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NAVI GATI ON DATA IN POSI TI ON DETERM NATI ON RELATED APPLI CATI ONS 10000) Thi s
application clains priority to U. S. Provisional Application No. 60/447,506,
filed Febwaasyoisdie 2003, and U S. Provisional Applicabi@rsNaym@N493, 536,
filed on August 7, 2003. FIELD OF THE I NVENTI ON [ 00011 The invention rel ates
to position deternination systens, and nore particularly to the processing
of false alarnms. BACKGROUND [00021 To perform position |ocation in wreless

cellular n ( " }gg} I e al.. appr oaches

performtriqglngu ati nﬂgg’g@& upgﬁﬁ%l)ti}?e&g#ﬁ%ﬁgng |An Ic())rﬁrrg%&ﬁg&ni%ent bet ween
each of several base stati gissEIONDERPRRMVINICFIG: such as a cellular

t el ephone. One approach, called Advanced Forward Link Trilateration (AFLT)

or Enhanced Observed Tine Difference (EOTD), neasures at the nobile device
the tines of arrival of signals transmtted fromeach of several base
stations. These tines are transmtted to a Position Determ nation Entity
(PDE) (e. RELATBIHABPLEMMTIONS/ed, which conputes the position of the nobile
device using these tines of reception. The transmt tinmes at these base

st ati ons $080F ooridisnapplicator helaimat pacrity topdd.8i dubdsionals Aaplicetio Wo.me, t he

ti mes- of - I &, Wt i pl e statipns. are .. W thi specified
error bou%@%?ﬁ@gﬁ%{feﬁ){%%géﬁé%’n dg‘g'gt avisiondl ‘gqpi'ﬁ?tbor’i‘sN%{ﬁé% R’ég?l nmes of
recepti on fitddeonusgast T 2063.er m ni ng the position of the nobile device. 100031
Figure 1 shows an exanple of an AFLT system where the tines of reception
(TRL, TR2, and TR3) of signals fromcellular base stations 101, 103, and 105

are maswj@@m' ﬁel | ul ar tel ephone 111. This timng data may

then be u _ position of the nobile device. Such conputation
may be donfgpod] t MG MRichon\QeRRHP RN PRIARARNA/ D4R 7 and £lEN CE
itself, or at"a |location server if the timng information so obtained by the
mobi | e dewticalail$ o thapedtdsing @f fasetai@mk.ocat i on server via a conmuni cation
link. Typically, the tinmes of receptions are comunicated to a | ocation

server 115 through one of the
BACKGROUND

[0002] To perform position location in wireless cellular networks (e.g., a cellular
telephone network), several approaches perform triangulation based upon the use of
timing information sent between each of several base stations and a mobile device, such
as a cellular telephone. One approach, called Advanced Forward Link Trilateration
(AFLT) or Enhanced Observed Time Difference (EOTD), measures at the mobile
device the times of arrival of signals transmitied from each of several basc 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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cel lul ar base stations (e.g., base station 101, or 103, or 105). The

| ocation server 115 is coupled to receive data fromthe base stations

t hrough the nobile switching center 113. The location server may include a
base station al manac (BSA) server, which provides the |ocation of the base
st ati ons wodoesro7bire coverage area of base stations. Al perwatdovedsyy? the

| ocati on server and the BSA server nmay be separate from each other; and, the
| ocati on server communicates with the base station to obtain the base
station al manac for position det er m nation. The nobile swtchi ng center 113
provi des s naI catlo 0 an -line
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on the PSTS or ot ete ep ones | n sone cases the on server

nmay al so qeRaEus f%ﬁé]:ﬁm}% b thamiRdhte® téVM foe AT OH BIS Mirdugh ozt Hear |ink!
The | ocation server nmay al so nonitor em ssions from several of the base

stations igellalar Bfsé elationsqe e tasdBtmibnt 108, 6rel (8L by ©03)i Thepcafontsease 1 Bisssi ons. |
[ 0004] In another approach, called Tine Difference of Arrival (TDOA), the

times of aoepleptd wreivd daa f:iogn&b bhgectat@nsrthoiugh thewiobde switchaseentsd 143, sever al
base stations (e.g., neasurenents taken at base stations 101, 103 and 105).

Figure 1 aPsiloeation senvey may arcdndera base fstation elenag (BIAR) serygmowhigh pravadesar e

reversed. This tlmn dat a may n conmmuni ¢ %@d ta thglocatlon server

to conput &P satimaiit e FLafipgs %ﬁ’mﬂ& WaFREpIrca Pg § $labaps. AP vet hod of

doi ng posi ocat i on inyol the use in the |ce f..a receiver
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the propose ystem or a conbination of sat Ites and

pseudol i t ey poPﬁ&HQ@dehﬁ:ﬁﬁh&f enﬁrﬁumkr Brs@thd canam 13 efovidedhighisbegadcast a
PN code (simlar to a GPS signal) nodul ated on an L-band carrier signal,

gener al | y yd¢eCéonamudetiond)ti snBIrdo me: lan&diad Pubhe Switchelr Telgphohe Sgstemgned a
uni que PN code so as to permt identification by a renote receiver.

Pseudol i t §¥SEABE su ttet wignaln By batcooreyedvirensl 8PS Hiegnabils felephormntooathért i ng WO
2004/ 075016 PCT/ US2004/ 004597 3 satellite m ght be unavail able, such as
tunnel s, riFkpRoned (f-¢-diagdingrrhgnereon ﬁmﬂ%‘a‘ear ﬁ%é’agwbﬂermenlww "B0EC i te”, as
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[0004]  In another approach, called Time Difference of Armival (TDOA), the times of
reception of a signal from a mobile device 1s measured at several base stations (e.g.,
measurements taken at base stations 101, 103 and 105). Figure 1 applies to this case if o
the arrows of TRI, TR2, and TR3 are reversed. This timing data may then be
communicated to the location server to compute the position of the mobile device.
[0005]  Yet a third method of doing position location involves the use in the mobile
device of a receiver for the United States Global Positioming 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 sitvations where SPS signals from an orbiting



provi de assistance data or to share in the position calculation. As
shorthand, we call' these various nethods "SPS'. Exanples of such nethods
are described in U S. Patents 6,208,290; 5,841, 396; 5, 874,914; 5,945, 944;

and 5,813‘,002%‘7#0759{; instance, U S. Patent No. 5,945, %4 ¢esnmibixes a net hod
to obtain fromcellular phone transm ssion signals accurate tine

information, which is used in combinafion with SPS signals to determine the
position of the receiver; U S. Patent No. 5,874,914 describes a nethod to

hone ! s PRl S ks ANENGN AlALh e Afinbd pYASHEAR LBl bicieh Gichle, T o0e! Ver

t hrough a commufifcation l'ink to de m ne ition o e receiver;

U.S. Pat efthe Nem "Sudi{id?, 9d fscddRe6h, 110 Bfierfie ] NHORAL BsdubMeidileqdRbfhisidre al manac

data (or epheneris data) to a receiver through a communication link to help
t he recei pgnddlitesdefdteiteren GPS spgmslst 4s0iked HerSin, RoinfRled NOnclbd SGHSYké al so
describes a nethod to lock to a precision carrier frequency signal of a

cel | ul ar sighdpfiomepseydotiemor eqpydeitslef psenddinesefoch & ngthell vaing tahecaieei ver f or
SPS signal acquisition; U S. Patent No. 6,208,290 describes a nethod to use
an appr oxfordiPs signglsapanbe egmpletelycatanemouy omeE ntHiretha weligpretwerktte Doppl er

for reducing. SPS si gn rocessing tinme; and, U S. Patent No. 5,812,087
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anot her variation of the above nmethods, the round trip delay (RTD) is found

fQr si gnab&utdiafima iforseition,fwigeh isheed aseniigition MvithSENEgiaixo|Rictigiece and
then are returned. In a simlar, but alternative, nmethod the round trip

del ay is theynditibnof giegualier; UlbatPamnieNseht74 % 1dndesshribesmbndtioddieviranemito t he base
station and then returned. Each of these WO 20041075016 PCTI US2004H104597 4
round-tri fheddloaplsr i fsequpvaydebiftbyok wp viewdesteltitpsntd dhe esedivant Grafght e one- way
time delay. Know eg%ﬁ of the I@gati_onq& t he base stati aon, I'Spl us._.a one-way
del ay con§PPEupsatondnk tedetermine (be ppsitlonfihe woeiken Ues- Fatent No-Sef74:%4 t he
earth. Twg_ sugh neasu nts.fr di stingt gase stati then result in the
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TDOA Wi t hnans 87650 By 85dBstiibes @lmhe&kbdao lock to a precision carrier frequency signal of

a cellular telephone system to provide a reference signal at the receiver for SPS signal

acquisition; TJ.S. Patent No. 6,208,290 describes a method to use an approximate

location of a receiver to determine an approximate Doppler for reducing SPS signal

N processing time; and, U.S. Patent No. 5,812,087 describes a method to compare

different records of a satellite data message received at different entities to determine a

time at which one of the records is received at a recetver in order to determine the

position of the receiver. In practical low-cost implementations, both the mobile cellular

communications receiver and the SPS receiver are ntegrated 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 1s found for signals

that are sent from the mobile device to the base station and then returned. Each of these
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"hybrid" system For exanple, U S. Patent No. 5,999, 124 describes a hybrid
system in which the position of a cell based transceiver is determ ned
froma conbination of at least: i) a tinme nmeasurenment that represents a tine
of travel of a nessage in the cell W based comuni cation signals between
the cell R[RasREdsapscei ver and a communi cation system pang@s2oeidosgort i me
nmeasurenment that represents a tinme of travel of an SPS signal. [0008]

Al titude aiding has been used in vario#is nethods for determ ning the
position of a nobile device. Altitude aiding is typically based on a

pseudo- neasurenent of the altitude, The knomLedge of the altitude of a
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avai l abl e, a unique solution to the navigation equations can be determ ned
for the pogfdrian opéell eetopiiolves fteahibdguitylhen nore than one extra
measurenment is available, the "best" solution may be obtained to best fit
all the avi#00dEbl e Aneashimatine of sitifee the. AFE R oo B awith as SPSguistea is odllediaon
procedure that m nimzes the residual vector of the navigation equations).
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problemint set of the Tedundant neasurenents. For exanple, one RAIM

al gori t hm dategf: ahd18y altimclh@sivegBht thalge@bsehia tsofdthat] ofRaSPE sighl. t he

navi gation  equations is below a threshold value. If the nagnitude of the
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the possible positions of the mobile device to a surface of a sphere (or an ellipsoid) with

its center located at the center of the earth. This knowledge may be used to reduce the
number of independent measurements required to determine the position of the mobile
device. For example, U.S. Patent No. 6,061,018 describes a method where an estimated °
altitude is determined from the information of a cell object, which may be a cell site that
has a cell site transmitter in communication with the mobile device.

[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 exira 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
is 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



[ 00101 Met hods and apparatuses for the processing of false alarns in
position determ nation are described here. Sone of the enbodi nents of the
present invention are summarized in this section. (0011] At |east one
enbodi meRfo foshirBigPr €SeNt invention estimates and usegcrBAIHsSHENt fal se
alarm probabilities in the position determ nation process. In one

enmbodi ment, the estinmated nmeasurenent 3fal se al arm probabilities are conbined
to determine the reliability of the determ ned position solution or the

reliabilit f th et. ts as, _a _collectiaon.. | ne enbodi ment,
the estima é‘%‘o‘r}‘é’g.}d’?%{zf?‘gﬁ @W%%}Pﬁﬁgﬁ%bf it %d tggl gteﬁ{s}é Th%5the
i sol ati on gnskiglel BHddadn HﬂhQEetfoﬁﬂﬂefr%’%@E H{eﬁlgfﬁé}h&ts.@f exafipETBhER AlIE

traditional geoneliry based netric identifying a faul ty nmeasurenment is
further waighitef ReeAnL: NG the hABitdRASHBIGBddfadl weioR ! foF Thedhelakidni ties in
order to determne the faulty neasurenent. 100121 In one aspect of the
present i erietibhois,bekowre thredioif vahes i ft the mageitwele raf et residual fvedtois BpAallere st ati on
i ncludes: determning a first nmeasurenment (e.g., a tine of arrival of a GPS
or base sttinitbnths¢sholdl the angasreerdent hiarg epnsidredoomisisicon Habe evagiihaeobthef or t he
nobile station fi-omposition determ nation signals received at the nobile
station; asfvabieclr s kirgeg thanthe Gieshelil; therelis py mtegaity problenk powhicheassi gnal s f or

the first nea the first reliabiljity indicator represents a

rement, where
| evel of r‘?ﬁ%gﬁﬂ'@rfgnﬁlfndﬁ’étl Togasuremepfs that ppsary tocavgethe impst MEPRSISRSY Mierrent . | n
one exanple, .a pabl ity |evel | termned fromthe first WD
21104/ 075(5]188bﬁé%ﬁ%]@?%ﬁ?%%%ggr?&og&fséﬁﬁh ility indicator to represent a
probability that a position solution calculated (e.g., at the nobile
station, aineNREy 8 MeE bekerpheN™bi | e station using the neasurenent is
nat false. Tn one exanple, the first nmeasurement and the first reliability
i ndi cat or [e01®] trMemodd el apgaraudes PO heSPlov@Eink O5f POSI 41hAR Beptonnat i on of
the nobile station. In one exanple, one or nore signal quality indicators,
whi ch ar e ddietremntioneate flesonbediers iSgma lo§ thefearbotlimenfsi af die preastuinement arear e
transmtted fromthe nobile station to a renote server; and, the first
rel i abili tsympyezeddndis pestiglet er mi ned at the renote server using the one or
nore signa al %% i ndi cators. In o?e exanp a second neasurenment is

| . | e,
det er ni nedoqu om podsa ghe sEbadimeptef Jhe ﬁrﬁsﬁ%qeém’le%‘%%‘i gRignalgs b Ut | e
tati X d iabilit i.ndi cat is,.det i.ned f it
det er i nadTaRTOIgHARe Ay WEP LR T HBS St e AR B e SR B ovel of
measur em{%élbfggi}ﬁﬁ}, ath@{f@%jt%t@@@l?éagd:%x?{fﬂtofa}sg kh‘?arﬁ@&%@biﬂff%ééi%?@ﬁﬁed @ position

sol ution culate or the no e station using and second
determine the reliability of the determined position solution or the reliability of the set

of measurements as a collection. In one embodiment, the estimated measurement false
alarm probabilities are used in the isolation and elimination of faulty measurements. For
example, the traditional geometry based metric for identifying a faulty measurement is
further weighted according to the measurement false alarm probabilities in order to
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 rehiability level 1s determined from the first



measurenents; and the first and second reliability indicators are conbi ned
to determine areliability of the position solution. In one exanple, when
t he measurements are not consistent, one of the first and second
measurenents is elimnated fromposition determ nation using the first and
second rel WEAYWH47§01pndi cat ors. In one exanpl e, the firspcrustovamickarty
indicator is determned fromat |east ghe of. a) nagnitude of a correlation
peak; b) correlation peak width; c) signal strength; d) signal to noise
ratio; e) signal to interference ratio; f) relationship of a correlation
peak used kehabiliet @ithiatd RPresdnt bipeotabiliey that® pesiti@n®bition dalvulated (eg., AoOr e

candi dat e peaks; and g) relationship of signals for determ nation of the
first meastirrenenie sttioh, detredd sdves) fipn flesmobiRGLBibn lusing Hlee mesarement istioe pr esent
invention, a method of position determnation for a nobile station

i ncl udes: d&dsbilniomg exapinle, ahe iystomesmtement ppditthe Jirgterchinbility ndigglos rors to
determine a reljapility of a positiqn calculated uysin lurality of

measur ement@SIHE 0 3 FERQF S7FT 1o POTUGRCRIGTAURAIOR #éﬁ‘%g‘ogillfg?tﬁﬁ“?’h E8% or s

| | f i i. fal. | bi l,i .1 h | . | i f
easur enenfETRE seg e ety st gl TnBeRBR PR AR Sl phn b athEh 1 °
station is f@hs %'r&%&é&sﬁi%ﬁ@& mempw@eh'fgaﬁ] Afe mIBRS HAEHE téfengﬁ@ Berdy, t he
0 al se fcators 1s

plurality nmeasur enent alarmin a value o nore’than two

level s (e. gnd, fe Bmasabmt% hhdicAor RHBRmEE it % Relowesive RRg thd ond Br one WO
2(104/ 075016 PCT/ US2004/ 004597 7 exanple, one of the plurality of

measur emenimdr@kigalahality indidhoal Of Sné SxAQiler Mbdread hicamireaag iodeRBhi@edi gnal
quality indicators (e.g., a) magnitude of a correlation peak; b)

corr el at i orfropepdsitchadtermncitionsignals cdcedied rtitheghoBlegtdiiond) seiogdatliabditynoi se
ratio; and e) signal to interference ratio). 100141 In one aspect of the
present i nuedieatasns deferrirdiotor popben determinption signalaferdhe sqcond megEAMest st at i on
includes: elimnating one of a pluralify of surements from position

det er ni nat i'OFPIFSEH g levehpLmsaspreyie faffe MPFO@E&%F%F@WM&?% &PEnt
response to _a.determnatio at .the plurality of nmeasur nts_are,not
consi stent 2 DHIes ?%'érgoﬁ‘l ﬁr%ﬂ?‘f“ﬁ%?e& & g‘epﬁ:’%q St?é?% é‘sxggiﬁ%lﬁﬁqg?%dg}%?gd are

det et M ned f SARERL: Ghy ol Hirs! BB BLdHaTEdbNit) IndidlAS Heh iR Odbikhg! | v- 1N
one exanpl €, € el mnated one of the plu alhty of neasurenents IS

det er m ned ,f LRIRIGOTRARS P&siﬁd?ﬁso@ﬁtiﬂhahi b¥e SfanpldWiRhithé Aledfur@hafidireidddi cat ors.
In one exanple, a plurality of inconsistency indicators are determ ned for

the pluralcbhsyst@f, oRADEBEGTRESaride SEOEE IvE@byrefemd ik heinihated|ficy pokition
measurenents; and, the elimnated one of the plurality of neasurenents is
det er m ned deteonmeveingisingde thing and second reliability indicators. In one example, the first
reliability indicator is determined from at least one of: a) magnitude of a correlation
peak; b) correlation peak width; c) signal strength; d) signal to noise ratio; €) signél to
interference ratio; f) relationship of a correlation peak used for determination of the first o
measurement with one' or more candidate peaks; and g) relationship of signals for
determination of the first measurement with detected signals.
[0013} In one aspect of the present invention, a method of position determination
for a mobile station includes: combining a plurality of measurement false alarm
indicators to determine a reliability of a position calculated uwsing 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



plurality of inconsistency indicators according to the plurality of a prior
fal se alarm indicators respectively. In one exanple, whether or not an

i nconsi stency | evel anong the plurality of measurenents is above a

t hr eshol dva So0d@isersm ned; and the plurality of a prioppri@lesfe@iar m
indicators are determ ned fromsignals used for determ nation of the
plurality of measurenents respectively. w., [00151 The present invention

i ncl udes net hods and apparatuses whi ch perform these methods, including

o e s G nsr?éfé%%}f@ar b S e SR T ey SrtorS R iR BOPL | cam o
perform these, rﬁﬁsﬁaoﬂgml ﬁ%n&m{s G@M_}aﬁr& nta]d%%? PEERon a&%ﬁnﬂ jon wll

be appar ent fTom t he anyl n rom

descri pt i aRefaiicipdaR b @%@Eﬂ&@ ey @@j SHraltoRBRNINGS §agl The
present invention is illustrated by way of exanple and not Ilnltatlon in

the fi gur as ipérfdréiee agi@pnpanyi ng drawi ngs in which |ike references indicate
simlar WD 2004/ 075016 PCTI US2004/ 004597 8 elenents. [0018] Figure 1 shows
an exanpl €06f4ja piniowe agpdct o€ tHeupresenneivestirok, wimatlvddelt @rsitionaleterhinetiggosi t i on of
a nmobile cellular device. [0019] Figure 2 shows an exanple of a server which
may be useldr wi mebilehgatipmeimelndes: jetimeniting rene [0 plurdtity) 9f enedsurbroents drobi ock

di agram representation, of a nohile station accordlng to one enbodi nent of
the preserROsitiR) dpemypatiopgshg)a I#Pf@bwe,ofﬂ BHBHEl Sé)@éﬁ?%}l 1RACYPTS AR FERINSH {0

i on ay e uioh 1B plhEdiny B HrsufeBR arc b 625 R gl BE PRIAG 1 at o5 a
ot hod t0.gleh SRRl SRARIb e il TEGSUERIP e uhshilguf) gpe to each

ot her, which may he Use e presen Invention.
i Ll ustrat elﬁea@m@ﬁlfemqnalﬁaqmﬁ NH 4R EBRpRY, ARARInidaled! BRI of VR plIBARUEENENLS are

fal se alarns according to one enbodi ment of the present |nvent|on [ 0024]

Fi gure 7 sihewbremeifelih adtck@indet sl ddenphfige BIRS blurdity Off @ prRfefawer alaaeor di ng
to one enbodi nent of the present invention. [0025 Flgure 8 shows a detail ed
met hod t o déicaorsi nent heanpds,ia plonaligfof anconhistbrey isdiedtore areatetomdhied dorttbe one

enbodi nent of the present invention.
plurality of measurements respectively from the plurality of measurements; and, the

eliminated one of the plurality of measurements is determined from weighting the
plurality of inconsistency indicators according to the plurality of a priori false alarm
indicators respectively. In one example, whether or not an inconsistency level among
the plurality of measurements is above a threshold is determined; and the plurality of a
priori false alarm indicators are determined from signals used for determination of the
plurality of measurements respectively.

[0015) The present invention includes methods and apparatuses which perform
these methods, including data processing systems which perform these methods, and
computer readable media which when executed on data processing systems cause the
systems to perform these methods.

[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



{0026] Figure 9 shows another detailed nethod to determ ne the position of a
nobi |l e station according to one enbodi nent of the present invention.

DETAI LED DESCRI PTI ON [ 0027] The foll owi ng description and draw ngs are
illustrative of the invention and are not to be construed as Iimting the

i nventi onwNemenous, specific details are described to parroszatamessbhor ough
under st andi ng of the present invention. However, in certain instances, well
known or conventional details are not described in order to avoid obscuri ng
the description of the present invention. References to one or an enbodi nent
in the presgiendi scl osure are not necessary to the same enbodi nment; and,
such references neans at |east one. 100281 At | east one enbodi nent of the
present i nyomn; on IBaaks dhewesh ex@hEc 8§ pHECarV 1RO OO0 361Ut D204/ 004597
9 measurenent false alarmprobabilities in the position determnation
process. ( @&3fstiibn of hmotlitd edimlandevian of the position of a nmobile station or
ot her device, a position calculation typically uses a nunber of .
geonet ri calf®819ti stRigwte 2nshawa mewsanple of g setverashich myy, begised skdthahgypresendund tri p
del ay and others that are associated with distinct reference points (e.g.,
GPS sat el | inV€BUOmseudol i tes, base stations, surface of the earth). An

obt ai ned nmeasur enent be in.fact a false alarm_ whi.ch is typically caused
by a poor @?zéi]aﬁd%‘ffg%ty shgws Emﬁﬁf?ﬂa%ﬁpﬁs?’g?t&}]a?ﬁa rg?lﬁﬂﬂa%llog %E“I%‘?‘Hﬁe nly
identified for the. de ination of .t he nmeasurenent. [0030] There are many
conditionst?ﬂ%ﬁ“%éﬁ“@%%gé%%gﬁggﬁa‘%?%%@ For exanple, in acquiring a GPS

signal, a i) ! afighiens SnsloRamitel b i REEHIACBRNIAR Mok EIGRIR: fise

correl at ed t he“recei ved gnhal s. The correlation output reaches a

peak when afRgs bidHoPfordial nb&utsats, WalAmRRR wsbdidahe plesent Avefil. Si gnal  of
t he sane pseudorandom noi se code matches. A pseudorange is then determn

fromthe tijm2y ofFipie Sefitrsanee a pmethddr @nderrmines theC paehabiliye roft ieo si gnal
strength is low, a noise spike (e.g., due to the thermal noises) in the
cor r el at i omepsirpuentnbgnpheosssb eatherthaswhichwray bre wswhin theprasnhgvendiobal se al arm
Typically, a correlation peak that is above a threshold is _selected for the

det er ni nat ifR3bf  Figurey fortashates Phangthgde 4o ofieterming yhe Paphabilie sthaindwoso t hat
the probability of falﬁgaﬁlarn1mh n a %?ak i%.abovF the threshald i s bel ow
a speci fi edPqaRNFERents 415 13 ‘Staﬁ%"rg‘r“éb% q §Rpdypent of th PG IVeRURR-g
t hreshol d e used, ver ipce rel ation peak I he
t hreshol d g&é“?gntfﬁ%‘c‘f,e fﬁl\go%ﬁi ag e?’ﬂ(?g% H%tfg%%f'wg Sé)é’ssﬁoﬁé)?a teiver %CO%&/H&

to one embodiment of the present invention.

[0025]  Figure 8 shows a detailed method to determine the position of a mobile

station according to one embodiment of the present mvention.

[0026] Figure 9 shows another detailed method to determine the position of a

mobile station according to one embodiment of the present invention. o

DETAILED DESCRIPTION

[6027] 'The following description and drawings are illustrative of the invention and
are not to be éonstrued as hmiting the invention. Numerous specific details are
described to provide a thorough understanding of the present invention. However, in
certain nstances, 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



measurenent availability when the signal strength is |low [00311 Signal
interference can al so cause false alarns. For exanple, the local reference
signal may cross correlate with a strong GPS signal of a different

pseudor anggniRhse code. The correl ation output of thecsigndhsed-th
di fferent pseudorandom noi se code typically has small correlation peaks.

When the cross correlated GPS signalgis strong while the GPS signal to be
acquired is relatively weak, these cross correlation peaks nmay be above the
t hreshol d, causing false alarns.. Simlarly, when the GPS signal with the
sane pseUlEASHISHSH fise glae pipbalilitigsdp (heqrosiging deternpipationgrecessor r el ati on peaks

Eéﬁfbéiﬁo@%@423%bﬁ%g%&g%%%{i%{ PEhermeyranad LEoEGoE e %ﬁ%ﬁ@aﬁpé?oé‘fﬁl?ﬂ?
D The- . . .

dgt Z?manzéolggrr? o ?célgla%Sﬁt 3‘2‘%‘ Idrgrgsgé ar rU}é] %grng \%‘ (fhlﬁ gﬁlgrﬁaﬁg& Iél(‘:q%gél;am%gg ’signal s
can be usgdh Lfrhbe pRaldofRbd, Q&nﬁftri% Pﬁlaf) Eﬂp@tpbﬂs by at%rasgo@laﬁﬁ WiplidBndue to

cross correlation. 100321"Multi-p signals can al so cause false al arns.

The ref | egtdr@iRe @binds (RS GPSisaRRAites! PeQiliiftesabatt bhasRNurRas br thauses. A4di tional
delay. In sone cases, the indirect GPS signal may be stronger 'than the

di rect GR®tsinghmkasureimest mwhbaint fae adalse alanREhish gngpically cawedky dfver mul ti - pat h
signals may be used for determ nation of the neasurenent. Since the

mul ti - pat higwil gemkitionr sucbsthptear intcheyantt enali kse atistgkeghalidentified riet ahe onshi p of
the correlation peak used for the determ nation of an obtained neasurenent
with one @ternygptien ohlgimpasusciihks can be used in the estimtion of the

robabi | i f false al arns. urther, nulti-path signals may change the

E hape of @é@rreﬁg?rieoaﬁe pEgk qeadigons ﬁ'ﬁ@ % Hi“ﬁep eéfaé‘%?-r%qra‘f’ﬁ%mez “Tﬁus, a
neasurement of th h of, the gorrel ation..peak can al so he ed as a

si gnal qu%ﬁqf’?‘;}‘ & angilpgas?%’?ﬂ’!anlof%]ée(%%etng? ﬁ‘%gﬁglt‘f"% aoqse?fﬁ‘éa'lgpgb%%§q F¥¥ Bf fal se
al arms.  [OOB3)q GHh thieleceildd 65§ @{sggmg.erﬁcr BROR o%pgfeaaiegpglreg%%es (e.g.,

jammer, or communi cation signal may al SO cause se a us, a

number  of thgitgiiag oflthdllbday reférbsbe Gatnar sud(tBe GPS SQTl 6f AkisAe PRAKoARAM t ude,
signal to noise ratio, signal to interference ratio, signal strength,.

rel ati onsivige @ide anatdes. &\ pletidorarpeakthen dtenmnel flah ehpwalog,of ek fkdnoashi p of
signals for neasurenent with other detected signals, and others) can be
used for pdsadaerdommigisy ¢odn When the siguab srealztr imlgy.cbudisd spiliees.gacmerdi ng to
enbodi nents of the present inventions. In the design of a traditional
recei ver , thgdhasmak naises) igithgrerrelstion petput magbesplesied ap gyreapBapenis@Esing t he

determ nag o Sl Typrafy, 3 coetation deak That € Mve athicSiotd is sclected for the
determination of a pseudorange. The threshold is typically designed so that the
probability of false alarm when a peak is above the threshold is below a specified level.
To reduce the probability of false alarm, a high threshold 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
pseudorandomn noise code typically has small correlation peaks. When the cross
correlated GPS signal is strong while the GPS signal fo be acquired is relatively weak,
these cross cormrelation peaks may be above the threshold, causing false alarms.
Similarly, when the GPS signal with the same pseudorandom noise code 1s very strong,

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



out put threshold) such that the obtained neasurenents that neet these
threshol ds have a false alarmprobability snall than a target value. In one
enbodi ment of the present invention, a nunber of different |evels of

t hreshol d values are used to estimate the false alarmprobabilities for

i ndi vi dual WRHYIPERMSNts. These a priori false alarm prdeaisziticessar e
estimated without conbining different ggonetrically distinct neasurenents
that are associated with different reference points (e.g., different GPS
satellites or base stations). These a priori false alarmprobabilities are
based on t herreHa0 Gy GlIoOktabidCd tHoSBREKY 0 0haske fdlde samisi Thi celbtichahia, ofnot on
the consi stency between different and distinct geonetric neasurenents. in
one enbodi rten(GPSf sighads prais fontthé defeminagion o ff ebwmed |1esastremeit withradkérol d

val ues are used to estimate the discrete |levels of false alarm

pr obabi | i t idstectef GPSoRanalsase de rsadn therestimationo the pohati Byardalsealgansgueo

determ ne the false alarm probabilities based on the neasured signal

qual ity indfesstsareddiog.  ysing an enpirical formula). The relation between

the fal se pr bilities, and the si al it i ndi [.S be

obt ai ned ff‘hﬁ‘ﬁi}ar i 1%’ B r%%‘@ﬁe%ankﬂ%%al}sgq?%%%gar@? ‘ ?ﬁ%ﬁ&gegﬁ&; %rfnaL @gSI ecting
statistical, N L ri-gal 1,Sd i : ipal

anal ysi s, ar g%@ﬁ%@grae({lgg%h‘)ﬁ%‘gg %%dldgfrégp dteg&f eéorq'%ln%gés?n e(;?%gétc??gg( e.g.,
the pseudorgndpiay 8t REbndey BES (R dircddBEPY SRNBN tihuslBheA ifOdRRt GRSSEml A 5. For
exanpl e, the |den¥|ty of a base station may be an error from base station

| ookup operwdakoms maPathbagrishal botkdfavéetthanspaw  thet®pisufdneat.iBmest ri ngs.
Thus, there is a chance that the base station is mstakenly identified.
Currently, thaseuldipath cignhloekives laise thane ther diveddi 1gnal,etheofeldswinstgp ot thect i n
their determ nation. These probabilities can be further used in enbodi nen
of the prewsomelatipmpes Lisd. fof goadejermimagion 04 @ntqbéaagd woaspeament MHethrgseIr ement s
are individually required to nmeet, a . m ni

_ F t h of jabjlit
that the cHEMEESndfae REakteas bF afieh %ﬂlaggﬁrguﬁrtg@ o%ﬁ%m%é%ﬁa éfﬁ}alsgéiaﬂ'aﬁﬁggﬁ in
The rehour deheS BTG bRl eaPgs PR ghierd ¢ fithigh aRbt fe e StBhront | &
di ded | i | . g.,
Chont net B atol@laBinp AL { AladinePGONE SIEHBYE R OREIBA Bl calidso bt 9

system useged Ae: ABRATYLATE Hdidalor e @akAMbA dndIT 1R prbb@®iIR9 Sk tIRuARky 1T the
measurenment neets a strict reliability threshol d.

[0033] Further, interference from some other signal sources (e.g., jammer, or

communication signals) may also cause false alarms. Thus, a number of signal quality
indicators (e.g., correlation peak magnitude, signal to noise ratio, signal to interference
ratio, signal strength, relationship of a comrelation peak with candidate peaks,
relationship of signals for measurement with other detected signals, and others) can be o
used for the determination of the false alarm probabilities 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 nused 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



100361 At | east one enbodi nent of the present invention uses a nore conplete
approach to estinmate and use various degrees of neasurenent reliability in a
navi gation solution. The probabilities of individual neasurenments as fal se
al arms (Qfo 3dogoem@ver se, the neasurenent reliabilitigsyyde sy mated and
used in the position calculation stage to determne the probability that
the position itself is false. In onejenbodi nent, the WO 2004/ 07. 5016

PCT/ US2004/ 004>97 12 estinmate of a false alarmprobability is expressed as

a valued between 0 or 1 for both measurement and the final position
cal cul at i Sftstigah dstpe oYY ithRe FEDSITENEY e vermt idifferett ande ditipdneeametit se al ar m

probability is performed at .the source of the neasure t e.g., .an SPS
recei ver )méﬁ'&e’fﬂfg%fﬁs 8% Wogu?eé’ﬁd}feg‘g TGN ATERY O ﬁfg{eﬁb(f%f@goef at ed
measur e 0Siti r i patdon. JThe s r further refine the
fal se argjr%t%a"’fé‘?(éﬁg S’lﬁr% P%Hetgt% %tﬁna egl%(d é‘q’.cﬁe.t? 1eﬁ§lls Hgfa}fsﬁf%%r%aﬁ?ﬂé{%i F“abl e at the
server) BekOGfdithad iCinalikeh LiheRBSit LoAl ACUELARE! heNuIs 0F

Typically, a false al arm measur enent ang a correspondi ng non-false alarm
measur emgibbapaiies Besel ofli thé le@fifreddsigh@ Rhtith ¥ndléatdrs (BYL GRS an lehnpiiddpasur ement
of a paraneter is not a false alarm the nmeasurement typically has a
probabi | i foymdajst Tho welatiom bdtivadn ihe fabaamir poBsbiliticscandintht lsighaingealinear t he
true value of the paraneter (e.g., according to a Gaussian distribution).
However , indicatprs qamdsuehsareet fipm varfons sepradchesrimeve in theasyrsmolens ftoppi cal |y has
a probability distribution over a wide range around the true value of the
par anet ercollgcting  satistisple datae pumerigaly anodeling ~ pwpetinal Imglatipmuenaytical [ 0038]
Figure 4 shows exanples of different probability distributions for false

al ar ms arﬂﬁ‘alg'ﬁ'f’ aﬁ‘gf’%f& measur enents, which nay be used in the present
i-nventio H_gufr.e. ve 401.sh di.stribution, of, a,  neasyrenent
(e.qg., psqgg% raniglgleléld:ﬂz"r0 ?lttg :Mse Igngeflgfozlg%é&aéi%’ tﬁfh%se%l g?rglége?iloéq%twggg rement iIs

PRI e e . o . ety but f
i stri butgchoWetndhid ndhyWisdBe TARI Raihs ?&Jék Q‘fh\éfl?_% ‘e}lﬁ% &g?%x?rggt%ﬁsyt ution o

t he neasurenent when’it is not a false alarm ution of the
measur emegit aif Bigér frémMike stafieh & kap dpFalicnsC 888 HakAb@MorisMhae @ kdmé ange D2
(413). One enbodi nent of the present invention determnes a probability of
fal se alidemification stvingd. Thus, tlerats anciastavten thddagbtatioeds maEgakungnent s usi ng
the distinct distribution patterns of the fal se al arm neasurenent and

non- f al sadeitidiedn Greently.cipes station POBYS uFpihe prehapilities ahleaingcarteciinibdid for a
measurenment false alarmpraobability is 0.001, the false alarmprobabilities

of 0.01 fdstermimfipnsiThepmpiapaiibiies @p bartrterosed &t cbodimerih @f saareirent are
signifi caig;[]él%im\l/\or se than the threshold. However, if the first

[0035] In a traditional system, the measurements are individually required to meet a
minimum threshold of reliability so that the chances of the measurements as false
alarms are smaller enough in order to use the measurements in the position
determination calculation. If the measurement does not meet the reliability threshold,
the measurement is discarded as a false alarm (or the measurement 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 calcuiation stage to

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



measur enent agrees well with the second neasurenent, the first and second
nmeasurenents can be conbi ned as one neasurenent, which is a false alarmonly
when both of the first and second neasurenents are false alarm Thus, if
the first and second WO 2*04/ 075016 PCT/US2004/ 004597 13 measurenments are

i ndependemto fohpmsemch other, the probability of fal se atausedoanoisive

conbi ned neasurenent is 0.01 x 0.02 = 0002, which is significantly better
than the threshold of 0.001. Thus, these combi ned nmeasurements of | ow
reliability can be used, when they agree with each other, wthout

conprom si Rgiideof 8lghabithint Yro®hbilifeis $Rpietde@Ns a ERRAGLRAW 6r Prirldddstrates a
nmet hod to determne the probability of two neasurenents being close to each
ot her, whi gltasimymdiR aHé Qb fiihl toSItiP esledlhtidn) e Bhé embodifrent, ithd ¢rfitradibh on

purpose, it is assuned that both of the two neasurenents have the sane

uni f or m di stenasuperhénn false alahe prabedditp i pOTYrmedNet rih¢ keurté pf thenmasuwreament i s at’
point xp (505), the second neasurenent nust be in the range 509 if the
second neaswug-efeSPSi rceivir) wnd ransieditce remets server rlongtwite Syusssoradted  Thus,

fromthe probability distribuytions of _the first and secon asurements,
one can obfHRHTERENHspaEIpT fsiempagtiop,ybhe ??E‘&’éﬁ‘i‘%’n@ﬁg%r T4 ‘?&’Fgﬁf’%ﬂmi stance

f d. Although .Figure 5 illustrat. i tuati the .t t
ave the. SEHEURDY SV 46 £ BOPEARC R LA 8L BTt erers WEdRh Ski 11 oc

inthe art wll]. ] such a probability can be determ ned for
two neasur g%rggﬁgtlgtﬁggﬁ{"ﬁé&%g#ég%?%t ribution or different distributions. 100411

Figure 6 il r ates,; LB RG kil

nmeasur emant[gdszir e f@?lscglwa?}a?d% %@ggﬁgfsng tot %agﬁﬁ%@?iﬁ%}ﬁ% )ﬁgf‘ljffﬁ%]ee&%?%sent

i nvention. mdabéthédichaval ey aliferdntdpobabikxyt dismibanshst e anpRadvadmat alfag m
distribution (e.g., curves 401 and 403 in Figure 4), one can determ ne
respect i velpyratdeter i it abfblse hiaes, thhatcabotrhent tgasalilydres atpsotmbsitywdistribatian di st ance
of d, as illustrated with Figure 5. For exanple, curve 601 shows the
probabi | i t yhapis qopeeniraled & abaalhTaneaBed Sedneyalyeioh homaramaterd e gi, geqerding st ance
d; and curve 603 shows, the probability of two non-false al arm neasurenents
bei ng wi t hitt % Gyesam disttoatew). dlowsygs | s he measuameny;is i udelse ffarmy Hfe is a

Dot mg i t h EPEERR Y £ » POt SRR Py SRS ANIR AP Eal ar m
reasur enent s 05/ B0 kbl T o BucER, | By R AL ARG FRARHHETSN S are wi thi ¢

a small distance, I's very e two nheasurengnts are non-fal se

al arm measys@Epnt SFigheeh shbfs (WRAnPRE i L BRASUAIRI! SistrBhforRCRAIGLEd apart
by a large distance, it is very likely that at |east one of the two

alarms and for normal measurements, which may be used in the present invention. In

Figure 4, curve 401 shows a distribution of a measurement (e.g., pseudorange) if it is a
false alarm. The false alarm measurement is distributed within a wide range D; (411).
Curve 403 shows a distribution of the measurement when it is not a false alarm. The o
distribution of the measurement that is not a false alarm is concentrated 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 2 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



measurenents is a false alarm WD 2004/075016 PCT/ US200- 4/ 004597 14 [00421
For exanple, if 1) both a first nmeasurenent and a second neasurenent are
determined within [-1,1] if they are not false alarnms but within [-1000,

1000] if @dhewyassee false alarms and 2) both the firstpandsHeomig;
measurenents have a probability of 0.2 as a false alarm the chance that

t hese two neasurenents are |ined up 96 precisely, out of sheer |uck as
false alarns, is very low Thus, these two neasurenents are nore |ikely not
false alarns. However, if both the first and second neasurenents have the
sane pr oBsHeEeptsgre mdspegdend from sechapthernihif Rrababiljty phdadse algmoforghe the fir st

i tni [ oeeptiied sgiesace ghoo finer Dbl it i beteny B9 Ylhibe ol s

alarmms | Su¥@hsia 378lob1. BhlCiede NS iRd healRERUIE TP RIS Sah B wllSal | ONEC.

v~ 10043 n one e n prese I nvention, e pr SBAB | i ty of

the two  GRAPHESHRAL SiRERN biHkR %idbal HRARIEE TR ALNS Br b2 of iy, measur ement s

are determ ne e wthin a given distance d is determ ne or estimated)
fromthe [gougbabiigute €5 Wihistiake kndictiodual drRRGIHEE RN tpFobabilityl &€ nabar ms, the
probability of the neasurenents being wthin a distance d if the

measur enmemessushenfsaicy dbsartoeachasitled, hdidhraabe hiddyinake plesentBraguicient s bei ng
within a distanced if the neasurenents are non- false alarnms. For exanple,

| et Cd r eperayusitatiothpurpodecit isgssumessisthatédotinefshavee mieashiiements hdivsthaseme d; F
represent that the two nmeasurenents are fal se alarns; and N represent that
at | east BpborydistHButiaRoD thmEnee MbH09).i Wherpthe firflameasurgmgpins ahpeInidy use t he

foll i i . 100441 P(Fj. | P(N =[IP(CIE) P(RH)]/[P(C P

[ 0048]" W) BieEs ™ B HEmBH GBABF 6 Jreg ot D e R RAEHEREH g Wi € 1l 1
.. di st od. t f al | 5. ..P(.CIN) i th
b 1 g @Raldd b ARORHEIEIS 1AL o A P afkniel e (o

TEASUT OES (3 CafP Ve kS RiephAhatls BleeaNEhiBoNineapRplafiheP RRARL 11 €S of
the two neasurenents being talse alarns and not all talse alarns

respect i vele¥sureiits arf Witk o, didtnbé 66J. ARuENPRighEFOD aRisirdtbd £situ@hiorf WRere t WO
measurenents being false alarns and being not all false alarns when the two

measur enetiestwar messutehientsahatie Sheasare dnifdOF PistrPohbn, ol thid) deaeriptiBoNe Cd) can be
determned fromthe estimated a priori neasurenent false alarmprobabilities
and t he \\er@0%tleA0n ahaT USROGt @BYUhEIOSCh a probability can be determined for

two measurements of the same distribution or different distnibutions.

[0041]  Figure 6 illustrates a method to determine the probability that two
measurements are false alarms according to one embodiment of the present invention.
From the false alarm distribution and the non-false alarm distribution (e.g., curves 401
and 403 in Figure 4), one can detenmine respectively the probabilities that both
measurements are within a distance of d, as illustrated with Figure 5. For exanmple,
curve 601 shows the probability of two false alarm measurements being within 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 1s 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.



15 distributions of the false alarm neasurenents and the non-fal se al arm
nmeasurenments respectively. Fromthis description, it will be apparent to
one skilled in the art that the false alarmprobabilities for individual
measurenents, the relation between the individual neasurenents and the

pr obabi | iy Wegizsdbut i on for the neasurenents as fal sercBbssonsomssrnon-fal se
al arnms can be used to conpute the posterior probability of the solution
being a false alarm [00461 In one entiddi nent of the present invention, the
threshold for measurenent reliability is reduced so that less reliable
measur ene Jare ysed in position _determ nation. This .can inprove the
sensi ti vi Hé&%?t h eéB’i‘i‘BFo}ﬁsléltbﬂg’ ¢ fiest measiirement| and g SEY IBFASPITCRLAEL | on

sol ution. ' asur ement, r-el i abida haold is
ised: ¢ neeerRiE S (LTER oy SR TR ] P 1o HIBEPRE, 1.2

det er m natg19018fm?nR %% Lb @ he mmw%eeon\e*}.g&sﬁx%eﬁ@ hs%moglrgbdb%gi bightky | owered,

addition two or nore neasurenents may becone avail ab in-, use of the
fal se al arfilse REARAERE [chidc@IhATthdsh @wadtkabireahts ARABMICESE predibslyt hi@ drel ation
of the measurenents (e.g., a neasurenent of the closeness of the

measur enenhger Jukhasafalisa athna, a6 eayliew WERIE, thes 080 fnessnrahndntit aro moeblikelped usi ng
one of the lowreliability neasurenents with the three high reliability
measur enemot fasedalamot hwepers ift batin tieofivst iand seond inmasiremenig havrothhesamene of
the low reliabili t¥ measurenents with the three high reliability

nmeasur enermEeabilign et Ocaps adales plpme Withint frd P0G r1040) bytHbe fiayt agagiremettingen t he

ol 6. ol aIFETmEeh 4 B0 e ch G b et BRI 1B DAD: FEAU S ot | on i s
not conprqm,sed.. 100471 I n one, enbodi nent of the present, inventiqn, the a
priori meas é’greth? 8 WEASULGMERIS, 8% 882\%?% ta%g]s},s b h‘% e%@t”e?’r‘ﬁc?lgge g@?ore an’y
integrity gheck LscR&r&HatRdaiktg used in identifying the nmeasurenent at

faul t. For exanple, when an integrity problemis detected (e.g., using a
tradi ti onghod3fN M BVEddTebBoEmenttot iRAplet@ dhvorBbM Ofle RYLBAity WaHe ttRol dentify
a faulty measurenent based on the redundant neasurenents. en a | ower

t hr eshol d fesuemasir arefiilsd alsm Masrepembavhdd tthestwos meedemeie sance to
have nore redundant neasurenents increases. Further, in one enbodi nent of
t he presenietermingé rtoi ten withinea aziyeni distandeatisie delcammepr (@b abtithited)efowf thehe
measurenents are al so used in WD 2004/075016 PCT/11S2004/ 004597 16
i dent i fyi mgohahiitien af tthe prdivdval raspsuremsnisris @l odarmentheoprobahelityr efs bt
' nvent! On’méarsll?rements being within a distance d if the measurements are false alarms, and the

probability of the measurements being within a distance d if the measurements are non-

faise alarms. For example, let Cy represent that the two measurements are within a

distance d; F represent that the two measurements are false alarms; and N represent that

at least one of the two measurements is not a faise alarm, one may use the following o

expression.

[0044]  P(FICa)/P(NICo)= [P(CIF) P(F))/[P(CIN) P(N)]

[0045]  where P(C|F) is the probability of the two measurcments 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|Cy), P(N|Cy) 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|Cs) and P(N|Cg) can be

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



traditional nmeasure for determning the faulty nmeasurenent (e.g., a geonetry
based netric) is conbined with the a priori false alarmprobabilities to
determne an indicator for identifying the faulty neasurenment. For exanple,

the tradigd anghsprasure may be weighted by the a priggfp§Rhsmiabarm
probabilities to determ ne the faulty neasurenent. When both the geonetry

based netric and the a priori false alarmprobability indicators are
expressed in terns of probabilities, these probabilities can be conbi ned

, d t d t t with
gﬁegwor st SE“ unoes z'f f"&‘ g‘%n%ﬁl\%gn%%l”%&?ﬁg?apgé]ﬁ/m%ﬁl? r z%rﬁlogg:?sﬁg{l}‘leeg nus\(lamd to
denti f Hht ol f th
reasur eryreﬁ%geé.“i %?Fége@?ﬁg GEERBRon, bkl e Bl B30 oA o B eBRET |00

met hod f aifdise taqmnd?fabmfml&shqu atlividudTe RS AEIRALs, (tBe Grelati¥eindddh VR ues are
bell ow the threshold the faulty one is then identified according to the a

priori falixaﬁviaﬁzamamrabahs bnd the probebilim dibiibuteshr iRtrhesurepBgts akiflldeed i n the
art can envision many conbinations and variations of the nethods to use the
a priori mwhassoementfali@blens airabemuprdobabirhpuie éis: postdrie pratiiling oftic:
elimnating faulty neasurenents. 100481 I n one enbodi nent of the present

i nvent i on solglienbsipehials alammegri ty problem is detected (e.g., by a

tradition Mnetho t he individual neasurenent rellablllty val ues,
the geomet 4’@/4 and™ioRE @F&fg@lﬂ@gh%ﬂg? BYFESP APEnEmicnatrshadd dutresasindcete

|i kel'i hood that the fi tion fits its Ga t i
tal s al arpner (forrabRoss il Gl lfﬂﬂs' PETSERERT HOrOBaa Y o

cal cul al edeRARMGAQN Tiis| QN SR e NaARGUL g&ggsgc%%ﬂr&q%&ocg{; By epor t ed

to the end user ernatlve t he ca on ‘cafn reported to

the end usgrabpity bf &ﬂ%epcrsﬁiohasmuklbﬁ YFdrerhrﬁ?lTeofvhérPa Ih@&afemeﬁﬁ%h%h{yhe
reliability |level of the position solution) 1 Figure 7 shows a nethod

t o det er mitiesHolkispred, thedd mal ba ohBCBie¢ahicaatreMEmts Iﬁgallablé fdtenendrod ment of the
present invention. Operation 701 determines, at a receiver, a measurenent
(e.g., a psendpanianges; panilom,li‘ielwwe'r,pvhehrtb@ ttaeshbdein tslighttyalbivered oddditidmas e
station) and a false alarmprobability indicator for the neasurenent from
si gnal s r éve|afedomt m@%éremeetsemmerbecqnw arralapleb dlknsneseos! thgelalse eadasmt

measur enent ~ has_an oci ated fal se alarm

t h. i ndj
:oP \éggb: i tWOEiﬁglt]’é‘lF’Qr? aa 2 lwﬁaw&mﬁﬁéadéﬁwgw&rlen phihg meayspeteRra016
PCT/ US200. 4/ 004597 1 t t el at k
shape/ w dt*h™ SI Héef“ ghlgj g‘Pﬁe“e%l %IOEF m%"g&(ﬁ)’%‘fg% %?C:*K'??S E%zs"’d’ﬁ {wc? {%ﬁ’{ gpf g(ragnce
ratio, %Lxﬂ&'; 951?1 rPolR iné Es‘?ﬁrg d&igac}f'tﬂé”‘lo&el%haﬂiﬁ@%éa%emkﬂg u@t@ttﬁé f:qation of

t he rreaswperrent W t er ca ate peaks as pea
high rehability measurements and another position solution obtained using another one

of the low rehability measurements with the three high reliability measurements), one
can determine whether or not the relation between the measurements improves the
posterior probability of the measurements as false alarms to a level such that the
" reliabihity 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 1dentify 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 m



peak interval, and relationship of the GPS signal for the determ nation of
the neasurenent with other detected GPS signals). In one enbodi nent of the
present invention, a false alarmprobability indicator shows the
reliability of the measurement in one of a predeterm ned nunber of |evels.

I n one enmpqsisieitsnct he fal se alarm probability indi catpeirajsSendosastber in the
range [0, 1]. In one enbodi nent of the present invention, the receiver
determ nes the fal se al arm probabilitweéi ndi cator based on the signa
quality indicators (e.g., magnitude of the correlation peak, correlation
peak w dth, signal strength, signal to noise ratio, signal to interference
ratio, relidentsyisgithe fouity rerapementa iy priembestioeat ofhg Dreseal ingemionpthgi t h ot her
GPS signal s det ect ed) u?%n ta m ned fornu an_enpirica

re- dete a (e.g., nm
formul a bdBdHogal Teares erpaping thy }38[% mepswrgmeht &%T@rE%E’&F%ﬁ‘éqeﬂt i cal
probability anal ysis). .Al nat i.vel t.he recei.ver .can transmt..one or nore
si gnal quaf%?‘f’? ‘Fnaﬁnﬁ‘éf%?ﬂé‘}‘t - ?@rrlrg%}%e %‘%?’b@‘r"fégvﬁ?%sﬁ" ?S’t“, "'ﬁ!leﬁlééndé‘f?g‘?ror |
i mproves Iddnt Yook Qi hase t he |
si gnal quaflto?gfkl I c%%géw&g%r%ﬁ gFr?TIYOB Jet grﬁfnﬂr?ggdﬁgp%gsl t glﬁ_?o%ﬁ t he
receiver UgéipBled be tHERASYS,S TR aldffiplobilifs 36 deRhAndtHY RERPehduyenidpdi cat or .
I n one enbodinent of t'he present invention, the false alarm probability
i ndi cat or When!b@H tlieQzedfibRYy Bhdee nidhte sl th@b phibkiyfaled altfhe prodabilitydfdisabtdt | on t hat
is based on the neasurenment (or the reliability of the redundant
measur enendrs eapressed i) terrha of gnoliabditieg nthewti pwbsbibfiest ban pe esabineidneent i on, the
false alarmprobability indicator is wused to select a faulty measurenent
when an i rmelgplied) tpeaisragan mdiratos se St (he measurgment With greeworst indisgnsisst ency
anong the neasurenents used in deterninig% the pgsition). Further,_ in one
enbodi mentreeved Alisrativgly, 3 RuesheidgRay phisefldn déenglnthe faplbnmgaspegmest Hi ar m

occur is als termned. Different sources for fals | ar ns, have

i ffer ent - Ma R Eo dleBop Pt ohT epRi g adrafnt e Mg ER: BVeRh ned o

i mproved - Se . QN i Nt 1l ntion,
the risk g\%’h% %gﬂ% :ﬂglt?flglrﬁl;é@%% %I?E ﬁaﬁggmgﬁ%rm olglg?st! glll’le?lli gégdgv##%ﬁed to
better idepfiidlard BOIWAREhAISROIA), Ghe Fulth Wnk QO thethidelifled d¢8&ding! D thegt i ng the
consi stency of neasurenents, determ nihg whether an alignment of | ow WO
200410750 Lfrid?Clde QR0 préHdBHRiés. Fiém thieléseRptidr, YndEalked iQMBNArS canSendBidnl St ent .

[ 0050] Figure 8 shows a detailed nethod to determ ne the position of a

nobi | e stmbiyoconddeatons agl tanabors of nizodéetivedstto ake theer pies erbsuranwanfalsen.
Qperation 801 determines, at a nobile station, a first neasurenent (e.g., a
pseudo- r angam probabiliites dx idgntifyingand ghminging faplty seppmerndniny base station) and a

first false alarm probabiljty indicator for . ) )
[0048]  In one embodiment of the present invention, even when no integrity problem

-

J

1s detected (e.g., by a traditional RAIM method), the individual measurement reliability

values, the geometry, and internal consistency are combined to determine the likelihood

that the final solution fits its Gaussian error estimate, or is a false alarm position report. o
When the false alanm probability of a calculated position is low enough, the calculated
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., 2 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.,



the first neasurenent fromsignals received at the nobile station. Operation
803 determnes, at the nobile station, a second neasurenent (e.g., a
pseudo-range, a round trip tinme, an identification of a base station) and a
second fQlsR0pARn probability indicator for the secangys®@suigient from
signals received at the nobile station. Operation 805 transmts the first
and second measurements and the firstl’and second false al arm probability
indicators fromthe nobile station to a renpte server. Qperation 807

det er mi ne ] re . r it A bile station using the
first and%agg%%&r? %rtr}éeaésggéeglﬁérg%és/&’ E%%rl%%%&)ﬁglgggg gilcgfﬁ’rﬁl eag,s t?% l}’ﬁlgnfﬁermte
server, WRSLHGS ralb, 8tal td RRRABEL LAR, b $IAFHRAD 3P aQokeiallon Pé’h‘i’( Jskd $§y and
second false alarmprobability indicators. For exanple, the first and
second f aligedeidrainmiph ob i thédsirehdnl Wtk Ot fer JrRlida HdaRE GutP as gelkenfibne the
reliability of the position solution. If operation 811 determ nes that the
measur enepesk antervalptandoreditiobshiyt ,ofwhe NGPB dsipiehd nfor ntha sdet@mintisn asgfe tievai | abl e
for autononmous integrity nonitoring, operation elimnates a faulty

measur ememeagiement twigh pihes detgetad 8o signdlal de cak samhogimdsabif| the présagki cat or s.
For exanple, the first and second 3 false alarmprobability indicators are
used in déBEPH9HRAYSSANTEYProRRINY indigator shasys the ppliailibief themsimesment | | s

faulty. For e | e, the i,nconsi stency, i ndi cator f traditiona net hods
f or t%e fi@%tﬁ%@@%ﬂﬂw eérféfﬁi]eé'glér vﬂéﬁegﬂ’flé imerdn dbs iffes ?Haé@cor ding to

the 110t A0l RRrRlLeloEnBhAL TR BRRL el BYTERERR Br SR g and

elimnati neasurefmnen igure detail ed

met hod to mpﬁérﬁgﬁ@r&&%ﬁp@é&m&tﬁé fhse MRBL Lforabidty ﬂigic%fb?%agédn& i one

enbodi ment o present 1 nvention. Operation 901 etermnes, at a nobile
station, Qic?ahw]ﬁi_iﬂytiﬁm@ﬁmr 26 UhSIRINGS of( Bl BorrclAlioR HEMY Corfr ARG pellk widiNd trip
time, an identification of a base station) fromsignals received at the
nobi | e  stsi@halomrengihesigial ®moe Jatike tsipnal tndsterfatndeheticiodnlienskipatiiosthera fir st
fal se alarm probability WD 2004/ 0751116 PCT/ US2004/ 004597 19 indicator for
a first omenddfate pealsl wnd|retationshipt methnethsu (e sigaal$ rdstacteidyvaing # gued ved at
the nobile station. Operation 905 transmts the plurality of neasurenents
and the fidetsrmingd kgmulg|(eenpheapisissl fompla ased an gatistice)datan el onsihassd At ation to
a renote server. erajion . 907 deternmines,.. at the renote server, a second
Fal oo ol arHSROIVRAT o] PORUHRR ABRPEr B iy b SrRoRET S BsIaY 1ty of
measur ement g, L QA DRaill icalcRl 5% ALBIILRILRHIE hdmbiRdl G810 fpidSind

i nformati on aval Pablle &t "t he o enot e server.” For exarrp?e, he servér may

maintain g &ﬁs@?éla’?ﬁ;iﬁga&abﬁ@ foraROHcaduiandn@biRd Jh A Bighd @alityHWditfRsOf the

i ndi cators provided by the
Operation 703 determines a position of the receiver using the measurement and the false

alarm probability indicator. In one embodiment of the present invention, the false alarm
probability indicator is used to determine the reliability of the position solution that is
based on the measurement {or the reliability of the redundant measurements as a set). In
another embodiment of the present invention, the false alarm probability indicator is
used to select a favlty measurement when an integrity problem 1s 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 js identified to better identify the false alarm distribution, which is used

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



receiver, which can be used to refine the probability of the neasurenent
false alarnms. Further, the server nmay accunul ate and inproved the
statistical data based the information collected during the position
determ nation service. Operation 909 determ nes, at the renote server, a
position &fptdgoxpRi |l e station fromthe first and secoggduReasMsLIENTS.
Qperation 911 determines, at the renote server, a probability of whether or
not the position is false using the seédnd fal se alarm probability

i ndi cator. Further, when redundant neasurenents are not inconsistent, the
second f al Sﬁ- g@me S%r obabi.| ic&}éisi ngi cator can be used in elimnating the
faulty meaSUFRNEh *YEFEIT 'ThUSS Phe met hods of the present invention allow

i mproved r@tedsggi ! iﬁig.r.ie;g%hovo@?%{aﬂg@%ﬁéa% &egerm?.%é el pltbnt & Poacdinbal se

al arm can rer 'y selecte specific nmetric can be provided with

the sol uti gitb® dca6HigRt ¢ tdR tAbbaRkhI Y B bRSent SBvettioah bRs|bnOROA priori
fal se alarm probability indicators. Further, the nethods of the present

i nventi on dkfeniintdyat 6viabile R, iaviikymendremeat (ad] & ptepdo-tamper a tdun@shipl ds nay
be used for the individual neasurenents so that the chance of having the
m ni mum numioe; an ofentifcsion efre bbs stationpael 4 Hrst fate ghasi probabilitytiedinatoaforon is

i ncreased. Since the conbination of lower reliability nmeasurenents nay be
det er ni ned theo figdviecasuiemght fios) sigbals ireseiveldnall theoingbile ftatiem Operplions03r eat er
avai lability of GPS and AELT neasurenents and rTPre frequent accurate

sol ut i ons. deisEBRETehiie mbile sitign.cstsrend MERFEIMEHh{S Svcd DREEAS-FELEr DEWERL of

timati t he. f al se. al .pro ility of ' t th bi |
by exam ni 4P GRS Rt BRI PEa e ifpst, Palecean TS SR aghiny 00 €
haracteri si j. ' i - td 165 DR
Cerati onshisicger B SYRERURE bRl ERATL BFRR AR MRENIC R, cposm

si gnal s det(ﬁ’%f’a@i@n 908 12010 0L Fidl é&%ﬁ?ﬁ%ﬁé@&%s and) tlgeoﬁl‘%ﬁlamfis&!éh& 2 shows

an exanpl e of a data processing system e used as a server in

vari ous emniggel seit prodhbililyen@cAse Mon MheansliiRBtatiba o @xaipleServas OBRfGibhbed i n

U S. Patent No. 5,841, 396, the server (201) nmay provi de assistance data such

as Doppl eB0ddeiotrinaes, sbthe rdmdte sassi $panien dahantobdilt MetidPSingetheifirgrandn a

mobil e station. In addition, or alternatively, the |ocation server may

per f or m t heedond aheapysinents rOrcation| S9Pi dstermimgs. ras tha temeia sasverpwbetberseranat on

(after receiving, pseudor anges_or ot her data from which pseudoranges can be

det er ni ned B¢ BRAHMSS REPlaRlesing tBe first ad seropd false plampardpabiltsindiealors i on

det er m nat iPon resullt t he ,base s one .ot her sy?ﬁﬂgm The data
Edi

1 ti N
S oceasi ag Oy sramn s Tt Broo b e T bR NS AR B e SRR 4 | on

devi ces 21 Zetermine the rehiability of the position solution. If operation 811 determines that the
measurements are not consistent, when redundant measurements are available for
autonomous integrity monitoring, operation eliminates a fanity measurement using the
first and second false alarm probability indicators. For example, the first and second o
false alarm probability indicators are used in determining which one of the first and
second measurements is fanlty. For example, the inconsistency indicators of traditional
methods for the first and second measurements are weighted respectively according to
the first and second false alarm probability indicators in identifying and eliminating the
faulty measurement.
[0651] Figure 9 shows another detailed method to determiine 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



such as nodens or network interface. The |ocation server nmay be coupled to a
nunber of different networks through comruni cati on devices 212 (e.g.,
nodens or other network interfaces). Such networks include the cellular
switching center or nultiple cellular switching centers 225, the |and based
phone syswermemirsahes 223, cel lul ar base stations (ngicrait@wimbizefi gure 2),
ot her GPS signal receivers 227, or other processors or |ocation servers
221. [0054] Multiple cellular base stations are typically arranged to cover
a geographical area with radio coverage, and these different base stations

are coupl egidafor ¥r 4 £AB5ncHTehe TRy S B thEGRLBRRS ToRT sigBSs b&iV¥ld tegnown i n
the prior art (e.g., see Figure 1). Thus, nmultiple base stations would be

geogr aphi e@bily stdiiat. IGpatitieal oblitrarc oty (iR kele of &fcakliterfents andthe Fst faMet Chi ng
center. The network 220 nmay be connected to a network of reference GPS
recei ver s alahb grohabdny delicidr fieme tiei radbilgRSition fio mnmmbrscared GmeyatinsW7pr ovi de
GPS epheneris data for use in calculating the position of nobile systens.
The net wordRtemamess gt the semeth serviefh 2 serendripizeralam probenlity drdicatordiar therfitstnt er f ace

to the processqgr 203.. Th network 220 may be conpected tqQ. other conputers
or net wor ¢ 8%&‘?‘}‘[@.‘3’ ﬁf Bi53surrIReREy ftom 2he Higs) glse akpmauphadlity 1 ter

t r at by. : t , h the Public Safet
SEEL T P U
t hods f S | td i LN U. S

pat ont s, (ielaoR aRa AR O PISTIHES 0T M ioR D 367G 0 SRR U
6, 215, 442 re MRl WDA0OuEEN HBROQY HOKRARY o2 thel xg%ﬁﬂefn-gg@falsg(%%ngn server

201, which is a formof a data processing system includes a bus 202 which
i s coupl ednitherp the GEOPr GRS sahmali and mpROMI 204 affltical odad itagedRAMM 205 and a
non-vol atile nmenory 206. The processor 203 is coupled to cache nenory 204
as- shown iimfotniveion x esljicted ofluiigy uhe Psitidheddbersii®@ni sirece oMpemtien ¥9ese

vari ous conponents together. While Figure 2 shows that the non-volatile
menory i slelgrmpises|at des rawic saipired pasibe of yhe mobhe sieben frem thadislomgonent s i n

t he data processin system it will|l be appreciated that the present
i nvent i on SFR%Y FeaTtomette. (Eyign &1 | ﬂféeﬂm%%?vﬁmreﬂe S FTeABELIPIBNTE he

h k.. devij whi ' I he d
oY acesti nd Syt shpdRERERIE ReFRorR HE STt BB P R RO e hor net
interface.p hpg QHsn SQ&nHB}{ thGh e ONE: §tofriﬁ96r§i49éﬁ%,eﬁe CsQéH?nﬁCf‘aﬁglaﬁ neaCh ot her

t hrough various bridges, controlléers an adapters as I's we own in the
art. |I'n nmgRdbability indicator can be nsed in eliminating the faulty measurement.

[0052]  Thus, the methods of the present invention allow improved reliability. The
measurement that 1s most likely to be a false alarm can be more reliably selected. A
specific metric can be provided with the solution to indicate the reliability of the
solution based on a priori false alarm probability indicators. Further, the methods of the
present invention allow improved sensitivity and availability. Lower thresholds may be
used for the individual measurements so that the chance 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.



situations the |ocation server may performits operations automatically

w t hout human assistance. In sone designs where human interaction is
required, the 1/0 controller 209 rmay comruni cate with displays, keyboards,
and other 1/0 devices. [0056] Note that while Figure 2 illustrates various

conmponent,s,9f,,A-4at @ processing system it is not int@ngesodmoiBpresent any
particul ar "architecture or manner of interconnecting the conponents as such

details are not germane to the present?0invention. It will also be
appreci ated that network conputers and ot her data processing systenms which

h f ) I b dwith th
ot cser0y enfRuRe 2n L Sar P AR r S P apal Ao fabBe Sl I
some enmbodjsnent.s, %&gﬁ@a&mﬁgﬁswaﬂ r\@s;ﬁmvé ﬁnﬂrof&aﬁ@éhpsedesa%efdor med on

conputer systens are sinultaneous use or ot her ncti1ons, such as

cel lular swityShpigst N’S.’S%ﬂi,ﬂ%,ztﬁé ¥G8S (208} fay! flolileeeiGARE TatS AR & al | of

the hardware of Figure 2 would be shared fof several functions. (0058] It

wi || be appeppietor foti@mshiziiie desgiricpidannot thaiGRsseeiva @fa hvbilpsasient Ini nventi on
may be enbodied, at least in part, in software. That is, the techni ques may
be carri echddiiion, ermtamaongut tbe leutdeserer notylperforatlze pradpestomegelayidioom in
response to its processor executing sequences of instructions contained in
menory, suethenthartia molile stglien (afler raraNipgaBsudoraeey OF gthier datardvopk yhixhs, cache
204 or a renpte storage device. In v%rﬁi ous, WO 20041075016 PEZT/ U520041004597
22 enbodi rRéAEdOrangET AN Pedetermingd fipy hgynebale ptatign) And HieBimat foaWatdi B8 sof t war e

i nst ti 1o jnpl t th t i ti . Th the t [

ot 11 m 1 oLt defmEREEE rHc B At SAVGY Oh A G0 ST SR PR o { v e
t N : i ' d dat

or ocess nirSaetivein SEH6Rmh S Gpki] PR e M

functions apg,0R6HAE] HRrRER ARG PREIRE QRN BRE RIS fhumbgused by

software code to sinplify description. However, those skilled in the art

wi Il recagniiZferenh abtwosksTeaaighD YorimahicAiopr 885de0MB12i &g hatodbie drustéd ons
result fromexecution of the code by a processor, such as the processor
203. 1005%ktworkacterinees). dhathbletvorksl ingindeahe bellulsesvitduigt conder sofhuliple and dat a
whi ch when executed by a data processing system causes the systemto

per f or m vageilolas switahingoeentess 235 shedprdeased phapesystom switghes ?@ﬁe@bﬁ;&b bases of t war e
and data may, be stored in_ varjous places includi nz% for exanple ROM 207,

vol atil e F@A@Mo?@@,ot Wqﬂaﬁagp{e@), other GPS signal receivers 227, or other processors or

location servers 221.
0054} Multiple cellular base stations are typically arranged to cover a geographical
area with radio coverage, and these different base stations are coupled to at least one
mobile switching center, as is well known in the prior art (e.g., see Figure 1). Thus,
multiple base stations would be geographically distributed but coupled together by a o
mobile switching center. The network 220 may be connected to a network of reference
- GPS receivers which provide differential GPS information and may also provide GPS
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,



menory 206 and/or cache 204 as shown in Figure 2. Portions of this software
and/or data nmay be stored in any one of these storage devices. [00601 Thus,
a machi ne readabl e nedi um includes any nechani smthat provides (i.e.

stores and/or transmts) information in a form accessible by a machine

(e. 0., awERIpp¥saL, network device, personal digital gsgiuSh@nioiser

manuf acturing tool, any device wth a set of one or nore processors, etc.).
For exanpl e, a nmachi ne readabl e medi am incl udes recordabl e/ non-recordabl e
nedia (e.g., read only nenory (ROM; random access nenory (RAM; nagnetic
di sk storage nedia; optical storage nedia; flash nenory devices; etc.), as
wel | as dP&Nri chre laspridncegrver g¥Husthieinlis arfopn dra fgtangropsssing rypamat ed

i | e. , i , inf d si l's, digital i s, etc.); etc.
Poo6a1 Fiifes 5 B b® WhENSS cobled o mitasenen o Bang e BOREBTandl o 1 on”'
di di t h j ti ) h i tati
acwor . oo, 8950 30U TR Mo oelFE . B FoLsR: A0S PR Pt okt o
with GPS GEELIYRbNT Al HoGold] if?g;gesexgﬂg%ﬂbﬁﬁmrg&. Tllikebﬁ f@fmer&ﬁie{&?é' on. The

conbi ned nobile unit 310 inclu Ircurtry for performng t unctions
required thee vBhABRSEbHENtSo il 'Whie FRuVEb khdss hit8he oIS ckRAHI red for
processi ng conmuni cation signals received through a conmunication |ink. The
communi cak iadocdl idece spledabrechyniouthi et iof rhel doRdpoBalds in e \WRaZR0kO7H016

PCT/ US200J/ 004597 23 typically a radio frequency comunication link to

anot her cystponaenwill bechpmsiateddbat St girésont BF2ntivavmay wtitinenamonatalaile ant enna
351. 100621 Portable receiver 310 is a conbined GPS receiver and a

conmuni caD$Bery Wiadeisvemoterizon thimstieps shch Fetaetverk gonge dntied which igPS

recei ver st i ncludin acquisition and tracking circuit 321 and
comuni caﬁoi‘@%gtt‘? ﬁ‘ﬁ?&@if\? SEREC T @Gﬁ‘gﬁ A REHUATS IFTETE SREP R HRRIFYOCi reui t 321

is coupl t o GPS .ant 1, and .communi cation transceiver 305 is coupled
Lo commun 0T dHoH AR HREPs D> maBlR BT T g Blbeg MRSy St o

from sat eth}oiugﬁv%%%l; bS] EREbIGEH afdMOM er92§isaeb‘é1ﬂ8{%%«txﬁﬂ heahd Bj’s ARy o

acquisition and trackihg circuirt 321 1 ch acquires e PN ( or andom

Noi se) cogl@stionk e fobRioakhver mal pedbie s Spdr@hdnk he®mafibandefudub hdieed by
circuit 321 (e.g., correlation indicators) are processed by processor 333

for transaisthade. hyscineatesigad whére h0man iffarngtioni ic sdquived, thielO eentysler 30% cont ai ns
a transmt/receive switch 331 which routes conmunication signals (typically
RF) to anday ccommooentamitl displeys, hettbonrds, @d othentO devisescei ver 305. In some
Systens, [%03% nd lilgtleltltlaft |er]11 efl*’ligll;[rgrfilh?srtra't'eg l\{grlicﬁl)é%gfn;)oﬁeitsuosfez}addaltanpsrgciaggngo f

sysiem, it 1s not intended to represent any particular architecture or manner of

interconnecting the components as such details are not germane to the present iﬁvention.

1t will also be appreciated that network computers and other data processing systems

which have fewer components or perhaps more components may also be used with the

present invention and may act as a location server or a PDE.

[0057] In some embodiments, the methods of the present invention 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



the T/R switch. Received communication signals are input to conmmunication
receiver 332 and passed to processor 333 for processing. Conmunication
signals to be transmtted from processor 333 are propagated to nodul at or
334 and frequency converter 335. Power anplifier 336 increases the gain of
t he si gnalwoonam7appropriate |evel for transm ssion topdasesioaidoon 352.

a.. 100631 In one enbodi nent of the present invention, the conbined receiver
deternmines one or nore signal quality #hdicators (e.g., nmagnitude of the
correlation peak, correlation peak w dth, signal strength signal to noise

a0 S Bl R Sl e B ol ”s“'cfﬁ bl PP FpRE ©

det er m nat for a
nmeasur errrsn'EIgFr‘J&rc)rlE %\“%1 or aeelg%% L@gﬁtﬁoedlrﬁ{lm rec ‘Jle\k/tgl?(3 ﬂo@‘ri]'ihg%g%

embodi ment any &ﬂ’é&ﬁ‘é%ﬁﬁibﬂﬁﬁoﬂ SORkWRire Eﬁéﬂ%ﬂﬁ@sohhﬁresﬂ(ﬂ 'ﬂﬁh%zduﬂ& sbiydicators -
to the base station for the deternination of the neasurenent false alarm

probabi | i t Yorfthe instrectivhasicels by thd datOp@cessiif eghtd® h addition shRaphd@d $his
determ nes the false alarmprobability according to a fornula based on the
i ndi cat or s desedptiomnsmbtssfunétens rapd alpetations avk tdesdribed e hsme gresfiotmed bY\Or
2004/ 075016 PCT/ US2004/ 004597 24 the base station through the conmunication
link 351. Ecapnsehbyspbwerereds to sumplifyrdsscrintigni Bpvepeh thess s&(ﬂ%@l@rﬁ@e o mpeli t 321
has an Automatic Gain Control (AGC) systemthat . adjusts e gain |ineup,
whi ch may BROHES B@a’dﬁ AR Ryquch SEUFSRAS PHdRe metensas PBEAFCUBBYer  at
t he out put na 0 converf, g From the gain of the signal

(

at the Bg{he CP%E B ??Sﬁ?ft f%ﬂl ﬁ‘etpﬁ%"eéﬁ"@n e.g., Gaussi an) and the
si gnal pr O‘f‘ﬁ%ﬁ ng A?naQ ine %’adatﬁ%%ﬁe%ﬁﬁf? r?ﬁ@hsedttgesh&é’% 9 dfiGipl d 1S -

related to falseaarmpro roug coI ecting

statisti calyidat&eQited BYQUGAA %6&5&1&@'5% érﬂlﬂaﬁéés%e Qstbii el flrfral {réhous
anal ysis). Nunerical sinulations or theoretically analyses typically depend

on the si gdhodploPeRSprestgt IVEMRAS THEGX ccutible Sofdrat and dita ARG BNRI6MEARNT ,
spurious signals when processing a weak received satellite signal due to
i nt erferenceritms plastsr owbpding foe cexampie fMar0iarelatdd Red BYS, esdri-nalstilag
certain characteristics of the stronger sign al, <creating an interference
wavef or m basssebr 306 iadler eashe R4 el sharvay moignres2. Rostionsred this softwarctandéprt hi s
interference waveformfroma se{) of correlation outputs for the weaker
signal to Idéﬁ"i‘ﬁwl{ehséorF‘h’c“é‘WéP%ﬂ thessrsftpgedeyices he stronger si gnal Mor e

gf’\ ;? : lof] 222&%6@ f ou mg1b %\ln%céling %Igé)déhie meélgrg%%!ﬂggesl Q&yeﬁlg&ragg&ethap provi ets)i e
(i.e., stores and/or transmits) information in a form accessible by a machine (e.g., a
computer, network device, personal digital assistant, manufacturing tool, any device
with a set of one or more processors, etc.). For example, a machine readable medium
includes recordable/non-recordable media (e.g., read only memory (ROM); random o
access memory (RAM);, magnetic 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 2 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 commumication link 350, is



6, 236, 354. Wien additional signal processing operations are used to reduce
false alarns (or for other purpose), additional sinulation operations or
anal yses are performed to correlate the signal quality indicators and the
fal se al gfgdobdkc@t ors. 100641 In one enmbodi ment of therp:8s@Miset Nvention,
communi cat1on transceiver section 305 is capable to use comunication
signals (e.g., in the communication bgnk 350) to extract timng indicators
(e.g., timng frames or systemtine) or to calibrate the |local oscillator
(not shown in Figure 3) of the nobile station. Mre details about the

nmobi | e st@PiFYlY # srdiefreaerncy fgmuivricaden Heli énpertberorompanethr gichrag habe | ocal
oscillator ca 2 found in US Patents 5,874,914 and 5, 945,944. [00651 In
one enbodWﬁ@HBS gmﬁﬁ%“§ﬁﬁﬁpﬁﬁﬁnéﬁQW@6ﬁﬂunication system of receiver 310,

data gen d uj si.tio nd tragcki ircuit 3 is transmtted over
connunicaoﬁgﬁ IP%%%égb“?gvﬂéggﬁgE%PFB&“?@%% §§gvgia%$%ﬁ°§§§ﬂwﬁ P det er ni nes
the | OCaEebé?v\FAbﬂ.O d %%?én‘(igér HRHa5840 Oé%n{agkﬁ dagpgt e@éﬂzérh?ta%pe TRhGaihsCe! Ver,

the tine at iC the data were nmeasured, and éepheneris data received from
its own GRuikEeR! MR trAdkidOAARA0T SQH0 cBERMSARAALAEESL seBoRt MBI Sour ces

of such data. The |l ocation data can then be transmtted back to GPS

recei ver Zdduisthiontamdadabléng £iemit3e] iooapie®@ RsGPMafitenehet(a] 8l cabigniidagst abl e
receivers utilizing a comrunication link are disclosed in commonly assi gned
U. S. Pat emins¢dover 3084001144 to fodiBGlcatinn ementarid ddGRE nigndf (¢ hesigrab3znt
invention, the conbined GPS receiver includes (or is coupled to) a data
processi nigansypgted nfrqra sgtellitey 392y argrra¢ercedt throngh | St antenngy 3¢1 agb inpablie

conputer). The data processingzsysien1includes a bus which is coupled to a

mi cr opr oc¥§¥ision AR Fackueginui &2 gWhickesquirgoihg £ & sedriantRsp Neseheadee menory) .
T o AR PRI TSR Al ot
> . ! ) . . K
ot Pear paRghS R Shelkafm IEHCAUTISS fob Furl LS 2By GRS ot her
through vashHsicMdnlg8Seci 62105 Aoh@ins LRMsRhivRAMAL 8FRch2531 WhitR! buteknOWN i N

the art. In one enbodi nent, the data processing system i ncl udes

comuni Cagonifuridedtivh s(g@aly. (typicalpRI)Ubi an@r Béh cDainhidlicaBuis anfemid 31Raport for

| EEE- 1394 bus connection). In one enbodi ment of the present invention, the
nmobi | e st @inscaver Bahdnidrse systemspebsid spitbng &ltandr 'tdoplegeryris avel idsadad ef al ar m
probabilities for the nmeasurenents (or signal quality indicators) to the
dat a pr ocdsdifgwilglstRaepived gommumiealiogsigals| 3 ONpYt t0) cosgmigrhention repsivéat a
processingyfys em can determ ne_t he positL&? 8f t he receiver and_the

reliabili and passed to processor 333 for processi ormmunication signals to be
transmitted from processor 333 are propagated to modulator 334 and frequency
converter 335. Power amplifier 336 increases the gain of the signal to an appropriate
level for transmission to base station 352.
[0063] In one embodiment of the present invention, the combined 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 {c.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



of the position solution. 100671 Al though the nmethods and apparatus of the
present invention have been described with reference to GPS satellites, it
wi |l be appreciated that the description are equally applicable to
positioning systens which utilize pseudolites or a conbination of

satel | itegoigipsardol ites. Pseudolites are ground basedrasaosmssdzer s whi ch
broadcast a PN code (simlar to a GPS_signal), typically nodul ated on an
L-band carrier signal, generally sync% onized with GPS tine. Each
transmtter nmay be assigned a unique PN code so as to permt identification
by a renoteg r iLver. Psendgl i e .us l,chn 7 Situati r S
signals f rghneﬁ lga(r%g(%tra 18 iﬂ?{auéha glﬁ%ﬁ%&n%ablﬁ? %Ejé 33Ir113v13i ngb%%O%gﬁj%wglgeGﬁnnel S,

m nes, bui Lgdir : r ¥ ch e sed
eren, s R e SREE TR ARy, Rl Cort BT Pt el s,
and the teaaju@ﬁaedsgaﬂﬂmeﬁp, whigh uﬁ%emél@gandfgﬂali, BlcA KR dhdr@id dialowdetofaPS- | | ke~
signals from pseudolites or equival ents WO 2004/ 073016 PCT/ US2004/ 004397 . 26
of pseudol ipbeer at {R0GBdut b tHehaalpg ecdiditn goskesier) SBioanthe fgeiniofiviend gmabhathtas been™
described with reference to application upon the United States @ obal '
Posi ti oni ngnpBatikd distrbdu(@PS) the yenehnte. gt Gaus$ian)l ahdighe exghdlemocessingé®y by t hat
these nethods are equally applicable to simlar satellite positioning
systens, aPePcEHoR3FY)i Bgicarrelatiprethrgshelddn reteftesthesiolse alarmaokahdity (@ Bosed
European Galileo System The GONASS systemprinmarily differs from GPS
system in tHIAEN eoflecuns skfighral fir"‘@rr?rdﬂ% e RRMET: ISF‘T‘%QQO%% FEERRRt i at ed

f ther by utilizing.slightly diff t g jes,

Father ¢ har T 21 gt rp oS S lhaelian i Bies Vaiory b8 Bl ab on
bstanti al i it it. | d ov]

2ppl | cabl o Sefidrpesiiie Fhiids ko MGk BLBRL [ The ARREARGRREN Sy 71 P 0

posi ti oni NQyRY $H&EBsing ACKEHH RIVAL iR 8PndPL SR RlRE: by[;]g)_@g&igeﬂ t houg

the operations in the above exanples are rllustrated in specifi sequences,
fromthis desbetpighsnre irdduvéd by Etin@ippg eatait eharhhiadstivaot deSirdhder efpaak
operation sequences and variations can be used wi thout having to be limted
t o t he aboveating lausintafechcexanpion bagd70h hhee abovded xhaptiesstase and
illustrated wi thout presenting sone of the details known in the art; these
det ai | s carvigectng tis infericrracowaysfemn fiemsa sob 9€ omeglatignputmys fitthe weakgr2 087,
5,841,396, 5,874,914, 5,945 944, 999,124, 6,061,018, 6,208, 290, and

6, 215, 442, SN rgBAVe & Pngerepse Afecis & Hiersbrmy s i oMates drinlsrabot the

reference, n3obill gtiagfgf flor reducing interference in a mobile station can be found in U.S. Patents
6,236,354. When additional signal processing operations are used to reduce false
alarms (or for other purpose), additional simulation operations or analyses are
performed to correlate the signal quality indicators and the false alarm indicators.
j0064] In one embodiment of the present invention, communication transceiver o
section 305 is capable to use communication signals (e.g., in the communication link
350) to extract timing 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.
[0G65] 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



out in the above discussion. [00711 In the foregoing specification, the

i nvention has been described with reference to specific exenplary

enbodi ments thereof. It will be evident that various nodifications may be
made t hegd Quhishut departing fromthe broader spiripcpghossRee; of the
invention as set forth in the followng clains. The specification and
drawi ngs are, accordingly, to be reggrded in an illustrative sense rather
than a restrictive sense. 27 CLAIMS What is clainmed is: 1. A method of
position determ nation for a nobile station, the method conpri sing:

det er mi ni ¢ther spufdes of snahadais.chignlocston ¢asicen drendet ansmitdad baskftorGPHie nobi |l e
station frompqsition determ nation _signals received at the npbile station;
and det er ¥PAYHg 14 of forather reamets fpcptians. Mags qetpils pbpyi perteierespiyprs pidlizing ¢ he

LS, TSR HASE Rk ] bl LR S PSSP 2 v ©
t hod of i . hsing. .d 1.Nj -eliabkl ity | | f
TELIOE O Y by b SR EATR b O O IS A 0 g v o

for the npbinb& @f RlcbBfled B) G WAl REL SN sich (@, JTRATAREIMa dsSisARE of 2l Se. 3.

The net hod of cIa|n19? wherein the position I's calculated at the nobile
station. ﬁoﬂaﬁl&&:ei’ﬁp‘hb@d Taé delagirédedsing SisteRe IncR@BP K bk Aicht i ¥BepTed td A9 t he
first neasurenent and the first reliability indicator to a renote server
for posi t mimoptedessomand b ingamed (&.pe ROM) Yadatile RAMNnobvoldile nkmidagd Taé cl ai m 1,
further conprising: transmtting one or nore signal quality indicators from
t he nobi | Busdnigicowirects yanousaenpenads togaiher tahé alsp enterconmeete thesgeratipogersts i t y

i ndicators being determned fromthe signals for the first neasurenent;
wher ei n t Bet dsmiat conrpileggpg display devientnsrtopnpheeal devicereaches npa/onwbt e ser ver
usi ng the e, or nore,sign qual ity indicators. 6. The nethod of claima1,
Pt ther | CORBaeSony Dbt R ki e ol oS R BHed ST ST A

det erm nat | i i . . i | On: 2r Tigmi Ng a
second re%#@%?%%ﬁgﬁpiaﬁggﬁ%¥&ﬂﬁg%ﬂ%g%§| réhﬁre%ﬁgﬁ?%%f@%ﬁm§%§%§W§?for t he

second NMERSIFENRENhe LAC FMEGANbnitRlalrAbit | iley da&dip@@éegs&nag rERERS el a | evel

of nmeasurenent false alarmprobability for the second nméasurenent. 7. The

met hod of carhiniTeion boitd REY, A0OSW (UGvaEi] SeAbBUsRHOG pRiTOSIBEE Bt i on for
the nmobile station using the first and second neasurenents; and conbi ni ng
t he firstcamectmardndne enbabiiment §f the posen tivesiid) thketnebile metien walsindtbi [ 1ty of
the position solution. 8. The nethod of claim®6, further conprising:

el i m nat i g negasurementhand thest priord fglec slaan prababilitiesEnmitbe Measwrgseenist (oon

determ nation using the first and second reliability indicators.
signal quality indicators) to the data processing system (e.g., throtigh an I/O port) so that

the data processing system can determine the position of the receiver and the reliability
of the position solution.

[0067] Although the methods and apparatus of the present invention have been
described with reference to GPS satellites, it will be appreciated that the description are
equally applicable to positioning systems which utilize pseudolites or a combination 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. Pseudolifes are useful n
situations where GPS signals from an orbiting sateilitc might be unavailable, such as
tunnels, mines, buildings or other enclosed areas. The term "satellite”, as used herein, 1s
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



9. The nethod of claim1l1l, wherein the first reliability indicator is

determ ned fromat |east one of: a) nmagnitude of a correlation peak; b)
correlation peak width; c) signal strength; d) signal to noise ratio; e)
signal to interference ratio; f) relationship of a correlation peak used for
det er ni nat i"BA2YHY7PHe first measurement with one or nor ePCRWRtIEADESIpeaks;
and g) relationship of signals for determnation of the first measurenent
with detected signals. 10. The net hod 3f claim1, wherein the first

measur enent conprises one of: a) atime of arrival of a signal; and b) a
pseudor anggys Il qoAefret hod of position determ nation for a nobile station,
the nmethod conprising: conbining a plurality of neasurenent false alarm

i ndi cat or s [hgssjet emthi Brededifd 1RAIskioh YnPfvéntRAHat bk datsisiatiatrefdisidey a
plurality of measurenents, the plurality of measurenent false alarm

i ndi cat or s tb epphseoh iupgn |18y Einfted ISta@ePGldbal PHélisEng [Satellitp(GPSpisydtény. ftor t he
plurality of measurements respectively. 12. The nethod of claim 11, further
conpr i si ng:shoell bakwdemghavesep dsi thesmmétbodst dneequably bpplisable tosimilassatgjlitehe '
plurality of measurenents. 28 13. The nethod of claim 11, wherein each of

t he pl ur al inojitighingsysdans gehin Fagiaarathg RyssismdLOA S Sssyptsmeanddheproppsedpr e t han
two | evels. 14. The mrethod of claim 13, wherejn ea 'R of .the plurality of '
measur enentEWeiees Calilsp sysien e PLONASS sysiamsERaTlY ARFCFS SO SHGesYSER! inThe

met hod of claim11,. further canprising. determ nin e of the plurality of
measur errentd“?}aﬁhgeenafsé?% i ‘g’g‘gﬁ’ SW@WESO?{E' ‘%ﬁlﬁﬁﬁ?%ecgi Hblonalfé?f){ﬂﬂ/ by

i ndi cat ors; rei r e (sl | |.LYndi g S i ses one
of: a) mag nult%ti\{glgl_g 3? glgtﬂgocir}?g 2 i%a?l}?%ﬂ_eaf%qg%@es’cg% kﬂeef aﬂagn u%@%@é S r‘?gtg%%

indi cator; (b ®kAdah &ddeeMat Mis Suafib®Rabstd@ialpiafthk alidcRitryd it SbodfhaRal to
interference ratio. 16. A nmethod of position determ nation for ‘a nobile o
station, thRsdilelOsteGotR)Y i 3¢ NGpLi&ibldY Tiat tddG "GPS" Qised hetdir dhdlbdesObuch
measurenents from position determnation using a plurality of a priori false
al ar m i ndi cateontvé satallite posisenngsyatedst mehriimgtheoRussian GLIIEARS systdm.t y of
measurenments are not consistent, the plurality of a priori false alarm

i ndi cat ors [886%g déltheushibe operapenst invibE \ebpyg exdmepleppngridinstrajedom sneadigr enent s

individually. 17. The nethod. of clain 16, wherein the one_of the plurality
of neasur enER{eRCsss Tgmy BIsCRIPUCR, 1l Y sRPreRgiet hat ypreuy qifgrept opgrafionoy |

fal | i ndi cators, .18. The et had laim 16 . furth i si ng:
et or m i ngPBBPGY A Vs BT S ho i B o° b B My o

neasurenentiﬁugh%%ee%}w@g_y fromthe plurality of nmeasurenents;

[0070} The above examples are illustrated without presenting some of the details

known in the art; these details can be found in the publications, such as U.S. Patenis

5,812,087, 5,841,396, 5,874,914, 5,945,944, 5,999,124, 6,061,018, 6,208,290, and

6,215,442, 6,236,354, all of which are hereby incorporated here by reference, as pointed o
out in the above discussion.

j0071] In the foregoing specification, the inveniion has been described with

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, 1o be regarded in an illustrative sense rather than a restrictive sense.



wherein the one of the plurality of neasurenents is determined from

wei ghting the plurality of inconsistency indicators according to the
plurality of a priori false alarmindicators respectively. 19. The nethod of
claim 16, further conprising: determ ning whether or not an inconsistency

| evel anong the plurality of neasurenents is above a threshold. 20. The

nmet hod of claim 16, wherein the plurality of a priori false alarmindicators
are determned fromsignals used for determination of the plurality of
measurenents respectively. 21. A machi ne readabl e nedi um cont ai ni ng

execut abl e conputer programi nstruct'b ns whi ch when executed by a data
processi@%"\ﬁgst em cause the systemtso performa nethod of position

determ natiton for a nobile station, the nethod conprising: determning a
first measatisgmndd i§.or position determnation for the nobile station from
position determ nation signals received at the nobile station; and

det er mi ni AgA methpd eftpositiinidaterrhipatipn fond mobitestatién, tendtfedsbyprising: detarmining i r st
nmeasur enkfifet meapsernent for pesiion desenmination ferdhemelie sm@gj(f@seqwiiwgdeéprmbet@h of

measur e Isreepived g thepabilgystationindidelermingnd 4 fifgl reliabilly indisaien fraanfbmeignais>  The

medi um oalr:m? rF;rﬁ'b‘?ﬁ"i‘:rewr%rtgfﬁmtrﬂ'@b'%\éf' GRiOT R e 3RBYN9 @dih 9T SwesureRatRIsE ni ng a
reliabil |?ypcf Vel O '8m°t REH St rel i abi | | ty indicator to represent a
probabi | i bYrHahitingg oPYsihli RAndr QmprdRg MeRihifing & leRdiflefePrdiindhigd using the
nMeasur enRiMbilify nditefor todépidsentabrobbbifty tHACA SHAEH foftha idbiktativh &di@lafkdlubiRg POSi ti on

i s cal cuhameskurinebiendtidnel € st ation. 24. The nedium of claim 21, wherein the

met hod further conprises: transmtting the first neasurenent and the first
reliabil i SyThemfithodiobelaim@, whareimthe gositionegalciilpted pidhé mpkile stitierer m nati on of the
Conpr | o4, TR il toNESEoTRIPES JERa TG0 I\ AT eBioBr BofPom he
conprises: 1 ! 0 S| ; i - t m t he

mobi | e sERRIdeatontoRd: ?‘83%?'\‘}%P?5"t°ﬂ8g8'ﬂlé”§g?” %W%ﬂ%%“@ﬂaﬁmqum ity

I ndi cat or g Reifghddet a5 nend- Cahe taingmﬁhgs?gg% moREsidnbl @it TRASHSEMENT |

wher ei n {hemk iobile staBon B rbhéty serlld? AhE&HeQF mbie siREIRLAIRElcdrs baky I endt e server
usi ng t h@t@nRed®frorE ighdlPftihe AldbrhédsiremBdli virdted the firdbreliabing intRdiotier of cl ai m 21,
wher ei n ddte@mied fakk renbte Beverasing theoes or roke¢ signal qialitg indicsteaond nmeasur enent from
position determ nation si tgnal s received at the nobile station;, and

det er m ni dgTheanetad@helaimd| fughsricpmprisingHeteamining # peaendBSFMIETIENIEMRTMAL i on

si gnal s el minplionSigeghiecridal ﬁ’%‘ﬂe, stating and deteAENingdy ﬁe&%\dlf‘?"ﬁ lity RAIFt or

repr esenfl“?”hg’s fon defermington signals N gfcwgtf"gﬁg#fﬁr?fﬂwhﬁriﬁrﬁ?ﬁmﬁg?&g A tﬂ?at‘irhe second
measur enBRESS5 3 YRl o RS TRMEH TS A B PRI e h T Re et hoa furt her

conpri ses:y ¢l fdhdatdr DS, RAREChbAising Yaklibghg af BLitidnIuiEHIbA tRe SbEAILI ON USi ng the
first ang #eeaRthERRSIHHRERNE feasifbherREHdRbMBINhEBe filst Sid secund reigwiand

reliabil inbiyatbrs € defdrhinG a telatilit) e pasitia sortidnabi | 1ty 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.

9. The method of ciaim 1, wherein the first reliability indicator is determined from at least one of.
a) magnitude of a correlation peak; b) correlation peak width; ¢) signal strength; d} signal to noise
ratio; 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 g) relationship of signals for
determination of the first measurement with detected signals.

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.

41. 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.



28. The nedium of claim 26, wherein the nethod further conprises:
elimnating one of the first and second neasurenents from position

determ nation using the first and second reliability indicators. 29. The
medi um of claim 21, wherein the first reliability indicator is determ ned
fromat |east one of: a) magnitude of a correlation peak; b) correlation
peak width; c) signal strength; d) signal to noise ratio; e) signal to
interference ratio; f) relationship of a correlation peak used for

determ nation of the first neasur ems%nwith one or nore candi date peaks; and
g) relationship of signals for determnation of the first neasurement with
detected signals. 30. The nediumof claim2l, wherein the first neasurenent
CoNpr i ses 10/Thediethod bf @it i1MByHRFein ckeR biRd pitiitPorHedSidément il Rlard PSeudor ange.
31. A nubticawes iseadabbemdsre thabtvcderisai ni ng execut abl e conput er program
instructions which when executed by a data processing system cause the
syst em t o 18etediethod ohsllimda. varerginossich pfdire pletelttyef mieasitréroamt faise armmobi | e st at i on,
t he net hﬁﬁfcat!?fﬁﬁral’ymﬁ@[w“ﬁ@ﬁﬁ??ﬁeng a plurality of neasurenent false alarm

i ndi cat or gl reel| abl it 0Si t| cal cul ated using a
plurali t;ﬁj&hﬁ'e EhOdn}da’m d% % aly %/ﬂn?ftzg ang {'tyf’r e alarm
i ndi cat OBrSnd'r@Q&%ﬁﬁBFty fﬁglcét@é% lﬁprg @ne%'f' mt ?3?1 j § Bty for the

plurali tUor@fatldﬁ%ﬁlklérféﬁ@iﬂ&h&atéreéQ%ﬁél'sh‘é‘ngﬁ d) naI ﬁ‘o.éy% L5 )sﬁh Lom 31, Where' n
t he net hin@réranidehatio. conpri ses: cal cul ating the position e nobi |

station using the plurality of measurenents. 33. The rredl um of claim 31
wher ei n ed&hA Btthede ppsitipn drtetnyinatipn feparabilestation, fralmethod lcamprisingredinpatingr s is a
val ue of O’T?(ﬂf épPﬁHhotwswememtgfrorsnoswrphéetﬁrﬁmamn using @l phiratity38 a piidiidales n each of

the plur3fTy o Aiq7 determination that the Plurality obeAsyrements afber within a
range. 3 u"rg'l 1 urg i sm éf FIprm RAEHS ReipgeeterRnRd EpsPasttadP B npri ses:
det er m ni ng bne or T he T4 ty of nmeasurenent false alarmindicators from

one Of MM The&falod gﬁéﬂlht‘lﬁ' wWHRRHrCRS Qe the%%rlﬁ'opm&tl@re%ﬁts‘%rde@?rﬁlﬁeﬁ' gnal

qual ity irdilechbmigheARaKY SeSpreneiseblamfhaiBR&El t ude of a correlation peak; b)
correl ation peak shape indicator; c) signal strength; d) signal to noise
rati o; and8éelhesiethodlof cldiro 16 rierthef @nprigm: determining3(plurdiby of Mcomsiskentye r eadabl e

medi um ciogieaigrafonthe ety chibbasurecoee respectivelygroanthé plerality ot memswrembniteh when

execut edwvhrjeinthg aeeof Hedrlualiy of gregsusereamsdadpiaminpdireny weighting theprdlira a et hod of
posi ti on'”cctTé'Pté'?%'W&FW?@CFQS‘F'“%"rﬁ'i?dﬁ"ir%'tyﬁf apiisifalsg alamyiedisatngs @erpsiveYi ng:

el imnati qg ﬂu@ﬁemod?f QAIqulfbr; Tlgrl? %&Erﬁml:’ w%e[he%nngpasnl lrgclo(r?sqst n%t ermnation

usmgag 5,%,4 Yo Qbral L' ? ors In onsétoa
determ natl on tha ﬁe pl ura rreasurerrents are not COI’ISI stent, the

pI uralit Yy 20f The method of ¢claim 16, wherem the plurality of a priori false alarm indicators are
determined from signals used for determination of the plurality of measurements respectively.

21. 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: 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 signais 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.



a priori false alarmindicators being determ ned respectively for the
plurality of neasurenents individually. 37. The nedium of claim 36, wherein
the one of the plurality of neasurenents is determned from conparing the
plurality of a priori false alarmindicators. 38. The nmedi um of cl ai m 36,
wherein the method further conprises: determning a plurality of

I nconsi stency indicators for the plurality of neasurenents respectively from
the plurality of nmeasurenments; wherein the one of the plurality of
measurenents is determ ned fromweighting the plurality of inconsistency

I ndi cators according to the pIuraIitﬁgof a priori false alarmindicators
respectively. 39. The nedium of claim36, wherein the nethod further

CONPr i S€S 5 ARk RlcBiliRicNGait3e { ifeFeirtthe mBMbd RRndr e&ﬂa}éesSirsrwﬁ.Ageaﬁ@ bor AGRNG t he

pl ur al i t ygraf qUBRABHEREE oM tHeSnAROM&ioA td IveReBREWer, the onel iandiEslidéMa ity C! ai m 36,
wher ei n .hﬂmatqaé biird) deteymiféd fRompine Bighals fal tefirtinfasirérmsht GaeRInkhafirgt reldBiiter m ned
from si gnditator issletbrrhioed al étegemota a¢rvapnsiog the bree gplmoreadigrialyqualty meiagtors.ement s
respectively 41. A data processing systemfor position determ nation for a
mobi | e stiﬁlTGHmeE“H'@ 08%{?'@ r‘%ﬂ?&%‘ﬁ e@‘ i“é'ﬁﬁré FF%F rm“ﬂ%“h?c? r determning

a first ﬂ?ég%{'m?gﬁg pogftion ?(')P 'H”s' it f“}i ngB'F ﬁ 8tion from
posi tion g“ %5: r}fg}f d neans
for dete - :.E’ ?re% ngI T&"%:\ ca?ﬁ % rom %rogf%—s{ PTor the first
maasurerrent t 8 ?I rst reliabili ty | nd| cator representing a |evel of
measur eneny, hahieiualobiiim 281 arieddi the gthb@furthd Corhprissd: chBRaitg @pbdtion 42. The data
pr ocessi sugitisyfet taemobiletatiomusihd thef flist aiksecoaimaas @ emeits; amdcsnbinitg tekefirgtr M ni Nng a
rel i abi | ardysetoad eliaffilityoinditaters foi detstmined reddlilityi of theippsliicoablgtiont o represent a
probability that a position for the nobil e station cal cul ated using the
neasur emern g Th§ Megiumiohplaim 26 wherenyine metngd Jrtarr s 'PFEQS aélg%'t‘%ﬁf‘ ghe Atheifist 42,

wher ei n '}‘f gf"teF%‘ﬁemeé‘ts(fﬁ’f"cﬂﬁ’F'ﬁ?’b‘ffteéT'"?t B URHINE SB5°8A TSI The dat a

pr ocessi (aaé tem of claim41l, further conprising: neans for transmtting

the first yoMBRMsRRRALAY, Wikreil ik flst r@@bnl@mdlcbﬂoy.s bodinfRlaGomiR1egstr €MDt €
server fgfe &%?hﬁérﬂﬂ‘deﬁﬁh@érf@lé’t‘@ﬁ b&HR: B cortdiBion FEAR Wicth; 8§ sidnairendh® d) didial dat a
processi aGosy &li€ ¥ SfnaCloaitéiefehce fatis; f)FElatioRSHFNt iagbinglationPeskusédior t r ansmi tti ng
one or daxrainalicgodihe Gistmhedsyremedtivitabor o riarocantibate pexbs | sad 91 retatiawhip of a renot e
server, tigrelsderaletgrminatipe ofdheyfirstimeasumerndnt yith dethctedtsignals.bei ng det ernined fromthe
signals for the first neasurenent; wherein the first rczl i.abi | |¥y I ndi cat or

i s determ”ﬂe e edy Wé’fgsm% W%eé?Q/E‘Pf'ﬁg'?’?f’@”‘[eﬁ‘gmcfﬂ'@prﬁresPﬁﬁ QRIS qual i ty

i ndi cat of@val e siopAleaW Y 4 PRUGYE%E ng system of claim 41, further conprising:

means for 3qet-t\ ﬁ'n'émlr@' rEddable 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 ievels.

34. The medium of claim 33, wherein each of the plurality of measurement false alarm
indicators is a number within a range.

35. The medium of claim 31, wherein the method further comprises: determining one of the
plurality of measurement false atarm indicators from one or 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; ¢) signal strength; d) signal to noise ratio; and e) signal
to interference ratio.



second neasurenment from position determ nation signals received at the

nobi l e station; and neans for determning a second reliability indicator
fromposition determination signals for the second neasurenent, the second
reliability indicator representing a | evel of neasurenent false alarm
probability for the second neasurenent. 31 47. The data processing system
of claim46, further conprising: neans for calculating a position solution
for the nobile station using the first and second neasurenents; and nmeans
for combining the first and second peliability indicators to determne a
reliability of the position solution. 48. The data processing system of
claim46, further conprising: neans for elimnating one of the first and
second NE36.W raatRint Seali&deTpdish tontamiktrdxedutdbabmpiitelBodign tnBreucfiéns whicend second
rel i abi | whey ekevdied &y @tata prbBessihb eysthat @augpr the 88ty parfteh amesttfod of gistiond 1, wher ei n
t he fi r sdetarmpibitiobifdr @tmpobilestétioattor metsoddwimerisingneichinatingeneaf a blgefity obne of : a)
magni t udeeasfremerts from pesitiop detprannatioryysing @rotusdlitytafl @ ariqridalke glaraindicatdrs igi gnal
st r engt HESRPYS PéaﬁatFﬁ"f"E?t‘ﬂ’bﬁhgtéh? grply of eag-l’,?’?%i'rfs EE‘E)"‘P‘ﬁ?’é‘ 8k ﬁﬁ@é‘@@{t"?o; f)
rel ati onsll> u; Iae SiRiCEP 3P BRI EIIed FSREFIY RN OHB? BRIt St THVET et e fi r st
measur enent W't h one or nore candidate peaks; and g) relationship of

si gnal s f @y 1HeREITMRAILIMAEBE A hekdiEthb bhesdf t fy@FRBAsuVdnichts (edeie iRy ST gnal s.

50. T_he M@@gm@qwmmgnﬁ@ﬁtpﬁm@fseghm i rs_vvh_erel n the first neasurenment
conprises one of: a) a time of arrival of a signal; and b) a pseudorange.

51. A dat a8 giheoedisinmiclaySbeseran the msihod brihal eorapriven deteaniniiad plaraitplfi | e

st at i on, ingoheisteney dndicptersderdi pijalityof measuremnadisirespagivelniom thefrbraliy®irbi ni ng a

pl ur al i tyeaspremants yhampErihe png ok the gluelivhof PertleRes & detsrypeddrom Welghing el i abi ity
of a pos fPIBrﬁ“tFQfI RAGPSRIRNGY (REeAETs Zo9orANe4P the PUEHY SbARTPF 3RGAIX™ Rdratorsy| ural ity
of measuPEIRENWEYf al se alarmindicators representing levels of a priori false
al arm pr Qo hieklim oPEiail @, PeliRink éinBl ARG SHHGIE UsteFrRRREnEELY - 52, The

dat a progdas nbdhsisikadyddVedmonb HeBlurality of MEdsRmertd Hbbvd AMBreskBRANS foOr
calculating the position for the nobile station using the plurality of
measur enerdbdsThe rddivfibvéclaian 38, wrepsets bloglity pid o Giseclaam indBatorswiner ei N each of

t he pl urcdtérmipedfromegsalsr usaior det¢raingtionalf the murafitl iotmeasuremients zespedtively. of nore t han
two |l evels. 54. The data processing systemof claim53, wherein each of the
pluralit 46’fASiﬁ’\aé%l%ia?eéﬁ%ilz?tef”é?rs!’@s'%qgaﬁ iT'Pgﬁ‘Pf%s%’f BF’é’b'lesZtn '°'?\Ltﬂ§tﬁ€rta within a range.
35' The %ﬁﬁgﬁﬁé@?ﬁ'@ﬁ%ﬁﬂ%w o%fo%]gﬁe mlhatimgiélfgs?rﬁ ﬁf;‘é}l t%é Hgbilg.rreans fo]f
etermn t %n; Sﬁn‘g}ns% Ii IH{nﬁié;:gE re bilim%ﬁpm es@ arofthefildl | ndl pat ors trom
one or nRL&,shidRtthe AldArelidblityitfbaforeBleSenting WIBTE b ndaRfteMBR f4Me AH¥hE Si gnal

qual ity posHbhBREE fFaMREBsFSSenRNE OT 1 a) magnitude of a correlation

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.

43. The data processing system of claim 42, wherein the position is calculated at the mobile
station.

44. The data processing system of claim 41, further comprising: means for transmitting the first
measurement and the first reliability indicator to a remote server for position determination of the
mobile station.

45. The data processing system of claim 41, further comprising: means for transmitting one or
more signal quality indicators from the mobile station to a remote server, the one or more signal
quality indicators being determined from the signals for the first measurement; wherein the first
reliability indicator is determined at the remote server using the one or more signal quality
indicators.

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.



peak; b) correlation peak shape indicator; c) signal strength; d) signal to
noi se ratio; and e) signal to interference ratio. 56. A data processing
system for position determination for a nobile station, the data processing
system conprising: neans for elimnating one of a plurality of neasurenents
from position determ nation using a plurality of a priori false alarm
I ndicators in response to a determnation that the plurality of
nmeasurenents are not consistent, the plurality of a priori false alarm
i ndi cators being determ ned respecti $Iy for the plurality of neasurenents
i ndividually. 57. The data processiné system of claim 56, wherein the one of
the plurality of neasurements is determned fromconparing the plurality of
a priori fGalte dah prodRssing bys@inDéiSiainPdb, fufthé cBabRinB! SRS dr BalcuRing &M of cl ai m 56,
further meingrdostisrofor thembsiefsefiori@ingtie fitdt B secorfal mdasliretint®fand MEAHRrst ency
I ndi cat osegbining tHetfiest phdseadrdtrgliabifity meiastons endetedraine a sgielnkity vfahe/pdsitiam t he
pl ur al i tspluén. reasur enents; wherein the one of the plurality of measurenents
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claim 61, wherein the processor further determ nes a second

54. The data processing system of claim 53, wherein each of the plurality of measurement
false alarm indicators is a number within a range.

55. The data processing system of claim 51, further comprising: means for determining one of
the plurality of measurement false alarm indicators from one or 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 €) 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.

57. The data processing system of claim 56, wherein the one of the plurality of measurements
is determined from comparing the plurality of a priori false alarm indicators.

58. The data processing system of claim 56, further comprising: means for determining a
plurality of inconsistency indicators for the piurality of measurements respectively from the
plurality of measurements; wherein the one of the plurality of measurements is determined from
weighting the plurality of inconsistency indicators according to the plurality of a priori false alarm
indicators respectively.
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fromposition determnation signals received by the signal receiving
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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 staticn of claim 61, wherein the first reliability indicator is determined from at
least one of: a) magnitude of a correlation peak; b) correlation peak width; ¢) signal strength; d)
signal to noise ratio; &) signal to interference ratio; f) relationship of a correlation peak used for
determination of the first measurement with one or more candidate peaks; and g) relationship of
signals for determination of the first measurement with detected signals.

68. The moebile station of claim 61, wherein the first measurement comprises one of. a) a time
of arrival of a signal; and b) a pseudorange.

69. A data 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.



to interference ratio. 74. A data processing systemfor position
determ nation for a nobile station, the data processing system conprising:
a nmenory to store a plurality of nmeasurenments and a plurality of a priori
false alarmindicators, the plurality of a priori false alarmindicators
bei ng determ ned respectively for the plurality of nmeasurenents
I ndividually a processor coupled to the nenory, the processor elimnating
one of the plurality of measurenments from position determ nation using the
plurality of a priori false alarmindicators in response to a determ nation
that the plurality of measurenents e not consistent. 75. The data
processi ng systemof claim 74, wherein the one of the plurality of
measurenents is determined fromconparing the plurality of a priori false
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O Interference rato.

74. A data processing system for position 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
measuremsnts 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.

76. 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 measurements is determined from
weighting the plurality of inconsistency indicators according to the plurality of a priori false alarm
indicators respectively.

77. 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.

78. 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.





