “inapplicable”)its impact on the application should be correspondingly reduced.

Moreover, as archive data becomessubstantially inapplicable,it should be filtered from the archive altogether. However, the

size of the data in the archive makesit prohibitive for such a process to be performed manually, and there may be no simple or

Straightforward techniques for automating such impact reduction or filtering processes for inapplicable signal data;

(b) it is sometimes difficult to determine the archived data to use in comparing with newly obtained signal processing application
data; and . ,

(©) tis sometimes difficult to determine a useful technique for comparing archived data with newly obtained signal processing

application data.

Itis an aspect of the present invention that the data base management functionality of the location signature data base 1320 addresses

each ofthe difficulties mentioned immediately above. For example, regarding (a), the location signature data base is “self cleaning” in that by

associating a confidence value with each loc sig in the data base and by reducing orincreasing the confidences ofarchived verified loc sigs
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according to how well their_data compares with newly received verified | ignature data, the location signature data
base [320 maintains a consistency with newly verified loc sigs. .

The following data base management functionaldescriptions describe some of the more noteworthy functions of the location signature

data base 1320. Note that there are various ways that these functions may be embodied. So as to not overburden the reader here,the details

for one embodiment is provided in APPENDIX C. Figs. 16a through |6c present a table providing a brief description of the attributesof the

location signature data type stored in the location signature data base 1320.

LOCATION SIGNATURE PROGRAM DESCRIPTIONS

Thefollowing program updates the random loc sigs in the location signature data base 1320. In one embodiment, this program is

invoked primarily by the Signal Processing Subsystem.

Update Location signature Database Program

UpdateLocSigDB(new_loc_obj, selectioncriteria, loc_sigpop)

/* This program updatesloc sigs in the location signature data base 1320. Thatis, this program updates, for example, at

least the location information for verified random loc sigs residing in this data base. The gerieral strategy here is to use

information (i.e.,“new_loc_obj”) received from a newly verified location (that may not yet be entered into the location

signature data base) to assist in determining if the previously stored random verified loc sigs are still reasonably valid to
use for.

(29.1) estimating a location for a given collection(i.., “bag”) of wireless (e.g., CDMA)location related signal

characteristics received from an MS,

. (29.2)training (for example) adaptive location estimators (and location hypothesizing models), and
(29.3) comparing with wireless signal characteristics used in generating an MSlocation hypothesis by one of the MS

location hypothesizing models (denoted First Order Models, or, FOMs).

More precisely,since it is assumedthat it is more likely that the newest location information obtained is more indicative of

. the wireless (CDMA) signal characteristics within some area surrounding a newly verified location than the verified loc sigs

(location signatures) previously entered into the Location Signature data base, suchverified loc sigs are comparedfor

signal characteristic consistency with the newly verified location information (object) input here for determining whether

someof these “older” data base verified loc sigs still appropriately characterize their associated location.

In particular, comparisonsare iteratively made here between each (target) loc sig “near” “newloc_obj” anda

populationof loc sigs in the location signature data base 1320 (such populationtypically including the loc sig for
“new_loc_obj) for: .

(29.4)adjusting a confidence factorof the targetloc sig. Note that each such confidence factoris in the range [0, |]

with 0 being the lowest and | being the highest. Further note that a confidence factor here canbe raised as
76

Cisco v. TracBeam / CSCO-1002

Page 82 of 2386



Cisco v. TracBeam / CSCO-1002 
Page 83 of 2386

10

ek
15

 
io 

20

25

30

well @., depending on how well the target lac sig ratteDonen with the populationofloc
sigs to which it is compared. Thus, the confidence in any particularverified loc sig, LS, can fluctuate with

successive invocations of this program if the input to the successive invocations are with location information

geographically “near” LS.

(29.5) removeolderverified loc sigs from use whose confidence value is below a predetermined threshold. Note,it is

intended that such predetermined threshalds be substantially automatically adjustable by periodically testing

various confidence factor thresholds in a specified geographic area to determine how well the eligible data

base locsigs (for different thresholds) perform in agreeing with a numberofverified loc sigs in a “loc sig

test-bed”, wherein the test bed may be composed of, for example, repeatable loc sigs and recent random

verified loc sigs.

Note that this program may be invoked with a (verified/known) random and/or repeatable loc sig as input.
Furthermore,the target loc sigs to be updated may be selected from a particular groupofloc sigs such as the random loc

sigs or the repeatable locsigs, such selection being determined according to the input parameter, “selectioncriteria”

while the comparison population may be designated with the input parameter, “loc_sig_pop”. For example, to update

confidence factors of certain random locsigs near “newloc_obj”, “selectioncriteria” may be given a value indicating,

“USE_RANDOM_LOC_SIGS”,and “loc_sig_pop” may be given a value indicating, “USEREPEATABLELOCSIGS”.

Thus, if in a given geographic area, the repeatable toc sigs (from,e.g., stationary transceivers) in the area have recently

been updated, then by successively providing “newloc_obj” with a loc sig for each of these repeatablelocsigs, the
stored randomloc sigs can have their confidences adjusted.

Alternatively,in one embodimentof the present invention, the present function may be used for determining

whenit is desirable to update repeatable loc sigs ina particular area(instead of automatically and periodically updating

such repeatablelocsigs). For example, by adjusting the confidence factors on repeatablelocsigs here provides a method

for determining when repeatable locsigs for a given area should be updated. That is, for example, when the area’s average

confidence factor for the repeatable loc sigs drops below a given (potentially high) threshold, then the MSs that provide the

repeatable toc sigs can be requested to respond with new loc sigs for updating the data base. Note, however, that the

approach presented in this function assumes that the repeatable location information in the location signature data base

1320 is maintained with high confidence by, for example, frequent data base updating. Thus, the random location

signature data base verified location information maybe effectively compared against the repeatable loc sigs in an area.
INPUT: ,

new.loc_obj: a data representation at least including a loc sig for an associated location about which Location

Signature loc sigs are to have their confidences updated.

selectioncriteria: a data representation designating the loc sigs to be selected to have their confidences updated

(maybe defautted). The following groupsof loc sigs may be selected: “USERANDOMLOCSIGS” (this is the
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default), Deessis1e100-51 “USEALLLOCSIGS”. @. each of these selections has values
for the following values associated with it (although the values may be defaulted): ,
(a) a confidence reduction factor for reducingloc sig confidences,

(b) a big_error_threshold for determining the errors above which are considered too big to ignore,

5 (0) a confidence increase_factorfor increasing loc sig confidences,
(d) a small_error_threshold for determiningthe errors below which are considered too small (i.e., good) to

ignore.

(e) a recent_time for specifying a time period for indicating the loc sigs here considered to be “recent”.

loc_sigpop: a data representation of the type of loc sig population to which the foc sigs to be updated are

10 . compared. Thefollowing values may be provided:

(a) “USE ALL LOC SIGS IN DB”,

(b) “USE ONLY REPEATABLE LOC SIGS” (this is the default),

(c) “USE ONLY LOC SIGS WITH SIMILAR TIME OF DAY”

However, environmental characteristics such as: weather,traffic, season are also contemplated.

Confidence Aging Program

Thefollowing program reduces the confidence of verified loc sigs in the location signature data base |320 that are likely to
be no longer accurate (i.e., in agreement with comparableloc sigs in the data base). If the confidence is reduced low enough, then

such loc sigs are removed from the data base. Further, if for a location signature data base verified location composite entity (ie., a

collection ofloc sigs for the same location and time),this entity no longer references any valid loc sigs, then it is also removed from

the data base. Note that this program is invoked by “UpdateLocSigDB”.

 
reduce_badDBloc_sigs(loc_sigbag, error_rec_set, bigerror_threshold confidencereductionfactor,

recent_time)

Inputs:

loc_sig_bag: A collection or “bag” of loc sigs to be tested for determiningif their confidences should be lowered

25 . and/or any of these loc sigs removed.
errorrec_set:Aset of error records (objects), denoted “error_recs”, providing information as to how much each

loc sig in “loc_sig_bag” disagrees with comparableloc sigs in the data base. That is, there isa

“error_rec” here for each loc sig in “loc_sig_bag”.

big_error_threshold: The error threshold above which the errors are considered too big to ignore.

 

30 confidence_reduction_factor: The factor by which to reduce the confidence of locsigs.
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recent_time: period beyond which loc sigs are no longer conde Note that “recent” locsigs(i.e.,
more recent than “recenttime”) are not subject to the confidence reduction andfiltering of this

actions of this function.

Confidence Enhancement Program

5 The following program increases the confidence of verified Location Signature loc sigs that are (seemingly) of higher

accuracy (i.e., in agreement with comparableloc sigs in the location signature data base 1320). Note that this program is invoked by

“UpdateLocSigDB”.

increase_confidence_of_goodDB_loc_sigs(nearbyloc_sigbag, errorrec_set, smallerror_threshold,

confidence_increase_factor, recent_time);

10 Inputs:

loc_sig_bag: A collection or “bag” of to be tested for determiningif their confidences should be increased.

error_rec_set: A set of error records (objects), denoted “errorrecs”, providing information as to how much each

loc sig in “loc_sig_bag” disagrees with comparable locsigs in thelocation signature data base. That

is, there isa “error_rec” here for each loc sig in “loc_sig_bag”.

15 small_error_threshold: The error threshold below which the errors are considered too small to ignore.

 
iunail confidence_increase_factor: The factor by which to increase the confidenceof loc sigs.

recent_time: Time period beyond which loc sigs are no longer considered recent. Note that “recent” locsigs(i.e., 
more recent than “recent_time”) are not subject to the confidence reduction andfiltering of thisfii

fi
lsd

actions of this function.

20 Location Hypotheses Consistency Program

The following program determinesthe consistency of location hypotheses with verified location informationin the location

signature data base 1320. Note that in the one embodimentof the present invention, this program is invoked primarily by a module

denoted the historical location reasoner 1424 described sections hereinbelow. Moreover, the detailed description for this program is
provided with the description ofthe historical! location reasoner hereinbelow for completeness.

25  DB_LocSigErrorFit(hypothesis, measuredloc_sigbag, searchcriteria)

> This function determines how well the collection of loc sigs in “measured_loc_sig_bag” fit with the loc sigs in the location

signature data base 1320 wherein the data base loc sigs must satisfy the criteria of the input parameter “searchcriteria” and

are relatively close to the MS location estimate of the location hypothesis, “hypothesis”.

Input:—hypothesis: MS location hypothesis;

30 measured_loc_sig_bag: A collection of measured location signatures (“loc sigs” for short) obtained from the MS

(the data structure here is an aggregation such as an arrayorlist). Note, it is assumed that there is at most
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 one®. per Base Station in this collection. Additionally, oe
be a location signature cluster such as the “loc_sig_cluster” field of a location hypothesis (cf. Fig. 9). Note

at the input data structure here may

that variations in input data structures may be accepted here by utilization.offlag or tag bits as one skilled in

the art will appreciate;

5 searchcriteria: The criteria for searching the verified location signature data base for various categoriesof loc

sigs. The only limitation on the typesof categories that may be provided hereis that, to be useful, each

category should have meaningful numberoflocsigs in the location signature data base. Thefollowing

categories included here are illustrative, but others are contemplated:

(a) “USE ALL LOC SIGS IN DB”(the default),

10 (b) “USE ONLY REPEATABLE LOC SIGS”,

(c) “USE ONLY LOC SIGS WITH SIMILAR TIME OF DAY”.

Further categories of loc sigs close to the MS estimate of “hypothesis” contemplated are:all loc sigs for the

same season and sametimeofday,all loc sigs during a specific weather condition (e.g., snowing) and at the

same timeof day,as well as other limitations for other environmental conditions suchastraffic patterns.
15 Note,if this parameteris NIL, then (a) is assumed.

Returns: An error object (data type: “errorobject”) having: (a) an “error” field with a measurementof the error in thefit

of thelocation signatures from the MS with verified location signatures in the location signature data base 1320;
a andra “confidence” field with a value indicating the perceived confidence thatis to be given to the “error”

value. */

20 Location Signature Comparison Program
 

Thefollowing program compares: (al) loc sigs that are contained in (or derived from)the loc sigs in

“target_loc_sigbag” with (bl) loc sigs computed from verified loc sigs in the location signature database 1320. Thatis, each loc

sig from (al) is compared with a corresponding loc sig from (b) to obtain a measurement of the discrepancy between the two loc sigs.
In particular, assuming each of the loc sigs for “targetloc_sigbag” correspond to the same target MS location, wherein this

25 location is “target_loc”, this program determines how well the loc sigs in “targetloc_sigbag” fit with a computed or estimated

loc sig for the location, “targetloc” that is derived from theverified loc sigs in the focation signature data base 1320. Thus,this
program maybe used: (a2) for determining how well the loc sigs in the location signature cluster for a target MS

(“target_loc_sigbag”) compares with loc sigs derived from verified location signaturesin the location signature data base, and

(b2) for determining how consistent a given collection ofloc sigs (“targetlocsigbag”) from the location signature data base is

30 with other loc sigs in the location signature data base. Note that in (b2) each of the one or more locsigs in “target_loc_sigbag”

have an error computed here that can be used in determining if the loc sig is becoming inapplicable for predicting target MS locations.
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DetermineLocationSighFit_Errorstargt_loc targetlocsig1MOMarch_area, searchcriteria,
outputcriteria)

/ Input: target_loc: An MS location or a location hypothesis for an MS. Note, this can be anyofthe following:

(a) An MS location hypothesis, in which case,if the hypothesisis inaccurate, then the loc sigs

in “target_loc_sig_bag” are the location signature cluster-from which this location
hypothesis was derived. Note that if this location is inaccurate, then

“target_loc_sigbag”is unlikely to be similar to the comparable locsigs derived from

the loc sigs of the location signature data base close “target_loc”; or

(b) A previously verified MS location, in which case, the foc sigs of “targetlocsigbag”

were the foc sigs measurementsat the time they were verified. However,these loc sigs
may or may not be accurate now.

target_loc_sigbag: Measured location signatures(“loc sigs”for short) obtained from-the MS (the data

structure here, bag, is an aggregation such asarrayor fist). It is assumed that there is at least oneloc sig

in the bag. Further, it is assumed that there is at most oneloc sig per Base Station;

searcharea: The representation of the geographic area surrounding “targetloc”. This parameteris used for

searching the Location Signature data base forverified loc sigs that correspond geographically to the

location of an MS in “searcharea;

searchcriteria: The criteria used in searching the location signature data base. The criteria may include the

following:

(a) “USE ALL LOC SIGS IN DB”,

(b) “USE ONLY REPEATABLE LOC SIGS”,

(c) “USE ONLY LOC SIGS WITH SIMILAR TIME OF DAY”.

However, environmental characteristics such as: weather, traffic, season are also contemplated.

output_criteria: The criteria used in determining the error records to output in “error_rec_bag”. The criteria

here may include oneof:

(a) “OUTPUT ALL POSSIBLE ERROR_RECS”;

(b) “OUTPUT ERRORRECS FOR INPUT LOC SIGS ONLY”.

Returns: error_rec_bag: A bag of error records or objects providing an indication of the similarity between eachloc sig

in “target_loc_sigbag” and anestimated loc sig computed for “target_loc” from storedloc sigs in a surrounding

area of “target_loc”. Thus, each error record/object in “error_rec_bag” provides a measurementof how well a loc

sig (i.¢., wireless signal characteristics) in “target_loc_sig_bag” (for an associated BS and the MS at “targetloc”)

correlates with an estimated loc sig between this BS and MS. Note that the estimated loc sigs are determined using

verified location signatures in the Location Signature data base. Note, each error record in “error_rec_bag”
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includes: (a) @indicating the base station to which the erroraintand (b) a error measurement
(> =0), and (c) a confidence value(in (0, |}) indicating the confidenceto be placed in the error measurement.

ComputedLocation Signature Program

The following program receives a collectionofloc sigs and computesa focsig that is representative of the toc sigsin the

5 collection. Thatis, given a collection ofloc sigs, “loc_sig_bag”, wherein each loc sig is associated with the same predetermined Base

Station, this program uses these loc sigs to compute a representative or estimated foc sig associated with the predetermined Base

Station and associated with a predetermined MSlocation, “loc_forestimation”. Thus, if the loc sigs in “loc_sig_bag”are from the

verified loc sigs of the location signature data base such that each of these loc sigs also hasits associated MS location relatively close

to “loc_forestimation”, then this program can compute and return a reasonable approximation of what a measuredloc sig between

10  anMSat“loc_for_estimation” and the predetermined Base Station ought to be. This program is invoked by

“DetermineLocationSignatureFit_Errors”.

nl estimate_loc_sigfromDB(loc_forestimation, locsigbag)

Geographic Area Representation Program

The following program determines and returns a representation of a geographic area abouta location, “loc”, wherein: (a)*aii,hd
15__the geographic area has associated MS locations for an acceptable number (i.e., at least a determined minimal number) ofverified loc

sigs from the location signature data base, and (b) the geographical area is not too big. However,if there are not enoughloc sigs iniiL
even a largest acceptable search area about “loc”, then this largest search area is returned. “DBLocSigError_Fit”apg

  
i

get_area_tosearch(loc)

Location signature Comparison Program

20 This program compares twolocationsignatures, “target_loc_sip” and “comparison_loc_sig”, both associated with the
same predetermined Base Station and the same predetermined MS location (or hypothesized location). This program determines a

measure of the difference or error between the twoloc sigs relative to the variability of the verified location signatures in a collection

of loc sigs denoted the “comparison_loc_sig_bag” obtained fram thelocation signature data base. It is assumed that

“target_loc_sig”, “comparison_loc_sig” andtheloc sigs in “comparison_loc_sigbag” are all associated with the same base

25__station. This program returns an error record (object), “error_rec”, having an erroror difference value and a confidence vatue for

the error value. Note, the signal characteristics of “target_loc_sig” and those of “comparisonloc_sig” are not assumed to be

similarly normalized (e.g., via filters as per the fitters of the Signal Processing Subsystem) prior to enteringthis function. It is

further assumed thattypically the input loc sigs satisfy the “searchcriteria”. This program is invokedby: the program,

“Determine_LocationSignatureFit_Errors”, described above.
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get_differencemeasure (B aretlocsig comparison_loc_sig, comp,lcsigbag searcharea,
searchcriteria)

Input:

target_loc_sig: The loc sig to which the “error_rec” determined here is to be associated.

comparison_loc_sig: The loc sig to compare with the “target_loc_sig”. Note, if “comparison_loc_sig” is NIL, then this

parameter has a value that correspondsto a noise level of “targetloc_sig”.

comparison_loc_sigbag: The universe of foc sigs to use in determining an error measurement between “target_loc_sig” and

“comparison_loc_sig” . Note, the loc sigs in this aggregation include all loc sigs for the

associated BS that are in the “searcharea”.

searcharea: A representation of the geographical area surrounding the location forall input loc sigs. This inputis used for

determining extra information about the search area in problematic circumstances.

searchcriteria: Thecriteria used in searching the location signature data base. The criterta may include the following:
" (a) “USE ALL LOC SIGS IN DB”, ,

(b) “USE ONLY REPEATABLE LOC SIGS”,

(©) “USE ONLY LOC SIGS WITH SIMILAR TIME OF DAY

However, environmental characteristics such as: weather, traffic, season are also contemplated.

Detailed Description of the Hypothesis Evaluator Modules

Context Adjuster Embodiments

The context adjuster 1326 performsthefirst set of potentially many adjustments to at least the confidences oflocation hypotheses, and in

some important embodiments, both the confidences and the target MSlocationestimates provided by FOMs 1224 may be adjusted according to

previous performances of the FOMs. More particularly, as mentioned above, the context adjuster adjusts confidences so that, assumingthere is

a sufficent density verified location signature clusters captured in the location signature data base 1320, the resulting location hypotheses

output by the context adjuster 1326 may be further processed uniformly and substantially without concern as to differences in accuracy

betweenthe first order models from which focation hypotheses originate. Accordingly, the context adjuster adjusts location hypotheses both

to environmental factors (¢.g., terrain, traffic, time ofday, etc., as described in 30.1 above), and to how predictable or consistent each first

order model (FOM) has been at locating previous target MS’s whose locations were subsequently verified.

Of particular importance is the novel computational paradigmutilized herein. Thatis, if there is a sufficient density of previous verified

MSlocation data stored in the location signature data base 1320, then the FOM Iocation hypotheses are used as an “index” into this data base

(Le. the location signature data base) for constructing new target MS 140 locationestimates. A more detailed discussion of this aspect of the

present invention is given hereinbelow. Accordingly, only a brief overview is provided here. Thus, since the location signature data base 1320

stores previously captured MS location data including:
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  Signature signals (see the location signature data base sera discussion of these signals) and .(a) dusters why !
(b) acorresponding verified MS location, for each such cluster, from where the MS signals originated,

the context adjuster 1326 uses newly created target MS location hypotheses output by the FOM’s as indexes or: pointers into the location

signature data base for identifying other geographical areas where the target MS 140is likely to be located based on the verified MS location

data in the location signature data base.

In particular,at least the following twocriteria are addressed by the context adjuster 1326:

(2.1) Confidence values for location lypotheses are to be comparable regardiess of first order models from which the location

hypotheses originate. That is, the context adjuster moderates or dampensconfidence value assignment distinctions or

variations betweenfirst order models so that the higher the confidence of a location hypothesis, the more likely (or

unlikely, if the location hypothesis indicates an area estimate where the target MS is NOT) the target MS is perceived to be

in the estimated area ofthe location hypothesis regardless of the First Order Madel from whichthelocation hypothesis was

output; ;

(32.2) Confidence values for location hypotheses may be adjusted to account for current environmental characteristics such as
month, day (weekday or weekend), time of day, area type (urban, rural, etc.), traffic and/or weather when
comparing how accuratethefirst order models have previously been in determining an MS location according to

such environmental characteristics. For example, in one embodimentof the present invention, such

environmental characteristics are accounted for by utilizing a transmission area type scheme (as discussed in

section 5.9 above) when adjusting confidence valuesof location hypotheses. Details regarding the use of area
types for adjusting the confidences of {ocation hypotheses and provided hereinbelow, and in particular, in

APPENDIX D.

Note that in satisfying the above twocriteria, the context adjuster 1326, at least in one embodiment, may use heuristic (fuzzy

logic) rules to adjust the confidence values oflocation hypotheses from the first order models. Additionally, the context adjuster

may also satisfy the followingcriteria:

(33.1) The context adjuster may adjust location hypothesis confidences due to BS failure(s),

(33.2) Additionally in one embodiment, the context adjuster may have a calibration modeforat least one of:

(a)calibrating the confidence values assigned byfirst order modelsto their location. hypotheses outputs;

(b) calibrating itself.

A first embodiment ofthe context adjusteris discussed immediately hereinbelow and in APPENDIX D. However, the
present invention also includes other embodiments ofthe context adjuster. A second embodiment is also described in Appendix D so

as to not overburden the reader and thereby chance losing perspective of the overall invention.

A description ofthe high level functions in an embodiment of the context adjuster 1326 follows. Details regarding the

implementation of these functions are provided in APPENDIX D. Also, many of the terms used hereinbelow are defined in APPENDIX

D. Accordingly, the program descriptionsin this section provide the reader with an overview ofthis first embodiment of the context

adjuster 1326.
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e ©
Context_adjuster(loc_hyp_ist) .

This function adjusts the location hypotheses onthe list, “loc_hyp_list”, so that the confidencesof the location hypotheses

are determined more by empirical data than default values from the First Order Models 1224. That is, for each input location

5__hypothesis, its confidence (and an MS focation area estimate) may be exclusively determined here if there are enough verified location

signaturesavailable within and/or surrounding the location hypothesis estimate.

This function creates a new list of location hypotheses from the input list, “loc_hyp_list”, wherein the location hypotheses on

the new list are modified versions of those on the input list. For each lacation hypothesis on the inputlist, one or more corresponding

location hypotheses will be on the output list. Such corresponding output location hypotheseswill differ from their associated input

10_location hypothesis by one or more of the following: (a) the “imagearea”field (see Fig. 9) may be assigned an area indicative of

where the target MS is estimated to be, (b) if “imagearea” is assigned, then the “confidence” field will be the confidence that the

target MS is located in the area for “image_area”,(c) if there are not sufficient “nearby” verified location signature clusters in the

location signature data base 1320 to entirely rely ona computed confidence using such verified location signature clusters, then two
location hypotheses (having reduced confidences) will be returned, one having a reduced computed confidence (for “imagearea”)aepa

15 _using the verified clusters in the Location Signature data base, and one being substantially the same as the associated inputlocation

~The hypothesis except that the confidence (for the field “area_est”) is reduced to reflect the confidencein its paired location hypothesis

having a computed confidence for “imagearea”. Notealso, in some cases, thelocation hypotheses on the input list, may have no

 change to its confidence or the area to which the confidence applies.

Get_adjusted_loc_hyp_list_for(loc_hyp)

20 This function returnsalist (or more generally, an aggregation object) of one or more location hypothesesrelated to the
ahLa
 input location hypothesis, “loc_hyp”. In particular, the returned location hypotheseson the list are “adjusted” versions of

™ “loc_hyp” in that both their target MS 140locationestimates, and confidence placed in such estimates may be adjusted accordingto

archival MS location information in the location signature data base 1320. Note thatthe steps hereinare also provided in flowchart

form in Figs. 26a through 26c.

25—_-RETURNS: loc_hyp_list This is a list of one or more location hypotheses related to the

input “loc_hyp”. Each location hypothesis on “loc_hyp_list” will typically be

substantially the sameas the input “loc_hyp” except that there may now be a new target

MS estimate in the field, “imagearea”, and/or the confidence value may be changed to

reflect information of verified location signature clusters in the location signature data

30 base.

The function, “get_adjusted_loc_hyp_list_for,” and functionscalled by this function presuppose a framewark

or paradigm thatrequis some discussion as well as the defining of some terms. Note that some of the terms defined hereinbelowQe

are illustrated in Fieia,
* 85

Cisco v. TracBeam / CSCO-1002

Page 91 of 2386



Cisco v. TracBeam / CSCO-1002 
Page 92 of 2386

Define the term the m|set” to be the set of all MS location pointsinathe values of the “pt_est” field of the
location hypothesis data type), for the present FOM, such that: ,

(a) these estimates are within a predetermined corresponding area (e.g., the “loc_hyp.pt_covering”being sucha

predetermined corresponding area, or more generally, this predetermined corresponding area is determined as a
5 function of the distance from aninitiallocation estimate, ¢.g., “loc_hyp.pt_est”, from the FOM), and

(b) these point estimates have verified location signature clusters in the location signature data base.

Note that the predetermined corresponding area abovewill be denoted as the “cluster set area”.

Define the term “image cluster set” (for a given First Order Model identified by “loc_hyp.FOMID”) to meantheset of verifted

location signature clusters whose MS location point estimates are in “‘the cluster set”.

10 Note that an area containing the “image cluster set” will be denoted as the “image cluster set area”or simply the “image area”

in some contexts. Further note that the “image cluster set area” will be a “small” area encompassing the “image cluster set”. In one

embodiment, the image cluster set area will be the smallest coveringofcells from the mesh for the present FOM that covers the

convexhull of the image cluster set. Note that preferably,each cell of each mesh for each FOM is substantially contained within a

id single (transmission) area type.

eb) Thus, the present FOM provides the correspondences or mapping between elementsofthe cluster set and elementsof the image

tA clusterset.
iW

iG

a confidence_adjuster(FOM_ID, imagearea, imageclusterset)
ia ps wae .
a This function returns a confidence value indicative of the target MS 140 being in the area for “imagearea”. Note that 20 the steps for this function are provided in flowchart form in Figs. 27a and 27b.

 RETURNS: A confidence value. This is a value indicative of the target MS being located in the area represented by

“image_area” (whenit is assumed thatfor the related “loc_hyp,” the “cluster set area”is the “loc_hyp.pt_covering”

and “loc_hyp.FOM_ID” is “FOM_ID”).

25 The function, “confidenceadjuster,” (and functions called by this function) presupposea framework or paradigm that

requires some discussion as well as the defining of terms. ,

Define the term “mapped cluster density” to be the number of theverified location signature clusters in an “image cluster

set” per unit of area in the “image cluster set area”. i

It is believed that the higher the “mappedcluster density”, the greater the confidence can be had that a target MS actually

30 residesin the “imagecluster set area” when an estimatefor the target MS (by the present FOM)is in the corresponding “the
cluster set”.

Thus, the mapped cluster density becomes an important factor in determining a confidence value for an estimated area of a

target MS such as, for example, the area represented by “imagearea”. However, the mapped cluster density value requires

modification before it can be utilized in the confidence calculation. In particular, confidence values mustbe in the range[-I, I]
86

Cisco v. TracBeam / CSCO-1002

Page 92 of 2386



Cisco v. TracBeam / CSCO-1002 
Page 93 of 2386

10

 
25

30

and a mappedclustera)). not have this constraint. Thus, a “relativized naDBeser density” for an estimated MS
areais desired, wherein this relativized measurementis in the range [-1, +1], and in particular,for positive confidencesin the

range [0, I]. Accordingly, to alleviate this difficulty, for the FOM define the term “prediction mapped cluster density” as a
mapped cluster density value, MCD,for the FOM and imagecluster set area wherein:

(i) MCDis sufficiently high so that it correlates (at least at a predetermined likelihood threshold level) with the actualtarget

MS location being in the “image cluster set area” when a FOM target MS location estimateis in the corresponding “cluster

set area”;

Thatis, for a cluster set area (e.g., “loc_hyp.pt_covering”) for the present FOM, if the image cluster set area: has a mapped

Cluster density greater than the “prediction mapped cluster density”, then there is a high likelihood of the target MS being in the

imagecluster set area.

It is believed that the prediction mapped cluster density will typically be dependent on one or more area types. In

particular, it is assumed that for each area type, there is a likely range of prediction mapped cluster density valuesthatis

substantially uniform across the area type. Accordingly, as discussed in detail hereinbelow,to calculate a prediction mapped

cluster density for a particular area type, an estimate is made of the correlation between the mapped cluster densities of image
areas (from cluster set areas) and thelikelihood thatif a verified MS location: (a) has a corresponding FOM MSestimate in the

Cluster set, and (b)is also in the particular area type, then the verified MS location is also in the image area.

Thus,if an area is within a single area type, then such a “relativized mapped cluster density” measurementfor the area

may be obtained by dividing the mapped cluster density by the prediction mapped cluster density and taking the smaller of: the

resulting ratio and 1.0 as the value for the relativized mapped cluster density.

In some (perhaps most) cases, however, an area(e.g., an image Cluster set area) may have portions in a numberof area
types. Accordingly, a “composite prediction mapped cluster density” may be computed, wherein, a weighted sum is computed of
the prediction mapped cluster densities for the portions of the area that is in each of the area types. That is, the weighting, for

each of thesingle area type prediction mappedcluster densities, is the fractionof the total area that this area type is. Thus, a

“relativized composite mapped cluster density” for the area here may also be computed by dividing the mapped cluster density

by the composite prediction mappedcluster density and taking the smaller of: the resulting ratio and 1.0 as the valuefor the
relativized composite mapped cluster density.

Accordingly, note that as such a relativized (composite) mapped cluster density for an image cluster set area increases/decreases,it is

assumed that the confidence of the target MS being in the image cluster set area should increase/decrease,

respectively.

get_compasiteprediction_mapped_cluster_density_for_highcertainty(FOM_ID, image_area);

The present function determines a composite prediction mapped cluster density by determining a composite prediction

mapped cluster density for the area represented by “image_area” and for the First Order Model identified by “FOMID”.

OUTPUT: composite_mappeddensity This is a record for the composite prediction .
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  epped cluster density. In particular, there are withov
(i) a “value” field giving an approximation to the prediction mapped cluster density for the First

Order Model having id, FOM_[D;

(ii) a “reliability” field giving an indication as to the retiability of the “value” field. Thereliability

5 | field is in the range [0, |] with 0 indicating that the “value” field ts worthless and thelarger the
value the more assurance can be put in “value” with maximal assurance indicated when “reliability”

is.

get_prediction_mapped_cluster_densityfor(FOMID, area_type)

10 The present function determines an approximation to a prediction mapped cluster density, D, for an area type such that if an

imagecluster set area has a mapped cluster density > = D, then there is a high expectation that the target MS 140is in the

image cluster set area. Note that there are a number of embodiments that maybeutilized for this function. The steps herein are

also provided in flowchart form in Figs. 29a through 29h.

OUTPUT: predictionmappedclusterdensity This is a value giving an approximation to the prediction mapped

cluster density for the First Order Model having identity, “FOM_ID”, and for the area type represented by

“area_type” */

It is important to note that the computation here for the prediction mapped cluster density may be more intense than

some other computations but the cluster densities computed here need not be performedin realtime target MS location

processing. Thatis, the stepsof this function may be performed only periodically (e.g., once a week), for each FOM and each area

 
type thereby precomputing the output for this function. Accordingly, the values obtained here may be stored in a table thatis

accessed during real time target MS tocation processing. However, for simplicity, only the periodically performed steps are

presented here. However, one skilled in the art will understand that with sufficiently fast computational devices, some related

25 variations of this function may be performedin real-time. In particular, instead of supplying area type as an inputto this

function, a particular area, A, may be provided such as the image area for a clusterset area,or, the portion of such an image area

ina particular area type. Accordingly, wherever “area_type”is used in a statement of the embodimentofthis function below, a

comparable statement with “A” can be provided.

Location Hypothesis Analyzer Embodiment

30 Referring now to Fig. 7,an embodiment of the Hypothesis Analyzeris ilfustrated. The control component is denoted the contro!

module 1400 . Thus, this contro! module managesor controls access to the run time location hypothesis storage area 1410. The contro! module

1400 and the run time location hypothesis storage area 1410 may be implemented as a blackboard system and/or an expert system.
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  Accordingly, in the blackboard e?) ent, , and the control module 1400 determines when né?*-ction hypotheses may be entered onto the

blackboard from other processes such as the context adjuster 1326 as well as when location hypotheses may ba output to the most likelihood

estimator1344.

The followingis a brief descriptionof each submodule included in the location hypothesis analyzer 1332.

(35.I) A control module 1400 for managing or controlling further processing of location hypotheses received from the context adjuster. This

module controls all location hypothesis processing within the location hypothesis analyzer as well as providing the input interface with

the context adjuster. There are numerous embodiments that may be utilized for this module, including, but not limited to,expert

systems and blackboard managers.

(35.2) A run-time location hypothesis storage area 1410 for retaining location hypotheses duringtheir processing by the location hypotheses

analyzer. This can ba, for example, an expert system fact base or a blackboard. Note that in someof the discussion hereinbelow,for

simplicity, this module is referred to as a “blackboard”. However, it is not intended that such notation be a limitation on the present

invention; Le., the term “blackboard” hereinafter will denote a run-time data repository fora data processing paradigm wherein the

flow of controlis substantially data-driven.

(35.3)An analytical reasoner module [416 for determining if (or how well) location hypotheses are consistent with well known physicalor

heuristic constraints as, e.g., mentioned in (30.4) above. Note that this module may be a daemonorexpert system rule base.

(5.4) Anhistoricallocation reasoner module 1424 for adjusting location hypotheses’ confidences according to how well the location signature

characteristics (ie., loc sigs) associated with a location hypothesis compare with “nearby” toc sigs in the location signature data base

as indicated in (30.3) above. Note that this module may also be a daemon or expert system rule base.

5.5)A location extrapolator module 1432for use in updating previous location estimates for a target MS when a more recent location

hypothesis is provided to the location hypothesis analyzer 1332. That is, assume that the control module 1400receives a new location

hypothesis for a target MS for which there are also one or more previous location hypotheses that either have been recently processed

(ie., they reside in the MSstatus repository 1338, as shown best in Fig. 6), or are currently being processed (Le. they reside in the run-
time location hypothesis storage area 1410). Accordingly,if the active_timestamp(see Fig. 9 regarding location hypothesis data

fields) of the newly received location hypothesis is sufficiently more recent than the activetimestampof one of these previous location

hypotheses, then an extrapolation may be performed by the location extrapolator module 1432 on such previous location hypotheses so

that all target MS location hypotheses being concurrently analyzed are presumed to include target MS location estimatesfor

substantially the same point in time. Thus, initial location estimates generated by the FOMsusing different wireless signal

measurements, from different signal transmission time intervals, may have their corresponding dependent location hypothesesutilized

simultaneously for determining a most likely target MS location estimate. Note that this module mayalso be daemonor expert system
rule base.

(35.6) hypothesis generating module 1428 for generating additional location hypotheses accordingto, for example, MS location information

not adequately utilized or modeled. Note, location hypotheses may also be decomposed here if, for example it is determined that a

location hypothesis includes an MS area estimate that has subareas with radically different characteristics such as an MS area estimate

that includes an uninhabited area and a densely populated area. Additionally, the hypothesis generating module 1428 may generate
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  “poorreception” locas war otheses that specify MS location areas of knownpoorrec “that are “near”orintersect currently
active location hypotheses. Note, that these poor reception location hypotheses may be specially tagged (e.g., with a distinctive

FOM_{D value or specific tag field) so that regardless of substantially any other location hypothesis confidence value overlapping such

a poor reception area, such an area will maintain a confidence value of “unknown”(i.e., zero). Note that substantially the only

5 exception to this constraint is location hypotheses generated from mobile base stations 148. Note that this module mayalso be daemon

or expert system rule base.

In the blackboard system embodiment of the location hypothesis analyzer, a blackboard system is the mechanism by which the last

adjustments are performed on location hypotheses and by which additional location hypotheses may be generated. Briefly, a blackboard
10_system can be described as a particularclass of software thattypically includes at least three basic components. That is:

(36.1) adata base called the “blackboard,” whose stored information is commonly available to a collection of programming

elements known as “daemons”, wherein, in the present invention, the blackboard includes information concerning the

current status of the location hypotheses being evaluated to determine a “most likely” MS location estimate. Note that

this data base is provided by the run time location hypothesis storage area 1410;

(36.2) —_ one or more active (and typically opportunistic) knowledge sources, denoted conventionally as “daemons,”thatcreate

and modify the contents of the blackboard. The blackboard system employed requiresonly that the daemons have

application knowledgespecific to the MS location problem addressed by the present invention. As shown in Fig. 7, the

knowledge sources or daemonsin the hypothesis analyzer include the analytical reasoner module 1416, the hypothesis
generating module 1428, and thehistorical location reasoner module 1416;

(363)—acontrol module that enables the realization of the behavior in a serial computing environment. The control element

orchestrates the flow of control between the various daemons. This control moduleis provided by the control module

 
= 1400.

Note that this blackboard system may be commercial, however, the knowledge sources, i.e, daemons, have been developed specifically for

the present invention. For further information regarding such blackboard systems, the following references are incorporated herein by
25 reference: (a) Jagannathan, V., Dodhiawala, R., & Baum, L$. (1989). Blackboard architectures and applications. Boston, MA: Harcourt Brace

Jovanovich Publishers;(b) Engelmore, R., & Morgan, T. (1988). Blackboard systems. Reading, MA: Addison-Wesley Publishing Company.

Alternatively, the control module 1400 and the run-time location hypothesis storage area 1410 may be implemented as an expert system

or asa fuzzy mule inferencing system, wherein the control module 1400 activatesor “fires”rules related to the knowledge domain(in the
present case, rules relating to the accuracy of MS location hypothesis estimates), and wherein the rules provide a computational embodiment of,

30 —_forexample, constraints and heuristics related to the accuracy af MS location estimates. Thus, the control module 1400 for the present

embodiment is also used for orchestrating, coordinating and controlling the activity of the individual rule basesof the focation hypothesis

analyzer (e.g. as shown in Fig, 7, the analytical reasoner module 1416, the hypothesis generating module 1428 , the historicallocation reasoner

module 1424, and the location extrapolator module 1432). For further information regarding such expert systems, the following reference is

incorporated herein by reference: Waterman, D. A. (1970). A guide to expert systems. Reading, MA: Addison-Wesley Publishing Company.
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MS StatusviDien ©
The MSstatus repository 1338 is a run-time storage managerfor storing location hypotheses from previous activationsof the

location engine 139 (as well as the output target MS location estimate(s)) so that a target MS may be tracked using target MS
location hypotheses from previous location engine 139 activations to determine, for example, a movementof the target MS between

evaluations of the target MS location. Thus, by retaining a moving window of previous location hypotheses used in evaluating
positions of a target MS, measurementsof the target MS’svelocity, acceleration,andlikely next position may be determined by the

location hypothesis analyzer 1332. Further, by providing accessibility to recent MS location hypotheses, these hypotheses may be used

to resolve conflicts between hypotheses in a currentactivation for locating the target MS; e.g., MS paths may be stored here for use in

extrapolating a new location

Most Likelihood Estimator Embodiment

The most likelihood estimator 1344 is a module for determining a “most likely” location estimate for a target MS 140 beinglocated

(e.g., asin (30-7) above). In one embodiment, the most likelihood estimator performsan integration or summing ofall location hypothesis

confidence values for any geographic region(s) of interest having at least one location hypothesis that has been provided to the most likelihood

estimator, and wherein the location hypothesis has a relatively(orsufficiently) high confidence. Thatis, the most likelihood estimator 1344

determines the area(s) within each such region having high confidences (or confidences above a threshold) as the most likely target MS 140
location estimates.

In one embodimentof the most likelihood estimator 1344,this module utilizes an area mesh, M,over whichto integrate, wherein the
mesh cells of M are preferably smaller than the greatest location accuracy desired. That is, each cell, c, of M is assigned a confidence value

indicating a likelihood that the target IMS 140 is located in c, wherein the confidence value for c is determined by the confidence values of the

target MS location estimates provided to the most likelihood estimator 1344. Thus, to obtain the most likely location determination(s) the

following steps are performed:

(a) For each ofthe active location hypotheses output by, e.g., the hypothesis analyzer [332 (alternatively, the context adjuster
1326), each corresponding MS location area estimate,LAE, is provided with a smallest covering, Coy, Ofcells c from M.

(b) Subsequently, each of the cells of C,,, have their confidence values adjusted by adding to it-the confidence value for LAE.

Accordingly,if the confidence of LEA is positive, then the cells of C,,, have their confidencesincreased. Alternatively,if the

_ confidence of LEAis negative, then the cells of C,,, have their confidences decreased.

(©) Given that the interval[-1.0, + 1.0] represents the range in confidence values, and thatthis range has been partitioned into

intervals, Int, having lengths of, e.g., 0.05, for each interval, Int, perform a cluster analysisfunction for clustering cells with

confidences that are in Int. Thus, a topographical-type map maybe constructed from the resulting cell clusters, wherein

higherconfidence areas are analogous to representations of areas having higher elevations.
(d) Output a representation ofthe resulting dusters for each Int to the output gateway 1356 for determiningthe location

granularity and representation desired by each location application 146 requesting the location of the target MS 140.
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Of course,variations in the above algorithm also within the scope of the present invention. For example, some embodiments of the

most likelihood estimator 1344 may:

(e)Perform special processing for areas designated as “poor reception” areas. For example, the most likelihood estimator 1344 may

5 be able to impose a confidence value of zero (i.e., meaning it is unknown asto whetherthe target MSis in the area) on each
such poorreception area regardless of the location estimate confidence values unless there is a location hypothesis froma

reliable and unanticipated source. That is, the mesh cells of a poorreception area mayhave their confidences set to zero

unless, e.g., there is a location hypothesis derived from target MS location data provided by a mobile base station 148 that:

(a)is near the poor reception area, (b) able to detect that the target MS 140 is in the poor reception area, and (c) can relay

10 target MS location data to thelocation center 142. In such a case,the confidence ofthe target MS location estimate fram the

MBSlocation hypothesis may take precedence.

(f) Additionally, in some embodiments of the most likelihood estimator 1344,cells c of M that are “near”or adjacent to a covering
om Cx, may also have their confidences adjusted according to how nearthecells c are to the covering. That is, the assigning of

confidences to cell meshes may be “fuzzified”in the termsof fuzzy logic so that the confidence valueof each location

hypothesis utilized by the most likelihood estimator 1344 is provided with a weighting factor depending on its proxity to the

target MS location estimate of the location hypothesis. More precisely,it is believed that “nearness,” in the present context,

~ should be monotonic with the “wideness”of the covering; i.e., as the extent of the coveringincreases (decreases) in a

particular direction, the cells c affected beyond the covering also increases (decreases). Furthermore, in some embodiments of 
the most likelihood estimator 1344, the greater(lesser) the confidence in the LEA, the more (fewer) cells c beyond the covering

fu 20 have their confidences affected. To describe this techniquein further detail, reference is made to Fig. 10, wherein an areaAis
5 assumed to be a covering C,,, having a confidence denoted “conf”. Accordingly, to determine a confidence adjustment to add
= to a cell c not in A (and additionally, the centroid of A not being substantially identical with the centroid of c which could occur

if A were donut shaped), the following steps may be performed:

() -_Determine the centroid of A, denoted Cent(A).

25 (i) Determine the centroid of the cell c, denoted Q.

(iii) Determine the extent of A alongthe line between Cent(A) and Q, denoted L.

) Fora given type of probability density function, P(x), such as a Gaussianfunction,let T be the beginning

portion of the function thatlives on the x-axis interval [0, t], wherein P(t) = ABS(conf) = the absolute

value of the confidence of C,,,. .

30 . (") Stretch T alongthe x-axis so that the stretched function, denoted sT(x), has an x-axis support of [0, L/(I +e
PaSte=)-NN], whereais in range of 3.0 to 10.0; e.g., 5.0.. Note that sT(x) is the function,

P(x * (I+-e*e"'})1),on this stretched extent. Further note that for confidences of +1

and -I, the support of sT(x) is [0, L] and for confidences at (or near) zero this support. Further, the term,

U(l +eeasier)
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  SF dnotonically increasing with Land ABS(cont).
(vi) . Determine D = the minimum distance that Q is outside of A along the line between Cent(A) and Q.

(vii) Determine the absolute value of the change in the confidence of c as sT(D).

(viii)—_-Provide the value sT(D) withthe same sign as conf, and providethe patentially sign changed value sT(D) as
the confidence of the cell c.

Additionally,in some embodiments, the most likelihood estimator |344, upon receiving one or more location hypotheses from the

hypothesis analyzer 1332, also performs some orall ofthe following tasks:

G7.) Filters out location hypotheses having confidence values near zero whenever such location hypotheses are deemed too

unreliable to be utilized in determining a target MSlocation estimate. For example, location hypotheses having confidence

values in the range [-0.02,0.02] maybe filtered here; .

(37.2) Determines the area of interest over which to perform the integration. In one embodiment, this area is a convex hull
including each of the MS area estimates from the received location hypotheses (wherein such location hypotheses have not

been removed from consideration by the filtering process of (37.1);

(373) Determines, once the integration is performed, one or more collections of contiguous area meshcells that may be deemed a
“most likely” MS locationestimate, wherein each such collection includes one or more area meshcells having a high

confidence value.

Detailed Description of the Location Hypothesis Analyzer Submodules

Analytical Reasoner Module

The analytical reasonerapplies constraint or "sanity” checks to the target MS estimates of the location hypotheses residing in the Run-time
Location Hypothesis Storage Area for adjusting the associated confidence values accordingly. In one embodiment, these sanity checks involve

"path"information. That is, this module determines if (or how well) location hypothesesare consistent with well known physical constraints

such as the laws of physics, in an area in which the MS (associated with the location hypothesis) is estimated to be located. For example,if the

difference between a previous (most likely) location estimate of a target MS and an estimate by a current location hypothesis requires the MS
to:

(a) move at an unreasonably high rate of speed (e.g., 200 mph),or

(b) moveat an unreasonably highrate of speedfor an area (e.g., 80 mph in a corn patch), or

(c) make unreasonably sharp velocity changes(e.g., from 60 mph in one direction to 60 mphin the opposite direction in 4 sec),

then the confidence in the current hypothesis is reduced. Such path information may be derived for each time series of location hypotheses

resulting from the FOMs by maintaining a windowof previouslocation hypotheses in the MS status repository 1338. Moreover,by additionally

retaining the “most likely” target MS location estimates (output by the most likelihood estimator 1344), current location hypotheses maybe

compared against such most likely MS location estimates.
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  The following path sanityi ¢ incorporated into the computations of this module. Tits. J
(I) do the predicted MS paths generally follow a known transportation pathway (e.g., in the case of a calculated speed of greater

than 50 miles per hour are the target MS location estimates within, for example, 2 miles of a pathway where such speed may be

sustained); if so (not), then increase (decrease) the confidence ofthe location hypotheses not satisfyingthis criterion;

(2) are the speeds, velocities and accelerations, determined from the current and past target MS location estimates, reasonable for

the region (e.g., speeds should be less than 60 miles per hour in a dense urban area at 9 am);if so (not), then increase

(decrease)the confidence of those that are (un)reasonable;

(3)are thelocations, speeds, velocities and/oraccelerations similar betweentarget MS tracks produced by different FOMssimilar,

decrease the confidence of the currently active location hypotheses that are indicated as “outliers” by this criterion;

(4) are the currently active location hypothesis target MS estimates consistent with previous predictionsof where the target MSis

predicted to be from a previous (most likely) target MS estimate; if not, then decrease the confidence ofat least those location

hypothesis estimates that are substantially different from the corresponding predictions. Note, however, that in some cases this

may be over ruled. For example,if the predictionis for an area for whichthere is Location Base Station coverage, and no

Location Base Station covering the area subsequently reports communicating with the target M5, then the predictions are

incorrect and any current location hypothesis from the same FOM should not be decreased here if itis outside ofthis Location

Base Station coverage area.

Notice from Fig. 7 that the analytical reasoner can accesslocation hypotheses currently posted on the Run-time Location Hypothesis

Storage Area. Additionally,it interacts with the Pathway Database which contains information concemningthe iocation of natural

transportation pathways in the region (highways, rivers, etc.) and the Area Characteristics Database which contains information concerning,for

example, reasonable velocities that can be expected in various regions(for instance, speeds of 80 mph would not be reasonably expected in
dense urban areas). Note that both speed and direction can be important constraints; e.g., even though a speed might be appropriate for an

area, such as 20 mphina dense urbanarea, if the direction indicated by a time series ofrelated location hypothesesis directly through an

extensive building complex having no throughtraffic routes, then a reduction in the confidence of one or more ofthe location hypotheses may
be appropriate.

One embodiment ofthe Analytical Reasonerillustrating how such constraints may be implemented is provided in the following section.

Note,however, that this embodiment analyzes only location hypotheses having a non-negative confidence value.

Modules of an embodiment of the analytical reasoner module 1416 are provided hereinbelow.

Path Comparison Module

The path comparison module 1454 implements the following strategy: the confidenceof a particularlocation hypothesis is be increased

(decreased)if it is(not) predicting a path that lies along a knowntransportation pathway (and the speed of the target MSis sufficiently high).
For instance,ifa time series of target MS location hypotheses for a given FOM is predicting a path of the target MSthat lies along an interstate
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  highway, the confidence of the che dy active location hypothesis for this FOM should, in genets.,-c¢ increased. Thus, at a high level the

following steps may be performed:

(a) For each FOM having a currently active location hypothesis in the Run-time Location Hypothesis Storage Area(also denoted

“blackboard”), determine a recent "path" obtained from a time series of location hypotheses for the FOM. This computation for the
5 “path"is performed by stringing together successive “center of area” (COA) or centroid values determined from the most pertinent

target MS focation estimate in each location hypothesis (real that each location hypothesis may have a plurality of target MS area
estimates with one being the most pertinent). The information is stored in,for example, a matrix of values wherein one dimension

of the matrix identifies the FOM and the a second dimension of the matrix represents a series of COA path values. Of course, some

entries in the matrix may be undefined.

10 (b) Compare each path obtained in (a) against known transportation pathways in an area containing the path. A value, path_match(i),

representing to what extent the path matches any knowntransportation pathwayis computed... Such values are used later ina

computationfor adjusting the confidence of each corresponding currently active location hypothesis.

Velocity/Acceleration Calculation Module 
 

hae€i The velocity/accelerationcalculation module 1458 computes velocity and/or acceleration estimatesforthe target MS 140 using currently

15_active location hypotheses and previous location hypothesis estimates of the target MS. In one embodiment, for each FOM 1224 having a

currently active location hypothesis (with positive confidences) and a sufficient number of previous (reasonably recent) target MS location

hypotheses, a velocity and/or acceleration may be cakulated. In an alternative embodiment, such a velocity and/or acceleration may be

calculated using the currently active location hypotheses and one or more recent “most likely” locations of the target MS output by the location

engine 139. If the estimated velocity and/or acceleration correspondingto a currently active location hypothesis is reasonable for the region,

thenits confidence value may be incremented; if not, then its confidence may be decremented. The algorithm may be summarized as follows:
 

(a) Approximate speed and/or acceleration estimates for currently active target MSlocation hypotheses maybe provided using path 

information related to the currently active location hypotheses and previous target MS location estimates ina manner similarto the

description of the path comparison module 1454, Accordingly, a single confidence adjustment value may be determined for each

currently active location hypothesis for indicating the extent to which its correspondingvelocity and/or acceleration calculationsare

25 reasonable for its particular target MS location estimate. This calculationis performed by retrieving information from the area

characteristics data base 1450 (e.g., Figs. 6 and 7). Since each location hypothesis includes timestampdata indicating when the MS

location signals were received from the target MS, the velocity and/or acceleration associated with a path for a currently active

location hypothesis can be straightforwardly approximated, Accordingly, a confidence adjustment value, vel_ok(i), indicating a
likelihood that the velocity calculated for the i” currently active location hypothesis (having adequate corresponding path

30 information) may be appropriate is calculated using for the environmental characteristics of the location hypothesis’ target MS
location estimate. For example, the area characteristics data base 1450 may include expected maximum velocities and/or

accelerations for each area type and/or cell of a cell mesh of the coverage area 120. Thus, velocities and/or accelerations above such

maximum values may be indicative of anomalies in the MS location estimating process. Accordingly, in one embodiment, the most
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  recent location hypot =;ielding such extreme velocities and/oraccelerations ma’ SE heir confidence values decreased. For

example,if the target MS location estimate includes a portion of aninterstate highway, then an appropriate velocity might

correspond to a speed of up to 100 miles per hour, whereas if the target MS location estimate includesonly rural dirt roads and

tomato patches, then a likely speed might be no more than 30 miles per hour with an maximum speed of 60 miles per hour
(assumingfavorable environmental characteristics such as weather). Note that a list of such environmental characteristics may

indude such factors as: area type, timeof day, season. Further note that more unpredictable environmental characteristics such as

traffic flow patterns, weather(e.g., clear, raining, snowing, etc.) may also be included,values for these latter characteristics coming

from the environmental data base 1354 which receives and maintains information on such unpredictable characteristics (e.g., Figs. 6

and 7). Also note that a similar confidence adjustment value, acc_ok(i), may be provided for currently active location hypotheses,

wherein the confidence adjustment is related to the appropriateness of the acceleration estimate of the target MS.

Attribute Comparison Module

The attribute comparison module 1462 compares attribute values for location hypotheses generated from different FOMs, and determines

if the confidence of certain ofthe currently active location hypotheses should be increased due to a similarity in related values for the attribute.

That is, for an attribute A, an attribute value for A derived from a set S,oxq, of one or more location hypotheses generated by one FOM, FOM[I],

is compared with another attribute value forA derived fromaset S.4, of one or more location hypotheses generated by a different FOM,
FOM[2] for determiningif these attribute values cluster (1., are sufficiently close to one another) so that a currently active location hypothesis

in Syy_) and a currently active location hypothesis in S,q,,,should have their confidences increased. For example, the attribute may be a “target

MS path data” attribute, wherein a value for the attribute is an estimated target MS path derived from location hypotheses generated by a fixed

FOM over some (recent) time period. Alternatively, the attribute might be, for example,oneof a velocity and/or acceleration, wherein a value

for the attribute is a velocity and/or accelerationderived from location hypotheses generated by a fixed FOM oversome (recent) time period.

Ina general context, the attribute comparison module 1462 operates accordingto the following premise:

(38.1) for each of two or more currently active location hypotheses (with, e.g., positive confidences) if:

(a) each of these currently active location hypotheses, H, was initially generated by a correspondingdifferent FOM,:

(b) fora given MS estimate attribute and each such currently active location hypothesis, H, there is a corresponding value for the
_ attribute (e.g., the attribute value might be an MS path estimate, or alternatively an MS estimated velocity, or an MS estimated

acceleration), wherein the attribute valueis derived without using a FOMdifferent from FOM,,, and;

(c) the derived attribute values cluster sufficiently well,

then each of these currently active location hypotheses, H,will have their corresponding confidences increased. That is, these confidences will be

increased by a confidence adjustment value or delta.

Note that the phrase "cluster sufficiently well” above may have a numberoftechnical embodiments, including performing various cluster

analysis techniques wherein any clusters (according to samestatistic) must satisfy a system set threshold for the members of the cluster being

Close enoughto one another. Further, upon determining the (any) location hypotheses satisfying (38.1), there are various techniques that may
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 ta in confidences to be applied. For example,in onea.an initial default confidence delta that
may be utilized is: if “cf” denotes the confidence of such a currently active location hypothesis satisfying (38.1), then an increased confidence

that still remains in the interval [0, 1.0] may be: cf + [(I-cf)/(I + cf)]’, or, cf * [1.0 + cf], n.=>2, or, cf * [a constant having a

system tuned parameter as a factor]. Thatis, the confidence deltas for these examples are:[(| - cf)/(I + of) (an additive delta), and,[1.0

be used in determining a change ve

5 + d"] (a multiplicative delta), and a constant. Additionally, note thatit is within the scope of the present inventionto also provide such

confidence deltas (additive deltas or multiplicative deltas) with factors related to the number of such location hypotheses in the cluster.

Moreover, note that it is an aspect of the present invention to provide an adaptive mechanism (ie., the adaptation engine 1382 shown in

Figs. 5, 6 and 8) for automatically determining performance enhancing changes in confidence adjustment values such as the confidence dettas

for the present module. That is, such changes are determined by applying an adaptive mechanism,such as a genetic algorithm,to a collection

10_of “system parameters” (including parameters specifying confidence adjustment values as well as system parameters of, for example, the

context adjuster 1326)in orderto enhance performance ofthepresent invention. More particularly, such an adaptive mechanism may

repeatedly perform the following steps:

(a) modify such system parameters;

 (b) consequently activate aninstantiation of the location engine 139 (having the modified system parameters) to process, as input, a

15 series of MS signallocation data that has been archived together with data correspondingto a verified MS location from which signal

location data was transmitted (e-g., such data as is stored in the location signature data base 1320); and

(c) then determineif the modifications to the system parameters enhanced location engine [39 performancein comparison to previous

performances.

Assumingthis module adjusts confidences of currently active location hypotheses according to one or more ofthe attributes: target MS
path data, target MSvelocity, and target MS acceleration, the computationfor this module may be summarized in the following steps:

(a) Determine if any of the currently active location hypotheses satisfy the premise (38.1) for the attribute. Note that in making this 
determination, average distances and average standard deviations for the paths (velocities and/or accelerations) corresponding to

currently active location hypotheses may be computed...

(b) For each currently active location hypothesis (wherein “i” uniquely identifies the location hypothesis) selected to have its confidence

25 increased, a confidence adjustment value, path_similar(i) (alternatively,velocitysimilar(i) and/or accelerationsimilar(i) ), is

computed indicating the extent to which the attribute value matches anotherattribute value being predicted by another FOM.

Note that such confidence adjustment values are used later in the calculation of an aggregate confidence adjustment to particular
currently active location hypotheses. .

Analytical Reasoner Controller

30 Given one or more currently active location hypotheses for the same target MS input to the analytical reasoner controller 1466, this controller

activates, for each such input location hypothesis, the other submodules of the analytical reasoner module 1416 (denoted hereinafter as

“adjustment submodules”) with this location hypothesis. Subsequently, the analytical reasoner controller 1466 receives an output confidence
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adjustment value computed by DDrex submodule for adjusting the confidence ofi,hypothesis. Note that each adjustment
submodule determines:

(a) whether the adjustment submodule may appropriately compute a confidence adjustment valuefor the location hypothesis

supplied by the controller. (For example, in some cases there may not be a sufficient numberof location hypotheses ina time

5 series from a fixed FOM);

(b) if appropriate, then the adjustment submodule computes a non-zero confidence adjustment value that is returned to the

analytical reasoner controller.

Subsequently, the controller usesthe output from the adjustment submodules to compute an aggregate confidence adjustment for the
correspondinglocation hypothesis. In one particular embodimentofthe present invention,values for the eight typesof confidence adjustment

10 values (described in sections above) are output to the present controller for computing an aggregate confidence adjustment value for

adjusting the confidence of the currently active location hypothesis presently being analyzed by the analytical reasoner module 1416. Asan

example of how such confidence adjustment values maybe utilized, assuminga currently active location hypothesis is identified by “i”, the

outputs from the above described adjustment submodules may be more fully described as:

pathmatch(i) | if there are sufficient previous (and recent) location hypotheses for the sametarget MS as “i” that

have been generated by the same FOM that generated “i”, and, the target MS location estimates

provided by the location hypothesis “i” and the previous location hypotheses follow a known

transportation pathway. oO
0 otherwise.

vel_ok(i) | if the velocity calculated for the i" currently active location hypothesis (assuming adequate

corresponding path information) is typical for the area (and the current environmental

characteristics) of this location rypothesis’ target MSlocation estimate;
 

0.2 ifthe velocity calculated for the i currently active location hypothesis is near a maximum forthe

area (and the current environmentalcharacteristics) of this location hypothesis’ target MS location

estimate.

25 0 if the velocity calculated is above the maximum.

acc_ok(i) | if the acceleration calculated for the i" currently active location hypothesis (assuming adequate

corresponding path information) is typical for the area (and the current environmental

characteristics) of this location hypothesis’ target MS location estimate;

0.2 if the acceleration calculated forthe i* currently active location hypothesis is near a maximumforthe

30 | area (and the current environmental characteristics) ofthis location hypothesis’ target MS location
estimate.

0 if the acceleration calculated is above the maximum.

similar_path(i) ~ if the location hypothesis “i” satisfies (38.1) for the target MS path data attribute; 0 otherwise.

velocitysimilar(\) | if the location hypothesis “i”satisfies (38.1) for the target MS velocity attribute; 0 otherwise.
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acceleration_similar(i) 6 if the location hypothesis “‘i” satisfies (38.1) for the @.acceleration attribute; 0 otherwise.
extrapolationchk(i) | if the location hypothesis “i” is “near” a previously predicted MS locationfor the target MS; 0

otherwise.

5 Additionally, for each ofthe above confidence adjustments, there is a corresponding location engine 39 system setable parameter whose

value may be determined by repeated activationof the adaptation engine 1382. Accordingly, for each of the confidence adjustment types, T,

above, there is a corresponding system setable parameter, “alpha¥”, that is tunable by the adaptation engine 1382. Accordingly, the

following high level program segment illustrates the aggregate confidence adjustment value computed by the Analytical Reasoner Controller.

10 target_MS_loc_hyps.<— get all currently active location hypotheses, H, identifying the present target ;

for each currently active location hypothesis, hyp(i), from target_MS_foc_hyps do

{

for each of the confidence adjustment submodules, CA, do

activate CA with hyp(1) as input;

/* now compute the aggregate confidence adjustment using the output from the confidence adjustment submodules. */

aggregateadjustment(i) <--- alphapathmatch * pathmatch(i)

+ alpha_velocity * vel_ok(i) 
+ alphapathsimilar * path similar(i)

+ alpha_velocitysimilar * velocitysimilar(i)

+ alpha_acceleration_similar* accelerationsimilar(i) 
+ alpha_extrapolation * extrapolationchk(i);ayat

‘sods
i'\
i hyp(i)confidence <~—-hyp(i).confidence + aggregate_adjustment(i);

}

25 Historical Location Reasoner

The historical location reasoner module 1424 maybe,for example, a daemonorexpert system rule base. The module adjusts the

confidences of currently active location hypothesesby using (from iocation signature data base 1320) historical signal data correlated

with: (a) verified MS locations (e.g. locations verified when emergency personnel co-locate with a target MS location), and (b) various

environmental factors to evaluate how consistent the location signature cluster for an input location hypothesis agrees with such

30_historicalsignal data. no
This reasoner will increase/decrease the confidence of a currently active location hypothesis depending on how well its associated

loc sigs correlate with the loc sigs obtained from data in the location signature data base.
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  Note that the embodimehe™=cinbelow is but oneof many embodiments that may avy the confidence of currently active

location hypotheses appropriately. Accordingly,it is important to note other embodiments of the historical location reasoner

functionality are within the scope of the present invention as one skilled in the art will appreciate upon examining the techniques

utilized within this specification. For example,calculations of a confidence adjustment factor may be determined using Monte Carlo

techniquesasin the context adjuster 1326. Each such embodiment generates a measurementofatleast oneof the similarity and the

discrepancy between the signal characteristics of the verified location signature clusters in the location signature data base and the

location signature cluster for an input currently active location hypothesis, “loc_hyp”.

The embodiment hereinbelow provides one example of the functionality that can be provided by the historical location reasoner
1424 (eitherby activating the following programs as a daemonorby transforming various program segments into the consequents of

expert system rules). The present embodiment generates such a confidence adjustment by the fotlowing steps:

(a) comparing,for eachcell in a mesh covering of the most relevant MS location estimate in “loc_hyp”, the location signature

cluster of the “loc_hyp” with the verified location signature clusters in the cell so that the following are computed:(i) a

discrepancy or error measurementis determined, and(ii) a corresponding measurementindicating a likelihood or

confidence of the discrepancy measurement beingrelatively accurate in comparison to other such error measurements;
(b) computing an aggregate measurementof both the errors and the confidences determinedin (a); and

(©) using the computed aggregate measurement of (b) to adjust the confidence of “loc_hyp”.

The program illustrated in APPENDIX E provides a more detailed embodimentof the steps immediately above.

Location Extrapolator

The location extrapolator 1432 works on the following premise: if for a currently active location hypothesis there is sufficient previous related

information regarding estimates ofthe target MS (e.g., from the same FOM orfrom using a “most likely” previous target MS estimate output by

the location engine 139), then an extrapolation may be performed for predicting future target MS focations that can be compared with new

locatton hypotheses provided to the blackboard. Note thatinterpolation routines (e.., conventionalalgorithms such as Lagrange or Newton

polynomials) may be used to determine an equation that approximates a target MS path correspondingto a currently active location

hypothesis.
Subsequently, such an extrapolation equation may be used to compute a future target MS location. For further information regarding

such interpolation schemes, the following reference is incorporated herein by reference: Mathews, 1992, Numerical methodsfor mathematics,

science, and engineering. Englewood Cliffs, NJ: Prentice Hall.

Accordingly,if a new currently active location hypothesis (e.g., supplied by the context adjuster) is received by the blackboard, then the

target HS location estimate of the new location hypothesis may be compared with the predicted location. Consequently, a confidence
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adjustment value can be seerCMinto how well if the lacation hypothesis “i” . nsconfidence adjustment value will be
larger as the new MSestimate and the predicted estimate becomecloser together.

Note that in one embodiment of the present invention, such predictions are based solely on previous target MS location estimates output

by location engine 139. Thus, in such an embodiment, substantially every currently active location hypothesis can be provided with a
5 confidence adjustment value by this module once a sufficient numberof previoustarget MS location estimates have been output. Accordingly,a

value, extrapolation_chk(j), that represents how accurately the new currently active location hrypothesis (identified here by “‘i”) matchesthe

predicted locationis determined.

Hypothesis Generating Module

The hypothesis generating module 1428is used for generating additionallocation hypotheses according to,for example, MS location
10_information not adequately utilized or modeled. Note, location hypotheses may also be decomposed here if, for example it is determined that a

location hypothesis includes an MS area estimate that has subareas with radically different characteristics such as an area that includes an

uninhabited area and a densely populated area. Additionally, the hypothesis generating module 1428 may generate “poor reception” locationYenid
veh

hypotheses that specify MS location areas of known poorreception that are “near” or intersect currently active location hypotheses. Note, that
44

¥y

these poor reception location hypotheses may be specially tagged (e.g., with a distinctive FOM_ID value or specific tag field) so that regardless

15_of substantially any otherlocation hypothesis confidence value overlapping such a poorreception area, such an area will maintain a confidence

value of “unknown” (i., zero). Note that substantially the only exception to this constraint is location hypotheses generated from mobile base

stations 148. 

101

Cisco v. TracBeam / CSCO-1002

Page 107 of 2386



Cisco v. TracBeam / CSCO-1002 
Page 108 of 2386

fio

aH
sei,

me:tt

~oR
x

 

10

20

25

30

e  «@
Mobile Base Station Location Subsystem Description

Mobile Base Station Subsystem Introduction

Any collection of mobile electronics (denoted mobile location unit) that is able to both estimate:a location of a target MS 140

and communicate with the base station network may be utilized by the present invention to more accurately locate the target MS.

Such mobile location units may provide greater target MS location accuracy by, for example, homingin on the target MS and by

transmitting additional MS location information to the location center 142. There are a number of embodiments for such a mobile

location unit contemplated by the present invention. For example, in a minimalversion,such the electronics of the mobile location

unit may be little more than an onboard MS 140, a sectored/directional antenna and a controller for communicating between them.

Thus, the onboard MS is used to communicate with the location center 142 and possibly the target MS 140, while the antenna

monitors signals for homing in on the target MS 140. In ain enhanced version of the mobile location unit, a GPS receiver mayalso be

incorporated so that the location of the mobile location unit may be determined and consequently an estimate of the location of the

target MS may also be determined. However, such a mobile location unit is unlikely to be able to determine substantially more than a

direction ofthe target MS 140 via the sectored/directional antenna without further base station infrastructure cooperation in, for
example, determining the transmission powerlevel of the target MS or varying this power level. Thus,if the target MS or the mobile

location unit leaves the coverage area 120 or resides in a poor communication area,it may be difficult to accurately determine where

the target MS is located. None-the-less, such mobile location units may be sufficient for manysituations, and in fact the present

invention contemplates their use. However, in cases where direct communication with the target MSis desired without constant

contact with the base station infrastructure, the present invention includes a mobile location unit thatis also a scaled down version of

a base station 122. Thus, given that such a mobile base station or MBS 148 includesat least an onboard MS 140, a

sectored/directional antenna, a GPS receiver, a scaled down base station 122 and sufficient components (including a controller) for
integrating the capabilities of these devices, an enhagced autonomous MS mobile location system can be provided that can be

effectively used in, for example, emergency vehiclesee-planesad boats. Accordingly, the description that follows below describes
an embodiment of an MBS 148 having the above mentioned components and capabilities for use in a vehicle.

Asa consequence of the MBS 148 being mobile, there are fundamental differences in the operation of an MBS in

comparison to other types of BS’s 122 (152). In particular, other types of base stations have fixed locations that are precisely

determined and known by the location center, whereas a location of an MBS {48 may be known only approximately and thus may

require repeated and frequent re-estimating. Secondly, other types of base stations have substantially fixed and stable

communication with the location center (via possibly other BS’s in the case of LBSs 152) and therefore although these BS's may be

more reliable in their in their ability te communicate information related to the location of a target MS with the location center,
accuracy can be problematic in poorreception areas. Thus, MBS’s may be used in areas (such as wilderness areas) where there may

be no other meansforreliably and cost effectively locating a target MS 140 (i.e., there may be insufficientfixed location BS’s

coverage inan area).
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 “BS location subsystem 1508. , Fig. 1] provides a ®, block diagram architecture of one embodimentof t ;
Accordingly, an MBS may include components for communicating with the fixed location BS network infrastructure and the location

center 142 via an on-board transceiver 1512 that is effectively an MS 140 integrated into the location subsystem 1508. Thus,if the

MBS 148 travels through an area having poor infrastructure signal coverage, then the MBS maynot be able to communicatereliably

with the location center 142 (e.g., in rural or mountainous areas having reduced wireless telephony coverage). So it is desirable that

the MBS 148 must be capable of functioning substantially autonomously from the location center. In one embodiment,this implies

that each MBS 148 must be capable of estimating both its own location as well as the location of a target MS 140.

Additionally, many commercialwireless telephony technologies require all BS’s in a networkto be very accurately time

synchronized both for transmitting MS voice communication as well as for other services such as MS location. Accordingly, the MBS
148 will also require such time synchronization. However, since an MBS 148 may not be in constant communication with thefixed

location BS network (and indeed may be off-line for substantial periods of time), on-board highly accurate timing device may be

necessary. In one embodiment, such a device may be a commercially available ribidium oscillator 1520 as shownin Fig. II.

Since the MBS 148,includes a scaled down version of a BS 122 (denoted 1522in Fig.II),it is capable of performing most typical

BS 122 tasks, albeit on a reduced scale. In particular, the base station portion of the MBS 148 can:

(a) raise/lowerits pilot channel signalstrength,

(b)be ina state of soft hand-off with an MS 140, and/or ;

(c) be the primary BS 122 for an MS 140, and consequently be in voice communication with the target MS (via the MBS

operator telephonyinterface 1524)if the MS supports voice communication.

Further, the MBS 148can, if it becomes the primary base station communicating with the MS 140, request the MS to raise/lowerits

poweror, more generally, control the communication with the MS (via the base station components 1522). However, since the MBS

148 will likely have substantially reduced telephony traffic capacity in comparison to a standard infrastructure base station 122, note

that the pifot channelfor the MBSis preferably a nonstandard pilot channel in that it should not be identified as a conventional

telephonytraffic bearing BS 122 by MS’s seeking normaltelephony communication. Thus, a target MS 140 requesting to be located

may, depending on its capabilities, either automatically configure itself to scan for certain predetermined MBSpilot channels, or be

instructed via the fixed location base station network (equivalently BSinfrastructure) to scan for a certain predetermined MBSpilot
channel.

Moreover, the MBS 148 has an additional advantagein that it can substantially increase thereliability of communication with a

target HS 140 in comparisonto the base station infrastructure by being able to move toward or track the target MS 140 evenif this

MSis in (or moves into) a reduced infrastructure base station network coverage area. Furthermore, an MBS 148 may preferably use a

directional or smart antenna 1526 to more accurately locate a direction of signals from a target MS 140. Thus, the sweeping of sucha

Smart antenna 1526 (physically or electronically) provides directional information regarding signals received from the target MS 140.
Thatis, such directionalinformation is determined by the signal propagation delayof signals from the target MS 140 to the angular

sectors of one of more directional antennas 1526 on-board the MBS 148.
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Before proceeding to (Duss of the MBSlocation subsystem 1508, an wall) the operation of an MBS 148 in the
context of responding to a 911 emergency call is given. In particular, this example describes the high level computationalstates

through which the MBS 148transitions, these states also beingillustrated in the state transition diagram of Fig. 12. Note that this

figure illustrates the primary state transitions between these MBS 148 states, wherein the solid state transitions are indicative of a

5 typical“ideal” progression when locating or tracking a target MS 140, and the dashed state transitions are the primary state

reversions due, for example, to difficultiesin locating the target MS 140.
Accordingly,initially the MBS 148 may be in an inactive state 1700, wherein the MBS location subsystem 1508 is effectively

available for voice or data communication with the fixed location base station network, but the MS 140 locating capabilities of the

MBSare not active. From the inactive state 1700 the MBS (e.g., a police or rescue vehicle) may enter an active state 1704 once an

10—_MBS operator has logged onto the MBS location subsystem of the MBS, such logging being for authentication,verification and

journaling of MBS 148 events. In the active state 1704, the MBS maybe listed by a 911 emergency center and/or the location center

142 aseligible for service in responding to a 911 request. From this state, the MBS 148 may transition to a ready state 1708 signifying

that the MBS is ready for use in locating and/orintercepting a target MS 140. Thatis, the MBS 148 may transition to the ready state

1708 by performing the following steps:

(la) Synchronizing the timing of the location subsystem 1508 with that of the base station networkinfrastructure. In one

embodiment, when requesting such time synchronization from the base station infrastructure, the MBS 148 will be at a

predetermined or well known location so that the MBS time synchronization may adjust for a known amountof signal

propagation delayin the synchronizationsignal.

(|b) Establishing the location of the MBS 148. In one embodiment, this may be accomplished by, for example, an MBS operator

20 identifying the predetermined or well known location at which the MBS 148is located.

(Ic) Communicatingwith,for example,the 911 emergency centervia the fixed location base station infrastructure to identify

the MBS 148 as in the ready state. ,

Thus,while in theready state 1708, as the MBS148 moves, it hasits location repeatedly (re)-estimated via, for example,
&® GPSsignals,location center-+425 location estimates from the base stations |22 (and 152), and an on-board deadreckoning subsystem

25 ‘1527 having an MBSlocation estimator according to the programs described hereinbelow. However, note that the accuracy of the

base station time synchronization (via the ribidium oscillator 1520) and the accuracy of the MBS 148 location may need to both be

periodically recalibrated according to (la) and (Ib) above.

Assuming a 911 signal is transmitted by a target MS 140,this signalis transmitted, via the fixed location base station

infrastructure, to the 911 emergency center and the location center 142, and assuming the MBS148 is in the ready state 1708,if a

30 corresponding 911 emergency request is transmitted to the MBS (via the base station infrastructure) from the 911 emergency center

or the location center, then the MBS may transition to a seek state 1712 by performing the following steps:

(2a) Communicating with,for example, the 911 emergency response center via the fixed location base station networktoreceive

the PN code for the target MS to be located (wherein this communication is performed using the MS-like transceiver 1512

and/or the MBS operator telephony interface 1524).
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 (2b) Obtaining a most target MS location estimate from either the 91] emergere/ center or the location center 142.

(2c) Inputting by the MBS operator an acknowledgmentof the target MS to be located, and transmitting this acknowledgment

to the 91| emergency response center via the transceiver 1512.

5 Subsequently, when the MBS 148is in the seek state 1712, the MBS may commence toward the target MS location estimate

provided. Notethatit is likely that the MBSis not initially in direct signal contact with the target MS. Accordingly, in the seek state

1712 the following steps may be, for example, performed:

(3a) The location center 142 or the 911 emergency response center may inform the target MS,via the fixed location base station

network, to lower its threshold for soft hand-off and at least periodically boostits location signal strength. Additionally,

10 the target NS may be informedto scanfor thepilot channel of the MBS 148. (Note the actions here are not, actions

performed by the MBS 148 in the “seek state”; however,these actionsare given here for clarity and completeness.)

(3b) Repeatedly, as sufficient new MS location informationis available, the location center 142 provides new MSlocation
estimates to the MBS 148 via the fixed location base station network.

iha (3c) The MBS repeatedly provides the MBS operator with new target MS location estimates provided substantially by the location

15 center via the fixed location base station network.

(3d) The MBS 148 repeatedly attempts to detect a signal from the target MS using the PN code for the target MS.
 (3e) The MBS 148 repeatedly estimates its own location (as in other states as well), and receives MBSlocation estimates fromEbad
28 the location center.

 
ri 20 Assuming that the MBS 148 and target MS 140 detect one another (which typically occurs when the two units are within .25

e to 3 miles of one another), the MBS enters a contact state 1716 when the target MS 140 enters a soft hand-off state with the MBS.
pt Accordingly, in the contact state 1716, the following steps are, for example, performed:

(4a) The MBS 148 repeatedly estimatesits ownlocation.

(4b) Repeatedly, the location center 142 provides new target MS 140 and MBSlocation estimates to the MBS 148via the fixed
25 location base infrastructure network.

(4c) Since the MBS 148is at least in soft hand-off with the target MS 140, the MBS can estimate the direction and distance of

the target MS itself using,for example, detected target MS signal strength and TOAaswell as using any recentlocation

center target MS location estimates.

(4d) The MBS 148 repeatedly provides the MBS operator with new target MS location estimates provided using MS location

30 estimates provided by the MBSitself and by the location center via the fixed location base station network.

Whenthe target MS 140 detects that the MBS pilot channel is sufficiently strong, the target MS may switch to using the

MBS 148 as its primary base station. When this occurs, the MBS enters a control state 1720, wherein the following steps are,for

example, performed:
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(Sa) The MBS 148_its own location. ©
(5b) Repeatedly, the location center 142 provides new target MS and MBSlocation estimates to the MBS 148 via the networkof

base stations 122 (152).

(5c) The MBS 148 estimates the direction and distance of the target MS 140itself using, for example, detected target MS signal

strength and TOA as well as using any recentlocation center target MS location estimates.

(Sd) The MBS 148 repeatedly provides the MBS operator with new target MS location estimates provided using MS location

estimates provided by the MBSitself and by the location center 142 via thefixed location base station network.

(Se) The MBS 148 becomes the primary base station for the target MS 140 and therefore controls at least the signal strength

output by the target MS.

Note, there can be more than one MBS 148tracking or locating an MS 440. There can also be more than one target MS 140 to be

tracked concurrently and each target MS being tracked may be stationary or moving.

MBS Subsystem Architecture

An MBS148 uses MS signal characteristic data for locating the MS 140. The MBS 148 may use such signalcharacteristic data to

facilitate determining whether a given signal from the MS is a “direct shot” or an multipath signal. Thatis, in one embodiment,the

MBS 148 attempts to determine or detect whether an MS signal transmission is received directly, or whether the transmission has been

reflected or deflected. For example, the MBS may determine whether the expected signal strength, and TOA agree in distance

estimatesfor the MS signal transmissions. Note, other signal characteristics may also be used, if there are sufficient electronics and

processing available to the MBS 148; i.e., determining signa! phase and/orpolarity as other indications of receiving a “direct shot”
from an MS140.

In one embodiment, the MBS 148 (Fig. 1) includes an MBS controller 1533 for controlling the location capabilities of the MBS

148. In particular, the MBS controller 1533 initiates and controls the MBS state changesas described in Fig. 12 above. Additionally,

the MBS controlter 1533 also communicates with the location controller (535, wherein this latter controller controls MBSactivities

related to MBSlocation and target MS location; ¢.g., this performs the program, “mobilebasestationcontroller” described in

APPENDIX A hereinbelow. Thelocation controller 1535 receives data input from an event generator 1537 for generating event

records to be provided to the location controller 1535. For example, records may be generated from data input received from: (a)

the vehicle movement detector 1539 indicating that the MBS 148 has movedatleast a predetermined amount and/orhas changed

direction by at least a predetermined angle, or (b) the MBS signal processing subsystem 1541 indicating that the additionalsignal

measurement data has been received from either the location center 142 or the target MS 140. Note that theAR signal processing
subsystem 1541, in one embodiment, is similar to the signal processing subsystem 1220ofthe location center-i2-—miay-trave-mattipte-
command schedulers. In particular, a scheduler 1528 for commandsrelated to communicating with the location center 142, a

scheduler1530 for commandsrelated to GPS communication (via GPSreceiver 1531), a scheduler 1529 for commands related to the

frequency and granularity of the reporting of MBS changes in direction and/or position via the MBS dead reckoning subsystem 1527
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  (note that this scheduler is pot ; ly optional and that such commands may be provide : detly to the deadreckoning estimator

1544), and a scheduler 1532 for communicating with the target MS(s) 140 being located. Further, it is assumed that there is

&. sufficient hardware and/or softwaneso-appsortorprionm commandsin different schedulers substantially concurrently.
In orderto display an MBS computed location of a target MS 140,a location of the MBS must be known or determined.

5 Accordingly, each MBS 148 has a plurality of MBS location estimators (or hereinafter also simply referred to as location estimators)

for determining the location of the MBS. Each such location estimator computes MBSlocation information such as MBSlocation

estimates, changes to MBS location estimates, or, an MBS location estimator may be an interface for buffering and/or translating a

previously computed MBSlocation estimate into an appropriate format. In particular, the MBS location module 1536, which

determines the location of the MBS, may include the following MBS location estimators 1540 (also denoted baseline location
—_ 0 estimators):

(a) a GPS location estimator 1540a (not individually shown) for computing an MBSlocation estimate using GPS signals,

(b) a location centerlocation estimator 1540b (not individually shown) for buffering and/or translating an MBS estimate

received from the location center 142,

(c) an MBSoperator location estimator 1540c (not individually shown)for buffering and/or translating manual MBSlocation

15 entries received from an MBS location operator, and

(d) in some MBS embodiments, an LBS location estimator 1540d (not individually shown) for the activating and deactivating 
of LBS’s 152. Note that, in high multipath areas and/or stationary base station marginal caverage areas, such low costFR1
location base stations 152 (LBS) may be provided whoselocationsare fixed and accurately predetermined and whose

a? signals are substantially only receivable within a relatively small range (e.g., 2000 feet), the range potentially being

EbSa 20 variable. Thus, by communicating with the LBS’s 152 directly, the MBS 148 may be able to quickly use the location

informationrelating to the location base stations for determining its location by using signal characteristics obtained

from the LBSs 152.

Note that each of the MBS baseline location estimators [540, such as those above, provide an actual MBSlocation rather than,for

example, a change in an MBSlocation. Further note that it is an aspect of the present invention that additional MBS baseline location

25__estimators 1540 may be easily integrated into the MBS location subsystem 1508 as such baseline location estimators become

available. For example, a baseline location estimator that receives MBS location estimates from reflective codes provided, for

example, on Streets or street signs can be straightforwardly incorporated into the MBSlocation subsystem 1508.

Additionally, note that a plurality of MBS location technologies and their corresponding MBSlocation estimators are utilized

due to the fact that there is currently no single location technology available that is both sufficiently fast, accurate and accessible in

30_substantially all terrains to meet the location needs of an MBS 148. For example, in many terrains GPS technologies may be

sufficiently accurate; however, GPS technologies: (a) may require a relatively long time to provideaninitial location estimate (e.g.,

greater than 2 minutes); (b) when GPS communicationis disturbed, it may require an equally longtime to provide a new location

estimate; (c) clouds, buildings and/or mountains can preventlocation estimates from being obtained; (d) in somecases signal

reflections can substantially skew a location estimate. As another example, an MBS 148 may be able to use triangulation or
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trilateralization technologies (®, a location estimate; however, this assumesthat LDston (fixed location)
infrastructure BS coverage in the area the MBSis located. Further, it is well known that the multipath phenomenon can substantially

distort such location estimates. Thus, for an MBS 148 to be highly effective in varied terrains, an MBS is provided with a plurality of

location technologies, each supplying an MBSlocation estimate.

In fact, much of the architecture of the location engine 139 could be incorporated into an MBS 148. For example,in some

embodiments of the MBS 148,the following FOMs 1224 may have similar location models incorporated into the MBS:
(a) a variation of the distance FOM 1224 wherein TOAsignals from communicatingfixed location BS’s are received (via

the MBS transceiver 1512) by the MBS and used for providing a location estimate; .

(b) a variation ofthe artificial neural net based FOMs 1224 (or more generally a location- learningor a classification

model) may be used to provide MBS location estimates via, for example, learned associations between fixed location

BSsignal characteristics and geographiclocations;

(c) an LBSlocation FOM 1224 for providing an MBS with the ability to activate and deactivate LBS’s to provide (positive)

MBSlocation estimatesas well as negative MBSlocation regions(i.e., regions where the MBSis unlikely to be since

oneor more LBS’s are not detected by the MBS transceiver);

(d) one or more MBSlocation reasoning agents and/ora location estimate heuristic agents for resolving MBS location

estimate conflicts and providing greater MBS location estimate accuracy. For example, modules similar to the

analytical reasoner module 1416 and thehistorical location reasoner module 1424,
However, for those MBS location models requiring communication with the base station infrastructure, an alternative

embodimentis to rely on the location center 142 to perform the computationsforat least some of these MBS FOM models. That is,

Since each of the MBS location models mentioned immediately above require communication with the networkoffixed location BS’s
122 (152), it may be advantageousto transmit MBSlocation estimating data to the location center |42 as if the MBS were another MS

140 for the location center to locate, and therebyrely on the location estimation capabilities at the location center rather than

duplicate such modelsin the MBS 148. The advantagesof this approach are that: .

(a) an MBSis likely to be able to use less expensive processing power and software than thatof the location center;

(b) an MBSis likely to require substantially less memory, particularly for data bases; than that of the location center.

As will be discussed further below, in one embodimentof the MBS 148, there are confidence values assigned to the locations

output by the various location estimators 1540. Thus, the confidence for a manualentry of location data by an MBS operator may be
rated the highest and followed by the confidence for (any) GPS location data,followed by the confidence for (any) location center

location 142 estimates, followed by the confidence for (any) location estimates using signal characteristic data from LBSs. However,

suchprioritization may vary depending on,for instance, the radio coverage area 120. In an one embodimentof the present

invention, it is an aspect of the present invention that for MBS location data received from the GPS and location center, their

confidences may vary according to the area in which the MBS 148 resides. That is, if it is known that for a given area, there is a

reasonable probability that a GPS signal may suffer multipath distortions and that the location center has in the past provided

reliable location estimates, then the confidences for these two location sources may be reversed.
108

Cisco v. TracBeam / CSCO-1002

Page 114 of 2386

 



Cisco v. TracBeam / CSCO-1002 
Page 115 of 2386

ln one embodiment of Wren invention, MBS operators may be requested to (®manually enter the location of the
MBS 148 when the MBSis stationary for determining and/or calibrating the accuracy of various MBSlocation estimators.

There is an additional important source of location information for the MBS 148 that is incorporated into an MBSvehicle

(such as a police vehicle) that has no comparable functionality in the network offixed location BS’s. That is, the MBS 148 may use

5 deadreckoning information provided by a deadreckoning MBSlocation estimator 1544 whereby the MBS may obtain MBS

deadreckoning location change estimates. Accordingly, the deadreckoning MBSlocation estimator 1544 may use, for example, an on-

board gyroscope 1550, a wheelrotation measurementdevice (e.g., odometer) 1554, and optionally an accelerometer (not shown).

Thus, such a deadreckoning MBSlocation estimator 1544 periodically provides at least MBS distance anddirectional data related to

MBS movements from a most recent MBS location estimate. More precisely, in the absence of any other new MBS location

10_information, the deadreckoning MBS location estimator 1544 outputs a series of measurements, wherein each such measurementis an

. estimated change (or delta) in the position of the MBS 148 between a request input timestamp and a closest timeprior to the

timestamp, wherein a previous deadreckoning terminated. Thus, each deadreckoning location change estimate includes the following —
fields:

(a) an “earliest timestamp”field for designating the start time when the deadreckoninglocation change estimatefeil
15 commences measuring a changein the location of the MBS;

 

 (b) a “latest timestamp”field for designating the end time when the deadreckoning location change estimate stops

Measuring a changein the location of the MBS; and
148hadag
a

(©) an MBSlocation change vector.

ie Thatis, the “latest timestamp” is the timestamp input with a request for deadreckoning focatton data, and the “earliest timestamp”

20 isthe timestampofthe closest time, T, prior to thelatest timestamp, wherein a previous deadreckoning outputhasits a timestamp at a time equalto T.

Further,the frequency of such measurements provided by the deadreckoning subsystem 1527may be adaptively provided

depending on the velocity of the MBS 148 and/or the elapsed time since the most recent MBSlocation update. Accordingly,the

architecture ofat least some embodimentsof the MBSlocation subsystem [508 must be such that it can utilize such deadreckoning

25__informationfor estimating the location of the MBS 148.

In one embodiment of the MBS location subsystem 1508 described in further detail hereinbelow, the outputs from the

deadreckoning MBS location estimator 1544 are used to synchronize MBS location estimates from different MBS baseline location

estimators. Thatis, since such a deadreckoning output may be requested for substantially any time from the deadreckoning MBS
location estimator, such an-output can be requested for substantially the same point in time as the occurrence of the signals from

30 which a new MBSbaseline location estimate is derived. Accordingly, such a deadreckoning output can be used to update other MBS

location estimates not using the newbaabaseline jocation estimate.A=It is assumed that the errorwithiseobveconngneawith deadreckoning distance. Accordingly,it is an aspect of the
embodimentof the MBS location subsystem 1508 that when incrementally updating the location of the MBS 148 using deadreckoning
and applying deadreckoning location change estimates to a “mostlikely area” in which the MBS 148is believed to be, this areais
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fifted. The enlargement of the area is used to account vor the inaccuracy in the deadreckoningincrementally enlarged as well as

capability. Note, however, that the deadreckoning MBS location estimatoris periodically reset so that the error accumulation inits

outputs can be decreased. In particular, such resetting occurs when there is a high probability that the location of the MBS is known.

For example, the deadreckoning MBS location estimator may be reset when an MBS operator manually enters an MBS location or

verifies an MBS location, or a computed MBSlocation has sufficiently high confidence.

Thus, due to the MBS 148 having tess accurate location information (both aboutitself and a target MS 140), and further that

deadreckoning information must be utilized in maintaining MBS location estimates,a first embodiment of the MBS location subsystem

architecture is somewhatdifferent from the location engine {39 architecture. Thatis, the architecture of this first embodimentis

simpler than that of the architecture of the location engine 139. However, it important to note that, at.a high level, the architecture

of the location engine 139 may also be applied for providing a second embodiment of the MBSlocation subsystem 1508,as oneskilled

in the art will appreciate afterreflecting on the architectures and processing provided at an MBS 148. For example, an MBSlocation

subsystem [508 architecture may be provided that has one or more first order models 1224 whose outputis supplied to, for example,

a blackboard or expert system for resolving MBSlocation estimate conflicts, such an architecture being analogous to one

embodiment of the location engine 139 architecture.

Furthermore, it is also an important aspect of the presentinvention that, at a high level, the MBS location subsystem

architecture may also be applied as an alternative architecture for the location engine 139. For example, in one embodimentof the

location engine 139, each of the first order models 1224 may provide its MS location hypathesis outputs to a corresponding “location

track,” analogous to the MBS location tracks described hereinbelow, and subsequently, a most likely MS current location estimate

may be developed in a “current location track” (also described hereinbelow) using the most recent location estimatesin other

location tracks.

Further, note that the ideas and methods discussed here relating to MBS location estimators 1540 and MBSlocation tracks, and,

the related programs hereinbelow are sufficiently general so that these ideas and methods may be applied-in a numberof contexts

related to determining the location of a device capable of movement and wherein the location of the device must be maintained in

real time. For example,the present ideas and methods maybe used by a robotin a very cluttered environment (e.g, a warehouse),
wherein the robot has access: (a) to a plurality of “robot location estimators” that may provide the robot with sporadic location

information, and (b) to a deadreckoning location estimator.

_ Fach MBS 148,additionally, has a location display (denoted the MBS operatorvisual user interface 1558in Fig. 11) where area

maps that may be displayed together with location data. In particular, MS location data may be displayed on this display as a nested
collection of areas, each smaller nested area being the most likely area within (any) encompassing area for locating a target MS 140.

Note that the MBS controller algorithm below may be adaptedto receive location center 142 data for displaying the locations of other

MBSs 148 as well as target MSs 140.

Further, the MBS 148 may constrain anylocation estimatesto streets on a street map using the MBSlocation snap to street

module 1562. For example, an estimated MBS location not on a street may be “snapped to” a nearest street location. Note that a

nearest street location determiner may use “normal”orientationsof vehicles on streets as a constraint on the nearest street location.
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e @, 5222:beatParticularly,if an MBS 148 is Nreg at typical rates of speed and acceleration, and with ruptRangetdecetion rexample, ©
if the deadreckoning MBSlocation estimator 1544 indicates that the MBS 148 is moving ina mortherydirection, then the street
snapped to should be a north-south running street. Moreover, the MBS location snap to street module 1562 mayalso be used to

enhance target MS location estimates when, for example,it is known or suspected that the target MS 140 is in a vehicle and the

vehicle is moving at typical rates of speed. Furthermore, the snap to street focation module 1562 may also be used in enhancing the

location of a target MS 140 by either the MBS 148 or by the location engine 139. in particular, the location estimator 1344 or an

additional module betweenthe location estimator 1344 and the output gateway 1356 mayutilize an embodimentof the snap to street

location module [562 to enhance the accuracy of target MS 140 location estimates that are known to be in vehicles. Note that this

may be especially useful in locating stolen vehicles that have embedded wireless location transceivers (MSs 140), wherein appropriate

wireless signal measurements can be provided to the location center 142.

MBS Data Structure Remarks

Assuming the existence of at least someofthe location estimators 1540 that were mentioned above,the discussion here refers

substantially to the data structures and their organizationasillustrated in Fig. 13.

Thelocation estimates (or hypotheses) for an MBS 148 determining its own location each have an error or range estimate

associated with the MBSlocation estimate. Thatis, each such MBS location estimateincludes a “most likely MBS point location”

within a “most likely area”. The “most likely MBS point location” is assumed herein to be the centroid of the “most likely area.” In

one embodiment of the MBS location subsystem 1508, a nested series of “most likely areas” may be provided about a most {ikely

MBS point location. However, to simplify the discusston herein each MBSlocation estimate is assumed to have a single “most likely

area”. Oneskilled in the art will understand how to provide such nested “most likely areas” from the description herein.

Additionally,it is assumed that such “most likely areas” are not grossty oblong; i.e., area cross sectioning lines through the centroid

of the area do not havelarge differencesin their lengths. For example, for any such “mostlikely area”, A, no two such cross

sectioninglines of A may have lengths that vary by more than a factorof two.

Each MBSlocation estimate also has a confidence associated therewith providing a measurement of the perceived accuracy of

the MBS being in the “most likely area” ofthe location estimate.

A (MBS)“location track”is an data structure (or object) having a queue of a predetermined length for maintaining a temporal
(timestamp)orderingof “location track entries” such as the location track entries t770a, 1770b, 1774a, 1774b, 1778a, 1778b, 1782a,

1782b, and 1786a(Fig. 13), wherein each such MBSlocation track entry is an estimate of the location of the MBS at a particular

corresponding time.

There is an MBS location track for storing MBS location entries obtained from MBSlocation estimation information from each of

the MBS baseline location estimators described above(i.e., a GPS location track 1750for storing MBS location estimations obtained

from the GPSlocation estimator 1540, a location center location track 1754 for storing MBS location estimations obtained from the

location estimator 1540 deriving its MBS location estimates from the location center 142, an LBS location track 1758for storing MBS
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 location estimations shined he location estimator 1540 deriving its MBS ecaiosMaes from base stations 122 and/or
152, and a manuallocation track 1762 for MBS operator entered MBS locations). Additionally, there is one further location track,

denoted the “current location track” 1766 whose location track entries may be derived from the entries in the ather location tracks

(described further hereinbelow). Further, for each focation track, there is a location track head that is the head of the queue for the

location track. The location track head is the most recent (and presumably the most accurate) MBSlocation estimate residing in the

location track. Thus, for the GPS location track 1750 has location track head 1770; the location center location track 1754 has
location track head 1774; the LBS location track 1758 haslocation track head 1778; the manuallocation track 1762 haslocation track

head 1782; and the current location track 1766 has location track head 1786. Additionally, for notational convenience, for each

location track, the timeseries of previous MBS location estimations(i.e., location track entries) in the location track will herein be

denoted the “path for the location track.” Such paths are typically the length of the location track queuecontaining the path. Note

thatthe length of each such queue may be determined usingat least the following considerations: ,

(i) In certain circumstances (described hereinbelow), the location track entries are removed from the head of the
location track queues so that location adjustments may be made. In such a case,it may be advantageousfor the

length of such queues to be greater than the numberofentries that are expected to be removed;

(ii) In determining an MBSlocation estimate,it may be desirable in some embodiments to provide newlocation

__ estimates based on paths associated with previous MBSlocation estimates provided in the corresponding location

track queue.

Also note that it is within the scope of the present invention that the location track queue lengths may be a length of one.

Regarding location track entries, each location track entry includes:

(a) a “derived location estimate” for the MBS that is derived using atfeast one of:

(i) at least a most recent previous output from an MBS baseline location estimator 1540 (i.e., the output being an

MBSlocation estimate); .

(ii) deadreckoning output information from the deadreckoning subsystem 1527.

Further note that each output from an MBSlocation estimator has a “type” field thatis used for identifying the MBS

location estimatorof the output.

(b) an “earliest timestamp” providing the time/date when the earliest MBS location information upon which the derived
location estimate for the MBS depends. Notethis will typically be the timestampofthe earliest MBS location

estimate (from an MBSbaseline location estimator) that supplied MBSlocation information usedin deriving the
derived location estimate for the MBS 148.

(ca “latest timestamp” providing the time/date when the latest MBS location information upon which the derived

location estimate for the MBS depends. Note that earliest timestamp — latest timestamp only for so called

“baseline entries” as defined hereinbelow. Further note that this attribute is the one used for maintaining the

“temporal (timestamp) ordering”oflocation track entries.
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(A“taidistance” indicatingthe total distance (e.g., wheel turns or odometerdifference) since the most

recently previous baseline entry for the corresponding MBSlocation estimator for the location track to which the

location track entry is assigned.

For each MBSlocation track, there are two categories of MBS location track entries that maybe inserted into a MBS location
5 trade .

(a) “baseline” entries, wherein each such baseline entry includes (depending on the location track) a location estimate

for the MBS 148 derived from: (i) a most recent previous output either from a corresponding MBS baseline location

estimator; or(il) from the baseline entries of other location tracks (this latter case being the for the “current”

location track);

10 (b) “extrapolation” entries, wherein each such entry includes an MBSlocation estimate that has been extrapolated from

the (most recent) location track head for the location track (i.e., based on the track head whose “latest timestamp”

immediately precedes the latest timestampof the extrapolation entry). Each such extrapolation entry is computed

by using data fram a related deadreckoning location change estimate output from the deadreckoning MBSlocation

 estimator 1544. Each such deadreckoning location changeestimate includes measurementsrelated to changes or

“15 deltas in the location of the MBS 148. More precisely,for each location track, each extrapolation entry is determined
‘a

rj using: (i) a basefine entry, and (ii) a set of one or more (i.e., all tater occurring) deadreckoninglocation change

estimates in increasing “latest timestamp” order. Note that for notational conveniencethis set of one or more

nie

6
deadreckoning location change estimates will be denoted the “deadreckoning {ocation change estimate set”

associated with the extrapolation entry resulting from this set. 
fu 20 (c) Note that for each focation track head,it is either a baseline entry or an extrapolation entry. Further, for each
a extrapolation entry, there is a most recentbaseline entry, B, that is earlier than the extrapolation entry andit is this

B from which the extrapolation entry was extrapolated. This earlier baseline entry, B, is hereinafter denoted the

“baseline entry associated with the extrapolation entry.” More generally, for each location track entry,T, there is a

most recent previous baseline entry, B, associated with T, whereinif T is an extrapolation entry, then B is as defined

25 above,else if T is. a baseline entry itself, then T=B. Accordingly, note that for each extrapolation entry that is the

head ofa location track, there is a most recent baseline entry associated with the extrapolation entry.

Further, there are two categories of location tracks:

(a) “baseline location tracks,” each having baseline entries exclusively from a single predetermined MBSbaseline

location estimator; and

30 (b) a “current” MBSlocation track havingentries that are computed or determined as “mostlikely” MBSlocation

estimates from entries in the other MBS location tracks.
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In order to be able to properly compare the track heads to determine the mostlikely MBS location estimateit is an aspect of the

MBS Location Estimating Strategy

present invention that the track heads ofall location tracks include MBS location estimates that are for substantially the same

(latest) timestamp. However, the MBS location information from each MBS baseline location estimatoris inherently substantially

5 unpredictable and unsynchronized. In fact, the only MBSlocation information that may be considered predicable and controllable is

the deadreckoning location change estimates from the deadreckoning MBSlocation estimator 1544 in that these estimates may

reliably be obtained whenever there is a query from the location controller 1535 for the most recent estimate in the change of the

location for the MBS 148. Consequently (referring to Fig. 13), synchronization records 1790 (having at least a 1790b portion, and in

somecases also having a 1790a portion) may be provided for updating each location track with a new MBSlocation estimate as a new

10 track head. In particular, each synchronization record includes a deadreckoning location change estimate to be used in updating all

but at most oneof the location track heads with a new MBSlocation estimate by using a deadreckoning location change estimate in
conjunction with each MBSlocation estimate from an MBSbaseline location estimator, the location track heads may be synchronized

according to timestamp. More precisely, for each MBSlocation estimate, E, from an MBS baseline location estimator, the present

invention also substantially simultaneously queries the deadreckoning MBSlocation estimator for a corresponding most recent change
-_ 19) in the location of the MBS 148. Accordingly, E and the retrieved MBS deadreckoning location change estimate, C, have substantiallyEa

  the same “latest timestamp”. Thus, the location estimate E may be used to create a new baseline track head for the location track

having the corresponding type for E,and C may be used to create a corresponding extrapolation entry as the head of each of the

otherlocation tracks. Accordingly,since for each MBS location estimate, E, there is a MBS deadreckoning location change estimate,C,

having substantially the same “latest timestamp”, E and C will be hereinafter referred as “paired.”

20 High level descriptions of an embodiment of the location functions performed by an MBS 148 are provided in APPENDIX A
hereinbelow.
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APPENDIX A: MBS Function Embodiments

Mobile Base Station Controller Program

5 mobile_base_station_controller()

ft
wait_for_input_of tirst_MBS_locationevent); /* “event”is a record (object) with MBSlocation data */

WHILE(no MBS operator inputto exit) DO

CASE OF (event): /* determine the type of “event” and processit. */
10 MBS LOCATION DATA RECEIVED FROM GPS:

MBS LOCATION DATA RECEIVED FROM LBS:

MBS LOCATION DATA RECEIVED FROMANY OTHER HIGHLYRELIABLE MBS LOCATION

SOURCES (EXCEPT LOCATION CENTER):

41s MBS_new_est <--- get_newMBSlocation usingestimateevent); ‘ate one of the locokisny
- /* Note, whenever a new MBSlocation estimate is entered as a baseline estimate ¢nte-the-locaxiortracks, the other

location tracks must be immediately updated with any deadreckoning location change estimates so that all

location tracks are substantially updated at the same time. */

deadreckest <--- getdeadreckoning_location_change_estimatdevent);

20 MBS_curr_est <--- DETERMINE_MBS_LOCATION_ESTIMATE(MBS_new_est, deadreck_est);

if (MBS_curr_est.confidence > a predetermined high confidence threshold) then

 
reset_deadreckoning_HMBS_location_estimator{event);

/* deadreckoning starts over from here. */

25 /* Send MBSlocation information to the Location Center. */

if ( MBS has not moved since the last MBSlocation estimate of this type and is not now moving) then

{

configure the MBS on-board transceiver(e.g., MBS-MS) to immediately transmit location signals to thefixed

location BS network as if the MBS were an ordinary location device (MS);
30

communicate with the Location Center via the fixed location BS infrastructure the following:

(a) a “locate me”signal,
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»®bscurrest,

(c) MBS_new_est and

(d) the timestampfor the present event.

Additionally, any location signal information between the MBS and the present target MS may be

transmitted to the Location Centerso that this information mayalso be used by the Location Center to

provide better estimates of where the MBSis. Further,if the MBS determinesthatit is immediately adjacent

to the target MS and also that its own location estimate is highly reliable (e.g:, a GPS estimate), then the

MBS may also communicatethis information to the Location Center so that the Location Center can: (a)

associate any target MS location signature cluster data with the fixed base station infrastructure with the

location provided by the MBS, and (b) insert this associated data into the location signature data base of the

Location Center as a verified cluster of “random locsigs”;

/* note, this transmission preferably continues (i.e., repeats) for at least a predetermined length of time of

sufficient length for the Signal Processing Subsystem to collect a sufficient signal characteristic sample size.

*/

} |
else SCHEDULEan event(if none scheduled) to transmit to the Location Center the following: (a) MBS__curr_est, and

(b) the GPS location of the MBS and the time of the GPS location estimate;

/* Now update MBS display with new MBSlocation; note, MBS operator must request MBS locations

on the MBS display; if not requested, then the following call does not do an update. */

update_HBS_ operator display withHBS est(MBS_curr_est);

}

SINCE LAST MBS LOCAVION UPDATE

IBS HAS MOVED A THRESHOLD DISTANCE: {

deadreck_est <--- getdeadreckoning_location_change_estimateevent);

/* Obtain from MBS Dead Reckoning Location Estimator a new dead reckoning MBSlocation estimate

having an estimate as to the MBSlocation change from the location of the last MBSlocation

provided to the MBS. */

MBS_curr_est <---- DETERMINE_MBS_LOCATION_ESVIMATE(NULL,deadreckest);

/ this new MBS estimate will be used in new target MS estimates*/

update MBS _display_with_ updated MBS focationMBScurrest);

SCHEDULE an event(if none scheduled) to request new GPS location data for MBS;
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 wit (if none scheduled) to request communication vitWon Center (LC) related to new MBS

location data;

SCHEDULEai

SCHEDULEan event (if none scheduled) to request new LBS location communication between the MBS and any LBS’s

that can detect the MBS;

5 /* Note, in some embodiments the processing of MBS tocation data from LBS’s may be performed

| automatically by the Location Center, wherein the Location Center uses signal characteristic data from
the LBS’s in determining an estimated location of the MBS. */

SCHEDULE anevent(if none scheduled)to obtain new target MS signal characteristics from MS; /* i.e., may get

a better target MS location estimate now. */

10 }

TIMER HAS EXPIRED SINCE LAST RELIABLE TARGET MIS LOCATION INFORMATION

OBTAINED: {

SCHEDULE an event(if none scheduled) to request location communication with the target MS, the eventis at a very
high priority;

RESETtimerfor target MS location communication; /* Try to get target MS location communication again within a

predetermined time. Note, timer may dynamically determined according to the perceived velocity of the target

MS. */

}

LOCATION COMMUNICATION FROM TARGET MS RECEIVED: {

MS_raw_signal_data <--- get MSsignal characteristic_raw_data(event),

 
/* Note, “MS_raw_signaldata” is an object having substantially the unfiltered signal characteristic

values for communications between the MBS and the target MS as well as timestamp information. */

Construct a message for sending to the Location Center, wherein the message includesatleast

“MS_raw_signal_data” and “MBS_curr_est” so that the Location Center can also compute an estimated

25 location for the target MS;

SCHEDULE an event (if none scheduled) to request communication with Location Center (LC) for sending the

constructed message;

/* Note, this data does not overwrite any previous data waiting to be sent to the LC. */

30 MS_signal_data <--- getASsignal characteristic_data(event);

/* Note, the MS signal data obtained aboveis, in one embodiment, “raw”signal data. However,ina

second embodiment, this datais filtered substantially as in the Location Center by the Signal
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®.. Subsystem. For simplicity of discussion soAethat each MBSincludes at least
a scaled down version of the Signal Processing Subsystem(see FIG.Il). */

MS_newest <---- DETERMINE_PMS_MOST_RECENT_ESTIMATAMBScurr_est, MS_curr_est,

MS_signal_data);

5 /® May use forward and reverse TOA, TDOA,signal power, signal strength, and signalquality

indicators. Note, “MScurr_est”includes a timestamp of when the target MS signals were received.

*/

if (MS_new_est.confidence > min_MS_confidence ) then

{

10 imatk_ HSest_as_temporar{HS_new_est);

/* Note,it is assumed that this MS location estimate is “temporary”in the sense thatit will be

replaced by a corresponding MS location estimate received from the Location Center that is based on

the same target MS raw signal data. That is, if the Location Center responds with a corresponding

fadstee
target MS location estimate, E, while “MSnewest” is a value in a “moving window” of target MS

15 location estimates (as described hereinbelow), then E will replace thie value of “MS_new_est”. Note,

Se the moving window may dynamically vary in size accordingto, for example, a perceived velocity of

the target MS and/or the MBS. */

MS_movingwindow <--- getMS moving_windowevent);

ifai /* get moving window oflocation estimates for this target MS. */

 
- add’MS_estimate_to_MS_location_windowMS_new_est,MS_movingwindow);

/* Since any given single collection of measurementsrelated to locating the target MS may be

potentially misleading, a “moving window” oflocation estimates are used to form a “composite

location estimate” of the target MS. This composite location estimateis based on some numberof the

25 most recent location estimates determined. Such a composite location estimate may be, for example,

analogous to a moving averageor some other weighting of target MS location estimates. Thus,for

example, for each location estimate(i.¢., at least one MS location area, a mostlikely single location,

‘and, a confidence estimate) a centroid type calculation may be performed to provide the composite
location estimate.*/

30 MS_curr_est <---- DETERMINE MS LOCATION ESTIMATRMS_mavingwindow);

/* DETERMINE new target MS location estimate. Note this may an averagelocation or a weighted

average location. */

remove_scheduled event<“TARGETMSSCHEDULE”, event.MS1D);
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  ® REMOVE ANY OTHER EVENTS SCHEDULED FOR REQUI ING LOCATION COMMUNICATION FROM

TARGET MS */

}

else /* target MS location data received butit is not deemedto be reliable (e.g., too much multipath and/or

5 inconsistent measurements, so SCHEDULE an event (if none scheduled) to request new location

communication with the target MS, the event is at a high priority*/

add toscheduled events<“TARGETMSSCHEDULE”, event.MS_1D);

updateHIBSoperator display_with_ MS est(MScurr_est);

/° The MBS display may use variouscolors to represent nested location areas overlayed on an area map

.10 wherein, for example, 3 nested areas may be displayed on the mapoverlay: (a) a largest area having a

relatively high probability that the target MS is in the area (e.g., > 95%); (b) a smaller nested area having

a lower probability that the target MS is in this area (e.g., > 80%); and (c) a smallest area having the

lowest probability that the target MS is in this area(e.g., >70%). Further, a relatively precise specific
location is provided in the smallest area as the most likely single location of the target MS. Note that in one

15 embodiment,the colors for each region may dynamically change to provide an indication as to how highoefi their reliability is; e.g., no colored areas shownforreliabilities below, say, 40%; 40-50% is purple; 50-60%

is blue; 60-70% is green; 70-80% is amber, 80-90% is white; and red denotes the most likely single

 location of the target MS. Further note the three nested areas maycollapse into one or two as the MBSgets

closer to the target MS. Moreover, note that the collapsing of these different areas may provide operators in

the MBS with additional visual reassurance that the location of the target MS is being determined with better

accuracy.*/

/* Now RESET timer for target MS location communication to try to get target MS

location communication again within a predetermined time. */

25 reset_timen“TARGET_MSSCHEDULE”, event.MS_ 1D);

} |
COPIPIUNICATION OF LOCATION DATA 70 MBS FROM LOCATION CENTER: {

/* Note, target MS location data may be received from the Location Center in the seek state, contact state and the
control state. Such data may be received in response to the MBS sending target MS location signal data to the

30 Location Center (as may be the case in the contact and controlstates), or such data may be received from the

Location Center regardless of any previously received target MS location sent bythe MBS (as may be the case in

the seek, contact and controlstates). */
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 if ( (the time : F “<= (the timestamp
returned by this Location Center communication identifying the MBS locationdata used by the Location Center

for generating the MBS location data of the present event) )

then /* use the LC location data since it is more recent than what is currently being used. */

5 {

MBSnewest <--- getLocation Center_HBS_estevent);

deadreckest <--- ger deadreckoning location _change_estimateevent);

MBScurr_est <----DETERMINE_MBS_LOCATION_ESTIMATE(MBSnewest, deadreckest);

if (MBS_curr_est.confidence > a predetermined high confidence threshold) then

10 reset_deadreckoning_HBS_location_estimatoxevent);

update MBSoperator display withMBS es(MBScurrest);

i}

if ( (the timestampof the latest target MS location data sent to the Location Center) <= (the

timestampreturned by this Location Center communication identifying the MS location data used by the

Location Centerfor generating the target MS location estimate of the present event))

then /* use the MS location estimate from the LC since it is more recent than what is currently being used. */
{

MS_newest <--- getLocation Center MS estevent);

" /* This information includes error or reliability estimates that may be used in subsequent attemptsto

determine angiectneshnate when there is no communication with the LC and no exact (GPS)
location can be obtained. Thatis, if the reliability of the target MS’s location is deemed highly reliable,

 
then subsequent less reliable location estimates should be used,only to the degree that more highly

. . AS ovoWray .G\ reliable estimates becomeless relevant due to thesfiS-moving-to other locations. */
MS_movingwindow <--- getMS_soving_windowevent);

25 /* get moving windowoflocation estimates for this target MS. */

if ( (the Location Center target MS estimate utilized the MS location signature data supplied by the MBS) then

if (a corresponding target MS location estimate marked as “temporary”is still in the moving

window)
30 then /* It is assumed that this new target MS location data is still timely (note the target MS

may be moving); so replace the temporary estimate with the Location Center estimate.

*/

replace the temporary target MS /ocat/orestimate in the moving window with

“MS_new_est”;
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  /* there is no corresponding “temporary” target MS focation in the moving window;so
this MS estimate must be too old; so don’t use it. */

else /* the Location Center did not use the MS location data from the MBS even though the timestamp of

. the latest MS location data sent to the Location Centeris older that the MS location data used by
5 the Location Center to generate the present target MS location estimate. Use the new MS location

data anyway. Note there isn’t a corresponding “temporary” target MS location in the moving

window. */

add_F#S_estimate_to_ MS location windowMS_new_est);

}

10 else /* the MS location estimate from the LC is not more recent than the fatest MS location data sent to the LC from

the MBS. #/

if (a correspondingtarget MS location estimate marked as “temporary”is still in the moving window)

‘then /* It is assumed that this new target MS location data is still timely (note the target MS may be
moving); so replace the temporary estimate with the Location Center estimate. */

replace the temporary target MS /ocatiorestimate in the moving window with “MS_new_est”;

else /* there is no corresponding “temporary”target MS location in the moving window;so this MS
estimate must be too old; so don’t useit. */

MS_curr_est <---- DETERMINE_MS LOCATION_ESTIHATRMS_moving_window);
update_HIBS operator display with MS est(MS_curr_est);
reset_timen“LC_COMMUNICATION”, event.MS_1D);

}

NO COMMUNICATION FROM LC: {

/* i.e., too long a time haselapsed since last communication from LC. */

 
~ SCHEDULE an‘event(if none scheduled) to request location data (MBS and/ortarget MS) from the Location Center,

25 the event is at a high priority; |

reset_Uime“LC_COMMUNICATION”, event.MS_ID);

}

REQUEST TO NO LONGER CONTINUE LOCATING THE PRESENT VARGETFi& {

if (event not from operator) then

30 request MBS operatorverification;

else {

REMOVEthe current target MS from the list of MSs currently being located and/or tracked;

SCHEDULE anevent(if none scheduled) to send communication to the Location Center that the current target MS

is no longer being tracked;
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PURGE x}data related to current target MS except any exact ®. data for the target MS that has not
been sent to the Location Center for archival purposes;

}

}

REQUEST FROM LOCATION CENTER TO ADD ANOTHER TARGETMS TO THE LIST OF MSs

BEING TRACKED: {

/* assumingthe Location Center sends MBS location data for a new target MS to locate and/or track (e.g., at

least a new MS ID and aninitial MS location estimate), add this new target MS tothe list of MSs to track. Note

the MBSwill typically be or transitioning to in the seek state.*/

if (event not from operator) then

request MBS operator verification;

else {

INITIALIZE MBS with data recetved from the Location Center related to the estimated location of the new target

MS; /* e.g., initialize a new moving window for this new target MS;initialize MBS operator interface by

graphically indicating where the new target MSis estimated to be. */
CONFIGURE MBSto respondto any signals received from the new target MS by requesting location data from the

new target MS;

INITIALIZE timer for communication from LC; /* A timer may be set per target MS on list. */

}

REQUEST TO MANUALLYENTER A LOCATION ESTIMATE FOR MBS (FROMAN MBS
OPERATOR): {

/* Note, MBS could be movingorstationary. If stationary, then the estimate for the location of the MBS is given

highreliability and a small range (e.g., 20 feet). If the MBS is moving, then the estimate for the location of the
MBSis given highreliability but a wider range that may be dependent on the speed of the MBS. In both cases,if

the MBS operatorindicates a low confidence in the estimate,then the range is widened, or the operator can

manually enter a range.*/

MS_new_est <--- gé¢ new _MBS location _est_from_operatorevent; /* The estimate may be obtained, for

example,using a light pen ona displayed map */

if (operator supplies a confidence indication for the input MBS location estimate) then

MBS_new_est.confidence <--- getMBS operator confidence_of_ estimateevent);

else MBS_new_est.confidence <--- |; /* This is the highest value for a confidence. */ .
deadreck_est <--- get_deadreckoning_location_change_estimatdevent);
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MBScurr_¢xae--- DETERMINEMBSLOCATIONESTIMAIBHSSnevex deadreck_est);
if (MBScurr_est.confidence > a predetermined high confidence threshold) then —

reset_deadreckoning MBS location_estimator{event);

updateMBS operator display with MBS es{MBS_curr_est);

/* Note, one reason an MBS operator might provide a manual MBSinputis that the MBS might be too inaccurate in

its location. Moreover, such inaccuracies in the MBSlocation estimates can cause the target MS to be estimated

inaccurately, since target MS signa! characteristic values may be utilized by the MBS to estimate the location of the

target MS as an offset from where the MBSis. Thus,if there are target MS estimates in the moving window of

10 target MS location estimates that are relatively close to the location represented by “MBS_curr_est”, then these

select few MS location estimates may be updated to reflect a more accurate MBSlocation estimate. */

MS_movingwindow <--- get_MS_moving_windowevent);

if (MBS has not moved much since the receipt of some previous target MS location that is still being used to location

-the target MS)

15 then

UPDATE those target MS location estimates in the moving window according to the new MBS location estimate

here;

_-MS_curr_est <---- DETERMINE MS LOCATION_ESTIMATRMS_moving_window);

20 update_MBS operator display with _MS_est(MS_curr_est);

 
 

jes }

} & end case statement */

25 LowerLevel MBS Function Descriptions

/ PROCEDURE: DETERMINE_MBS_LOCATION_ESTIMATE REMARKS:

It is assumed that with increasing continuous dead reckoning without additional MBS location verification, the potential

errorin the MBS location increases.

30 It is assumed that each MBSlocation estimate includes: (a) a most likely area estimate surroundinga central location and (b) a

confidence value of the MBS being in the location estimate.
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The confidenceiOMBSlocation estimate is a measurementof2.of the MBStocation estimate
being correct. More precisely, a confidence value for a new MBSlocation estimate is a measurementthatisadjusted according to the

following criteria:

(a) the confidence value increases with the perceived accuracy of the new MBSlocation estimate (independent of any current
MBSlocation estimate used by the MBS),

(b) the confidence value decreases as the location discrepancy with the current MBSlocation increases,
(c) the confidence value for the current MBSlocation increases when the new location estimate is contained in the current

location estimate,
decreases

cA (d) the confidence value for the current MBS location¢deereasewhen the new location estimateis not contained in the current
location estimate, and

Therefore, the confidence value is an MBSlocation likelihood measurement which takes into

accountthe history of previous MBSlocation estimates.

It is assumed that with each MBSlocation estimate supplied by the Location Center there is a default confidence value

supplied which the MBS may change.

*/ .

DETERMINE_MBS_LOCATION_ESTIMATE(MBS_new_est, deadreck_est)

/* Add the pair, “MBS_new_est” and “deadreck_est” to the location tracks and determine a

new current MBSlocation estimate.

Input: MBS_new_est Anew MBS baseline location estimate to use in determining the,
location of the MBS, but not a (deadreckoning) location change

estimate

deadreck_est The deadreckoning location change estimate paired with
“MBS_new_est”. */

{

if (MBS_new_est is not NULL) then /* the “deadreck_est”is paired with “MBS_new_est” */

{

if (all MBSlocation tracks are empty) then

{ a

insert “MBS_new_est” as the head ofthelocation track of type, “MBS_new_est.type”;

insert “MBS_new_est” as the head of the current track; /* so now there isa “MBScurrest” MBS location

estimate to use */

MBS_curr_est <--- get_curr_est(MBS_new_est.MS_ID); /* from current location track */

}
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   dSage! to the current location track being nan-
(

else /* there iSveast one non-empty location track ina

 

 

empty*/

{

if (MBS_new_est is of type MANUAL_ENTRY)then

5 { /° MBS operator entered an MBS location estimate for the MBS; so must use |
it °/

MBScurr_est <--- add_location_entry(MBS_new_est, deadreck_est); |
}
else /* “MBS_mew_est” is not of type MANUAL_ENTRY */

10 if (the MBS location track of type, “MBS_new_est.type”, is empty) then |
{ /* someother location track is non-empty */ i

MBS_curr_est <--- add_location_e ntry(MBS_newest, deadreckest); |
}

a else /* “IMBS_new_est.type” location track is non-empty and “MBS_mew_est”
“d 15 is not of type MANUAL_ENTRY */

{ /* Inthe next statement determine if “MBS_new_est”is of at least

ial minimal useful quality in comparison toany previous estimates of the

S same type; see program dePn below */
t continuetoprocessnewest <-- FILTER(MBSnewest);

if (continue_toprocessnewest) then /* “MBSnewest” is of sufficient quality to

continue processing. */

{

MBS_curr_est <--- add_location_emtry(MBS_new_est, deadreck_est);

}/* end “MBSnewest”notfiltered out */

25 else /* “MBS_new_est”is filtered out; do nothing */;

}F end else */

}/* end else at least one non-empty location track */

}

else /* MBS_new_est is NULL; thus only a deadreckoning outputis to be addedto location tracks */

30 {

extrapolationentry <--- create_an_extrapolation_entry_from{deadreck_est);

insert_into_every location _tracKextrapolation_entry); /* including the “currentlocation track” */

MBS_curr_est <--- get curr_esf(MBS_new_est.MS_ 1D); /* from current location track */
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 }

RETURN (MBScurr_est);

} END / DETERMINE_MBS_LOCATION_ESTIMATE */

add_location_entry(MBS_new_est, deadreck_est);

/* This function adds the baseline entry, “MBS_new_est” andits paired deadreckoning location change estimate, “deadreck_est” to

the location tracks, including the “current location track”. Note, however, that this function will roll back and rearrangelocation

entries, if necessary, so that the entries are in latest timestamp order.

Returns: MBScurr_est */

if (there is a timeseries of one or more dead reckoning extrapolation entries in the location track of type “MBS_new_est.type”

wherein the extrapolation entries have a “latest timestamp” more recent than the timestamp of “MBSnewest”) then

{  /* Rote,this condition may occur ina numberof ways; e.g., (a) an MBS location estimate received from the Location

Center could be delayed long enough (e.g., |-4 sec) because of transmission and processing time; (b) the estimation

records output from the MBS baseline location estimators are not guaranteed to be always presented to the location

tracks in the temporal order they are created. */

roll backall (any) entries on all location tracks, including the “current”track, in “latest timestamp” descending order,

until a baseline entry, B, is at the head of a focation track wherein B is a mostrecent entry having a “latest

timestamp” prior to “MBSnewest”;let “stack” be the stack of a location track entries rolled off the location

tracks, wherein an entry in the stack is either a baseline location entry and a paired deadreckoning location change

. @Stimate, or, an unpaired deadreckoning location change estimate associated with a NULL for the baseline location

entry;

insert “MBS_new_est” at the head of the location track of type “MBS_new_est.type” as a new baseline entry;

insert the extrapolation entry derived from “deadreck_est”in each of the other baseline location tracks exctpt

the current track;

/* It is important to note that “deadreckest”includes the values for the change in the MBSlocation substantially for the

time period between the timestamp, T, of “MS_new_est” and the timestampof the closest deadreckoning output just

before T. Further note thatif there are any extrapolation entries that were rolled back above, then ¢#ere ssan

extrapolation entry, E, previously in the location tracks and wherein E has anearliest timestamp equal to thelatest

timestamp of B above. Thus, all the previous extrapolation entries removed can be put backif E is modified as follows:

the MBSlocation changevector of E (denoted herein as E.delta) becomes E.delta - [location change vectorof

, “deadreck_est”]. */

MBS_curr_est <--- UPDATE_CURR_EST(MBS_new_est, deadreck_est);
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if (the wraps E exists) then /* i.e., “stack” ts not empty */ @
{

modify the extrapolation entry E as per the comment above;

/* now fix things up by putting all the rolled off location entries back, including

5 the “current location track” */

do until “stack” is empty

{

stack_top <--- popstackstack);

/* “stack_top”is either a baselinelocation entry and a paired deadreckoninglocation change

10 estimate, or, an unpaired deadreckoning location change estimate associated with a NULLforthe

baseline location entry */ ,

MBS_nxt_est <--- gerbaseline entrfstack_top);
deadreckest <--- get deadreckoning_entn{stack_top);

MBScurr_est <--- DETERMINE_MBS_LOCATION_ESTIMATE(MBS_nxt_est,

15 deadreck_est);

. }
}

 
ie

}

else /* there is no deadreckoning extrapolation entries in the location trackof type “MBS_new_est.type” wherein the“tea”ihe

20 extrapolation entries have a “latest timestamp” more recent than the timestamp of “MBSnewest”. So just insert

“MBSnewest” and “deadreckest”.*/
ci 
cae {

insert “MBS_new_est” at the head of the location track of type “MBS_new_est.type” as a new baseline entry;

insert the extrapolation entry derived from “deadreckest” in each of the other location tracks except the current track;

25 MBS_curr_est <a UPDATE_CURR_EST(MBS_newest, deadreck_est); /* see prog def'n below */
}

RETURN(MBS_curr_est);

} /* end add_location_entry */

30 ~FILTER(MBS_new_est)

/* This function determines whether “MBS_new_est”is of sufficient quality to insert into it’s

corresponding MBSlocation track. It is assumed that the location track of

“MBS_new_est.type” is non-empty.
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Input: no. A new MBS location estimalluse in determining the
location of the MBS.

Returns: FALSE if “MISS_new_est” was processed here (i.e., filtered out),
TRUE if processing with “IMBS_new_est” may be continued . */

5 f{
continuetoprocessnewest <--TRUE; /* assume “MBSnewest” will be good enough to use as an MBS location estimate */

/* see if “MBS_new_est” can be filtered out. */

if (the confidence in MBS_new_est < a predetermined function of the confidence(s) of previous MBS location estimates of

type “MBS_mew_est.type”)

10 /* eg., the predetermined function here could be any of a numberof functions that provide a minimum threshold on

what constitutes an acceptable confidence value for continued processing of “MBSnewest”. The following is an

example of one such predetermined function: K*(confidence of “MBS_new_est.type” location track head) for

some, O<K< = 1.0, wherein K varies with a relative frequency of estimates of type

“MBS_new_est.type” notfiltered; e.g.., for a given window of previous MBSlocation estimatesof this type, K=*

15 (numberof MBSlocation estimates of “MBSnew_est.type” not filtered)/(the total numberof estimates of this

type in the window). Note, suchfiltering here may be important for known areas where, for example, GPSsignals

 maybe potentially reflected from an object (i.e., multipath), or, the Location Center provides an MBS location
 

estimate of very low confidence. Forsimplicity, the embodiment here discards anyfiltered location estimates.

However,in an alternative embodiment, any such discarded location estimates may be stored separately so that,

20 for example,if no additional better MBS location estimates are received, then thefiltered or discarded location

estimates may be reexamined for possible use in providing a better subsequent MBS location estimate.*/ 
then continue_toprocessnewest <-- FALSE;

else if (an area for “MBS_new_est” > a predetermined function ofthe corresponding area(s) ofentries in the location

track of type “MBS_new_est.type”)

25 . /*eg.,the predetermined function here could be any of a numberof functions that provide a maximum threshold

on what constitutes an acceptablearea size for continued processing of “MBSnewest”. The following are

examples of such predetermined functions: (a) the identity function on the area of the head of the location track

of type “MBS_new_est.type”; or, (b) K*(the area of the head of the location track of type

“MBS_new_est.type”), for some K, K> =1.0, wherein for a given window of previous MBS location estimatesof

30 this type, K= (the total numberof estimates in the window)/ (numberof these location estimates notfiltered);

note, each extrapolation entry increases the area of the head; so areasofentries at the head of each location

track type grow in area as extrapolation entries are applied. */

then continue_to_process_new_est <-- FALSE;
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nETUR(continue_to\y_dcess_new_est) ©
}

UPDATE_CURR_EST(MBS_new_est, deadreck_est)

/ This function updates the head of the “current” MBS location track whenever

“1BS_mew_est” is perceived as being a more accurate estimate of the location of the

MBS.

Input: MBS_new_est A new MBS location estimate to use in determining the location

of the MBS

deadreck_est The deadreckoning MBS location change estimate paired with

“MBS_mew_est’’.

Returns a potentially updated “MBS_curr_est” */

if (MBSnewest is of type MANUALENTRY) then

{ / MBS operator entered an MBS location estimate for the MBS; so must use it */

insert “MBS_new_est” as the head of the “current MBSlocation track” which is the location track indicating the best

current approximation of the location of the MBS;

}

else /* “MBSnewest” is not a manualentry */

{

MBScurrest <--- get curr_est(MBSnewest.MS_ID); /* get the head of the “current location track” */

adjusted_curr_est <--- appiy_deadreckoningto(MBScurrest, deadreckest);

-/* The above function returns an object of the same type as “MBS_curr_est”, but with the most likely MBS

point and area locations adjustedby “deadreckest”. Accordingly, this function performs the following

computations:

(a) selects, Ayg., the MBS location area estimate of “MBScurr_est” (e.g., oneof the “most likely”

nested area(s) provided by “MBScurr_est” in one embodimentof the present invention);

(b) applies the deadreckoning translation corresponding to “deadreckest” to Aygs to thereby

translate it (and expand it to at least account for deadreckoning inaccuracies). */

if (veasonably_close{MBS_new_est, adjusted_curr_est, MBS_curr_est))

/* In one embodiment, the function “reasonablyclose” here determines whether a most likely MBS point

location (i.e., centroid) of “MBS_new_est” is contained im the MBSestimated areaof

“adjusted_curr_est”
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then

 hat the reasoning for this constraint is that if “MBSGamest” wasaccurate, then any “most
likely MBS point location” of a new MBS baseline estimate thatis also accurate ought to be in the MBS

estimated area of “adjustedcurr_est”

Ina second embodiment, the function “reasonablyclose” determines whether the centroid (or most

likely MBS point location) of “MBSnewest” isclose enough to “MBScurrest” so that no MBS

movement constraints are (grossly) violated between the most likely point

locations of “MBS_mew_est” and “MBS_curr_est”; i.e., constraints on (de)acceleration,

abruptness of direction change,velocity change, max velocity for the terrain. Note, such constraints are

discussed in more detail in the section herein describing the “Analytical Reasoner”. Accordingly,it is an

aspect of the present invention to provide similar capabilities to that of the Analytical Reasoner as part of the

MBS, andin particular, as the functionality of the “MBS LOCATION CONSTRAINT CHECKER” illustratedin Fig.

|. It is assumed hereinafter that the embodiment of the function, “reasonablyclose”,performed here is a

combination of both the first and second embodiments, wherein the constraints of both the first and second
embodiments must be satisfied for the function to return TRUE. */

if (the confidence in MBS_new_est >= the confidemce in MBS_curr_est) then

if (the most likely MBS area of MBS_new_est contains the mostlikely MBS area of “adjustedcurr_est” as

computed above) then

shrink MBSnewest uniformly about its centroid (i.¢., “mostlikely MBS point location”) until it ts

as small as possible and still contain the MBS estimated area of “adjusted_curr_est”.

insert_into_location_track“current”, MBSnewest);

/* The program invoked here inserts a location track entry corresponding to the second parameter into the

location track identified by the first parameter(e.g., “current”). It is importantto note that the second

parameter for this program may be e/¢ferof the following data structures: a “location track entry”, or an

“MBSlocation estimate” and the appropriate location track entry or entries will be put on the location

track corresponding to the first parameter. The insertion is performed so that a “latest timestamp” order

is maintained; i.e.,

(a) any extrapolation entries in the location track, wherein these entries have a more recent

“latest timestamp” than the (“earliest” or only) timestamp (depending on the data
structure) of the second parameter are removed, and
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  (b) conceptually at least, the location change estima eS utput from the deadreckoning MBS
location estimator that correspond with the removed extrapolation entries are then

reapplied in timestamp orderto the head of the target location track. */

}

else /* the centroid of “MBS_new_est”, is contained in an area of “MBS_curr_est”, but the conficlence in

“MBS_mew_est” < confidence in “MBS_curr_est” */

most_likelyest <-- determine a “most likely MBS location estimate” using the set S = {the MBS

| location estimate centroid(s) of any MBSlocation track heads contained in the MBS
estimated area of “adjustedcurr_est”, plus, the centroid of “MBS_new_est”};

/* Note,in the above statement, the “most likely MBS location estimate” may be determined

using a number ofdifferent techniques depending on what function(s) is used to embody the

meaning of “most likely”. In one embodiment, such a “most likely” function is a function of

the confidence values of a predetermined population of measurements(e.g., the selected

location track heads in this case) from which a “mostlikely” measurementis determined (e.g.,

computed orselected). For example, in one embodiment, a “mostlikely” function may include

selecting a measurement having the maximum confidence value from among the population of
measurements. In a second embodiment, a “most likely” function may include a weightingof

measurements (e.g., location track heads) according to corresponding confidence values of the

measurements. For example, in the present context (of MBS {ocation track heads) the

following steps provide an embodimentof a “mostlikely”function:

(a) determine a centroid of area for each of the selected track heads(i.e., the location

track heads having a point location estimate contained in the MBS estimated area of
“adjustedcurrest”);

(b) determine the “mostlikely location MBS posftion’”P as a weighted centroid of the

centroids from step (a), wherein the weighting of each of the centroids from (a)is

provided by their corresponding confidence values;

(©) output an area,A,, as the “most likely MBS location avez”, wherein the centroid of

A, is P and A,is the largest area within the MBS estimated area of

“adjustedcurr_est” satisfying this condition; and

(d) set a confidence value for A, as the average confidence value of “MBSnewest”,
“MBS_curr_est” and the selected location track head used. */

insert_into_location_track{‘current”, most_likelyest);
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else /* “MBS_new_est” is not reasonably close to “adjusted_curr_est”(i.e.,

“MBS_curr_est” with “deadreck_est” applied to it), so a conflict exists here; ¢.,

(i) “MBS_new_est” is not a manual entry, and (ii) “MBS_new_est” does not have its centroid contained in the

MBSestimated area of “adjustedcurrest”, or, there has been a movement constraint violation. Note that it is

not advisable to just replace “MBS_curr_est” with “newest_head” because:

_ (a) “MBS_new_est” may be the MBSlocation estimate that is least accurate, while the previous entries

of the current location track have been accurate;

(b) the “MBS_curr_est” may be based ona recent MBS operator manual entry which should not be

overridden. */

MBS_curr_est <--- resolve_conflicts(MBS_new_est, adjusted_curr_est, MBS_curr_est);

}

} /* end else “MBS_new_est” not a manualentry */

if (MBSis a vehicle) and (not off road) then

/* it is assumed that a vehicular MBSis on-road unless explicitly indicated otherwise by MBS operator. */

MBScurr_est <--- saap_to_best_/it_stree(MBS_curr_est); /* snapto best street location according to location

- estimate, velocity, and/ordirection of travel. Note, this is a translation of “MBScurr_est”. */

RETURN(MBS_curr_est)

} END UPDATE(MBS_CURR_EST) */

resolve_conflicts(MBS_new_est, adjusted_curr_est,

/* There is a basic conflict here,

(i) “MBS_new_est” is not a manual entry, and

MBS_curr_est)

(ii) one of the following is true: “MBS_new_est” does not have its centroid contained

in the area “adjusted_curr_est”, or, using “MBS_new_est” implies an MBS

movement constraint violation.-

Input: MBS_new_est The newest MBS location estimate record.

adjusted_curr_est The version of “MBScurr_est” adjusted by the deadreckoning

. location change estimate paired with “MBS_new_est”.
cure_ts'. confidence.n

a MBS_ecurrmest The location track entry that is the head of the “current” location track. Note
that “MBS_new_est.confidence” > “MBScurr_est.cofidence”.

Output: An updated “MBS_curr_est”. */
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mark that a conflict has arisen between “MBScurrest” and “MBSnewest”;

if (the MBS operatordesires notification of MBS location estimate conflicts) then

notify the MBS operator of an MBSlocation estimate conflict;

if (the MBS operator has configured the MBS location system to ignore new estimatesthat are not “reasonably

close” to adjusted_curr_est) or

(MBS_curr_est is based om a manual MBS operator location estimate, and the MBS has moved less

than a predetermined distance (wheel turns) from where the manual estimate was provided) then

RETURN(adjusted_curr_est);

else /* not required to ignore “iM8S$_mew_est”, and there has been no recent manual

estimate input®/

{ /° try to use “MBS_mew_est” */

if (MBS_mnew_est.confidence - adjusted_curr_est.confidence) > a large predetermined

threshold) then

F* Note, the confidence discrepancy is great enough so that “MBS_newest” should be the most recent baseline

estimate on current MBSlocation track. Note that the threshold here may be approximately 0.3, wherein

confidences are in the range {0, !].*/

insert_into_focation_track“current”, MBS_new_est);

/* insert “MBS_new_est” into “current”location track (as a baseline entry) in “latest timestamp” order,

i.@., remove any extrapolation entries with a more recent “latest timestamp”in this track, and reapply,

in timestamporder,the location change estimates output from the deadreckoning MBS location

estimator that correspond with the removed extrapolation entries removed; */

else /* “MBS_mew_est.confidence” is not substantially bigger than

“adjusted_curr_est.confidence”; so check to see if there are potentially MBS

location system instabilities */

{ / check for instabilities °/

if [ (there has been more than a determined fractionof conflicts betweenthe “MBScurr_est” and “MBS_newest”
within a predetermined number of most recent “MBSnewest” instantiations) or

(the path corresponding to the entries of the “current location track” of the MBS has recently violated MBS

movement constraints more than a predetermined fraction of the number of times there has been new

instantiation of “MBS_curr_est”, wherein such movement constraints may be (de)acceleration constraints,

abrupt changein direction constraints, constraints relating to too high a velocity for a terrain) or
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(there @. an MBS operatorindication of lack of confidence @...:, displayed MBSlocation
estimates)]

then /* the MBS location system is likely unstable and/or inaccurate; check to see if

this condition has been addressed in the recent past. */

5 { /* fix instability */

if (fix_instability_counter equal to 0) then /* no instabilities have been addressed here

within the recent past;i.c., “fix_instabilitycounter” has the following semantics: if it is 0,

then no instabilities have been addressed here within the recent past; else if not 0, then a recent

‘instability has been attempted to befixed here. Note, “fixinstabilitycounter”is decremented,if
10 not zero, each time a new baseline location entry is inserted into its corresponding baseline

location track. Thus, this counter provides a “wait and see”strategy to determineif a previous

performanceof the statements below mitigated the (any) MBS location system instability. */

most_likelyest <-- determine anew “most likely MBS location estimate”; [30.1]
415 /* Note, a numberof MBS location estimates may be generated and comparedhere for

determining the “most_likely_est”. Far example, various weighted centroid MBS location

estimates may be determined by a clustering oflocation track head entries in various ways.

Ina first embodimentfor determining a value (object) for “most_likelyest”, a “most

likely” function may be performed, wherein a weighting of location track heads according to

20 , their corresponding confidence values is performed. For example,the following steps provide an

embodiment of a “most likely” function:

 
(a) obtain a set $ having: (i) a centroid of area for each of the track heads having a

corresponding area contained in a determined area surrounding the point

location of “adjusted_curr_est” (e.g., the MBS estimated area of
25 “adjustedcurrest”), plus (ii) the centroid of “MBSnewest”;

(b) determine the “mostlikely location MBS posstion” P as a weighted centroid of

the centroids of the set $ from step (a), wherein the weighting of each of the

centroids from (a) is provided by their corresponding confidence values;

(©) output anarea,A, as the “most likely MBS location a7ea” wherein A has Pasa

30 centroid and A is a “small” area (e.g., a convex hull) containing the

corresponding the centroidsof the set S; and

(d) seta confidence value for A as the average confidence value of the

centroids of the set $.

134

Cisco v. TracBeam / CSCO-1002

Page 140 of 2386



Cisco v. TracBeam / CSCO-1002 
Page 141 of 2386

 
 

5

10

15

25

30

  Ina second embodiment, “most_likelyest” e determined by expanding (e.g.,

substantially uniformly in all directions) the MBS location estimate area of “MBS_new_est”

until the resulting expanded area containsat least the most likely point location of

“adjusted_curr_est” asits most likely MBSlocation area. */

| insert_into_location_trachcurrent”, most_likely_est);
fix_instabilitycounter <--- a predetermined number, C, corresponding to a number ofbaseline

entries to be put on the baseline location tracks until MBS location system instabilities are to be

addressed again here; /* when this counter goes to zero and the MBSlocation system is unstable,

then the above statements abovewill be performed again. Note, this counter must be reset to C (or

higher) if a manual MBS estimate is entered. */

}

} /°fix instability °/

else /* The MBS location system has been reasonably stable, and

“MBS_curr_est.confidence” is not substantially bigger than

“adjusted_new_est.confidence” . */

most_likelyest <-- determine a most likely MBS location estimate;

/* The determination in the statement above may be similar or substantially the same as the computation

discussed in relation to statement [30.1] above. However,since there is both more stability in this case than

in [30.1] andless confidence in“MBS_new_est”, certain MBS movement constraints may be more

applicable here than in [30.1].

Accordingly, note that in any embodimentfor determining “most_likelyest” here, reasonable

movement constraints may also be used such as: (a) unless indicated otherwise, an MBSvehicle will be
assumed to be on a road, (b) a new MBSlocation estimate should not imply that the MBS had to travel

faster than, for example, 120 mph or change direction too abruptly or change velocity too abruptly or

traverse a roadless region (e.g., corn field or river) at an inappropriate rate of speed.

Thus, once a tentative MBSlocation estimate (e.g., such as in the stepsof the first embodimentof

[30.1]) for “most_likelyest” has been determined, such constraints may be applied to the tentative

estimate for determining whetherit should be pulled back toward the centroid of the “MBS_curr_est” in

order to satisfy the movement constraints*/

insert_into_location_trach{“current”, most_likely_est); /* note, the second parameter for this

function may be eitherof the following data structures: a “location track entry”, or a “MBS location
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wins the appropriate location track entry or entries 2.on the location track corresponding
to the first parameter. */

}

} / check for instabilities */

5 MBScurr_est <--- ge¢ curr_es{MBSnewest.MSID); /* from current location track */

} # try to use “MBS_new_est” */

RETURN(MBS_curr_est)

} / ENDresolve_conflicts */

 

136

Cisco v. TracBeam / CSCO-1002

Page 142 of 2386



Cisco v. TracBeam / CSCO-1002 
Page 143 of 2386

isa

teLG

ticeLG
webte,onae

10

15

20

25

30

APPENDIX B: Pseudo codefor a genetic algorithm

Pseudo codefor a genetic algorithm

Genetic_Algorithm (*decode, *fitness_function, parms)

/* This program implements a genetic algorithm for determiningefficient

values of parameters for a search problem. The current best values of the parameters are recetved by the genetic algorithm in a data

structure such as anarray. If no such informationis available, then the genetic algorithm recerves random guesses of the parametervalues.

This program also recetves as input a pointer to a decode function that provides the genetic algorithm with information about how the
parameters are represented by bit strings (see genetic algorithm references). The program also receives a pointer to a fitness function,
“fitnessfunctions”, that provides the genetic algorithm with information about how the quality of potential solutions should be determined.

The program computes new, improved values of parameters and replaces the old values in the array "parms."

*/

//assume that each particular application will have a specific fitness function and decoding

// scheme;otherwise,the procedure is the same every time

4generate the initialpopulation

//generate a random population of binary strings containing popsize strings

for i = | to popsize

for j = | to string_length

string(ij) = random(0,l)

endlooponj

end loop oni

4keepgenerating newpopulations untilfinished

do until finished

for i = 1 to popsize

4transtorm the binarystrings intoparameterstrom the problem at hand; requiresproblem
/specific function

decode (string(1))

4evaluate each string

evaluate (string(i))

end loop oni

Jperform reproduction

reproduce (population_of_strings)
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/perform crossoveD
crossover (population_of_strings)

4perform mutation

mutate (populationof_strings)
/ evaluate the newpopulation

fori = | to popsize

4transform the binary strings into parameters

4from theproblem at hand; requiresproblem

Jspecific function

decode (string(i))

4evaluate the fitness ofeach string

evaluate (string()

end looponi

if finished then report new results to the calling routine

else go back to tip of do-until loop
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APPENDIX G: Location Database Maintenance Programs

 

DATA BASE PROGRAMS FOR MAINTAINING THE LOCATION SIGNATURE DATA BASE

5 In the algorithms below, external parameter values needed are underlined. Note that in one embodimentof the present
 

invention, such parameters may be adaptively tuned using, for example, a genetic algorithm.

EXTERNALLY INVOCABLE PROGRAMS:

10 Update_LocSigDB(mew_loc_obj, selection_criteria, loc_sig_pop)

/* This program updatesloc sigs in the Location Signature data base. Thatis, this program updates, for example,at least

the location information for verified randomloc sigs residing in this data base. Note that the steps herein are also

provided in flowchart form in Fig. I7a through FIG. I7C.

Introductory Information Related to the Function, “Update_Loc_SigDB”

The generalstrategy here is to use information (i.e., “new_loc_obj”) received from a newly verified location

(that may not yet beentered into the Location Signature data base) to assist in determiningif the previously stored

random verified loc sigs are still reasonably valid to use for:

(29.1) estimating a location for a given collection (i.e., “bag”) of wireless (e.g., CDMA)location related signal
 

characteristics received from an MS,

(29.2) training (for example) adaptive location estimators (and location hypothesizing models), and

(29.3) comparing with wireless signal characteristics used in generating an MS location hypothesis by one of the MS

location hypothesizing models (denoted First Order Models,or, FOMs).

25 More precisely, sinceit is assumed thatit is more likely that the newestlocation information obtained is moreindicative of

the wireless (CDMA) signal characteristics within some area surrounding a newly verified location than the verified loc sigs

(location signatures) previously entered into the Location Signature DB, such verified loc sigs are compared for signal

characteristic consistency with the newly verified location information (object) input here for determining whether some of

these “older” data base verified locsigs still appropriately characterize their associated location.

30 In particular, comparisonsare iteratively made here between each (target) loc sig “near” “newloc_obj” anda

| populationofloc sigs in the location signature data base (such population typically including the loc sig for
“new_loc_obj)for:

139

Cisco v. TracBeam / CSCO-1002

Page 145 of 2386



Cisco v. TracBeam / CSCO-1002 
Page 146 of 2386

fedeaLi
Honfaddhe 

 

 

10

15

20

25

30

(29.4) susMorien factor of the target loc sig. Note that aAMcoven factor is in the range [0, I]
with 0 being the lowest and | being the highest. Further note that a confidence factor here can be raised as

well as lowered depending on how well the target loc sig matchesor is consistent with the populationof loc

sigs to which it is compared. Thus, the confidence in any particular verified loc sig, LS, can fluctuate with

successive invocationsof this program if the input to the successive invocations.are with tocation information

geographically “near” LS. .

(29.5) removeolderverified loc sigs from use whose confidence valueis below a predetermined threshold. Note,it is

intended that such predetermined thresholds be substantially automatically adjustable by periodically testing
various confidence factor thresholdsin a specified geographic area to determine how welltheeligible data

base loc sigs (for different thresholds) perform in agreeing with a numberofverified loc sigs in a “locsig

test-bed”, wherein the test bed may be composed of, for example, repeatable loc sigs and recent random

verified locsigs.

_ Note that this program may be invoked with a (verified/xnown) random and/or repeatable loc sig as input.

Furthermore, the target loc sigs to be updated may beselected from a particular groupof focsigs such as the random loc

sigs or the repeatable loc sigs, such selection being determined according to the input parameter,“selection_criteria”

while the comparison population may be designated with the input parameter, “loc_sigpop”. Far example, to update

confidence factors of certain random loc sigs near “newloc_obj”, “selectioncriteria” may be given a valueindicating,

“USE_RANDOM_LOC_SIGS”,and “loc_sig_pop” maybe given a value indicating, “USEREPEATABLELOCSIGS”.

Thus, if in a given geographic area, the repeatablelocsigs (from, ¢.g., stationary transceivers) in the area have recently

been updated, then by successively providing “new_loc_obj” with a loc sig for each of these repeatableloc sigs, the

stored random loc sigs can have their confidences adjusted.

Alternatively, in one embodimentof the present invention, the present function may be used for determining

whenit is desirable to update repeatable loc sigs in a particular area (instead of automatically and periodically updating

such repeatable loc sigs). For example, by adjusting the confidence factors on repeatable locsips here provides a method

for determining when repeatableloc sigs for a given area should be updated. Thatis, for example, when the area’s average
confidencefactorfor the repeatable loc sigs drops below a given (potentially high) threshold, then the MSs that provide the

repeatable loc sigs can be requested to respond with new locsigs for updating the DB. Note, however, that the approach

presentedin this function assumes that the repeatable location information in the DB is maintained with high confidence

by, for example, frequent DB updating. Thus, the random verified DB location information may be effectively compared

against the repeatable loc sigs in an area.

INPUT:

new_loc_obj: a data representationatleast including a locsig for an associated location about which Location

Signature loc sigs are to have their confidences updated.
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  selection_sreria: a data representation designating the loc sigs te‘aeSelected to have their confidences

updated (may be defaulted). The following groupsof loc sigs may be selected: “USERANDOMLOCSIGS” (this
is the default), USEREPEATABLELOCSIGS”, “USEALLLOCSIGS”. Note that each of these selections has

values for the following values associated with it (although the values may be defaulted):

(a) a confidence reduction factor for reducingloc sig confidences,

(b) a big_error_ threshold for determining the errors above which are considered too bigto ignore,

(©) aconfidence_increase_factor for increasing loc sig confidences,
(d) a small_error_ threshold for determining the errors below which are considered too small (i.e., good) to

ignore.

(e) a recent_time for specifying a time period for indicating the loc sigs here considered to be “recent”.

loc_sig_pop: a data representation of the type ofloc sig population to which the loc sigs to be updated are

compared. The following values may be provided:

(a) “USE ALL LOC SIGS IN DB”,

(b) “USE ONLY REPEATABLE LOC SIGS”(this is the default),

(c) “USE ONLY LOC SIGS WITH SIMILAR TIME OF DAY”

However, environmental characteristics such as: weather,traffic, season are also contemplated. */

/°Hake sure “nev_loc_obj”is im Location DB. */ .

if (NOT new_loc_obj.in_DB ) then /* this location object is not in the Location Signature DB; note this can be determined by

comparing the location and times/datestamp with DB entries */

DB_insert_new_loc_sig_entries(new_\oc_obj); // stores loc sigs in Location Signature DB

/* Determine a geographicalarea surrounding the location associated with

“nev_loc_obj” for adjusting the confidence factors ofloc sigs having associated

locations in this area. */

DBsearchareal <--- get confidence_adjust_search_area_for_DB_random_foc_sigsnew\oc_obj.ocation);

/*get the loc sigs to have their contidence factors adjusted. */

DB_loc_sigs <--- get_a/f_DB_/oc_sigs_for(DB_search_areal, selectioncriteria);

nearbylocsigbag <--- get loc sigs from “DB_loc_sigs” wherein for each loc sig the distance between the location associated

with “new_loc_obj.location” and the verified location for the loc sig is closer than, for example, some

standard deviation (such as the second standard deviation) of these distances forall loc sigs in

“DB_loc_sigs”;

/”For each “loc sig”having its confidence factor adjusted do */

for each loc_sig[i] in nearbyloc_sig_bag do // determine a confidence for these random locsigs
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/° Determine 2 search area surrounding the location associated with “loc

sig” °/ 7
loc <--- get verified_locationloc_sig[i]);

5 /° Determine the error corresponding to how well “loc sig”fits with the

portion ofthe inputted type ofloc sigpopulation thatis also im the search

area. °/

BS <--- getBKloc_sig[i]);

markas_unaccessab/k\oc_sig[i]); * mark “loc_sig[i]” in the Location Signature DB so thatit isn’t retrieved. */

10 DBsearchareal <--- get confidence_adjust_search_area_for_DB_loc_sigs{\oc.location);

/* Get search area about “rand_loc”. Typically the “newloc_obj” would bein this search area */
loc_sig_bag <--- create_/oc_sig_bag(loc_sig[i]); /* create a loc sig bag having a single toc sig, “loc_sig[i]”*/

B output_criteria <--- get criteria to input to “Determine_LocationSignature_Fit_Errors” indicating that the function
a should generate error records in the returned “errorrec_bag”only for the single loc sig in
Pe 15 “loc_sig_bag”. That is, the output criteria is: “OUTPUT ERROR_RECS FOR INPUT LOC SIGS -
ud ONLY”.
 error_rec_bag{i] <--- Determine_Location_Sigmature_Fit_Ervors(loc.location,loc_sig_bag,

 DBsearch_area?, loc_sig_pop, output_criteria);
fuPERi vamark_making_accessableloc_sig(i]); * unmark “loc_sig[i]”in the Location Signature DB so that it can now be

20 retrieved. */

}

/°Reduce confidence factors ofloc sigs: (a) that are nearby to the location

heLR

associated with “nevr_loc_obj”, (b) that have big errors, and (c) that have not

been recently updated/acquired. */

.25—error_rec_set <--- make_set_umon_oferror_rec_bag[i] for all i);

/* Now modify confidencesofloc sigs in DB and delete loc sigs with very low confidences */

reduce_badl_OB_loc_sigs(nearby_loc_sig_bag, error_rec_set, selectioncriteria.big_error_threshold,

selection_criteria.conftdencereductionfactor, selection_criteria.recent_time);

/° Increase confidence factors ofloc sigs: (a) that are nearby to the location

30 associated with “nevy_loc_obj”, (b) that have small errors, and (c) that have mot

been recently updated/acquired. */
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increase_confidence_ot_good_DB_lec_sigs(nearbylocsigbag, aonst,
selection_criteria.small_error_threshold,

selectioncriteria.confidence_increase_factor,

selectioncriteria.recent_time);

5 END OF Update_LocSigDB

DB_leeSig_Error_Fit(MS_loc_est, DB_search_area, measured_loc_sig_bag, search_criteria)

/* This function determines how well the coflectionof loc sigs in “measured_loc_sig_bag”fit with theloc sigs in the

location signature data base wherein the data base foc sigs must satisfy the criteria of the input parameter “searchcriteria”

10 and are relatively close to the MS location estimate of the location hypothesis, “hypothesis”. Thus, in one embodimentof the
present invention, the present function may be invoked by, for example, the confidence adjuster module to adjust the

confidence ofa location hypothesis.

25 Input: lhypothesis: MS location hypothesis;

6 measured_loc_sig_[bag: A collection of measured location signatures (“loc sigs” for short) obtained from
. 15 the MS (the data structure here is an aggregation such as anarray orlist). Note, it is assumed that there is atot

ig most oneloc sig here per Base Station in this collection. Additionally, note that the input data structure here

s may bea location Signature cluster such as the “loc_sig_cluster” field ofa location hypothesis (cf. Fig. 9).
5 Note that variations in input data structures may be accepted here by utilization of flag or tag bits as one

 skilled in the art will appreciate;

20 search_criteria: The criteria for searching the verified location signature data base for various categories of

loc sigs. The only limitation on the typesof categories that may be provided here is that, to be useful, each

category should have meaningful numberof loc sigs in the location signature data base. The following

categories included here are illustrative, but others are contemplated:
(a) “USE ALL LOC SIGS IN DB”(the default),

25 (b} “USE ONLY REPEATABLE LOC SIGS”,

(© “USE ONLY LOC SIGS WITH SIMILAR TIME OF DAY”.

Further categories ofloc sigs close to the MS estimate of “hypothesis” contemplated are: all loc sigs for the

same season and sametimeof day, all loc sigs during a specific weather condition (e.g., snowing) and at the

sametimeof day,as well as other limitations for other environmental conditions such astraffic patterns.

30 Note, if this parameteris NIL, then (a) is assumed.

Returns: An error object (data type: “error_object”) having: (a) an “error”field with a measurementof the error in the fit

of the location signatures from the MS with verified location signatures in the Location Signature data base; and
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(b) a wen2d" field with a value indicating the perceived conta is to be given to the “error” value.
*/

if (“searchcriteria” is NIL) then

Searchcriteria <---“USE ALL LOC SIGS IN DB”;
/° determine 2 collection oferror records wherein there is an error record for

each BS that is associated with a loc sig in “measure_loc_sig_bag” andfor each BS

associated with 2 loc sig in ageographical area surrounding the hypothesis’s

location. */

output_criteria <--- “OUTPUT ALL POSSIBLE ERRORRECS”;

/* The program invoked in the following statementis described in the location signature data base section. */

error_rec_bag <--- Determine_Location_Signature_Fit_Errors(MS_loc_est, measuredloc_sig_bag,

DBsearcharea, searchcriteria, output_criteria);

/* Note, “error_rec_bag” has “error_rec’s” for each BS having a {oc sig in“DB_searcharea” as well as each BS having

alocsig in “measuredlocsigbag”. */

/° determine which error records to ignore */

BSerrorstoignorebag <--- get8Serror_recs to_ignore(DB_searcharea, error_rec_bag,);

/* Ourgeneralstrategy is that with enough BSs having: (a) loc sigs with the target MS, and (b) also having verified

locations within an area about the MS location “MS_loc_est”, somerelatively large errors can be tolerated or ignored. For
example, if the MS location estimate, “MS_toc_est”, here is indeed an accurate estimate of the MS's location andif an

area surrounding “MS_loc_est” has relatively homogeneous environmental characteristics and the area has an adequate

number of verified location signature clusters in the location signature data base, then there will be presumably enough
comparisons between the measured MS loc sigs of “measuredloc_sigbag” and the estimated loc sigs, based on verified

MS locations in the DB (as determined in “DetermineLocationSignatureFit_Errors”), for providing “error_rec_bag”

with enough small errors that these small errors provide adequate evidence for “MSloc‘est” being accurate.

Accordingly, it is believed that, in most implementations ofthe present invention, only a
relatively smallnumber ofloc_sig comparisons need have small errors for there to be

consistency between the loc sigs of “measured_loc_sig_bag”and the verified loc sigs in

the location signature data base. Thatis, a few large errors are assumed, in general, to
be less indicative of the MS location hypothesis being incorrect than small errors are

indicative ofaccurate MS focations. Thus,if there were ten measured and estimated loc sig pairs, each

associated with a different BS, then if four pairs have small errors, then that might be enough to havehigh confidence in
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 .ésis. However, note that this determination could depenaon the types ofbase stations; e.g.., if fivethe MS location hy :

full-service base stations had measured and verified loc sigs that match reasonably well but five location BSs in the search

area are not detected by the MS (i.e., the measured_loc_sigbag hasnoloc sigs for these location BSs), then the

confidence is lowered by the mismatches.

Thus, for example, the largest x% of the errors in “errorrec_bag” may be ignored. Note, that “x” may be: (a)

a system parameterthatis tunable using, for example, a genetic algorithm; and (b) “x” may be tuned separately for each

different set of environmental characteristics that appear most important to accurately accessing discrepancies or errors

between loc sigs. Thus,for a first set of environmental characteristics corresponding to: rural,flat terrain, summer, 8 PM
and clear weather, it may be the case thatnoloc sig errors are ignored. Whereas,far a second set of environmental
characteristics corresponding to: dense urban, hilly, fall, 8 PM, heavy traffic, and snowing, all but the three smallest errors

may be ignored. */

/° determine (andreturn) error object based on the remaining error records */

error_obj.measmt <--- 0; // initializations

error_obj.confidence <--- 0;

foreach error_rec[i] in (error_rec_bag- BSerrorstoignorebag) do

{

error_obj.measmt <--- errorobj.measmt + (error_rec[i].error);

error_obj.confidence <--- error_obj.confidence + (error_rec{i}.confidence);

}

error_obj.measmt <--- error_obj.measmt /SIZEOF(error_rec_bag - BSerrorstoignorebag);

error_obj-confidence <---error_obj.confidence / SIZEOF(error_rec_bag -BSerrorstoignorebag);

RETURN(error_obj);

ENDOF DB_LocSig_Error_Fit

INTERNALPROGRAMS:

reduce_bad_DB_loc_sigs(loc_sigbag , error_rec_set, big_error_threshold

confidence_reduction_factor, recent_time)

/* This program reduces the confidence of verified DB loc sigs that are (Seemingly) no tonger accurate (i-e., in agreement with

comparable foc sigs in the DB). If the confidenceis reduced low enough,then such toc sigs are removed from the DB. Further,if fora

DB verified tocation entity (referencing a collection ofloc sigs for the same location andtime), this entity no longer references any

valid loc sigs, then it is also removed from the location signature data base 1320. .Note that the steps herein are also provided in

flowchart form in Figs. 18a-through 18b.

Inputs:
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  lee_sig_bag: The = igs to be tested for determiningif their confidences s be lowered and/or these loc sigs

removed.

error_rec_set: Theset of “error_recs” providing information as to how much each loc sig in “loc_sig_bag”

disagrees with comparableloc sigs in the DB. That ts, there isan “error_rec”here for each foc sig in

“loc_sig_ bag”

big_error_threshold: The error threshold above which the errors are considered too big to ignore.

confidence_reduction_factor: The factorby which to reduce the confidence of loc sigs.

recemt_time: Time period beyond which locsigs are no longer considered recent.

{/*get loc sigs from the Location DB having both big absolute andrelative errors

(in comparison to other 0B nearby loc sigs) */

relativelybig_errors_bag <--- get “error_recs” in “error_rec_set” wherein each “error_recerror” hasasize fargerthan, for

example, the second standard deviation from the mean (average) of such errors;

bigerrorsbag <--- get “error_recs” in “relativelybigerrorsbag” wherein each “error_rec.error” has a valuelarger than

“big_error_threshold”;

DB_loc_sigsw_big_errors <--- get the loc sigs for “error_recs” in “big_errors_bag” wherein each locsig gottenhere is

identified by “error_rec.foc_sig_id”;

/°get loc sigs from the Location DB that have been recently added or updated */

recent_loc_sigs <--- get_recent_foc_sigXloc_sig_bag, recent_time); /* Note, the function, “get_recent_loc_sigs” can have

various embodiments,including determining the recent location signatures by comparing their time stamps (or other time

related measurements) with one or more threshold values for classifying location signatures into a “recent” category

returned here and an a category for “old” or updatable location signatures. Note that these categories can be determined

by a (tunable) system time threshold parameter(s) for determining a value for the variable, “recent_time”, and/or, by

data driving this categorizationby, ¢.g., classifying the location signatures according to a standard deviation,such as

defining the “recent” category as those location signatures more recent than a second standard deviation of the

timestamps of the location signatures in “loc_sig_bag”. */

/° subtract the recent loc sigs trom the foc sigs with big errors to get the bad ones

/

badDBlocsigs <--- (bigerrorDBloc_sigs)- (recent_loc_sigs);

/° lower the confidence ofthe badfoc sigs */

for each loc_sig{i] inbadDBlocsigs do

loc_sig[i].confidence <--- (loc_sig{i].confidence) * (confidencereductionfactor);
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 /*for each badloesg, update it in the OB or removeCn use ifits confidence
is too love °/

F Now delete any loc sigs from the DB whose confidences have becometoo low. */

for each loc_sig[i] in bad_DB_loc_sigs do

if (loc_sig[i].confidence < min_loc_sig_confidence) then

{

REHOVE_FROF_ USA\oc_sig{i});

/° update composite location objects to reflect a removal ofa referenced foc

Sig*/

verified_loc_entity <--- setrieve_composite_location_entity_having(\oc_sig[i]);

‘f® This gets all other (if any) loc sigs for the composite location object that were verified at the same time as

“loc_sig[i]”. Note, these other loc sigs may not need to be deleted(i.e., their signal characteristics may have a

high confidence); however,it must be noted in the DB, that for the DB composite location entity having

“loc_sig[i]”, this entity is no longer complete. Thus, this entity may not be useful as, e.g., neural net training

data. */

mark “verified_loc_entity” as incomplete but keep track that a loc sig did exist for the BS associated with “loc_sig[i]”;

if (“verifted_loc_entity” now referencesno toc sigs) then REMOVE FROMUSRverified_loc_entity);

}

else DBupdate_enty{loc_sig[i]); // with its new confidence

} ENDOF reduce_bad_DB_loc_sigs

increase_confidence_of_good_DB_loc_sigs(mearby_loc_sig_bag, error_rec_set,

small_error_threshold, confidence_increase_factor, recent_time);

/° This program increases the confidence of verified DB loc sigs that are (seemingly) of higher accuracy (ie., in agreement with

comparable loc sigs in the DB). Note that the steps herein are also provided in flowchart form in Figs. 19a through 19D.

Inputs:

loc_sigbag: Theloc sigs to be tested for determiningif their confidences should be increased.

error_rec_set: Theset of “error_recs” providinginformation as to how much each loc sig in “loc_sig_bag”

disagrees with comparableloc sigs inthe DB. That is, there ssan “error_rec”here foreach locsig in

“loc_Sig bag”.

small_ervor_thresthold: The error threshold below which the errors are considered too small to ignore.

conficlence_increase_factor: The factor by which to increase the confidenceof loc sigs.
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recent_time: wWGedod beyond which loc sigs are no longer considered Ge
/*get loc sigs trom the Location OB having both smafl absolute and relative errors

(im comparison to other OB nearby loc sigs) */

relativelysmallerrorsbag <--- get “error_recs” in “error_rec_set” wherein each “error_rec.error” has a size smaller than, for

example, the second standard deviation from the mean (average) of such errors;

small_errors_bag <--- get “error_recs” in “relativelysmall_errors_bag” wherein each “error_rec.error” has a size smaller than

“small_error_threshold”;

DB_loc_sigswsmallerrors <--- get the loc sigs for “error_recs” in “small_errors_bag” wherein each loc sig gotten here is

identified by “error_rec.locsigid”;

/°get locsigs from the Location DB that have been recently added or updated */

recent_loc_sigs <--- get_recent_loc_sigxloc_sig_bag,recent_time);

/° subtract the recent loc sigs from the loc sigs with small errors toget thegood

ones °/

goodDBloc_sigs <--- (small_error_DBlocsigs) - (recent_loc_sigs); °

/* for each goodloc sig, update its confidence */

for each loc_sig[i] in goodDBloc_sigs do

{

loc_sig{i].confidence <--- (loc_sig[i].confidence) * (confidence_increase_factor);

if (loc_sig[i].confidence > 1.0) then loc_sig[i] <--- 1.0;

}

ENDOF increase_good_DB_loc_sigs

DATA BASE PROGRAMS FOR DETERMINING THE CONSISTENCY OF LOCATION

HYPOTHESES WITH VERIFIED LOCATION INFORMATION IN THE LOCATION

SIGNATURE DATA BASE

LOW LEVEL DATA BASE PROGRAMS FOR LOCATION SIGNATURE DATA BASE

F Thefollowing program compares: (al) loc sigs that are contained in (or derived from)the loc sigs in “target_loc_sig_bag” with

(b!):loc sigs computed from verified foc sigs in the location signature data base. Thatis, each lac sig from (a!) is compared with a

corresponding loc sig from (bl) to obtain a measurementof the discrepancy between the two Joc sigs. In particular, assuming each of

theloc sigs for “target_loc_sig_bag” correspond to the same target MS location, wherein this location is “target_loc”, this program
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determines how well the fac “target_loc_sigbag”fit with a computed orilssig for the location, “target_loc”
thatis derived from the verified loc sigs in the location signature data base. Thus, this program maybe used: (a2) for determining

how well the loc sigs in the location signature cluster for a target MS (“target_loc_sigbag”) compares with loc sigs derived from

verified location signatures in the location signature data base, and (b2) for determining how consistent a given collection of foc sigs

5 (“target_loc_sigbag”) from the location signature data base is with otherloc sigs in the location signature data base. Note that in

(b2) each of the one or more loc sigs in “target_loc_sigbag” have an error computed here that can be used in determining if the
loc sig is becoming inapplicable for predicting target MS locations Note that the steps herein are also provided in flowchart form in

Figs. 20a through 20d.*/

Determine_Location_Signature_Fit_Errors(target_loc, target_loc_sig_bag,

10 search_area, search_criteria, output_criteria)

/* Input: tamget_loc: An MS location or a location hypothesis for a particular MS. Note, this can be any of the

following:

(a) An (9S location hypothesis, in which case,the loc sigs in “target_loc_sig_bag”

are included in a location signature cluster from which this location hypothesis wasiskalcoo 15 derived. Note thatif this location is inaccurate, then “target_loc_sig_bag” is unlikely to

be similar to the comparableloc sigs derived from theloc sigs of the location signature

data base close “target_loc”; or

(b) A previously verified MS location,in which case,the locsigs of

“target_loc_sigbag” are previously verified loc sigs. However, these loc sigs may or

may not be accurate now. 
’ target_loc_sig_bag: Measured location signatures (“loc sigs” for short) obtained from the particular MS

(the data structure here, bag,is an aggregation such as array orlist). The location signatures here may be

verified or unverified. However, ft és assumed shat there is at least one loc sig in the

bag. Further, it is assumed that there is at most one loc sig per Base

25 Station. Ut is also assumed that the presentparameter includes a “type”

field indicating whether the loc sigs here have been individually selected, or,

whether thisparameter references an entire (verified) loc sig cluster; .e.,

the type field may have a value of: “UNVERIFIED LOC SIG CLUSTER” or

“VERIFIED LOC SIG CLUSTER’;

30 search_area: The representation of the geographic area surrounding “target_loc”. This parameteris used

for searching the Location Signature data base for verified loc sigs that correspond geographically to the

location of an MS in “searcharea”;
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  searchitct ature data base. The criteria may includeiteria: The criteria used in searching the location sig

the following:

(a) “USE ALL LOC SIGS IN DB”,

(b) “USE ONLY REPEATABLE LOC SIGS”,

5 (c) “USE ONLY LOC SIGS WITH SIMILAR TIME OF DAY”.

However, environmental characteristics such as: weather,traffic, season are also contemplated.

output_criteria: The criteria used in determining the error records to output in “error_rec”. Thecriteria

here may include oneof:

(a) “OUTPUT ALL POSSIBLE ERRORRECS”;

10 oo (b) “OUTPUT ERROR_RECS FOR INPUT LOC SIGS ONLY”.
Returns: error_rec: A bagoferror recordsor objects providing an indication of the similarity between eachlocsig in

“target_loc_sig_bag” and an estimated loc sig computed for “target_loc” from stored loc sigs in a surrounding

area of “target_loc”. Thus, each error record/object in “error_rec” provides a measurement of how wellaloc sig

i (ie., wireless signal characteristics) in “targetloc_sigbag” (for an associated BS and the MS at “targetloc”)
a 15 " correlates with an estimated loc sig between this BS and MS. Note that the estimated loc sigs are determined using
a verified location signatures in the Location Signature DB. Note, each errorrecord in “error_rec” includes: (a) a BS
a ID indicating the base station to which the error record corresponds; and (b) an error measurement (> =0), and
= (c) a confidence value (in [0, !}) indicating the confidence to be placed in the error measurement. Also note that

since “error_rec” is an aggregate data type (which for many aggregate identifiers in this specification are denoted by
 20 the suffix “_bag” on theidentifier), it can be any one of a number data types even though it’s members are accessed

iiesare hereinbelow using array notation, */

/°?get BS’s associated with DB loc sigs in “search_area”that satisty

“search criteria” ?/

DB_loc_sigbag <--- retrieve_verified_foc_sigdsearch_area, search_criteria);

25 // get all verified appropriate location signaturesresiding in the Location Signature data base.
// Kote, someloc sigs may be blocked from beingretrieved.

DB_BSbag<--- ger SSXDB_loc_sig_bag); // get all base stations associated with at least one location

// signature in DB_loc_sig_bag. Note, some of these BSs may be low power“location

//BSs”.

30©/”getS's associated with loc sigs in “target_loc_sigbag” */

target_BS_bag <--- get &SKtarget_loc_sigbag); // getall base stations associated with at least one

/f location signature in “target_loc_sig_bag”.

/°? determine the BS’s for which error records are to be computed */
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case of “autput_criteria” —.@) O
“OUTPUT ALL POSSIBLE ERROR_RECS”: /* In this case, it is desired to determine a collection or error records wherein there is

an error record for each BS that is associated with a loc sig in “target_loc_sig_bag” and for each BS associated

with a locin the “searcharea” satisfying “searchcriteria”. */
BSbag <--- (DBBSbag) union (targetBSbag);

“OUTPUT ERROR_RECS FOR INPUT LOC SIGS ONLY”:
BS_bag <--- targetBSbag;

endcase;”

/° for each BS to have an error record computed, make sure there are two loc sigs

to compare: one loc sig derived from the “BSbag”loc sig data, and one from

derived trom the loc sigs im the Location Signature DB, wherein both foc sigs are

associated with the location, “target_loc”. */

for each BS[i] in “BS_bag” do

{ /* determine two(estimated) loc sigs at “target_loc”, one derived from “target_loc_sig_bag” (if possible) and one derived

from Location Signature DB loc sigs (if possible) */

comparison_loc_sig_bag[i] <--- retrieve_verified_/oc_sigs_ forBS[i], searcharea, searchcriteria);

‘—/* getall loc sigs for which BS[i] is associated and wherein the verified MS location is in

“search_area” (which surrounds the location “target_loc”) and wherein the loc

sigs satisfy “search_criteria”. */

/° now determineif there are enoughlocsigs in the “comparison_loc_sig_bag” to make

it worthwhile to try to de a comparison. */

if ( (SIZEOF(comparison_loc_sig_bag[i])/(SIZEOF(search_area)) ) < min_threshold_ratio(area_type(search_area)) )
then

/* it is believed that there is not a dense enough numberofverified loc sigs to compute a composite

loc sig associated with a hypothetical MS at “target_loc”. */

error_rec[i].error <--- invalid;

else /” there are enough loc sigs in “comparison_loc_sigbag” to continue, and in

particular, an estimated loc sig can be derived from the loc sigs in

“comparison_loc_sig_bag”; however, first see ifa target loc sig can be

determined; ifso, then make the estimated loc sig (denoted
“estimated_loc_siafi}”). °/
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if (BS[i) is in target_BS_bag) then

/* get a locsig in “target_BSbag”for BS[i]; assume at most oneloc sig per BS in

“target_loc_sigbag” */

5 . target_loc_sig[i] <--- get /oc_sip(BS[i], target_loc_sig_bag);

else /* BS[i] is not in “target_BS_bag”, accordingly this implies that we are in the

process of attempting to outputall possible error records for all BS’s:(a)
that have previously been detected in the area of “searcharea” (satisfying “searchcriteria”), union,

(b) that are associated witha loc sig in “target_loc_sigbag”. Note, the.path here is performed when

10 ~ the MS at the location for “target_loc” did not detect the BS[i], but BS[i] has previously been detected

in this area. */

if (target_loc_sig_bag.type = = “UNVERIFIED LOC SIG CLUSTER”) then

/* canatleast determineif the MS for the cluster detected the BS[i]; i.e., whether BS[i]

wasin the set of BS’s detected by the MS even though no loc sig was obtained for BS{i]. */

if (88only detectedtargetlocsigbag, BS[i]) ) then /* detected but no loc sig */

error_rec[i].error <--- invalid; /* can’t determine an error if this is all the information

we have */

else /* BS[i] was not detected by the MS at “target_lociocation”, so the pilot channel for BS[i] was
in the noise; make anartificial loc sig at the noise ceiling (alternatively, e.g.,a mean noise

value) for the MS location at “target_loc” */
 

targetfocsig{i] <--- gernoise_ceiling /oc_sig(target_loc);

ne else; /* do nothing; there are no other types for “targetlocsigbag.type” that are currently used when

. outputtingall possible error records for BS’s */
if (error_rec[i].error NOT invalid) then

25 /* we have a “targetloc_sig” for comparing,so get the derived loc sig estimate obtained from the

verified loc sigs in the location signature data base. */

estimated_loc_sig[i] <--- estimate_loc_sig_from_DB(target_loc.location,

comparison_loc_sigbag[i]);

/* The abovecall function provides an estimated loc sig for the tocation of “target_ioc” and BS{i]

30 using the verified loc sigs of “comparisonloc_sig_bag[i}” */

}

f°for each BS whose error record hasnot been marked “invali * both

“target_loc_sig” and “estimated_loc_sig” are now well-defined; so compute an
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error recordrete the difference between seargesig” and
“estimated_loc_sig”. “/

for each BS[i] in “BS_bag “ with error_rec[i].error not invalid do /* determine the error records for these base stations */
{

/ Note, the “target_loc_sig” here is for an MS at ornearthe location for the centerof area for “target_loc”. */

error_rec[i] <--- getdifference_measurement(target_loc_sig{i],estimated_loc_sig[i],

comparisonloc_sigbagi], searcharea, search_criteria);/* get a measurementof thedifference

between these twoloc sigs. */

error_rec.loc_sig_id <--- targetfoc_sig[i].id; /* this is the loc sig with which this error_rec is associated */
error_rec.comparison_foc_sig_idbag <--- comparisonloc_sig_bag[i]; |

}

RETURN(error_rec);

ENDOF Determine_Location_Signature_Fit_Errors

estimate_loc_sig_from_DB(loc_for_estimation, loc_sig_bag)

/* This function uses the verified loc sigs in “loc_sigbag” to determinea single estimated (or “typical”) loc sig derived from

theloc sigs in the bag. Note,it is assumed thatall loc sigs in the “loc_sig_bag” are associated with the same BS 122

(denoted the BS associated with the “loc_sigbag”) and that the locations associated with these foc sigs are near

“loc_for_estimation”. Further, note that since the foc sigs ave verified, the associated base station

was the primary base station when the loc sig signal measurements were sampled. Thus, the

measurements are as precise as the infrastructure allows. Note that the steps herein are also provided in flowchart form in

Fig. 21. .

input: foc_for_estimation A representation ofa service arealocation.

loc_sig_bag A collection of verified loc sigs, each associated with the same base station and

each associated with a service area location presumably relatively near to the

location represented by “locforestimation”.*/
est_loc_sig <--- extrapolate/interpolate a location signaturefor the location at “loc_for_estimation” based on locsigs in

“loc_sig_bag”;

F* Note, “est_loc_sig” includes a location signature and a confidence measure.

The confidence measure (in the range: [0, ]) is based on: (a) the numberof verified loc sigs in the search area; (b) how

well they surround the center focation of the new_loc, and (c) the confidencefactors of the toc sigs in “loc_sig_bag” (e.g., use

average confidence value).
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Note, for the extrapolation/interpolation computation here, there are many such extrapolation/interpolation methods
available as oneskilled in the art will appreciate. For example,in one embodiment of an extrapolation/interpolation method,

the following steps are contemplated: .
(39.1) Apply any pre-processing constraints that may alter any subsequently computed “est_loc_sig” values derived

5 below). For example, if the BS associated with “loc_sig_bag” is currently inactive “location BS” (i.e., “active”

meaning the BSis on-line to process location information with an MS, “inactive” meaning the not on-line), then,

regardless of any values that may be determined hereinbelow,a valueor flagis set (for the signal topography

characteristics) indicating “no signal” with a confidence value of | is provided. Further, additional pre-

processing may be performed when the BS associated with “loc_sig_bag” is a location BS (LBS) since the

10 constraint that a pilot channelfrom such an LBSis likely to be only detectable within a relatively small distance
from the BS (e.g., 1000 ft). For example,if the MS location, “loc_for_estimation”, does not intersect the

radius (or area contour) of such a location BS, then, again , a value or flag is set (for the signal topography

characteristics) indicating “outside of LBS area” with a confidence value of | is provided. Alternatively,if (a)

a determined area,A,including the MS location, “loc_for_estimation” (which may itself be, and fikely is, an

area),intersects (b) the signal detectable area about the location BS, then (c) the confidence factor value may

be dependent on the ratio of the area of the intersection to the minimumofthesize of the area in which the LBS

is detectable and thesize of the area of “loc_forestimation”, as one skilled in the art will appreciate.

Further, it is noteworthy that such pre-processing constraints as performed in this step may be
provided by a constraint processing expert system, wherein system parameters used by such an expert system

are tuned using the adaptation engine 1382.

(39.2) Assuming a value of “no signal” or “outside of LBS area” was not set above (since otherwise no further steps
 

are performed here), for each of the coordinates (records), C, of the signal topography characteristics in the loc
sig data structure, generate a smoothsurface, $(C), of minimal contour variation for the set of points { (x,y,z)

such that (x,y) is a representation of a service area location , and z is a value of C at the location (x,y) for some

25 loc sig in“loc_sigbag” wherein (x,y)is a point estimate (likely centroid) of the loc sig}. Note that a feast

squares technique, a partial least squares technique, or averaging on “nearby”(x,y,z) points may be used with

points from the above set to generate other points on the surface S(C). Additionally, note that for at least some

surfaces characterizing signal energy, the generation process for such a surface may use the radio signal
attenuation formulasfor urban, suburban, and rural developed by M. Hata in IEEE Trans, VT-29, pgs. 317-325,

30 Aug. 1980, “Empirical Formula For Propagation Loss In Land Mobile Radio” (herein incorporated by reference).

For example, Hata’s formulas may be used in
(39.2.1) Determining portions of the surfaces S(C) where there is a low density of verified loc sigs in

“loc_sig_bag”. In particular, if there is a very low density of verified loc sigs in “locsigbag” for

the service area surraunding the location of “loc_for_estimation”, then by determining the area
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@, (e.g., transmission area type as described vereassuming a .correspondence between
the transmission area types and the more coarse grained categorization of : urban, suburban, and

rural) between this location and the base station associated with “loc_sig_bag”, and applying Hata’s

corresponding formuta(s), a signal value z may be estimated according to these type(s) and their

5 . corresponding area extents between the M$ and the BS. Note, however, thatthis option is considered

less optimal to using the verified loc sigs of “loc_sig_bag” for determining the values of a surface

5(Q. Accordingly, a lower confidence value may be assigned the resulting compositelocsig (i.e.,

“est_loc_sig”) determined in this manner; and relatedly,

(39.2.2) Determining a surface coordinate (x,,y,,Z,) of S(C) when there are nearbyverified loc sigs in

10 . “loc_sig_bag”. For example, by using Hata’s formulas, an estimated surface value z; at the location

(Xp¥o) May be derived from estimating a value z; at (X),¥q) by adapting Hata’s formula’s to

extrapolate/interpolate the value z, from a nearbylocation (x,y;) having a verified loc sig in

“loc_sigbag”. Thus, one or more estimates z, may be obtained used in deriving z, as oneskilled in

Statistics will appreciate. Note, this technique may be used when there is a moderately low density of

verified loc sigs in “loc_sigbag”for the service area surrounding the location of

“loc_for_estimation”. However,since such techniques may be also considered tess than optimal to

using a higher density of verified loc sigs of “loc_sigbag” for determining the values of a surface S(C)

via a least squaresorpartial least square technique, a lower confidence value may be assigned the

resulting composite loc sig (i.e., “est_loc_sig”) determined in this manner.

Further, recafl that the values, z, for each loc sig are obtained from a composite of a plurality of signal

Measurements with an MS, and, that each value z is the most distinct value that stands out above the noise in

 
measurements for this coordinate, C. So, for example in the CDMAcase,for each of the coordinates C

representing a finger of signal energy from or to some MS at a verified location, it is believed that $(C) will be a

smooth surface without undulations that are notintrinsic to the service area near “locforestimation”.

25 (39.3) For each of the coordinates,C, of the signal topography characteristics, extrapolate/interpolate a C-coordinate

value on $(C) for an estimated point location of “loc_forestimation”.

Further note that to provide more accurate estimates,it is contemplated that Hata’s three geographic categories and

corresponding formulas may be used in a fuzzylogic framework with adaptive mechanisms such as the adaptation engine 1382

(for adaptively determining the fuzzy logic classifications).

30 Additionally, it is also within the scope of the present invention to use the techniques of L. E. Vogler as presented in “The

Attenuation of Electromagnetic Waves by Multiple Knife Edge Diffraction”, US Dept of Commerce, NTIA nos, 81-86 (herein

incorporated by reference) in the present context for estimating a loc sig between the base station associated with

“loc_sig_bag” and the location of “foc_forestimation”. */
RETURN(est_loc_sig )
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ENDOF estimate_tocQDfrom_DB @

get_area_to_search(loc)

/* This function determines and returns a representation of a geographic area abouta location,“loc”, wherein: (a) the geographic

area has associated MS locations for an acceptable number (i.¢., at least a determined minimal number)ofverified loc sigs from the

location signature data base, and (b) the geographicalarea is not too big. However,if there are not enoughlocsigs in even a largest

acceptable search area about “loc”, then this largest search area is returned. Note that the steps herein are also provided in

flowchart form in Figs. 22a through 22b. */

{

loc_area_type <--- getarea_type(loc); /*get the area type surrounding “loc”; note this may be

a vectorof fuzzy values associated with a centrallocation of “loc”, or, associated with an area having “loc”.

*/:.

searcharea <--- get _default_area_about (loc); /* this is the largest area that will be used */

savedsearcharea <--- searcharea; // may needit after “searcharea” has been changed

search_area_types <--- getarea_types(search_area); //e.g., urban,rural, suburban, mountain,etc.

loop until RETURN performed:

{

. min_acceptable_nbr_loc_sigs <--- 0; // initialization
foreach area_type in “searcharea_types” do

{

areapercent <--- getpercentofarea_ofarea_type, searcharea);

/* get percentage of area having “area_type” */

min_acceptable_nbr_foc_sigs <--- min_acceptable_nbr_loc_sigs +

[(get_min_acceptable_verifed_loc_sigdensityfor(area_type)) *

(SIZEOF(search_area) * area_percentt / 100)];

}

/* Nowgetall verified loc sigs from the focation signature data base whose associated MS locationis in

“search_area”. */

total_nbr_loc_sigs <--- get_al/f_verified DB_loc_sigssearch_area);

. tf (min_acceptable_nbr_loc_sigs > total_nbr_loc_sigs)

then /* not enoughloc sigs in “search_area”; so return “saved_search_area” */

RETURN (saved_searcharea);

else /* there is at least enoughloc sigs, so see if “searcharea” can be decreased */

{  saved_search_area <--- search_area;
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warts(oe--- decrease_Seartharea_about(\oc, varthang)

}

ENDOF get_area_to_search

/* For processing various types ofloc sigs, particular signal processing filters may be required. Accordingly,in one embodimentof

the present invention, a “filter_bag” object class is provided wherein variousfilters may be methodsof this object (in object-oriented

terminology) for transformingloc sig signa! data so thatit is comparable with other loc sig signal data from, for example, an MS of a

different classification (e.g., different power classification). It is assumed here that such a “filter_bag” object includes (or

references) one or more filter objects that correspond to an inputfilter (from the Signal Filtering Subsystem [220) so that, given a

location signature data object as input to the filter_bag object,, each such filter object can outputloc sig filtered data corresponding

to the fitter object’s fitter. Note, sucha filterbag object may accept raw loc sig data and invoke a correspondingfilter on the data.

Further, a filter_bag object may reference filter objects having a wide range offiltering capabilities. For example, adjustmentsto toc

sig data accordingto signal strength may be desired for a particular loc sig comparison operator so that the operator can properly

compare MS’sof different power classes against one another. Thus,a filter may be provided that utilizes, for each BS, a

corresponding signal strength change topography map (automatically generated and updated from the verified loc sigs in the

location signature data base 1320) yielding signal strength changes detected by the BS for verified MS location’s at various distances

from the BS, in the radio coverage area. Additionally, there may also be filters on raw signal loc sig data such as quality

characteristics so that loc sigs having different signal quality characteristics may be compared. */

get_difference_measurement(target_loc_sig, estimated_loc_sig,

comparison_loc_sig_bag, search_area, search_criteria)

/* Compare twolocation signatures between a BS and a particular MS location (either a verified or hypothesized location)for
determining a measure oftheir difference relative to the variability of the verified location signatures in the

“comparison_loc_sig_bag” from thelocation signature data base 1320. Mote, it is assumed that “target_loc_sig”’,

“estimated_loc_sig”and the loc sigs in “comparison_loc_sigbag” are all associated with the

same BS (22. Moreover, it is assumed that “target_loc_sig”and “estimated_loc_sig” are well-defined non-NIL loc sigs, and

additionally, that “comparison_loc_sig_bag” is non-NIL. This function returns anerror record, “error_rec”, having an erroror

difference value and a confidence valuefor the error value. Note, the signal characteristics of “targetlocsig” and those of

“estimated_loc_sig” are not assumed to be normalized as describedin section (26.1) prior to entering this function so that

variations in signal characteristics resulting from variations in (for example) MS signal processing and generating characteristics of

different types of MS’s may be reduced, as described in the discussion of the loc sig data type hereinabove. {t is further assumed
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that typically the input loc sigs
23a through 23c.

 
 

 
sAtisfy the “searchcriteria”. Note that the steps herein are also providedin flowchart form in Figs.

target_loc_sig: The loc sig to which the “error_rec” determined here is to be associated. Notethat this locsig is

associated with a location denoted hereinbelow as the “particularlocation”.

estimated_loc_sig: The loc sig to compare with the “target_loc_sig”, this loc sig: (a) being for the same MS location as

“target_loc_sig”, and (b) derived from verified toc sigs in the location signature data base whenever

possible. However, note that if this loc sig is not derived from the signal characteristics ofloc sigs in

the location signature data base, then this parameter providesa loc sig that corresponds to a noise

level at the particular MS location.

comparison_loc_sig_bag: The universe of loc sigs to use in determining an error measurement between

“targetlocsig” and “estimatedloc_sig”. Note,the loc sigs in this aggregation includeall

loc sigs for the associated Base Station 122 thatare in the “search_area” (which surrounds the

particular MS location for “target_foc_sig”) andsatisfy the constraints of “search_criteria”.

It is assumedthat there are sufficient loc sigs in this aggregation to perform atleast a

minimally effective variability measurementin theloc sigs here.

search_area: A representation of the geographical area surrounding the particular MS locationforall input loc sigs. This

input is used for determining extra information about the search area in problematic circumstances.

search_criteria: The criteria used in searching the location signature data base 1320. The criteria may include the

following: .
~ (a) “USE ALL LOC SIGS IN DB”,

(b) “USE ONLY REPEATABLE LOC SIGS”,

(c) “USE ONLY LOC SIGS WITH SIMILAR TIME OF DAY
However, environmentalcharacteristics such as: weather, traffic, season are also contemplated. */

error <--- 0; // initialization

/°get identifiers for the filters to be used om the input loc sigs */

filter_bag <--- get_fiter_objects for difference_measuremeat{targetloc_sig, estimatedloc_sig, comparisonloc_sigbag);

/* It is assumed here that each entry in “filter_bag”identifies an inputfilter to be used in the context of determining a

difference measurement between loc sigs. Note, if all loc sigs to be used here are of the same type, then it may be that there is no

needfor filtering here. Accordingly, “filter_bag” can be empty. Alternatively, there may be one or more filter objectsin

“filter_bag”.*/
7?” initializations °/
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/°* for each filter, determine a difference measurement and confidence */

for each filter_obj indicated in filter_bag do

{ ) -
/? filter “arget_loc_sig”, “estimated_loc_sig’”’ and loc sigsin “comparison_lec_sig_bag”:

note, each iiter_objcan determine when it needs to be applied since each loc sig includes:

(2) a description ofthe type (e.g., make and model) ofthe loc sig’s associated (5, and (6) a
filter Mlag(s) indicating filter(s) that have been applied to the loc sig:*/
target_loc_sig <--- filter_obj(target_loc_sig); /* filter at least the signal topography characteristics */

estimatedlocsig <--- filter_obj(estimated_loc_sig); /*filter at least the signal topography characteristics */

comparison loc sig bag<--- filter obj(comparison loc sig bag); /* filter loc sigs here too */parison_foc_sig_bag - |_Hoc_sig_ bag. 8

/° determine a difference measurement and confidence for each signal topography

characteristic coordinate °/

for each signal topography characteristic coordinate, C, of the loc sig data type do

{

variability_measmt.val <--- get variability_range(C, comparisonlocsigbag);

/* This function provides a range of the variability of the C-coordinate. In one embodiment this measurementis a

Tange corresponding ta a standard deviation. However, other variability measurement definitions are contemplated

such as second, third or fourth standard deviations. */

/? make sure there are enough variability measurements to determine the

variability ofvalues tor this coordinate. °*/

if (SIZEOF(comparison_loc_sigbag) < expected8S foc_sig_thresholdsearch_area, search_criteria))

then /* use the data here, but reduce the confidence in the variability measurement. Note thatit is expected

that this branchis performed only when “comparisonloc_sigbag” is minimally big enough to use (since this

is an assumption for performingthis function), but not of sufficient size to have full confidence in the values

obtained. Note, a tunable system parameter may also be incorporated as a coefficient in the computation in the

statement immediately below. In particular, such a tunable system parameter may be based on “search_area”

or more particularly, area types intersecting “search_area”.*/

{

variability_measmt_conf_reduction_factor <--- SIZEOF(comparison_loc_sigbag)/
expected _BS_loc_sig_threshol&search_area, search_criteria);
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else /* There is a sufficient numberof loc sigs in “comparisonloc_sig_bag” so continue */

{

variabilitymeasmt_conf_reductionfactor <--- 1.0; /f.e., don’t reduce confidence

5 }

/* Now determinethe C-coord difference measurement between the

“target_loc_sig” and the “estimatedloc_sig” /
delta <--- ABKtarget_loc_sig[C] - estimated_loc_sig[C]); // get absolute value ofthedifference

if (delta > variabilitymeasmt.val) then

10 {

. error <--- error + (delta/variability_measmt.val);

}

}/* end C-coord processing */

/* construct the error recordandreturn it */

error_recerror <--- erfor;
/* Get an average confidence value for the loc sigs in “comparison_loc_sigbag” Note, we use

this as the confidence ofeach loc sig coordinate below. */

averageconfidence <-- AVFAAGAloc_sig.confidence for loc_sig in “comparison_loc_sigbag”);
error_rec.confidence <--- MIN(target_loc_sig.confidence, estimatedloc_sig.confidence, (averageconfidence *

variability.measmt_conf_reductionfactor); // presently not used

 
RETURN(error_rec);

ENDOFget_difference_measurement
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APPENDIX D: Context Adjuster Embodiments

A @escription ofthe high level functionsin a first embodiment ofthe ContextAdjuster

context_adjuster(loc_hyp_list)

/* This function adjusts the location hypothesesonthe list, “loc_hyp_list”, so that the confidences of the location hypotheses are

determined more by empiricaldata than default values from the First Order Models 1224. That is, for each input location hypothesis,

its confidence (and an MS location area estimate) may be exclusively determined here if there are enough verified location signatures

available within and/or surrounding the location hypothesis estimate.

This function creates a new list of location hypotheses from theinput list, “loc_hyp_list”, wherein the location hypotheses on
the newlist are modified versions of those onthe input list. For each location hypothesis on the inputlist, one or more corresponding

location hypotheses will be on the output list. Such corresponding output location hypotheses will differ from their associated input

location hypothesis by one or more of the following: (a) the “imagearea” field (see Fig. 9) may be assigned an area indicative of

where the target MS is estimated to be, (b) if “imagearea”is assigned, then the “confidence” field will be the confidence that the

target MS is located in the area for “image_area”, (c) if there are not sufficient “nearby” verified location signature clusters in the

location signature data base to entirely rely on a computed confidence using such verified location signature clusters, then two

location hypotheses (having reduced confidences) will be returned, one having a reduced computed confidence (for “image_area”)

using theverified clusters in the Location Signature DB, and one being substantially the same as the associated inputlocation

hypothesis except that the confidence (for the field “area_est”) is reduced to reflect the confidence in its paired tocation hypothesis

having a computed confidence for “imagearea”. Notealso, in some cases, the location hypotheses on the input list, may have no

changeto its confidence or the area to which the confidence applies. Note that the steps herein are also provided in flowchart form in
Figs. 25a and 25b,

*/

{

newloc_hyp_list <--- create_new_empty_lish);

for each loc_hyp{i] in loc_hyp_list do /* Note, “i” is a First Order Model 1224indicator,indicating the model that output

“typlocfi]”*/

remove_from_tsf{\oc_hypfi], loc_hyp_list);

if (NOT loc_hyp[i].adjust) then /* no adjustments will be made to the “area_est” or the “confidence” fields since the

“adjust” field indicates that there is assurance that these other fields are correct; note that such designations

indicating that no adjustment are presently contemplated are only for the location hypotheses generated by

the Home Base Station First Order Model, the Location Base Station First Order Model and the Mobil Base

161

Cisco v. TracBeam / CSCO-1002

Page 167 of 2386



Cisco v. TracBeam / CSCO-1002 
Page 168 of 2386

 
25

30

  

Station First Order Model. In particular, location hypotheses from the Home Base Station model will have
confidencesof 1.0 indicating with highest confidence that the target MS is within the area estimate for the

location hypothesis. Alternatively, in the Location Base Station model, generated location hypotheses may

have confidences of (substantially) + 1.0 (indicating that the target MS is absolutely in the area for

“area_est”), or, -1.0 (indicating that the target MS is NOTin the area estimate for the generated location

hypothesis).*/

{ loc_hyp[i].image_area <--- NULL; //no adjustment, then no “image_area”

add_to_list(new_toc_hyp_list, loc_hyp[i}); //add “loc_hyp{i]” to the new list

}

else /* the location hypothesis can (and will} be modified; in particular, an “image_area” may be assigned, the

“confidence” changed to reflect a confidencein the target MS being in the “imagearea”. Additionally,in some

cases, more than onelocation hypothesis may be generated from “loc_hyp[i}”. See the comments on FIG. 9 and

the comments for “get_adjustedlochyplist_for” for a description of the terms here. */

{

templist <--- get_adjusted_loc_hyp_list_for(loc_hypl[i]};

newloc_hyp_list <--- combine_lisisinew_\oc_hyp_list, temp_list);
}

RETURN(newloc_hyp_list);

}ENDOF

get_adjusted_loc_hyp_list_for(loc_hyp)

/ This function returnsa list (or more generally, an aggregation object) of one or more location hypotheses related to the input

location hypothesis, “loc_hyp”. In particular, the returned location hypotheseson thelist are “adjusted” versions of “loc_hyp”in

that both their target MS 140 location estimates, and confidence placed in such estimates may be adjusted according to archival MS

location information in the location signature data base 1320. Note that the steps herein are also provided in flowchart form in Figs.

26a through 26c.

RETURNS: foc_hyplist This is a list of one or more location hypotheses related to the

input “loc_hyp”. Each location hypothesis on “foc_hyp_list” will typically be

substantially the same as the input “loc_hyp” except that there may now be a new target

MS estimatein thefield, “imagearea”, and/or the confidence value may be changed to

reflect informationofverified location signature clusters in the location signature data

base.
Introductory Information Related to the Function, “get_adjusted_loc_hyp_list_for”
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This function and functions», this function presuppose a framework or saraPease some discussion as well as the
defining of some terms. Note that some of the terms defined hereinbelow are illustrated in Fig. 24.

Define the term the “the cluster set” to be the set ofall MS location point estimates (e.g., the values of the “pt_est”field

of the location hypothesis data type), for the present FOM, such that these estimates are within a predetermined corresponding area

(e.g., “loc_hyp.pt_covering” being this predetermined corresponding area) and these point estimates haveverified location

signature clusters in the location signature data base.

Note that the predetermined corresponding area above will be denoted as the “cluster set area”.

Define the term “image cluster set” (for a given First Order Model identified by “loc_hyp.FOM_ID”) to mean the set of

verified location signature clusters whose MS location point estimates are in “the cluster set”.

Note that an area containing the “image cluster set” will be denoted as the “image cluster set area”or simply the

“image area” in some contexts. Further note that the “image cluster set area” will be a “small” area encompassing the “image

cluster set”. In one embodiment, the image cluster set area will be the smallest covering of cells from the mesh for the present FOM

that covers the convex hull of the image cluster set. Note that preferably, each cell of each mesh for each FOM is substantially

contained within a single (transmission) area type.

Thus,the present FOM provides the correspondences or mapping between elementsof the cluster set and elementsof the image

cluster set. */

{

add_to_list(loc_hyp_list, loc_hyp); /* note the fields of “loc_hyp” may be changed below, but add “loc_hyp” to the list,

“loc_hyp_list here */

mesh <--- get_cell_aesh_for_modeXloc_hyp.FOM_1D); /* get the mesh of geographic cells for the First Order Model for this

location hypothesis.*/

pt_min_area <---get_min_area_surroundingpt loc_hyp, mesh); /* Get a minimal area about the MS location point,

“pt_est” of “loc_hyp[i]” indicating a point location of the target MS. Note thateither the “pt_est” field mustbe

valid or the “area_est” field of “loc_hyp{i]” must be valid. If only the latter field is valid, then the centroid of the

“area_est” field is determined and assigned to the “pt_est” field in the function called here. Note that the mesh of

the model may be useful in determining an appropriately sized area. In particular, in one embodiment,if

“loc_hyp.pt_est” is interior to a cell, C, of the mesh, then “pt_min_area” may correspond to C. Further note that

in at least one embodiment, “pt_minarea” may be dependenton the area type within which “loc_hyp.pt_est”

resides, since sparsely populated flat areas may be provided with larger values for this identifier. Further, this

function may provide values according to an algorithm allowing periodic tuning or adjusting of the values output,

via, e.g., a Monte Carlo simulation (more generally, a statistical simulation), a regression or a Genetic Algorithm.

For the present discussion, assume:(i) a cell mesh per FOM 1224;(ii) each cell is contained in substantially a

single (transmission) area type; and(iii) “pt_min_area” represents an area of atleast onecell. */

area <--- pt_min_area;//initialization
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pt_max_area <---5Domesurroundingptloc_hyp, mesh); /* Get the maximum area about “pt_est” that is
deemed worthwhile for examining the behavior ofthe “loc_hyp.FOM_1D” First Order Model (FOM) about “pt_est”.

Note that in at least one embodiment,this value of this identifier may also be dependent on the area type within

which “loc_hyp.pt_est” resides. Further, this function may provide values according to an algorithm allowing

periodic tuning or adjusting of the values output, via, e-.g., a Monte Carlo simulation (more generally,a statistical

simulation or regression) or a Genetic Algorithm. In some embodimentsof the present invention, the value

determined here may be a relatively large proportion of the entire radio coverage area region. However, the tuning

process may be used to shrink this value for (for example) various area types as location signature clusters for

verified MS location estimates are accumulated in the location signature data base. */

min_clusters <--- get_min_nbr_of_cluster<loc_hyp.FOM_{D, area); /* Forthe area, “area”, get the minimum number

(“min_clusters”) of archived MS estimates, L, desired in generating a new target MS location estimate and a related

confidence, wherein this minimum number is likely to provide a high probability that this new target MS location

estimate and a related confidence are meaningful enough to use in subsequent Location Center processing for outputting a

target MS location estimate. More precisely, this minimum number, “minclusters,” is an estimate of the archived MS

location estimates, L, required to provide the above mentioned high probability wherein each L satisfies the following

conditions: (a) Lis in the area for “area”; (b) L is archived in the location signature data base; (c) L has a corresponding

verified location signature cluster in the location signature data base; and (d)L is generated by the FOM identified by

“loc_hyp.FOM_ID”). In one embodiment, “minclusters” may be a constant; however, in another it may vary.

according to area type and/or area size (of “area”), in someit may also vary accordingto the FOM indicated by

“loc_hyp.FOM_ID”. #/

pt_est_bag <--- getptestsfor_image_cluster_sef{\oc_hyp.FOM_ID, loc_hyp.pt_est, area); /* Get the MS location point

estimates for this FOM wherein for each such estimate:(a) it correspondsto a verified location signature cluster

(that may or may not be nearits corresponding estimate), and (b) each such MS estimate is in “pt_min_area”. */

/ Now, if necessary, expand an areainitially starting with “pt_min_area” until at least

“min_clusters” are obtained, or, until the expanded area gets too big. */

while ((sizeof(pt_est_bag) < min_clusters) and (sizeof(area) < = pt_max_area) do

{ area <--- facrease{area);

min_clusters <--- get_min_nbr_of_clusters\oc_hyp.FOM_ID,area); // update fornew “area”

pt_est_bag <--- getptestsfor_image_cluster_sex{toc_hyp.FOM_ID, loc_hyp.pt_est, area);

}

attach_to{loc_hyp.pt_covering, area); // Make “area” the “pt_covering”field

if (sizeof(pt_est_bag) == 0) then /* there aren’t any other FOM MS estimates having correspondingverified location

signature clusters; so designate “loc_hyp” as part of the second set as described above and return. */
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loc_hyp.imagearea <--- NULL; // no image area for this loc_hyp; this indicates second set

RETURN(loc_hyp_list);

}

FP It is now assured that “pt_est_bag” is non-empty and “area”is at least the size of a mesh

cell. °/

° Now determine “image_area”field for “loc_hyp” and a corresponding confidence value

using the verified location signature clusters corresponding to the MS point estimates of

“area” (equivalently, in “pt_est_bag”). */
/* There are variousstrategies that may be used in determining confidences of the “imagearea” of a location hypothesis. In

particular,for the MS location estimates (generated by the FOM of loc_hyp.FOM_ID) having correspondingverified location

signature clusters (that may or may not be in “area”), if the numberof such MS location estimates in “area” is deemed

sufficiently high (.¢., > = “min_clusters” for “area”), then a confidence value can be computed for the “image_area” that

is predictive ofthe target MS being in “image_area”. Accordingly, such a new confidenceis used to overwrite any previous

confidence value corresponding with the target MS estimate generated by the FOM. Thus, the initial estimate generated by the

FOMis, in a sense, an index or pointer into the archived location data of the location signature data base for obtaining a new

target MS location estimate (i.¢., “imagearea”) based on previous verified MS locations and a new confidence value for this

new estimate.

Alternatively, if the numberof archived FOM MS estimates that are in “area,” wherein each such MS estimate has a

Correspondingverified location signature clusters (in “imagearea”), is deemed too small to reliably use for computing a new

confidence value and consequently ignoring the original target MS location estimate and confidence generated by the FOM,

then strategies such as the following may be implemented.
(a) In one embodiment, a determination may be made as to whetherthere is an alternative area and corresponding

“image_area” thatis similar to “area” and its corresponding “imagearea”(e.g., in area sizeand type), wherein a

confidence value for the “image_area” of this alternative area can be reliably computed due to there beinga sufficient

numberof previous FOM MS estimatesin the alternative area that have correspondingverified location signature clusters (in

the location signature data base). Thus, in this embodiment, the confidence of the alternative “imagearea” is assigned as the

confidence for the “imagearea” for of “area”.
(b) In another embodiment, the area represented by “pt_max_area” may be made substantially identical with the

MS location service region. So that in many cases, there will be, as “area” increases, eventually be enough MS location

estimates in the cluster set so that at least “min_clusters” will be obtained. Note, a drawbackhere is that “imagearea” may

be in becomeinordinately large and thus be of little use in determining a meaningfultarget MS location estimate.
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 (Q In anottit: o bodiment, denoted herein as the twotier strategy, <®) original FOM MS location estimate and

confidence as well as the “imagearea” MSlocation estimate and a confidence are used. Thatis, two location hypotheses are

provided for the target MS location, one having the FOM MSlocation estimate and one having the MS location estimate for

“image_area”. However, the confidencesof each of these location hypotheses maybe reducedto reflect the resulting

ambiguity of providing two different location hypotheses derived from the same FOM MS estimate. Thus, the computationsfor

determining the confidence of “imagearea may be performed even thoughthere are less than the minimally required

archived FOM estimates nearby to the original FOM target MS estimate. In this embodiment, a weighting(s) may be used to

weight the confidence values as, for example, by a function of the size of the “imageclusterset”. For example,if an

original confidence value from the FOM was 0.76 and “area” contained only two-thirds of the minimally acceptable number,

“min_clusters”, thenif the computation for a confidence of the corresponding “imagearea” yielded a new confidence of

0.43, then a confidence for the original FOM target MS estimate may be computed as [ 0.76 * (1/3)] whereas a confidence for

the corresponding “imagearea” may be computed as [0.43 * (2/3)]. However,it is within the scope of the present invention

to use other computations for modifying the confidences used here. For example, tunable system coefficients may also be

applied to the above computed confidences. Additionally, note that some embodiments may require at least a minimal

numberofrelevant verified location signature clusters in the location signature data base before a location hy pothesisutilizes

the “imagearea” as a target MS location estimate.

Although an important aspect of the present invention is that it provides increasingly more accurate MS location

estimates as additionalverified location signatures are obtained (i.e., added to the focation signature data base), it may be the

case that for some areas there is substantially no pertinentverified location signature clusters in the location signature data

base (e.g., “imagearea” may be undefined). Accordingly,instead of using the original FOM generatedlocation hypothesesin

_ the same manneras the location hypotheses having target MS location estimates corresponding to “imageareas” in

subsequent MS location estimation processing, these two types of location hypotheses may be processed separately. Thus, a

Strategy is provided, wherein two sets of (one or more) MS location estimates may result:

(i) one set having the location hypotheses with meaningful “imageareas” as their target MS location
estimates and

(ii) a second set having the location hypotheses with their confidence values corresponding to the original

FOM target MS estimates.

Since the first of these sets is considered, in general, more reliable, the second set may used as a “tie breaker” for determining

which of a number of possible MS location estimates determined using the first set to output by the Location Center. Note,

however, if there are no location hypothesesin thefirst set, then the second set may be used to output a Location Center target

MS location estimate. Further note that in determining confidencesofthis second set, the weighting of confidence values as

described above is contemplated. .

The steps provided hereinafter reflect a “two tier” strategy as discussed in (c) above.

*/
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/* The following factor is analogousto the 2/3s factor discussed in (c) above. */
cluster_ratio_factor <--- min{(sizeof(pt_est_bag) / min_clusters), 1.0};

/ Now use “area” to obtain a mew target MS location estimate and confidence based on

5 archived verified loc sigs, but first determine whether “area”is too big to ignore the original

target MS location estimate and confidence generated by the FOM . */

if (sizeof(area) > pt_max_area) then /* create a loc_hypthat is essentially a duplicate ofthe originally input “loc_hyp”

except the confidence is lowered by “(1.0 - cluster_ratio_factor)”. Note that the original “loc_hyp”will haveits

confidence computed below. */

10 { new_loc_hyp <--- dupiicate(loc_hyp); // get a copy of the “loc_hyp”

newloc_hyp.imagearea <--- NULL; //no image area for this new loc_hyp

/* Now modify the confidence of “loc_hyp”; note, in the one embodiment,a system (i.e., tunable) parameter may also be

used as a coefficient in modifying the confidence here. */

new_loc_hyp.confidence <--- new_loc_hyp.confidence * (1.0 - cluster_ratiofactor) ;

add_to_list(loc_hyplist, newloc_hyp);

}

/° Now compute the “image_area”field and a confidence that the target MS is in

“image_area” °/

imageclusterset <--- get verified foc_sig_clusters_foxpt_est_bag); /* Note, this statement gets the verified location

signature clusters for which the target MS point location estimates(for the First Order Model identified by

“loc_hyp.FOM_ID”) in “pt_est_bag” are approximations. Note that the set of MS location point estimates

 
represented in “pt_estbag” is defined as a “c/usterset” hereinabove.*/

image_area <--- get_afea_containinglimage_cluster_set); /* Note, in obtaining an area here that contains these verified

location signature clusters, various embodiments are contemplated. Ina first embodiment, a (minimal) convex hull

25 containing these clusters may be provided here. In a second embodiment, a minimal covering ofcells from the mesh

for the FOM identified by “loc_hyp.FOM_ID” maybe used. Ina third embodiment, a minimalcovering of meshcells

maybe used to cover the convex hull containing the clusters. It is assumed hereinbelow that the first embodimentis

used. Note, that this area is also denoted the “smage clusterset area” asis described hereinabove. */

attach_to(loc_hyp.image_area, image_area); /* Make “imagearea”the “image_area” field of “loc_hyp”. */

30 /* In the following step, determine a confidence value for the target MS beingin the area for “image.area”. */

confidence <--- confidemce_adjuster(loc_hyp.FOMID, imagearea, imageclusterset);

/* In the following step, reduce the value of confidence if and only if the number of MS point location estimates in

~ “pt_est_bag” is smaller than “min_clusters” */
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loc_hyp.confidence <--"3nitidence * cluster_ratio_factor;

RETURN(loc_hyp_list);

}ENDOF get_adjusted_loc_hyp_list_for

5

confidence_adjuster(FOM_ID, image_area, image_cluster_set)

/* This function returns a confidence value indicative of the target MS 140 being in the area for “imagearea”. Note that the

steps herein are alsa provided in flowchart form in Figs. 27a and 27b.

RETURNS: § Acemfidence value. This isa value indicative of the target MS being located in the area

10 represented by “image_area” (whenit is assumed that for the related “loc_hyp,” the “cluster set area” is the

“loc_hyp.pt_covering” and “loc_hyp.FOM_ID” is “FOM_{D”);

Introductory Information Related to the Function, “confidence_adjuster”

This function (and functionscalled by this function) presuppose a framework or paradigm that requires some discussion as well as the defining of terms.

Define the term “mapped cluster density”to be the numberof the verified location signature clusters in an “image cluster set” per unit of area in the “image cluster set area”.

= It is believed that the higher the “mapped cluster density”, the greater the confidence can be had that a target MS actually
resides in the “image cluster set area” when anestimate for the target MS (by the present FOM) is in the corresponding “the

cluster set”. .

Thus, the mapped cluster density becomes an important factor in determining a confidence value for an estimated area of a

target MS such as, for example,the area represented by “imagearea”. However, the mapped cluster density value requires 
modification before it can be utilized in the confidencecalculation. In particular, confidence values must be in the range[-I, I]

and a mapped cluster density does not have this constraint. Thus, a “relativized mapped cluster demsity”’ for an

estimated MS area is desired, wherein this relativized measurement is in the range {-1, +1], and in particular,forpositive

25 confidencesin the range £0, !]. Accordingly, to alleviate this difficulty, for the FOM define the term “prediction mapped
cluster density” as a mapped cluster density value, MCD, for the FOM and imagecluster set area wherein:

(i) MCDis sufficiently high so thatit correlates (at least at a predetermined likelihood threshold level) with the actual target

MS location being in the “image cluster set area” when a FOM target MS location estimate is in the corresponding “cluster

set area”;

30 That is, for a cluster set area (e.g., “loc_hyp.pt_covering”) for the present FOM, if the image cluster set area: has a mapped
cluster density greater than the “prediction mapped cluster density”, then there isa high likelihood of the target MS being in the

image cluster set area.
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It is believed that the prediction mapped cluster density will typically be dependent on one or more area types. in

particular, it is assumed that for each area type, there is a likely range of prediction mapped cluster density values thatis

substantially uniform across the area type. Accordingly, as discussed in detail hereinbelow,to calculate a prediction mapped

cluster density for a particular area type, an estimate is madeofthe correlation between the mapped cluster densities of image

5 areas (from cluster set areas) and thelikelihood thatif a verified MS location: (a) has a corresponding FON MS estimate in the

cluster set, and (b) is also in the particular area type, then the verified MS locationis also in the image area.

Thus, if an area is within a single area type, then such a “relativized mapped cluster density” measurementfor the area

may be obtained by dividing the mapped cluster density by the prediction mapped cluster density and taking the smaller of: the

resulting ratio and 1.0 as the value for the relativized mapped cluster density.

10 In some (perhaps most) cases, however, an area (¢.g., an image cluster set area) may have portions in a numberof area

types. Accordingly, a “composite prediction mapped cluster density” may be computed, wherein,a weighted

sum is computed oftheprediction mapped cluster densities for the portions of the area thatis in each of the area types. That is,

the weighting, for each of the single area type prediction mapped cluster densities,is the fraction of the total area that this area

type is. Thus, a “relativized composite mapped cluster density”for the area here may also be computed by

dividing the mapped cluster density by the composite prediction mapped cluster density and taking the smallerof: the resulting

ratio and |.0 as the value for the relativized composite mapped cluster density.

Accordingly, note that as such a relativized (composite) mapped cluster density for an imagecluster set area

increases/decreases, it is assumed that the confidence of the target MS being in the image cluster Set area should
increase/decrease, respectively. */ 

a predictionmapped_cluster_density <---
aad get_composite_prediction_mapped_cluster_density_with_high_certainty

(FOM_iD, imagearea);

/* The function invoked above provides a “composite prediction cluster density” (i.e., clusters per unit area) that is

25 used in determining the confidence that the target MS is in “imagearea”. Thatis, the composite prediction mapped

cluster density value provided here is: high enough so that for a computed mapped cluster density greater than or equal

to the composite prediction cluster density , and the target MS FOM estimateis in the “cluster set area”, there is a high

expectation that the actual target MS location is in the “image cluster set area”. */

max_area <--- get_max_area_for_high certaintyFOM_ID, image_area); /* Get anareasize value wherein it is highly

30 likely that for an area of size, “max_area”, surrounding “image_area”, the actual target MS is located therein. Note,

that oneskilled in the art will upon contemplation be able to derive various embodimentsof this function, some

embodiments being similar to the steps described for embodying the function,

“get_composite_prediction_mapped_cluster_densitywithhighcertainty” invoked above; i.e., performing a Monte

Carlo simulation. */
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 /* Given the above two

data.

Sigala positive confidence value for the area, “nage<M be calculated based on empirical

There are various embodiments that may be used to determine a confidence for the “image_area”. In general, such a

confidence should vary monotonically with (a) and (b) below; that is, the confidence should increase (decrease) with:
(a) an increase (decrease) in the size of the area, partrcu/arlyif the area is deemed close or relevantto the location of

the target MS; and

(b) an increase (decrease) in the size of the image clusterset (i.e., the numberof verified location signature clusters in

the area that each have a location estimate, from the FOM identified by “FOMID”; in the “cluster set”

corresponding to the “image_cluster_set;”e.g., the “cluster set” being a “loc_hyp.pt_covering”).

As oneskilled in the art will understand, there are many functions for providing confidences that vary monotonically

with (a) and(b) above. In particular, for the cluster set area being “loc_hyp.pt_covering”, one might be inclined to use the

(area) size of the image cluster area as the value for (a), and the (cardinality) size of the image cluster set as the value for

(b). Then, the following term might be considered for computing the confidence:

(sizeof(image cluster set area) * (sizeof(image cluster set)) which,in the present context, is equalto

(sizeof(“image_area”) * (sizeof(“‘image_cluster_set”)).

However,since confidences are intended to be in the range [-1,l], a normalization is also desirable for the values

corresponding to (a) and (b). Accordingly, in one embodiment, instead of using the above values for (a) and (b), ratios are

used. Thatis, assuming for a “relevant” area, A (e.g., including an image clusterset area of “loc_hyp.pt_covering”) that

there is a very high confidence that the target MS is in A,the following term may be used in place of the term,

sizeof(“imagearea”), above:

min { [sizeof(“imagearea”) / sizeof(A)], 1.0 }. [CAI.I]

Additionally, for the condition (b) above, a similar normalization may be provided. Accordingly, to providethis

Normalization, note that the term,

(sizeof(image_area) * prediction_mapped_cluster_density) [CAL.I.1]

is analogous to sizeof(A) in {CAl.I]. That is, the expression of [CAI.I.I] gives a threshold for the number ofverified location

signature clusters that are likely to be needed in order to have a high confidenceor likelihood that the target MS is in the

area represented by “imagearea”. Thus, the following term maybe usedfor the condition (b):

min {(sizeof(image_cluster_set) /
[(sizeof(image_area) * predictionmapped_cluster_density], 1:0}

Asanaside, note that

[CAl.2]

sizeof(image_cluster_set) / [sizeof(image_area) * predictionmappedclusterdensity]
is equivalent to

[sizeof(image_cluster_set) / sizeof(image_area)] / (prediction_mapped_cluster_density)
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and this latter®interpreted as the ratio of: (i) the mapped aunfor “image_area” to (ii) an
approximation of a cluster density providing a high expectation that the target MS is contained in “imagearea”.

Note that the product of [CAI.1] and [CAI.2] provide the above desired characteristics for calculating the confidence.

However, there is no guarantee that the range of resulting values from such products is consistent with the interpretation

5 that has been placed on (positive) confidence values; e.g., that a confidence of near 1.0 has a very high likelihood that the

target MS is in the corresponding area. For example, it can be that this product rarely is greater than 0.8,even in the areas

of highest confidence. Accordingly, a “tuning”function is contemplated which provides an additional factor for adjusting of
the confidence. This factor is, for example, a function of the area types and the size of each area type in “image_area”.

Moreover, such a tuning function may be dependent on a “tuning coefficient” per area type. Thus, one such tuning function

10 maybe:

numberof area types

min(S [tc, * sizeof(area type, in “image_area”) / sizeof (“image_area”)], 1.0) 
where tc, is a tuning coefftcient (determined in background oroff-line processing; e.g., by a Genetic Algorithm or Monte Carlo

simulation or regression) for the area type indexed by “i”.

Notethat it is within the scope of the present invention, that other tuning functions may also be used whose values may

be dependent on, for example, Monte Carlo techniques or Genetic Algorithms.

15 It is interesting to note that in the product of [CAI.1] and (CAI.2], the “imagearea”size cancels out. This appears to
conflict with the description above of a desirable confidence calculation. However, the resulting (typical) computed value:

 
[sizeof(image_cluster_set)] / [max_area * prediction_mappedclusterdensity)  [CAI.3]

is strongly dependent on “image_area” since “imageclusterset” is derived from “imagearea” and

“prediction_mapped_cluster_density” also depends on “imagearea”. Accordingly,it can be said that the product [CAI 3]

20 abovefor the confidence does not depend on “raw”area size, but rather depends on a “relevant” area for locatingthe target
MS.

An embodiment of the confidence computation follows:

*/

area_ratio <--- min((sizeof(imagearea) / max_area), 1.0);

25 Clusterdensityratio < ---

min( ((sizeof(image_cluster_set) / [sizeof(image_area) * (prediction_mapped_cluster_density)}), |.0 );

tunable_constant <--- get_confidence_tuning_constant{image_area); // as discussed in the comment above

confidence <--- (tunable_constant) * (area_ratio) * (cluster_densityratio); //This is in the range [0, 1]

RETURN (confidence);
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 } ENDOF cantoneeMeer

get_composite_prediction_mapped_cluster_demsity_with_high_certainty

5 (FOM_ID, image_area);

/* The present function determines a composite prediction mapped cluster density by determining a composite prediction

mappedcluster density for the area represented by “image_area”andforthe First Order Model identified by “FOM_ID”. The
steps herein are also provided in flowchart form in Fig. 28.

OUTPUT: composite_mapped_density This is a record for the composite prediction
10 mapped cluster density. In particular, there are with twofields:

(i) a “value” field giving an approximation to the prediction mapped cluster density for the First

Order Model having id, FOM_ID;

(ii) a “reliability” field giving an indication asto the reliability of the “value” field. The reliability
field is in the range [0, 1] with 0 indicating that the “value” field is worthless and the larger the

15 value the more assurance can be put in “value” with maximal assurance indicated when “reliability”

is 1.3/

/* Determine a fraction of the area of “imagearea” contained in each area type (if there is only one, e.g., dense urban or

a particular transmission area type as discussed in the detailed description hereinabove, then there would be a fraction
20 having a value of | for this area type and a valueofzero for all others). */

composite_mapped_density<--- 0; // initialization

 
for each area_type intersecting “imagearea” do //“area_type” may be taken fromalist of area types .

{ determine a weighting for “area_type” as a fractionofits area in “imagearea” */

intersection <--- sntersec{image_area, area_ foarea_type));
25 weighting <--- sizeof(intersection) / sizeof(area_image);

/* Now computea prediction cluster density that highly correlates with predicting a location of the target MS for this
area type. Then provide this cluster density as a factor of a weighted sum ofthe prediction cluster densities of each

of the area types, wherein the weight for a particular area type’s prediction cluster density is the fraction of the total

area of “imagearea” that is designated this particular area type. Note that the following function call does not

30 utilize information regarding the location of “imagearea”. Accordingly, this function may access a precomputed

table giving predication mapped cluster densities for (FOMID, area_type) pairs. However, in alternattve

embodiments of the present invention, the prediction mapped cluster densities may be computed specifically for the

area of “image_area” intersect “area_type”. */

172

Cisco v. TracBeam / CSCO-1002

Page 178 of 2386



Cisco v. TracBeam / CSCO-1002 
Page 179 of 2386

 

 prediction_mappe ®@, <-- get_prediction_mapped_cluste —
composite_mappeddensity <--- compositemappeddensity +

{ weighting * predictionmapped_density);

}

5 RETURN(composite_mappeddensity);

} ENDOF get_composite_prediction_mapped_cluster_densitywithhigh_ceztainty

get_prediction_mapped_cluster_density_for(FOM_ID, area_type)

/ The present function determines an approximation to a prediction mapped cluster density, D, for

10 an area type such that if an image cluster set area has a mapped cluster density >= D,

then there is a high expectation that the target MS 140 is in the image cluster set area. Note

that there are a number of embodiments that may be utilized for this function. The steps herein are also provided in flowchart

form in Figs. 29a through 29h.

OUTPUT: prediction_mapped_cluster_density This is a value giving an approximationto the

15 prediction mapped cluster density for the First Order Model having identity, “FOM_ID”, and for the area type

represented by “area_type” */

Introductory Information Related to the Function,

“get_predication_mapped_cluster_densityfor”

It is important to note that the computation here for the prediction mapped cluster density may be more intense than

20 some other computations but the cluster densities computed here need net beperformed in real time

target MS location processing. Thatis, the steps of this function may be performed only periodically (e.g., once a week), for each

 
FOM and each area type thereby precomputing the output for this function. Accordingly, the values obtained here may be stored in

a table that is accessed during real time target MS location processing. However,for simplicity, only the periodically performed

steps are presented here. However, oneskilled in the art will understand that with sufficiently fast computational devices, some

25 related variationsof this function may be performed in real-time. In particular, instead of supplying area type as an inputto this
function, a particulararea, A, may be provided such as the image areafor a cluster set area,or, the portion of such an image area in

a particular area type. Accordingly, wherever “area_type” is used in a statementof the embodimentofthis function below, a

comparable statement with “A” can be provided.

{

30 mesh <--- getmeshforFOM_ID); /* get the mesh for this First Order Model; preferably each cell of “mesh” is substantially

. Ina Single area type. */
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 vaxrbsinetnnsprHonte_Carlo_simulation_nbxFOM_ID, area_type ; /* This function outputs a valueof the
maximum numberof simulations to perform for estimating the prediction mapped cluster

density. Note that the output here may always be the same value such as 100. */

nbr_simulationsperformed <--- 0; // initialization —

while (nbr_simulations_performed <= max_nbr_simulations) do // determine a value for the “average mapped cluster

density” anda likelihoodof this value being predictive of an MS location. */

representativecellclusterset <--- get sepresentative_cell clusterss_foareatype, mesh); /* Note, each activation
of this function should provide a different set of cell clusters from a covering from “mesh” of an (sub)area of

‘type, “area_type”. There should ideally be at least enough substantially different sets of representative cell

clusters so that there is a distinct setsof cell clusters for each simulation number,j. Further note that, in one

embodiment, each of the “representativecell cluster sets” (as used here) mayinclude at least a determined

proportion of the numberofcells distributed over the area type. Moreover,eachcell cluster (within a

representative cell cluster set) satisfies the following:

A. Thecell cluster is a minimal covering (from “mesh”) of a non-empty area, A, of type “area_type” (“A”

being referred to herein as the associated areaforthe cell cluster); .
B. The cells of the cluster form a connected area; note this is not absolutely necessary; however, it is preferred

that the associated area “A” of “area_type” covered by the cell cluster have a “small” boundary with other
area typessince the “image_areas”computed below will be less likely to include large areas of other area

types than “area_type;”

C. There is at least a predetermined minimal number (> =I) ofverified location signature clusters from the
location signature data base whose locations are in the associated area “A”.

D. Thecell cluster has no cell in common with anyothercell cluster output as an entry in

“representative_cell_cluster_set” . */

if (representativecellclusterset is NULL) then /* anotherrepresentative collectionof cell clusters could not be found;so

~ Cease further simulation processing here, calculate return values and return */

break; // jumpout of “simulation loop”

else /* there is another representative collectionof cell clusters to use as a simulation */

{

for each cell cluster, C, in “representativecell_clusters” do /* determine an approximation to the predictiveness of the

mappings between: (a) cluster set areas wherein each clusterset area is an area around a (FOM1D) FOM

estimate that has its correspondingverified location in “C,” and (b) the corresponding image areas for

these cluster set areas. Note, the location signature data base includesat least one (and preferably more)
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aclusters having verified locations in each2.Cas per the comment at (C) above.
/

{ random_list <--- sandomly_select_verified_HS_locs_iK(); /* select one or more verified MS
locations from C. */

mapped_density_sum <--- 0; // initialization

for each verifted location, “rand_verif_{oc”, in “random_list” do /* Let X denote the MS 140 estimate by the

present FOM ofthe verified location signature cluster of “rand_verif_loc”; let CS(X) denote

the cluster set obtained from the cluster set area(i.¢., pt_area) surrounding X; this loop

determines whether the associated image area for the set (5(K) - X,(.e., the image area for
CS(X) without “rand_verif_loc”) includes “rand_verif_loc”; i.e., try to predict the location

area of “rand_verif_loc”. */

loc est <--- get foc est forrand verif loc, FOM 1D); /* get the FOM MS location7 §el_10C_€St_ _ veri - Bl

estimate for an MS actually located at “rand_verif_loc”. */

cluster_set <--- get /oc_ests_surrounding{loc_est, mesh); /* expand about “loc_est” until a minimal

numberof other location estimates from this FOM are obtained thatare different from

“loc_est”, or until a maximum area is reached. Note, “cluster_set” could be empty, but

hopefully not. Also note that in one embodiment of the function here, the follawing functions

maybe invoked: “get_min_area_surrounding,” “get_max_area_surrounding” and

“get_min_nbr_of_clusters” (asin “getadjustedlochyplistfor”, the second function

of Appendix D): */

imageset <--- get smage_oAcluster_set); /* “imageset” could be empty, but hopefully not */

image_area <--- getsmage_area{image_est); /* get convex hull of “image_set”. Note, “image_area”

could be an empty area, but hopefully not. */

if (rand_verif_loc is in imagearea)

then /* this is oneindication that the mapped cluster density: (sizeof[imageset]/imagearea)is

sufficiently high to be predictive */

predictions <--- predictions + |;

if (image_set is not empty) then

{

density <--- sizeof(image_set) / sizeof(imagearea); /* Get an approximation to the mapped cluster

density that results from “imageset” and “imagearea.” Note, that there is no

guarantee that “image_area”is entirely within the area type of “areatype.” Also

note, it is assumed that as this mapped cluster density increases, it is more likely that

“md m_verif_loc” isin “imagearea”. */ |
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QDsoisn <--- mapped_densitysum + sen
}

} / end loopfor predicting location of a random MS verified location in cell cluster C. */

totalpossiblepredictions <--- sizeof(random_list); // One prediction per element on list.

/* Now get average mapped density for the cell cluster C. */

avg_mapped_density[C] <--- mapped_densitysum /total_possible_predictions;

/* Now get the prediction probability for the cell cluster C. */

predictionprobability[C} <--- predictions /total_possible_predictions;

} / end loopovercell clusters Cin “representativecell_clusters” */

nbr_simulationsperformed <--- nbr_simulationsperformed + 1;

} /endelse

/* It would be nice to use the set of pairs (avg_mapped_density[C], predictionprobability[C]) for extrapolating a mapped

density value for the area type that gives a very high prediction probability. However, due to the potentially small

numberof verified MS locations in many cells (and cell clusters), the prediction probabilities may provide a very small

numberof distinct values such as: 0, 1/2, and |. Thus, by averaging these pairs over the cell clusters of —

“representative_cell_clusters”, the coarseness of the prediction probabilities may be accounted for. */

avgmapped_cluster_density[nbrsimulationsperformed] <---

avgofcell mappeddensitieXavgmappeddensity);

avgpredictionprobability[nbr_simulationsperformed] <---

avg_of cellprediction_probabilitieXpredictionprobability);

} * end simulation loop */

/* Now determine a measure as to haw reliable the simulation was. Note that “reliability” computed in the next statementis in

the range[0, 1]. #/

reliability <--- nbr_simulationsperformed / max_nbr_simulations;

if (reliability < systemdefinedepsilon) then /* simulation too unreliable; so use a default high value for

. “predictionmapped_cluster_density” */
prediction_mapped_cluster_density <--- get_default_high_density_value_for(area_type);

else /* simulation appears to be sufficiently reliable to use the entries of “avgmappedclusterdensity” and

“avg_predictionprobability” */

/* Amore easily discernible pattern between mapped cluster density and prediction probability may be provided by the set

ofpairs:

S$ = {(avg_mapped_cluster_density(j], avgpredictionprobability {j])}, so that a mapped cluster density value

having a high prediction probability (e.g., 0.95) may be extrapolated in the next statement. However,if it is
176

Cisco v. TracBeam / CSCO-1002

Page 182 of 2386



Cisco v. TracBeam / CSCO-1002 
Page 183 of 2386

10

15

20 

determined Dacion that the set $ does not extrapolate well oeexampleall ordered pairs of $ being
Clustered in a relatively small region), then a “NULL” value is returned. */

predictionmappedduster_density <--- mapped_cluster_density_extrapolatioravg_mapped_cluster_density,

avg_prediction_probability, 0.95);

if ( (prediction_mapped_cluster_density == NULL) then

/* set this value to a default “high” valueforthe present area type*/

predictionmappedclusterdensity<--- getdefaulthighdensityvaluefor(area_type);

else //So both “predictionmappedclusterdensity” and it’s reliability are minimally OK.

/* Now take the “reliability” of the “predictionmappedclusterdensity” into account. Accordingly,as the

reliability decreasesthen the prediction mapped cluster density should be s7creased. However, there is a system

defined upperlimit on the value to which the prediction mapped cluster density may be increased. The next

statement is one embodiment that takesall this into account. Of course other embodimentsare also possible.

*/

predictionmapped_cluster_density< ---

min {(predictionmappedclusterdensity / reliability),

getdefaulthighdensityvaluefor(area_type)};

} /fend else for simulation appearingreliable

RETURN(prediction_mapped_cluster_density);

}ENDOF get_prediction_mapped_cluster_density_for
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A Second Embodiment of the Context Adjuster.

Note that in this second embodiment of the Context Adjuster, it uses various heuristics to increment/decrement the confidence

value of the location hypotheses coming from the First Order Models, These heuristics are implemented using fuzzy mathematics, wherein

linguistic, fuzzy “if-then” rules embody the heuristics. That is, each fuzzy rule includes terms in both the “if' and the "then"portions that are
substantially described using natural language — like terms to denote various parameter value classifications related to, but not equivalent to,

probability density functions. Further note that the Context Adjuster and/or the FOM’s may be calibrated using the location information

from LBSs(i.e., fixed location BS transceivers), via the Location Base Station Model since such LBS’s have well known and accurate

predetermined locations.

Regardingthe heuristics of the present embodimentof the context adjuster, the following is an exampleof a fuzzy rule that might

appear in this embodiment of the Context Adjuster:

If <the seasonis Fall> then <the confidence level of Distance Model is increased by 5%>.

In the above sample rule, "Distance Model" denotes a First Order Modelutilized by the present invention. To apply this sample rule,

the fuzzy system needs a concrete definition of the term "Fall." In traditional expert systems, the term Fall would be described by a particular

set of months, for example, September through November,in which traditionalset theory is applied. In traditionalset theory, an entity, in this

case a date,is either in a set or itis not in a set, e.g. its degree of membership ina set is either 0, indicating that the entity is not in a particular

set, or |, indicating that the entity is in the set. However, the traditional set theory employed in expert systems does not lenditself well to

entities that fall on set boundaries. For example, a traditional expert system could take dramatically different actions for a date of August 3!

than it could for a date of September | because August 31 might belongto the set Summer’while the date September | might belong to the set

"FalL”This is not a desirable behaviorsince it is extremely difficult if not impossible to determine such lines of demarcation so accurately.

However, fuzzy mathematics allows for the possibility of an entity belonging to multiple sets with varying degrees of confidence ranging from a
minimum value of 0 (indicating that the confidence the entity belongs to the particularset is minimum)to | (indicating that the confidence the

entity belongs to the particular set is maximum). The “fuzzy boundaries" between the varioussets are described by fuzzy membership

functions which provide a membership function valuefor each value on the entire range of a variable. As a consequence of allowingentities to
belong to multiple sets simultaneously, the fuzzy rule base might have more than one rule that is applicable for any situation. Thus, the actions

prescribed by the individual rules are averaged via a weighting scheme where each rule is implemented in proportion to its minimum

confidence. For further information regarding such fuzzy heuristics, the following references are incorporated herein by reference: (McNeil and

Freiberger, 1993; Cox, [994; Klir and Folger, 1999; Zimmerman,1991).

Thus, the rules defined in the fuzzy rule base in conjunction with the membership functions allow the heuristics for adjusting

confidence values to be represented in a linguistic form more readily understood by humans than many other heuristic representations and
thereby makingit easier to maintain and modify the rules. The fuzzy rule base with its membership functions can be thought of as an extension
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 toa traditional expert system. ‘ras, since traditional expert systemsare subsets of fuzzy®alternative to a fuzzy rule base is a

traditional expert system, and it is implicit that anywhere in the description of the current invention that a fuzzy rule base can be replaced with

an expert system.

Also, these heuristics may evolve over time by employing adaptive mechanismsincluding, but not limited to, genetic algorithmsta

adjust or tune various system values in accordance with past experiences and past performance of the Context Adjusterfor increasing the

accuracy of the adjustments made to location hypothesis confidence values. For example, in the sample rule presented above:

if <the seasonis Fall> then <the confidence level of Distance Model is increased by 5%>

an adaptive mechanism or optimization routine can be used to adjust the percent increase in the confidence level of the Distance Model. For

example, by accessing the MS Status Repository, a genetic algorithm is capable of adjusting the fuzzy rules and membership functions such that

the location hypothesesare consistent with a majority of the verified MS locations. In this way, the Context Adjusteris able to employa genetic

algorithm to improve its performance over time. For further information regarding such adaptive mechanisms, the following references are

incorporated herein by reference: (Goldberg, 1989; Holland, 1975). For further information regarding the tuning of fuzzy systems using such

adaptive mechanisms, the following references are incorporated herein by reference: (Karr, 1991a, 1991b).

In one embodiment, the Context Adjusteralters the confidence values of location hypotheses according to one or more of the following

environmental factors: (1) the type of region (e.g., dense urban, urban,rural,etc.), (2) the monthof the year, (3) the time of day, and (4) the

operational status of base stations (e.g., on-line or off-line), as well as other environmental factors that may substantially impact the

confidence placed in a fecation hypothesis. Note that in this embodiment, each environmentalfactor has an associated set of linguistic

heuristics and associated membership functions that prescribe changes to be made to the confidence values of the input location hypotheses.

The context adjuster begins by receiving location hypotheses and associated confidencelevels from theFirst Order Models. The Context

Adjuster takes this information and improves and refines it based on environmental information using the modules described below.

Bl COA Calculation Module

As mentioned above each location hypothesis provides an approximation to the MS position in the form of a geometric shape and an

associated confidence value, a. The COA calculation module determines a center of area (COA) for each of the geometric shapes, if such a COA is

not already provided in a location hypothesis. The COA Calculation Module receives the following information from each First Order Model: (I)

a geometrical shape and (2) an associated confidence value, a. The COA cakulation is made using traditional geometric computations

(numerical algorithms are readily available). Thus, following this step, each location hypothesis includes a COAas a single point that is

assumed to represent the most likely approximation of the location of the MS. The COA Calculation Module passes the following information to

the fuzzification module: (I) a geometrical shape associated with each first order model 1224, (2) an associated confidence value, and (3) an

assodated COA.

B.2 Furzification Medute
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A fuzzification module ch®toring information from the COA Calculation posiomeshape associated with each
First Order Model, (2) an associated confidence value, and (3) an associated COA. The Fuzzification Module uses this information to compute a

membership function value (1) for each of the M location hypothesesreceived from the COA calculation module (where the individual models

are identified with an i index) for each of the N environmentalfactors (identified with a j index). In addition to the information received from

the COA Calculation Module, the Fuzzification Medule receivesinformation from the Location Center Supervisor. The fuzzification moduleuses

current environmental information such as the current time of day, month of year, and information about the base stations on-line for

communicating with the MS associated with a location hypothesis currently being processed (this information may include, but is not limited to,

the numberofbase stations of a given type,e.g., location base stations, and regular base stations, that havea previous history of being detected
inn area about the COA for a location hypothesis). The base station coverage information is used to compute a percentage of base stations

reporting for each location hypothesis.

The fuzzificationis achieved in the traditional fashton using fuzzy membership functions for each environmentalfactoras, for example,is

described in the following references incorporated herein by reference: (McNeil and Freiberger, 1993; Cox, 1994; Klir and Folger, 1999;

Timmerman,1991).

Using the geographical area types forillustration purposeshere,the following procedure might be used in the Fuzzification Module. Each

value of COA for a location hypothesis is used to compute membership function values (u)foreachof five types of areas: (|) dense urban
(Uy), (2) urban (U4y), (3) suburban (L/,), (4) ruralplain (2,-), and (5) rural mountains (L/,,). These membership function values provide

the mechanism for representing degrees of membership in the area types, these area types being determined from an area mapthat has been

sectioned off. In accordance with fuzzy theory, there may be geographicallocations that include, for example, both dense urban and urban

areas; dense urban and rural plane areas; dense urban, urban, and rural plane areas, etc. Thus for a particular MS location area estimate

(described by a COA), it may be both dense urban and urban at the sametime. The resolution of any apparent conflict in applicable rules is

laterresolved in the Defuzzification Module using the fuzzy membership function values ({2) computed in the Fuzzification Module.
Any particular value of a COA canland in more than one area type. For example, the COA may be in both dense urban and urban. Further, in

some cases a location hypothesis for a particularFirst Order Model i may have membership functions f4,y', Ly, Llcf4ge, and (,y' wherein they

all potentially have non-zero values. Additionally, each geographicalarea is contoured. Note that the membership function contours allow for

one distinct value of membership function to be determined for each COA location (i.e., there will be distinct values of Ly), Ly, Ls, /4gp, and

Hyyfor any single COA value associated with a particular modeli). For example, the COA would have a dense urban membership function

value,L1,,), equal to 0.5. Similar contours would be used to compute values of£4),Ll-,Lp’, andLp.

Thus, for each COA, there now exists an array orseries of membership function values; there are K membership function values (K = number

ofdescriptive termsfor the specified environmental factor) for each of M First Order Models. Each COA calculation has associated withit a
definitive value forLyy', Ly)4sHye, and Ly. Taken collectively, the M focation hypotheses with membership function values for the K

descriptive terms for the particular environmental factor results ina membership function value matrix. Additionally, similar membership

function values are computed for each of the N environmental factors, thereby resulting in a corresponding membership function value matrix

for each of the N environmental factors.
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The Fuzzification Modutex|N membership function value matrices described soMa Base Module along with all of the
information it originally received from the COA Calculation Mod ule.

B3 Rule Base Module

The Rule Base Module receives from the Fuzzification Module the following information: (1) a geometricalshape assoctated with eachFirst

Order Model, (2) an associated confidence value, (3) an associated COA, and (4) N membership function value matrices. The Rule Base Module

uses this information in a manner consistent with typical fuzzy rule bases to determine a set of active or applicable rules. Samplerules were

provided in the general discussion of the Context Adjuster. Additionally, references have been supplied that describe the necessary

computations.Suffice it to say that the Rule Base Modules employ the information provided by the Fuzzification Module to compute confidence
value adjustments for each of the m location hypotheses. Associated with each confidence value adjustment is a minimum membership

function value contained in the membership function matrices computed in the Fuzzification Module.

For each location hypothesis, a simple inference engine driving the rule base queries the performance database to determine how well the

location hypotheses for the First Order Model providing the current location hypothesis has performed in the past (fora geographic area

surrounding the MS location estimate of the current location hypothesis) under the present environmental conditions. For example,the

performance database is consulted to determine how well this particular First Order Model has performed in the past in locating an MS forthe

given time of day, month of year, and area type. Note that the performance value is a value between 0 and { wherein a value of 0 indicates

that the model is a poor performer, while a valueof | indicates that the modelis always (or substantially always) accurate in determining an
MS location under the conditions (and in the area) being considered. These performancevalues are used to compute values that are attached to

the current confidence of the current lecation hypothesis; i.e., these performance valuesserve as the "then" sides of the fuzzy rules; the First

Order Models that have beeneffective in the past have their confidence levels incremented by large amounts while First Order Models that have

been ineffective in the past have their confidence levels incremented by small amounts. This information is received from the Performance

Database in the form of an environmentalfactor, a First Order Model number, and a performance value. Accordingly, an intermediate value for

the adjustment of the confidence value for the current location hypothesisis computed for each environmentalcondition (used by Context

Adjuster) based on the performance value retrieved from the Performance Database. Eachof these intermediate adjustment values are
computed according to the following equation which is applicable to area information:

adjustment’ = Da; = performance_value, * Dajggon’™

whereais the confidence value of a particular location hypothesis, performance_value is the value obtained from the Performance Database,

Daron” isa system parameter that accounts for how important the information is being considered by thé context adjuster. Furthermore,

this parameteris initially provided by an operatorin,for example, a system start-up configuration and a reasonable value for this parameter is

believed to be in the range 0.05 to 0.1, the subscript j represents a particular environmental factor, and the superscript i represents a particular
First Order Medel. However,it is an important aspect of the presentinvention that this value can be repeatedly altered by an adaptive

mechanism such as a genetic algorithm for improving the MS location accuracy of the present invention. In this way, and because the rules are
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  “written”using current perfo ™-4 information as stored in the Performance Database, the ; ne Module is dynamic and becomes more

accurate with time.

The Rule Base Module passes the matrix of adjustments to the Defuzzification Module along with the membership function value matrices

receved from the Fuzzification Module.

B.6 Defumzification Module

The Defuzzification Module receives the matrix of adjustments and the membership function value matricesfrom the Rule Base Module. The

final adjustment to the First Order Model confidence values as computed by the Context Adjuster is computed accordingto:

SuAa;
Aaj) = “aE

LHW

such as, but not limited to, time of day, monthof year, and base station coverage, there are a numberof system start-up configuration

parameters that can be adjusted in attempts to improve system performance. These adjustments are,in effect, adjustments computed

depending on the previous performance values of each model under similar conditions as being currently considered. These adjustments are

summed and forwarded to the blackboard. Thus, the Context Adjuster passesthe following information to the blackboard: adjustments in

confidence values for each of the First Order Models based on environmentalfactors and COA values associated with each location hypothesis.

Summary

The Context Adjusteruses environmental factor information and past performance information for each of i First Order Models to compute

adjustments to the current confidence values. It retrieves information from theFirst Order Models, interacts with the Supervisor and the
Performance Database, and computes adjustments to the confidence values. Further, the Context Adjuster employs a genetic algorithm to

improve the accuracy ofits calculations. The algorithm for the Context Adjusteris included in algorithm BE.B below:

Algorithm BE.B: Pseudocode for the Context Adjuster.

Context_Adjuster (geometries, alpha)

F* This program implements the Context Adjuster. It receives from the First Order Models geometric areas contained in a data structure called

geometries, and associated confidence values contained in an arraycalled alpha. The program used environmentalinformation to compute

improved numerical values of the confidence values. It places the improved values in the array called alpha, destroying the previous valuesin

the process.

*/

// pseudo code for the Context Adjuster

// assume input from each of i models includes a

// geographical area described by a numberofpoints
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/fand a confidence value1Dis such @
/{ that if it is 0.0 then the model is absolutely

// sure that the MS is not in the prescribed area;

//ifit is 1.0 then the model is absolutely

// sure that the MS is in the prescribed area.

4cakutate the center ofarea foreach ofthe imodelareas
for i = | to number_of_models

calculate centerof area // termed coa(i) from here on out

Jextract information from the "outside world” or the environment

find timeofday

find month_of_year

find number_ofBSavailable

find number_of_BS_reporting

/calculatepercent_coverage ofbase stations

percent_coverage = 100.0 * (numberofBSreporting /number_ofBSavailable)

/use thesej = 4 environmentalfactors to compute adjustments to the iconfidence values

associated with the imodels - alpha(i)
for i = | to number_of_meodels // loop on the number of models

for j =! to numberenvfactors //loop on the number ofenvironmental factors

fork = 1 to number_of_fuzzyclasses // loop on the number of classes

//used for each of the environmental

// factors

4calculate mu values basedon membership function definitions

calculate mu(i,j,k) values

M‘go to the performance database and extract currentperformance information for each ofthe i
Mmodels, in the k fuzzy classes, for thejenvironmentalfactors

fetch performance(i,j,k)

4calculate the actual values for the right handsides ofthe fuzzy rules

delta_alpha(i,j,k) = performance(i,j,k) * delta_alpha_max(j)

/fdelta_alpha_max(j) isa maximum amount each environmental

// factor can alter the confidence value; it is eventually
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//determined by aiin @

4compute a weightedaverage; this is traditionalfuzzy mathematics

delta_alpha(i,j,k) = sum{mu(ij,k) * detta_alpha(i,j,k) /sum[mu(i,,k)]

end looponk //number offuzzy classes

4compute finaldefta_alpha values

detta_alpha(i) = sum{[detta_alpha(i,j)]

end looponj // numberof environmentalfactors

alpha(i) + = delta_alpha(i)

endlooponi —// numberof models

4sendalpha values to blackboard

send delta_alpha(i) to blackboard

M4see ifit is time to interact with agenetic algorithm

if (in_progress)

then continue to calculate alpha adjustments

else

call the genetic algorithm to adjust alpha_max parameters and mu functions
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APPENDIX E: Historical Data Confidence Adjuster Program

Historical_data_confidence_adjuster(loc_hyp)

/* This function adjusts the confidence of location hypothesis, “loc_hyp”, according to how well its location signature clusterfits with verified

location signature clusters in the location signature data base. */

{ ;

mesh <-— getmeshforloc_hyp.FOM_ID); //each FOM has a mesh of the Location Center service area

covering <--- getmeshcoveringofMS_estimate_foxloc_hyp); /* get the cells of “mesh”that minimally cover the most

pertinent target MS estimate in “loc_hyp”. */

totalper_unit_error <—-0; //initialization

for each cell, C, of “covering” do /* determineanerror measurement between the location signature cluster of “loc_hyp” and

the verified location signature clusters in the cell */

centroid <-—- get_centroiX();

error_obj <--- DB_Lec_Sig_Evvor_Fit(centroid, C, loc_hyp.toc_sig_cluster, “USE ALL LOC SIGS IN

DB”);

/* The above function call computes an error object, “errorobj”, providing a

measure of how similar the location signature cluster for “loc_hyp” is with the verified

location signature clusters in the location signature data base, wherein the verified

location signature clusters are in the area represented by thecell, C. See APPENDIX C

for details of this function. */

total_per_unit_error <--- totalperuniterror + [errorobj.error * error_obj.confidence / sizeof(C)];

/* The above statement computes an “error per unit of cell area” term as:

[error_obj.error * error_obj.confidence / sizeof(C)], wherein the error is the term:

error_obj.error * error_obj.confidence. Subsequently, this error per unit of cell

area term accumulated in “totalrelativeerror” */

}

avg_per_unit_error <-- total_per_unit_error / nbr_cells_in(mesh);
/* Now get a tunable constant, “tunable_constant”, that has been determined by the Adaptation Engine 1382

(shownin Figs. 5,6 and 8), wherein “tunable_constant” may have been adapted to environmental characteristics. */

tunableconstant <--- get_tuneable_constant_for“Historical_LocationReasoner”, loc_hyp);

/* Now decrement the confidence value of “loc_hyp” by an error amountthat is scaled by “tunable_constant”

s/
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loc_hyp.confiden@@@me--- loc_hyp.confidence - {avgper_unit_error *.* tunable_constant];
RETURN(loc_hyp);

}ENDOF Historical_data_confidence_adjuster
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|. A method for locating wireless mobile stationsusing wireless signal measurements ofwireless signals transmi

 

 

  
 

 

 

Whatis claimedis:

between said

wireless mobile stations and a networkof base stations, wherein said base stationsin the network are coo

5__providing wireless communications with said wireless mobile stations, comprising:

providinga plurality. of mobile station location estimators, wherein said location estimatops providelocation estimatesofsaid

mobile stations whensaid location estimators are supplied with location information derived from wireless signal measurementsof

wireless signals transmitted between said mobile stations and the network of base stgtfons;

generating, by a first and a secondofsaid location estimators, respectively, first and second different initial location estimates

10 ofa particular one ofsaid wireless mobile stations,usinglocation informafién derived from wireless signal measurements of wireless

signals transmitted between said particular mobile station and the nepfork of base stations;

 

determining:

to (a) first confidence data fora first location hypotiiesis of said particular mobile station, wherein:
a (i) said first focatiothypothesis providesoneof: said first initial location estimate from said first locationae

st 15 estimator, and a su€cessive location estimateof said particular mobile station, said first successive
i location estimAA

Ad

lek
fu 20 (i) said’second location hypothesis provides oneof: said second initial location estimate from said second

5 location estimator, and a second successive location estimate of said particular mobile station, said
idk  

 
second successive location estimate derived using said secondinitial location estimate, and

(ii) said first confidencedata is indicative of a likelihood of said particular mobile station being at a location

represented by said first location hypothesis;

25 deriving a most likelihood location estimate of said particular mobile station, said mostlikely location estimate being

eeon eachof: said location estimatesof said first and second location hypotheses, and, valuesofsaid first and secondconfidence data.

. A method as claimed in Claim |, wherein said wireless signal measurements are from wireless signals communicated between said

particular mobile station and said networkof base stations using an identical communication standard as used when said network of

3 base stations provide wireless communications with said particular mobile station for a purpose different from estimating a location

of said particular mobile station.

3. A method as claimedin Claim 2, wherein said different purposeis one of: providing voice communication, and providing visual
communication.

4. A method as claimed in Claim 2, wherein said communication standard ts for one of CDMA and TDMA.
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communications between said networkof base stations and said particular mobile station.

6. A method as claimed in Claim |, wherein said wireless signal measurementsof wireless signals copfmunicated betweensaid

particular mobile station and said network of base stations are included in measurements capable of being determined for voice

communication with said particular mobile station.

7. A method as claimed in Claim |, wherein said wireless signal measurements inclyde at least one of: (a) a measurement of a signal
strength of wireless signals detected by said particular mobile station and tpafismitted by one of said base stations, and (b) a

measurementof a signal time delay of wireless signajsdetected by sajdparticular mobile station and transmitted by oneof said base

stations.

8. A method asclaimed in Claim I, wherein said/step of proyiding includes:

transmitting through a telecommunications network,said first location estimator from a sourcesite to a site having said

second location estimator;

operably integrating said first location estimator with said second location estimator for performing said steps of determining
 and deriving.

9. A method as claimed in Claim 8, wherein said step of transmitting includes sending an encoding ofsaid first location estimator
using the Internet,

10. A method as claimed in Claim |, wherein said step of determining includes retrieving historical location data related to said first

initial location estimate and said secondinitial location estimate, wherein said historical location data includes:

(al) locationVpimats by said first location estimator for some of said mobile stations at a first plurality of locations, and
data identifying said locations of said first plurality of locations; .

(bl) pon estimatesby said second location estimatorfor someof said mobile stations at a second plurality of locations,
nd data identifying said locations of said second plurality of locations; |

wherein said first successive location estimate is determined using said historical tocation data of (al), and said successive estimate is

detershined using said historical location data of (bl).

1)A method as claimed in Claim |, wherein said step of determining includes first selecting a first set of one or more location

estimates of said mobile stationsalso output by said first location estimator, wherein said one or more location estimates are

determined accordingto, at least, a proximity of said one or morelocation estimatesto said first initial location estimate.

12. A method as claimed in Claim 11, wherein said stepof first selecting includes selecting said first set according to a function of a

distance betweensaidfirst initial location estimate and at least one ofsaid location estimatesof said first set.

13. A method as claimed in Claim I, wherein each location estimate of said first set of location estimates has corresponding tocation

data identifying a location of one of said mobile stations for whichsaid location estimate estimates the mobile station’s location,

wherein the identified location has been verified.
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14. A method as claimedin&1, wherein said step of determining includes first obtainingafirst collection of orfe or more
 

 
 

 

 

previously identified locations, wherein each said previously identified location:

(a) has a corresponding location estimatein said first set, said correspondinglocation estimate béing for a corresponding one

of said plurality of mobile stations, and

5 (b) is approximately a location of the corresponding mobile station when said locatiopAnformation, dertved from wireless

signal measurements of transmissions between the corresponding mobile stgtfon and said network, wasinitially

provided to said first location estimator for outputting said correspondjfg location estimate.
15. A method asclaimed in Claim 14, wherein said step of determining includes first calculating said first successive location estimate

of said particular mobile station from said first initial location estimate using said ane or more previously identified locations.

10 ‘16. A method as claimed in Claim 15, wherein said step of first calculating includes determining said first successive location

estimate as a function of a convex hull of said’one‘ar more previoysly identified locations.

17. A method as claimed in Claim 15, wherein said sfep of deférmining includesfirst computing a first value of said first confidence 
 data for said particular mobile station beingiat a locatiohsepresented by said first successive location estimate, wherein said first

value is a functionof at least one of: (a) a value related to’, density of said one or more previously identified locations for said first

latéd to a size\of an area for said first successive location estimate. 15 successive location estimate, and (b) a value

18. A method as claimed in Claim 17, whereinjfor said second sticcessive location estimate the following steps are performed:

(a) second selecting a second set af/one br more location estimates of said mobile stations output by said second location

estimator, wherein said location estimates of said second set are determined accordingto, at least, a proximity of said
location estimatesin dasecond set to said secondinitial location estimate;

20 (b) second obtaining sheond collection of one or more previously identified locations, each said previously identified location:
(i) having a cdeesponting location estimate in said second set for a corresponding oneof said plurality of mobile

 
fet me is approximately a location of the corresponding mobile station whensaid location information, derived

from Wireless signal measurementsof transmissions between the corresponding mobile station and said network, was

initially provided to said second location estimator for outputting said corresponding location estimate;

 
 
 

 

25 (c) Second calculating said second successive estimate of said particular mobile station, wherein said second successive
estimate is a function of said one or more previously knownlocations of said second collection; and

(d) second computing a second value of said second confidence data for said particular mobile station being at a location

represented by said second successive location estimate, wherein said second valueis a function of at least one of: (a) a

value related to a density of said one or more previously identified locations of said second collection, and (b) a value

related to a size of said second successivelocation estimate.

19. A method asclaimedin Claim 11, wherein said first confidence data includes a data field for a valueindicative of said particular

mobile station being in an area, wherein said area is determined as a functionofsaid first set of location estimates.

20. A method as claimed in Claim 1, wherein said first confidence data includes a data field for a value indicative of said particular

mobile station not being in an area represented bysaid first location hypothesis.
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station and the networkof base stations.

22. A method as claimed in Claim |, wherein said step of generating includes first computing said first initial gcation estimate using

5 said location information obtained fromafirst collection of said wireless signal measurements, and second’computing said second

initial location estimate using said location information obtained from a second collection of said wireless signal measurements

different from said first collection. ,

23. A method as claimed in Claim 22, wherein saidfirst collection of said wireless sign measurements are for wireless signals
transmitted between said particular mobile station and the network of base stati kna first time interval, and said second collection

10_of said wireless signal measurementsare for wireless signats transmitted between said particular mobile station and the network of

base stations in a second timeinterval, whereinsaid first time nelat said second time interval.
24. A method asclaimed in Claim 23, wherein said step of“rer includes extrapolating said first successive location estimate
using said first initial location estimate so that said first successive location estimate is expected to be for a time period

approximately identical to said second time em15-25. A method as claimed in Claim |, further including:

performinga first simulation for pkedicting@likelihoodof said particular mobile station being at a location represented by

 
said first location hypothesis, wherein said simulation uses associated pairs of location representations, a first memberof each pair

including a location estimate obtained fromSaid first ten estimator and a second memberof the pair including a representation
of an actuallocation of one of said mobile stations for which said first memberis a location estimate;

20 wherein said step of determining uses a result from said step of performing for determining said first confidence data.

26. A method as claimed in Claim'25, further including:

 
performing a second simulationfor predicting a likelihood of said particular mobile station being at a location represented

by said second location hypothesis, wherein said simulation uses associated pairs of location representations,a first member of each

pair including a me estimate obtained from said second location estimator and a second memberofthe pair including a
25 representation of’an actuallocation of one of said mobile stations for which said first memberis a location estimate;

wherein said step of determining uses a result from said step of performing for determining said second confidence data.

27. A method as claimed in ‘Claim 25, wherein saidfirst simulation is performed at a time outside of atime interval for performing the

steps,Of generating, determining, and deriving.

28. A method as claimed in Claim 25, wherein said first simulation includesa statistical simulation.

30 /29. A method as claimed in Claim 25, wherein said first simulation includes a Monte Carlo simulation.

30. A method as claimed in Claim |, wherein at least said first and second location estimators each utilize a different one of the

following:

(a) a pattern recognition location estimatorfor estimating a location of said particularmobile station by recognizing a

pattern of characteristics of said location information;
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(b) a trainable location estimator for estimating a location of said particular mobile station by trajning said trainable

estimatorto learn an association between eachlocation of a plurality of geographical locagions and corresponding 

 
 

 
 

 

 

instancesof said location information related to the wireless signal measurements ofMireless transmissions with one

of said mobile stations at the location;

5 (c) a triangulation location estimator for estimatinga location of said particulay mobile station by triangulating on

measurements of said location information, wherein said measuremep#é are determined from thewireless signal

measurements of wireless transmissions between said particulayfnobile station and atleast three of the base

stations of said network;

(d)a statistical location estimatorfor estimating a location of said particular mobile station by applying a statistical

10 regression technique;

(e) a mobile base station estimator for estimating a location of said particular mobile station from location information

received froma mobile base station,detecting wireless transmissions of particular first mobile station; 

(f) a coverage arealocation esta for estimating a location of said particular mobile station by intersecting wireless
coverage areassreetoleach of a plurality of the base stations of said network,st15 (g) a negative logic locationéstimatorfor estimating where said particular mobile station is unlikely to be located.oeEni

 31. Amethod as claimed in Claim |, Wherein at least said first location estimator includes one of the following:

oocli, (a) an artificial neural network for generatingsaid first initial location estimate by training said artificial neural network

to recognize’a pattern of characteristics of said location information associated with a location from where said

particular mobile station is transmitting;

20 (b) a distance estimator for generating said first initial location estimate by determining one or more distances between

said particular mobile station and the base stations, wherein signal timing measurements, obtained from said 
dirt signal measurements of wireless transmissions between said particular mobile station and one or more base
Stationsof said network, are used for determining said one or more distances;

(c) a statistical estimator for generating said first initial location estimate by applying to said location information one of

25 the following statistical techniques: principle decomposition,least squares, partial least squares, and Bollenger Bands.

32.Amethod as claimed in Claim 31, wherein said second location estimator includes a different oneof said artificial neural network,

said distance estimator, and said statistical estimatorfor generating said second initial location estimate. .

33. A method asclaimed in Claim 318, wherein said distance estimator estimates the location of said particular mobile station by one

of: a signal time of arrival and a signal time difference of arrival.

0 34. Amethod as claimed in Claim |, wherein said first location estimator includes an artificial neural network, wherein said artificial

neural network is one of: a multilayer perceptron, an adaptive resonance theory model, and radial basisfunction network.

35. A location system as claimed in Claim 1, wherein said first location estimator includes anartificial neural network with input

neuronsfor receiving location information data related to wireless signal time delay measurementsof signat strength for wireless

transmissions betweensaid particular mobile station and a first collection of base stations from said network.
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 36. A methodas claimedin 35, wherein for each base station in said first collecti id wireless transmissions betweep

base station andsaid particular mobile station are detected by oneof: the base station and said particular mobile statjén.

37. Amethod as claimed in Claim I, wherein said first estimator includes an artificial neural network with inpytieuronsfor receiving

data related to wireless transmissions between said particular mobilestation andaset of one or more ofsdid base stations, wherein

5 foreach base station in said set, there is at east one said input neuron for receiving one or more vatiles indicative of at least one of

the following conditions:

(a) the base station is active for wireless communication with said particulay-Mobile station and a pilot signal by the base

station is detected by the particular mobile station;  
(b) the base station is active for wireless communication with said particular mobile station and the base station detects

10 wireless transmissions by said particular mobile stati

(c) the base station is active for wireless communication with said particular mobile station and the base station does not

said ee mobile station;
(d) the base station is active for wireless co

 
 

 

 

detect wireless transmis
unication with said particular mobile station and said particular mobile

Station does not Cereals missions by the base station;
15 (c) the base station is not attive for yfiréless communication with said particular mobile station.

 
38. A method as claimed in Claim ip erein said
39. A method as claimed in Claim 4
strength for wireless transmission een said particular mobile station andafirst collection of base stations from said network,

\. and secondlocation estimators are different artificial neural networks.herein said first location estimatorreceives wireless signal time delay measurementsof signal

and said secondlocation estimalor receives wireless signal time delay measurementsof signal strength for wireless transmissions
20__betweensaid particular mobile station and a different second collection of base stations from said networkwireless signal

Measurements.
 

40. A method as claimed in Claim |, wherein said step of deriving includes combining values of said first and second confidence data

when said first aiid second location hypotheses havelocation estimatesof said particular mobile station that overlap.

4l_ A method’asclaimed in Claim |, wherein said step of deriving includes combining the values related to: (a) a first likelihood

25—measureptent, of said first confidence data, for said particular mobile station being at a location represented by thefirst location

hypothesis, and (b) a secondlikelihood measurement, of said second confidence data,for said particular mobile station being at a

logation represented by the second location hypothesis.

42. A methodas claimed in Claim 41, whereinsaid step of derivingincludes:

 determining one or more subareas of a wireless coverage area containing location estimatesofsaid first and second location

hypotheses;

determining, when saidfirst and second location hypotheses have location estimates that overlapinafirst of said subareas, a

third likelihood measurementfor substantially all of said first subarea, wherein said third likelihood measurementis a function of

said first and second likelihood measurements.
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43. A method as claimed oe.wherein said function includes an addition of&.. said first and seconslikelihood
measurements.

 

  
 

 

 
 

44. A method asclaimedin Claim 1, wherein said step of deriving includes0,of said first confidence datz for said particular mobile

Station being at a location represented by thefirst location hypothesis;

5 wherein said step of fuzzifying performs a function fordistributing a decreased value,of said first likelihood measurement to

locations outsideofa location estimate for said first location hypothesis.

4S. A method as claimed in Claim 44, wherein said function includes a sigmoid ternf.

46. A method as claimed in Claim I, further including an expert system for activatingsaid first location estimator for outputting said

first initial location estimate.

10=47. Amethod as claimed in Claim 46, wherein said first location estrfnator is activatedby one of: an antecedentof an expert system

rule, and a consequent of an expert system rule.

48. A method as claimed inClaim 1, further/including a step of determining whether to modify oneof: said first location hypothesis,

and said first confidence data accordingt 

 
 

 

ra

A (a) an expected maximum veloci

‘dl 15 (b) an expected maximum acceleration of said first mobile station;
me (©) a predicted location of said fjrSt mobile statio
io “ we . .
lad (d) an expected wireless signal characteristic of an area containing said first location hypothesis; and

(e) an expected vehicle rptite..
oraled

49. A method asclaimed in Claim 48, wherein said step of determining whether to modify includes activating one of an expert system,

20 a fuzzy rule inferencing system and a blackboard daemon.

50. A method as claimed in Claim 1, further including a step of storing historical mobile station location data for access during said 
Step of determining “wherein said step of storing includes the following substeps:

(a) storing, for each location of a plurality of mobile station locations, a correspondingcollection of wireless signal

 

 
 

measurements of wireless signals transmitted between oneof said mobile stations and the base stationsofsaid

. 25 network, wherein said one mobile station resides substantially at said location whensaid wireless signals are

transmitted;

(b) storing, for each location of said plurality of mobile station locations, a corresponding set of location estimates, wherein

for each of said mobile station facation estimators and each said set of location estimates, there is a location estimate

of said set that is generated by said mobile station location estimator; and

(b) storing, for each of said stored location estimates, corresponding identification data for identifying a corresponding

particularoneof said locationsofsaid plurality of mobile station locations, wherein said correspondingidentification

data accurately identifies said particular location. .
51. A method as claimed in Claim 50, wherein for at least a first of said corresponding collectionsof wireless signal measurements,

there is an associated confidence value used for indicating a consistency of the corresponding collection with otherof said
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correspondingcollectionsDseri particular locations are within a serOcto the corresponding p
location for said first correspondingcollection.

§2. A methodasclaimedin Claim 51 further including a step of changing said associated confidence value when there is a deviation

between said first corresponding collection deviates and said other corresponding collections by more than prédetermined amount,

wherein said deviation is determined using a statistical measurementof deviation.

53. A method as claimed in Claim 52, wherein said statistical measurement of deviation includes a standard deviation measurement.

$4. A method as claimed in Claim 52 further including a means for prohibiting said first corresponding collection from usein said step

of determining when said associated confidence valueis outside of a predetermined range

55. A location system for receiving measurements of wireless signals transmitted between a plurality mobile stations and a network of

base stations, wherein said base stations in the network are cooperatively linked fof providing wireless communication, the

improvementcharacterized by:

a plurality of different location estimators for estimating locationyof said mobile stations, such that when said location -

estimators are supplied with said measurementsofwireless signals transmitted between one of the mobile stations and said network

of base stations,said location estimators output corresponding jritial location estimates of a geographicallocation of said one mobile

station; .
an archive for storing a plurality of data item co|léctions, wherein for each location of a plurality geographical locations, there

 is one of said data item collections having:

(a!)a representation of the geographicallocation,
\

(a2)a set of said wireless sigftal measurements corresponding to one of said mobile stations transmitting from

 

 
 
 

approximately the geographicallocation

(a3)for each locatjon estimatorof said plurality of location estimators, a correspondinginitial location estimate

generated whensaid set of said wireless signal measurementsis supplied to said location estimator,

a meansfor constructing, for each of said location estimators, corresponding prediction measurementsindicative of an historical

accuracy ofsaid logdtion estimator, wherein for each said prediction measurement, there is: ,

) a corresponding selected group of said data item collections used in determining said prediction measurement,

(b2) a collection of mappings, wherein each said mappingis an association between:(i) oneof said corresponding

mobile station initial location estimates generated by said location estimator using said wireless measurements of

oneof said data item collectionsin said selected group, and (ii) the geographical location of the data item

collection;

a meansfor determining, for an identified one of said mobile stations, a plurality of location hypotheses, wherein for each said

location hypothesis:

(cl) said location hypothesis has a location estimateof said identified mobile station derived using atleast oneinitial

location estimate, wherein said initial location estimate is generated by oneof said plurality of location
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sina one location estimator being supplied with gnanersof wireless signaf transmissions
between said identified mobile station and said network of base stations, fo

 

 
 

 

 
 

 

fi

(c2)said location hypothesis has a confidence value used for indicating a likelihood of74 fdidentified mobile station
being at a location represented by said location estimate for said location hypothesis, wherein oneofsaid

prediction measurementsis used in determining said confidence valugy

a most likely mobile station location estimator for determining a most likely |oCation estimateofsaid identified mobile station,

said most likely location estimate being derived using location estimates and copfidence valuesfrom location hypotheses of said

plurality of said location hypotheses.

56. A method as claimed in Claim 55, wherein said measurementsare {or wireless signals transmitted ina wireless signa! protocol for
voice communication betweensaid identified mobile station and sa‘ networkof base stations.

57. A location system as claimed in Claim 55¢wherein said meghs for constructing includes means for performing a mobile station

location simulation using said stored datafe collectionsfor determining said prediction measurements.58.A location system as claimed in Claim 55, wherdin said means for determining includes a means for deriving the location estimate

 
 
 

 
 

of one ofsaid location hypotheses using aitime7. of location estimatesfor said identified mobile station.
59. A location system as claimed in Claims55, farther including:

a storage meansfor storing a population of representationsfor values of a collection of system parameters of said location

system, wherein said parameters affect’a pekformance’ ofsaid location system in locating mobile stations;

an adaptive component wi termining one or more of said representations whose valuesof said collection of system
parameters enhanceatleast ope of: a reliability and an accuracy of said location system in locating said mobile stations;

wherein said stayomgann uses said plurality of data item collections for providing, for each version of said location
system determined by ditferent ones of said representations:

(dl) wireless signal measurements from some of said data item collections as input to said version, and

(d2) for each of said data item collections used as input in (dl), said corresponding geographical location for comparing

with the corresponding most likely location estimate location output by said version.

60.A location system as claimed in Claim 59, wherein said adaptive componentincludesa genetic algorithm embodiment.

61. A location system as claimed in Claim 55, wherein for at least a first and second of said plurality of location estimators, each of

sidfrst and second location estimators include oneof the following:
(el) an artificial neural networkfor use in generating said correspondinginitial location estimates, wherein said artificial

neural networkis trained to recognize a pattern of characteristics of said signal measurements associated with a

location from where oneof said mobile stations is transmitting;

(e2) a distance estimatorforuse in generating said correspondinginitial location estimates, wherein said distance

estimator determines one or more distances between one of said mobile stations andthe base stations, and wherein

signal timing measurements, obtained from wireless transmissions between said one mobile station and one or more

of the base stations, are used for determining said one or more distances;
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(e3)a statistica ator for use in generating said corresponding initial l0cation estimates, wherein said statistical

estimatorutilizes a statistical regression technique for correlating characteristics of measurements of wireless

signals transmitted between one of said mobile stations and the base stations with a locatigf forsaid one mobile
station.

62. A methodfor locating a mobile station by receiving wireless signal measurements of wireless sjghals transmitted between a

plurality mobile stations and a network of base stations, wherein said base stations in the nep¥ork are cooperatively linked for

providing wireless communication, the improvement characterized by:

. providing a mobile station location estimatorfor estimating locationsof said snobile stations, such that when said location
estimatoris supplied with said measurementsof wireless signals transmitted between one of the mobile stations and said network of

base stations, said location estimator generatesa initial location estimate’f a geographical location of said one mobile station;

storing a plurality of data item collections, wherein for each ofa plurality of geographical locations, there is one of said data

item collections having: (al) a representation of thé geographi 
 

 

location, and (a2) a representation of measurementsof wireless

signals transmitted between oneofsaid T stations and’the base stations when said one mobile station is approximately at thegeographical location;

determining, from said initial= fate,4corresponding adjusted location estimate as a function of historical initiallocation estimates generated by said mobile

representations of (a2) of said data item ¢éllettions.

63.A method as claimedin Claimsin id step of determining includes the stepsof:generating additionalinitial location estimates when said mobile station location estimatoris supplied with said signal

tion location estimator when supplied with said signal measurementsfor

measurements for representationshora forsaid data item collections;
 

selecting said additionalinitial location estimates that are within a determined distanceofsaid initial location estimate; and

deriving said cptresponding adjusted location estimate using said geographical location representations of (al) for data item

collections of a eeset of said data item collections, wherein said additionalinitial location estimatesselected in said step of
selecting were geferated from said signal measurementsforrepresentationsof (a2) for said data item collectionsof said particular

 
 

 

Set.

64. A method as claimed in Claim 62, wherein said geographical locations represented in (al) of said data item collections have been

65/A method as claimedin Claim 62, wherein for each data item collection in a set of at least someof said data item collections,

here is an associated confidence value used for indicating a consistency of the representation of (a2) for said data item collection

with the representation of (a2) for other of said data item collections whose geographical locationrepresentations (al) are within a

determined maximum distance of said geographicallocation representation of (al) for satd dataitem.
66. A method as claimed in Claim 65further including: ,

a step of decreasing a confidence of a first data item collection in said set relative to a confidence for other of said data item

collections of said set, when there is a deviation between the measurementsof said representation (a2) for said data item collection,
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and the measurements ofDs.(a2) for said other data itemmci. than predetermined a
said deviation is determined using a statistical measurementof deviation.

67. A method as claimed in Claim 66, wherein said step of decreasing includes comparing a time related meas

data item collection with a value used for identifying said data item collections that have more recent

  
 

 

nt, wherein

mentfor satd first

resentations (a2).

68. A method as claimed in Claim 66, wherein said step of decreasing includes computing said devigtion by computinga statistical

measurement of deviation.  
69. A method as claimed in Claim 68, wherein said statistical measurementincludes one of‘ a first, a second and a third order

standard deviation.

70. A method as claimedin Claim 66 further including a step of prohibiting sai irst data item collection from being used in said step

of determining, when said confidencefor said first data item is outside of a’predetermined range.

71. Amethod as claimed in Claim 62, wherein said mabe station location estimator activates an artificial neural network when

generating said initial location estimate.

72.A location system for receiving wireless signal measurem 
 
 

and a network of base stations, wherein said base statio

communication, the improvement characterized by’

s of wireless signals transmitted between a plurality mobile stations

e network are cooperatively linked for providing wireless

a one or more location estimators for estimiating location’ of said mobile stations, such that when said focation estimators are

supplied with said measurements of wireless-signals nsmitted between one of the mobile stations and said network of base

Stations, said one or more location estimators generateinitial location estimates, wherein for a particular oneof said mobile stations

at a particular geographicallocation,/atleast first and secondinitial location estimates are generated;

a meansfor generating, for’ said first and second initial location estimates,first and second adjusted location estimates

respectively, wherein:

{al) said first adjusted location estimate has a corresponding confidence value indicative of a likelihood of the particular

seogrtica location being at a location represented by the first adjusted location estimate,
(a2) 
 

 
 

estimator that generated said first initial location estimate,

estimator that generated said second initial location estimate;

id first adjusted location estimateis a function of other initial location estimates generated by said location

(a3) said second adjusted location estimate has a corresponding confidence value indicativeof a likelihood of the

particular geographical location beingat a location represented by the second adjusted location estimate, and

(a4) said second adjusted location estimateis a function of other initial location estimates generated by said location

a most likely estimator for determining a mostlikely location estimate of the particular geographicallocation of the particular

mobile station, said most likely location estimate being derived using said first and second adjusted location estimates and their

corresponding confidence values.

73. A location system,as claimed in Claim 72 further including an archive for storing a plurality of data item collections for

determining measurements related to a past performance of said correspondinglocation estimator generating said first initial
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location estimate, wherein Daecers are used in for determining said corresponsiig confidence value for said {rst adjusted
location estimate, wherein for each of a plurality geographical locations, there is a corresponding one of said data jeém collections

having a representation of the geographicallocation and a representation of measurementof wirelesssignals 4fansmitted between

said particular mobile stations and the base stations.

74. A location system,as claimed in Claim 73, wherein said meansfor generating includes a meansfor constructing said

measurements, wherein said measurements include values related to a predictiveness of a collectfOn of mappings between: (a) a 
 clusterof initial location estimates, determined by said corresponding location estimator, fot one or more of the mobile stations at a

plurality of geographicallocations, and (b) a correspondingrepresentation of an actyal mobile stationlocation for each of the initial
location estimates in said cluster.

 
 

75.A location system, as claimed in Claim 74, wherein said ctyster ofinitial Ip¢ation estimatesare within a predetermined distanceof
said first initial location estimate. ,

76. A location system, as claimed in Claim 74, wherein said measurefnents are dependent on a density of said corresponding

representations of actual mobile station locations for thajinitiglocation estimates in said cluster.

77.A location system,as claimed in Claim 74, wherein saiq‘measurements are dependentona size of an area containing said mobile 
 
 

station locations ofsaid corresponding representations‘of aktual mobile station locationsfor theinitial location estimatesin said

cluster.

78. A location system, as claimed in Claim 72,Wwherein said corresponding confidence value for said first adjusted location estimate

indicatesa likelihoodof said particular mobile station being outside of an areaforsaid first adjusted location estimate.

79. A location system,as claimed in Claim 72 further including a meansforpartitioning a wireless coverage area having said first and

second adjusted location estimates into subareas, each subarea having expected similar measurementsof wireless signals transmitted

between oneof said mee in the subarea and the networkof base stations.
80. A location wen Claimed in Claim 72,further including a meansfor partitioning a wireless coverage area into subareas,
wherein each subarez has a corresponding area type characterized by wireless signal transmission characteristics between locationsin
said subarea andthe base stationsof said network.

BI.A ecrorhon as claimed in Claim 72, wherein said one or more mobile station location estimators include one or more of: a
triangulation mobile station estimator, a trilateration mobile station estimator, a trainable mobile station estimator, a statistical

ntiestimator.
82/ A location system,as claimed in Claim 81, wherein said triangulation mobile station estimator triangulates using one of: a signal

timeof arrival, and a signal strength between the associated mobile station and each ofthree ofsaid base stations.

83. A location system for wireless mobile stations, as claimed in Claim 81, wherein said trifateration mobile station estimator

trilaterates using a signal time difference of arrival between the associated mobile station and each of three of said base stations.

84.A location system,as claimed in Claim 81, wherein trainable mobile station estimator includes an artificial neural network.

85.A location system, as claimed in Claim 72, wherein said one or more location estimators receives input froma mobile base station.
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86.2 A location system,as Cicss.ed in Claim 72, wherein said meansfor generating cDiimeansfor de
predictivenessofsaid location estimator that generatessaid first initial location estimate.

87. A location system,as claimed in Claim 86, wherein said simulation means includes a statistical simul

confidence value said first adjusted location estimate.

 
 fon for predicting said

88. A location system for wireless mobile stations, as claimed in Claim 87, wherein said statistigal simulation includes a Monte Carlo

simulation.  
89. A location system,as claimed in Claim 72, wherein, for deriving said most likely logation estimate, said most likely estimator uses

a probability density function for fuzzifying at least said confidence valueforsai

outside of said first adjusted location estimate.

 
 

rst adjusted location estimate over an area

90. A location system,as claimed in Claim 72, wherein for a first collectiof of cells of a cell mesh for the wireless coverage area,said

most likely estimator includes means for determyring a  
 
 

collection.

 91. A location system for wireless mobile statio

ikelihood that said particular mobile station is in each cell ofsaidfirst

@\in Claim 90, wherein boundaries between cells said cell mesh are

substantially coincident with boundaries of a wirelesssignal area type categorization.

92. A location system for receiving wireless sign: neasurementyor wireless signals transmitted between a plurality mobile stations
and a network of base stations, wherein said base\stations in the event are cooperatively linked for providing wireless

 communication, the improvement charade by;
an archiveforstoring a pluraljty of data item collections, wherein for each {ocation of a plurality geographical locations, there

is oneof said data item collections having (al) and (a2):

(al) a representation of the geographical location,

(a2) a set of’said wireless signal measurements correspondingto oneof said mobile stations transmitting from

approximately the geographicallocation

aeeestimator for generating a geographical location estimate of one of said mobile stations whensaid
trainable estiniatoris supplied with said measurements of wireless signals transmitted between one of said mobile stations and the

network of'base stations, wherein said trainable location estimator learns by associating, for each ofat least someofsaid data item

ccs said geographicallocation representation (al) of the data item collection with said set of said wireless signal
measurements (a2) of the data item collection.

93. A location system,as claimed in Claim 92, wherein said trainable location estimator includes a pattern recognition component for

recognizing patterns in said wireless signal measurements (a2) for data item collectionsin an area of a wireless coverage area,

wherein said area is determined using said geographical location representations (al) of said data item collections that have for each

oftheir sets of said wireless signal measurements (a2), wireless signal measurements from a same groupofsaid base stations.

94. A location system,as claimed in Claim 92, wherein said trainable location estimator includes anartificial neural network.

95. A method as claimed in Claim 94,further including a different trainable location estimator utilizing a different artificial neural

network for generating a different geographical location estimateof said one mobile station.
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96. A method as claimed in <xerrh 94, wherein said artificial neuralis one of: a multilaye-perceptron, an adaptive resefiance theory

model, and radial basis function network.

97.A location system as claimed in Claim 92, wherein said trainable location estimatorutilizes an artificig/neural network with input

neuronsfor receiving wireless signal time delay measurementsof signal strength as said measurements of wireless signal

5 transmissions between said one mobile station and a first collection of base stations from said pétwork.

98. A method as claimed in Claim 97, wherein for each base station in said first collection, said wireless transmissions between the

base station and said one mobile station are detected by one of: the base station andsaid one mobile station.
99. A method as claimed in Claim 92, wherein said trainable location estimator, Wins an artificial neural network with input
neuronsfor receiving data related to wireless transmissions between said wt.nobil station and a set of one or more of said base

10__stations, wherein for each base station in said set, there is at least one’said input neuron for receiving one or more valuesindicative of

at least one of the following conditions:

(a) the base station is active for wiréless coqmmunication with said one mobile station and a pilot signal by the base station

is detected by the one mobile 
(b) the base station is active for wireless communication with said one mobile station and the base station detects wireless 

15 transmissions by said one mobile(station;

(c) the base station is active for wirele common withsaid one mobile station and the base station does not detect
wireless transmissions by said one‘nobile station;

(d) the base station is active for wireless communication with said one mobile station and said one mobile station does not

detect wireless transmissions by the base station;

20 (e) the base stationis not active for wireless communication with said one mobile station.

100.A location gystem,Aeclaimed in Claim 92, wherein forat least some of said data item collections, each data item collection
additionally includes at least some of the following:

(a) at least one of a make and model ofa particular mobile station used in obtaining said representation of (a2);

(b) an identificationof at least oneof said base-stations used in obtaining the representation of (a2);

25 (0) a value indicative of whether the representation of (al) has been verified as an accurate geographicallocation

estimate of the particular mobile station;

(de) a value indicative of how consistent the representation of (a2) is with the representations of (a2) for other of said
data item collections;

(e) timestampdata indicative of approximately when the measurementsof wireless signals for the representation of (a2)

30 were received by one: the network andsaid location system;

(f) power level data related to one or more powerlevels of said at least one of said base stations used in obtaining said

measurements for the representation of (a2)for the data item collection;

(g) powerlevel data related to the powerlevel of the particular mobile station whensaid wireless signals, for

measurements of the representation of (a2) for the data item collection, were transmitted.
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communication, the improvement characterized by:
 

a plurality of mobile station location estimators for estimating locations of said mobile stations/such that whensaid locatian

estimators are supplied with said measurementsof wireless signals transmitted between oneoft mobile stations and said network

of base stations, said location estimators output correspondinginitial location estimates of aSeographicallocationof said one mobile

Station, wherein at least two of said mobile station location estimators of said plurality mobile station location estimators include a
different one of the following (a) through (f):

(a) a pattern recognition componentfor estimating a location of said one mobile station from a patternin the wireless

signal measurementsof transmissions between the 7 k and said one mobile station;
(b) a trainable mobile station location pstiqating compopeént for estimating a location of said one mobile station, 

 

  

wherein said trainable mobile station lokation esfimating component is capable of being trained to associate: (i)

each location of a plurality of geographica/focations with (ii) corresponding measurementsof wireless signals

transmitted between a specifie hone ofAaid mobile stations and the network, wherein said specified mobile station is
approximately at the location;

(©) a triangulation componentforestitiating a location of said one mobile station, wherein said triangulation component
utilizes said measurementyOf wireldss signals between said one mobile station and three of the base stations for

triangulating a locatior! estimate of said one mobile station;

(d) a statistical componént utilizing a statistical regression technique for estimating a location of said one mobile station;

(e) a mobile basepation componentfor estimating a location of said one mobile station, wherein said mobile base
station component utilizes location information received from a mobile base station that detects said one mobile

station;

(f) a negative logic component for estimating an area of where said one mobile station is unlikely to be located; and

a most likely estimator for determining a most likely location estimate of said one mobile station, said most likely tocation

estimate being’a function of said plurality of location estimates.
102.A tuchon system, as claimed in Claim 101, wherein at least one of said mobile station location estimators is activated by an
expert’system.

10: 

 
A locationsystem, as claimed in Claim 101, wherein one or more of said mobile station location estimators are capable of beingat

least one of: added, replaced and deleted by Internet transmissions between said location system and a site remote from location

system.

104. A location system for receiving wireless signal measurementsof wireless signals transmitted between a plurality mobile stations

and a networkof base stations, wherein said base stations in the network are cooperatively linked for providing wireless

communication, the improvement characterized by:
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a mobile station locatior froviding means for estimating locations of said mobile cations, such that said providing

meansis supplied with said measurementsof wireless signals transmitted between a particular one of pH mobile stations and said

network of base stations, said providing means determinesafirst collection of one or more lacatip¢ estimates for said particular

mobile station;

an expert system for activating expert system rules for one of: (a) modifying oneofsaid location estimates of said first

collection, and (b) obtaining additionallocation estimates of the particular location;

a most likely estimator for determining a most likely location estimate of ffie particular location, said most likely location

estimate being a function of one or more location estimates provided by saidéxpert system.

105. A location system,as claimed in Claim 104, wherein said expert Zz, includes expert system rules for modifying a valuetindicating a confidence in said particular mobile statjén being at a location represented by oneofsaid location estimates 

 

106. A mobile location system for locating wireless mobile stations that communicate with a plurality of networked base stations,

 

 
 

comprising:

a wireless transceiver means: (a) for at least detecting a direction of wireless signals transmitted from a wireless mobile
station, and (b) for communicating with said networkéd base stations information related to a location of said wireless mobile

station;

a means for detecting whether a detected wireless signal from said mobile station has been oneof: reflected and deflected;

a meansfor estimating a location saidmobile station by using wireless signals transmitted from said mobile station that are
not detected by said meansfor detecting’as oneof: reflected and deflected.

107. A mobile location system as claimed in Claim 106, wherein said means for detecting includes a means for comparing: (a) a

distanceof said mobile station frdm said mobile location system using a signal strength of said wireless signals from said mobile

station, and (b) a distance of said mobile station from said mobile location system using a signal time delay measurement of wireless

signal from said mobile station.

108. A mobile location,system as claimed in Claim 106,further including

one or more location estimators for estimating a location of said mobile location system, wherein said at least one of said
location estimators uses wireless signals transmitted from oneof: said networked base stations and a globalpositioning system.

109. A mobile location system as claimed in Claim 108, further including

a déadreckoning meansfor estimating a change ina location of said mobile location system, wherein said deadreckoning
means/provides incremental updatesto said one or more location estimates of said mobile location system output by said at least one

location estimator.

110. A mobile location system as claimed in Claim 106, wherein said wireless transceiver meansincludes one of a directional antenna

and a sectored antenna.

11. A mobile location system as claimed in Claim 106, wherein said means for estimating includes a meansfor snapping an estimated
location of said mobile station to a vehicle traffic route.

112. A method for locating a wireless mobile station, comprising:
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during a time interval different from any other timeinterval for transmitting wireless signals whose measurements are used for

5 obtaining said location hypothesesfor a different oneofsaid collections, and wherein each said location hypothesis of each said

collection provides access to the following attributes:

(a) an estimate of the location of said particular mobile station,

(b) time related data for determining a measurementof time since the wireless signals, upon which said location estimate of

the location hypothesis, were transmitted,

10 (© a confidence providing a measurement of a likelihood that said Particular mobile stationis at a location represented by

said location estimate attribute of said location me? S;
constructing one or more derived location hypotheses, whe 

 

 

 
 
 

 

 

in each said derived location hypothesis also has said attributes

(a) through (c), and wherein at least one of said attributes, fa7 each of said derived location hypotheses, is determined using said

 attributes of said location hypothesesof said collections

15 estimating a location ofsaid particuldy mobile“Station using said one or more derived location hypotheses.

113. A method as claimed in Claim 112, whereip-said step of|constructing includes deriving a value for said location estimate attributeihd.oh
of one ofsaid derived location hypothesesbyusing said location estimate attributes of location hypotheses in said one or more

collections.

114. A method as claimed in Clainy/113, wherein said deriving includes extrapolating said location estimate of said one derived

20 location hypothesis from said-ocation estimate attributes of location hypothesesin said one or more collections. 3
2

3

115. A method as claimed’in Claim 112, wherein said step of constructing includesinserting said location hypotheses of said collections
ae

into one of: an expert system fact base, and a blackboard run-time storage.

25 location eStimator receives as input wireless signal measurementsof wireless signals transmitted betweensaid plurality mobile

Stations and a network of base stations, wherein for said network, said basestations in the network are cooperatively linked for

viding wireless.communication;

storing a plurality of data item collections, wherein for each of a plurality locations, there is one of said data item collections

having: (a) a representation of the location, and (b)said wireless signal measurements correspondingto oneof said mobile stations

30_transmitting from approximately the location;

activating said first location estimator with said wireless signal measurements of said data item collectionsfor obtaining

corresponding mobile station focation estimates;
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constructing a first.measurements for said first location estimator,SS. first set includes valyeS related to a
predictiveness of a collection of mappings between: (a) said corresponding mobile station location estimates,and(b) for each said

corresponding mobile station location estimate, a corresponding verified mobile station location;

generating,by said first location estimator, a first initial location estimate from wireless signat measurements of wireless signals

5 from transmissions between a first of said mobile stations and the base stations, wherein a logdtion of said first mobile station is

unknown;

obtaining an adjusted location estimate of said first mobile station, wherein said adjusted location estimate is obtained by using

a subcollection of said mappings in a neighborhoodofsaid first initiat location’estimate;

determining a confidence value related to a likelihoodofsaid first mébile station being at a location represented by said

10 adjusted location estimate, wherein said confide is a function of,at least one measurementin saidfirst set of measurements.

117. A method as claimed in Claim 116, wherein said step of conheuting includes simulating locating one of said mobile stations
using said corresponding mobile station location estimatesand said corresponding verified mobilestation locations.

118. A method as claimed in Claim 117, wherein, said «hm includes performing a Monte Carlo simulation.
119. A methedfor locating wireless mobile stati arom measurements of wireless signals transmitted between the mobile stations

15_and a networkof base stations, wherein for said Network, said base stationsin the network are cooperatively linked for providing

wireless communication, comprising:

storing a plurality of dataitem collections, wherein for each ofa plurality locations, there is one of said data item collections

having: (a) a representation of the'location, and (b) said wireless signal measurements corresponding to one of said mobile stations

transmitting from approximately the location, wherein said wireless signal measurements are acceptable as input to a wireless

20 mobile station location system;

determining a coljéction of parameters of said wireless mobile station location system thataffect a performanceofsaid wireless

 
mobile station location system in locating mobile stations;

providing a’population of representations for valuesof said collection of parameters to an adaptation component, wherein said

adaptation component: (a) generates, for said representations, configurations of said wireless mobile station location system, each

25 said configuration correspondingto the values of oneof said representations, and (b) determines, for each of at least some ofsaid
confgatons,a location predicting performance using said plurality of data items for providing wireless signal measurements as
inpand said representations of locations for comparing with mobile station location outputs by the configuration;

determininga first ofsaid configurations that an enhanced performanceofsaid wireless mobile station location system;

using said first configuration for deriving a location estimate of a first one said mobile station, wherein said first configuration

3 is provides with wireless signa! measurementsof wireless signals from transmissions betweensaid first mobile station and the base

stations, and wherein a location of said first mobile station is unknown.

120. A method as claimed in Claim A9, wherein said adaptation componentincludes a genetic algorithm embodiment.
121. A method for locating a wireless mobile station, comprising:
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determining a sucADec estimates of a mobile station, wherein: (a) JS ,~ation estimates are derived from wireless
signal measurements ofwireless signals transmitted between the mobile station and a networkof base stations, wherein for said

  
 

 
 

 
 

 
 

  

 

network, said base stations in the network are cooperatively linked for providing wireless communication, (b) said locatio

are time ordered; ,

5 obtaining an additionallocation estimate of said mobile station using additionalwireless signal measuréments transmitted

between said mobile station and the network of base stations;

deriving at least one derived location estimate of said mopile station thatis differefit from said plurality of location estimates,

said derived location estimate obtained using one or more measurpments of a-hehavior ofsaid time ordered location estimates;

assigning a likelihood value that said mobile station is at locafion represented by said additional location estimate as a function

10_—_of adistance between said additional location and said-dérived locatjon estimate.

122. A method as claimedin Claim 121, whererti said measuretnents determineat least one of: a speed of said mobile station, a

direction of said mobile station, 2-etfange in speed of said mobile station, and a changein direction of said mobile station.

123. A method as claimed-ifi Claim 121 further including a step of assigning a likelihood value to said derived location estimate as a

5 teristic of an environment of an area containing said plurality of location estimates, wherein said characteristic is
“dl 15 ‘0 affect the behavior of said time ordered location estimates.td

ta . A method as claimed in Claim {23, wherein said characteristic is one of: a traffic route, a waterway, an abrupt changein

elevation, a weather condition, a density of buildings having a predetermined height.
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ABSTRACT

5 A location systemis disclosed for commercial wireless telecommunication infrastructures. The system is an end-to-end solution

having one or more location centers for outputting requested locations of commercially available handsets or mobile stations (MS)

based on, e-g., CDMA, AMPS, NAMPS or TDMA communication standards,for processing both local MS location requests and more

global MS location requests via,e.g., Internet communication between a distributed networkoflocation centers. The system uses a

plurality of MS locating technologies including those based on:(1) two-way TOA and TDOA;(2) pattern recognition ; (3) distributed
10 —_attenna provisioning; and (4) supplemental information from various typesof very low cost non-infrastructure basestations for

communicating via a typical commercialwireless base station infrastructure or a public telephone switching network. Accordingly,

the traditional MS location difficulties, such as multipath, poor location accuracy and poor coverage are alleviated via such

technologies in combination with strategies for: (a) automatically adapting and calibrating system performance according to

environmental and geographical changes; (b) automatically capturing location signal data for continual enhancementofa self-

maintaininghistorical database retaining predictive location signal data; (c) evaluating MSlocationsaccording to both heuristics

and constraints related to, e.g., terrain, MS velocity and MS path extrapolation from tracking and (d) adjustinglikely MS locations

adaptively and statistically so that the system becomes progressively more comprehensive and accurate. Further, the system can be

modularly configured for use in location signaling environments ranging from urban, dense urban, suburban,rural, mountain to low

traffic or isolated roadways. Accordingly, the system is useful for 911 emergency calls, tracking, routing, people and animaltocation

including applications for confinementto and exclusion from certain areas.
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e ‘ ‘ } . re‘ PATENT APPLICATION
’ 4

In Re the Application of: * Prior Group Art Unit: 3662

Prior Examiner: Dao Phan

PRELIMINARY AMENDMENT

DUPRAYetal.

Serial-No.:; Not Yet Assigned
EXPRESS MAIL” MAILING LAREL NUMBER:

Filed: Filed Herewith DATE OF DEPOSIT: January 26, 2001
‘ . PA0R- | HEREBY CERTIFY THAT THIS PAPER OR FEEIS BEING

Atty. File No.: 1603-1 DEPOSITED WITH THE UNITED STATES POSTAL SERVICE
“EXPRESSMAIL POST OFFICE TO ADDRESSEE” SERVICE
UNDER37 CFR 1.10 ON THE DATE INDICATED ABOVEAND IS
ADDRESSED TO THE ASSISTANT COMMISSIONER FOR

For: “TOCATION OF A MOBILE PATENTS, WASHINGTON, D.C. 20231.

x 59 TYPED OR PRINTED NAME: hasity C. Rossum
STATION thSIGNATURE! :

Assistant Commissioner for Patents

Washington, D.C. 20231 
 

 
 

 

Dear Sir:

Prior to the initial review of the above-identified patent application by the Examiner, please enter

the following Preliminary Amendment. Although Applicants do not believe that any fees are due based.

uponthe filing of this Preliminary Amendment, please charge any such fees to Deposit Account 19-1970.

Please amend the above-identified patent application as follows:

IN_THE SPECIFICATION:

Please change thetitle to#- WIRELESS LOCATION USING SIGNAL FINGERPRINTING.

 
  
 
  an Please insert the following paragraph immediatelyafter thetitle:iy
 hee,

-Thepresent patent applicationis a continuation of co-pending U.S. Application No. 09/194,367

A2 filed November 24, 1998, which claims the benefit of International Application No. PCT/US97/15892
filed September 8, 1997, which in turn claimsthe benefit of the following U.S. Provisional Applications:

US. Provisional Application No. 60/056,590 filed August 20, 1997; U.S. Provisional Application No.
60/044,821 filed April 25, 1997; and U.S. Provisional Application 60/025,855 filed September 9, 1996.

Accordingly, the benefit ofeach ofthe above applications are hereby claimed, and eachof the above
applications are herein fully incorporated by reference.-- 7

On page 11, line 33, please delete “network”and insert -network 124—therefor.

er |
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a ,4

¥

, Onpage 12, lines 15, after “PCT patent application” please inse

tennesensaeenanasno

—PCT/US97/15933, filed September 8,

On page 12, line 16, please replace “; this co-pending PCT patent application” with

 

 

   —which has a

corresponding U.S. national patent application filing with the same title and having U.S. Patent

Application Serial No. 09/230,109 filed January 22, 1999; these two patent applications—therefor.

On page 15, line 30, after “Gilhausen etal.” please inser{filed November 7, 1989;--.

_—On page 18, line 9, please delete “dead reckoning data”and insert -deadreckoning data—therefor,

AY
 

Onpage18,lines 9 through 10, please delete “dead reckoning devices”and insert -deadreckoning
devices—therefor.

5 Onpage 19,line 7, please delete “Fig. 8)” and insert -Figs. 8})—therefor.

 
  

On page 21, line 13, please start a new paragraph with the sentence beginning with the phrase “Further

| features and advantages...” therefore.
On page 22, line 6, please delete “Provider network” and insert -Provider (CMRS) network--therefor.

(., page 28, line 18, please delete “MBS 148 of”and insert -MBS 148b-- therefor.
fast .

E) Onpage 29,line 21, please start a new paragraph with the sentence beginning with the phrase “Thus,
LBSs 152 maybe...”.

On page 29,line 28, please delete “interface 136 (Fig. 4), or L-API, is” and insert interface or L-API 14
(see Fig. 30), and which includes L-API-Loc_APP 135, L-API-MSC 136, and L-API-SCP 137 shown in

A\ Fig. 4, is-4 therefor.

Zonpage 29, line 31, please delete “API should be” and insert -API 14 should be--therefor.

(on page 30, line 8, please delete “‘idintification” andinert —identification--therefor.

: U
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® @
On page 30, line 12, please delete “(Fig. 1)” and insert (Fig. 4)--therefor.
ho 30,line 25, please delete “locations area different” and insert —locations are different--therefor.

Onpage 30,line 26, please delete “say less” and insert —of say less-- therefor.

On page 30, line 26, please delete “and there multipath” and insert -and their multipath—therefor.

'

bnpase 31, line 25, please delete “‘similiarly” andinsert -similarly-- therefor.

Onpage 31, line 26, please delete “direction-independent ” and insert direction independentof--
therefor.
 

  
 

Onpage 31, line 26, please delete “is derived which is” and insert}-can be derived which can be--

 

On page 31, line 34, please delete “scenter” and insert -center-- therefor.

kd

¥ iAOn page 372, line 3, please delete “to accuracy” and insert -the accuracy-- therefor.

Jon page 32, line 4, please delete “Location center” and insert —location center-- therefor.  
On page 32,line 24, please delete “Processing Subsystem”and insert}-Processing Subsystem 1220(also

A & shown in Figs. 5, 6 and 8 therefor.

, Yon page 33, line 3, please delete “subsystem supports” and insert -subsystem 1220 supports—therefor.

Konow 33, line 4, please delete “provided bt the location” and insert -provided by the location--therefor.
On page 33, line 4, please delete “programming interface” and insert}programming interface (L-API 14

Oo (Fig. 30)-{therefor.
c

Onpage 33, line 7, please delete “charactersitics. Similiarly, a” and insert -characteristics. Similarly, a--

: lV
therefor.
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On page 33, line 11, after the word “messages”but before the word “autonomously”, please insert}--(of L-

A \d API-SCPinterface 137, Fig. 4)--.

JOnpage 33, line 12, please delete “detemines”and insert —-determines-- therefor.
/On page 33, line 12, please delete “that the message” and insert -whether such a message--therefor.
/o page 33, line 14, please delete “queu 21” and insert —queue 21-- therefor.

On page 33, line 19, please start a new paragraph with the sentence beginning with the phrase “Output

(NE) queue(s) 21 are required...” therefor.
cS foOn page 33, line 20, please delete “estimate modules” and insert -estimate modules 1224--therefor.

 
iYn page 33, line 26, please delete “Fig. 1” and insert Fig. 5-- therefor.

hoapage 33, line 28, please delete “Fig. 1” and insert —Fig. 30--therefor. 
*on page 33, line 29, please delete “by specifiying”and insert -by specifying-- therefor.

Jop page 34,line 6, please delete “identication” and insert —identification-- therefor.
/| Onpage 34, line 7, please delete “communicaiton” and insert -communication--therefor.
(on page 34, line 26, please delete “measrurements”andinsert -measurements-- therefor.
/, page 34,line 28, please delete “Fig. 1” and insert -Fig. 4—therefor.

Aon page 34, line 29, please delete “second case the” and insert -second case, the—therefor.

| IV
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e .
/on page 35, line 1, please delete “Fig. 1”and insert Fig. 4-- therefor.

On page 35, line 2, please delete “(L-API)” and insert -(L-API 14)-- therefor.

/ On page35, line 9, please delete “occuring” and insert —occurring-- therefor.
/,On page35, line 13, please delete “as wall as” and insert —as well as-- therefor.

fo page 35, line 23, please delete “The table below establishes” and insert -A table may establish--
therefor.

Jo,page 35, line 25, please delete “The MIN”andinsert —the MIN-- therefor.

 - (.. page 36, line 3, please delete “maximum Number”and insert ~maximum number-- therefor.
v

a /on page 36, line 9, please delete “(for example, see Fig. 36)” therefor.Saat 

 
igs

 
 

Aan 36, line 10, please delete “(Fig. 1)” and insert -(Fig. 4)-- therefor.
i On page 36,line 11, please delete ‘‘processning” and insert —processing-- therefor.

: Son page 36, line 12, please delete “table 11. if the data” and insert -table 11. If the data—therefor.p
3oF

oot

i
tg
iv

On page 36,line 18, please delete “a location” and insert —anotherlocation-- therefor.

Lon page 36, line 18, please delete “L-API-CCS 139”and insert -L-API-CCS 239-- therefor.

Anro 36, line 19, please delete “L-API-CCS 139” and insert -L-API-CCS 239--therefor.
/on page 36,line 24, please delete “1155b” and insert -155b—therefor.

/page 36, line 28, please delete “L-API-CCS”and insert -L-API-CCS 239-- therefor.

Jon page 37, line 15, please delete “arc” and insert —area-- therefor. |

Cisco v. TracBeam / CSCO-1002

Page 224 of 2386



Cisco v. TracBeam / CSCO-1002 
Page 225 of 2386

Jon page 37, line 17, please delete “the” and insert —an-- therefor.
Onpage 38, line 17, please delete “emsemble”and insert -ensembie-- therefor.

fore 39, line 13, please delete “applications 1232 (Fig. 2.0)” and insert —applications 146 (Fig. 5)--
therefor.

Aon page 44, line 1, please delete “second deviation” and insert -second standard deviation—therefor.
Jonpage 44,line 2, please delete “second deviation” and insert -second standard deviation-- therefor.
Jon page 47, line 13, please delete “gardless” and insert -regardless-- therefor.

 
 

 
 

On page 49, lines 29 through 30, please delete “(as will be described in more detail hereinbelow)”.

 
 

On page 52, line 20, lease delete “Fig. 8 illustrates another, more detail” and insert}-Figs. 8 illustrates

another, more detaile 

ah
“/ On page 53, line 12, after “hypotheses” but before “determined”, please insert —that are--.

aeiL   On page 53, line 29, please delete “be used to both location a target” and insert|—be used to both locate a

target{stherefor.
 

 

Son page 54, line 16, please delete “telephone network” and insert -telephone network 124—therefor.

fopage 54, line 19, please delete “telephone network”and insert —telephone network 124--therefor.
Jonpage 54, line 26, please delete “uniform input” and insert —-uniform inputinterface-- therefor.

\/on page 56, line 1, please delete “an FOM”andinsert -a FOM-- therefor.

On page 61, line 14, please delete “network and Internet 1362” and insert-network 124 and Internet
N38 468f-therefor.

. V
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On page 61, line 14, please delete “are due” and insert —area due-- therefor.

Jn page 61, line 17, please delete “the Internet” and insert the Internet 468-- therefor.
VApage 61, line 21, please delete “Internet location” and insert —Internet 468 location-- therefor.

Onpage 61, line 25, please delete “Fig. 6 (a) - (b) above”and insert —Fig. 6, (a) — (b) above--therefor.

hopage 61, line 28, please delete “must be provided”.
Jo page 61, line 29, please delete “the particular” and insert —a particular-- therefor.

Onpage63, line 8, please delete “Taking CDMA”andinsert Taking a CDMA--therefor.

 
 

 
 

n page 63, line 29, please delete “mayfiltering” and insert —by filtering-- therefor.

On page 65, line 1, please delete “One embodiment,” and insert ~In one embodiment,-- therefor.

. /, n page 66, line 3, please delete “partial least squares, ”.

  
 

  On page 66, line 17, please delete “for automatically for detecting” and insert}-for automatically
detecting}- therefor.
 
 

 

Oipage 66,line 18, please delete “cells of the radio” and insert cells on the radio-therefor.

Onpage 67, line 2, please delete “but addition to” and insert —but in addition to-- therefor.

Onpage69,line 14, please delete “delay vs. signal” and insert —delay versus signal-- therefor.

in69, line 17, please delete “axises” and insert —axes-- therefor.
Jn. 70, line 13, please delete “either:” and insert —one of-- therefor.
 

  ’ and insert}-for example,a collection B of- On page 70, line 15, please delete “for example,’
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n page 71, line 8, please delete “signature(i.e., 35 inputs”andinsert —signature; i.e., 35 inputs—
therefor.

Yon page 71, line 9, please delete “related type of’ and insert — related to the type of— therefor.

yo71, line 12, please delete “(or less) may be used.,” and insert -(or less) may be used.—therefor.
Onpage 73, line 14, please delete “Gaussion”and insert —Gaussian-- therefor.

Con page 80,line 21, please delete “(b)” and insert -(b1)-- therefor.

On page 85, line 32, please delete “Fig. 243” and insert —Fig. 24-- therefor.

Sopage 102, line 22, please delete “air planes” and insert —airplanes-- therefor.
 :nae 104, line 24, please delete “142S”and insert -142-- therefor.

 
 

 

 On page 106, line 29, please delete “142. May have multiple” and insert}-142. Moreover, also note that

‘a On page 107, line 3, please delete “to appear to perform”andinsert -to perform-- therefor. 

/n page 109,line 32, please delete “dead reckoning” and insert -deadreckoning-- therefor. 

VApage 111, line 1, please delete “changes direction”and insert —changesin direction-- therefor.
owpage 115, line 16, please delete “into the location”and insert ~into one of the location--therefor.
Ln 120, line 20, please delete “MBSlocation” and insert —MSlocation-- therefor.
SOn page 120, line 23, please delete “MBS moving”and insert -MS moving-- therefor.

on page 124, line 9, please delete “decrease” and insert —decreases-- therefor.

Jopage 132, line 31, please delete “curr_est.cofidence” and insert —curr_est.confidence--therefor.

8 (U
,
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S 5

Please cancel Claim 1-124 without prejudice to or disclaimer of the subject matter contained

 
 
therein, and add the following new claims:

 

 

 
 

10

15

20

25

30

125. A methodforestimating, for each mobile station MS ofaplurality bf

mobile stations, a location, L for MS using wireless signal measurements obtained from  

 
 

 

transmissions betweén the mobile station MS andaplurality of terrestrial communicatio

stations, wherein each of said communications stations has one or moreofeach ofa tr

and a receiver for wirelessly communicating with the mobile station MS, comprisin

first receiving a request for locating the mobile station MS;

secondreceiving, in response tosaid step offirst receiving, one or more location hypotheses

of the mobile station MS, wherein each location hypothesis includes a representation ofa location

estimate of the mobile station MS, and wherein said one or more location hypgtheses are

determined using one or more MSlocation related outputs from one or more$flocation

information determiners, wherein (Al) — (A2) following hold:

(Al)_for determining a correspondingportion ofthe location related outputs for the

mobile station MS,each of said one or more location information determiners is
dependent upon (I) and (ID) following:

(D at least some ofa plurality of data instances, wherein, for each of a

plurality geographical locations, there is one of the data instances having,

(i) and(ii) following:

(i) a representation of the geographical location, and

(ii) multipath information of wireless signal data obtained usingtransmissions between one [. the mobile stations and the
communicationstations, vjherein the one mobile station
transmits from approximately the geographical location of

(i); and

(I) multipath data indicative of wireless re multipath transmissions
between the MSand the communicaty n stations;

(A2) for each representation of a location estimate from said location information

determiners, there is a correspondingcleowireless receivers ofthe
communication stations from which multipath data indicative of wireless signal

multipath transmissions between MSandthe cofrespondingcollection of receivers

are used by the location information determiner/for determiningits location

. Wy
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35

5

9

1G
"ad

s

5

5

10

related outputs, wherein for at least a first and a second representation of location

estimates, their correspondingcollections are different;  

 
transmitting, to a predetermined destination, via a communications network,reghlting

information related to the location of the mobile station MS, wherein said resultjig information is

obtained from said one or more MSlocation estimates of said location hypoth€ses.

126. The method of Claim 125, further including, defermining the first

representation of a location of MSby using,in addition to the multipgth data from the

corresponding collections of receivers, other wireless signal data indicative of wireless

communication between the MS, and one or moreofthe receivers outside of the corresponding

collection for the first representation.  
127. The method of Claim 125, whereinfthe first and second representations

are provided bydifferent first and second of the location information determiners.

128. The method of Claim 127, wherein for each ofsaid first and second

location information determiners there is a corresponding geographical area wherein substantially

throughout the area, the location information determiner is able to determine an instanceits

portion ofthe location related outputs, and wher¢in the corresponding geographicalareasfor the

first and second location information determinérs are different.

129, The method of Claim 125, wherein each of the one or more location

hypotheses includes one or moreof:

(a) a valueindicative ofa likelihoodof the MS being at the location estimate
represented by the location hypothesis;

(b) an identifier for identifying the MS;

(c} a representation offalikely point location of the MS;

(d) a representation of a geographical area containing the MS;

(e) an identification of one or morecells of a geographical partition, wherein the
cells include sflocation estimate of MS;

(f) a timestamp jndicative of when the wireless signal multipath transmission were

received at the communicationstations
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130. The method of Claim 125, wherein the multipath data includes ywalues indicative

of measurementsofat least two substantially simultaneous wireless transmissjons from the MS

that is received by one of the communicationstationsat differenttimes. 
 

 

131. The method of Claim 128, wherein the corresponding geographical areas for the

first and second location information determiners includeat least ong’of the communication

stations in common, wherein the common communicationstation Has a fixed location.

132. The method of Claim 125,wherein said stepgfsecond receiving includes

determining, by at least oneof said location information detérminers a similarity between (i) and

(ii) following:(i) the multipath data of (A1)(ID, and(ii) the multipath information of (A1)(D(i)

for a collection of one or more of the geographical locations.

 
133. The method of Claim 132, wherein said step of determining includes activating

by the at least one location information determiner/anartificial neural network for determining

the similarity.

134. The method of Claim 127, wherein said step of second receiving includes

activating the first and second location infofmation determiners for locating the mobile station 
 

 
MSatsubstantially a same location.

135. The method of Claim/125, wherein: (a) the mobile station MSis land borne,(b)

the communication stations and the mobile station MS communicate using one of: CDMA,

TDMA, GSM, AMPS, and NAMBS,and(c) the communications network is one ofa public

switched telephone network and/the Internet.

136. The method 6f Claim 125, wherein when determining the locations of the mobile

station MS,each of the location information determiners change their corresponding portion of

the location related outpufs when there are changesto the at least some ofthe plurality of data

instances

137. The method of Claim 125, wherein at least some ofthe receivers are co-located,

and wherein there is/a plurality of fixed location communicationstation sites each having a

plurality of the receivers co-located therewith.
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139. The method of Claim 125, wherein said step of second receiving includesa step

of at least one ofthe location information determiners determiningAvalue according to a

 
 

consistency between (B1) and (B2) following:

(Bl)_values that are a function ofat least one of: a’signal strength and a signal time

delay of wireless signals between said mobile station MS and the

communication stations, and /
(B2) values that are a function ofafleast one of signal strength and a signal

time delay of wireless signals provided by multipath information of (A1)(DGi)

for at least a collection of some ofthe data instances;

wherein an output from the determining step is dependent upon the representations

(A1)(DQ)ofthe collection of data instances.

140. The method of Claim 125,wherein at least some of said communication stations

are substantially co-located with base stations of a commercial mobile radio service provider

(CMRS), wherein each of said base stations support two way voice communication with the

mobile stations via a plurality antennas at said base station, and the two way voice

communication is provided by one/of the following wireless transmission techniques: CDMA,

TDMA, GSM, AMPS, and NAMPS.

141. The methodof Claim 140, wherein at least some of said communication stations

operatively use wireless transceivers at said base stations, wherein said transceivers support the

two way voice communi¢ation with the mobile stations.

142. The method of Claim 125, wherein said one or more location related outputs are

for substantially a same location of the mobile station MS, and further including a step of

resolving location’ ambiguities between different MS location estimates obtained from the one or

more location related outputs.
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143. The method of Claim 140, wherein said one or morelocation related o 

 

 
 
 

for substantially a same location of the mobile station MS,and further including a step’ of

resolving location ambiguities between different MS location estimates obtained from the one or

morelocation related outputs.

144, The method of Claim 143, wherein said step of resolving includes determining

for each of one or more ofsaid location information determiners, one or

(a) a corresponding likelihood value that said mobile station M§$ is within one of the

location estimates obtained from the one or morelocatior/related outputs;

5 (b) a condition related to a corresponding velocity or changé of velocity of the mobile

station MScoinciding with oneofthe location“obtained from the one ormore location related outputs;

(c) a condition related to a correspondingterrain ofv of the location estimates
obtained from the one or more location related dutputs; and ,

10 (d) a consistency with a previous location estimatéof the mobile station MS.

145, The method of Claim 125, further van a step of resolving ambiguities
between location estimates of the MS by performing/a most likely location estimation procedure

dependent uponsaid location estimates.

146. The method of Claim 145, were said step of performing a most likely location
estimation procedure includes determining for each of one or more cells of a predetermined

partitioning of an area containing said one,or more location estimates, a value indicative of a

likelihood of the mobile station MSbeing in the cell.

147. The method of Claim 143, wherein said step of resolving includesfor at least one

of said location information determiners performinga statistical technique for determining a

likelihood of the mobile station MS being in an MSlocation estimate outputby the atleast one

location information determiner.

148. The method of Claim 142, wherein said step of resolving includes detecting a

clustering of at least some/ofsaid location estimates obtained from the one or morelocation

related outputs for determining a mostlikely location of the mobile station MS.
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149.|The method of Claim 125, wherein at least one of said location i 
 
 
 

 

 

determiners (LID) uses input identifying of oneof:

(a) additionalof said receivers not included in the corresponding receivers for LID

that detect the mobile station MS, and

5 (b) additional communicationstation transmitters not inclyded in the corresponding

receivers for LID that are detected by the mobile stgtion MS.

150. The method of Claim 125, whereinat least oF of said receivers are included in
a base station network of a commercial mobile radio service provider, wherein there is a further

 
 

 

 

step of requesting the mobile station MSto raise its transmigsion power.

151. The method of Claim 125, further including a step of calibrating at least one of

said location information determiners using said plurality of data instances.

152. The method of Claim 125, wherein/said step of transmitting includes outputting

said resulting information using one of a public switched network and the Internet.

153. The method of Claim 125, wherein said step of first receiving includes obtaining

the request from the Internet.

154. The method of Claim 125/ wherein said step offirst receiving includes requesting

a location of the mobile station MSfor one or moreof:

 
(1) locating a vehicle;

(2) locating an emergengycaller;

5 (3) routing a vehicle;

(4) locating a child;

(5) locating livestogk;

(6) tracking a vende and
(7) locating a parolee.

155. The ad,of Claim 125, further including a step of determining the resulting
information by snapping!:an intermediate location estimate for the MS, obtained from the MS
location estimates, to a/vehicle route near the intermediate location estimate.
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156. The method of Claim 125, further including the steps of:

requesting location information for the mobile station MS from one or more mobile

station location evaluators, wherein said location evaluators determine informgfion related to one

 or more location estimates of said mobile station MS whensaid location esti

5 with corresponding input data having values obtained using wireless signafs obtained via

transmissions between said mobile station MS and the communication sfations, wherein the one

or more location evaluators perform one or moreofthe followingsteps:

(Bl)_estimating a location of said mobile station MS usigg values from a

corresponding instance of said input data obtained from timing signals received

10 at the mobile station MS from oneor moresatellites;

(B2) determining at least one location area or locus/for said mobile station MS using

timing measurements from a corresponding jhstance ofsaid input data, wherein

the timing measurementsare indicative of gne of: a time ofarrival of wireless

signals, and a time difference ofarrival of wireless signals, wherein the wireless

itsdehdlafacae 15 signals are transmitted between the mobile station MS andat least one

communication station CS,, wherein the signals for obtaining the timing

measurements are communicated duringa plurality of wireless signal

transmissions between the mobile station and CS, with at least one ofthei
iid
i

transmissions being from the mobile station to CS);

20 (B3) determining, for at least some one of the communication stations CS2, a wireless

signal angle ofarrival that is indicative of an angular orientation about the

communication station CS, dr a direction of the wireless signal to CS, from the 
mobile station MS;

obtaining, in responseto the step/of requesting, at least one outputrelated to a location of

25 the mobile station MS from said one or/more location estimators, wherein at least one of the steps

(B 1) through (B3) is performed;

determining the resulting location informationrelated to the mobile station MSusing at

least one of: (a) a value obtained ffom said outputrelated to the location of MS,and (b) said one

or more MSlocation estimates fsaid location hypotheses.

157. The method Of Claim 125, further including the stepsof:

requesting a location information for the mobile station MS from a mobile station

location evaluator, wherei said location evaluator determines information related to one or more
location estimates of said/mobile station MS whensaid location estimator is supplied with

wv
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5 corresponding input data having values obtained by accessing wireless signals from transmissions

 

  

 
 

betweensaid mobile station MS and the communicationstations, wherein the locatfon evaluator

performsthe following step:

determininga statistical correlation for correlating (i) and (ii) following:

(i) values obtain from the corresponding input data, and

10 (ii) information indicative of: a plurality of collections of wir¢gless information

between the communication stations and some one ofthe mobile stations,

wherein for each of the collections, the wireless inforynation includes one or

moreof the following data items:

(a) a make and model of the some one mobil¢ station;

15 (b) a representation ofa location of the some one mobilestation;
(c) a value indicative of a consistency offhe collection with other

collections;

(d) a value indicative of a signal strength and signal time delay measurement

for wireless signal communicatighs between one of the communication
20 stations and the some mobilestation at the location representedin (b);

(e) a value indicative of a wireless signal frequency for wireless signal

communications between Y of the communication stations and the
some mobile station at the location representedin (b);

(f) one or more wireless signal quality or error measurements of the wireless

25 signal communications Fetween one of the communication stations and
 

the some mobile station at the location represented in (b);

teas (g) a value indicative of a’ noise ceiling of the wireless signal
communications betbveen one of the communication stations and the

some mobile statin at the location represented in (b);
30 (h) a value indicative of a transmission powerlevel of one or moreofthe

one communicationstation in (e), and the some one mobile station;

wherein said correlation is used for determining that the mobile station MSis within a

corresponding geographic area;

obtaining, in response to the step of requesting, at least one outputrelated to a location of
3 wn the mobile station MS from said One or more location estimators, said determiningstep is

performed;
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determining the resulting location information related to the mobile station MS usjng at

least one of: (a) a value obtained from said outputrelated to the location of MS, and (b)said one

or more MSlocation estimates of said location hypotheses.  

 
 

158. An apparatusfor estimating, for each mobile station MS ofa plyrality of mobile

stations, a location, L for MS using wireless signal measurements obtained frdm transmissions

between the mobile station MS andaplurality of terrestrial communicatiop’ stations, wherein each

of said communicationsstations has one or more of each of a transmittey and a receiver for

wirelessly communicating with the mobile station MS, comprising:

one or more data repositories having a plurality of data instances, wherein, for each of a

plurality geographicallocations, there is one of the data instanceg having,(i) and (ii) following:

(a) a representation of the geographical location{ and

(ii) multipath information of wireless signal data’ obtained using transmissions

between one of the mobile stations andAhe communication stations, wherein

the one mobilestation transmits from/approximately the geographical location

of (1);

one or moreoflocation information determiners for determining one or more MSlocation

estimates, wherein (Al) —(A2) following hold:

(Al)_for determining a corresponding portion of the location estimates for the mobile

station MS,each ofsaid one orfnore location information determinersis
dependent upon (Dand(II) following:

(wD at least someof a plurality of data instances from the one or more data

repositories; /
dT) multipath dataAndicative of wireless signal multipath transmissions

between the MS and the communicationstations;

(A2) for each location estimate from said location information determiners, there is a

corresponding collection of wireless receivers of the communication stations from

which multipath data indicative of wireless signal multipath transmissions

between the MSandthe corresponding collection of receivers are used by the

location information determiner for determining an MSlocation estimate, wherein

for at least a first and a second MSlocation estimates, their corresponding

collections are different;

an outputinterface operably connected to at least one communications network for
transmitting, to a prédetermined destination, resulting information related to the location of the
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mobile station MS, wherein said resulting information is obtained using said oneofmore MS

location estimates.

159. The apparatus of Claim 158, wherein the first and second i location estimates

are provided by different first and second ofthe location information7
160. The apparatus of Claim 158, wherein at least one of/, location informationdeterminers determines a similarity between (i) and (ii) following: (i) the multipath data of

(A1)(D),and (ii) the multipath information of (A1)(D(ii) for a col Ltion of one or more of the
geographical locations.

161. The apparatus of Claim 160, wherein: (a) the mobile station MSis land borne, (b)

the communication stations and the mobile station MS communicate using one of: CDMA,

TDMA, GSM, AMPS, and NAMPS,and(c) the communications networkis one of a public

switched telephone networkandthe Internet.

162. The apparatus of Claim 158, wherein the first and second MSlocation estimates

are for different locations of the MS.

163, The apparatus of Claim 159, wherein the first and second MSlocation estimates

are for the same MSlocation.
 

ted 164. The apparatus of camps further including an ambiguity resolver for
resolving MSlocation ambiguity when’ there is a plurality of MS location estimates from the

location information determiners.

165. The apparatus of Claim 164, wherein the resolver includes a mostlikelihood

estimator for determining a mg%t likely location of the MS obtained from the plurality MS

location estimates.

166. The appatatus of Claim 164, wherein for a current instance of locating the MS,

the resolver includes an/adjuster for providing another MSlocation estimate that is dependent

upon: (a)at least onegfthe plurality of MS location estimates obtained fromafirst of the location
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information determiners, and (b) a previous performanceofthe first location information

5 determiner.  
 

 

167. The apparatus of Claim 158, further including a storage for storing previously

determined MSlocation estimates so that the MSis able to be tracked.

168. The apparatus of Claim 158, wherein further includjng an MSlocation

information analyzer for determining an MSlocation attribute, including one or moreof:

(a) one or more ofa velocity and acceleration estimate for the MS;

(b) one or more extrapolated location estimates ft

5 (c) a path that the MSistravelling.

the MS; and 

 

 
 

169. The apparatus of Claim 168, further inclading a comparison module for

comparing the MSlocation attribute for the first locatign estimate with the MS locationattribute

for the second location estimate for reducing an ambiguity in the location of the MS.

170. The apparatus of Claim 158, furthér including a selectorfor selecting which of

the location information determiners to activate for locating the MS.
 

171. The apparatus of Claim 158, er including: 
an interface for receiving location information for determining a location of the mobile

station MS;

=;
i

pe one or moreadditional location information determiners, wherein said additional location

information determiners determine infgrmation related to one or more location estimates of said

mobile station MS whensaid location estimators are supplied with corresponding inputdata

having values obtained using wireless signals obtained via transmissions between said mobile

station MS and the communication stations, wherein the additional location information

determiners perform one or moré ofthe followingsteps:

10 (Bl)_estimating a ldécation of said mobile station MS using values from a

corresponding instance of said input data obtained from timing signals received

(B2)
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signals, and a time difference ofarrival of wireless signals, whereifi the wireless

signals are transmitted between the mobile station MS andat least one

communication station CS,, wherein the signals for obtaining ¢he timing

measurements are communicated duringa plurality of wire}éss signal

 transmissions between the mobile station and CS, withatleast one of the

transmissions being from the mobile station to CS);

(B3) determining, for at least some one of the communication stations CS), a wireless

signal angle ofarrival thatis indicative of an angular orientation about the

communication station CS, of a direction of the wireless signal to CS, from the

mobile station MS;

obtaining, in response to the step of requesting,at reas one outputrelated to a location of
the mobile station MS from said additional location information determiners, wherein at least one

of the steps (B1) through (B3) is performed;

determining the resulting information related to the mobile station MS usingat least one

of: (a) a value obtained from said output related to the Idcation of MS,and (b) said one or more

MSlocation estimates.

172. The apparatus of Claim 171, wherein one or moreofthe location information

determiners and the additional location determiners transmit their corresponding location

estimates via a TCP/IP network for subsequently determining the resulting information.

173. The apparatus of Claim 158, further including a group of modules for controlling

a determiningofa location of the MS, wherein one or more of the following are included:

(a) modules for receiving‘location requests via the Internet; and

(b) an access to output fequirements for applications requesting location of the MS,

wherein the output requirements include one or more of: an accuracy of a

location estimate of the MS, and a frequency of determining a location estimate

of the MS.

174.|The apparatus of Claim 158, wherein at least some of said communication

stations are substantially co-located with base stations of a commercial mobile radio service

provider (CMRS), wherein each of said base stations support two way voice communication with
the mobile stations via a plurality antennas at said base station, and the two way voice
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communication is provided by oneofthe following wireless transmission techniques/

TDMA, GSM, AMPS, and NAMPS.  CDMA,

175. The apparatus of Claim 158, further including one or more vehicles, each vehicle

havinga satellite signal receiving receiver and one of the mobile stations, whérein the satellite

signal receiving receiver determinesa location of the vehicle, and the mobile station transmits

wireless signals to the communication stationsso that one or more of the/plurality of data

instances correspondingto the location of the vehicle and the wireless signals are generated.

 

 
 

176. The apparatus of Claim 158, wherein one or moreOfthe data instances include:

(a) a make and model of the some one mobilestatio

(b) - arepresentation ofa location of the some one mobile station;

(c) a value indicative of a consistency of the colfection with other collections;

(d) a value indicative of a signal strength and signal time delay measurementfor

wireless signal communications between/one of the communication stations and

the some mobile station at the location representedin (b);
(e) a value indicative of a wireless signal/frequency for wireless signal

communications between one of the’communication stations and the some

mobile station at the location représented in (b);

(f) one or more wireless signal quality or error measurements ofthe wireless signal

communications between one/of the communication stations and the some

mobile station at the none represented in (b);
(g) a value indicative of a nore ceiling of the wireless signal communications

between one of the communication stations and the some mobilestation at the

location representeda (b);
(h) a value indicative of a transmission powerlevel of one or more of the one

communication station in (e), and the some one mobilestation.

177. The apparatus of Claim 158, further including a data manager that purges data

instances from the one or more data repositories by determining an inconsistency between the data

instances for purging and/other ofthe data instances in the data repositories.
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178. The apparatus of Claim 158, wherein the first MS location estimat¢ a timestamp

  
associated therewith indicating a time or a date when the wireless signal multipath transmissions

between the MS and the communication stations occurred.

179. The apparatus of Claim 158, wherein the predetermined estination uses the

resulting information for one or moreof:

(1) locating a vehicle;

(2) locating an emergencycaller;

(3) routing a vehicle;

(4) locating a child;

(5) locating livestock;

(6) tracking a vehicle; and

(7) locating a parolee.

180. The apparatus of Claim 158, wherein at least one of the location information

determiners is adapts its output location estimates according to changes in said data instances of

the data repositories.

181. The apparatus of Claim 158, further/including a module for determining a value

indicative of the MS being atthe first location estithate.

182. The apparatus of Claim 183, further including a module for identifying areas

having substantially inhibited wireless comminication.

183. The apparatus ofone further including meansfor deriving a mostlikely
location estimate of the MS,said most} kely estimator uses a probability density function for
fuzzifying at least a confidence value/for the first location estimate over an area outsideof said

first location estimate.  
184. A methodfor lgcating a mobile station MS,ofa plurality of mobile stations,

using wireless signal data obtained from transmissions between said mobile station MS and a

plurality of fixed location cedeivers, wherein each said receiver is capable of at least wirelessly

lv

detecting said mobile stations, comprising:
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providinga plurality of data instances, wherein for each ofa plurality geographical 
 
 

 

locations, there is one of said data instances having (al) and (a2) following:

(al)—_a representation of the geographical location,

(a2) corresponding multipath related information of wireless signal data

obtained using transmissions between one of said mobilé stations and said

receivers, wherein the one mobile station transmits from approximately the

geographicallocation of(al);

providing a plurality of location estimators for locating th¢ mobile stations, whereinfor a

set, C, having at least some ofthe location estimators, (b1) — (b3) following hold:

(b1) for each said location estimator of Cfhere is a predetermined.
corresponding collection of receivers from which the location estimator receives

a corresponding input ofwireless signal multipath data obtained from oneof said

mobile stations whose locationis to be determined bythe location estimator,

(b2) for determining locations of said mobile stations, each said location estimatorof C is

dependent upon(i) and (ii) following:(i) (al) and (a2) of at least some of said data instances, and

(ii) multipath information from wireless signals communicated between the mobile stations and

said predetermined correspondingcollection of receivers;

(b3) for at least two of said location estimators of C, their predetermined

corresponding collections of receivers are different;

determining, using each of one or more ofsaid location estimators of C, one or more

location estimates of the mobile station MS when an occurrenceofsaid wireless signal multipathdata is obtained from wireless signals "Lined from the mobile station MS by the corresponding
collection of receivers;

transmitting, to a predetermjned destination, via a communications network, resulting

information related to the location/of the mobile station MS, wherein said resulting information is

obtained from said one or moreofsaid location estimates.

185, The method/of Claim 184, wherein when determining locations of the mobile

stations, each of the locatign estimators of C change their location estimates when there are

changesto the plurality ofdata instances.

186. The method of Claim 184, wherein at least some of the receivers are co-located,

wherein there is a pJurality of sites each having a plurality of the receivers co-located therewith.

. v
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187. The method of Claim 184, wherein aid step of providing includes

 

 
 
 

 
 

 

 

 

 

 
 

 

calibrating, for each of the plurality geographical locations, (al) with (a2) using wireless

signal transmissions from having a GPSreceivey therein.

188. The method of Claim 184, wherein at least one of the location estimators

performsthe following step:

determining one or more likely locatfon estimates for MS byidentifying a similarity between

(i) and (ii) following:(1) multipath charatteristics determined from wireless signals

communicated between the mobile statfon MSandthe receivers, and (ii) the multipath

information of (a2) for a collection of pne or more of the geographicallocations.

189. The method ofClai

performsthe following step:

184, wherein at least one of the location estimators

determining a value accgrding to a consistency between (c1) and (c2) following:

(cl) values that are a function ofat least one of: a signal strength and a signal

time delay of wireless signals between said mobile station MS andthe receivers,

and

(c2)  values/that are a function ofat least one ofsignal strength andasignal

time delay of Wireless signals provided by (a2) for at least some of the data

instances;

wherein an output from fhe correlating step is dependent upon the representations(al) of the

at least some ofthe data instances.

190, The methgd of Claim 189, wherein the step ofstatistically correlating includes

performing oneofa statist{cal regression between (a2) for at least someofthe data instances, and

multipath information from wireless signals received for the mobile station MS

191. The

substantially co-locat¢d with base stations of a commercial mobile radio service provider

thod of Claim 184, wherein at least some of said receivers are

(CMRS), wherein eath ofsaid base stations support two way voice communication with the

mobile stations viadplurality antennas at said base station, and the two way voice

communication is Provided by one of the following wireless transmission techniques: CDMA,

TDMA, GSM, AMPS, and NAMPS.
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192. The method of Claim 191, wherein at least some ofsaid receiversaréincluded

within transceiversat said base stations, wherein said transceivers support the two/way voice

communication with the mobile stations.

 

 

  

193. The method of Claim 191, wherein said one or more location estimates are for

substantially a same location of the mobile station MS,and further includipg a step of resolving

location ambiguities between said location estimates.

194, The method of Claim 193, wherein said step of resolving includes determining

for each of one or more of said location estimates, one or moreof:

(e) a correspondinglikelihood value that said mobile statfon MSis within the location

estimate;

(f) a condition related to a corresponding velocity or ghange of velocity of the mobile

station MS coinciding with the location estimate;

(g) a condition related to a corresponding terrain offthe location estimate; and

(h) aconsistency with a previous instance of locating the mobile station MS.

195. |The method of Claim 193, wherein said/step of resolving includes performing a

mostlikely location estimation procedureusing said logation estimates for thereby determining a

mostlikely location of the mobile station MS.

196. |The method of Claim 195, wherein/for at least some of the location estimators of

C, their predetermined correspondingcollections of receivers are different from one another, and

the mobile station MSis terrestrial.  
 

 

 

 

197. |The method of Claim 193, wherein one or more ofsaid location estimators

includesa statistical prediction technique.

198. The method of Claim 1,93, wherein said step of resolving includes detecting a-

clustering ofat least some of said one/or morelocation estimates for determining a mostlikely

location of the mobile station MS.

199. The method of Claim 193, wherein for each of said location estimators of C, said

predetermined corresponding collection receivers has at least one of said receiversthatis
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different from said predetermined correspondingcollection of receivers for a different one of said

 location estimators.

200. The method of Claim 184, wherein said step of determining includes obtaining a

location estimate of the mobile station MS from less than all of said location estimators.

201. The method of Claim 200, wherein for each of at least some ofsaid location

estimators, the corresponding collection of receivers detects wireless multipath signals from a

geographical area different from the predetermined corresponding’ collection of receivers for said

at least someofsaid location estimators.  
202. The method of Claim 201, wherein at least dne of said one or more location

estimators uses input indicative of additional of said receivers detecting the mobile station MS.

203. The method of Claim 184, wherein at least someof said receivers are included in

a base station network of a commercial mobile radio gervice provider, wherein there is a further

step of the commercial mobile radio service provider outputting a request for the mobile station

MSto raise its transmission power.

 
204. The method of Claim 184, fu

said location estimators using said plurality of data instances.

er including a step of calibratingat least one of

205. The method of Claim 184 said step of transmitting includes outputting said

resulting information using one of a public switched network andtheInternet.

206. The method of Claim 205, further including a step of obtaining said resulting

information from said one or morg ofsaid location estimates, wherein said step of obtaining

includes one or moreof:

(cl} snapping a loction of the mobile station MSto a vehicletraffic route;

(c2) detecting a cfustering ofsaid one or morelocation estimates for determining a

mostlikely locatior’ of the mobile station MS; and

(c3) using, for each of/said one or morelocation estimates, a correspondinglikelihood value

for determining said resyilting information.
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207. A method for locating a mobile station MS,of a plurality of mobil stations,

 

 

 

using wireless signal data obtained from transmissions between said mobile statign MS and a

plurality of land borne wireless receivers, wherein each said receiveris capabl¢ ofat least

wirelessly detecting said mobile stations, comprising:

obtaining data indicative of wireless signal multipath at a plurality/of known locations;

deriving, for each ofat least someofthe plurality of known locations, corresponding

multipath information indicative of the wireless signal multipath at the’ knownlocation;

storing, for each location L of the known locations, an ins

following:

(al) a representation of L, and

(a2) said corresponding multipath information, wherein said corresponding multipath

information is indicative of the wireless signal multipath at the location L;

activating one or more ofa plurality of location estimators for determining one or more

1) — (63) following:

, there is a corresponding collection of

of location estimates of the mobile station MS, wherein 
 
 

(bl) for each said location estimato

receivers from which the location estiMator receives a corresponding input of

wireless signal multipath data when/a location estimate of the mobile station MS

is determined bythe location estimator;

(b2) each ofthe location estinlators performsa step of determining one or
more likely location estimates for MS by identifying a similarity between (i) and

(ii) following:(1) multipath characteristics determined from wireless signals

communicated between the/mobile station MS and the corresponding collection

of receivers, and (ii) the multipath information of (a2) for a collection of one or

more of the locations;

(b3) for each of said location estimators, the correspondingcollection of

receivers is different/from the corresponding collection of receivers for a

different one of said location estimators;
determining, from said one gr morelocation estimates, a most likely location of the mobile

station MS;

outputting, to a predetermined destination, via a communications network,resulting

information related to the location of the mobile station MS, wherein said resulting information is

obtained from said one or moreofsaid location estimates.
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208. The method of Claim 207, further including, for each ofat least somefe said one
or more activated location estimators, the step of determining one or more likely loca ion
estimatesidentifies the similarity using at least one: a time value obtained from wifeless

multipath signals between the MSandthe corresponding collection of receivers, a signal strength

value obtained from wireless multipath signals between the MS andthe corréspondingcollection

ofreceivers, a value indicative of whether there is a wireless communiegyion between the MS and
a receivernot in the correspondingcollection of receivers, and a difference in wireless signal data

between MStransmissionsatdifferent transmission powers.

209. The method of Claim 204, wherein said step of identifying includes recognizing

a pattern between (cl) and (c2).

210. The method of Claim 203, further including performingsaid three steps of

obtaining, deriving and storing repeatedly, wherein at least one performanceofsaid three steps

occursprior to said step of activating and another performance occurs after said step ofactivating. |

211. The method of Claim 203, wherejn at least some ofsaid receivers are

substantially co-located with base stations of a commercial mobile radio service provider

(CMRS), wherein each of said base stations s¥pport two way voice communication with the

mobile stations via a plurality antennasat said base station, and the two way voice

communication is provided by one of the following wireless transmission techniques: CDMA,

TDMA, GSM, AMPS, and NAMPS.

212. The method of Clairh 203, further including a step of receiving a request for

locating the mobile station for one/or moreof:

(cl) locating a vehicle;(c2) locating ane Foy caller;
(c3)_routing a vehicle;

(c4)_locating a child;

(c5) tracking 9’vehicle; and

(c6)_locating/a parolee.

213. An gpparatusfor locating a mobile station MS,of a plurality of mobile stations,

using wireless signgl data obtained from transmissions between said mobile station MS and a

. U
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plurality of wireless receivers, wherein each said receiver is capable of wirelessly detegting said

mobile stations, comprising:

5 a data repository for storing, for each of a plurality of known locations,a plurality of

instances of(a1) and (a2) following:

(al) a location representation of the known location, and

(a2) corresponding multipath information, wherein saldforresponding
multipath informationis indicative of the wireless signal multipath at the known

10 location; /
a plurality of location estimators for determining one or more 6flocation estimates of the

mobile station MS, wherein (b1) — (b3) following:

(b1)_for eachsaid location estimator, there is a predetermined corresponding

collection of one or more of said receivers from which the location estimator

15 receives a corresponding input of wireless signal multipath data obtained from

one of said mobile stations whose location is to be determinedbythe location

estimator;

(b2) for determining locations of said mobile stations, each said location

estimator is dependent upon(i) and(ii) following: (i) (al) and (a2)ofat least

20 someof said instances, and(ii) multipath information from wireless signals 
 CEEek communicated between the mobile stations and said predetermined

il corresponding collection of said receivers;
LE.

iia
(b3) for each of said location estimators, said predetermined corresponding

 collection has at least one of said{xeceivers that is different from said
heEa 25 predetermined correspondingcollection for a different one of said location

estimators;

a resolver for determining from said/one or more location estimates a likely location of

the mobile station MS.

214. The apparatus of Claim/213, wherein at least some of said receivers are

substantially co-located with base stations of a commercial mobile radio service provider

(CMRS), wherein eachofsaid base stations support two way voice communication with the

mobile station MSviaaplurality} tennasat said base station, and the two way voice
5 communication is provided by ope of the following wireless transmission techniques: CDMA,

TDMA, GSM, AMPS, and NAMPS.
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215. The apparatus of Claim 214, wherein at least some ofsaid receivers 

 
 

 

within transceivers at said base stations, wherein said transceivers are able to support/the two way

voice communication with the mobile station MS.

216. The apparatus of Claim 215, further including an output gateway/ for

transmitting, on one of a public telephone switching network and the Internet,ahoutput

indicative of said likely location to a predetermined destination, wherein said Sutput gateway

performsone or moreof:

5 (a) outputs said output in a format according to said predetermined destination;

(b) outputs said output according to a frequency for eee said output; and(c) determines said output by snapping said likely location/to a transportation route.

217. The apparatus of Claim 215, wherein said resolverpe
a location predictor for predicting a subsequent location of the mobile station MS by accessing

data indicative ofat least one estimated path for the mobile station’ MS.

218. The apparatus of Claim 215, wherein said resolver includes: 
an evaluator for determining one or more of:(i) whether onegfsaid location estimates implies

that the mobile station MS has an excessive expected sexi whether oneofsaid location
ae estimates implies that the mobile station MS has an excessive expected speed for an area having

vat 5 said one location estimate,(iii) whether one of said location estimates implies that the mobile

an station MS has an excessive expected changein velocity; (iv) whether one of said location

estimates implies that the mobile station MSis travelling a known transportation pathway.

219. The apparatus of Claim 215, whefein said resolver includes:

an evaluator for determining a value ingpeative of a likelihood that the mobile station MS
is at a corresponding oneofsaid location estiniates, wherein said evaluator determines said value

as a function of a past performance of one of’said location estimators that determined said

5 corresponding oneofsaid location estimatgs.

220. The apparatus of Claini 215, wherein said resolver includes:

an evaluator for determining a value indicative of a likelihood that the mobile station MSis at a

corresponding oneofsaid location éstimates, L, wherein said evaluator determines said value as a

function of one of a similarity and a dissimilarity between one or more occurrencesofsaid
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5 ence of said multipath

ding to a predetermined
7criteria.

Remarks

It is believed that the above claims are patentable above all known prior art. However,

should the Examiner determinethat there is prior art to the filing date of the co-pending

application to which the present application is a continuation, the Examineris invited to review

the documentation related to the above claims in U.S. Provisional Patent Application No.

60/025,855 filed Sept. 9, 1996 (also denoted herein as the ‘855 Application) from which the

present application claims benefit. In particular, this provisional patent application describes

multiple location estimators (e.g., neural network based location estimators) whose mobile

ithadlfe,aft.HONLA
station location estimates (denoted as “First Order Models” or “FOMs”therein) are dependent on

multipath wireless signals and wherein there is a substantially different set of (base station)

receivers from which at least two of the location estimators receive multipath signal data. In

particular, the following portions of the ‘855 Application are noteworthy: page 17, the last

paragraph, through page 18, line 12; pazje 79 from the heading “Neural Net With Genetic
eetde.aha

Adaptation Model”(line 11) to just before the heading “Coverage Area Determination”(line 31);

page 80, lines 27-29; page 81, thefirst full paragraph; and Fig. NN-9.

If the Examiner has any questions or concerns regarding the ‘855 Application, please

contact the undersigned hereinbelow. It is believed that not fees beyondthefiling fee (included
 

herein) are due. However, in the event that there are additional fees due, please contact the

undersigned below.

 
1801 Belvedere Streét
Golden, Colorado 80401
(303) 863-2975

. LU
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
the Application of: Group Art Unit: 3662)

)
DUPRAYetal. ) Examiner:

)
Serial No.: 09/770,838 ) RESPONSE TO NOTICE TO FILE

)CORRECTEDAPPLICATIONPAPERS
)
)
)
)
)

Filed: January 26, 2001

Atty. File No.: 1003-1 CERTIFICATE OF MAILING
| HEREBY CERTIFY THAT THIS CORRESPONDENCE IS

. " BEING DEPOSITED WITH THE UNITED STATES POSTAL
For: "WIRELESS LOCATION USING SERVICE AS FIRST CLASS MAIL IN AN ENVELOPE

SIGNAL FINGERPRINTING” ADDRESSED TO THE ASSISTANT COMMISSIONER FOR

PUENTS:WASHINGTON, DC 20231 ON THIS9/ DAY OF% , 2001.
Assistant Commissionerfor Patents

Washington, D.C, 20231  
DearSir:

In response to the Notice to File Corrected Application Papers mailed on April 5, 2001,

enclosed is a copy of the specification and 62 sheets of formal drawings for the above identified

patent application. Also enclosedis a copy of the Notice to File Corrected Application Papers. For

Figs. 5 and6, both a copy with corrections (in red), and a formal copy are provided. The corrections

expand someabbreviationsoriginally used into full words, correct spelling errors, and in one case

(Fig. 6(2)) adds a small amountofadditional text thereto. Note that this additional text was allowed

by the Examinerin the parent case to whichthis is a continuation, and accordingly was incorporated

into the formal drawings provided whichare provided here. Further, note that in a conversation with

Mr. James Washington on April 18, 2001, it was indicated that the present drawings would be

permissible in that they are the formal drawings ofa pendingpatent application to whichthe present

application is a continuation. Also note that the new text should be permissible sincethistext is in

the correspondingfigure (Fig. 6) of this PCT Application Serial No. PCT/US97/15842 from which

the present application claims benefit. Note that the text was inadvertently omitted when the font
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size in Fig. 6 of the PCT application was increased. A copyof Fig. 6 of the above-identified PCT

patent application is also enclosed herewith with the text requested to be addedcircledin red.

Applicants believe that no fees are due in connection with the filing of this Response to

Notice to File Corrected Application Papers. However, in the event any fee deficiencies, it is

requested that the below Applicant be contacted by phoneas soon as possible.

Respectfully submitted,

SHERIDAN ROSS P.C. 

 
 

 Registratiott No. 46,29
1560 Broadway, Suite
Denver, Colorado 80202-5141
(303) 863-9700 
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Fig. 6(1)
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FIG 6(2)
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FIG 6(3)
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@ @

START

IS "NEW_LOC_OBJ" IN THE LOCATION
100 DB SIGNATURE DATA BASE? 7 104 DB

 INSERT "NEW_LOC_OBJ" IN THE
LOCATION SIGNATURE

DATA BASE1320.

 
  
 

   DB_SEARCH_AREAI<— GET A REPRESENTATION OF
A GEOGRAPHICAL AREA SURROUNDING

THE LOCATION ASSOCIATED WITH

"NEW_LOC_OBI",

 
  
 

 

 i

ee
112 DB

  DB_LOC_SIGS~—GET ALL THE LOCSIGS IN THE
LOCATION SIGNATURE DATA BASE THAT
SATISFY THE CRITERIA OF

"SELECTION_CRITERIA" AND THAT ARE
ALSO IN "DB_SEARCH_AREAI1".

 
 

aoeaWEAEodtHdlathe  

  
2

Er
116 DBWiha

NEARBYLOC_SIG_BAG~— GET THE LOC SIGS FROM
“"DB_LOC_SIGS", WHEREIN FOR EACH LOC SIG
GOTTEN, THE DISTANCE BETWEEN THE
LOCATION ASSOCIATED WITH THE LOC SIG GOTTEN
AND THE LOCATION ASSOCIATED WITH

"NEW_LOC_OBJ" IS CLOSER THAN,E.G.,
SOME STANDARD DEVIATION (SUCH AS A
SECOND STANDARD DEVIATION) OF THE
DISTANCES BETWEEN LOCSIGS OF "DB_LOC_SIGS"
AND "NEW_LOC_OBIJ".

 
  LOC_SIG~—GETTHEFIRST (NEXT) LOC SIG IN

"NEARBY_LOC_SIG_BAG".  
120 DB FIG. 17A
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ase

ReeaSeAeliaMedaypeegee,pny

eeeayweaeagHeBdteWTBal

    

124 DB
LOC~—A REPRESENTATION OF THE

LOCATION ASSOCIATED WITH

"LOC_SIG". 128 DB

BS <_GET THE BASE STATION 122 ASSOCIATED WITH

"LOCSIG".

132 DB
MARK "LOC_SIG" SO THAT IT CANNOT BE RETRIEVED

FROM THE LOCATION SIGNATURE DATABASE.

136 DB
DB_SEARCHAREA2“— GET A REPRESENTATION OF A

GEOGRAPHICAL SERVICE AREA ABOUTLOC SIG

INCLUDING "NEW_LOC_OBJ". 
138 DB

LOC_SIG_BAG~~— CREATELOC SIG BAG DATA STRUCTURE
HAVING ONLY THE SINGLE ITEM, "LOCSIG".

INVOKE THE PROGRAM,
"DETERMINE_LOCATION_SIGNATURE_FITERRORS", FOR
DETERMINING AN ERRORIN HOW SIMILAR "LOC_SIG" IS WITH
OTHER VERIFIED LOC SIGS IN THE LOCATION SIGNATURE
DATABASE. IN PARTICULAR, INVOKE THIS PROGRAM WITH
THE FOLLOWING PARAMETERS:

(A) "LOC";
(B) "LOC_SIG_BAG";
(C) "DB_SEARCHAREA2": |
(D) "LOC_SIG_POP" FOR INDICATING THE VERIFIED LOC

SIGS IN THE LOCATION SIGNATURE DATA BASE TO
WHICH "LOC_SIG" IS TO BE COMPARED:

(E) AN INDICATION OF THE OUTPUT DESIRED, WHICH,
IN THIS CASE, IS AN ERROR RECORD RELATED TO
"LOC_SIG".

 
140 DB

UNMARK "LOCSIG" SO THAT IT CAN BE FIG. 17B
RETRIEVED FROM THE LOCATION
SIGNATURE DATABASE.  

144 DB
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@ @

IS THERE ANOTHER LOC SIG

IN "NEARBY_LOC_SIG_ BAG"?
YES ~ ~—

148 DB

NO 152 DB
“

ERROR_REC_SET ~«<—THE SET OF ALL ERRORS RETURNED.

INVOKE THE PROGRAM,
"REDUCEBADDBLOC_SIGS", FOR REDUCING
THE CONFIDENCE OF THE LOC SIGS WHOSEPan

afeeil CORRESPONDING ERRORS ARE RELATIVELY HIGH.

ALSO, DELETE ANY LOC SIG WHOSE CONFIDENCE
BECOMESTOO LOW.
 

eth
156 DB

AyeeyywvetirMiathallfin
uw

bat INVOKE THE PROGRAM,

"INCREASE_CONFIDENCE_OF_GOOD_DBLOC_SIGS", FOR
INCREASING THE CONFIDENCE OF THE LOC SIGS 
WHOSE CORRESPONDING ERRORS ARE RELATIVELY
LOW. . ,

iFHetha 
END 160 DB

FIG. 17C
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START

APPLY PRE-PROCESING CONSTRAINTS TO ACCOUNT FOR

DISCREPANCIES BETWEEN(a) CURRENT
CONDITIONS, AND (b) PAST CONDITIONS WHEN
THE VERIFIED LOC SIGS OF "LOC_SIG_BAG" WERE
COLLECTED;i.e., APPLY CONSTRAINTS TO TAKE
INTO ACCONT ADDITIONAL KNOWLEDGE

REGARDING DISTINCTIONS BETWEEN THE

CONDITIONS RELATED TO THE PRESENT WIRELESS

ENVIRONMENT, TYPE AND STATUS OF THE BASE
STATION OF "BS" IN COMPARISON TO THE

CONDITIONS OCCURRING FOR THELOCSIGS OF

"LOC_SIG_BAG"

weyeta
 

ia DID THE PRE-PROCESSING CONSTRAINTS YIELD A RESULT
id INDICATING THAT ANY SUBSEQUENTLY DERIVED LOC SIG
2G ESTIMATE WOULDBE EXCESSIVELY UNRELIABLE?

YES

NO

FOR EACH OF THE LOCSIG SIGNAL

TOPOGRAPHY CHARACTERISTICS, C, OF A LOC
SIG VARIABLE, "ESTLOCSIG",

(A) DETERMINE A SMOOTH SURFACE,
S(C), OF MINIMAL CONTOUR
VARIATION FOR THESET OF POINTS

{(X, Y,Z) SUCH THAT(X,Y) IS A
LOCATION AND Z IS A VALUE OF C AT

THE LOCATION (X,Y) FOR SOME LOC
SIG IN "LOC_SIG_BAG"};

(B) INTERPOLATE/EXTRAPOLATE A
VALUE FOR THE C-COORDINATE OF

"EST_LOC_SIG" AT THE LOCATION,
"LOC_FOR_ESTIMATION"

ASSIGN A DEFAULT VALUE TOANY UNDEFINED LOCSIG FIELDS
OF "EST_LOCSIG"

RETURN

FIG. 21 "EST"LOC_SIG"

   
  
 

RETURN
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START

LOC_AREA_TYPE«— GET THE AREA TYPE(S) FOR "LOC"

SEARCHAREA<— GET A DEFAULT MAXIMUM SEARCH AREA
HAVING "LOC"

SAVED_SEARCH_AREA“— SEARCHAREA |

SEARCH_AREA_TYPES*— GET THE (FUZZY LOGIC) AREA
TYPE(S) FOR "SEARCHAREA"

 
MIN_ACCEPTABLE NBR_LOC_SIGS~—0

AREA_TYPE<— GET FIRST
: (NEXT) AREA TYPE IN
. "SEARCHAREATYPES" 
i= DOES "AREATYPE" REFERENCE

A NEW AREATYPE?oyeegfeHalla
YES NO

TOTAL_NBR_LOC_SIGS«—THE
NUMBER OF

VERIFIED LOC SIGS IN

THE LOCATION

SIGNATURE DATA BASE

1320 HAVING A LOCATION

(THE "MS_LOC"
ATTRIBUTE) IN
"SEARCHAREA"

IS "MIN_ACCEPTABLENBR_LOCSIGS"
> "TOTAL_NBR_LOCSIGS"?

  
  
  
  
  
  

  

YES NO,

RETURN |
FIG. 22A
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 an|UeRMardspan

naeer
IEa,pyYehallMall

 SAVEDSEARCHAREA«— SEARCHAREA

SEARCH_AREA«— GET A
SMALLER AREA FOR

"SEARCH_AREA",
WHEREIN THIS SMALLER

AREA STILL CONTAINS "LOC".

  
 

   

 AREA_PERCENT*—PERCENTAGE OF AREA FOR
"SEARCHAREA" THAT IS OF THE TYPE
"AREATYPE", OR, USING FUZZY LOGIC,
HAVING A FUZZY VALUE ABOVE A

PREDETERMINED THRESHOLD.

  
  
  

  
 

 
 

MIN_ACCEPTABLENBR_LOCSIGS «—
MIN_ACCEPTABLENBRLOCSIGS +
[((MINIMUM ACCEPTABLEVERIFIED LOC SIGDENSITY
FOR "AREATYPE") * (SIZEOF(SEARCH_AREA)*

(AREA_PERCENT/ 100)]

 
  
  
  

 

FIG. 22B
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FIG. 26A

LOC_HYP_LIST~— CREATE AN EMPTY NEW

204CA

LOCATION HYPOTHESIS LIST AND PUT "LOC_HYP"
ON THISLIST. 

208CA

MESH«— GET A MESH OF AREA CELLS RELATED TO THE

FIRST ORDER MODEL THAT GENERATED "LOC_HYP".

212CA

PT_MIN_.AREA<— GET A "SMALL" AREA ABOUT AN
ESTIMATED TARGET MS POINT LOCATION PROVIDED BY

“"LOC_HYP", WHEREIN THIS AREA INCLUDES ONE OR
MORE MESH CELLS SURROUNDING THE TARGET MS
POINT LOCATION.
 

216CA

INITIALIZE A VARIABLE, "AREA", WITH "PT_MIN_AREA".
220CA

  PT_MAX_AREA~— GET A MAXIMUM AREA ABOUT THE
ESTIMATED TARGETMSPOINT LOCATION PROVIDED BY
"LOC_HYP",

 
  
 

MIN_CLUSTERS“— GET THE MINIMUM NUMBEROF PREVIOUS
MS 140 LOCATION ESTIMATES, L, THAT ARE DESIRED IN
THE AREA, "AREA", FOR SUBSTANTIALLY
RELYING ON HISTORICAL MS LOCATION DATAIN THE
LOCATION SIGNATURE DATA BASE1320 FOR ADJUSTING
THE CONFIDENCE AND/OR THE TARGET MS ESTIMATED
LOCATION, WHEREIN EACH SUCH MS ESTIMATE WAS
GENERATED BY THE SAMEFIRST ORDER MODEL THAT
GENERATED "LOC_HYP".
 
  
  

220CA

PT_EST_BAG~—GET THE MS POINT LOCATION ESTIMATES
FOR EACH PREVIOUS MS LOCATION ESTIMATE,L,

224CA ‘ COUNTEDIN THEPREVIOUSSTEP. 

Cisco v. TracBeam / CSCO-1002

Page 300 of 2386



Cisco v. TracBeam / CSCO-1002 
Page 301 of 2386

a

WwoGeToal

aEgeegeeSEEDthreTatThalfae
SodlThfdtieHHLHddaeeeedeeea

WHILE THE NUMBEROF POINT LOCATION ESTIMATESIN

"PTESTBAG" IS LESS THAN "MIN_CLUSTERS" AND "AREA"
REPRESENTS AN AREA LESS THAN OR EQUAL TO
"PTMAXAREA": (A) REPEATEDLY INCREASE "AREA";

(B) RECALCULATE "MIN_CLUSTERS" FOR
"AREA" ACCORDING TO STEP 224CA;

(C) RECALCULATE "PT_TEST_BAG" FOR
"AREA" ACCORDING TO STEP 228CA.

 
232CA

ASSIGN THE RESULTING VALUE FOR "AREA" AS THE VALUE FOR

THE "PT_COVERING"” ATTRIBUTE OF "LOCHYP".

IS "PT_ EST BAG"236CA _EST_BAG240CA EMPTY?

NO <> YES (SO CANNOT
ADJUST 244CA
"LOC HYP")252CA ~

   SET THE

"IMAGEAREA"
ATTRIBUTE OF

"LOC_HYP" TO NULL.

DETERMINETHE VALUE, MIN{(SIZE OF
(PT_EST_BAG)/MIN_CLUSTERS),1.0} AS
A CONFIDENCE ADJUSTMENT

COEFFICIENT; ASSIGN THIS VALUE TO
THE PARAMETER,
"CLUSTER_RATIO_FACTOR".

    
     
  
 RETURN WITH

"LOC_HYP_LIST"

DOES "AREA" REPRESENT AN AREA LARGER

 

258CAyTHAN THE AREA FOR "PT_MAXAREA"? __ 248CA
NO YES (SO "AREA"IS TOO BIG TO ENTIRELY

IGNORE INITIAL MS LOCATION ESTIMATE AND|_
CONFIDENCE). —“|FIG. 26B

   
NEW_LOC_HYP“— CREATE A

DUPLICATE OF "LOC_HYP" WITH THE
"IMAGE_AREA" ATTRIBUTE SET TO NULL,
AND WITH THE CONFIDENCE VALUE

“LOWEREDBY THE COEFFICIENT:
(1.0 - CLUSTER_RATIO_FACTOR).

 

  
 260CA  
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ADD "NEW_LOC_HYP" TO "LOC_HYPLIST".

264CA 

 IMAGE_CLUSTER_SET«— GET THE VERIFIED LOCATION
SIGNATURE CLUSTERSIN THE LOCATION.

SIGNATURE DATA BASE FOR WHICH THERE ARE MS

POINT LOCATION ESTIMATESIN "PT_EST_BAG".

  
  

  
268CA

 IMAGE_AREA~—GET A "SMALL" AREA CONTAINING THE
VERIFIED LOCATION SIGNATURESIN

"IMAGECLUSTER_SET".
 

 
| 272CA

276CA _ |
ASSIGN THE VALUE OF "IMAGE_AREA" TO THE
"IMAGE_AREA" ATTRIBUTE FIELD OF "LOC_HYP".

280CA
CONFIDENCE=— INVOKE THE FUNCTION,

"CONFIDENCEADJUSTER", FOR DETERMINING A
CONFIDENCE VALUE FOR THE TARGET MSBEING IN

 
THE AREA FOR "IMAGE_AREA". THE INVOCATION
INPUT VALUES ARE: "LOC_HYP.FOM_ID",
"IMAGE_AREA", "IMAGE_CLUSTER_SET".
 
  

 
ASSIGN THE VALUE OF: "CONFIDENCE*

CLUSTER_RATIO_FACTOR" TO THE "CONFIDENCE"
ATTRIBUTE OF "LOC_HYP".

RETURN WITH

"LOC_HYP_LIST"
288CA | .

 
 

284CA

 

FIG. 26C
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DUPRAYet al. ) Examiner: wc? 14

)

Serial No.: 09/770,838 ) REQUEST FOR CORRECTION OF 3690 MAILRGGES
)FILINGRECEIPT

Filed: January 26, 2001 )
)

Atty. File No.: 1003-1 )
) CERTIFICATE OF MAILING

For: NWIRELESS LOCATION USING ) | HEREBY CERTIFY THAT THIS CORRESPONDENCE|S
SIGNAL FINGERPRINTING" ) BEING DEPOSITED WITH THE UNITED STATES POSTAL

SERVICE AS FIRST CLASS MAIL IN AN ENVELOPE
ADDRESSED TO ASSISTANT COMMISSIONER FOR
PATENTS, WASHINGTON, DC 20231 ON May31, 2001.

Office of Initial Patent Examinations
: SHERIDAN ROSSP.C.

Customer Service Center ft, BCommissioner of Patents Heth~|
Washington, D.C. 20231

DearSir:

Theofficial Filing Receipt for the above-referencedpatent application containsthe following

clerical errors:

1. Please changethe orderofthelisted inventors to list “Dennis J. Dupray”asfirst

named inventor such as that shown on the Utility Continuation Patent Application Transmittal.

2. The nameofco-applicant Charles L. Karr is shown as “Charles L. Karr JR.” Please

delete “JR” from the co-applicant’s name to read as. Charles L. Karr.

3. The resident for co-applicant Dennis J. Dupray is shown as “Denver, CO.” Please

changethis to read correctly as Golden, CO. (A copyoftheUtility Continuation Patent Application 

Transmittal which wasfiled with the application on January 26, 2001 is enclosed. Note that a copy

ofthe Oath/Declaration from the pendingprior application wasfiled simultaneously with the present

application. Since the execution of the Oath/Declaration by the inventors on November 17, 1998

and November24, 1998, the address for co-applicant Dennis J. Dupray has changedtothat specified

on the transmittal.)

4, In the “Domestic Priority Data Claimed by Application”section ofthe receipt, please

delete from the fourth row “said 09/194,367 11/24/1998.”
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For yourreference, a copy ofthe Filing Receipt is enclosed, with the corrections indicated

in red. Please issue a corrected Filing Receipt for this patent application.

Respectfully submitted,

 
  

 

By:
DennisJ.

Registrati6n No. 46299
1801 Belvedere Street

Golden, Colorado 80401

(303) 863-9700

Date: [th | Se. Zef
patent applications\1003\-I\pto\request-01

-2-
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Page 1 of 4 

COMMISSIONER FOR PaTENTS
UNITED STATES PATENT AND TRADEMARK OFFICE

WasHincton, D.C. 202231
Ww. USPTO. gov

APPLICATION NUMBER|FILING DATE | GRP ART UNIT| FIL FEE REC'D [ATTY.DOCKET.NO| DRAWINGS | TOT CLAIMS

 
  

09/770,838 ~ ~ 01/26/2001, 3662 1119 | 1003-1 60 | 96 ~~ 57

CONFIRMATIONNO.8410

“ FILING RECEIPT

Dennis J. Dupray, Ph.D.DennisJ.Dupray,Ph 1
Golden, CO 80401

Date Mailed: 04/05/2001

Receipt is acknowledged of this nonprovisional Patent Application. It will be considered in its order and you
will be notified as to the results of the examination. Be sure to provide the U.S. APPLICATION NUMBER,
FILING DATE, NAME OF APPLICANT, and TITLE OF INVENTION wheninquiring about this application.
Fees transmitted by check or draft are subject to collection. Please verify the accuracy of the data presented
on this receipt. If an error is noted on this Filing Receipt, please write to the Office of Initial Patent
Examination's Customer Service Center. Please provide a copy of this Filing Receipt with the

_ changes noted thereon.If you received a "Notice to File Missing Parts” for this application, please
submit any corrections to this Filing Receipt with your reply to the Notice. When the PTO processes
the reply to the Notice, the PTO will generate another Filing Receipt incorporating the requested
corrections (if appropriate).

Applicant(s) Shares L. Kara, Tuscaloosa, AL;Conan J. Dupray, comer co; AECEIVED
Iden

Assignment For Published Patent Application \ SEP 4 iTracBeam LLC; _. 14 2001
a

Domestic Priority data as claimed by applicant
THiS APPLICATION IS A CON OF 09/194 ,367 41/24/1998 °
WHICHIS A 371 OF PCT/US97/15892 09/08/1997 ~
WHICH CLAIMS BENEFIT OF 60/056,590 08/20/1997 ~
AND GAIB-094-94-367-+17/244996-
CLAIMS BENEFIT OF 60/044,821 04/25/1997
ANBCLAIMS BENEFIT OF 60/025,855 09/09/1996

“0.3600: MAILROOM

w

Foreign Applications

If Required, Foreign Filing License Granted 04/04/2001

Projected Publication Date: To Be Determined - pending completion of Corrected Papers

Non-Publication Request: No

, ’ FeEarly Publication Request: No -
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iz

Data entry by : SEDIQEE, AHMADULLAH Team : OIPE Date: 04/05/2001

@ @ \ Page 2 of 4
** SMALL ENTITY ™

Title

Wireless location using signa! fingerprinting

Preliminary Class
342
 

—

UNIONA000 ADOASE

Cisco v. TracBeam / CSCO-1002

Page 320 of 2386



Cisco v. TracBeam / CSCO-1002 
Page 321 of 2386

eee No]poSesine
UnrrepStaresParentANDTRADEMARKOfFIcEON0)

COMMISSIONER FOR PATE!
aN UNITED StaTes PATENT AND TRADEMARK OFFICE.

WASHINGTON, D.C. 20231
~ AYACUsptO.govHAREM CONFIRMATION NO. 8410

"Bib Data Sheet

 
| a FILING DATE

! SERIAL NUMBER 01/26/2001
RULE

ATTORNEY.
DOCKET NO: *

1003-4

| GROUP ART UNIT|
09/770,838 | |3662 

k
JAPPLICANTS

Dennis J. Dupray, Golden, CO;
Charles L. Karr, Tuscaloosa, AL;

|

I te CONTINUING DATA RARRAARARAEARARAEKEKREEER RECEIVER
THIS APPLICATIONIS A CON OF 09/194 ,367 11/24/1998 © ‘ ! /WHICHIS A 371 OF PCT/US97/15892 09/08/1997 . ah.
WHICH CLAIMS BENEFIT OF 60/056,59008/20/1997 SP 44 Zur
AND SAID 09/194,367 11/24/1998

CLAIMS BENEFIT OF 60/025,855 09/0911 996 FOasco MAIL ROOK
f * FOREIGN APPLICATIONS RARKRKAKRKAREARAREAH . ;

IF REQUIRED, FOREIGN FILING LICENSE
JGRANTED ** 04/04/2001

OD) yes =
5 USC 119 (a-d) conditions O yes O, Metafter
et ewan

™ SMALL ENTITY * . | ;
 
 

  

 Fororeign Priority claimed   
   |

STATE OR
‘| COUNTRY

 
 

  
 

 

i

 
  A ted, Examiner's Signature Initials I —w
fopRess |
Dennis J. Dupray, Ph.D.
1801 Belvedere Street

jGolden :cO 80401.
| TLE

 

 

Vireless locationn using signal fingerprinting of

FILING FEE j EES: Authority has beengiven in Paper
RECEIVED No. to charge/credit DEPOSIT ACCOUNT

for following: 
 

BEST AVAILABIE@COPY
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 IN THE UNITED STATES PATENT AND TRADEMARK OFFICE FJECEIVED

 
 

the Application of: ) Group Art Unit: 3662 OCT 1 9 2001 .
- )DUPRAYetal. ) Examiner: G AO UP 3600

)
Serial No.: 09/770,838 ) SECOND REQUEST FOR

) CORRECTIONOF
Filed: January 26, 2001 ) FILING RECEIPT

)

Atty. File No.: 1003-1 )
) CERTIFICATE OF MAILING

For: "WIRELESS LOCATION USING ) | HEREBY CERTIFY THAT THIS CORRESPONDENCE IS
SIGNAL FINGERPRINTING" ) BEING DEPOSITED WITH THE UNITED STATES POSTAL

SERVICE AS FIRST CLASS MAIL IN AN ENVELOPE
ADDRESSED TO ASSISTANT COMMISSIONER FOR
PATENTS, WASHINGTON,DC 20231 ON THIS _{/_ DAY OF

Office of Initial Patent Examinations , 2001.
Customer Service Center SHERIDAN ROSS P.C.

-CommissionerofPatents ; ~

Washington, D.C. 20231 . Chasity C. Rossum

Dear Sir:

Theofficial Filing Receipt for the above-referenced patentapplication contains the following -
clerical errors: |

1, Please change the orderof the listed inventors to list “Dennis J. Dupray”asfirst

named inventorsuch as that shownon the Utility Continuation Patent Application Transmittal.

2. The nameofco-applicant Charles L. Karr is shownas “Charles L. Karr JR.” Please

-delete “JR”from the co-applicant’s nameto read as Charles L. Karr. .

3. The resident for co-applicant Dennis J. Dupray is shown as “Denver, CO.” Please

changethis to read correctly as Golden, CO. (A copyofthe Utility Continuation Patent Application 

Transmittal which was filed with the application on January 26, 2001 is enclosed. Note that a copy

ofthe Oath/Declaration from the pendingprior application wasfiled simultaneouslywith the present
application. Since the execution of the Oath/Declaration by the inventors on November 17, 1998
and November24, 1998, the address for co-applicant Dennis J. Dupray has changedto thatspecified |
on the transmittal.)

4. In the “Domestic Priority Data Claimed by Application”section ofthe receipt, please

delete from the fourth row “said 09/194,367 11/24/1998.”
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For your reference, a copy of the Filing Receipt is enclosed, with the corrections indicated

inred. Please issue a corrected Filing Receipt for this patent application.

Respectfully itted, 

 
By:
 

 
DennisJ.

Registration No. 46,299
1801 Belvedere Street

Golden, Colorado 80401
é (303) 863-9700vateLee ‘ LO2,
 

-2-
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1 A Page 1 of 4

COMMISSIONER FOR PATENTS
UNITED STATES PATENT AND TRADEMARK OFFICE

VAsHiInGTON, D.C. 20231 
   

 

 

  

- oO __ ‘ _ __ . www.uspta.gov
[arericaTionwoweet[FUNGDATE[GRPARTUNF[FLFEERECD[ATTYOGRETNO)GRAWNGS[TOFLams[wocUanS

09/770,838 01/26/2001 3662 . 1119 1003-1- 62 96 5

  OPE %) : ‘CONFIRMATION NO. 8410
. on © UPDATED FILING RECEIPTDennis J. Dupray, Ph.D. 13 ww! AO | iil1801 Belvedere Street 2 2! OEEEAeee

Golden, CO 80401 >. ae
€ tapes

Date Mailed: 05/04/2001

Receipt is acknowledged ofthis nonprovisional Patent Application.It will be considered in its order and you will
be notified as to the results of the examination. Be sure to provide the U.S. APPLICATION NUMBER,FILING
DATE, NAME OF APPLICANT, and TITLE OF INVENTION when inquiring about this application. Fees
transmitted by check or draft are subject to collection. Please verify the accuracy of the data presented onthis
receipt. If an error is noted on this Filing Receipt, pleasewrite to the Office of Initial Patent
Examination’s Customer Service Center. Please provide a copyof this Filing Receipt with the changes
noted thereon. if you received a “Notice to File Missing Parts" for this application, please submit any
correctionsto this Filing Receipt with your reply to the Notice. When the USPTO processesthereply to
the Notice, the USPTOwill generate another Filing Receipt incorporating the requested corrections(if
appropriate). , :

Applicant(s) > me ae :
‘Charles L. KartXG Tuscaloosa, AL;Dennis J. Dupray;-Deaver, CO;

Golden
, Assignment For Published Patent Application

TracBeam LLC; |

Domestic Priority data as claimed by applicant .
THIS APPLICATION IS A CON OF 09/194,367 11/24/1 998 Tc

~ WHICHIS A 371 OF PCT/US97/15892 09/08/1997, fi

WHICH CLAIMS BENEFIT OF 60/056,590 08/20/1997 _ . / ‘ANDSAIDOS/184;S687-1H24H998- ‘
.CLAIMS BENEFIT OF 60/044,821 04/25/1997 :
AND CLAIMS BENEFIT OF 60/025,855 09/09/1996 ;

Foreign Applications  
’ If Required, Foreign Filing License Granted 04/04/2001 /

Projected Publication Date: 08/16/2001 ; , /
-Non-Publication Request: No i

Early Publication Request: No /  
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recor
Unirep States PATENT AND TRADEMARK OFFIGE

3 COMMISSIONER FOR PATENT:
fINITED STATES PATENT AND TRADEMARK OFFICE +nanos

  

 

 

  
 

 
 

 
  

 
  
 
 

 
 

a

a po. SS oe . ! WASHINGTON, O.C. 2023
4 i . WWW.Usplo.gov \
| rn ‘ :| AE CONFIRMATION No.80
ft Bib Data Sheet mo \
rd 7 ‘“4 FILING DATE ue : \a. SERIAL NUMBER 01/26/2001 CLASS GROUPART UNIT|pocKETNO
sa ; _ 09/770,838 RULE 342 ' 3662 4003-1 .
7 : pyeje AA ,

‘Dennis J. Dupray, Golden, CO;
Charies L. Karr, Tuscaloosa, AL;| REC. . i te CONTINUING DATA HEAKKKERHARKKEKKAKKKEKKKEKK EIVED
THIS APPLICATION IS A CON OF 09/194,367 11/24/1998 OCT 1.9 2001

a WHICH IS A 371 OF PCT/US97/15892 09/08/1997 .= WHICH CLAIMS BENEFIT OF 60/056,590 08/20/1997 G ROUP 3600
i . WHICH CLAIMS BENEFIT OF 60/044,821 04/25/1997
| WHICH CLAIMS BENEFIT OF 60/025,855 09/09/1996 :“|

* FOREIGN APPLICATIONS KEREKKEEREARERERRAARK
4 ' :
4 \
| ‘ IF REQUIRED, FOREIGN FILING LICENSE GRANTED 7a a r , ** SMALL ENTITY **
‘ * 04/04/2001 os
| _ [Foreign Priority claimed . .| 55 USC 119 (a-d) conditions yes Bo STATEOR|SHEETS
| 85 USC 119 CoyesLY no C) Met after COUNTRY|DRAWING
wt erified and oe co 62
“t p Examiner's Signature Initials

A

1801 Belvedere Street

Golden ;CO 80401
 

 
 

  

110 All Fees

C) 1.16 Fees( Filing )

.|FILING FEE |FEES: Authority has been given in Paper:
RECEIVED  jNo. to charge/credit DEPOSITACCOUNT

1119 for following:
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ar

* fw UNITED staDEPARTMENT OF COMMERCE
’ ; Patent and Trademark Office

% £ Address: COMMISSIONER OF PATENTS AND TRADEMARKS
Stare oF , fashington, D.C. 20231

   
re

|APPLICATIONNO.|FuINGDATE|FIRSTNAMEDINVENTORss||ATTORNEYDOCKETNO._|

03/770,838 01/26/01 DUPRAY D 1003-1

4
PM82/0830

DENNIS J. DUPRAY, PH.D. PHAN D
1801 BELVEDERE STREET
GOLDEN CO 80401

3662 lj
DATE MAILED:

08/30/01

Please find below anc/or attached an Office communication concerning this application or
proceeding.

Commissioner of Patents and Trademarks

PTO-90C (Rev. 2/95)
“U.S. GPO: 2000-473-000/44602

1- File Copy
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°

‘
® e

Application/Control Number: 09/770838 . Page 2

Art Unit: 3662

The Preliminary Amendmentfiled on 1/26/01 can not be entered because the Preliminary

Amendmentdoes not match with the specification. For example, on p. 1 of the Preliminary

Amendment, the Amendmentcited “On p.11, line 33, please deleted “network” ”. However,

“network” can not be found in the specification on p. 11, line 33. Correction is required.

Anyinquiry concerning this communication or earlier communications from the examiner
should be directed to Dao Phan whose telephone numberis (703) 306-4167.

Anyinquiry of a general nature orrelating to the status of this application or proceeding

should be directed to the receptionist whose telephone numberis (703) 306-4187.
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ae

oor oFcoy a8
UNIT<O STATES DEPARTMENT OF COMMERCELW

 

&

, § %,

5: 3 . Patent and Trademark Office ;
%, <> Address: COMMISSIONER OF PATENTS AND TRADEMARKS /Stares oF Washington, D.C. 20231 |

: APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO.

09/770, 838 O1/26/04 DUPRAY D JOR -7

r 7
PM82/6924 :

DENNIS J. DUPRAY, PH.D. HAN, D :
1801 BELVEDERE STREET

GOLDEN CoO 80401 L
, 3662 ?

DATE MAILED: :
tr
4c
t/aa9/:

Please find below and/or attached an Office communication concerning this application or
proceeding.

Commissionerof Patents and Trademarks

AdODFIGVIWAYI¢30
PTO-90C (Rev. 2/95) 1- Fite Copy
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aw . a.

. Application No. Applicant(s)
09/770,838 Duprayet al

eee coneeT
- The MAILING DATEof this communication appears on the cover sheet with the correspondence address -

Period for Reply
A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTH{S) FROM
THE MAILING DATE OF THIS COMMUNICATION.

- Extensions of time may be available under the provisions of 37 CFR 1.136 (a). In no event, however, may a reply betimelyfiled
after SIX (6) MONTHS from the mailing date of this communication.

- If the period for raply specified above is less than thirty (30) days, a reply within the statutory minimum of thirty (30) days will
be considered timely.

- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this
communication.

- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED(35 U.S.C. § 133).
- Anyreply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any

earned patent term adjustment. See 37 CFR 1.704(b).
Status

1) Responsive to communication(s) filed on Jan 26, 2001 

2a)L] This action is FINAL. 2b) This action is non-final.

3)C) Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11; 453 0.G. 213.

Disposition of Claims
 

 

4) Claim(s) is/are pending in the application.

4a) Of the above, claim(s) is/are withdrawn from consideration.

5)L] Claimis) is/are allowed.

6)C Claimis) . is/are rejected.
7/0 Claimis) is/are objected to.

8) Claims are subject to restriction and/or election requirement.

Application Papers

9)C) The specification is objected to by the Examiner.

10)C] The drawing(s) filed on is/are objected to by the Examiner.

11)03 The proposed drawing correction filed on is: aC) approved b)C] disapproved.

12) The oath or declaration is objected to by the Examiner.

Priority under 35 U.S.C. § 119

13) Acknowledgementis made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d).

a) all pb} =Some* c)L]_ Noneof:

1.C] Certified copies of the priority documents have been received.
2.C) Certified copies of the priority documents have been received in Application No. 
3.) Copies of the certified copies of the priority documents have been receivedin this National Stage

application from the Internationa! Bureau (PCT Rule 17.2(a}).
“See the attached detailed Office action for a list of the certified copies not received.

14)C] Acknowledgementis made of a claim for domestic priority under 35 U.S.C. § 119/e).

Attachment(s)

16) OC Notice of References Cited (PTO-392} 18) O Interview Summary (PTO-413) Paper No(s).

18) O Notice of Draftsperson's Patent Drawing Review (PTO-948} 19) Oo Notice of Informal Patent Application (PTO-152)

17) (] Information Diselosura Statoment{s) (PTO- 1449) Paper No(s). 20)(_] other:
U. S. Patent and Trademark Office

PTO-326 (Rev. 9-00) Office Action Summary Part of Paper No. 6
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Application/Control Number: 09/770838 Page 2

Art Unit: 3662

The Preliminary Amendmentfiled on 1/26/01 can not be entered because the Preliminary

Amendment does not match with the specification. For example, on p. 1 of the Preliminary

Amendment, the Amendmentcited “On p.11, line 33, please deleted “network” ”. However,

“network” can not be found in the specification on p. 11, line 33. Correction is required.

Anyinquiry concerning this communication or earlier communications from the examiner

should be directed to Dao Phan whose telephone numberis (703) 306-4167.

Anyinquiry of a general natureorrelating to the status of this application or proceeding

should be directed to the receptionist whose telephone numberis (703) 306-4187.
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ae

 @ ttecapt
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

 

GY ZELS/S oo. . as 7at0X|
Re the Application of: ) Group Art Unit: 3662

)
DUPRAYetal. ) Examiner:

)
Serial No.: 09/770,838 ) THIRD REQUEST FOR

) CORRECTION OF
Filed: January 26, 2001 ) FILING RECEIPT

)
Atty. File No.: 1003-1 )

) CERTIFICATE OF MAILING

For: "WIRELESS LOCATION USING ) | HEREBY CERTIFY THAT THIS CORRESPONDENCEIS
SIGNAL FINGERPRINTING" ) BEING DEPOSITED WITH THE UNITED STATES POSTAL

SERVICE AS FIRST CLASS MAIL IN AN ENVELOPE
ADDRESSED TO ASSISTANT COMMISSIONER FOR

PATENTS, WASHINGTON,DC 20231 ON THIS_42_ DAY OFOffice of Initial Patent Examinations Oingir 2001.
Customer Service Center SHERIDAN ROSSP.C.

CommissionerofPatents . ; ork
Washington, D.C. 20231 ° Chasity C. Rossum

DearSir:

The official Filing Receipt for the above-referenced patent application containsthe in the

“Domestic Priority Data Claimed by Application”section of the receipt. In particular, the priority

claimed in the present application should read asfollows:

This application isaconof 09/194,367 11/24/1998 RECEIVED
which is a 371 of PCT/US97/15892 9/8/1997 APR 09 2002

which claims the benefit of each of 60/056,590 8/20/1997 GROUP. 2600
and 60/044,821 4/25/1997

and 60/025,855 9/9/1996

For yourreference, a copy of the Filing Receipt is enclosed, with the corrections indicated

in red. Please issue a corrected Filing Receiptfor this patent application.

Respectfully subj 

 
Registration No. 46,
1801 Belvedere Street

Golden, Colorado 80401

2 (303) 863-9700Dat eo
patent Spplications\1003\-1\pto\request-02 ,
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UNITED STATES PATENT AND TRADEMARK OFFICE
COMMISSIONER FOR PATENTS

UNITED STATES PATENT AND TRADEMARK OFFICE
WasHINGTON, D.C, 2023)

 
 

 
__MWW.USpIO.gOV

FIL FEE REC'D|ATTY.DOCKET.NO=T.NO]DRAWINGS|TOTCLAINTOT CLAIMS |INDCLAIMS| 
01/26/2001.- 3662 ~~ 1119 1003-1 — 62 96

CONFIRMATION NO. 8410

‘CORRECTEDFILING RECEIPT

RENANA1801 Belvedere Street *0C000000006568645*
Golden, CO 80401 4

 

Date Mailed: 09/18/2001

Receiptis acknowledged of this nonprovisicnal Patent Application. it will be considered in its order and you will be
notified as to the results of the examination. Be sure to provide the U.S. APPLICATION NUMBER, FILING DATE,
NAME OF APPLICANT, and TITLE OF INVENTION wheninquiring about this application. Fees transmitted by
check or draft are subject to collection. Please verify the accuracy of the data presented on this receipt. If an
error is noted on this Filing Receipt, please write to the Office of Initial Patent Examination’s Customer
Service Center. Please provide a copy of this Filing Receipt with the changes noted thereon. If you
received a “Notice to File Missing Parts” for this application, please submit any correctionsto this Filing
Receipt with your reply to the Notice. When the USPTO processesthe reply to the Notice, the USPTO will
generate another Filing Receipt incorporating the requested corrections (if appropriate).

Applicant(s)
Dennis J. Dupray, Golden, CO; ~~
Charles L. Karr, Tuscaloosa, AL; ~~

AssignmentFor Published Patent Application CEVeDTracBeam LLC; , App 0 9 /
| 208;Domestic Priority data as claimed by applicant. - GROU é

THIS APPLICATION IS A CON OF 09/194,367 11/24/1998 3600
WHICH IS A 371 OF PCT/US97/15892 09/08/1997 euch of
WHICH CLAIMS BENEFIT OFY60/056 500 08/20/1997 «

Qnid=-WHIGH-GEAIMS-BENEFH OF 60/044,821 04/25/1997 ~
and AAHIGH-GLAIMS-BENEFIF OF 60/025,855 09/09/1996

Foreign Applications

“
lf Required, Foreign Filing License Granted 04/04/2001—.

Projected Publication Date: 08/16/2001 —

Non-Publication Request: No ~~

Early Publication Request: No

*SMALLENTITY™ ~“
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09770838 CON 09194367 PENDING "11/24/1998
09194367 NST—-PCT/US97/15892 09/08/1897

P 7/ PRO_go056590 PENDING 08/20/1997
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1 © @® RECEIVED
| Chere Ca APR 0 9 2002

GROUP3600
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE  7 Re the Application of: Group Art Unit: 3662

DUPRAYet al. Examiner:

Serial No.: 09/770,838 SUBMISSION OF SUBSTITUTE
DRAWINGS

Filed: January 26, 2001
 

 
 
  
  

  

  

Atty. File No.: 1003-1 CERTIFICATE OF MAILING
 | HEREBY CERTIFY THAT THIS CORRESPONDENCEIS

BEING DEPOSITED WITH THE UNITED STATES POSTAL
SERVICE AS FIRST CLASS MAIL IN AN ENVELOPE
ADDRESSED TO THE ASSISTANT COMMISSIONER FOR
PATENJS, WASHINGTON, DC 20231 ON THIS4 DAY
OF . 2002.

SHERIDAN ROSSP.C.

BY: ( bt Lif liber)
Chasity C. Rossum

Please consider this Submission of Substitute Drawings for Fig. 4, Fig. 30 and
Fig. 31 of the above-identified patent application.

For: “WIRELESS LOCATION
USING SIGNAL

FINGERPRINTING”

Assistant Commissioner for Patents

Washington, D.C. 20231

Dear Sir:

Respectfully submitted,

 
Golden, Colorado 30401
(303) 863-2975

Date: Kah AO 402 EZ
L:\tracbeam\patent applications\1003\
L:\tracbeam\patentapplications\1003\US (1003&continuations)\-|\pto\SUB-O1-Substitute Drawings.doc
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I hereby certify that this correspondenceis being deposited with
the United States Postal Service as First Class mail in an envelopes?2)2addressed to the Assistant Commissioner for Patents, United
States Patent and Trademark Office, Washington, D. C. 20231, on
February 20, 2002. 

.

By:_{ hartf boxer¢

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re the application of: )
) Group Art Unit: 3662

DUPRAYetal. )
) Examiner:

Serial No.: 09/770,838 )
)

Filed: January 26, 2001 ) INFORMATION DISCLOSURE
) STATEMENT ,

Attorney Docket No.: 1003-1 )
)For: “LOCATION OF A MOBILE ) RECElVED

STATION” MAR 0 8 2002
\

Assistant Commissioner for Patents - . GRO UP 3600
Washington, D. C. 20231

Sir:

Thereferences cited on attached Form PTO-1449are beingcalled to the attention of the Examiner. Copies
ofthe cited references:

O Are enclosed herewith.

° & Are not enclosed, in accordance with 37 C.F.R. 1.98(d), because the references were

submitted to the U.S. Patent and Trademark Office in prior application Serial No. 09/194,367,

titled “WIRELESS LOCATION USING MULTIPLE MOBILE STATION LOCATION

TECHNIQUES,” and havingafiling date of November 24, 1998, whichis relied upon for an

earlier filing date under 35 U.S.C. 120

O To the best of applicants belief, the pertinence ofthe foreign-language referencesare believed to
be summarized in the attached English abstracts and in the figures, although applicants do not necessarily vouch for
the accuracyofthe translation.

X Examiner's attention is drawn to the following co-pending applications: Seria] No. 09/194,367

filed November 24, 1998 and Serial No. 09/820,584 filed March 28, 2001.

-1-
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Submission of the above information is not intended as an admission that any item is citable under the

statutes or rules to support a rejection, that any item disclosed represents analogousart, or that thoseskilled in the art

would refer to or recognize the pertinence of any reference withoutthe benefit of hindsight, nor should an inference

be drawn as to the pertinence ofthe references based onthe orderin which they are presented. Submissionofthis

statement should not be taken as an indication that a search has been conducted,or thatno better art exists.

It is respectfully requested that the cited information be expressly considered during the prosecutionofthis

application and the references madeofrecord therein.

FEES

Nofee is believed due in connection with this submission, because the information disclosure statement submitted herewith
is being filed:

within three monthsofthe filing date of the continued prosecution application or date of entry into the
national stage of an international application or

XJ before the mailing date ofa first Office Action on the merits,
whichever occurs last. 37 C.F.R 1.97(b).

Althoughno fee is believed due, if any fee is deemed due in connection with this submission, please charge such fee to
Deposit Account 19-1970.

Theinformation disclosure statement transmitted herewith is beingfiled after three monthsofthe filing date of
this national application or the date ofentry ofthe nationalstageas set forth in 37 C.F.R. 1.491 in an international
application orafter the mailing date of the first Office action on the merits, whichever occurred last but before the mailing
date of either:

(1) a final action under 37 C.F.R. 1.113 or
(2) a notice of allowance under 37 C.F.R. 1.311,

whicheveroccurs first. This Information Disclosure Statement is accompanied by:

oO A Certification (below) as specified by 37 C.F.R. 1.97(e). Although no fee is believed due,if any fee
is deemed due in connection with this submission, please charge such fee to Deposit Account 19-1970.

OR

Oo A check in the amount of $240.00 for the fee set forth in 37 C.F.R. 1.17(p) for submission of an
information disclosure statement. Please credit any overpayment or charge any underpayment to Deposit Account No. 19-
1970.

This Information Disclosure Statementis being submitted after the mailing date ofa final action under §1.113 ora notice of
allowance under § 1.311, but before paymentofthe issue fee.

. O This information Disclosure Statement includes a Certification (below) as specified by 37 C.F.R. 1.97(e)
AND

oO Applicants hereby petition for consideration ofthe references disclosed herein. Enclosed is a petition fee in
the amountof $130.00 under 37 C.F.R. 1.17(i)(1). Please credit any overpaymentor charge any underpayment to Deposit
Account No. 19-1970.

Applicantelects to pay the fee set forth in 37 C.F.R. 1.17(p) for submission of an information disclosure
statement, and the enclosed check includes $180.00 for paymentof such fee. Please credit any overpaymentor charge any
underpayment to Deposit Account No. 19-1970. Election to pay the fee should not be taken as an indication that
applicant(s) cannot execute a certification.
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Certification (37 C.F.R. 1.97(e))

(Applicable only if checked)
 
 

 CO) The undersigned certifies that: 
  C Eachitem ofinformation containedin this information disclosure statement was

cited in a communication from a foreign patent office in a counterpart foreign
application not more than three monthspriorto the filing of this statement. 37 C-F.R.
1.97(e)(1).

 

  
 A copy of the communication from the foreign patent office is enclosed. 
 OR 
 C1 Noitem of information containedin this information disclosure statement wascited

in a communication from a foreign patentoffice in a counterpart foreign application or
to the knowledge of the undersigned after making reasonable inquiry, was knownto any
individual designated in 37 C.F.R. 1.56(c) more than more than three monthsprior to
the filing of this statement. 37 C.F.R. 1.97(e)(2).

  
  
  

 

RECEIVED
MAR 0 8 2002

 
1801 Belvedere Street

Golden, Colorado 80401
303-863-2975
FAX:303-863-0223

Date: 4S. Z 2, 2222-
LATracBeam\patentapplications\1003\US (1003 &continuations)\-1\pto\[DS-02.wpd
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© « Piheton
ECEIVED
MAR 0 8 2002

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
 

   
 

 
 

e the Application of: ’ ) Group Art Unit: 3662
) GROUP 3600

DUPRAYetal. ) Examiner: Dao Phan y,
)

Serial No.: 09/770,838 ) RE a) EXTENSION OF TIME 3V7
Filed: January 26, 2001 )

)
Atty. File No.: 1003-1 )

) CERTIFICATE OF MAILING
 
 

| HEREBY CERTIFY THAT THIS CORRESPONDENCE IS
BEING DEPOSITED WITH THE UNITED STATES POSTAL
SERVICE AS FIRST CLASS MAIL IN AN ENVELOPE
ADDRESSED TO ASSISTANT COMMISSIONER FOR

PATENTS, WASHINGTON, DC 20231 ON THIS 2) DATOehiliante, , 2002.
. SHERIDAN ROSS P.C.

For: "WIRELESS LOCATION USING

SIGNAL FINGERPRINTING"  
 

  
 

 
 

Commissioner of Patents

Washington, D.C. 20231

  
.

DearSir: a,Chasity C. Rossum 
Applicants respectfully petition for an extension of time under 37 CFR § 1.136(a) of two (2)

months to respond to the Office Action mailed on September 21, 2001, with respect to the above-

identified application, thereby extending the period for response from December 21, 2001 to

February 21, 2002.

Enclosedis a check in the amount of $200.00 as paymentfor the extension fee. Please credit

any overpaymentor debit any underpayment to Deposit Account No. 19-1970.

Respectfully submitted,
03/06/2002 SSITHIB’ 00000117 09770828

O1 FCs216 200.00 OP

By:
Dennié’J. Dupr
Registration No. 46,299
1801 Belvedere Street

Golden, Colorado 80401

(303) 863-2975
Date: AKOo 220
LATracBeam\patentapplications\1003\US (1003&continuations)\-I\pto\EXT-01-O.A. of 9-21-01.wpd
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re the application of: )
) Group Art Unit: 3662

DUPRAYetal. )
) Examiner:

Serial No.: 09/770,838 ) '
) f

Filed: January 26, 2001 ) INFORMATION DISCLOSURE \
) STATEMENT Me

Attorney Docket No.: 1003-1 ) ,
) ; .

For: “LOCATION OF A MOBILE ) Express Mail Label No.: | | ~
STATION” EL417660357US

Assistant Commissionerfor Patents .
Washington, D. C. 20231

Sir:

The references cited on attached Form PTO-1449are being called to the attention of the Examiner: Copies:
of the cited references:

O Are enclosed herewith.

i Are not enclosed, in accordance with 37 C.F.R. 1.98(d), because the references were

submitted to the U.S. Patent and Trademark Office in prior application Serial No. 09/194 ,367,
titled “WIRELESS LOCATION USING MULTIPLE MOBILE STATION LOCATION

TECHNIQUES,” and havingafiling date of November 24, 1998, whichis relied upon ‘for an
earlier filing date under 35 U.S.C. 120

0 To the best of applicants belief, the pertinence of the foreign-language references are believed to
be summarized in the attached English abstracts andin the figures, although applicants do not necessarily vouch for

the accuracyofthe translation.

& Examiner’sattention is drawn to the following co-pending applications: Serial No. 09/194,367

filed November 24, 1998 and Serial No. 09/820,584 filed March 28, 2001.

-l-
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Submission of the above information is not intended as an admission that any item is citable under the

statutes or rules to support a rejection, that any item disclosed represents analogousart, or that those skilled in the art

would refer to or recognize the pertinence of any reference withoutthe benefit of hindsight, nor should an inference

be drawnasto the.pertinence of the references based on the orderin which theyare presented. Submission of this
statement should not be taken as an indication that a search has been conducted,or that no better art exists.

It is respectfully requested that the cited information be expressly considered during the prosecution ofthis

application and the references made ofrecord therein.

FEES

Nofeeis believed due in connection with this submission, because the information disclosure statement submitted herewith
is being filed:

within three monthsofthe filing date of the continued prosecution application or date of entry into the
nationalstage of an international application or

xi before the mailing date of a first Office Action on the merits, . .
whichever occurs last. 37 C.F.R 1.97(b).

Altbough no fee is believed due,if any fee is deemed due in connection with this submission, please charge such fee to -
Deposit Account 19-1970.

The information disclosure statement transmitted herewith is being filed after three months ofthefiling date of
this national application or the date of entry of the national stage as set forth in 37 C.F.R. 1.491 in an international
application or after the mailing date of the first Office action on the merits, whichever occurred last but before the mailing
date of either:

(1)afinal action under 37 C.F.R. 1.113 or
(2) a notice of allowance under 37 C.F.R. 1.311,

whichever occurs first. This Information Disclosure Statement is accompanied by:

oO A Certification (below) as specified by 37 C.F.R. 1.97(e). Although no feeis believed due,if any fee
is deemed due in connection with this submission, please charge such fee to Deposit Account 19-1970.

OR

oO A checkin the amount of $240.00 for the fee set forth in 37 C.F.R. 1.17(p) for submission of an
information disclosure statement. Please credit any overpayment or charge any underpayment to Deposit Account No. 19-
1970. .

This Information Disclosure Statement is being submitted after the mailing date ofa final action under g1.113 or a notice of
allowance under § 1.311, but before paymentoftheissuefee. eo ‘

Oo This information Disclosure Statementincludes a Certification (below) as specified by 37 C.F.R. 1.97(e)
AND

Oo Applicants hereby petition for consideration of the references disclosed herein. Enclosed is a petition fee in
the amount of $130.00 under 37 C.F.R. 1.17(i)(1). Please credit any overpayment or charge any underpaymentto Deposit
Account No, 19-1970.

Applicant elects to pay the fee set forth in 37 C.F.R. 1.17(p) for submission of an information disclosure
statement, and the enclosed check includes $180.00 for payment of such fee. Please credit any overpaymentor charge any
underpayment to Deposit Account No. 19-1970, Election to pay the fee should not be taken as an indicationthat ‘
applicant(s) cannot execute a certification. .
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Certification (37 C.F.R. 1.97(e))
(Applicable only if checked)

OC The undersignedcertifies that:

C Eachitem of information containedin this information disclosure statement was
cited in a communication from a foreign patentoffice in a counterpart foreign
application not more than three monthspriorto the filing of this statement. 37 C.F.R.
1.97(e)(1).

A copy of the communication from the foreign patentoffice is enclosed.

OR

CJ Noitem of information containedin this information disclosure statement was cited
in a communication from a foreign patentoffice in a counterpart foreign application or
to the knowledge of the undersigned after making reasonable inquiry, was knownto any
individual designated in 37 C.F.R. 1.56(c) more than more than three monthsprior to
the filing of this statement. 37 C.F.R. 1.97(e)(2). '

 
Respectfully submitted,

 
Golden, Colorado 80401
303-863-2975
FAX: 303-863-0223

 
cetb a Ban Cia |?

“ie ale Meh cat

RECEIVED
APR 1.7 2002

GROUP 3600
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O:/ 366°Ne LTRS
he he 

In re the applicationof:
Group Art Unit: 3662

DUPRAYetal.
Examiner:

Serial No.: 09/770,838

Filed: January 26, 2001 INFORMATION DISCLOSURE
STATEMENT

Attorney Docket No.: 1003-1

For: Old Title: “WIRELESS LOCATION USING Express Mail Label No.:
SIGNAL FINGERPRINTING” EL417660269US

New Title: “A GATEWAY AND HYBRID
So ONS FOR WIRELE

stronFoR WILE RECEIVED
— MAY 0 2 2002

AssistantCommissioner for Patents | GROUP3600
Sir:

 

The references cited on attached Form PTO-1449are being called to the attention of the Examiner. Copies

of the cited references:

Oo Are enclosed herewith. C\
Xi ~ Are not enclosed, in accordance with 37 C.F.R. !.98(d), because the references were

submitted to the U.S. Patent and Trademark Office in prior application Serial No7097194,367,
titled “WIRELESS LOCATION USING MULTIPLE MOBILE STATION LOCATION

TECHNIQUES,”and having a filing date of November 24, 1998, which is relied uponfor an
earlier filing date under 35 U.S.C. 120

oO Tothe bestof applicants belief, the pertinence of the foreign-language references are believed to

be summarized in the attached English abstracts and in the figures, although applicants do notnecessarily vouch for

the accuracy ofthe translation.

he Examiner’s attention is drawnto the following co-pending applications: Serial No. 09/194,367

filed November 24, 1998 and Serial No. 09/820,584 filed March 28, 2001.

Submission of the above information is notintended as an admissionthat any item is citable under the

statutes or rules to support a rejection, that any item disclosed represents analogousart, or that those skilled in the art

would refer to or recognize the pertinenceof any reference withoutthe benefit of hindsight, nor should an inference ~
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be drawn as to the pertinenceofthe references based onthe order in which they are presented. Submission of this

statement should not be taken as an indication that a search has been conducted, or that no betterart exists.

It is respectfully requested that the cited information be expressly considered during the prosecution ofthis

application and the references madeofrecord therein.

FEES

Nofee is believed duein connection with this submission, because the information disclosure statement submitted herewith
is beingfiled:

within three months of thefiling date of the continued prosecution application or date of entry into the
national] stage of an international application or

XI before the mailing date ofa first Office Action on the merits,
whichever occurs last. 37 C.F.R 1.97(b).

Although nofeeis believed due,if any fee is deemed due in connection with this submission, please charge such fee to
Deposit Account 19-1970.

The information disclosure statement transmitted herewith is being filed after three monthsofthe filing date of
this national application or the date of entry of the national stage as set forth in 37 C.F.R. 1.491 in an intemational
application orafter the mailing date of the first Office action on the merits, whichever occurred last but before the mailing
date ofeither:

(1)afinal action under 37 C.F.R. 1.113 or
(2) a notice of allowance under 37 C.F.R. 1.311,

whichever occurs first. This Information Disclosure Statement is accompanied by:

0 A Certification (below) as specified by 37 C.F.R. 1.97(e). Although no fee is believed due, if any feeis deemed due in connection with this submission, please charge such fee to Deposit Account 19-1970.
OR

O A checkin the amount of $240.00 for the fee set forth in 37 C.F.R. 1.17(p) for submission of an
information disclosure statement. Please credit any overpaymentor charge any underpayment to Deposit Account No. 19-
1970.

This Information Disclosure Statementis being submitted after the mailing date ofa final action under §1.113 or a notice of
allowance under § 1.311, but before paymentofthe issuefee.

O This information Disclosure Statement includes a Certification (below) as specified by 37 C.F.R. 1.97(e)
AND

O Applicants hereby petition for consideration of the references disclosed herein. Enclosedis a petition fee in
the amount of $130.00 under 37 C.F.R. 1.17(i)(1). Please credit any overpayment or charge any underpaymentto Deposit
Account No. 19-1970.

Applicant elects to pay the fee set forth in 37 C.F.R. 1.17(p} for submission of an information disclosure
statement, and the enclosed check includes $180.00 for payment of such fee. Please credit any overpayment or charge any
underpayment to Deposit Account No. 19-1970, Election to pay the fee should not be taken as an indication that
applicant(s) cannot executea certification.
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Certification (37 C.F.R. 1.97(e))
(Applicable only if checked)

C1 The undersigned certifies that:

CD Eachitem of information contained in this information disclosure statement was
cited in a communication from a foreign patent office in a counterpart foreign
application not more than three monthspriorto the filing of this statement. 37 C.F.R.
1.97(e)(1).

A copy of the communication from the foreign patentoffice is enclosed.

OR

C1 Noitem of information containedin this information disclosure statement was cited
in a communication from a foreign patent office in a counterpart foreign application or
to the knowledge of the undersigned after making reasonable inquiry, was knownto any
individual designated in 37 C.F.R. 1.56(c) more than more than three monthsprior to
the filing of this statement. 37 C.F.R. 1.97(e)(2). 

303-863-2975
FAX;303-863-0223
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