METHOD ANDAPPARATUSFOR W RELESS NETWORK HYBRI D

POSI TI ONI NG [ 0001] This application is related to and
waeb@snsisehie benefit of U. S. Provisional PatentPCT/US2004/020921

Application Serial No. 60/483,094, filed June 27,

2003. FIELD OF THE | NVENTI ON [ 0002] The invention

relates to position determ nation systens, and nore

particularly to hybrid positioning using wreless
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a cellular tel ephone nePEy Npal appr oaches
performtrilateration based upon the use of timng

i nformati on sent between each of several base stations
and a nobil e device, such as a cellular tel ephone. One
approach caIIed Advanced Forward Link Trilateration
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each of several base stations. These tines are
ocation Server (e.g., a Position
Fmt@?ermW| on Eﬁﬁﬂ_\; (PDE) in CDMA), which conputes
[00D2E Pagklih@Rich rtBRs W@?b&lﬁoﬁi %Eieﬁﬁmldﬁbﬁ‘ g%stté}ﬁeq enblif&e pafticularly to
reception. The transmt tinmes at these base stations

hyb#dSosRidhHighaingdvisdleR colimbunidation Binklscul ar instance of
time, the times-of-day associated with nultiple base
stations are within a specified error bound. The
BAGKGR&WENPosi ti ons of the base stations and the tines
of reception are used to determ ne the position of the
[0003)i | dodpeifomn HROM] ldtiagom enl wilslpas cgHulax ampWerkéf (egr, a cellular
AFLT system where the tines of reception (TR,
telepheneTrgyvod), §¢vgrﬁé|@pfqaémsmlfqmnamlﬁa@e%tbasqdomomﬁ@ use of timing
103, and 105 are asur ed t t he m)bl‘Le cel lul ar
infqrayaiph sk betveen PRASOR ser\ﬁ:% %fstsatwaw @ obde gewge.isych as a cellular
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Arrival (OTDOA) in WCDMA, measures at the mobile device the relative times of arrival of

signals transmitted from each of several base stations. These times are transmitted to a
Location Server (e. é., a Position Determination Entity (PDE) in CDMA), 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 determine the position of the mobile
device.

[0004]  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 device itself, or at a



| ocation server via a communication link. Typically,
the tinmes of receptions are communicated to a | ocation
W@ 20080045285 t hrough one of the cellul ar base sPEIX/US984/020921

(e.g., base station 101, or 103, or 105). The | ocation
server 115 is coupled to receive data fromthe base
stations through the nobile smtching center 113. The
| ocati on server may include a base station al manac
(BSA) server, which provides the location of the base
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The nobile switching center 113 provides signals

stat{og. 1, o b0%; @r d Ofin{lihe dactatiom sdrvenl Enig conpled td eeceiymdlata fjem the base
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In SH@E4kE thétocptien téroer miy tlbe combiuhzattewitls the hoiBeIwitebing center via
a third nethod of doing position |ocation involves the

a ceBdai tink hEhenidmation demvier enayf alsé meenitor yenfissionshsomnsevergl of the base
States d obal Positioning Satellite (GPS) system or
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amgr\gé/ oP %Rl, TR2, and TR3 are reversed. This timing data may then be communicated to

the location server to compute the position of the mobile device.

[0006] Yet a third method of doing position location involves the use in the mobile device

of circuitry for the United States Global Positioning Satellite (GPS) system or other Satellite

Positioning Systems (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 mobile device. Pseudolites are

useful in situations where SPS signals from an orbiting satellite might be unavailable, such as



assigned a unique PN code so as to permt

identification by a nobile device. Pseudolites are
was@buob4sesr situati ons where SPS signal s from aPCT/US2004/020921

orbiting satellite m ght be unavail able, such

astunnel s, mnes, buildings or other enclosed areas.

The term"satellite", as usedyherein, is intended to

i ncl ude pseudolite or equival ents of pseudolites, and

the term GPS signals, as used herein, is intended to
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5,874,914 al so descri bes, anong other things, a nethod. )

U.S. Pt KNb.05 874084 i debaibesaampeg othes thingsy agngthad toftrapsmit satellite
cellular tel ephone systemto provide a reference

almsingmn dhta ot epkemertsedate) tof ere@PBTShipwgh aeemenicaen link to help the
U.S. Patent No. 6,208,290 describes, anopng other .

receiemtps detarmioe Hiscpassians &.An Paisph D9t A 1AcH fvcgibes, among other
receiver to determ ne an appraoxi mate Doppl er f.or

things u BIeHPASPEOch GrFaProp BB ST ey ST oLp elila glgphone system

to tl;%v' , 8 i{é%%g‘;? ?sggs;’né“a? ?lzét Bq%glgvg]g‘fgrtagggt %H%T?déq‘ggﬁﬁgﬁ} 02§ Patent No.
6,25&,23(? gigfﬁ,rﬁ)%se,z é/r%glé% %th%?gtﬁfggg,ng Iﬁletflbmo éHse %’ g;gbrgﬁﬁna@g location of a

r
el ve a receiver In order to
L el &SN b : aChdoB&sing time; and,
AP e 5y 1 o b o
U.S 0PN 98t 5. 813,08 GRLMfes, 2MHok 1 8thelP Things, €4 ViRithal & compare different

@ssistance data

records of a satellite data message received to determine a time at which one of the records is
received at a receiver 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
integrated into the same enclosure and, may in fact share common electronic circuitry.

[0007] In yet another variation of the above methods, the round trip delay (RTD) is found
for signals that are sent from the base station to the mobile device and then are returned. In a

similar, but alternative, method the round trip delay is found for signals that are sent from the



integrated into the same enclosure and, may in fact
share common el ectronic circuitry. [0007] In yet
w@ewshers2s8/ari ati on of the above nethods, the rpCrUS1004/20921

delay (RTD) is found for signals that are sent from

t he base station to the nobile device and then are
returned. In a simlar, but ajternative, nethod the

round trip delay is found for signals that are sent
fromthenobil e device to the base station and then
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y two to determne an estinmate of the one-way
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base station, plus a one-way delay constrains the

of thedatd antief, flikeammbive deyy censtaim the ladadonmnf tthe mobile device to a
earth. Two such neasurenents from di stinct base

circdé @hithe attheTiwoeswh tméasutelrenisnfremsdistinarbagd stations then result in the
circles, which in turn constrains the location to two

intqusgictios obtwd fieclesamittich in i eansiraias thedesiton(teywa paints on the earth. A
angle of arrival or cell sector identificati on,%_ .
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ampiguiy a "hybri d" system For exanple, U.S. Patent No.
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[0098her Alfitndeaiding hasgeesndsedvin various meeshads for drtermigingthe position of a
the center of the earth. This know edge may be used t .
mopiel dewice. MAltisderRifings s thpfeplbn Basse ead L@Réﬁffaé“%}fm pbhe altitude.

T ST P R Al o e
PoRE O P A Pre o T i of PR (i gl ofttPid Senter locared
at H1ENeBY mB Raftn CRib kbl dkD Alay1RSusBd $6 tddusd i number of independent

measurements required to determine the position of the mobile device. For example, U.S.

Patent No. 6,061,018 describes, among other things, 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.



transmtter in conmunication with the nobile

devi ce. SUMVARY COF THE DESCRI PTI ON [ 0010] In one aspect
w@booshessps esent i nvention, a nethod to deter nm PEI/US2004/020921

i nformati on about a wirel ess access point includes:

comuni cati ng between a server and one or nore nobile

stations through one or nore §irst wrel ess access

points of a first wireless network for | ocation

determ nation of the one or nore nobile stations;

collecting data specifying a plurality of | ocations

from whi ch wirelsgsviA R¥2OF THRDISCRERTIONM a second

Wi rel ess access point of a second wireless network are
[001(ACEl HEShdNspbRefARe pREerdTBi®ntioh) 4 Mmettiod!tb determimerigionmation about a

the second wireless network is different than the
wirdlbdsSaccwdsr it mchrleyocdmmanidatitet betwieen agselec anidoone or more mobile

i nformati on about the second wi rel ess access point
statfon®thiongh chaibaor Toee Ifiostawirelass adasssTpbingm ofr@yfitsh otitaless aiptwork for

estimated position of the second wreless access .
locgtivnndeterTitinations of e ede pysipreo mabile Hationsc 6plEAing efais specifying a

access point may be determned from a w&i ht ed aver age
plusslityt efclopatipng [frany which waglesosignals tigpspitied Aym f sgcond wireless access
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or of recelved sign eve | gnal S

infdrh @RS Hwidd%”%& B&iSREQ Hsifibh Blfems REGRD wifeRis@lac@Rdl point. This
recerved-at a nobile station at the correspondi ng one

estiftfatddNSosRio & hk Ye@nd! WEalesOMRess! poifinMapbendetednyned from a weighted
I npl enmentation, the location information includes a

aveSARéEIfA@E pHiraRtyObf lddaticRe anleightr freths veeiglned aparage mayde based on
an estimated position of the second wirel ess access

posititiniig Wifbrhatich dichr inidivatesf a alistaive egweemgecaemaspowding one of the
the second wirel ess access point. In certain exenplary

plutalipy efenstidns 6o the poend wirnlesgyadcassopaialt 9fdhe sepend xgreless network. The
ranges that specify distances between each of i;he, .

posjsiaming infgrmstion guait Poss ipdieatonaf zeeiyad signaklexelsion sigpals transmitted
poi nt of the second w reless network may. be Furtg r di

frogadhe seqong: Wizgless aCReSS|ROEKtANG HETNYST Heit }ngﬁﬂ? StaHomy 2 ﬁgncorrespon ng

tion of the seco

oncioh R PR B ot omy I ARe Py bRy RBy BF dagaigp information
incﬁlﬂgs %Eggeg%éea?rﬁgg %gsgz,gl(’)néi[ ‘?}l(e%%’%%)s éc?g&&féﬁ@fa%d%é%@ﬁ&a@ﬁ position of the
SCCiOIrlﬁ Q;&ifgfésis Pecess point which is determined from the coverage area of the second
wireless access point. In certain exemplary implementations, positioning information such as
ranges that specify distances between each of the plurality of locations and the second
wireless access point of the second wireless network may be further collected; and, the
location information includes an estimated position of the second wireless access point, which
is determined from the range information and the data collected.

[0011] In another aspect of the present invention, a method to determine information

about a wireless network includes: collecting data specifying a plurality of locations of mobile

stations at which wireless signals transmitted from a first wireless access point of a first



about a wireless network includes: collecting data

specifying a plurality of |ocations of nobile stations
W@eoodd4s5k8 wi rel ess signals transmtted from a PCT/ES$2004/020921

wirel ess access point of a firstwireless network are

recei ved during determi nation of the plurality of

| ocations, the nobile stations receiving signals from

the first wirel ess access point and al so communi cati ng

signal s between the nobile stations and at |east a
; A [ RAI Atinof & ' HitP fF Wedalions, the mobile
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statistics of any nobile station being in an area in ]
whivhi€ Qiffdree| as tisd Ginalwsirdlesnsatwortke cinflr deterttieing jar dacation of the first

Wi rel ess access point can be received duri ngl' position
wirdlesseaaoessapoion fiosn detoveragaedea Tpfnddobwnithe plusplitynef locations. In one

W rel ess access point may be determned froma . . .
examplegbit s methodgstatics 16 apy yneltiler fatiam Peipgin ahareagggwhich wireless
~weight for the weighted average is hased on an. d duri .
sigriafsd frensneifted firora cbe gt gkt q%@‘?ﬁélpql%tr g} §ﬁaﬁe§ewe Urng postion
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anot her aspe€ esent invention, a
poi tnhqgceﬁ\%ﬁb% A BBblEstt R 4t At ofbsonBRS! dle @ the plurality of locations. The
eterm nati on systemincludes: determ ning, at the
firstREleSs £lcdds! int thay Speratd @hédordeate vithi nftaidard forra wireless local area
first wreless access point of a first wireless
netWeikwelek IEEBtsoRMIN ng first position information that
relates to a first position of the nobile station in a .
[00$2]0nalin cavthengspeat of thf ptesentfinverttioni remetbed for asmobile station of a
poi nt; and communicating first data indicati ng[, a o
positimr deftextiimatiopesystewrinelhdest detgrmingngy et thegaehilgrstation, first identification
information and the first position information fro ing fi
infarmmatiom if] & lestawirelist aecass BOLIOf gt VECIPSHRREOR; qefpmining first

PoSITOGATACER Sot doieF 6 SOV PR IRNIE S Ldpf g signel coverage
are%o% Ztlpe: ét nﬁgt Elécc\:g% %&qtsaé@g% rg%at{ql%a@rs{ng?tﬁg d;’[iéégtilnrgsat correlation
berfiBe e st APBHBHOP b R ER B8 ok, SLEbANGSH RECHEROS ity the mobile
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posrtion | rmation 1s determ ned and transmtted as
thréughd EecBhid WiRless access point of a second wireless network which is different than

the first wireless network. In one example of this method, first position information indicates
a distance between the first position of the mobile station and a position of the first wireless
access point, and this first position information is determined and transmitted as a part of the
first data. The first position information may be an indication of a signal level for signals that
are transmitted from the first wireless access point and received at the first position by the
mobile station. Alternatively, the first poisition information may be an actual position (for

example, one determined through a GPS "fix"). The first position information may include



first data. The first position information nay be an
i ndi cation of a signal level for signals that are
W e@ssoiseg ed fromthe first wirel ess access poPEit/US2v04/020921
received at the first position by the nobile station.
Alternatively, the first poisition informati on may be
an actual position (for exanpje, one determ ned
through a GPS "fix"). The first position information
may i ncludeone of: a) a nmeasurenment of a distance
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toa&htk(;@&%lﬁt@? first access point. |In another exanple,

first data is comunicated.to the server through a
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a cellular base station. In one exanple, the nobile

secBhditvirelesd auckspepointe twherei the first wirebass oprgs$ pleint isfanagessppoint of a local |
information of a second wireless access point, and ii)

ares meovatk pogi whare theSeond twistless Higeess rpietais & cellulas igg station. In one
position of the nobile station in_a sign cover age .
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second data indicating a correl ati.on .between the. ..
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and B! & o AbdsRbnd Rt E5 AR aRECHPAM the mobile station to the server. In one

example, the first and second data are communicated from the mobile station to the server

=

through a cellular base station. In one example, the mobile station determines second
identification information of another wireless access point and communicates the second
identification information from the mobile station to the server to determine a second position
of the mobile station in a signal coverage area of the second wireless access point; where the
first and second wireless access points may be a same access point (e.g., both the first data
and the second identification are communicated from the mobile station to the server through

a cellular base station).



identification information of another w reless access
poi nt and conmuni cates the second identification
w0 ndosooEes on fromthe nobile station to the seP@UEDS1004/020921
determi ne a second position of the nobile station in a
si gnal coverage area of the second w reless access
poi nt; where the first and segond w rel ess access
poi nts may be a sane access point (e.g., both the
first data and the second identification are

M EntBE iH0Ridsemethlis QAd tpphidisswteh perform th
[Oo?ﬂr oughg?r%eélnlt Ellwa%lhglgsle {s?dil zgt ion).[ 00142?)pThe Spr esent perion Tese

methH¥E Nhd18Mink Nk YRSce 88 ) @ pkTerad vhadhD pEdibrus elfeswhhethods, and computer
perform thése nethods, including data processing

readibi aBiaRinidh paeh caxeritbésm dath hirdsessinp dsystenmputarse the systems to
readabl e nedi a whi ch when executed on data processing

perfoyat thewe matiods.t Hurthys tthersnentipesy Aescribechbereinnmayidesimplemented on
Further, the inventions described herein may be .

differept wores wathima sylitérh esugh nogesdaeluding 14 mobilesspaiaapp basgctiation (such as
nodes including a nobile station, a base station (such

a wirsless agcessinouy) eiclosatiqaaienter obPther naslea it SRR & WhFless network.
ot her nodes in a network or wrel eﬁanetwor k.

0015 )
(008 ]her Gttt fgpwees it R PrFRISENENY G BHt PB APRFFRL fﬁém e ]accompanymg
appar e from,ih conpanyi r.aw n d f th
arayBRa PR tromL e PRt ACRB L FERP SHEN G er Desomr PTI O
OF THE DRAW NGS [ 0016] The present invention is

i1 lustrated ?Rmﬁéﬁaﬁcsé’éﬁfﬁ(ﬁvﬁﬁﬂﬁé DRAWIRGSON in

the figures of companyi ng draw ngs in which like
[oogﬁjger e ep‘%edeﬁﬁfrf‘v@ﬁt?orﬁisf@llb&&at@d B RHySof &:8dpld afd @Yt Bmltation in the

ws an ‘exanple of a prior art” cellular network which

figH6d ST e Q&%rﬁﬂ&ﬁ% geicdwians f wiichakeé teferefdds ihdicatel siviilze elements.
[0018] Figure shows an exanpl e of a server which nmay

[00F] Us et Dslidves @1 esanple iofaeptidramt cdlDbit ptworlurlectd determines the
shows a bl ock diagram representation of a nobile
positicat df@melsieatretlulag devicone enbodi ment of the present
i nvention. [0020] Figure 4 shows one exanple of a |
[00i§hr | Figoei 2 ishaws gnsgxamame 2f oo severgwhishomay diepaisidnwith the present
~of the present invention. [0021] Figure 5 shows
mvemmher exanpl e of a hybrid positioning system
according to one i . . . .
[0019] Figure 3 shows a block diagram representation of a mobile station according to
one embodiment of the present invention.
[0020]  Figure 4 shows one example of a hybrid positioning system according to one
embodiment of the present invention.
[0021] Figure 5 shows another example of a hybrid positioning system according to one
embodiment of the present invention.
[0022]  Figure 6 illustrates one method to determine the position of a wireless access point
according to one embodiment of the present invention.
[0023] Figure 7 illustrates another method to determine the position information of a
wireless access point according to one embodiment of the present invention.
[0024] Figure 8 shows a method of hybrid position determination using a plurality of

wireless networks according to one embodiment of the present invention.



enbodi ment of the present invention. [0022] Figure 6
illustrates one nethod to deternmine the position of a
WORMslesss access poi nt accordi ng to one enbodi PERUSHN4/020921
the present invention. [0023] Figure 7 illustrates
anot her nmethod to determ ne the position information
of a wireless access point aagording to one enbodi nent
of the present invention. [0024] Figure 8 shows a
nmet hod of hybri d position determ nation using a
[002 ur at'%%l%% o?HIMV{] €} e AL LIBLKSA 3p8i80H1 dierindha@BR using two wireless

e present invention.[0025] Figure

net\%fﬁé’\ﬁfoﬁ cOBhNAtaRbn AR hdsePR ddcorllinke te ot eatibodimelti ofgthe present
two wreless networks for conmunication with a server

invea€i6Rr di ng to one enbodi ment of the present invention.
[ 0026] Figure 10 shows a nethod to generate | ocation

[0026)f or Fiduireri0abigvis a methed ae sgemerats $ocptiomtinfacmatieli Apoutoa wireless
one enbodi ment of the present inventjon. [0027] Figure

accebd peinousoading lar g quamidiment off ghteeprasenbinivetiiaRet hod usi ng
one W reless network for conmunication and anot her

[00271r el Biguracthwshdws or hytid pesiton &?&Wﬂ@ﬁl%ﬁﬂb%msw one wireless

paraneters according ta one nbodi ne the resen
networkdag q:qmmu{n@@tm angd; aé@phgr Hre; e§s getf\yo&‘%q{éfn? rﬁant of positioning

th I
parq?‘-'irl]f‘g‘éﬁs acqosding to,onq wﬁ’%ﬁm@% Rissémany hﬁﬁgfﬂiéﬁ& ary
[00 ﬂ'l msnt r/\lftng 'sl?&x'ln‘%ogr?b%erlzéygéfﬁoﬁ?éd' efn% ent of the

er “exenpl ar nt o
1nve'> nlventl on. DETAI LED DESCRI PTI ON [ 0031] The fol |l ow ng
J&98r i ption and drawings are illustrative of the

[ooiﬂve”hgﬁ 208l R 8 MRlcHaR BRoWwRBShAdIES Bferhpliiyt en@bbditent of the

venti Nuner ous specific det ails are descrihed to

invéfifeul de a thorough understandi ng of the present

I nvention. However, in certain instances, well known
[0030] COmyQirel 4ais deﬂ@wémtsbowmg chetheri bminplaryo eth@bodiment of the

avoi d obscuring the description of the
invention.

DETAILED DESCRIPTION

[0031] The following description and drawings are illustrative of the invention and are not
to be construed as limiting the invention. Numerous specific details are described to provide a |
thorough understanding of the present invention. However, in certain instances, well known
or conventional details are not described in order to avoid obscuring the description of the
present invention. References to one or an embodiment in the present disclosure are not
necessary to the same embodiment; and, such references mean at least one.
[0032] Recent development of wireless communication technologies leads to the
deployment of various different wireless networks with substantial overlapping coverage in
some areas. In the present application, a wireless network refers to a set of wireless access
points (e.g., base stations) with a same air interface, operated by one service provider (e.g.

Verizon Wireless or Sprint), such that a mobile unit can access the network through one of the

set of the wireless access points when in the coverage area of the network; and, the union of



present invention. References to one or an enbodi nent
in the present disclosure are not necessary to the

wa awe/oersbodi nent; and, such references nmean atPCEEHS1004/020921
one. [0032] Recent devel opnment of wireless
conmuni cati on technol ogies | eads to the depl oynent of
various different wirel ess ngqgworks with substantia
over |l appi ng coverage in some areas. In the present
application, a wireless network refers to a set of

the %Je%g%%ea@%‘? %R&bﬂ%%ce(s@ PGmts SrABE wileRtht RBISbrvstthe €overage area of

ane air 1nterface, opera ed y one service prOVI der

the Ql@tvﬁ)rk\’f?ﬁﬂtﬂé?ndét% rhsfhidtiobRefeid Yo tiuginshligiornofrdhtalia a two-way
unit can access the network through one of the set of

conirR@nivtiod! s§sEmadmessh, i catdn ehdodintents) data @oamaécatioranay be a one-
of the network; and, the union ofthe coverage areas of

way bemiiuhizhtisss oaeegsmcinde rekgaciingt informatieh esabeddedriy k signal which is
t he coverage area of the network. Further, data

broadeasted rcgatdless wieftiear she teceiver needs shorsmton’\ girclpss Acqess goint may be
t wo-way conmuni cati on system al t houg in certain

congidbisditerbe f sell tayed O§ @ Baserstation Qg,@tl}ﬁﬁ)yw{g%esg traﬂ%n%or receiver which is

commruni cati on or i.ncl ude extracting,i nfornati
coupled &g heBEtWTk, OF iog}%[nom éfﬁr ERampRle; | tglg a\@?eégssragagsrs CHOéInglS coupled by

et her ere ds it or not. A wireless
wir %gééré"lb“oﬂ?ﬁ Oﬁg %’eﬁ ¥ dered to be a cell tower or a
[oogﬂsih?{x ?Efg%ﬁ Fﬁ%aaoésgg&a ﬁl%a%sﬁel#rsgﬁﬁ%m b cﬂfﬂzx‘;eﬁtc@iﬂéﬁﬁs networks

twork o nodes

havgxsﬁ bl g%em@ﬁ+§ne : le) GiffSRMP Is&%c@)éprowders may offer

Wi re €ss or wr t her nodes).

the gﬁﬁeat:yge YrepReleQSREGLAIE. g %ﬁ@l‘ﬁr PRbAO l@@ﬂnhiu@ibaﬁbﬁaaﬁm the same area.

nt wrel ess networks have substantially

Furfhée dideRinh @yt W aikdlessFREviessaindie as @ifefess @hones servicee (e.g., cellular
providers may offer the same type of w reless service

phdne. @rvicesefor ulagd, volvener baihyrund wetdlem)digitel tdvesanieatmneservices (e.g.,
Further, different types of wireless services, such as

wireleseloesisarph arevcsks siches We-Fi netvowks, thmto@howgasv@ri@b@éb may have
for data, voice or both) and wireless digit

overlopping it a0 Vesageseeay Forexample wiralgss &Pég §Locgt élfeaaN @xyork) access points
net wor ks such as W-Fi networks, eli g ¢

(e o R d) D nsv@rk)a@ay Y B Iqemted i e coverage areas o
area. For exanp wi rel ess LAN

al Ageg Nl ké ns Industr
wirgles stsl qsemmlgm@@% networks, (& 8= "é M pEEEGRR LY y
Asﬁ%ﬁ?@l@@%ﬁm‘:ﬁ %Pssn}\ﬂl&ncg ?El&?gﬁﬁ@ﬁﬁ%%ﬁa?ﬁs ﬁ 95, 1S-856 or

T N

Syésin 57 %oblfestcﬁéﬁuﬂ{:ations), CDMA (Code Division Multiple Access), W-CDMA
(Wideband Code Division Multiple Access), UMTS (United Mobile Telecommunication
System), TD-SCDMA (Time Division Synchronous Code Division Multiple Access), ‘iDEN
(Integrated Digital Enhanced Network), HDR (High Data Rate), or other similar cellular
networks.

[0034] At least one embodiment of the present invention seeks a comprehensive system
which supports positioning using these disparate sources of wireless signals to determine
measurements and to obtain aiding information (e.g., the position and the coverage area of an

access point, Doppler frequency shifts for in view SPS satellites, SPS ephemeris data) to form



I S-2000), such as those based on TDVA (Tinme Division
Mil tiple Access), GSM (d obal Systemfor Mbile
we eovsedseat i ons), CDVA (Code Division Miltipl eP@Usng)/020921
W CDVA (W deband Code Division Miultiple Access), UMIS
(United Mobile Tel ecommunication System), TD- SCDVA
(Time Division Synchronous Cggle Division Miultiple
Access), 1 DEN (Integrated Digital Enhanced Network),
HDR (Hi gh Data Rate), or other simlar cellular
a NAE B Boiql e Bt o AR SRS sty gy information
abo&tuaﬂpﬂ%éﬁ pBAR (. %.QBés@Qtdﬁ%h RfndfaeSficH h§ B8 fios Qud e%er@de area of the
wireless signars to determi ne neasurenments and to
bas@ Bh@b) i@1adhilgbld, N AF WSeH 1208 rh® Be entidheed) OFhéredn isnat, theesystem may
coverage area of an access point, Doppler frequency
autchiitichBy feathek nindi @NafRSsedt alfbintamn BPShepieartit of fuairea)positioning
to fornma flexible and ubiquitous navigation solution.
attelnptst hi s conprehensi ve system when information about
an access point (e.g., base station al manac, such, as
[0033]e | A¢ dastooneaambacimentanf sheapresens INVEROTHESES VETeless Signals dransmitted

available, it is used and may be enhanced, Were it is
from@ecess peinéyeft meraniiyn gue Stiealast AFWPrg 49 ﬁ@m%gﬁdngﬂwaﬁ% such as SPS
‘ hinf . . b
obs%g/g@%? ﬁgqq%t@gl%rt]w;& ' P hg‘fatf)igﬁgf {?{&‘-’B’%{j F{qgéﬁgng]iﬁgﬁ@t{o%nhﬂ]@ others, to

obtdin gfﬂ%g%]@'g g\éﬁ;&ta]'n o a %ﬁ%ﬂ%“étéﬁ{)ﬁgrﬁ ogllﬁ %ﬂ%:orﬁgﬂﬁ%lzy nFﬂée: ;\Ql\rg%?t invention, a
mo‘t;éfer %‘%@‘r’]ﬁ%{h&éﬁé rﬁgéﬁif}ﬂ ’sgﬁ?&ﬁrha% ery MR AREHY YveLRSess points of more

servatl ons, errain elevation

thax# %&8 W&géﬁg%&@gﬂphﬂ%wﬁy cBRinfinTeafioRP s hidPth @) Hddudition of SPS

| e statron. I n one enbodi nent of the present

sigraly/ $id Rﬁmgﬁlfg%!? inh@gdrbAleh@hndf otRerOfREdtidnP @6 tid Mdbile station. In one
systemtransfers information over access points of

embB¥iBehtFFhe @ﬁas%tfiﬂb;ﬁﬁﬁ)nn eiovsbile stdtiontofice hghyrid position system performs
communi cation) to aid in the acquisition of SPS

me@ufhadngs usinge sighalspfrom heressrgaints eofe i fferemid witekess networks, while
operations at the nobile station. In one enbodi nent of
contthenipatirgewith & raneett sever wsingiricl a meraof B¢ virelessphy ots.
position system perforns neasurenments using signals
[0086Jom dwyoissHy doformetion describiagdhe idgntificasion, legatigsy pad coverage area of
whi |l e conmuni cating with a renote ser [
the fgaters of ApHECIoRSMEPETS ThEPTG RS DpOUEI Agnacs MCh has been used in a
I nforpation de I.bi ' i [ "
hyb&ﬂcp%gl‘p@pggg/stgggéslngé Q%ilfgpeew}re %Qst rllgt\lzvgrq(t. 'Ifor\lﬂevleS %e'noﬂfferent wireless
networks (e.g., different service providers or different types of networks) have overlapping
coverage, a typical mobile station does not have access to such information for the access
points of the different wireless networks, even though the wireless signals transmitted from
the access points of the different wireless networks are in the air and available to the mobile
station. This is usually because the mobile station is allowed or is authorized to have access
to one wireless network but not another wireless network. One simple example of this is a
cell phone which has been authorized access to a first wireless network (e.g. 2 cell phone
network operated by a service provider such as Verizon Wireless) but has not been authorized

access to a second wireless network (e.g. Sprint's cell phone network) or to a third wireless

network (e.g. a Wi-Fi "hotspot").



the sectors of a wireless network is stored in a base

station al mnanac, which has been used in a hybrid
WEo®sNI4ses Nng system using a single wrel ess neP@DUK2004/020921

However, when different wireless networks (e.g.,

di fferent service providers or different types of

net wor ks) have overl appi ng cgyerage, a typical nobile

station does not have access to such information for

the access points of the different wrel ess networks,

[0 EN fhake QmﬁaB&iFY@nf 8k e8sS P?ésgrﬁailn%jcﬂtfoﬂ,n%mehtzﬁfailiﬁl@,anf(hﬁlation from
a the dif

access points o . erent wireless networks are

smallNadd BcdliZedaRshsaMAék 2ABlc@ 40 ak TEBEEDRH]. Bl StiplésorLANhacess point, is
I's usuall'y because the nobile station is allowed or is

incopdrheaii#te Ghd WirbRYEnHLLADS sbtiONnwhary @sss, thet lncationhioformation for
not another wreless network. One sinple exanple of

thest hiagshBtess i€ @bt wph dnewnhinclonteamsére e "almdnar| infermation glgscribing the
to a first wwreless network (e.g. a cell phone network

physipsirchbedteniytics ofer wirckespneviode fe.gUBh lepativer andgpverage area of access
Wrel ess) but has not been authorized access to a,

poirgde ndt aailalle se usess whe kight like tayse Ht Seme BpWOR rpyiders may choose

networ k) or t t hi i / - Fi

not tqqshagqg@%ch)ir_lf[ogggt%n, p\%l;ﬁlg r%ﬂll b%gg%ﬁg %E%v%@ﬁixiaﬁ?@?eﬂongl embodiment
I nvention, when avail.able, information fr . :

of the.begpq:n} daveniigp.spfqrpgHen f%rﬁeﬁw% tﬁ% p}uﬁéréﬂ gﬁ?a?%ﬁgt!lcsagfda network is
Wi rel ess ccess. . point, 1S i r ' ot

gaﬂ}lﬁrq,cg*rgg]smh@}ll\lﬁ %giil?rbs ~th to\ls%t elingklfér I\xﬂ?e‘r?réasggle%cggsf’bp%ﬁg}dﬁﬁlcatwn. In one

0 . X - t it i a- . .

ent 570, 0 LR ARG SR OB 1501 AR iy e i fom

diffdRRC MIQIe?Q ndthB IRl BalapAiRs B LR mdbile Stafibn forvpdsiddSdetermination
network (e.g. ID, location, and coverage area of

(e. g].aﬁcb%ﬁ hBRS Mith)a GPSNYeteitoradr viith @ poftidisef $ GHSorendigérf), mobile stations

i ke to use it. Some network providers may choose not

harbedt $kTafrBatsonc lbounfae matdse poiminidf eths tdifferent meretessrengtwierks, which in
have it available. I'n one enbodi ment of the present

genkraV emiyi mot, be wider rantralnoff an ogemioviofg wireleshyetiwwak through which the
characteristics of a network is gathered from nmpbile

molsileastaiors typigellyperfemn date copimunieation nEhe pgrvestes information is used to
comuni cation. |In one enbodi ment of the present , . .

derivaentiopAnformatinn (ere e leqasen, QVETREP &7 aboiiihie apqgsy peints, which
air fromdjfferen nd the a(gilit.i

con e e o g R Pl AR St

oodpicoy BREr G e T BB T L AaPIE AP Bloroice me

infGRQ t? tﬁh oﬁﬁ&@% cﬁﬂ{.f&&ﬁatﬁ tb Iaqn@difefsgﬁﬁﬂtmé’ql&tQH@ $&ine as the one over
e | rm general may not be under control of

whizl d9RLofiiniShioft tiihiRtiEsSaB kil ouf. hr ough which the

[0039] A mobile station that supports multiple wireless communication interfaces (e.g.,

IEEE 802.11 [and other IEEE 802 standards such as 802.15, 802.16, and 802.20], bluetooth,
UWB [Ultra-Wideband], TDMA, GSM, CDMA, W-CDMA, UMTS, TD-SCDMA, IDEN,
HDR, or other similar networks) is used in one embodiment of the present invention to use
multiple wireless networks. Such a mobile station may have, for example, several different
portions in a communication section which support the transmission and/or reception of data
for these different communication interfaces. Thus, one portion may handle the transmission

and/or reception of Wi-Fi signals (e.g. IEEE 802.11 or 802.16) and another portion of the



nobil e stations typically perform data comuni cati on.
The harvested information is used to derive |ocation
Wo pfosiooeses on (e.g., the |ocation, coverage areB)T/HSINO4/020921
the access points, which can be used for aiding hybrid
position determ nation for future position
determ nations. [0038] In ong3enbodi ment of the
present invention, the signals used to provide time
i nformati on and/or frequency information to a nobile

comi?htu?iic'aﬁgn X cBofl Ha Iyt &@%eﬁ‘ﬁaﬁ REpADT: AvefackBiicastaCBMA interface.

onmunr cation t ctl ons are carrl ed out. [0039] A

T hls'm%%ssﬁl@hké}rhltkﬂﬁflv@étﬁﬁ&hhﬁatliﬂﬂ 4tk Romiwlgtiegschoose when deciding
nication interfaces (e.g., |EEE 802.11 [and ot her

to cérﬁﬁﬁn@gt% ForBoanisls, thelevaiabilBf2olérag8@pdiBe, datrispeed, and ease of use
20], bluetooth, UWB [U tra-Wdeband], TDWVA, GSM
may@%msMéx@@M‘hen Uhﬁ'cﬁmgT@aﬁﬁ:DMﬁmdn[ﬁMpn BIDR to vse. ot her
simlar networks) is used in one enbodi nent of the
[0049] es ehit onenerebodioent of Ursepresght inyentiqi. raefiest gvu@}gsmp%gork is used for
Such a nobile station may have, for exanp
comaiviications ansbpasitisnéng, whale acveaent W&PMGW@%‘E’EK léhlsﬁﬁ\gf"& Hi’osmonmg and

support the transm ssion and/o tion of d
optiphrllye cammaicaHense diRfLATER S o‘ﬁ"an?fgclTeg uirelgss 0 WcS’ﬁl%S ight use a

D
t ort

oSSR AT ERPAPPSHE SR cppgs o, T

SC m 1% offle? glfn%aﬂ'% 151 éﬂ\%@fks%ﬁ Wthéﬁvueless air interface,

I"catTon pat to choose when deci di ng

sucl]i Qs G GRbfce Witk TR 80D, ?1 Hlﬁ@o@lvi@lr ICaWBl Atplurality of these wireless

coverage, expense, data speed, and ease of use nay be

netWwoHis Eéifs’éﬁ%ﬁ'ﬁ@ﬁldﬁlw rpesewveR whieioulyi et winelegsatelwor may be used
use. [0040 n one enbodi ment of thempresent ¢

for bEMBHhica@Rensa The fadtantiges|of ashybeidvappkoack answdingdp at least some of the
comuni cations and positioning, while a second

embidiraéts f ke woesent snvestieh rmﬂuq@osmpmynd rmedundancy for a more fail-safe
optionally comuni cati ons.” For exanp each of these

solwmionghigher positicningsaveilagtilityubeites a@f‘dﬁ%ﬂ}’e@féi fpster Hmg R HK- aj r
interface (eg different T|A/ El A standards as.

[004H ai Figureet shews oracxampieor! 8 MYPHARASHURNMS é?&en& dffording to one

il b s AR

thatg%rg g;raa\jénﬁ{ggzldvffqrﬂ %p%)Elgﬁtglgg %:_Cf%s&oﬁ’?} oo t Qﬁ%\%network A and wireless
accg%g;{o?rlftl S“bxae? %emgrﬁllfﬁﬁ EitioR t#één'nﬁla'dﬁﬁ AnfdE embodiment of the

Ses, even en only one wreless
prese% Wehugﬁyth@ faobiE Qtation includes a receiver for receiving SPS signals from SPS
satellites (e.g., GPS satellites, not shown in Figure 45. Timing measurements (e.g.,
pseudorange, round trip time, times of arrival of signals, time differences of arrival of signals)
based on the wireless signals from one or both of wireless networks A and B (and SPS
signals) may be used to determine the position of the mobile station. It is understood that, in
general, each of wireless networks A and B includes a number of access points (e.g., cellular
base stations such as wireless access points 403 and 405). Wireless networks A and B may use

the same type of air interface, operated by different service providers or they may operate with

the same communication protocols but at different frequencies. However, wireless networks A



for communi cations. The advantages of a hybrid

approach according to at | east sone of the enbodi nents
w@booshessps esent i nvention include: inproved reRCHUs2004020921

for a nore fail-safe solution, higher positioning

avai lability, better accuracy, and faster tinme to fix.

[0041] Figure 4 shows one exgyple of a hybrid

positioning system according to one enbodi nent of the

present invention. In Figure 4, nobile station 407

and blﬁoH?g/ \%I?sr% I]ICSE QR S tggésh& A IndPRLs &8, TDMBNGEMVE @]?(M@J]WW-CDMA,

el ess acce poi nt 403 of wireless network A
d WHIRISEH, 2ASERS WORDNIbIARB0HB! WIVES| BSBE N802\0T K oB other similar
of position’'determ nation. In one enbodi nent of the

netW6rRS)E BperhiBd 89 kheDdhmel RevicB R0V Resbiely differen€ bardies peoviders.
recei ver for receiving SPS signals from SPS satellites

[004H. 0. In GBS smbedibhichesf thet pelentninventfonguthe #Ysitidh rdetegmination is
measurenents (e.g., pseudorange, round trip tine, - ) )
perfoimmes aolocationi seater @l 1 shgwalis thet ¢xampli déaeted s Figyre 4. Mobile station

arrival of signals) based on the wireless signals, fr onz
407opemomniseteh thé informptes extacted Keom the Pbservad gs@glgnals e.g., SPS

signals) may be used to determ ne the_position of(}he . .
psewdsisings Beastieaents, @ 1peord o ap SPSJReSAgR for cRMPaR e determine a tme

o RSt A AT o Bt BT A s o e
e N
statgoglgz{og:agg Va\lﬁp reﬁalto{gg oF ﬁ{étwi‘?aés\é' a%@esQE)Bf‘ﬁ'ts‘,j Eceived s%gﬂ@l%le@éf)tto the location

€ Sane conmmuni cati on protocols but a

ser\%irftﬁx%hgﬁtongrcﬁqﬁﬁgﬂ? 8ss HAWBME! sucl L€ Watesh ek SA A8izd when the
may di

SO use erent types of air interfaces

mobife Sation' 1M ubse¥er GPWirele¥¥ LéMdrk WMIE. nol R-stbidddBer dfDiANless network
HDR, bl uetooth, UWB, | EEE 802.11, or other simlar

B).NSérvesks)3 annes B9 emhibint e S@m@Enasedath clor pwireleskemeovorkyy A and B
different service providers. [0042] In one enbodi ment

respctivé1g. Phiie aRidnat deanhaysimplbe, foone epempleteimleraentagipon, a database
is performed at |ocation server 411 shown in the, .

listimgaarpititudie pid tlengitude Hog rach 4virelessi acsesst peinbwhigly is specified by an
conmuni cates the information extracted from.the )

identificatior dnfopgatiingeeg- SM@& gd@resgpg ‘f?é]e@&’ﬁf aqi@élfler, etc.). Location server
nmeasurenents, a record of an SPS sage. for .

411cewepdhe Wbprmagon spEyHNcated fromd %fnr@?la SHfiopdod dbg dafg in the almanac
and the informti t ted f t .

e b5 D 1B 2521 SRS A SRR g ocuion server a1
access. pain ound .trip. ne- ' S 1 f
may, &W%%%ﬁch{lgq 8? the nﬂlﬁlblg:r %t%tg&aﬁ ggﬂg O%fgcﬂgf?fetﬁﬂgl%ss may, for
exallvﬁgggltrlg%i%vg%&’? SOl 18 arldCFB %8 doSHiBRabs WiteRlsS hedeSs bbifits 403 and
405 and use those locations and the range measurements, which indicate a distance between
the mobile station 407 and the points 403 and 405, and the SPS pseudorange measurements
and SPS ephemeris information to calculate a position of the mobile station 407. U.S. Patent
No. 5,999,124 provides a discussion of how range measurements from a single wireless
network and SPS pseudorange measurements may be combined to calculate a position of a
mobile station. Alternatively, the location server 411 may use only terrestrial range

measurements (or other types of measurements such as signal strength measurements) to

multiple wireless access points of multiple wireless networks to calculate the position if many



server through one of the w rel ess networks, such as
W reless network A (e.g., when the nobile station is a
w@aisoodsker of wireless network A but not a subCSDUS1964/020921

of wireless network B). Servers 413 and 415 maintain

the al manac data for wirel ess networks A and B
respectively. This almanac data may sinply be, in one
exenpl ary inplenmentation, a database listing a

| ati tude and Iongitude for each wrel ess access point

(e.g.\'\ﬂlmo?@tﬂl\a/i 85 gﬁgl‘} n?‘é rﬁé’asﬁfélﬂeﬁ%néa'nfﬁecﬁ‘faﬂ@ Nni tAfsQdal@tth@® is no need to

or cell tower identifier, etc)
obta#n? &uana}ﬁgés 41 kpgs eﬁhé;ﬁ&lsl A &xodsEibh ONIfC SPUpseaddrakes to SPS
omthe nobiTe station and the data in the al manac
sateBREVAE SvathBlea fidsd deutiGratgdsasatiibe eombinef ot SBS eplientdris information,
nobi | e stati on. e location server 411 nay determ ne
obtdifiel kidieat by mheindbile swtbin er dyas i chie¢tipnaoh @t refgfence receivers as
different ways. It may, for exanple, retrieve from
desaired ensUAL Pagent! NoL 5,185e42 o datrirevide aflidijondl méarmagiongs the position
poi nts 403 and 405 and use those | ocations and the
calcubatiges.measur enent s, which indicate a di stance between
the nobile station 407 and poi nts 403 and 405 anq d th
[0043de sNetvyrk Y By anelEds d?f@ﬁr@masn%m& PEE fHehgfq {ptrancts and the
Inte'g{‘%&;,gﬁﬁeho Olt[g?,t%%l S g{)ﬁ?e Eﬁ %%1!1 gbg Q/i%fﬁust rc%r?tm b'ﬂ ?s understood that

rovi

BT R S TR T A PR g o
pro%rg.m[ OleA Qig ef §at§ &éé%s%;f 23 St inOR Qlfat@dﬁfﬁqirb@essmg systems (e.g.,

erna rvely, ocatlo server 411 may

'dé@ne‘arbln%i hélrafe@ rdiftbrehPRGACIPRIRYENt S (Or ot her

types o asur éments such as signal strength

[oomaasum RO efbobifndii lof ithd: Eré&bﬁtelheérﬁloap diffsepaientise pfoviders operate
multiple wireless networks to cal cul ate the position

wirélbssTRAY§Rs @ andB avtibiaare3sed big thermolgle steamfoepesiticn deermination. A
be made; in this case, there is no need to obtain SPS

typiealethdbilangeEen ds a%saﬂiw roaty ¢ oné of teemomnd ffusghg mobile station is
pseudoranges to SPS satellites are avail abI e, __these

autipsized 6o aseg@sd tahavigeicesssite)raady mm Wirghess egirere rH@WCV@f it is often still

i nformati on, obtained either by the nohil Cilslat on b bed d
POSb@l’lﬁatOo@I1¢E\§bchelﬁe@fgnds§f¢féft@? &H@@S? E@&O@éw 3ot Subseribed to an
cribed in U S. Patent No. 6,185, 427, pr.ovi de

bl ¥ RRISTIA{ Tk PRSI HETSBG; o oL Al gements reltive
o SREE R T Bt A SBL F8, ABIBA . One o
exapg)fl %rgt | ?otglgtgg(rf ﬂzg{ﬁ%‘?wﬁw‘@ %Qertd'i} & HhahORHEDRIA IcEiRg pﬂdne which can
receive PCS frequency band signals (such as, for example, from the wireless network operated
by Sprint, which is a first service provider) and can also receive other CDMA signals at other
frequencies (such as, for example, from the wireless network operated by Verizon Wireless,
which is a second service provider). If the user has subscribed only to Sprint's wireless
network, then the user's phone (a form of a mobile station) is authorized to operate with
Sprint's wireless network but not Verizon's wireless network. The user may use the phone in
an environment in which only one Sprint wireless access point (e.g. a Sprint cellular base
station) is capable of radio communication with the user's phone, but in this environment there

are numerous Verizon wireless access points which are within radio communication range of



servers 411, 413 and 415 may be inplenented as a
single server program or different server prograns in
w@2@sn0gises dat a processi ng system or in separat BCHESZ04/020921

processi ng systens (e.g., naintained and operated by

di fferent service providers). [0044] In one enbodi nent

of the present invention, difjfkerent service providers
operate wirel ess networks A and B, which are used by

the nobile station for position determ nation. A

the h%:e?‘s GRbndTORI thig cohtRkd, Rls kIl Bossiths £drithRephdR|tY obRiPSES @ésistance data
them and thus the nobile station is authorized to use

(if §@ndd) oY SoatRSEred)thdRkN SpietWiwiedles sebedioardd to transmit SPS
However, it is often still possible to at |east

pseﬁ(ﬁﬁ@rigée, sbtgned at the phoiid) o Wierletamn seatenoHowalvers it wil maitbe possible
subscribed to and thus it is still possible to nmake

to bbtae neasthaeneet sange  Meapuaimestt riongt Wimnkess wceasenpaint unless range
relative to wireless access points in the wireless

measatentenks iwhVerizons wiselessudssessifioans gxs. oltpineds p ¥igl pg embodiment of the
exanpl e of this situation would involve a user of a .

inventjiony e PICDRLOTEENS HINRE PPASHEETHRLT P thenavadalle, Yerpreg Wireless access

fregfency band s als (such as, for exanpl

i |9 7 t 5: df{om tFeetween the
poinsy HeEdy” praviitac2b5attat e H9nESH FICATTCRERTE AC-Bs “BIHFYSs
servi.ce ovi der) .a can.al so r.ecei v o .
phadf g o R eyt A Bud CuliE St B Bl dlPyiion caleutations
fromthe w.rel . . y Verizon
thaWF 8?%%%1}6 \}Bﬁgﬁgﬁg %gﬂes %Slghogpcgg?%/ﬁgogg provider). If the
r ' Lahtdif (RPIntHnas ifofBARMSo 848 K413 and 415
[OO?ﬁ]gn m% %gg%céfogﬁ%ﬁsgﬁegl orm of aaml)_bi l e st a(t)i on) is
sepgllétéi'ﬁ rA1ERfheh PaodPB s@kiBn WY RasStrhMbmisatidy fRk&s 3o bRTWNelof the wireless
ut not Verizon's wireless network. The user may use
net%B&thféB@oﬂ Serddt ANVinkhP AARNAccess totbotin senvery 418ean8ptliSnfor base station
wi rel ess access point (e.g. a Sprint cellular base .
almhad dan) After desgralihiag die identitees o irasendtatixnis de. gwihehwirdless access points
user's phone, but in this environnent there are .
40 amdkA0f)sof\temth rorelass mefvaxsks AcowlsB, theimebilentintion 49%transmits the base
Wi thin radio comunication rang\e of the user's phone. ,
station idengfieasioneka location sereari4 1L, phick; wee seryprsiHe gdghle togetrieve the
obtain SPS assistance data (if  desired fr,oaw a_ .. tion of
correspendinghpesitiqnsof i basg §tadgns. frhich ¢anybe used i, detirniging fhe position o
to transmt SPS pseudoranges, obtained at the phone,
thempphilkstqtigBat i on server. However, it will not be
sib tQ.obtain nore.th on
006 - o BrttyBBe B PRt PRuBeF g SeA e TR MeR B thpis lmancc data
is NSRS, Yo BL& € i | pedmalidibs 8Bth al
is nfglhfa, Yof SR BETIRLRG OF Rodfch SRLE IO malilifls BOth almanac

serVEeSY8 GHE R4S (£.9., iiiBud 8ishARY Prof@Ed #Osbtiin R 8B:Sand€ @8GSor through a

data harvesting process using mobile stations, which will be described in detail with Figures 6

and 7 and 10).

[0047] In one embodiment of the present invention, mobile station 407 uses both wireless
networks A and B for communicating with the location server (instead of using only one of
the wireless networks for communication purpose). As known in the art, various types of
information can be exchanged between the mobile station and the location server for position
determination. For example, location server 411 can provide the mobile station 407 with

Doppler frequency shift information for in view satellites of the mobile station (e.g., through



poi nts, thereby providing at |east a few range
measurenents (e.g. distances between the phone and two
wo/espors2gel | ul ar base stations) which can be PSEUS1004/020921

the position calculations that are perforned to
deternmine the position of the phone. [0045] The
service providers maintain tie al manac i nformation on
servers 413 and 415 separately. Al though nobile
station 407 has communication access to only one of

wireld3§ nWo?lL ;Sarﬁfiiﬁ’éoxﬁgﬁile LOGH ERANroALY PEeliblandB Yndaduements for SPS
access to both'servers 413 and 415 for base station

sign&is BB MenfiBtRionthidthadss 6f Hemafgsthtihsisdnbidciasi mhgdasasurements
stations (e.g. the wireless access points 403 and 405)

(e.2 OfoRattp Wik hRasraaenme) doshdlaatioBservéreformtis ¢atewddtioni aftthe position
407 transmts the base station identifications to

of thedgPbilOBtatien VL., dirbughwietess setvaske B)els ond gmbadiment of e present
retrieve the corresponding positions of the base

investio,i »msobilehtationc Encdpeblesefdcommueicating Hiraggh more than one wireless
position of the nobile station. [0046] Alternatively,

netvidrk tethe pegation servoewheisin theeoversgiarea Qfithese ureles BCté‘ﬁ%lf‘se However,
al mnac data i s nqgt necessar exam

. For pl e, the. . :
the tgpsieroff bptwsen coH A PErIQERINSE 1cﬁﬁta§erﬁog?qgmg%1(og? \g]ltlh%'lﬁ Server using
servers 413 and 415 (.e. ., .t hrough
one gh A Tk WHHaic Wk 25 e P, NI P ERERAd (o other
process usjng _nohil.e. ' i il i .
mefiebERe: R0 BB SRy g th B o 1B SUchal obtaining
timERERE, 4fn PR Hple o i TR s pBiE oPTlime. stamping
mea%@%ﬂ%ﬁ?%, g%e%%élbkngg%ﬁlgg%’sfng(g?&% ﬁ( tgé fagfirﬁa@aﬁfer frequency of a
wirdIEHI15Abdse StaBlbh PiSalibratifg Kidqwenl oscilliter of the modbile station.
types of information can be exchanged between the
[0048]bi | By sheabinBadiatdt bhthel pesht mvestiony ¢he fasatigroef thegnobile station is
determ nation. For exanple, |ocation server 411 can
detdpfinddce ttiehecatinhi serves using the infbTmatiemcaompnisated fiogy tgayobile station
shift information for in view satellites of the nobile
andshet iramsn(igedybackt thrtbeigiokile slatier m]éqrmwglyp\)ﬂ;xe posifion ¢alculation can be
nobi |l e station can provi de pseudorange neas ment
perfoome&pEthesi ARG Statipie UFRE AETIFRRGE IERTIHPE IFARR (ORIqTgerver (6-8-
base stations_and associ at.ed rang{fe rreaaur ement s

DoprierEeaensy T ARSI, POTLIE TDAGL TR Jgp pfbocess points

rver
a3 B AR Aile WRFPERY 1ot B T ore

[0025?0 Od'l?lirgunrte Y ghotw Carier %%mple of a hybrid positioning system according to one
embodiment of the present invention. An access point c;f one wireless network (e.g., cellular
base station 503) is used for the communication between mobile station 507 and location
server 511. A method for determining the position of mobile station 507 may use SPS signals
(e.g., from satellite 521), wireless signals from the access points (e.g. cellular phone base
station 503) of the wireless network used for data communication, as well as the wireless
signals from access points of other wireless networks, such as those from access point B
(505), which can be a base station of a different wireless cellular phone network: (e.g.,
operated by a different service provider, or using a different air interface), and from access

point A (509), which can be a wireless LAN access point (e.g., a bluetooth access point or a



invention, a nobile station is capable of
comruni cati ng through nore than one w rel ess network
W@ o00shetskocat i on server when in the coverage aPEHUSH004/020921
these wirel ess networks. However, the trade-off
bet ween cost and performance may di ctate comruni cation
with the server using one of jghe wrel ess networks,
while using the others only for timng neasurenents
(or other neasurenments, such as received signal

Wi_lggg,%l_eﬁegs gcrcfz:s‘sﬁg)i@'?fdi ng i n measurenment, such as

fainn formation fromw rel ess transm ssi on

om et 1.f | I3 Jliger RARAM RWERSer t itt
e g B e

has3CGHAIRESvesel drd. WhaslHeakYle) thedsnid]) edveidpecetd of aichhmsecess point
station for calibrating the [ ocal oscillator of the

proWiabi h&es abddestinAO48]thd Tocatien efrtiredinobitd stafior. Hénrther, wireless LAN
present invention, the |ocation of the nobile station

access piaifiterams nygicadlly obsted meat oroinsisle rbndldingsi whererbe availability of other
i nformati on communi cated fromthe nobile station and

typeshefsignalnénis 88 Hawls oowitelessrisiénhene signplgh may be low. Thus, when
Alternatively, the position calculation can b

sucheviteessedansmissiansneybi ysed Syith BT (¥pesolagignals, e performance of the
information fromthe | ocati.on server (e.g., Doppler

posticaifgesyetpsgansegrealy improNegdw satel | ites, positions and

[00%?];/3’r ?ngop? [ 2 édg{lea}%%getﬁ%fpge?siﬁﬁ ﬁ’lgﬂ}q}cfn‘é Slifigl]ttr'e%:ssg gﬁgalg from different
. h t h . . . . . )
iSRRG o R R GiR HP RaP RSP I ENRHER sgnals from

the’?gn‘lf%‘é{ft:&%ﬁ%@@ Rt BfksORG B és@h &S UefRBhnR ke ﬁl'q(genﬁti'es of the corresponding

ase station 503) 1s used for t

accEQNP3IREsC i@ alRethdR GRedB| deformiR! tHeNloefiondNshd é®rtdgenareas of the
server 511. A nethod for determ ning the position of

corPRPérl din ShcRbsPdi kS, AVABY présRioRREngd igfuahtatiée (gg., rdundmiip time or signal
satellite 521), wireless signals fromthe access

travefingt thmé ebetweene bh Udcaessppaine ahdsthe shalvileontafios) isofivailable, the range
wi rel ess network used for data conmuni cation, as well o

infasnatibe and thel lesaiomi afrthé scckssopnintocaeds ysed in ebtaining sbybrid positioning
W rel ess networks, such as those from access point B

solgti®6 ) Wheth iapprosimath gangeh aermation (6r8-ofecgived fsignak pgvel, which can be
wi rel ess cellul ar phone network

. Q.. ted b .
appapximafeln corsalatod Bathpnstigated Tapecy ssﬁewgﬂéblgftg‘l[— @}Cg‘ﬁ?n df e access point
canlolget vgsre&,,%q? ggt’gggtg %é@@g&e tg% Pﬂ)t%hg tét_agf_or’() %%9 ’tear\é}lh%eg{fmﬁ &Himated altitude
of t%% gr?oizlp Efglupnté) ﬁlpﬁvrve@glr&%{regkagfg é chlg ggeiﬁre%gfpﬂg:%ﬂiee% %é@ncy from one
of fhe r{1Vi|reﬁ‘éss lngi}%o%)é’\@er g.} SRl %roﬁ)t 505 or 509), which may not be the one used

for the data communication purpose, to calibrate the local oscillator of the mobile station.

More details about locking to a precision carrier frequency of a wireless signal to provide a
reference signal at an SPS receiver for signal acquisition can be found in U.S. Patent No.
5,874,914. Further, the mobile station can use the accurate time information in the wireless
signals from one of the wireless networks (e.g., from access point 505 or 509), which may not
be the one used for the data communication purpose. More details about using the accurate
time information (e.g., timing markers, or system time) for time stamping can be found in

U.S. Patent No. 5,945,944.



has a small coverage area. \Wen avail able, the snal
coverage area of such an access point provides a very
w@owmd/oeses mat e of the [ ocation of the nobil e sPEL/USI004/020921
Further, wireless LAN access points are typically
| ocated near or inside buildings, where the
availability of other types qf signals (e.g., SPS
signals or wireless tel ephone signals) may be | ow
Thus, when such wireless transm ssions are used with
[OOQJh.er SR &S mB ofStheNRbes rElfot}ﬁs Be O HIRAGR Witelbfinetworks do not have
positioning systemcan be greatly inproved. [0051] In
welpﬁﬁoxﬁr’aﬁﬁdﬂ% rHa;aoge. & NBodids 6N thel WitSIREY Bdtesd Peinvyi dostiags area of the
signals fromdifferent wireless networks are used for
wirflesi idceR stehisr seahbedimefoof eapiebant ihvemtion rderiess the almanac data
signals fromthe different wirel ess networks can be
frotiSiél ihforseti@r obitetddéroid enbile i stations. Figure oy ilksspetediang method to
access points, which are then used to determ ne the
detdrotet the pesitinnl of o wearelepe asgesapoint aeceeding ia erspernbedigrent of the present
~access points. Wen precision range information (e.g.,.
invensiondint Figure fre lepatien gerser doegnef KAgW itherRopehabaccsss point antenna
access point and the nobile statio i s avail abl o
601 g r e s ian i dhg MseroRRith i bratarcbeass S0uslssh ffe positions

of é%?qx?ﬁgﬁ.sn?@m%%fai%‘a?éﬂé A eapiE s Sk Pufl pgocgs point, which are
recei.ve [ | ev.el ' . ' . .
obt?a?cf &051 gf’?l %Eﬂe gﬁ}/@gﬁ I\/V:fr\@'{i %ﬁ%grﬁlg )ep(?sgtﬂglsgﬁ:t%ﬁét’%nt Eog the mobile
Qca 0 i nt b ~t
sl BBl F S SRR ALR TR, (R debmsiargie . 619 o

acc?%téjoﬂﬂtaﬁ%nﬁ’é 561 498 nHbilk RE:iBR BblaghsshédsiRMentsfiaséd &t SPS signals (e.g.

nobi['e station can use precision carrier frequency

medSuPMEREPEPS ?@eﬂ&bﬁ%@ sndettyetibs of SPS.ephtmetis afomsaion from SPS
poi nt 505 or 509), ich may not be the one used for

sighdl® Sat FvifMEEURIGALidsims et asnge teasakinbn).eThéhendtuleastation may
oscillator of the nobile station. Mre details about
calblgtkiits gotitiomuging diesnensucarenisemdftrapsmiric hedbcationisewier s calculated
$[gna! to provide a reference signal at_an SPS )
positimewithr i) ther rapgeyieathe acepss point anfernsh apd iHdbe ifenfity pfdhe access point
Patent No. 5,874,914. Further, the mbile station ca
antexgs. piermatively othe TeelHls SATOBTHAY IFGTHF 1} e TPASCIogEgs: 1) the range to
signals from one of i
thea@gégquj@] aptenngs apd, 1%;8851(\3/“ ig@ﬂ%lfigfs]g o \é\%rpis(sgg(gﬁh ghfgﬂfée{ %"the location
used for the data ca njgatign [ ; j .
sergﬁoﬁlplcgﬁakafa[t%ethg Beﬁﬁgﬁl 81’ ﬁe%o 1}%? sgartﬁ)glflfsén%é ‘;I‘rée%gﬁ@nleﬁts and which
sto%:lé %ggwg%frﬁ&%&fem%ﬁts%sgt RNk} &l Rf3 %Bdtthé"éor?ésﬁgﬁﬁiﬂg pbéfions (e.g. L,
L,, and L3). When a number of data points are available, each of which data points correlates
the position of a mobile station and the range from the mobile station to the access point
antenna, the location server determines the position of the access point antenna. It can be seen
from Figure 6 that as few as three range measurements (R1, Ry, and R3) and their
corresponding positions (L1, Ly, and Ls) are sufficient to specify a particular location of the
identified access point (which is shown at the intersection of three circles specified by the
three ranges). Various methods that have been used in the art for calculating the position of a

mobile station based on range information can be used to calculate the position of the access

point. Note that the data points may be from a single mobile station or from a number of



U S. Patent No. 5,945,944.[0052] Since sone of the
access points of the different wirel ess networks do
wmodoshesses wel | - known al manac data (e.g., positPONUSH004/020921
the wirel ess access point, coverage area of the
Wi rel ess access point), one enbodi nent of the present
i nvention derives the al managgdata fromthe
i nformation collected fromnobile stations. Figure 6
illustrates one nethod to determine the position of a
mobielEk®Ss access point according to one enbodi ment of
the present invention. In Figure 6, a |ocation server
[00§§3€S P@hdt NAW debdnidaget tdatpsthts AF GRS Socaiidmi ofambilnstations show the
601. To calculate the position of the access point,
covérige hRAAIfIthN a8REY Point (4. £.2imh 8satteh @lqrasti the ambileflocaiensr When the
nore nobile stations and their correspondi ng ranges to
positidg of dreRses oitt is ndtiknbwar the chlledterbdatt poimtst e beolsed o estimate the
stations while performng position determnation for
posttioe andhd e@vetage bths.ackess pesiarfyhen aninygdiepémaien pighe gesition of the
position Li (611) determ nes range R (613) to access .
accgseipaint anavailable she cotfested gz peintscanibs e foyfmrove the estimation. The

measurenents based on SPS signals (e.g. neasurenents .
col s e Fooe oo b e o R Service of the

information from SPS signal,s), and w.rel
tocaton tentee Nem e gone s et e B Fbng caplsq be performed on
fation may .calcul ate | PQSI I US bodiment of th
a dﬁfﬁ% rsgﬂgﬁ%éghegﬁ%r} ?‘gnlg Fﬁhfon_t %ﬂﬁéof(gc%l E)rllé’gi gr?/nee T he ent oF Te
e R RIS o b 08y W (G g manc e
51300{RichaRbeMicaflst Sriftatb¥Rion. séMer I lif pedbéingng MAybrid position
fransnmt: 1) the measurenents; ii) the range to the
det@Rf9SonI6! Mbbidt@de; and, iii) the identity of the
access point antenna to the | ocation server, which
[005ﬂ| CUlFRiveset, h[ﬁea@isntd m&ioﬁv_frmthmnhﬁ ranige Lte sinee jao¢ess giomgs may not be.
t he neasurenents an ich stores the range
avaitelsls ub emmbile s@agons ofRia locRoraseival EHgure feillustrates another method to
correspondi ng positions (e.g. Li , L2, and L3). Wen i
deteruniiethe positian anfounation cafraewniaaw 28BFS8 POBY AFCOEEINgHP ene embodiment of
data points correlates the positjon of I
the preseniovention; Aelargeh JEMbELEH data PRBE (eeg-s?%mi)’gh’ 15> 7Rk 723, 725) of

ccess paint, antenna, ,the | ocation server determn
f ' Five S, g 1

the ngatioBs of rBpPifr SIEHERS BB EEn FRSPHE S € dCgRsRoint (e.g. 703)
deffpg:zg ﬁ;\réq%éngﬁl:éggr e.g?, @toﬁge%&sgﬁ)ﬁi%@%f ?%?l?%lsg Osﬁ%tlterl]‘ gplot of the
loc ?ogllg,tr '{h?(r:é ikt circi‘ezencﬁogg*gl'tfl% éiﬁ‘l.:'agpo?r%)f 'P?(%jrﬁ he EQeRRUrEA the location

urarlocati o entified access poi nt

servelfibf P?Eﬁla?})ﬁlﬁgﬁfmeﬁ%sﬁﬁhﬁm&% pint (B2 € eheCdodletisc center of the

specl
coverage area). Further, range information (e.g., an indicator of the received signal level, a

round trip time) may be used to define a weight for determining the weighted average of the
coverage area (e.g., the closer to the access point, the larger the weight), from which the
estimated position of the access point is determined. Further, in one embodiment, the location
server determines the probability of a mobile station being at a particular location from the
statistics of the mobile stations, given certain range information is specified. Other
information, such as the signal level of wireless transmission from other transmitters, can then

be further used to narrow the possible locations of the mobile station.



three ranges). Various nethods that have been used in

the art for calculating the position of a nobile
wae@sios2dbased on range i nfornmati on can be useRCT/0S2004/020921

cal cul ate the position of the access point. Note that

the data points may be froma single nobile station or

froma nunber of nobile statiogs. [0053] Further, the

accumrmul ated data points of the |ocations of nobile

stations show the coverage area of the access point

[ooﬁ- g. Fﬂf szﬁ'ns‘ﬁg,_aé Blelddl PIArPTacddd® phRPid RichRaahdi@nBlilding 701. While

en the position of the access point is not known,

spS H8n9\d.eCti@Hald it BOE kel 7PE - TASY alid wielossradluldrighone signals
poSition and the coverage of the access point. Wen an

(.l RidriaB fr&6 M@k Bdde Qfatibh 95 pPmiay beweak inside mdkiéees7(othet position of
I's available, the collected data points can be used to

a miob{dé etdioti leen B8 tesitt darermifierk (ecp) Withoutowsieg theesigralsciommccess point
process can be a continuous process during the service

7030fat téreaih domtipon aend ¢he baitdieg (hat ledatiorsol ?]er:ﬂ?én whifdp may be just
enhancenent operations can also be perfornmed on a

outgidlé fty dmildiogr ot sefiain losatipnshiasidg cliei BHldig \Fh a8oppots close to

il _ e
wing RS &1 PR AT G HEPEBC T CBl 455 GRRUPOn of B access point i

per f in al : 3, . whj i . ,
detzvfhﬁw%r ko8 10 5BF VEeE T frep BF i PRPHG SBb Xor tormation
speﬁlg@'gé gt-ug 5(::aﬁ$16:og,;tp$0 n(l)blci) , ?gcﬁ% ééj E&geusdla%glgggc E:cglgié"‘%}ég{ ﬁztltgllites) for the

detésp%nﬁﬁ)'ﬁ SV RHe h?e'} ndRP itﬂeg%o%%t e? 8P theccds ?@ﬁﬁﬁb@.nl‘he location

erver.” Fgure ustrates nmet hod t

infSaRbMbP el J&@es@?%ﬁﬁt!(@.@., B Qb g Hosftion) ¥ar Bd @aftained at the server
access point according to one enbodi ment of the

(or B &ifeRtht hé}Vﬁ?.t Waen 2AmbBild statioh iakidefa blaldingd @rrt % position near the
(e.g., 711, 713, 715, 721, 723, 725) of the |ocations

builfingPWhbi@ thé dldckage dihsimecaithe SRS signals gmhbalulargrondisignals occurs,
access point (e.g., 703) define a coverage area (e.qg.,

the I&@Yion finfolrmatincabost theiaatest poipt cant he vsagHoxid ndaterminingthe position
of the locations, the smallest circle enclosing the

of tlanwbgeistatied.. From t he coverage area, the location
server can calculate an estinmated position of the .

[0056L esdt joupdersteod that; yoane aenest PP BRY cbe Sroves etjgom one location to

e 1205, b L I e S 8 i et posin
e e b 5 30 s PR e s
poi]%{ gr}s.n%%\%eltr gtﬂt ?eﬁ%r%ﬁﬁee 6 tRCh&Ess {)&‘ﬁt b @ngRed! hf*‘or"\@)llﬂﬁlé,' the server may

compare the old coverage area with the recent coverage area (e.g., through comparing the

center and the radius of the coverage area) to determine if the access point is moved.
Alternatively, the server may periodically discard old information in view of newly collected
information. Further, the server may weight the collected information so that the freshly
collected data carries more weight in determining the coverage area and/or the location of the
access point and the influence from the data collected previously may eventually diminish
over time. Further, the server may determine if an access point moves frequently; and, if the
access point moves frequently, the access point may be disqualified as a reference point for

the position determination. Further, in one embodiment, when an access point has not been



estimated position of the access point is determ ned.
Further, in one enbodi nent, the | ocation server
waledosomsees t he probability of a nobile stati orChEs2904/020921

at a particular location fromthe statistics of the

nobil e stations, given certain range information is
specified. Qther informationpysuch as the signal |evel

of wireless transm ssion fromother transmtters, can
then be further used to narrow the possible |ocations

obs%kﬁi Re a@gﬁbllg eﬁB@ltof Ahre| B8 %g&esf PbinE%3BRbead Rotithedfaase; similarly,

access l'ocated inside building 701. Wile
wheﬁpashe% 9Q3kSpdifit @-obsdv@Nad i§ alaumoShSdaabat) Thissthédtrver may update
and wi reI ess cel I ul ar phone signals (e.qg.,
the ﬁif&ﬁiﬂitl%nfab&mtﬁéhdcldés%ouhaﬁ anshgdingbasi®l) may be weak
i nside building 701, the position of a nobile station
[008AN b sdsdst yndlahbodimentof(the gx:esenmmh:uuon \aghelyletstasion can determine
signals from access point 703) at certain |ocations
its pusiiondwithvet bgdidiunipagien dink. Thmobidsstatian has mergoryfer stering at least
may be just outside the building or at_certain
sonleoofa theomgorimesion eabone theulacationg, ofs thenmahile; 5@%1911 @pgdfhe cgrresponding
w ndows) . In one enbodi nent of _the pres i nvent i

recaiyie 51 doVelscof 1ABEF BPasuREmeRit ate nPFR Of gl st apints (e.g., for
PSR b, S e 5SS o o
seryeg rwh(eﬂéa %g)flg?r?h%%gc{nelgrﬂ(o{?? g% al%ocohﬂechoﬁ%l%ﬁ | Ic' }Tﬁ'ﬁdnlcatlon port of

e coverage area

thepn(l) it &{M font o%nﬁg] egs%ecﬁ)%ngaioﬂt thfizh ol B8ndceRat bP fFhe mobile station) is

orna access p0|nt €. Jg., coverage area,

t bg\eMRbMIA e Rhy UhectBelisahe §@Feddinformation to derive
avagg'?i?erp‘gﬁ%nagg?l\;’er )e When a rmblYe st g}ﬁlon is inside a

the ?Hélhgﬂl RfforiioftabButitBE hdde@ypoigan defeemininig it ovo) positier when needed.
he bl ockage of sonme of the SPS signals and cellul ar
[00B8PNE FigieaB sshoaaua Sgentiuk thethad i afnhybrido position ndetdyomation using a
t he access point can be used to aid in determning the
plufalisy ©of onirdiésst eewnrksi doeosling tmone [c0d®Fiment ¢fsthe present invention. In
under st ood that sonme access points may be noved from
opevation 8&kt4 gmobtls sirfiarhesceiven Wirrlessnyisealydgpsmittedfgom a plurality of -
present invention, the ol lecte

wirplgsy adcess PiRts Ak oA A BEIES PRV Bk o e IS IEBY P G ifferent air
mt%?agé, e rqafncﬁﬁ’ﬁ%%g%‘éicrgopﬁnsﬁﬂgmf S5 58 BoEp Bperating at

n&{eﬂger{cg%eﬁxg{e éfe?\}ég%gr gglrg? hh fenf cg Rx‘ﬁﬁg nﬁ)‘%ﬁ@ols etc.). In
op%%lo C@t e. I?(r’\%qh JficuAfthes Rk \;Jll%‘fesg legﬁ%lggﬁﬁéa%ﬁ)of kIR access points of

e access pol nt
the different wireless networks in determining the position of the mobile station (e.g., to

determine the identity of the access point, to lock a local oscillator of the mobile station to a
precision carrier frequency of a wireless signal, to obtain a timing indicator from a wireless
signal, to determine signal transmission delay between the mobile station and one of the
access points, to communicate with a server). In general, the mobile station may use the
wireless signals from access points of different wireless networks to perform different
operations, although the mobile station may use the wireless signals from access points of
some different wireless networks to perform a number of similar operations. In operation 805,

the mobile station communicates with a server to determine the position of the mobile station



Al ternatively, the server may periodically discard old
information in view of newly collected information.
wo-eoshers2s t he server may wei ght the col | ect ed PCT/US2004/020921
information so that the freshly collected data carries
nore weight in determ ning the coverage area and/or
the location of the access peint and the influence
fromthe data coll ected previously may eventually
di m ni sh over tine. Further, the server nay determ ne
usingf a2 TeRE GRS oP Ah81 di?@fé%? Wir8ese Hetwork@ndypichlly,nehe mobile station
ccess point noves frequently, the access point may be
comHunfdaksivittede 3srvar i@l £6:89 GRe BOtH diffefent Waelesshdtivorks; however, the
etermnation. Further, in one enbodi ment, when an
mobAIE GBSidon Redy dorasnioat wikehe bawevedngd oorathas onaiwirgess nowork (e.g.,
of time, the access point is renoved fromthe )
to ti@adnaiD Aisetims iofirkaptiyn atire accasnpoinhtwessigpaitransigted from the mobile
observed, it is added to the database. Thus, the )
statioRy toetransmyt aipaleiddriptané, irde sl atherinformation ¢ 8% from a location
point in an ongoing basis. [0057] In at |east one
servenbodi ment of the present invention, a nobile station

(0039 FIENe BB Pt sh Oh PR RGP IOP RGOy Gine two wireless
nery S rigb e PETEiEEoh "AH0 o HE Lol OB i 1Rt ag bf the present
. Si. I I :

1nve33;tlglg1a Bgr%t\é\(grb ggg E%C:g}a\’%?,gat?agﬁégi’rlg o?gg’e Su %g?ﬁlgﬁlglﬁsérﬁftted from one or

mor%%‘i’%sssatellﬁ s bod w&fe?%éﬁﬁdaé%—é%s%ﬁ&% frbm d PRirdRPof Kireless access points

tati’on " transm a to a server when a
of TN Gt i RBledd Mwh&. The nfdbite sEutioAHBCEdeQRe tdteived Witeless signals
communi cati1on port of the nobile station or a wireless
. frorf BRBBF Hiopdwirkleed Bltwoarksta ARTR SFY sighal tabguisitibhd @.g., to extract Doppler
station) is available. Alternatively, the nobile )
frequibAdy NftdRY iflivieacsdallites of tieemsbide sttiomfto calitiraierthe fcal oscillator of
derive the position information about the access poi nt ,
the infobilletseativnnicngbtiinsa tmngdslidatasriovitian saewde theasuyersgit). The mobile
Figure 8 shows a general method of hybrid position .
statibat wsesrilrea$PD nignsls rig dateprnine gispudorarizesity &) disyw saselljigsyand the mobile
according to one enbodi nent of the present invention. ints and
station uspe mateless sigoals fepupdisi WiseletsACCE HOBR 1, denjiyifie aceess points an

signals transnmtted froma plurality. of . wrel.es .
to PREOEB S HRSUSTIeaHS BFHeIaTs GBS SOiTE: IbPRE igBagermination. These
wi rel ess network f different.air i X )
oSy RS ok A ol G 8 Bt 6B peies and v
Wi rel.ess _netwar i\ . di - . 23
e GBS SRR 051 P B BLeL Rl oot Dpcrion

cong@l&lﬁi?&gé ﬁ{sﬁ ﬁ}f&lﬂatﬁoh e 8P %rr@&dirg _f 89 @PSHH&S%%&P bktvesh e r@6bile station

Z€s e Wwreless signals from each t he access
and®QisBher @bing an access point of a first wireless network (e.g., a wireless local area

network). Operation 825 communicates second information (e.g., Doppler frequency shifts,
ephemeris data for in view SPS satellites) between the mobile station and a server using an
access point of a second wireless network (e.g., a wireless cellular phone network). Operation
827 determines the position of the mobile station from the communication of the first
information and the second information. Typically, the availability, coverage, expense, data
speed, and ease of use are considered when choosing which communications path to use.

Further, the mobile station may use different communication paths at different locations. For



the different wireless networks in determning the

position of the nobile station (e.g., to determ ne the
W0 d@sni4sys of the access point, to | ock a | ocal PCT/US2004/020921

oscillator of the nobile station to a precision

carrier frequency of a wireless signal, to obtain a

timng indicator froma w rebhgss signal, to determ ne

signal transm ssion delay between the nobile station

and one of the access points, to communicate with a

exarﬁv\ﬁg,v Y%én thk .Qn(g)‘?{éesf {on id BENADAL bverhRt dr@NoNMBirdRes LAB (e.g., 2 home
re nal’s

. ess sig rom access points of different
netwyé%rﬁ)‘?l 88 S nfoBi1¥OskSord AnBeniser edivifetdseNLADPAERL,I direygh internet) to
al t’hough the nobile station may use the wrel ess

com$luBitates whth Ot a66RS SoPhiferasitioh thandoedi rfdt ereed tto \passethegugh the base
networks to performa nunber of simlar operations. In

statiBR OF atwiesless @5]lulah phonehivktestea i Doppanfreqvienert siftyk and, aise the base
server to determ ne the position of the nobile )

statioh @f itenwitless edllular giono systent to fransaiit theriafarmafien fthag és related to the
networks. Typically, the nobile station conmunicates

basanstation kreg.s erund tripstime nesapyremaRt ©f the asg) stafighiop the wireless cellular
wirel ess_networks; however, the npbile

phoposirsteae it @ fyithes expraplecihy @goqygis%loﬁdpféy a{??ﬁel 2 Tther the wireless
W rel ess network .Q0.,. to t Lt th ' . .

cellylag ephangn SEHCHN 055: gs‘mb%‘?sﬁt E‘?XQ\? ’'sig ﬁ’é’ﬁdﬁqr&gﬁé nP§5ongne to the
fromthe nmpbil.e station, j i . .

conb R BB o b LB B et ienon. o b

statljigggaall:i%ggic%ﬁ Ycﬁfe)na% QAR L ofan@ti&tiBn ?’Aﬁi’\@c&rﬁﬁ% hoGd &k of rules (e.g.,

r position ermnation using two wreless
QT f ' [ | i ol tnfobile station
t T ore IRy WiicMVnddy B $petivied baaasetofge ingo
avafgﬁﬁeﬁ\&h‘gogdlﬁrr{é)ntyof t he p)resent ?nve%tgi on. Operation 821

or Iéal‘j% eSS a Adfadlt GRS By Shcddfl the wiSRSs Attgodltss transmtted
omone or nore SPS satellites and wirel ess signals :

[0060]2NS Figired16’ khowa aphethalli toygerkeran edatios infurmstiopabautsa wireles
of nore than one wireless network. The nobile station

accémYpolif actdidingec ene echbuilinent ef thei pyesehsinversiane Mperstiopsae detects, at
w rel ess networks to aid in SPS signal acqui sSi ti,onzq )

a miobilg statipn, wieleas sighalp tappmitied fon ) Witkleps 4cqest PPIRL (58w wireless
satellites of the nobile station t% cal i]g&a%tef t he less local
accesscpeintothet k9 it spmphianchewit g EEEE A02dH, strrdagd dgs yingless local area

timng indicator to tine sta a _neasyrenent). The. . .
s Pk b O st B RS TRy Signals with e
.. pseudoranges .to.i[ Vi satel lites ) . ' :
ccbTRHEA TRBR I Rl B R B o o

) ints.to.id i.f Wt . nerk oL : )
incfidh BB i i, ROGRRr 863" duARlinds IRAUAGIIT information,

whitR$hdy 682 Yeildak TudRL b tHOGBRless access point (e.g., the MAC address of the
wireless access point or an identifier of a cellular base station) from the wireless signals.
Operation 845 determines the position of the mobile station (e.g., at the mobile station or at a
location server). For example, the mobile station may calculate the position based on the
pseudorange measurements and other range information; or, the mobile station may transmit
the pseudorange measurements and the range information to a location server, which
calculates the position of the mobile station (and, the location server may send back the
calculated position to the mobile station). Operation 847 correlates the position of the mobile

station with the identification information of the wireless access point. This correlation may



received signals are typically broadcast fromthe

transmtters of the satellites and wi rel ess access
w@eioavessahd avail able to any nobile station thBEtT/US2004/020921

chooses to use them Operation 823 comruni cates first

information (e.g., a record of an SPS nessage) between

the nobile station and a serygyer using an access point

of a first wireless network (e.g., a wireless |ocal

area network). Operation 825 comuni cates second

be t%ﬁ%rgftgg:té) QTodafiod servEORRh & fufur & PSSIGHNS Bhdrhtfons P heyBEeistations may

In view SPS satellites) between the nobile
use Sth@gio@iﬁoﬂ%dai&ﬁﬁﬂ@ﬁoﬁsmmaoﬂqs edderpfthdta Psittors ef ahx identified
W réless network (e.g., a wireless cellular phone
wird)}esk Weds3 poiPReOpéraion 82Y getrta¢siocaiontinformatorn atmut dfe wineess access
nmobi |l e station fromthe communi cation of the first )
poiritNE@{, Natéssnpaintdalitaeacs etasistics of oovestgeoarea f phe avifejess tageess point).
avail ability, coverage, expense, data speed, and ease .
Typirfallysthe anoerelatins idatr iscsenhtona s¢ryersiersy dlgcgHon server, or an access point
conmuni cations path to use. Further, the nobile )
almenagt $eoverhanhiehs gensirates legation Grfaumpten aBantpthe Recess point based on a
di fferent | ocations. Forex%Jl | e, .when the m)g%l € enti ¢ sional
nurhes O RPSItioNR) QUHPIF O EMT6 VB e SAH (AL ARG HicegeRigq of signals
tranioyBitadim iR ey Pom o, Ry vy op g BRan iy Heoess point
ith the_.server.for.inf j t
can e BV AT B30 FlristBie el b0 ob RLerPOF 38R P FEffz mbihods, such

as, ﬁ%@g&%ﬁé@g@gﬂfé@é%m Qgsggivﬁgn\fll\figlgﬁi@g HgZx{%iv&t, $)motiRkdstation may also

I on | ular phone
tracRARS E&Prél&ﬁ&lr AasdBrive the1dc i MBdrhfafioh BBdutithe WakRbeacckss point (e.g.,
the base station (e.g., round trip tinme nmeasurenment to
froth it BSiBtsSédilecRASat Afiffbeat Wineeihtances | THel Bratidnoinformation about the
system). In a further exanple, the nobile station my
wir€lB&Qgeesk oins earciheh de utdifonpositi@sdeteraiihaticar  phone
systemor the wireless LAN for comunicati on according .
[0061] t h&igmentihishaws enhybsd pasitiondsitératiationymethedowsing one wireless
" enbodi ment of the present invention, the nobile e
networkt foo pormuoivatioe and gnatlesraviraless netwrrk domiha meagyrprsnt of positioning
path according to a set of rules (e.g., avail abi.lil;8
pareDEIPIS A¢OTGIE 9, ong SEIDBHHRSNS pr UlsiIEFoRGARYEICE, CpFreigh Bh) detects, ata
a_ user. of the nobile st atlerl Qr may .beg set _as a. £ ( a wireless
mobgly sialien-sWHTEIeRY S1gPals HEAnSPITaG IRy &1L RATTEPILO® (-
006Q], Figure 10 shows a. hod -t e I
sk a b el B 0rPhaN, TR0 SR LA RA A o o
one enbadi f t.he. pr L Av.ent d . - .
e Oy L RS s DA SR Bk €45 o il

locé\ld.ra?%srg@;ci%ﬁ(q of b 28R arpHoRk B RnAmE@HSn BRitdth). Obefhtion®63 determines the

identification information of the wireless access point (e.g., the MAC address, or the base

station ID) from the wireless signals. Operation 865 retrieves location information about the
wireless access point (e.g., access point almanac) using the identification information. For
example, the mobile station may transmit identification information of the wireless access
point to location server, which retrieves the location information about the wireless access
point using the identification information (e.g., from a database, or from another server, such
as an access point almanac server). In another example, the mobile station maintains the

location information about the wireless access point in memory; thus, the location information



access point that is in conpliance with the | EEE

802. 11 standard for wireless | ocal area network, or
w@eheno4sypes of ground-based wirel ess transm t PEr/ES1004020921

transmt signals with their identification

information). Note that, in the present application,

W rel ess access points do nobgi ncl ude satellite-based

transmtters. Qperation 843 determ nes identification

information, which may be a unique identifier, of the

is siﬁ;{lg :r§ﬁ§v§fﬁ8ﬁlsthg%%oéfoﬂthe_ tRBildRatisal dOpsEt 8bNeletermines the

ess access pol nt an identifier of a cellular
posigéﬁ Bf Bleahboi) stitidMifethil6@kies SnfdirdaednSandpeiged bonmBdfration link
eterm nes the position of the nobile station (e.qg.,
betvitlen tRE HBNE s@itich ahd anvieslesdtaceess poaitiofa ssesndew)relebonetwork (e.g., a
exanpl e, the nobile station nmay cal cul ate the position
cellljas HoN nétherk)s e Fdo eamgplensasiite mesistancandhtot(ber, Peoprer frequency
information; or, the nobile station may transmt the "
shife¥ fnrdbe acyésitieasiSRSreighals an timing measigemenis ¢¢- 2w Ppaydoragges or time
a location server, which calcul ates the positjon of
of arirealsTohSPS signals) ovie Camenunigsted) BEaghdhe serapdr WiRlgsssagfyork for the
back the cal cul ated positjon to the nobile station).
detegpinetion ehthgpesisign pEihgmadilerti08si ti on of the nobile

statign wt he ideptification inforpati.on of th .

100630 o Blredd sh&vp aeiber susipiarspafad Ll ffipgont. " tris method, a
transmtted to. a |ocati , .

ot o 7. Rl Mt § s s
. DOSit i apg. i Lflgati Rk o LORebwbrReEBY MdoR two-wa

ponﬁo fi'tai ggﬁog'%te ﬁg@{}%{e\%{%ﬂﬁ“ e V\/Ih?get| fevggfegsgcgs_s rpoi n? . ot two-way

comMEi ol eRFRn I6E § LA R Shddes HithBNthe Hrr WRdle@metlorkt ast W€l as nodes
W rel ess access point (e.g., access point al manac,

outsidcPdf thisiebwatk. IR¥FEAGGN S0 at Rhstidhe rigeehassrementeis sletermined using
point). Typically, the correlation data is sent to a _

the $igdt \6B#nalse . H.addBiohgicagnaifreny other, wirelesnaaessepaintyaifrthe first wireless
al manac server) which generates |ocation information

netwdriire hlke aagibbies theni adtlitivasledngn measwuerhents tsf thesesotherowiseless access
of one or nore nobile stations that report the .

pointe (et thein idehtificagionl isformatemiare ebtamedmin prealigraativg implementation of
point. The |ocation information about the wreles st sienal

opetation X3panathergaepspemeat (e/&p $igR%h sgeggpdﬂqaéﬂreg@g} gégle first signals)
nmet hod as descr.i bed abovelb‘?(Por ot her net hods, such as  ment usin

may, B¢ faken Hy tpgﬁ@@qerﬁtqgﬂq&\ﬁt t ALeORHDS, 19 Ak GUPRE ey eme g
However nobi | e station may, al so t.rac ot

the Sl o S apl0% NG deBbf o RS A of thg s ignats from

he w rel ess acgc ' O T ' o .
e 3, "B TR ol hipn L AR RPLA o of i

firs{)&grgfe@%c%& Quis bV £6h8RS FRGGFESeRUcBss PBIht! N Bperation 905,
e used tor position deternination.

second signals are communicated between the mobile station and a second wireless access
point of a second wireless network, which is different than the first wireless network. The
mobile station may, in this operation, receive the second signals (which may include SPS
assistance data, etc.) from' the second wireless access point. In operation 907, the mobile
station and the server communicate to determine the position of the mobile station, and this
communication may be through the second wireless access point. For example, the mobile

station may, in operation 907, transmit the range measurements and identification

information, performed in operation 903, and SPS pseudoranges, obtained by the mobile



[0061] Figure 11 shows a hybrid position determ nation

nmet hod using one wirel ess network for comruni cation
wanasamsedher wrel ess network for the nmeasur eneeit/Usf004/020921

positioni ng paraneters according to one enbodi nent of

the present invention. Operation 861 detects, at a

nobil e station, wireless sigpals transmtted froma

wi rel ess access point (e.g., a wireless access point

that is in conpliance with the | EEE 802.11 standard

statibf! to'thé ?ér@ésthfo‘ﬁgﬁlIthe%e@éh@@fr@léﬁé‘acc@is poimelhelidéntification information
comruni cat1 on base station) of a first wrel ess

is uSHalt YYLKaif Thedlocatfonbfl 1Bk &Ffeldse Gdtesa pomtRE whick ramye @easurements (or
cel l ul ar phone comuni cati on systen). Operation 863

othed eh@kienRats) Reeré dbmatrcllj amt thenseirvedr anaptlieondetdrmiteethe position of the
W rel ess access point (e.g., the MAC address, or the

moHiRSseatvalsingnat|1&st omerof the aviilahle seasirgmants (e-Epibe HPSapseudoranges
865 retrieves location information about the w rel ess .

to SRScesalligoiand therapge raeewEBIepsi AT OHICHERAABYTCIISRIEGLY; Yagious terrestrial
identification information. For exanple, the nobile .

wirelesatacerss eyt r ahlemativedio ihe mabaeisERon 1ndt HHPTYAC g6 Pofigon (rather
wi rel ess access point to | ocation se

. ich .
thary gierqeéypésc.lqrp% scp)pgs&]@g e ﬁqg% mpr&megg\é%{d §f£€ Ip\%?urdgfaéggs and using
info?x%%tgpsn,s p? Q/Igﬂitdag)z é‘l?egBe%g%, {sg?el{] ]tal?; gfﬂﬁc Ztclgﬁ 1 'o'?ftﬁé riWetn'tiﬁQ% (%ireless access

er server, s

poi 5 e SRR Mol BRARREL P i e el ot

i on intains the | ocation

[OOﬁf’Lgf ﬂ?% ;'gi?# vARRLL nE%frWiﬁ PiRSE 12GRHF6e RWiftlesh TocABARA Metwork and,

ocation informationis sinply retrieved from

in thid@asEE MY HrsPlvifeR8s ARMREL Foifit Alal ®R.a WiElksS fodter Ypérating according to a
etermnes the position of the nobile station using

Wil stah@&at AdRriafvely ik ifRst vikdlesssiengork manbainwimidsooellular telephone
i nk between the nobile station and a wirel ess access
netPeik¥peiiedb s & Gion demideqiredden endulrekse¢endgwirelgsscustw otkamnay be another
phone network). For exanple, satellite assistance data
(diffezer) wibBtesptalhulfrrtelgplameynetdrktappratest by b secpnd emviqe pspvider, and the
of SPS signals or timng neasurenents (e.d., ) )
molpitee s@tipangbichomayi bre aceelllar (elaphory wathsanigipgratgd LS receiver, 18

comuni cat ed through the second w rel ess network for . .
authgiized doePpAraiat Vih qggqu ithe SE%dt Wg‘é"ie@q np%orﬁozm\ﬁfgot {he first wireless

station. [0062 igure 12. sho anot her exenpl ar .
nervbon b A Aot et s RS Rl G R Yo s exampl of

Fi statjon receives, in operation 901, first signals
1BFSignitted froma first wirel ess access point of a

0B % L5 P 5 ot Sl gpeptes ol aanie, o
moﬁl@%itéti&{, 'irhb}%rﬁtﬂﬁl d31" Shtatths 2R @SSifibAioMInforAntivebf a At wireless access
point of a first wireless network that is accessible (e.g. within radio communication) to the
mobile station. This identification may be a MAC address (e.g. for an Ethernet local area
network) or a cellular telephone base station (e.g. "cell tower") identifier. In operation 933,
the mobile station transmits, through a second wireless access point of a second wireless
network, the identification information to a server (e.g. a location server) during a position
determination operation. In this example, the second wireless network is different than the

first wireless network (e.g. different air interfaces, different service providers, etc.). Then, in

operation 935, the server uses the identification information of the first wireless access point



outside of this network. In operation 903, at |east
one range measurement is determ ned using the first
wee@aab4s28 | f addi ti onal signals from ot her w reCEES2004/020921
access points of the first wireless network are al so
avai |l abl e, then additional range neasurenents to these
other wireless access pointsogand their identification
infornmation) are obtained. In an alternative
i npl enentation of operation 903, another neasurenent
to gl@cexgniin@ kIRt TN Hen HRAFHRRB Mccts %)Bi%tfdw'}ﬁéh may have been
stgnal's) may be taken by the nobile station w thout
harvtiste@/BBIEASD tRodBRKAeBodPdtaerihiadRif 0k asifi Figurdd4). i Tietserver may
signals. In one exenplary inplenentation, a tinme of
alsd, iRbPérafibn OBS, dserBhersdagn@. g SAOpscutierahgassdetariminddessa GPS receiver
access point to the nobile station is neasured and an
whichl @ inickrated inanthefmabilesstdtionsind whenetrassittaskiodhe praven tg determine the
received fromthe first wireless access point. In
positiparcatttho mobils stasewodte senyemingy.afios examplantarahiae) theet Ry pypudoranges
~the nobile station and a second w rel ess access point .
witlp theameasgremenis oresigaals femibe Wirelss apresspynpie Fiefﬁfm’tnﬁg?? position of

the RATSIeciRIoR | BICTHRQIAT VA SES REGUNESE GPl 6 PORPERY g the known

loc%gnqgllé ;El)g S\gtsyelggszzilc'sg%asnrﬁo?nt? gﬁ%g%lﬁ%ﬁx %htfh%%g%et (Eﬁvgﬁan%%s{ﬁéNs which have
tat d_th t . - |
shofsE HeRBh e De haB e ETEREaLS % BrbRbE HSAL st may provide
assi%}/lc@?atﬁ &E g}{g@l B0 EEAB HirdH B8R SicA%E B8t B PéssibtPbther data such
exanpl e, e nobi 07

e station may, in operation 907,

as ﬁ%@?&lﬂata IR SPSAIRNHELASHER T MeSmoble btdesH, iefd. Cidtth@mobile station but
I nformation, performed in operation 903, and SPS

" the ReRKE FoBH ABE cophitai the dobiyioh N thiehhotgkt @thticm,rather,tthe mobile station
server through the second wirel ess access point. The

perfod@Btthé podtibwBolutibw usAE i adedss sane df tiee avxilable measurements (e.g. SPS
| ocation of the wireless access points to which range

psend@anges Tentzs Measurnirats neather aneastsmentsr wlashyeaiondg, wireless access
and the server may then deternine the position of the

pointhifl aneseraall aveilablenyireless eeiworkshaad dhe avadlablg-aspigianes data from the
nmeasurenents (e.g. the SPS pseudoranges to SPS

seréat el lites and the range neasurenents, or other

OnFEF S SBSEN TSP BB Hohod o ShE TR PR T mthod
S5 B b0 e D ARG g gcrmination
ornf ol G559y, 50 R R e oo drscried
herbfd. OREofdrattst 8707 datd' & YbileBleBS STRISIMARY Ypebifies a plurality of locations of
mobile stations at which wireless signals, transmitted from at least a first wireless access point
of a first wireless network, are received during determinations of the plurality of locations.
The mobile stations may, in operation 973, receive signals from the first wireless access
points and also communicate signals between the mobile stations and at least one second
wireless access point of a second wireless network (which is different than the first wireless
network). This communication with the second wireless network may be for the purpose of
providing information used in collecting the data which is used to determine the locations of

wireless access points of the first wireless network. In operation 975, the location of at least



[0063] The first wireless network in Figure 12 may be
a wreless local area network and, in this case, the
WO 2008004528 el ess access point may be a w rel essSPEDUSBN4/020921
operating according to a W-Fi standard.
Alternatively, the first wreless network may be a
wirel ess cellular tel ephone network operated by a
first service provider, and the second wrel ess
network may be another (different) wreless cellular

' A hWe€in Fi 6) from th
v BPASARER Pl AK€ 15 REEBALOGEin Figue  rom e

cov&%%é e defifd ERNBBSIUMILY oRbdafibiagr at ed GPS receiver, is
authorized to operate with only the second wirel ess

[00661t V\Dlﬁ%\ﬁﬁcl SHolwstdneexhiripld ofv dedaqascessihgeystem Wetiitloumy be used as a
other alternatives, discussed herein, may al so apply

served it Wafiowxanpddimehts Fifghe gresent fn®&Bin. Fogexenpls, as described in U.S.
anot her exanple of a nethod of the inventions. In this

Patent &p| 568414396, thetsetver £2QH) inaay, pronidepesistenesndaya suchoas Jppper or other
an identification information of a first wreless

satedlate eass;'stpmerﬂata)fo thefGRS reogiver [tea angbile séatien: paddition, or alternatively,
the g&gg ?%I\fgl{ cgtq( %ﬁtgfem}%etgvcirrgéﬁa]g | qp%;? %ﬂ@sﬁ%@%%&gtgg rather than the
o555 (e OGO o O o1 0aT ] s con o
det(itr?ngﬁt | r{)lgl’rth? H‘o@ﬁg re?{a itoisl g%(ﬁ gﬁ%wntrxgllefomﬁjdl tfiis o@ftioﬂrl%eteg?ﬁ%ation result

_ i ess” access poin
to tlﬁeﬁ ?)g%gsat%\(}l%nﬁ B}teg)s%d?lgée %’)‘f\l}gf: sy(s'gj,.?lg.. Tlgﬁ{ﬁthf FGRbdiRd) system as a server (e.g., a

ocati on serVver)

Jocitttnl v, RPSIhARR ERlksy @Pf&ﬁiﬂl QRC1GRAT okRihicdtiont ddveces 212, such as
exanpl e, the second wréless network is different than

molidifs bt hédworkt i@, ThE Wsakiof Ser¥er fhal fbers@npleditd a number of different
interfaces, different service providers, etc.). Then,

netivBrk8 Pfciigh on@dimicdtion deeioeer21dses. t medéme ot iother atetwork interfaces).
information of the first wirel ess access pointto

Sudhetawoilsdntlode looe ar intore Ghtrarets, the setwaik, she sellulac switching center or
poi nt (which may have been harvested/coll ected through

muhtipleh oelilatesydrchingdcanéare 285, hadandabased phprg pystera switghgs 223, cellular
server nmay also, in operation 935, use other data .

basg sstajionspmtpshenaonafigate dbt GPRiTaeivess 247.qpiothgl ragegsors or location
which is integrated into the nobile station and then

serygtgAdhitted to the server) to determne the position

100851 AL SRl Lafhyp S A NHF Tbnb LR Sogeptica wea
_signal s f irel i : _
i S R B b SUEFRR SRE0 TR e SR B 4 By, one il

switdhthd SEHA0LRNOGEN TRYwREn GREBHBE St (& &) sk FigtireV). Thus, multiple base
stations would be geographically distributed but coupled together by a 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



| ocations of the wireless access points (particularly

in the case of wireless LANs which have shorter signal
w0 a00g@64528 | n anot her alternative to operati on BGBUS1004020921

server may provide assistance data (e.g. the |ocation

of the first wireless access point and possibly other

data such as Doppler data fopySPS satellites in view

of the nobile station, etc.) to the nobile station but

the server does not conpute the position of the nobile
beerggdglédtrf%@d i%%ﬁﬁémué hesmphich® $hatdins: ©es.f Pacss 191841,396, 5,874,914,

on solution using at [east sone of the avail able
5 81@&%3‘5518'6‘?2?5%14(2?- g. SPS pseudor anges, range
“‘méasurenents or other neasurenments relative to the

[0068]" €| €BS s@9&E2FL, Mich B Dforonef ®datalprocessing apdtem, includes a bus 202
W rel ess networks) and the avail abl e assi stance data

whiéli BrocupRde aueicropraResy 253 gud @ RAVE2Bandarmatie RAM 205 and a non-
exenpl ary nmethod of the inventions. This nethod i

volatild ineatoey 200eThe piosessopd83 tis oonplest tanpachp avemeqycidsas shown in the
points so that future position determ nation .

exampler oft Fignse RoTherbbs 282 dntarcoprestsc s AHRIS (COPHRCTIS foggther. While

Fig@w Iglfc;vgﬁn'y}\lngt;t%le erégtvgfaftiig {gg?qozii fsgg fo%% eglgcﬁgcieoéle)i&ea'é&!e?ﬂ% go the rest of
e SR g SRS SRS S B et o
R g e T S
st B SR RS R phd nofiing (JuOAAMERT Mifiork interface

sucl‘??éja ﬁlo%l@m‘iﬁggfh@}h&%@rfﬁéeg T8t Bud2ORRY itdiRieBRiok nore buses connected

stations and at | east one second wrel ess access point

to eQbh BhELARAEEN A RLEBEIFR! vatollewhindlvriadastedsfagienklltknawn in the art.
the first wreless network). This comunication with

In ihfy SREANHs Whe dbesidnneiveer kayeperfoemfios opéretignsr pgemat¢ally without .
providing information used in collecting the data

hundi 2bisiasice) de sorhodebignsrwhenehuthan interattionris raghiiregl.the¢ BOscontroller 209
access points of the first wireless network. In

mappemanhcatedTish displays, seyoards, aid ethen 14 devipes. f i r st
W rel ess access point is determned (e.g. in th .

[006%InneMNosh shat WhileFigire 2)illpstestgst priquy genfs é§ a data processing -

sysg%ii@gi(se gﬁP %ﬁ%\%gqi g %{)%éfl:rhépgfpﬁligg ; ig? Seg%?og%llwg}a%ﬁf i?}&e%connecting

the %%gﬁ)zﬁ?ntgsﬁ ngﬁa\%farﬂﬁl&?e\é,sa? %1%?‘1%2%0%%2%?%%& gltl\lleilll]lﬂ?flslt will also be
Pat . 841 ' .
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components or perhaps more components may also be used with the present invention and

may act as a location server or a PDE (position determination entity).

[0070] 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.

[0071] Tt 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



satellite assistance data to the GPS receiver in a
nmobile station. In addition, or alternatively, the
wa2008/0845e8/er or a different server may perf or nPCTES2004/020921

final position calculation rather than the nobile

station (after receiving pseudoranges or other data

from whi ch pseudoranges can kag determ ned fromthe

nobil e station) and then may forward this position

determ nation result to the base station or to sone

seql?éenggsr oﬂéf@fn?éﬁony&Sn%%ﬁ IRREERS] ARhSHHOM 867, okl RAM 205, non-

ocatlon server, an al manac server) typically

volat1€ | HERSyC 20BTUBICHAT 20N of @V k&iRSte 2ddrags UtvicRS IDERITES Gmbodiments,
network I'nterface. The | ocation server may be coupl ed

hardwiréd Sikdiey niy vé dse@ g Bbmbiiawon kdtht fufeughinstructions to implement the
communi cati on devices 212 (e.g., nodens or other

prede@t Wovdatibnt Thigchs) teclBligiesnatvwotk Emitad | todanyospecdfiic wombination of
intranets, the network, the cellular swtching center

hardwarmelirtciiplyeandedoftlass neviiotaplyi pagtictdartsenrse fosthetingrucipep executed by
based phone system sw tches 223, cel|ular base .

the atatet pronessingosysiehbvin additing fhreughout dris deserintipsy yagous functions and
or other processors or |ocation servers, 221. 006;h olif

operaiions iIre dewaribad 5 Bria® PeHaTNEh &Y HTecaused Oy FRfS gRdedo simplity
to cov a geoqgraphical, area with radi o coverage, an

des¢npiios. g‘:—i?\f/% éngmﬁ s%“@eidat"? c}ﬁg a&f "o lpOet 2t owﬁ%c fsezflnsefda nt by such
one. nobi le sw.tching c [ I [

exegRrighs B BE PirgBEr Bl ol ofSutidh Ytk BAPUP o ehodellBr, such as the
tatifns woul d be geographically distributed but

progeggé)ljlégg'toget her by a nobile switching center. The

[0098f WOIAK 122 RinEBYa a6l CRANEM! @ BelusRd N6 sWRE Kofehateain@r@ACThich when
S recelvers which provide differential GPS

exebBE@ YRS HAR pRORsIRY sPHtER dahey ithe sydtim ap perferm sraflaisamethods of the
for uSe in calculating the position of nobile systens.

predehe iAGdNMNK This eRetutale tsbftwagh ahdedamdeap de siofedrin various places
conmuni cation interface to the processor 203. The
inclvdinaoiok eRAAplaROME2CT vobtileeBAM 266 hem-valatila tegrgoryr206 and/or cache
network conponents. Al so network 220 may be connected
204 a8 mmwn&igsmz.@mumfdhwowa@w%%é}a BY9# bgtsinred in any one of
such as the Public Safety Answering Points which
thesecst@regelidevices11 t el ephone calls. Various exanpl es of
net hods for using a | Qcation server havebeen descyibed . .
(00731 nurkiuby3 mAchmepiadthle mechip B e BGmestlsE dhat piovides Gie.
5, 84 . 5,874,914, . 5,812 7 B, 215 442, .
oAb B3e Subhr 2 ORY EBR A RADREE)  comper,
net\SV%ﬁ(t Se’%cé, ngsgrga?%iga}tap Hsssm%zgl%, 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 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.
[0074]  Figure 3 shows a block diagram representation of a mobile station according to
one embodiment of the present invention. The mobile station includes a portable receiver,

which combines a communication transceiver with GPS receiver for use in one embodiment

of the present invention. The combined mobile unit 310 includes circuitry for performing the



which is coupled to a m croprocessor 203 and a ROM 207
and vol atile RAM 205 and a non volatile nenory 206.
wab@spesseessor 203 is coupled to cache nmenory POBUSE04/020921
shown in the exanple of Figure 2. The bus 202
i nterconnects these various conponents together. Wile
Figure 2 shows that the non-vplatile nenory is a | ocal
device coupled directly to the rest of the conponents
i;ﬁ:he data processing system it will be appreciated
&t r@rs]i?xﬁ KiR¥ &IPS SBndT8Ys Weillak AR Rn&iedis\teddted!fer processin
funrrem%rr%/(ﬁﬁv\rﬁ?cfh ' sgisgnét e S“ng t hsew‘-saysthem such agdl a P s
conlBiiBattonS§i0fi AP Se@BIU CBiroMEhCh commamilied link. tTe eh@unication link,
processi ng systemthrough a network interface such as
such afrea@muaicafibhBAN850 bnB60,fiacpicallje dadie fAPensycinmalmidaion link to
one or nore buses connected to each ot her through
anotteer icotnpotemit, dyels as baset statidne3 ¥ mavigeommapication agenna 351 or wireless
well known in the art. In many situations the |ocation
LANeacgess poiryt 362rwith anteena dpler Although Bigueerdtillewdratss an embodiment that
W t hout human assistance, In sone desjgns where human )
conumuriation; anenng $dqis vsed, for Hecebdng SHnAlS| rgp diffgrengjypes of wireless

nmuni cat i th displ, board d h .
o i e PR SR 0 GAGpon 32 o
S OlL..a data pro .
o e SOTBRISR 3P LB BB R by e
- f o ' ; .
o DSl 8 LR IR ROpL A COMBRERS, 5y e s

WLl al i . \ .

i ERaErAPRY 3160 pil pRELARIIOCAPRUAGR Rls sgnls

ma¥ BFH%?%E $h¢ sHBE BERPoNRHLINCABPRSSENIT: HRthe AVifdledd RighaRCf different
With the present invention and may act as a | ocation

air $REMRdesOIFor RRRpldatd toMbinde tredeiveiahaphaentdpayate circuits for the RF
[0070] In sonme enbodi ments, the nmethods of the present

sighd) (26deissing may share pardeadate gravessoo ngpotees.s omnthiswidsciiption, various
are sinmultaneously used for other functions, such as

comtshatidnarangd wiatietirsgof the combined reesivearcwedl, beeappardny te leae gkilled in the
cases, sone or all of the hardware of Figure 2 would

art.pe shared for several functions. [0071] It will be

apparent fromthis description that _aspects of .
m“ﬁgﬁserﬁ(’fﬁahl@efﬁcﬁdﬁr Y Be Wnssemels, ohtd Pcé? ned C%J%?tr?cewer and a

in software., That, is, the techniques tay be carried .
corpnioHIGH BBy E TR o Rt B BR o G Fnsmiter may be

im BN o FEREREE G RRPRERR S RSP e or
exa\ﬁ%ll@,tthé ComtlthrdGon B8fkceiver 305 may include a transceiver portion for receiving

and/or transmitting cellular telephone signals and another transceiver portion for receiving
and/or transmitting Wi-Fi signals. Receiver 310 contains a GPS receiver stage including
acquisition and tracking circuit 321 and communication transceiver section 305. Acquisition
and tracking circuit 321 is coupled to GPS antenna 301, and communication transceiver 305 is
coupled to communication antenna 311. GPS signals (e.g., signal 370 transmitted from
satellite 303) are received through GPS antenna 301 and input to acquisition and tracking
circuit 321 which acquires the PN (Pseudorandom Noise) codes for the various received
satellites. The data produced by circuit 321 (e.g., correlation indicators) are processed by

processor 333 for transmittal (e.g. of SPS pseudoranges) by transceiver 305. Communication



vol atile menory 206, cache 204 or a renote storage

device. In various enbodinents, hardwred circuitry
woreapshoessesed i n conbi nati on with software i nstPCDUSINE020921

to i nplenment the present invention. Thus, the

techniques are not Iimted to any specific conbination

of hardware circuitry and sohgware nor to any

particul ar source for the instructions executed by the

data processing system In addition, throughout this

tran SRS 19951 Btk trakknit/HHREvVE Q0FicR A 1 OPRIER rb@B$ cémfhunication signals
descri bed as being perforned by or caused by software

(typ_ﬁﬁﬁ? RS 6 bfiP Frofycod@astit RidnQtenki@ BRY @hd trhieeiesB03. e ome systems,

In theart will recognize what is meant by such

a bRN®I §EMi Filtes, bhatduphtef, Urigt ids insestd! bf fthenT/R switch. Received
execution of the code by a processor, such as the

conPnatEsivarsighdB. ar¢ GPpnRio dommohicateor wacizdl 332mnndi passedan pyecessor 333
used to store software and data whi ch when executed by

for prodessimgp€omesmicatos yighamtcbrisasntitied omipsesessor 8B fes propagated to
vari ous nethods of the present invention. This )

modtaon B3 land Esfvansy conreitel33a- Rayehampliligretp meipasssdlie gain of the

~ places including for exanple 207,. valatil e RA

signpbi, i EFRRORIaA Vel S06 FPYISEEn SR LA OaE TR AN access

,ig6Fi gure 2. Portions of this software and/or data nay
Poig&62)-ored in any one of these storage devices. [0073]

us, .a machine. r ead e [, um.l u ' .
o0TRls 55 o SBUORAGP 8208 RO ) LS Sy 5 BaRLSer s

3051:%3%[3{1‘@% i,"?nq’gi‘%o'?“i?a%ﬂ AGHRRy Qerdiffé!rgﬁt FRGRAScdk eS:, IFEE 802.11,

devi ce, persona I gital assistant,

bludtBOH! BSVE! TDSEBMA, IHEN, AEBRC TDNIAN GEM.SEDRA OWReCDIMA, UMTS, or

nore processors, etc.). For exanple, a machine

othdr&AEAR RrWBis B icBfiniBecatioh ¢OE J dabeginesimanicatédl Bnks 350 and 360).
nedia (e.g., read only nenory (ROM; random access ‘

In fRITRRbolRAM) ; of Mg Neeieht dhsdntiohp cagenumbdiion toguscaiedr section 305 is
storage nedia; flash nenory devices; etc.), as well as

capsble of beinglused pithamk airiatufsté el coommwti¢rsionfandregpaile of being used to
propagated signals (e.g., carrier waves, infrared i .

recaveysidrals iy othier siig intergacest & one egmabodimems pf thepresent invention,
shows a bIock‘diagran1regnesentation of a nobile .

comynuniF@iPnaEEwediVeigsection 385 dirsapabie At beingtused pyiths gpg air interface for

i nvention. The nphil ' '
conpgprirafign while alsongeilng %apsaﬁa?et (I)fobneirllgnl(l:sleg%velal sa}gl?a?sr }nagr{o?her air interface 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.

[0077] In one embodiment of the combined GPS/communication system of receiver 310,
data generated by acquisition and tracking circuit 321 is transmitted to a server over
communication link 350 to base station 352 or over communication link 360 to wireless LAN
access point 362. The server 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 other sources of such data. The location data can then

be transmitted back to receiver 310 or to other remote locations. More details about portable



whi ch conbi nes a communi cation transceiver with GPS
receiver for use in one enbodi nent of the present

WO poosno4sesr. The conbi ned nobile unit 310 i ncl URPEEUS2004/020921
circuitry for performng thefunctions required for
processing GPS signals as well as the functions
requi red for processing commuy cation signals received
t hrough a comuni cation |ink. The communi cation |ink,
such as communi cation |link 350 or 360, is typically a

recdi@dh QrifiZifH Y LBMMnRIRYR LiGR AP fdull it 0. PatAENo. 5,874,914,
conponent; such as base station 352 having

[ooﬁgmm!m 6A¢ bRBodiRieAN BAthd Pheght MvERIDS Shd AMBifERSPSHOediver includes

362 with antenna 361. Al'though Figure 3 illustrates an

(or &TeEEhIE®N6) b hAata pABIsHiC sYstedn (et enpers@ial dat asséstarftoor a portable
receiving signals fromdifferent types of wrel ess

con@nta SThHeodatd processing syktenminzbries a husiwtticlBB2cdupted to a microprocessor
wi rel ess LAN and from based station 352 for cellular

andphanemenr (6.2 e ROMhaolatiteh R, mevepladie meypnaiyle Brephysingerconnects
and di stinct antennas for receivi ng si gnal s of .

varigu$ Lempprent fogetherardaale intargerneets thess CORMPBFHE &P 2 display controller
recei ver may use separate and distinct conpo f.or .

and S a5 SR GRS b ok IuBRREARE) Rl wich are

ignal s, and may._or. may nat share sone ¢ gnent s_ |

well 80Rpgocbe; i TR biotuyarBdE o8 SR AT CCRRE FPbeslsd to cach other
air interfaces. F I t onbi e Y.

o AR R T, e MR 5 . 1o one

em Sher fe S &%E&sﬂ or%gﬁe?ﬂrinrcﬁﬁgé” BfmurdiERPnt Bbis (e.g., a USB

escription, various €onbl nations and vari ations of

(Urﬁb&szﬂmlapﬁgs)g%%e b \eft f9F IEERS39PBR Etnedtion). B dhidnibddiment of the-
Inthe art. [0075] "Portable receiver 310 is an exanpl e

prefént anGEbhNER 3BilE etionestoRSCtha 16cHTHSiapd! idemifications (e.g., MAC
receiver and transmitter. The communi cation receiver

addeed) bf ansltkd h@esspyinkeeignaermdinged ths typeb bf Heewireless access points)
receivers and transmtters for the different wireless )

for retraaingsandFenhamoiagriieclocatioa informatior abousrthe winekse iagagss points using
305 may include a transceiver portion for receivin .

theamemany and spfwhtetprogrageinbtiicsions speedhip e BERIRY- In gpgSmbodiment, the
anot her transceiver portion for recejving and/aor, .. .

mobile:seationt pHY siererithesjlefatipas oRkdbeimehilesstation, 3pd; ifgntifications of the -
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pl ¢ Al | LARA fave been described
[00?2]_u 0. ﬂgﬁoglﬁgﬁﬂg;&gﬂ}%rﬁ% hlg&r:] a]?];?%egﬂ??fo %@hes%ﬁn%é& ve been describe
with reference to GPS satellites, it will be appreciated that the descriptions 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. Pseudolites are useful in situations where GPS signals from an orbiting
satellite might be unavailable, such as tunnels, mines, buildings or other enclosed areas. The
term "satellite”, as used herein, is intended to include pseudolites or equivalents of

pseudolites, and the term GPS signals, as used herein, is intended to include GPS-like signals



satellite 303) are received through GPS antenna 301

and input to acquisition and tracking circuit 321
waokioshosexjui res the PN (Pseudor andom Noi se) cOPEBUSIN4/020921

the various received satellites. The data produced by

circuit 321 (e.g., correlation indicators) are

processed by processor 333 fojstransmttal (e.g. of

SPS pseudor anges) by transceiver 305.

Conmruni cat i ontranscei ver 305 contains a

frOl&lrﬁ&?ﬂﬁJF rO? g&lV?F@WﬁE?&U@éﬂtey\h i ch routes communi cation

si‘gna typrca to and from conmuni cati on
[0080f €NAA tiel %x&@gﬁng rARRSEbY She #entidd had BBerSWEIcEIBEd wath reference to
band splitting filter, or "duplexer," is used instead
appiitatidieupdnRheVihiedd SfResatiobal PosEoHhL Shieite $GBERbstem elt should be
i nput to communi cation receiver 332 and passed to
eviddmCRG®Sker, 3Bt fhese prettaels sire gquallynapphicetle itorsirsilgnsatalitegpositioning
be transmtted from processor 333 are propagated to _
systemehy hiad orpad@etlanthe Rusgiae (IyONARS spstem aBdshe priopesed European Galileo
amplifier 336 increases the gain of the signal to an |
Syﬁ@pr’ﬂgﬁ@h@@ﬁiﬁ/%{swﬁopﬁm}wh‘?@@iftmn @ Sowsensipdhatshe gmissions from

~(or to wireless LAN access point 362). [0076] Jn _on .
difierand griabites o differcpiiged from ope ﬁ*PP@\ﬁr, ?38 d#ﬁ%&ﬁg]c%’tgﬂgﬁ different carrier
transcei ver _sect

FreqiRGRb GGt 1T LHUABE L Bren: REGRTHUED pay, T ot substantially
o 3 R B a5 R B TR s s
for . nicati . 0 C0 ' 1 R, i :
rerkly LGN GO, 1 NBRGPRTTLCL b ORADAE e Russio

GLUN&ﬁ 5, AHTREES ERIGhLIEIRG 8§&bMer section 305 is
capabl e of being used with one"air interface for

[ooggymmu U&lﬂﬁﬁa%gfi NRNEp&aRaky en ofhebabhdg UsAAplE® dreciluviated in specific
signals with other air interfaces. In one enbodi nent

seqibndeB e fidfe $IEH t desryiRivin AN, willobenappraiatedntiat aasioes \diiferent operation
section 305 is capable of being used with one air

sequbiices fand evafiatiorsocamive osdd withowti Haging oobeBimitgd da s hleove illustrated -
of being used with signals in another air interface to

exgmmet.ract timng indicators (e.g., timng frames or
systemtinme) or to calibrate the local oscillator (not .

[0083bwn The ahoye esarspley pre Hastraed pathgutpressatingspae B thg a%taﬂs known
about the nobile statjon for extract

in hechrs 48 BPts} owtAR thy AbgWegtisqesipyd feliifsicip i foupy! pepublications,
suaty LSO BB AL 08 1 oM A B Commu A 2 6061018
6,26%,%58]%8% ,i 1%?&1@! &l ot?’ avgich are hereby incorporated here by reference.

[0083] In the foregoing specification, the invention 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, to be regarded in an

illustrative sense rather than a restrictive sense.

‘What is claimed is:



data generated by acquisition and tracking circuit 321
is transmtted to a server over conmunication |ink 350

w0 eoobass2st at i on 352 or over conmuni cation | i NRCBE820049020921
wi rel ess LAN access point 362. The server then
determ nes the | ocation of receiver 310 based on the
data fromthe renote receiverng the time at which the
data were neasured, and epheneris data received from
its own GPS receiver or other sources of such data.
The | ocation data can then be transmtted back to
receiver 310 or to other repaqgisocations. Mre
detai |l s about portabl ereceivers utilizing a
communi cation |ink can be found in U S. Patent No.
5,874,914. [0078] In one enbodi nent of the present
i1nvents @ethotl kedaeamiihe adomREonabeitwewirelass acdess poot, the method
coupl ed to) a data processing system (e.g., a personal
data asmpstiagt, or a portable conputer). The data
processing systemincludes a bus which is coupled to a
mcr opommmhn@h@twaem Aerver qnd. age or moNg medila statiensiasgugh one or
non-vol atile nmenory). The bus .interconnects vari E?
conponent sm%ggf%éﬁreéﬁﬁﬂa%%%l’(?lﬁflsé’if adisieureless pelrork for location

ts t di troll d d | d
and to perd 5%@?%{1%895 the ne g mommPR ?%%fgpﬁty o
d [l k ipt
el udasshe SiteiprealSEas o KRRy bEiosAFord ) wofdhSyiptiess Whals
through var ﬂaﬁéiﬁm%& Efx%grf ﬁ sec%ﬂ{i' Wix%hés? E&e%lgﬂ ofaads%9$1ﬁ1r\§1reless

as are mell nown n one e

data proc eggmg}( SASLEY A i Ghe 6P FRHDEBAS ﬁﬁtl&fér\ﬂﬁarem the
(e.qg., ni versal Serial Bus) port, a port for

EEEE- 13 94 busconaReddss dBdwork s @fereatihad iigetivist @frelebenetwork; and
present invention, the nobile station stores the

| ocat igepRsmamsk lod&in ihfc@maiiomabdue tig. seciGvaeldssawsgdss pbint from
Wi rel ess access points (e.g., according to the types

of the wi rehedsa.access points) for extracting and
enhanci ng the location information about the wrel ess
access points using the menory and software program
instructions stored in the nmenory, In_one _enbodi nment

2he nolbieinctbedef daimph| whesein ftlaesloeﬂm iBfoRmAHAR COIAPH IS i estimated
nobil e station and identifications of the wireless

acces POPIEPRA O thegecqndMEslpss 40675 PG server (e. g.,

t hrough a communi cation port, or a wireless

connunication l'i nk) mhen a communi cati on connection is

& ta El hﬁ Eglé?]c{ Oiio %W&hﬁl e g\?lée %ég%?%&@)(gﬁlo%rbg tﬁ@{%ﬁ&?& Wieless
refer faﬁcgeesa g&ngoﬁ f‘e?fn?ﬂeld' fféma Vé’f{l%ﬁ%d bvePSe e RRERATiBFOf locations.

t hat SCri Ions are equa

4. The method of claim 3, wherein a weight for the weighted average is based on
positioning information which indicates a distance between a corresponding one
of the plurality of locations to the second wireless access point of the second

wireless network.

5. The method of claim 4, wherein the positioning information comprises an

indicator of received signal level for signals transmitted from the second



applicable to positioning systens which utilize
pseudolites or a conbination of satellites and

wpe@atoiseg es. Pseudolites are ground-based trapSHiU$1004/620921
whi ch broadcast a PN code (simlar to a GPS signal),
typically nodul ated on an L-band carrier signal,
general ly synchronized with G¥ tine. Each transmtter
may be assigned a unique PN code so as to permt
identification by a renote receiver. Pseudolites are
usef ulwiretess atagas pansangdirecedve@R® agneilgl stationatrihgreorresponding one
orbiting satellite m ght be unavail abl e, such as
t unnelof therlvrality afup¢ationsys or ot her encl osed areas. The
term"satellite", as used herein, is intended to
i ncl ude pseudolites or equivalents of pseudolites, and
the term GPS signals s uysed herein, is i.ntended to
iOncl udde @ﬁ@mqs Q%@ngaw B ﬁ@d@%ﬁﬂ?&ﬂﬁ"é@aﬁﬁ’n COmPpIISES a CoVerage
equi val ent.s of pseudolites. [0080] In the preceding
di scu%a&fsflﬂ%%ecg%@‘éfﬁieé%acﬁssﬁ%é’ﬁn described with
reference to application upon the United States @ obal
Positioning Satellite (GPS) system It should be “
evi derfy. NSV S clai @,twﬁelﬁﬁﬁ ?ne"&)tvgloagﬁ afaQoRiPrded ¥plurality of

applicable to si mrlgr satellite poSitioning systens,

and i BoR@bhd HUWRER sikhfls RefSthe BeGhOWARTsS MsdesdiaifitkaniiR received
proposed European Galileo System The G.ONASS system

pri margyltie fobflek@tibn.om GPS systemin that the

em ssions fromdifferent satellites are differentiated
fromone another by utilizing slightly different

carrier frequencies, rather than utilizing different

s eud APhemieshod ofidaim 6,nwhdnéis ths logatidnanfasmetiem fiurthgr ¢gmprises an
all the circuitry and al gorithns described previously.

are asplimetedipesitivn ef thespgondpareless @gegse p@mhwswéulﬁ defgrmined from
such alternative satellite posjtioning systenmns,

i ncl udhpgPvergeriraibe @@@x‘gﬁe@%fﬂcgﬁﬁs “the European
Galileo System [0081] Although the operations in the

above exanples are illustrated in specific sequences,

fromthis Scription, . i i appreci ated t hat
ar | oL}@"edP%E%(?8¢1aalgbg’rf3ftlh%r\r¥°§i@6igglﬁces and vari ations
can be ' AP oEchg BerP RN th
il ust® g? gg]g‘éﬂ)?%ﬂ%ﬁ@§q &éﬁﬁﬁgfggmﬁ%fgﬁ%%@; are ©
i 11 ustrat edyiafiROsH1oREBREMd RO sSUNB vfeldH Acstas BbihBof the second
known in the art’; as pointed out in the above
di scussi on,wkéleseted®l | S can be found in
publications, such as U S. Patents 5,812, 087,
5, 841, 3R%ecin hSibdatdhdinfdrnddon Sdidprises 90 8stidted GoHtidn 6fliBe second

wireless access point, which is determined from the range information

and the data collected.

10. A method to determine information about a wireless network, the method
comprising:
collecting data specifying a plurality of locations of mobile stations at which
wireless signals transmitted from a first wireless access point of a first
wireless network are received during determination of the plurality of

locations, the mobile stations receiving signals from the first wireless



6, 208, 290, and 6, 215,442, all of which are hereby
i ncorporated here by reference. [0083] In the

wo eegeises) speci fication, the invention has beReI/US2004/020921
described wth reference to specific exenplary
enbodi nents thereof. It wll be evident that various
nodi fi cati ons nay be nade the3&to wi thout departing
fromthe broader spirit and scope of the invention as
set forth in the following clainms. The specification _
and dr aw ngscess pointandel s coginpynitatingsignelydetiesenithe mabile stations
illustrative sense rather than a restrictive sense.
What is cl aidatdedss a Stoaniwyinelespagreshprint of afseeichivijeless network
informati on about a w rel ess access point, the nethod
conpri si ngWhichrisdiffesentithap the fivw spreless BRtWEK M8 one or
nore nobil e stations thggﬁgh one or nore, first

wi r el degrmainiesslopaian of oy it pUFISS HoPEIROLY Ttk QGPYeTRes arca
| ocati on deterninat i f 1 ; bi |
Stati ons: OIS G PHERLY SpREPIIng a pl urality of

| ocations at which wireless signals transmtted froma
second w rel ess access point of a second wirel ess

E?t Wopflﬁe Vﬁﬁiorded‘f%ha;{ﬁgwbl‘urm%?c&ﬂﬁﬁ}ﬁ .nore nobil e

ati ons erern decond W e%s network is

di T eeRtminbdsidiliicd bf a?ffy NoBiR| seftonMRINAA n agdadn which wireless

determ ning location information about the second

Wi rel ess agpAss Attt fm thedirstavigcless acddse poiat bancbeatceived
claim1, wherein the location information conprises an
estimat ed godhg povitiaf dédterenissomnd wi r el ess access

point. 3. The nethod of claim2, wherein the estinmated
position-of the second wireless access point is

determ ned froma wei ghted average of the plurality of .
l13cat Thasnetlnd dftedaimetth sehersin diedpention ofiherfishwirelges 45Rgss point is

for the wejghted average is bas on pQsitioni.n

| nf or WeleTBIWEWAROBN pieishies Berage af &tﬂm\gﬁ%t%@ﬁog&
correspondi ng one of the plurality of |locations to the
second w rel ess access point of the second

13.  The method of claim 12, wherein a weight for the weighted average is based on
an indicator of received signal level for signals transmitted from the first
wireless access point and received by a mobile station at a corresponding one of

the plurality of locations.

14.  The method of claim 10, wherein the first wireless access point operates in

accordance with a standard for a wireless local area network.

15. The method of claim 14, wherein the second wireless network is a wireless

cellular telephone network.

16. A method of operating a mobile station, the method comprising:
determining, at the mobile station, first identification information of a first

wireless access point of a first wireless network;



wirel ess network. 5. The nethod of claim4, wherein
the positioning information conprises an indicator of

wo ewsiovsels si gnal | evel for signals transnittedPdT/os0041620921
secondwi rel ess access point and received at a nobile
station at the corresponding one of the plurality of
| ocations. 6. The nethod of cB&im 1, wherein the
| ocation information conprises a coverage area of the
second wirel ess access point. 7. The nethod of claim
6, whdetetmininpefirsopesitigenformaticiothat fedates ta afirst positiop affthe mobile
| ocations at which signals fromthe second wrel ess .
access poi statiomin beigndceveage trpa phidie finyi wieeles ac¢ash poigt; and
The nethod of claim6, wherein the | ocation et me
i nf or vemiBRicRting fiest datgipdiraling agorelatiopReteep dis fisspidepiification
the second wi rel ess access point which_.is_detern ned .
fromthe c&VeFBYIONANGDG st E%S”é%rb ipR fromyt 8&‘8’% station to

Col T ect | ng "0ERFT PBRPHGEIB KT ot efraer Foregpoit, e

and t o acCom i aSeith s Wbt biefiss sEEAGRr @ second
Wi T el ess NHBLS nollik Al iDRiFAGRIAA nb BERWIRAdE Retworkc
conprises an estinmated position of the second W rel ess

access point, which is determ ned fromthe range
informati on and the data collected. 10. A nethod to

det er ningendtREPEIBi 016, 3etHin theVirsigdosBdnAsfonmaion inbizates a

met hod conprising: collecting data specifying a

pl ur aldistahco betwaea theofiust pdsitiombofl the siohilé stasormandrhpasition of the first
wireless signals transmtted froma first wreless
accessvipdésataicaehs poiht;r st wirel ess network are received

during determ nation of the plurality of |ocations,

t he notlieran sredinsbdata fusther comprissh gedliist pasdianipoOrmAtQR.

Wi rel essaccess point and al so conmuni cating signals

between the nobile stations

18.  The method of claim 17, wherein the first position information comprises an
indication of a signal level for signals that are transmitted from the first wireless

access point and received at the first position by the mobile station.

19.  The method of claim 17, wherein the first position information comprises at

least one of:

a) a measurement of a distance between the first position of the mobile station
and the position of the first wireless access point; or

b) a measurement of a time delay in signal transmission from the first wireless
access point to the mobile station at the first position; or

¢) a measurement of a round trip time delay for signal transmission between the
first wireless access point and the mobile station at the first position; or

d) a measurement of a pseudorange to a Satellite Positioning System (SPS)

satellite; or



and at | east a second wireless access point of a
second wreless network which is different than the

WO 200sH04528 el ess network; and determ ni ng a | ocBtT/082004/020921
the first wirel ess access point froma coverage area
defined by the plurality of locations. 11. The nethod
of claim 10, further conprisiAg: determning
statistics of any nobile station being in an area in
which wireless signals transmtted fromthe first
wi r el e}s mzeswemeptaifntdigancethetwesndhe Bkt gositienyofpbe mobd station
determ nation. 12. The nethod of claim 10, wherein the
| ocati on ofanda@ositips of Hiesetadsvisplespscyss patnt. s
determined froma wei ghted average of the plurality of
| ocations. 13. The nmethod of claim 12, wherein a

i o s o s Pk Sitifeah CRbauieraics 19 acgmmunication
transmtted fromthe fixst wirele [ .

r eceis\fg‘ﬁlor‘.?y‘”lg‘:%ﬁhdgs §Ilf15§%ip8¥1ﬂ°§1tvvl§%§ 8&?@2‘ %%ﬁ i Ir‘lxgﬁqotﬁgﬂgsft wireless
t he pl L. ' : ) . ' :

10 DiRted ROt 8lq 4 REBhG PiiTipn Mhich nTERBAE, Rl XeBing wircless
in ac ith a standard for a wrele | ocal

ar ea %g(tgé\%gpéﬁt\% Thesrret hod of cl ai Vr\rl: 14, \?vlswer ein the

second wireless network is a wireless cellular

t el ephone network. 16. A nmethod of operating a nobile
Hat i ahe rhétBodvet d1gieh 06)RiHekaih tg: firdeda4 1§ donngyniedted foghe server
nobil e station, first identification information of a
first thdongh eeseamuiegiselpssi actess poit fliming a positdredsermination
network; determning first position infornmation that

r el at epetation fén detarmpring thedrrsigiositiva. nobi | e station in a
signal coverage area of the first wirel ess access

poi nt; and communicating first data indicating a

correl ati on between the first ift(lzlentif' cation . .

0% or rineiBsibom el GRER 21, rdiersiBdia HiShWiTHieS HRET I it access
the nobil e s ag'on to a server whic

first RRintOf adocal areg ggmi% ;rﬁn,d, glgisacong vézi?eler:s% rarlgct:e%s {)&n{ 113,% cellular

base station.

23.  The method of claim 16, further comprising:
determining, at the mobile station, second identification information of a third
wireless access point of the first wireless network;
communicating second data indicating a correlation between the second
identification information and the first position from the mobile station to

the server.

24. The method of claim 23, wherein the first and second data are communicated

from the mobile station to the server through a cellular telephone base station.

25.  The method of claim 16, wherein the first wireless access point is an access

point of a local area network.



communi cating being through a second w rel ess access
poi nt of a second wireless network which is different

wWao b@s/oo4ses first wirel ess network. 17. The net hpcr/v$2004/020921
claim 16, wherein the first position information
i ndicates a distance between the first position of the
nobil e station and a positiombf the first wirel ess
access point; wherein the first data further conprises
the first position information. 18. The nethod of
claim17, wherein the first position information
conprises an indication of a signal |level for signals
2hat The methudsoficlaim® 3 whereithie firstayirelpss areoss P‘é‘@&g&@ws one of:
poi nt and received at the first position by the nobile
st at | ehan HEEE §Qkstardapdtpr §riredgsaperesss, wherein the first
position information conprises at |east one of: a) a
measuPaBhetoth stagdasd:aee et ween the first position

of the jle stati and the position of the first
wirel gggﬁg’kéé@ﬁ%&?%ﬂﬁn rStE\BIf]arg‘ neasurenment of a time
delay in signal transm ssion fromthe first wirel ess
access point to the nobile station at the first

?IZSi t lI?lg metiod et FailERS WHeREMhe Hrs@dE R4 in‘?o%ﬁa@i%n comprises a

lay for signal transm ssion between the firs

Wi el 88s1AREERS CRALDE (VAM) hdifledtDbi | @ station at the
first position; or d) a neasurenent of a pseudorange

to a Satellite Positioning System (SPS) satellite;

ore) a neasurenent of a distance between the first

PEsi t iThe nidfthddhef daihi 2% waiesetin the fasiddentifstion oriomfatioheomprises
second wi rel ess access point. 20. The nmethod of claim

16, whaiatemet RotomwbilPe addrassi on has a conmuni cati on

section which includes a first portion which

communi cates with the first wirel ess access point and

a second portion which communicates with the second

wPr el dde maatedsef gpnlo. whereinie firsh WisgeHacCessiPRynE gupports two-

wherein the first.data is communi cated to the server
way communication.

30.  The method of claim 16, further comprising:
receiving Satellite Positioning System (SPS) signals from at least one SPS

satellite to determine the first position information.

31.  The method of claim 30, wherein the first position information comprises a
measurement of pseudorange to an SPS (Satellite Positioning System) satellite.
32.  The method of claim 19, wherein the first wireless access point is an access

point of a local area network.

33. The method of claim 32, wherein the first data is communicated from the mobile

station to the server through a cellular telephone base station.



t hrough the second wi rel ess access point during a
position determ nation operation for determ ning the

WO po0sHo43e%i ti on. 22. The nethod of claim 21, wWheT/E52004/020921
the first wireless access point is an access point of
a local area network; and, the second w rel ess access
point is a cellular base stat#®n. 23. The met hod of
claim 16, further conprising: determning, at the
nobil e station, second identification information of a
third wirel ess access point of the first wrel ess
net wor k; communi cating second data indicating
86r r elThe mpthasefielam 23 whewépme firgerirgless @Q@QS%ROM is an access
information and the first position fromthe nobile
st at i oaint of 2 lpsakapyegtwory * The nmethod of cl ai m 23,
wherein the first and second data are comuni cat ed
fromthe nobil e station to the server through a

g’slal um g m %fgf(go Ealﬂ%S ]?N}\%ie?rg %e:}gftﬁ)ogltlgc réfgg}i%go?]ﬁ‘t%fmpnses at

an acgests(ﬂ%mfnt of a |local area network.26. The nethod
of cl Wherein the first wirel ess access point

fol | oys, g‘g‘éﬁsﬁélfleﬂ)of%rﬁﬁétgtg b@%eﬁtﬂ?é"ﬁiéf sflt%n ¥ th€hRBHe station

access; uet oot andard; and

(U tra-w dehapdposftrndrtib fn%hu’eﬁ@@s a{éeéda@dn@forcl ai m 25,
wherein the fi rst identification information conprises

a MedibjaAeagssmendifaaimé M6y inndgiiat sansnziSsior frermtht ffioxd wireless
of claim 25, wherein the first identification

i nf or mat i oncesspoinsesthamobile statiet atthefict pbsifiomw)or

address. 29. The nmethod of claim 16, wherein the first

wi r el e}s neaswemepioifptrogndipipriine delawéoy S@ﬂfh@?ﬂsﬁmsil%hbetween the

30. The net hod of claim 16, further co %
first wireless access point and the mobile s atlon at the first position; or

d) a measurement of a pseudorange to a Satellite Positioning System (SPS)
satellite; or
¢) a measurement of a distance between the first position of the mobile station

and a position of the second wireless access point.

36. The method of claim 23, wherein the first position information comprises an
indication of a signal level for signals that are transmitted from the third wireless

access point and received by the mobile station.

37. A machine readable medium containing executable computer program
instructions which when executed by a data processing system cause the system
to perform a method to determine information about a wireless access point, the
method comprising:
communicating between a server and one or more mobile stations through one or

more first wireless access points of a first wireless network for location

determination of the one or more mobile stations;



receiving Satellite Positioning System (SPS) signals

fromat |east one SPS satellite to determ ne the first
w@emsHdeses | nformati on. 31. The net hod of cl ai mlPGOPS2004/020921

wherein the first position informati on conprises a

nmeasur enent of pseudorange to an SPS (Satellite

Positioning System) satellite4332. The method of claim

19, wherein the first wirel ess access point is an

access point of a |ocal area network. 33. The nethod .

of cl adlecBdg dataspedifyingwpluralisy ofilocatians fesmwhivhorirdess signals

fromthe nobile station to the server through a .

cel | ul ar t dlapphitied fieasesesond wmlesmacwwqwtq% gcpegand wireless

claim 23, wherein the first wirel ess access goi nt is.
an access peiarkgre rgcaivRdly the o8¢ REMRE; obidasstatigns wherein the

ot or mat 1 oRBAphiles napvarb el fpm B! Wieless network; and
T R N

W rel ess agLes apoi nt; or b) a neasurenent of a tine
delay in signal transm ssion fromthe first wirel ess
access point to the nobile station at the first
position; or c) a neasurenent of a round trip tine

dgl ay Themedi@h dk claiid B3 MBS EARhORIcHESNintdtehatibh S6mprises an
wi rel ess access point and the nobile station at the

first ep@phted osition ofithe 3edvhd swufed¢seatcess peinpseudor ange

to a Satellite Positioning System (SPS) satellite; or

e) a neasurenent of a distance between the first

position of the nobile station and a position of the
$8condTheimesliws of alaire 88, Wwherpin, the estinmied pesitiaadoidghe sgeangivireless
23, wherein the first position_ information conprises .

an i ndresss point irdetermingd rom aywighiest avsragsf ghe plgrality of locations.
transmtted fromthe third wirel ess access point and
received by the nobile station. 37. A machine readabl e

%.dl N @h%%‘é 11'11?1'0? %1a%%§e359 évﬁ‘grle% aC\%Qi%HE for t}%r\ggéﬁt{end average is based on
range information which indicates a distance between a corresponding one of the

plurality of locations to the second wireless access point of the second wireless

network.

41.  The medium of claim 40, wherein the range information comprises an indicator
of received signal level for signals transmitted from the second wireless access
point and received at a mobile station at the corresponding one of the plurality of

locations.

42.  The medium of claim 37, wherein the location information comprises a coverage

area of the second wireless access point.



i nstructions which when executed by a data processing
system cause the systemto performa nethod to

wa@ledosoodsee | nf or mati on about a wi rel ess accessPEDUS1004/020921
the net hod conprising: comuni cating between a server
and one or nore nobile stations through one or nore
first wireless access points 4f a first wreless
network for | ocation determ nation of the one or nore
nobil e stations;collecting data specifying a plurality
of locations fromwhich wireless signals transmtted
froma second wireless access point of a second ]
wb.r el The mediumnokclaime4?, odwiain thepcatioa iptpsmaiongit@er comprises an
nobi |l e stations wherein the second mﬁreLess_net%?rk LS
di f f eessimatedhpositioncofithe sacong Wieless ageess RN, WigFRys determined from
determ ning |l ocation informtion about the second
wi r el Becoyeiagaarepof He se¢d WERICHACEESS B The nedi um of
claim 37, wherein the location information conprises
an estimated position of the second wrel ess access

39. .The

i nt . di um of, cl.ai | .
ggt i e Fegin Pfrglﬁm?)?% T‘ﬁ%er%gélggn% %%@g%g&l g%ess' poi nt
is det 1:0 I Y : le@dH &Pthe
of 1 otaiCHRE og O B R Sp R A08sleds R e et 41
wei ght for TV, I bid RASREs Mtedsqv@e of the second
i nformat i ORM\'}I\}?F?%T?%%?%??&\SE tg(gﬁcglfﬁ%nce bet ween a
corr espondigpglefefork:he plurality of locations to the
second wirel ess access point of the second wrel ess
net Worgheredd the To&atior diformatfoncdompriséOan extienagedpastimnradtgesecond
i nformation conprises an indicator of received signal
| evel for siigess acdesspaini, héch is dotermined Siogothg PRFIFIENEE s
access point and received at a nobile station at the
cor r espondiimfigroateonoindithedah geligctady of | ocati ons. 42.
The nmedi um of claim 37, wherein the |ocation
i nformati on conprises a coverage area of the second
wi rel ess access paint.43. The nediu

f | ai 2
Hor ivmanling Sedrils et g axaranee Sodhie Siogram,

instructions which when executed by a data processing system cause the system

to perform a method to determine information about a wireless network, the

method comprising:

collecting data specifying a plurality of locations of mobile stations at which
wireless signals transmitted from a first wireless access point of a first
wireless network are received during determination of the plurality of
Jocations, the mobile stations receiving signals from the first wireless
access point and also communicating signals between the mobile stations
and at least a second wireless access point of a second wireless network
which is different than the first wireless network; and

determining a location of the first wireless access point from a coverage area

defined by the plurality of locations.

46.  The medium of claim 45, wherein the method further comprises:



estimated position of the second wirel ess access point

which is determned fromthe coverage area of the
wG@emonadises r el ess access point. 44. The medi um PET/TER041920921

37, wherein the nethod further conprises: collecting

positioning information specifying di stances between

each of the plurality of |oca43ons and the second

wi rel ess access point of the second w rel ess network;

wherein the location information conprises an .

est i maétetnipisy statsticodf anlyenailectationibemigds 9n atpads svhich wireless

point, which is determned fromthe positionin .

i nf or mat i osigaald tiahsmitiad &ooothe digsterireless .acql%sifrﬁ%lﬁfg??él be received

readabl e nmedi um cont ai ni ng execut abl e conputer program

i nstruct i oduringpesitiethdaicraieatiged by a data processing

system cause the systemto performa nethod to

determ ne information about a wirel ess network, the

hod i sipg:. | i d . i fyi . .
Aur ?lffihggnncggdrﬁ PG:i.cok] SetLng, dat A, SPOGH] KOG Bress access point
{ it i i
hcces® Frinay o pPGEhEh ol O fe phlty W IoASaS,

during determ nation of the plurality of |ocations,
the nobile stations receiving signals fromthe first

Wer €l a§3 C61 ©f PRI 147 aPBerBinSOw S @RI RN tHealdifttte® heitadesis based on
bet ween the nobile stations and at | east a second

Wi 1 el g8 $nAERESS BivEd Pinablevelfonsighals abrssitiad fronr the first
which is different than the first wirel ess network;

and detifdléss Atdgs poihbart recsivaf byt imobile station atel @gresponding one of
access point froma coverage area defined by the

pl ur althd plucdiity oflatatmms. 46. The medi um of cl ai m 45,

wherein the nethod further conprises:determning

statistics of any nobile station being in an area in

which wireless signals transm tted fr?mthe fir.st

VioF el dde rachemof sBIAES cwhetsi the S5t YarPless AFGTSS PRIES qRegfes in

det er m nat.i on. .
accordance with a standard for a wireless local area network.

50. The medium of claim 49, wherein the second wireless network is a wireless

cellular telephone network.

51. A data processing system to determine information about a wireless access

point, the data processing system comprising:

means for communicating between a server and one or more mobile stations
through one or more first wireless access points of a first wireless
network for location determination of the one or more mobile stations;

means for collecting data specifying a plurality of locations at which wireless
signals transmitted from a second wireless access point of a second
wireless network are received by the one or more mobile stations

wherein the second wireless network is different than the first wireless

network; and



47. The medi um of cl aim45, wherein the |ocation of

the first wireless access point is determned froma
wowrioghosses aver age of the plurality of | ocati onBCT/W82004/020921

The nmedi um of claim47, wherein a weight for the

wei ght ed average is based on an indicator of received

signal level for signals tramfmtted fromthe first

Wi rel ess access point and received by a nobile station

at a corresponding one of the plurality of |ocations.

49. Theanefdr deenhintigdbeatidd infolreatgimabolibthe iseepndwiiFelgss §goess

access point operates in accordance with a standard

for a w relpemsfriooctht datrea net work. 50. The nedi um of

claim49, wherein the second wireless network is a

wirel ess cellular tel ephone network. 51. A data

processing systemto determ ne_jnformatiaon gbout.a ..

e+ ol 468 dalaqwecsspB RS ALCIEE S1-gFisEaE e gedipinfgfmation

conprising: neans for cammunjcating .bet n ver

and ofeMBRsSEREsHPRE poYpaR P%o S?nglﬂjﬁe%s 3C%F ssﬁé#é

first wireless access points of a first wireless

network for | ocation determ nation of the one or nore

bi | e, stations. . j SRS FobitRa of the

D1 it oA s et B i ST 8¢ ARl o

trans gbéotnﬁqwri&rl&%@a@ce%§?§ﬁfjis\ﬂbfeﬁhﬁﬁa RS £ SRightid Uvetige af the

second w reless netwo are received by the one or

nor e hli§ otfi@tations wherein the second wirel ess

network is"different than the first wirel ess network;

andneans for determ ning | ocation information about

the second w rel ess access point fromthe data. 52.

Bae dalhe dataomessiing spspearh efitlefm 6B avharsin, 2 wigightefon thetyeeighted

| ocation informati on conprises an estimated position

of thevemgoisbastd e pesiticningiwforptian Whish indigateg g distance between

processi ng system of claim erein ttge est i.mat ed

52, wher
posi t iacterisspaneingsaesHi dha Rl pealibkaf 19¢RH0BS (Q i fgcond ireless access

determ ned froma wej gxht ed average of the
point of the second wir€less network.

55.  The data processing system of claim 54, wherein the positioning information
comprises an indicator of received signal level for signals transmitted from the
second wireless access point and received at a mobile station at the

corresponding one of the plurality of locations.

56.  The data processing system of claim 51, wherein the location information

comprises a coverage area of the second wireless access point.
57.  The data processing system of claim 56, wherein the location information further
comprises an estimated position of the second wireless access point which is

determined from the coverage area of the second wireless access point.

58.  The data processing system of claim 51, further comprising:



plurality of locations. 54. The data processing system

of claim53, wherein a weight for the weighted average
WO g00b@sEe8 on positioning informtion which i ndPCHUS®04020921

di stance between a correspondi ng one of the plurality

of locations to the second w rel ess access point of

the second wrel ess network. 5. The data processing

system of claim 54, wherein the positioning

i nformati on conprises an indicator of received signal

| evel ndeanis foir golddcting pesisoning edorfmation sheci §argHdigtangas g’le’é’é@n each

access point and received at a nobile station at the

cor r espondohthepheality of hecappug and; thy sespnd yatslesppccessppint of the

The data processing system of claimb51, wherein the

| ocati on i Aecondatifelnss BeiMioricses a coverage area of the

St ORMGTOTE i b6 SHRRBISR ERBL A GO ISR AR R second
furth ' timted it f
i 1ol Gss aRES Aent Saith B ios BERP PR LR e RoTFE

. f.th A\ LE int. 58.
cover age ar%‘@gﬁ%}%ga%gﬁc%gj#“%red-esS access poin :

The data p? em o aimb51, further
conpri sing: neans for collecting positioning
i nformati on specifying distances between each of the

Bbur ald (?éf% gfocleé%?@t é’a@ﬂa,ﬁl B tdRmeSREAMEIM iRjues viftlse astwork, the

poi nt o e second wrel ess network; wherein the
| ocat igefa Ijr@geggiﬁggjlswm comprisiags an estimated position
of the second wreless access point, which is . )
det er nigagglfdricoliediing damsipttifying g plundloy whidcetiorsred nadbdle stations at
data collected. 59. A data processing styst emto )
det er mi ne iwHich wiatlesswsigirdutransmiiteceirems fivst wiselkss acgess point of a
data processing system conprising: neans for .
col | ect i ng fifsttwirglpssaietwark grareptiviecadyring dsterppation o ghegplurality
nobil e stations at which wire|less sjgnals tr nsrﬂlt %.eg irel
froma fir<f legariensed meRitsations ReefnSSIERF SO \PeEs &1reiess
th‘f’g{ ikt ;‘ ' %ccr:eesg ?)Ioi\{l? gnéj also & d%}li%gt%gnsqéﬁangé%&eetmh&le mobile stations
and at least a second wireless access point of a second wireless network
which is different than the first wireless network; and
means for determining a location of the first wireless access point from a

coverage area defined by the plurality of locations.

60.  The data processing system of claim 59, further comprising:
means for determining statistics of any mobile station being in an area in which
wireless signals transmitted from the first wireless access point can be

received during position determination.

61.  The data processing system of claim 59, wherein the location of the first wireless

access point is determined from a weighted average of the plurality of locations.



of locations, the nobile stations receiving signals
fromthe first wireless access point and al so

we omsedseat i ng si gnal s between the nobil e st at PORESANG020921
at | east a second wirel ess access point of a second
wirel ess network which is different than the first
wirel ess network; and neans f#3 deternmining a |ocation
of the first wireless access point froma coverage
area defined by the plurality of |ocations. 60. The
data processing system of claim?59, further
conprising: neans for determining statistics of any.
68bi | &he dataipsecesdng sysiem ahclame L. wherpin @veighidpeths weighted
signals transmtted fromthe first

w rel ess_acces )
poi nt averAZhis bassdean andingdigaion g 156eived 8@5&*@? fAt Signa s fransmitied
61. The data processing system of clajm59 erein
the | St e dirgwirglessrapsess bant Blbeeeeh B3 “EQW%F{E‘?IS“ ata
determ ned from a i,ght ed..aver a of the plurality of
| ocat (CBHfEsPgBdingQae \éﬁbg p:lﬁ%]&té’sog il?lcg‘%gl)llss:t em 019 cl ai m %1,

wherein a weight for the weighted average is based on
an indicator of received signal |evel for signals

tgzans "Ph%tdgé [Ial'g(%g%i%l ? gysfténtl SF cith 8b SR BerBnGRS Birs Yirdles@hétess point

réecei ve station at a correspondi ng one of

the p 'r?pé,f%éstiﬁ{ aQord P68 WiNSstarfided 68 wiRldds Ricar &8s hetgork.
systemof claimb59, wherein the first wireless access

poi nt operates in accordance with a standard for a

wirel ess local area network. 64. The data processing )
st emmhefdag beas6idg syhanei nlaith 63 sebomih the sesioad wireless network is
network is a wireless cellular tel ephone network. 65.

A nobiad wirslesstdetinlac wigphosé nggwotk.-wi r el ess conmuni cat i on
section to receive wireless signals transmtted froma
first wireless access point of a first wireless

network and to receive a first identification

i69 or MhiobHe stalian EHBPHFRSt wirel ess access point; and

a processor coupled to the. wireless communicati :
et 1 VTS ORRBRGHT BT IAIP AT D T PAE QUSRI peritied from.a
I nformatio nfirtsth\%/lltrel{asesl a%tcgsss pt()l%t 3t 5 'firrs%avifé?essk Bé%rﬁfan& Q)ereceive a first

identification information from the first wireless access point; and

a processor coupled to the wireless communication section, the processor
determining first position information that relates to a first position of the
mobile station in a signal coverage area of the first wireless access point,
and the wireless communication section communicating first data
indicating a correlation between the first identification information and
the first position information from the mobile station to a server which is
remote to the first wireless access point, said communicating being
through a second wireless access point of a second wireless network

which is different than the first wireless network.

66.  The mobile station of claim 65, wherein the first position information indicates a

distance between the first position of the mobile station and a position of the first



nobil e station in a signal coverage area of the first
W rel ess access point, and the wrel ess communi cati on
wa@e@siors2eomuni cating first data indicating aPCT/US2004/020921
correlation between the first identification
information and the first position information from
the nobile station to a servef9 which is renmpbte to the
first wireless access point, said communi cating being
through a second wi rel ess access point of a second
Wi r el essleseiosesskpointt] afd, whertirf the fsttdatafartherrgoniprisgs the first
wi rel ess network. 66. The nobile station of claim65,
wher epositidreinformatioposi ti on i nformati on indicates a
di stance between the first position of the nobile
station and a position of the firstwirel ess access
poi nt; and, wherein the first data If.urther C.0

Bhe 1 {The mobS Pefioof sifigh ST RsFEIn 87 (FHROHSE PE TP gopprises
Compr R Gietion Ak SO o aneian 48 Jap R Bb R fr

t hat €. 1 itted f ' 1 .

oo it VARIET BURTASH AP o e LS I ARERE sadon.

station. 68. The nobile station of claim®66, wherein
the first position information conprises at |east one

8k a.)l“h@ e aEi0F gf clzlgifm 86 Ay Rdrain &8 Rt P&t Meorfratish comprises

position of the nobile station and the position of the
first s\Wehglogssf:access point; or b) a neasurenent of a
time delay in signal transm ssion fromthe first '
wi r el gys nkaapssemn@f atdistance hetweshitheefist pasitomm aftthe mebile station
first position; or c) a nmeasurenent of a round trip

ti me del ay ahdthegiogitiah of therfénsi wirtloss dseesapemtiofe fir st

W rel ess access point and the nobile station at _the |
first bpesicapwamentrof @)tirae delay Uy Bgrah frapFmigsipR Egavthg wireless

to a Satellite Positioning System (SP9) satellite; or
e) a neasureshpoigt toghey F&ﬁﬁ glatipp P\/\‘rg% ﬁrstt RESIPRH

‘ ggi Io:] I&()) Megﬁltgglglelgo :glsrgu x ﬁaqtpltt?rple 8&% ?or%?gsnlaf tlré)nnsrrﬁgsi(gnhl?etween the

first wireless access point and the mobile station at the first position; or
d)a measurement of a pseudorange to a Satellite Positioning System (SPS)
satellite; or
¢) a measurement of a distance between the first position of the mobile station

and a position of the second wireless access point.

69. The mobile station of claim 65, wherein the wireless communication section
includes a first portion which communicates with the first wireless access point
and a second portion which communicates with the second wireless access point.

70. The mobile station of claim 65, wherein the first data is communicated to the
server through a second wireless access point during a position determination

operation for determining the first position.



69. The nobile station of claim65, wherein the
W rel ess conmuni cati on section includes a first

W@ eusioets2svhi ch communi cates with the first w reCBEES2004/020921
access point and a second portion which conmuni cates
with the second wirel ess access point. 70. The nobile
station of claim®65, whereinibhe first data is
communi cated to the server through a second wrel ess
access point during a position determ nation operation
for determning the first position.71. The nobile
station of claim70, wherein the first wrel ess access
phi nt The mbllastaemsofbdalm TQiwhgrain thel firgh wixelaes: 467 % PON 68 an
the second wirel ess access point is at cel | ul ar
st at i aecesspointIa lpgsbprea netwark dpth eéF%qra"é’SeleW?&?eéF goint is at a
the w rel ess conmuni cation section receives a second
i dent PellwdathaghstAtior nati on of a third wirel ess access
point of the first wireless network; and, wherein the
connunication section connunicates second data

dl cal *1 33)3361 e ﬁta 1(%1?'8? 6?%{7 J\?lrélggso&%mumcatmn section

entl Irst p03|t|onfrom

t he me*%'e lts«géo'nﬁ gcieﬁqﬂ\fkﬁﬁﬁmsiﬁf 5t10r7 &f a thit@ wisdléds@ccess point of

stati erein t e first and second dat a

ar e Couma le@lgs Het@onKt B, Woeldi® thistoahindimitapioh Rectier ver
throu a ce ar tel ephone base station. 74. The

mobi | %o&hﬁﬁﬁcﬂfbs Qéconl @afl ifGicatider &irfeldtion Hetwe thw seebed s
access point is an access point of a local area

net Wolidentifibatiohiafoimbiidrearst the ifiem pofitioh &iom tha makile staitign to the
the first position information is communicated to the
first ssiveel ess access point of a |local area network

and, the first wireless access point stores the

recei ved position information as an indication of a

| ocation of the first wireless ac

Hoer ] Eheratiisiiasion of slon 73, WapERdne i and pocopd Qi B o

access point fo n
cor%muntlcate% r(?n\ﬁheomobl?e station to the server through a cellular telephone

base station.

74.  The mobile station of claim 65, wherein the first wireless access point is an

access point of a local area network.

75.  The mobile station of claim 74, wherein the first position information is
communicated to the first wireless access point of a local area network; and, the
first wireless access point stores the received position information as an

indication of a location of the first wireless access point.

76. The mobile station of claim 74, wherein the first wireless access point follows
one of:
a) an IEEE 802.11 standard for wireless access;

b) a bluetooth standard; and



a) an | EEE 802.11 standard for wirel ess access; b) a
bl uet oot h standard; andc) a UWB (U tra-w deband)

woetasdessels 77. The nobil e station of clai m 74, PAES®04020921

the first identification information conprises a Media
Access Control (MAC) address. 78. The nobile station
of claim®65, wherein the firstl wirel ess access point
supports two-way conmuni cation. 79. The nobile station
of claim®65, further conprising: a Satellite

Posi t¢)eniwe QYlstend¢isms) stendmdl recei ver coupled to
the processor to receive SPS signals fromat |east one
SPS satellite to determne the first position
information. 80. The nobile station, of cl

m.79 .
Wher eThe mhbild staden efgdaif h Wheren W&tffréﬂdﬁr&&lﬁiapg% Infgrmation

nmeasur enent of pseudora PS (Satellite
Posi t ¢appTigs SPdedia Pfr?le(l\}fg@%‘%ﬁés Shobi | e stati on

of claim®68, wherein the first wireless access point
is an access point of a |ocal area network. 82. The
bilg sta , tRid orts
.’ﬁmm FeBim O QU 6 gt el GirpkcbSloctg it Supp
t hr ough ephone base station. 83. The
nobi | st%aa Iron ﬁcalhghm 72, wherein the first wirel ess
access point is an access p0|nt of a local area
net wor k. 84. The nobile station of claim72, wherein
t7§e f iThe noPAs kiatiem of &1hRA ORtfuAhercomptisings at | east one
f: a) a neasurenent of a distance between the first
IOOSI t b Gatedite Poeitionin ISysteaSPE)signal redeevep oinlécio the ptqwsor to
first wireless access point; or b) a neasurenent of
time del ay remlva(j’ISadlgltadsaﬁn@rmasbﬂa@mnﬁ S setedlite te §%tefmme the first
wi rel ess access point to the nobile station at the
first posi Ippsmonmfom)at@nrreasur enment of a round trip
time delay for signal transm ssion between the first
wi rel ess access point and the nobile station at the

f8|0.r St ’[Fl)le ?rllc}l:;ﬂg r;fatlon of claim 79, wherein the first position information comprises

a measurement of pseudorange to an SPS (Satellite Positioning System) satellite.

81.  The mobile station of claim 68, wherein the first wireless access point is an

access point of a local area network.

82. The mobile station of claim 81, wherein the first data is communicated from the

mobile station to the server through a cellular telephone base station.

83. The mobile station of claim 72, wherein the first wireless access point is an

access point of a local area network.



d) a neasurenent of a pseudorange to a Satellite
Posi tioning System (SPS) satellite; or e) a
wore@snoeseent of a distance between the first pRSI/UBIIN4/020921
of the nobile station and a position of the second
Wi rel ess access point. 85. The nmobile station of claim
84, wherein the first range i3¥ ormati on conprises an
indication of a signal level for signals that are
transmitted fromthe third wirel ess access point and
recei ved by the nobile station.
84.  The mobile station of claim 72, wherein the first position information comprises
at least one of:
a) a measurement of a distance between the first position of the mobile station
and the position of the first wireless access point; or
b) a measurement of a time delay in signal transmission from the first wireless
access point to the mobile station at the first position; or
¢) a measurement of a round trip time delay for signal transmission between the
first wireless access point and the mobile station at the first position; or
d) a measurement of a pseudorange to a Satellite Positioning System (SPS)
satellite; or

e) a measurement of a distance between the first position of the mobile station

and a position of the second wireless access point.

35. The mobile station of claim 84, wherein the first range information comprises an
indication of a signal level for signals that are transmitted from the third wireless access

point and received by the mobile station.



