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WIRELESS IL©<CATH©INI USING MULTIPLE SIMULFAINIEOJUS IL©CAFII®|NI ESTIMATOJIRS

FIELD OF THE INVENTION

The present invention is 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

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

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

networks (“CRT"), and specialized mobile radio and mobile data radio networks are examples. The general principles of wireless

cellular telephony have been described variously, for example in U. S. Patent 5,295,| 80 to Vendetti, et al, which is incorporated herein

by reference.

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

objects in a cost effective manner. Such a capability would be invaluable in a variety of situations, especially in emergency or crime

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

a system. I

Systems have been pmposed that rely upon signal strength and trilateralization techniques to permit location include those

disclosed in us. Patents 4,8l8,998 and 4,908,629 to Apsell etal. (“the Apsell patents”) and 4,89l,650to 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 Iine-of-sight conditions, such as rural settings. 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/or conflicts 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 commercial versions of the Global Positioning Satellite system (“GPS”). GPS can provide accurate position

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

from at least three satellites. A ground-based GPS receiver at or near the object to belocated determines the difference between the

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

determines the object's location. However, the GPS is impractical in many applications. The signal power levels from the satellites

1
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are low and the GPS receiver re.a clear, line-of-sight path to at least three satellites.a horizon of about 60 degrees for
effective operation. Accordingly, inclement weather conditions, such as clouds, terrain features, such as hills and trees, and buildings

restrict the ability of the GPS receiver to determine its position. Furthermore, the initial GPS signal detection process fora 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 account for time synchronizationdrift. Such correction

schemes include 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. 7

Additionally, GPS-based location systems have been attempted in which the received GPS signals 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 problems of limited reception of the satellite signals and added expense and

complexity of the electronics required for an inexpensive location mo bile station or handset for detecting and receiving the GPS

signals from the satellites.

Radio Propagation Background

The behavior of a mobile radio signal in the general environment is 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 of direct, refracted and reflected waves between

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

adjacent channel interference also affect radio reception and related performance measurements, such as the analog carrier-to-

interference ratio (C/l), or digital energy-per-bit/Noise density ratio (EW) 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 thetheoretical premise, that of

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

communications channel types. Fig. l 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. V

First consider Hata‘s single ray model. A simplified radio channel can be described as:
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.i=LP+F+ L,+ L,V,,+l.,,-G‘+Gr . ' (Equationl)

where (ii = system gain in decibels

LP: free space path loss in dB,

f = fade margin in dB,

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

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

to aging, in dB,

Lb: branching loss due to filter and circulator used to combine or split transmitter and receiver signals in a single

antenna

6‘: gain of transmitting antenna

6,: gain of receiving antenna

free space path lossI LP as discussed in Mobile Communications Design Fundamentals, William C. Y. Lee, 2nd, Ed across the propagation channel

is a function of distance d, frequency

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

 
P07 _ 1 e

R —(4Izdfc)2 (equation 2)

where I’or = received power in free space

Pt = transmitting power

_ c = speed of light,

The difference between two received signal powers in free space,

 

AP = (10)log(;°’2] = (20)log[%](d3) (equatinn3)or]
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indicates that the free propaga.h loss is 20 dB per decade. frequencies between I (.1 ZGHz 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 |_.8 - L9 GHz band.

5 This suggests that the free propagation path loss is 20 dB per decade. However, frequencies between I 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 - |.9 GHz

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

frequencies, thus pmviding improved granularity of ranging correlation.

Environmental Clutter and RF Propagation Effects

10 Actual data collected in real-world envimnments uncovered huge variations with respect to the free space path loss

equation. giving rise to the creation of many empirical formulas for radio signal coverage prediction. Clutter, either fixed or

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

:E: space loss effectePerhaps the best known model set that characterizes the ave rage path loss is Hata's, “Empirical formula for

:1 Pmpagation Loss in Land Mobile Radio”. M. Hata, lEEE Transactions VT-29, pp. 3|7-325, August I980, three pathloss models, based

E2 15 on Okumura’s measurements in and around Tokyo, “Field Strength and its Variability in VHF and UHF land Mobile Service”, Y.

2:; 0kumura, et al. Review of the Electrical Communications laboratory, Vol l6, pp 825-873, Sept. - Oct. I968.

The typical urban Hata model for LP was defined as LP 2 th:

 20

L,“ = 69.55 + 26.16log(f) — 13.8210g(has ) — a(hMS )+ ((44.9 — 6.5510g(HBS) log(d)[dB])

' ' (Equation 4)

where LHu = path loss, Hata urban

25 hBS = base station antenna height

hMS= mobile station antenna height

d = distance BS-MS in km

30

“(MW is a correction factorfor small and medium sized cities, found to be:
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110g(f .)hMS'—1.56log(f — 0.8) = a(hMS) .

 

(Equation 5)

For large cities the correction factor was found to be:

5

a (th) = 3.2 [log 11.75th] 2 — 4.97

(Equation 6)

assuming f is equal to or greater than 400 mHz.

10

Ihe typical suburban model correction was found to be:

f 2 » ,Lam = LH“ — 2[log('2—8) ]— 5.4[dB] (Equation 7)

' 15

Ihe typical rural model modified the urban formula differently. as seen below:

LHruml = LHu — 4.78 (log f) 2 +18.33logf- 40.94 [dB] (Equation 3)
20 

Although the Hata model was found to be useful for generalized RF wave prediction in frequencies under l GHz in certain

suburban and rural settings, 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 up to ayear to resolve.

25 Relating Received Signal Strength to Location

Having previously established a relationship between d and P0,, reference equation 2 above: d represents the distance

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

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

In l99l, US. Patent 5,055,85l to Sheffer taught that if three or more relationships have been established in a triangular

30 space of three or more base stations (85s) 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,r measurements to determine an X,Y, two

5
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 “ on is based on the fact that the dimensional location, which ca

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 A

strength. Sheffer acknowledges that terrain variations affect accuracy, although as noted above, Sheffer’s disclosure does not account

for a sufficient number of variables, such as fixed and variable location shadow fading, which are typical in dense urban areas with

5 moving traffic.

Most field research before about I988 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 standard fit errors in regressions proved

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

digital channels. In |98|, Vogler proposed thatradio waves at higher frequencies could be modeled using optics principles. In I988

10 Walfisch and Bertoni applied optical methods to develop a two-ray model, which when compared to 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

much larger area having buildings of uniform height spread over regions comprising many square blocks, with street grids organizing

buildings into mws that are nearly parallel. liays penetrating buildings then emanating outside a building were neglected. fig. 2

15 provides a basis for the variables.

After a lengthy analysis it was concluded that path loss was a function of three factors: (l)_the path loss between antennas

in free space; (2) the reduction of rooftop wave fields due to settling; and (3) the effect of diffraction of the rooftop fields down to 
ground level. The last two factors were summarily termed Léx, given by:

  
V 2

20 L“ = 57.1 + A + log(f) + R — ((18log(H))— 1810g|:1— 11371?](Equation9)

The influence of building geometry is contained in A:

= Slog [(9)2] -9logd + 2010g {tan [2(h —H )]_1}2 MS

25 ' (Equation IO)

However. a substantial difficulty with the two-ray model in practice is that it requires a substantial amount of 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 model is not easily updated or maintained.

Unfortunately, in practice clutter geometries and building heights are random. Moreover, data of sufficient detail has been

30 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 model approach. although sometimes providing an improvement over single ray techniques, still did not

predict Rf signal characteristics in the general case to level of accuracy desired (< |0d B).

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

low antenna (e.g., l2-25 feet above ground) height PCS microcell coverage was insufficient in urban buildings, Greenstein, et al,

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

5 Proceedings, |2/9l. This paper proposed the idea of formulating regressions based on field measurements using small PCS microcells

in a lineal microcell geometry (i.e., geometries in which there is always a line-of-sight (LOS) path betweena subscriber’s mo bile and

its current microsite).

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

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

10 Greenstein based his finding on two suspicious assumptions: l) he assumed that distance correlation estimates were identical for

uplink and downlinktransmission 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. -

In I999 Greenstein, et al, authored “A Measurement-Based Model for Predicting Coverage Areas of Urban Microcells”, in

15 the IEEE Journal 0n Selected Areas in Communications, Vol. II, No. 7, 9/93. Greenstein reported a generic measurement-based model

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

rectilinear neighborhood, such as New York City. However, these contours were for the cellular frequency band. In this case, L08 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 an asteroid,

20 aligned with major street grid patterns. Further, Greenstein found that convex diamond-shaped llF propagation loss contours were a
 

common occurrence in field measurements in a rectilinear urban area. The special plane curve asteroid is represented by the formula

;I’== x2” + y”3 = rm. However, these results alone have not been sufficiently robust and general to accurately locate an MS, due to the

variable nature of urban clutter spatial arrangements..

At Telesis Technology in I994 Howard Xia, et al, authored “Microcellular Propagation Characteristics for Personal

25 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 |.8 to L9 GHz frequency band. Xia found corresponding but more variable outcome

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

Summary of factors Affecting Rf Propagation

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

30 noise ratios (e.g., C/I for the analog case, or [W , RF energy per hit, over average noise density ratio for the digital case) and

Doppler-shift. Signal strength is usually characterized by:

- Free Space Path Loss (Lg)
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- Slow fading lossor. (Lb) .
- Fast fading loss or margin (Lhn)

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

multipath reflections which cause: I) 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 yields a total path loss of:

lw=lp+Lh+lim

Referring to Fig. 3, the figure illustrates key components of a typical cellular and PCS power budget design process. The cell designer

10 increases the transmitted power P“ by the shadow fading margin L." which is usually chosen to be within the l-Z percentile of the

slow fading probability density function (PDF) to minimize the probability of unsatisfactorily low received power level P,“ at the

receiver. The Pu level must have enough signal to noise energy level (e.g., l0 dB) to overcome the receiver’s internal noise level (e.g.,

-l l8dBm in the use of cellular 0.9 GHz), for a minimum voice quality standard. Thus in the example Pu must never be below -l08

 dBm, in order to maintain the quality standard. .

15 Additionally the short term fast signal fading due to multipath propagation is taken into account by deploying fast fading

margin hm, which is typically also chosen to be a few percentiles of the fast fading distribution. The l to 2 percentiles compliment

other network blockage guidelines. For example the cell base station traffic loading capacity and network transport facilities are

if:
"a'm:5

"mi~=
“=3ms
‘5‘='—_-
«i:3:
as

usually designed for a l-2 percentile blockage factoras 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, lEEE Press, I992, estimates for a GSM system operating in the LB

M2"
GHz band with a transmitter antenna height of 6.4m and an MS receiver antenna height of 2m, and assumptions regarding total

“lill'iiii path loss, transmitter power would be calculated as follows:
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Table I: GSM Power Budget Example

_n—
—-—  

  Mm RX pwr required

 TXpwr = 27 dBm 

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

c = 7dB

assuming lognormal slow fading PDF and allowing for a l.4% slow fading margin overload. thus

slow = 25 = l4dB

The fast fading margin was determined to be:

Lfast = 7dB

In contrast, Xia’s measurements in urban and suburban California at La GHz uncovered flat-land shadow fades

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

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

error ranges could not be expected to improve below l4 dB, with a high side of 25 to 50 dB. Based on 20 to 40 dB per decade,

Corresponding error ranges for the distance variable would then be on the order of 900 feet to 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 systems for

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

such location capabilities using the measurements from wireless signals communicated between mobile stations and a network of base

stations, wherein the same communication standard or protocol is utilized for location as is used by the network of 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 method that: q

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

telephony wireless infrastructure; 7

(II) can use the native electronics of typical commercially available telephony wireless mobile stations (e.g., handsets) as

location devices; ‘

(l3) 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);

(L4) can be used not only lordecreasing location determining difficulties due to multipath phenomena but in fact uses such

multipath for providing more accurate location estimates;

(LS) can be used for integrating a wide variety of location techniques in a straight-forward manner; and

(L6) 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 invention is 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 techniques for synergistically increasing MS location accuracy and consistency. In

particular, at least some of the following NS location techniques can be utilized by various embodiments of the present invention:

(2.I) 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; I

(2.4) signal processing techniques for matching MS location signals with wireless signal characteristics of known areas;

(2.5) conflict resolution techniques for resolving conflicts in hypotheses for MS location estimates;

(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.

10
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  Yet another objectiv I rovide location estimates in terms of time vectors, . in be used to establish motion,

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

DEFINITIONS

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

(3.|) Ihe 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 one skilled in the art
will understand.

10 (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 terms are also used: “personal station” (PS), and “location unit” (N). 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.

,,=_t a
1:!
«F“:91
‘v. a'u

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

of such a network that receives and processes wireless communications with wireless mobile stations. In particular, this infrastructure

includes telephony wireless base stations (BS) such as those for radio mobile communication systems based on (DNA, AMPS, NAMPS,

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

MS, and a conventional telecommunications interface with a Mobile Switch Center (MSC). Ihus, an MS user within an area serviced by

20 the base stations may be provided with wireless communication throughout the area by user transparent communication transfers
 

(ie., “handoffs”) between the user's MS and these base stations in order to maintain effective telephony service. Ihe 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 and filtering a collection of

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

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

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

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

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

fmm the base station infrastructure, the phrase typically used is: “RF signal measurements”. Alternatively, from a data processing

30 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 simultaneously 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 notion is that of a “location signature” which is the composite wireless signal

11
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characteristic values for signal.s between an MS to be located and a single base sta , lso, in sOme contexts, the phrases:
“signal characteristic values” or “signal characteristic data" are used when either or both a location signature(s) and/or a location

signature cluster(s) are intended.

SUMMARY DISCUSSION

The present invention 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 most likelihood location estimates for mobile stations.

More precisely, the present invention is a novel signal processorthat includes at least the functionality for the high signal

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

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

been received and appropriately filteredAdgnoise and transitory values (such as by an embodiment of the low level signal processing
subsystem disclosed in a copending PClApatent application titleégéwmless Location Using A Plurality of Commercial Network

),,

reference), the present invention uses the output fmm such a low level signal processing system for determining a most likely location

  
Infrastructures,” by i. W. LeBlanc, and the present applicant(s '- - being herein incorporated by

estimate of an MS.

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

(4.l) 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 measurements received from a given target MS and surrounding BSs so

that composite wireless signal characteristic values may be obtained from which target MS location estimates may

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

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

filtered using analog and digital spectral filtering.

the present invention accomplishes the objectives 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 estimates of 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 ‘ 41‘ the target MS whose location is desired resides in a £1“ ‘ onding location estimate for the

target NS;

(4.4) 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

5 adjustments are performed on both the target MS location estimates of the location hypotheses as 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 9” emergency, the fire or police departments, taxi services, etc. Note that in computing the

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

10 an important aspect of the present invention that the most likely 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 effectively utilized.

Referring now to (43) above, the filtered and aggregated wireless signal characteristic values are provided to a number of

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

related to the location of the target l’lS. In particular, there are location hypotheses for both providing estimates of where the target 
MS likely to be and where the target MS is not likely to be. Moreover, it is an aspect of the present invention that confidence values of

12:?.
the location hypotheses are provided as a continuous range of real numbers from, e.g., -| to l,wherein the most unlikely areas for

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

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

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

25 techniques that can adjust target MS location estimates according to historical MS location data and/or adjust the confidence values

of location hypotheses according to how consistent the corresponding target MS location estimate is: (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.l) a capability for enhancing the accuracy of an initial location hypothesis, H, generated by a first order model, EON“,

30 by using H as, essentially, a query or index into an historical data base (denoted herein as the 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)

13
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 previous‘MS & n hypothesis estimates from FOMH derived from eac.e location signature clusters stored
according to (a); I

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

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

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

composite signal characteristic values used to generate various location hypotheses far 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;

(53) a capability for reasoning about the likeliness of a location hypothesis wherein this reasoning capability uses

heuristics and constraints based on physics and physical properties of the location geography;

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

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

important utilization of such techniques includes the automatic tuning of the present invention so that, e.g., such tuning can be

applied to adjusting the values of location processing system pammetersthat affect the processing performed by the present

invention. For example, such system parameters as those used for determining the size of a geographical area to be specified when

retrieving location signal data of known MS locations from the historical (location signature) data base cansubstantially affect the

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

cause unnecessary inaccuracies in locating an MS. Accordingly, to accomplish a tuning of such system parameters, an adaptation

engine is included in the present invention for automatically adjusting‘ortuning 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 services are desired,

the wireless signal measurements obtained from communications between the target MS and the base station infrastructure are

extensive enough to provide sufficiemly unique or peculiar values so that the pattern of values alone may identify the location of the

target MS. Further, assuminga sufficient amount of 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

geographical locations, then a FOl‘l based on this technique may generate a reasonably accurate target MS location estimate.

Hanover, 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 inlrastruCture 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 the location of a target MS

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

includes one or more FOMs that may be generally denoted as classification models wherein such FOl‘ls are trained or calibrated to

associate particular composite wireless signal characteristic values with a geographical location where a target MS could likely
generate the wireless signal samples from which the composite wireless signal characteristic values are derived. funher, the present

invention includes the capability for training (calibrating) and retraining (recalibrating) such classification FOMs to automatically
14
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  maimain the accuracy of these ‘ “' even though substantial changes to the radio cove. Ll " a may occur, such as the

construction of a new high rise building or seasonal variations (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. lt is well known in the wireless telephony art that

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

arrival (T0A)ror time-difference-of-arrival (T DOA) substantially useless in urban areas and particularly in dense urban areas.

However, this same multipath phenomenon also 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 advantage for

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

worthwhile to note that the utilization of classification FOMs in high multipath environments is especially advantageous in that high

multipath environments are typically densely populated. Thus, since such environments are also capable of yielding a greater density

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

calibration data captured by the present invention for training or calibrating such classification f0Ms and for progressively improving

the MS location accuracy of such models. Moreover, since it 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 l.BSs can be utilized for providing location signal data (from the built-in MS) for (re)training or

(re)calibrating such classification FOMs.

In one embodiment of 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 afurther aspect of the present invention that the personal communication system (PCS) infrastructures currently

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

personal location systems (PLS) employing the present invention and/or utilizing the techniques disclosed herein. In particular, the

present invention is especially suitable for the location of people and/or objects using code division multiple access (CDMA) wireless

infrastructures, although other wireless infrastructures, such as, time division multiple access (TDMA) infrastructures and GSM are

also mntemplated. Note that (DNA personal communications systems are described in the Telephone Industries Association standard

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

Station Compatibility Standard, for frequencies in the l.8-|.9 (in frequency bands, both of which are incorporated herein by
AS

reference. Furthermore, CDl‘lA general principles have also been described, for example, in U. S. Patent 5,l09,390, to Gilhausen, et al, A
and CDMA Network Engineering Handbookby Qualcomm, |nc., each of which is also incorporated herein by reference.

Notwithstanding the above mentioned CDMA references, a brief introduction of CDMA is given, here. Briefly, (DNA is an

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

corresponds to an unambiguous pseudorandom binary sequence for modulating the carrier signal throughout a predetermined
15
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  spectrum of bandwidth freque " ransmissions of individual CDMA signals are selecte 3*. . rrelation 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 fmm the selected binary sequence and despreads its spectrum. Thus,when a first CDMA signal is transmitted, the

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

5 other signalscontribute only to the noise and represent a self-interference generated by the personal communications system.

As mentioned in (U) and in the discussion of classification FOMs above, the present invention can substantially

automatically retrain and/or recalibrate itself to compensate for variations in wireless signal characteristics (e.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 includes low cost, low power base stations, denoted location base stations (LBS) above. providing, for

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

capabilities, but each isicapable of gathering sufficient wireless signal characteristics fmm an MS within the location base station’s

range to facilitate locating the MS. Thus, by positioning the location base stations at known locations in a geographic region such as,

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 control

15 signals) between a location base station and a target MS, the MS must be relatively near the location base station. Additionally, for

each location base station not 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 fmm 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 MS is likely to be. further, by providing each location base station (LBS) with a co-Iocated stationary wireless transceiver

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

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

.;;—.Eu:§_
:9.

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

power forthe LBS that operate on a restricted power such as solar electrical power;

25 (6.2) the stationary transceiver of an LBS can be used for transferring target MS location information obtained by the LBS to a

conventional telephony base station;

(63) since the location of each LBS is known and can be used in location processing, the present invention is able to (re)train

and/or (re)calibrate itself in geographical areas having such LBSs. That is, 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

30 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 of the stationary transceiver for training and/or calibrating various of the location

pmcessing modules of the present invention such as the classification TOMs discussed above. In particular, such training and/or

calibrating may include:

(i) (re)training and/or (re)calibrating TOMS;
16
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(ii) .ting the confidence value initially assigned to a loca-J‘
the generating FOI'I is in estimating the location of the stationary transceiver using data obtained from wireless signal characteristics

 ‘ pothesis according to how accurate

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

(iii) automatically updating the previously mentioned historical data base (i.e., 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

(iv) tuning of the location system parameters, wherein the steps of: (a) modifying 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 periormed for obtaining better system

location accuracy within useful time constraints.

It is also an aspect of the present invention to automatically (re)ca|ibrate as in (6.3) above with signal characteristics from

other known orve‘rified locations. In one embodiment of the present invention. portable location 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 measurement of the location of the target MS; (iii) provide this measurement to other location

determining components of 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 measurement is performed. Thus, the use of

"‘1==:
5
1i1

“he

I E
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£23"

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

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

20 verifying electronics can verify locations automatically wherein it is unnecessary for manual activation of a location verifying process. 
One embodiment of the present invention includes the location verifying electronics as a “mobile (location) base station"

(NBS) 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 M5 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 mo bile 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 HS without transmitting signals to the target MS. Alternatively, a mobile location base station can

periodically be in bi-directional communication with a target NS for determining a signal time-of-arrival (or time-diflerence-ol-

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 station is 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:

1 7
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  th communicating with other components of the nvention (such as a location(7.|) a mobile station (M

processing center included in the present invention);

(7.2) a GPS receiver for determining a location of the mobile location base station;

(7.3) 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 modules for integrating or reconciling distinct mobile location base

station location estimates that, for example, can be obtained using the components and devices of (7.|) through (7.4) above. That is,

location estimates forthe mobile location base s tion may beobtainegro.:GPS satellite data, mobile location ase s tion dataas seekawnogiainedabfrom the mobile location base station vehicleéead=

W,and location data manually input by an operator of the mobile location base station. A
The location estimating system of the present invention offers many advantages over existing location systems.

The system of the present invention, for example, is readily adaptable to existing wireless communication systems and can accurately

locate people and/orobjects 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 components of, for example, commercial CDMA infrastructures 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 detrimental effects of multipath on the accuracy of the location estimate, can potentially locate people and/or objects

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

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

and versatility 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 service is desired. The present invention is also able to adapt to environmental changes

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

over time without extensive manual data manipulation. Moreover, the present invention can be utilized with varying amounts of

signal measurement inputs. Thus, if a location estimate is desired in a very short time interval (e.g., less than approximately one to

two seconds), then the present location estimating system can be used with only as much signal measurement data as is possible to

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

acquired, additional more accurate location estimates maybe obtained. Note that this capability can be useful in the context of 9“

emergency response in that a first quick course wireless mobile station location estimate can be used to route a 9| I call from the

mobile station to a 9” emergency response center that has responsibility for the area containing the mobile station and the 9| |

caller. Subsequently, once the 9” call has been routed according to this first quick location estimate, by continuing to receive

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

Moreover, there are numerous additional advantages of the system of the present invention when applied in [DNA

communication systems. The location system of the present invention readily benefits from the distinct advantages of the (DNA
18
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 spread spectrum scheme, name , se advantages include the exploitation of radio frequ‘iw , 1“ pectral efficiency and isolation by (a)

monitoring voice activity, (b) management of two-way power control, (c) pmvisioning of advanced variable-rate modems and error

correcting signal encoding, (d) inherent resistance to fading, (e) enhanced privacy, and (0 multiple “rake” digital data receivers and

searcher receivers for correlation of signal multipaths.

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

computational paradigms such as: $0.53 3. g).
(8.l) providing a multiple hypothesis computational architecture (as illustrated best inf-EEG) wherein the hypotheses are:

(8.l.l) generated by modularindependent hypothesizing computational models;

(8.| .2) the models are embedded in the computational architecture in a manner wherein the architecture allows for

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

incorporated into the computational architecture;

(8.l3) 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.l.4) the models are relatively easily integrated into, modified and extracted from the computational architecture;

(8.2) providing a computational paradigm for enhancing an initial estimated solution to a problem by using this initial

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

actual solutions for deriving an enhanced solution estimate based on past performance of the module that generated the initial

estimated solution. V

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.|) document scanning applications for transforming physical documents in to electmnic 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 pluralityvof 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 models on previously encountered actual primed character variations (note, this is

analogous to the Signature Data Base of 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 the first

order document scanning models, a determination can be made as to whether further processing is desirable due to, for example,

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

architecture provided herein may be utilized to correct such discrepancies. Note that in comparing outputs from the first order

document scanning models, these outputs may be compared at various granularities; e.g., character, sentence, paragraph or page;
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  (9.2) diagnosis and monit-‘j: . ‘3 pplications such as medical diagnosis/monitoring, c

diagnosis/monitoring; '

(93) robotics applications such as scene and/or object 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-Iocated. 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 another via

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 number of the first order models may reside

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

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

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

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

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

condition.

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

(each having an initial 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 embodiments of the present invention, a. fast, abeit less accurate location estimate maybe initially performed for

very time critical location applications where approximate location information may be required. For example, less than I second

response for a mobile station location embodiment of the present invention may be desired for NI 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 measurements of wireless

signals transmitted between a mobile station to be located and a network of base stations with which the mobile station is

communicating, thus providing a second, more accurate location 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 providing location services according to the

present invention, wherein the FOl‘ls may be accessed, substituted, enhanced or removed dynamically via network connections (via,

e.g., the Internet) with a central location development site. Thus, a small but rapidly growing municipality in substantially flat low

density area might initially be provided with access to, for example, two or three fOMs for generating location hypotheses in 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 ennents of the present invention, since there a lack of .cing between the mm and
subsequent processing of location hypotheses, the lOMs can be incorporated into an expert system, if desired. for example, each FOM

may be 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 on a list of location

5 hypotheses occurring in a particular time window for subsequent processing by the location center. Alternatively, activation of the

l0l1s may be in the consequents of such expert system rules. That is, the antecedent of such an expert system rule may determine if

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 FOlls may be object methods on an MS location estimator object, wherein the estimator object receives

substantially all target l‘lS location signal data output by the signal filtering subsystem. Alternatively,_software bus architectures are

contemplated by the present invention as one skilled in the art will u dersta d, whe in the software architecture ma be modular
RIM-set Pecfiure-s 663 “(£0.98 y

CA and facilitate parallel processingAWI-fianmmdzmaflgu of the present invention are provided by the figures and detailed
description accompanying this invention summary.
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BRIEF DESCRIPTION OF THE DRAWINGS

Fig. I illustrates various perspectives of radio propagation opportunities which may be considered in addressing correlation

with mobile to base station ranging.

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

5 Fig.3 zmvidesaag ical example of how the statistical power budgetrs calculatedIn design of a Commercial Mobile RadioS PM“ Is hawast.ervice

Fig. 4 illustrates an overall view of a wireless radio location network architecture, based on AIM principles.

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

radio coverage area for the present invention.

10 Fig. 6 is a high level block diagram of the location center I42.

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 control-flows between the

components of 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

15 order models I224 of the location center. 
mi":ui..ni:.rr..a.ii..i1
 Fig. |0 isa graphical illustration of the computation performed by the most likelihood estimator I344 of the hypothesis

evaluator.

. , Fig. II is a high level block diagram of the mobile base station (MBS).he.

Fig. II is a high level state transition diagram describing computational states the Mobile Base station enters during

20 operation. 
Fig.1} is a high level diagram illustrating the data structural organization of the Mobile Base station capability for

autonomously determining a most likely MBS location from aplurality of potentially conflicting MBS location estimating sources

Fig. l4 shows one method of modeling CDMA delay spread measurement ensembles and interfacing such signals to a typical
artificial neural network based FOM.

25 Fig. I5 illustrates the nature of RF “Dead Zones" , notch area, and the importance of including location data signatures

from the back side of radiating elements.

Figs. I6a through lbc present a table providing a brief description of the attributes of thelocation signature data type

stored in the location signature data base I320.

Figs. I7a through l7c present a high level flowchart of the steps performed by function, “U PDAIE LOC SIG DB," for

30
updating location signatures in the location signature data base |320; note, this flowchart corresponds to the description of this

function in APPENDIX C.
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figs. Illa thmugh fight a high level flowchart of the steps performed by .n, “REDUCE_BAD_DB_LOC_SIGS,”
for updating location signatures in the location signature data base I320; note, this flowchart corresponds to the description of this

function in APPENDIX C.

figs. l9a through l9b present a high level flowchart of the steps performed by function,

5 “INCllEASE_CONflDENCE__0f_GOOD_DB_LOC_SIGS," for updating location signatures in the location signature data base I320;

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

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

“DETERMINE_LOCATION_SIGNATURE_fIT_ERll0llS,” for updating location signatures in the location signature data base I320;

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

10 fig. 2| presents a high level flowchart of the steps performed by function, “ESTIMATE_L0(_SIG_fIl0M_D B,” for updating

location signatures in the location signature data base I320; note, this flowchart corresponds to the description of this function in

APPENDIX (3. ‘

figs. 22a through 22b present a high level flowchart of the steps performed by function, “GET_All_EA_T0_SEAllCH,” for

updating location signatures in the location signature data base I320; note, this flowchart corresponds to the description of this

' 15 function in APPENDIX c..l!a:e:taut];

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

“GET_D|ffERENCE_MEASUllEMENT,” for updating location signatures in the location signature data base I320; note, this flowchart

corresponds to the description of this function in APPENDIX C.

fig. 24 is a high level illustration of context adjuster data structures and their relationship to the mdio cove rage area for

20 the present invention;

figs. 25a through 25b present a high level flowchart of the steps performed by the function. “CONTEXf_ADjUSTER," used

in the context adjuster I326 for adjusting mobile station estimates provided by the first order models |224; this flowchart

corresponds to the description of this function in APPENDIX D.

figs. 26a through 26c present a high level flowchart of the steps performed by the function,

25 “GET_AD]USTED__l0C_HYP_lIST_f0ll," used in the context adjuster I326 for adjusting mobile station estimates provided by the

first order models I224; this flowchart corresponds to the description of this function in APPENDIX D.

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

used in the context adjuster I326 for adjusting mobile station estimates provided by the first order models l224; this flowchart

corresponds to the description of this function in APPENDIX D.

30 fig. 28a and 28b presents a high level flowchart of the steps performed by the functionI

“GETJOMPOSITE_PREDICT|0N_MAPPED_CLUSTEII_DENSITY,” used in the context adjuster I326 for adjusting mobile station

estimates provided by the first order models l224; this flowchart corresponds to the description of this function in APPENDIX D.
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figs. 29a through 29Qnt a high level flowchart of the steps performed by '.ction,
“GEI_PREDICIION_MAPPED_CLU SIER_DENSITY_FOR," used in the context adjuster |326 for adjusting mobile station estimates

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

Fig. 30 illustrates the primary components of the signal processing subsystem.

5 Fig. 3| illustrates how automatic provisioning of mobile station information from multiple CMRS occurs.
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Detailed Description Introduction

Various digital 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) (e.g.,

Global Systems 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, forfrequencies below I GHz, and in J-STD-008, the Wideband Spread-Spectrum Digital Cellular System Dual-Mode Mobile

Station-Base station Compatibility Standard, for frequencies in the LB - |.9 GHz frequency bands. Additionally, CDMA general

principles have been described, for example, in US. Patent S,l09,390, Diversity Receiver in a CDMA Cellular Telephone System by

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

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

way power control, provision of advanced variable-rate modems and error 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 likelihood detection, as well as support for multiple base station communication

with a mobile station, i.e., soft or softer hand-off capability. When coupled with a location center as described herein, substantial

improvements in radio location can be achieved. forexample, the CDMA spread spectrum scheme exploits radio frequency spectral

efficiency and isolation by monitoring voice activity, managing two-way power control, provision of advanced variable-rate modems

and error 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 likelihood

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 IS-4l and AIM already provide a broad-granularity of wireless location, as is necessary to, for example, properly direct

a terminating call to an MS. Such information, originally intended for call processing usage, can be re-used in conjunction with the

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

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 3 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

wireless (PCS) network includes: 7

(a) a (large) plurality of conventional wireless mobile stations (MSs) I40 for at least one of voice related communication,
visual (eg, text) related communication, and according to present invention, location related communication;

(b) a mobile switching center (MSC) Ill;
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  (c) a plurality of wir‘ E 2. ell sites in a radio coverage area |20,wherein each cf ~ E includes an infrastructure base

station such as those labeled |22 (or variations thereof such as |22A - l22D). In particular, the base stations In

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

of Ms I40, and, according to the present invention, also used for communication of information related to locating

5 such MSs I40. Additionally, note that the base stations labeled |52 are more directly related to wireless location

enablement. For example, as described in greater detail hereinbelow, the base stations l52 may be low cost, low

functionality transponders that are used primarily in communicating MS location related information to the location

center I42 (via base stations In and the MSC “2). Note that unless stated otherwise, the base stations |52 will be

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

, 10 (d) a public switched telephone network (PSTN) |24 (which may include signaling system links I06 having network

control components such as: a service control point (SCP) l04 , one or more signaling transfer points (STPs) ”0.

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

:3 (I0.I) a location center I42 which is required for determining a location of a target MS I40 using signal characteristic values for
*3 15 this target MS;

[:3 (ml) one or more mobile base stations I48 (MBS) which are optional, for physically traveling toward the target MS I40 or
he: . ,

2'2; tracking the target MS;
lira; (l03) a plurality of location base stations |52 ([38) which are optional, distributed within the radio coverage areas |20, each

2 LBS 152 having a relatively small ns I40 detection area l54;

E; 20 Since location base stations can be located on potentially each floor of a multi-story building, the wireless location
Hut“ ....1

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

3;; In operation, the MS I40 may utilize one of the wireless technologies, CDMA, TDMA, AMPS, NAMPS or GSM techniques for

radio communication with: (a) one or more infrastructure base stations I22, (b) mobile base station(s) I48 , (c) an [88 l52.

Referring to Fig. 4 again, additional detail is provided of typical base station coverage areas, sectorization, and high level

25 components within a radio coverage area l20, including the MSC “2. Although base stations may be placed in any configuration, a

typical deployment configuration is approximately in a cellular honeycomb pattern, although many practical tradeoffs exist, such as

site availability, versus the requirement for maximal terrain coverage area. To illustrate, three such exemplary base stations (35s)

are IZZA, IZZB and IZZC, each of which radiate referencing signals within their area of coverage I69 to facilitate mobile station (MS)

I40 radio frequency connectivity. and various timing and synchronization functions. Note that some base stations may contain no

30 sectors l30 (e.g. |22E), 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 |22 have three sector I30 coverage area patterns. For-example, base station |22A includes sectors l30, additionally labeled

a, b and c. Accordingly, each of the sectors I30 radiate and receive signals in an approximate |20 degree arc, from an overhead view.

As one skilled in the art will understand, actual base station coverage areas I69 (stylistically represented by hexagons about the base
26 '
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  stations I22) generally are de 9W to overlap to some extent, thus ensuring seamless c
electronics within each base station ID are used to communicate with a mobile stations I40. Information regarding the coverage

in a geographical area. Control

area for each sector I30, such as its range, area, and “holes" or areas of no coverage (within the radio coverage area |20), may be

known and used by the location center I42 to facilitate location determination. further, during communication with a mobile station

5 MO, the identification of each base station In communicating with the NS I40 as well, as any sector identification information, may

be known and provided to the location center I42. -

In the case of the base station types |22, I48, and |52 communication of location information, a base station or mobility

controller ”4 (BSC) contmls, pmcesses and provides an interface between originating and terminating telephone calls from/to

mobile station (NS) I40, and the mobileswitch center (NSC) l|2.,.The NSC I22, ongthe-other:hand,.performs various administration , , _

10 functions such as mobile station l40 registration, authentication and the relaying of various system parameters, as one skilled in the
art will understand.

The base stations In may be coupled by various transport facilities ”6 such as leased lines, frame relay, T-Carrier links, optical

fiber links or by microwave communication links.

2% When a mobile station I40 (such as a CDNA, ANPS, NANPS mobile telephone) is powered on and in the idle state, it constantly
"*4 15 monitors the pilot signal transmissions from each of the base stations In located at nearby cell sites. Since base station/sector

CE: coverage areas may often overlap, such overlapping enables mobile stations I40 to detect, and, in the case of certain wireless

3 technologies, communicate simultaneously along both the forward and reverse paths, with multiple base stations In and/or sectors
l30. In fig. 4 the constantly radiating pilot signals from base station sectors |30, such as sectors a, band c of BS l22A, are detectable

by mobile stations I40 within the coverage area I69 for BS |22A. That is, the mobile stations I40 scan for pilot channels,

20 corresponding to a given base station/sector identifiers (IDs) , for determining which coverage area I69 (i.e., cell) it is contained. ’

This is performed by comparing signals strengths of pilot signals transmitted from these particular cell-sites. 
g... The mobile station I40 then initiates a registration request with the NSC ”2, via the base station controller FM. The NSC ”2

determines whether or not the mobile station MO is allowed to proceed with the registration process (except in the case of a 9” call,

wherein no registration process is required). At this point calls may be originated from the mobile station I40 or calls or short

25 message service messages can be received from the network The NSC |l2 communicates as appropriate, with a class 4/5 wireline

telephony circuit switch or other central offices, connected to the PSTN l24 network. Such central offices connect to wireline

terminals, such as telephones, or any communication device compatible with the line. The PSTN l24 may also provide connections to

long distance networks and other networks.

The NSC ”2 may also utilile lS/4l data circuits or trunks connecting to signal transfer point ”0, which in turn connects

30 to a service control point l04, 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 AlN services such links are used for call routing instructions of calls

interacting with the NSC ”2 or any switch capable of providing service switching point functions, and the public switched telephone

network (PSTN) l24, with possible termination back to the wireless network.
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 * e lomtion center (LC) I42 interfaces with the MSC I’er via dedicated transport facilities
|78, using for example, any number of LAN/WAN technologies, such as Ethernet, fast Ethernet, frame relay, virtual private networks,

Referring to Fig. 4 a 1.

etc., or via the PSTN |24. The LC I42 receives autonomous (e.g.. unsolicited) command/response messages regarding, for example:

(a) the state of the wireless network of each service provider, (b) MS I40 and BS |22 radio frequency (RF) measurements, (c) any

MBSs I48, (d) location applications requesting MS locations using the location center. Conversely, the LC l42 provides data and

control information to each of the above components in (a) - (d). Additionally, the LC I42 may provide location information to an

MS I40, via a BS l22. Moreover, in the case of the use of a mobile base station (NBS) I48, several communications paths may exist

with the LC I42.

The “BS I48 acts as a low cost, partially-functional, moving basestation, and is, in one embodiment, situated in a vehicle

where an operator may engage in MS I40 searching and tracking activities. In providing these activities using (DNA, the ”BS I48

provides a forward link pilot channel for a target MS I40, and subsequently receives unique BS pilot strength measurements from the

MS I40. The MBS I48 also includes a mobile station for data communication with the LC I42, via a BS l22. ln particular, such data

communication includes telemetering the geographic position of the MBS I48 as well as various RF measurements related to signals

received from the target MS I40. In some embodiments, the MBS I48 may also utilize multiple-beam fixed antenna array elements

and/or a moveable narrow beam antenna , such as a microwave dish l82. The antennas for such embodiments may have a known

orientation in order to further deduce a radio location of the target MS MD with respect to an estimated current location of the MBS

I48. As will be described in more detail herein below, the ”BS I48 may further contain a global positioning system (GPS), distance

sensors, dead-reckoning electronics, as well as an on-board computing system and display devices for locating both thewto
itself as well as tracking and locating the target MS I40. The computing and display provides a means for communicating the

position of the target MS I40 on a map display to an opemtor of the MBS I48. ,
Each location base station (LBS) l52 is a low cost location device. Each such LBS l52 communicates with one or more of

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

such LBS's cost effectively, each LBS |52 only partially or minimally supports the air-interface standards of the one or more wireless

technologies used in communicating with both the BSs I22 and the MSs I40. Each LBS |52,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 of the locations of the infrastructure BSs |22. Assuming the wireless technology (DNA is used, each BS l22

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

unique, time-offset pilot I’ll sequence channel in accordance with the CDMA standard in the RF spectrum designated for BSs In, such

that the channel does not interfere with neighboring BSs |22 -cell site channels, nor would it interfere with neighboring LBSs 152.

However, as one skilled in the art will understand, time offsets, in (DNA 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 |52 may also contain multiple

wireless receivers in orderto monitortransmissions from a target MS |40..Additional|y, each LBS |52-contains mobile station I40

electronics, thereby allowing the LBS to both be controlled by the LC I42, and to transmit information to the LC I42, via at least one

neighboring BS |22.
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 As mentioned above, the location of a particular target MS MO is desire, C I42 can request location

information about the target MS I40 from, for instance, one or more activated LBSs |52 in a geographical area of interest.

Accordingly, whenever the target MS I40 is in such an area, or is suspected of being in the area, either upon command from the LC

I42, or in a substantially continuous fashion, the LBS's pilot channel appears to the target MS MO as a potential neighboring base

station channel, and consequently, is placed, for example, in the CDMA neighboring set, or the CDMA remaining set, of the target MS

I40 (as one familiar with the CDMA standards will understand).

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

I40 will, if within range of such an activated LBS l52, detect the LBS pilot presence during the CDMA pilot channel acquisition

substate. Consequently, the target MS I40 performs Rf measurements on the signal from each detected LBS ISZ. Similarly, an

activated LBS |52 can perform lif measurements on the wireless signals from the target l‘iS I40. Accordingly, each LBS |52 detecting

the target MS I40 may subsequently telemeter back to the LC I42 measurement results related to signals from/to the target MS I40.

Moreover, upon command, the target MS I40 will telemeter back to the LC I42 its own measurements of the detected LBSs |52, and

consequemly, this new location information, in conjunction with location related information received from the 38s |22, can be used

to locate the target MS I40. ‘

It should be noted that an LBS |52 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 peak traffic load conditions would dictate preference

here. GPS timing information, needed by any [DNA base station, is either achieved via a the inclusion of a local GPS receiver or via a

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

requirements are minimal in such an LBS l52, (rechargeable) batteries or solar cells may be used to powerthe LBS. No expensive

terrestrial transport link is typically required since two-way communication is provided by the included MS I40 (or an electronic

variation thereof). Thus, LBSs l52 may be placed in numerous locations, such as: I

(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
No

A location application programmingWrequired between the location center I42 (LC) and

the mobile switch were.(NSC) network element type, in order to send and receive various control signals and data messages. The L-A l “A Shoo
implemented using a preferably high-capacity physical layer communications interface, such as IEEE standard 8023

(ID baseT Ethernet), although other physical layer interfaces could be used, such as fiber optic ATM, frame relay, etc. Two forms of

AH implementation are possible. In the first case the signals control and data messages are realized using the MSC ll2 vendor‘s
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  native operations messages mum n the product offering, without any special modifica. W In the second case the LAN includes
a full suite of commands and messaging content specifically 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 control messages and signal measurements and transmits

appropriate control messages to the wireless network via the location applications programming interface referenced earlier, for

wireless location purposes. The signal processing subsystem additionally provides various signamacfifigghing and pre-
processing functions, including buffering, signal type classification, signal filtering, message control and routing functions to the

location estimate modules.

There can be several combinations of Delay Spread/SIénalAStrength sets of measurements made available to the signal
processing subsystem 20. In some cases the mobile station I40figfirmay be able to detect up to three or four Pilot Channels
representing three to four Base Stations, or as few as one PilotAChannel, depending upon the environment. Similarly, possibly more
than one BS I22 can detect a mobile station I40 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 I40 or BS I22 transmitted signal detected by a receiver group at a station, multiple delayed signals, or “fingers" may be

detected and tracked resulting from multipath radio propagation conditions, from a given transmitter. 4

In typical spread spectrum diversity CDMA receiver design, the “first” finger represents the most direct, 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 number of data receivers. Although traditional TOA and TDOA methods would discard subsequent fingers related to the

same transmitted finger, collection and use of these additional values can prove usefulto reduce location ambiguity, and are thus

collected by the Signal Processing subsystem in the Location Center I42.

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

location Center. Due to the disperse and near-random nature of CDMA radio signals and propagation characteristics, traditional
tact-Agnes use eke‘t‘asesfl

TOA/TDOA location methods have failedIn the past, because the number of signals receivedIn differenttleeatiefirarea-d-iffeeent. In a

particularly small urban area,Whfifioo square feet, the number of RF signalimiompoflhts may vary by
over l00 percent.

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

every possible location, most practical digital PCS deployments result in fewer than three base station pilot channels being reportable

in the majority of location areas, thus resulting in a larger, more amorphous location 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. I

In one embodiment of 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
30
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  field tests), the location ermr s "9 decreased. Negative logic Venn diagrams can be ge .“M ‘"‘ i which deductively rule out certain

location estimate hypotheses.

Although the forward link mobile station’s received relative signal strength (RRSSBS) of detected nearby base station

transmitter signals can be used directly by the location estimate modules, the (DNA base station’s reverse link received relative signal

strength (RRSSm) of the detected mobile station transmitter signal must be modified priorto location estimate model use, since the

mobile station transmitter power level changes nearly continuously, and would thus render relative signal strength useless for

location purposes.

One adjustmem variable and one factor value are required by the signal processing subsystem in the CDMA air interface

case: I.) instantaneous relative power level in dBm (IRPL) of the mobile station transmitter, and 2.) the mobile station Power Class.

By adding the IRPL to the RRSSHS, a synthetic relative signal strength (SRSSHS) of the mobile station I40 signal detected at the BS In

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

SRSSM = RRSS", + lRPL (in dBm)

SRSS“k a corrected indication of the effective path loss in the reverse direction (mobile station to BS), is now comparable with RRSSm

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 llRSSBS and SASS"S can now be processed in a variety of ways to achieve a more

robust correlation with distance or shadow fading. .

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

either RRSS,is or SRSS,“ measurements with distance individually. several mathematical operations or signal processing functions can

be performed on each measurement to derive a more robust relative 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

weaker value, then averaging the results. Ibis signal processing technique takes advantage of the fact that although a Rayleigh fade

may often exist in either the forward or reverse path,jt is‘much less probable that a Rayleigh fade also exists in the reverse or

, Semfiafl? ' ' .
forward path, respectively. A shadow fade however,mras§~af acts the signal streanEth Ill both paths. ‘

At this point a CDMA radio signamfifiifib‘fisignal strength measurementfifzerivedwhiehais:
used to establish a oonelation with either distance or shadow fading, or both. Although the ambiguity of either shadow fading or

distance cannot be determined, other means can be used in conjunction, such as the fingers of the CDMA delay spread measurement,

and any other TOA/T DOA calculations from other geographical points. In the case of a mobile station with a certain amount of

shadow fading between its BS |22 (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 I40 and BS |22 are separated by a greater distance, since shadow fading does not

materially affect the arrival time delay of the radio signal.

By performing a small modification in the control electronics of the (DNA base station and. mobile stat§ion receiverGB“ er

a circuitry, it is possible to provide the signal pmcessing subsystem 20 (reference Fig. 30) within the Locationeeemoe I42 (Fig. l) with
31 A
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data that exceed the one-to-on. delay-spread fingers to data receiver correspondei.th additional information, in the form
of additional CDMA fingers (additional multipath) and all associated detectable pilot channels, provides new information which is

the. W as! . , . . . .
ca used to enhance/{e-fiewome Location Centers location estimate location estimate modules.
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a This enhanced capability is provided via a control message, sent fromthWI42 to the mobile switch center

II, and then to the base station(s) in communication with, or in close proximity with, mobile stations I40 to be located. Two types of

location measurement request control messages are needed: one to instruct a target mobile station I40 (i.e., the mobile station to be

located) to telemeter its BS pilot channel measurements back to the primary BS I22 and from there to the mobile switch center “2

and then to the location system 42. The second control message is sent from the location system 42 to the mobile switch center ”2,

then to first the primary BS, instructing the primary BS’ searcher receiver to output (i.e., return to the initiating request message

source) the detected target mobile station I40 transmitter CDI‘IA pilot channel offset signal and their corresponding delay spread

finger (peak) values and related relative signal strengths.

The control messages are implemented in standard mobile station I40 and BS |22 CDMA receivers 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 I42. Appropriate value ranges are required regarding mobile station I40 parameters T_ADD,, T_D ROE, and the

ranges and values forthe Active, Neighboring and Remaining Pilot sets registers, held within the mobile 'station I40 memory. Further
mobile station I40 receiver details have been discussed above.

In the normal case without any specific multiplexing means to provide location measurements, exactly how many CDMA

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

mobile station I40. 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 |22 perspective, it is preferred that the strongest first four CDMA delay

spread fingers and the mobile station power level be collected and sent to the location system 42, for each of preferably three BSs l22

which can detect the mobile station I40. A much larger combination of measurements is potentially feasible using the extended data

collection capability of the CDMA receivers. A3
fig. 30 illustrates the components of the Signalimesfinfiubsystem. The main components consist of the input queue(s)

7, signal classifier/filter 9, digital signaling processor l7, imaging filters l9, output queue(s) 2|, router/distributor 23, a signal

processor database 26 and a signal processing controller I5.

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

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

may, in one embodiment, contain fmm l to I28 radio frequency measurements from the mobile station, which translates to

approximately 6|.44 kilobytes of signal measurement data to be collected within |0 seconds and |28 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 lo seconds. An input queue storage space is assigned at

the moment a location request begins, in order to establish a formatted data structure in persistent store. Depending upon the
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  urgency of the time required t3“ "“er a location estimate, fewer or more signal measure samples can be taken and stored in the

in ut ueue s 7 accordIn
P q () gslyvh§ygw \lw fiww
q The signal pmcessrngoabwewppefi a variety of wirelessenetzorksginalingheasurement capabilities by detecting thee.\e<n.\°n

capabilities of the mobile and base station through messaging structures-peewdedét—theeleeafioa applicationfiremogsintedaee
5 DetectionIs accomplishedIn 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 station

ohmzfitfin‘sfigs. guano $93? 3K)“
fl Wmobile switc center table 3| provides MSC characteristics and identifications to the signal classifier/filter

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

the digital signal pmcessor and image filter components to select the proper internal processing subcomponents to perform

10 operations on the signal measuremem data, for use by the location estimate modules.
\0

5‘ Regarding service control point messageéautonomously received from theInput queue 7, the signal classifier/filter 9
s. in u» soda-surnames:6\ WWII? signal processing database 26 querymesageIs to be associated with a home base station module. Thus

appropriate header informationIs added to the message, thus enabling the message to pass through the digital signal processor IT

a unaffected to the outpugfiafdlthen to the route r/distributor 23. The router/distributor 23 then routes the message to the H35
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 idemification number and the associated wireline telephone number transmission from the

home location register are on the order of less than 32 bytes. Consequentially the home base station message type could be routed

without any digital signal processing.

Output queue(s) 2| are required for similar reasons asinput queues 7 relatively large amounts of data must be heldIn a specific

20 ex format forfurther location processing by the lomfifimfifi’ ‘ZZR
The router and distributor component 23Is responsible to directing specific signal measurement data types and structures

 
to their appropriate modules. for example, the HBS TOM has no use for digital filtering structures, whereas the TDOA module would

not be able to process an HBS response message.

The controller l5Is responsible for staging the movement of data among the signal processing subsystem 20 components input queue
mausoeeMs

25 0S 7, digital signal processor l7, router/distributor 23 and the output queue 2|, and to initiate signalfieamem within the wirelessd W58 b '5; ask F .9
as network,In response fromLi‘Wfifiuéu message infig‘f; via the location application programming interface.

léiadgitoion the controller l5 receives autonomous messages from the NSC, via the location applications programming
m interface (#34) or LAN and theInput queue7,,wheneveéva Zgig‘lgeless callIs originated. The mobile switch center providesthis
a autonomousAnotification to the location system as follows:Wthe appropriate mobile switch center operations and

30 maintenance commands to surveil calls based on certain digits dialed such as 9-l-l, the location applications programming interface,

in communications with the MSCs, receives an autonomous notification whenever a mobile station user dials 9-I-l. Specifically, a bi-

directional authorized communications port 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-l, with the location applications programming
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interface in Fig. l. Next,the “.e" capability of the mobile switch center is activate.ne respective communications port.
The exact implementation of the vendor-specific man-machine or Open Systems Interface (OSI) commands(s) and their associated

data structures generally vary among NSC 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

commands are established on the MSC, such 9-l-l call notifications messages contagin the mobile station identification number«been axle-am

(MIN) and, in phase I E9-I-l implementations, a pseudo-automatic numbgrédgrrtica‘rio'Maka. pANI) which provides an associationca .

with the primary base station in which the 9-H caller is inflammmmvflufiu Eggs where the pAlll 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-H mobile station caller.

After the signal processing controller l5 receives the first message type,the autonomous notification message from the

mobile switch center ”2 to the location system 42, containing the mobile identification number and optionally the primary base

station identification, the controller IS queries the base station table l3 in the signal processor database 26 to determine the status

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

neighboring base stations include not 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) forwireless location purposes. Although

cellular and digital cell design may vary, "hop" distance is usually one or two cell coverage areas away from the primary base

station's cell coverage area.

Having determined a likely set of base stations which may both detect the mo bile station’s transmitter signal, as well as to

determine the set of likely pilot channels (i.e., base stations and their associated physical antenna sectors) 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 controller |5 utilizes, for a given MSC, predetermined storage information in the MSC table 3| to determine which type of

- - . . pmeemqnlts.
commands, such as man-machine or OSI commands are needed to request such$ng or a given MSC. The controller

generates the mobile and base station signal measurement commandséppmkpriate for the MSC and passes the commands via thel! I

input queue 7 and the locations application programming interface in+i§ffito the appropriate MSC, using the authorized
save-ma mftm" . . . . . .

aaecmrdmfihacontroller l5 communicates directly wrth base stations wrthm havrng to
interface directly with the MSC for signal measurement extraction.

communications port mentioned earlier. In

Upon receipt of the signal measurements, the signal classifier9 in Fig. 30 examines location application programming

interface-provided message header information from the source of the location measurement (for example, from a fixed BS III, a
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m nna system I68 in{£531 or message location data - m oa home base station), provided by. . flaw . . . . . ,
the location applications programming Imerfacew Via the Input queue 7 In fig. 30 and determines whether or not device filters

  q mobile station I40, a distribut

l7 or image filters l9 are needed, and assesses a relative priority in processing, such as an emergency versus a backgmund location

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 (MRS network, and additional signal

classifier function includes sorting and associating the appropriate incoming signal measurements together such that the digital

signal processor I7 processes related measurements in order to build ensemble data sets. Such ensembles allow for a variety of

functions suclLas averaging, outlier removal over a timeperiod, and related filteringfunctions, and further prevent association errors

c)\ fromsz’veeoggmcafion estimate processing.
10 Another function of the signal classifier/low pass filter component 9 is to filter information that is not useable, or

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

are used to match the in-common signal processing components to the characteristics of the incoming signals. Low pass filters match:
- - - . . «$5 wQMM ' _

a Mobile Station, base station, (MRS and NSC characteristicskmto classify Home Base Station messages.
‘1 The signal processing subsystemcontains a base station database table l3 (fig. 30) which captures the maximum number

15 of CDMA delay spread fingers for a given base station.

The base station identification code, or CLLI or common language level identification code is useful in identifying or

relating a human-labeled name descriptor 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 additional pilot channels or [DNA delay spread fingers. Additionally different makes and models of nkobile stations may
exacquire improved receiver sensitivities, suggesting a greater coverage mpabilitéghmt‘likmlationships among

various mobile station equipment supplieréggl cfieqrt‘ai technical data relevant to this location invention.
25 a Although not strictly necessaryhfiefill'can be populated in this table from the PCS Service Provider's Customer Care

system during subscriber activation and fulfillment, 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

telephone call, this information could extracted during the call, and the remaining fields 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 WM is not'found,or where certain information must be estimated.

A low pass mobile station filter, 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: I) act as a low pass filter to adjustthe nominal assumptions related

to the maximum number of CDMA fingers, pilots detectable; and 2) to determine the transmit power class and the receiver thermal

noise floor. Given the detected reverse path signal strength, the required value of SASS“; a corrected indication of the effective path
3 5
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  n the mobile station table II, storedloss in the reverse direction (m‘ tion to BS), can be calculated based data containe

in the signal processing database 26.

at The effects of theWof(maingers allowed and the maximum number of pilot channels allowed
essentially form a low passIfilter effect, wherein the least common denominator of characteristics are used to filter theIncoming RF

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

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

The signal classifier/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 I42 in Fig. 4, will receive the initiating location request from

eitheran autonomous 9- I- l notification message from a given MSC, or froné‘a IocaSIon applicationfioe'examplfiee-F-rgfifi, for
which mobile station characteristics about the target mobile station MOESigfiiyis required. Referring to Fig 30, a query is made

geemsfii

at from the signaWeesmgcontmller I5 to the signal processning database 26 specifically the mobile station table II to determine ifmete St.fisha. ma

.3 the mobile station characteristics associated with the MIR to be locatedIs available inW. if the data exists then there is no need
for the controller IE to query the wireless network in order to determine the mobile station characteristics, thus avoiding additional

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

characteristics. The resulting mobile station information my be provided either via the signal processing database 26 or alternatively
a query may be performed directly from the signal processing subsystem 20 to the MSC in order to determine the mobile station

characteristics.
“nether Iecfikfiléh L-AIPE «(LS am

Oh Referrin nowtoFi 3|,W lication ro rammin intedace=lfaAH=€€fi39tothea ro riate (MRS custoE 8- PP P 8 2 PP P PM“£133?
as (are system provides the mechanism to populate and update the mobile station table II within the database 26.New

contains its own set of separate input and output queues or similar 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 I I55a to the

customer care system for CMRS-A IISOa pmvides an autonomous or 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 I I within the signal

pmcessing database 26I via the controller IS. A similar interfacegfi is used to enable pmvisioning updates to be received from
CMRS~B customer care system ”5%.

Although the l-API-CCS application message set may be any protocol type which supports the autonomous notification

message with positive acknowledgment ty the TIMI.5 group within the American National Standards Institute has defined a good

starting poim in which tfiwgufiégimplemented, using the robust OSI TMN X-interface at the service management layer.
The object model defined in Standards proposal number Tl Ml.5/96-22R9, Operations Administration, Maintenance, and Provisioning

(0AM&P) - Model for Interface Across Jurisdictional Boundaries to Support Electronic Access Service Ordering: Inquiry Function, can,

be extended to support the L-APl-CCS information elements as required and further discussed below. Other choices in which the L-

APl-CCS application message set may be implemented include ASCII, binary, or any encrypted message set encoding using the Internet

protocols, such as TCP/IP, simple network management protocol, http, https, and email protocols.
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  assifier/LP filter 9, the use l7

provides a time series expansion method to convert non-H BS data from a format of an signal measure data ensemble of time-series

Referring to the digr ‘ al processor (DSP) l7, in communication with the s. , .

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

image representation. Other techniques further filter the resultant image in order to furnish a less noisy training and actual data

sample to the location estimate modules.

After |28 samples (in one embodiment) of data are collected of the delay spread-relative signal strength RF data

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

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

complex number or Cartesian point pair) is added to their respective values to generate a 1 direction of frequency of recurring

measurement value pairs or a density recurrence function. By next applying a grid function to each x, y. and 1 value, a three-

dimensional surface grid is generated, which represents a location data value or unique print of that Ila-sample measurement.

In the general case where a mobile station is located in an environment with varied clutter patterns, such as terrain

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

although the first CDHA delay spread finger may be the same value for a fixed distance between the mobile station and BS antennas,

as the mobile station moves across such ariafififferent linger-data are measured. In the right image for the defined BS antenna
sector, location classes, or squares numbered one through seven, are shown across a particular range of line of position (LOP).

m, A traditional TOA/TDOA ranging method between a given BS and mobile station only provides a range along‘thgarc, thus
introducing ambiguity ermr. 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 correspondence to a given

unique location class along a line of position, thereby eliminating traditional 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" would ever be exactly alike), three basic types

of filtering methods can be used to reduce matching/comparison error from a training 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 l28 sample image with the reverse path |28 sample image, and 3.) process all image samples through various digital image

filters to discard noise components.

In one embodiment, convolution of forward andreverse images is performed to drive out noise. This is one embodiment

that essentially nulls noise completely, even if strong and recurring, as long as that same noise characteristic does not occur in the

opposite path. '

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

pmvides 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. Toma, image histogram equalization can be used to rearr.he 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: I) Input Cropping, 2) Output

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

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

Other filters and/or filter 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 fingerswouldnot likely recur. further filtering can be used to remove recurring (at least during the sample period), and

possibly strong but narrow “pencils” ol Ill energy. A narrow pencil image component could be represented by a near perfect reflective

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

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

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

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

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

{2 15 include, for example, a 50 percent cropping and 4X4 neighbor median filtering. Other filtering methods include custom linear
”E:- liltering, adaptive (Weiner) filtering, and custom nonlinear filtering.
i=5 _ easemlale _ ‘ . . . .
!_L” a The DSP I7 may provrde damamsemble results, such as extracting the shortest time delay With a detectable relative srgnal

strength, to the router/distributor 23, or alternatively results may be processed via one or more imagefilters I9, with subsequent

1:3'2inii...“ transmission to the router/distributor 23. The router/distributor 23 examines the processed message data from the DSP l7 and stores
I

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

 queue 2|, for subsequem queuing then transmission to the appropriate location estimator FOMs.

LOCATION CENTER HIGH LEVEL FUNCTIONALITY

At a very high level the location center I42 computes location estimates for a wireless Mobile Station I40 (denoted the

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

(23.l) receiving signal transmission characteristics of communications communicated between the target MS I40 and one or

more wireless infrastructure base stations In;

(23.2) filtering the received signal transmission characteristics (by a signal processing subsystem I220 illustrated in Fig. 5) as

needed so that target MS location data can be generated that is uniform and consistent with location data generated from other

30 target MSs I40. In particular. such uniformity and consistency is both in terms of data structures andinterpretation of signal

characteristic values provided by the MS location data;
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(233) inputting the generaQrget MS location data to one or more MS location “th models (denoted First order models
or TOMs, and labeled collectively as |224 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 I40;

(23.4) providing the generated location hypotheses to an hypothesis evaluation module (denoted the hypothesis evaluator I228 in

5 fig. 5):

(a) for adjusting at least one of the target MS location estimates of the generated location hypotheses and related

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

10 area |20 terrain, the‘laws of physics, characteristics of likely movement of the target MS I40; and

(c) for determining a most likely location area for the target MS I40, wherein the measurement of confidence

associated with eachInput MS location area estimate is used for determining a m“ostlike location area"; nd\sw win ‘35 QBB'E’)
- . 2 requesting an estimate of  (23.5) outputting a most likely target MS location estimate to one or more

the location of the target MS I40.

Location Hypothesis Data Representation

In order to describe how the steps (23.l) through (23.5) are performed in the sections below, some introductory remarks 
related to the data denoted above as location hypotheses will be helpful. Additionally, it will also be helpful to provide introductory

remarks related to historical location data and the data base management programs associated therewith.

for each target MS location estimate generated and utilized by the present invention, the location estimate is provided in a

I:
li

i.
ll
5l
i

20 data structure (or object class) denoted as a “location hypothesis" (illustrated in Table LH-l). Although brief descriptions of the data1:its.wim
fields for a location hypothesis is provided in the Table LH-l, many fields require additional explanation. Accordingly, location

hypothesis data fields are further described as noted below.

Table LH-I

First order model ID (providing this Location Hypothesis); note, since it is possible for location

hypotheses to be generated by otherthan the TOMs l224, in general, this field identifies the

module that generated this location hypothesis.

The identification of the target MS I40 to this location hypothesis applies.

The most likely location point estimate of the target MS I40.

valid_pt ' Boolean indicating the validity of “pt_est”.
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location Area Estimate of the target MS I40 prov u by the TOM. This area estimate will be

used whenever “image_area" below is NULL.

 Boolean indicating the validity of “area_est” (one of “pt_est” and “area_est" must be

valid). 

 
 

va||d_area

 Boolean (true if adjustments to the fields of this location hypothesis are to be performed in

 the Context adjuster Module).

 
Reference to a substantially minimal area (e.g., mesh cell) covering of “pt_est”. Note, since

extrapolation__area

0riginal_Timestamp

this MS I40 may be substantially on a cell boundary,this covering may, in some cases, include

 
 

 

more than one cell.

 Reference to a substantially minimal area (e.g., mesh cell) covering of “pt_covering" (see

detailed description of the function. “confidence_adjuster"). Note that if this field is not

  NULL, then this is the target MS location estimate used by the location center l42 instead of  
 “area_est". 

 
  

 
 

Reference to (if non-NULL) an extrapolated MS target estimate area provided by the location

extrapolator submodule I432 of the hypothesis analyzerrl332. That is, this field. if non-NULL,

 

 
 

 

 

 
is an extrapolation of the “image_area" field if it exists, otherwise this field is an 

 
 

extrapolation of the “area_est” field. Note other extrapolation fields may also be provided

depending on the embodiment of the present invention, such as an extrapolation of the

“pt__covering".

   A real value in the range [-l.0, + l.0] indicating a likelihood that the target MS MO is 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 I40 is within the area represented by “image_area”, or if  
 “image_area” has not been computed (e.g., “adjust" is FALSE), then “area_est" must be

  valid and this is a measure of the likelihood that the targetMS I40 is 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 I40 is NOT in the area represented by “area_est". If it is  
 zero (near zero), 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 l220. 
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Activejimestamp ‘ J Run-time field providing the time to which this lot on hypothesis has had its MS location

estimate(s) extrapolated (in the location extrapolator I432 of the hypothesis analyzer |332).

Note that this field is initialized with the value from the “0riginal_Timestamp" field.

Processing Tags and environmental For indicating particular types of environmental classifications not readily determined by the

categorizations “0riginal_Timestamp" field (e.g., weather, traffic), and restrictions on location hypothesis

pmcessing.

loc_sig_c|uster Provides access to the collection of location signature signalcharacteristics derived from

communications between the target MS I40 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 pmcessing subsystem |220; i.e., access to the “loc sigs"

(received at “timestamp” regarding the location of the 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-l, each location hypothesis data structure includes at least one measurement, denoted

hereinafter as a confidence value (or simply confidence), that is a measurement of the perceived likelihood that an MS location

estimate in the location hypothesis is an accurate location estimate of the target MS I40. 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 -|.0 to l.0, wherein the larger the value, the greater the

perceived likelihood that the target MS MO is in (or at) a corresponding MS location 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 will be

discussed in detail below) and the confidence value will typically only correspond or apply to one of the MS location estimates in the

location hypothesis. Further, values for the confidence value field may be interpreted as: (a) -|.ll may be interpreted to mean that

the target l’lS I40 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 I40 in the corresponding MS area estimate, and (c) + |.0 may be

iMerpreted to mean that the HS I40 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 other related “perception" measurements related to a likelihood of the target MS I40 being in a particular MS location area

estimate. For example, it is within the scope of the present invention to 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 I40; (b)

“necessity factors” for indicating the necessity that the target MS be in an particular area estimate. I However, to more easily describe

the present invention, a single confidence field is used having the interpretation given above.

‘ 4 1

Cisco V. TracBeam / CSCO-1002

Page 47 of 2386



Cisco v. TracBeam / CSCO-1002 
Page 48 of 2386

 ‘ cation hypotheses in, for example, the location evall.228 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, cfI and cfl, if cfl

Additionally, in utili " , ,

< = d,, then for a location hypotheses HI and H, having cf. and ch, respectively, the target MS I40 is expected to more likely reside

in a target MS estimate of H2 than a target l’lS estimate of H,. Moreover, if an area, A, is such that it is included in a plurality of

5 location hypothesis target MS estimates, then a confidence score, C8,, can be assigned to A, wherein the confidence score for such an

area is a function of the confidences (both positive and negative) for all the location hypotheses whose (most pertinent) target MS

location estimates contain A. That is, in order to determine a most likely target MS location area estimate for outputting from the

location center I42, a confidence score is determined for areas-within the location center service area. More particularly, if a function,

“f”, is a function of the confidence(s) of location hypotheses, and f is a monotonic function in its parameters and f(cf,, cf], cl3, ,

10 cf") = CS, for confidences di of location hypotheses H, i= |,2,...,N, with CS, contained in the area estimate for N, then “f" is

denoted a confidence score function. Accordingly, there are many embodiments for a confidence score function fthat may be utilized

in computing confidence scores with the present invention; e.g.,

(a) f(cf,, cf], , cf") = S cfi = C5,;

(b) f(cf,,cf,,... ,d") = Scf,“ = (38,, n = l, 3, 5,...;

(c) f(cf,,cf,,... ,‘cr,) = S(K,* d) = (IS,| , wherein K,,i = l, 2, ...are positive system (tunable) constants (possibly

dependent on environmental characteristics such as topography, time, date, traffic, weather, and/or the type of base station(s) ID

from which location signatures with the target MS I40 are being generated, etc.).

for the present description of the invention, the function f as defined in (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, that it is within the scope of the present invention to use otherfunctions 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 investigations of

radio signal transmission characteristics. Some investigators, when investigating such signal characteristics of areas have used

somewhat naive area classifications such as urban, suburban, rural, etc. However, it is desirable for the purposes of the present

25 invention to have a more operational definition of area types that is more closely associated with wireless signal transmission

behaviors.

To describe embodiments of the an area type scheme used in the present invention, some introductory remarks are first

provided. Note that the wireless signal transmission behavior for an area depends on at least the following criteria:

(23.8.l) substamially invariant terrain characteristics (both natural and man-made) of the area; e.g., mountains,

30 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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  (23.83) wireless co Wcation components or infrastructure in the area; e.g.,

communication characteristics of the base stations In in the area. further, the antenna characteristics at the base

Irrangement and signal

stations l22 may be important criteria.

Accordingly, a description of wireless signal characteristics for determining area types could potentially include a

characterization of wireless signaling attributes as they relate to each of the above criteria. Thus, an area type might be: 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 (e.g., multipath fade and time delay). V

Focusing for the moment on the multipath characteristics, it is believed that (23.8.l) and (23.8.3) immediately above are,

in general, more important criteria for accurately locating an MS I40 than (23.8.2). That is, regarding (23.8.l), multipath tends to

increase as the density of nearby vertical area changes increases. for example, multipath is 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 vertical area per unit of area in a horizontal plane (for some horizontal reference plane) may be high. Regarding (23.8.3),

the greaterthe density of base stations l22, the less problematic multipath may become in locating an MS I40. Moreover, the

arrangement of the base stations In 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 type classifications

related to multipath, and in particular, multipath due to (23.8.l) and (23.83). The present invention pmvides such a

determination by utilizing 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 or category is intended to describe an area having at least minimally

similar wireless signal transmission characteristics. That is, the novel transmission area type scheme of the present invention is based

on: (a) the terrain area classifications; e.g., the terrain of an area surrounding a target MS I40, (b) the configuration of base stations

In in the radio coverage area I20, and (c) characterizations of the wireless signal transmission paths between a target MS I40

location and the base stations l22.

In one embodiment of a method and system for determining such (transmission) area type approximations, a partition

(denoted hereinafter as P0) is imposed upon the radio coverage area In for partitioning for radio coverage area into subareas,

wherein each subarea is an estimate of an area having included MS I40 locations that are likely to have is at least a minimal amount

of similarity in their wireless signaling characteristics. To obtain the partition P0 of the radio coverage area |20, the following steps

are performed:

(B.8.4.l) Partition the radio coverage area |20 into subareas, wherein in each subarea is: (a) connected, (b) variations in

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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 (3: cs have been verified it is likely (e ..g., m in tAsubareawhose wireless signaling Chara ‘13.
% within a first oreeeeeaédevsaem ) thatan{EMSI40 at one of these locations will detect (forward transmission path)

and/or will be detected (reverse transmission path) by a same collection of base stations In. for example,In a

CDMA context, a first such collection may be (forthe forward transmission path) the active set of base stations

5 I22, or, the union of the active and candidate sets, or, the union of the active, candidate and/or remaining sets of

base stations In detected by “most" MSs MO in . Additionally (or alternatively), a second such collection may be

the base stations In that are expected to detect MSs I40 at locations within the subarea. Of course, the union or

intersection of the first and second collections is also within the scope of the present invention for partitioning the

radio coverage area l20 according to (d) above. It is worth noting that it is believed that base station |22 power

, 10 levels will be substantially constant. However, even if 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 In at

a predetermined level. Moreover, it is also Worth mentioning that this step is relatively straightforward to

implement using the data stored in the location signature data base I320 (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 |20 into subareas, wherein each subarea appears to have substantially

homogeneous terrain characteristics. Note, this may be performed periodically substantially automatically by

scanning radio coverage area images obtained from aerial or satellite imaging. For example, EarthWatch Inc. of

Longmont. CO can provide geographic with 3 meter resolution from satellite imaging data. Denote the resulting

partition here as P2.

(23.8.4.3) Overlay both of the above partitions of the radio coverage area no to obtain new subareas that are

intersections of the subareas from each of the above partitions. This new partition is Pn (i.e., P0 2 PI intersect P2),

 
and the subareas of it are denoted as “Po subareas".

llow assuming Po has been obtained, the subareas of P0 are provided with a first classification or categorization as follows:

(23.8.4.4) Determine an area type categorization scheme for the subareas of PI. for example, a subarea, A, of P,, may be

25 , categorized or labeled according to the number of base stations In in each of the collections used in (23.8.4.|)(d)

above for determining subareas of PI. Thus, in one such categorization scheme, each category may correspond to

a single number x (such as 3), wherein for a subarea. A. of this category. there is a group of x (e.g., three) base

stations ID that are expected to be detected by a most target MSs I40 in the area A. Other embodiments are also

possible; such as a categorization scheme wherein each category may correspond to a triple: of numbers such as

30 (5,2, I), wherein for a subarea A of this category, there is a common group of5 base stations In with two-way

signal detection 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 I40 in A but these base stations can not detect the target

MS, and there is one base station |22 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) Determin.ea type categorization scheme for the subareas of P that the subareas of P1 may be
categorized according to their similarities. In one embodiment, such categories may be somewhat similar 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 for all areas

5 having between 20,000 and 30,000 square feet of vertical area change per ll,000 square feet of horizontal area

and alsohaving a high traffic volume (such a category likely corresponding to a “moderately dense urban" area

type)-

(23.8.4.6) Categorize subareas of P0 with a categorization scheme denoted the “Pa categorization," wherein for each Po

subarea, A, of P0 a “P0 area type” is determined for A according to the following substep(s):

10 (a) Categorize A by the two categories fmm (23.8.4.4) and (23.8.5) with which it is identified. Thus, A is

categorized (in a corresponding P0 area type) both according to its terrain and the base station

infrastructure configuration in the radio coverage area l20.

(23.8.4.7) For each P0 subarea, A, of Pa 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 |22

of a predetermined group of base stations expected to be in (one and/or two-way) signal 
communication with most target MS I40 locations in A. For example, one such approximation is a

straight line between C(A) and each of the base stations l22 in the group. However, other such

approximations are within the scope of the present invention, such as, a gene rally triangular shaped

area as the transmission path, wherein a first vertex of this area is at the corresponding base station 
. forthe transmission path, and the sides of the generally triangular shaped defining the first vertex

3:: have a smallest angle between them that allows A to be completely between these sides.

(c) For each base station In, 88,, in the group mentioned in (b) above, create an empty list, BS,-list, and

put on this list at least the P0 area types for the “significant” P, subareas crossed by the transmission

25 path between C(A) and 85,. Note that “significant" Po subareas may be defined as, for example, the

I’0 subareas through which at least a minimal length of the transmission path traverses.

Alternatively, such “significant" Po subareas may be. defined as those Posubareas that additionally

are know or expected to generate substantial multipath.

(d) Assign as the transmission area type for A as the collection of BSi-Iists. Thus, any other Po subarea

30 having the same (or substantially similar) collection of lists of P0 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 |20 partition, P,, in addition to the partitions

of P, and P2 generated in (23.8.4.I) and (23.8.4.2) respectively. Moreover, the time varying characteristics of (23.8.2) may be
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incorporated in the transmissil. type frame work by generating multiple versions o.ansmission area types such that the
transmission area type fora given subarea of P0 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

PI and P, may be generated, one for each of the seasons, and subsequently generate a (potemially) different partition F0 for each

season. Further, the type and/or characteristics of base station |22 antennas may also 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 of the present invention that MS location processing performed by the location center I42 should become increasingly

better at locating a target MS I40 both by (a) building an increasingly more detailed model of the signal characteristics of locations in the

service area for the present invention, and also (b) by providing capabilities forthe location center processing to adapt to environmental

changes.

One way these aspects of the present invention are realized is by providing one or more data base management systems and data

bases for:

(a) storing and associating wireless l‘lS signal characteristics with known locations of Ms I40 used in providing the signal

dtaracteristics. Sud] smred associations may not only provide an increasingly better model of the signal characteristics of the geography of the

service area, but also providean increasingly better model of more changeable signal characteristic affecting environmental factors such as

weather, seasons, and/or traffic patterns;

(b) adaptively updating the 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 ora new highway.

Referring again to fig.5 of the collective representation of these data bases is the location inlonnation data bases I732. Included

among these data bases is a data base for providing training and/or calibration data to one or more trainable/calibratable FOMs |224, as well

as an archiral data base for archiving historical MS location information related to the perfomiance of the f0l‘ls These data bases will be

discussed as necessary hereinbelow. However, a further brief introduction to the archival data base is provided here. Accordingly, the term,

“location signature data base" is used hereinafterto denote the archival data base and/or data base management system depending on the

context of the discussion. The location signature data base (shown in, for example, Fig. 6 and labeled l320) is a repository forwireless signal

draracteristic data derived from wireless signal communications between an MS I40 and one or more base stations IZZ, wherein the

corresponding location of the MS I40 is known and also stored in the location signature data base I320. More particulariy, the location -

signature data base I320 associates each such Icnown MS location with the wireless signal characteristic data derived from wireless signal

communications between the MS I40 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 sig n i: . H :n data for enhancing the correctness and/or confide i ' l ‘ rin location hypotheses aswill be
desaibed in detail in other sections below.

Data Representations lor the Location Signature Data Base

There are four fundamental entity types (orobject classes in an object oriented programming paradigm) utilized in the location

signature data base l320. Briefly, these data entities are described in the items (24.|) thmugh (24.4) that follow:

(Ml) (verified) location signatures: Each such (verified) location signature describes the wireless signal characteristic measurements

between a given base station (e.g., BS III or LBS |52) and an MS I40 at a (verified or known) location associated with the (verified) location

signature. That is, a verified location signature conesponds to a location whose coordinates such as latitude-longitude coordinates are known,

while simply a location sigmture may have a known or unknown location corresponding with it. Note that the term (verified) location

signature is also denoted by the abbrev‘ntion. “(verified) loc sig" hereinbelow;

(24.2) (verified) location signature clusters: Each such (verified) location signature cluster includes a collection of (verified) location

signatures corresponding to all the bcation signatures between a target l‘lS I40 at a (possibly verified) presumed substamially stationary

location and each BS (e.g., III or |52) fmm which the target MS I40 can detect the BS's pilot channe A GJiii‘tlieesctssification of the BS in
the target MS fie. lor CDl‘IA, regardless of whether a BS is in the MS’s active, candidate or remaining base station sets, 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 I40 synchronizes or obtains its timing;

(24.3) “composite bcation objects (orentities)”: Each such entity is a more general entity than the verified location signature cluster. An

object of this type is a collection of (verified) location signatures that are associated with the same MS I40 at substantially the same location at

the same time and each such bc sig is associated with a different base station. However, there is no requirement that a loc sig from each BS

In for which fire MS I40 can detect the BS’s pilot channel is included in the “composite location object (or entity)”; and

(24.4) NS location estimation data that includes MS location estimates output by one or more MS location estimating first order models

|224, such MS location estimate data is described in detail hereinbelow.

It is importam to note that a lot 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 l220 describing the signals between: (i) a specific

base station In (BS) and (ii) a mobile station I40 (HS), wherein the BS's location is known and the ”5's location is assumed to be substantially constam

(during a 2-5 second interval in one embodiment of the present invention), during communication with the MS I40 for obtaining a single instance of loc sig

data, although the HS location may or may not be known. further, for notational purposes, the BS Ill and the HS I40 for a loc sig hereinafter will be denoted

the “BS associated with the loc sig", and the "HS associated with the loc sig" respectively. Moreover, the location of the HS I40 at the time the loc sig data

is obtained will be denoted the “location associated with the loc sig" (this location possibly being unknown).

In particular, for each (verified) loc sig includes the following:

(7.5.l) MS_type: the make and model of the target MS I40 associated with a location signature instantiation; note that the type of MS

I40 can also be derived from this entry; e.g., whether MS I40 is a handset MS, car-set MS, or an NS for location only. Note as an

aside, for at least (DNA, the type of MS I40 provides information as to the numberof fingers that may be measured by the MS, as

one slcilled in the will appreciate.
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 . station |22 (or, location base station I52) com mting with the target MS; (251) BS_id; an idemification ‘31

(253) MS_loc: a representation of a geographic location (e.g., latitude-longitude) or area representing a verified/known MS location where

signal chararIeristiu between the associated (location) base station and MS I40 were received. That is, if the “verified_flag"

attribute (discussed below) is TRUE, then this attribute includes an estimated location of the target MS. lf verified_flag is

S fAlSE, then this attribute has a value indicating “location unknown".

llote “MS_loc” 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 embodiment this is the

centroid of the area);

(25.4) verified_flag: a flag for determining whether the loc sig has been verified; i.e.. the value here is TRUE ilf a location of MS_loc

10 has been verified, FALSE otherwise. Note, if this field is TRUE (i.e., the loc sig is verified), then the base station identified by

BS_id is the current primary base station for the target NS;

(25.5) confidence: a value indicating how consistent this loc sig is with other loc sigs in the location signature data base I320; the

value for this entry is in the range [0, I] with 0 corresponding to the lowest (i.e., no) confidence and l corresponding to the

highest confidence. That is. the confidence factor is used for determining how consistent the loc sig is with other “similar” verified

Ioc sigs in the bcation signature data base I320, wherein the greater the confidence value, the better the consistency with other Ioc

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 may also be used in determining similarities such a:

similartime of occurrence (e.g., of day, and/or of month), similar weather (e.g., snowing, raining, etc). Note, these latter

draracteristics are different from the notion of geographic proximity since proximity my be only a distance measurement about a

location. Note also that a loc sig having a confidence factor value below a predetermined threshold may not be used in evaluating MS

loation hypotheses generated by the FOMs l224.

(25.6) timestamp: the tirrre and date the loc sig was received by the associated base station of BS_id;

 
(1.5.7) signal topography characteristics In one embodiment, the signal topography characteristics retainedcan 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 120 from signal chancteristio accumulated over (a relatively short) time interval. For example, in the two-dimensional

surface case, the dimensions for the generated surface may be, for example, signal strength and time delay. That is, the

accumulations over a brief time interval of signal characteristic measurements between the BS ID and the MS I40 (associated with

the loc sig) may be classified according to the two signal characteristic dimensions (e.g., signal strength and corresponding time

30 delay). That is, by sampling the signal characteristics and classifying the samples according to a mesh of discrete cells or bins,

wherein each cell correspondi to a differem range of signal strengths and time delays 3 tally of the numberof samples falling in the

range of each cell can be maintained. Accordingly, for each cell, its conesponding tally may be interpreted as height of the cell, so

that when the heights of all cells are considered, an undulating or mountainous surface is provided. In particular, for a cell mesh of

appropriate fineness, the “mountainous surface", is believed to, under most circumstances, provide a contour that is substamially
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unique to the bcation“an MS I40. Note that in one embodiment, the signalmare typically obtained throughout a
predetermined signal sampfing time interral of 2-5 seconds as is discussed elsewhere in this specification. In particular, the signal

topography characteristics retained fora Ioc sig include certain topographical characteristics of such a generated mountaimus

surface. For example, each loc sig may include: for each local maximum (of the loc sig surface) above a predetermined noise ceiling

threshold, the (signal strength, time delay) coordinates of the cell of the local maximum and the corresponding height of the local

maximum. Additionally, certain gradients nray also be included for characterizing the “steepness", of the surface mountains.

Moreover, note that in some embodiments, a frequency may also be associated with each local maximum. Thus, the data retained for

each selected local nraximum can include a quadruple of signal strength, time delay, height and frequency. Further note that the data

types here may vary. However, forsimplicity, in pans of the description of loc sig processing related to the signal characteristics

here, it is assumed that the signal characteristic topography data structure here is a vector:

(25.3) quality_obj: signal quality (or enor) 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 l220;

(25.l0) power_level: power levels of the base station (e.g., l22 or |52) and MS I40 forthe signal measurements;

(25.| I) timing_error. an estimated (or maximum) timing error between the present (associated) BS (e.g., an infrastructure base station l22 or

a location base station l52) detecting the target MS I40 and the cunent primary BS ID for the target MS I40. Note that if the BS

|22 associated with the loc sig is the primary base station, then the value here will be zero;

(25.l2) cluster_ptr. a pointerto the location signature composite entity to which this Ioc sig belongs.

(25.l3) repeatable: TRUE iffthe loc sig is “repeatable" (as described hereinafter), FALSE otherwise. Note that each verified Ioc sig is designated

as either “repeatable” or “random”. A Ioc sig is repeatable if the (verified/known) location associated with the loc sig is such that

signal characteristic measurements between the associated BS |22 and this MS can be either replaced at periodic time intervals, or

updated substantially on demand by most recent signal characteristic measurements between the associated base station and the

associated MS I40 (or a comparable MS) at the verified/known location. Repeatable Ioc sigs may be, for example, provided by

stationary or fixed bcation MSs l40 (e.g., fixed location transceivers) distributed within certain areas of a geographical region

serviced by the location center [42 for providing MS location estimates. That is, it is an aspect of the presentinvention that each such

stationary l’lS I40 can be contacted by the location center I42 (via the base stations of the wireless infrastnrcture) at substantially

any time for providing a new collection fie, cluster) of wireless signal characteristics to be associated with the verified location for

the transceiver. Altematively, repeatable Ioc sigs may be obtained by, for example, obtaining location signal measurements manually

from waders who regularly traverse a predetermined route through some portion of the radio coverage area; i.e., postal worlcersfee’

 

A Ioc sig is random if the loc sig is not repeatable. Random loc sigs are obtained, for example, from verifying a previously unknown

target MS location once the MS I40 has been located. Such verifications may be accomplrshed by, for example, a vehicle having one or

more location verifying devices such as a GPS receiver and/or a manual location input capability becoming sufficiently close to the

located target MS I40 so that the location of the vehicle may be associated with the wireless signal characteristics of the MS I40.
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 Vehicles having such I: . detection devices may include: (a) vehicles that travel to.ns that are primarily for another
purpose than to verify bc sigs, e.g., police cars, ambulances, fire trucks, rescue units, courier services and taxis; and/or (b) vehicles

whose primary purpose is to verily Ioc sigs; e.g, location signal calibration vehicles. Additionally,- vehicles having both wireless

transceivers and location verifying devices may provide the location center I42 with random loc sigs. Note, a repeatable loc sig may

5 become a random Ioc sig if an MS I40 at the location associated with the loc sig becomes undetectable such as, for example, when the

HS lth is removed fmm itsverified location and therefore the loc sig fortlre location can not be readily updated.

Additionally, note that at least in one embodiment of the signal topography characteristics (5.7) above, such a first surface may be

generated for the (forvrard) signals from the base station In to the target MS I40 and a second such surface may be generated for (or

10 altenratively, the first surface my be enhanced by increasing its dimensionality with) the signals from the MS I40 to the base station In

(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 lorthe confidence field discussed hereinabove. Moreover, location hypotheses may also include a text field for

providing a reason forthe values of one or more of the location hypothesis fields. For example, this text field may provide a reason as to why

15 the confidence value is low, or provide an indication that the wireless signal measurements used had a low signal to noise ratio.

Loc sigs have the following functions or object methods associated therewith:

('16.l) A “nonoalization” method for normalizing loc sig data according to the associated MS MO and/or BS |22 signal processing and 
generating cfnracteristics. That is, the signal processing subsystem |220, one embodiment being described in the PG patent

application titled, "Wrreless location Using A Plurality of Commercial Network Infrastructures," by F. W. LeBlanc and the presem

inventor(s), provides (methods for loc sig objects) for “nomralizing” each loc sig so that variations in signal characteristics resulting

fmm variations in (for example) MS signal pmcessing and generating characteristics of differem types of MS’s may be reduced. In 
particular, since wireless networlcdesigners are typically designing networks for effective use of hand set MS's I40 having a

substantially common minimum set of perfomiance characteristics, the normalization methods provided here transform the loc sig

data so that it appears as though the loc sig was provided by a common hand set MS I40. However, other methods may also be

25 provided to “normalize” a Ioc sig so that it may be compared with loc sigs obtained from other types of MS’s as well. Note that such

nomralization techniques include, for example, interpolating and extrapolating according to power levels so that Ioc sigs may be

nomralized to the same power level for, e.g., comparison purposes.

Nomralization for the BS |22 associated with a Ioc sig is similarto the normalization for MS signal processing and generating

characteristics. Just as with the MS nomralization, the signal processing subsystem IZZO provides a loc sig method for “nonnalizing”

30 Ioc sigs according to base station signal processing and generating characteristics _ I

I Note, however, Ioc sigs stored in the location signature data base I320 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 I320.
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(26.2) A method fordetennining.rea type" corresponding to the signal transmission cha rcs of the area(s) between the associated
BS I22 and the associated MS I40 location for the loc sig. Note, such an area type may be designated by, for example, the techniques

for determining transmission area types as described hereinabove.

(263) Other methods are mntemplated for determining additional envimnmental characteristic of the geographical area between the

associated BS Ill and the associated MS I40 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 (24.3) and (24.2) respectively, the
following infonnation is contained in these aggregation objects:

(27.l.l) an identification of the BS |22 designated asthe primary base station for communicating with the target MS I40;

(NJ .2) a reference to each loc sig in the loation signature data base |320 that is for the same MS location at substantially the same time with

the primary BS as idemified in (NJ);

(27.l3) an identification of each base station (eg, In and ISZ) that can be detected by the MS I40 at the time the location signal

measurements are obtained. Note that in one embodiment, each composite location object indudes a bit string having a

corresponding bit for eadi base station, wherein a “l” for such a bit indicates that the corresponding base station was idemified by

the HS, and a “0" indicates that the base station was not idemified. In an altemative embodiment, additional location signal

measurement: may also be included from other non-primary base stations For example, the target MS I40 may communicate with

other base stationsthan it’s primary base station. However, since the timing forthe MS I40 is typically derived fmm it’s primary

base station and since timing synchmnization between base stations is not exact (e.g., in the case of CDMA, timing variations may be

plus or minus I microsecond)at least some of the location signal measurements may be less reliable that the measurementsfrom the

primary base station, unless a forced hand-off technique is used to eliminate system timing enors among relevant base stations;

(27.l.4) a completeness designation tlnt indicates whether any lot sigs forthe composite location object have been removed from (or

imlidated in) the location signature data base |320.

Note, a verified composite location object is designated as “incomplete" if a loc sig initially referenced by the verified composite

location object is deleted from the location signature data base I320 (e.g, because of a confidence that is too low). Further note that if all loc

sigs for a composite location object are deleted, then the composite object is also deleted fmm the location signature data base l320. Also note

that common fields 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) is a verified location signature cluster as described in

(24.2).

location Center Architecture
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Overview of Location Center .nal Components

fig. 5 presents a high level diagram of the location center I42 and the location engine I39 in the context of the infrastructure for the

entire location system of the present invention.

I It is important to note that the architecture for the location center I42 and the location engine I39 provided by the present

invention is designed for extensibility and flexibility so that MS I40 location accuracy and reliability may be enhanced as further location data

become available and as enhanced MS location techniques become available. In addressing the design goals of extensibility and flexibility. the

high level architecture for generating and processing MS location estimates may be considered as divided imo the following high level functional

groups described hereinbelow.

Low level Wireless Signal Processing Subsystem for Receiving and Conditioning Wireless Signal Measurements

A first functional group of location engine I39 mod ules is for performing signal processing and filtering of MS location signal data

received from a conventional wireless (e.g., CDI‘IA) infrastructure, as discussed in the steps (23.|) and (232) above. This group is denoted the

sigml processing subsystem |220 herein. One embodiment of such a subsystem is described in the PCI patent application titled, “Mreless

Location Using A Plurality of Commercial Network Infrastructures." by P. W. LeBlanc and the present inventor(s). .

Initial Location Estimators: first Order Models

A semnd‘funcfional group of location engine I39 modules is for generating various target MS I40 location initial estimates. as

described in step (Z33). Acmrdingly, the modules here use input provided by the signal processing subsystem I220. This second functional

group includes one or more signal analysis modules or models, each hereinafter denoted as a first order model |224 (FOM), for generating

location hypotheses for a target MS I40 to be located. Note that it is intended that each such POM l224 use a differem technique for

determining a location area estimate for the target I’lS I40. A brief description of some types of first order models is provided immediately
A“

below. Notetha ':—-~.~—-~«A .

some of the FOMs l224 contemplated by the present invention. and additionally illustrates the primary communications with other modules of

 
 - «—.~»v,.~~ iew of the location system for the present invention. In particular, this figure illustrates

the location system for the present invention. However, it is important to note that the presem invention is not limited to the f0Ms I224 shown

and discussed herein. 'fhat is, it is a primary aspect of the present invention to easily incorporate FOI‘Is using other signal processing and/or

mmpulafional location estimating techniques than those presented herein. further, note that each FOM type may have a 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 EON |224 (hereinafter models of this type are

referred to as “distance models") may be based on a range or distance computation and/or on a base station sigml reception angle

determination between the target MS I40 fmm each of one or more base stations. Basically, such distance models I224 determine a location

estimate of the target MS I40 by determining a distance offset fmm each of one or more base stations IZZ. possibly in a particular direction

from each (some of) the base stations, so that an intersection of each area locus defined by the base station offsets may provide an estimate of

the Ioattion of the target MS. Distance model FOMs l224 may compute such offsets based on:
5 2
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 (a) signal timing meal : -stations 122; e.g.., timing

measurements such as time difference of arrival (TDOA), ortime of arrival (T0A). Note that both fonvard and reverse signal

path timing measurements my be utilized;

(b) signal strength measurements (e.g., relative to power contml settings of the MS l40and/or one or more BS I22); and/or

5 (c) signal angle of arrival measurements, or ranges thereof, at one or more base stations l22 (such angles and/orangular ranges

provided by, e.g., base station antenna sectors having angular ranges of |20° or 60°, or, so called “SMART antennas" with

Variable angulartransmission ranges of 2° to I20“). .

Accordingly, a distance model rrray utilize triangulation or trilateration to compute a location hypothesis having either an area location or a

poim location for an estimte of the target MS I40. Additionally, in some embodiments location hypothesis may include an estimated error

10 Another type of [OM l224 is a statistically based first order model l224, wherein a statistical technique, such as regression

techniques (e.g., least squares, partial least squares, principle decomposition), or e.g., Bollenger Bands (e.g., for computing minimum and

ac maximum base station offsets). In general, models of this type output location-hypotheseibfnnfirfiby performing one or more statistical
techniques or comparisons between the verified location signatures in location signature data base I320, and the wireless signal measurements

 from a target MS. Models of this type are also refened to hereinafter as a “stochastic signal (first order) model” or a “stochastic FOM" or a
{:7

3 15 “statistical modeL"

3 Still another type of HM |224 is an adaptive learning model, such as an artificial neural net ora genetic algorithm, wherein the FOM
LL} my be trained to recognize or associate each of a plurality of locations with a corresponding set of signal characteristics for communications

2!: between the target MS I40 (at the location) and the base stations In. Moreover, typically such a FOM is expected to accurately

: interpolate/extrapolate target MS I40 location estimates from a set of signal characteristics from an unknown target MS I40 location. Models
iii 20 of this type are also refened tn hereinafter variously as “artificial neural net models” or “neural net models" or “trainable models” or

; “learning models.” Note that a related type of FOM I224 is based on pattern recognition. These FOMs can recognize patterns in the signal
diaracteristics of communications between the target MS I40 (at the location) and the base stations In and thereby estimate a location area

of the target MS.. However, such FOMs may not be trainable.

Yet another type of FOM |224 can be based on a collection of dispersed low power, low cost fixed location wireless transceivers (also

25 denoted “location base stations l52" hereinabove) that are provided for detecting a target MS I40 in areas where, e.g., there is insufficient base

station I22 infrastnrcture coverage for providing a desired level of MS I40 location accuracy. for example, it may uneconomical to provide high

traffic wireless voice coverage of a typical wireless base station In in a nature preserve orat a fair ground that is only populated a few days out

of the year. However, if such low cost location base stations l52 can be directed to activate and deactivate via the direction of a POM l224 of
N7.

5‘ the presenttype, then these location base stations-' ». Aa-n , ' «2:»; 2; MS I40 and also provide indications of where the target 

30 MS is not. For example, if there are location base stations I52 populating an area where the target MS I40 is presumed to be, then by activating

these location base stations l52, evidence my be obtained as to whether or not the target MS is actually in the area; e.g., if the target MS I40 is

detected by a location base station l52, then a corresponding location hypothesis having a location estimate conesponding to the coverage area

of the hcation base station my have a very high confidence value. Altematively, if the target MS I40 is not detected by a location base station
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 l52, then a corresponding locatio.‘j , ‘ thesis having a location estimate corresponding to the c i J area of the location base station may

have a very low confidence value. Models of this type are referred to hereinafter as “location base station models"

Yet anothertype of [OM |224 can be based on input fmm a mobile base station I48, wherein loation hypotheses may be generated

fmm target as I40 location data received fmmthe mobile base station I48. '

Still other types of [OH I224 can be based on various techniques for recognizing wireless signal measuremem pattems and

associating particular pattems with locations in the coverage area l20. For example, artificial neural networks or other learning models can

used as the basis for various FONS.

Note that the FOM types mentioned here as well as other POM types are discussed in detail hereinbelow. Moreover, it is important to

keep in mind that a novel aspect of the present invention is the simultaneous use or activation of a potentially large number of such first order

models l224, wherein sudr FONs are not limited to those described herein. Thus, the present invention provides a framework for incorporating

MS location estimators to be subsequently provided as new mm in a straightforward manner. For example, a FOM |224 based on wireless

signal time delay measurements from a distributed antenna system forwireless communication may be incorporated into the present invention

for locating a target MS I40 in an enclosed area serviced by the distributed antenna system. Accordingly, by using such a distributed antenna

POM, the present invention may determine the floorof a multi-story building fmm which a target MS is transmitting. fhus, MSs I40 can be

located in three dimensions using such a distributed antenna FOM. Additionally, POMs for detecting certain'registration changes within, for

example, a public mflflWefiififiefifid‘fihwing a target MS MD. for example, for some MSs I40 there may be an
associated or dedicated device for each such MS that allows the MS to function as a cordless phone to 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 “home base station"), the device

registers with a home location register of the public whifiWfihfihfir§n status change such as fmm not detecting the
conesponding MS to detecting the MS, or visa versa, as one skilled in the art will understand. Accordingly, by providing a FOM that accesses the

NS status in the home location register, the location engine |39 can determine whether the MS is within signaling range of the home base

station or not,land generate location hypotheses accordingly. Moreover, other FOMs based on, for example, chaos theory and/or fractal theory

are also within the scope of the present invention.

It is important to note the following aspects of the present invention relating to FOMs |224:

(28.|) Each such first order model |224 may be relatively easily incorporated into and/orgnfved from the present invention. for example,
assuming that the signal processing subsystem lHOtppohfiithhfitfiefFOMsgnd there is acunifonn POM output interface, it is
believed that a large majority (if not substantially all) viable MS location estimation strategies may be accommodated. Thus, it is

straightforward to add or delete such FONS I224.

(28.2) Each such first order model |224 may be relatively simple and still provide significant MS I40 locating functionality and predictability.

For example, much of what is believed to be common or generic MS location processing has been coalesced into, for example: a location

hypothesis evaluation subsystem, denoted the hypotheses evaluator I228 and described immediately below. Thus, the present invention is

modular and extensible such that, for example, (and importantly) different first order models |224 may be utilized depending on the

signal transmission characteristic: of the geographic region serviced by an embodiment of the present invention. Ihus, a simple

configuration of the present invention may have a small number of FOMs |224 for a simple wireless signal environment (e.g., flat tenain,
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 . ments such as in cities like San Francisco, no urban canyons and low ‘ ' ion density). Altematively, for complex wireless signal

Tokyo or New York, a large number of FOMs |224 may be simultaneously utilized for generating MS location hypotheses.

An lntmduction to an Evaluator for location Hypotheses: Hypothesis Evaluator

A third functioml group of location engine |39 modules evaluates location hypotheses output by the first order models |224 and

thereby provides a “most likely” target MS location estimate. lhe modules for this functional group are collectiVely denoted the hypothesis

evaluator l228.

Hypothesis Evaluator Introduction

A primary purpose of the hypothesis evaluator IDS is to mitigate conflicts and ambiguities related to location hypotheses output by

the first order models l224 and thereby output a “most likely" estimate of an NS for which there is a request for it to be located. In providing

this capability, there are various rehted embodiments of the hypothesis evaluator that are within the scope of the present invemion. Since each

location hypothesis includes both an MS location area estimate and a corresponding confidence value indimting a perceived confidence or

likelihood of the target MS being within the conesponding location area estimate, there is a monotonic relationship between MS location area

estimates and confidence values That is, by increasing an MS location area estimate, the corresponding confidence value may also be increased

(in an extreme case, the |ocati0n area estimate could be the entire coverage area no and thus the confidence value may likely correspond-to the

highest level of certainty; i.e., + |.0). Accordingly, given a target HS location area estimate (of a location hypothesis), an adjustment to its

accuracy may be performed by adjusting the MS location area estimate and/or the conesponding confidence value. Thus, if the confidence

value is, for example, excessively low then the area estimate may be increased as a technique for increasing the confidence value. Alternatively,

ifthe 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. lhus. if at some point in the processing of a location hypothesis, ifthe location hypothesis is

judged to be more (less) accurate than init'nlly determined, then (i) the confidence value of the location hypothesis can be increased

(decreased), and/or (E) the HS location area estimate can be decreased (increased).

In a first class of embodiments, the hypothesis evaluator |228 evaluates location hypotheses and adjusts or modifies only their

confidence values for MS location area estimates and subsequently uses these MS location estimates with the adjusted confidence values for

determining a “most fikely” MS location estimate for outputting. Accordingly, the MS location area estimates are not substantially modified.

Alternativelan a second class of embodiments for the hypothesis evaluator |228, MS location area estimates can be adjusted while confidence

values remain substantially fixed. Of course, hybrids between the first 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 l228 may perform any or most of the following tasks:

(30.l) it utilizes environmental infomtation to improve and reconcile location hypotheses supplied by the first order models |224. A basic

premise in this context isthat the accuracy of the individual first 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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‘ initial location hypothesis generated by anfiby u? ‘ “Lne initial location hypothesis as,

essentially, a query or index into the location signature data base l320 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;

(303) it determines how well the associated signal characteristic used for locating a target MS compare with particular verified loc sigs stored

in the location signature data base I320 (see the location signature data base section for further discossion regarding this aspect of the

invention). That is, fora given location hypothesis, verified loc sigs (which were previously obtained from one or more verified

hcations of one or more MS’s) are retrieved for an area corresponding to 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

delennining their similarities and subsequently an adjustmem to the confidence of the location hypothesis (and/or the size of the

location area estimate);

(30.4) the hypothesis evaluator I228 determines if (or how well) such location hypotheses are consistem with well known physical constraints
5t r
x
i=1.
1-}

;.__ E'11.

andarei=.—:'

such as the hws of physics. for example, ilthe difference between a previous (most lilcely) location estimate of a target MS and a

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., 30 mph in a corn patch), or

(cl) rrralce unreasonably slnrp velocity changes (e.g., from 60 mph in one direction

to 60 mph in the opposite direction in 4 sec), then the confidence in the current Location Hypothesis is lilcely to be
reduced. '

Altematively, if for example, the difference between a previous location estimate of a target MS and a current location hypothesis

” indicates that the MS is:

 
 

(32) moving at an appropriate velocity for the area being traversed, or

(b2) moving along an established path (e.g., a freeway),

25 then the confidence in the current location hypothesis may be increased.

(30.5) the hypothesis evaluator l228 determines consistencies and inconsistencies between location hypotheses obtained from different first

order-models. For example, iftwo such location hypotheses, for substantially the same timestamp, have estimated location areas

where the target MS is likely to be and these areas substamially 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 fmm one or

30 more first order models) even when there is low confidence in the location estimates forthe 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 decomposing a location hypothesis having a target MS
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location estimate inters two radically different area types. Additionally, this ule may generate location hypotheses

indicating areas of poor reception; and i

(30.7) the hypothesis evaluator I228 determines and outputs a most likely location hypothesis for a target MS. ‘

Note tint the hypothesis evaluator my accomplish the above tasks, (30.l) - (30.1), by employing various data processing tools including, but

not limited to, fuzzy mathemtics, genetic algorithms, neural networks, expert systems and/or blackboard systems.

Note that, as can be seen in Figs. 6 and 7, the hypothesis evaluator I228 includes the following four' high level modules for

processing output location hypotheses from the first order models I224: a context adjuster I326, a hypothesis analyzer I332, an MS status

repository I338 and a most likelihood estimator I334. fhese four modules are briefly described hereinbelow. '

Context Adjuster Introduction.

The context adjuster I326 module enhances both the comparability and predictability of the location hypotheses output by the first

order models l224. In) particular, this module modifies location hypotheses received from the f0Ms I224so that the resulting location

hypotheses output by the context adjuster I326 may be further processed uniformly and substantially without concern as to differences in

accuracy between the first order models fmm which location hypotheses originate. In providing this capability, the context adjuster I326 may

adjust or modify various fields of the input location hypotheses. In particular, fields giving target MS I40 location estimates and/or confidence

rralues for such estimates may be modified by the context adjuster I326. 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 substantial effect.

For instance, environmental characteristics my be taken into account here, such as time of day, season, month, weather, geographical area

categorizations (e.g., dense urban, urban, suburban, nrral, 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 APPENDIX D hereinbelow. Note that, the embodimem 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. That is, categories such as, for example:

(a) urban, hilly, high traffic at 5pm, or

(b) mral, flat, heavy tree foliage density in summer may be utilized as one skilled in the art will understand from the descriptions

contained hereinbelow.

Accordingly, the present invention is not limited to the factors explicitly mentioned here. fhat is, it is an aspect of the present

invention to be extensible so that other environmental factors of the coverage area |20 affecting the accuracy of location hypotheses may also

be incorporated into the context adjuster I326.

It is also an important and novel aspect of the comext adjuster I326 that the methods for adjusting location hypotheses provided in

this module may be generalized and thereby also utilized with multiple hypothesis computational architectures related to various applications

wherein a tenain, surface, volume orother “geometric” interpretation (e.g., a metric space of statistical samples) may be placed on a large

Mdy of stored application data for relating hypothesized data to verified data. Moreover, it is important to note that various techniques for

Visualizing data" may provide such a geometric interpretation. fhus, the methods herein may be utilized in applications such as:
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(a) -sonar,‘radar, x-ray or infrared identification of objects such as occurs in robotic navigation, medical image analysis,

geological, and radar imaging. .

More generally, the novel computational paradigm of the context adjuster I326 maybe utilized in a number of applications wherein

there is a large body of ardrived inlomration providing verified or actual application process data related to the past performance of the

application promss. ‘

It isworth mentioning that the computational paradigm used in the context adjuster I326 is a hybrid of a hypothesis adjuster and a

data base query mechanism. For example, the context adjuster I326 uses an input (location) hypothesis both as an hypothesis and as a data

base query or index into the location signature data base I320 for constructing a related but more accurate location hypothesis. Accordingly,

substantial advantages are provided by this hybrid architecture, such as the following two advantages.

As a first advantage, the context adjuster I326 reduces the likelihood that a feedback mechanism is necessary to the initial

hypothesis generators (ie., TOI‘ls |224) for periodically adjusting default evaluations of the goodness or confidence in the hypotheses generated.

That is, since each hypothesis generated is, in effect, an index imo a data base or archive of verified application (e.g., location) data, the context

adjuster l326, in turn, generates new corresponding hypotheses based on the actual or verified data retrieved‘from an archival data base. Thus,

as a result, this architecture tends to separate the computations of the initial hypothesis generators (eg. the TOMs I224 in the present MS

location application) fmm any further processing and thereby provide a more modular, maintainable and flexible computational system.

As a second advantage, the context adjuster I326 tends to create hypotheses that are more accurate than the hypotheses generated

by the initial hypotheses generators That is, for each hypothesis, H, pmvided by one of the initial hypothesis generators, G (e.g., a TON I224),

a conesponding enhanced hypothesis, pmvided by the context adjuster I326, is generated by mapping the past perlomrance of G into the

ardlived 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) perfomiance application data that is related to both G and H. For example, in the present wireless location

application, if a TON |224, G, substantially consistently generates, in a particular geographical area, location hypotheses that are biased

approximately |000 feet north of the actual verified MS I40 location, then the context adjuster I326 can generate corresponding hypotheses

without this bias. Thus, the context adjuster I326 tends to filter out inaccuracies in the initially generated hypotheses.

Therefore in a multiple hypothesis architecture where typically the generated hypotheses may be evaluated and/orcombined 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 computational paradigm represented by the context adjuster I326 for providing enhanced hypotheses with

substantially greater accuracy. V

Additionally, note that this hybrid paradigm applies to other domains that are not geographically based. For instance, this hybrid

paradigm applies to many prediction and/or diagnostic applications forwhich:

(a) the application data and the application are dependent on a number of parameters whose values characterize the range

of outputs for the application. That is, there is a set of parameters, p., p,, p,, .. , pN from which a parameter space p| x p, x p,x _ x pN is derived

whose points characterize the actual and estimated (or predicted) outcomes. As examples, in the MS location system, p| = latitude and p2 =

longitude;
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 (b) w r data fmm which points forthe parameter space, pI x p2...x pN can be obtained, wherein this data
relates to (or indicates) the perfomrance of the application, and the points obtained from this data are relatively dense in the space (at least

amund the likely future actual outcomes that the application is expected to predict or diagnose). For example, such historical data may

associate the predicted outcomes of the application with corresponding actual outcomes;

(c) there is a metric or distance-like evaluation function that can be applied to the parameter space for indicating relative

closeness or accuracy of points in the parameter space, wherein the evaluation function provides a measurement of closeness that is related to

the actual perfonnance of the application.

Note that there are numerous applications for which the above criteria are applicable. For instance, computer aided

control of chemical processing plants are likely to satisfy the above criteria. Certain robotic applications may also satisfy this criteria.

In fact, it is believed that a wide range of signal processing applications satisfy this criteria.

MS Status Repository Introduction

The MS status repository I338 is a mn-time storage manager for storing location hypotheses from previous activations of the

location engine I39 (aswell as for storing the output “most likely" target MS location estimate(s)) so that a target MS I40 may be tracked

using target MS location hypotheses from previous location engine I39 actiwations to determine, for example. a movement of the target MS I40

between evaluations of the target MS location.

Location Hypothesis Analyzer Introduction.

The location hypothesis analyzer I332, adjusts confidence values of the location hypotheses, according to:

(a) heuristics and/or statistical methods related to how well the signal characteristics for the generated target MS location hypothesis

matches with previously obtained signal characteristics forverified MS locations.

(b) heuristics rehted 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 knowledge of

the geographical terrain in which the MS is estimated to be, and/or, for instance, the MS velocity, acceleration or extrapolation of

an MS position. velocity, or acceleration.

(c) generation of additional location hypotheses whose MS locations are consistent with, for example, previous estimated locations for

the target MS.

As shown in Figs. 6 and 'I, the hypothesis analyzer I332 module receives (potemially) modified location hypotheses fmm the context

adjuster I326 and perlomts additional location hypothesis processing that is likely to be common and generic in analyzing most location

hypotheses. More specifically, the hypothesis analyzer I332 may adjust either or both of the target MS I40 estimated location and/or the

confidence of a location hypothesis. In brief, the hypothesis analyzer I332 receives target MS I40 location hypotheses from the context analyzer

I336, and depending on the time stamps of newly received location hypotheses and any previous Ge, older) target MS location hypotheses that

may still be cunemly available to the hypothesis analyzer I332, the hypothesis analyzer may:

(a) update some of the older hypotheses by an extrapolation module,
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(b) utilize some of the ofltheses as previous target MS estimates for use in trackingrget MS I40, and/or
(c) if sufficiently old, then delete the older location hypotheses. .

Note that both the newly received bcation hypotheses and the previous location hypotheses that are updated (i.e., extrapolated)

and still remain in the hypothesis analyzer I332 will be denoted as f‘cunent location hypotheses" or “currently active location hypotheses”.

The modules within the Iomtion hypothesis analyzer I332 use various types of application specific knowledge likely substantially

independent fmm the computations by the FOMs |224 when providing the conesponding original location hypotheses. That is, since it is aspect

of at least one embodiment of the present invemion that the FOMs I224 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 I332 (as with the context adjuster I326) is intended to

compensate, when necessary, for this mightforwardness by providing substantially generic MS location processing capabilities that can require

a greater breadth of application underslanding related to wireless signal characteristics of the coverage area |20.

Accordingly, the hypothesis analyzer I332 may apply various heuristics that, lor example, change the confidence in a location

hypothesis depending on how well the location hypothesis (and/or a series of location hypotheses from e.g., the same TOM l224): (a) conforms

with the laws of physics, (b) conforms with known chamcteristics of location signature clusters in an area of the location hypothesis MS I40

estimate, and (c) conforms with highly likely heuristic constraint knowledge. In particular, as illustrated best in Fig. 7, the location hypothesis

analyzer I332 may utilize at leastone of a blackboard system and/or an expert system for applying various application specific heuristics to the

location hypotheses output by the context adjuster l326. More precisely, the location hypothesis analyzer I332 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 engine for the

expert system. Note that additional detail on these aspects of the invention are pmvided hereinbelow.

Additionally, notethat the hypothesis analyzer l332 may activate one or more extrapolation procedures to extrapolate target MS

I40 location hypotheses already processed. Thus, when one or more new location hypotheses are supplied (by the context adjuster l224) having

a substantially more recent timestamp, the hypothesis analyzer may invoke an extrapolation module Ge. location extrapolator I432, Fig.7) for

adjusting any previous location hypotheses for the same target MS I40 that are still being used by the location hypothesis analyzer so that all

target MS bastion hypotheses (for the same target MS) being concurrently analyzed are presumed to be for substantially the same time.

Accordingly, such a previous location hypothesis that is, for example, IS seconds older than a newly supplied location hypothesis (fmm perhaps

a different TOM I224) 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 of the location hypothesis).

It is important to note that the architecture of the present invention is such that the hypothesis analyzer I332 has an extensible

architecture. That is, additional location hypothesis analysis modules may be easily integrated into the hypothesis analyzer I332 as further

understanding regarding the behavior of wireless signals within the service area I20 becomes available. Conversely, some analysis modules may

not be required in areas having relatively predictable signal patterns. Thus, in such service areas, such unnecessary modules may be easily

removed or not even developed-

Most likelihood Estimator Introduction
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The most likelith “or IBM is a module for determining a “most likely" Imagimate for a target MS being located by
the location engine I39. The most likelihood estimator |344 receives a collection of active or relevant location hypotheses from the hypothesis

analyzer I332 and uses these location hypotheses to determine one or more most likely estimates for the target MS I40. Still refem'ng to the

hypothesis evaluator I228, 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 l20, the hypothesis analyzer I332 may be unnecessary. Accordingly, in such an embodimem,

the enhanced location hypothesis output by the context adjuster I326 are provided directly to the most likelihood estimator I344.

Control and Output Gating Modules

A fourth functional group of location engine I39 modules is the control and output gating modules which includes the location

centercontrol subsystem I350, and the output gateway I356. The location control subsystem I350 provides the highest level of control and

to monitoring of the data processing performed by the location center I42. In particular, this subsystem performs the following functions:

(a)'controls and monitors location estimating processing for each target MS I40. Note that this includes high level exception or

error handling functions;

(b) receives and routes extemal information as necessary. ForInstance, this subsystem may receive (via, e.g., the public telephone
AVE; “sachet

9" wMingfimmmM) such environmental information as increased signal noise in a particular service/pee-dee-
V to increase traffic, 2 changeIn weather conditions, a base station I22 (or other infrastructure provisioning), changeIn

0 ration status e , o rational to inactive - '
pa (4: p2 ) es‘a'svceemetacx

a (c) receives and direct: location processing requests from other location centers I42 (via, egg"t;)
(d) performs amounting 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;

 
In'it’QIT W243. HQ? ‘ecé “B R

an (I) provides access to output requirements for various applications requesting location estimates. For example, animmeeloaoere

request from a trucking company in Los Angeles to a location center I42In Denver may only want to know if a particular truck

or driver is within the Denver area. Altematively, a local medical rescue unit is likely to request a precise a location estimate as

ssible_.P“ c (0,)=(b) ass”.
25 Note that ITEWTE,at least at a high level, performed by utilizing the operator interface I374.

Refen'ing now to the output gateway I356, this module routes target MS I40 location estimates to the appropriate location

application(s). For instance, upon receiving a location estimate fmm the most likelith estimator |344, the output gateway I356 may

detennine that the location estimate is for an automobile being tracked by the police and thereforearumdedrmust be provided
so page“.when

(A according togehe-mieohepmtocoL
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System Tuning and Adaptation. - daptation Engine _ O
A fifth functioml group of location engine I39 modules provides the ability to enhance the MS locating reliability and/or accuracy of

the present invention by providing it with the capability to adapt to particular operating configurations, operating conditions and wireless

signaling environment: without performing intensive manual analysis of the performance of various embodiments of the location engine I39.

That is, this functional group automatically enhances the performance of the location engine for locating MSs I40 within a particular coverage

area I20 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 according to location engine I39 lomtion estimate accuracy-and reliability.

There are a number location engine I39 system parameters whose values affect 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 I40 not only through building an

increasingly more detailed medel of the sigml characteristics of location in the coverage area I20 such as discussed above regarding the

location signature data base I320, but also by providing automated capabilities lorthe location (enter processing to adapt by adjusting or

“tuning” the values of such location oenter system parameters. I

Accordingly, the present invention includes a module, denoted herein as an “adaptation engine" I382, that performs an

optimization pmcedure on the location center I42 system parameters either periodically orooncunently with the operation of the location

center in estimating MS locations. That is, the adaptation engine I382 directs the modifications of the system parameters so that the location

engine I39 increases in overall accuracy in locating target MSs I40. In one embodiment, the adaptation engine I382 includes an embodiment of

a genetic algorithm as the mechanism for modifying the system parameters. Genetic algorithms are basically search algorithms based on the

mechanic of natural genetics. The genetic algorithm utilized herein is included in the form of pseudo code in APPENDIX B. Note that to apply

this genetic algorithm in the context of the location engine I39 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 of the present invention to use modified or different adaptive and/or

tuning mechanisms. forfurtherinformafion regarding such adaptive mechanisms, the following references are incorporated herein by

reference: Goldberg, D. E. (I989). Genetic algorithms for search, optimization, and machine learning. Reading, MA- Addison-Wesley

Publishing Company; and Holland, J. H. (I975) Adaptation in natural and artificial systems. Ann Arbor, MI: The University of Michigan Press.

Implementations oI First Order Models

further descriptions of various first order models I224 are provided in this section.

Distance first Order Models (T0A/TDOA)

As discussed in the Location Center Architecture Overview section herein above, distance models determine a presumed

direction and/or distance that a target MS I40 is from one or more base stations I22. 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 cove rage area. for example, substantially
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all radio signal analysis technflsing conventional procedures (or formulas) are basemsignal characteristic 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 techniques are likely preditated on certain very general assumptions that can not fully account for

signal attenuation and Wmult due to a particular radio coverage area topography.T& l
6‘ Wmor TDMA base station network as an example, each base station (BS) ID is required to emit a constantA .

signal-strength pilot channel pseudo-noise (PN) sequence on the forward link channel identified uniquely in the network by a pilot

sequence offset 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 I40 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 MO can be calculated. Using TOA and/or IDOA 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 In to thereby obtain one or more location estimates of the target MS I40. For

example, if there are, four base stations In in the active set, the target MS I40 may cooperate with each of the base stations in this

set to provide signal arrival time measurements. Accordingly, each of the resulting four sets of three of these base stations |22 may

be used to provide an estimate of the target MS I40 as one 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 I40. further, since such measurements and BS l22 positions can be sent eitherto the network orthe target MS I40,

location can be determined in either entity.

Since many of the signal measurements utilized by embodiments of distance models are subject to signal attenuation and

multipath due to a particular area topography. Many of the 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 embodiments of distance FOMs may attempt to mitigate such ambiguity or inaccuracies by, e.g.,

identifying discrepancies (or consistencies) between arrival time measurements and other measurements (e.g., signal strength), these

discrepancies (or consistencies) may be used to filtegutgat'2335mst those signal measurements and/or generated location estimates that
appear less accurate. In particular, such identifyingnearfiftering can be performed by, for example, an expert system residingIn the
distance FOM.

A second approach for mitigating such ambiguity or conflicting MS location estimates is particularly novel in that each of

the target MS location estimates is 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 I326 that is substantially (but not identical to)

the context adjuster as described in detail in APPENDIX D so that each location hypothesis may be adjusted to enhance its accuracy.
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In contradistinction to the eant of the context adjuster I326 of APPENDIX D, “m" location hypothesis is adjusted
according to past performance of its generating FOM |224 in an area of the initial location estimate of the location hypothesis (the

area, e.g., determined as a function of distance fmm 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

5 characteristic measurements from the same set of base stations In as were used in generating the location hypothesis. That is,

instead of only using only an identification of the distance model (i.e., its FOM_|D) 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 fmm the same collection of base stations in as was used in generating the location hypothesis. Thus, the adjustment

10 performed by this embodiment of the context adjuster I326 adjusts according to the past performance of the distance model and the

collection of base stations l22 used. '

Coverage Area First Order Model

Radio coverage area of individual base stations |22 may be used to generate location estimates of the target MS I40.

Although a first order model |224 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 TON (denoted hereinafter as a “coverage area first

order model” or simply “coverage area model”) may be very reliable. To determine approximate maximum radio frequency (RF)

location coverage areas, with respect to 35s l22. antennas and/or sector coverage areas, for a given class (or classes) of (e.g., (DNA

or TDMA) mobile station(s) I40, location coverage should be based on an MS's ability to adequately detect the pilot channel, as

opposed to adequate signal 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 -l04 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 -l04 to -| ID dBm), thus the “Location Coverage Area” will generally be a larger area than that of 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". i.e., area of no coverage, and a “notch" (of also no coverage) is shown in

25 Fig. IS.

The approximate maximum RF coverage area for a given sector of (more generally angular range about) a base station |22

may be represented as a set of points representing a polygonal area (potentially with, e.g., holes therein to account for 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 BS signal power level settings), then such representations can be used in providing a set theoretic or Venn diagram

30 appmach to estimating the location of a target MS I40. Coverage area first order models utilize such an approach.
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  3“ ‘me 5mma - rage area model utilizes both the detection and non-det‘ .thn ol base stations In by the target
MS I40 (conversely, of the MS by one or more base stations In) to define an area where the target MS MO may likely be. A relatively

straightforward application of this technique is 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 I40; (ii) the RF coverage area representations are deemed reliable

for the power levels of the on-line base stations; (iii) the on-line base stations having reliable coverage area

representations can be detected by the target MS; and (iv) each intersection must include a predetermined number of

the reliablelil coverage area representations (e.g., 2 or 3); and

(b) obtain new location estimates by subtracting from each ol the areas of intersection any of the reliable RF coverage area

10 ‘ representations for base stations l22 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 |224), a database is accessed which contains electrical, radio propagation

and coverage area characteristics ol each of the location base stations in the radio coverage area. The LBS model is an active model,

in that it can probe or excite one or more particular LBSs |52 in an area for which the target MS I40 to belocated is suspected to be

placed. Accordingly, the LBS model may receive as input a most likely target MS I40 location estimate previously output by the

location engine I39 of the present invention, and use this location estimate to determine which (if any) LBSs |52 to activate and/or

deactivate for enhancing a subsequent location estimate of the target MS. Moreover, the leed back irom the activated LBSs |52 may

be provided to other l0l‘ls l224, as appropriate, as well as to the LBS model. HoweverI it is an important aspect of the LBS model

that when it receives such feed back, it may output location hypotheses having relatively small target MS I40 location area estimates

 
about the active LBSs l52 and each such location hypothesis also has a high confidence value indicative of the target MS I40

positively being in the corresponding location area estimate (e.g., a confidence value of .9 to + I), or having a high confidence value

indicative of the target MS I40 not being in the corresponding location area estimate (i.e., a confidence value of -0.9 to -|). Note

that in some embodiments of the LBS model, these embodiments may have functionality similar to that of the coverage area first

25 order model described above. Further note that lor LBSs within a neighborhood of the'target 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 source; e.g.. some maybe solar powered). Moreover, in the case

where an LBS l52 includes sufficient electronic to carry voice communication with the target MS I40 and is the primary BS for the

target MS (or alternatively, in the active or candidate set), then the LBS model will not deactivate this particular LBS during its

30 procedure of activating and deactivating various LBSs |52.
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Stochastic First Order Model

The stochastic first order models may use statistical prediction techniques such as principle decomposition, 1mm

 

Wpartial least squares, or other regression techniques for predicting, for example, expected minimum and maximum distances of the

target MS from one or more base stations l22, 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 I40 is likely to be.

That is, such a process measures the incremental time differences of each pilot as the MS moves for predicting a size of a location area

estimate using past MS estimates such as the verified location signatures in the location signature data base l320.

Pattern Recognition and Adaptive First Order Models

It is a particularly important aspect of the present invention to provide:

(a) one or more TOMs |224 that generate target MS I40 location estimates by using pattern recognition or associativity

techniques, and/or

(b) one or more FOMs I224 that are adaptive or trainable so that such f0Ms may generate increasingly more accurate

target MS location estimates from additional training.

Statistically Based Pattern Recognition First Order Models

Regarding FOMs |224 using pattern recognition or associativity techniques, there are many such techniques available. for

example, there are statistically based systems such as “CART“ (anacrgl‘w for Classification and Regression Trees) by ANGOSS
Softwarelnternationallimited olToronto,Canadathatmay be used“. : ., 7:7 : or recognizing patterns in data

that were unprovided (and-likely previously unknown). Accordingly, by imposing a relatively fine mesh or grid of’mfmckb
coverage area, wherein each cell is 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 used to identify at

least a likely area type in which a target MS is likely to be located. That is, one or more location hypotheses may be generated having

target MS I40 location estimates that cover an area having the likely area type wherein the target MS I40 is located. Further note

that such statistically based pattern recognition systems as “CART" include software code genelators lor genelating expert system

software embodiments for recognizing the patterns detected within a training set (e.g., the verified location signature clusters).

Accordingly, although an embodiment of a TOM 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 convergence or clustering among

the estimates, even large MS location area estimates are useful. forexample, it can be the case that fourdiflerent and relatively large

MS location estimates, each having very high reliability. 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 the intersection area was derived.
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A similar statistical d TOM |224 to the one above may be provided when radio coverage area is decomposed
. ‘5“ Mgéals‘hiem 5°. . . . . . . . .

u. substantrally as aboveéemmen to usrng the signal characterrstrcs for detectrng useful signal patterns, the specific Identifications

of the base station In 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 patterns in the signal

5 characteristic measurements, an expert system may be generated that outputs a target MS I40 location estimate that may provide

both a reliable and accurate location estimate of a target MS I40.

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 response 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 that is 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 user of the component. Alternatively, a data pmcessing component may be

“implicitly adaptive" in that its behavior is modified by other than instructions or control data whose meaning is known by a user of 
15 the component. Forexample, such implicitly adaptive data processors may learn by training on examples, by substantially unguided

1:13 exploration of a solution space, or other data driven adaptive strategies such as statistically generated decision trees. Accordingly, it

is an aspect of the present invention to utilize not only explicitly adaptive its location estimators within mm [224, but also 
implicitly adaptive its location estimators. In particular. artificial neural networks (also denoted neural nets and mm herein) are:‘3

mg
3:5 used in 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 |224 for locating an MS

I40, since, forexample, ANNs can be trained for classifying and/or associatively pattern matching of various RF signal measurements

such as the location signatures. That is, by training one or more artificial neural nets using RF signal measurements from verified

25 locations so 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 I40 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 as will be discussed hereinbelow.
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  Artificial Neural Networks Th 51 erge on Near Optimal Solutions

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 aggregate set of input data ensembles. Accordingly, in one

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 one skilled in the art of neural network computing will
understand.

Artificial Neural Networks as MS Location Estimators for First Order Models

Although there have been substantial advances in artificial neural net computing in both hardware and software, it can be

difficult to choose a particular ANN architecture and appropriate training 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; I

(c) a learning algorithm for using the learning rules for adjusting the ANN weights.

Furthermore, thereare other implementation issues such as:

(d) how many layers 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. That is, 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 good solutions, making it difficult fora local minimization algorithm to find a

good solution from a random starting point as one skilled in the art will understand;

(e) how many units or neurons to provide per layer;

(f) how large should the training set be presented to provide effective generalization to non-training data

(g) what type of transfer functions should be used.

However, the architecture of the present invention allows substantial flexibility in the implementation of ANN for FOMs

|224. In particular, there is no need to choose only one artificial neural net architecture and/or implementation in that a plurality of

ANNs may be accommodated by the architecture of the location engine l39. furthermore, it is important to keep in mind that it may

not be necessary to train a 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 I40 with the present invention comes from synergistically utilizing a plurality of different MS
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  ' some areas, but when their estimateslocation estimators, each of w i y be undesirable in terms of accuracy and/or reliab .‘

are synergistically used as in the location engine I39, accurate and reliable location estimates can beattained. Accordingly, one

embodiment of the present invention may have a plurality of moderately well trained ANNs having different neural net architectures

such as: multilayer perceptmns. 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

It 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 |220 may provide various Rf signal

measurements as input to an AN N (such as the Rf signal measurements derived from verified location signatures in the location

signature data base I320). For example. a representation of a histogram of the frequency of occurrence of CDMA fingers in a time
Aqfioay «319605 5'6“?“ . . . . . . .
Wstrength 2-drmensronal domain may be provided as Input to such an ANN. In particular, a 2-drmensronal grid of

signal strength versus time delay bins may be provided so that received signal measurements are slotted into an appropriate bin of

the grid. In one embodiment, sud:uggcil')is a six by six array of bins such as illustrated in the left portion of Fig. I4. That is, each of
the signal strength and time delayysisesare 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 measurements received over time so that when each new RF measurement data is assigned to its bin, a

counter for the bin can be incremented. Thus in one embodiment, the RF measurements for each bin can be represented pictorially as

a histogram. In any case, once the RE measurements have been slotted into a grid, various filters may be applied for filtering outliers

and noise prior to inputting bin values to an ANN. Further, various amounts of data from such a grid may be provided to an ANN. In

one embodiment, the tally from each bin is provided to an ANN. Thus, as many as l08 values could be input to the ANN (two values

defining eachbin, and a tally for the bin). However, other representations are also possible. For instance, by ordering the bin tallies

linearly, only 36 need be pmvided as ANN input. Alternatively, only representations of bins having the highest tallies may be

pmvided as ANN input. Thus, for example, if the highest I 0 bins and their tallies were pmvided as ANN input, then only 20 inputs

need be provided (i.e., IO input pairs, each having a single bin identifier and a corresponding tally).

In addition. note that the signal processing subsystem |220 may also obtain the identifications of other base stations ID

([52) for which their pilot channels can be detected by the target MS I40 (i.e., the forward path), or for which the base stations can

detect a signal fmm the target NS (i.e., the reverse path). Thus, in order to effectively utilize substantially all pertinent location RT
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 signal measurements (i.e., fro 1‘ £tion signature data derived from communications b!the target MS I40 and the base station
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 thata naive strategy of

providing input to a single ANN for locating target MSs throughout an area having a large number of base stations (e.g., 300) is likely

to be undesirable. That is, 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. For‘example, since there may be approximately 30 to 60 ANN inputs per location signature, an ANN for an area having

even twenty base stations In can require at least 600 input neurons, and potentially as many as L420 (i.e., 20 base stations with 70

inputs per base station and one input for every one of possibly 20 additional surrounding base stations in the radio coverage area |20

that might be able to detect, or be detected by, a target MS I40 in the area corresponding to the ANN).

Accordingly, the technique described herein limits the number of input neurons in each ANN constructed and generates a

larger number of these smallerANNs. That is, each ANN is trained on location signature data (or, more precisely, portions of location

signature clusters) in an area Am (hereinafter also denoted the “net area"), wherein each input neuron receives a unique input from

(Al) location signature data (e.g., signal strength/time delay bin tallies) corresponding to transmissions between an NEE. and a
relatively small number of base stations In in the area Am For instance, location signature data obtained from,;‘fer=eeample,

four base stations In (or aMenna sectors) in the area AW, Note, each location signature data cluster includes fields describing

the wireless communication devices used; e.g., (i) the make and model of the target MS; (ii) the current and maximum

transmission power: (iii) the HS battery power (instantaneous or current); (iv) the base station (sector) current power level; (v)

the base station make and model and revision level; (vi) the air interface type and revision level (of, e.g., CDMA, TDMA or

AMPS).

(A2) a discrete input corresponding to each base station l22‘ (or antenna sector I30) in a larger area containing Am, wherein each

such input here indicates whether the corresponding base station (sector):

(i) is on-line (i.e., capable of wireless communication with Ms) and at least its pilot channel signal is detected by the target

MS I40, 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 channel signal;

(iii) 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

(v) is off-line (i.e., incapable of wireless communication with one or more MSs).

Note that (i)-(v) are hereinafter referred to as the “detection states.”

Thus, by generating an ANN for each of a plurality of net areas (potentially overlapping), a local environmental change in the wireless

signal characteristics of one net area is unlikely to affect more than a small number of adjacent or overlapping net areas.

Accordingly, such local environmental changes can be reflected in that only the AN Ns having net areas affected by the local change
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  need to be retrained. Addition‘ ‘ 1iote that in cases where RF measurements from a tar .~ . I40 are received across multiple net

areas, multiple AN Ns 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 MO and location signature cluster includes location signature data

corresponding to wireless transmissions between the MS and, e.g., more base stations (antenna sectors) than needed for the collection

5 B described in the previous section. That is, if each collection B identifies four base stations In (antenna sectors), and a received

location signature cluster includes location signature data corresponding to live base stations (antenna sectors), then there may be

up to five ANNs activated to each generate a location estimate.

Moreover, for each of the smaller ANNs,jt is li Elsi; that the number of input neurons is on the order of 330; (i.e., 70
. $9M?mus-£39 '1“ . . . .

M Inputs per each of four locationflssgaaeWJor the forward wrreless communications and 35 for the reverse wrreless
. .' .. . . , . . .eaweatoi‘mivf’aofi

100\ communications), plus 40 additional discrete Inputs lor an appropriate area surrounding Am, plus l0 Inputsfmdfy-pe-o'l MS,

power levels, etc. However, it is important to note that the number of base stations (or antenna sectors [30) having corresponding

location signature data to be provided to such an ANN may vary. Thus, in some subareas of the coverage a a IZO, location si nature
g (or sass m be. us

data from five or more base stations (antenna sectors) may be used, whereas in other subareas threeW,
Regarding the output from ANNs used in generating MS location estimates, there are also numerous options. In one

9

uijiiiilfl

liiliifiiiall...
15 embodiment, two values corresponding to the latitude and longitude of the target MS are estimated. Alternatively, by applying a

mesh to the coverage area |20, such ANN output may be in the form of a row value and a column value of a particular mesh cell (and

its corresponding area) where the target MS is estimated to be. Note that the cell sizes of the mesh 'need not be of a particular shapeIL'Zli.«ii...
nor of uniform size. However, simple non-oblong shapes are desirable. Moreover, such cells should be sized so that each cell has anu:~

area approximately the size of the maximum degree of location precision desired. Thus, assuming square mesh cells, 250 to 350 feet

20 per cell side in an urban/suburban area, and 500 to 700 feet per cell side in a rural area may be desirable. 
i:s , Artificial Neural Network Training

The following are steps provide one embodiment for training a location estimating ANN according to the present invention.

(a) Determine a collection, C, of clusters of RF signal measurements (i.e., location signatures) such that each cluster is for RF

transmissions between an MS I40 and a common set, B, of base stations In (or antenna sectors I30) such the

25 measurements are as described in (Al) above. In one embodiment, the collection C is determined by interrogating the

location signature data base l320 for verified location signature clusters stored therein having such a common set B of

H 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 wireless cell sites, or (ii)

service provider test data obtained using mobile test sets, acoess probes or other ”field measuring devices. Note that

30 such a collection B of base stations (antenna sectors) 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 can be effectively trained.
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 (b) Determine a coll mnf base stations (or antenna sectors I30). 3‘, from tamon set B, wherein B‘ is small (e.g..
four or five).

(c) Determine the area, Am, to be associated with collection 8' of base stations (antenna sectors). In one embodiment, this

area is selected by determining an area containing the set L of locations of all verified location signature clusters

5 determined instep (3) having location signature data from each of the base stations (antenna sectors) in the collection

3’. More precisely. the area, Am, 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/or are likely to be

10 detected) by at least one MS in the area Am. '

(e) Train the ANN on input data related to: (i) signal characteristic measurements of signal transmissions between "85 I40 at

verified locations in Am, and the base stations (antenna sectors) in the collection 3', and (ii) discrete inputs of

detection states from the base stations represented in the collection b. For example. train the ANN on input including:

(i) data fmm 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 E; (ii) a collection of discrete values corresponding to other

base stations (antenna sectors) in the area b containing the area, Am.

Regarding (d) immediately above, it is important to note that it is believed that less accuracy is required in training a ANN

used for generating a location hypothesis (in a FOM |224) for the present invention than in most applications of ANNs (or other

trainable/adaptive components) since, in most circumstances, when signal measurements are provided for locating a target MS I40,

the location engine |39 will activate a plurality location hypothesis generating modules (corresponding to one or more f0Ms |224)

 
for substantially simultaneously generating a plurality of different location estimates (i.e., hypotheses). Thus. instead of training

each ANN so that it is expected to be, e.g., 92% or higher in accuracy. it is believed that synergies with MS location estimates from

other location hypothesis generating components will effectively compensate for any reduced accuracy in such a ANN (or any other

25 location hypothesis generating component). Accordingly, it is believed that training time for such ANNs may be reduced without

substantially impacting the MS locating performance of the location engine I39.

Finding Near-Optimal Location Estimating Artificial Neural Networks

In one traditional artificial 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

30 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 present invention uses mechanisms such as

genetic algorithms or other mechanisms for avoiding non-optimal but locally appealing (i.e., local minimum) solutions, and locating
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  near-optimal solutions instead. I‘ “ particular, such mechanism may be used to adjust the . rrx of weights for the ANNs so that very

good, near optimal ANN configurations may be found efficiently. Furthermore, since the signal processing system I220 uses various

types of signal processing filters for filtering the Rf measurements received from transmissions between an MS I40 and one or more

base stations (antenna sectors I30), such mechanisms for finding near-optimal solutions may be applied to selecting appropriate

5 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 ANN is filtered according to a corresponding “filter description" for the ANN, wherein the

filter description specifies the filters to be used on location signature data prior to inputting this data to the AN N. In particular, the

filter description can define a pipeline of filters having a sequence of filters wherein for each two consecutive filters, f, and f1(f|

preceding f,), in a filter description, the output of f, flows as input to f1. Accordingly, by encoding such a filter description together

10 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 oodes of the 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 pmvides 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

following filters may be used in a filter pipeline of a filter description: Sobel, median, mean, histogram normalization, input cropping,
Gm:$5M“

neighborfaussioa, Weiner filters.

One embodiment for implementing the genetic evolving of filter description and ANN pairs is provided by the following
 

steps that may automatically performed without substantial manual effort:

I) Create an initial population of concatenated genotypes, or genetic representations for each pair of an artificial neural

networks and corresponding filter description pair. Also, provide seed parameters which guide the scope and

characterization of the 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 normalization of the data.

3) Build phenotypes, or artificial neural network/filter description combinations based on the genotypes.

25 4) Train and test the artificial neural network/filter description phenotype combinations to determine fitness; e.g.,

determine an aggregate location error .measurement for each network/filter description phenotype.

5) Compare the fitnesses and/or errors, and retain the best network/filter 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 genotypes for the artificial neural networks and the filter descriptions back to a

30 predetermined size using the selected phenotypes.

8) Combine the artificial neural network genotypes and filter description genotypes thereby obtaining artificial neural

network/filter combination genotypes.

9) Hate the combination genotypes by exchanging genes or characteristics/features of the network/ filter combinations.

ID) If system parameter stopping criteria is not satisfied, return to step 3.
73

Cisco V. TracBeam / CSCO-1002

Page 79 of 2386



Cisco v. TracBeam / CSCO-1002 
Page 80 of 2386

 

10

15

 

25

30

Note that artificial neural network genotypes may be formed by selecting various types of artificial neural network

architectures suited to function appmximation, such as fast 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 by a filter type in the signal processing subsystem |220) for the genotypes.

Examples of genetic parameters include: (a) maximum population size (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) mating criteria, such as tail 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 the initial 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 means to reward artificial neural networks constructed

that use fewer input variables (nodes). A reasonable default value is DJ for both input and hidden node factors.

Examples of neural net/filter description system control parameters include: (a) accuracy of modeling parameters, such as

relative, accuracy, 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 network for estimating a location of an MS I40, it is important that the artificial neural

network be provided with as much accurate Rf signal measurement data regarding signal transmissions between the target MS I40

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 sunounding base stations as possible. Thus, whenever the location engine I39 is requested to locate a

target MS I40 (and in particular in an emergency context such as an emergency 9| I call), the location center I40 automatically

transmits a request to the wireless infrastructure to which the target MS is assigned for instructing the MS to raise its transmission

power to full power for a short period of time (e.g., |00 milliseconds in a base station infrastructure configuration an optimized for

such requests to 2 seconds in a non-optimized configuration). Note that the request for a change in the transmission power level of

the target MS has a further advantage for location requests such as emergency 9| I that are initiated from the MS itself in that a first

ensemble of llf signal measurements can be provided to the location engine I39 at the initial 9” calling power level and then a

second ensemble of llf signal measuremems can be provided at a second higher transmission power level. Thus, in one embodiment

of the present invention, an artificial neural network can be trained not only on the location signaturecluster derived from either the

initial wireless 9” transmissions or the full power transmissions, but also on the differences between these two transmissions. In
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particular, the difference in th‘tion states of the discrete ANN inputs betweeh the t.smission power levels 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 network for 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 f0l1s is generally confined to the requests to the base stations in the immediate area of a target NS

I40 whose location is desired. for instance, both collections of base stations B‘ and bdiscussed in the context of training an ANN are

also the same collections of base stations lmm which MS location data would be requested. Ihus, the wireless network MS location

data requests are data driven in that the base stations to queried for location data (i.e., the collections 3’ and b) are determined by

previous RF signal measurement characteristics recorded. Accordingly. the selection of the collections B‘ and b are adaptable to

changes in the wireless environmental characteristics of the coverage area |20.

lOCATION SIGNATURE DATA BASE

Before proceeding with a description of other levels of the present invention as described in (MI) through (243) above, in this section

furtherdetail is provided regarding the lomtion signature data base l320. Note that a brief description of the location signature data base was

provided above indicating that this data base stores MS location data from verified and/or known locations (optionally with additional known

envimnmerrtal characteristic values) for use in enhancing current target MS location hypotheses and for comparing archived location data with

location signal data obtained from a cunerrt target MS. However, the data base management system functionality incorporated into the

location signature data base I320 is an important aspect of the present invention, and is therefore described in this section. In particular, the

data base managemem functionality described herein addresses a number of difficulties encountered in maintaining a large archive of signal

pmcessing data such as MS signal location data. Some of these difficulties can be described as follows: _

(a) in many signal pmcessing 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 signal processing

application (i.e., the data becomes “inapplicable") its impact on the application should be correspondingly reduced.

Moreover, as archive data becomes substamlly inapplicable, it should be filtered lmm the archive altogether. However, the

size of the data in the archive makes it 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 I I

(c) it is sometimes difficult to determine a useful technique for comparing archived data with newly obtained signal processing

application data.

It is an aspect of the present invemion that the data base management functionality of the location signature data base I320 addresses

each of the 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 or increasing the confidences of archived verified loc sigs
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awarding to how well their sigrflcteristic data compares with newly received verified I gnature data, the location signature data
base I320 maintains a consistency with newly verified Ioc sigs ‘ ‘

The following data base management functional descriptions describe some of the more noteworthy functions of the location signature

data base I320. Note that there are mious 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. I6a 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 |320.

LOCATION SIGNATURE PROGRAM DESCRIPTIONS

The following program updates the random Ioc sigs in the location signature data base l320. In one embodiment, this program is

invoked primarily by the SignalProcessing Subsystem.

Update location signature Database Program

Update_Loc_Sig_DB(new_loc_obj, selection_criteria, |oc_sig_pop)

I" This program updates Ioc sigs in the location signature data base I320. That is, this program updates, for example, at

least the location information for verified random Ioc sigs residing in this data base. The general 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 Ioc sigs are still reasonably valid to

use for:

(29.l) estimating a location for a given collection (i.e., “bag”) of wireless (e.g., CD MA) location related signal

characteristics received fmm an MS,

I (29.2) training (for example) adaptive location estimators (and location hypothesizing models), and

(293) 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).

More precisely, since it is assumed that it is more likely that the newest location information obtained is more indicative of

. the wireless (CDI‘IA) signal characteristics within some area surrounding a newly verified location than the verified Ioc sigs

(location signatures) previously entered into the location Signature data base, such verified Ioc 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 Ioc sigs still appropriately characterize their associated location.

In particular, comparisons are iteratively made here between each (target) Ioc sig “near” “new_loc_obj" and a

population of loc sigs in the location signature data base |320 (such population typically including the loc sig for

“new_loc_obj) for: V

(29.4) adjusting a confidence factor of the target Ioc sig. Note that each such confidence factor is in the range [0, l]-

with 0 being the lowest and I being the highest. Further note that a confidence factor here can be raised as
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well afied depending on how well the target loc sig matcheflonsistent with the population of Ioc
sigs to which it is compared. Thus, the confidence in any particular verified 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.

5 (295) remove older verified luc sigs from use whose confidence value is below a predetermined threshold. Note, it is

imended that such predetermined thresholds be substantially automatically adjustable by periodically testing

various confidence factor thresholds in a specified geographic area to determine how well the eligible data

base loc sigs (for different thresholds) perform in agreeing with a number of verified loc sigs in a “loc sig

test-bed”, wherein the test bed may be composed of, for example, repeatable loc sigs and recent random

10 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 gmup of loc sigs such as the random loc

sigs or the repeatable loc sigs, such selection being determined according to the input parameter, “selection_criteria"25am
15 while the comparison population may be designated with the input parameter, “loc_sig_po p”. for example, to update

  
.rrl

confidence factors of certain random loc sigs near “new_loc_o bj”, “selection_criteria” may be given a value indicating,

“USE_lUlND0l‘I_l0C_SIGS", and “loc_sig_po p" may be given a value indicating, “USE_llEPEATABLE_LOC_S|GS".

Thus, if in a given geographic area, the repeatable loc sigs (from, e.g., stationary transceivers) in the area have recently

been updated, then by successively providing “new_loc_obj” with a lot sig for each of these repeatable loc sigs, the

20 stored random loc sigs can have their confidences adjusted.

Alternatively, in one embodiment of the present invention, the present function may be used fordetermining

when it 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 loc sigs here pmvides a method

for determining when repeatable loc sigs for a given area should be updated. That is, for example, when the area's average

25 confidence factor for 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 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

I320 is maintained with high confidence by, for example, frequent data base updating. Thus, the random location

signature data base verified location information may be effectively compared against the repeatable loc sigs in an area.

30 lNPUT:

new_.|oc_obj: a data representation at least including a lot sig for an associated location about which Location

Signature Ioc sigs are to have their confidences updated.

selection_criteria: a data representation designating the loc sigs to be selected to have their confidences updated

(may be defaulted). The following groups of loc sigs may be selected: “USE_RAN DOM_LOC_SIGS" (this is the
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default), U.PEATABLE_LOC_SIGS", “USE__ALL__LOC_SIGS". Oat 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 reducing Ioc sig confidences,

(b) a big ermr threshold for determining the errors above which are considered too big to ignore,

5 (c) a confidence increase factor for increasing Ioc sig confidences.

(d) a small ermr 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 Ioc sigs here considered to be “recent”.

Ioc_sigyp: a data representation of the type of Ioc sig population to which the Ioc sigs to be updated are

10 - compared. The following values maybe 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

The following program reduces the confidence of verified Ioc sigs in the location signature data base I320 that are likely to

be no longer accurate (i.e., in agreement with comparable Ioc sigs in the data base). If the confidence is reduced low enough, then

such Ioc sigs are removed fmm the data base. Further. if for a location signature data base verified location composite entity (Le, a

collection of Ioc sigs forthe same location and time), this entity no longer references any valid Ioc sigs, then it is also removed from

the data base. Note that this program is invoked by “Update_Loc_Sig_DB".

 
reduce_bad_DB__loc_sigs(loc_sig_bag , error_rec_set, big_error__threshold confidence_reduction_factor,

recent_time)

Inputs:

|oc_sig_bag: A collection or “bag" of Ioc sigs to be tested for determining if their co nfidences should be lowered

25 7 and/or any of these Ioc sigs removed.

error_rec_set: A set of error records (objects), denoted “error_recs“, providing information as to how much each

Ioc sig in “loc_sig_bag” disagrees with comparable Ioc sigs in the data base. That is, there is a

“error rec” here foreach Ioc sig in “Ioc sig bag". _

big_error_threshold: The ermr threshold above which the errors are considered too big to ignore.

 

30 confidence_reduction_factor: The factor by which to reduce the confidence of Ioc sigs.
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recent_time: period beyond which loc sigs are no longer considergnt. Note that “recent” loc sigs (i.e.,
more recent than “recent_time”) are not subject to the confidence reduction and filtering of this

actions of this function.

Confidence Enhancement Program

The following pmgram increases the confidence of verified Location Signature loc sigs that are (seemingly) of higher

accuracy (i.e., in agreement with comparable loc sigs in the location signature data base I320). Note that this program is invoked by

“Update_l.oc_$ig_D B”.

increase_confidence_of_good_DB_loc_sigs(nearby_|oc_sig_bag, error_rec_set, small_error_threshold,

confidence_increase_factor, recent_time);

Inputs:

loc_sig_bag: A collection or “bag” of to be tested for determining if their confidences should be increased.

error_rec_set: A set of enor records (objects), denoted “error_recs", providing information as to how much each

loc sig in “loc_sig_bag" disagrees with comparable loc sigs in the location signature data base. That

is. there is a “error rec” here for each loc sig in “loc sig bag”.

small_error_threshold: The error threshold below which the errors are considered too small to ignore.

confidence_increase_factor: The factor by which to increase the confidence of loc sigs.

recent_time: Time period beyond which loc sigs are no longer considered recent. Note that “recent” loc sigs (i.e.,

more recent than “recent_time") are not subject to the confidence reduction and filtering of this

actions of this function.

Location Hypotheses Consistency Program

The following pmgram determines the consistency of location hypotheses with verified location information in the location

signature data base I320. Note that in the one embodiment of the present invention, this pmgram is invoked primarily by a module

denoted the historical location reasoner I424 described sections hereinbelow. Moreover, the detailed description for this pmgram is

provided with the description of the historical location reasoner hereinbelow for completeness.

DB_Loc__Sig__Error_Fit(hypothesis, measured_loc~sig__bag, search_criteria)

I“ 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 I320 wherein the data base loc sigs must satisfy the criteria of the input parameter “search_criteria” and

are relatively close to the MS location estimate of the location hypothesis. “hypothesis".

Input: hypothesis: MS location hypothesis;

measured_loc_sig_bag: A collection of measured location signatures (“loc sigs" for short) obtained from the M8

(the data structure here is an aggregation such as an array or list). Note, it is assumed that there is at most
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 one locre per Base Station in this collection. Additionally,

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 utilizationof flag or tag hits as one skilled in

the art will appreciate;

5 search_criteria: The criteria for searching the verified location signature data base for various categories of Ioc

sigs The only limitation on the types of categories that may be provided here is that, to be useful, each

category should have meaningful number of Ioc 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),

10 (b) “USE ONLY REPEATABLE LDC SIGS”,

(c) “USE ONLY LOC SIGS WITH SIMILAR TIME OF DAY".

Further categories of Ioc sigs close to the MS estimate of “hypothesis” contemplated are: all Ioc sigs for the

same season and same time of day, all Ioc sigs during a specific weather condition (e.g., snowing) and at the

same time of day, as well as other limitations for other environmental conditions such as traffic patterns.

15 Note, if this parameter is N IL, then (a) is assumed.

Returns: An error object (data type: “error_object”) having: (a) an “error” field with a measurement of the error in the fit

of tge‘ilpfition signatures from the MS with verified location signatures in the location signature data base I320;
m. and3b+a “confidence” field with a value indicating the perceived confidence that is to be given to the “error”

value. “I

20 Location Signature Comparison Program

 
The following program compares: (al) loc sigs that are contained in (or derived from) the loc sigs in

“target__loc_sig_bag" with (bl) loc sigs computed from verified loc sigs in the location signature data base I320. That is. each loc

sig from (al) is compared with a corresponding Ioc sig from (b) to obtain a measurement of the discrepancy between the two Ioc sigs.

In particular. assuming each of the loc sigs for “target_loc_sig_bag" correspond to the same target MS location, wherein this

25 location is “target_loc". this program determines how well the loc sigs in “target_loc_sig_bag” fit with a computed or estimated

loc sig for the location, “target_loc" that is derived from the verified Ioc sigs in the location signature data base I320. Thus, this

program may be used: (al) for determining how well the loc sigs in the location signature cluster for a target MS

(“target_loc_sig_bag”) compares with Ioc sigs derived from verified location signatures in the location signature data base, and

(b2) for determining how consistent a given collection of Ioc sigs (“target_loc_sig_bag”) from the location signature data base is

30 with other Ioc sigs in the location signature data base. Note that in (b2) each of the one or more Ioc sigs in “target_loc_sig_bag"

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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Determine_Location_SigDEJiLErrors(target_loc, target_loc_sig_anrch_area, search_criteria,
output_criteria)

I“ Input: target_loc: An MS location or a location hypothesis for an MS. Note. this can be any of the Iollowing:

(a) An MS location hypothesis, in which case, if the hypothesis is inaccurate, then the loc sigs

in “target_|oc_sig_bag” are the location signature cluster-from which this location

hypothesis was derived. Note that iI this location is inaccurate. then

“target_loc_sig_bag" is unlikely to be similar to the comparable loc sigs 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 loc sigs of “target_loc_sig_bag“

10 were the loc sigs measurements at the time they were verified. However, these Ioc sigs

may or may not be accurate now.

target_loc_sig_bag: Measured location signatures (“Ioc sigs” for short) obtained from the MS (the data

stnrcture here, bag, is an aggregation such as array or list). It is assumed that there is at least one loc sig

in the bag. Further, it is assumed that there is at most one loc sig per Base Station;

15 search_area: The representation ol the geographic area surrounding “target_loc". This parameter is used for

searching the location Signature data base for verified loc sigs that correspond geographically to the

location of an MS in “search_area;

search_criteria: 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

25 here may include one of:

(a) “OUTPUT ALL POSSIBLE ERROR__RECS”;

(b) “OUTPUT ERROR_RECS FOR INPUT LOC SIGS ONLY".

Returns: error_rec_bag: A bag of error records or objects providing an indication of the similarity between each loc sig

in “target_loc_sig_bag” and an estimated loc sig computed for “target_loc" from stored loc sigs in a surrounding

30 area of “target_loc”. Thus, each error record/object in “error_rec_bag” provides a measurement of how well a loc

sig (i.e., wireless signal characteristics) in “target_loc_sig_bag” (for an associated BS and the MS at “target_loc”)

correlates with an estimated Ioc 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)a. indicating the base station to which the error recommends; and (b) a error measurement
(> =0), and (c) a confidence value (in [0, l]) indicating the confidence to be placed in the error measurement.

Computed Location Signature Program

The following program receives a collection of loc sigs and computes a loc sig that is representative of the loc sigs in the

5 collection. That is, given a collection of loc 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 loc sig associated with the predetermined Base

Station and associated with a predetermined l’lS location, “loc_for_estimation”. 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 has its associated MS location relatively close

to “loc_for_estimation", then this program can compute and return a reasonable approximation of what a measured loc sig between

10 an MS at “loc_for_estimation" and the predetermined Base Station ought to be. This program is invoked by

“Determine__Location_Signature_Tit_Errors”.

at”.oi.m.»
estimate_loc_sig_from_DB(loc_for_estimation, loc_sig_bag)

Geographic Area Representation Program

The‘following program determines and returns a representation of a geographic area about a location, “loc”, wherein: (a)

:'=s‘....=
r‘fiiti:. 2
:9
=93. =m:

15 the geographic area has associated MS locations for an acceptable number (i.e., at least a determined minimal number) of verified loc

sigs from the location signature data base, and (b) the geographical area is not too big. However, if there are not enough loc sigs in

even a largest acceptable search area about “loc”, then this largest search area is returned. “DB_Loc_Sig_Error_Fit”

get__area_to_search(loc) 
Location signature Comparison Program

20 This program compares two location signatures, “target_|oc_sig" 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 two loc sigs relative to the variability of the verified location signatures in a collection

of loc sigs denoted the “comparison_loc_sig_bag" obtained from the location signature data base. It is assumed that

“target__loc_sig", “comparison_loc_sig" and the loc sigs in “comparison_loc_sig_bag" are all associated with the same base

25 station. This program returns an ermr record (object), “error_rec", having an error or difference value and a confidence value for

the ermr value. Note,the signal characteristics of “target_loc_sig” and those of “comparison_loc_sig” are not assumed to be

similarly normalized (e.g., via filters as per the filters of the Signal Processing Subsystem) prior to entering this function. It is

further assumed that typically the input loc sigs satisfy the “search_criteria". This program is invoked by: the program,

“Detennine_Location_Signature_Fit_Errors", described above.
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get_difference_measure .target_loc_sig, comparison_loc_sig, compa_loc_sig_bag, search_area,
searth_criteria)

Input:

target_loc_sig: The Inc sig to which the “error_rec” determined here is to be associated.

comparison_loc_sig: The Ioc sig to compare with the “target_loc_sig". Note, if “comparison_loc_sig" is NIL, then this

parameter has a value that corresponds to a noise level of “target_loc_sig".

comparison_loc_sig_bag: The universe of Ioc 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 Ioc sigs for the

associated BS that are in the “search_area”.

search_area: A representation of the geographical area surrounding the location for all 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 locationsignature 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.

Detailed Description of the Hypothesis Evaluator Modules

Context Adjuster Embodiments

The context adjuster l326 performs the first set of potentially many adjustments to at least the confidences of location hypotheses, and in

some important embodiments, both the confidences and the target MS location estimates provided by tom |224 may be adjusted according to

previous performances of the EOMs. More particularly, as mentioned above, the context adjuster adjusts confidences so that, assuming there is

a sufficient density verified location signature clusters captured in the location signature data base I320, the resulting location hypotheses

output by the context adjuster I326 nay be further processed uniformly and substantially without ooncem as to differences in accuracy

between the first order nndels from which location hypotheses originate. Accordingly, the context adjuster adjusts location hypotheses both

to environmental factors (eg, tenain, traffic, time of day, etc., as described in 30.l above). and to how predictable or consistent each first

order model (POM) has been at locating previous target MS’s whose locations were subsequently verified.

Of particular importance is the novel computational paradigm utilized herein. That is, ifthere is a sufficient density of previous verified

I‘iS location data stored in the location signature data base I320, then the FOM location hypotheses are used as an “index" into this data base

(i.e., the location signature data base) for constnrcting new target MS I40 location estimates. 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 l320

stores previously captured MS location data including:
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  (a) clusters ofkd A l . “ ignature signals (see the location signature data base ' ‘ l -r a discussion of these signals) and ,
(b) a corresponding verified l‘iS location, for each such cluster. from where the MS signals originated,

the context adjuster |326 uses newly created target MS Iomtion hypotheses output by the POM's as indexes or pointers into the location

signature data base for idemifying other geographical areas where the target MS I40 is likely to be located based on the verified MS location

5 data in the location signature data base.

In particular, at least the following two criteria are addressed by the context adjuster I326:

(32.l) Confidence values for location hypotheses are to be comparable regardless of first order models from which the location

hypotheses originate. That is, the context adjuster moderates or dampens confidence value assignment distinctions or

variations between first order models so that the higher the confidence of a location hypothesis, the more likely (or

- 10 unlikely, ifthe location hypothesis indicates an area estimate where the target MS is NOT) the target MS is perceived to be

in the estimated area of the location hypothesis regardless of the first Order Model from which the location 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

15 comparing how accurate the first order models have previously been in determining an MS location according to

such environmental characteristics. for example, in one embodiment of the present invention, such  
environmental characteristics are accounted for by utilizing a transmission area type scheme (as discussed inFEES1L

u . section 5.9 above) when adjusting confidence values of location hypotheses. Details regarding the use of area

,ll._ll
types for adjusting the confidences of location hypotheses and provided hereinbelow, and in particular, in

20 APPENDIX D.

Note that in satisfying the above two criteria, the coMext adjuster I326, at least in one embodiment, may use heuristic (fuzzy  ll".13will:,
l' logic) rules to adjust the confidence values of location hypotheses from the first order models. Additionally, the context adjuster

may also satisfy the following criteria:

(33.|) ihe context adjuster may adjust location hypothesis confidences due to BS failure(s),

25 ' (33.2) Additionally in one embodiment, the context adjuster may have a calibration mode for at least one of:

(a) calibrating the confidence values assigned by first order models to their location hypotheses outputs;

(b) calibrating itself.

A first embodiment of the context adjuster is discussed immediately hereinbelow and in APPENDIX D. However, the

present invention also includes other embodiments of the context adjuster. A second embodiment is also described in Appendix D so

30 as to not overburden the reader and thereby chance losing perspective of the overall invention.

A description of the high level functions in an embodiment of the context adjuster I326 follows. Details regarding the

implementation of these functions are pmvided in APPENDIX D. Also, many of the terms used hereinbelow are defined in APPENDIX

D. Accordingly, the program descriptions in this section provide the reader with an overview of this first embodiment of the context

adjuster I326.
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Context_adjuster(loc_hyp_|ist)

This function adjusts the location hypotheses on the list, “loc_hyp_list", so that the co nfidences of the location hypotheses

are determined more by empirical data‘than default values from the First Order Models l224. 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 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 location hypothesis on the input list, 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 “image_area" field (see Fig. 9) may be assigned an area indicative of

where the target MS is estimated to be, (h) if “image_area" 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 l320 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 co nfidence (for “image_area”)

using the verified clusters in the Location Signature data base, and one being substantially the same as the associated input location

hypothesis except that the confidence (for the field “area_est") is reduced to reflect the confidence in its paired location hypothesis

having a computed confidence for “image_area”. Note also, in some cases, the location 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)

This function returns a 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 hypotheses on the list are “adjusted" versions of

“loc__hyp" in that both their target MS I40 location estimates, and confidence placed in such estimates may be adjusted according to

archival MS location information in the location signature data base l320. Note that the steps herein-are also provided in flowchart

form in figs. 26a through 26c.

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 same as the input “loc_hyp" except that there may now be a new target

MS estimate in the field, “image_area”, and/or the confidence value may be changed to

reflect information of verified location signature clusters in the location signature data

base.

The function, “get_adjusted_loc_hyp_list_for," and functions called by this function presuppose a framework

or paradigm tha requigqome discussion as well as the defining of some terms. Note that some of the terms defined hereinbelow
are illustrated in %a
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Define the term the “mar set” to be the set of all MS location point estimate‘ the values of the “pt_est" field of the
location hypothesis data type), for the present TOM, such that:

(a) these estimates are within a predetermined corresponding area (e.g., the “loc_hyp.pt_covering” being such a

predetermined corresponding area, or more generally, this predetermined corresponding area is determined as a

5 function of the distance from an initial location estimate, e.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 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_lD”) to mean the set of verified
 

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

embodimem, 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 TOM is substantially contained within a

3% single (transmission) area type.

-—.§ 15 Thus, the present FOM provides the correspondences or mapping between elements of the cluster set and elements of the image

551:; cluster set.
iJ-S
iii?

as ' confidence_adjuster(fOM_lD, image_area, image_cluster_set)
$2 . . . . . . . .
;.3‘ Thu function returns a confidence value Indicative of the target MS I40 being In the area for “Image_area”. 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” (when it is assumed that for the related “loc_hyp,” the “cluster set area" is the “loc_hyp.pt_covering"

and “loc_hyp.F0lVl_|D" is “F0l’l_lD”).,

25 The function, “confidence_adjuster,” (and functions called 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 number of the verified location signature clusters in an “image cluster

set” pgr 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

30 resides in the “image cluster set area” when an estimate 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 “image_area”. However, the mapped cluster density value requires

modification before it can be utilized in the confidence calculation. In particular, confidence values must be in the range [-I, I]
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and a mapped cluster den!as not have this constraint. Thus, a “relativized mapuster density” for an estimated MS
area is desired, wherein this relativized measurement is in the range [-I, + I], and in particular, for positive confidences in the

range [0, I]. Accordingly, to alleviate this difficulty, for the POM define the term “prediction mapped cluster density" as a

mapped cluster density value, MD, for the TOM and image cluster set area wherein:

(i) l’lCD is sufficiently high so that it correlates (at least at a predetermined likelihood threshold level) with the actual target

MS location being in the “image cluster set area’f when a TOM target MS location estimate is in the corresponding “cluster

set area”;

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 greaterthan the “prediction mapped cluster density", then there is a high likelihood of the target MS being in the

image cluster 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 values that is

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 the likelihood that if a verified MS location: (a) has a corresponding POM MS estimate 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” measurement for 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 ID 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 number of 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 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" forthe area here may also be computed by dividing the mapped cluster density

by the composite prediction mapped cluster density and taking the smaller of: the resulting'ratio and LO as the value for 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_composite_prediction_mapped_cluster_density_for_high_certainty(FOM_lD, 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 “FOM_ID”.

OUTPUT: composite_mapped_density This is a record forthe composite prediction ‘
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  cluster density. In particular, there are with tw.:
(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 as to the reliability of the “value" field. The reliability

5 A field is in the range [0, I] with 0 indicating that the “value” field is worthless and the larger the

value the more assurance can be put in “value” with maximal assurance indicated when “reliability”

is l.

get_prediction_mapped_cluster_density_for(FOM_lD, area_type)

10 The present function determines an approximation to a prediction mapped cluster density, D, for 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 I40 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

f- also provided in flowchart form in Figs. 29a through 29b.

15 OUTPUT: prediction__mapped_cluster_density 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" “I.iizniu.-

It is important to note that the computation here for the prediction mapped clusterdensity may be more intense than

 t1,.m,"lil'rllii
20 some othercomputations but the cluster densities computed here need not be performed in real time target MS location

processing. That is, the steps of this function may be performed only periodically (e.g., once a week), for each FUN 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, one skilled in the art will understand that with sufficiently fast computational devices, some related

25 variations of this function may be performed in real-time. In particular, instead of supplying area type as an input to this

function, a particular area, A, may be provided such as the image area for 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 statement of the embodiment of this 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 Analyzer is illustrated. The control component is denoted the control

module I400 . Thus, this control module manages or controls access to the run time location hypothesis storage area l4l0. The control module

I400 and the mn time location hypothesis storage area l4|0 may be implemented as a blackboard system and/or an expert system.
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  Accordingly, in the bladcboard e ’1‘ -nt, , and the control module I400 determines when ne ‘f

blackboard from other pmcesses such as the context adjuster I326 as well as when location hypotheses may be output to the most likelihood

estimator I344.

“ ion hypotheses may be entered onto the

The following is a brief description of each submodule included in the location hypothesis analyzer I332.

(35.I) A control module I400 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 analyzeras 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 |4|0 for retaining location hypotheses during their processing by the location hypotheses

analyzer. This can be, for example, an expert system fact base or a blackboard. Note that in some of 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; i.e., the term “blacldzoard” hereinafterwill denote a run-time data repository for a data processing paradigm wherein the

[low of control is substantially data-driven.

(353) An analytiml reasoner module I4l6 for determining if (or how well) location hypotheses are consistent with well known physical or

heuristic constraints as, eg, rnemioned in (30.4) above. Note that this module may be a daemon or expert system mle base.

(35.4) An historical location reasoner module I424 for adjusting location hypotheses' confidences according to how well the location signature

characteristics (Le. loc sigs)associated with a location hypothesis compare with “nearby” loc sigs in the location signature data base

as indicated in (30.3) above. Note that this module may also be a daemon orexpert system rule base.

(35.5) A location extrapolator module I432 for use in updating previ0us location estimates for a target MS when a more recent location

hypothesis is provided In the location hypothesis analyzer I332. That is, assume that the control module I400 receives 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

(i.e., they reside in the HS status repository I338, as shown best in Fig. 6), or are cunently being processed (i.e., they reside in the run-

time location hypothesis storage area I4l0). 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 active_timestamp of one of these previous location

hypotheses, then an extrapolation may be performed by the location extrapolator module I432 on such previous location hypotheses so

that all target HS location hypotheses being concurrently analyzed are presumed to include target MS location estimates for

substantially the same point in time. Thus, initial location estimates generated by the FOMs using different wireless signal

measurements, from different signal transmission time intervals, may have their corresponding dependent location hypotheses utilized

simultaneously for deoennining a most likely target MS location estimate. Note that this module may also be daemon or expert system
rule base.

(35.6) hypothesis generating module I428 for generating additional location hypotheses according to, 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 I428 may generate
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  “poor reception” locati - theses that specify MS location areas of known poor rec I: hat are “near” or intersect cunemly

active location hypotheses. Note, that these poor reception location hypotheses may be specially tagged (e.g., with a distinctive

F0l’l_lD value or specific tag field) so that regardless of substamially 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

exception to this constraint is location hypotheses generated from mobile base stations I48. Note that this module may also be daemon

orexpert 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

system can be described as a particular class of software that typically includes at least three basic components. That is:

(36.|) a data 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

.cunent 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 MI 0;

(36.2) I one or nrore active (and typically opportunistic) knowledge sources, denoted conventionally as “daemons," that create

and modify the contents of the blackboard. The blackboard system employed requires only that the daemons have

application knowledge specific to the MS location problem addressed by the presentinvention. As shown in Fig. 7, the

knowledge sources or daemons in the hypothesis analyzer include the analytical reasoner module I4l6, the hypothesis

generating module I428, and the historical location reasoner module l4l6;

(363) a control module tint 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 module is provided by the control module

I400.

Note that this blackboard system may be commercial, however, the knowledge sources, ie, daemons, have been developed specifically for

the present invention. Forlurtherinfonnation regarding such blackboard systems, the following references are incorporated herein by

reference: (a) Jagannathan, V, Dodhiavrala, IL, & Baum, L S. (I989). Blackboard architectures and applications. Boston, MA: Harcourt Brace

jovanovich Publishers: (b) Engelmore, R, & Morgan, T. (I988). Blackboard systems. Reading, MA: Addison-Wesley Publishing Company.

Altenratively, the control module I400 and the run-time location hypothesis storage area l4|0 may be implemented as an expert system

or as a fuzzy rule inferencing system, wherein the control module I400 activates or “fires" rules related tothe 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,

for example, constraints and heuristics related to the accuracy of MS location estimates. Thus, the control module I400 for the present

embodiment is also used for orchestrating, coordinating and controlling the activity of the individual rule bases of the location hypothesis

analyzer (e.g. as shown in Fig. 7. the analytical reasoner module l4I6, the hypothesis generating module I428 , the historical location reasoner

module I424, and the location extrapolator module I432). Forfurther information regarding such expert systems. the following reference is

incorporated herein by reference: Watemran, D. A. (I970). A guide to expert systems. Reading, MA: Addison-Wesley Publishing Company.
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MS Status RepositoQbodiment O
The MS status repository I338 is a run-time storage manager for storing location hypotheses from previous activations of the

location engine I39 (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 I39 activations to determine, for example, a movement of the target MS between

5 evaluations of the target I‘IS location. Thus, by retaining a'moving window of previous location hypotheses used in evaluating

positions of a target MS, measurements of the target MS's velocity, acceleration, and likely nut position may be determined by the

location hypothesis analyzer I332. Further, by providing accessibility to recent MS location hypotheses, these hypotheses may be used

to resolve conflicts between hypotheses in a current activation for locating the target MS; e.g., MS paths may be stored here lor use in

extrapolating a new location

10 Most likelihood Estimator Embodiment

The most likelihood estimator I344 is a module for determining a “most likely" location estimate for a target MS I40 being located

:5 (e.g., as in (30.7) above). In one embodiment. the most likelihood estimator performs an integration or summing of all location hypothesis
:4 confidence values for any geographic region(s) of interest having at least one location hypothesis that Ins been provided to the most likelihood

E: estimator, and wherein the location hypothesis has a relatively} (or sufficiently) high confidence. That is, the most likelihood estimator I344
LL} . 15 determines the area(s) within each such region having high confidences (or confidences above a threshold) as the most likely target MS I40
it} location estimates.

In one embodiment of the most likelith estimator I344, this module utilizes an area mesh, I1, overwhich to 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 HS I40 is located in c, wherein the confidence value for c is determined by the confidence values of the

20 target MS location estimates provided to the most likelihood estimator I344. Thus, to obtain the most likely location detennination(s) the

following steps are performed:

(a) For eadi ol the active location hypotheses output by, e.g., the hypothesis analyzer I332 (alternatively, the context adjuster

I326), each conesponding MS location area estimate, LAE, is provided with a smallest covering, Cm, of cells c from M.

(b) Subsequently, udr of the cells of (1“ have their confidence values adjusted by adding to it-the confidence value for LAE.

25 Accordingly, if the confidence of [EA is positive, then the cells of CLEA have their confidences increased. Altematively, if the

p confidence of LEA is negative, then the cells of Cu have their confidences decreased. V

(c) Given tlmthe interval [-l.0, + |.0] represents the range in confidence values, and that this range has been partitioned into

intervals, Int, Iaving lengths of, e.g., 0.05, for each interval, Int, perform a cluster analysisfunction for clustering cells with

mnfidences that are in Int. Thus, a topographicaltype map may be constructed from the resulting cell clusters, wherein

30 ‘ higher confidence areas are analogous to representations of areas having higher elevations.

(d) Output a representation of the resulting dusters for each Int to the output gateway I356 fordetermining the location

granularity and representation desired by each location application I46 requesting the location of the target MS I40.
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O 0
Of course, variations in the above algorithm also within the scope of the present invention. for example, some embodiments of the

most likelihood estimator I344 my:

(e) Perform special processing for areas designated as “poor reception” areas. forexample, the most likelith estimator B44 may

5 be able to impose a confidence value of zem (i.e., meaning it is unknown asto whether the target MS is in the area) on each

such poor reception area regardless of the location estimate confidence values unless there is a location hypothesis from a

relble and unanticipated source. That is, the mesh cells of a poor reception area may have their confidences set to zem

unless, e.g., there is a location hypothesis derived from target MS location data provided by a mobile base slation I48 that

(a) is nearthe poor reception area, (b) able to detect that the target MS I40 is in the poor reception area, and (c) can relay

10 target MS location data to the location center I42. In such a case, the confidence of the target MS location estimate fmm the

M85 location hypothesis may take precedence.

(l) Additionally, in some embodiments of the most likelihood estimator I344, cells c of N that are “near" or adjacent to a covering

Cm may also have their confidences adjusted according to how near the cells c are m the covering. That is, the assigning of

oonfidences to cell meshes may be “fuzzified” in the terms of fuzzy logic so that the confidence value of each location

hypothesis utilized by the most likelihood estimator IBM 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 “neamess,” in the present context,

- should be monotonic with the “wideness” of the covering; i.e., asthe extent of the covering increases (decreases) in a

parliculardirection, the cells c affected beyond the covering also increases (decreases). Furthermore, in some embodiments of 
the most likelihood estimator l344, the greater (lesser) the confidence in the LEA, the more (fewer) cells c beyond the covering

if 20 have their confidences affected. To describe this technique in furtherdelail, reference is made to Fig. ID, wherein an area A is
“.1 assumed to be a covering (I,El having a confidencedenoted “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:

(0 . Determine the oemroid of A, denoted Cent(A).

25 60 Determine the centroid of the cell c, denoted Q.

(ED Determine the extent of A along the line between Cent(A) and Q, denoted L.

(iv) for a given type of probability density function, P(x), such as a Gaussian function, let T be the beginning

portion of the function tlnt lives on the x-axis interval [0, t], wherein P(t) = ABS(conf) = the absolute

value of the confidence of Cm. ‘

30 i (v) Stretch T along the x-axis so that the stretched function, denoted sT(x), has an x-axis support of [0, L/(l + e‘

[WWW], where a is in range of 3.0 to l0.0; e.g., 5.0.4 Note that sT(x) is the function,

P(x * (l + e‘I“m(“""* ')])/L), on this stretched extent. further note that for confidences of + l

and -l, the support of sT(x) is [0, L] and for confidences at (or near) zero this support. Further, the term,

up ”We”- W)
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  V notonically increasing with Land ABS(conf).

(Vi) . Determine D = the minimum distance that Q is outside of A along the line beetween Cent(A) and Q.

(viD Determine the absolute value of the change in the confidence of c as sT(D).

(viiD Provide the value sT(D) with the same sign as conf. and provide the potentially sign changed value sT(D) as
the confidence of the cell c.

Additionally, in some embodiments,the most likelihood estimator I344, upon receiving one or more location hypotheses from the

hypothesis analyler I332, also performs some or all of the following tasks:

(37.l) filters out location hypotheses having confidence values near zero whenever such location hypotheses are deemed too

unreliable to be utilized in determining a target MS location estimate. For example, location hypotheses having confidence

values in the range [-0.02, 0.02] may be filtered here; I

(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 fmm the received location hypotheses (wherein such location hypotheses have not

been removed from consideration by the filtering pmcess of (37.|));

(37.3) Determines, once the integration is performed, one or more collections of contiguous area mesh cells that may be deemed a

“most likely” MS location estimate, wherein each such collection includes one or more area mesh cells having a high

confidence value.

Detailed Description of the Location Hypothesis Analyzer Submodules

Analytical Reasoner Module

The analytical reasoner applies 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" infomration. That is, this module determines if (or how well) location hypotheses are consistent with well known physical constraints

sud: 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 lilely) location estimate of a target MS and an estimate by a cunent location hypothesis requires the MS

to:

(a) move at an unreasonably high rate of speed (e.g., 200 mph), or

(b) move at an unreasonably high rate of speed for an area (eg, 80 mph in a corn patch), or

(c) make unreasonably sharp velocity changes (e.g., from 60 mph in one direction to 60 mph in the opposite direction in 4 sec),

then the confidence in the current hypothesis is reduced. Such path infomtation may be derived for each time series of location hypotheses

resulting fmm the FOMs by maintaining awindow of previous location hypotheses in the MS status repository I338. Moreover, by additionally

retaining the “most likely" target MS location estimates (output by the most fikelihood estimator I344), currem location hypotheses may be

compared against such most likely MS Iomtion estimates.
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  The following path sanity chm: . incorporated into the computations of this module. I
(I) do the predided MS paths generally follow a known transportation pathway (e.g., in the case of a calculated speed of greater

than 50 miles per hourare 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 of the location hypotheses not satisfying this criterion;

(2) are the speeds. velocities and accelerations. determined fmm the cunent and past target MS lotation 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 the locations, speeds, velocities and/or accelerations similar between target MS traclcs produced by different FOMs similar,

decrease the confidence of the curremly active location hypotheses that are indicated as “outliers" by this criterion;

(4) are the currently active location hypothesis target MS estimates consistent with previous predictions of where the target MS is

predicted to be fmm a previous (most likely) target MS estimate; if not, then decrease the confidence of at least those location

hypothesis estimates that are substantially different from the conesponding predictions. Note, however, that in some rases this

may be over nrled. for example, if the prediction is for an area for which there is Location Base Station coverage, and no

Location Base Station covering the area subsequently reports communicating with the target MS, then the predictions are

inconect and any cunent location hypothesis from the same fOM should not be decreased here if it is outside of this location

Base Station coverage area.

Notice from Fig. 7 that the analytical reasoner can access location hypotheses currently posted on the Run-time Location Hypothesis

Storage Area. Additionally, it interacts with the Pathway Database which contains information concerning the location of natural

transportation pathways in the region (highways, rivers, etc.) and the Area Characteristics Database which contains infomtation 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 mph in a dense urban area, ifthe direction indicated by a time series of related location hypotheses is directly through an

extensive building complex laving no through traffic routes, then a reduction in the confidence of one or more of the location hypotheses may

be appropriate.

One embodiment of the Analytical Reasoner illustrating how such constraints my 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 |4|6 are provided hereinbelow.

Path Comparison l‘lodule

Ihe path comparison module I454 implements the following strategy: the confidence of a particular location hypothesis is be increased

(deceased) if it is'(not) predicting a path that lies along a known transportation pathway (and the speedof the target MS is sufficiemly high).

for instance, ifa time series of target MS location hypotheses for a given fOM is predicting a path of the target MS that lies along an interstate
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  highway, the confidence of the c - :‘

following steps may be performed:

(a) Foreadr FOl’l having a currently active location hypothesis in the Run-time Location Hypothesis Storage Area (also denoted

in active location hypothesisforthis TOM should, in gene . increased. Thus, ata high level the

“blackboard"), determine a recent "path" obtained from a time series of location hypotheses for the TOM. This computation for the

"path" is perfonrred by stringing together successive “centerol area” (COA) or centmid values determined fmm the most pertinent

target MS location estimate in each location hypothesis (recall 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 TOM 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.

(b) Compare eadr path obtained in (a) against known transporlation pathways in an area containing the path. A value, path_match(i),

representing in what extent the path nratches any known transportation pathway is computed.. Such values are used later in a

computation for adjusting the confidence of each corresponding cunently active location hypothesis.

Velocity/Acceleration Calculation Module

The velocity/acceleration calculation module I458 computes velocity and/or acceleration estimates for the target MS I40 using cunemly

active location hypotheses and previous location hypothesis estimates of the target MS. In one embodiment, for each FOM l224 having a

currently active location hypothesis (with positive confidences) and a sufficient number of previous (reasombly recent) target MS location

hypotheses, a velocity and/or acceleration may be calculated. In an alternative embodiment, such a velocity and/or acceleration may be

calculated using the cunently active location hypotheses and one or more recent “most likely” locations of the target MS output by the location

engine l39. If the estimated velocity and/or acceleration corresponding to a cunently active location hypothesis is reasonable for the region,

then its 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 MS location hypotheses may be provided using path

infomtation related to the cunemly active location hypotheses and previous target MS location estimates in a manner similar to the

description of the path comparison module I454. Accordingly, a single confidence adjustment value may be determined for each

cunemly active location hypothesis for indicating the extent to which its corresponding velocity and/or acceleration calculations are

reasonable for its panicular target MS location estimate. This calculation is performed by retrieving information from the area

characteristic: data base I450 (eg. Figs. 6 and 7). Since each location hypothesis includes timestamp data 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 r‘h curremly active location hypothesis (having adequate corresponding path

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 I450 may include expected maximum velocities and/or

accelerations for each area type and/orcell of a cell mesh of the covemge area l20. 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 nrost
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 recent location hypot 1" relding such extreme velocities and/or accelerations nra ‘1‘ 3‘ heir confidence values decreased. For

example, iftlre target MS loation estimate includes a portion of an interstate highway, then an appropriate velocity might

conespond to a speed of up to ma miles per hour, whereas if the target MS loration estimate includes only mral dirt mads and

tonrato patches. then a likely speed might be no more than 30 miles per hour with an maximum speed of 60 miles per hour

(assuming favorable environmental characteristics such as weather). Note that a list of such environmental characteristics may

include such factors as: area type, time of day, season. Further note that nrore unpredictable envimnmental characteristics such as

traffic flow patterns, weather (e.g., clear, raining, snowing, etc.) may also be included, values for these latter chamcteristics coming

from the environmental data base l354 which receives and maintains infomration on such unpredictable characteristics (eg, Figs. 6

and 7). Also note that a similaroonfidence adjustment value, acc_ok(i), may be provided for curremly 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 I462 mmpares attribute values for location hypotheses generated from different FOMs, and determines

iftlre confidence of certain of the currently active lootion hypotheses should be increased due to a similarity in related values for the attribute.

That is, for an attribute A, an attribute value forA derived from a set SW] of one or more location hypotheses generated by one TOM, TOM [l],

is compared with another attribute value for A derived fmm a set Smm of one or more location hypotheses generated by a different TOM,

FOM[2] for determining if these attribute values cluster (to, are sufficiemly close to one another) so that a curremly active location hypothesis

in SW] and a cunemly active location hypothesis in Smm 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 fmm lomtion hypotheses generated by a fixed

TOM over some (recent) time period. Altematively, the attribute might be, for example, one of a velocity and/or acceleration, wherein a value

forthe attribute is a velocity and/or acceleration derived from location hypotheses generated by a fixed FOM over some (recent) time period.

'In a geneml context, the attribute comparison module I462 operates according to the following premise:

(3H) for eadr of two or more cunemly active location hypotheses (with, e.g., positive confidences) if:

(a) each of these currently active location hypotheses, H, was initially generated by a corresponding different TOM";

(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 value is derived without using a FOM different from FOMH, and;

(c) the derived attribute values cluster sufficiemly 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 number of technical embodiments, including performing various cluster

analysis techniques wherein any clusters (according to some statistic) must satisfy a system set threshold for the members of the cluster being

close enough to one another. Further, upon determining the (any) location hypotheses satisfying (33.|), there are various techniques that may
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  be used in determining a change - w ‘- n in oonfiderrces to be applied. For example, in one embo.nt, an initial default confidence delta that
my be utilized is: if “d” denotes the confidence of such a currently active location hypothesis satisfying (3B.|), then an increased confidence

that still rerrrains in the interval [0, LG] may be: cf + [(l - cf)/(| + cf )]’, or, cf * [Li] + cf"], n.= >2, or,cf * [a constant havinga

system tuned parameter as afactor]. That is, the confidence deltas iorthese examples are: [(l - cf)/(l + cf )]’ (an additive delta), and, [LO

+ d"] (a multiplicative delta), and a mnstant. Additionally, note that it is within the scope of the present invention to also provide such

mnfidence 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 (re, the adaptation engine I382 shown in

figs. 5, 6 and 8) for automatically determining performance enhancing changes in confidence adjustment values such as the confidence deltas

fortlre present module. That is, sudr changes are determined by applying an adaptive mechanism, such as a genetic algorithm, to a collection

of “system parameters” fincluding parameters specifying confidence adjustment values as well as system parameters of, for example, the

context adjuster I326) in orderto enhance performance of the present invention. More particularly, such an adaptive mechanism may

repeatedly perform the following steps:

(a) modify sudr system parameters;

(b) mnseciuently activate an instantiation of the location engine I39 (having the modified system parameters) to process, as input, a

series of HS signal location data that iras been archived together with data corresponding to a verified MS location fmm whidr signal

location data was transmitted (e.g., such data as is stored in the location signature data base I320); and

(c) then determine if the modifications to the system parameters enhanced location engine l39 performance in comparison to previous

perfonnances.

Assuming this module adjusts mnf'rdences of currently active location hypotheses accordingto one or more of the attributes: target MS

path data, target MS velocity, and target MS acceleration, the computation for this module may be summarized in the following steps:

(a) Determine if any of the currently active location hypotheses satisfy the premise (38.|) for the attribute. Note that in making this

determination, average distances and average standard deviations for the paths (velocities and/or accelerations) corresponding to

cunently active location hypotheses may be computed.

(b) For each cuneme active location hypothesis (wherein “i” uniquely identifies the location hypothesis) selected to have its confidence

increased, a confidence adjustment value, path_similar(i) (altenratively, velocity_similar(i) and/or acceleration_similar(i) ), is

computed indicating the extent to which the attribute value matches another attribute value being predicted by another EON.

Note that such confidence adjustment values are used later in the calculation of an aggregate confidence adjustment to particular

cunemly active location hypotheses.

Analytical Reasoner Controller

Given one or more cunently active location hypotheses for the same target MS input to the analytical reasoner controller I466, this controller

activates, for each such input location hypothesis, the other submodules of the analytical reasoner module |4l6 (denoted hereinafter as

“adjustment submodules”) with this location hypothesis. Subsequently, the analytical reasoner comroller I466 receives an output confidence
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adjustment value computed by Quotient submodule for adjusting the confidence of this.n hypothesis. Note that each adjustment
submodule determines:

(a) whether the adjustment submodule may appmpriately compute a confidence adjustment value forthe location hypothesis

supplied by the controller. (For example, in some cases there may not be a sufficient numberof location hypotheses in a time

5 series from a fixed POM);

(b) if appropriate. then the adjustment submodule computes a non-zem confidence adjustmentvalue that is returned to the

analytical reasoner controller.

Subsequently, the controller uses the output [mm the adjustment submodules to compute an aggregate confidence adjustment for the

corresponding location hypothesis In one particular embodiment of the present invention, values for the eight types of confidence adjustment

10 values (described in sections above) are output to the present controller for computing an aggregate confidence adjustmemvalue for

adjusting the confidence of the cunently active location hypothesis presemly being analyzed by the analytical reasoner module MI 6. As an

example of how sudr confidence adjustment values may be utilized, assuming a curremly active location hypothesis is identified by “i", the

outputs from the above described adjustment submodules may be more fully described as:

path_match(i) l ifthere are sufficient previous (and recent) location hypotheses for the same target 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. ' ~

0 otherwise.

vel_olc(D i if the velocity calculated for the i"' cunemly active location hypothesis (assuming adequate

conesponding path information) is typical for the area (and the cunent environmental

characteristics) of this locationhypothesis' target MS location estimate;

 
0.2 ifthe velocity calculated for the r1h currently active location hypothesis is near a maximum for the

area (and the cunent environmental characteristics) of this location hypothesis’ target MS location

estimate;

25 0 ifthe velocity calculated is above the maximum.

acc_olc(i) I if the acceleration calculated for the i" cunemly active location hypothesis (assuming adequate

corresponding path information) is typical for the area (and the current envimnmental

claracteristics) of this location hypothesis’ target MS location estimate;

0.2 if the acceleration calculated for the I‘"cunently active location hypothesis is near a maximum for the

30 I area (and the cunent environmental characteristics) of this location hypothesis' target MS location

estimate;. 1

0 ifthe acceleration calculated is above the maximum.

similar_path(i) ' l ifthe location hypothesis “i" satisfies (38.l) forthe target MS path data attribute; 0 otherwise.

velocity_similar(i) I if the location hypothesis “i" satisfies (38.l) forthe target MS velocity attribute; 0 otherwise.
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auzeleration_simi|ar(i) 0 if the location hypothesis “i" satisfies (38.l) for the ’18acceleration attribute; 0 otherwise.
extrapolation_drk(i) l ilflie location hypothesis “i” is “near" a previously predicted MS location for the target MS; 0

otherwise.

5 Additionally, lor each ol the above confidence adjustments, there is a conesponding location engine I39 system setable parameter whose

rralue nray be determined by repeated activation of the adaptation engine I382. Accordingly, for each of the confidence adjustment types. T,

above, there is a corresponding system setable parameter, “alpha_T", that is tunable by the adaptation engine I382. Accordingly, the

following high level program segmem illustrates the aggregate confidence adjustment value computed by the Analytical Reasoner (ontroller.

. 10 target MS loc hyps»<— get all currently active location hypotheses, H, identilying the present target;

for each currently active location hypothesis, hyp(i), from target MS loc hyps do

{

for each of the confidence adjustmem submodules, CA, do

activate CA with hyp(i) as input; .

P now compute the aggregate confidence adjustment using the output from the confidence adjustment submodules. */

aggregale_adjustment(i) <--- alphaJath_match * path_matchfi)

+ alpha_velocity * vel_okfi)

+ alpha_path_similar " path_similarfi)

+ alpln_velocity_similar * velocity_similar(0

+ alpha_acceleration_similar‘ acceleration_similar(i)

+ alpha_extrapolation *‘ extrapolation_chk(D;

 
hyp(i).confidence <—- hyp(i).confidence + aggregate_adjustment(i);

}

25 Historical Location Reasoner

The historical location reasoner module |424 may be, lor example, a daemon or expert system rule base. The module adjusts the

confidentes ol cunently active location hypotheses by using (from location signature data base l320) 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 lactors to evaluate how consistent the location signature cluster for an input location hypothesis agrees with such

30 historical signal data. ‘

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 lmm data in the location signature data base.
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 Note that the embodime . rtx‘jinbelow is but one of many embodiments that may . z 2' 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

techniques as in the context adjuster I326. Each such embodiment generates a measurement of at least one of 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

I424 (either by activating the following programs as a daemon or by transforming various program segments into the consequents of

expert system rules). The present embodiment generates such a confidence adjustment by the following steps:

(a) comparing, for each cell 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 measurement is determined, and (ii) a corresponding measurement indicating a likelihood or

confidence of the discrepancy measurement being relatively accurate in comparison to other such error measurements;

(b) computing an aggregate measurement of both the errors and the confidences determined in (a); and

(c) using the computed aggregate measurement of (b) to adjust the confidence of “loc_hyp".

The program illustrated in APPENDIX E provides a more detailed embodiment of the steps immediately above.

location Extrapolator

The location extrapolator I432 worlcs on the following premise: if for a currently active location hypothesis there is sufficient previous related

information regarding estimates of the target l’lS (e.g., from the same FOM or from using a “most likely” previous target MS estimate output by

the location engine I39), then an extrapolation may be performed for predicting future target MS locations that can be compared with new

location hypotheses provided to the blackboard. Note that interpolation routines (eg, conventional algorithms such as Lagrange or Newton

polynomials) may be used to determine an equation that approximates a target MS path corresponding to a currently active location

hypothesis. _

Subsequently, sud: an extrapolation equation may be used to compute a future target MS location. Forfurther infomiation regarding

such interpolation schemes. the following reference is incorporated herein by reference: Mathews, I992, Numerical methods for mathematics,

science, and engineering. Englewood Uiffs, 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 l‘lS 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 determgmrding to how well if the location hypothesis “i” . Tha’mg confidence adjustment value will be
larger as the new MS estimate and the predicted estimate become closer 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 I39. Thus. in such an embodiment. substantially every currently active location hypothesis can be pmvided with a

5 confidence adjustment value by this module once a sufficient number of previous target MS location estimates have been output. Accordingly, a

value. extrapolation_chk(i). that represenls how accurately the new cunently active location hypothesis (identified here by “i”) matches the

predicted location is determined.

Hypothesis Generating Module

The hypothesis generating module I428 is used for generating additional location hypotheses according to, for example, MS location

10 information not adequately utilized or modeled. Note, location hypotheses may also be decomposed here it, forexample it is determined thata

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 I428 may generate “poor reception" locationuEuIii}?
hypotheses that specify MS location areas of known poor reception that are “near" or intersect cunently active location hypotheses. Note, that

i
=3

5

these mar receptionlocation hypotheses may be specially tagged (e.g., with a distinctive FOM_ID value or specific tag field) so that regardless

15 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 exception to this constraint '5 location hypotheses generated from mobile base

stations I48. 
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0 _ ®
Mobile Base Station Location Subsystem Description

Mobile Base Station Subsystem lmmd uction

Any collection of mobile electronics (denoted mobile location unit) that is able to both estimatea location of a target MS I40

and communicate with the base station network may be utilized by the present invention to more accumtely locate the target MS.

5 Such mobile location units may provide greater target MS location accuracy by, for example, homing in on the target MS and by

transmitting additional MS location information to the location center I42. There are a number of embodiments for such a mobile

location unit contemplated by the present invention. For example, in a minimal version, such the electronics of the mobile location

unit may belittle more than an onboard MS I40, 3 sectored/directional antenna and a controller for communicating between them.

Thus, the onboard MS is used to communicate with the location center MI and possibly the target MS I40, while the antenna

10 monitors signals for homing in on the target MS I40. In an enhanced version of the mobile location unit, a GPS receiver may also be

incorporated so that the location of the mobile location unit may be determined and consequently an estimate of the location of the

Ea target MS may also be determined. However. such a mobile location unit is unlikely to be able to determine substantially more than a
.: direction of the target MS I40 via the seamed/directional antenna without further base station infrastructure cooperation in, for

g example, determining the transmission power level of the target MS or varying this power level. Thus, if the target MS or the mobile
1% 15 location unit leaves the coverage area |20 or resides in a poor communication area, it may be difficult to accurately determine where‘l-n‘f

-3Jr

the target MS is located. llone-the-less, such mobile location units may be sufficient for many situations, and in fact the present.;
s

invention contemplates their use. However. in cases where direct communication with the target MS is desired without constant

contact with the base station infrastructure, the present invention includes a mobile location unit that is also a scaled down version of

a base station l22. Thus, given that such a mobile base station or MBS I48 includes at least an onboard MS I40, a 
20 sectored/directional antenna, a GPS receiver, a scaled down base station In and sufficient components (including a controller) for

integrating the capabilities of these devices, an enhanced autonomous MS mobile location system can be provided that can be

effectively used in, for example, emergency vehiclesmg‘iid boats. Accordingly, the description that follows below describes
an embodiment of an MBS I48 having the above mentioned components and capabilities for use in a vehicle.

As a consequence of the MBS I48 being mobile, there are fundamental differences in the operation of an MBS in

25 comparison to other types of 88’s |22 (l52). 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 I48 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 38's in the case of LBSs l52) and therefore although these BS's may be

more reliable in their in their ability to communicate information related to the location of a target MS with the location center,

30 accuracy can be problematic in poor reception areas. Thus, MBS's may be used in areas (such as wilderness areas) where there may

be no other means for reliably and cost effectively locating a target MS I40 (i.e., there may be insufficient fixed location BS's

coverage in an area).
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 'S location subsystem |508., Fig. ll provides a h'l block diagram architecture of one embodiment of t 2

Accordingly, an MBS may include components for communicating with the fixed location BS network infrastructure and the location

center I42 via an on-boardtransceiver |5l2 that is effectively an MS I40 integrated into the location subsystem l508. Thus, if the

MBS I48 travels through an area having poor infrastructure signal coverage, then the MBS may not be able to communicate reliably

with the location center I42 (e.g., in rural or mountainous areas having reduced wireless telephony coverage). So it is desirable that

the MBS I48 must be capable of functioning substantially autonomously from the location center. In one embodiment. this implies

that each MBS I48 must be capable of estimating both its own location as well as the location of a target MS I40.

Additionally, many commercial wireless telephony technologies require all 85’s in a network to be very accurately time

synchroniled both fortransmitting MS voice communication as well as for other services such as MS location. Accordingly, the MBS

I48 will also require such time synchronization. However, since an MBS I48 may not be in constant communication with the fixed

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 |520 as shown in Fig. l I.

Since the MBS I48 , includes a scaled down version of a BS |22 (denoted l522 in Fig. II), it is capable of performing most typical

BS |22 tasks, albeit on a reduced scale. In particular, the base station portion of the MBS I48 can: I

(a) raise/lower its pilot channel signal strength.

(b) be in a state of soft hand-off with an MS I40, and/or ’

(c) be the primary BS In for an MS I40, and consequently be in voice communication with the target MS (via the MBS

operator telephony interface I524) if the MS supports voice communication.

further, the MBS I48 can, if it becomes the primary base station communicating with the MS I40, request the MS to raise/lower its

power or, more generally, control the communication with the MS (via the base station components I522). However, since the MBS ,

I48 will likely have substantially reduced telephony traffic capacity in comparison to a standard infrastructure base station |22, note

that the pilot channel for the MBS is preferably a nonstandard pilot channel in that it should not be identified as a conventional

telephony traffic bearing BS ID by MS’s seeking normal telephony communication. Thus. a target MS I40 requesting to be located

may, depending on its capabilities, either automatically configure itself to scan for certain predetermined MBS pilot channels, or be

instructed via the fixed location base station network (equivalently BS infrastructure) to scan for a certain predetermined MBS pilot

channel.

Moreover, the MBS I48 has an additional advantage in that it can substantially increase the reliability of communication with a

target MS I40 in comparison to the base station infrastructure by being able to move toward or track the target MS I40 even if this

MS is in (or moves into) a reduced infrastructure base station network coverage area. Furthermore,'an MBS I48 may preferably use a

directional or smart antenna I526 to more accurately locate a direction of signals from a target MS I40. Thus, the sweeping of such a

smart antenna |526 (physically or electronically) provides directional information regarding signals received from the target MS I40.

That is, such directional information is determined by the signal propagation delay of signals from the target MS I40 to the angular

sectors of one of more directional antennas I526 on-board the MBS I48.
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Before pmceeding to f.details of the NBS location subsystem I508, an exan the operation of an NBS I48 in the
context of responding to a 9” emergency call is given. In particular, this example describes the high level computational states

through which the NBS I48 transitions, these states also being illustrated in the state transition diagram of Fig. I2. Note that this

figure illustrates the primary state transitions between these NBS I48 states, wherein the solid state tnnsitio ns are indicative of a

typical “ideal” progression when locating or tracking a target NS I40, and the dashed state transitions are the primary state

reversions due, for example, to difficulties in locating the target NS I40.

Accordingly, initially the NBS I48 may be in an inactive state I700, wherein the NBS location subsystem I508 is effectively

available for voice or data communication with the fixed location base station network, but the NS I40 locating capabilities of the

NBS are not active. fmm the inactive state I700 the NBS (e.g., a police or rescue vehicle) may enter an active state I704 once an

NBS operator has logged onto the NBS location subsystem of the NBS, such logging being for authentication, verification and

journaling of NBS I48 events. In the active state I704, the NBS may be listed by a 9| | emergency center and/or the location center

I42 as eligible for service in responding to a 9” request. from this state,the NBS I48 may transition to a ready state I708 signifying

that the NBS is ready for use in locating and/or intercepting a target NS I40. That is, the NBS I48 may transition to the ready state

I708 by performing the following steps:

(Ia) Synchronizing the timing of the location subsystem I508 with that of the base station network infrastructure. In one

embodiment, when requesting such time synchronization fmm the base station infrastructure, the NBS I48 will be at a

predetermined or well known location so that the NBS time synchronization may adjust for a known amount of signal

pmpagation delay in the synchronization signal.

(lb) Establishing the location of the NBS I48. In one embodiment, this may be accomplished by, for example, an NBS operator

identifying the predetermined or well known location at which the NBS I48 is located.

(lc) Communicating with, for example, the 9| | emergency center via the fixed location base station infrastructure to identify

the NBS I48 as in the ready state.

Ihus. while in thgréady state I708, as the NBS I48 moves, it has its location repeatedly (re)-estimated via, for example,
GPS signals, location centefilomtion estimates fmm the base stations I22 (and |52), and an on-board deadreckoning subsystem

l527 having an NBS location estimator according to the programs described hereinbelow. However, note that the accuracy of the

base station time synchronization (via the ribidium oscillator I520) and the accuracy of the NBS I48 location may need to both be

periodically recalibrated according to (la) and (lb) above.

Assuming a 9” signal is transmitted by a target NS I40, this signal is transmitted, via the fixed location base station

infrastructure, to the 9” emergency center and the location center I42, and assuming the NBS I48 is in the ready state I708, if a

corresponding 9” emergency request is transmitted to the NBS (via the base station infrastructure) from the 9” emergency center

or the location center, then‘the NBS may transition to a seek state |7|2 by performing the following steps:

(2a) Communicating with, for example, the 9“ emergency response center via the fixed location base station network to receive

the I’ll code forthe target NS to be located (wherein this communication is performed using the NS-like transceiver |5|2

and/or the NBS operator telephony interface IBM).
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 (2b) Obtaining a most 1-...ptarget NS location estimate from either the 9| l emer_; ‘ center or the location center I42.

(2c) Inputting by the NBS operator an acknowledgment of the target NS to be located, and transmitting this acknowledgment

to the 9” emergency response center via the transceiver |5|2.

5 Subsequently, when the NBS M8 is in the seek state I'IIZ, the NBS may commence toward the target NS location estimate

provided. Note that it is likely that the NBS is not initially in direct signal contact with the target NS. Accordingly, in the seek state

|7l2 the following steps may be, for example, performed:

(3a) The location cemer I42 or the 9“ emergency response center may inform the target NS, via the fixed location base station

network, to lower its threshold for soft hand-off and at least periodically boost its location signal strength. Additionally,

10 the target NS may be informed to scan forthe pilot channel of the NBS I48. (Note the actions here are not. actions

performed bythe NBS I48 in the “seek state”; however, these actions are given here for clarity and completeness.)

(3b) Repeatedly, as sufficient new NS location information is available, the location center I42 provides new NS location

estimates to the NBS I48 via the fixed location base station network. _

(3c) The NBS repeatedly provides the NBS operator with new target NS location estimates provided substantially by the location

15 centerviathe fixed location base station network.

(3d) The NBS I48 repeatedly attempts to detect a signal from the target NS using the PN code for the target NS.

(3e) The NBS I48 repeatedly estimates its own location (as in other states as well), and receives NBS location estimates from

the location center.

20 Assuming that the NBS I48 and target NS I40 detect one another (which typically occurs when the two units are within .25

to 3 miles of one another), the NBS enters a contact state l7l6 when the target NS I40 enters a soft hand-off state with the NBS.

Accordingly. in the contact state ”Its, the following steps are, for example, performed:

(43) The NBS I48 repeatedly estimates its own location.

(4b) Repeatedly, the location center I42 provides new target NS I40 and NBS location estimates to the NBS I48 via the fixed

25 location base infrastructure network.

(4c) Since the NBS I48 is at least in soft hand-off with the target NS I40, the NBS can estimate the direction and distance of

the target NS itself using, for example, detected target NS signal strength and TOA as well as using any recent location

center target NS location estimates.

(4d) The NBS I48 repeatedly provides the NBS operator with new target NS location estimates provided using NS location

30 estimates provided by the NBS itself and by the location center via the fixed location base station network.

When the target NS I40 detects that the NBS pilot channel is sufficiently strong, the target MS may switch to using the

NBS I48 as its primary base station. When this occurs, the NBS enters a control state ”20, wherein the following steps are, for

example, performed:
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(5a) The NBS I48 repe’estimates its own location. 0
(5b) Repeatedly, the location center I42 provides new target NS and NBS location estimates to the NBS I48 via the network of

base stations I22 (l52).

(5c) The NBS I48 estimates the direction and distance of the target NS I40 itself using, for example, detected target NS signal

strength and TOA as well as using any recent location center target NS location estimates.

(5d) The NBS I48 repeatedly provides the NBS operator with new target NS location estimates provided using NS location

estimates provided by the NBS itself and by the location center I42 via the fixed location base station network.

(Se) The NBS I48 becomes the primary base station for the target NS I40 and therefore controls at least the signal strength

output by the target NS.

Note, there can be more than one NBS I48 tracking or locating an NS I40. There can also be more than one target NS I40 to be

tracked concurrently and each target NS being tracked may be stationary or moving.

NBS Subsystem Architecture

An NBS I48 uses NS signal characteristic data for locating the MS I40. The NBS I48 may use such signal characteristic data to

facilitate determining whether a given signal from the NS is a “direct shot” or an multipath signal. That is, in one embodiment, the

NBS I48 attempts to determine or detect whether an NS signal transmission is received directly, or whether the transmission has been

reflected or deflected. for example, the NBS may determine whether the expected signal strength, and TOA agree in distance

estimates forthe NS signal transmissions. Note, other signal characteristics may also be used, if there are sufficient electronics and

processing available to the NBS I48; i.e., determining signal phase and/or polarity as other indications of receiving a “direct shot”
fmm an NS [40.

In one embodiment, the NBS I48 (Fig. l I) includes an NBS controller l533 for controlling the location capabilities of the NBS

I48. In particular, the NBS controller I533 initiates and controls the NBS state changes as described in Fig. |2 above. Additionally,

the NBS controller l533 also communicates with the location controller I535, wherein this latter controller controls NBS activities

related to NBS location and target NS location; e.g., this performs the program, “mobile_base_station_controller" described in

APPENDIX A hereinbelow. The location controller I535 receives data input from an event generator I537 for generating event

records to be provided to the location controller |535. For example, records may be generated from data input received from: (a)

the vehicle movement detector I539 indicating that the NBS I48 has moved at least a predetermined amount and/or has changed

direction by at least a predetermined angle, or (b) the NBS signal processing subsystem |54| indicating that the additional signal

measurement data has been received fmm either the location center I42 or the target NS I40. Note that the[($33ng processing
subsystem l54l, in one embodiment, is similar to the signal processing subsystem mo of the locationcenteW
command schedulers. In particular,a scheduler I52810rcommands related to communicating with the location center I42, a

scheduler I530 for commands related to GPS communication (via GPS receiver |53l), a scheduler |529 for commands related to the

frequency and granularity of the reporting of NBS changes in direction and/or position via the NBS dead reckoning subsystem |527
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  (note that this scheduler is pa ‘k ly optional and that such commands may be provide m cm to the dead reckoning estimator

I544), and a scheduler l532 for communicating with the target NS(s) I40 being located. Further, it is assumed that there is
. *6 90t€erm . . .

6A sufficient hardware and/or softwarezsemmm commands In different schedulers substantially concurrently.
In order to display an NBS computed location of a target NS I40, a location of the NBS must be known or determined.

5 Accordingly, each NBS I40 has a plurality of NBS location estimators (or hereinafter also simply refeer to as location estimators)

for determining the location of the NBS. Each such location estimator computes NBS location information such as NBS location

estimates, changes to NBS location estimates, or, an NBS location estimator may be an interface for buffering and/or translating a

previously computed NBS location estimate into an appropriate format. In particular, the NBS location module l536, which

determines the location of the NBS, may include the following NBS location estimators |540 (also denoted baseline location

10 estimators):

(a) a GPS location estimator |540a (not individually shown) for computing an NBS location estimate using GPS signals,

(b) a location center location estimator l540b (not individually shown) for buffering and/or translating an NBS estimate

received from the location center I42,

(c) an NBS operator location estimator l540c (not individually shown) for buffering and/or translating manual NBS location

15 entries received from an NBS location operator, and

(d) in some NBS embodiments, an LBS location estimator |540d (not individually shown) for the activating and deactivating

of LBS‘s |52. Note that, in high multipath areas and/or stationary base station marginal coverage areas, such low cost

location base stations l52 (LBS) may be provided whose locations are fixed and accurately predetermined and whose

signals are substantially only receivable within a relatively small range (e.g., 2000 feet),the range potentially being

20 variable. Thus, by communicating with the [38's |52 directly, the NBS I48 may be able to quickly use the location

information relating to the location base stations for determining its location by using signal characteristics obtained

from the LBSs l52.

Note that each of the NBS baseline location estimators [540, such as those above, provide an actual NBS location rather than, for

example, a change in an NBS location. Further note that it is an aspect of the present invention that additional NBS baseline location

25 estimators |540 may be easily integrated into the NBS location subsystem l508 as such baseline location estimators become

available. For example, a baseline location estimator that receives NBS location estimates from reflective codes provided, for

example, on streets or street signs can be straightforwardly incorporated into the NBS location subsystem l508.

Additionally, note that a plurality of NBS location technologies and their corresponding NBS location 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 NBS I48. For example, in many terrains GPS technologies may be

sufficiemly accurate; however, GPS technologies: (a) may require a relatively longtime to provide an initial location estimate (e.g.,

greater than 2 minutes); (b) when GPS communication is disturbed, it may require an equally longtime to provide a new location

estimate; (c) clouds, buildings and/or mountains can prevent location estimates from being obtained; (d) in some cases signal

reflections can substantially skew a location estimate. As another example, an NBS I48 may be able to use triangulation or
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trilateralilation technologies tin a location estimate; however, this assumes that t’sufficient (fixed location)
infrastructure BS coverage in the area the NBS is located. Further, it is well known that the multipath phenomenon can substantially

distort such location estimates. Thus, for an NBS I48 to be highly effective in varied terrains, an NBS is provided with a plurality of

location technologies, each supplying an NBS location estimate.

In fact, much of the architecture of the location engine I39 could be incorporated into an NBS I48. For example, in some

embodiments of the NBS I48, the following TONs 1224 may have similar location models incorporated into the NBS:

(a) a variation of the distance TON |224 wherein TOA signals from communicating fixed location BS’s are received (via

the NBS transceiver |5|2) by the NBS and used for providing a location estimate;

(b) a variation of the artificial neural net based FONs |224 (or more generally a location-learning or a classification

model) may be used to provide NBS location estimates via, for example, learned associations between fixed location

BS signal characteristics and geographic locations;

(c) an LBS location TON |224 for providing an NBS with the ability to activate and deactivate LBS’s to provide (positive)

NBS location estimates as well as negative NBS location regions (i.e., regions where theNBS is unlikely to be since

new more LBS’s are not detected by the NBS transceiver);

(d) one or more NBS location reasoning agents and/or a location estimate heuristic agents for resolving NBS location

estimate conflicts and providing greater NBS location estimate accuracy. For example, modules similar to the

analytical reasoner module l4l6 and the historical location reasoner module 1424..

However, forthose NBS location models requiring communication with the base station infrastructure, an alternative

embodiment is to rely on the location center I42 to perform the computations for at least some of these NBS FON models. That is,

since each of the NBS location models mentioned immediately above require communication with the network of fixed location BS's

|22 (l52), it may be advantageous to transmit NBS location estimating data to the location center I42 as if the NBS were another NS

I40 for the location center to locate, and thereby rely on the location estimation capabilities at the location center rather than

duplicate such models in the NBS I48. The advantages of this approach are that: i

(a) an NBS is likely to be able to use less expensive processing power and software than that of the location center;

(b) an NBS is likely to require substantially less memory, particularly for data bases, than that of the location center.

As will be discussed further below, in one embodiment of the NBS I48, there are confidence values assigned to the locations

output by the various location estimators |540. Thus, the confidence for a manual entry of location data by an NBS 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 I42 estimates, followed by the confidence for (any) location estimates using signal characteristic data from LBSs. However,

such prioritization may vary depending on, for instance, the radio coverage area IZO. In an one embodiment of the present

invention, it is an aspect of the present invention that for NBS location data received fmm the GPS and location center, their

confidences may vary according to the area in which the NBS l48 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.
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In one embodiment of t.ent invention, NBS operators may be requested to o‘nally manually enter the location of the
NBS I48 when the NBS is stationary for determining and/or calibrating the accuracy of various NBS location estimators.

There is an additional important source of location information for the NBS I48 that is incorporated into an NBS vehicle

(such as a police vehicle) that has no comparable functionality in the network of fixed location BS's. That is, the NBS I48 may use

5 deadreckoning information provided by adeadreckoning NBS location estimator |544 whereby the NBS may obtain NBS

dead reckoning location change estimates. Accordingly, the dead reckoning NBS location estimator |544 may use, for example, an on-

board gyroscope l550, a wheel rotation measurement device (e.g., odometer) ISS4, and optionally an accelerometer (not shown).

Thus, such a deadreckoning NBS location estimator |544 periodically provides at least NBS distance and directional data related to

NBS movements from a most recent NBS location estimate. More precisely, in the absence of any other new NBS location

10 information. the deadreckoning NBS location estimator |544 outputs a series of measurements, wherein each such measurement is an

estimated change (or delta) in the position of the NBS I48 between a request input timestamp and a closest time prior 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 dead reckoning location change estimate

15 commences measuring a change in the location of the NBS;

(b) a “latest timestamp" field for designating the end time when the dead reckoning location change estimate stops

measuring a change in the location of the NBS; and

(c) an NBS location change vector.

That is. the “latest timestamp” is the timestamp input with a request for deadreckoning location data, and the “earliest timestamp"

20 is the timestamp of the closest time, T, prior to the latest timestamp. wherein a previous deadreckoning output has its a timestamp

 
at a time equal to T.

Further,'the frequency of such measurements provided by the deadreckoning subsystem l527'may be adaptively provided

depending on the velocity of the NBS I48 and/or the elapsed time since the most recent NBS location update. Accordingly, the

architecture of at least some embodiments of the NBS location subsystem |508 must be such that it can utilize such deadreckoning

25 information for estimating the location of the NBS I48.

In one embodiment of the NBS location subsystem I508 described in further detail hereinbelow, the outputs from the

deadreckoning NBS location estimator |544 are used to synchronize NBS location estimates from different NBS baseline location

estimators. That is, since such a dead reckoning output may be requested for substantially any time from the deadreckoning NBS

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 NBS baseline location estimate is derived. Accordingly, such a deadreckoning output can be used to update other NBS

location estimates not using the new NBS baseline ocationestimate.

M Itrs assumed that the ermrwithdwdweekonmgfivc‘igges with deadreckoning distance. Accordingly,It is an aspect of the
embodiment of the NBS location subsystem |508 that when incrementally updating the location of the NBS I48 using deadreckoning

and applying deadreckoning location change estimates to a “most likely area” in which the NBS I48 is believed to be, this area is
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“ ifted. The enlargement of the area is used to account I i e inaccuracy in the deadreckoningincrementally enlarged as well

capability. Note, however, that the deadreckoning NBS location estimator is periodically reset so that the error accumulation in its

outputs can be decreased. In particular, such resetting occurs when there is a high probability that the location of the NBS is known.

for example. the deadreckoning NBS location estimator may be reset when an NBS operator manually enters an NBS location or

verifies an NBS location, ora computed NBS location has sufficiently high confidence.

Ihus, due to the NBS I48 having less accurate location information (both about itself and a target NS I40), and further that

dead reckoning information must be utilized in maintaining NBS location estimates, a first embodiment of the NBS location subsystem

architecture is somewhat different fmm the location engine I39 architecture. That is, the architecture of this first embodiment is

simpler than that of the architecture of the location engine I39. However, it important to note that, ata high level, the architecture

of the location engine I39 may also be applied for providing a second embodiment of the NBS location subsystem l508, as one skilled

in the art will appreciate after reflecting on the architectures and processing provided at an NBS I48. For example. an NBS location

subsystem l508 architecture may be provided that has one or more first order models |224 whose output is supplied to, for example,

a blackboard or expert system for resolving NBS location estimate conflicts, such an architecture being analogous to one

embodiment of the location engine |39 architecture.

Furthermore, it is also an important aspect of the present invention that. ata high level, the NBS location subsystem

architecture may also be applied as an alternative architecture for the location engine I39. For example, in one embodiment of the

location engine I39, each of the first order models |224 may provide its NS location hypothesis outputs to a corresponding “location

track,” analogous to the NBS location tracks described hereinbelow, and subsequently, a most likely NS current location estimate

may be developed in a “current location track” (also described hereinbelow) using the most recent location estimates in other

location tracks.

Further, note that the ideas and methods discussed here relating to NBS location estimators |540 and NBS location tracks. and,

the related programs hereinbelow are sufficiently general so that these ideas and methods may be applied‘in a number of 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 may be used by a robot in 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.

. Each NBS I48, additionally, has a location display (denoted the NBS operator visual user interface |558 in Fig. II) where area

maps that may be displayed together with location data. In particular, NS 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 I40.

Note that the NBS controller algorithm below may be adapted to receive location center I42 data for displaying the locations of other

NBSs I48 as well as target NSs I40.

Further, the NBS I48 may constrain any location estimates to streets on a street map using the NBS location snap to street

module I562. For example, an estimated NBS location not on a street may be “snapped to" a nearest street location. Note that a

nearest street location determiner may use “normal" orientations of vehicles on streets as a constraint on the nearest street location.
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$km 5m oParticularly, if an NBS I43 is .g at typical rates of speed and acceleration. and witlnruptghmmm% .ér 3%m%le,i M‘
if the deadreckoning NBS location estimator l544 indicates that the NBS I48 is moving in a northerlydirection, then the street

snapped to should be a north-south running street. Moreover, the NBS location snap to street module |562 may also be used to

enhance target NS location estimates when, for example, it is known or suspected that the target NS I40 is in a vehicle and the

5 vehicle is moving at typical rates ol speed. Furthermore, the snap to street location module |562 may also be used in enhancingthe

location of a target NS I40 by either the NBS I48 or by the location engine I39. In particular, the location estimator I344 or an

additional module between the location estimator I344 and the output gateway I356 may utilile an embodiment of the snap to street

location module l562 to enhance the accuracy of target NS I40 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 (NSs I40), wherein appropriate

10 wireless signal measurements can be provided to the location center I42.

NBS Data Structure Remarks

Assuming the existence of at least some of the location estimators 1540 that were mentioned above, the discussion here refers
 

substantially to the data structures and their organization as illustrated in Fig. l3.

The location estimates (or hypotheses) for an NBS I48 determining its own location each have an error or range estimate

associated with the NBS location estimate. That is, each such NBS location estimate includes a “most likely NBS point location"El2E£51.33mi:in"; D— UI

within a “most likely area". The “most likely NBS point location" is assumed herein to be the centroid of the “most likely area.” In

i; one embodiment of the NBS location subsystem ISOB, a nested series of “most likely areas” may be provided about a most likely
3:: NBS point location. However, to simplify the discussion herein each NBS location estimate is assumed to have a single “most likely

:55: area”. One skilled in the art will understand how to provide such nested “most likely areas" from the description herein.
3 20 Additionally, it is assumed that such “most likely areas" are not grossly oblong; i.e., area cross sectioning lines through the centroid

of the area do not have large differences in their lengths. For example, for any such “most likely area”, A, no two such cross

sectioning lines of A may have lengths that vary by more than a factor of two.

Each NBS location estimate also has a confidence associated therewith providing a measurement of the perceived accuracy of

the NBS being in the “most likely area” of the location estimate.

25 A (NBS). “location track" is an data structure (or object) having a queue of a predetermined length for maintaining a temporal

(timestamp) ordering of “location track entries” such as the location track entries ”Na, ”7%, I774a, |774h, I778a, |778b, I782a,

I782b, and ”Ma (Fig. I3), wherein each such NBS location track entry is an estimate of the location of the NBS at a particular

corresponding time.

There is an NBS location track for storing NBS location entries obtained fmm NBS location estimation information fmm each of

30 the NBS baseline location estimators described above (i.e., a GPS location track l750 for storing NBS location estimations obtained

fmm the GPS location estimator l540, a location center location track ”54 for storing NBS location estimations obtained from the

location estimator l540 deriving its NBS location estimates from the location center I42, an LBS location track ”58 for storing NBS
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 location estimations obtaineu. he location estimator I540 deriving its NBS locatior.ates from base stations I22 and/or
I52, and a manual location track I762 for NBS operator entered NBS locations). Additionally, there is one further location track,

denoted the “current location track" I766 whose location track entries may be derived from the entries in the other location tracks

(described further hereinbelow). Further, for each location track, there is a location track head that is the head of the queue forthe

location track. The location track head is the most recent (and presumably the most accurate) NBS location estimate residing in the

location track. Thus, for the GPS location track I750 has location track head I770; the location center location track I754 has

location track head I774; the LBS location track I758 has location track head I778; the manual location track I762 has location track

head. I782; and the current location track I766 has location track head I786. Additionally, for notational convenience, for each

location track, the time series of previous NBS location estimations (i.e., location track entries) in the location track will herein be

denoted the “path for the location trade” Such paths are typically the length of the location track queue containing the path. Note

that the length of each such queue may be determined using at least the following considerations: ‘

(i) In certain circumstances (described hereinbelow), the location track entries are removed fmm the head of the

location track queues so that location adjustments may be made. In such a case, it may be advantageous for the

length of such queues to be greater than the number of entries that are expected to be removed;

(ii) In determining an NBS location estimate, it may be desirable in some embodiments to provide new location

. estimates based on paths associated with previous NBS location estimates pmvided 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 NBS that is derived using at least one of:

(i) at least a most recent previous output from an NBS baseline location estimator |540 (i.e., the output being an

NBS location estimate); V

(ii) deadreckoning output information from the deadreckoning subsystem I527.

further note that each output from an NBS location estimator has a “type” field that is used for identifying the NBS

location estimator of the output. 6

(b) an “earliest timestamp" providing the time/date when the earliest NBS location information upon which the derived

location estimate for the NBS depends. Note'this will typically be the timestamp of the earliest NBS location

estimate (from an NBS baseline location estimator) that supplied NBS location information used in deriving the

derived location estimate for the NBS I48.

(c) a “latest timestamp” providing the time/date when the latest NBS location information upon which the derived

location estimate for the NBS 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" of location track entries.
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(d) A “deadrecQung distance” indicating the total distance (e.g., wheel turns or odometer difference) since the most

recently previous baseline entry forthe corresponding MBS location estimator for the location track to which the

location track emry is assigned.

For each MBS location track. there are two categories of l‘lBS location track entries that may be inserted into a MBS location

5 track: I

(a) “baseline” entries, wherein each such baseline entry includes (depending on the location track) a location estimate

for the H38 I48 derived from: (i) a most recent previous output either from a corresponding MBS baseline location

estimator,- or (ii) 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 M35 location 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 timestamp of the extrapolation entry). Each such extrapolation entry is computed

by using data fmm a related dead reckoning location change estimate output from the dead reckoning MBS location

 estimator |544. Each such dead reckoning location change estimate includes measurements related to changes oris

' 15 deltas in the location of the MBS I48. More precisely, for each location track, each extrapolation entry is determined

using: (i) a baseline entry, and (ii) a set of one or more (i.e., all later occurring) deadreckoning location change

.5

it
a

'25
estimates in increasing “latest timestamp” order. Note that for notational convenience this set of one or more

deadrecltoning location change estimates will be denoted the “dead reckoning location change estimate set"

associated with the extrapolation entry resulting from this set. 
ill 20 (c) Note that for each location track head, it is either a baseline entry or an extrapolation entry. Further, for each

:=—. extrapolation entry, there is a most recent baseline entry, B, that is earlier than the extrapolation entry and it 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, wherein if 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 of a 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 fmm a single predetermined MBS baseline

location estimator; and

30 (b) a “current” NBS location track having entries that are computed or determined as “most likely" MBS location

estimates from emries in the other MBS location tracks.
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In order to be able to pmperly compare the track heads to determine the most likely NBS location estimate it is an aspect of the

NBS location Estimating Strategy

presem invention that the track heads of all location tracks include NBS location estimates that are for substantially the same

(latest) timestamp. However,the NBS location information from each NBS baseline location estimator is inherently substantially

5 unpredictable and unsynchronized. In fact, the only NBS location information that may be considered predicable and contmllable is

the dead reckoning location change estimates from the deadreckoning NBS location estimator |544 in that these estimates may

reliably be obtained whenever there is a query from the location controller I535 forthe most recent estimate in the change of the

location for the NBS I48. Consequently (referring to fig. l3), synchronization records I790 (having at least a l790b portion, and in

some arses also having a ”903 portion) may be provided for updating each location track with a new NBS location estimate as a new

10 track head. In particular, each synchronilation record includes a deadreckoning location change estimate to be used in updating all

but at most one of the location track heads with a new NBS location estimate by using a deadreckoning location change estimate in

conjunction with each NBS location estimate from an NBS baseline location estimator, the location track heads may be synchronized

according to timestamp. More precisely, for each NBS location estimate. E, from an NBS baseline location estimator, the present

invention also substantially simultaneously queries the dead reckoning NBS location estimator for a corresponding most recent change

.— Us
in the location of the NBS I48. Accordingly, E and the retrieved NBS deadreckoning location change estimate, C, have substantially.lilIEi.riir.Lfini'iIIli

  the same “latest timestamp”. Ihus, 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

other location tracks. Accordingly, since for each NBS location estimate, E, there is a NBS 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 NBS I48 are provided in APPENDIX A
hereinbelow.
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APPENDIX A: MBS Function Embodiments

Mobile Base Station Controller Program

mobile_base_station_controller()

_ {

wait_for_i/Ipuz‘_ 0/_ lim_ ”BL loatio/(event); /* “eve nt" is a record (object) with MBS location data */

WHILE (no MBS operator input to exit) D0

CASE OF (event): /‘ determine the type of “event" and process it. ‘/
MRS lOOlT/ON DATA RECEIVED FROM OPS:

MRS lOOlT/ON DATA RECEIVED FROM [83.-

MDJ' lOCATION DATA RECEIVED FROMANY OTIIER IIIG'IILVRELIABLE MRS lOCATIOIV

SOURCES (HCEPTlOCATIOII CENTER):

MBS_new_est <--- get_new_fl£f_ /ocafli717_ us/hg_ em'matdevent); id's ”‘9 of ”w. ‘br—okloh
> /‘ Note, whenever a new MBS location estimate is entered as a baseline enimateinmhfiwtimtmcks, 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. */

dead reck_est <--- get; deadmc/m/IIIIL/acatiaL (flange; est/inatdevent);

MBS_curr_est <--- DEI'ERMINE_MBS_LOCATION_ESTIMATE(MBS_new__est. deadreck_est);

if (MBS_curr_est.confidence > a predetermined high confidence threshold) then

re:et_deadreckolling_HRS;/oatian_estimato/(event);

/* deadreckoning starts over from here. *I

/‘ Send MBS location information to the Location Center. */

if ( MBS has not moved since the last MBS location estimate of this type and is not now moving) then

{

configure the MBS on-board transceiver (e.g., NBS-MS) to immediately transmit location signals to the fixed

_ location BS network as if the MBS were an ordinary location device (MS);

communicate with the Location Center via the fixed location BS infrastructure the following:

(a) a “locate me" signal,
1 15
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(own,
(c) NBS_new_est and

(d) the timestamp for the present event.

Additionally, any location signal information between the NBS and the present target NS may be

5 transmitted to the Location Center so that this information may also beused by the location Center to

provide better estimates of where the NBS is. Further, if the NBS determines that it is immediately adjacent

to the target NS and also that its own location estimate is highly reliable '(e.g., a GPS estimate), then the

NBS may also communicate this information to the location Center so that the Location Center can: (a)

associate any target NS location signature cluster data with the fixed base station infrastructure with the

10 location provided by the NBS, and (b) insert this associated data into the location signature data base of the

Location Center as a verified cluster of “random loc sigs”;

I“ 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.

TE: */

15 } . .

:52; else SCHEDULE an event (if none scheduled) to transmit to the Location Center the following: (a) NBS_curr_est, and
i; (b) the GPS location of the NBS and the time of the GPS location estimate;

:7 I“ Now update NBS display with new NBS location; note, NBS operatormust request NBS locations
on the NBS display; if not requested, then the following call does not do an update. I*/

20 update;”BL operatar_ drip/a); MIL/11%; ert(NBS_curr_est); 
}

Mil/CE MST M135 mm7/70” M‘WATE

M135 M415 MQVEDA FMBESNOLD DISMRICE: {

25 dead reck_est < --- get; deadmckofl/irL lam/0L change; eminatdevent);

I“ Obtain from NBS Dead Reckoning Location Estimator a new dead reckoning NBS location estimate

having an estimate as to the NBS location change from the location of the last NBS location

provided to the NBS. */

NBS__curr_est < ---- IEll'lEllllM[INlE_MlBS_ILOCA'lTl10N_lES'lTlMAll'lE(NULL, dead reck_est);

30 I“ this new NBS estimate will be used in new target NS estimates*/

”pm;”a; (Irina/a); Vii/L ”pr/area; ”BL /ocation(NBS_curr_est); '

SCHEDULE an event (if none scheduled) to request new GPS location data for NBS;

116

Cisco V. TracBeam / CSCO-1002

Page 122 of 2386



Cisco v. TracBeam / CSCO-1002 
Page 123 of 2386

 

10

 
25

30

 
 .-l t (if none scheduled) to request communication withion Center (LC) related to new MBS

location data;

SCHEDULE ail .

SCHEDULE an event (if none scheduled) to request new LBS location communication between the NBS and any LBS’s

that can detect the M85;

I” Note, in some embodiments the processing ol NBS location data from LBS’s may be perlormed

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 an event 0f none scheduled) to obtain new target MS signal characteristics from MS; /* i.e., may get

a better target HS location estimate now. “I

}

FINE? M415 [SW/[FED MAKEM57RELIABLE 714137657" M5 [WI/Oil! INFO/EMAwary

(OBTAINED: {

SCHEDULE an event (if none scheduled) to request location communication with the target MS, the event is at a very

high priority;

RESET timer for 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. “I

}

£06.41 277W! CUMMMWMWON FROM TAflGH' MS RECEIVE-"DJ

MS_raw_signal__data < get_ MLrig/12L character/big raw_ data(event);

l" Note, “MS__raw_signa|_data” 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 includes at least

“MS_raw_signal_data" and “MBS_curr_est” so that the Location Center can also compute an estimated

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. */

MS_signal_data <--- get_/‘/f_s[ewa/_ dimmer/1m: data(event);

I“ Note, the MS signal data obtained above is, in one embodiment, “raw" signal data. However, in a

second embodiment. this data is filtered substantially as in the Location Center by the Signal
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fining Subsystem. For simplicity of discussion hermfisumed that each NBS includes at least
a scaled down version of the Signal Processing Subsystem (see FIG. ll). ‘/

MS_new_est <---- DHEEMINELM£ MUSKHECENKEMIMIQFEMBS_curr_est, MS_curr_est,

MS_signal_data);

5 I f“ May use forward and reverse TOA, TDOA, signal power, signal strength, and signal quality

indicators. Note, “MS_curr_est" includes a timestamp of when the target MS signals were received.

”I

il (l‘lS_new_est.conlidence > min_MS_confidence ) then

{

10 mark_ flLefl_a:_ tempo/30(M8_new_est);

I“ Note. it is assumed that this MS location estimate is “temporary" in the sense that it 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

~,initiilii,!n.- target MS location estimate, E, while “MS_new_est" is a value in a “moving window” of target MS

15 location estimates (as described hereinbelow), then E will replace the value of “MS_new_est“. Note,

the moving window may dynamically vary in size according to, for example, a perceived velocity of

the target MS and/orthe MBS. */

MS_moving_window <--- gait/{mama windaMevent);

.j
"=3.71
a
‘5

it;:‘a':

i! '

I“ get moving window of location estimates [or this target MS. */

 
- ado:fl); eminate_ m_m; /0catian__ w1'rrdan(MS_new_est, MS_moving__window);

/“ Since any given single collection of measurements related to locating the target MS may be

potentially misleading, a “moving window" of location estimates are used to form a “composite

location estimate" of the target MS. This composite location estimate is based on some number of the

25 most recent location estimates determined. Such a composite location estimate may be, for example,

analogous to a moving average or so me other weighting of target MS location estimates. Thus. for

example, for each location estimate (i.e., at least one MS location area, a most likely single location.

and. a confidence estimate) a centroid type calculation may be performed to provide the composite

location estimate.’/

30 MS_curr__est <---- MEI/WM; ML [OMIIUIL[IflflflfflHS_moving_window);

I“ DETERMINE new target MS location estimate. Note this may an average location or a weighted

average location. */ V

remavLIc/Iedl/lfievenrq“TARGET_MS_SCHEDULE",event.MS_lD);
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  " REMOVE ANY OTHER EVENTS SCHEDULED FOR REQU‘ ING LOCATION COMMUNICATION FROI‘I

TARGET MS ”I

}

else /" target MS location data received but it is not deemed to be reliable (e.g., too much multipath and/or

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_to_.rc/Iedu/ecLeve/IMWARGET_MS_SCHEDULE”.event.MS_lD);

Update__”BLoperatoL wisp/3L Wit/L ML es?(MSflcurr_est);

f“ The NBS display may use various colors to represent nested location areas overlayed on an area map

wherein. for example,3 nested areas may be displayed on the map overlay: (a) a largest area having a

relatively high probability that the target MS is in the area (e.g., >9S%); (b) a smaller nested area having

a lower pmbability 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

embodiment, the colon for each region may dynamically change to provide an indication as to how high

their reliability is; e.g., no colored areas shown for reliabilities 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 may collapse into one or two as the M88 gets

closer to the target HS. 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.*/

I” Now RESET timer llor target MS location communication to try to get target MS

location communication again within a predetermined time. */

rm; trifle/(“TARGET_MS_SCH EDULE", event.MS_lD);

} V

EOMMMWMWON 0F KOCAWCUIV @474 7'0 M135 HWM 100871011! CHI/THE: {

I” Note, target HS 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 NBS sending target MS location signal data to the

Location Center (as may be the case in the contact and control states), or such data may be received from the

Location Center regardless of any previously received target MS location sent by'the MBS (as may be the case in

the seek, contact and control states). */
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 if( (the time >. ' < = (the timestamp

returned by this Location Center communication identifying the MBS location'dat'a used by the Location Center

for generating the MBS location data of the present event) )

then I“ use the LC location data since it is more recent than what is currently being used. */

5 {

MBS_new_est < --- get_locatitm_ [amtI13); 9:1(event);

deadreck_est <--- get_ deadmkam'nL locat/bfl_ (lungs; emirratdevent);

MBS_curr_est < ----I[E'll'[EIRMlNE_MBS_LOCATH®N_ESFHMATE(MBS_new_est, dead reck‘est);

if (MBS_curr_estxonfidence > a predetermined high confidence threshold) then

10 met_deadretkaninL”BL /acan'on_ emblem/(event);

”Mate~ M9);operator_ may; wit/1_”BL esz(MBS_curr_est);

I } i

if ( (the timestamp of the latest target MS location data sent to the Location Center) < = (the

timestamp returned by this Location Center communication identifying the MS location data used by the

Location Cemer for generating the target MS location estimate of the present event))

then f“ use the MS location estimate from the LC since it is more recent than what is currently being used. *[

{.

MS_new_est < --- get; [mt/01L Center_ I15; 9:1(event);

‘ I“ lhis information includes error or reliability estimates that may be used in subsequent attempts to
MS \ (yak

determine anfifiéleéw estimate when there is no communication with the LC and no exact (GPS)
 

location can be obtained. That is, if the reliability of the target MS’s location is deemed highly reliable,

I':== then subsequent less reliable location estimates should be used,only to the degree that more highly
_ , 5W5 omens _

reliable estimates become less relevant due to th 0 0 her locations. */Q

MS_moving_window <--- gag/11; moving: WI'fldaMevent);

25 I“ get moving window of location estimates for this target MS. *I

if ( (the Location Center target MS estimate utilized the MS location signaturedata 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 lamtlbflestimate in the moving window with

“MS_new_est”;
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  /* there is no corresponding “temporary” target MS location in the moving window; so

this MS estimate must be too old; so don't use it. i‘/

else f“ the Location Center did not use the MS location data from the M85 even though the timestamp of

1 the latest MS location data sent to the Location Center is 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. */

ado; I‘IJ'_ eminatg (0_ ML locatio/L w1hdaMMS_new_est);

}

10 else I" the MS location estimate from the LC is not more recent than the latest MS location data sent to the LC from

the MBS. */

if (a corresponding target MS location estimate marked as “temporary" is still in the moving window)

then P 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 lamt/bnestimate 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 use it. */

MS_curr_est < afffflfl/flém; lOfAf/O/I_[fl/MI'[(MS_moving_window);

update_”BL ape/ataLolkpr wit/L I‘lJ'_e:t(l1S~curr_est);

met_ti/Im(“LC_C0MMUN ICATION", event.MS__l D);

}

N0 COMMMHIMWMV HWM £611

/* i.e., too long a time has elapsed since last communication from LC. ‘/

 
' SCHEDULE an event (if none scheduled) to request location data (MBS and/or target MS) from the Location Center,

25 the event is at a high priority; ‘

met_time/(“LC_COMMUNlCATlON".event.MS_lD);

}

REQUEST 7'0 N0 [ONGEE (Oil/WAIUE 10MNil/G 7M? PWESEW TARGETMS: {

il (event not from operator) then

30 request MBS operator verification;

else {

REMOVE the current target MS from the list of MSs currently being located and/or tracked;

SCHEDULE an event (if none scheduled) to send communication to the Location Center that the current target MS

is no longer being tracked;
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ll».iisiiimam“.

\

PURGE MB.| data related to current target MS except any exact .n data for the target MS that has not
been sent to the Location Center for archival purposes;

}

} .

REQUEJT FROM LOCATION CENTER T0 ADD ANOTHER TARGETM3 TO THE LIST OF M55

BEING TRACKED: {

/" assuming the 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 an initial MS location estimate), add this new target MS to'the list of M85 to track. Note

the M88 will typically be or transitioning to in the seek state.*/

if (event not from operator) then

request MBS operator verification;

else {

INITIALllE MBS with data received 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 NBS operator interface by

graphically indicating where the new target MS is estimated to be. ‘/

CONFIGURE MBS to respond to any signals received from the new target MS by requesting location data from the

new target MS;

INITIALllE timer for communication from LC; /‘ A timer may be set per target MS on list. */

}

REQUEST TO MANUAll YENTER A LOCATION ESTIMATE FOR M35 (FROMAN M55

OPERATOR).-{

/' Note, MBS could be moving or stationary. lf stationary, then the estimate for the location of the M88 is given

high reliability and a small range (e.g.. 20 feet). If the NBS is moving, then the estimate for the location of the

M88 is given high reliability but a wider range that may be dependent on the speed of the NBS. In both cases, if

the M88 operator indicates a low confidence in the estimate, then the range is widened, or the operator can

manually enter a range.‘/

MS_new_est <--- ge’t_ new; M93; lam/01L £JT_ fmm_ ape/ato/(event; /‘ The estimate may be obtained, for

, example, using a light pen on a displayed map '/

if (operator supplies a confidence indication for the input MBS location estimate) then

MBS_new_est.oonfidence < -—- get_fl5.f_opemtor_confidence_o/_e11/irlate(event);

else MBS_new_est.conlidence <--— l; I‘ This is the highest value for a confidence. '/ i

deadreck_est <--- gat__ deadmckonl'rlg_ locatiofl_ change; mfinatdevent);
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MBS_curr__e . --- DEI'ERMINE_MBS_LOCATION_ESTIP!MBS_new_est,deadreck_est );
if (MBS_curr_est.conlidence > a predetermined high confidence threshold) then '

I'EJEL dead/ectoII/hLl/BJ; loaf/01L embryo/(mm);

updata_flBJ'_ape/amr_d/3p/a/_ WIi‘lr_/13J’_m(l‘lBS_curr_est);

P llote, one reason an MBS operator might provide a manual MBS input is that the MBS might be too inaccurate in

its location. Moreover, such inaccuracies in the "BS location estimates can cause the target MS to be estimated

inaccurately, since target MS signal characteristic values may be utilized by the M35 to estimate the location of the

target MS as an offset from where the M88 is. Thus, if there are target MS estimates in the moving window of

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 MBS location estimate. */

MS_moving_window <--- gag/15; mowirg_ m'ndaMevent);

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)

then

{

UPDATE those target MS location estimates in the moving window according to the new MBS location estimate

here; 7

MS_curr_est < ---- DENIM/M;”J; [OOH/OIL[If/M4711"S_moving_window);

update; Mil; ape/atar_ Wisp/a); Wit/L ML m(lf$_curr_est); '

}

}

} I' end case statement ‘/

lowerLevel M53 Function Descnptions

/' PROCEDURE: DEIERMINE_MBS_LOCATION_ESTIMATE REMARKS:

It is assumed that with increasing continuous dead reckoning without additional MBS location verification, the potential

error in the M35 location increases.

It is assumed that each ”35 location estimate includes: (a) a most likely area estimate surrounding a central location and (b) a

confidence value of the MBS being in the location estimate.
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The confidence val’mreach NBS location estimate is a measurement of thehgiood ol the NBS location estimate
being correct. More precisely. a confidence value for a new NBS location estimate is a measurement that isadjusted according to the

following criteria:

(a) the confidence value increases with the perceived accuracy of the new NBS location estimate (independent of any current

NBS location estimate used by the NBS).

(b) the confidence value decreases as the location discrepancy with the current NBS location increases,

(c) the confidence value for the current NBS location increases when the new location estimate is contained in the current

location estimate,
deafease?-

dN (d) the co nfidence value for the current NBS location‘maaewhen the new location estimate is not contained in the current
location estimate, and

Therefore, the confidence value is an M35 location likelihood measurement which takes into

account the history of previous MBS location estimates.

It is assumed that with each NBS location estimate supplied by the Location Center there is a default confidence value

supplied which the NBS may change.

I/ 4

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 MES location estimate.

Input: MBS_new_est A new MBS baseline location estimate to use in determining the,

location of the M35, but not a (deadreckoning) location change

estimate

deadreck_est The deadreckoning location change estimate paired with

“MBS_new_est”. '/

{

if (NBS_new_est is not NULL) then /* the “dead reck_est" is paired with “NBS_new_est" */

{

if (all NBS location tracks are empty) then

{ ,

insert “NBS_new_est" as the head of the location track of type, “NBS_new_est.type";

insert “NBS_new_est” as the head of the current track; /* so now there is a “N BS_curr_est" NBS location

estimate to use */

NBS_curr_est <--- get_(urr_esi(NBS_new_est.NS_lD); /’ from current location track I'/

}
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   (””3
else I“ there 'smeast one non-empty location traclk in 3

empty*/

 c Ml to the current location track being non-

ii (MBS_new_est is of type MANUALENTRY) then

5 { ['3 HIS operator entered an MISS location estimate for the NBS; so must use

it “/

HBS_curr_est < --- adldl_location_entry(l‘lBS_new_est, deadreck_est);

}

else P “[Fr’rll$_new_est” is not of type MANUALJENFRY */

10 if (the NBS location track of type, “MBS_new_est.type", is empty) then

{ I“ some other location track is non-empty '/

MBS_curr_est <--- add_location_e ntry(MBS__new__est, deadreck_est);

}

3;, else/° “NBS new est.type” location traclk is non-empty andl “NBS new est"{22:14 - — — —

:‘vf 15 ' is not of type MANUALENFRY */

{ /° lln tllne next statement determine if “MBS_new_est” is of at least

minimal useful quality in comparison toany previous estimates of tlhe 
same type; see program dell’n below “I

continue_to_process_new_est < -- lFllfl.'ll'[ElR(M BS_new_est);

il (continue_to_pmcess_new_est) then /* “MBS_new_est” is of sufficient quality to

continue processing. */ 
MBS__curr_est < add_location_entry(l1BS_new_est, deadreck_est);

}/* end “MBS_new_est” not filtered out ’/

25 else I“ “MBS_new_est" is filtered out; do nothing “I;

}/" end else °/ '

}/" end else at least one non-empty location track “I

}

else P MBS__new_est is NULL; thus only a deadreckoning output is to be added to location tracks '/

30 {

extrapolation_'entry <--- mate_a/7_ ext/apobtl'aIL eat/L lmm(deadreck_est);

into/£12711 erery_/aat/b/I_ tmcKextrapolation_entry); /* including the “current location track” '/

MBS_curr_est <--- get;(urr_en(llBS_new_est.MS_|D); /* from current location track 'I
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 }

RHURN(MBS_curr_est);

} [END /° omenonumrs_mIs_iLocn1rnon_rEsrmmrrs e/

addjlocatfionLenntry/(MIS_rmew_estt, deadreclk_estt);

P This function adds the baseline entry, “MBS_new__est" and its 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 rearrange location

entries, if necessary, so that the entries are in latest timestamp order.

Returns: MBS_curr_est 5/

if (there is a time series 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 “MBS_new_est") then

{ /" Note, this condition may occur in a number of ways; e.g., (a) an MBS location estimate received from the Location

Center could be delayed long enough (e.g., l-4 sec) because of transmission and processing time; (b) the estimation

records output from the M35 baseline location estimators are not guaranteed to be always presented to the location

tracks in the temporal order they are created. */

roll back all (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 location track wherein B is a most recent entry having a “latest

timestamp" prior to “MBS_new_est”; 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

A estimate, 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 anew baseline entry;

insert the extrapolation entry derived from “deadreck_est" in each of the other baseline location tracks except

the current track:

/" It is important to note that “deadreck_est" includes the values for the change in the'MBS location substantially for the

time period between the timestamp, T, of “MS_new_est" and the timestamp of the closest deadreckoning output just

before T. Further note that if there are any extrapolation entries that were rolled back above, then them isan

extrapolation entry, E, previously in the location tracks and wherein E has an earliest timestamp equal to the latest

timestamp of B above. Thus, all the previous extrapolation entries removed can be put backif E is modified as follows:

the M35 location change vector of E (denoted herein as E.delta) becomes E.delta - '[location change vector of

I “deadreck_est”]. “I

MBSficurrfiest <--- UPDATILCUIRIRJESTHMBS_new_est, deadreck_est);
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if (the extrapolation E exists) then /'* i.e., “stack" is not empty */ .

 
 

 

{

modify the extrapolation entry E as per the comment above;

I‘ 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 <--- pap_ Mcflstack);

/* “stack_top" is either a baseline location entry and a paired deadreckoning location change

10 ' estimate, or, an unpaired deadreckoning location change estimate associated with a NULL for the

baseline location entry ‘f/

MBS_nxt_est <--- geLbase/f/Ie: ant/)(stack_top);

, deadreck_est <--- get; dead/ecko/I/hg_ ermKstackJop);

if; MBS_curr_est <--- DEIERMlNE_MBS_LOCATl0N_ESTIMATE(MBS_nxt_est,

: 15 deadreck_est);

_ }

}

}

FE; ' else /‘ there is no deadreckoning extrapolation entries in the location track of type “l‘lBS_new_est.type" wherein the

L 20 extrapolation entries have a “latest timestamp" more recent than the timestamp of “MBS_new__est”. So just insert

“MBS_new_est” and “dead reck_est”.*/

{

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 location tracks except the current track;

25 l‘lBS__curr_est <--- UPDATE_CURR_EST(MBS_new_est. deadreck_est); /* see prog (1an 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 MBS location track. It is assumed that the location track of

“MBS_new_est.type” is non-empty.

127

Cisco V. TracBeam / CSCO-1002

Page 133 0f2386



Cisco v. TracBeam / CSCO-1002 
Page 134 of 2386

llnlput: Mlflgtest A new MIS- location estimatfluse in determining tlhe
location of the MIS.

Returns: [PME ilf “|l‘~u’lIS_new_est" was processed here (i.e., filtered out),

FREE if processing with “MIS_new_est" may be continued . “/

s { ,

continue_to_process_new_est < --TRU E; /* assume “MBS_new_est” will be good enough to use as an M38 location estimate */

P see it “MI$_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_new_est.type")

10 P e.g., the predetermined function here could be any of a number of functions that provide a minimum threshold on

what constitutes an acceptable confidence value for continued processing of “l‘lBS-_new_est". The following is an

example of one such predetermined function: K*(confidence of “MBS_new_est.type” location track head) for

some K, 0<l(< = |.0, wherein Kvaries with a relative frequency of estimates of type

“HBS_new~est.type" not filtered; e.g... for a given window of previous MBS location estimates of this type, K:

15 (number of NBS location estimates of “MBS_new_est.type” not filtered)/(the total number of estimates of this

type in the window). Note, such filtering here may be important for known areas where, for example, GPS signals

 may be potentially reflected from an object (i.e., multipath), or, the Location Center provides an MBS location
 

estimate of very low confidence. for simplicity, the embodiment here discards any filtered location estimates.

However, in an alternative embodiment, any such discarded location estimates may be stored separately so that,

 20 for exampk, if no additional better MBS location estimates are received, then the filtered or discarded location

estimates may be reexamined for possible use in providing a better subsequent MBS location estimate.*/

then continue_to_process_new_est <-- FALSE;

else if (an area for “HBS_new_est" > a predetermined function of the corresponding area(s) of entries in the location

track of type “MBS_new_est.type”)

25 . I" e.g.. the predetermined function here could be any of a number of functions that provide a maximum threshold

on what constitutes an acceptable area size for continued processing of “MBS_new_est”. 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> = l.0, wherein for a given window of previous NBS location estimates of

30 this type, K: (the total number of estimates in the window)/ (number of these location estimates not filtered);

note. each extrapolation entry increases the area of the head; so areas of entries at the headvof each location

track type grow in area as extrapolation entries are applied. */

then continue_to_process_new_est <-- fALSE;
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lRlEi’UlRWcontinue_to_Qeess_new_est) O
}

UP®AFE_CUi’ilRi_lES‘i'((lMlIS_new_est, deadlrecllc_est)

5 /° il'his function updlates the head oi the “current" MIS location tracllc whenever

“l‘r’ll|3l$_new_est” is permitted] as Ibeing a more accurate estimate oi the location of the

MBS.

input: MIS_new_est A new NBS location estimate to use in determining the location

oil the NBS

10 ’ deadlreclk_est 'i'he deadreclkoning MIS Ilocation change estimate paired with

“MIS_new_est”.

Returns a potentialiy updated “MIS_curr_est” */

if (MBS__new_est is of type MANUAL_ENTRY) then

15 { /° MIS operator entereol an MIS flocation estimate [for the MIS; so must use it i*/
 

insert “MBSfinew_est" as the head of the “current NBS location track” which is the location track indicating the best a current approximation of the location of the NBS;

ii }

else P “MBS_new_est” is not a manual entry */

20 { 
l'lBS__curr_est <--- get_rurr_es1(MBS_new_est.MS_lD); /* get the head of the “current location track“ */

adjusted_curr_est <--- appp; dead/ecka/I/IIL to(MBS_curr_est, dead reck_est);

J“ The above function returns an object of the same type as “MBS_curr_est", but with the most likely NBS

point and area locations adjustedby “deadreck_est”. Accordingly, this function performs the following

25 computations:

I (a) selects, Am, the M38 location area estimate of “MBS_curr_est” (e.g.. one of the “most likely”

nested area(s) provided by “MBS_curr_est" in one embodiment of the present invention);

(h) applies the deadreckoning translation corresponding to “deadre‘ck_est” to Am to thereby

’ translate it (and expand it to at least account for deadreckoning inaccuracies). */

30 if (reasonably_clase(MIBS_new_est, adjusted]_curr__est, MBS_curr_est))

f’ In one embodiment, the function “reasonably_close” here determines whether a most likely MBS point

location (i.e.. centroid) of “MBS_new_est" is contained in the MBS estimated area of

“adj usted_curr_est”
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then

 at the reasoning forthis constraint is that if “MBS_ _est” wasaccurate, then any “most

likely MBS point location” of a new MBS baseline estimate that is also accurate ought to be in the NBS

estimated area of "adjusted_curr_est".

In a second embodiment, the function “reasonably_close” determines whether the centroid (or most

likely MBS point location) of “MBS_new_est” is close enougllu to “MBS__curr_est" so that no MIS

movement constraints are (grossly) violated between the most likelly point

locations of “MBS_new_est” and “MIS_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 lleasoner". Accordingly, it is an

aspect of the present invention to provide similar capabilities to that of the Analytical Reasoner as part of the

MBS, and in particular, as the functionality of the “MBS LOCATION CONSTRAINT CHECKER” illustrated in Fig.

ll. It is assumed hereinafterthat the embodiment of the function, “reasonably_close”, 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 MIS_new_est >,= tlhre confidence in MIS_cuu-rr_est) then

if (the most likely MBS area of MBS__new_est contains the most likely MBS area of “adjusted_curr__est" as

computed above) then

shrink MBS_new_est uniformly about its centroid (i.e., “most likely MBS point location") until it is

as small as possible and istill contain the MBS estimated area of “adjusted_curr_est".

insert; imm_lmt‘ian_ Ems/«(“current", MBS_new_est);

/* 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 important to note that the second

parameter for this program may be eit/Ierof the following data structures: a “location track entry”, or an

“NBS location 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; Le,

(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 estim‘ .“J utput from the dead reckoning MBS

location estimator that correspond with the removed extrapolation entries are then

reapplied in timestamp order to the head of the target location track. */

}

5 else /’ the centroid of “MBS_new_est”, is contained in an area of “MBS_curr_est", but the confidence in

“MIS_new_estt” < confidence in “MIS_cuIrr_est” */

most_likely_est <-- determine a “most likely MBS location estimate” using the set S = {the M88

V location estimate centroid(s) of any MBS location track heads contained in the NBS

10 . estimated area of “adj usted__curr_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 of different 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

15 , location track heads in this case) from which a “most likely" measurement is determined (e.g.,

computed or selected). For example, in one embodiment, a “most likely" 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 weighting of

measurements (e.g., location track heads) according to corresponding confidence values of the

20 measurements. for example, in the present context (of MBS location track heads) the

following steps provide an embodiment of a “most likely” function:

 
(a) determine a centroid of area for each of the selectedtrack heads (i.e., the location

track heads having a point location estimate contained in the M88 estimated area of

“adjusted_curr_est");

25 (b) determine the “most likely location MBS positiori' P as aweighted centroid of the

centroids from step (a), wherein the weighting of each of the centroids fmm (a) is

provided by their corresponding confidence values;

(c) output an area, A., as the “most likely MBS location armor", wherein the centroid of

A. is P and A, is the largest area within the M38 estimated area of

30 “adjusted_curr_est” satisfying this condition; and

(d) set a confidence value for A, as the average confidence value of “MBS_new_est”,

“MBS_curr_est" and the selected location track head used. */

insert_imto_location_ tmcK“curmnt”, most_like |y_est);
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else P “MBS_new_est" is not reasonably close to “adiusted_curr_est” (i.e.,

“MBS_curr_est” with “deadreck_est" applied to it), so a conflict exists here; e.g.,

(i) “MBS_new__est" is not a manual entry, and (ii) “MBS_new_est" does not have its centroid contained in the

5 NBS estimated area of “adj usted_curr_est", or, there has been a movement constraint violation. Note that it is

not advisable to just replace “MBS_curr_est" with “new_est_head" because:

i (a) “MBS_new_est" may be the M88 location 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 on a recent MBS operator manual entry which should not be

10 overridden. ‘/

{

MBS_curr_est < --- resolve_conflicts(MBS_new_est, adj usted_curr_est, MBS_curr_est);

}

} I" end else “MBS_new_est” not a manual entry */

15 if (M58 is avehicle) and (not off road) then

/‘ it is assumed that a vehicular M58 is on-road unless explicitly indicated otherwise by MBS operator. ‘/

MBS_curr_est <--- ”Ia/Lto_best_fit_smer(MBS_curr_est); /* snap to best street location according to location

. estimate, velocity, and/or direction of travel. Note, this isatranslation oi “MBS_curr_est".*/

RETU RN(MBS_curr_est)

20 } /’ END UPDATE(MBS_CIIIIR_EST) “I
 

resolve_conflicts(MBS_new_est, adjusted_curr_est, MBS_curr_est)

/'There is a basic conflict here,

(i) “MBS_new_est” is not a manual entry, and

25 (ii) one of the following is true: “MBS_new_est” does not have its centroid contained

in the area “adiusted_curr_est”, or, using “MBS_new_est" implies an M85

movement constraint violation. - .

Input: MBS_new_est The newest MBS location estimate record.

adjusted_curr_est The version of “MBS_curr_est" adjusted by the deadreckoning

30 . location change estimate paired with “MBS_new_est".
cure-tS’C-Om‘dtncg . _ _

a. MBS_eun~_-eso The locatron track entry that Is the head of the “current" location track. Note. A

that “MBS_new_est.confidence" > “MBS_curr_est.cofidence”.

Output: An updated “MBS_curr_est”. ‘/
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mark that a conflict has arisen between “MBS_curr_est” and “MBS_new_est”;

if (the HHS operator desires notification of M38 location estimate conflicts) then

notify the MBS operator of an M35 location estimate conflict;

if (the MBS operator has configured the NBS location system to ignore new estimates that are not “reasonably

ellose" to adjusted_eurr_est) or

(l‘m’llBES_curr_est is lbasedl on a manual MISS operator llocation estimate, and the MBS has moved less

than a predetermined distance (wheel turns) from where the manual estimate was provided) then

RHURN(adiusted_curr_est);

else I“ not required] to ignore “MIS_new_est”, and] tlhere has been no recent manual

estimate inpnt°/

{ /° try to use “lir’ilIS_new_est” ”I

if ((MIS_new_est.eonliitllence - adjustechurr_est.conlli<dence) > a large predetermined]

thresholldl) tllnen

F Note, the confidence discrepancy is great enough so that “MBS_new_est" should be the most recent baseline

estimate on current NBS location track. Note that the threshold here maybe approximately 0.3, wherein

confidences are in the range [0, l].*/

insertinta_locaztian_ tram-K‘current", MBS_new_est);

I“ insert “MBS_new_est" into “current" location track (as a baseline entry) in “latest timestamp" order,

i.e., remove any extrapolation entries with a more recent “latest timestamp" in this track, and reapply,

in timestamp order, the location change estimates output from the dead reckoning MBS location

estimator that correspond with the removed extrapolation entries removed; */

else /“'i “MB$_new_est.conliidlence” is not substantially bigger than

“ao’ljustechurr_est.con1lidence"; so clheclk to see if there are potentially NBS

llocation system instabilities */

{ /° checlk for instabilities °/

if |[ (there has been more than a determined fraction of conflicts between the “MBS'_curr_est” and “MBS_new_est”

within a predetermined number of most recent “MBS_new_est" instantiations) or

(the path corresponding to the entries of the “current location track” of the M88 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 change in direction constraints, constraints relating to too high avelocity for a terrain) or

133

Cisco V. TracBeam / CSCO-1002

Page 139 0f2386



Cisco v. TracBeam / CSCO-1002 
Page 140 of 2386

10

.J.,_

'15

20 
25

30

(there an an M85 operator indication of lack of confidence iMcenfly displayed MBS location
estimates)]]

then P the l‘m’lBS llocation system is likelly unstable and/or inaccurate; checlk to see if

this condition has lbeen addressed in the recent past. *I

{ I“ first instahillity “I

if (fix_instability_counter equal to 0) then /* no instabillities have been addressed here

within the recent past; i.e., “fix_instability_counter" 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 be fixed here. Note. “fix_instability_counter” is decremented. if

not lero, each time a new baseline location entry is inserted into its corresponding baseline

[location track. fhus, this counter provides a “wait and see" strategy to determine if a previous

performance of the statements below mitigated the (any) MBS location system instability. */

most_likely_est <-- determine a new “most likely MBS location estimate"; [30.Il]

/“ Note, a number of M85 location estimates maybe generated and compared here for

determining the “most_likely_est". For example, various weighted centroid NBS location

estimates may be determined by a clustering of location track head entries in various ways.

In a first embodiment for determining a value (object) for “most_likely_est”, a “most

likely" function may be performed, wherein a weighting of location track heads according to

their corresponding confidence values is performed. For example, the following steps provide an

embodiment of a “most likely” function:

(a) obtain a set S 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 M88 estimated area of

“adjusted_curr_est"), plus (ii) the centroid of “MBS_new_est";

(b) determine the “most likely location MBS pasiztidli' Pas a weighted centroid of

the centroids of the set S from step (a), wherein the weighting of each of the

centroids from (a) is provided by their corresponding confidence values;

(c) output an area. A, as the “most likely MBS location area” wherein A has Pas a

centroid and A is a “small" area (e.g., a convex hull) containing the

corresponding the centroids of the set S; and

(d) set a confidence value for A as the average confidence value of the

centroids of the set S.
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  In a second embodiment, “most_likely_est" - determined by expanding (e.g.,

substantially uniformly in all directions) the M35 location estimate area of “MBS_new_est”

until the resulting expanded area contains at least the most likely point location of

“adjusted__curr_est" as its most likely MBS location area. ‘/

insert; into_location_ tracld‘turrent”, most_like ly__est);

fix_instability_counter < a predetermined number, C, corresponding to a number of baseline

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 M35 location system is unstable,

then the above statements above will be performed again. Note, this counter must be reset to C (or

higher) if a manual MBS estimate is entered. */

}

} /° lint instability °/

else F l'lne l‘r’lIS location system has been reasonably stable, and

“l‘w’tlIS_cnn'n-_est.conlidlence” is not substantially bigger than

“adlinstedl_new_est.confidence” . */

most_likely_est < -- determine a most likely MBS location estimate;

P The determination in the statement above may be similar or substantially the same as the computation

discussed in relation to statement [30.l]vabove. However, since there is both more stability in this case than

in [30.l] and less confidence in “MBS_new_est", certain MBS movement constraints may be more

applicable here than in [30.l].

Accordingly, note that in any embodiment for determining “most_likely_est" here, reasonable

movement constraints may also be used such as: (a) unless indicated otherwise, an M88 vehicle will be

assumed to be on a road, (b) a new MBS location estimate should not imply that the M38 had to travel

fasterthan, for example, |20 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 MBS location estimate (e.g., such as in the steps of the first embodiment of

[3 D.l]) for “most_likely_est" has been determined, such constraints may be applied to the tentative

estimate for determining whether it should be pulled back toward the centroid ol the “MBS_curr__est" in

orderto satisfy the movement constraints*/

insem_inta_locatian_tmcM‘turrent”, most_likely_est); /"I note, the second parameter for this

lunction may be either of the following data structures: a “location track entry", or a “1188 location
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estim’nd the appropriate location track entry or entries wgut on the location track corresponding
to the first parameter. */

}

} I' check for instabilities “I

5 MBS_curr__est <--- get_ curr_ m(MBS_new_est.MS_ID); /* from current location track */

} I’ try to use “MBS_new_est” ’/

RETURN(MBS_curr_est)

} /‘ END resolve_conflicts '/

10
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APPENDIX B: Pseudo code for a genetic algorithm

Pseudo code for a genetic algorithm

Genetic_Algorithm (’deoode, ’fitness_function, parms)

f‘ This program implements a genetic algorithm lor determining efficiem

values of parameters lor a search problem. The current best values of the parameters are received by the genetic algorithm in a data

stnrcture such as an anay. ll no such information is available. then the genetic algorithm receives random guesses of the pammetervalues.

This program also receives as input a pointer to a decode function that provides the genetic algorithm with infomiation about how the

parameters are represented by bit strings (see genetic algorithm references). The program also receives a poimer to a fitness function.

“fitriess_functions”, that provides the genetic algorithm with information about how the quality of potemial solutions should be determined.

The program computes new, improved values of parameters and replaces the old values in the anay "panns."

’/

//assume that each particular application will have a specific fitness lunction and decoding

// scheme; otherwise, the procedure is the same every time

//generate fire Mina/population

//generate a random population of binary strings containing popsize strings

fori = Ito popsize

for] = Ito string_length

string(i,j) = random(0,l)

end loop on j

end loop on i

//keepgeneratirg newpapuhabns untilfinished

do umil finished

for i = l to popsize

//trans1‘bnn tire binarystrirgs intoparameters/mm the problem at band; requiresproblem

//specific function

decode (string(i))

//evaluam each stn'rg

evaluate (string(i))

end loop on i'

//perfonn reproduction

reproduce (population_of_strings)
1 3 7
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//per1bm1 crussaver. .
cmssover (population_of_stn'ngs)

//perfbnn mutatim

mutate (population_of_strings)

5 // evaluate the newmpulation

for i = I to popsize

//tranabrm fire binary :tn'rgs int!) parameters

//fivm thepmblem at Inna;- requirespmblem

//5pe€ific firnca'on

‘ 10 demde (stringQ)

//evaluate fire fines ofeach string

mlm (“NEG-D)

if“! end looponi

‘Q it finished then report new results to the calling mutine"—1

:3 15 else go barkto tip of do-until loop

ES
L1,.

éjii;
 

i1
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APPENIHX C: Location Iatabase Maintenance Programs

 

[El/MA IASlE [PRQ'DGRAMS IFOR MAHN‘H’MNHNG 'i'll-lllE LUCATTIION SHGNA‘WRE DATl'A IASlE

5 In the algorithms below, external parameter values needed are underlined. Note that in one embodiment of the present

invemion, such parameters may be adaptively tuned using, for example, a genetic algorithm.

EXTERNAILLV UNVGDCAILE PROGRAMS:

10 Update_lLoc_Sig_®lB((new_lloc_olbfi, sellection_<cri1teria, lloc_sig_[po[p)

/* This program updates loc sigs in the location Signature data base. That is, this program updates, for example, at least

the location information for verified random Ioc sigs residing in this data base. Note that the steps herein are also

provided in flowchart form in fig. l7a through FIG. ITC.

llntmciiictory information Rellattedl to the Function, “U|pda1tte_ll.oc_5ig_II”

The general 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 Ioc sigs are still reasonably valid to use for:

(29.|) estimating a location for a given collection (i.e., “bag") of wireless (e.g., CDMA) location related signal

 
characteristics received from an NS,

(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, since it is assumed that it is more likely that the newest location information obtained is more indicative of

the wireless (CDl’lA) 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 Ioc 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 loc sigs still appropriately characterize their associated location.

30 In particular, comparisons are iteratively made here between each (target) loc sig “near” “new_loc_obj" and a

population of loc sigs in the locatiOn signature data base (such population typically including the loc sig for

“new_loc_obj) for.
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(29.4) adjusflonfidence factor of the target Ioc sig. Note that eachonfidence factor is in the range [0, I]
with 0 being the lowest and I being the highest. further note that a confidence factor here can be raised as

well as lowered depending on how well the target Ioc sig matches or is consistent with the population of Ioc

sigs to which it is compared. Thus, the confidence in any particular verified Ioc sig, LS, can fluctuate with

5 successive invocations of this program if the input to the successive invocations are with location information

geographically “near" LS. , I

(29.5) remove olderverified Ioc sigs from use whose confidence value is below a predetermined threshold. Note. it is

intended that such predetermined thresholds be substantially automatically adjustable by periodically testing

various confidence factor thresholds in a specified geographic area to determine how well the eligible data

10 base Ioc sigs (for different thresholds) perform in agreeing with a number of verified Ioc sigs in a “Ioc sig

test-bed”, wherein the test bed may be composed of, for example, repeatable Ioc sigs and recent random

verified Ioc sigs.

. Note that this program may be invokedwith a (verified/known) random and/or repeatable Ioc sig as input.

furthermore, the target Ioc sigs to be updated may be selected from a particular group of loc sigs such as the random Iocti}taint;Iii":
«flin}!nil

‘ 15 sigs orthe repeatable Ioc sigs, such selection being determined according to the input parameter, “selection_criteria”
 

 
while the comparison population may be designated with the input parameter, “loc_sig_pop”. for example, to update

confidence factors of certain random Ioc sigs near “new_|oc_obj”, “selection_criteria“ may be given a value indicating,

“USE_RANDOM_LOC_SIGS”, and “loc_sig__pop" may be given a value indicating, “USE_REPEATABLE_LOC_SIGS".

Thus. if in a given geographic area, the repeatable Ioc sigs (from, e.g., stationary transceivers) in the area have recently

20 been updated, then by successively providing “new_|oc_obj” with a loc sig for each of these repeatable Ioc sigs, the

stored random Ioc sigs can have their confidences adjusted.
 

Alternatively. in one embodiment of the present invention, the present function may be used fordetermining

when it is desirable to update repeatable loc sigs in a particular area (instead of automatically and periodically updating

such repeatable Ioc sigs). for example, by adjusting the confidence factors on repeatable Ioc sigs here provides a method

25 for determining when repeatable Ioc sigs fora given area should be updated. That is, for example,when the area’s average

confidence factor for the repeatable Ioc sigs drops below a given (potentially high) threshold, then the MSs that provide the

repeatable Ioc sigs can be requested to respond with new loc sigs for updating the DB. Note, however, that the approach

presented in this function assumes that the repeatable location information in the DB is maintained with high confidence

by. for exampleI frequent DB updating. Thus, the random verified DB location information may be effectively compared

30 against the repeatable Ioc sigs in an area.

HNPU‘T:

new_lloc_obi: a data representation at least including a Ioc sig for an associated location about which Location

Signature loc sigs are to have their confidences updated.
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  sellectiorL elected to have their confidenceseria: a data representation designating the loc sigst

updated (may be defaulted). Ihe following gmups of Ioc sigs may be selected: “USE_RANDOM_LOC_SIGS" (this

is the default), USE_REPEATABLE_LOC_SIGS”, “USE_ALL_LOC_S|GS”. Note that each of these selections has

values for the following values associated with it (although the values may be defaulted):

A 5 (a) a confidence reduction factor for reducing loc sig confidences,

(b) a big error threshold for determining the errors above which are considered too big to ignore,

(c) a confidence increase factor for increasing loc sig confidences,

(d) a small error threshold fordetermining the errors below which are considered too small (i.e., good) to

ignore.

10 (e) a recent time for specifying a time period for indicating the loc sigs here considered to be “recent".

Boogsiwop: a data representation of the type of Ioc sig population to which the Ioc sigs to be updated are

compared. The following values may be provided:

(a) “USE ALL LOC SIGS lN DB",

(b) “USE ONLY REPEAIABLE LOC SIGS" (this is the default),

15 (c) “USE ONLY LOC 5le WITH SIMILAR TIME OF DAY”

However, environmental characteristics such as: weather, traffic, season are also contemplated. */

/"“ Make sure “new;ioc_obj” is in location DB. "/

if (NOT new_loc_obj.in_DB) then P 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 */
 

20 05_[7159/1 new_lac_sig_ entries(new_loc_obj); // sto res Ioc sigs in Location Signature DB2:; z

/"Determine a geogmpnicaiarea surrounding tire location associated wit/i

”new_ioc_obj” for adjusting tire confidence tractors oiioc sigs having associated

iocations in tiizis area. ‘7

DB_search_areal <--- get_ mnfidence_ad/iut_ :earc/I_area_ for_05_ Iaflda/II_/ar_ sgdnew_loc_obj.location):

25 /”get me ioc sigs to have their confidence factors adjusted. */

DB_loc_sigs <--- get_a/I_05_loc_s/g{_ foI(DB_search_areal, selection_criteria);

nearby_loc__sig_bag <--- get Ioc sigs from “DB__|oc_sigs" wherein for each Ioc 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 for all Ioc sigs in

30 “DB_loc_sigs”;

/”For each “lot sig”having its confidence [doctor adjusted do "/

for each loc_sig[i] in nearby_loc_sig_bag do // determine a confidence for these random loc sigs

141

Cisco V. TracBeam / CSCO-1002

Page 147 of 2386



Cisco v. TracBeam / CSCO-1002 
Page 148 of 2386

{ ' .

/" Determine a searcb area surrounding die location associated witlr “loc

sig” 0/ ‘

loc <--- get_ ve/ffl'eoL/oatiadlogsigfi];

5 /" Determine tire error corresponding to bow well "loc sig” lits Witlr tbe

portion oitbe inputted more oiloc sigpopulation tlrat is also in tlre searclr

area. ”/

BS <--- get_51(loc_sig[i]);

mar.’r_a.s_unaccwable(loc_sig[i]); I“ mark “loc_sig[i]" in the location Signature DB so that it isn't retrieved. *I

10 DB_search_area2 <--- get_ mnfidencgaaflm; searc/Larea_far_ DB_ /ac_s1[gs(loc.location);

I“ Get search area about “rand_|oc". Typically; the “new_|oc_obj” would he in this search area *I

|oc__sig_bag <--- (watt/0551;:bag(loc_sig[i]); I* create a loc sig bag having a single loc sig, “loc_sig[i]”*/

output_criteria <--- get criteria to input to “Determine_location_Signature_Fit_Errors" indicating that the function

f“Hz?
5.7.“:===-. z
t 2

should generate error records in the returned “error_rec_bag” only for the single Ioc sig in

15 “loc_sig_bag". That is, the output criteria is: “OUTPUT ERROR_RECS [OR INPUT lOC SIGS '

ONLY".

error_rec_bag[|] <--- [Datermine_|].ocation_Signattture_lFit_lEmrs(loc.location, loc_sig_bag, 
DB_search_areaZ, loc_sig_po p, output_criteria);

utiEum unmarbmaklirLacemb/4l0c_sig[i]); I* unmark “loc_sig[i]” in the Location Signature DB so that it can now be

20 retrieved. 'I

}

/"’ lfi’ednce confidence lactors olloc sigs: (a) tbat are nearby to tbe location

ii“iii

associated witb “new_loc_ obj’j (b) that have big errors, and (c) drat bar/e not

been recentb updated/acquired */

, 25 error_rec__set <--- make_set_umbn_o/(error_rec_bag[i] for all i);

I“ Now modify confidence: ol loc sigs in DB and delete Ioc sigs with very low confidence: *I

Ind] uce_loadl_lD)B_loc_sigs(nearby_loc_sig_bag, error_rec_set. selection_criteria.big_error_thresho|d,

selection‘criteria.conlidence_red urtion_factor, selection_criteria.recent_tirne);

/" lncrease confidence lac-tors oiloc sigs: (a) tlrat are nearby to the location

30 associated midi ”new_loc_ obj”, (b) that Irawe small errors, and (c) tlrat bare not

been recenth updated/acquired ‘7
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its
Em:mase_confidleme_ot_goodl_l0l8_loc_sigs(nearby_loc_sig_bag, error_rec_set,

selection_criteria.small_error_threshold,

selectio n_crite ria.confidence_increase_facto r,

selection_criteria.recent_time);

[ENIDJ ©lF lllltpdatte_fl.oc_Sig_II

lDI_ll.oe:_Sig_lEmn_lFitc(M$_loc_est, II_search_airea, measured_loc_sig_lbag, seamh_critteiria)

F fhis 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 wherein the data base loc sigs must satisfy the criteria of the input parameter “search_criteria"

and are relatively close to the HS location estimate of the location hypothesis. “hypothesis”. Thus, in one embodiment of the

present invention, the present function may be invoked by. for example, the confidence adjuster module to adjust the

confidence of a location hypothesis.

Input: hypothesis: l’lS location hypothesis;

measumd_loc_sig_lbatg: A collection of measured location signatures (“loc sigs” for short) obtained from

the MS (the data structure here is an aggregation such as an array or list). Note, it is assumed that there is at

most one loc sig here per Base Station in this collection. Additionally, note that the input data structure here

may be'a location signature cluster such as the “loc_sig_cluster” field of‘a location hypothesis (cf. fig. 9).

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; '

. seamchritten'ias: fhe criteria for searching the verified location signature data base for various categories of

loc sigs. The only limitation on the types of categories that may be provided here is that, to be useful, each

category should have meaningful number of loc sigs in the location signature data base. The following

categories included here are illustrative, but others are contemplated:

(a) “USE ALL LOC SlGS IN DB" (the default),

(b) “USE ONLY REPEATABLE LOC SIGS",

(c) “USE ONLY LOC SlGS 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 same time of day, all loc sigs during a specific weather condition (e.g., snowing) and at the

same time of day, as well as other limitations for other environmental conditions such as traffic patterns.

Note, if this parameter is NIL. then (a) is assumed.

Returns: An error object (data type: “error_object") having: (a) an “error" field with a measurement of 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 “can." field with a value indicating the perceived confidenat is to be given to the “error" value.
“I

if (“search_criteria” is NIL) then

5 search_criteria <--- “USE ALL LOC SlGS IN DB”;

/” determine a collection oierror records wherein there is an error record for

each [35 that is associated with a loc sig in ‘1rneasure_ loc_sig_bag” andfor each 55

associated with a lot sig in ageographical area surroundingr the hypothesis’s

location. 0/

10 output_criteria <--- “OUTPUI ALL POSSIBLE ERROLRECS";

P The pmgram invoked in the following statement is described in the location signature data base section. */

error_rec_bag < ---Ietcetrmine_l1.ocattion_$ignaitume_lFit_|Ervors(llS__loc_est, measured_loc_sig_bag,

DB_search_area, search_criteria, output_criteria);

P Note, “error_rec__bag" has “error_rec’s" for each BS having a loc sig in “DB_search_area" as well as each BS having

15 a loc sig in “measured_loc_sig_bag". */

/" determine which error records to ignore */

BS_errors_to_ignore_bag < --- get_55_ ermr_ tea; to_ Ignore (D B_search_area, error_rec_bag,);

I” Our general strategy 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", some relatively large errors can be tolerated or ignored. for
 

example, if the MS location estimate, “MS__loc_est”, here is indeed an accurate estimate of the MS's location and if an
 

area surrounding “l‘lS_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 “measured_loc_sig_bag" and the estimated loc sigs, based on verified

MS locations in the DB (as determined in “Determine_Location__Signature_Fit_Errors"), for providing “error_rec_bag"

25 with enough small errors that these small errors provide adequate evidence for “MS_loc_‘est” being accurate.

Alccordinghl, it is believed that; in most implementations ofthe present invention, only a

relatively smallnumber oi'Ioc_sig comparisons need have small errors for thereI to be

consistency between the lot sigs of "measured_loc_ srjg_ bag”and the veniied lac sigs in

the location signature data base. That is, a few large errors are assumed, in general, to

' 30 be less indicative of the M5 location hypothesis being incorrect than small errors are

indicative ofaccurate M5 locations. 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 have high confidence in
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   the MS location hy.is. However, note that this determination could depend on the types of base stations; e.g.., if five
full-service base stations had measured and verified Ioc sigs that match reasonably well but five location 38s in the search

area are not detected by the HS (i.e., the measured_loc_sig_bag has no loc sigs for these location 835), then the

confidence is lowered by the mismatches. -

5 Thus, for example, the largest x% of the errors in “error_rec_bag” may be ignored. Note, that “x” may be: (a)

a system parameter that is 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 that no loc sig errors are ignored. Whereas, for a second set of environmental

10 characteristics corresponding to: dense urban, hilly, fall. 8 PM, heavy traffic, and snowing, all but the three smallest errors

may be ignored. 1"/

/" determirre (arid reclaim) errer object based on the remaining errer remrds */

error_obj.measmt <--- 0; // initializations

error_obj.confidence < --- 0;

for each error_rec[i] in (error_rec_bag - BS_errors_to_ignore_bag) do

{

error_obj.measmt <--- error_obj.measmt + (error_rec[i].error);

error_obj.confidence <---error_obj.confidence + (error_rec[i].confidence);

}

error_obj.measmt < error_obj.measmt /SlZEOf(error_rec_bag - BS_errors_to_ignore_bag);

error_obj.confidence <--- ermr_obj.confidence / SlZE0l(error_rec_bag - BS_errors_to_ignore_bag);

RETURN(error_obj);

[ENIQlF [DlB_fl.oc_Sig_lEmr_Ffitt

 
25 flN‘fl'lEIRNAL PRQGIRAMS:

[red]uce_lbatdl_lD)I_loc_sfigs(lcnc_sfig_lbag , error_rec_set, big_error_tclhresholdl

confidence_re<nluucttiom_lfatc®or, recentc_fcfime)

f“ This program reduces the confidence of verified DB Inc sigs that are (seemingly) no longer accurate (i.e., in agreement with

comparable loc sigs in the DB). If the confidence is reduced low enough, then such loc sigs are removed from the DB. Further, if lor a

30 DB verified location entity (referencing a collection of loc sigs for the same location and time), this entity no longer references any

valid loc sigs, then it is also removed from the location signature data base l320. .Note that the steps herein are also provided in

flowchart form in Figs. IBarthmugh lab.

Inputs:
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 floc_sig_loag: Th i igs to be tested [or determining if their confidences s be lowered and/orthese Ioc sigs

removed.

emr_mc_set: The set of “error_recs" providing information as to how much each Ioc sig in “loc_sig_bag"

disagrees with comparable Ioc sigs in the DB. That is, Illa/e isan “error It'd/1m for earl; lac sig/na

5 lot sig bag".

lbig_emr_tlhmslholdl: The error threshold above which the errors are considered too big to ignore.

confidence_mdluction_fmctom The factor'by which to reduce the confidence of loc sigs.

recent_time: Time period beyond which Ioc sigs are no longer considered recent.

{/0get loc sigs from tbe location Db’ Iraring botb big absolute andrelative errors

10 (in comparison to otber Db’ nearby Ioc sigs) 1’/

relative ly_big_errors_bag <--- get “error_recs" in “error'_rec_set" wherein each “ermr_rec.error” has a size larger than, for

example, the second standard deviation lrom the mean (average) ol such ermrs;

big_erro rs_bag <--- get “error_recs” in “relatively_big_errors_bag" wherein each “error_rec.error" has a value larger than

“big_error_threshold";ii.ei..i'iii‘zilimit

  
15 DB_loc_sigs_w_big_errors <--- get the loc sigs lor “error_recs” in “big_errors_bag” wherein each Ioc sig gotten here is

identified by “error_rec.loc_sig_id”;

/”get loc sigs from tbe location DB that have been recently added or updated ”7

recent_loc_sigs <--- get_mnt_/oc_s/,'gs(loc_sig_bag, recent_time); /* Note, the lunction, “get_recent_loc_sigs” can have

various embodiments, including determining the recent location signatures by comparing their time stamps (or other time

20 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) lor determining a value for the variable, “recent_time", and/or. by

data driving this categorization by, e.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

25 timestamps of the location signatures in “loc_sig__bag". */

/" snbtract tbe recent loc sites from tbe Ioc sigs with big errors to get tbe bad ones

0/

bad_D B_loc_sigs <--- (big_error_DB_loc_sigs) - (recent_loc_sigs);

/" lower tbe confidence oftbe badIoc 512,75 ‘7

30 for each loc_sig[i] in bad_DB_loc_sigs do

loc_sig[i].conlidence <--- (loc_sig[i].conlidence) * (confidence_reduction_lactor);
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 /"’ fer each hadm icy update it in the 03 or remore rm use [If/as commie/rice

is $00 iew "/

P Now delete any loc sigs from the DB whose confidences have become too low. *I

for each Ioc_sig[i] in bad_DB_loc_sigs do

5 if (loc_sig[i].confidence < min loc sig confidence) then

{

fifflOVLfflO/‘L[/Iflloc_sig[i]);

/“ tripe/ate composite iecazztiefl objects ta reflect a remevaz/ cafe referenced iec

sige/

10 verified_loc.entity <--- [err/eye; (Wipes/n: /ocation_ err/z); /Iawirg(loc_sig[fl);

1‘“ This gets all other (if any) loc sigs for the composite location object that were verified at the same time as

“loc_sig[|]". 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 forthe 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

15 data. “I

mark “verified_loc__entity" as incomplete but keep track that a Ioc sig did exist for the BS associated with “Ioc_sig[i]”;

if (“verified_loc_entity” now references no loc sigs) then [fir/Wt; I‘M/L ”Iflverified_loc_entity);

 
:7,

c }:a,

{3.3. else Dfl_update_ entMloc_sig[i]); // with its new confidence

if 20 } [emote reduce_lo>adl_ll_floc_sig5sage

inc.[reelse_comllfi<dlem<cce_®ff_go>o<d]_ll_loc_sn'gs(nearby_floc_sfig_lbag, error_rec_set,

smalfl,_ermr_tlhresholdl, comfidencejncreasejactor, recemt_time);

P This pmgram increases the confidence of verified DB loc sigs that are (seemingly) of higher accuracy (i.e.. in agreement with

25 comparable loc sigs in the DB). Note that the steps herein are also provided in flowchart form in Figs. |9a through I9b.

Inputs:

loc_sig_lb>ag: The loc sigs to be tested for determining if their confidences should be increased.

emr_mc_setc: The set of “error_recs” providing information as to how much each Ioc sig in “loc_sig_bag"

disagrees with comparable loc sigs in the DB. That is, More [Ira/I “er/or rec”/Ie/e loreac/I Iarsiginu

30 lac sig; bag".

small_emr_ttlhmslholdl: The error threshold below which the errors are considered too small to ignore.

confidencejncreasejactom The factor by which to increase the confidence of loc sigs.
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recent_time: “QM beyond which loc sigs are no longer considered rece;
/"get Inc 51735 Irena tine lean/en [0W Irelying bet/l7 smal/ aleO/Mte and re/aztive errors

(in cempazrisen tn eMer DE nearbyInc sigs) 0/

relatively_small_errors_bag <--- get “error_recs" in “error_rec_set" wherein each “error_rec.error” has a size smaller than, for

5 example, the second standard deviation from the mean (average) of such errors;

small_errors_bag <--- get “error_recs" in “relatively_small_errors_bag" wherein each “error_rec.error" has a size smaller than

“small_error_threshold";

DB_loc_sigs_w_small_errors < get the loc sigs for “error_recs" in “small_errors_bag" wherein each loc sig gotten here is

identified by “error_rec.loc_sig_id”;

. 10 /”get Ietlsigs tram tine lecaztien [045’ that Ira: Ive been recent/)1 added or updated ‘7

recent_loc__sigs <_ --- get_m01_ lac_.rr}t(loc_sig_bag, recent_time);

/" sundae-t tne recent Inc sigs from the lac sigs witn sneer/l errors t0get thegeed

I}; enes 0/

good DB Inc sigs <---(smal|_error DB Inc sigs)- (recent_loc_sigs);

15 /” for end» geedlee sig, update rite confidence 0/ for each |oc_sig[i] in good_DB_|oc_sigs do

{

.loc_sig[i].confidence <--- (|oc_sig[i].conlidence) ' (confidence_increase_factor);

 il (loc_sig[i].conlidence > LO) then |oc_sig[i] <--- Lo;

20 }

 

[ENIOJlF fimcmasejoool_lDI_lloc_sigs

DAFA IASE ER©©RAMS E©[R IEFERMHNHNG TllHlE C©NSHSFENCY (DIF- IL©CATFII©N

[HWECQTHESES WWW VERHEHEID [LOCATMDN UNE©RMAW©N [IN Vii-HE [LOCAFWN

25 SHGNA‘FURE DATA IASE

lL©W LEVEL IATI'A IASE PRQGRAMS FDR fl.©CATl'll©li\'l SHGNA‘H’URE IAiTA [BASE

F The following program compares: (al) loc sigs that are contained in (or derived from) the loc sigs in “target_loc_sig_bag" with

30 (bl) loc sigs computed fmm verified loc sigs in the location signature data base. That is, each loc sig fmm (al) is compared with a

corresponding loc sig lrom (bl) to obtain a measurement of the discrepancy between the two loc sigs. In particular, assuming each of

the loc sigs lor “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 loc “target_loc_sig_bag" fit with a computed or estir’oc sig for the location, “target_loc"
that is derived from the verified loc sigs in the location signature data base. Thus, this program may be used: (a2) fordetermining

how well the loc sigs in the location signature cluster for a target MS (“target_loc_sig_bag”) 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 loc sigs

(“target_loc_sig_bag") from the location signature data base is with other loc sigs in the location signature data base. Note that in

(b2) each of the one or more loc sigs in “target_loc_sig_bag” 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. 20:! through 20d.*/

Determfime_Locattiom_Sfigmattuure_lFitt_lEWous(tcargett_loc, targett_loc_sig_lbag,

seatcllLattea, search_critteriat, outputt_critenfia)

/* Input: targetCJoc: An MS location or a location hypothesis for a particular MS. Note, this can be any of the

following: '

(a) An MS 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 was

derived. Note that if this location is inaccurate, then “target_loc_sig_bag“ is unlikely to

be similar to the comparable loc sigs derived from the loc sigs ol the location signature

data base close “target_loc"; or

(b) A previously verified MS location, in which case, the loc sigs of

“target_loc_sig_bag” are previously verified loc sigs. However, these loc sigs may or

may not be accurate now.

' tanget_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 or list). The location signatures here may be

verified or unverified. However, it is assumed that there is at least one loc st? in the

hag. Further, it is assumed that there is at most one lac sig per [Base

Station. it is also assumed that the presentparameter includes a ”type”

field indicating whether the lac sigs here have been individually selected, or;

whether thisparameter references an entire (verified) lac sig cluster;- i.e.,

the type heldmy have a value of? “dill/VERIFIED 1065/6 Cid/57ml?" or

“VERIFIED £06516 €105FEW?

seamlh_amar: The representation of the geographic area surrounding “target_loc”. This parameter is used

for searching the Location Signature data base for verified loc sigs that correspond geographically to the

location of an MS in “search_area”;
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  my? , one data base. The criteria may includei 'tteiriat: The criteria used in searching the location sig

the following:

(3) “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.

outpuLwiteriar: The criteria used in determining the error records to output in “error_rec". The criteria

here may include one of:

(a) “OUTPUT ALL POSSIBLE EllllOll_llECS”;

(b) “OUTPUT ERROILRECS fOR INPUT LOC SIGS ON LY".

Returns: emu-Jets: A bag of error records or objects providing an indication of the similarity between each Ioc sig in

“target_loc_sig__bag” and an estimated loc sig computed for “target_loc" from stored Ioc sigs in a surrounding

area of “target_loc”. Thus, each error record/object in “error_rec” pmvides a measurement of how well a Ioc sig

(i.e., wireless signal characteristics) in “target_loc_sig_bag” (for an associated BS and the MS at “target_loc")

' correlates with an estimated Ioc sig between this BS and MS. Note that the estimated Ioc sigs are determined using

verified location signatures in the Location Signature DB. Note, each error record in “error_rec" includes: (a) a BS

ID indicating the base station to which the error record corresponds; and (b) an error measurement (> = 0), and

(c) a confidence value (in [0, l]) 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

the suffix “_bag" on the identifier), it can be any one of a number data types even though it’s members are accessed

hereinbelow using array notation. ‘/

/"gez? 35’s esseciezted with M9 iec sigs in “seem/2Larreaz” that satisfii

“search criteria: ” ‘7

DB_loc_sig_bag < --- retrierg verified_ /0r_ s/gs(search_area, search_criteria);

// get all verified appropriate location signatures residing in the Location Signature data base.

// Note. some loc sigs may be blocked from being retrieved.

DB_BS_bag .< get_ BIKDB_Ioc_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”.

/"get? 35’s associated with [ac sigs in ”target;Iec_sig_bag” ‘7

target_BS_bag < --- get_ B£r(target_loc_sig_bag); // get all base stations associated with at least one

// location signature in “target_loc_sig_bag".

/‘° determine tribe [35’s for which error records are to be computed '/
1 50
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case of “output_criteria” mg; 0
“OUTPUT All POSSIBLE ERROILRECS”: /" 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 Ioc sig in “target_|oc_sig_bag” and for each BS associated

with a Ioc in the “search_area” satisfying “search_criteria”. “I

BS_bag <--- (DB_BS_bag) union (target_BS_bag);

"OUTPUT ERROILREG FOR IN PUT LOC SIGS ONLY":-

BS_bag < --- target_BS_bag;

endcase;"

/"’ for each 83 to heve an error record computed make sure there are two let sigs

to compare: one hot Sig derived hem the “135;hag” int sig data, and one from

derivedfrom the int sigs in the location fignatnre DB; wherein hath let signs are

associated widi die location, "tazrget_ Ioc”. 9/

for each BS[i] in “BS_bag” do

{ I“ determine two (estimated) loc sigs at “target_|oc”, one derived from “target_loc_sig‘bag” (if possible) and one derived

from Location Signature DB Inc sigs (if possible) */

comparison_loc_sig_bag[i] <--- retrieve; var/7794 /0t’_ 341 fo/(BS[i], search_area, search_criteria);

/" get all Ioc 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 lloc

sigs satisiy “search_criteria”. */

/° [mow determine ii there are enough Ioc sigs in the “cornparison_loc_sig_hag” to malice

it worthwhille to try to do a comparison. “I

if ( (SIZEOF(comparison_loc_sig_bag[i])/(SlZEOF(search_area)) ) < min_threshold__ratio(area_type(search_area)))

then

I“ it is believed that there is not a dense enough number of verified Ioc sigs to compute a composite

Ioc sig associated with a hypothetical MS at “target__|oc". M/

error_rec[i].error <--- invalid;

else /" there are enough Ioc sigs in "comparison_ Ioe_5i;bag” to continue, and in

particular; an estimated Ioc Sig can be derived from the lac sigs in

‘20mpar1‘san_Ioc_sr;g_hag”; however; first see ifa target [at Sig can be

determined; ifso, then make the estimated Ioc sig (denoted

'esemtea;Ioc;sign”). 0)
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if (BS [i] is in target_BS_bag) then

I“ get a loc sig in “target_BS_bag” for BS[i]; assume at most one Ioc sig per BS in

“target_loc_sig_bag” */

5 ' target_loc__sig[i] < --- get_ /0(_ :4'g(BS [i], target_loc_sig_bag);

else I“ IS[[i]] is not in “ta1rrget_l$_lbag”. accordingly this implies that we are in the

[process oil attempting to output all possible error records for all IS’s: (a)

that have previously been detected in the area of “search_area" (satisfying “search_criteria”), union,

(b) that are associated with a loc sig in “target_loc_sig_bag". Note, thepath here is performed when

10 ' the M5 at the location for “target_loc” did not detect the BS[fl, but BS[i] has previously been detected

in this area. */ i

if (target_loc_sig_bag.type = = “U NVERIHED LOC SIG CLUSTER”) then

/* can at least determine if the NS for the cluster detected the BS[i]; i.e., whether BS[i]

was in the set of 35’s detected by the MS even though no loc sig was obtained for BS[i]. */

if (610/10;demealtarget_loc_sig_bag. 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_loc.location", so the pilot channel for BS[i] was

in the noise; make an artificial loc sig at the noise ceiling (alternatively, e.g., a mean noise

value) forthe MS location at “target_loc" ‘/
 

target__loc_sig[i] < [EL/1W3?— rel7l'llg_/oc_:1jg(target_loc);

r else; /‘I do nothing; there are no other types for “target_loc_sig_bag.type” that are currently used when

outputting all possible error records for BS's */

if (error_rec[i].error NOT invalid) then

25 /fl we have a “target_loc_sig” for comparing, so get the derived loc sig estimate obtained from the

verified loc sigs in the location signature data base. a"/

estimated_loc_sig[i] <—--' estimate_loc_sig_lfmm_[DI(target_|oc.|ocation.

comparison_loc_sig_bag[i]);

/* The above call lunction provides an estimated loc sig lor the location of “target_loc” and BS[i]

30 using the verified Ioc sigs of “comparison_loc_sig_bag[i]" */

}

/" for eat-Ir A95 whose error record has loot been mar/ted ‘7”var/i ’1 both

“‘Mrgeg/ogsry’aod "estimazteoL/ogsig"azre WOW well—defined- so compute an
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ermr remrdrte/am the difl'erence between "targeg_sig” and
“WWWlegsig”. ‘7

for each BS[i] in “BS_bag “ with error_rec[l].error not invalid do /' determine the error records for these base stations ‘/

{

5 I“ Note, the “target_loc_sig” here is for an MS at or near the location forthe center of area for “target_loc". '/

error_rec[i] < --- get_dlififemnce_measureme nt(target_loc_sig[i], estimated_loc_sig[i],

comparison_loc_sig_bag [i], search_area, search_criteria);/* get a measurement of the difference

between these two loc sigs. */

error_rec.loc_sig__id < target_loc_sig[i].id; /* this is the loc sig with which this error_rec is associated */

10 ermr_rec.comparison_loc_sig_id_bag < comparison_|oc_sig_bag[i]; I

}

RETURN(error_rec);

ENIOIF Determine_fl.matiom_$ignatuIre_lFit_[Errc>rs
 

3% 15 estimate_ll®c_sfig_lfmm_ll(fl®c_lfor_estimatinee, fl®c_sig_lba1g)

f“ This function uses the verified loc sigs in “loc_sig_bag’f to determine a single estimated (or “typical”) loc sig derived from

the Inc sigs in the bag. Note, it is assumed that all loc sigs in the “loc_sig_bag” are associated with the same BS |22

(denoted the BS associated with the “loc_sig_bag”) and that the locations associated with these loc sigs are near

 “loc_for_estimation". Further, note that since the lac sigs am verified, the assoc-rated base station

 20 was the pfinuapy base station when the lac 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. 2|.

llunputt: loc_for_estimation A representation of a service area location.

loc_sig_bag A collection of verified loc sigs, each associated with the same base station and

25 each associated with a service area location presumany relatively near to the

location represented by “loc_for_estimation". '/

est__loc_sig < extrapolate/interpolate a location signature for the location at “Ioc_for_estimation" based on loc sigs in

"loc_sig_bag";

/" Note. “est_|oc_sig" includes a location signature and a confidence measure.

30 The confidence measure (in the range: [0, |]) is based on: (a) the number of verified loc sigs in the search area; (b) how

well they surround the center location of the new_loc, and (c) the confidence factors of the loc sigs in “loc__sig_bag" (e.g., use

average confidence value).
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Note, for the extrapolationfinterpolation computation here, there are many such extrapolationfinterpolation methods
available as one skilled in the art will appreciate. For example, in one embodiment of an extrapolatio nfinterpolation method,

the following steps are contemplated: ‘

(39.l) 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 BS is 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 value or flag is 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 channel from such an LBS is likely to be only detectable within a relatively small distance

from the BS (e.g., IOOO 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 l is provided. Alternatively, if (a)

a determined area, A, including the MS location, “loc_for_estimation” (which may itself be, and likely 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 minimum of the size of the area in which the LBS

is detectable and the size of the area of “loc_for_estimation”, 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 I382.

(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 smooth surface, S(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 Inc sig in “loc_sig_bag” wherein (x,y) is a point estimate (likely centroid) of the loc sig}. Note that a least

squares technique, a partial least squares technique, or averaging on “nearby’f (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 formulas for urban, suburban, and rural developed by M. Hata in IEEE Trans, VT-29, pgs. 3l7-325,

30 Aug. I980, “Empirical formula for Propagation Loss In Land Mobile Radio” (herein incorporated by reference).

For example, Hata's formulas may be used in:

(39.2.l) 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 “loc_sig_bag” for

the service area surmunding the location of “loc_for_estimation", then by determining the area
1 54
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‘0) (e.g., transmission area type as described hereinassu ming 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 formu|a(s), a signal value 2 may be estimated according to these type(s) and their

5 , corresponding area extents between the MS and the BS. Note, however, that this option is considered

less optimal to using the verified loc sigs of “loc_sig_bag” for determining the values of a surface

S(C). Accordingly, a lower confidence value may be assigned the resulting composite loc sig (i.e.,

“est__loc_sig”) determined in this manner: and relatedly,

(39.2.2) Determining a surface coordinate (x°,yo,zo) of S(C) when there are nearby verified loc sigs in

10 I “loc_sig_bag”. for example, by using Hata’s formulas, an estimated surface value zi at the location

(xo,y°) may be derived from estimating a value z-I at (x0,y°) by adapting Hata’s formula’s to

extrapolatefinterpolate the value zi from a nearby location (xi,yi) having a verified loc sig in

“loc_sig_bag". Thus, one or more estimates zi may be obtained used in deriving 10 as one skilled in

statistics will appreciate. Note, this technique may be used when there is a moderately low density of

verified loc sigs in “loc_sig_bag" for the service area surrounding the location of

“loc_for_estimation”. However, since such techniques may be also considered less than optimal to

using a higher density of verified loc sigs of “loc_sig_bag" for determining the values of a surface S(C)

via a least squares or partial 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, recall that the values, 1, for each loc sig are obtained from a composite of a plurality of signal

measuremems with an MS, and, that each value 2 is the most distinct value that stands out above the noise in

 
measurements for this coordinate, C. So, for example in the CDMA case, 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 S(C) will be a

smooth surface without undulations that are not intrinsic to the service area 'near “loc_for_estimation”.

25 (39.3) for each of the coordinates, C, of the signal topography characteristics, extrapolate/Interpolate a C-coordinate

value on S(C) for an estimated point location of “loc_for_estimation”.

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 fuzzy logic framework with adaptive mechanisms such as the adaptation engine I382

(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, NTlA nos, til-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 “loc_for_estimation". */ I I

RETURN (est_loc_sig )
1 5 5
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ENDOF estimate_loc_.°_fmm_DB .

get_area_to_search(loc)

I" This function determines and returns a representation of a geographic area about a location, “loc”, wherein: (a) the geographic

area has associated l‘lS locations for an acceptable number (i.e., at least a determined minimal number) of verified loc sigs from the

location signature data base, and (b) the geographical area is not too big. However, if there are not enough loc sigs 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. ‘/

{

|oc_area_type <--- get_anea_ type(loc); /*get the area type surrounding “loc”; note this may be

a vector of fuzzy values associated with a central location of “loc”, or, associated with an area having “lac".

. *l .

search_area <--- gegdeflau/Lamgabar/taoc); /* this is the largest area that will be used */

saved_search_area <--- search_area; // may need it after “search_area” has been changed

search_area_types <--- get_atea_rypes(search_area); // e.g., urban, rural, suburban, mountain, etc.

loop until RETURN performed:

{ .

min_acceptable_nbr_loc_sigs <--- 0; // initialization

for each area_type in “search_area_types" do

{

area_percent < --- get_per(ent_ at;area_ o/(area_type, search_area);

/‘ get percentage of area having “area_type” */

min_acceptable_nbr_loc_sigs <--- min_acceptable_nbr_loc_sigs +

[(get_min_acceptable_verifed_loc_sig_density_lor(area_type)) *

(SllEOF(search_area) * area_percentt/ |00)];

}

/* Now get all verified loc sigs from the location signature data base whose associated MS location is in

“search_area". */

total_nbr_loc_sigs <--- get_a//_ yer/7m: DB_ lags/grdsearchjrea);

. if (min_acceptable_nbr_|oc_sigs > total_nbr_loc_sigs)

then /’ not enough loc sigs in “search_area"; so return “saved_search_area" */

RETURN (saved_search_area); ’

else /* there is at least enough loc sigs, so see if “search_area" can be decreased */

{ saved__search_area <--- search_area;
1 56
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:2;

25

. 30

search_®<--- decrease; search_area_abouz(loc, search_are,

}

ENIGF get_asmai_1to_seamln

I“ For pmcessing various types of loc sigs, particular signal processing filters may be required. Accordingly, in one embodiment of

the present invention, a “filter_bag” object class is provided wherein various filters may be methods of this object (in object-oriented

terminology) for transforming Ioc sig signal data so that it 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 input filter (from the Signal Filtering Subsystem l220) so that, given a

location signature data object as input to the filter_bag object,, each such filter object can output Ioc sig filtered data corresponding

to the filter object’s filter. Note, such a filter_bag object may accept raw Ioc sig data and invoke a corresponding filter on the data.

further, a filter_bag object may reference filter objects having a wide range of filtering capabilities. For example, adjustments to loc

sig data according to signal strength may be desired for a particular Ioc sig comparison operator so that the operator can properly

compare MS’s of different power classes against one another. fhus, a filter may be provided that utilizes, for each BS, a

corresponding signal strength change topography map (automatically generated and updated from the verified Ioc sigs in the

location signature data base I320) yielding signal strength changes detected by the BS forverified MS location’s at various distances

from the BS, in the radio coverage area. Additionally, there may also be filters on raw signal Ioc sig data such as quality

characteristics so that Ioc sigs having different signal quality characteristics may be compared. */

getc_dlilfifetemce_meaxswememtafflavgetjogsig, estimated_lloc_sig,

comparisom_loc_sig_lba1g, search_a1n'ea, search_cn‘itcetfia1)

/"’ Compare two location signatures between a BS and a particular MS location (either a verified or hypothesized location) for

determining a measure of their difference relative to the variability of the verified location signatures in the

“comparison_loc_sig_bag" from the location signature data base I320. Note, it is assumed that 'targeglogs'g",

“estimated_lm_sig"and the lat sigs in ”comparison_ Ioc_sig;bag” are all associated with the

same [35 I22. Moreover, it is assumed that “target_loc_sig"and “estimated_loc_sig" are well-defined non-NIL Ioc sigs, and

additionally, that “comparison_loc_sig_bag” is non-NIL. This function returns an error record, “error_rec", having an error or

difference value and a confidence value for the error value. Note, the signal characteristics of “target_loc_sig" and those of

“estimated_loc_sig" are not assumed to be normalized as described in section (26.|) 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. it is further assumed

.157
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   tisfy the “search__criteria”. Note that the steps herein - also provided in flowchart form in Figs.that typically the input loc si" »

23a through 23c.

targets_loc_sig: The Inc sig to which the “error_rec" determined here is to be associated. Note that this loc sig is

5 associated with a location denoted hereinbelow as the “particular location".

estirrnattedl_lloc_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 fmm verified loc sigs in the location signature data base whenever

possible. However, note that if this loc sig is not derived fmm the signal characteristics of loc sigs in

the location signature data base, then this parameter provides a loc sig that corresponds to a noise

10 level at the particular MS location.

comparison_lloc_sig_lbagz The universe of loc sigs to use in determining an error measurement between

“target_loc_sig" and “estimated_loc_sig”. Note, the loc sigs in this aggregation include all

loc sigs for the associated Base Station ID that are in the “search_area" (which surrounds the

particular l‘lS location for “target_loc_sig") and satisfy the constraints of “search_criteria".

 
15 It is assumed that there are sufficient loc sigs in this aggregation to perform at least a...ii«if:uiirlmiui

minimally effective variability measurement in the loc sigs here.

sean‘cIlLaIrea: A representation of the geographical area surrounding the particular MS location for all input loc sigs. This

input is used for determining extra information about the search area in problematic circumstances.

seamlchritcwia: The criteria used in searching the location signature data base l320. The criteria may include the

SE -:==i
am;

{:5m:
=5
as

33
.2.

20 following:

' (a) “USE ALL LOC SIGS IN 08”,

(b) “USE ONLY REPEATABLE LOC SIGS",

(c) “USE ONLY LOC SIGS WITH SllllLAR TIME OF DAY

However, environmental characteristics such as: weather, traffic, season are also contemplated. */

25

error <--- 0: // initialization

#thWWW/Fem for We fitters to be used an] (the input lac sigs ”/

filter_bag < geLfi/reL object: for_ diffirem_ meé:uremenr(target_loc_sig, estimated_loc_sig, comparison_loc_sig_bag);

P It is assumed here that each entry in “filter_bag" identifies an input filter to be used in the context of determining a

. 30 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

need for filtering here. Accordingly, “filter_bag" can be empty. Alternatively, there may be one or more filter objects in

“filter_bag".“/

/"’ imidiaI/rlmtioms 0/
1 5 8
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O O

/" for each filter; determine a difl'erence measurement and confidence ”/

for each filter_obj indicated in filter_bag do

{

5 f’ lilter "target_loc_sig”, "estimated_ lac_sig”" and loc sigs in 'tompafison_loc_sig_bag”;

note, each filter;oh]can determine when it needs to he applied since each loc sig includes.-

(a) a descnption ofthe type (e.g., make and model) ofthe lac sig’s’ associated M5, and (h) a

lilter flags) Indicating filterfs) that have been applied to the loc sly; ‘/

target_loc_sig < --- filter_obi(target_loc_sig); /* filter at least the signal topography characteristics ‘/

10 estimated_loc_sig < --- filter_obj(estimated_loc_sig); /* filter at least the signal topography characteristics */

com rison loc si ba <--- filter obj comparison loc sig ba ;/* filter loc si shere too ’/Pa __ _ L E _ _ _ _ ll 8

/‘° determine a dill'erence measurement and confidence for each signal topography

15 characteristic coordinate 0/

for each signal topography characteristic coordinate, C, of the loc sig data type do

{

 
variability_measmt.val < gm; var/all/iy_ Iangdc, comparison_loc_sig_bag);

f“ This function provides a range of the variability of the C-coordinate. In one embodiment this measurement is a

20 range corresponding to a standard deviation. However, other variability measurement definitions are contemplated

such as second, third or fourth standard deviations. */ 
/" make sure diere are enough variability measurements to determine the

variability ofvalues for this coordinate. ‘7

if (S lZEOF(comparison_loc_sig_bag) < expected BI_ /0r_sig_ t/Im/ra/dsearcLarea,'searrh_criteria))

25 ' then I“ use the data here, but reduce the confidence in the variability measurement. Note that it is expected

that this branch is performed only when “comparison_loc_sig_bag" is minimally big enough to use (since this

is an assumption for performing this 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 atunable system parameter may be based on “search_area"

30 or more particularly, area types intersecting “search_area".'/

{

variability_measmt__conf_redluction_factor < SIZEOf(comparison_loc_sig_bag)/

exp-9mg BL /oc_.rig_ rhnshololsearchjrea, search_criteria);
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} O 0
else /* Ihere is a sufficient number of Ioc sigs in “comparison_loc_sig_bag” so continue */

{

variability__measmt_conf_reduction_factor < |.0; //I.e., don't reduce confidence

5 }

/'Now determine the C—coord difference measurement between the

“terget_loc_sig” and the ”estimakd_loc_Sig” ‘/
delta <--- ABXtarget_loc_sig[Cj - estimated_loc_sig[C]); // get absolute value of the difference

if (delta > variability_measmt.val) then A

10 {

. error <--- error + (deIta/variability_measmt.val);

}

}/' end C-coord processing '/

/' construct the error recordandreturn it '/

error_rec.error <--- error;

/' Get an average confidence Value for the [at 541g: in ‘meafison_Ioc_sig_bag” Note, we use

this as the confidence ofeach Ioc Sig coordinate below. ’/

average_confidence l< —- AVFMGRloc_sig.confidence for loc_sig in “comparison_|oc_sig_bag”);

error_rec_confidence < --- MlN(target_loc_sig.confidence, estimated_|oc_sig.confidence, (average_confidence *

variabi|ity_measmt_conf_reduction_factor)); // presently not used

 
RETURN(ermr_rec);

ENDOF get_difiennce_measunement
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APPENIHX I: Context Adjuster Embodiments

Al downhtion ottlpe high level functions in a first embodiment oft/re (ContextAdjuster

context_adfiuster((floc_tnyp_flfist)

P This function adjusts the location hypotheses on the list, “loc_hyp__list”, so that the confidences of the location hypotheses are

determined more by empirical data than default values from the first Order Models |224. That is, for each input location hypothesis,

its confidence (and an MS location area estimate) may be exclusiver 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 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 location hypothesis on the input list, 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 “image_area” field (see Fig. 9) may be assigned an area indicative of

where the target MS is estimated to be, (b) if “image_area" 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 the verified clusters in the Location Signature DB, and one being substantially the same as the associated input location

hypothesis except that the confidence (for the field “area_est") is reduced to reflect the confidence in its paired location hypothesis

having a computed confidence for “image_area”. Note also, in some cases, the location hypotheses on the input list. may have no

change to its confidence or the area to which the confidence applies. Note that the steps herein are also provided in flowchart form in.

Figs. 253 and 25b.

”I

{

new_loc_hyp_list < -_-- cmate_new_ mpg; lino;

for each loc_hyp[i] in loc_hyp_list do /‘ Note, “i” is a First Order Model |224 indicator, indicating the model that output

“hyp_loc[i]” */ I

nmove;lmm_lin(loc_hyp[fl, loc_hyp_list);

if (NOT loc_hyp[i].adjust) then I” 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
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Station ‘Irst Order Model. In particular, location hypotheses fromt e Home Base Station model will have.

confidences of l.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) + |.0 (indicating that the target MS is absolutely in the area for

“area_est”), or. -|.0 (indicating that the target MS is NOT in the area estimate for the generated location

hypothesis).*/

{ loc_hypli].image_area < NULL; // no adjustment. then no “image_area”

add_to_|ist(new_loc_hyp_list, loc_hyp[i]); // add “loc_hypli]" to the new list

}

else /" the location hypothesian (and will) be modified; in particular, an “image_area" may be assigned, the

“confidence” changed to reflect a confidence in the target MS being in the “image_area". Additionally, in some

cases, more than one location hypothesis may be generated from “loc_hyp[i]". See the comments on FIG. 9 and

the comments for “get_adjusted_loc_hyp_list_for” for a description of the terms here. */

{

temp_list < gett_a<dljustedl_loc_hy|p_listt_for(loc_lly[p|[i]]);

new_loc_hyp_list <--- comb/ht; l/lrts(new_loc_hyp_list, temp_list);

}

RETURN(new_loc_hyp_list);

}EllDOf

gett_as<dljitu stecll_l|®c_lluy[p>_llistt_ll©n([|loc_lhyp)

P This function returns a 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 hypotheses on the list are “adjusted" versions of “loc_hyp" in

that both their target MS I40 location estimates, and confidence placed in such estimates may be adjusted according to archival MS

location information in the location signature data base I320. Note that the steps herein are also provided in flowchart form in Figs.

26a through 26c.

RETURNS: loc_hyp_list lhis 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 same as the input “loc_hyp" except that there may now be a new target

MS estimate in the field, “image_area”, and/or the confidence value may be changed to

reflect information of verified location signature clusters in the location signature data

base.

lmtmcluctorry llunllormatttion Related] to the Function, “get_adjustedl_'loc_lhyp_list_lfor"

162

Cisco V. TracBeam / CSCO-1002

Page 168 0f2386



Cisco v. TracBeam / CSCO-1002 
Page 169 of 2386

This function and functions My this function presuppose a framework or paradigrmrequires 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 of all 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

5 (e.g., “Ioc_hyp.pt_covering” being this predetermined corresponding area) and these point estimates have verified 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 cllusteir set" (for a given first Order Model identified by “loc_hyp.FOM_lD”) to mean the set of

verified 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 clluistterr 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 POM

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.

15 Thus, the present FOM provides the correspondences or mapping between elements of the cluster set and elements of the image

cluster set. “I

{

add_to_list(loc_hyp_list, |oc_hyp); /” note the fields of “|oc_hyp” may be changed below, but add “|oc_hyp" to the list,

“loc_hyp_list here *I

' 20 mesh <--- get_¢e//_ me:ll_far_made/(loc_hyp.FOM_lD); /* get the mesh of geographic cells for the First Order Model for this

 
location hypothesis.*/

pt_min_area <---get_IniI/_areafisurmuI/dil/Lptfioghyp, mesh); /* Get a minimal area aboutthe MS location point,

“pt_est” of “loc_hyp[fl” indicating a point location of the target MS. Note that' either the “pt_est" field must be

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

25 “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_min_area" may be dependent on the area orpewithin which “loc_hyp.pt_est”

resides, since sparsely populated flat areas may be provided with larger values for this identifier. Further, this

30 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.

Forthe presem discussion, assume: (i) a cell mesh per FOM I224; (ii) each cell is contained in substantially a

single (transmission) area type; and (iii) “pt_min_area" represents an area of at least one cell. */

area <--- pt_min_area; // initialization
1 63
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pt_max_area <---ge._area_surround/ierdloghyp, mesh); /‘ Get the maximum area about “pt_est" that is
deemed worthwhile for examining the behavior of the “loc_hyp.FOM_lD” 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

5 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 embodiments of 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 shrinkthis value for (for example) various area types as location signature clusters for

I verified MS location estimates are accumulated in the location signature data base. */

' 10 min_c|usters <--- get_miIr_/1br_ of_ dustedloc_hyp.FOM_lD, area); /' for the area, “area”, get the minimum number

(“min_c|usters") of archived MS estimates, 1, 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, “min_c|usters," is an estimate of the archived MS

15 location estimates, l, required to provide the above mentioned high probability wherein each l satisfies the following

conditions: (a) l is in the area for “area"; (b) L is archived in the location signature data base; (c) L has a corresponding

‘5’:
"1-.E~=
“asH
2":1
in;

#3::
i L}
1 .—-§“:5 verified location signature cluster in the location signature data base; and (d) L is generated by the FOM identified by

“loc_hyp.f0l'l_lD"). In one embodiment, “min_c|usters” may be a constant; however, in another it may 21

according to area typ_e and(or area size (of “area"), in some it may also vary according'to the POP] indicated by

-‘ 20 “loc_hyp.f0M_lD”. “I

3:3 pt_est_bag <--- geLptfleJtL/biimage;(Ir/11er__.re=1(loc_hyp.F0ll_lD, loc_hyp.pt_est, area); /* Get the MS location point

 
 

estimates for this FOM wherein for each such estimate: (a) it corresponds to a verified location signature cluster

(that may or may not be near its corresponding estimate), and (b) each such MS estimate is in “pt_min_area". */

/° Now, it? necessary, expand an area initially starting witlh “|pt_min_alrea” until at least

25 “min_c|usters” are obtained, or, until the expanded arrea gets too big. “I

while ((sizeof(pt_est_bag) < min_c|usters) and (sizeof(area) < = pt_max_area) do

{ area <--- thrmudarea);

min_c|usters <--- ger_ mi/r_ nbr_ 0/_ c/ustwdloc_hyp.l0l1_lD, area);// update for' new “area”

pt_est_bag <--- getJJt_ em_fl1r_image_r/mer_.ret(loc_hyp.FOM_lD, |oc__hyp.pt_est, area);

30 }

amt/Lta(loc_hyp.pt_covering, area); // Make “area" the “pt_covering" field

if (sizeof(pt_est_bag) = = 0) then /'l there aren't any other FOM MS estimates having corresponding verified location

signature clusters; so designate “loc_hyp" as part of the second set as described above and return. 1"I
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loc_hyp.image_area <--- NULL; // no image area forthis |oc_hyp; this indicates second set

RETURN(|oc_hyp_list);

}

l° it is now assnred tlhat “|pt_est_laag” is non-empty and “area" is at least the size of a mesh

celll. °/

/° New determine “image_area” field for “loc_hy|p” and a corresponding confidence value

using the verified flocation signature clusters corresponding to the MS point estimates oi

“area” (equivallentfly, in “pt_est_lbag”). “I g

P There are various strategies that may be used in determining confidences of the “image_area” of a location hypothesis. In

particular, for the MS location estimates (generated by the fOM of |oc_hyp.FOM_lD) having corresponding verified location

signature clusters (that may or may not be in “area”), if the number of such MS location estimates in “area” is deemed

sufficiently high (i.e., > = “min_clusters" for “area”), then a confidence value can be computed for the “image_area” that

is predictive of the target MS being in “image_area". Accordingly, such a new confidence is used to overwrite any previous

confidence value corresponding with the target MS estimate generated by the FOM. Thus. the initial estimate generated by the

FOM is, 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.e., “image_area”) based on previous verified MS locations and a new confidence value for this

new estimate.

Alternatively. ifthe number of archived FOM MS estimates that are in “area," wherein each such MS estimate has a

corresponding verified location signature clusters (in “image_area”), is deemed too small to reliably use for computing a new

confidence value and consequemly ignoring the original target MS location estimate and confidence generated by the ion.

then strategies such as the following may be implemented.

(a) In one embodiment. a determination may be made as to whether there is an alternative area and corresponding

“image_area” that is similar to “area” and its corresponding “image_area“ (e.g., in area si1e‘ and type), wherein a

confidence value for the “image_area" of this alternative area can be reliably computed due to there being a sufficient

number of previous POM MS estimates in the alternative area that have corresponding verified location signature clusters (in

the location signature data base). Ihus, in this embodiment, the confidence of the alternative “image_area" is assigned as the

confidence forthe “image_area” 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 drawback here is that “image_area" may

be in become inordinately large and thus be of little use in determining a meaningful target MS location estimate.
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 (c) In anoth .‘ 1.1; bodiment, denoted herein as the two tier strategy, bog original FOM MS location estimate and
confidence as well as the “image_area" HS location estimate and a confidence are used. Ihat is, two location hypotheses are

provided for the target MS location, one having the FOM MS location estimate and one having the MS location estimate for

“image_area". However, the confidences of each of these location hypotheses maybe reduced to reflect the resulting

ambiguity of providing two different location hypotheses derived from the same FOl‘l MS estimate. Thus, the computations for

determining the confidence of “image_area may be performed even though there are less than the minimally required

archived FOl‘l 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 “image_cluster_set”. 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_c|usters", then if the computation for a confidence of the corresponding “image_area" yielded a new confidence of

0.43, then a confidence for the original FOM target MS estimate may be computed as [ 0.76 * (l/3)] whereas a confidence lor

the corresponding “image_area" may be computed as [0.43 * (2/3)]. However, it is within the scope of the present invention

to use other computations lor 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

number of relevant verified location signature clusters in the location signature data base before a location hypothesis utilizes

the “image_area” 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 additional verified location signatures are obtained (i.e., added to the location signature data base), it may be the

case that for some areas there is substantially no pertinent verified location signature clusters in the location signature data

base (e.g., “image_area" may be undefined). Accordingly, instead of using the original POM generated location hypotheses in

_ the same manner as the location hypotheses having target MS location estimates corresponding to “image_areas” in

subsequent HS 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:

(0 one set having the location hypotheses with meaningful “image_areas" 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 hypotheses in the first set, then the second set may be used to output a Location Center target

MS location estimate. further note that in determining confidences of this 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.

“I
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P The following factor is analogous to the 2/3’s factor discussed in (c) above. '/

cluster_ratio_factor <--- min{(sizeof(pt_est_bag) / min_c|usters), LO};

/0 Now use “area” to obtain a new target IMIS location estimate andl confidence [based on

archived] verified] lloc sigs, but first determine whether “area” is too big to ignore the original]

target MS location estimate andl confidence generated by the IFOIMI . “/

if (sizeof(area) > pt_max_area) then I“ create a loc_hyp that is essentially a duplicate of the originally input “loc_hyp”

except the confidence is lowered by “(LG - cluster_ratio_factor)". Note that the original “loc_hyp" will have its

confidenoe computed below. “/

{ new_|oc_hyp <--- dup/Ilatqloghyp); // get a copy of the “loc_hyp"

new_loc_hyp.image_area < --- NULL; // no image area for this new loc_hyp

l‘I flow 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 * (LO - cluster_ratio_factor) ;

add_to_list(|oc__hyp_list, new_loc_hyp);

}

I0 Now compute the “image_area” field and a confidence that the target M5 is in

“image_area” °/

image_cluster_set <--- get_ ver17iea’_/ac_s/g_c/uster.r_/br(pt_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

“Ioc_hyp.FOM_lD") in “pt_est_bag” are approximations. Note that the set of MS location point estimates

represented in “pt__est_bag" is defined as a “(Ir/nersef' hereinabove.*/

image_area <--- geLareL mMIb/hfiimagejlusterget); /* Note, in obtaining an area here that contains these verified

location signature clusters, various embodiments are contemplated. In a first embodiment, a (minimal) convex hull

containing these clusters may be provided here. In a second embodiment, a minimal covering of cells fmm the mesh

forthe FOM identified by “Ioc_hyp.FOM_ID” may be used. In a third embodiment, a minimal covering of mesh cells

may be used to cover the convex hull containing the clusters. It is assumed herein below that the first embodiment is

used. Note, that this area is also denoted the “image (lamina/ea" as is described hereinabove. */

mac/L m(loc_hyp.image_area, image_area); /* Make “image_area" the “image_area" field of “loc_hyp”. */

f“ In the following step, determine a confidence value for the target MS being in the area for “image-_area”. */

confidence <--- confidence_adlfinster(loc_hyp.FOM_|D, image_area, image_cluster_set);

I" In the following step, reduce the value of confidence if and only if the number of MS point location estimates in

I “pt_est_bag" is smaller than “min_clusters" */
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loc_hyp.confidence <-- rdence “ cluster_ratio_factor;

RETURN(Ioc_hyp_list);

moor get_a1dljnsted]_llot_linyp_llist_lfor

confidence_adljnster(lF©M_lll, iimage_area1, image_c|lnster_set)

P This function returns a confidence value indicative of the target MS I40 being in the area for “image_area”. Note that the

steps herein are also provided in flowchart form in Figs. 273 and 27b.

REFMRNS: , A confidence value. This is a value indicative of the target MS being located in the area

represented by “image_area" (when it is assumed that for the related “Ioc_hyp,” the “cluster set area” is the

“loc_hyp.pt_covering” and “loc_hyp.F0l’l_lD" is “FOM_lD");

[introductory information [Related to the lT-nnction, "conliidence_adfiuster”

This function (and functions called 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 number of 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 an estimate 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 “image_area". However, the mapped cluster density value requires

modification before it can be utilized in the confidence calculation. In particular, confidence values must be in the range [-I, I]

and a mapped cluster density does not have this constraint. Thus, a “relativizedl mapped cluster density" for an

estimated MS area is desired' wherein this relativized measurement is in the range [-I. + I]. and in particular, for positive

confidences in the range [0, l]. Accordingly, to alleviate this difficulty, for the FOM define the term “prediction mapped

cluster density” as a mapped cluster density value, "CD, for the FUN and image cluster set area wherein:

(i) MCD is sufficiently high so that it 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";

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 is a 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. ln

particular, it is assumed that for each area type, there is a likely range of prediction mapped cluster density values that is

substantially unilorm 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

5 areas (from cluster set areas) and the likelihood that if a verified HS location: (a) has a corresponding FOM MS estimate 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" measurement lor 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 LO as the value for the relativized mapped cluster density.

10 In some (perhaps most) cases, however, an area (e.g., an image cluster set area) may have portions in a number of area

types. Accordingly, a “composite prediction mapped cluster density” may be computed, wherein, a weighted

sum is computedol theprediction mapped cluster densities for the portions of the area that is in each ol the area types. That is.

the weighting. for each of the single area type prediction mapped cluster densities, is the traction of the total area that this area

type is. Thus,a “mellantivizedl composite mapped cluster density” for the area here may also be computed by

dividingthe mapped cluster density by the composite prediction mapped cluster density and taking the smaller ol: the resulting

ratio and LO as the value for 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. “/ 
iii prediction_mapped_cluster_density <---

1“”? gett_compositte_pne¢iicttion_mapped_cluster_density_with_high_ceminty

(FOM_ID, image_area);

f“ 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 “image_area". Ihat is, 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 estimate is 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_ll{g/I_ce1ta/'/71)(FOM_ID, image_area); /‘ Get an area size 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 one skilled in the art will upon contemplation be able to derive various embodiments ol this function, some

embodiments being similar to the steps described [or embodying the lunction,

“get__composite__prediction_mapped_cluster_density_with_high_certainty” invoked above; i.e., performing a Monte

Carlo simulation. “I
1 69

Cisco V. TracBeam / CSCO-1002

Page 175 0f2386



Cisco v. TracBeam / CSCO-1002 
Page 176 of 2386

0Moms, a mm confidence value for the area, “image_a®%n be calculated based on empirical P Given the above two

data.

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:

5 (a) an increase (decrease) in the size of the area, paniw/aryif the area is deemed close or relevant to the location of

the target NS; and

(b) an increase (decrease) in the size of the image cluster set (i.e., the number of verified location signature clusters in

the area that each have a location estimate, from the FOM identified by “FOM_ID”, in the “cluster set”

corresponding to the “image_cluster_set;" e.g., the “cluster set” being a “Ioc_hyp.pt_covering").

10 As one skilled 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 “Ioc_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 equal to

15 (sizeof(“image_area") " (sizeof(“image_cluster_set")).

However, since confidences are intended to be in the range [-|,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. That is, assuming for a “relevant" area, A (e.g., including an image cluster set area of “Ioc_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,

20 sizeof(“image_area”), above: A

min { [sizeof(“image_area”) / sizeof(A)], |.0 }. [CALI]

Additionally, forthe condition (b) above, a similar normalization may be provided. Accordingly, to provide this

 
 

normalization, note that the term,

(sizeof(image_area) ’ prediction_mapped_cluster_density) [CAI .l .l]

25 is analogous to sizeof(A) in [CALI]. That is, the expression of [CALLI] gives a threshold for the number of verified location

signature clusters that are likely to be needed in order to have a high confidence or likelihood that the target MS is in the

area represented by “image_area". Thus, the following term may be used for the condition (b):

min {(sizeof(image_cluster_set)/

[(sizeof(image_area) * prediction_mapped_cluster_density], LG}

30 [CALI]

As an aside, note that

sizeof(image_cluster_set) / [sizeof(image_area) * prediction_mapped_cluster_density]

is equivalem to

|[sizeof(image_cluster_set) / sizeof(image_area)] / (prediction_mapped_cluster_density)'
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and this latter term®m interpreted as the ratio of: (i) the mapped cluste’ty for “image_area” to (ii) an
approximation of a cluster density providing a high expectation that the target MS is contained in “image_area”.

Note that the product of [CALI] and [CALZ] 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 LO 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 lactor 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 may be:

number of are typu

min(S [tcfi’ sizeof(area typei in “image_area") / sizeof (“image_area”)], LO) 
where tci is a tuning coefficient (determined in background or off-line processing; e.g., by a Genetic Algorithm or Monte Carlo

simulation or regression) for the area type indexed by “i"

Note that it is within the scope of the present invention, that other tuning functions may also be used whose values may

be dependem on, for example, Monte Carlo techniques or Genetic Algorithms.

' 15 It is interesting to note that in the product of [CALI] and [CALI], the “image_area" 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_mapped_cluster_density] [CAL3]

is strongly dependent on “image_area” since “image_cluster_set” is derived from “image_area" and

“prediction_mapped_cluster_density" also depends on “image_area”. Accordingly, it can be said that the product [CAI 3]

20 above for the confidence does not depend on “raw" area size, but rather depends on a “relevant” area for locating the target
MS.

An embodiment of the confidence computation follows:

”I

area_ratio <--- min((sizeof(image~area) / max_area), LG);

25 cluster_density_ratio <—--

min( ((sizeof(image_cluster_set) / [sizeof(image_area) * (predictio n_mapped_cluster_density)]), LO);

tunable_constant < --‘- gm; confidence; tuning_ romanximagejrea); // as discussed in the comment above

confidence <--- (tunable_constant) ' (area_ratio) * (cluster_density_ratio); //This is in the range [0, l]

RETURN(confidence);
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 } ENDQF confidenceflwster

get_comp®sfite_pvedlficttfioIm_ma1[p[pedl_cflpiston-filmsity_wittlh_lnfigh_cemintcy

(IF©IMI_llI, image_a1rea1);

/* 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 “F0M_IVD”. The

steps herein are also provided in flowchart form in Fig. 28.

©UFIPUTT: Vcomposfitce_map|pedl_dlernsity This is a record for the composite prediction

mapped cluster density. In particular, there are with two fields:

(i) a “value” field giving an approximation to the prediction mapped cluster density forthe First

Order Model having id, F0ll_lD;

(ii) a “reliability" field giving an indication as to the reliability of the “value” field. The reliability
field is in the range [0, I] with 0 indicating that the “value” field is worthless and the larger the

value the more assurance can be put in “value" with maximal assurance indicated when “reliability"

is l.‘/

/" Determine a fraction of the area of “image_area” contained in each area type (il 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

having a value of l for this area type and a value of zero for all others). */

composite_mapped_density< 0; // initialization

for each area_type intersecting “image_area" do // “area_type" may be taken from a list of area types .

{ P determine a weighting for “area_type" as a fraction of its area in “image_area' */

intersection <--- [bremafimage_area, area_ fo/(area_type));

weighting <--- sizeof(intersection) /sizeof(area_image);

lf‘ Now compute a prediction cluster density that highly correlates with predicting a location of the target NS for this

area type. Then provide this cluster density as a factor of a weighted sum of the 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 “image_area" that is designated this particular area type. Note that the following function call does not

utilize information regarding the location of “image_area". Accordingly, this function may access a precomputed

table giving predication mapped cluster densities for (F0l‘l_lD, area_type) pairs. However, in alternative

embodiments of the present invention, the prediction mapped cluster densities may be computed specifically forthe

area of “image_area" intersect “area_type“. */
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(”mtprediction_mappe fin <--- get_prediction_mapped_clust .-.. v nsity_for(f0M_lD, area_type); 
composite_mapped_density < composite_mapped_density +

(weighting " prediction_mapped_density);

}

RETURN(composite_mapped_density);

} [ENDGJIF get_composite_prediction_mapped_cluster_density_with_high_certainty

get_prediction_mapped_cfluster_density_tlor(lF©M_l]I, area_type)

[0 The presem function determines an approximation to a prediction mapped cluster density, if), for

an area type such that it an image clluster set area has a mapped duster density > = if»,

then there is a high expectation that the target MS MO 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.

QUTPUTT: prediction_mapped_cl]nster_density This is a value giving an appmximation to the

prediction mapped cluster density for the First Order Model having identity, “f0M_ID", and forthe area type

represented by “area_type” ‘/

introductory llniformation Reflated to the IFunction,

“get_predication_mapped_clluster_density_for”

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 he, performed in reall time

target MS location processing. That is, the steps of this function may be performed only periodically (e.g., once aweek), for each

TOM and each area type thereby precomputingthe output forthis 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 presemed here. However, one skilled in the art will understand that with sufficiently fast computational devices, some

related variations of this function may be performed in real-time. In particular, instead of supplying area type as an input to this

function. a particular area, A, may be provided such as the image area for a cluster set area, or, the portion of such an image area in

a particular area type. Accordingly, wherever “area_typ'ef’ is used in a statement of the embodiment of this function below, a

comparable statement with “A" can be provided.

{

mesh <--- get_rne5/I_loI(TOM_ID); /* get the mesh forthis first Order Model; preferably each cell of “mesh” is substantially

. in a single area type. ‘I
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  max_nbr_simulations@get_flom_ Callas/Malawi IIbI(F0M_ID. area_type ;/* This function outputs a value of the
maximum number of simulations to perform for estimating the prediction mapped cluster

density. Note that the output here may always be the same value such as l00. */

nbr_simulations_performed <-—- 0; // initialization '

5 while (nbr_simu|ations__performed < = max_nbr_simulations) do // determine a value forthe “average mapped cluster

density” and a likelihood of this value being predictive of an MS location. */

{

represe ntative_cell_cluster_set < --- get: repmefltativg re//_ (Ir/.rtlwzrs~ fiz/(ama_ty pe,-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

10 type, “area_type". There should ideally be at least enough substantially different sets of representative cell

clusters so that there is a distinct sets of cell clusters for each simulation number, j. Further note that, in one

embodiment, each of the “representative cell cluster sets” (as used here) may include at least a determined

proportion of the number of cells distributed over the area type. Moreover,_each cell cluster (within a

representative cell cluster set) satisfies the following:

' 15 A. The cell 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 area for the cell cluster); , I

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 types since the “image_areas”computed below will be less likely to include large areas of other area

20 types than “area__type;”

C. There is at least a predetermined minimal number (> = l) of verified location signature clusters from the

 
location signature data base whose locations are in the associated area “A".

D. The cell cluster has no cell in common with any other cell cluster output as an entry in

“representative_cel|_cluster_set” . *I

25 if (representative_cell_cluster_set is NULL) then /* another representative collection of cell clusters could not be found; so

- cease further simulation processing here.ca|culate return values and return ‘/

break; // jump out of “simulation loop”

else I” there is another representative collection of cell clusters to use as a simulation */

{

30 for each cell cluster, C, in “representative_cell_clusters" do /* determine an approximation to the predictiveness of the

mappings between: (a) cluster set areas wherein each cluster set area is an area around a (FOM_lD) FOM

estimate that has its corresponding verified location in “C," and (b) the corresponding image areas for

these cluster set areas. Note, the location signature data base includes at least one (and preferably more)
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loflsignature clusters having verified locations in each cefister C as per the comment at (C) above.
“I

{ random_list <--- madamLse/ea; ven'lied_/‘/I_locs_in(t); I“ select one or more verified MS

- locations from C. */

mapped_density_sum < --- 0; // initialization

for each verified location, “rand_verif_loc”, in “random__list" do /‘ Let X denote the MS I40 estimate by the

presem [OM of the verified location signature cluster of “rand_verif_loc"; let CS(X) denote

the cluster set obtained from the cluster set area (i.e., pt_area) surrounding X; this loop

determines whether the associated image area for the set CSfX) - X, (i.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". */

{ |oc_est <--- gag/ogm_fw(rand_verif_loc, l0M_lD); /* get the POM MS location

estimate for an MS actually located at “rand_verif_loc". ‘/

cluster_set <--- gat_/o(_es1.r_.rurmund/hg(loc_est, mesh); /* expand about “|oc_est” until a minimal

number of other location estimates from this FOM are obtained that are different fmm

“|oc_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 following functions

may be invoked: “get_min_area_surrounding," "get_max_area_surrounding” and

“get_min_nbr_of_clusters” (as in “get_adjusted_loc_hyp_list_for", the second function

of Appendix D): */

image_set <--- get_/mage_ol(cluster__set); /* “image_set" could be empty, but hopefully not */

image_area <--- gag/haggaredimagejst); /* get convex hull of “image_set”. Note, “image_area"

could be an empty area, but hopefully not. ‘/

if (rand_verif_loc is in image_area)

then I”r this is one indication that the mapped cluster density: (sizeof[image_set]fimage_area) is

sufficiently high to be predictive */

predictions <--- predictions + l:

if (image_set is not empty) then

{

density <--- sizeof(image__set) / sizeof(image_area); I“b Get an approximation to the mapped cluster

density that results from “image_set” and “image_area." Note, that there is no

guarantee that “image_area" is entirely within the area type of “area_type.” Also

note, it is assumed that as this mapped cluster density increases, it is more likely that

“rnd m_verif_loc" is in “image_area". */
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map!_density_sum <--- mapped_density_sum + dens,
}

} f” end loop for predicting location of a random MS verified location in cell cluster C. ’/

total_possible__predictions < sizeol(random_list); // One prediction per element on list.

I” Now get ave/age mapped density for the cell cluster C. */

avg_mapped_density[C] < --- mapped_density_sum / total_possible_predictions;

I“ Now get the prediction probability for the cell cluster C. ’/

prediction_probability[C] <--- predictions / total_possible_predictions;

} I“ end loop over cell clusters C in “representative_ce||_clusters" */

nbr_simulations_perlormed < --- nbr_simulations_performed + I;

} // end else

F It would be nice to use the set of pairs (avg_mapped_density[C], prediction_pmbability[C]) for extrapolating a mapped

density value for the area type that gives a very high prediction probability. However, due to the potentially small

number of verified MS locations in many cells (and cell clusters), the prediction probabilities may provide a very small

number of distinct values such as: 0, UL and l. Thus, by averaging these pairs over the cell clusters of ,

“representative_cell_clusters", the coarseness of the prediction probabilities may be accounted for. */

avg_mapped_cluster_density[nbr_simulations_performed] <---

avg_o[_(e//_mapper/_densitiedavLmappeLden'sity);

avarediction_probability[nbr__simulations_perlormed] <---

avg: 01’_ ce/med/hio/mebaM/‘tiedprediction_probability);

} I“ end simulation loop “I

I“ Now determine a measure as to how reliable the simulation was. Note that “reliability" computed in the next statement is in

the range [0. I]. “I

reliability <--- nbr_simulations_performed /max_nbr_simu|ations;

il (reliability < system_defined_epsilon) then /" simulation too unreliable; so use a default high value for

i “prediction_mapped_cluster_density” */

prediction_mapped_cluster_density < get_delau|t_high_density_value_for(area_type);

else /" simulation appears to be sufficiently reliable to use the entries of “avg_mapped_cluster'_density” and

“avg_prediction_probability” ’/

P A more easily discernible pattern between mapped cluster density and prediction probability may be provided by the set

of pairs:

S = {(avg_mapped_cluster_density[i], avg_prediction_probability[i])}, so that a mapped clusterdensity value

having a high prediction probability (e.g., 0.95) may be extrapolated in the next statement. However, if it is
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determined (i’imion) that the set S does not extrapolate well (due! example all ordered pairs of S being
clustered in a relatively small region), then a “NULL" value is returned. */

prediction_mapped_cluster_density <--- mapped_ r/rm‘er_ dens/'1};ext/apo/atia/(avLmapped_cluster_density,

avg_prediction_probability, 0.95);

5 il ( (prediction_mapped_cluster_density = = NULL) then

/’ set this value to a default “high” value forthe present area type'I

prediction_mapped_cluster_density < get_defau|t_high_density_va|ue_lor(area_type);

else // So both “prediction_mapped_cluster_density" and it's reliability are minimally OK.

I /* Now take the “reliability” of the “prediction_mapped_cluster_density" into account. AccordinglyI as the

10 reliability decreamthen the prediction mapped cluster density should be increased. However. there is a system

defined upper limit on the value to which the prediction mapped cluster density may be increased. The next

statement is one embodiment that takes all this into account. 01 course other embodiments are also possible.

'/

prediction_mapped_cluster_density<

15 min {(prediction_mapped_cluster_density / reliability),

get_defau|t_high;density_va|ue_for(area_type)};

} // end else for simulation appearing reliable

RETU RN(prediction_mapped_cluster__density);

}ENDOFget_prediction_mapped_cluster_density_for

20 
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Q
A Second Embodiment of [the Context Adjuster:

Note that in this second embodimem of the Context Adjuster, it uses various heuristics to increment/decremem the confidence

value of the location hypotheses coming fmm the First Order Models. These heuristics are implemented using fuzzy mathematics, wherein

linguistic, fuzzy “if-then” rules embody the heuristic. That is, each fuzzy rule includes terms in both the “if" and the I‘then" portions that are

substantially described using natural language — like terms to denote various parameterwalue classifications related to, but not equivalent to,

probability density functions. Further note that the Context Adjuster and/orthe FOM’s my 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._

Regarding the heuristics of the present embodiment of the context adjuster, the following is an example of a fuzzy mle that might

appear in this embodiment of the Context Adjuster:

lf <the season is Fall> then <the confidence level of Distance Model is increased by 5%>.

In the above sample nrle, "Distance Model" denotes a First Order Model utilized by the present invemion. To apply this sample nrle,

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, forexample, Septemberthmugh November, in which traditional set theory is applied. In traditional set theory, an emity, in this

case a date, is either in a set or it is not in a set, e.g. its degree of membership in a set is either 0, indicating that the entity is not in a particular

set, or I, indicating that the entity is in fire set. However, the traditional set theory employed in expert systems does not lend itself well to

entities that fall on set boundaries. For example, a traditional expert system could take dramatically different actions for a date of August 3f

than it could for a date of September I because August 3| might belong to the set "SummerJl while the date September I might belong to the set

"FalL'I This is not a desirable befavior since it is extremely difficult if not impossible to determine such lines of demarcation so accurately.

However, fuzzy rrrathemafics allows forthe possibility of an entity belonging to multiple sets with varying degrees of confidence ranging fmm a
minimum value of 0 (Indicating that the confidence the emity belongs to the particular set is minimum) to | (indicating that the confidence the

entity belongs to the particular set is maximum). The "fuzzy boundaries" between the various sets are described by fuzzy membership

functions which provide a membership function value for each value on the entire range of a variable. As a consequence of allowing entities to

belong to multiple sets simultaneously, the fuzzy rule base might have more than one nrle that is applicable for any situation. Thus, the actions

prescribed by the individual nrles are averaged v' a weighting scheme where each rule is implemented in proportion to its minimum

confidence. For further infomration regarding such fuzzy heuristics, the following references are incorporated herein by reference: (McNeil and

Freiberger, I993; Cox, I994; Kfir and Folger, I999; limmerrnan, l99l).

Thus, the nrles defined in the fuzzy nrle 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 making it easierto maintain and modify the rules. The fuzzy rule base with its membership functions can be thought of as an extension
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 to a traditional expert system " since traditional expert systems are subsets of fuzzy syste’n altemative 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 mechanisms including, but not limited to, genetic algorithms to

adjust or tune various system values in acmrdance with past experiences and past perfomtance of the Context Adjuster for increasing the

accuracy of the adjustments made to location hypothesis confidence values. For example, in the sample rule presented above:

If <the season is 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 hypotheses are mnsistent with a mjority of the verified MS locations. In this way, the Context Adjuster is able to employ a genetic

algorithm to improve its perfonnance overtime. For further information regarding such adaptive mechanisms, the following references are

incorporated herein by reference: (Goldberg, I989; Holland, I975). Forfurtherinforrnation regarding the tuning of fuzzy systems using such

adaptive mechanisms. the following references are incorporated herein by reference: (Kan, l99la, l99lb). V

In one embodiment, the Context Adjuster alters the confidence values of location hypotheses according to one or more of the following

environmental factors: (I) the type of region (e.g., dense urban, urban, rural, etc), (2) the month of the year, (3) the time of day, and (4) the

opemioml 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 bcation hypothesis. Note that in this embodiment, each environmental factor 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 confidence levels from the First Order Models The Context

Adjuster talces this infonnation and improves and refines it based on environmental information using the modules described below.

IBJ CODA 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 mine, 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 fmm each First Order Model: (I)

a geometrical shape and (2) an associated confidence value, a. The COA calculation is made using traditional geometric computations

(numerical algorithms are readily available). Thus, following this step, each location hypothesis includes a COA as 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 infomration to

the fuzzification module: (l) a geometrical shape associated with each first order model |224, (I) an associated confidence value, and (3) an

associated COA.

3.2 lFuzzzitlimtrion Module
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A frolification module recefollowing information fmm the COA Calculation Modulefigeometrical shape associated with each
first Order Model, (2) an assodated confidence value, and (3) an associated COA. The Fuzzifiration Module uses this infomtation to compute a

membership function value (p) for each of the M bastion hypotheses received from the COA calculation module (where the individual models

are identified with an i index) foreadr of the N environmental factors (identified with aj index). In addition to the information received from

the COA Calculation Module, the Tuzzification Module receives information from the Location Center Supervisor. The fuzzification module uses

cunent envimnmental infomiation such as the cunent time of day, month of year, and information about the base stations on-line for

communicating with the MS associated with a location hypothesis curremly being processed (this infonnation may include, but is not limited to,

the number of base stations of a given type, e.g., location base stations, and regular base stations, that have a previous history of being detected

in an area about the COA for a location hypothesis). The base station coverage infonnation is used to compute a percentage of base stations

reporting for each location hypothesis.

The fuzzification is adiieved in the traditional fashion using fuzzy membership functions for each environmental factor as, for example, is

desaibed in the following references incorporated herein by reference: (McNeil and Freiberger, I993; Cox, I994; Klirand Folger, I999;

Zimmerman, I99I).

Using the geographical area types for illustration purposes here, 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 (p) foreach of five types of areas: (I) dense urban

(um), (2) urban (uu), (3) suburban (us), (4) mral plain (up), and (5) rural mountains (um). These membership function values provide

the medranism for representing degrees of membership in the area types, these area types being determined from an area map that has been

sectioned off. In accordance with fuzzy theory, there may be geographical locations that include, for example, both dense urban and urban

areas; dense urban and mral plane areas; dense urban, urban, and mral 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 same time. The resolution of any apparent conflict in applicable mles is

hter resolved in the Defuzzification Module using the fuzzy membership function values (p) computed in the Fuzzification Module.

Any particular value of a COA can land 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 particular First Order Model i may have membership functions uw‘, to},#3,[1,}, and um‘ wherein they

all potentially have non-zero values. Additionally, each geographical area is contoured. Note that the membership function contours allow for

one distind value of membership function to be determined for each COA location (r.e., there will be distinct values of pmi, pu‘, gap“; and

um‘ for any single COA value associated with a particular model i). For example, the COA would have a dense urban membership function

value,Haul» equal to 0.5. Similarmntours would be used to compute values of[1,},psi,pm}, and pmi.

Thus, for each COA, there now exists an array or series of membership function values; there are ll membership function values (K = number

of descriptive terms for the specified environmental factor) for each of M First Order Models. Each COA calculation has associated with it a

definitive value forum}, [1,},psi/J“; and uni. Taken collectively, the M location hypotheses with membership function values for the K

descripfive terms forthe particularenvironmental factor results in a membership function value matrix. Additionally, similar membership

function values are computed foreach of the N environmental factors, thereby resulting in a conesponding membership function value matrix

foreadr of the N environmental factors.
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The Fuzzifitation Module [2Q N membership function value matrices described aboveflllule Base Module along with all of the
infomiation it originally received from the (DA Calculation Module.

I3 Rule [Base Medicine

The llule Base Module receives from the Fuzzifitation Module the following infonnation: (I) a geometrical shape associated with each First

Order Model, (2) an associated confidence value, (3) an associated COA, and (4) N membership function value matrices The Rule Base Module

uses this infonrration in a manner consistent with typical fuzzy rule bases to determine a set of active or applicable mles. Sample rules 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 llule Base Modules employ the information provided by the Fuzzificztion Module to compute confidence

value adjustments for each of the m location hypotheses. Associated with each confidence value adjustmem 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 perforrnanoe 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 bcation estimate of the current location hypothesis) underthe present environmental conditions. For example, the

perfomrance database is consulted to determine how well this particular first Order Model has performed in the past in locating an MS for the

given time of day. month of year, and area type. Note that the performance value is a value between 0 and I wherein a value of 0 indicates

that the model is a poor performer, while a value of | indicates that the model is always (or substantially always) accurate in determining an

MS location underthe conditions (and in the area) being considered. These performance values are used to compute values that are attached to

the cunent confidence of the current location hypothesis; i.e., these performance walues serve as the "then” sides of the fuzzy rules; the First

Order Models that have been effective 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 envimnmental factor, a First Order Model number. and a performance value. Accordingly, an imennediate value for

the adjustment of the confidence value for the current location hypothesis is computed for each envimnmental condition (used by Context

Adjuster) based on the perfomrant).I value retrieved from the Performance Database. Each of these intermediate adjustment values are

computed according to the following equation which is applicable to area information:

adjustmenti = Daii = perfomnnce_valuei * Damon”

where a is the confidence value of a particular location hypothesis, performance_value is the value obtained fmm the Performance Database,

Damm'” is a system parameter that accounts for how importam the information is being considered by the context adjuster. Furthermore,

this parameter is initially provided by an operator in, forexample, a system start-up configuration and a reasonable Value for this parameter is

believed to be in the range 0.05 to 0.|,the subscript] represents a particular envimnmental factor, and the superscript i represents a particular

First Order Model. However. it is an important aspect of the present invention 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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 i’ infomtation as stored in the Performance Database,the ' ‘ todule is dynamic and becomes more"written“ using current perfo

accurate with time.

The Rule Base Module passes the natrix of adjustments to the Defuzzification Module along with the membership function value matrices

received fmm the Fuzzification Module.

[.6 Definmificatim Module

The Defuzziiication Module receives the matrix of adjustments and the membership function value matrices from the Rule Base Module; The

final adjustment to the First Order Model confidence values as computed by the Context Adjuster is computed according to:

240018053-
Aa'Xk) : FIN——

Zed-(k)

sodl as, but not limited to, time of day, month of year, and base station coverage, there are a number of system start-up configuration

parameters that an be adjusted in attempts to improve system performance. These adjustments are, in effect, adjustments computed

depending on the previous perfomtance values of each model under similar conditions as being cunently considered. These adjustments are

summed and forwarded to the blackboard. Thus, the Context Adjuster passes the following information to the blackboard: adjustments in

confidence values for each of the First Order Models based on envimnmental factors and COA values associated with each location hypothesis.

$ummaoy

The Context Adjuster uses environmental factor infonnation and past perfomtance information for each of i First Order Models to compute

adjustments to the cunent confidence values. It retrieves information from the First Order Models, interacts with the Supervisor and the

Perlonnance Database, and oomputes adjustments to the confidence values. Further, the Context Adjuster employs a genetic algorithm to

improve the accuracy of its calculations. The algorithm for the Context Adjuster is included in algorithm BE.B below:

Algorithm BE.B: Pseudocode for the Context Adjuster. I

Context_fldjuster (geometries, alpha)

P This progmm implements the Context Adjuster. It receives fmm the First Order Models geometric areas contained in a data structure called

geometries, and associated confidence values contained in an anay called alpha. The program used environmental information to compute

improved numerical values of the confidence values. It places the improved values in the array called alpha, destroying the previous values in

the pmoess.

“I

// pseudo code forthe Context Adjuster

// assume input fmm each of i models includes a

//geographical area described by a number of points

182

Cisco V. TracBeam / CSCO-1002

Page 188 0f2386



Cisco v. TracBeam / CSCO-1002 
Page 189 of 2386

10

15Hill}all:filmsth
  

20 
25

30

// and a confidence value alplglpha is such
”tint il it is 0.0 then the model is absolutely

// sure that the MS is not in the prescribed area;

// il it is |.0 then the model is absolutely

// sure that the MS is in the prescribed am.

//calculate the center ofanea [hreach ofthe imodelareas

fori = l to number_of_models

calculate centerol area Illenned coa(i) from here on out

//extract information horn the "outside world” or the environment

find time_of_day

find month_ol_year

find number_ol_BS_available

find number of BS reporting

//calculatepercent_coverage oflease statrbns

percem_mverage= l00.0'(number of BS reporting/ number ol BS available)

//use thesei = 4 environmentalfactors to compute adjustments to the iconfidence values

//associated with the imodels - alpha(r)

fori = l to number_ol_models // loop on the number of models

for] = l to number_env_lactors // loop on the number of environmental [actors

for k = l to number_ol_luzzy_chsses // loop on the number ol classes

// used for each of the environmental

// [actors

//alcuhte mu values basedon membership flrnctr'an definition:

calculate mu(i,j,k) values

//go to the per-banana damhase and extract currentperrbrmance information for each ofthe i

[models r'rr the Ir hazy classes, for the1' environmentalfactors

fetch perlonnancefijk)

//calculate the actual values for the right handside: ofthe hazy rules

delta_alpha(i,j,k) = perfonnancefi,j,k) ' delta_alpha_max(i)

// delta_alpha_max(i) is a maximum amount each environmental

// launrcan alter the confidence value; it is eventually
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//determined by a geneticgthm

//cnmpule a we’ghtedaverage; this is traditionalfizzy mathematfis

delta__alpha(r,j,k) = sum [mu(r,j,k) ' delta_a|pha(r,j,k) / sum[mu(r.j,k)]

end loop on k // number of fuzzy classes

//cnmputz- finaldelm_alpha values

delta_alpha(0 = sum[delta_alpha(r,j)]

end loop on] // number of environmental factors

alpha® + = delta_alpha(0

end loop on i // numberof models

//sendalpha values to blaclfioard

send delta_alpha(i) to blatkboard

//see ifit is time no interact with agenetic algorithm

if (rn_progress)

then continue to alculate alpha adjustments

else

call the genetic algorithm to adjust alpha_rnax parameters and mu lunctions
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APPENIHX E: Hiatoricall Data Confidence Adjuster Program

llllisttoricasfl_data_comfiolence_a¢djuscev(loc_hyp)

I“ Ihis function adjusts the confidence of location hypothesis, “loc_hyp”, according to how well its location signature cluster fits with verified

5 location signature clusters in the location signature data base. */

 

{

mesh < -— geLms/I_/0/(|oc_hyp.f0M_lD); // each [Oil has a mesh of the Location Center ‘service area

covering <-- gegmsLmvenbLaLi‘fl; est/222211: bI(loc_hyp); F get the cells of “mesh" that minimally cover the most

pertinent target l’lS estimate in “loc_hyp”. ’/

10 tolal_Jer_unit_enor < —- 0; // initialization

for each cell, C, of “covering" do f“ determine an ermr measuremem between the location signature cluster of “loc_hyp" and

the verified location signature clusters in the cell '/

j {

:j oemroid < —- gag (em/74C);
ii: 15 error_obj < --- ID)[8_|Loc_$ig_lError_lFit(centroid, C, loc_hyp.loc_sig_cluster, “USE ALL [CC 3le IN

m:

‘25:: /* The above function call computes an error object, “error_obj", 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

20 location signature clusters are in the area represented by the cell, C. See APPENDIX C

for details of this function. */

total_per_unit_error <--- total_per_unit_error + [error_obj.errur * error_obj.conlidence / sizeof(C)];

I“ The above statement computes an “error per unit of cell area" term as:

[error_obj.error * error_obj.confidence / sizeol(C)], wherein the error is the term:

25 error_obj.error * error_obj.confidence. Subsequently, this error per unit of cell

area term accumulated in “total_relative_error” */

}

avg_per_unit_error < -- total_per_unit_error / nbr_cells_in(mesh);

I“ Now get a tunable constant, “tunable_constant”, that has been determined by the Adaptation Engine I382

30 (shown in Figs. 5, 6 and 8), wherein “tunable_constant" may have been adapted to environmental characteristics. */

tunable_constant <--- get_til/leaflet;mastant_fo/(“Historical_Location_lleasoner",loc_hyp);

P Now decrement the confidence value of “loc_hyp" by an error amount that is scaled by “tunable_constant”

“/
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|oc_hyp.confiden loc_hyp.confidence — [avg_per_unit_error * silk/Hing) ’ tunable_constant];
RETURN(loc_hyp);

}ENDOF Historical_data_confidence_adjuster

 £1

.1m":«'11:...7:1?.éiujimil,
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l. A method for locating wireless mobile stations using wireless signal measurements of wireless signals transm'

 

 

  
 

 

 

What is claimed is:

between said

wireless mobile stations and a network of base stations, wherein said base stations in the network are (00 tively linked for

5 providing wireless communications with said wireless mobile stations, comprising:

providing a plulality. of mobile station location estimators, wherein said location estimato provide location estimates of said

mobile stations when said location estimators are supplied with location information deriv from wireless signal measurements of

wireless signals transmitted between said mobile stations and the network of base st ons;

generating, by a first and a second of said location estimators, respectiv first and second different initial location estimates

10 of a particular one of said wireless mobile stations, using location informa ' n derived from wireless signal measurements of wireless

signals transmitted between said particular mobile station and the ne ork of base stations;

 

 

  
 

determining:

22:, (a) first confidence data to a first location hypo esis of said particular mobile station, wherein:

:E: (i) said first locatio hypothesis rovides one of: said first initial location estimate from said first location

:1: 15 estimator, and a s cessive location estimate of said particular mobile station, said first successive

2% locatio estimate r ed using said first initial location estimate, and 2
{9:15 (II) said fi confidezda is indicative of a likelihood of said particular mobile station being at a location
:22: represe by said first cation hypothesis; and

23 (b) second confidenc d tafor a second lo tion hypothesis of said particular mobile station, wherein:
lg 20 2 (i) sa'd secon location hypothesis provides one of: said second initial location estimate from said second
,3 location estimator, and a second successive location estimate of said particular mobile station, saidta  

 
second successive location estimate derived using said second initial location estimate, and

(ii) said first confidence data is indicative of a likelihood of said particular mobile station being at a location

represented by said first location hypothesis;

25 der' mg a most likelihood location estimate of said particular mobile station, said most likely location estimate being

depen nt on each of: said location estimates of said first and second location hypotheses, and, values of said first and second

co fiéiice data.‘
. A method as claimed in Claim |,wherein said wireless signal measurements are from wireless signals communicated between said

particular mobile station and said network of 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 claimed in Claim 2, wherein said different purpose is one of: providing voice communication, and providing visual
communication.

4. A method as claimed in Claim 2, wherein said communication standard is for one of CDMA and TDMA.

187

Cisco V. TracBeam / CSCO-1002

Page 193 0f2386



Cisco v. TracBeam / CSCO-1002 
Page 194 of 2386

10

15

20 
25

 

  
  

  

  
 

 

 
 

  
 

  

 

5. A method as claimed in C , wherein said wireless signal measurements are fmm wrreless signals communicated een said

particular mobile station and said network of base stations using an communication protocol for providing wirel voice

communications between said network of base stations and said particular mobile station.

6. A method as claimed in Claim I, wherein said wireless signal measurements of wireless signals co municated between said

particular mobile station and said network of base stations are included in measurements ca le of being determined for voice

communication with said particular mobile station:

7. A method as claimed in Claim I, wherein said wireless signal measurements incl e at least one of: (a) a measurement of a signal

strength of wireless signals detected by said particular mo bile station and t smitted by one of said base stations, and (b) a

measurement of a signal time delay of wireless signa etected by sai particular mobile station and transmitted by one of said base

stations.

8. A method as claimed in Claim I, wherein said step of pro ' ing includes:

transmitting through a telecommunicat ons ne rk, said first location estimator from a source site to a site having said

second location estimator,

operably integrating said first location imator with fiaid second location estimator for performing said steps of determining
 and deriving.

9. A method as claimed in Claim 8. w rein said step of transmitting includes sending an encoding of said first location estimator

using the internet:

|0. A method as claimed in C 'im I, wherein said step of determining includes retrieving historical location data related to said first

initial location estimate d said second initial location estimate, wherein said historical location data includes:

(al) location is rmates 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; 7

(bl) lo ion estimates by said second location estimator for some of said mobile stations at a second plurality of locations,

nd data identifying said locations of said second plurality of locations; I

wherein id first successive location estimate is determined using said historical location data of (al), and said successive estimate is

deter ined using said historical location data of (bl). '

| . A method as claimed in Claim I, wherein said step of determining includes first selecting a first set of one or more location

estimates of said mobile stations also output by said first location estimator, wherein said one or more location estimates are

determined according to, at least, a proximity of said one or more location estimates to said first initial location estimate.

l2. A method as claimed in Claim l I, wherein said step of first selecting includes selecting said first set according to a function of a

distance between said first initial location estimate and at least one of said location estimates of said first set:

l3. A method as claimed in Claim ll, wherein each location estimate of said first set of location estimates has corresponding location

data identifying a location of one of said mobile stations for which said location estimate estimates the mobile station’s location,

wherein the identified location has been verified.
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l4. A method as claimed in mI, wherein said step of determining includes first obtaining a first collection of e or more
  

 
 

 

 

previously identified locations, wherein each said previously identified location: _

(a) has a corresponding location estimate in said first set, said corresponding location estimate mg for a corresponding one

of said plurality of mobile stations, and

5 (b) is approximately a location of the corresponding mobile station when said locatio nformation, derived from wireless

signal measurements of transmissions between the corresponding mobile s on and said network, was initially

provided to said first location estimator for outputting said correspond' g location estimate.

IS. A method as claimed in Claim l4, wherein said step of determining includes rst calculating said first successive location estimate

of said particular mobile station fmm said first initl location estimate usi said one or more previously identified locations.

10 I6. A method as claimed in Claim l5, wherein said step of first calcul mg includes determining said first successive location

estimate as afunction of aconvex hull of sai one rmore previo ly identified locations.

[7. A method as claimed in Claim l5, wherein said st of de rmining includes first computing a first value of said first confidence 

 data for said particular mobile station being at a locatio epresented by said first successive location estimate, wherein said first

value is a function of at least one of: (a) a v lue rela d to density of said one or more previously identified locations for said first
l

Ill. A method as claimed in Claim l7, wherei for said second 3 ccessive location estimate the following steps are performed:

 15 successive location estimate, and (b) a value la d to a size fan area for said first successive location estimate.

(a) second selecting a second set 0 one r more location estimates of said mobile stations output by said second location

estimator, wherein saidzlocation estimates of said second set are determined according to, at least, a proximity of saidlocation estimates in id second set to said second initial location estimate;

20 (b) second obtaining 340m! collection of one or more previously identified locations, each said previously identified location:
(i) having a c rresponding location estimate in said second set for a corresponding one of said plurality of mobile

 
;:=="= statioyfii) is approximately a location of the corresponding mobile station when said location information, derived

fmm ireless signal measurements of transmissions between the corresponding mobile station and said network. was

' ' ially provided to said second location estimator for outputting said corresponding location estimate; 

 
 

 

 

I 25 (c) cond calculating said second successive estimate of said particular mobile station, wherein said second successive

estimate is a function of said one or more previously known locations 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 value is 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 site of said second successive location estimate.

l9. A method as claimed in Claim ll, wherein said first confidence data includes a data field for a value indicative of said particular

mobile station being in an area, wherein said area is determined as a function of said first set of location estimates.

20. A method as claimed in Claim I, wherein said first confidence data includes a data field for a value indicative of said particular

mobile station not being in an area represented by said first location hypothesis.
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station and the network of base stations.

22. A method as claimed in Claim I, wherein said step of generating includes first computing said first initial cation estimate using

5 said location information obtained from a first collection of said wireless signal measurements, and seco computing said second

initial location estimate using said location information obtained from a second collection of said ireless signal measurements

differem from said first collection.

23. A method as claimed in Claim 22, wherein said first collection of said wireless sign measurements are for wireless signals
transmitted between said particular mobile station and the network of base stati aa first time interval, and said second collection

10 of said wireless signal measuremems are forwireless signals transmitted be en said particular mobile station and the network of

base stations in a second time interval, wherein said first time interval é: said second time interval.

24. A method as claimed in Claim 23, wherein said step of determ/iiing 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 timei te l.

15 25. A method as claimed in Claim |,furthe includi :

performing a first simulation for dicting likelihood of said particular mobile station being at a location represented by

 

said first location hypothesis, wherein said si ulation uses associated pairs of location representations, a first member of each pair

including a location estimate obtained from d first logtion estimator and a second member of the pair including a representation
of an actual location of one of said mobile stat ns for which said first member is 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 simulation for 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 Icytion estimate obtained from said second location estimator and a second member of the pair including a
25 representation of an actual location of one of said mobile stations for which said first member is 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 said first simulation is performed at a time outside of atime interval for performing the

steps of generating, determining, and deriving.

2 . A method as claimed in Claim 25, wherein said first simulation includes a 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 I, wherein at least said first and second location estimators each utilize a different one of the

following:

(a) a pattern recognition location estimator for 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 tra' ing said trainable

estimatorto learn an association between each location of a plurality of geographical lo ons and corresponding 

 
 

  
 

 

 

instances of said location information related to the wireless signal measurements 0 ireless transmissions with one

of said mobile stations at the location;

(c) a triangulation location estimator for estimating a location of said particul mobile station by triangulating on

measurements of said location information, wherein said measureme are determined from the wireless signal

measurements of wireless transmissions between said particula obile station and at least three of the base

stations of said network;

(d) a statistical location estimator for r ting a loca ' n of said particular mobile station by applying a statistical

regression technique;

(e) a mobile base station estimatorf r estim trng a location of said particular mobile station from location information

received from a mobile base ion etecting wireless transmissions of particularfirst mobile station; 
(f) a coverage area location estimat for estimating a location of said particular mobile station by intersecting wireless

coverage areas correspon/d'ng to ach of a plurality of the base stations of said network;St
(g) a negative logic location, imator for estimating where said particular mobile station is unlikely to be located.

3|. A method as claimed in Claim I, herein at least said first location estimator includes one of the following:

(a) an artificial neural network for generating said first initial location estimate by training said artificial neural network

to recogniz a pattern of characteristics of said location information associated with a location from where said

particular mobile station is transmitting;

(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

wireless signal measurements of wireless transmissions between said particular mobile station and one or more base
stations of 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

the following statistical techniques: principle decomposition, least squares, partial least squares, and Bollenger Bands.

method as claimed in Claim 3|, wherein said second location estimator includes a different one of said artificial neural network,

said distance estimator, and said statistical estimator for generating said second initial location estimate. ~

33. A method as claimed in Claim 3|8. 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.

34. A method as claimed in Claim I, 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 basis” function network.

35. A location system as claimed in Claim I, wherein said first location estimator includes an artificial neural network with input

neurons for receiving location information data related to wireless signal time delay measurements of signal strength for wireless

transmissions between said particular mobile station and a first collection of base stations from said network.
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 36. A method as claimed in 35, wherein for each base station in said first collecti id wireless transmissions betwee ;

base station and said particular mobile station are detected by one of: the base station and said particular mobile sta ‘ n.

37. A method as claimed in Claim I, wherein said first estimator includes an artificial neural network with inp eurons for receiving

data related to wireless transmissions between said particular mobile station and a set of one or more 0 Id base stations, wherein

5 for each base station in said set. there is at least one said input neuron for receiving one or more v es indicative of at least one of

the following conditions:

(a) the base station is active for wireless communication with said particula obile 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 s ' particular mobile station and the base station detects

10 wireless transmissions by said particular mobile stati

(c) the base station is active for wireless communicat' with said particular mobile station and the base station does not

said pa?ar mobile station;
(d) the base station is active for wirel 3 co

detect wireless transmissi
 

 

 

 

unication with said particular mobile station and said particular mobile

missions by the base station; station does not detect/wireless t
15 (e) the base station is not ive for r less communication with said particular mobile station.

 

38. A method as claimed in Claim Jw e n said
39. A method as claimed in Claim 3A

strength for wireless transmission een said particular mobile station and a first collection of base stations from said network,

,,.12.,mu.13.".1114...“ Rest and second location estimators are different artificial neural networks.herein said Irst location estimator receives wireless signal time delay measurements of signal

and said second location estimaér receives wireless signal time delay measurements of signal strength for wireless transmissions
20 between said particular mo Ile station and a different second collection of base stations from said network wireless signal

measurements.  
40. A method as cl med-in Claim I, wherein said step of deriving includes combining values of said first and second confidence data

when said first d second location hypotheses have location estimates of said particular mobile station that overlap.

4|. A metho as claimed in Claim I, wherein said step of deriving includes combining the values related to: (a) a first likelihood

25 measure ent, of said first confidence data, for said particular mobile station being at a location represented by the first location

hypo esis, and (b) a second likelihood measurement, of said second confidence data,‘ for said particular mobile station being at a

lo tion represented by the second location hypothesis.

42. A method‘as claimed in Claim 4|, wherein. said step of deriving includes:

 
determining one or more subareas of a wireless coverage area containing location estimates of said first and second location

hypotheses;

determining, when said first and second location hypotheses have location estimates that overlap in a first of said subareas, a

third likelihood measurement for substantially all of said first subarea, wherein said third likelihood measurement is a function of

said first and second likelihood measurements.

,192

Cisco V. TracBeam / CSCO-1002

Page 198 0f2386



Cisco v. TracBeam / CSCO-1002 
Page 199 of 2386

 

 
  

 

  
 

 
 

  

43. A method as claimed ingfl, wherein said function includes an addition of feming said first and seco
measurements.

ikelihood

44. A method as'claimed in Claim I, wherein said step of deriving includes 0, of said first confidence da , for said particular mobile

station being at a location represented by the first location hypothesis;

5 wherein said step of fuzzifying performs a function for distributing a decreased value said first likelihood measurement to

locations outside of a location estimate for said first location hypothesis.

45. A method as claimed in Claim 44, wherein said function includes a sigmoid ter .

46. A method as claimed in Claim I, further including an expert system for a vating said first location estimator for outputting said

first initial location estimate.

10 47. A method as claimed in Claim 46, wherein said first location e ' ator is activated by one of: an antecedent of an expert system

rule, and a consequent of an expert system e.

48. A method as claimed in_Claim I. further Includin a st of determining whether to modify one of: said first location hypothesis,

and said first confidence data according t t least?\ of:of sa' first mobile station;
 

 
 
 

 

i'fi

E (a) an expected maximum veloci

:‘i: 15 (b) an expected maximum accele ' n of said rst mobile station;

£2 (c) a predicted location of said f obile statio '
iii . . . . . . .-
La; (d) an expected wireless srg characteristic of an area containing said first location hypothesis; and

(e) an expected vehicle ro e.u
5v:3

1:"
49. A method as claimed in Claim 48, wherein said step of determining whether to modify includes activating one of an expert system,

20 a fuzzy rule inferencing sy m and a blackboard daemon.

50. A method as claime in Claim I, further including a step of storing historical mobile station location data for access during said 
step of detenninin herein said step of storing includes the following substeps:

(a) sto rig, for each location of a plurality of mobile station locations. a corresponding collection of wireless signal

measurements of wireless signals transmitted between one of said mobile stations and the base stations of said 

 
 

. 25 network, wherein said one mobile station resides substantially at said location when said wireless signals are

transmitted;

(b) storing, for each location of said plurality of mobile station locations, 3 corresponding set of location estimates, wherein

for each of said mobile station location 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

particular one of said locations of said plurality of mobile station locations, wherein said corresponding identification

data accurately identifies said particular location.

5l. A method as claimed in Claim 50, wherein for at least a first of said corresponding collections of wireless signal measurements,

there is an associated confidence value used for indicating a consistency of the corresponding collection with other ol said
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conesponding collections erresponding particular locations are within a determpdproximity to the corresponding p
location for said first corresponding collection.

52. A method as claimed in Claim 5| further including a step of changing said associated confidence value when t re is a deviation

between said first corresponding collection deviates and said other corresponding collections by more than determined amount,

5 wherein said deviation is determined using a statistical measurement of deviation.

53. A method as claimed in Claim 52. wherein said statistical measurement of deviation includes a ndard deviation measurement.

54. A method as claimed in Claim 52 further including a means for prohibiting said first corres nding collection from use in said step

of determining when said associated confidence value is outside of a predetermined range

55. A location system for receiving measurements of wireless signals transmitted betw en a plurality mobile stations and a network of

10 base stations, wherein said base stations in the network are cooperatively linked f providing wireless communication, the

improvement characteriled by:

a plurality of different location estimators for estimating location i said mobile stations, such that when said location .

estimators are supplied with said measurements of wireless signals nsmitted between one of the mobile stations and said network

  

 

 

 
 
 

 

:g of base stations, said location estimators o p corresponding ' itial location estimates of a geographical location of said one mobile
“4 15 station; 5
€ng an archive for storing a plurality of data item co ctions, wherein for each location of a plurality geographical locations, there
if: is one of said data item collections havin :
5?: (al) a representation of the eo phical location,

it: (al) a set of said wireless si al meastiyements corresponding to one of said mobile stations transmitting from
i; 20 ' approximatelyt geo raphical location
3:: (33) for each locat' n estimator of said plurality of location estimators, a corresponding initial location estimate

:2: generat when said set of said wireless signal measurements is supplied to said location estimator;

a means for const cting, for each of said location estimators, corresponding prediction measurements indicative of an historical

accuracy of said lo tion estimator, wherein for each said prediction measurement, there is: ‘

25 ) a corresponding selected group of said data item collections used in determining said prediction measurement,

(b2) a collection of mappings, wherein each said mapping is an association between: (i) one of said corresponding

mobile station initial location estimates generated by said location estimator using said wireless measurements of

one of said data item collections in said selected group, and (ii) the geographical location of the data item

collection;

a means for 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 estimate of said identified mobile station derived using at least one initial

location estimate, wherein said initial location estimate is generated by one of said plurality of location
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estimaQid one location estimator being supplied with signalnrements of wireless.1» . transmissions
between said identified mobile station and said network of base stations, , ’

  

 
 

 

 
 

 

/.

(c2) said location hypothesis has a confidence value used for indicating a likelihood of Id identified mobile station

being at a location represented by said location estimate for said location lr‘ thesis, wherein one of said

5 prediction measurements is used in determining said confidence valu ,

a most likely mobile station location estimator for determining a most likely .- tion estimate of said identified mobile station,

said most likely location estimate being derived using location estimates and co Idence values from location hypotheses of said

plurality of said location hypotheses.

56. A method as claimed in Claim 55, wherein said measurements are rwireless signals transmitted 'in a wireless signal protocol for

10 voice communication between said identified mobile station and ' network of base stations.

57. A location system as claimed in Claim 55 w rein said me 5 for constructing includes means for performing a mobile station

location simulation using said stored dataItem co ection or determining said prediction measurements.
56. A location system as claimed in Claim 5, whe 'n aid means for determining includes a means forderiving the location estimate

 
 
 

 
 

of one of said location hypotheses using a time2th at location estimates for said identified mobilestation.
15 59. A location system as claimed in Clai 55, Ither 'ncluding:

a storage means for storing a popu Ion of rep sentations for values of a collection of system parameters of said location

system, wherein said parameters affe a ormance of said location system in locating mobile stations;

an adaptive component for termining one or more of said representations whose values of said collection of system

parameters enhance at least 0 e of: a reliability and an accuracy of said location system in locating said mobile stations;

20 wherein said adaptive‘é‘mponent uses said plurality of data item collections for providing, for each version of said location
system determined by d' ferent 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.

25 60. A In ion system as claimed in Claim 59, wherein said adaptive component includes a genetic algorithm embodiment.

6|. A location system as claimed in Claim 55, wherein for at least a first and second of said plurality of location estimators, each of

sai/lirst and second location estimators include one of the following:
(el) an artificial neural network for use in generating said corresponding initial location estimates, wherein said artificial

neural network is trained to recognize a pattern of characteristics of said signal measurements associated with a

0 location lrom where one of said mobile stations is transmitting;

(e2) a distance estimator for use in generating said corresponding initial location estimates, wherein said distance

estimator determines one or more distances between one of said mo bile stations andhthe base stations. and wherein

signal timing measurements, obtained from wireless transmissions between said one mobile station and one or more

ol the base stations, are used lor determining said one or more distances;
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(e3) a statistica ator for use in generating said corresponding initial l on estimates, wherein said tistical

estimator utilizes a statistical regression technique for correlating characteristics of measureme s of wireless

signals tIansmitted between one of said mobile stations and the base stations with a locat' for said one mobile

station.

62. A method for locatinga mobile station by receiving wireless signal measurements of wireless s' nals transmitted between a

plurality mobile stations and a network of base stations, wherein said base stations in the ne ork are cooperatively linked for

providing wireless communication, the improvement characterized by:

I providing a mobile station location estimator for estimating locations of sai obile stations, such that when said location

estimator is supplied with said measurements of wireless signals transmitted een one of the mobile stations and said network of

base stations, said location estimator generates a initial location estimat ol a geographical location of said one mobile station;

storing a plurality of data item collections wherein for each u a plurality of geographical locations, there is one of said data

 

 

 

item collections having: (al) a representatit} of th geographi location, and (a2) a representation of measurements of wireless

signals transmitted between one of said mobile statio s a the base stations when said one mobile station is approximately at thegeographical location;

determining, lmm said initial locatiog/est/i ate, corresponding adjusted location estimate as a function of historical initiallocation estimates generated by said mobile tion location estimatorwhen supplied with said signal measuremems for

representations of (al) of said dataItem e ions.

63. A method as claimedIn Claim67(m id step of etermining includes the steps of:generating additional initi location estimates when said mobile station location estimator is supplied with said signal

measurements for representatisof(a2) for said data item collections;
 

selecting said add' Ional initial location estimates that are within a determined distance of said initial location estimate; and

deriving said c rresponding adjusted location estimate using said geographical location representations of (al) for data item

collections of a p?'cular set of said data item collections, wherein said additional initial location estimates selected in said step of
selecting were erated from said signal measurements for representations of (al) for said data item collections of said particular

 

 

 

set.

64. A In ed as claimed in Claim 62, wherein said geographical locations represented in (al) of said data item collections have been
verifi .

65 A method as claimed in Claim 62, wherein for each data item collection in a set of at least some of said data item collections,

here is an associated confidence value used for indicating a consistency of the representation of (al) for said data item collection

with the representation of (al) for other of said data item collections whose geographical location representations (al) are within a

determined maximum distance of said geographical location representation of (al) for said data item.

66. A method as claimed in Claim 65 further 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 measurements of said representation (a2) for said data item collection,
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and the measurements of sagresentations (a2) for said other data item collectionsfiore than predetermined a nt, wherein
said deviation is determined using a statistical measurement of deviation.   

 

 

 

67. A method as claimed in Claim 66, wherein said step at decreasing includes comparing a time related meas ment for said first

data item collection with a value used for identifying said data item collections that have more recent resentations (a2).

5 68. A method as claimed in Claim 66, wherein said step of decreasing includes computing said devi ron by computing a statistical

measurement oi deviation.

69. A method as claimed in Claim 68, wherein said statistical measurement includes one i. a first, a second and a third order

  standard deviation. ,

70. A method as claimed in Claim 66 further including a step of prohibiting sai rrst data item collection from being used in said step

10 of determining, when said confidence for said first data item is outside of predetermined range. .

7|. A method as claimed in Claim 62, wherein said ‘ station loca ‘ n estimator activates an artificial neural network when

generating said initial location estimate.

72. A location system for receiving wireless signal easurem s of wireless signals transmitted between a plurality mobile stations 

 
 

E and a network of base stations, wherein said base tatio e network are cooperatively linked for pmviding wireless

:2 15 communication, the improvement characterized by

:22 a one or more location estimators for esti a g location of said mobile stations, such that when said location estimators are
ii; supplied with said measurements of wireless/signals nsmitted between one of the mobile stations and said network of base

:3: stations, said one or more location estimators generate initial location estimates, wherein for a particular one of said mobile stations
at a particular geographical location, at least first and second initial location estimates are generated;

20 a means for generating, lor 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

geogrérical location being at a location represented by the first adjusted location estimate,
(a2) id first adjusted location estimate is a function of other initial location estimates generated by said location

 
 

25 estimator that generated said first initial location estimate,

(a3) said secondladjusted location estimate has a corresponding confidence value indicative ol a likelihood of the

particular geographical location being at a location represented by the second adjusted location estimate, and

(a4) said second adjusted location estimate is a function of other initial location estimates generated by said location

estimator that generated said second initial location estimate;

a most likely estimator for determining a most likely location estimate of the particular geographical location 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 corresponding location estimator generating said first initial
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location estimate, wherein gamrements are used in for determining said correspo.....ug confidence value for said f‘ adjusted
location estimate, wherein for each of a plurality geographical locations, there is a corresponding one of said data ' in collections

having a representation of the geographical location and a representation of measurement of wireless signals nsmitted between

said particular mobile stations and the base stations.

74. A location system, as claimed in Claim 73, wherein said means for generating includes a meansf constructing said

measurements, wherein said measurements include values related to a predictiveness of a colle ' n of mappings between: (a) a 
 cluster of initial location estimates, determined by said corresponding location estimator, rone or more of the mobile stations at a

plurality of geographical locations, and (b) a corresponding representation of an act mobile station location for each of the initial

location estimates in said cluster.

 
 

75. A location system, as claimed in Claim 74, wherein sa‘ c ster of initial l tion estimates are within a predetermined distance of
said first initial location estimate.

76. A location system, as claimed in Claim 74, wherein id meas re ents are dependent on a density of said corresponding

representations of actual mobile station locations forth initi l’ ocation estimates in said cluster.

77. A location system, as claimed in Claim 74, wherein sai 
 
 

easuremenge dependent on a size of an area containing said mobile
station locations of said corresponding representation of ital mobile station locations for the initial location estimates in said

cluster.

78. A location system, as claimed in Claim 72{wherein said corresponding confidence value for said first adjusted location estimate

indicates a likelihood of said particular bile station being outside of an area for said first adjustedlocation estimate.

79. A location system, as claimed in C aim 72 further including a means for partitioning a wireless coverage area having said first and

second adjusted location estima 5 into subareas, each subarea having expected similar measurements of wireless signals transmitted

between one of said mobilytations in the subarea and the network of base stations.
80. A location system7s claimed in Claim 72, further including a means for partitioning a wireless coverage area into subareas,
wherein each suba? has a corresponding area type characterized by wireless signal transmission characteristics between locations in
said subarea and he base stations of said network.

8|. A locatiooét‘em, 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

mobi station estimator.

82. A location system, as claimed in Claim 8|, wherein said triangulation mobile station estimator triangulates using one of: a signal

time of arrival, and a signal strength between the associated mobile station and each of three of said base stations.

83. A location system for wireless mobile stations, as claimed in Claim 8|, wherein said trilateration 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 8|, 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 from a mobile base station.

198 \
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predictiveness of said location estimator that generates said first initial location estimate.

87. A location system, as claimed in Claim 86, wherein said simulation means includes a statistical simul on for predicting said

confidence value said first adjusted location estimate.

5 88. A location system for wireless mobile stations, as claimed in Claim 87, wherein said statisti l simulation includes a Monte Carlo

simulation.

89. A location system, as claimed in Claim 72, wherein, for deriving said most likely lo tion estimate, said most likely estimator uses

a probability density function for fuzzifying at least said confidence value for sai irst adjusted location estimate over an area

outside of said first adjusted location estimate.

10 90. A location system, as claimed in Claim 72, wherein for a first collecti n of cells of a cell mesh for the wireless coverage area, said

most likely estimator includes means for determ' mg a ' elihood t at said particular mobile station is in each cell of said first 

 

 

collection.

 

  
 

9|. A location system for wireless mobile statio , as clai d 'n Claim 90, wherein boundaries between cells said cell mesh are

substantially coincident with boundaries of a wi less.signal area type categorization.

15 92. A location system for receiving wireless sign [measurement of wireless signals transmitted between a plurality mobile stations

and a network of base stations, wherein said ba tions in the \etwork are cooperatively linked for providing wirelesscommunication, the improvement charactgzed b '
an archive for storing a plural' of data item ollections, wherein for each location of a plurality geographical locations, there

is one of said data item collections having (al) and (32):

20 (al) a represe tion of the geographical location,

(a2) a set of said wireless signal measurements corresponding to one of said mobile stations transmitting from

 
approximately the geographical location

a trainabl location estimator for generating a geographical location estimate of one of said mobile stations when said

trainable estingtfir is supplied with said measurements of wireless signals transmitted between one of said mobile stations and the
25 network f base stations, wherein said trainable location estimator learns by associating, for each ol at least some of said data item

colledgs, said geographical location representation (al) of the data item collection with said set of said wireless signal
in urements (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 collections in an area of a wireless coverage area,

3 wherein said area is determined using said geographical location representations (al) of said data item collections that have for each

of their sets of said wireless signal measurements (32), wireless signal measurements from a same group of said base stations.

94. A location system, as claimed in Claim 92, wherein said trainable location estimator includes an artificial neural network.

95. A method asclaimed in Claim 94, further including a different trainable location estimator utilizing a different artificial neural

network for generating a different geographical location estimate of said one mobile station.
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96. A method as claimed in c“ 94, wherein said artificial neural is one of: a multilayel“"perceptron, an adaptive ante theory

model, and radial basis function network.

97. A location system as claimed in Claim 92, wherein said trainable location estimator utilizes an artifici eural network with input

neurons for receiving wireless signal time delay measurements of signal strength as said measurem s of wireless signal

transmissions between said one mobile station and a first collection of base stations from said twork.

98. A method as claimed in Claim 97, wherein for each base station in said first collection id wireless transmissions between the

base station and said one mobile station are detected by one of: the base station an id one mobile station.

99. A method as claimed in Claim 92, wherein said trainable location estimator ufites an artificial neural network with input
neurons for receiving data related to wireless transmissions between said ordobile station and a set of one or more of said base
stations, wherein for each base station in said set, there is at least one said input neuron for receiving one or more values indicative of

at least one of the lo llowing conditions:

 

 

(a) the base station is active forwi less co munication with said one mobile station and a pilot signal by the base station

is detected by the one mobile i

(b) the base station is active for wi ess communication with said one mobile station and the base station detects wireless

transmissions by said one mobi station;

(c) the base station is active for virrele communiofition with_said one mobile station and the base station does not detect
wireless transmissions by said one obile station;

((1) 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;

(e) the base station is not active for wireless communication with said one mobile station.

l00. A location system claimed in Claim 92, wherein for at 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 of a particular mobile station used in obtaining said representation of (al);

(b) an identification of at least one of said base-stations used in obtaining the representation of (a2);

(c) a value indicative of whether the representation of (al) has been verified as an accurate geographical location

estimate of the particular mobile station;

(de) a value indicative of how consistent the representation of (a2) is with the representations of (al) for other of said

data item collections;

(e) timestamp data indicative of approximately when the measurements ol wireless signals for the representation ol (32)

were received by one: the network and said location system;

(i) power level data related to one or more power levels of said at least one of said base stations used in obtaining said

measurements for the representation of (al) for the data item collection;

(g) power level data related to the power level of the particular mobile station when said wireless signals, for

measurements of the representation of (a2) for the data item collection, were transmitted.
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and a network of base stations, wherein said base stations in the network are cooperatively linked for providin Ireless

communication, the improvement characterized by:

a plurality of mobile station location estimators for estimating locations of said mobile station such that when said location

estimators are supplied with said measurements of wireless signals transmitted between one oft mobile stations and said network

of base stations, said location estimators output corresponding initial location estimates of eographical location of 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 component for estimating a location of d one mobile station from a pattern in the wireless

signal measurements of transmissions between the n? k and said one mobile station;
(b) atrainable mobile station location ' ating compo nt for estimating a location of said one mobile station, 

 

 

  

wherein said trainable mobile station In ation Imating component is capable of being trained to associate: (i)

each location of a plurality of eographica ocations with (ii) corresponding measurements of wireless signals
l

transmitted between a specifie one of id obile stations and the network, wherein said specified mobile station is

approximately at the location;

(c) a triangulation component for e I ating a locat on of said one mobile station, wherein said triangulation component

utilizes said measurement fwire s signals between said one mobile station and three of the base stations for

triangulating a locati estimate of said one mobile station;

(d) a statistical compo nt utilizing a statistical regression technique for estimating a location of said one mobile station;

(e) a mobile base tion component for estimating a location of said one mobile station, wherein said mobile base

station component utilizes location information received fmm a mobile base station that detects said one mobile

station;

(f) a ne tive logic component for estimating an area of where said one mobile station is unlikely to be located; and

a most lik ly estimator for determining a most likely location estimate of said one_mobile station, said most likely location

estimate being a function of said plurality of location estimates.

l02. A locfim system, as claimed in Claim IOI, wherein at least one of said mobile station location estimators is activated by an
expert system.

| ,
 

 
A location system, as claimed in Claim l0l, wherein one or more of said mobile station location estimators are capable of being at

least one of: added, replaced and deleted by Internet transmissions between said location system and a site remote from location

system.

|04. A location system for receiving wireless signal 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 for providing wireless

communication, the improvement characterized by:
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a mobile station Inca. .. roviding means for estimating locations of said mobile Mtrons, such that said providing

means is supplied with said measurements of wireless signals transmitted between a particular one of e mobile stations and said

network of base stations. said providing means determines a first collection of one or more locati estimates for said particular

mobile station;

5 an expert system for activating expert system rules for one of: (a) modifying one said location estimates of said first

collection, and (b) obtaining additional location estimates of the particular location'

a most likely estimator for determining a most likely location estimate of e particular location, said most likely location

estimate being a function of one or more location estimates provided by said xpert system.

l05. A location system, as claimed in Claim IO4, wherein said expert syzste includes expert system rules for modifying a valuet
10 indicating a confidence in said particular mobile stat' n bein at al ion represented by one of said location estimates 

  

|06. A mobile location system for locating wireless mobile stat'o s that communicate with a plurality of networked base stations,

 

 
 

comprising:

awireless transceiver means: (a) for at least etecting a d'\rection of wireless signals transmitted from a wireless mobile
station, and (b) for communicating with said netwo d base sta ons information related to a location of said wireless mobile

15 station;

a means for detecting whether a detected wireles signal from said mobile station has been one of: reflected and deflected;
 
  

a means for estimating a location saic/mobile station by using wireless signals transmitted from said mobile station that are2.51

tia‘
,5 ' not detected by said means-for detecting as one of: reflected and deflected.==s

:2" I07. A mobile location system as claimed in Claim |06, wherein said means for detecting includesa means for comparing: (a) 3

iii 20 distance of said mobile station f. In said mobile location system using a signal strength of said wireless signals from said mobile'32“
   

station, and (b) adistance? id mobile station from said mobile location system using a signal time delay measurement of wirelessr»..r.
signal from said mobile station.

l08. A mobile location system as claimed in Claim l06, further including

one orimore location estimators for estimating a location of said mobile location system. wherein said at least one of said

25 location estimators uses wireless signals transmitted from one of: said networked base stations and a global positioning system.

l09. A mobile location system as claimed in Claim l08, further including

a deadreckoning means for estimating a change in a location of said mobile location system, wherein said deadreckoning

mean provides incremental updates to said one or more location estimates of said mobile location system output by said at least one

lo tion estimator.

30 l I0. A mobile location system as claimed in Claim l06, wherein said wireless transceiver means includes one of a directional antenna

and a sectored antenna. '

III. A mobile location system as claimed in Claim l06, wherein said means for estimating includes a means for snapping an estimated

location of said mobile station to a vehicle traffic route.

”2. A method for locating a wireless mobile station, comprising:
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     determining one or momections of one or more location hypotheses of a location of a particular mobile station erein, for
each of said collections, said'one or more location hypotheses of said collection are obtained using measurements ireless signals

transmitted between said particular mobile station and a network of base stations, wherein said wireless si sare transmitted

during a time interval different from any other time interval fortransmitting wireless signals whose m surements are used for

5 obtaining said location hypotheses for a different one of said collections, and wherein each said In tion 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 measurement of time since the wire s signals, upon which said location estimate of

the location hypothesis, were transmitted,

10 (c) a confidence providing a measuremem of a likelihood that sai rticular mobile station is at a location represented by

said location estimate attribute of said location hyp:t/h s;
constructing one or more derived locat' n hy theses, whe In each said derived location hypothesis also has said attributes 

 

 

 
 
 

 

 

(a) through (c), and wherein at least one of id attri utes,l reach of said derived location hypotheses, is determined using said

 attributes of said location hypotheses of said collections

15 estimating a location of said particul mobil stat: n using said one or more derived location hypotheses.

II}. A method as claimed in Claim “2, where: id step 0 constructing includes deriving a value for said location estimate attribute

of one of said derived location hypotheses ing said location estimate attributes of location hypotheses in said one or more

collections. 
”4. A method as claimed in Clai l3, wherein said deriving includes extrapolating said location estimate of said one derived

20 location hypothesis from sai ocation estimate attributes of location hypotheses in said one or more collections. 
”5. A method as claime Ill Claim ”2, wherein said step of constructing includes inserting said location hypotheses of said collections

into one of: an expe system fact base, and a blackboard run-time storage.

locating a wireless mobile station, comprising:

providi g at least a first location estimator for estimating locations of a plurality of wireless mobile stations, wherein said first

25 location imator receives as input wireless signal measurements of wireless signals transmitted between said plurality mobile 

 

stati s and a network of base stations, wherein for said network, said base stations in the network are cooperatively linked for

viding wirelessvcommunication;

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 corresponding to one of said mobile stations

30 transmitting from approximately the location;

activating said first location estimator with said wireless signal measurements of said data item collections for obtaining

corresponding mobile station location estimates;
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constructing a first send measurements for said first location estimator, whet! said first set includes val
predictiveness of a collection of mappings between: (a) said corresponding mobile station location estimates,

corresponding mobile station location estimate, a corresponding verified mobile station location;

 

  

related to a

(b) for each said

generating, by said first location estimator, a first initial location estimate from wireless sig measurements of wireless signals

from transmissions between a first of said mobile stations and the base stations, wherein a lo tion of said first mobile station is

unknown;

obtaining an adjusted location estimate of said first mobile station, wherein

 
 Id adjusted location estimate is obtained by using

a subcollection of said mappings in a neighborhood of said first initial locatio estimate;

determining a confidence value related to a likelihood of said first

adjusted location estimate, wherein said conf e 

 bile station being at a location represented by said

is a functioryat least one measurement in said first set of measurements.
“7. A method as claimed in Claim ”6, where n said s p of constructing includes simulating locating one of said mobile stations

using said corresponding mobile station location estimfind said corresponding verified mobile station locations.
IIB. A method as claimed in Claim Il7,wherei id st pof simulating includes performing a Monte Carlo simulation.

“9. A method for locating wireless mobile stati néom meas rements of wireless signals transmitted between the mobile stations
and a network of base stations, wherein for said etwork, said ase stations in the network are cooperatively linked for providing

wireless communication, comprising:

storing a plurality of dataitem 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 corresponding to one of said mobile stations

transmitting from approximately the location, wherein said wireless signal measurements are acceptable as input to a wireless

mobile station location system;

determining a col ction of parameters of said wireless mobile station location system that affect a performance of said wireless

mobile station locat'on system in locating mobile stations;

providing population of representations for values of 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

said confi uration corresponding to the values of one of said representations, and (b) determines, for each of at least some of said

configrétionm location predicting performance using said plurality of data items for providing wireless signal measurements as
inprgand said representations of locations for comparing with mobile station location outputs by the configuration;

determining a first of said configurations that an enhanced performance of said 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

is provides with wireless signal measurements of wireless signals from transmissions between said first mobile station and the base

stations, and wherein a location of said first mobile station is unknown.

In). A method as claimed in Claim A9, wherein said adaptation component includes a genetic algorithm embodiment.

|2|. A method for locating a wireless mobile station, comprising:

204

Cisco V. TracBeam / CSCO-1002

Page 210 0f2386



Cisco v. TracBeam / CSCO-1002 
Page 211 of 2386

'J

determining a plumlit’cation estimates of a mobile station, wherein: (a) sai! '-.stion estimates are derived from wireless
signal measurements of wireless signals transmitted between the mobile station and a network of base stations, wherein for said

  
 

  
 

 

 
 

 
 

 
 

 

 

network, said base stations in the network are cooperatively linked for providing wireless communication, (b) said locatio timates

are time ordered;

5 obtaining an additional location estimate of said mobile station using additional wireless signal me ments transmitted

between said mobile station and the network of base stations;

deriving at least one derived location estimate of said mo 'le station that is diff t from said plurality of location estimates,

said derived location estimate obtained using one or more m su ments 0 ehavior of said time ordered location estimates;

assigning a likelihood value that said mobile station is at l mu represented by said additional location estimate as a function

10 of a distance between said additional location and sa‘ er' ed loca 'on estimate.

ID. A method as claimed in Claim l2l, wh ' said measure ents de rmine at least one of: a speed of said mobile station, a

direction of said mobile station, ange in speed of said mobile station, and a change in direction of said mobile station.

l23. A method as claim 'n Claim |2| further including a step of assigning a likelihood value to said derived location estimate as a

, :3 function of a c cteristic of an environment of an area containing said plurality of location estimates, wherein said characteristic is

15 expect 0 affect the behavior of said time ordered location estimates.

. A method as claimed in Claim l2}, wherein said characteristic is one of: a traffic route, a waterway, an abrupt change in

elevation, a weather condition, a density of buildings having a predetermined height.
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ABSTRACT

5 A location system is 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 network of location centers. The system uses a

plurality of MS locating technologies including those based on: (I) two-way TOA and TDOA; (2) pattern recognition ; (3) distributed

10 antenna provisioning; and (4) supplemental information from various types of very low cost non-infrastructure base stations for

communicating via a typical commercial wireless 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 enhancement of a self-

maintaining historical data base retaining predictive location signal data; (c) evaluating MS locations according to both heuristics

and constraints related to, e.g., terrain, MS velocity and MS path extrapolation from tracking and (d) adjusting likely 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 9| | emergency calls, tracking, routing, people and animal location

including applications for confinement to and exclusion from certain areas.
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[I r I“ V ' , i 4‘
. b . . g I . ‘ . , I . *2

CI ‘ ’ I I “‘e/
' PATENT APPLICATION

1 - I

In Re the Application of: ' , Prior Group Art Unit: 3662

Prior Examiner: Dao Phan

PRELIIVIINARY AMENDMENT

DUPRAY et a1.

Serial-N02:- Not Yet Assigned
EXPRESS MAIL' MAILING L/«REL NUMBER:

Filed: Filed HCFCWIth DATE OF DEPOSIT: January 26, 2001
- . , " _ I HEREBY CERTIFY THAT THIS PAPER 0R FEE Is BEING

Atty. F116 N0" 1003 1 DEPOSITED WITH THE UNITED STATES POSTAL SERVICE"EXPRESS MAIL POST OFFICE TO ADDRESSEE" SERVICE
UNDER 37 CFR 1.10 ON THE DATE INDICATED ABOVE AND IS
ADDRESSED TO THE ASSISTANT COMMISSIONER FOR

For: “LOCATION OF A MOBILE PATENTS, WASHINGTON, DC. 20231.

g ” TYPED OR P TED NAME: ha i . Rossum
STATION , I.SIGNATURE '

Assistant Commissioner for Patents

Washington, DC. 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 \ 
{5 upon the filing of this Preliminary Amendment, please charge any such fees to Deposit Account 19-1970. '35:“

I
I

Please amend the above-identified patent application as follows:Li}

 IN THE SPECIFICATION:

Please chan e the title to WIRELESS LOCATION USING SIGNAL FINGERPRINTING—.
 
  

 
  ; = Please insert the following paragraph immediately afier the title:m
 u I isv-..

—The present patent application is a continuation of co-pending U.S. Application No. 09/194,367

A ‘2’ filed November 24, 1998, which claims the benefit of International Application No. PCT/US97/15892
filed September 8, 1997, which in turn claims the benefit of the following U.S. Provisional Applications:

U.S. 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 OI each of the above applications are hereby claimed, and each of the above

applications are herein fully incorporated by reference-- u

On page 1 1, line 33, please delete “network” and insert -network‘ 124—therefor.

III“ ‘
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I i
1

L On page 12, lines 15, after “PCT patent application” please inse

wr

—PCT/US97/ 15933, filed September 8,

On page 12, line 16, please replace “; this co-pending PCT patent application” with

 

  
corresponding US. national patent application filing with the same title and having US. Patent

RR
Application Serial No. 09/230,109 filed January 22, 1999; these two patent applications—therefor.

On page 15, line 30, afier “Gilhausen et a1.” please insed—filed November 7, l989;-—.

/On page 18, line 9, please delete “dead reckoning data” and insert —deadreckoning data—therefor.

 

 

On page 18, lines 9 through 10, please delete “dead reckoning devices” and insert —deadreckoning

devices—therefor.

2:: On page 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.

/On page 28, line 18, please delete “MBS 148 of" and insert -MBS 148b-- therefor.
g4, .

(EB) On page 29, line 21, please start a new paragraph with the sentence beginning with the phrase “Thus,
‘ LBSs 152 may be. .

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—SCF 137 shown in

A Fig. 4, is- therefor.

apage 29, line 31, please delete “API should be” and insert —API 14 should be--therefor.

/On page 30, line 8, please delete “idintification” and inert —identification--therefor.

2 U
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o ,[9
On page 30, line 12, please delete “(Fig 1)” and insert —(Fig 4)--therefor.

{page 30, line 25, please delete “locations area different” and insert —locations are different—therefor.
4page 30, line 26, please delete “say less” and insert —of say less— therefor.

An page 30, line 26, please delete “and there multipath” and insert —and their multipath—therefor.

fipage 31, line 25, please delete “similiarly” and insert —similarly-- therefor.

fln page 31, line 26, please delete “direction-independent ” and insert —direction independent of—
therefor.
 

  
 

 

On page 31, line 26, please delete “is derived which is” and insert an be derived which can be--

 

On page 31, line 34, please delete “scenter” and insert -center-- therefor.

/On page 32, line 3, please delete “to accuracy’’and insert —the accuracy-- therefor

41 page 32, line 4, please delete “Location center” and insert —location center-- therefor.

   On a e 32, line 24,

8 I shown in Figs. 5, 6 and 8 t ere or.

lease delete “Processing Subsystem” and insert Processing Subsystem 1220 (also 

- An page 33, line 3, please delete “subsystem supports” and insert —subsystem 1220 supports—therefor.

{page 33, line 4, please delete “provided bt the location” and insert —provided by the location--therefor.

On a e 33 line 4 lease delete “ ro ammin interface” and insert programming interface (L-API 14

q (Fig. 30)- ' etc or.
/

fin page 33, line 7, please delete “charactersitics. Similiarly, a” and insert -characten'stics. Similarly, a--

3 61/

therefor.
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. On page 33, line 11, after the word “messages” but before the word “autonomously”, please inse --(of L-

B \b API-SCP interface 137, Fig. 4)--.

/On page 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.
41 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

LNE> queue(s) 21 are required...” therefor.

=““= /On page 33, line 20, please delete “estimate modules” and insert —estimate modules 1224--therefor.

 
SSA page 33, line 26, please delete “Fig. 1” and insert —Fig. 5-- therefor.::
lit—.1ma

4page 33, line 28, please delete “Fig. 1” and insert -—Fig. 30--therefor. 
v A1 page 33, line 29, please delete “by specifiying” and insert —by specifying-- therefor.

/On page 34, line 6, please delete “identication” and insert —identification-- therefor.

\
On page 34, line 7, please delete “communicaiton” and insert —communication--therefor.

\
On page 34, line 26, please delete “measrurements” and insert —measurements-- therefor.

A
n page 34, line 28, please delete “Fig. 1” and insert —Fig. 4—therefor.

A page 34, line 29, please delete “second case the” and insert —second case, the—therefor.

. dt/
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l/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 l4)-- therefor.

/ On page 35, line 9, please delete “occuring” and insert —occurring-- therefor.

/On page 35, line 13, please delete “as wall as” and insert —as well as-- therefor.

/On page 35, line 23, please delete “The table below establishes” and insert —A table may establish--therefor.

Apage 35, line 25, please delete “The MIN” and insert —-the MIN-- therefor.

 /
On page 36, line 3, please delete “maximum Number” and insert —maximum number-- therefor.

2:

:3 /On page 36, line 9, please delete “(for example, see Fig. 36)” therefor.

 

 
 

__ On page 36, line 10, please delete “(Fig l)” and insert —(Fig. 4)-- therefor.

;‘;/On page 36, line 11, please delete “processning” and insert —processing-— therefor.

On page 36, line 12, please delete “table 11. if the data” and insert —table 11. If the data—therefor.

On page 36, line 18, please delete “a location” and insert —another location-- therefor.

/On page 36, line 18, please delete “L—API-CCS 139” and insert —L-API-CCS 239-- therefor.

4page 36, line 19, please delete “L-API-CCS 139” and insert —L-API-CCS 239--therefor.

An page 36, line 24, please delete “1155b” and insert —155b—therefor.

Apage 36, line 28, please delete “L-API-CCS” and insert —L-API-CCS 23 9-- therefor.
/On page 37, line 15, please delete “arc” and insert —area-— therefor.

4/
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An page 37, line 17, please delete “the” and insert —an-- therefor.

On page 38, line 17, please delete “emsemble” and insert —ensemble-- therefor.

/npage 39, line 13, please delete “applications 1232 (Fig. 2.0)” and insert —applications 146 (Fig. 5)--therefor.

4page 44, line 1, please delete “second deviation” and insert —second standard deviation—therefor.

6page 44, line 2, please delete “second deviation” and insert —second standard deviation-- therefor.

All page 47, line 13, please delete “gardless” and insert —regardless-- therefor.

  
 

 

.ii

On page 49, lines 29 through 30, please delete “(as will be described in more detail hereinbelow)”.

  
 
 
 

On age 52, line 20, lease delete “Fig. 8 illustrates another, more detail” and insert —Figs. 8 illustrates

another, more detaile 

3:3":1

\;;,. On page 53, line 12, after “hypotheses” but before “determined”, please insert -that are--.

  

   
0xi;iii“tit 

 
 n a e 53, line 29, please delete “be used to both location a tar et” and insert —be used to both locate a

{L ‘3 target{- therefor.

An page 54, line 16, please delete “telephone network” and insert —telephone network 124—therefor.

 

/On page 54, line 19, please delete “telephone network” and insert —telephone network 124--therefor.

Apage 54, line 26, please delete “uniform input” and insert —uniform input interface-- therefor.
\

An page 56, line 1, please delete “an FOM” and insert —a FOM-- therefor.

On page 612 line l4z please delete “network and Internet 1362” and insertl:network 124 and Internet
“33 468i:therefor.

. 01/
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On page 61, line 14, please delete “are due" and insert —area due-- therefor.

All page 61, line 17, please delete “the Intemet” and insert —the Internet 468-- therefor.
4page 61, line 21, please delete “Intemet location” and insert —Internet 468 location-- therefor.
flit page 61, line 25, please delete “Fig. 6 (a) — (b) above” and insert —Fig. 6, (a) — (b) above--therefor.

Apage 61, line 28, please delete “must be provided”.
Apage 61, line 29, please delete “the particular” and insert —a particular— therefor.

On page 63, line 8, please delete “Taking CDMA" and insert ~Taking a CDMA—- therefor.

11 page 63, line 29, please delete “may filtering” and insert —by filtering-- therefor.

 
/6n/page 66, line 18, please delete “cells of the radio” and insert —cells on the radio--therefor.

On page 67, line 2, please delete “but addition to" and insert —but in addition to-- therefor.

e4page 69, line 14, please delete “delay vs. signal” and insert —delay versus signal" therefor.

4mg 69, line 17, please delete “axises” and insert —axes-- therefor.

421g 70, line 13, please delete “either:” and insert —one of-- therefor.
 

 On page 70, line 15, please delete “for exam 1e,” therefor.
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11 page 71, line 8, please delete “signature (i.e., 35 inputs” and insert —signature; Le, 35 inputs—

therefor.

4page 71, line 9, please delete “related type of” and insert — related to the type of— therefor.

épage 71, line 12, please delete “(or less) may be used,” and insert —(or less) may be used—therefor.
On page 73, line 14, please delete “Gaussion” and insert —Gaussian—- therefor.

61 page 80, line 21, please delete “(b)” and insert —(b1)-- therefor.

An page 85, line 32, please delete “Fig. 243” and insert —Fig. 24-- therefor.

554page 102, line 22, please delete “air planes” and insert —airplanes—- therefor.

 @e 104, line 24, please delete “1428” and insert —142-- therefor.

 

 

 

 On page 106, line 29, please delete “142. Ma have multi 1e” and insert 142. Moreover, also note that

2:: /On page 107, line 3, please delete “to appear to perform” and insert —to perform-- therefor. 

41 page 109, line 32, please delete “dead reckoning” and insert —deadreckoning-- therefor. 
as:

Apage 111, line 1, please delete “changes direction” and insert —changes in direction-- therefor.

gye 115, line 16, please delete “into the location” and insert —into one of the location--therefor.
On page 120, line 20, please delete “MBS location” and insert —MS location-- therefor.

/On page 120, line 23, please delete “MBS moving” and insert —MS moving-- therefor.

An page 124, line 9, please delete “decrease” and insert —decreases-— therefor.

Apage 132, line 31, please delete “curr_est.cofidence” and insert —curr_est.confidence--therefor.

8 (i/
7‘
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 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 method for estimating, for each mobile station MS of a plurality f

mobile stations, a location, L for MS using wireless signal measurements obtained from  

 
 

 

transmissions between the mobile station MS and a plurality of terrestrial communicatio

stations, wherein each of said communications stations has one or more of each of a tr smitter

and a receiver for wirelessly communicating with the mobile station MS, comprisin

first receiving a request for locating the mobile station MS;

second receiving, in response to said step of first receiving, one or more loca on hypotheses

of the mobile station MS, wherein each location hypothesis includes a represent tion of a location

estimate of the mobile station MS, and wherein said one or more location hyp heses are

determined using one or more MS location related outputs from one or more f location

information detemiiners, wherein (A1) — (A2) following hold:

(Al) for determining a corresponding portion of the location rela ed outputs for the

mobile station MS, each of said one or more location info ation determiners is

dependent upon (I) and (11) following:

(I) at least some of a plurality of data instances, erein, for each of a

plurality geographical locations, there is one f the data instances having,

(i) and (ii) following:

(i) a representation of the geographical location, and

(ii) multipath information of wi eless signal data obtained using

transmissions between one If the mobile stations and the
communication stations, w erein the one mobile station

transmits from approximately the geographical location of

(i); and

(II) multipath data indicative of wireless ngnal multipath transmissions
between the MS and the communicati“ 11 stations;

(A2) for each representation of a location estimate f :om said location information

deter-miners, there is a corresponding collecti01:\of wireless receivers of the
communication stations from which multipath data indicative of wireless signal

multipath transmissions between MS and the co esponding collection of receivers

are used by the location information determiner or determining its location

 

Qt
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35

10

related outputs, wherein for at least a first and a second representation of location

 

 

estimates, their corresponding collections are different;

transmitting, to a predetermined destination, via a communications network, re lting

information related to the location of the mobile station MS, wherein said resul ' g information is

obtained from said one or more MS location estimates of said location hypo ses.

126. The method of Claim 125, further including, d ermining the first

representation of a location of MS by using, in addition to the multip data from the

corresponding collections of receivers, other wireless signal data in icative of wireless

communication between the MS, and one or more of the receiver outside of the corresponding

collection for the first representation.

 
127. The method of Claim 125, wherei the first and second representations

are provided by different first and second of the location information determiners.

128. The method of Claim 127, wherein for each of said 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 instance its

portion of the location related outputs, and wherein the corresponding geographical areas for the

first and second location information determiners are different.

129. The method of Cl im 125, wherein each of the one or more location

hypotheses includes one or more of:

(a) a value indicative of a likelihood of the MS being at the location estimate

represented by the location hypothesis;

(b) an identifier for ide ' ifying the MS;

(c) a representation 0 {a likely point location of the MS;
 

(d) a representationif a geographical area containing the MS;
(e) an identificatioii of one or more cells of a geographical partition, wherein the

cells include a ocation estimate of MS;

(1) a timestamp 'ndicative of when the wireless signal multipath transmission were

received at e communication stations

10 Or/
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130. The method of Claim 125, wherein the multipath data includes alues indicative

of measurements of at least two substantially simultaneous wireless transmiss' ns from the MS

that is received by one of the communication stations at different times. 
 

 

131. The method of Claim 128, wherein the corresponding eographical areas for the

first and second location information determiners include at least on of the communication

stations in common, wherein the common communication station as a fixed location.

132. The method of Claim 125,wherein said step second receiving includes

determining, by at least one of said location information de rminers a similarity between (i) and

(ii) following: (i) the multipath data of (Al)(II), and (ii) e multipath information of (Al)(I)(ii)

for a collection of one or more of the geographical loca 'ons.

 
133. The method of Claim 132, wherein aid step of determining includes activating

by the at least one location information determiner an artificial neural network for determining

the similarity.

134. The method of Claim 127, w erein said step of second receiving includes

activating the first and second location info ation determiners for locating the mobile station 
 

 
MS at substantially a same location.

135. The method of Clai 125, wherein: (a) the mobile station MS is land borne, (b)

the communication stations and the]mobile station MS communicate using one of: CDMA,
TDMA, GSM, AMPS, and NAM S, and (c) the communications network is one of a public

switched telephone network and he Internet.

136. The method f Claim 125, wherein when determining the locations of the mobile

station MS, each of the loca ion information determiners change their corresponding portion of

the location related outpu .5 when there are changes to the at least some of the plurality of data

instances

137. The ethod of Claim 125, wherein at least some of the receivers are co-located,

and wherein there is a plurality of fixed location communication station 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 seco receiving includes a step

of at least one of the location information determiners determining value according to a

consistency between (B1) and (B2) following:  
 (B1) values that are a function of at least one of: 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 of least one of signal strength and a signal

time delay of Wireless signals proyided by multipath information of (A1)(D(ii)
for at least a collection of some of the data instances;

wherein an output from the determining tep is dependent upon the representations

(A1)(I)(i) of the 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 method/of 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 communication 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 locatio ambiguities between different MS location estimates obtained from the one or

more location r ated outputs.
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143. The method of Claim 140, wherein said one or more location related 0 

 

 

 
 

for substantially a same location of the mobile station MS, and further including a ste of

resolving location ambiguities between different MS location estimates obtained fr the one or

more location related outputs.

144. The method of Claim 143, wherein said step of resolving in udes detemtining

for each of one or more of said location information deterrniners, one or

(a) a corresponding likelihood value that said mobile station M is within one of the

location estimates obtained from the one or more locatio related outputs;

(b) a condition related to a corresponding velocity or chang of velocity of the mobile

station MS coinciding with one of the location estim és obtained from the one or

more location related outputs; /
(c) a condition related to a corresponding terrain of7% of the location estimates

obtained from the one or more location related outputs; and

(d) a consistency with a previous location estimat!of the mobile station MS.

145. The method of Claim 125, further in7uding a step of resolving ambiguities
between location estimates of the MS by performing a most likely location estimation procedure

dependent upon said location estimates.

146. The method of Claim 145, w erein 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 r more location estimates, a value indicative of a

likelihood of the mobile station MS being in the cell.

147. The method of Claim 143, wherein said step of resolving includes for at least one

of said location information deterrmners performing a statistical technique for determining a

likelihood of the mobile station MS being in an MS location estimate output by the at least one

location information determine .

148. The metho of Claim 142, wherein said step of resolving includes detecting a

clustering of at least some of said location estimates obtained from the one or more location

related outputs for determining a most likely location of the mobile station MS.

13

Cisco V. TracBeam / CSCO-1002

Page 232 of 2386



Cisco v. TracBeam / CSCO-1002 
Page 233 of 2386

149. The method of Claim 125, wherein at least one of said location i 
 
 
 

 

ormation

determiners (LID) uses input identifying of one of:

(a) additional of said receivers not included in the correspondi receivers for LID

that detect the mobile station MS, and

5 (b) additional communication station transmitters not incl ded in the corresponding

receivers for LID that are detected by the mobile st ion MS.

150. The method of Claim 125, wherein at least so of said receivers are included in

a base station network of a commercial mobile radio service ovider, wherein there is a further 

 
 

 

 

step of requesting the mobile station MS to raise its trans ' sion power.

151. The method of Claim 125, further inclu ‘ng a step of calibrating at least one of

said location information determiners using said plura ty of data instances.

152. The method of Claim 125, wherein said step of transmitting includes outputting

said resulting information using one of a public s itched network and the Internet.

153. The method of Claim 125, wh rein said step of first receiving includes obtaining

the request from the Internet.

154. The method of Claim 125 wherein said step of first receiving includes requesting

a location of the mobile station MS for o e or more of:

 
(l) locating a vehicle;

(2) locating an emergen vy caller;

5 (3) routing a vehicle;

(4) locating a child;

(5) locating livesto ‘k;

(6) tracking a vehAZle; and
(7) locating a parolee.

155. The meth/dof Claim 125, further including a step of determining the resulting
information by snappin 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 re mobile

station location evaluators, wherein said location evaluators determine inform ion related to one

 or more location estimates of said mobile station MS when said location est"

5 with corresponding input data having values obtained using wireless sign 5 obtained via

transmissions between said mobile station MS and the communication ations, wherein the one

or more location evaluators perform one or more of the following ste 5:

(B1) estimating a location of said mobile station MS usi g values from a

corresponding instance of said input data obtaine from timing signals received

10 at the mobile station MS from one or more sate ites;

(B2) determining at least one location area or locus or said mobile station MS using

timing measurements from a corresponding ' stance of said input data, wherein

the timing measurements are indicative of ne of: a time of arrival of wireless

signals, and a time difference of arrival 0 wireless signals, wherein the wireless

15 signals are transmitted between the mob 1e station MS and at least one

communication station CS], wherein t e signals for obtaining the timing

measurements are communicated du ng a plurality of wireless signal.1“.11".;Zita-int:.r;.!2;...t1231.u_.2s
transmissions between the mobile ‘ ation and CS], with at least one of the1

at:
u

transmissions being from the mobile station to CS];

20 (B3) determining, for at least some 0 e of the communication stations CSz, a wireless

signal angle of arrival that is i dicative of an angular orientation about the

communication station CS; f a direction of the wireless signal to CS; from the 
mobile station MS;

obtaining, in response to the step of requesting, at least one output related to a location of

25 the mobile station MS from said one o more location estimators, wherein at least one of the steps

(B1) through (B3) is performed;

determining the resulting lo ation information related to the mobile station MS using at

least one of: (a) a value obtained om said output related to the location of MS, and (b) said one

or more MS location estimates {said location hypotheses.

157. The method f Claim 125, further including the steps of:

requesting a location information for the mobile station MS from a mobile station

location evaluator, whereiii said location evaluator determines information related to one or more
location estimates of said mobile station MS when said location estimator is supplied with

,5 Cu

Cisco v. TracBeam / CSCO-1002

Page 234 of 2386



Cisco v. TracBeam / CSCO-1002 
Page 235 of 2386

5 corresponding input data having values obtained by accessing wireless signals from ansmissions

 

  

 
 

between said mobile station MS and the communication stations, wherein the locat'on evaluator

performs the following step:

detemiining a statistical correlation for correlating (i) and (ii) followin :

(i) values obtain from the corresponding input data, and

10 (ii) information indicative of: a plurality of collections of wir ess information

between the communication stations and some one of e mobile stations,

wherein for each of the collections, the wireless info

more of the following data items:

(a) a make and model of the some one mobil station;

15 (b) a representation of a location of the song one mobile station;
(c) a value indicative of a consistency of . e collection with other

collections;

(d) a value indicative of a signal strength and signal time delay measurement

for wireless signal communicati7ns between one of the communication
20 stations and the some mobile station at the location represented in (b);

(e) a value indicative of a wireless signal frequency for wireless signal

communications between 0? of the communication stations and the
some mobile station at the location represented in (b);

(f) one or more wireless signA quality or error measurements of the wireless
25 signal communications etween one of the communication stations and

the some mobile station at the location represented in (b);

 
(g) a value indicative of a noise ceiling of the wireless signal

communications be een one of the communication stations and the

some mobile stati7n at the location represented in (b);
30 (h) a value indicative of a transmission power level of one or more of the

one communicaéon station in (e), and the some one mobile station;
wherein said correlation is used for determining that the mobile station MS is within a

corresponding geographic area;

obtaining, in response to the step of requesting, at least one output related to a location of

35 the mobile station MS from said ne or more location estimators, said determining step is

performed;

16
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determining the resulting location information related to the mobile station MS us' g at

least one of: (a) a value obtained from said output related to the location of MS, and (b said one

or more MS location estimates of said location hypotheses.

 

 
 

158. An apparatus for estimating, for each mobile station MS of a pl ality of mobile

stations, a location, L for MS using wireless signal measurements obtained fr m transmissions

between the mobile station MS and a plurality of terrestrial communicatio stations, wherein each

of said communications stations has one or more of each of a transmitte and a receiver for

5 wirelessly communicating with the mobile station MS, comprising:

one or more data repositories having a plurality of data inst ces, wherein, for each of a

plurality geographical locations, there is one of the data instance having, (i) and (ii) following:

(i) a representation of the geographical locatio , and

(ii) multipath information of wireless signal dat obtained using transmissions

10 between one of the mobile stations and e communication stations, wherein

the one mobile station transmits from approximately the geographical location

of (i);

one or more of location information determiners for determining one or more MS location

estimates, wherein (A1) — (A2) following hold:

15 (A1) for determining a corresponding portion of the location estimates for the mobile

station MS, each of said one or/more location information determiners is
dependent upon (I) and (II) following: 
(I) at least some of a lurality of data instances from the one or more data

repositories; /
20 (II) multipath data/indicative of wireless signal multipath transmissions

between the S and the communication stations;

(A2) for each location estimate from said location information determiners, there is a

corresponding col ection of wireless receivers of the communication stations from

which multipath data indicative of wireless signal multipath transmissions

25 between the MS and the corresponding collection of receivers are used by the

location information detemiiner for determining an MS location estimate, wherein

for at leas!a first and a second MS location estimates, their corresponding
collections are different;

an output interface operably connected to at least one communications network for

30 transmitting, to a predetermined destination, resulting information related to the location of the

[7
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mobile station MS, wherein said resulting information is obtained using said one more MS

location estimates.

159. The apparatus of Claim 158, wherein the first and second location estimates

are provided by different first and second of the location information det/emmers.
160. The apparatus of Claim 158, wherein at least one of:16 location informationdeterminers determines a similarity between (i) and (ii) following: (i the multipath data of

(A1)(II), and (ii) the multipath information of (A1)(I)(ii) for a col e/ction of one or more of the
geographical locations.

161. The apparatus of Claim 160, wherein: (a) th- mobile station MS is land bome, (b)

the communication stations and the mobile station MS communicate using one of: CDMA,

TDMA, GSM, AMPS, and NAMPS, and (c) the communications network is one of a public

switched telephone network and the Internet.

162. The apparatus of Claim 158, wherein the first and second MS location estimates

are for different locations of the MS.

163. The apparatus of Claim 159, wherein the first and second MS location estimates

are for the same MS location. 
3; 164. The apparatus of Claim/158, further including an ambiguity resolver for

resolving MS location ambiguity when there is a plurality of MS location estimates from the

location information determiners.

165. The apparatus 0 Claim 164, wherein the resolver includes a most likelihood

estimator for determining a m st likely location of the MS obtained from the plurality MS

location estimates.

166. The app atus of Claim 164, wherein for a current instance of locating the MS,

the resolver includes a adjuster for providing another MS location estimate that is dependent

upon: (a) at least one f the plurality of MS location estimates obtained from a first of the location

18

Cisco V. TracBeam / CSCO-1002

Page 237 of 2386



Cisco v. TracBeam / CSCO-1002 
Page 238 of 2386

 
 

15

 

 

 

 

information deterrniners, and (b) a previous performance of the first location in rmation

determiner.

167. The apparatus of Claim 158, further including a storage f r storing previously

determined MS location estimates so that the MS is able to be tracked.

168. The apparatus of Claim 158, wherein further inclu ' g an MS location

information analyzer for determining an MS location attribute, inc ding one or more of:

(a) one or more of a velocity and acceleration esti te for the MS;

(b) one or more extrapolated location estimates f the MS; and 

 

 
 

(c) a path that the MS is travelling.

169. The apparatus of Claim 168, further inc ding a comparison module for

estimate with the MS location attribute

ity in the location of the MS.

comparing the MS location attribute for the first locati

for the second location estimate for reducing an ambi

170. The apparatus of Claim 158, furtl/1 r including a selector for selecting which of
the location information detemriners to activate or locating the MS.

171. The apparatus of Claim 158, er including:

an interface for receiving location i formation for determining a location of the mobile

station MS;

one or more additional location i formation determiners, wherein said additional location

information determiners determine inf rmation related to one or more location estimates of said

mobile station MS when said locatio estimators are supplied with corresponding input data

having values obtained using wireless signals obtained via transmissions between said mobile

station MS and the communicatio stations, wherein the additional location information

deterrniners perform one or mo of the following steps:

(Bl) estimating a l cation of said mobile station MS using values from a

correspond g instance of said input data obtained from timing signals received

at the mo 1e station MS from one or more satellites;

 
(B2) determi mg at least one location area or locus for said mobile station MS using

timing easurements from a corresponding instance of said input data, wherein

'ng measurements are indicative of one of: a time of arrival of wireless
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signals, and a time difference of arrival of wireless signals, where' the wireless

signals are transmitted between the mobile station MS and at le t one

communication station CS], wherein the signals for obtaining he timing

measurements are communicated during a plurality of wire 55 signal

 20 transmissions between the mobile station and CSI, with least one of the

transmissions being from the mobile station to C8,;

(B3) determining, for at least some one of the communication stations C82, a wireless

signal angle of arrival that is indicative of an angul orientation about the

communication station CS; of a direction of the ireless signal to C82 from the

25 mobile station MS;

obtaining, in response to the step of requesting, at lea one output related to a location of

the mobile station MS from said additional location inforrna on determiners, wherein at least one

of the steps (Bl) through (B3) is performed;

determining the resulting information related to 6 mobile station MS using at least one

30 of: (a) a value obtained from said output related to the l cation of MS, and (b) said one or more

MS location estimates. 
.rt]:Fat.

172. The apparatus of Claim 171, wher in one or more of the location information

determiners and the additional location determingrs transmit their corresponding location

i.11le
estimates via a TCP/IP network for subsequent y determining the resulting information.

ll»ii!“iii:3. 173. The apparatus of Claim 1/58, further including a group of modules for controlling
a determining of a location of the MS, wherein one or more of the following are included:

(a) modules for receivin location requests via the Internet; and

(b) an access to output equirements for applications requesting location of the MS,

5 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 app atus of Claim 158, wherein at least some of said communication

stations are substantiall 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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5 communication is provided by one of the following wireless transmission technique .

TDMA, GSM, AMPS, and NAMPS.  
CDMA,

175. The apparatus of Claim 158, further including one or more ve cles, each vehicle

having a satellite signal receiving receiver and one of the mobile stations, w rein the satellite

signal receiving receiver determines a location of the vehicle, and the mob' 6 station transmits

wireless signals to the communication stations so that one or more of the lurality of data

5 instances corresponding to the location of the vehicle and the wireless ignals are generated.

 

  
 

176. The apparatus of Claim 158, wherein one or more f the data instances include:

(a) a make and model of the some one mobile statio

(b) - a representation of a location of the some one obile station,

(c) a value indicative of a consistency of the col ection with other collections;

5 (d) a value indicative of a signal strength and ignal time delay measurement for

wireless signal communications betwee one of the communication stations and

the some mobile station at the location epresented in (b);

(e) a value indicative of a wireless signa frequency for wireless signal

communications between one of th/e communication stations and the some
10 mobile station at the location represented in (b);

(i) one or more wireless signal quality or error measurements of the wireless signal

communications between one of the communication stations and the some

mobile station at the locat7n represented in (b);
 

(g) a value indicative of a n7se ceiling of the wireless signal communications
15 between one of the communication stations and the some mobile station at the

location represented ‘11 (b);

(h) a value indicative/of a transmission power level of one or more of the one
communication station in (e), and the some one mobile station.

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 of the 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 multipa nansmissions

between the MS and the communication stations occurred.

179. The apparatus of Claim 158, wherein the predetermined estimation uses the

resulting information for one or more of:

( l) locating a vehicle;

(2) locating an emergency caller;

(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 le tone of the location information

deterrniners is adapts its output location estimates according to changes in said data instances of

the data repositories.

181. The apparatus of Claim 158, furthe including a module for determining a value

indicative of the MS being at the first location esti ate.

182. The apparatus of Claim 183, further including a module for identifying areas

having substantially inhibited wireless communication.

183. The apparatus of Claim/58, further including means for deriving a most likely
location estimate of the MS, said most) kely estimator uses a probability density function for
fuzzifying at least a confidence value or the first location estimate over an area outside of said

first location estimate.

 
' 184. A method for l cating a mobile station MS, of a plurality of mobile stations,

using wireless signal data obtamed from transmissions between said mobile station MS and a

plurality of fixed location rec/eivers, wherein each said receiver is capable of at least wirelessly
detecting said mobile stations, comprising :
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5 providing a plurality of data instances, wherein for each of a plurality ge aphical 

 
 

 

locations, there is one of said data instances having (a1) and (a2) following:

(a1) a representation of the geographical location,

(a2) corresponding multipath related information of w'reless signal data

obtained using transmissions between one of said mobi stations and said

10 receivers, wherein the one mobile station transmits from approximately the

geographical location of (a1);

providing a plurality of location estimators for locating the mobile stations, wherein for a

set, C, having at least some of the location estimators, (b1) — (b3) following hold:

(b1) for each said location estimator of C, ere is a predetermined

15 corresponding collection of receivers from hich the location estimator receives

a corresponding input ofwireless signal In ltipath data obtained from one of said

mobile stations whose location is to be determined by the location estimator;

(b2) for determining locations of said mobile stations, each said location estimator of C is

dependent upon (i) and (ii) following: (i) (a1) and (a2) of at least some of said data instances, and

20 (ii) multipath information from wireless signals communicated between the mobile stations and

said predetermined corresponding collection of receivers;

(b3) for at least two of said location estimators of C, their predetemiined

corresponding collections of receivers are different;

determining, using each of one or In re of said location estimators of C, one or more

25 location estimates of the mobile station 1?8 when an occurrence of said wireless signal multipath
data is obtained from wireless signals re eived from the mobile station MS by the corresponding

 
collection of receivers;

transmitting, to a predete 'ned destination, via a communications network, resulting

information related to the locatio of the mobile station MS, wherein said resulting information is

30 obtained from said one or more f said location estimates.

185. The metho of Claim 184, wherein when determining locations of the mobile

stations, each of the location estimators of C change their location estimates when there are

changes to the plurality data instances.

186. The ethod of Claim 184, wherein at least some of the receivers are co-located,

wherein there is a p rality of sites each having a plurality of the receivers co-located therewith.
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187. The method of Claim 184, wherein aid step of providing includes

 

 
 
 

 
 

 

 

 

 

 
 

 

calibrating, for each of the plurality geograp cal locations, (a1) with (a2) using wireless

signal transmissions from having a GPS receive therein.

188. The method of Claim 184, crein at least one of the location estimators

performs the following step:

determining one or more likely locat'on estimates for MS by identifying a similarity between

(i) and (ii) following: (i) multipath char teristics determined from wireless signals

5 communicated between the mobile stat on MS and the receivers, and (ii) the multipath

information of (a2) for a collection of ne or more of the geographical locations.

189. The method of Clai 184, wherein at least one of the location estimators

performs the following step:

determining a value acc rding to a consistency between (c1) and (c2) following:

(CI) values tare a function of at least one of: a signal strength and a signal

5 time delay of w': eless signals between said mobile station MS and the receivers,

and

(02) values that are a function of at least one of signal strength and a signal

time delay of ireless signals provided by (a2) for at least some of the data

instances;

10 wherein an output from c correlating step is dependent upon the representations (al) of the

at least some of the data ins nces.

 
r:lfl

190. The meth d of Claim 189, wherein the step of statistically correlating includes

performing one of a statis cal regression between (212) for at least some of the data instances, and

multipath information fl m 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 ea h of said base stations support two way voice communication with the

mobile stations via plurality antennas at said base station, and the two way voice

5 communication is rovided by one of the following wireless transmission techniques: CDMA,

TDMA, GSM, PS, and NAMPS.
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192. The method of Claim 191, wherein at least some of said receivers included

within transceivers at said base stations, wherein said transceivers support the two ay voice

communication with the mobile stations.

 

 

  

193. The method of Claim 191, wherein said one or more locatio estimates are for

substantially a same location of the mobile station MS, and further includi g a step of resolving

location ambiguities between said location estimates.

194. The method of Claim 193, wherein said step of resol ing includes determining

for each of one or more of said location estimates, one or more of:

(e) a corresponding likelihood value that said mobile sta 'on MS is within the location

estimate;

5 (f) a condition related to a corresponding velocity or change of velocity of the mobile

station MS coinciding with the location estimate'

(g) a condition related to a corresponding terrain o the location estimate; and

(h) a consistency with a previous instance of loca 1 ng the mobile station MS.

195. The method of Claim 193, wherein sai step of resolving includes performing a

most likely location estimation procedure using said location estimates for thereby determining a 
most likely location of the mobile station MS.

if“: 196. The method of Claim 195, wherein for at least some of the location estimators of

2:3,: C, their predetermined corresponding collections f receivers are different from one another, and
the mobile station MS is terrestrial.  

 

 

 

 

197. The method of Claim 193, w erein one or more of said location estimators

includes a statistical prediction technique.

198. The method of Claim 1 3, wherein said step of resolving includes detecting a‘ ‘

clustering of at least some of said on or more location estimates for determining a most likely

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 receivers that is
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different from said predetermined corresponding collection of receivers for a dif erent one of said

 
location estimators.

200. The method of Claim 184, wherein said step of determinin includes obtaining a

location estimate of the mobile station MS from less than all of said loca ‘on estimators.

201. The method of Claim 200, wherein for each of at lea some of said location

estimators, the corresponding collection of receivers detects wirele multipath signals from a

geographical area different from the predetermined correspondin collection of receivers for said

at least some of said location estimators.

 
202. The method of Claim 201, wherein at least nc of said one or more location

estimators uses input indicative of additional of said recei ers detecting the mobile station MS.

203. The method of Claim 184, wherein at east some of said receivers are included in

a base station network of a commercial mobile radio ervice provider, wherein there is a further

step of the commercial mobile radio service provid outputting a request for the mobile station

MS to raise its transmission power.

 
204. The method of Claim 184, fu

said location estimators using said plurality f data instances.

er including a step of calibrating at least one of 
205. The method of Claim 18 said step of transmitting includes outputting said

resulting information using one of a pu lic switched network and the Internet.

206. The method of Clai 205, further including a step of obtaining said resulting

information from said one or mor of said location estimates, wherein said step of obtaining

includes one or more of:

(cl) snapping a loc tion of the mobile station MS to a vehicle traffic route;

5 (c2) detecting a c stering of said one or more location estimates for determining a

most likely locatio of the mobile station MS; and

(c3) using, for each of said one or more location estimates, a corresponding likelihood value

for determining said res lting 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 stati n MS and a

plurality of land borne wireless receivers, wherein each said receiver is capabl of at least

wirelessly detecting said mobile stations, comprising:

5 - obtaining data indicative of wireless signal multipath at a plurality of known locations;

deriving, for each of at least some of the plurality of known 10c ions, corresponding

multipath information indicative of the wireless signal multipath at th known location;

storing, for each location L of the known locations, an ins

following:

10 (a1) a representation of L, and

(a2) said corresponding multipath information, wherein sai corresponding multipath

information is indicative of the wireless signal multipath at e location L;

activating one or more of a plurality of location es mators for determining one or more

1) — (b3) following:

15 (b1) for each said location estimato , there is a corresponding collection of

of location estimates of the mobile station MS, wherein 

 receivers from which the location est" ator receives a corresponding input of

wireless signal multipath data when a location estimate of the mobile station MS

is determined by the location estimator;

(b2) each of the location estinéitors performs a step of determining one or
20 more likely location estimates or MS by identifying a similarity between (i) and

(ii) following: (i) multipath characteristics detemiined from wireless signals

communicated between the obile station MS and the corresponding collection

 
of receivers, and (ii) the m ltipath information of (a2) for a collection of one or

more of the locations;

25 (b3) for each of said location estimators, the corresponding collection of

receivers is differen from the corresponding collection of receivers for a

different one of said location estimators;
determining, from said one I more location estimates, a most likely location of the mobile

station MS;

30 outputting, to a predetermined destination, via a communications network, resulting

information related to the l ation of the mobile station MS, wherein said resulting information is

obtained from said one or ore of said location estimates.
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208. The method of Claim 207, further including, for each of at least some/{f said one
or more activated location estimators, the step of determining one or more likely 10c; ion
estimates identifies the similarity using at least one: a time value obtained from wir/eless

multipath signals between the MS and the corresponding collection of receiv7sf/a signal strength
5 value obtained from wireless multipath signals between the MS and the corresponding collection

of receivers, a value indicative of whether there is a wireless communicygn between the MS and
a receiver not in the corresponding collection of receivers, and a differ nce in wireless signal data

/ between MS transmissions at different transmission powers.

209. The method of Claim 204, wherein said step of 'dentifying includes recognizing

a pattern between (c1) and (c2).

210. The method of Claim 203, further includ' g performing said three steps of

obtaining, deriving and storing repeatedly, wherein at least one performance of said three steps

occurs prior to said step of activating and another per ormance occurs after said step of activating. ‘

211. The method of Claim 203, where' at least some of said receivers are

substantially co-located with base stations of a ommercial mobile radio service provider

(CMRS), wherein each of said base stations 5 pport two way voice communication with the

mobile stations via a plurality antennas at sa- (1 base station, and the two way voice

 
1‘ 5 communication is provided by one of the ollowing wireless transmission techniques: CDMA,

TDMA, GSM, AMPS, and NAMPS.

212. The method of Clai. 203, further including a step of receiving a request for

locating the mobile station for one or more of:

(Cl) locating a vehic ;

(c2) locating an e ngency caller;
5 (c3) routing a veh cle;

(c4) locating a hild;

(c5) tracking vehicle; and

(C6) locatin a parolee.

213. An paratus for locating a mobile station MS, of a plurality of mobile stations,

using wireless sign 1 data obtained from transmissions between said mobile station MS and a

do28
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l.. V
plurality of wireless receivers, wherein each said receiver is capable of wirelessly dete ting said

mobile stations, comprising:

5 a data repository for storing, for each of a plurality of known locations, a plurality of

instances of (al) and (a2) following:

(al) a location representation of the known location, and

(a2) corresponding multipath information, wherein said/corresponding
multipath information is indicative of the wireless signal ultipath at the known

10 location;

a plurality of location estimators for determining one or more of location estimates of the

mobile station MS, wherein (bl) — (b3) following:

(bl) for each said location estimator, there is a predetermined corresponding

collection of one or more of said receivers fiom 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 detemn'ned by the 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) of at least
20 some of said instances, and (ii) multipath information from wireless signals  .l.:15;Hill;

communicated between the mobile stations and said predetermined

corresponding collection of said receivers;

(b3) for each of said location estimators, said predetermined corresponding

collection has at least one of said/receivers that is different from said
25 predetermined corresponding collection for a different one of said location 

estimators;

a resolver for detemiining 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 sta ‘ons of a commercial mobile radio service provider

(CMRS), wherein each of said base tations support two way voice communication with the

mobile station MS via a plurality7 tennas at said base station, and the two way voice
5 communication is provided by 0 e of the following wireless transmission techniques: CDMA,

TDMA, GSM, AMPS, and N PS.
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215. The apparatus of Claim 214, wherein at least some of said receivers e included

 

 

 

within transceivers at said base stations, wherein said transceivers are able to suppo the two way

voice communication with the mobile station MS.

216. The apparatus of Claim 215, further including an output gatewa for

transmitting, on one of a public telephone switching network and the Internet, output

indicative of said likely location to a predetermined destination, wherein said utput gateway

performs one or more of:

5 (a) outputs said output in a format according to said predete 'ned destination;

(b) outputs said output according to a frequency for outp:7ing said output; and(c) determines said output by snapping said likely locatio to a transportation route.

217. The apparatus of Claim 215, wherein said resolver izicludes:
a location predictor for predicting a subsequent location of the mobi e station MS by accessing

data indicative of at least one estimated path for the mobile static MS.

218. The apparatus of Claim 215, wherein said reso er includes: 
an evaluator for determining one or more of: (i) whether one f said location estimates implies

that the mobile station MS has an excessive expected speedl/(ii) whether one of said location
:5 estimates implies that the mobile station MS has an excessive expected speed for an area having

5 said one location estimate, (iii) whether one of said loca 'on estimates implies that the mobile

iii”- station MS has an excessive expected change in veloci ; (iv) whether one of said location

estimates implies that the mobile station MS is travel ng a known transportation pathway.

219. The apparatus of Claim 2l5, whe ein said resolver includes:

an evaluator for determining a value in cative of a likelihood that the mobile station MS

is at a corresponding one of said location esti ates, wherein said evaluator determines said value

as a function of a past performance of one 0 said location estimators that determined said

5 corresponding one of said location estimat s.

220. The apparatus of Clai 215, wherein said resolver includes:

an evaluator for determining a value 'ndicative of a likelihood that the mobile station MS is at a

corresponding one of said location stimates, L, wherein said evaluator determines said value as a

function of one of a similarity a a dissimilarity between one or more occurrences of said
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5

criteria.

Remarks

It is believed that the above claims are patentable above all known prior art. However,

should the Examiner determine that there is prior art to the filing date of the co—pending

application to which the present application is a continuation, the Examiner is invited to review

the documentation related to the above claims in US. 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

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; page 79 from the heading “Neural Net With Genetic

Adaptation Model” (line 11) to just before the heading “Coverage Area Determination” (line 31);

page 80, lines 27-29; page 81, the first full paragraph; and Fig. NN-9.

1f the Examiner has any questions or concerns regarding the ‘855 Application, please

contact the undersigned hereinbelow. It is believed that not fees beyond the filing fee (included

herein) are due. However, in the event that there are additional fees due, please contact the

undersigned below.

 
, Golden, Colorado 80401

”/2 /% (303) 863-2975
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the Application of: Group Art Unit: 3662

DUPRAY et al. Examiner:
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)

Serial No.: 09/770,838 ) W

) W

)

)

)

)
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Filed: January 26, 2001
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PATENTS._WASH|NGTON, DC 20231 ON THIS/3f ,1 DAY OFA

zigzag (7 ,2001.

Washington, DC. 20231 ~S(HERIDA OSS P'C'
Chasit C. Rossum

Assistant Commissioner for Patents  
Dear Sir:

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 enclosed is a copy of the Notice to File Corrected Application Papers. For

Figs. 5 and 6, both a copy with corrections (in red), and a formal copy are provided. The corrections

expand some abbreviations originally used into full words, correct spelling errors, and in one case

(Fig. 6(2)) adds a small amount ofadditional text thereto. Note that this additional text was allowed

by the Examiner in the parent case to which this is a continuation, and accordingly was incorporated

into the formal drawings provided which are 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 pending patent application to which the present

application is a continuation. Also note that the new text should be permissible since this text is in

the corresponding figure (Fig. 6) of this PCT Application Serial No. PCT/US97/ 1 5 842 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 copy of Fig. 6 of the above-identified PCT

patent application is also enclosed herewith with the text requested to be added circled in 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 phone as soon as possible.

Respectfully submitted,

SHERIDAN Ross P.C. 
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FIG 6(3)
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O O

START

IS "NEW_LOC_OBJ" IN THE LOCATION

100 DB SIGNATURE DATA BASE? - 104 DE

  INSERT "NEW_LOC_OBJ" IN THE
LOCATION SIGNATURE

DATA BASE 1320. 

  DB_SEARCH_AREA1<— GET A REPRESENTATION OF
A GEOGRAPHICAL AREA SURROUNDING

THE LOCATION ASSOCIATED WITH

"NEW_LOC_OBJ".

 

  

 

 

 “n...

ail[LIME-1‘.

  
  

  

5.; “2 DB DB__LOC_SIGS<—GET ALL THE LOC SIGS IN THE
E LOCATION SIGNATURE DATA BASE THAT
EE: SATISFY THE CRITERIA OF

EE "SELECTION_CRITERIA" AND THAT ARE

s; 116 DB ‘ ALSO IN "DB_SEARCH_AREA1". 

NEARBY__LOC_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 LOC SIGS OF "DB_LOC_SIGS"
AND "NEW_LOC_OBJ".

  
LOC_SIG<—G-ET THEFIRST (NEXT) LOC SIG IN

"NEARB Y_LOC_SIG_BAG".  
120 DB FIG. 17A
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lI“'ll

m1121.,1:»11.11.11;milInn11.1111%um“um“mun1‘

"11mIl",‘ll[In-1.um1111-1-1:mH"Um“IMF11:7,.'II'II“n.“

  
  

124 DB
LOC<—A REPRESENTATION OF THE

LOCATION ASSOCIATED WITH .

"LOC—SIG"- 128 DB

BS <—GET THE BASE STATION 122 ASSOCIATED WITH

"LOC_SIG".

132 DB

MARK "LOC_SIG" SO THAT IT CANNOT BE RETRIEVED
FROM THE LOCATION SIGNATURE DATA BASE.

136 DB

DB__SEARCH_AREA2"‘ GET A REPRESENTATION OF A
GEOGRAPHICAL SERVICE AREA ABOUT LOC SIG

INCLUDING "NEW_LOC_OBJ". 138 DB

LOC_SIG_BAG“* CREATE LOC SIG BAG DATA STRUCTURE

HAVING ONLY THE SINGLE ITEM, "LOC_SIG".

INVOKE THE PROGRAM,

"DETERMINE_LOCATION_SIGNATURE_FIT_ERRORS", FOR
DETERMINING AN ERROR IN HOW SIMILAR "LOC_.SIG" Is WITH
OTHER VERIFIED LOC SIGS IN THE LOCATION SIGNATURE

DATA BASE. IN PARTICULAR, INVOKE THIS PROGRAM WITH
THE FOLLOWING PARAMETERS:

(A) "LOC";

(B) "LOC_SIG_BAG";

(C) "DB_SEARCH_AREA2"; .

(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 "LOC_SIG" SO THAT IT CAN BE FIG. 17B
RETRIEVED FROM THE LOCATION

SIGNATURE DATA BASE.  
144 DB
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. ,.,

IS THERE ANOTHER LOC SIG

IN "NEARBY_LOC__SIG__BAGI'?YES

148 DB

NO 152 DB
/

ERROR_REC_SET 4—THE SET OF ALL ERRORS RETURNED.

INVOKE THE PROGRAM,

"REDUCE_BAD__DB_LOC__SIGS", FOR REDUCING
THE CONFIDENCE OF THE LOC SIGS WHOSE

.4".il'm":-.;4:.,.m11...“ CORRESPONDING ERRORS ARE RELATIVELY HIGH.

ALSO, DELETE ANY LOC SIG WHOSE CONFIDENCE

BECOMES TOO LOW. ‘
 '3‘i1...“.15}...

156 DB

INVOKE THE PROGRAM,

"INCREASE_CONFIDENCE_OF_GOOD_DB_LOC_SIGS", FOR
INCREASING THE CONFIDENCE OF THE LOC SIGS 
WHOSE CORRESPONDING ERRORS ARE RELATIVELY
LOW. ~ ' 

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 THE LOC SIGS OF

"LOC_SIG_BAG"

.nvum» ...“I“II...“J"

 
II H...“.Iiimfl!

DID THE PRE-PROCESSING CONSTRAINTS YIELD A RESULT

INDICATING THAT ANY SUBSEQUENTLY DERIVED LOC SIG

ESTINIATE WOULD BE EXCESSIVELY UNRELIABLE?

.h,m,.1: 1

I

...,I*iiiin

nu

...lun-"u

YES”'Inumh‘m"WM?

   
NO

FOR EACH OF THE LOC SIG SIGNAL

TOPOGRAPHY CHARACTERISTICS, C, OF A LOC

SIG VARIABLE, "EST_LOC_SIG",

(A) DETERMINE A SMOOTH SURFACE,
S(C), OF MINIMAL CONTOUR

VARIATION FOR THE SET OF POINTS

{(X,Y,Z) SUCH THAT (X,Y) IS A
LOCATION AND 2 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 To, ANY UNDEFINED LOC SIG FIELDS

OF "EST_LOC_SIG" ,

RETURN '

FIG. 21 "EST"LOC_SIG"

  
  
 

RETURN
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START

LOC_AREA_TYPE<— GET THE AREA TYPE(S) FOR "LOC"

SEARCH__AREA<— GET A DEFAULT MAXIMUM SEARCH AREA
HAVING "LOC"

SAVED_SEARCH_AREA'<— SEARCH_AREA -

SEARCH_AREA_TYPES‘_ GET THE (FUZZY LOGIC) AREA

TYPE(S) FOR "SEARCH_AREA"

MIN ACCEPTABLE NBR LOC SIGS<—0 
I‘IInmI131"

AREA__TYPE<— GET FIRST

(NEXT) AREA TYPE IN

"SEARCH_AREA__TYPES"

=

a:  "fiTrm

DOES "AREA_TYPE"_ REFERENCE
A NEW AREA TYPE?

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

"SEARCH_AREA"

IS "MIN_ACCEPTABLE_NBR_LOC_SIGS"
> "TOTAL_NBR_LOC_SIGS"?

I!"flu.”{WIl.'.'...Hum“"11”u...”u...

  
  
  

  
  

YES NO

RETURN '

mm
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 SAVED__SEARCH_AREA<— SEARCH_AREA

SEARCH_AREA<— GET A
SMALLER AREA FOR

"SEARCH_AREA",
WHEREIN THIS SMALLER

AREA STILL CONTAINS "LOC".

  
 

   

 AREA_PERCENT<—PERCENTAGE OF AREA FOR

"SEARCH_AREA" THAT IS OF THE TYPE

"AREA_TYPE", OR, USING FUZZY LOGIC,
HAVING A FUZZY VALUE ABOVE A

PREDETERMINED THRESHOLD.

  
  

  
 
 

 
MIN_ACCEPTABLE_NBR_LOC_SIGS <—

MIN_ACCEPTABLE_NBR_LOC_SIGS +
[(MINIMUM ACCEPTABLE VERIFIED LOC SIGDENSITY

FOR "AREA_TYPE") * (SIZEOF(SEARCH_AREA) *
(AREA_FERCENT/ 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 TI-HS LIST. 

208CA

MESI-I‘i— GET A MESH OF AREA CELLS RELATED TO THE

FIRST ORDER MODEL THAT GENERATED "LOC HYP"

2 12CA

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 NIESH CELLS SURROUNDING THE TARGET MS

POINT LOCATION.
  

if: 216CA

INITIALIZE A VARIABLE, "AREA", WITH "PT_MIN_AREA".

220CA

  PT_MAX_AREA<— GET A MAXIMUM AREA ABOUT THE

ESTIMATED TARGET MS POINT LOCATION PROVIDED BY

"LOC_HYP"  
MIN_CLUSTERS“_ GET THE MINIMUM NUMBER OF PREVIOUS

MS 140 LOCATION ESTIMATES, L, THAT ARE DESIRED IN

THE AREA, "ARE ", FOR SUBSTANTIALLY

RELYING ON HISTORICAL MS LOCATION DATA IN THE

LOCATION SIGNATURE DATA BASE 1320 FOR ADJUSTING

THE CONFIDENCE AND/OR THE TARGET MS ESTIMATED

LOCATION, WHEREIN EACH SUCH MS ESTIMATE WAS

GENERATED BY THE SAME FIRST ORDER MODEL THAT

GENERATED "LOC_HYP".
 
  
  

220CA

PT_EST_BAG‘_—GET THE MS POINT LOCATION ESTIMATES
FOR EACH PREVIOUS MS LOCATION ESTIMATE, L,

224CA COUNTED IN THE PREVIOUS STEP. 
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WHILE THE NUMBER OF POINT LOCATION ESTIMATES IN

"PT_EST_BAG" IS LESS THAN "MIN_CLUSTERS" AND "AREA"

REPRESENTS AN AREA LESS THAN OR EQUAL TO

"PT__MAX_AREA": (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 "LOC_HYP".

IS "PT EST BAG"
236CA _ _ _

2400‘ EMPTY?

NO . YES (SO CANNOT
ADJUST. 244CA

' "LOC HYP")252CA ‘

   SET THE

"IMAGE_AREA"
ATTRIBUTE OF

"LOC_HYP" TO NULL.

RETURN WITH

"LOC_HYP_LIST"

DOES "AREA" REPRESENT AN AREA LARGER

  DETERMINE THE VALUE, MIN{(SIZE OF

(PT_EST_BAG)/M]N_CLUSTERS),l.0} AS
A CONFIDENCE ADJUSTMENT

COEFFICIENT; ASSIGN THIS VALUE TO

THE PARAMETER,

"CLUSTER_RATIO_FACTOR".

 
 

 

    
 

256“ THAN THE AREA FOR "PT_MAX_AREA"? ‘ 248CA

NO YES (SO "ARE " IS TOO BIG TO ENTIRELY
IGNORE INITIAL MS LOCATION ESTIMATE AND ,

CONFIDENCE). , MG 2613

   NEW_LOC_HYP<— CREATE A

DUPLICATE OF "LOC_HYP" WITH THE

"IMAGE_AREA" ATTRIBUTE SET TO NULL,
AND WITH THE CONFIDENCE VALUE

'LOWERED BY THE COEFFICIENT:

(1.0 - CLUSTER_RATIO_FACTOR).

 

  
 260CA  
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ADD "NEW_LOC_HYP" TO "LOC_HYP_LIST".

264CA 

 IMAGE_CLUSTER_SET<— GET THE VERIFIED LOCATION
SIGNATURE CLUSTERS IN THE LOCATION -

SIGNATURE DATA BASE FOR WHICH THERE ARE MS

POINT LOCATION ESTIMATES IN "PT_EST_BAG".

  
  

  

268CA

 IMAGE_AREA<— GET A "SMALL" AREA CONTAINING THE
VERIFIED LOCATION SIGNATURES IN

"IMAGE_CLUSTER_SET".
 

 
. 272CA

276CA ' . _

ASSIGN THE VALUE OF "IMAGE_AREA" TO THE

"IMAGE_AREA" ATTRIBUTE FIELD OF "LOC_HYP".

280CA
CONFIDENCE<— INVOKE THE FUNCTION,

"CONFIDENCE_ADJUSTER", FOR DETERMINING A

CONFIDENCE VALUE FOR THE TARGET MS BEING 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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('7' THE UNITED STATES PATENT AND TRADEMARK OFFICE Gei/ I ’7/ ° )

DUPRAY et a1.

Serial No.: 09/770,838
lFlIlLlING RECElIIP’T

Filed: January 26, 2001

Atty. File No.: 1003-1
CERTIFICATE OF MAILING

For: "WIRELESS LOCATION USING

SIGNAL FINGERPRINTING"

vvvvvvvvvvvv
Group Art Unit: 3662 Fl E C E VEIE

Examiner: (0:? II]

REQUEST FOR CORRECTIION {Eggroo MMLRWGQ

I 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 May 31, 2001.

Office of linitial Patent Examinations

Customer Service Center

Commissioner of Patents

Washington, DC. 20231

/»rl--3SHER‘EAN ROSS P.C.
Chas]! C. Rossum

 
Dear Sir:

The official Filing Receipt for the above-referenced patent application contains the following

clerical errors:

1. Please change the order of the listed inventors to list “Dennis J. Dupray” as first

named inventor such as that shown on the Utility Continuation Patent Application Transmittal.

2. The name of co-applicant Charles L. Karr is shown as “Charles L. Karr JR.” Please

delete “JR” from the co-applicant’s name to read as Charles IL. Karr.

3. The resident for co-applicant Dennis J. Dupray is shown as “Denver, CO.” Please

change this to read correctly as Golden CO. (A copy ofthe 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 pending prior application was filed simultaneously with the present

application. Since the execution of the Oath/Declaration by the inventors on November 17, 1998

and November 24, 1998, the address for co—applicant Dennis J. Dupray has changed to that specified

on the transmittal.)

4. In the “Domestic Priority Data Claimed by Application” section of the 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

in red. Please issue a corrected Filing Receipt for this patent application.

Respectfully submitted,

 
  

 

Dennis J.

Registrati 11 No. 4 99
1801 Belvedere S eet

Golden, Colorado 80401

(303) 863-9700

Date: ”4?; §&: ZM/patent applications“ 003\-l\pto uest-Ol
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COMMISSIONER FOR PATENTS
UNITED STATES PATENT AND TRADEMARK OFFICE

WASHINGTON D.C. ECEEI
www uspto gov

APPLICATION NUMBER FILING DATE GRP ART UNIT FlL FEE RECo ATTYDOCKETNO DRAWINGS TOT CLAIMS

 
  

09/770,838 ./ 01/26/2001, 3662 1119 , 1003-160 V, 96 ’ 5 ”’

CONFIRMATION NO. 8410

./ FILING RECEIPT

Dennis J. Dupray, Ph.D.
,80, Be,,,,,,,, 5,8,, HillilllfllllllflllllglllllllllflllIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
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 US. 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
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)

Charles L Kerr)? Tuscaloosa AL;(Dennis J. Dupray, Beaver CO; @EQEEEVED
(aoIdefi

Assignment For Published Patent Application ‘ ,SEP , ,
TracBeam LLC; . , 14 mm

0 i - ‘77 .

Domestic Priority data as claimed by applicant ' O‘SBGO'MAIL‘RGGM
THIS APPLICATION IS A CON OF 09/194,367 11/24/1998
WHICH IS A 371 OF PCT/USQ7/15892 09/08/1997 ’
WHICH CLAIMS BENEFIT OF 60/056, 590 08/20/1997 V
ANDSAI'B‘GQH-QW
CLAIMS BENEFIT OF 60/044 ,821 04/25/1997 V
ANB CLAIMS BENEFIT OF 60/025,855 09/09/1996

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

. ‘fiEarly Publication Request: No. .
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IIIIAIIIIJIIHIIIIIIHIIIIIIIIIIIIIIIIIIIIIIII ‘ comm/Anon NO. 3410

' Bib Daia Sheel

a FILING DATE ‘ ' . ' 4 .I . I ATTORNEY.

SERIAL NUMBER 01/26/2001 , 1 GROUP ART UNIT 1 DOCKET NO.09I770,838 I I - I _
RULE . . . 3662 ; 1093-1  

1,1
1 : PPLICANTS'

1 Dennis J. Dupray, Golden, CO;
Charles L. Karr, Tuscaloosa, AL;1

1. g CONTINUING DATA Q*fififittlfitfitttflfitfitktttfi'i I fiECEHVEE
THIS APPLICATION IS A CON OF 09/194, 367 11/24/1998 1WHICH Is A 371 OF PCT/U897/15892 09/08/1997 1 . ,

WHICH CLAIMS BENEFIT OF 60/056,590 08/20/1997 W H [11m 1 1
[I

AND SAID 09/194 367 11/24/1998

CLAIMS BENEFIT OF 60/025,855 09/09/1996 waggg MAIL 566%
1
1- t FOREIGN APPLICATIONS fitfltflttktttkttiittfifi

11F REQUIRED, FOREIGN EILING LICENSE .. ;. i x
GRANTED " 04/04/2001 SMALL ENT'TY ' 1 ,f ‘/p—m-mum 

STATE OR SHEETS
’ COUNTRY DRAWING CLAIMS

1 CO 62 96  Initials

17DDREss - 1 H "A.Dennis J. Dupray, Ph.D. '
1801 Belvedere Street

Golden ,CO 80401

1ITLE ‘ '. '1‘
irelessloCation using signaifingerprinting _ 3 I ,»

 

 

FILING FEE 1 EES: Authority has been given in Paper
RECEIVED N.o to charge/credit DEPOSIT ACCOUNT '

for following: 
 

BEST AVAILABLE CQPI/
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v

 IN THE UNITED STATES PATENT AND TRADEMARK OFFICE RECEIVED
the Application of: ) Group Art Unit: 3662 OC T 1 9 2001
- )

DUPRAY et a1. ) Examiner: GR0UP SGQO
)

Serial No.: 09/770,838 ) SECOND REQUEST EOE
) W

Filed: January 26, 2001 ) lFlllLllNG RECEIIPT
)

Atty. File No.: 1003-1 )
) CERTIFICATE OF MAILING

For: "WIRELESS LOCATION USING ) I HEREBY CERTIFY THAT THIS CORRESPONDENCE IS
SIGNAL FINGERPRINTH‘IG" ) BEING DEPOSITED WITH THE UNITED STATES POSTAL

SERVICE AS FIRST CLASS MAIL IN AN ENVELOPE
ADDRESSED TO ASSISTANT COMMISSIONER FOR

. P TENTS. WASHINGTON. Dc 20231 ON THIS 2 DAY OF
Office of llnitial Patent Examinations ' .2001.
Customer Service Center SHERIDAN ROSS P.C.

Commissioner of Patents BY_ —
Washington, D.C. 20231 . Chasi C. Rossum

Dear Sir:

The official Filing Receipt for the above-referenced patent application contains the following .

clerical errors:

‘ 1. Please change the order of the listed inventors to list “Dennis J. Dupray” as first

named inventor such as that shown on the Utility Continuation Patent Application Transmittal.

2. The name Ofco-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

change this to read correctly as Golden CO. (A copy ofthe 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 pending prior application was filed 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 changed to that 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 your reference, a copy of the Filing Receipt is enclosed, with the corrections indicated

in red. Please issue a corrected Filing Receipt for this patent application.

 
- Respectfully 'tted,

1801 Belvedere Street

Golden, Colorado 80401

J (303) 863-9700Data/la" . My
 

 
Cisco V. TracBeam / CSCO-1002

Page 323 of 2386



Cisco v. TracBeam / CSCO-1002 
Page 324 of 2386

 

Non-Publication Request: No _ 7 i

:‘n. i ‘2 , Page 1 of4

COMMISSIONER FOR PATENTS
UNITED SrATE‘s PATENT AND TRADEMARK OFFICE

thnmcron. D.C. ZOZSI 
      

 

  

~ i J i , , v ‘ 7 .7 > , www.mptogov
I__————IIAIl-I

(39/770,838 01/26/2001 3652 . 1119 1003-1 62 96 5

  
0‘I P 5' v0 * CONFIRMATION N0. 8410

. - . z _ . it UPDTED FILING RECEIPT
$53r'391gggrrggtfe29 ., w“ I 3 m“ a llIIIIIlIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

{2} (5}; '00000000006044568'Golden. CO 80401 . g
e Wot-W?

Date Mailed: 05/04/2001

Receipt is acknowledged of this nonprovlsional 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 US. 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 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 capy of this Filing Receipt with the changes
noted thereon. If you received a "Notice to File Missing Parts" for this application, pIease submit any'
corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the'reply to
the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections (if
appropriate).

Applicant(s) 7 . ' ' ' " l i I .

'Charles L. Karpx Tuscaloosa, AL;Dennis J. Dup ayy-Deever, CO;
Goldm

. Assignment For Published Patent Application

TracBeam LLC; .

Domestic Priority data as claimed by applicant .
THIS APPLICATION IS A CON OF 09/194,367 11/24/1998 '

,. WHICH IS A 371 OF PCT/{.1897/15892 09/08/1997, . / If

WHICH CLAIMS BENEFIT OF 60/056,590 08/20/1997 _ . /‘ :ANDW . ‘ '

,CLAIMS BENEFIT OF 60/044,821 04/25/1997 I
AND CLAIMS BENEFIT OF 60/025,855 09/09/1996 ' ,5

Foreign Applications  
‘ If Required, Foreign Filing License Granted 04/04/2001 /'

Projected Publication Date: cane/2001' I . ’ . /

Early Publication Request: No /  
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'-'_."IILE1 1:011 \
UNITED STATES PATENT AND TRADEMARK OFFICE 

\—
I COMM ISSIO NER FOR PATENT: 
iilNI'rEo STATES PATENT AND TRADEMARK OFFICE‘

  

   

 
 

 
 

 
 
  
 

 
 

 
 

 

.',I
"3
WI ' . .‘-, mm. , Msmucm. 0.0 20231;
{I I' 1., WWW.usp10.gov '\~
I II ' I
, IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII - counmmnnom .
53 Bib Data Sheet . , \\:VI ' ‘

FILING DATE = ' ATT: \
I": SERIAL NUMBER 01/26/2001 CLASS GROUP ART UN" DOCIch'ER'I'l I515
.:._; _ . (39/770,838 RULE 342 f 3662 - '

Ii ' Dennis J. Dupray, Golden, CO;
Charles L. Karr, Tuscaloosa, AL;

RECEIVED
i - t CONTINUING DATA ltfifififlflfiitfikttt‘iifitttttk ’
5 THIS APPLICATION IS A CON OF 09/194,367 11/24/1998 0C T 19 2001
'i WHICH IS A 371 OF PCT/USQ7/15892 09I08l1997 -

1' WHICH CLAIMS BENEFIT OF 60/056,590 08/20/1997 GR0UP 3600
i . WHICH CLAIMS BENEFIT OF 60/044,821 04/25/1997

i WHICH CLAIMS BENEFIT OF 60/025,855 09/09/1996 ‘i 1'

1'; * FQREIGN APPLICATIONS Ififlfittfitfiflfifliflfil'fit‘
, i I I

. '2 ‘I '
. I ‘= IF REQUIRED FOREIGN FILING LICENSE GRANTED ' >

. 1‘ ‘ I H . “' SMALL ENTITY “
I - 04/04/2001 - .

- .1 ForeIgn Priority cIaImed r' .STATEfQR SHEETS TOTAL INDEPENDE .
i . D yes D M D Metafier COUNTRY DRAWING CLAIMS CLAIMS ‘

“I met Allowance -- CO 62 ‘ 96 _ . 5

I Examiner's Signature Initials I H '

3’
:1 = Dennis J. Dupray, Ph.D.

 

  

 
1'801 Beivedere Street

II

D 1.16 Fees(FIIIng)

CI 1.17 Fees ( Processmg Ext of
time )

D 1.18 Fees ( Issue)

D Other

El Credit

 

 
 

 

  
. FILING FEE FEES: Authority has been given in Paper

RECEIVED No. to Charge/credit DEPO'SITACCOUNT
for following:

.._——_..L...I_.I_.._._,:-.......“4!".  
BEST AVAILABLECOPY
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GP

WW0 UNIITED 3mg DEPARTMENT ©|F COMMEnOE 
.,. ' ° Patent and] deemark ©ifl©®

, a, cf Address: COMMISSIONER OF PATENTS AND TRADEMARKSashington. 0.6. 20231

     APPLICATION NO. FILING DATE FIRST NAMED IN . E IR . ATTORNEY DOCKET NO. 

09/770,838 01/26/01 DUPRAY D 1003-1

r - 7
PM82/0830

DENNIS J. DUPRAY, PH.D. - gm 0
1801 BELVEDERE STREET
GOLDEN 00 80401

3662 Z?DATEMAILED:

08/30/01

Piease Iind bellow and/OI? aflached an Oififice communication concerning this appiication OI?
proceeding.

Commisslonor o? Paionts and Trademarks

PTO-9°C (Rav. 2I95)
'U.S. GPO: 2000-473000I44602

1- File Copy
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I

o
. O

Application/Control Number: 09/770838 ' Page 2

Art Unit: 3662

The Preliminary Amendment filed 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 Amendment cited “On p.11, line 33, please deleted “network” ”. However,

“networ ” can not be found in the specification on p. 11, line 33. Correction is required.

Any inquiry concerning this communication or earlier communications from the examiner

should be directed to Dao Phan whose telephone number is (703) 306—4167.

Any inquiry of a general nature or relating to the status of this application or proceeding

should be directed to the receptionist whose telephone number is (703) 306-4187.

M
can >

[V‘Tri “PA-.-
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. k

UNl'i :15 STATES‘DEPARTMENT OF COMMERCE

, Patent and Trademark Office ’/Address: COMMISSIONER OF PATENTSAND TRADEMARKS
Washington, DC. 20231

 
—_—_

09/7370 , 838 CH ,xnza/m DUF‘RAY E1 1003» ‘I

r 7
PMBEI'O‘BE’l 4

DENNIS J. DUPRAY, PH.D. H N I ‘
1801 BELVEDERE STREET

GOLDEN CO 80401 /'
' .3562 f9DATE MAILED': ‘

Og/Dl/Gl

Please find below and/or attached an Officecommunication concerning this application or
proceeding.

Commissioner of Patents and Trademarks

MOOSTHWVAVmag

PTO-9°C (Rev, 2/95) 1: File Copv
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» i, . . Mi.

‘ Application No. Applicant(s)
09/770,838 Duprey et el

Off'c Action 5 mmar

—-IIIIIIIIII|I||IllllllllllllIlllllll
- The MAILING DA TE of 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 MONTHISI 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 be timely filed
after SIX (6) MONTHS from the mailing date of this communication.

- If the period for reply specified above is less than thirty (30) days, a reply within the statutory minimum of thirty (30) days will
be considered timely.

- If N0 period for reply is specified above. the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of thiscommunication.

- 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).
- Any reply 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

HIE Responsive to communication(s) filed on Jan 26 2001
 

2a)D This action is FINAL. 2mm This action is non-final.

3)D 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 pane Quay/e, 1935 CD. 11; 453 0.6. 213.

Disposition of Claims

4)Cl Claimls) is/ere pending in the application.
 

43) Of the above, claimls) is/are withdravim from consideration.
 

 
5)I:l Claimlsl is/are allowed.

BIC] Claimls) , is/are rejected.

7)Cl Claimis) is/are objected to.
 

8)Cl Claims are subject to restriction and/or election requirement.

Application Papers

SIC] The specification is objected to by the Examiner.

10I|:l The drawingls) filed on is/are objected to by the Examiner.

1MB The proposed drawing correction filed on is: a)|:] approved MD disapproved.

12I|:l The oath or declaration is objected to by the Examiner.

Priority under 35 U.S.C. § 119

13“: Acknowledgement is made of a claim for foreign priority under 35 U.S.C. § 119iaI-ld).

a)El All bICI Some’ CID None of:

1.1: Certified copies of the priority documents have been received.

2. I: Certified copies of the priority dOCUments have been received in Application No.

3. I: Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(aI).

‘See the attached detailed Office action for a list of the certified copies not received.

 

MIC] Acknowledgement is made of a claim for domestic priority under 35 U.S.C. § 119le).

Attachmentlsl

15) D Notice of References Cited (PTO-392) 18) D Interview Summary (PTO«413) Paper Ne(s).

16) E] Notice of Draftsperson‘s Patent Drawing Review (PT094B) 19) E] Notice of Informal Patent Application (PTO-1 52)

17) D information D'mclosure Stetamentlsl (“01449) Paper Nols). :0) C] Other:

U. S. Parent and Trademark Oiilce

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 Amendment filed 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 Amendment cited “On p.11, line 33, please deleted “network” ”. However,

“networ ” can not be found in the specification on p. 11, line 33. Correction is required.

Any inquiry concerning this communication or earlier communications from the examiner

should be directed to Dao Phan whose telephone number is (703) 306-4167.

Any inquiry of a general nature or relating to the status of this application or proceeding

should be directed to the receptionist whose telephone number is (703) 306-4187.
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. ILSII
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE (7/ a3“? LS/'

. . . 39kt
Re the Application of: ) Group Art Umt: 3662

)

DUPRAY et al. ) Examiner:

)

Serial No.: 09/770,838 ) THIRD REg QUEST FOR

f» ) CORRECTION OF
I Filed: January 26, 2001 ) FILING RECEIPT
, _ ) —-——-—-—

Atty. File No.: 1003-1 )

) CERTIFICATE OF MAILING

For: "WIRELESS LOCATION USING ) I HEREBY CERTIFY THAT THIS CORRESPONDENCE IS
SIGNAL FWGERPRH‘JTING" ) BEING DEPOSITED WITH THE UNITED STATES POSTALSERVICE AS FIRST CLASS MAIL IN AN ENVELOPE

ADDRESSED TO ASSISTANT COMMISSIONER FOR

P TENTS, WASHINGTON. DC 20231 ON THIS _,Q_ DAY OF
Office of Initial Patent Examinations M2001-
Customer Service Center SHERIDAN Ross P_c.
Commissioner of Patents

. vi Maw) -éogfl“ 5 3Washlngton, DHC 20231 B Chasit C. Rossum

Dear Sir:

 
The official Filing Receipt for the above-referenced patent application contains the in the

“Domestic Priority "Data Claimed by Application” section of the receipt. In particular, the priority

claimed in the present application should read as follows:

This application is a con of 09/194,367 11/24/1998 RECEIVED
which is a 371 of PCT/US97/15892 9/8/1997 APR 0 9 2002

which claims the benefit of@ of 60/056,590 8/20/1997 GROUP 3600
M 60/044,821 4/25/1997

gm 60/025,855 9/9/1996

For your reference, a copy of the Filing Receipt is enclosed, with the corrections indicated

in red. Please issue a corrected Filing Receipt for this patent application.

Respectfully .- .I 

 
Registration No. 46,
1801 Belvedere Street

Golden, Colorado 80401

2 (303) 863-9700Dat . a
patent applications“003\-l\pto\requcst-02 ’
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UNITED STATES PATENT AND TRADEMARK OFFICE 
COMMISSIONER FOR PATENTS

UNITED STATES PATENT AND TRADEMARK OFFICE
WASHING‘IDN. D.C. 2023i

  
 

  

   www.uspto.gov

FIL FEE REC'D AITYDOCKETNOm TOT cums , IND CLAIMS’ .- L. ....,L.-,,.,,,..
96 5‘/770,838'7/ 01/26/2001 / 3662 'f 1119 1003-1 4/ 62

. CONFIRMATION NO. 8410

CORRECTED FILING RECEIPT

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
1801 Belvedere Street 'ocoooooooos5635 5'
Golden, co 80401 . 4

 

Date Mailed: 09/18/2001

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 US. 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 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 USPTO processes the reply to the Notice, the USPTO will
generate another Filing Receipt incorporating the requested corrections (if appropriate).

Applicant(s)
.Dennis J. Dupray, Golden, CO; L/
Charles L. Karr, Tuscaloosa, AL; /

Assignment For Published Patent Application GEM/E,DTracBeam LLC; ‘ APR 0 9
Domestic Priority data as claimed by applicant. ' ‘ GROUP

THIS APPLICATION IS A CON OF 09/194,367 11/24/1998

WHICH IS A 371 OF PCT/USQ7/15892 09/08/1997 a, Ch 00
WHICH CLAIMS BENEFIT 0%0/056590 03/20/1997 ‘L

and WINS-BENEFIT OF 60/044,821 04/25/1997 '
and. ‘WGI'FGWMS-BENE-FI-T-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 V.

Early Publication Request: No U
/

“ SMALL ENTITY " V
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09770939 09194357 PENDING” 112242 999 ' N
09194357 PCT2U997215992 9920921997
P 72 5005 90 PENDING 0922021997 N

. .> u .9»

09209219
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' .\ O 0 RECEIVED
' “Ix/kW“ W APR092002

GROUP 3600
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Re the Application of: , Group Art Unit: 3662  

DUPRAY et aI. Examiner:

Serial No.: 09/770,838 SUBMISSION OF SUBSTITUTE
DRAWINGS

Filed: January 26, 2001
 

 
 

  

  
  

  

Atty. File No.: 1003-1 CERTIFICATE OF MAILING

 
I HEREBY CERTIFY THAT THIS CORRESPONDENCE IS
BEING DEPOSITED WITH THE UNITED STATES POSTAL
SERVICE AS FIRST CLASS MAIL IN AN ENVELOPE
ADDRESSED TO THE ASSISTANT COMMISSIONER FOR

PATEN 3, WASHINGTON, DC 20231 ON THIS 3Q DAY
OF .2002.

SHERIDAN ROSS P.C.

BY: ! A W -Z2?&S§2Chasity 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

FINGERPRJNTING”

Assistant Commissioner for Patents

Washington, DC. 20231

Dear Sir:

Respectfully submitted,

 
Golden, Colorado 80401

(303) 863-2975

Date: £2 ”(0. 2&62,
L:\tracbeam\patent applications\1003\
L:\u'acbeam\patenlapplications\1003\US (1003&continuations)\-I\pto\SUB-OISubstitute Drawings.doc
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. FATE fl\, . ' l SE /\.

I hereby certify that this correspondence is being deposited with

the United States Postal Service as First Class mail in an envelope? ZZJL/addressed to the Assistant Commissioner for Patents, United
States Patent and Trademark Office, Washington, D. C. 20231, on
February 20, 2002.  

s

By:‘ éflgflfi ‘(ZLEI

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re the application of: )
) Group Art Unit: 3662

DUPRAY et a1. )
) Examiner:

Serial No.: 09/770,838 )
)

Filed: January 26, 2001 ) INFORMATION DISCLOSURE
) STATEMENT

Attorney Docket No.: 1003-1 )
)

For: “LOCATION OF A MOBILE ) RECEfVED
STATION” MAR 0 8 2002

l .

l

E Assistant Commissioner for Patents ' A _ GRO UP 3600
1‘

Washington, D. C. 20231

Sir:

The references cited on attached Form PTO-I449 are being called to the attention of the Examiner. Copies
of the cited references:

D Are enclosed herewith.

‘ E Are not enclosed, in accordance with 37 CPR. 1.98(d), because the references were

submitted to the US. Patent and Trademark Office in prior application Serial No. 09/194367,

titled “WIRELESS LOCATION USING MULTIPLE MOBILE STATION LOCATION

TECHNIQUES,” and having a filing date ofNovember 24, 1998. which is relied upon for an

earlier filing date under 35 U.S.C. 120

D To the best of 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 not necessarily vouch for

the accuracy of the translation.

E Examiner‘s attention is drawn to the following co-pending applications: Serial No. 09/194,367

filed November 24, 1998 and Serial No. 09/820584 filed March 28, 2001.

Cisco V. TracBeam / CSCO-1002

Page 342 of 2386



Cisco v. TracBeam / CSCO-1002 
Page 343 of 2386

        
 

1.. Q 0

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 analogous art, or that those skilled in the art

would refer to or recognize the peninence of any reference without the benefit of hindsight, nor should an inference

be drawn as to the pertinence of the references based on the 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 better an exists.

It is respectfully requested that the cited information be expressly considered during the prosecution of this

application and the references made of record therein.

FEES

No fee is believed due in connection with this submission, because the information disclosure statement submitted herewith
is being tiled:

D within three months of the filing date of the continued prosecution application or date of entry into the
national stage ofan international application or

g before the mailing date of a first Office Action on the merits,
whichever occurs last. 37 C.F.R l.97(b).

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.

The information disclosure statement transmitted herewith is being filed after three months of the filing date of
this national application or the date ofentry ofthe national stage as set forth in 37 CPR. 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:

(I) a final action under 37 C.F.R. 1.113 or
(2) a notice ofallowance under 37 C.F.R. 1.31 l,

whichever occurs first. This Information Disclosure Statement is accompanied by:

D A Certification (below) as specified by 37 C.F.R. l.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

B A check in the amount of $240.00 for the fee set forth in 37 CPR l.l7(p) for submission ofan
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 of a final action under §l.l 13 or a notice of
allowance under § 1.311, but before payment ofthe issue fee.

' D This information Disclosure Statement includes a Certification (below) as specified by 37 C.F.R. l.97(e)
AND

D Applicants hereby petition for consideration of the references disclosed herein. Enclosed is a petition fee in
the amount of $130.00 under 37 GER. 1.17(i)(1), Please credit any overpayment or charge any underpayment to Deposit
Account No. 19-1970.

Applicant elects to pay the fee set forth in 37 CPR. l.l7(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 execute a certification.
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Certification (37 C.F.R. l.97(e))
(Applicable only if checked)

D The undersigned certifies that:

B Each item 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 months prior to the filing of this statement. 37 C.F.R.
197(c)(1).

D A copy of the communication from the foreign patent office is enclosed.

OR

I] No item of information contained in 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 known to any
individual designated in 37 C.F.R. 1.56(c) more than more than three months prior to
the filing of this statement. 37 CPR. l.97(e)(2).

 
1801 Belvedere Street

Golden, Colorado 80401
303—863-2975
FAX: 303-863-0223

Date: é;s: g0, 2&2!
L:\TracBeam\patent applications\1003\US (1003&continuations)\-l\pto\[DS-02.wpd
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d r ‘ We
ECEIVED
MAR 0 8 2002

GRO‘ P 3600

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
e the Application of: ' I Group Art Unit: 3662

 
  

DUPRAY et al. Examiner: Dao Phan

RE UEST FOR A TWO MONTH Serial No.: 09/770,838

EXTENSION OF TIME 3717/02/
Filed: January 26, 2001

 

 
Atty. File No.: 1003-1 CERTIFICATE OF MAILING
 

 

VVVVVVVVVV
 
 

I 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 FO-

PAT TS, WASHINGTON. DC 20231 ON THISAa D OF

.£¢M% . 2002.
‘ SHERIDAN ROSS P.C.

For: "WIRELESS LOCATION USING

SIGNAL FINGERPRINTING"

  
 

 
Commissioner of Patents

Washington, DC. 20231

Dear Sir:

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.

Enclosed is a check in the amount of $200.00 as payment for the extension fee. Please credit

any overpayment or debit any underpayment to Deposit Account No. 19-1970.

Respectfully submitted,
03/06/2002 SSITHIBJ 00000117 09770838

01 FC:216 200.00 0P

By:

Denn' J. Dupr

Registration No. 46,299
1801 Belvedere Street

Golden, Colorado 80401

' (303) 863-2975
Date: X& 250
L:\TracBeam\patent applications\1003\US (l003&continuations)\-l\pt0\EXT-0l-O.A. of 9-21-0l.wpd
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re the application of: )
) Group Art Unit: 3662

DU'PRAY et a1. )
) Examiner:

Serial No.: 09/770,838 )
)

Filed: January 26, 2001 ) INFORMATION DISCLOSURE
) STATEMENT

Attorney Docket No.: 1003-1 )
)

For: “LOCATION OF A MOBILE ) Express Mail Label No.:
STATION” EL417660357US

Assistant Commissioner for Patents

Washington, D. C. 20231

Sir:

The references cited on attached Form PTO-1449 are being called to the attention of the Examiner: CopieS'
of the cited references:

D Are enclosed herewith.

8 Are not enclosed, in accordance with 37 C.F.R. l.98(d), because the references were

submitted to the US. Patent and Trademark Office in prior application Serial No. 09/194,367.
titled “WIRELESS LOCATION USING MULTIPLE MOBILE STATION LOCATION

TECHNIQUES," and having a filing date of November 24, 1998, which is relied upon ’for an

earlier filing date under 35 U.S.C. 120 i i

D To the best of 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 not necessarily vouch for

the accuracy of the translation.

E Examiner’s attention 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.

PATENT (/y/
56,62,

03%
”(A
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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 analogous art, or that those skilled in the art

would refer to or recognize the pertinence of any reference without the benefit of hindsight, nor should an inference

be drawn as to thepertinence of the references based on the order in which they are presented. Submission of this I U ‘
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 of this

application and the references made of record therein.

FEES

No fee is believed due in connection with this submission, because the information disclosure statement submitted herewith
is being filed:

D within three months of the filing date of the continued prosecution application or date of entry into the
national stage of an international application or

E before the mailing date of a first Office Action on the merits, . .
whichever occurs last. 37 CPR 1.97(b).

Although no fee is believed due, if any fee is deemed due in connection with this submission, please charge such fee to -
DepositAccount 19-1970.

The information disclosure statement transmitted herewith is being filed after three months of the filing date of
this national application or the date of entry of the national stage as set forth in 37 CPR. l.49l in an international
application or alter 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. l.l l3 or
(2) a notice ofallowance under 37 CPR. l.3] I,

whichever occurs first. This Information Disclosure Statement is accompanied by:

D A Certification (below) as specified by 37 C.F.R. l.97(e). Although no fee is believed due, ifany fee
is deemed due in connection with this submission, please charge such fee to Deposit Account l9-l 970.

OR

B A check in the amount of$240.00 for the fee set forth in 37 C.F.R. l.l7(p) for submission ofan
information disclosure statement. Please credit any overpayment or charge any underpayment to Deposit Account No. I9-
1970.

This Information Disclosure Statement is being submitted afier the mailing date of a final action under §l.ll.3 or a notice of
allowance under § 1.31 l, but before payment of the issue fee. .-~t 9

D This information Disclosure Statement includes a Certification (below) as specified by 37 C.F.R. 1.97(e2
AND

D Applicants hereby petition for consideration of the references disclosed herein Enclosed is a petition fee in
the amount of$ l 30.00 under 37 CFR. l.l7(i)(l). Please credit any overpayment or charge any underpayment to Deposit
Account No. l9-l970.

Applicant elects to pay the fee set forth in 37 CPR. l.l7(p) for submission of an information disclosure
statement, and the enclosed check includes $l80.00 for payment of such fee. Please credit any overpayment or charge any
underpayment to Deposit Account No. l9-l970. 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)

D The undersigned certifies that:

B Each item 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 months prior to the filing of this statement. 37 CPR.
l.97(e)(l).

A copy of the communication from the foreign patent office is enclosed.

OR

I] No item of information contained in 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 known to any
individual designated in 37 C.F.R. l.56(c) more than more than three months prior to
the filing of this statement. 37 CPR. 197(c)(2). ,v

 
Respectfully submitt d,

1801 Belvedere Street
Golden, Colorado 80401
303-863-2975
FAX: 303-863—0223

  
 Date: ”WZ—

L:\Trac \patent applications\1003\US (l003&continuations)\-l\ptoUDS-O l .wpd
Us“ up. (ii-sq t

'n «A m L!

RECEIVED
APR 1;? 2002

GROUP 3600
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re the application of:
Group An Unit: 3662

DUPRAY et al.
Examiner:

Serial No.: 09/770,833

Filed: January 26, 2001 INFORMATION DISCLOSURE
STATEMENT

Attorney Docket No: 1003-1

For: Old Title: “WIRELESS LOCATION USING Express Mail Label No.:
SIGNAL FINGERPRINTING” EL4l7660269US

New Title: “A GATEWAY AND HYBRID
SO 0 S ORWIREL

masts: RECEIVED
. ,. MAY 0 2 2002

assistssssgfmm ' GROUP 3600
Sir:

 

The references cited on attached Form PTO-1449 are being called to the attention of the Examiner. Copies

of the cited references:

[I Are enclosed herewith. Q
E ~ Are not enclosed, in accordance with 37 C.F.R. I.98(d), because the references were

submitted to the US. Patent and Trademark Office in prior application Serial No?(79fl94,367,
titled “WIRELESS LOCATION USING MULTIPLE MOBILE STATION LOCATION

TECHNIQUES." and having a filing date of November 24, I998, which is relied upoin'for an
.1 earlier filing date under 35 U.S.C. 120

[I To the best of applicants belief, the pertinence ofthe foreign-language references are believed to

be summarized in the attached English abstracts and in the figures, although applicants do not necessarily vouch for

the accuracy of the translation.

E Examiner’s attention is drawn to the following co-pending applications: Serial No. 09/194,367

filed November 24, 1993 and Serial No. 09/820,584 filed March 28, 2001‘

Submission ofthe 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 analogous art, or that those skilled in the an

would refer to or recognize the pertinence of any reference without the benefit of hindsight, nor should an inference V
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be drawn as to the pertinence ofthe references based on the order in which they are presented. Submission ofthis

statement should not be taken as an indication that a search has been conducted, or that no better an exists.

It is respectfully requested that the cited information be expressly considered during the prosecution of this

application and the references made ofrecord therein.

FEES

No fee is believed due in connection with this submission, because the information disclosure statement submitted herewith
is being filed:

'3 within three months of the filing date of the continued prosecution application or date of entry into the
national stage of an international application or

E before the mailing date ofa first Oflice Action on the merits,
whichever occurs last. 37 C.F.R l.97(b).

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.

The information disclosure statement transmitted herewith is being filed after three months of the filing date of
this national application or the date ofentry ofthe 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 ofeither:

(1)11 final action under 37 C.F.R. 1,113 or
(2) a notice ofallowance under 37 C.F.R. 1.31 l,

whichever occurs first, This lnforrnation Disclosure Statement is accompanied by:

D A Certification (below) as specified by 37 C. F. R l.97(e). Although no feeIs believed due, ifany fee
is deemed dueIn connection with this submission please charge such fee to Deposit Account 19-1970.

OR

B A check in the amount of$240.00 for the fee set forth in 37 C.F,R. l.l7(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 §l.l 13 or a notice of
allowance under § 1.31 l, but before payment ofthe issue fee.

D This information Disclosure Statement includes a Certification (below) as specified by 37 C.F.R. l.97(e)
. AND

D 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. l.l7(i)(l). Please credit any overpayment or charge any underpayment to Deposit

Account No. 19—1970.

Applicant elects to pay the fee set forth in 37 C.F.R. l.l7(p) for submission ofan 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 execute a certification.
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Certification (37 C.F.R. 1.97(e))
(Applicable only if checked)

El The undersigned certifies that:

B Each item 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 months prior to the filing of this statement. 37 C.F.R.
1.97(e)(1).

D A copy of the communication from the foreign patent office is enclosed.

OR

El No item of infomiation contained in 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 known to any
individual designated in 37 C.F.R. 1.56(c) more than more than three months prior to
the filing of this statement. 37 C.F.R. 197(c)(2). 

303-863-2975
FAX: 303-863-0223
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