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device the times of arrival of signals transmitted from each of several base stations.
These times are transmitted to a Position Determination Entity (PDE) (e.g., a location
server), which computes the position of the mobile device using these times of
reception. The transmit times at these base stations are coordinated such that at a
particular instance of time, the times-of-day associated with multiple base stations are
within a specified error bound. The accurate positions of the base stations and the times
of reception are used to determining the position of the mobile device.

[0003] Figure 1 shows an example of an AFLT system where the times of reception
(TR1, TR2, and TR3) of signals from cellular base stations 101, 103, and 105 are
measured at the mobile cellular telephone 111. This timing data may then be used to

compute the position of the mobile device. Such computation may be done at the mobile
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[Obgﬂm | ftef 2P o of doing position location involves the use in the mobile
device of a receiver for the United States Global Positioning Satellite (GPS) system or
other Satellite Positioning System (SPS), such as the Russian GLONASS system and
the proposed European Galileo System, or a combination of satellites and pseudolites.
Pseudolites are ground-based transmitters, which broadcast a PN code (similar to a GPS
signal) modulated on an L-band carrier signal, generally synchronized with SPS time.
Each transmitter may be assigned a unique PN code so as to permit identification by a

remote receiver. Pseudolites are useful in situations where SPS signals from an orbiting



renote receiver. Pseudolites are useful in situations
where SPS signals froman orbiting WO 2004/ 075016
wERONANE004/ 004597 3 satellite m ght be unavaPdEHDE®)4/004597
such as tunnels, mnes, buildjngs or other enclosed
areas. The term"satellite",” as used herein, is
intended to include pseudolites or equival ents of
SRR gl 88 undhlableCsilc 8 nie]sS hghAl ﬁui}d?r?%s%%%éﬁ €h8bsbd areas.
is intended to include GPS-11ke signals Trom
Theaettotsateiite'D s @sd heatiasSnhddaS©UAALAd fSeudSlite oPequivalents of
nmet hod using a receiver for SPS signals may be
psarplites.eingd thetanoGblsignalsray usdd hdrgia, ishHateaadd tol @elude GPS-like
network to provide assistance data or to share in the
signslstiram pesudelites or equivalsnts g pstalotiteswiuahad metholdasimg a receiver
vari ous nethods "SPS'. Exanples of such nethods are
foreRRy sigadls imay bescompleteht autommos, goay Btikze thgasllular network to
5,874,914; 5,945,6944; and 5,812,087. For_instance \
pEpvide pssistanpe dpj3, orstogsharey i theepasitiopeaplalationn dg sherthand, we call

553 s RS ST ERNCS Oheich oGS dRpeaibed in ULS. Patenis

SRR S S LS ORI S 3Nl et Btangs 5. Patent
i i. fre .

NESSHRY SIS 004 S R

ST b L OB 98 S dtmi

theepdrattbnt 6f the adtRiel; T& Pateht Koak X8 8¢4 daRibt®h method to transmit
epheneris data) to a receiver through a comrunication

the rThopplerhélegudnbp sldfei vErint ojiedetsatellitee tot $haPGSédive@Nthrough a
U S. Patent No. 5,874,914 al so describes a nethod to

comuiunicatien hnlety detaminatheipesitibn efjthereseiwirgdd. Patent Mo. 5,874,914
cel|lular tel ephone systemto provide a reference

descgihed a arethadetorteaneimiteratefiife aBPSasidgtealor epbeuénss ddtontp a receiver
U.S. Patent No., 6,208,290 describes a nethod to use an

thippghok FeramEnicatinnslinkote kelp Hereesivey o deterraiae éfs posidionyrJ.S. Patent

ppr.oximat e Doppl er for redycing SPS signal . )

I\%r g@@é@ﬁ@“t”i tibgs, g method topagksiora pygcisign garriep drequency signal of
describes. a net hod, to coppar di fferent records of ,

a ety f%feé’ha%% %VSFF& LV decserejuenogsigiof pltheripociyrier SES signal
. er{fdn t hch one of the records is .
SRR TS bt P 6208 00 et et RE Soam’ Spproximate
R280 29 St REERIRL an L TRpplf 6 Bihin 55 g
pFORBINHY GAfel QRE, 1LSePYRht ARA 5,@9,@8&&?&%&’ & nithifod to compare

integrated into the same enclosure and, may in tact
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position of the receiver. In practical low-cost implementations, both the mobile cellular
communications receiver and the SPS receiver are integrated into the same enclosure
and, may in fact share common electronic circuitry.

[0006]  In yet another variation of the above methods, the round trip delay (RTD) is
found for signals that are sent from the base station to the mobile device and then are
returned. In a similar, but alternative, method the round trip delay is found for signals

that are sent from the mobile device to the base station and then returned. Each of these
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[0009] When a minimum set of measurements are available, a unique solution to the
navigation equations can be determined for the position of the mobile station. When
more than one extra measurement is available, the “best” solution may be obtained to
best fit all the available measurements (e.g., through a least square solution procedure
that minimizes the residual vector of the navigation equations). Since the residual vector
1s typically non-zero when there are redundant measurements, due to the noises or errors

in the measurements, an integrity-monitoring algorithm can be used to determine if all

the measurements are consistent with each other. For example, a traditional Receiver
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determine the faulty measurement.

[0012] In one aspect of the present invention, a method of position determination
for a mobile station includes: determining a first measurement (e.g., a time of arrival of
a GPS or base station signal, a pseudorange) for position determination for the mobile
station from position determination signals received at the mobile station; and
determining a first reliability indicator from the signals for the first measurement, where
the first reliability indicator represents a level of measurement false alarm probability

for the first measurement. In one example, a reliability level is determined from the first
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for a mobile station includes: combining a plurality of measurement false alarm
indicators to determine a reliability of a position calculated using a plurality of
measurements, where the plurality of measurement false alarm indicators represent
levels of a priori false alarm probability for the plurality of measurements respectively.
In one example, the position for the mobile station is calculated using the plurality of
measurements; each of the plurality of measurement false alarm indicators is a value of

more than two levels (e.g., a number within a range, such as between 0 and 1). In one
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[0016] Other features of the present invention will be apparent from the

accompanying drawings and from the detailed description which follows.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] The present invention is illustrated by way of example and not limitation in

the figures of the accompanying drawings in which like references indicate similar



[ 0015] The present invention includes nethods and
appar at uses which perform these nethods, including
wa@l2t0a/0prooc essi ng systens whi ch perform these neCTUSR)4/004597
and conputer readabl e nedi a_which when executed on
dat a processi ng systens causé the systenms to perform
these nethods. [0016] O her features of the present
egﬁ}éﬁ{gi on will be apparent fromthe acconpanying

raw ngs and fromthe detail ed description which
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present invention is illustrated by way of exanple an
tHEfosttiofi dfatoh¢HileicBllulbn@evidegur es of the acconpanyi ng

drawi ngs in which |ike references indicate simlar WO
[010F/ 07Bigibe PCHIWASRAD Onilfld D9 4 selver whizhanidysbe f¥d8ith the present
Figure 1 shows an exanple of a prior art cellular

imenter.k whi ch determnes the position of a nobile

cel I ul ar devi ce. [00121]9 Figure 2 shows an exanple of a
[8®0 er Hignth3 segvreblogh diagranhreprrsepgpiéereeii a mpbijefatighaccording
[ 0020]. Fi.gure 3 shows a bl ock di agram representation

tQ pngeipRdimentaf kg preseat BYEHioly to one enbodi ment of

T SBhe Em Pin Ca Fu SreflB DRl Bor e
SO TR0 3€8e  BG

t . il e
iR LT IR, LSRR el S48 protisy of o

r#%ﬁg'eﬁl@nt% BB FRER %icﬂ\bﬁ{btrj Which nldY%2 ke dInAYE Brelent invention.

strates nmet hod to determ ne”the probability that
[00%3] NERZMEFENEMIEstAR® fahithdll 36 NFet@aifd dhdJproBalfite that two
enbodi nent of the present invention. [0024] Figure 7
nsdasivementiBtdfatie hrtle hedording td bies daisodithent odthefpreepielnverition.
according to one enbodi ment of the present invention.
[0@XX]5] Figgue & sBowhauncthodlad détbmainertichpuition efet srcaivereaccording
the position of a nobile station according to one
te mhodhnbediment ofithepresant exventiorvent i on. [ 0026] Figure 9

shows anot her detailed nmethod to determi ne the )
[0R25]t i oRigate 8 shows a detailed method to determine the position of a mobile

station according to one embodiment of the present invention.
[0026] Figure 9 shows another detailed method to determine the position of a

mobile station according to one embodiment of the present invention.

DETAILED DESCRIPTION

[0027] The following description and drawings are illustrative of the invention and
are not to be éonstrued as limiting the invention. Numerous specific details are
described to provide a thorough understanding of the present invention. However, in
certain instances, well known or conventional details are not described in order to avoid
obscuring the description of the present invention. References to one or an embodiment
in the present disclosure are not necessary to the same embodiment; and, such
references means at least one.

[0028] At least one embodiment of the present invention seeks to estimate and use



nobil e station according to one enbodi nent of the
present invention. DETAILED DESCRI PTI ON [ 0027] The
wo edooviong description and drawi ngs are il | ustPEr/Uy®09604597
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probabilities in the position det erni nat i on process.

obl£25Phedstrdnivt gely terth fad adhlse hlathewhieh i typivallf caused by a poor
nobil e station or other device, a position

sigmal caoinditionn stohpitical dry insksam wignhleds ahistkentgt ideoafied/ for the
di stinct nmeasurenents, such as range, pseudorange,

detegopirehtion jof thtehenpurgmgnt hers that are associated with
distinct reference points (e.g., GPS satellites,

[083HudolTherssare yaany §@r511mwStha§ em gawseoflsenalata: ey exapple, in
obt ai ned neasure be in fact_ a falge al arm

acqpirigy § GPSyPER ¢ 00@5 ngg, s@“ﬂoﬁﬂt %SPEH ?rae%(ﬁam%ncode is

copiglizd Pith Ry peeetvis SRk e ot S e e ppalc when
thL 9%};1%% o? E‘l lg%;ﬁ rrgfef%ng s%g{l]ldéntdl s %@3%@%@ tﬁeayﬁﬁ? f)%luagrandom

acquiring a

nollé?-:cc%lde rnﬁa{t gnﬁ cﬁitd%%%e 14 dhBn &t@%ﬁé@%ﬁ%ﬂ%@tﬁﬂhggg ffRA€ference

corre e recelve S|gna

psfé@ddrﬁ{&&ﬂ A5is@ BbRUWHEARE §fnAl RAJSIHMAGEw, wﬁlse'smkeqﬁ.%f, due to
l'ocal reference signal” and the GPS si gnal

th§ ﬁ{&mmg&y ANEO Borrél A G EPEIEN AP E bécte oIS RUEMIFRNEE, causing
is then determined fromthe timng of the reference

a flRUIAHAMIPIvaly) S eoreddativon péaknhdthie abovgnathrashokdnigsblettsd for the
| ow, a noise spike (e.g., due to the thermal noises)

detemmiitetionoof @l psdudorange. plihe rthneshdd sisl Hpically a@signed so that the
nmeasurenent,, causing a false alarm Typically

prohmbaletbfaxf ifelpe plemk witisa e peek tabewe theithreskhald nsjbelgwgeﬂpe@ﬁe@l level.

he determ nation of a pseudoran The threshold

Tq gedp@t}@aqrplgﬁbggg jod frder aerm,fhigh ﬁgesholdg may be used. However, since
the correlation peaks below the threshold are ignored, the high threshold reduces the

measurement availability when the signal strength is low.

[0031] Signal interference can also cause false alarms. For example, the local
reference signal may cross correlate with a strong GPS signal of a different
pseudorandom noise code. The correlation output of the signals with different
pseudorandom mnoise code typically has small correlation peaks. When the cross
correlated GPS signal is strong while the GPS signal to be acquired is relatively weak,
these cross correlation peaks may be above the threshold, causing false alarms.
Similarly, when the GPS signal with the same pseudorandom noise code is very strong,

the small correlation peaks occurred at a number of different timing differences in auto



probability of false alarmwhen a peak is above the
threshold is below a specified level. To reduce the

w@embamiolé ty of false alarm a high threshol d PeElyUE®04/004597
used. However, since the cabrelation peaks bel ow t he
threshold are ignored, the high threshold reduces the
nmeasurenent availability when the signal strength is

colioh W Lhish@ABbvd b Al B AACEUERAD 1Ak AlaAlISPhd Rlfonship of
allarnms. For exanple, the local reference signal nay
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noi se code typically has small correl ati on peaks. Wen
tolchsss coslatiowor rel ated GPS signal is strong while the

GPS signal to be acquired is relatively weak, _these
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sigmafl mesyeb stiqngeingar e EFesh @@ S ﬁwsm%@&%fsbﬁés signal is
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mrlxg‘% Fééﬂg?(%ﬁp%{fkga J(13%8 signal through a di%qrferenty pat h
FEAhs ChuBighthisanals He) aangt hesehape ofiaesreltion peak (et the width
GPS "signal may be stronger than the direct GPS
oBh go@blatidh)u SThuahemessuesntint of theGREpsofthalcoirelatiovengak qanelso be
mul ti-path signals may be used for determ nation of
ubddensrmsdgial quatity indRiatoren theldetemmiratiop af thegrehekility of falsgsplarms.
| ater than the direct signal, the rel ationship of the
[@033} el afrther,piukiaense from some quber Fighel PYHCST (S, Jammer, or
obt ai ned neasurement_ with one o oy candi dat e .eakls .
commupisatier Signals) may alse icaee false a*armﬁe E%@axm o of gignal quality
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PR 3 SRAlRAHCRSHE 81 alarhPPi¥BADiliREs according to embodiments of

the present inventions. In the design of a traditional receiver, some of the signal quality
indicators have been used in the determination of threshold values (e.g., correlation
output threshold) such that the obtained measurements that meet these thresholds have a
false alarm probability small than a target value. In one embodiment of the present
invention, a number of different levels of threshold values are used to estimate the false
alarm probabilities for individual measurements. These a priori false alarm
probabilities are estimated without combining different geometrically distinct
measurements that are associated with different reference points (e.g., different GPS

satellites or base stations). These a priori false alarm probabilities are based on the



comuni cation signals) may al so cause fal se al arns.
Thus, a nunber of signal quality indicators (e.g.,
w@oronetsté on peak magni tude, signal to noi se rECT/U$2004/004597
signal to interference ratio, signal strength,
rel ati onshi p of a correlatidd peak with candidate
peaks, "relationship of signals for neasurenent vvi t h
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neet these th oI ds have a

prﬁﬁﬁﬁﬁ’t@ |dak¥d 8RB nfeﬁéiﬁ‘ecﬁsfgﬁilgﬁiahf&a nk’lﬁ)ato'ri‘ & eusm% an empirical
enbodi nent of the present ~ invention, a nu

fosthfilalr efte tefMhSbedived iRSleCal v lﬁﬁ@oa@ﬂﬂmﬂ&ﬁd the signal quality
estimate the false alarmprobabilities for individual
indieatory earehé obtalivelsfom parions iapprlasiessaltrivm in the art, such as from
probabilities are estimated w t hout combi ning
coffietting esttisgead meatej catinherical snodeding, neaswicelvesmnslatibgt analytical
are associated wth different reference points (e.g.
ang|ysieastathaPs  satel |ites or base stations). These a
riori faI%e al arm probabilities are based on the WO

109884/ 0¥ pdEheet fudFrenagoRiesmation (o.g+ e nseydogpnggatother types of
mg%h?&ﬁsﬁﬁaiéﬁg bRe ﬁ%%%ﬁgr?%‘ Sl dht HERED: oqf"a'tt%%e Hation may
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{57388 g Bl Ao o it éoeleeetbagﬁ G e e same
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I nterpol at1 €me IS use rmne t

jaghifid Chehab 'Uabé éta%rpﬁéﬁéps%e &ﬁ@pﬁﬁaﬁﬁﬁ&%ﬁu&@%ﬂea in their

qual ity indiéators (e. using ah enpirical
ddi@himdtidh. TRER prebailinen &aat%em&htahﬁse‘dalm@nwddﬂhaﬂts of the present
probabilities ‘and the signal quality indicators can
inbéntioht ai ned from vari ous approaches known in the art,
such as from collecting statistical data, nunerical
[0A35]el | bya traditienalcybktem, thel atdsoremeatsadry indivbualhnalyisidstp meet a
and others. [0034] In additional to the range
minihomntirésbold| ef geliabiliiy spsthatdtheaclyayss of ey nteppemerits as false
measurenments may al so be fal se alarns. For exanpl e,
algms jakfe rﬁna{llyr oToHEl adle OKdext fooHshreljic mSasmerBeni® N thgmposition
base st at i I ook operati ons. _Sone base statjo

FREFEnAPRE ClFAtop me?f‘é?re@ﬁn%@%sd@% iogh e ety fiyeshold,

m k
the melagur}ce:r%ertlthg tdlsfch%e %%% alse a a2 (o% the rshtegsu?emgnt is not made at all,

e.g., when the correlation peaks are below the threshold). Thus, the traditional system
uses the measurement in the calculation of the position only if the measurement meets a
strict reliability threshold.

[0036] At least one embodiment of the present invention uses a more complete
approach to estimate and use various degrees of measurement reliability in a navigation
solution. The probabilities of individual measurements as false alarms (or the converse,
the measurement reliabilities) are estimated and used in the position calculation stage to

determine the probability that the position itself is false. In one embodiment, the



identified. Currently, base station |ookups use the
probabilities of being correct in their

waledoennion@t i on. These probabilities can be furp¢iBEUS28€004597
i n enbodi nents of the presen& invention. [0035] In a
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(akl, an P receiveBnartdhiramcsoritted & aaempaksvear doie ath theeassociated
threshold). Thus, the traditional system uses the
peagweInents for positidredeterimindtioni She edfrvarieay Guiher mfinerthg falfe alarm
t he neasurement neets a strict reliability threshold.
p[f@@b%l]ty Astimeas fe. o nBSipgivformpeion dfilable abtha sgiyer) before using the
vention. uses a.nore conplete approach to estinmate
3 SH]S@)SUWI(}@E%HIH@&PEES of nmeasurenent reli abi lity in
ities
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and poOsSI i on ca ion"s
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tl%t:-ﬂ %@M%ﬁ%%ﬁal%@ﬁéaﬁ%&r&fvaﬂwf AtRep zﬁhﬁ%ﬁ} (e according
probability is expressed as a val ued betvveen fi
td of (hikdlan reasbiteNHERSet, g fhieNdleat@&héritofk a false alarm, the
cal culation. In one enbodinent, the estimati on of
neagtmenteypichily haes apeobabipityoidtriblutiby over petdeorangel amiund the true
the source of the nmeasurenent (e.g., an SPS receiver)
vahig of thermmrdndtetotbe nzeasertd(@g.s 2 ralgiveainoiogm istibition).
associ ated neasurenents for 03|t|on det erm nati on.
[G938] s er Hignrerdy shayys nmmplef ohalifferent probabidityadistributions for false

%bab'l'ty esti mat es u3| ng i nformation
 |ang ffer agrmef, @e@@m@@}t&b‘é@sh énaa/slpen gsadria the presest inpention. In

Slt on de nati,on 0037] i call f al
e R 0T ﬁgﬁ‘f’s aﬂ&t%bt{!lamoé BT EeRbAs- & -crsudorpugeyif it is a

di ff
fégE SRR, ’F?Es %‘éﬂ?%ﬁg%ls gadoﬁﬁb%f"&e rapge Da (411).
P T TR s i
d?s'ﬁ%duohg%’ %gertﬁigﬁsgréﬁb%t Hat R 062h YRsOh1aih & RALAIERL&ES in a small range

D, (413). One embodiment of the present invention determines a probability of false
alarm in view of the relation between the obtained measurements using the distinct
distribution patterns of the false alarm measurement and non-false alarm measurement.

[0039] For example, when a threshold for a measurement false alarm probability is
0.001, the false alarm probabilities of 0.01 for a first measurement of and 0.02 for a
second measurement are significantly worse than the threshold. However, if the first
measurement agrees well with the second measurement, the first and second
measurements can be combined as one measurement, which is a false alarm only when

both of the first and second measurements are false alarm. Thus, if the first and second



to a Gaussian distribution). However, if the
measurenent is a false alarm the neasurenent

wa ooy has a probability distribution overP@Er/usmH64/004597
range around the true value of the parameter to be
measured (e.g., a relative udi formdistribution).
[0038] Figure 4 shows exanples of different
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distribute in a e range
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false alarm The distribution of nmeasur enent
(aoha]t | & finhshates! ar MolifodC A5 C QeEMANE dihieN pRobaBBLY of two
range D2 (413). One enbodi nent of the present
meisuesthéntnbelng eloge nesach @healtiich may de fsad $€ theapr@Edt iifvention.
view of the relation between the obtai ned neasurenents
Forsillngiratios puipese,ntis asshinstdrthitbatlo of hatttve mpsswemichis hhed e same
al arm measurenent and non-fal se al arm neasurenent.
ufifogofisEbntien dnicetangsh &h (W7).hWbeh dhel fifsd measwremslr nad oint x;
false alarm probability is_ 0.001, the false alarm
(S&Sb e pacprq asagiemen mishbedn the mngersdR ifrtherseaond megserement is

W#h’é‘rﬁ e BE 61 s TR BIenL g o R oD, fieeRRons of

O S h 5 B
oS AR U e
thENYR, Iﬂegsu}&?erft% 'h%& ﬂ’%dsa?ﬁ& Ao GtbED r1]:1%]1(se Jescription, a

PCT/ US2004/ 004 measurenents are | hde

pdrSRRIERSirOMB Ykt wflh@ndé’fs@ﬁﬁﬂhlat !iui(:hociC plfo%b?ﬁtyaéﬁrﬁ@ (f.l&&mmed for
the conbined neasurenent is O. 0.02 = 0.0002

twi in6dbutcBnemtOdTithd mchymbaﬁéxeér dlﬁ@féni Htribthegshol d of
0.001. Thus, these conbi ned neasurenents of | ow

[0041] abiRigure Gaillustates ed, methbéntot ldet¢rragie e theWiptdbabaith that two
ot her, without conpromsing the reliability of the

megucemients are[fgide @lbrs goroedibgitd lous enbbdinant wé theoptesent invention.
determ ne the probability of two neasurenents being

T 16 elsgh daHbMion e mey-Tose tlemn diseons gsenrves 401
invention. For illustration purpose, it is assuned

andn 403 1B Figere Hﬁpe%ww&ém ﬁ@@eﬁwb/ {hee probahilities that both
uni form di strjhbuti nlnt e ran 507 When_t he

RO R e R8PS 36 o X sy I TRgAECS GHRF cxample,

cuﬁeg §@f; %@t thF gro ag"‘laity of %wo fald aerrn51%geaslu];entnel% s gemg w(iithm a given

distance d; and curve 603 shows the probability of two non-false alarm measurements

being within a given distance d. Thus, for a small distance dr, there is a huge difference
between the probability of two false alarm measurements being with dr (at point 611)
and the probability of two non-false alarm measurements being with dr. Thus, when two
obtained measurements are within a small distance, it is very likely that the two
measurements are non-false alarm measurements; when the two obtained measurements
are separated apart by a large distance, it is very likely that at least one of the two

measurements is a false alarm.



wthin a distance d to the first nmeasurenent. Thus,

fromthe probability distributions of the first and
w@ementsoneasur emrent s, one can obtain the probakCt/U83004/004597

that two neasurenents are within a di stance of d.

Al though Figure 5 illustratekt a situation where the

two neasurenents have the sanme uni formdistribution,

iRf" | He% e Eanl RrhootE e hremiont 'he 2 sheapd mEsirement are
] . f .

oSSR R 21 AR TR T S brb g, 1000y e

faﬁ%:;altldrtﬁ\?\ntaﬁ@t%gﬁo‘lﬂ tﬂ@ﬁgfglcf s%cgrféar?xéggupﬁ?nén@seh% 913)?(2%3!38&% 8f 0.2asa

asurenents are e alarns acc

ARl &P AHE RBRce Yhatth&e RvE SEM sutRYERY 4:8Nined FpOdd Ilgasely, out of
af se al ar

afal se alarmdi stribution and the non-

stk tuck R IR alafing)-is very YRS TARY, théedwdURedshrehicts Be More likely
one can determ ne respectively the probabilities that
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illustrated wwth Figure 5. For exanple, curve 601

pohamstyt 60 2r shalfilbed tlprmofwithin [£100821@005 rbwt nisa st emeamirsment is
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[0045] where P(C|F) is the probability of the two measurements being within a

distance d when the two measurements are false alarms; P(C|N) is the probability of the
two measurements being within a distance d when the two measurements are non-false
alarms; P(F) and P(N) are the probabilities of the two measurements being false alarms
and not all false alarms respectively; and, P(F|Cq4), P(N|Cq) are the probabilities of the
two measurements being false alarms and being not all false alarms when the two
measurements are within a distance d. P(F), P(N), P(F|Cq) and P(N|C4) can be

determined from the estimated a priori measurement false alarm probabilities and the



determned to be wthin [-1,1] and the second

measurenent within [9,11], the chance of both of the
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since the two neasurenents e so far msaligned.

[0043] In one enbodi nent of e present invention, the
probability of the two neasurenents are false alarm
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fal se alarm probabilities and the WO 2004/ 075016
aPOTYsUS20M /od 0hs Stosendss dif sthe itheasimement fsuch es faadistanad detween a
nmeasurenents and the non-fal se al arm neasurenents
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\

* reliability of the final solution is not compromised.

[0047] In one embodiment of the present invention, the a priori measurement false
alarm probabilities, those determined before an integrity check is performed, are used in
identifying the measurement at fault. For example, when an integrity problem is
detected (e.g., using a traditional RAIM/SMO method), a traditional method may be
used to identify a faulty measurement based on the redundant measurements. When a
lower threshold for measurement false alarm probabilities is used, the chance to have
more redundant measurements increases. Further, in one embodiment of the present

invention, the a priori false alarm probabilities of the measurements are also used in



solution being a false alarm [0046] In one enbodi nent
of the present invention, the threshold for

wore@sirenent reliability is reduced so that |BGHUS2004/004597
reliabl e neasurenents are used in position
determ nation. This can inprléve the sensitivity
W t hout conprom sing the final reliability of the
position solution. For exanple, when a
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measurenents with the three high reliability
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multiphiedhteo geherete dni ighlica®k isalthat itheymemasmeantenthsthe wong indicator is
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rms@;rféh@mtyeimfbw@holﬂh@ay boysadr togdensity bag fauity ynespurement if
nmeasurenents as false alarns to a |l evel such that
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[ooagle T a4 unelenbodRREt6RRE PicSerit AbVeRHAEE Sevelr Wheh @b intefYitdHeoblem
enmbodi nent of the present invention, the a priori

isfdetesed db.gr, iy artedokitivdrial RIAGS mbtholy theemdividuad nicasiacment|rsiiability
used in WD 2004/ 075016 PCT/ US2004/ 004597 16
valaesnthiefggomgtry,radfinietiay consistancy asntombinedtoaletaringti tive tikelihood
of the present invention, the traditional neasure for
theethe i ﬁmhgthnr@smalﬁwﬂmamr@mte peisq falsg aéemrmsrtgon report.
W%ased metric) is fgrrblned the a priori fals
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position can be reported to the end user. Alternatively, the calculated position can be
reported to the end user with the reliability indicator (e.g., regardless of the reliability
level of the position solution).

[0049] Figure 7 shows a method to determine the position of a receiver according
to one embodiment of the present invention. Operation 701 determines, at a receiver, a
measurement (e.g., a pseudo-range, a round trip time, an identification of a base station)
and a false alarm probability indicator for the measurement from signals received at the
receiver. In one embodiment of the present invention, each individually measurement

has an associated false alarm probability determined based on received signals (e.g.,
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a calculated position is | ow enough, the cal cul at ed
dpteshined foronuta (@ez. r ampaupisidal tforntilie beved onSeitistical data, or one based on
Al ternatively, the calculated position can be
npmgoealedalybeal psotmhiity swalysis). A ltdnentively, #iw tectiyer can transmit one
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usddrterglebt a Saudtyaheasurement when an integrity problem is detected (e.g., when

there is inconsistency among the measurements used in determining the position).
Further, in one embodiment of the present invention, the range over which a false alarm
may occur is also determined. Different sources for false alarms may have different
distributions over different ranges, which may be determined or improved at a remote
server. In one embodiment of the present invention, the risk of a particular type of false
alarm condition is identified to better identify the false alarm distribution, which is used

in testing the consistency of measurements, determining whether an alignment of low
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faulty measurement.

[0051] Figure 9 shows another detailed method to determine the position of a
mobile station according to one embodiment of the present invention. Operation 901
determines, at a mobile station, a plurality of measurements (e.g., a pseudo-range, a
round trip time, an identification of a base station) from signals received at the mobile

station. Operation 903 determines, at the mobile station, a first false alarm probability
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round t _ entification of a base station)
JsL P S OB vEdaP AR REmatts §d@atmbich@ce of having the minimum number

of measurements or more for the position determination is increased. Since the
combination of lower reliability measurements may be determined to have a high
reliability final solution, this allows greater availability of GPS and AFLT
measurements and more frequent accurate solutions. Embodiments of the present
invention include the process of estimating the false alarm probability of a given
measurement at the mobile by examining the characteristics of the selected signals.
These characteristics may include signal strength, correlation peak shape, relationship

with other candidate peaks, and relationship with other GPS signals detected.
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the false alarmprobability of a given
ephemeris data for use in calculating the position of mobile systems. The network is
coupled through the modem or other communication interface to the processor 203. The
network 220 may be connected to other computers or network components. Also
network 220 may be connected to computer systems operated by emergency operators,
such as the Public Safety Answering Points which respond to 911 telephone calls.
Various examples of methods for using a location server have been described in

numerous U.S. Patents, including: U.S. Patents 5,841,396, 5,874,914, 5,812,087 and
6,215,442,



measurenent at the nobile by exam ning the
characteristics of the selected signals. These

W@ b@satioes i stics may include signal strength, PCT/US2004/004597
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candi dat e peaks, and relati &lship with other GPS
signal s detected. WD 2004/ 075016 PCT/ US2004/ 004597 20
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as is well known inthe prior art (e.g., see Figure

sydtem, THUS , notMtdridpd etob aesshilah @ NSartietildrd aRBitecture or manner of
geographically distributed but coupl ed together by a

intepduinhectBigi the tomgpneatstas suchldwtaibeirsastieed fhadthdpresent invention.
connected to a network of reference GPS receivers

It whill ciisopb@ epptecialicd fileatertwark @BPuiters endratlieo matnplonesging systems
al so provide GPS epheneris data for use in

whigh bayafawey compoprndd e pithaps mericompsyetemsy alfeee used with the
network (s coupled through the nodem or ot her

PTESSHIARYPRUAN 49H Myt 3t pig bocaton srevesiopadddor 203. The

[Oﬂg]m: En géﬁfg%éhg@n‘?e%sg gt%te el%e 8ds? to'}etrhecggggr}telrn%m%on may be
performed on computer systems which are simultaneously used for other functions, such
as cellular switching, messaging services, etc. In these cases, some or all of the
hardware of Figure 2 would be shared for several functions.

[0058] It will be apparent from this description that aspects of the present invention
may be embodied, at least in part, in software. That is, the techniques may be carried out
In a computer system or other data processing system in response to its processor
executing sequences of instructions contained in memory, such as ROM 207, volatile

RAM 205, non-volatile memory 206, cache 204 or a remote storage device. In various



network 220 may be connected to conputer systens

operated by energency operators, such as the Public
w®@2doenysodnswer i ng Points which respond to 911 pel/Epivofan4597

calls. Various exanples of nmethods for using a

| ocation server have been de¥cribed in nunerous U.S.

Patents, including: U S. Patents 5,841, 396, 5,874,914,

5,812 7 6 / .
Bp e 0 Foonigy IBAOGET T Phcat i SRILEOR, iy softvare
it 3 b RO B dBh A PERRES Thild BB ucs o ho e o

0 a mcrfoprocessor 203 and

%ﬂﬁ%@% tmi{ QF Ahrdlvar AL R RPaRNG R aRORLr e by biuﬁcular source

e processor 203°is coupled to cache
fdrRn® métra&for@%x&ﬁ@é@by fheldan) R¥&FHhe spdtert] Budditidn, Heughout this
bus 202 interconnects these various conponents
deReptigrvarlohs lignchiogy aed dpahiins drbalesdribed norbeiny pridraed by or
menory is a local device coupled directly to the rest
cafsed by sofiwprenade do isimplify ddsdription odewsvengthossyskied in the art will
wi || be appreciated that the present invention my
regogiiize shat 1soneand by sidheexpressions isihricthe ifignchengpresulf fr@m execution
the system such as a network storage device which is
of thesiodelby 8 PEIsEss@atsHClpALRE PEICREFOE Y8 -em t hr ough a
network interface ch s a nodem or

h
(90001 b amachine TSP BOBR FHE DS DR TR HEPery fibdata which
"G PEPYIET Sty 8%03%%@ VS ) e R Bt various
{
w¥hods, o FF Besg AYROE T SReq AR} OByag F‘%ﬁ{danm% be stored in

vaShsS &)ﬁlg@se 11#1% "For %?%1?1?1%5 R@M r 0N UFBMLi1E R &RA D00 'i‘lohﬁzolatlle

reqw contr may conmuni cate With

B anlRY RedcI04 z?snéilo%hlﬁrFléﬁﬁ glemdrEess of A¥&kware and/or

Note"that while Figure 2 illustrates various
deRRSIENiteredfin anyldico Mhare emeagegievigst em it is not

intended to represent any particular architecture or
[0@s0)er Dhus, ianinactins redbblagnédiemcinoipdee atys neshauisrh that provides
details are not germane to the present invention. It

(iré.) btordssamdire teqmemits) itfehatioatin e foroy keceesie thyr & mashine (e.g., a
ot her data processing systems which have fewer
comppisnengtwork dprded sesondl digitalnprsistant.smarifagiyaee froly gy device
with the present invention and may t as Iocé ?
vy g spt o Ong EDROTS RIOSFFIOTRFIE br@re%@af 1%%‘@3 able medium

.met hods of th rese I nv ntlon erfor n
iR B ORP GAE T EI FFOR ot AR 0Ey, PBaty (RpMY random
agct:egg rmgnl{(r)]r%ft b%%f), %ﬁja%Hetic disk storage media; optical storage media; flash

memory devices; etc.), as well as electrical, optical, acoustical or other forms of
propagated signals (e.g., carrier waves, infrared signals, digital signals, etc.); etc.

[0061] Figure 3 shows a block diagram representation of a mobile station according
to one embodiment of the present invention. The mobile station comprises a portable
receiver, which combines a communication transceiver with GPS receiver for use in one
embodiment of the present invention. The combined mobile unit 310 includes circuitry
for performing the functions required for processing GPS signals as well as the
functions required for processing communication signals received through a

communication link. The communication link, such as communication link 350, is



as cellular sw tching, nessaging services, etc. In

t hese cases, sone or all of the hardware of Figure 2
wowewkd7does shared for several functions. [00581PCaT/US%004/004597

be apparent fromthis description that aspects of the

present invention may be edodi ed, at least in part,

in software. That is, the techni ques nay be carried
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tware instructions to I npl enment present

adqﬁiéﬁﬁinl and Emﬁlrgohﬁ&nt e NhsiH @ nuhi®Hfon! tristEiJert @ecuon 305.
any specific combination of hardware circuitry and

Asqfisitien andizacking cronitBl s eoilphid 18 GBS gnterfrar3ot hd communication
i nstructions executed by the data processing system

transceideli 30508 cotpled togdvmuhuritiition adehas Bpt.iGPS sigails ¢ug., signal 370
functions and operations are described as being

trpnspdigedrgnb yatelite Sa3)sers togeivat twangh ERFeantonsi AR iahg input to
description. However, those skilled in the art wll

aqqusHigw and tigekingicacwb azﬂt whighggguires ks BN Pesudotagdern é{mse) codes
the functions r suI xecutlon of t he code

fop {t ¥&dQys, Tee ¥ satolies 'g?"og@%é’é? @e@ V[ G551 324 (ot pomtation
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present 1 nven S executa
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TR o 3 B 8RR AP
trREiOdr %@Cﬂﬁso%%g@t%m% howhdl sBlifiin U1k, 2or "ﬁ’ﬁi;ﬁ&)ké?nsis ed msftead of

this software and/or data hmy be stored In any one o

the PR &switchl REEei el ¢an@unit ARR0ignkid fre i8y ﬂ&@moﬂﬁnﬁrﬁ@a@ﬁfi'r@cewer
medi um i ncl udes any nechani smt hat prow des (i.

33 andspasell a0 proessser 833 fonfmbe@kingn (din@udhioftion 81gnals to be
accessi ble by a machine (e.g., a conputer, network
tratsniites, fer gooedssati §33 are goepaghtedt fo meodudact 384 napd frequency
tool, any device wth a set of one or nore _
cq@m@@ v $owet emplifigind3teivgraeses, the gatcof the signat & ke appropriate
medi um includes recordabl e/ non-recordabl e nedi a
131’@ gy tfal}s@éﬁfl%’rﬂo)baﬁﬁe‘ﬁﬁw 3(5?{0\/9 . random access memory

' [Oh@i a: | net] (i)og{rr?eﬁlt Sct> t eg eprges;:g'lc ainvgnrt)ltolnc atile Scfo?l{ballr?e% receiver
determines one or more signal quality indicators (e.g., magnitude of the correlation
peak, correlation peak width, signal strength, signal to noise ratio, signal to interference
ratio, relationship with other candidate peaks, and relationship with other GPS signals
detected) for the determination of the a measurement false alarm probability indicator
for a measurement (e.g., a pseudorange) obtained at the receiver. In one embodiment,
the combined receiver transmits the signal quality indicators to the base station for the
determination of the measurement false alarm probability for the measurement. In one
embodiment, processor 333 determines the false alarm probability according to a

formula based on the indicators and transmits the probability with the measurement to



menory devices; etc.), as well as electrical, optical,
acoustical or other forns of propagated signals

W@ eqog/o750e@r ri er waves, infrar ed si gnal s, di gi tBECT/US2004/004597
signals, etc.); etc. [0061] gure 3 shoms a bl ock
di agram representation of a 36blle station according
to one enbodi nent of the present invention. The nobile

tht %Eéeoﬁa&&ﬂp[rbﬁgq?ﬂl% &%ﬁﬁéﬁionrlﬁﬁ% n WAk S goa{m%f@ Cthe GPS

conmuni ca transceiver wt recei ver
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conbi ned nobile unit 310 includes circuitry for
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signals as well as the functions reqU|red for

fowec esthi ogtpmo ofiheianalb cndiRitglnahsetac droadhé ainvgthesignal at the

comruni cation |ink. The comruni cation |ink, such as

igputnthei distribetior ofthe 34ghal (esg. \Ga@Bi) @id fHebsignal processing (e.g., by

PCT/ US2004/ 004597 23 typically a radio frequency

reesnsenti 383l tha cmirﬁlntmrbﬂmﬁg leis relotadoncthe falsq @llarraevrtﬂatbélty (e.g.,

statjon_352 havi.ng comruni cati on antenna 351. [0062

tb&“ﬁ%kﬂoéle?t&ge Stgtisticgl gafas 0@ tegheh megnedes ﬁl@@éﬁt@élr 0@ oaetlcally
tion .recejver ransmtter. Receiyer

Tt %&%‘1 ISEE%]?U%‘}S & ﬂtjerfa ficRl apgsesagisedy {deBFd on the

and, tracki.n ui_t mmuni cat | nIra scei.ver

T8 PRESE e S SRR atk PG “BEPU RSP e signals
WHAPhRedsth {g(%%%é%ﬂt 1%9896(}3 Q%Ie]th@en gl %ﬂeﬁgre{lce b¥1 a stronger

transceil ve I'S coupl e TUnI Ca(?l on an

r@é&ved@?xﬁ a8 aldacdeoP estm‘?'dtlgg rtaih Chalde ARSH d88e %{r}&{ger signal,

satellite 303) are received through GPS antenna
En&&'tmie@fere%@é] Wvgvefbia HABSH tohd eles® Oestibfatddl thadddieristics, and
whi ch acquires the PN (Pseudorandom Noi se) codes for
subactiag ithig SntefeRhve dasedbi ohes set ldTecodi@lation oA thueer e weaker
circuit 321 (e.g., correlation indicators) are
S[[gﬂﬂb‘@&@ﬁﬂbvbthanm&m eB8dts fobithe steomgat tip@dl. More details about the
transcei ver 305. Conmuni cation transceiver 305
neenleatationdor redneing interderenogdn swiaehile sEBibnwian bh fouwndtied).S. Patents
conmuni cation signals (typically RF) to and from
AN ¢ W heoh addiientzs1EL Paanessing apswEPYSIR08d fonreduce flse

S5 5o GRS ol i el %L
t
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PO or i Bue SPMIhGR S0P el tan¥e&t1%dﬁ?WC§%% fgpocivr
SEEHRAURIACH c 9[51}4 96 WEe ]pgtflﬁnmgg‘éi\ﬁ{ F@E{BE g €lin $2 communication link
e signal °to an

I NCreases e galn o épprop
350) to extract t1m1ng indicators (e.g., timing frames or system time) or to calibrate the

local oscillator (not shown in Figure 3) of the mobile station. More details about the
mobile station for extracting timing indicators or calibrating the local oscillator can be
found in U.S. Patents 5,874,914 and 5,945,944,

[0065] In one embodiment of the combined GPS/communication system of receiver
310, data generated by acquisition and tracking circuit 321 is transmitted over
communication link 350 to base station 352. Base station 352 then determines the
location of receiver 310 based on the data from the remote receiver, the time at which

the data were measured, and ephemeris data received from its own GPS receiver or



| evel for transm ssion to base station 352. [0063] In
one enbodi nent of the present invention, the conbined
WO e@eiv®I6 determ nes one or nore signal qual i PGT/US2004/004597
i ndicators (e.g., magnitude of the correlation peak,
correl ation peak width, sigrd strength, signal to
noi se ratio, si gnal to interference ratio,
candl dat e peaks

| at hi
bt SFERIor: bl 4P ol olootiem GRgriangich @pé@ané@;uqdopaoach@ GPS
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processor 333 determnes the false alarm probability
pEEbY eimighté 12 Bhe U4tk PabRsHAS SbtéN ihdl8ddsNtbeahaIch BREupled to a
transmts the probability with the neasurenent to
mAQOpEb e85} 1 dRClelifoz () Qdl .0 RN/ voladlet RAM) and-wil4ttle @temory). The
t hrough the comuni cation |ink 351. In one enbodi nent,
_ bushste@e8necit varicsis icompomants topethér ang atdorinter¢onBeds thmse eomponents
Automatic Gain Control (AGC) systemthat adjusts the
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cotinBA oAb, 'mrb%eoamﬁdmsﬁtdfqﬁé Yes@it t R Fbi evstgkfo%e@&sms

on the” signal processing tho s use For exanple

thie M &H3EreRIFRQHNTBAE . SN IFANS aﬁhﬁgﬁb&bﬂm NoP BRCASSREndits (or
weak received satellite signal due to interference by

signd qualitg gidicat@epiothel dsth grozkssaigesysRELESS), thioueh bh W pdtf) so that
certain characteristics of the stronger signal,
the detatprocpssing systen feen detesmina vief positidnasfatle oseelvee ael the reliability
esti mated characteristics, and subtracting this
0ﬂ¢we¢ﬁ@mem&@hmaveforn1fron1a set of correlation
tputs for the weaker signal to renove the
[0i0ﬁ7]erf Miwugh dhg mlsodéfarxdh@pgtahwg% thes pyegerit. inNgntion have been

details. about th bile station for reduci
desRbRINEIR FRATenss 18 GIRb stellise i Mol De &RPIB@a?eéGh%ﬁhﬁ degexiption are

ccyaly BpRlisalled gofibenine sy att Sbiatan dize Pl o & Combithtion of

satellites and pseudolites. Pseudolites are ground based transmitters which broadcast a

,__:

PN code (similar to a GPS signal), typically modulated on an L-band carrier signal,
generally synchronized with GPS time. Each transmitter may be assigned a unique PN
code so as to permit identification by a remote receiver. Pseudolites are useful in
situations where GPS signals from an orbiting satellite might be unavailable, such as
tunnels, mines, buildings or other enclosed areas. The term "satellite", as used herein, is
intended to include pseudolites or equivalents of pseudolites, and the term GPS signals,

as used herein, is intended to include GPS-like signals from pseudolites or equivalents



alarnms (or for other purpose), additional simulation
operations or analyses are perforned to correlate the
waegnaarsogual ity indicators and the fal se al ar nlPCT/US2004/004597
i ndicators. [0064] In one enbodi nent of the present
i nvention, communication tra@sceiver section 305 is
capabl e to use comuni cation signals (e.g., in the
communi cation link 350) to extract timng indicators
of pgevgoliteg.i ni ng frames or systemtine) or to calibrate

I | )| . hown. i i .
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data were neasured, and epheneris data received from_
utilizingoveligh®$ deftaente rcapierWreg0ousigyy 5eather  than  utilizing  different

PCT/ US2004/ 004597 25 ot her sources of such data. Tfi
pseodartidom dades. darthishgmatien shbsiaally edl HiecKirgirgsgd 2

recei ver 310 or to other renote Iq&&%kons. kbre clud h
degenilad sreviowly gy eaplieblee (Ehs, s (GHS Ziseg hgpemn includes suc

alrepivpat ElWe RS tis: eGP RANHEC L ST h e
f the esent, i nvent.i on he ' : ' . .
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e. g. . . . inSt . . .
<EBoe Py R BB LR Pl o ISy cprion
se?@&g&s : a&&(\:/l%{ﬁltiﬁﬂs Itc?% e Hhdd ARLBHERSANg a0 Ube likETEAN 36 the above

vol at RAM non-vol atile nmenory). The
. ' £ 1ects various conponents together and al so
ﬂfhﬁ?%ﬂreggnnec%g; t hese conponents to a display _
[0090] T Ol TR atidRe cRinBipledarel Altistatedntiont pessengingy sime of the details
devi ces such as input/output (1/0) devices, which are
KH@Vh ik Bevat;i thedehdetailst can Theefolnd mrthe pubdiceidensosechors Wy Patents
buses connected to each other through various
51810 088S 5,340306,0151 549 1dn BLM5, Hdafr W%124s 6,801,183, 6.R0%u1), and
in the art. In one enbodi nent, the data proces ing .
61§ 14470 6,234, 3fdfle 8ll of wikiAkrAre hetchy; nwemow%(gha?, Yée%%’é e, as pointed
(Universal Serial Bus) port, a port for |EEE-1394 bus
ogbinibe thays iscys§i®ne enbodi ment of the present
[(I)Or’]7\i(]:)nt II%n ihet Qgreg‘cﬁglgl %egitﬁ%gtlignr,] &lgalq’l%%&osﬁ has been described with

gorithms

reference to specific exemplary embodiments thereof. It will be evident that various
modifications may be made thereto without departing from the broader spirit and scope
of the invention as set forth in the following claims. The specification and drawings are,

accordingly, to be regarded in an illustrative sense rather than a restrictive sense.



the neasurenents and the a priori false alarm
probabilities for the neasurenents (or signal quality
WO pabioZ¥006 S) to the data processing system (e.BCT/US2004/004597
through an 1/0O port) so that,,the data processing
system can determ ne the pos%?ion of the receiver and
the reliability of the position solution. [0067]
Al t hough the net hods and apparatus of the present
OLMerg | on have been described with reference to GPS
satellTites, it will be appreciated that the
wies ¢d diphiedris:are equal |y applicable to positioning
systens which utilize pseudolites or a conbination of
satellites and pseudolites. Pseudolites are ground
based transm tters which broadcast a PN code (simlar
1t o aAGRShsil ghpbsitiornt detéromhdtionfodamabiel statior thd mbthnd comprising:
carrier signal, generally synchronized with GPS tineg.
Each deteaninmg & st mggsuemens &rquesidion determinatinfor daxtmobide
as to permt identificatjion by a renote receiver.
Pseudol i t §tigh Eoppesifionjdsterminiatian sigaals spreived ethe mobile
signals froman qrbiting satellite m ght be
unavai | abFBMIO%#H as tunnel's, nines, buildings or
ot her, encl osed.areas....The .term."satellite" s -used
her o RLeE 4 63} FERAbiGy SeierloR Brop g gigmple & BF fr
equi val en I : . e [
R
signals f ' i 016
PCT/ US200 %ﬁ%@%c@gé Ayt E’é‘g’%g%’?(ﬁ(ggﬁé?%?ﬁﬁnqﬁe
precedi ng di scussion the invention has been descri bed
with reference to application upon the United States
3 obal Pogiht nwidddoafiMl 1, firthet ERSPrisygt em It shoul d
be evident, however, that these nethods are equally
app! detebhmirtgmn liaghiligyriesd thein iHedirstpoBattifityrindigatsyiotrepesent a
and in particular, the Russian GLONASS system and the
proposed pEbabiliéathaiGapoditem By HteanobilEstatGhChlaSBtsisimmthe
primarily differs fromGPS systemin that the
eni ssi ons MeegrempHtienetfalseatel lites are differentiated
fromone another by utilizing slightly different
carrier frequencies, rather than utilizing different
pseudorandom cqodes.. I n this sityation substantiall .
BT B o PR Hiedy ol slatai g Serein e pagLer s e at e mpbile
are applicgﬁle. The term " GPS" used herein includes
such alt &PH%ti ve satellite positioni ng systens,
i ncl udi ng the Russian GLONASS system [0069] Although
the operations in the above exanples are illustrated

i n speci f ifhe method of claim 1, further comprising;
transmitting the first measurement and the first reliability indicator to a remote

server for position determination of the mobile station.

5. The method of claim 1, further comprising:



sequences, fromthis description, it wll be
appreci ated that various different operation

waemguwenoes and variations can be used w thout PE/USZP04/@4597
be limted to the above illustrated exanples. [0070]
The above exanples are illug8rated without presenting
some of the details known in the art; these details
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ot Cont on tamalersersbate et sap Sl tin it itkindditemined
i nt ed t in. i i . [0071] | th
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desciihad ¢ {‘ull%t reﬁi@l?i‘ﬁf}ﬁiﬁﬁfacatto? iSRG Ifined £ X hdtdserver using the

enbodi ment's ereof. It wll be evident that various

modi i catdRns KB sipfaladRtytil@eabR. Wi t hout departing
fromthe broader spirit and scope of the invention as

set forth in the follow ng clains. The specification

and drawi ngs are, accordingly, to be regarded in an

i |l ust r atTivemsiog ef clainh &y futthencomprisgtg i cti ve sense. WO
2004/ 075016 PCT/ US2004/ 004597 27 CLAIMS What is )

cl ai debetmiising 3 sécand tnheadurefmenpio&om ipositige determinaionoyignads regeived
nobi |l e station, the nethod conprising: determning a ‘
first meaajdkemehile stafion388dti on determination for the

nobile station from positign determ natiqgn signals.

rec eﬁlﬁﬁ@@l@tng@WECWHP]lwg”hté’ﬂ%‘ﬁ?aé?ﬁ %f%mama@% 3%%%&5% signals for
first reljability indicator, from.the.si . -
firet | melidrandiesrer: e s Rsybplsting
representjn | evel qf .

pr obabi | i ieyglfogfn?aﬁlge g?tsf?ﬂgngg%ﬁspg%mﬂ@;&q%ﬁé&% hod
of claim ,e{ r conprising: determning a
reliability Tevel fromthe first reliability indicator
to represent a probability that a position for the

nobil e station cal cul ated using the neasurenent is
not fal seThSmefidd oreldia®, airthet edmprdsingsher ei n the

position is calculated at the nobile
calculating a position solution for the mobile station using the first and second
measurements; and

combining the first and second reliability indicators to determine a reliability of

the position solution.

8. The method of claim 6, further comprising:
eliminating one of the first and second measurements from position

determination using the first and second reliability indicators.



station. 4. The method of claim1, further conprising:
transmtting the first neasurenent and the first

WO edosambolé ty indicator to a renpte server forPEDER1000004597
determ nation of the nobile ﬁ/\%ti on. 5. The nethod of
claim11, further conprising: 2004/ 075016
PCT/ US2004/ 004597 28 transmitting one or nore signal
qual Lty i ndicat.or t nebjl e. st ati,on t.0.. .
remofe serverel eo%%agmolr’ %;%Qgﬁegﬁg re%%bgﬁ?’b{;dl@ator 1

i ndi cat or ﬁe@ﬁhﬂg?ﬁ%&ﬁit%déﬁgnegﬂ omthe signals for the

first neasuremnen erein the first reliability

i ndi gpEAFnihRIc$eh @bALIAALN Béakt he renmpte server using the
one or nobre signal quality indicators. 6. The nethod
of chptéRrelationyscakerid@onpri sing: determ ning a second
nmeasurenent from position determ nation signals

r ececysignalatrefigiie; nobi |l e station; and determ ning a
second reliability indicator from position

det edyigadlitonose gpimb s for the second neasurenent, the
second reliability indicator representing a |evel of
meas §) siged o frdgréarendegpiie;pr obability for the second
neasurenent. 7. The method of claim®6, further

conpt) tiatignshin pEa perelaionpagk &84 fop determinpaiion ¢idhe firk
nobil e station using. the first an(%pseco

d
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further C(&%Eﬂeﬁis als€! I M nating one of the first and
second neasurenerts from position determ nation using
the first and second reliability indicators. WO

2004/ 075016 PCT/ US2004/ 004597 29

10.  The method of claim 1, wherein the first measurement comprises one of:

a) a time of arrival of a signal; and

b) a pseudorange.

11. A method of position determination for a mobile station, the method
comprising:

combining a plurality of measurement false alarm indicators to determine a
reliability of a position calculated using a plurality of measurements, the
plurality of measurement false alarm indicators representing levels of a
priori false alarm probability for the plurality of measurements

respectively.

12.  The method of claim 11, further comprising:
calculating the position for the mobile station using the plurality of

measurements.



9. The nethod of claim1l, wherein the first
reliability indicator is determned fromat |east one
wo@Reo4@)somagni t ude of a correlation peak; b) PCT/US2004/004597
correlation peak width; c) signal strength; d) signal
to noise ratio; e) signal td nterference ratio; f)
relationship of a correlation peak used for
determ nation of the first neasurenent with one or
nore candi date peaks; and g) relationship of signals
or [ at.| £i
et oo AL} in 36, Wit obl o FREPHERIY SF pithfemnt s
the fyi 3 qm B S SR a) atinme of
arri {l/lgﬁﬁﬁél}d%ﬂgggna ; eang E;etg pseug‘(,)ér?iinge. 11. A
nmet hod of position determ nation for a nobile station,
the nmethod conprising: conbining a plurality of
14easThenRitod bakbkan ab awhereindiaciabdHihs plizalitgto€ nreaseement false
reliability of a position calculated using a plurality
of nelash irgkieidrs is 4 menbgrlwittah atrangef neasur enment fal se
alarmindicators representing levels of a priori
false alarmprobability for the plurality of
measurenments respectively. 12, The nethod of claim
131, fhe methodedslsimdilnfuthebsaupidingig t he position for
the nobile station usi ng the pluralit

f g
moas FierBRing onnel e Rtalg BT bl dbmEgrdicagrs ipm one

The method of claim 11, wherein each of the plurality
of measur 8%@ﬂ{e$%£18“glgyg}‘ﬁ‘fai??¥ﬁ’i cators is a val ue of

ror € thgraen V\/%g‘l? 8%/ el'OISC' iér?a%lqll%lﬁyggﬁi&?&s %m h%éts %I%ge

wher &f ep neasur e
a) magnitude of a correlation peak;

b) correlation peak shape indicator;

c) signal strength;

d) signal to noise ratio; and

e) signal to interference ratio.

16. A method of position detefmination for a mobile station, the method
comprising:

eliminating one of a plurality of measurements from position determination
using a plurality of a priori false alarm indicators in response to a
determination that the plurality of measurements are not consistent, the
plurality of a priori false alarm indicators being determined respectively
for the plurality of measurements individually.

17.  The method of claim 16, wherein the one of the plurality of
measurements is determined from comparing the plurality of a priori
false alarm indicators.

18.  The method of claim 16, further comprising:

determining a plurality of inconsistency indicators for the plurality of

measurements respectively from the plurality of measurements;



alarmindicators is a nunber within a range. 15. The

met hod of claim 11, further conprising: determning
wep@4o7sothe plurality of neasurenent fal se al aPem/US2004/004597

indicators fromone or nore,signal quality

i ndi cators; wherein the one 8? nore signal quality

i ndi cators conprises one of: a) nmagnitude of a

corr L; ' ; | : i BA S AL OL oh
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si gnal to thdp1arHief eMacodsatdney inkReatdys ABIH@Hg &f thRPRirbQDF o

determ nation for a nobile s%]atl on, the me%hod

conpri si Ngirioes false ARIMmigdiofnersatspactVdly.al i ty of

nmeasurenents from position determ nation using a

pl ur dloi t y Tofe neethod off dlaifral 6 dudiiea comprisingat ors i n

response to a determnation that the plurality of

meas Wetsmpintisg whetheroir nobars insoesistenayevel pinong thetplunafitysof

priori false alarmindicators being determ ned

respect i vénsgasuegents igahovgadhieshioldf measur enent s

i ndi vi dual | hod of claim 16, wherein_ the

y. 17. The net L L€l
one 0t hellisimsthed ehclygm 1 T herlrality of grraiany frdsg alarm
fromconpari.ng the plurali of .a prior. false alar
| ndi cat or andiggors e Seigiingt Hprm sieused for defErafafio ol he
conprising;, deter-mning a nlurality of inconsistency
i ndi cat org)1 8@%%@%?%?‘3@@§esg?cuvr?§'asur enent s

res tive : ' . ;

20041 750&%@?&%8"4? %@@E&ﬁ%geéré%%&ﬁtiﬁg&g%t}éﬁmgram
the pluraljhdhcRbnd WS WHEE Bkouted 181 @idhra86ksio QY tem cause the
wei ghting the plurality of inconsistency Indicators

accor di ng sy&tefnht6 pBiforndh hieyhddf ofPosifibh AbtierchidbSeh for @mibbile
i ndicators respectively. 19. The nethod of claim16,
further camuiohsthegiethod comprising:

determining a first measurement for position determination for the mobile
station from position determination signals received at the mobile
station; and

determining a first reliability indicator from the signals for the first
measurement, the first reliability indicator representing a level of
measurement false alarm probability for the first measurement.

22.  The medium of claim 21, wherein the method further comprises:

determining a reliability level from the first reliability indicator to represent a
probability that a position for the mobile station calculated using the
measurement is not false.

23.  The medium of claim 22, wherein the position is calculated at the mobile

station.

24.  The medium of claim 21, wherein the method further comprises:
transmitting the first measurement and the first reliability indicator to a remote

server for position determination of the mobile station.



det erm ni ng whet her or not an inconsistency |evel
anong the plurality of neasurenents is above a

wao boogstroled. 20. The nmet hod of claim 16, wher ei PCT/II82004/004597
plurality of a priori false alarm indicators are
determ ned fromsignals used3%3or deternmination of the
plurality of neasurenments respectively. 21. A machi ne
readabl e nedi um cont ai ni ng execut abl e conputer program
i nstructions which when executed by a data processing

osi Eon Aot BB BhET 2k SuREh T EepE Kifler Compries:

met hagnm&e}ftg g m&ss&jﬁ%ﬁ@%ﬁg iﬁ%ifg%tpgstﬁg gﬁ&ggﬁf&*&atfo% a

position determ nation rom

posi tion ggh&kREREL HRbrSiod ﬁﬁJ@mgﬁ@%@% iAdicitbR | defermined

station; and determning a firs i1ty 1 ndicCator
from the SiogiheSighalk féMe fist sfeasurB@asmt ement, the first
reliability indicator representing a [evel of

meas whersintheffabigeliailay indicobabideicintink @ ait th @erhote Sérver using the
measurenent. 22. The nmedium of claim 21, wherein the

met hod f uohéer morengigriab g@eality thelicatars.ni ng a reliability

level fromthe first reliability indicator to

r epr 86ent The mmdaimabf ¢lpiny 21, velterein tlssinethod firthrer comprises:

nmobi |l e station cal cul ated using the neasurenent is )
not flateyiningx serprd wepFurmert fonppasition dojgraminatian sigaals received
position is_ calculated at the nobile station. 24. The
medi um of 2tihgimRPAe stafieyadn ¢ he met hod furt her

conprises. . trans nt .and the

TP eRERining 1 R i Bntdicelol Bpu g Riten i ign Sikfals for

posi tion det ] [.Qn..Of e ' t.at i an. .
2004/ 075018 %%@5%85)‘%6‘&&&56@ Ji"??gﬁr‘wefn?#e}éﬁ%%pé?sen“ng 2
clai m 21, 1MAeE &1 PashiignMBENR 14 86 biﬁ@@“gﬁ@édond
transmtting one or nore signal ‘quality Indicators
fromthe pRhidBmefati on to a renote server, the one

or nore signal quality indicators being determ ned

27.  The medium of claim 26, wherein the method further comprises:

calculating a position solution for the mobile station using the first and second
measurements; and
combining the first and second reliability indicators to determine a reliability of

the position solution.

28.  The medium of claim 26, wherein the method further comprises:
eliminating one of the first and second measurements from position

determination using the first and second reliability indicators.

29.  The medium of claim 21, wherein the first reliability indicator is
determined from at least one of:
a) magnitude of a éorrelation peak;

b) correlation peak width;



fromthe signals for the first neasurenent; wherein
the first reliability indicator is determ ned at the

WO 20908508€r ver using the one or nore signal OREI/US2004/004597
i ndicators. 26. The nedium of claim 21, wherein the
met hod further conprises: d&ermining a second
nmeasurenent from position determ nation signals

recejwved .at the nobile station; and determ ning a
secoRd 7l FuE 'ty indicator from position

det epyi: Lon .si |]s for the second neasurenment, the
b ik fisc P8

seco indicator representing a |evel of

measgy & 4 .probability for the second
maasgy; e%gaﬁo. ﬁlgé‘}&?ql'rﬁé%ntgdl um of claim 26, wherein the

met hpdelhtisidhay oP@é'ﬂ%feilﬁﬁ)%:peal@ﬁéeﬁ%@&ét%iﬁatﬂaf%sdf{tﬁ@ﬂrst

sol ution for the nobile station using the first and

second neRsdif@AGNWEth GRGOr GRIFS catididhié p&ukbi &gt and
second reliability indicators to determne a

r el i ghielatibyshaf of $ipealp figideicaninaddbnidbf o firdk SucaditemeRickiyim
of claim 26, wherein the nethod further conprises:
el i m nat i dejeddesighals.he first and second neasurements
fromposition determ nation using the first and
second reliability indicators. 29. The nediumof claim
szl, erein the first reliability indicator is.
3¢et elhs mediup YrRlaim 1o ydiercim thedirst mgashsggent epraptiges gne of:

correlation.peak: _.b) correlation peak width; WO
2004?6) ief%ﬁﬁlﬁ?o%@?"g@&gw 33 ¢) signal strength;
d) .s@gapﬁsl)eu(trkgﬁgoé_se ratio; e) signal to interference

rati "onship of a correlation peak used for
determination of the first nmeasurenment with one or
nore candi date peaks; and

31. A machine readable medium containing executable computer program
instructions which when executed by a data processing system cause the system
to perform a method of position determination for a mobile station, the method
comprising:
combining a plurality of measurement false alarm indicators to determine a

reliability of a position calculated using a plurality of measurements, the
plurality of measurement false alarm indicators representing levels of a
priori false alarm probability for the plurality of measurements

respectively.

32.  The medium of claim 31, wherein the method further comprises:
calculating the position for the mobile station using the plurality of

measurements.

33.  The medium of claim 31, wherein each of the plurality of measurement false

alarm indicators is a value of more than two levels.



g) relationship of signals for determ nation of the

first neasurenent with detected signals. 30. The
wore@isiariood cl ai m 21, wherein the first neasur eP@&nUS2004/004597

conprises one of: a) atime_of arrival of a signal;

and b) a pseudorange. 31. A #hchi ne readabl e medi um

cont ai ni ng execut abl e conputer program instructions

whi ch when executed by a data processing system cause

the system to performa nmethod of position,

et er i r. .
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position calculated using a plurality of measurenents,

the plurality of nmeasurenent false alarmindicators

representing levels of a priori false alarm

351 obdik nddyunh of claine 3 p| witicktinttlye @Etho® g thce BBMpHses:

respectively. 32. The nedi um of claim 31, erein the

nmet hdedtefromidpeoneaditi plaedity oftmbasuteaient fpldehadarpoisidicatons from one

for the nobile station using the plurality of

measur enent glorgdgnatlqpalnydndieatars; cl ai m 31, wherein each

of the plurality of neasurenent false alarm

i ndi avherin thegng oy gloge sighal gyplély indieaterasomplistsone\nd

2004/ 075016 PCT/ US2004/ 004597 34 34. The nedi um of

cl ai & Bagufileolpsouglefoppeakhe plurality of neasurenent

false, alarmindjcators.is a number within a range.
35. $P18°r|‘é?ﬁ95’rﬁeai‘s PLAEISAOT wher ei n the et hod furt her

conpr i X mning one of the plurality of
rreasﬁ# %géar%tsg’%ﬁé’e alarmindicators fromone or nore

si gn:all)si Aleh h¥isk PRICaLPrS: Wherein the one or nore
signal quality Indi¢ators conprises one of: a)

Magnic) 5gea196 iferfREAR!raid.0N peak; b) correlation peak
shape” i ndi cat or;

36. A machine readable medium containing executable computer program
instructions which when executed by a data processing system cause the system
to perform a method of position determination for a mobile station, the method
comprising:
eliminating one of a plurality of measurements from position determination

using a plurality of a priori false alarm indicators in response to a
determination that the plurality of measurements are not consistent, the
plurality of a priori false alarm indicators being determined respectively

for the plurality of measurements individually.

37.  The medium of claim 36, wherein the one of the plurality of measurements is

determined from comparing the plurality of a priori false alarm indicators.

38.  The medium of claim 36, wherein the method further comprises:



c) signal strength; d) signal to noise ratio; and e)

signal to interference ratio. 36. A machi ne readabl e
wore@iOmM0cONt ai Ni Ng execut abl e conput er pr ogr anPCT/US2004/004597

i nstructions which when executed by a data processing

syst em cause the system to3gerforma nethod of

position determ nation for a nobile station, the

nmet h
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priori false alarm cators being determ ne

respect i gk Blurdl?y of fiRomistEdlylihdicAbrsTREGHIRTE MeSplurality of
i ndi vi dual | g.ur37?0TheorrédiI§Jr}r’l1 of ccI gi m 36,11%\/\herezri) n thye ¢

one of thgigk el dlinn bicawestessicandly. i s  det ermi ned
fromconparing the plurality of a priori false alarm
i ndicators. 38. The nedi um of claim 36, wherein the
nmet hod further conprises: WO 2004/ 075016

3PCT/ Us2a6dinttefsdim 395 wietedr e matigpdafuptherr coinipriges f
i nconsi stency indicators for the plurality of i
measdatermining whethse et natanyndongigiepeielepelipmangtthe plurality of
nmeasurenents; wherein the one of the plurality of
measur eneMESUrEncEE is Ao YectthEssBaddwei ght i ng  t he
plurality of inconsistency indicators according to the
plurality of a priori false alarmindicators

A SEPERL b i B BB 1y el A S fifcors

o HF QRRELE0 For GUEls AERIG A bRl Mlrglity of
cl ai H?eg’s%aerﬂ@l?gl%g c]%i@&y.pl urality of a priori false

al arm 1 ndi cat or are” determ ned from signals used for
determination of the plurality of measurenents
respectively. 41. A data processing systemfor

4DO0Si Al dafn et kil Bpdtérd florl positidn MRt fatib@ firarmobilestation, the

data processing system comprising:

means for determining a first measurement for position determination for the
mobile station from position determination signals received at the mobile
station; and |

means for determining a first reliability indicator from the signals for the first
measurement, the first reliability indicator representing a level of

measurement false alarm probability for the first measurement.

42.  The data processing system of claim 41, further comprising:
means for determining a reliability level from the first reliability indicator to
represent a probability that a position for the mobile station calculated

using the measurement is not false.



data processing system conprising: nmeans for
determning a first neasurenent for position

waledoenmionat i on for the nobile station from poRCT/DSI004/004597
determ nation signals receivgg at the nobile station;
and nmeans for determning a rst reliability
indicator fromthe signals for the first neasurenent,
the first reliability indicator representing a | evel
of neasurenent false alarmprobability for the first
435eas UM proéssing BRtERbACRIR 28 SPhASnIHS hERH is chRhMted at the
41, further conprising: neans for determning a
rel i aholiletsyatioavel fromthe first reliability indicator
to represent a probability that a position for the
nobil e station cal culated wusing the neasurenent is
not false. WD 2004/ 075016 PCT/ US2004/ 004597 36 43.
4ihe ddealaprwoessing gystsms v€otah 4t faithed@mprdsingei n t he
position is calculated at the nobile station, 44. The
dat a 1peane Edrangmifiing Swniast re¢agiuement arfd the Hist reliability indicator to
conprising: nmeans for transmtting the first . .
measur ene TR eRET forpositiog detgrmination phihe apbdle stagiong
renote server for position determ nation of the nobile
station. 45. The data processing system of claim 41,

B G B ﬁ%ﬁqi{fﬁféﬂ_ﬁ?r?g%{" BRI on to
et dhes I Ebmichf oG bre W1 Mnaf R rfm tho pobile

first measyiRaReh redbte &N By, ttCorleldr $lork SichARublifYindicators being
indicator is determned at the renpote server using the

one or NDrEtepmeealfromy Bleisighals Tt GtiRétSneadfrembhie dat a
processi ng system of claim4l, further conprising:
meansyiepéin died Brstielibbititycin8ieston it deeamitiedrae iHe r£mOt8 server using the
position determ nation signals received at the nobile
station; ameomernssigual qdaitgrindicdtolg. a second

reliability indicator from position determnation

signals for the second neasurenent, the second

reliability indicator . o

46.  The data processing system of claim 41, further comprising:

—

means for determining a second measurement from position determination
signals received at the mobile station; and

means for determining a second reliability indicator from position determination
signals for the second measurement, the second reliability indicator
representing a level of measurement false alarm probability for the

second measurement.

47.  The data processing system of claim 46, further comprising:
means for calculating a position solution for the mobile station using the first
and second measurements; and
means for combining the first and second reliability indicators to determine a

reliability of the position solution.



representing a | evel of neasurenent false alarm
probability for the second neasurenent. 47. The data
wEe@ens®icng system of claim 46, further conpriBCTYS2004/004597

means for calculating a posi%' on solution for the

nobil e station using the fir and second

nmeasurenents; and neans for conbining the first and
second reliability indicators to determne a

reliability of the position solution. WO 2004/075016
4BCT/ @ﬁ&@%/gméwﬂ%]syﬁienﬂ&cﬁhﬁw M@%@ﬁ?ﬁ&h@g system

of claim4 further conprising: neans for elimnating
one @deahdifor blimaiatiapdns e dirstRagd Yé@ne Mcasdrement d®in porition
determination using the first and second reliability

i ndi cat or detedtBinatidrensiiag the firsieed seqwgd sgliabdity ofdictasm

41, wherein the first reliability indicator is
determined fromat |east one of a) magnitude of a

correl ation peak; Db) correlation peak width; c

48 gndihe siﬁﬁaé)ﬁ@epﬁm&jsys ﬁ%‘ﬂmﬂb“hdﬂ?@m the figst r@ilalyjlgyr;aﬂwator is

to i terfer cer t|o relati onship of a

corr F‘&W’é‘ﬁ Qﬁkat Elorf 'deterrri nation of the first
msasu enen Wl&%h on e candi dat e peaks; and Q)
rel att W%W%“;ﬁi APy ﬁanP det ernination of the first

rreas%ggg{%ﬁtlo egk“g(?thect ed signals. 50. The data

processi ng sy emof tlaim4l, wherein the first

neasgzggﬁﬂtstrg‘ggqg%)rl ses one of: a) a tine of arrival of

a sigha a pseudorange. 51. A data processing
syst eysifsl 19 Asist kR, determ nation for a nobile

station, the data processing system conprising:
e) signal to interference ratio;
f) relationship of a correlation peak used for determination of the first
measurement with one or more candidate peaks; and

) relationship of signals for determination of the first measurement with

detected signals.

50.  The data processing system of claim 41, wherein the first measurement
comprises one of:
a) a time of arrival of a signal; and

b) a pseudorange.

51. A data processing system for position deteﬁnination for a mobile station, the
data processing system comprising:
means for combining a plurality of measurement false alarm indicators to
determine a reliability of a position calculated using a plurality of
measurements, the plurality of measurement false alarm indicators
representing levels of a priori false alarm probability for the plurality of

measurements respectively.



means for conbining a plurality of nmeasurenent false
alarmindicators to determne areliability of a
w@emin7om cal cul ated using a plurality of PCT/US2004/004597
nmeasurenents, the plurality gof neasurenent false alarm
indicators representing | evéPs of a priori false
alarm probability for the plurality of nmeasurenents
respectively. WD 2004/ 075016 PCT/ US2004/ 004597 38 52.
The data processing systemof claimb51, further

sgomorﬁh%ida&prmaﬁgéﬁeﬁgkggiﬁ%'F,Ir@ghgrfeco%géis{d on for the

nmobi | e station ustng t ura AStf enent s.
53. Thend &rdaRURERS HHbsAMalENMhe fmdB'il@'s#E’ti?ﬂ usi ﬁ{e‘fﬁl{ﬂrality of
each of the plurality 'of nmeasurenent talse arar
I ndi cat or $ndasurem¢agsue of nore than two |levels. 54.
The data processing system of claim53, wherein each
of the plurality of measurenent false alarmindicators
is a nunber within a range. 55. The data processing
58y st dikedihtagira¢essibg systam phelaine 6hyprheséingacheiths plugality of
determ ning one of the plurality of measurenent false
al ar imqapurRgRidelse alams indieatorsis avalue of yord thambwo teyels.
i ndicators; wherein the one or nore signal quality
i ndi cators conprises one of: a) nmagnitude of a

ati on peak; b corfel ,at'gon peak shape_ indicator;

54y o IR dPPIrPERghesystem of clamt 53.0viaria sachth the DRFRILY o
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station, the data processing system conprising: neans
for elimnating one of a plurality of neasurenents

s6r Ommgﬁbﬁaip?&els% %rs%@f 4180, 581 iné cBln#félglln ly of a

priori false alarm’i cators i'n respo 0 a
det e qidan@for ABtebhming dit dTHI @litaliYy Of mERARM B Sl hindicators
not consistent, the plurality of a priori talse alarm

i ndi cat or $rol€értgor more signal quality indicators;

wherein the one or more signal quality indicators comprises one of:
a) magnitude of a correlation peak;

b) correlation peak shape indicator;

c) signal strength;

d) signal to noise ratio; and

e) signal to interference ratio.

56. A data processing system for position determination for a mobile station, the
data processing system comprising:
means for eliminating one of a plurality of measurements from position
determination using a plurality of a priori false alarm indicators in
response to a determination that the plurality of measurements are not
consistent, the plurality of a priori false alarm indicators being

determined respectively for the plurality of measurements individually.



determ ned respectively for the plurality of
measurenents individually. WO 2004/ 075016

wERONANE004/ 004597 39 57. The data processi ngPGHESHNG/004597
of claim56, wherein the one_of the plurality of
nmeasurenents is determ ned f?dm conparing the
plurality of a priori false alarm indicators. 58. The
data processing system of claimb56, further
conprising: nmeans for detern ning a pI urality of

shNCORgL %&ﬁ'})?gce's p%%{e% ﬁf e aol 5@,&{1 r Sll[; ! tﬁé o?fthe% plurality of
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neas %eggnqg%gmlss eter m ne ﬁwgnﬁé]ﬁh@ ?I#élﬂly EYIP Plori false alarm
pl ur ghdiéa¢or@f 1 Nnconsi stency i nd| cators according to the
plurality of a priori false alarmindicators
respectively. 59. The data processing systemof claim

56, further conprising: nmeans for determ ning whet her

58r ndiheaataiprc@ssing systeny of dwied S@rforthertdomppisingal i ty  of
measurenents i s above a threshold. 60. The data

pr oc esmhs {prsiptetreiming a pluslity 6bincowsesteioy indieaters dorthe plnrality of
of a priori false alarmindicators are determ ned

from si gnaessyeBents sesperstvelynitora theopluesdity elemegshpngnts; y

of measurenents respectjve A mgbi l e station of
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the nobile station fromthe signals, the processor
determning a first reliability indicator fromthe
signals for the first neasurenent, the first
reliability indicator WO 2004/ 075016 PCT/ US2004/ 004597
40 representing a |l evel of neasurenent false alarm
probability for the first neasurenent.

59.  The data processing system of claim 56, further comprising:

means for determining whether or not an inconsistency level among the plurality

of measurements is above a threshold.

60.  The data processing system of claim 56, wherein the plurality of a priori false
alarm indicators are determined from signals used for determination of the

plurality of measurements respectively.

61. A mobile station of a position determination system, the mobile station
comprising:
a signal receiving circuit to receive position determination signals;
a processor coupled to the signal receiving circuit, the process determining a first
measurement for position determination for the mobile station from the
signals, the processor determining a first reliability indicator from the

signals for the first measurement, the first reliability indicator



62. The nobile station of claim®6l, wherein the
processor further determnes a reliability level from
W@ b@4/073086 reliability indicator to represent BCT/US2004/004597

probability that a positionﬂior the nobile station
cal cul ated using the neasuremnent is not false. 63. The
nmobil e station of claim®6l, further conprising: a

conmuni cat i on._sect | C 1

communi catTgrRdE 4 B YRS iohnt AR RRATRINb i B the s
measur enepf..andnthe first reliability indicator to a
renote server for position determ nation of the nobile
station. 64. The nobile station of claim®61l, wherein

the processor further determ nes a second neasurenent
6and ghs eEedid statibh apélhint B1,i withréia s proogssdifarth@ateigmines a
nmeasurenent from position determ nation signals

r eceirsietilby ldveefremdnafirst rediakilivy indicator cutdpresedier mpbatility that a
second reliability indicator represents a |evel of

meas positien forftbd mebidd stattorprabdyddsed isiyg thermeayeremeniinaot false.
measurenent. 65. The nobile station of claim 64,

wherein the processor further calculates a position
solution for the nobi|le station using the first and
63ecorldereilgstatien o clan 1. YHBeOENREE i r st and second

reliability.indicators t &let rmne a reliabil ilx. of .
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wherein the first reliability indicator is determ ned
fromat |east one of: WO 2004/ 075016 PCT/ US2004/ 004597
64l  apheTRECisUARN OF cRirk 81/ WhékindRe PRRBEssoPRurtGer destdratihdn
peak width; c¢) signal strength; d) signal to noise
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rel ationship of a correlation peak used for

det enngaRateinent Hémipbsitibh dstermination signals received by the signal

receiving circuit; wherein the second reliability indicator represents a level of

measurement false alarm probability for the second measurement.

65.  The mobile station of claim 64, wherein the processor further calculates a
position solution for the mobile station using the first and second measurements
and combines the first and second reliability indicators to determine a reliability

of the position solution.

66.  The mobile station of claim 64, wherein the processor further eliminates one of
the first and second measurements from position determination using the first

and second reliability indicators.

67.  The mobile station of claim 61, wherein the first reliability indicator is

determined from at least one of*



measurenent with one or nore candi date peaks; and Q)

relationship of signals for determ nation of the first
wore@sirenent with detected signals. 68. The ne@i/U82004/004597

station of claim6l, wherein the first nmeasurenent

conprises one of: a) a timdlof arrival of a signal;

and b) a pseudorange. 69. A data processing systemfor

position determnation for a nobile station, the data

pr oc%é%q&qﬁuwae?ﬂr@kg‘ﬁpipg?lﬁg: a menory to store a

pl ur@l It lﬁf neasur.enent false alarmindicators and a

ol urHIPElaBPe RV hent s, the plurality of

nmeas\yr se alarm indicators representing
I eve‘fljs?f%?pgge% iori false alarmprobability for the

pl ur 'sii%«bélﬁfn’ asig.ements respectively; and a
processor coupl ed to the menory, the processor

conbé)rghgqlgl fohBtelbrehdd #atiy; of neasurement false alarm
indicators to determne areliability of a position

cal chhralhshshipi 0@ dotrelapibii hadki ised dbr deeasination of ¢he fitdt
The data processing systemof claim69, wherein the
pr ocessormbagutdnemt edthenk at emre tandidatspaaksirnflor t he
nmobil e station using the plurality of measurenents.,
71. Dhelatenshipotaigsdy foy detpynvstien oftha fist swasypaers with
each of the plurality of measurenent false alarm

i ndi cat or detpcedsigfilie of nore than two levels. WO
2004/ 075016 PCT/ US2004/ 004597 42 72. The data
processi ng system of claim 71, wherein each of the

luralit f f.al I Lndi ' .
oBunbabe b oo anigam o it 4R B bRt dphfigg one of
of claim69,. wherein.the processor further determ
one &églﬂgogmvgfﬁaymgﬁﬂaglgsur:?rent 1l‘JaI se alarm nes
i ndi %g%ggeﬁd&{%ﬁgg.one or nore signal quality
rs; r

i ndi C ein the one or nore signal quality
i ndi cators conprises one of: a) magnitude of a
correl ation peak; b) correlation peak shape

6oNdi Q2dRX processing system for position determination for a mobile station, the
data processing system comprising:

a memory to store a plurality of measurement false alarm indicators and a
plurality of measurements, the plurality of measurement false alarm
indicators representing levels of a priori false alarm probability for the
plurality of measurements respectively; and

a processor coupled to the memory, the processor combining the plurality of
measurement false alarm indicators to determine a reliability of a

position calculated using the plurality of measurements.

70.  The data processing system of claim 69, wherein the processor further calculates

the position for the mobile station using the plurality of measurements.

71.  The data processing system of claim 69, wherein each of the plurality of

measurement false alarm indicators is a value of more than two levels.



c) signal strength; d) signal to noise ratio; and e)

signal to interference ratio. 74. A data processing
wWaEymHenoieor position determ nation for a nobi | BCT/US2004/004597

station, the data processing systemconprising: a

menory to store a plurality nmeasurenents and a

plurality of a priori false" alarmindicators, the

plurality of a priori false alarmindicators being

determ ned respectively for the plurality of
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response to a determnation that the plurality of
measurenents are not consistent. 75. The data

7B OCEhS Mg pBocelsang Sfstedl 8f ihf69, WiRESh thel f16cR88 fafthdrhe
plurality of neasurements is determned from
conpdetefiginkhengd Ah@phutatitp bf Mefvuredient Fldesataral Aidivators from one
i ndi cators. WD 2004/ 075016 PCT/ US2004/ 004597 43 76.
The dat@rqsiged gsility islistten) whereingharonklor miwersegnal quedity
processor further determnes a plurality of

I ncomslicatarn egmpnztisoac 0fs for the plurality of
nmeasurenents respectively fromthe plurality of

neas @} @agfiude ofaepplatiomaeakhe of the plurality of
nmeas ts is deternined fromweighting the
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pl ur & FRElon ReAk shrpedRERRIGT i ndi cat ors according to

the plurali f a priori false alarm indicators
Bl Rl

resp The data processing systemof claim

Zf, n\gygrggilqohgfgepact@cg&sor further determ nes whet her

ninconsistéency |evel anong the plurality of
nmeas it S e threshold. 78. The data
procggggﬁg%2§§%en?g%%§?éin174, wherein the plurality
of a priori false alarmindicators are determ ned
fromsignals used for determnation of the plurality

79f MROSME BrREshh gl s§8BRCHT Y&ition determination for a mobile station, the

data processing system comprising:

a memory to store a plurality of measurements and a plurality of a priori false.
alarm indicators, the plurality of a priori false alarm indicators being
determined respectively for the plurality of measurements individually

a processor coupled to the memory, the processor eliminating one of the
plurality of measurements from position determination using the plurality
of a priori false alarm indicators in response to a determination that the

plurality of measurements are not consistent.

75.  The data processing system of claim 74, wherein the one of the plurality of
measurements is determined from comparing the plurality of a priori false alarm

indicators.
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The data processing system of claim 74, wherein the processor further
determines a plurality of inconsistency indicators for the plurality of
measurements respectively from the plurality of measurements; wherein the one
of the plurality of measurer;lents is determined from weighting the plurality of

inconsistency indicators according to the plurality of a priori false alarm

indicators respectively.

The data processing system of claim 74, wherein the processor further
determines whether or not an inconsistency level among the plurality of

measurements is above a threshold.

The data processing system of claim 74, wherein the plurality of a priori false
alarm indicators are determined from signals used for determination of the

plurality of measurements respectively.



