METHOD AND SYSTEM FOR DETERM NI NG LOCATI ON USI NG A HYBRI D SATELLI TE
AND M LAN POSI TI ONI NG SYSTEM BY SELECTI NG THE BEST W.AN- PS SCLUTI ON
CROSS- REFBERBN@E/131RELATED APPLI CATI ONS [ 0001] Thi s applacaats2an/oedsed ms
the benefit under 35 U . S.C. 119(e) of U S. Provisional Application
No. 61/059,580, filed on June 6, 2008, entitled Integrated W.ANbased
and Satellite-based Positioning System which is herein incorporated

by ref er eno@eirMOD AN SVETEWM FIOIOBETERMINING iLERt A PION USIRGAA PV BRID

the fol | owggrEel AFIEANPFWLAN POSITIONINGRAISIEMAPP SEERUTANGSEHE BI2ST
(TBA), filed concurrently herewyhaR0ss %Lmﬁ@gl "Systens and net hods

for Using Environmental Information in a Hybrid Positioning System"
U. S. Patent Appl ication Ser. No. (TBA), filed concurrently herewith

and entitled "Systenscpy @méﬁﬁo'ﬁﬂ&ﬁEﬁMLﬁﬁf@@ as Accuracy

in a Hybrid Positioning stem U S. Patent Appl i cation
Ser. No. (e fitnadippa EH%MB'E:%%A He BELEM AR 30, §Ot§1tll9€‘eg fEystem and
Met hod for Reflnl ng a S Estimated Location atellite

Measur enmenPgovigional Hpbquadorpﬂgmlu/mﬁﬂg Bgd pefyue 6, 2008, entlﬂedegengé(fﬁltAN-
Applicatio T d
" Met hod ang %?s et l’cl)l?e @%ezéf ron& ﬁ?’%ggc %gge”{ F@E&% F%g%%@%%@%#%? ed
Posi ti on asnaventindty.i al Position in a Hybrid Positioning System"”

U S. Paten on .Ser. . iled concurrently herewith
and entitl i?fﬁaf/bt ﬁg'é%apﬁhﬁat@ésc@%%ftwgelf%? $ g tHES Accur acy of
Expect ed Error Estyy Ragdiai Apiah@dnb& ged. NoPOHA) ARYH BEncShtBMerewith and

U S. Patent plication Scr. (TBA), filed concurrently herewith

and enti t | &ptitkpSHbee dn@%léé%s%f"@ﬁ iR mEHEL G orseiomEedditign in a
Hybrid Posid,iapingsaystem " and

U.S. Patent Application Ser. No. (TBA), filed concurrently herewith and
entitled “Systems and Methods for Maintaining Clock Bias Accuracy in a Hybrid
Positioning System;”

U.S. Patent Application Ser. No. (TBA), filed concurrently herewith and
entitled “System and Method for Refining a WLAN-PS Estimated Location Using Satellite
Measurements in a Hybrid Positioning System;”

U.S. Patent Application Ser. No. (TBA), filed concurrently herewith and
entitled “Method and System for Determining Position Using a WLAN-PS Estimated
Position as an Initial Position in a Hybrid Positioning System;”

U.S. Patent Application Ser. No. (TBA), filed concurrently herewith and
entitled “Methods and Systems for Improving the Accuracy of Expected Error Estimation
in a Hybrid Positioning System;”

U.S. Patent Application Ser. No. (TBA), filed concurrently herewith and
entitled “Methods and Systems for Stationary User Detection in a Hybrid Positioning
System;” and

U.S. Patent Application Ser. No. (TBA), filed concurrently herewith and
entitled “System and Method for Using a Satellite Positioning System to Filter WLAN

Access Points in a Hybrid Positioning System.”
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U S. Patent Application Ser. No. (TBA), filed concurrently herewith
and entitled "Systemand Method 'Or Using a Satellite Positioning
System t o woht®@n4dAN Access Points in a Hybrid Positi eoirug20oyedsson "
BACKGROUND Fi el d [0003] The di sclosure generally relates to hybrid
positioning systens and, nore specifically, to nethods of integrating
wi rel ess | ocal area network (W.AN)- based posi tioning system (\W.AN- PS)
‘and satel lite-based positioning s § to i nprove accuracy of

| ocation estinates, increase aval t he positioning service
to nore USe& reduce power consunptlon, and al so to inprove
estimation of the expected error in a user's position estinmate.
Descriptio Re I bile
conputlng @?%esﬁﬁéggﬂﬁ%ﬁ%% %ﬁégﬁﬁé qﬁ%PXS&%@%%@fa@%ﬂﬁg&%g%)Q?Or
nor e advanspedifivalby, h@maﬂhddmfnﬂbgamgsmre/lmsémal zbfbéanétwoWILAN)-based

e os - oPOT RN SRS e R ng S Rap et B8V F

addi tion, w&sefsSyef RciiRgichithites, iRraAenmAdiisks of dRPobiCiakih®Revich et maet
only utilize their current | ocation but al so share that |ocation

i nf or mat i OHSSH> THUER PRYSE cOSHMBHER apd lpo fogmpEys cptpmationof theyggpgeted error in
children, sypeiWosiabscigfet to track the locations of the conpany's
delivery vehicles, and a business traveler |ooks to find the nearest
pharmacy to pick up a prescrlptlon Al'l of these exanples require an
i ndi vi dual DegcripfiempiReatedArtcur rent | ocation or the |ocation of
someone el se. To date, we all rely on asking for directions, calling
someone t o[M9H] t hdn recoiieearatsumumber offackiils gomovtierds vishels inareasedom t i me
totime to t o e
an energi ng&%ﬁﬁﬁ£g+ﬂgag$ﬁﬂ§&mh?|Ca1%g%%é%%gﬁ&%g@gégﬁgﬁg%ﬁﬁé<%I$§§ﬁ%f
new devi cesmbib, vealtictHlidt servived, muttitplapntgageag axab&ullefopmmg lagresa@plds of

report themto a er .or to a service. hese servyices

DA S AT RS S R At A
di recti ons td @nteRilsebktapplidadnss thah@deynly LR tBeir &entiobaidn GANEEEIhgR: that
servi ces. These new | ocatjon-sensitive devices rel¥ton a_variety of

t echnol ogi &s2tiepaipfosmptiopsisith pfBersahwerfedsdp kegrieaspe! ey chiday ISPR?@“SOTS
radi o si gnglsy 9%l ﬂa@wc@gonfs P ek BR) gﬁpfs?eﬁ(f&?@@hﬂ@é Rh& a phAEISHARY CEeS

can mathematically calculate the u osition relative to these
ref erence mﬂtosﬁndaheheaaffst pliremecyap prodsatpr@aasesqashqm Albofrthesgehampled
weaknesses n

measur oment et Ta oA P Tab BB bRl o Hond) 613 8RB pgmeone cie.
2009/ 14941TBGI¥6U82 010 B 06 SBéhg for directions, calling someone to ask their whereabouts or

having workers check-in from time to time to report their positions.

[0005]  Location-based services are an emerging area of mobile applications that
leverage the ability of new devices to calculate their current geographic positions and
report them to a user or to a service. Examples of these services range from obtaining
local weather, traffic updates, and driving directions to child trackers, buddy finders, and
urban concierge services. These new location-sensitive devices rely on a variety of
technologies that all use the same general concept. By measuring radio signals
originating from known reference points, these devices can mathematicaﬂy calculate the
user's position relative to these reference points. Each of these approaches has its
strengths and weaknesses, depending upon the nature of the signals and measurements,

and the positioning algorithms employed.



[ 0006] The Navstar G obal Positioning System (GPS) operated by the US
Governnent | everages about two-dozen orbiting satellites in

medi um earwip 2009049437 as ref erence points. A user equi ppadniinoasdRS
receiver can estimate his three-dinmensional position (latitude,

| ongi tude, and altitude) anywhere at any tinme within several neters
of the true location, as long as the receiver can see enough of the
sky to haveydegpr OfthcMRRQasS@loShllHok@iSnink ByMERGPS (Slctdwddady te@UKI ers have
used signals originating fromand received at cell towers to

det ei m ne &oyeapicst loyerzgehrpbsiut Bvatdedcs erbstingoetplitenin mdginseath abs SAGPS)
i s anot her g i | . I S
to ostimat STRE AL SR chARpYih S IR lart et fTEncL AR AME
cope w th abtigou@ititade, bhgiBRS, sidgitahde) enyvelecoarny dmeskithit$evelebgetersiaf
this nodel,, the cellular network attenpts to hel.p a, UPS receiver
orove |t S RPB S i MBSk R eE il B Bre et o B8P e
satel | ite pasilitdsoisview heldllutd ogiicRithsetsd signsls 66ia&IRFionRideefivddne
current tine, and a rough location of the user based on the | ocation

of cell toe}OWeRIJOdPISTIIAE f MaH Si%8 2 MmabEe RRvictidecaion] Susiebbhie ehCDpds
and AGPS. LRQRAIMdel BRSdbaYs BOHSYE SR cHhBwiAllinidues® ABmbRIRS ence
points are referred to herein as Satellite-based Positioning System
(SPS). Wi lecatyps of snobHe userd yhopey he indpers agbsusitcophivih aitdnupting, of §iliver

Y s ar SiHEh 108N AREPONARL | ) RIIADGre AUSSAATINShENERY £

GLONASS an ur opean s emc €0 nmay becone oper

i n the nextGHSxacerealimprod Its dgreh resysttoarty tanemitt@feenfoadation abeutehasatedlite
SPS. UPS, GLONASS. and | jl eo are.all. based. on the .sane basic .idea of
DY T at or at PORUOR: WeI oGk PIRETY Agrsisp SYIETOR 1ok CHHET HaG B groudh 1b63n
nmeasur enentos tHefuséraag@isonttRe lobicsalfeéll fok@ss. MESHRASH {sinRids irB¥Bat KEIQIMY.

In each case, the satellites transmt the values of certain

par anet er_sb_ﬁ)l’i‘fe_éﬁGglslaBM§- receiver to conpute the satellite position
at a speci fipgy7) NSt Apositding FROES ulifly SAUBe! bl R rdHOPbifsRESFNKEH 1A ©
measured in terns of the transit ti mes of the signals. These range
measur ementhsregeas Setotliterdbased Posifiing By sem (RRS)t dVhiledsHSais kheginly operational
synchroni zat, et ween ] r [V deyi

ol ooks, " and b Rey AL e 3RS ol B AN bRAGL R fifffle. HEHLGED
synchr oni zaystan ciletdWeDNARS asdi Eltoptan sybtomlcabieioGillieo mex Biceme operatenal
device) clock results in di fference between the regcejv Q d
the sal el | 1 oG EickY FHHTALPLC SHEMS i TE5TRE 1 it ap o Brar S CUaTNARS
cl ock bi as 2p8 GaBes el HakddCdh the SSne HASICQdealof tkEREI0,Q,c€ SétintRInE adobibiee
di rensional position there is a need for four satellites to estimate
recei ver cloache bt meangrmantspirmesstoadhainidiionahosraasiiprrnkeaown. In
Addi ti onal ABASN. L RMGAUMR walebt EdBiGRER3R0Mih bR et ange
rates in the formof Doppler frequency. References below to raw SPS
measur ementts cempnté thiceatdiditt ppettion at 4 gpetidic mestant. pEleardugea tysatellatnsiT@oppl er
frequency neasurenments. ferences .to .SPS d re. i d eneral |y
Lo mean datoibdenessd R ERROL AR Ry piReR B Bhful ERCRRad

equat i on amgcasiitade chntcontmencanmad biehddel t6 e [edkudtsi ahranédativn bgwedrethe
measurenents and data.froma satellite to th sition and vel qcit

of an SPS rEEBIREH T GH B RIE HLRH B TS THRG 1§ & RacwBEHRsE o ek

whi ch uses JMEANKABEAES) ROKEInThd QutdBk RIodk BRI thB ecdeReAlub@ e fite) BRIk r&sults
users. Metro-w de WLAN- based positi omqgg systens have been expl ored

by a sever ah 2 ddksce hetivagrsthe Tseivapdeck ang dha satellite eloela dvchas Federtest tp as
hi : |
this area ﬁﬁ%ﬁaﬁﬁe@& UEf R Hial¥r %@i@nﬁ? c?cgoﬁlb?aﬁ G BIRER e@t@F&Q Thhrle

project sponsored by Mcrosoft an e the University .

Cal i f or ni a,diBensicDhlmpeitide theveiCampersfop foir egtllifcAts ¢stiie@tmpessver cl8dsbias ni ng

Educat i onal ities thr h Mbile T I technical report

#CS2002- 0774 A ithier B A0k | SEAPRA eyt ERMNR 1 6n
satellite correspond to pseudorange rates in the form of Doppler frequency. References
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generally intended to nmean received signal strength (RSS) and/or
times of arrival (TOAs) and/or tine differences of arrival (TDOAs).

Ref er encesyb9o@aiaare generally intended to nean the WAguRsSERS04
one or nore record(s) of it, one or nore power profile(s), and other

attributes based on previous neasurenents of that access point.
Ref erences to a WLAN-PS equation are intended to nean a mat hemati cal

equation r ti i on of
the mobi 1| eodiyiel Do RN KA B S Rl Khho Rollink 85 L2
i ndoor or Duapglediequdtng nmbyremedsii Refbrentesits SPS e meentofdeedidrayctes s
points in the yicjni f the user. The W.AND osi tion, systens
can be Iev@re%\‘b%"d {’@F“g‘%ﬁ%‘(it 15 FRYFEIERY aﬁsd?ﬂ% é%ewet“ﬁ?)‘iﬁo any
nodi ficati Qi@arpﬁ h@thetbadal &@;aﬁﬂi’pfe%ylnngrﬁeafsﬂe@sﬁts bRt @tPB6mtai s@@llite to the
[0012]Figure 2 illustrates a _conventional way of integrating W.AN PS

and SPS, wWAPSHPNEHAIPIOFEY fan>ANrAMIYeS 201 and a SPS 206, and a
l'ocation caypggpi n%&ﬂ'%s ]Igmsm[)QQé:ﬂ AN Ry 20 cHARE @Eﬁl\g%es@rp%mts to

st and- al one systems and each can operate independently of the other
system Thdsetntiee theéaﬂatlormf rechilh usyrst Mgire-andoW LagY-based pesitionideyysiagie nt

of the ot hﬁave%%g plore ﬁr g ?&e@%eggar&glg@% "@1@ nﬁ)sﬁ%g) Waﬁtr} Jelien B SCIE’I%I%S

error estination oF 8ac stem can acation o
| ogi ¢ 210. afEhﬁax@ﬁaemb@duﬁedbytheﬂacahm (©rww. plaedlmdnefa@mjed spcmsasd bPE
(horizontal ,.positio %RI- sy her The no rate of | ocation

Updat e of  MpEORSE of L Mintn® SRS DR A Cartgs meg o

combi ni ng t&aiv@c%ih qaomfstaﬁtﬁﬁg E&&aﬁérﬁnceﬁhmmwﬁm@hmmq@chﬂm
same second bot Séstems [ 0014] WLAN- PS 201 is a conventiona

syst em whi eeﬁh@g%lr SLAR-P Bidatand thedrl Heammmsvadeilogitioa spsfes iThge W AN
access poi Bfﬂ? gt\!%gém?% dnr‘\‘fv’twfl?bd%ec? ﬂ%‘ng%@st%ﬁ%t@%%r@&%t thé

device to NAPSZ atrilateration nodul e 204, and HPE
estimati ontlde\folf thes @G8ng, PO 5] iefcand Schanriaes @@M(Wtﬁl HONOiNgFystem)

surroundin 5?6‘ rfrgpgﬁ)é)%(q?ﬂ %Sallbg (\(;Ivgvtwesq(ta#1 ere es n%l ved power (RSS,

recei ved s é’rq tine of the
signal . Di {doespnt Figirhodspictan cohevetitae! mﬁde-bmtl pwmmg%szsienﬁdami g

active sca | ve .scannin onbi nat.i on
active sc agy#hggna? e posﬁslomng system 1ncluges positioning sof‘t)warg ?(?ft'hat res1des ona

mobile or user device 101. Throughout a particular target geographical area, there are a
plurality of fixed wireless access points 102 that transmit information using
control/common channel signals. The device 101 monitors these transmissions. Each
access point contains a unique hardware identifier known as a MAC address. The client
positioning software 103 receives transmissions from the 802.11 access points in its range
and calculates the geographic location of the computing device using the characteristics
of the radio signals. Those characteristics include the MAC addresses, the unique
identifiers of the 802.11 access points, the Time of Arrival (TOA) of the signals, and the
signal strength at the client device 101. The client software 103 compares the observed
802.11 access points with those in its reference database 104 of access points. This
reference database 104 may or may not reside in the device 101. The reference database
104 contains the calculated geographic locations and power profiles of all access points
the system has collected. A power profile may be generated from a collection of
measurements of the signal power or signal TOA at various locations. Using these

known locations or power profiles, the client software 103 calculates the position of the
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[ 0016] The sel ect WLAN APs devi ce 203 selects the best set of W.AN APs
to estimate |l ocation of the nobile device. For exanple, if ten W.AN
APs are dewecvedssnd one AP is |located in Chicago and tH@E/ 2000086564 €
| ocated in Boston, w thout any other information, the Boston APs are
selected. This is an indication that Chicago AP has been noved to
Boston. In the conventional systemthe best set of W.AN APs is

sel ected bas@dcABe URAGRAPRIARL kvt fdshidhi SMhOcWsAViAPR2i A ad@irhinen
to correspondi ng paraneters of WLAN APs, including received signal

strength, $isgieaicesd Ohabsobuts gragerhicgaerdinates i bp&BM qftlsfitede pdilongueserd.
[0017] Tril aerdat !og nTROMS R4 USES: r%ﬁﬁ% claﬁ@e ¢Qi'tb ?&ofla{?&gbﬁgd

measur enent s and aracteristics to esti te location o t he nobil e
devi ce. Reepilicetonsisgeiads fuendeigicts, meal Baachweals sitcontbast mafagomeMSANCAR aad e
used to est] E?Hsseg{,igé ance of the nobile device to the W.AN AP. The

& .

aggregati on’ distarice estimates fromdifferent WLAN APs wi th known

| ocation i $0019gd tio tleadi@ubsidneher@g,abw WL AN ridagursmbith otlemiacess point are

Trilateration 4 al so can use a t hod which is called nearest
nei ghbor , igﬁnﬁaﬁf)yeﬂte ddge &%%FFCW@@&MEBW ) P/ Litipngs oF algival (T ¢

to the powghd/peddé BigireRincdshe afRRI L]Q)(@'&‘ééi Referdhcb LB Anta@ek @hefal@ idtdddad to
| ocati on of the nobile device. The power profile of each WLAN AP or

entire covaraydcddAs addigshend oimercirerordi® of #l ousratEp PYHAPE I e(s) ped

systemb i - : L.opti on
AT e L e S R e S A e O

position eSVYLANtRS gfuatidrearapitérided thev¢ane. mathemdder], eqoatiddorlaonthaWLAN-

Positioni ng.Error is cal cul at ased previ ogusly scanned APs and

thet 1 cnar SsripRlphEus BT 630 RERGH M B ARy T acer ved

si gnal , as[da11pas sxilAaNastdiposicionipg Bybtong cak i 0ekd iMldoebesgdoor. The only

Application No. 11/625, 450 itled "System and Met hod for t] i ng
Posi ti oni nGCRMFPEFINN P‘ﬁ?‘?ﬁ‘%"ﬁ@i& &% PPBS 1Piﬂ&?n‘flﬁalt339’§'g‘éﬁ§ef‘ ﬁ%@ﬁ? e

di scl osur e paded\pBbiibn syatchRIceRYc [N&RERAIRisBNg bEHRL SRE/VL ARQLRE SPS
system 206 consists of a satellite signal receiver and neasurenent

devi ce 207 withept aay epagificeHoethpictbaio@mpiaydogip éo SESAIRSESE] mat i on
nodul e 209. 20] i i i g 1

devi ce 207 10U2Ei3EEe S RInieL € o @RRinal S L ANA, MASPRIRASPS,
devi ce, decduesconsists pEe B LEE-PSiZ§hahd a SR 20@ asd p éxatidreconsanieg logice210.

paranet et AT AL ARhS b bt SRR AT PSS e

tril ater at igRpeRMhtlEof208othsasystoaIhueie Msslt bf eith aystdre a&t bdf @ltulated

satel lites independent of the other system. The estimated location along with the expected error
estimation of each system can be fed to the location combining logic 210. The expected
error estimation is also referred to as HPE (horizontal positioning error) herein. The
nominal rate of location update of SPS 206 and WLAN-PS 201 is once a second. The
location combining logic 210 combines location estimates calculated in the same second
by both systems.
[0014] WLAN-PS 201 is a conventional system which estimates the location of a
mobile device by using WLAN access points. WLAN-PS 201 can include a scanner of
WLAN APs 202, a device to select WLAN APs 203, a trilateration module 204, and HPE
estimation device 205.

[0015] WLAN Scanner 202 detects WLAN APs surrounding the mobile device by

detecting the received power (RSS, received signal strength) and/or time of arrival (TOA)
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and location of the satellites in viewto estinate |ocation of the
user device, velocity, and direction of travel of the nobile device.

[ 0022] HPE yeg bdgomidspn devi ce 209 estimates the expect edpetfti®ioo9bscidae
estimated | ocation. The HPE estination device 209 is conventional and
cal cul ates expected error based on geonetry of the satellites and
signal quality of the received signal fromsatellites, for exanple,
DOP (dil utj r 86deSi ) rrl i j o
0028 Looat’ s Sy B HonoB0 b SR/ A Ef WD APS rcl Blrgbrive

est i mat es sahwog, phestvefsoannaignostontbivetisnnEpssvoad dctivnscitnddg.PS 201 and

SPS 206. | her rds renent s,and. esti mati ons i re made
at the sarr@()?ﬁ%]rre gﬁoseg%wmﬁ&gﬁg@g %@rﬁ&f@&%‘%ﬁ S@Q?ﬁ%%’ggﬁpenents
and est i magstiafag 10dibh 0f OB endbile dtdce 86r bampR) FitcleWeA N ABs sadetettedrend
The | ocation combi ni ng Igggi c 210 of the user device reports onge

estimated PHCAE ISdACcaRg 18 Sihicags iyl BRethels arlartet nBosea, Vhauby; ¢iRsg

them For examRli6h, theaSRidnOAP LR QIO TN £ ifliBdHon 30k €Blca@NRP Obs bR
estimated | ocations provided by W.AN-PS 201 or SPS 206 based o

n
reported ewpetteddosiondn the coapgntiops! systeritlghiestsepeir VLA 4Pt is delessed kaged

of estimat 8rggéso%fagh{-cgln(ﬁségyutgﬂtol?V\$IY1§IT\I AR é%g(g(ﬁtr' ngxtrénﬁp?%ﬁn dramctbfYYRRY

[0024] This d sure describes a neth syste termning
| ocati on uSNIgN APhyibeliding atceivbd $ignad sdendhANgpa $o hoismiatign, 8yd the prdbybility
selecting the.best WLAN-PS sol ution. In some enbodi nents, the nethod
of incr eas?%“{gﬁﬁo‘éegcur acy of a WLAN based position estimte using
satel lite poOs$7ti omkiNgerhtiinGhsmild 203 waNWILAN Mde aiedosickionting nitasieém@its
possi bl e WLAN | ocation solutions for a W.AN and satellite enabl eﬁ
devi ce bas#H Grrasisestss hevigmalylastiar ebde modilpdevicn Becsi vidgnayrersth ok
i nf or mat i oRohdhedsh@mBhb oA S8t Rblatd &c8 RALiREHIIRNIRE of heMobllc HEAGS

two different satellites, and using the satellite informati on from

the at | eatstthe WIAJY AfPe ridntagaragasioniof distanes estimeteniram differey X EAN AR with

| ocation s ion.fr i N 4 tHi j )
05SL1en SRR ARG SSAl RRAPLR AN ApEethaRcaRdny
at | east twm Wt bihetledtwisdt Blchliddeatest ndghbonrinnehitihe lobastn WithdN\pdvorzat | on

solution fromthe.set of ssible WAN |ocatio ol utions, gan
el ude ex BRI HaiE ARt fhEe BoS B R AR Pof Tk FSi® LRt AL the fnal
agai nst t heyca@nflthd r@obiRfdevizat Thpand pesllest dablg WILEN APcatehaR chasagt on
whi ch of the possible WLAN position |ocations satisfies the satellite
i nf or mat i oArea FopRePr Bdhscadikgan pease of the gestan Bpdgriledsimgy phige
satellite Q&Se'kagie%fbai nformation fromthe at |east two different

e

satellites to deteimne the best WAN | ocation solution fromthe set
of possi bl OOBAN [FFEaastimatigodayide@s ischamiodelf wdéchesiinritanthp aypasisd sitol e

WLAN | ocat {,pp. SQLiHS] Qfatiratt AlSIcNRLicCORs] PEN: Hikbbhd IS Bakiak Ehbe

i nf oi mati on.
is calculated based on previously scanned APs and their characteristics and also

characteristics of the received signal, as it was explained in co-pending Skyhook Wireless
Application No. 11/625,450 entitled “System and Method for Estimating Positioning
Error Within a WLAN Based Positioning System,” the entire disclosure of which is
hereby incorporated by reference.

[0019] SPS system 206 consists of a satellite signal receiver and measurement device
207, trilateration device 208, and the SPS HPE estimation module 209.

[0020] The satellite signal receiver and measurement device 207 receives signals

from the satellites in view of the device, decodes the received signal, and measures the



[0027] I n sone enbodi nents, the WEAN | ocati on sol ution consi stency
with the satellite information can be neasured by applying each of

t he possi bWwe 20toANbdrased position estimtes to the satelAariwEs2009/046504
measurenents and cal cul ating the internal SPS receiver clock bias for
each possi bl e WLAN based position estimate. [0028]1In sone

enbodi nents, the consistency of the internal SPS receiver clock for

each of thg.paeSakin@tAEADMRASEAPRS] ThOMeRSFnPRAlREn FRAIIBEsdaSdn@S an
i ndi cation of distance between the W.AN based position estinmates and

possi bl e s6MieT Beficrsy, aukldonnlerdregediicyi oni ng system [0029] In sone
enbodi ment gy ne. %@W&ﬁ@i&ﬂ d9\]é‘ccl ﬂ%.dsgglﬁéégaﬂeméﬁ’éﬁfoﬁ?ﬁhéég{ fot ﬁ%hitésor
possi bl e ase t

each of th position estimates can be used as an
i ndi cat i onand locgnwicf ttersetgllivestineew b lretintAMchtased tihosskt davive eatdoitmt as
and t he sat erlegtiotefge%iuhﬁrrenhg.d .0030] In some enbodi nents,
substanti afi}y PR&" Sae°1 Wt &°Rar ‘recei ver clock bias across the
acqui red sanp| it esPH atimation ¥eice\BANsthagerthP oFictfcd Brr@sIfitipdsBmarn

i ndicate a ,good | gcation estimte. [0031]1n sone gnbo‘gi ment s,

non- uni f or RGEMLeedEE rtigatian despss 208 desapasntiopdlard prigelatst spseted freor

acqui red sahRlibh }g@&nét?f ofﬁh@ia‘t’e@l’ﬂceé’%ﬁ%%gﬁ 1iBQsHid 1Rk Rt JNRL Bork AN

i ndi cate a poor location estimte. 2] 1 n"sone enbodi nents, the set

of possi bl eateifiin fooexanipim DEY) Wilptemof pageisiangl and &Y (edriggtie pois§ OSB] | n

sore, STUOSRR] S, I8 AB LA Bl 00 B APl MOV A58 Sl

[0034] I n s doreleod tismentsond FemiWLADEPS 201 amicRSRO6We agiir mgprdshe W AN
measurements and estimations which are made at the same time are compared and
combined. Practically, measurements and estimations within one second can bé
considered the same time. The location combining logic 210 of the user device reports
one estimated location by selecting one of them or linearly combining them. For
example, location combining logic might select one of the estimated locations provided
by WLAN-PS 201 or SPS 206 based on reported expected error or HPE, or it might

report weighted average of estimated locations by both systems according to the HPE.

SUMMARY

[0024] This disclosure describes a method and system for determining location
using a hybrid satellite and WLAN positioning system by selecting the best WLAN-PS
solution. In some embodiments, the method of increasing the accuracy of a WLAN
based position estimate using satellite positioning information can include determining a
set of possible WLAN location solutions for a WLAN and satellite enabled device based
on one or more WLAN access points, obtaining satellite information for the WLAN and
satellite enabled device from at least two different satellites, and using the satellite
information from the at least two different satellites to determine the best WLAN location

solution from the set of possible WLAN location solutions.

[0025] In some embodiments, using the satellite information from the at lcast two

different satellites to determine the best WLAN location solution from the set of possible

-



| ocation solutions according to the distance fromeach WEAN | ocati on
solution to the satellite location solution. WO

2009/ 1494 W HESh 249091046504 [ 0035] I n sonme enbodi ment s pcirfvg20086486d
can include selecting W.AN | ocation solutions having a snall distance

to the satellite |location solution, for exanple 10 nmeters. [0036]1n
sonme enbodi nents, the nethod can include elimnating WLAN | ocati on

For examp) STARDRGAARCR ShERGRII RphlGEALEL bE Fo BRI Rl on
satel lite soitamragdiontcanellincinfumatat @idistleetingsbé locaivndased ongdtie ofithe

vel oci ty dat a. range . nmeasur eqent .. Doppl er .freguency
rreasurenen??ssﬁ}?g\i/ﬂ?’rd?gpc’&? gt ﬁ?nstsﬁtg%{ém@sgf‘% e IEEPAT Sone

embodi ment go2éhe apphise@t e@Bodifk@t 8k i€ & BirgttRiRataliite pogtianiaiongatidie
accuracy o

a VEAN based _position estimate usin [lite )
posi ti oni n§omARuHEt B, dl&‘i’f&‘l‘t&aﬁeﬂéésé_o Bﬁgliﬂflp%,%ﬁ ﬁg“ﬁﬁj&qéo%ﬂ?%wh&té’ﬁ‘
include a WLANORABE §osfiffe WEARI ¥EGn s LQSHTREA RRIUUE Ot RBEn OfosiiBle VWLAN
access points,a satellite positioning nodule for obtaining satellite

i nf or mat i oWEAN tncatiorn sshgions whicHafefnot egnisisteat with theasstellitogiampiiat ed i n
e VEATRAIE o SESTATLIR e LTSRS B A S o,
i n the poskdteloriinfgrmatulcen bomusserddlvg applying egch of the possible V%LAN based
position estimates to the satellite measurements and calculating the internal SPS receiver
clock bias for each possible WLAN based position estimate.
[0028] In some embodiments, the consistency of the internal SPS receiver clock
for each of the possible WLAN based position estimates can be used as an indication of
distance between the WLAN based position estimates and possible solutions of satellite
positioning system.
[0029] In some embodiments, the consistency of the internal SPS receiver clock
for each of the possible WLAN based position estimates can be used as an indication of
consistency between the WLAN based position estimates and the satellite measurements.
[0030] In some embodiments, substantially the same internal SPS receiver clock
bias across the acquired satellites for a given WLAN based position cstimate can indicate
a good location estimate.
[0031] In some embodiments, non-uniform values of internal SPS receiver clock
bias across the acquired satellites for a given WLAN based position estimate can indicate
a poor location estimate.
[0032] - In some embodiments, the set of possible WLAN location solutions can
include a cluster.
[0033] In some embodiments, the satellite information can provide a satellite
location solution in the form of a region, a surface, or a curve.
[0034] In some embodiments, the method can include weighing the WLAN
location solutions according to the distance from each WLAN location solution to the

satellite location solution.



satellite information fromthe at |least two different satellites to
determ ne the best WLAN | ocation solution fromthe set of possible
WLAN | ocatwono®akasi? ons. [ 0039] 1 n sonme enbodi ments, thecapskeogaidssen
relates to a nobil e device having a hybrid positioning systemfor

i ncreasi ng the accuracy of a WLAN based position estinate using
satellite positioning information. In sonme enbodi nents, the nobile

devi ce canjgo3s] ude amlyRE icthbB@IRIchisORE RGthIB A Bcludbbdtti6@ Wi AG dédgord
WLAN nodul e for receiving informati on fromone or nore N access

points, a Selvdmsibpengasmel dnianes dkraEllite focatinasohiting, fenexamplq ¥ meters,
| nf or mat i ggbéiskpm at dﬂg%@ﬁk _eh%diﬁiehfs%gﬁ%eth%ak %h%iﬁi@gﬁ{{g weagted in

t he WLAN ule to termne a set of possi ocat’ on
sol uti ons basteh whitonehaingrleege\WisiNcatoctbs satgbiene@tiomsduticogfor ckamadt.ed

in the positi%nin nodul e to use the satellite information fromthe
O
.%ag‘?glﬁf

at |east two drf “atellites to determine the best W.AN | ocati on

sol ution f @371 he seln sofncpadsdibleats\ihABtEIGRANfoONat@lcHl inofusle s§t€1040] | n
some enbodi nents, the get hg)g, can i nl cude determ ning.the |l.ocation of
a WEAN and Pesition §4te, satelfjienyelagity W&@u‘fft;‘r%P A2 SEFqt PP SeaHeafRent s

to wei gh WeARLRGRES SinBAhfRloF siohiiSlaniiisdle. ecting WLAN APs in range of
the WLAN and satellite enabl ed device, obtaining satellite

neasur enenfi@38} om at Insemsembpdimsatseihf pprdisation rplaksy iciesyatept oF Hicreaging e
possi ble s i I s j : t Qi { ght
Por “each AR Eoicy§Fa ERNba0T BLibPRIEK e FAN PSR bl
satellite lmbalingmwmstioningendaiele welgch {@p0ddidern WhAeN swthddforeedesiing he

nmet hod can.inhcl ude .usi ng the j for each AP in l.ocat.i.on

B gor t hin FHOGRAEE RS Aot S PN s E e oot RO B gmodule
e rT’I)lodi:I ment Sor db%iﬂ%)%élbﬂeerﬁ)fléﬁﬁzlﬁiohiﬁfoﬁl dtoet twonbff@bnttshellg8Yioge 16ated in the

i nclude a region of possible |ocation_solutions for fhe device.
[0043] I n sSHeARTRASHICTRAFSTRINAR 57 OhePY e\_a@@i %twals%f%o% 48! HAE €an
be close t gndrbvIROS gidlsSHonal ahd i t € 1dBCREMONS BE pdsiRntRMhERie to use the

satellite information from the at least two different satellites to determine the best WLAN
location solution from the set of possible WLAN location solutions.

[0039] In some embodiments, the application relates to a mobile device having a
hybrid positioning system for increasing the accuracy of a WLAN based position estimate
using satellite positioning information. In some embodiments, the mobile device can
include a hybrid positioning module, which can include a WLAN module for receiving
information from one or more WLAN access points, a satellite positioning module for
obtaining satellite information from at least two different satellites, logic located in the
WLAN module to determine a set of possible WLAN location solutions based on one or
more WLAN access points, and logic located in the positioning module to use the satellite
information from the at least two different satellites to determine the best WLAN location
solution from the set of possible WLAN location solutions.

[0040] In some embodiments, the method can inlcude determining the location of
a WLAN and satellite enabled device by using satellite measurements to weigh WLAN
access points (APs) by detecting WLAN APs in range of the WLAN and satellite enabled

device, obtaining satellite measurements from at least two satellites to provide a plurality



[0044] I n sone enbodi nents, close to the satellite estimate of the
| ocation of the device can include a distance within one order of

magni t ude 9 26d9840apver age area of the AP. [0045] I n sonpcerRamdorREdS,
a | ow wei ght corresponds to an AP that can be far fromthe satellite

estimation of the l|ocation of the device. [0046]1n some enbodi nents,
a WLAN AP can be far fromthe location of the device if the AP is

| ocat ed at J.: r nij . g

of the. ap. OTsBy Bk RREEAR-BLACE AL afRALIHAR, IR KR Je A U RPBRER,
be far fr othetdseanpofsmbheWdahe APs teetht pesatblconsllat dchtondefiheaevithe
osition of the W.AN and s dit b devi | at ed

T hout  asl W4 om 1 e 308 SablimassS FODREN et e RRatt Rt

wei ght CanAanb&&@ﬂo&ﬂ%drhﬁ&n@@ﬂaéﬁiimyI&@ﬂidﬁﬂﬁﬂh&(ﬂh&id&ocati on of the

WLAN APs and the possible satellite |ocations of the deyice. [0049]In
sone enbod[ W8k s, t Ha spiee RBBodEANthe pRIsbIs spislitalorsipnieide Apdcainch

are not copgiyat enlsidh drholdisic RRSHNRIBAL B lcl@ubocat i ons of the

device. [0050]In sone enbodi ments, the WLAN AP | ocati on consi st ency
with the [0043] In some embodiments a high weight corresponds to an AP that can be

close to the possible satellite locations of the device.

[0044] In some embodiments, close to the satellite estimate of the location of the
device can include a distance within one order of magnitude of the coverage area of the
AP.

[0045] In some embodiments, a low weight corresponds to an AP that can be far
from the satellite estimation of the location of the device.

[0046] In some embodiments, a WLAN AP can be far from the location of the
device if the AP is located at a distance an order of magnitude above the coverage area of
the AP.

[0047] In some embodiments, if the WLAN AP is determined to be far from the
possible satellite locations of the device, the position of the WLAN and satellite enabled
device can be calculated without data from the far WLAN AP.

[0048] In some embodiments, the weight can be based on the consistency between
the location of the WLAN APs and the possible satellite locations of the device.

[0049] In some embodiments, the method can include eliminating WLAN APs'
which are not consistent with the possible satellite locations of the device.

[0050] In some embodiments, the WLAN AP location consistency with the
satellite information can be measured by applying each of the WLAN AP locations to the
satellite measurements and calculating the internal SPS receiver clock bias for each
WLAN AP location.

[0051] In some embodiments, the method can include calculating an internal SPS
receiver clock bias by considering the location of each WLAN AP as an initial position

and the measurements from each satellite.
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satellite informati on can be neasured by applying each of the W.AN AP
| ocations to the satellite nmeasurenents and cal cul ating the internal
SPS recei veD 20090asa1bi as for each WLAN AP | ocati on. [ 00ZUrius2e00e5504
enbodi ments, the nethod can include cal culating an internal SPS

recei ver clock bias by considering the |ocation of each WLAN AP as an
initial position and the neasurenents fromeach satellite. WO

2009/ 14941 TM{ US2008/ 86 %0ho8i8Ra4) thf:‘ c&%ﬁ&n@f'@pﬂﬂé Rah 8 .SPER&civer clock

consi stencg of the internal SPS receiver clock bias for each of the
W.AN AP | o®s fgreacteelitho Wlie dPdacatiang graibe asddon aindijagionmpcdistpracheysen

the WAN ARl geaN 8P @06 1R ROARIELShellidto dhyhee | ocati ons.

[0053]In sone e Iments, t can I nclude cal culating the
consi st ency003B] t he | Intsemeainbs#Hsenscbe vethod lcar lochida salfwatingdlshconkisfeingP

| ocation cap,inclu | cul atjng.the st r i at.ion aor .the nmean
square err 8Etthmt?Wg&ﬁr§r§?%‘éﬁr Clgﬁ%blraﬁgo ie\e}%‘mﬁéﬁ E?Cgé(.m Taﬁd%%’]&n sone
enbodi ment salctibgngapphthdaid dvialios of ihb@scal squasd @rorbothed@t@EIBRY magcitdie

| ocation of a WLAN and satellite enabl ed device by using satellite
measur enent®k Bafei gh W.AN access points (APs), the system can

i nclude a hygxa) d POSindoRRicRbolRdHtsEhbah AR afH des ey d §ysteny Yol RAHING

for receiving information fromone or nore WLAN access points, a
satel | ite prspedtioniohy Wiehilaed saisllilgcastiled dryicg bylusing siteitcgpeapgspyh &
devi ce | ocaf. [ |1, ' ' at
anst tup QPOTEAN 2R PRYNIRPERESy B Bl T EhRR o
posi ti oni ngvhiahchah énclale apvVbniNdhodylafonedcgivingfinforre@min Hikh eeserdnae WIEN

di stance fromthe W.AN APs to.the possible satellite,.device.l.ocations
o ot he Gy s b iR b il hodis B Bk B BB SRy kD
a net hod ofloddebmrorihy degict Bescl 06 aittltite igforatiti N Bdesatwd difftenevariiiter

device by using.two or nore satellite neasurenents to refine an
initial WAR Pgis@iaged it B radtining madyle for DFvd B W@lg@gfi%r ﬁ@é&e“if%?gbaéed

posi tion ofy, e MbAN rRRfhms TEANI AR 6 ﬂﬁtﬂolgb%lg SUEIGR deSicB it dNihe

positioning system gathering satellite |ocation neasurenents from at
| east two slavied:lites, the nethod can include determning an

uncer tai nt 2 ar O ANG RNl OF R LH AR TRk PARAR AP abilihin
expect ed e?f(r“gsis of the WA ?’f ocat i on gsk@#ﬁt% “Wher ei n tﬁlhe uncertal nt y
area has a tipd locaiontoya SfLANsed kitdlile@oalileddevie|bytusing $wo andoatetteid ni ng
the device | ocati grg est %. mat e itnf{éﬂ%\gge ‘X\h@l\éf I o&:?t [ on .uncep tdai nty
that best SHPFEPTENS PHEMAGIERIF: tpeifigpiep defermination, including
estimating a position of the WLAN and satellite enabled device using a WLAN
positioning system, gathering satellite location measurements from at least two satellites,
the method can include determining an uncertainty area around the WLAN location
estimate based on the expected error of the WLAN location estimate, wherein the
uncertainty area has a plurality of possible location solutions, and determining the device
location estimate inside the WLAN location uncertainty that best satisfies the satellite
measurements.
[0056] In some embodiments, the method can include dividing the uncertainty
area into a grid.
[0057] In some embodiments, the method can include evaluating the WLAN
location estimate using the satellite measurements at each point on the grid.
[0058] In some embodiments, the method can include determining the internal

SPS receiver clock bias of the satellite measurements at each grid point.
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[ 0056] I n sone enbodi nents, the nethod can include dividing the
uncertainty area into a grid. [0057]In sone enbodi nents, the nethod

can incl udgoeyaisadii ng the WLAN | ocation estimate usi ngctfig0980RL5dsi t e
measurenents at each point on the grid. [0058]1n sone enbodi nents,

the nethod can include determining the internal SPS receiver cl ock
bias of the satellite nmeasurenents at each grid point.

20097 14541 fasdy 152003684030 %&Q&?%é RSN, ARAOM (BR' fe c&nQFste B} fiad

can include using the COnsi st enc I nterna recel ver

bi as of t hmtesea;l éPSlmcelvaededcrtamﬁtbe fatelidte rensvirereentte deteuaing the lofatiothef
device. [0060]1.n sonme enbodi nents, the |ocation of device can be the
grid point Eh%provi des the nost consistent internal SPS receiver
cl ock bi as[(oe0] t he Sakeht bhbBodimaskltedmRBitin of A0GJd dan bs eeeerRirfoad iwiesht s,

the size O}c)rotvﬂi%s elng)stc caor111s1ts)t%ntb13tse$ngl gn %@eleecrccl[locﬁ%ms for the satellite
measurements.
[0061] In some embodiments, the size of the grid can be based on an accuracy
requirement for the location determination.
[0062] In some embodiments, the accuracy requirement can be about ten meters.
[0063] Some embodiments relate to a system for increasing the accuracy of a
WLAN based position estimate using satellite positioning information. The system can
include a hybrid positioning module and a WLAN module for receiving information from
one or more WLAN access points and a satellite positioning module for obtaining
satellite information from at least two different satellites, logic in the WLAN positioning
module for determining an uncertainty area around the WLAN location estimate based on
the expected error of the WLAN location estimate, wherein the area has a plurality of
possible location solutions and logic in the hybrid positioning module for determining the
device location as the WLAN location estimate that best satisfies the satellite
measurements.
[0064] In some embodiments, the method can include calculating a WLAN
position estimate of the WLAN and satellite enabled device and using the WLAN
position estimate as an initial position in satellite position system to determine the
location of the WL AN and satellite enabled device.
[0065] In some embodiments, the system can include a positioning module which
can include a WLAN module for receiving information from one or more WLAN access
points and calculating a position estimate of the WLAN and satellite enabled device and
a satellite positioning module for obtaining satellite information from at least
four different satellites, wherein the satellite positioning module uses the WLAN position
estimate as an initial position for a final position estimate.
[0066] In some embodiments, the method of determining an expected error in a
location determination of a WLAN and satellite enabled device can include determining a

WLAN location estimate and an expected error estimate for the WLAN location estimate,
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requi renent for the location determ nation. [0062]1n sone

enbodi nents, the accuracy requirenment can be about ten neters.

[ 0063] Somewenbmdunent s relate to a system for increasi rgTiUse00088304aCY
of a WLAN based position estinmate using satellite positioning

i nformation. The system can include a hybrid positioning nodule and a
WLAN nodul e for receiving information fromone or nore WLAN access

poi nts andgaddleahédst@mBRS Hoh LR AG: (B At BitdsOdndRERh Midddh & 8Rttd Efor of
information fromat |east two different satellites, logic in the WAN
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| ocation ed erein uraltyo possi bl e

| ocati on s@067] ons a]md;ohﬁgtrmommehfsecdnylbnehtdnmsmmﬁnmbctgfecm‘dia MEL AT
determ ni n? t he dgw ce (ﬂ}ca ﬁ@ t cation (st rr%ite t hat
best sati sfi%BEOT m%%?taBF © %B‘tﬁ‘ é"r?B‘r%séfs dﬁeéﬁ‘]rf"ﬁe%ﬁaé” OB ABHY's,
t he net hod e;a@ateu@ﬁ«bﬂﬂ&h@@hawmiueﬂgman&l,AN position estinmate of the
WLAN and satellite enabl ed device and usi ng t he WLAN positi on

estimate as0008li niti@sopssMbpdiments Beensistent epyETEn oSt tin WHAN
det er m ne tl&‘?m&f’@sﬁﬁfaf%rhnﬁfthetsia%lﬁf\gﬁul@dﬁ%gss% kel hdaSureRaht & QN if 8 higher

[0065] I n sone enbodi nents, the system can include a positioning
modul e whi ehpested eitatingbielogatinn Altervpidatien. f or recei vi ng i nformation from

e o e RS A, GAL LB AR Bt o

posi tioni ng1smdubawé@rthematkmmngtm@@daylstehﬂocanﬁmresmnatmn ahd emgain dfeast

four different sa ellites, erein l{ﬂ ellte S|t|on| nodul e

uses the WA %%%q i PRRIde Y dheBte R pRftichine %ﬁ%*?ﬁ%ﬁ@%?ﬂ final

position egyo7upt e. [ BOREkIMbSORENRMBS dbiRnSy of fhe if@rhilaPSateeiver clock

det er m ni nc}l?an expected error in a location determnati on of a VWLAN
i

and satel | et @Mbﬁlﬁaaﬁéw%orb%ﬁﬁmam%a%u%fétaéﬁwﬁwﬁaorao RRNSEYat i on
estimate ar?)gtv?e@n %Rﬁﬂkﬁ%eﬁ&f IQfsﬁf?)ﬁtektﬁﬁét@ aﬁcptﬁe Eﬂﬁh%sﬁr%@ﬁt&.on

estimate, .
[0071] In some embodiments, the method can include an expected error in a

location determination of a WLAN and satellite enabled device, including determining a
WLAN based location estimate and an expected error estimate for the WLAN location
estimate, the method can include determining a satellite based location estimate and an
expected error estimate for the satellite based location estimate, the method can include
determining the expected error of the location determination by evaluating the
consistency of the satellite positioning system location estimate to the WLAN positioning
system location estimation.

[0072] In some embodiments, the position estimate with the lower expected error
can be selected as the location of the WLAN and satellite enabled device.

[0073] In some embodiments, the method can include determining the expected
error of the location determination by comparing the WLAN location estimate and the
satellite positioning system location estimate.

[0074] In some embodiments, consistent measurements between the WLAN
location estimate and the satellite positioning system location estimate can result in a

lower expected error in the location determination.
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obt ai ni ng neasurenents fromat |east two satellites, and determ ning
t he expected error of the |location determ nation by evaluating the

consi st enGyop9feolilapatel lite positioni ng system nmeasur eggiksod/uckdie
WLAN positioning system |l ocation estimtion. [0067]1n sone

enbodi ments, consistent neasurenents between the W.LAN | ocati on
estimate and the satellite positioning system neasurenents can result

in a | ower cted er ' : L: t ] Lan.. . ]
sone enbodl@é?%fs, i nlgosélglgg eﬁﬁ%ﬁm&?ﬁ%&%@%t&ﬁ%@ﬁ%@ﬁ& Fﬁgcﬁ@%@ﬂ@gti on
esti mat e ahdatidneessattelahd the spoditd positionng Sysére hncatasastimperhs resaninraasul t

in a higher. expect error in the cation determ nation. [0069]In
some enbodf“ﬁg?ft%?ec %‘r?ﬁ%f“eth%g)c O MR enent s can i ncl ude the
di stance b en t hen\WbANeRBSdifnkbaRi thgconyistet) dfaradstimates sid inelui®me and

a region of possible solutions provided by the satellite pgsitioning
syst em neadisraasristscen topsatslfth PeviRN eysaMHRcRtien ettt S AR of
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posi tion efi7dat e and spine cwhodimeits,chermathad eareinelyde thodnapaliSPSapesiver

enbodi nent t can, i ncl . ect err.or. | i
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det er m ni ngetare M AR WIS dased patitiomestiatatcrmt] ehcadack1in pesieddgesy stemrlocation.
i i ncl ude

estimate f WL | ti t te, th t hod.
dZt :ar i ﬁi nff{"é{kﬁgt el | Otnéeo%’%l Iélggffng%ﬁlafr%ﬁ%éﬁt?‘ﬁﬁ?rngn‘ﬁgﬁméﬁﬂ%%ﬁ@%ﬂfaer ror

estimate ferLAK@agatpelitibd &tiRacadinQeRllitOfbsePhingasBmdta. Mat Haetntan
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by eval uat in§§de Reowtens meddy instudinges WhnY mpdue fseceivag IRpragiaandram

location eghd fhée WL ARG W PbiRRE LAQRHOY VYA ¢Bti QAR £SRLMRET ON.
positioning module for obtaining satellite information from at least two different
satellites, and logic located in the positioning module for determining the expected error
of the location determination by evaluating the consistency of the satellite positioning
system measurements to the WLAN positioning system location estimation.
[0079] Some embodiments relate to a system for increasing the accuracy of a
WLAN based position estimate using satellite positioning information. The system can
include a positioning module including a WLAN module for receiving information from
one or more WLAN access points and to calculate a WLAN position estimate, a satellite
positioning module for obtaining satellite information from at least four different
satellites to calculate a satellite position estimate, and logic located in the positioning
module for determining the expected error of the location determination by evaluating the
consistency of the satellite positioning system location estimate to the WLAN positioning
system location estimation.
[0080] In some embodiments, the method for determining whether a satellite
enabled device is stationary by measuring the Doppler frequency of received satellite
signals can include acquiring satellite measurements from at least two satellites, wherein
the satellite measurements include Doppler frequency measurements, acquiring a rough
estimate of location of the satellite enabled device, and calculating an internal frequency

offset of satellite enabled device.
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[0072] I n sone enbodi nents, the position estinmate with the | ower
expected error can be selected as the location of the W.AN and

satel |ite woabdogadosarevi ce. [0073] 1 n sonme enbodi nents, t reTEskdvods6s@n

i ncl ude determ ning the expected error of the | ocation determ nation
by conparing the WLAN | ocation estimate and the satellite positioning
system |l ocation estimate. [0074]In sone enbodi nents, consistent

nmeasur emenj@gpet weenntshc WebdihRe@ thOmeasl lca%@lua@@hjmﬁg sRtBdgpid-e
posi tioni ng_ system | ocation esti mate can result in | oner expected
e

error in tHequeseamnesraRentsioperattdar satoligte movement and the internal frequency

2009/ 14941 & @y%%{agg/d%%ﬁﬁﬁlg%ﬁuﬂgysom enbodi nent's, inconsistent

measur enent s ocation'estimte and the satellite
posi ti oni n{P082kt em | lncatme embeditrients tbe owthod esuintluin detetmigihg thagthpdetied
error in the locati. 100761Qn sone enbodi nents, the

consi st ency® GHOPHE lfotgf g%‘ﬁ?ee;é%p??z ﬁieﬁléeinuﬁéss di stance between the

satellite poossfioni lnm B8 b diarats] Bo me ot e ﬁcl&ﬁddétélﬁlih‘ibé\tﬁat the device
positioning system]ocation estimtion. [0077]1n so enbodi nment s,
Phe. et hod onHE T 06 4B 0L AP T8t aRlte 5 SbstEm iy e Same

value.

[0084] In some embodiments, a small Doppler frequency can be a Doppler
frequency corresponding to movement of the satellite enabled device of less than one
mile per hour.

[0085] In some embodiments, the method can include implementing power saving
features into a WLAN positioning system, located in the satellite enabled device, if the
device is determined to be stationary.

[0086] In some embodiments, the power saving features can include updating the
device location less often for example, once a minute, by the WLAN positioning system.
[0087] Some embodiments relate to a system for determining whether a satellite
enabled device is stationary by measuring the Doppler frequency of received satellite
signals. The system can include a positioning module including a satellite positioning
module for obtaining satellite information from at least two different satellites, wherein
the satellite measurements include Doppler frequency measurements and logic located in
the satellite positioning module for adjusting the Doppler frequency measurements to
account for satellite movement and frequency offsct of satellite enabled device to provide
a device Doppler frequency and determining that the device is stationary if the device
Doppler frequency is small.

[0088] Some embodiments relate to a method for determining the position of a
WLAN and satellite positioning system enabled device using characteristics of the
environment in which the device is located, the method can include detecting WLAN APs
in range of the device, obtaining environmental characteristics from a reference database
based on the WLAN APs detected by the device, and determining whether to use the

WLAN or satellite positioning system based on the environmental characteristics.
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clock for the WLAN based position estinmate can be used as an
i ndi cation of consistency between the WLAN based position estinmate

and the sa{@hdoohieaposi tioning systeml ocation. [0078| Sepgeusrgdissmnt s
relate to a systemfor increasing the accuracy of a W.AN based

position estimate using satellite positioning information. The system
can include a positioning nodul e including a W.AN nodul e for

recei ving Q’Gé@r MRt | R of b OB B EmHts TRE &v%ﬁ%xﬁ&l%ﬁ%ct&%ﬁ& frebQected from
a sate e

cal cul ate AN | ocation esti mate, Ite positionling nodu
f or obt ai nihngraeateehdisting of démsityraf bwllifgs oparadlie ARdwight ofbudidingenenthe AP,

satellites d. |l ogic,|ocat dn the positioni nodul e f or .

dot or mi ni nipd it isca b iR n By i BRS et PO SRR Rl gpion
eval uati ngjoobe COESiIﬁfs@ﬂﬁéiymbtﬁdiﬁlbﬁts,iﬁﬂle|db‘&ib£ca}ﬂ%idkieﬁﬂihﬂrgto$}eﬁh efiurban
measurenents to t WLAN posi tioning.system | ocatjon._estinmation.
10079] So rrecaél%%d}i‘er%’ﬂ% Wil dglernipg 1t PENIAndR R tﬁ‘h L ed PORYIGHE SYEETr acy
of a WLAN pgsed position estimate using satellite positioning

i nformation. The system can include a positioning nodule including a

W.AN nodul 8098 r ecdinvpmgcinhédmantsiibihcfdevas emdesleterrpined (prbaNn a selagikan
poi nts and . cal, cul : i j , '

posi tioni nlg()tc%%)o O{hgl&{s ‘(?)i%&gg% %élltér?ll}lﬁ%q% té]ﬁptll tg %Ste? %ghr%ﬁ%t?}lgﬁg(ﬁ%&ﬁh tsy?teergst
four diffenlemt. satellites to calculate a satellite position estimate,

and | ogic ed in the posit.ioni modul e for .deter.m ning the
expect ad elMSR of ¢ e 'Poe EPedingRe b ARG Sen Bl nabhldier B ov
consi st enciheQhtellitepdsaioalngist@erd @S selldcOi hidthod Ys Estifatedcadibn bf Bstdevied.e to
t he WLAN positioning system| gcation estinmation. [0080]1n sone

enbodi nent #09%8he netRaame spbadiments the Ay iRAREHacharagistigics cancbedishPed

device is glalt RRAI¥itBYinFBASHA kNG 1dNEMPABR LLLstibbRANGAGY oOhe 1SS, Ved
satellite si %nal s can include acquiring satellite neasurenents from

at |east tiR994ht el | i Sasms eringinasnis rehpéesdae BYYrid posiening sewien fey detseninig
Doppl er fr d SN i N

| ocati on o& %ﬁ ﬁ%gé%{;%a?%%%ﬁggpgg&%\%%gg‘hgﬁl{dﬁ?}éa gﬁlﬁltéw{?%%%eg&%vﬁf er nal
frequency bfchieétthofyseat iatluiding agnsibbeog cedile &cludi® a WLAN module for

2009/ 149417PCT/ U82g09/t04 04 {50081 I enbodi ment.s,. the.net hqdl
can i ncl ud& SN P ORE TR B H @ RN oatt dndine ¢ igfes i
for satell ch@ad@ikassaid angellifd@osindbhnmbdile &gwbnmin®fatdiet itfornptiorbete a
devi ce Doppl er frequency.  [0082]1In sonme enbadi nents, the nethaod can

i ncl ude det@@ihdopteinttheposttpaingaiedule @gdeéﬁrgtmi%yhi%?rﬂo ppfethe) /el o
Doppl er fr eQueRGYsitieniB P dtem based on the environmental characteristics.
[0095] In some embodiments, the method to maintain the stability of an internal
clock of an satellite positioning system receiver by using WLAN access points (APs) can
include maintaining the internal clock accuracy of a satellite positioning system receiver
by using one or more WLAN APs as a reference.
[0096] In some embodiments, maintaining the internal clock accuracy can include
measuring one or more time intervals of one or more signals transmitted by a WLAN AP
and received by the satellite positioning system receiver.
[0097] In some embodiments, the WLAN AP maintains its internal clock
accuracy by synchronizing with a satellite positioning system clock.
[0098] In some embodiments, the WLAN AP can include a satellite positioning

system receiver to synchronize with the satellite positioning system clock.
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[0083] I n sone enbodi nents, the nethod can include determ ning that
the device is stationary if the internal frequency offset for each
satellite wez2emhstaantially the sanme val ue. [0084] | n soweTaisbogbsssnt s,
a small Doppl er frequency can be a Doppler frequency corresponding to
nmovenent of the satellite enabled device of | ess than one mle per
hour. [0085]1n some enbodi nents, the nethod can include inplenenting

power savi [U®9 §]eat ur e shik Qmﬁod%érﬂs HQ@MW%@&aﬁ%@E&ﬁ%ctE@%&Qtrél@utéRﬁ‘
satellite enabled device, if the device is determ ned to be

st at i onar ysyntiogse mithgkaatcliie pesivennssysemelosbwer savi ng feat ures can

i ne | ude u p Eb]n g th elnqgﬁﬁ!? gr?lb!)cﬂﬁ'l%ﬂs Ocﬁe WEL% %gf?@ n‘[aﬂ{talrﬁrgtg g}?érﬁal ke a

m nute, byt WLAN positioning system one e nents rel ate
to a systemchmlcyﬂsauﬁngmmaqagrametehmi okilkatre¢deivee enabl ed device is

S gnal s TBOLUSE S B PR bt PERR Ry L EC T HE ROl kg LA

satel | i te pesinfdraatifigabvaciib Qccfuﬁal’cy@bit@-lnfﬁdi‘eg ogoammddrteﬁpdcftﬁ@rrﬂﬁ@ﬂ ign from
at least two different satellites, wherein the satellite neasurenents

i ncl ude Doppites 214 selpgtng ming Aags wrneRts framdliffegit VAN Rsdo icarreh an

satel lite pRfidih aRIsHQIALDNLGerfQhteAd] 48K 1%, t he Doppl er frequency
measurenents to account for satellite novenent and frequen é of f set

of satelli{M02habl edngew cebedimsnissthelmethod evi weludogsifceng Wleliéde yidind
det erm ni ng‘l t Q%?&?rrg%é%l] Eglﬂ%tog %%Bé Q%rt € éaftel{ﬂ.}g?ecg \éf ggcc%hgéﬁ?%egnal

frequency I's sna 0|rrens re ate
det er m ni ngsdilleorposi tion of a WLAN and satellite positioni ng system

enabl ed de u5|n chara istic env ronnment i i h t he
ot ce i o JHESH ea PSSR ERbAERRS B NN Gefeter Agmarng ABSRE%: ange
of the dev hﬁﬁlapabmwsy&ighxﬁﬂmwmm sdtaliteGlositiating kyskdn €18cH.r om a

ref erence dat abase based on_the WLAN APs detected by the device, Eﬂg

det er ni ni nd WAkt her Wo%émtbﬂ@“\?@%\ihﬁ?at‘”slg'ieé]oﬁlflt)’ém%%?efri SRTIHY cay e
based on theyeaNi f.pnuEnt al characteristics.

[0105] In some embodiments, a satellite positioning receiver maintains its internal
clock bias by using onec or more WLAN APs as a reference. In some embodiments, the

WLAN AP can be a municipal AP.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

[0106] For a more complete understanding of various embodiments of the present
invention, reference is now made to the following descriptions taken in connection with
the accompanying drawings in which:

[0107] Figure 1 illustrates a high-level architecture of a WLAN positing system;
[0108] Figure 2 illustrates a system for a conventional way of integrating WLAN-PS
and SPS;

[0109] Figure 3 illustrates a system for providing a WLAN-PS and SPS integrated
solution according to some embodiments of the disclosed subject matter;

[0110] Figure 4 illustrates an example of selecting a solution between possible
WLAN-PS solutions using raw SPS measurements from two satellites according to some

embodiments of the disclosed subject matter;
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WO 2009/ 149417PCT/ US2009/ 046504 [ 0089] I n sonme enbodi nents, the
environmental charactcristics are selected fromthe group consisting

of densit wehoPHidsdh Ngs near the AP, hei ght of buil di nggThR&SH09b43S04AP
and whether the AP is located in an urban canyon, urban |ocation, or

suburban | ocation. [0090]In sonme enbodinents, if the device can be
determned to be in an urban canyon, the device will determine its

posi tion bigge on eidif. YHAN-ROS! LARA! BORYRLETVA LR LAAPLA BaRATEy

enbodi nent s, th evi ce can erm-ned®to be in a subur
| ocation, SRA®&ndewiraecn drt podeided mi WEAN-BS posildct the bbstseldtianaccbiding to

satellite positioning. s em gl one.. .[0092] I n some enbodi ments, the
env!rpnnpngﬂpe@ﬁ§£%§%ﬁ§¥§%?€§8@§ SB@L%§%‘ by the satellite

posi tioni ngi9ypt emidi@e 6 8lueLitePanBRhPIE off Gel&Sink ABbRLbIOBAk E@DHORibIE he
device. [0093]1n sone enbodjnments, the environnental characteristics

can be usedRNtHSesolntians brsed o Ay PRSISIPsoBPRRCEHIIBE O oAk iments of
estimte | aeafiipRePlubjdlemagyi ce. [0094] Sone enbodi nents relates to a
hybrid positioning systemfor deteimning the |ocation of a device
usi ng char #8118} i sthigee dillustigecamaxpmpived seléatingifhiediest sabofddlARRAPssbased

| ocated, t QS A §f’§@e&s’i‘1§:elfxﬁjeg&s co%dﬁg% &0' enén%dm?eq;tg &&Q(ﬁ#cﬁ'&'@@ gub?ecy\.LAN
nmodul e for “receiving I nformation fromone or nore W.AN access” poi nts,
i ncl udi ng enwer, onmental characteristics, and a satellite positioning

RO R AR B SR e
satel lite BPSidca@iéhchtSitsh b BRSER soRllidio 64¥it b SRMEWRAN APs in WLAN-
characteristics. _
PS according to some embodiments of the disclosed subject matter;
[0115] Figure 9 illustrates a system for examining the location estimate and
uncertainty provided by WLAN-PS against SPS in order to find the best estimate of the
location of a mobile device according to some embodiments of the disclosed subject
matter;
[0116] Figure 10 illustrates a system for examining the location estimate and
uncertainty provided by WLAN-PS against SPS in order to find the best estimate of the
location of a mobile device by using the grid method according to some embodiments of
the disclosed subject matter; |
[0117] Figure 11 illustrates a system for integrating WLAN-PS and SPS, in which
raw SPS measurements are used to refine WLAN-PS location estimate according to some
embodiments of the disclosed subject matter;
[0118] Figure 12 illustrates a system for integrating WLAN-PS and SPS, in which as
WLAN-PS location estimate is provided as initial location estimate according to some
embodiments of the disclosed subject matter;
[0119] Figure 13 illustrates an example for increasing accuracy of the estimation of
expected error by using SPS and WLAN-PS information according to some embodiments
of the disclosed subject matter;
[0120] Figure 14 illustrates a system for increasing accuracy of the estimation of
expected error by using SPS and WLAN-PS information according to some embodiments

of the disclosed subject matter;
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[ 0095] Tn sone enbodi nents, the nethod to maintain the stability of an
internal clock of an satellite positioning systemreceiver by using
WLAN acceswopamiont®1{ APs) can i ncl ude maintai ni ng the i micarusados/edesmk
accuracy of a satellite positioning systemreceiver by using one or
nmore WLAN APs as a reference. [0096]In sone enbodi nents, maintaining
the internal clock accuracy can include neasuring one or nore tine

interval s gj12¢ne @fo D] LilBLERAlaSsybtbATSMBtdtioRtkyR¥craicMbAN BB Pdittwo or
received by the satellite positioning systemreceiver. [0097]1n sone

enbodi ment 810rq feellifgsaqeapingde parag erabadingenthefthadisclesed skbiadt enpittacy by
synchronizing wwith a satellite positioning systemclock. [0098]In

sone enbodi nents, the W.AN AP a1 BescRsabal | i te positioning
systemreceiver to synchronize with the satellite positioning system

cl ock. 199p/ 1@%%&8@5&%@1%0@&%@5%je}c@%&&rlwoﬁw@mﬁmb@gfim%@faﬁrﬁg a

the WLAN AP can be connected to a central site to synchronize Wt
t he sat el | WleANdgsadipopitipeing ystaant WL ASKES)[a0d @ 63tk hitesbrsed rasHivningshittem

the WAN 'A‘E)Sf;\S‘Fﬁl t %&tggﬁ&ﬂld Igo%itf.omn%rsg)&!%m.c !qugftegrated or hybrid system refers to a
system which combines the measurements from one or more systems to improve the
accuracy of the positioning and velocity and bearing estimates and the accuracy of
expected error estimate, and to reduce consumed power as compared to cach individual
system working independently. The method of integrating a WLAN-PS and SPS to
create a hybrid positioning system can add raw SPS measurements as another input to
WLAN-PS and WLAN-PS final estimations as another input to SPS. Raw SPS
measurements from two or more satellites can assist the WLAN-PS to increase the
accuracy of position estimate, HPE, and stationary user detection. WLAN-PS initial
position estimate and other estimations also can help SPS to reduce time to first fix
(TTFF) and power consumption. A hybrid positioning system also can reduce power
consumption compared to WLAN-PS and SPS working independently by deactivating
WLAN-PS or SPS when they are not adding value in terms of increasing accuracy or
other estimations.

[0123] Figure 3 illustrates a block diagram of the hybrid system of a WLAN-PS 301
and a SPS 306.

[0124] SPS 306 is an off-the-shelf, conventional satellite positioning device which
consists of the same devices as SPS 206 in Figure 2, with addition of an output 311 and
an input 312 from the WLAN-PS (discussed in more detail herein). Satellite receiver and
measurement device 207 is part of every conventional SPS receiver 306, and raw SPS
measurements are an essential part of the SPS measurement. However, here the raw SPS
measurements are used outside the SPS 306, as is shown by output 311. Not all the
commercial SPS receivers expose the raw SPS measurements to devices outside SPS 306.
For example, Star I1I GPS manufactured by SiRF Technology, Inc. (San Jose, CA)
provides raw SPS measurements as part of its standard interface. However there are

some other GPS receivers that do not provide such measurements. For the SPS receivers
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accuracy by using an accurate internal oscillator receiver. [0101]In
sonme enbodi nents, the nmethod can include receiving fromthe WAN AP,

|nfornat|qﬁ0§aggkmyhe accuracy of its internal oscill apetf/Rseu¥sssat ed
error of its timng, and selecting timng measurenents fron1d|fferent

WLAN APs to correct and nmaintain the satellite receiver's interna
clock bias. [0102] I n sone enbodi nents, the nethod can include

sel ecting g{%fd‘{l\# ﬁaéf Pax st Dot 865 ﬁl%gsldge%?o\ﬁts%fs 8%11@?)?@@1?& BEY nlt:ﬁ'fag i Goer

than the s ecel ver's accuracy n erna oscC
[0103] | n someiverddods modifisd td fremiNbANSAP ticaawliP Saneanmicmegal AP and t he

muni ci pal LS synchroni ith a satellite positi,o

Clock. rortiizeh SYBEVENAR At PR au e Fr R s o G S5 e
recei ver cgibwiiglrittee 2cWepNhHEER cWiETgurdddd GREivE rEPFBS ereinfeRnt3 . arhe
satellite positioning receiver maintains its internal clock bia

usi ng one BegEEioa oNHENEEPES gacasirpraeE RN LANLPS d0dechangsrs dreisnien o%t he
WAN AP cagyben %ma&&ioﬂﬁevf@ 30:581115%&%@1? BM@%t@ﬂ%l%l EV6

OF THE DRAW NGS [ 0106] For a noré conpl ete understanding of various

enbodi nent $05fThehWLANeBRAG1 can take advantage of the raw SPS measurements when at least
two satellites are acquired, even without any fix or solution from the SPS 306.
[0126] This design change of WLAN-PS 301 after receiving raw SPS measurements
is discussed in more detail herein.
[0127] Under one embodiment, the disclosed method integrates a WLAN- based
positioning system (WLAN-PS) and a satellite-based positioning system (SPS) in which
the WLAN-PS provides a set of possible locations of a mobile device, and among the
possible locations, the one which fits the SPS measurements the best is selected as the
final position estimate.
[0128] This embodiment also can provide a method to integrate WLAN- based
positioning system (WLAN-PS) and satellite-based positioning system (SPS) in which the
WLAN-PS provides a set of possible locations for the mobile device, and the possible
locations are weighted according to their distance to a plurality of possible SPS device
location solutions. In other words, weights are assigned to WLAN-PS possible solutions
according how well they correspond to the satellite measurements. After assigning a
weight to each possible location, various algorithms can be used to combine or select
WLAN-PS possible locations. For example, the final reported location can be weighted
by an average of all possible locations, low weight locations can be removed from the
weighted average, or only the highest weighted location can be reported. Selection can be
a special case of weighting, in which the respective weights are zero and one.
[0129] For example, because of the high density of WLAN APs in some areas,
WLAN-PS can detect tens of WLAN APs in a given location. The detected WLAN APs
may form more than one cluster. A cluster is defined as a set of APs in the coverage arca
of each other. If the coverage of a WLAN AP is not known, a nominal coverage can be
considered. Nominal coverage or typical coverage of a WLAN AP is found statistically

by measuring coverage for thousands of WLAN APs, and it is reported numbers between
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invention, reference is now made to the followi ng descriptions taken
in connection with the acconpanying drawi ngs in which: [0107]Figure 1
i Il ustrat esoaodiiglait evel architecture of a WLAN posi ti RgTARSM0L046504
[0108] Figure 2 illustrates a systemfor a conventional way of
integrating WLAN-PS and SPS; 101091Figure 3 illustrates a system for
provi ding a WLAN-PS and SPS i ntegrated solution according to sone

enbodi ment $o@f add'Bs50el S IOSRESWRIIRLhisMREG B, FOIkhplegih eadbile device

illustrates an exanple of selecting a solution between possible

W.AN- PS sof¢ieqtofiicansiVhg N Al Spshigh isof divenirg lacpigenn abigh-aise byildingsand

2000/ 14641 JBHRERSSREMATRT: B Bioh PR SheEl BT SR DR er TP
i nt egr at i ngxaMp\SPEmatets SRS fram thisibedh msawuiBfse rthaslateetae NIsATE Ad’s can be
provi ded to V\Ld%%\el-ﬁél?lss to.s

enbodi ment £t §e Elfl%I%rg %itgffg%@g)? §<;:rtl?':sf’t%lﬁl V%’I r([g%f(‘l g‘]% |r 3???126‘%%“& o

i |1 ustr at epositibninedigdrithif woeldselbitiige Auss@ividth Diiighe hweber dfePsi Heerluster
of ten APs. Under the conventional approach, the location would be somewhere in the
high-rise building. However, if raw SPS measurements from two or more satellites are
considered with the cluster information, even with no location estimate from SPS, the raw
SPS measurements can be used to select the appropriate cluster of WLAN APs from the
plurality of clusters. In this example, the cluster of five WLAN APs might be selected as
the closest cluster to the location of the mobile device, because it also satisfies the SPS
equations. SPS measurements also can be used to assign a weight to the clusters of five
and ten APs according to their estimated distance from possible SPS solutions. After
assigning a weight to clusters, logic can be used to combine the estimation results of
clusters and report only one location. For example, the weighted average of estimation
results of clusters, cstimations of the cluster with maximum weight, or average of
estimation of clusters with higher weights can be reported as final estimation results.
[0130] The first step is detecting WLAN access points, which will be used as
reference points to locate the user device. WLAN access points are randomly distributed,
and they also might move over time. Therefore, the WLAN positioning system applies a
clustering algorithm to identify all the clusters of WLAN access points that are detected
by the end user.
[0131] A cluster of WLAN access points is a set of WLAN access points which are in
the coverage area of each other. WLAN access points which are farther than a normal
coverage of an access point from the cluster are considered as a new cluster.
[0132] For example, a user detects four access points and three of them are located in
Boston and one of them in Seattle. Therefore, they form two clusters: one in Boston with
three WLAN access points and one in Seattle with one WLAN access point. Each cluster
of WLAN access point can result to a separate location in a WLAN positioning system.
If the mobile device also acquires signals from two or more satellites, the satellite

measurements can be used to select the cluster of WLAN access points or reject clusters
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WLAN- PS sol uti ons based on SPS possi bl e solutions according to sone
enbodi nents of the disclosed subject matter; [0113]Figure 7

i1l ustratagoasmogyagpl e of selecting the best set of W.ANrARsoHess&d on
raw SPS nmeasurenents according to sone enbodi nents of the discl osed

subject matter; [01l14]Figure 8 illustrates a systemfor integrating
WLAN- PS and SPS and using raw SPS neasurenents fromtwo or nore

satellites Wxﬁ&l 4 i

enbodi nment gf@l}%ﬂé&%ﬁsﬁgﬁﬁe 0subj eg?ﬁ%ﬁ}gr; I 5%@?@?&%?;&&9&&01%9%

i |l ustrat em afosy sf &mgiar(velxawi surfage drhecuhes athoprostityrod pesstdWPS
uncert ai nt rovid by WLAN- PS against., SPS in porder to fin he best
estirmate of°lPpRs f%@gﬁ ?%F}%fslé@u ﬁ%Pé’eaEK?}lég" ‘gglggtr %???‘f& o BGJesCE)%G;S

enbodi ment sol@fonk B dth&6ldRse thelRpaté WIBAN@S; so[ufidd &) thi GBS eolifbns, the
illustrates E?rzg%st em for, exam_ni gg the | ocation estinate and

uncert ai nt §i& RO R WPEPagaH®t SPS in order to find the best

estimte 0@13@19 | @6ALda 1 OFigBrd PHoWE ad@MAREPDN0IUSIRY bRt o6 il e RLARd
according to sonme enbodi nents of the disclosed subject matter;

[ 0117] Fi gupesessipoirty 40k rThe 88LANgwetse peifis formhitvagletdrnig this Angomde. arftstsps,
0, P USRS EIETL P, Y30dh el SR IRANTR gegiian. o
matter; [Ofhk8kéidguice TZhd usbudivicatiequims 8 yighaironoat l¢ast tsgrsatelling M6 ARe PS
PRI SR KR i RN N
subj ect nakdd ¢lusters. In this example, possible solution of the two or more satellites is shown as
a band 406. Cluster 402 is closer to the possible satellite solutions band 406 than cluster
403. Therefore, cluster 402 can be selected and cluster 403 can be rejected.
[0134] Figure 5 illustrates block diagram of integrated solution of SPS and WLAN-
PS. SPS 506 can be a standard, off-the-shelf device, but it has to be able to provide raw
SPS measurements as discussed in Figure 3. The raw SPS measurements 311 are directed
to WLAN APs 503 and trilateration device 504.
[0135] The WLAN APs selection devices 503 receives the data from WLAN scanner
202 as an input. The WLAN APs selection device 503 clusters WLAN APs based on the
distance between the access points. The WLAN APs sclection device 503 not only
identifies clusters, but also selects a different set of WLAN APs for each cluster. Each
different cluster may result in a different location estimate. All of the different sets of
clusters can be used in the trilateration device 504 and may result in a different location
estimate. The location estimates based on clusters can be weighted according to the
cluster distance from the SPS possible solutions or can be selected according to their
cluster distance from SPS possible solutions. A cluster can be assigned a high weight if it
is considered close (at a small distance) from the satellite distance solution. For example,
if the cluster is located on the order of 10 meters away from the satellite distance solution.
A cluster can be assigned a low weight if it is considered far (at a large distance) from the

satellite distance solution, for example, if it is located on the order of 100 or 1,000 meters

away from the satellite distance solution.

22.



[0119] Figure 13 illustrates an exanple for increasing accuracy of the
estimation of expected error by using SPS and WLAN-PS i nformati on
accor di ng wo 2emmes4enbodi nents of the discl osed subject PERIUS2009/046504
[0120] Figure 14 illustrates a system for increasing accuracy of the
estimation of expected error by using SPS and WLAN-PS i nformati on
according to sone enbodi nents of the disclosed subject matter; WO

2009/ 149415164 1J 320094 Q416RGH ch b2 fdubll 83HoBoWdS Inl JabtBdaki it $ncBsusdtaénem
for stationary user detection based on two or nore satellites

accor di ng_thsresenecrermiy dpyrankrovgr cpprdingfes of bseipnaibcceebilvdeyies. (x.y.2)
DETAl LED ot Wk 02 QA IR e Ay SR B ERRARG AR i more

matter provide a net integrating a ased positioning

syst em ( W_AXEIP@Y caniat wmed tt adinlinate thio agtemalpdadkthiaywif thy pstenvet 8P8)the o
create a hybri.d Si,t.i oni S em. An jntegrate r hybri stem
Fefors to STeYRRET I B A TLS rE b hEL APERAE SRS kB I B,
syst ens t oof tiphserdetibe (AL mhish cah bt heittposd 4 gampianfpriand folkweci ty and
bearing esti mates and the accuracy of expected error estimate, and to
reduce consunmed power as conpared to each individual system working

i ndependentlyyy - thg nmethod of integrating a WAN-PS and SPS to create
a hybrid positioning systemcan add raw SPS neasurenents as anot her
input to WLAN-PS and WLAN-PS final estimations as another input to

SPS. Raw S as f re | ' e
VAN POt o TATF caay i fn chf Bl U R SuBLE bt | LR GRALOFTirihor bF
st at i onar y satsléites.d€haefbiep aw YRNNMeBBrdamentsi fedm posortman sgsliterntreresuitin a

ot her estinmti.ons.also can help. SPS to reduce tjine t.o first fix
(TTFF) andg%(?\ﬁ@?ss‘(?g%é’ﬁﬁ‘&l?’ oo 1tl?ﬂ7'gp"iwdn%%§?a§ ?%ﬁ%l?{besivé{eem al so can
reduce powgy138pns unipldiseincebitpadnatle HidfehAN RO bAWSRAN RO akd pessible

i ndependent |y by activati ng WLAN-PS or _SPS whe ey. are not addin
val ue in té‘?lH’éonéng%F@h‘%q g atatierie) V@eglbqaﬁlé%e@r’*.t?gaﬂpluaﬂ%. Rfier )

5\2 i ﬁ?)lpgi gg%&éggléﬂgad \g%%ﬁtgg g%hameﬁs Hb BB Rbn HBEC R¥DBd €hed ¥SdodBiRf thel
solution or select the solution from the possible solutions.
[0139] Further, the consistency between the SPS measurements and the locations
provided by the WLAN-PS can be used as an indication of distance between the locations
provided by the WLAN-PS and location of the mobile device. The location of the user
device can be calculated by (1) using the possible WLAN-PS locations as rough cstimates
of the location of the user device (i.e., using each possible WLAN-PS location as the
X,y,z) and (2) calculating the final unknown, internal satellite receiver clock bias, for each
WLAN-PS location estimate using the measurements from each satellite. The
consistency between the calculated internal satellite receiver clock biases (calculated for
each satellite in view) for each WLAN location estimate can be used as an indicator of
distance between WLAN-PS’s location estimate and the mobile device actual location.
Good WLAN-PS estimates will have consistent receiver clock bias estimates, i.e., when
that WLAN-PS estimated location is used as the x,y,z location, for each satellite, the
receiver clock bias will be substantially the same, for example, within about 10% of each
other. However, if the WLAN-PS location is a poor estimate of the location of the user

device, the WLAN-PS location will produce varied satellite receiver clock bias estimates

for each satellite, for example, the receiver clock biases will vary by at more than 10%.
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[0124] SPS 306 is an off-the-shelf, conventional satellite positioning
devi ce which consists of the sane devices as SPS 206 in Figure 2,

w t h addi tw@no@figay out put 311 and an i nput 312 from t peTNEANL/HS504
(discussed in nore detail herein). Satellite receiver and neasurenent
device 207 is part of every conventional SPS receiver 306, and raw
SPS nmeasurenents are an essential part of the SPS neasurenent.
However, h t he @gls [ si-de : 6,
as is showﬁf lg?/] outlf;)%&kﬁ% tgeﬁ(ﬂm? %iea%%?%%%%é%&ﬁ&{é%@?gy@
expose t hethezunsBRAcpoi€ucaarrenssl s ey of disuns eV SRS Z3@6 poFiben (in

exanple, Star 111 2S uf act ur ed i Technol o W g (o an
Toce, Bt Thom eRer et b FEaRre S0 AR e e I
interface Howgequdtides eTiay@nsasRyif0gtardRoneéseed wethsliffdtatt nththenntical
provi de such measurenents. C{:or the SPS receivers t . do not expose
raw SPS neaUiPhemtike sandgrd qevigtion Rty OSMEATPAIHAC FROE CEMERE 25ps
recei ver 3@fiolwe: Nodified to permt access to the raw SPS
measurenents. [0125] The WLAN-PS 301 functions in a simlar nmanner as
the WLAN-PS 201 shown in Figure 2 except that it is configured to
recei ve raw SPS neasurenents 311. The integration of the raw SPS
measur ement W DNCVWLAN- PS 301 changes the design of WLAN APs
selection device 303, trilateration device 304, and HPE estimation
devi ce 305. The WMLAN-PS 301 can take advantage of the raw SPS
measurenents whegrat | east two satellites are acquired, even w thout
any fix or sol ut%fﬁf-r@ﬁlthe SPS 306. [0126] This desi gn change of
WLAN- PS 301 peda erFlreceivi ng raw SPS neasurenents is discussed in nore
detail herein. [0127Z¥Under one enbodi ment, the discl osed method
integrates a W.AN- based positioning system (WAN-PS) and a
satellite-based positioning system (SPS) in which the ' WAN PS

provi des al[@dl] of ThessliubbEMSExat bonsdae amindixbior ef e vomsestenandf thebng

t he possi bl e l.ocat,ions he opne whj.ch f.i PS ne [ h
bost s sobEunS TheRite: 1 st sl oF spa iR, R By TERRMLFIRIGSS HOP
enbodi ment n&hﬁ@erﬁaﬁs(, plicoMk dais&temgy bodi c}lalﬁ bk nEcRIgi atcll indWaddNof thaseldtion’s
posi tioning. syste WLAN- P n atel lite-hase ositioning system
(SPS) in wgr}SE?ﬁ_C? Wghwcml 138%‘& @?Y!‘C(Tjgcago%eﬁ%glsﬁﬁ%"s 2| E“Feélc"gf %ﬁ f or
the nobi | e yiexNGep ;t)aﬁ‘é}ﬁetéﬂg‘?o RO BsBlebtQf abdeROS(r@h& Y APtiethe PESOEHINY
to their distance to a plurality of possible SPS device |ocation

sol uti ons. ctlaulatineethe mobidisdevigsilefatien.ar e assi gned to WLAN-PS possi bl e
sol utions di | g r . &1 ARG ositioni
measur em::nir]‘gl?l QL\f t er}? glg‘gévlswsnsg a %éﬁ%g#ﬁ R’?lg%ggé%%%p&oé;&a%?e%oca?ﬁoglﬁ?mng
vari ous al ggstérh hivs icvhichViuANdictass pants iohid faom asfaktendistaNbANaRS: poessi bl e

| ocations. Fo | e, .t.he f.inal reported | ocati .ca ight

by an aver &pstenfOR The il Bt RiausFRRH St @ sARRS Bo Pt Bt
renoved fr aneitdfeovweilgiiteiitc Avatagiytions 605 | Phetdoasitiegphestwesr tighiPsd

| ocati on can he reported. Sel ec‘ti,on can be a s;i)eci al cas

7 e.of . .
wei ght i ng, SPIHORH R b LS cpluiens 2 dhissd &g wlesbihg bayl golgH, which is the
[0129] For  g¥26Rlion SaPENNEPDfn thidexdindh HeRNGnbiteily DAkANNARSSEI urgoTe

ar eas, . _ _
WLAN-PS means both of them report the same location as part of their solutions or that

the final estimated position is one of the solutions of both systems. Further, a cluster of
APs can be weighted according to their distance to possible solutions of SPS.

[0143] Another embodiment of the disclosed subject matter provides a method to
weigh WLAN access points by using raw SPS measurements. Selecting the best set of
WLAN access points to estimate end user’s location by using raw SPS measurements can

be a specific case of assigning a weight to WLAN APs. In addition to other criteria used
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WLAN- PS can detect tens of WLAN APs in a given |location. The detected
WLAN APs may formnore than one cluster. A cluster is defined as a
set of APswonoddnessapver age area of each other. If the corasageoesoa
WLAN AP is not known, a nom nal coverage can be consi dered. Nom nal
coverage or typical coverage of a WLAN AP is found statistically by
measuring coverage for thousands of WLAN APs, and it is reported
nunber s bew\@@lght &Q&&tmcaéfémmmﬁ\ea&és@@oms tWettrhdi@thk Mlobild agHeent .
For exanpl e, a nobile device detects fifteen WLAN APs, in which
ten of thefacaien, raye SR aeasyramanisgan pe ueedioncombingd withl therpghes erigria £ Diher
are |l ocate ing
(for ex arrplgléfeﬂg%gh \ggltt%}étg gre;%é%lgltb E %% hee(;ce ghl%?iﬁss EE% {)ﬂd\?(ﬁggﬂa#eﬂé} i

det ect ed WANdARSstimanf trecicahsgmér Bt %ANABS obas SYBAN Adfstand ghegi ze of

ten and f|v respectivel naI |on|ng al gorithns woul d
sel ect t he “MfERFEHSOCH! %ﬁléﬁgﬁiﬂ% Lo %ﬁé the cluster of ten

APs. Under [61ag] comherahamahsnapwmozm ARenipledadlidenbwatd bt higitsd rewher e
in the high-rjse bwldu}ﬁgh r, raw SPS _nmeasurenments fromtwo
or more saFERIVFY B8N FECTERHE Sore iR Phespﬁ)éﬂeq USPAIOP PR hRIOEA 2ty en
wi th no | ogad QB ofativARTO AN REW IPS mdabigeh ik RbR t%%%ﬁfo?é@fmaesc@@uie@
used to select the appropriate cluster of WAAN APs fromthe plurality
of cl ust er & caloulatppsindicatign <€f distanee betwserelocasonf(prastimpiadlonpompg ML Age
selected a I e,
because i ¢ "pand SPRIFRiG UAMFho® ANy TERTEIEh of ANl B HRMLS
can be usedeclta tlaszhigat & W@A@}hAPstm e‘sﬂttaate lagsti®r & tiof mbbileedesivd, drete APS
according to,.their ti mat d di st anc SS bI S

A tor asei Gt aT dBRpiTo 67 ufiib 3G MHGM AR R Bufpledn e i e

t he esti mathedtvice $dthtich. OfheGhW SPS cagteméERPRSh aORht t@@@atélﬁ%&tarﬂﬂ: uskdr
exanpl e, the weighted aver &S of estimation resu ts of c ters

esti mat i ond! B RIPEs Midos IRPYtakiRg 2 A3 IR s GHate mévér 16 nee'is
estimation cQﬁmcFelré!isﬁﬁ"f%e"Mlétith iHHEE (4RI R Ror 6RMaPBIHE %\Lﬁﬁnfﬂ% dovBrake
estimation results. [0130] The first step is detecting AN access
poi nts, whiatda ofiiel WhANUAR dA alistane¢ sreongderpbilpgesr mot ﬁab@éheedlstwem%whm
device. W u SO
m ght move DRt SRR Sl S ARRR Be e AR S W AN APDBN AL
a cl ust er i rgnsdegak fat dumbe @limdterddi ffom thelpositieniog adtwdatenof WLAN access

Bocess por B o 185 7 Grthon abbel S s a it st S ANTso s, n

coverage akrgichohe 8Bl QvitRIdetcWis A mc&mc@@é Poists Mol eddl 1k ecquaed Beignal
than a normal coverage of an access p0|nt fromthe cluster are

consi der ed 8% T4y RewuEMsatsdiom tyopttpllitesnf0de ln ) example, the WhaNgeeass pojnie
access poi RiSAMhIY BFe&I AbuldBENBHE: IQGRL & diflaBOBLQRAND. ADgcRfs them
in Seattle. Therefore, they formtwo clusters: one in Boston wth

t hree WL ANpamte¥? apd possiblasmiutioneof twosSetetlittse’ Oaictihbowed vy Anindisetéonsof

poi nt. Eac f r

ocati on i s A ALIL AN AE8 300y B Myt FRaf iR e bl SERE) Afiion
acqui res siofpadsthld $REBIMDNOTOiB e cslatee ubing ﬁ&asutd‘mansd’r(ﬁh twd aatellites. The

or 7o oot | CHHELEPE e Rt SarEeP e e S ppelip BROT R PRl &

nMeasur eNentigdigiérof d@tadcSBdtwin WA dc08ks pbint and Al REat@nloE Gieafobile
(vol une, surface or. a curvehﬁhThe proximty of possible WPS sol utions

to SPS possipre Wdhiserarde. oW LAY pepispopnss ?&?rbﬁﬁ veiyelesg {o Sigy possible
rej ect WPS ;solibitd @B Sbut bie Rieg ac‘fc\,‘%gs%mttm? 2G4 ﬁ’(?te'Th&J@%réNt-lﬁNbE r 8RfaHEd ON

to the SPS sol utions, the higher t quality of e WAN-PS sol ution.
[ 0133] For éxtipeh &Y LAN gogess EIRIORES a@d\nmwl@sl’&@qlutmm i76hiseonedieate obp

five WAN larger distance between WLAN access point 702-2 and the location of the mobile device

compared to other detected WLAN access points 702-1. Thus, WLAN access point 702-
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access points 404. The W.AN access points formtwo clusters in this
exanple, a first cluster 402 and a second cluster 403. Each cluster
can be usqglotz@9g§;g‘4;-[rate the |l ocation of the user devi cecrthik2dobiesssmer
device acquires a signal fromat |least two satellites 405, the

possi bl e solutions of the two or nore satellites 406 can be used to
select or elimnate sone clusters. In this exarrpl e, possible solution
of the two M,.402 is
closer to %ﬁgen %&%E@?ﬁ géscg%qg%stlot@ dgso%\pfogsﬁ)s @gi@gﬁoﬁ%ﬁﬁ F}Sbteer 403.
Ther ef or e, revdavsd &pm4b2set afABetoselcelateatic alntjllet:dlamieémcaﬂ% can be

rej ect ed. ] Fi |IIu am of inte

sol ution oiﬂqéés %U\WL%\L USEECS 5@%5\@3%%@%*%%% t! tﬁ%rﬁ?ea bfGHEE bt Pifhich
of f - t he- sheil thed@dutee ardabié sdnte RASUrO2 R cEp@ stloctpipOVLAB ABVBOSPSelecting
measur enents as di scussed in Figure 3. The raw SPS neasurenents 311

are direct &4 ARe AR alse r@%esatﬁﬁ 5 SRR S AL HWHGBP‘%OIEGSF(WSQ The

WLAN APs s gle8GtdndihtdY | h&@sto Bateme iiRacd ewdatRe LEam \UANSeRANer
202 as an 1 nput. The WLAN APs sel ection device 503 clusters W.AN APs

based on t satifing Déﬁﬁe@ﬁéﬂ’\ﬁ/@@@hﬁ tecaiercelsbe pobit devickhe W.AN APs

sel ection | a
ditrorent SOETEE QPAR et pEERML bhERIGHERTES mbiimBleifs B S
may resul t td calalak &f edeatonl cu”cthﬁ dmmoeé)bmream SVLAAN |APsflodatien @i £5timpagat

sets of cluster used in, the at er.at devi ce

Fesul i n e aneeo sbarm e PRl v RSk SRR SR e B0 BB
on cl ust er snog@htddi@eeTHEoRE]states WethidRe tHeQak ISP Ghdasiremerdi sidahe WHAN) P

t he SPS possible solutions or can be sel ected accordi ng to th

cluster di SuEPRowed o iapsatipgd dtace bityesnghe location af ¢H 9 the
assi gned a;bGhh yR-hORAbbild ddvice! $hé eaﬁisféﬁeﬁ&n%%@ule@a b (ﬁ)ru@ing the WLAN
di stance) fromthe satellite distance solution. For exanple, t he
cl ust er i sAPSclacsipnan an hsingitige pf Gf IOP@UWEQféh%maWeMCé Pﬁil(i C%‘&‘tl’éﬂlﬂﬁ the
di stance s I f

consi der ed%cglﬁv (a?cg%l{E fg%a%é ancﬁg I%? éloogh%t% ¢ t?y\ﬁn}% P{s?tﬁéolggeeabﬁ
sol ution, fsﬁell1e»<am1plcen51sténcy beﬂw&eﬂu otatiael mnewd:mlotok esesahn bO0sedras 4y 000

nmeters away fromthe satellit ce Iut

2009/ 14941%?%%36&}1@4%%%5‘8%%# n ot BEmadCdariena ¥ Wling as
follows. | mpgash satellite measur errent there are generally four
unknowns coordi nates of | ocation of the nobi | e_device, (Xx,Yy, z) . and

internal cll®8l pi 48 ofrer wprgs, affcp pRASYING tﬁﬁéoqaaw VAR AP @pahindial  om
two or noreogakei lﬂﬁs%?luﬁtﬁﬁs Qﬁn?ﬁ&qdérgn%%ldl%ﬂ%&tﬁ e bl RR@inShiR&kwn

bias of the SPS receiver fromtihe equations. In this case, the result
i s goi ng t ds the rexeivandedkdnasohish oy e m@a@r ol SPHeaw weasurementst 1f deck biasr

d

Ry 2y = iy b S P BT S BGRF Ol R hRSeh g R

or a curve ubab®ad mesia b distaoie avenlthd gsen pisaioef(ionies casayoSF8n of WLAN
t t . t el I | t. J t of

poasi bl 6 SAIENGTE OGYEH U Tt SrvioHas SPTAsS BUSERS L ErTE .

[ 0138] The di&t@abeithatiwean nlahendiiéd epeadchsnlikd stanarddevillidNoRS, antlean

possi bl e L
square error of Ci estimation as follows:
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solutions of SPS can be used as criteria to weigh each W.AN- PS
solution. After assigning a weight to each WLAN-PS possi bl e sol ution,
| ogi ¢ can we w®adsim conbi ne the solution or sel ect thecyalsaamwosmsés om
t he possi ble solutions. [0139] Further, the consistency between the
SPS neasurenents and the | ocations provided by the W.AN-PS can be
used as an indication of distance between the |ocations provided by
the WLAN-PS and | ocation of the nobile device. The | ocation of the

user device can be calculated by (1) using the possible W.AN-PS
| ocati ons &#4Pbugihestlivpraf MSEgRrN bpasadss ao indicator of the coppestengi of the Ci

(i.e., usi Qﬂnlﬁgsc hfh% c?rh,ﬁt @10%&&%1'&%0 ttéc’tya ANh&PsXca}{zb%)exﬁﬂﬁ%cgﬁ%th

cal culating the fina nown, internal satellite receiver c
bi as, for &a8mawnaNuRSdnGs aitd the ceststamay ef Gisiange ted avemsuicetoe of thefrr om

h telljite., T i st t . t.h | cul at ed. J I
satel ite Pl SR PORY GESReAEL Bl m ol ShUF BrpI R
view) for eaameldsAblvicatatistiocn, &Stinted #h AR fhe ptoved odsalawlatingdheabbite of

di stance between WLAN-PS' s | ocation estimte and the nobil e device
act ual | ocHEYiEMoc9Bd W.AN-PS estinmates will have consistent receiver

cl ock bi as (@3] Mati@Rler dnother eHERmERIF (NN RS ﬁﬁ){écﬂﬁﬁt@&, dgsRkHa 1

used as the x,y,z location, for each satellite, the receiver clock

bi as wil| bethodbspraridpdin whichhthe J¥AN-Roproeidempicaionyp which agpesifile 10% of
each ot her, S I 1 r [

the I ocat] s g RlionLdey Al e b A R S o, Ploc it n e 8L e
vari ed sat eldbilt deviecie salertedhasakorbb RS messtiremeherohotwosaators sdtellites t e,

for exanpl e recei ver clock bi ' var at. e, -t 0%
W0 2006/ 1484 E’CT/ i%‘%%éé%‘?vﬁf@éﬁt&grﬁ%ﬁﬁw l%ﬁ %@gﬁbsf’ é‘sw%ﬁ%‘?@%@&id
for each satgfides bl ciR@sdsRAR Rcatich df@iRaheidl el vict with Beme onsttsis g The

C can be used as a neasure of distance_ between gi ven position (.in
this case, UPEERIHIE @O %%thrfqﬁe? Wﬁrw@) The opfigd{veaiogrguies

that sati sfybieons &S hére sSEUALI0ONSUsIREI ARPDISS SMGY 1R unCrt&@D aRE
measured wi th different mathematical approaches, |ike standard

devi ati on GP3 @iportest byrBdAN-gGathe lasptian 90 fwhish fats therpate] lbnmaasuramontstae
(C MSE [ > MBE. ¢ : indi cator of the
consi st encg)%sf)%] %%gt%% glgr?%%tecs. %gf‘lg?%}og,%?a eﬁﬁ%bgigsdge@?ée | ocati ons of
WLAN- PS caf0152] exafficrvest point whBRSits serelinte aslutieseyithsy thangibhean be found by

consi stency,. of. G. can be used an i.ndi.cator of .the sol.uti.on's

i stance« Siiae edaar o rea oo bl Roes Rt gh Sodhe Bl e e
used with qhdies inWiANc AP PR¢ éisRh®Metwdn WEH ghés @h bs BhRE bn @fe rd@sRbect
(renove) an AP in the process of calcul ati ”19 t he nobil e devi cg,

| ocati on. PeAEpmf iFrEoesERpiRn Gshe gralit s wS BEHEIMeRS d4f Bigheule
and a W.AN,pQg8idyir@dliiRfhent and the quality of the SPS measurements, the smaller the distance

between the grid lines can be and the more accurate the location estimate. For example,
the grid lines can be between about 5 meters and about 100 meters apart, preferably at
about 10 meters apart.

[0153] In this embodiment, the number of SPS satellites 902 can be two or more.
This system or method can be used in cases where the SPS cannot determine the location
of the mobile device by itself but where the WLAN-PS possible solution 903 can be
examined with the SPS information to select as the best location 904 the one that is most
consistent with the SPS pseudorange equations.

[0154] Figure 11 shows an integrated solution of WLAN-PS 1101 and SPS 1106, in
which final location estimate provided by WLAN-PS is refined by using SPS
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system 601, in which WLAN access points 604 forma first cluster 602
and a second cluster 603. The nobile device acquisition of two or
nor e sat elybhe® 1689 al so can result in a set of possi blergRi@bbicsa
devi ce solutions 606. The consi stency between the SPS sol utions 606
and WLAN-PS solutions 602 is used to select the best solution, which
is the 602 solution of WLAAN-PS in this exanple. The consi stency
between th f 0 .

| ocati on aglegg?bt o% %ﬁf&%?ﬁ%ﬁ?&%ptcg hétntatwt?el&ﬁ%hé mhgt%?(?r%?%h‘”’ '
posi tion i sddedéo adnveit@nsldWIANGRS, vdficthetdivesWeT ANBPS Filatethigon resuls) thst er

of APs can be WEI ted ccording to their, distance to

ool utions PR S PhP S SstrRshe R R CePaTeion np et
matter pr Olﬂoﬁj@@t@ht%tm@% th iRtahioW ANrdBGRSEodM NS riPorty SHelGeatiay SPS
measur enents, Sel ectl ngjéé he best set of W.AN access points to
estimate eRIAEe e mabily deyifehy using raw SPS neasurenents can be a
specific Cﬁﬁ%spf %?éﬁﬁip‘[@tﬁhé’\ﬁllgm PE® Ma@ﬁ%re M%Qﬂbtldc@ﬂoﬂ Labher
criteria used to weight or select the best set of AN access points
to esti mat & teheingpividils 1dél Eee mmﬁtthmherpawrﬁpglmmmemmr@y efdhe be
used or conbined W i.Ler i ghts
are wei ght @gtgogl g#ﬁlgt:gé)tggﬁ/&g (e}(r(\tgaelﬁgegte {trgr% \%théan\i%lcraﬁpfa aéﬁ; round
trip time opbsiti@cesiimed is scgmémbo‘ﬂheexW,ANhl@ﬁom&mi;vWM uﬁé’a'taansdof WeIAN-

h teri t te the | ti bj | ice.
[0244] The ERGPAET QT ot ERTBH A AN RE RGP Mo AN St
l'imted to3omewRich esh i 38dhs htie ghite (RWEIAN-PERe0t. lI@ﬂheOrEexﬁ&é I$BSI on

of | ocation, S|gnal to noise ratio, and tinme of arriva g

SPS measur SFARFENEHIE [ S merssatclisgsspn pg wsd e @n%@ant%l tﬁ%tlt?ap?&%edan
i ndi cat O”r%ftorﬁﬂySW@WNiP@%M@@&nLﬁ&%é Y Sl sufleh ¥Rl %fsht@l'ﬁ}e of
WLAN APs and act'ual |ocation of the nobile device. This indication of
di st ance caauaben foseach soteld¢ sotritteneas fdovsset of WLAN APs to estimate

| ocati on otE %S,g‘}@p(ﬂ | e device, or the indicator of distance can be
used to WEIg( APs according to their distance fromthe device

| ocati on. Toi&6f awlﬁ%icméaguz)aimaﬂorf sfahe mbpbilecedesicet and basti@lotadtfesthe an

be used in.thi rocess i, th .or t hout havi a locati.o

Crom eps g R RES o P e tor iy A o R sGeR RhTy R ER bR
an order ObrovR@R ik wﬂ@mteatbg@te 16daish 6Be £1OVEd @FecealxeR Hfant B MEIANARP. A
di stance is considered close or not far is the distance is within an

order of nBiAitatralagd forgack acauirad entellitea Bssaushiall the ANasemspisae AP at hat

arc consi defgds f1@kark@imP 8y Ble! s%@@?@%c@fv@ﬂﬂehﬁteﬂﬁ?él&ék@?&s@ SPS receiver

cal cul ation. [0145]Figure 7 shows an exanple of an int egr at ed

sol uti on ofholdp¢ PRosinke 8PS, for ail thi SBH mehwirepadity. elhgeigre.as doressed five
WLAN acces ints S
rom two. s BIBRRy e R B B R bAOSor SRS el AT
random y snrf&m:ht acquirndl sdtdiBtesredni slhewdlm/dmtenceanﬂvedn ktcammeasbmawéney,z)/w:x@N
access points 702 .and. poss sol ytions. sat.el |

e as an AR T D BF TRPLT SEG: HEE SR e e cecue bR S Oe
actual | ocaPEesehtr talﬂe;ermasdr&i sleadl GatinA g ndnrdofevip@G5d hhEre&r clock
solutions 703 is cal cul ated using neasurenents fromtwo satellites.
The di st an®¥s BEEWEEHhe W.AN access poi nt 702 and SPS possible

sol ution 7@@1#7}3 Uiﬁ%e%’ﬁs&ﬂhér@f%%ﬁécﬁied%glgﬁ%m@@@@ﬁy\ﬁgﬂem @ﬁ@%ﬁe’s
poi nt and actual |ocation of the nobile device. In this exanple, al
the M LAN a€8egetipnd it sxandpediatgpch grakpping) Ebegtl@p@msvlpdsmomdes the most

onger a stanee b lse g G RTBERNE Helhed Ses B REfeny LORR SR 47

sol uti ons T3nétslealvicadi cat or of a larger distance between W.AN

[ 2-2 and t f h le d d.t
ot her dbt edlh) ve AT T EREodiBF Aot HgBtentivmiRend ml OB A 0.

time of SPS by providing a position estimate of WLAN-PS as an initial position to SPS.
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[0147] As discussed in the previous enbodinent, in this enbodi nent
there is a need to calculate an indication of the distance between
WLAN APs |woataoam4for estimated | ocation) and actual | ecattsers/odsseshe
nobi | e devi ce using SPS neasurenents fromtwo or nore satellites. The
consi stency between the raw SPS neasurenents and the WLAN APs can be
used as an indication of distance between the |ocation of W.AN APs

and the | opglid, &f inftREpdtRRnlLe WEXNCES cahN8dee ARl ok @Ei6Yn F@DIRE the SPS
cal culated by (1) using the AN AP's | ocation as an estimation of

the | ocati & Geretareradnsstimede firs 8x oh §PP-25atellifenopitioning sysians abieadsy er
cl ock bi as WA l.ocat:] . LS UE SRRt Sfr om
each satel Pfogéqe%#%hcoﬁg%ds%\?gﬁg;ﬁég mggﬁé’gg?gﬁyg%g(y@g%gver glﬁg%k

bi ases canpbstiarsiesldaSPSis genataltaltromno fThd ipsisernr cpstdne tyes @ WA RN SAPsation

| ocation and. the nobile device's.actual |aocation. 148] | n,ot her

wor s af ¢ St RreE aE T B ot s o uiop i BRI e
position i ﬁbc?iﬁ& ﬁm&tshﬁn‘ﬁestm kg vpse ualptiasd@owbageonmwogls locitiva ofthey
remai ni ng unknown .is the receiver clock bias, which is the same fo
all SPS raftoRBastierenng’p e Sicy e %F&gesmaféhteshéeéfﬁoﬁsﬁahﬂrs ?ft@_ilafet of
satel lite pRASKEeMBALly VisibdenlREvibY, ifstoad bPEI 6ORS RLIBRE ¥h@EbyFedichgused
as a neasure of distance between the given position (in this case,

| ocati on ofcapghi¢ tA®. and the | ocation that satisfies the satellite
equati ons. i st - tSR R A NTR ! i f.f a8 AN-

mat hemat i cgﬁ%ggpr c?g%ﬁ%gh\ugﬁaégst andar d§gg£|§%1t ]g%gnbc??’ 1%vj%or rréalt\lnps
squar e err provides @h ingtsdl ipostiorol? ldso fhelIPSwsstem. s, the estimated location of the

2009/ 149417PCT/ US2009/ 04650 4 val ue of MSE .can be u s an
i ndi cat or S‘fogiliﬁgevé%enlzlgtt’z‘éﬁkesw%%ﬁ'ﬁ%}-@ec@a r%vé‘l.;ed'laﬁér}lé?%’? %1?101% f?ggqasa

| ocati on oflzm.ll(nb{w@lhgdﬁ& Bﬂie@ﬂom%{?@a‘mﬁﬁ& d@eicemmsgiecsm 1202&g§zlercamue
measurenents, and the consistency of C can he used as. an_ indicator
of their qibgfttaﬁ@gt&eéa&e%%ﬁ%?ar% Pdvrdiee fipe R P ocstreoh G eieor can
be used W tigy¢@} herrARyPANRLRIthe §PS Wal btk inRBliishily M PréNBY&QtiARtABr
in the process of calculating the nobile device |ocation. [0150] Under
anot her enbtdbuesmf agnotilsaevips dnrcbeet loetion estimationesxpegdedgraar anthgheration

t hod i i i n-whi - A S ; ; . )
poso bi o1 SeTBE AT KA OB FEARRS Rasihtch @

hin provi ded regi on,
the final Ishatdtior teftst AR ETHH) thdneSPEp thiclestirdevd beation byeaVBANeRS trmded on

SPS ] f WO. : |.].] . [0151] F 9 sh
nt oor at ea LA e SERE SRl IR etk BResot ey e e hafc

of the | ocagdagen.of the nobile device with some uncertainty 903. The
uncertainty 903 can be the _expected error of AN-PS.. Th bile
devi ce al sa0Hd4ui r% r%‘ieﬁ’ﬁﬁfarﬂﬂﬁ}?’i?wl%rls Arofpades P@Fﬁ‘i%‘%?i@%& mMas§ ¢fghe
al'l the poigpkse il Rotiliea HREBH ticBliVe BE &ftid F3silioP OMiére theby T WEAPE RS,
the location 904 which fits the satellite nmeasurenents the best is
sel ect ed agisedws thessurcest preatdangothe indlesd ppoo e nobi | e devi ce.

[0162] Another embodiment of the invention provides a method to increase the

accuracy of the expected error of location estimate of the integrated location solution of
SPS and WLAN-PS and compare the error to the error location result for each individual
system. The expected error estimation provides an uncertainty area around the estimated
location. If estimated location of WLAN-PS and SPS are within the uncertainty area of
each other, the uncertainty area is reduced based on distance between estimated locations
from both systems. If estimated locations of WLAN-PS and SPS are not within the
uncertainty area of each other, the uncertainty area is increased based on distance between

estimated locations from both systems. If only one of the estimated locations of WLAN-
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[ 0152] The best point which fits satellite solutions within that

regi on can be found by dividing the uncertainty area 903 to snall
grids and wwgabgdaldspg each grid point as is shown in Fi gergsiddeosbba
di stance between grid lines can be based on the required accuracy of
| ocation estimation and the quality of the SPS neasurenents. The

hi gher the accuracy requirenent and the quality of the SPS

measur emenpg und 46 ?aﬁ‘l?kdsﬁfg ﬂflé]lﬁlcglita?ﬁt?g&%.ol?ﬁltemp s§sfén, Gk \ﬁgkﬂte?ﬁg aFe%!a%IPe

and the nore accurate t ocation estimate. For exanp gri

| i nes can bercdetedme mcadasadtbaSednet @iaktyan dstamipded eriod Gromedaeh systgprarthe
preferably at out 1 ters.apart. [0153]1n this erhodi ment :
hunber or b8 P lofRbg S BRE hlemd o T Pht Jie e e BBGG s PR, B0
met hod cancherep@eshy ihe asedenheinertahss WS cannot deternmi ne the

| ocation of the nobile devigce by itself but ere the WAN- PS

possi bl e sH18PF on A9edeaRbYEmER ARy RHEHPTOHECSPBCAG K IREFI6AY o
sel ect as hherdeest thk @gRicic@R P 4 106atidA 8stinhkad of the MBSHate&PISAtRh 8Bllutivd M
t he SPS pseudorange equations. [0154]Figure 11 shows an integrated
sol ution oSP&S/\m\M’%@M- 81 Tan s PEIwGyidgsie logeitieon eftingds andghadPoprquires
estimate p i i i . Dy i r

311 from ¢ bt Bl e M TR dd el Bl BV fie P RAR RO DY
i s added t theestvgnd NAPEN-PAl#diPS, Tivhionkisteeydietvessn WieANNiRSed location of

trilaterati,on ul t.s correspondi ng uncer.t ai nt.y of .t hose

s oot AR el SRS rRERETRERTE AR RS SEHR R iRk leREELe Ui ng
thi s i nf or sBicc@d crrbh@timefel N 3gmard ldcatidnldslimaeRIW SANIRS dndaak ISBR
estimate of the nobile deyvice. [0155]For exarrgl e, i f the WLAN- PS
provi des aMSPHEFREISY AR SISk thegsetaiHy &t it iedwsd Peser o disiares ProveAne

1111. The ZANAS dhaRBNREELRsH SPRPBEMHIE S1kthRAs UTTR dsinbled 10htider
| ocation estimte of WLAN-PS (expected error), which can be

cal cul at ed WieAN@EcHndpes SPS arragsemenat & nof copsEcnbo HNGPEAINY, aref 1t he
nom nal va t al P, . . Ef@;g)]g -
medi an err E)I{ré?egg Jdé%%ﬁ%“k&%ﬁﬁ% Ibgévsegw&%g%g@rgggﬁﬁ ggtbdr:%%m I ch cogshlb Se

used as nowsoln@dnsval ue of M LAN-PS error. In the next step, SPS

measur enen fromtwo . TOr jtes can pe use o find oi nt
within t het[“;‘p?é{:i o gg}lfg’ﬁmg?fs‘&ﬁﬂ‘%’%ﬁ’C%{%ﬁnc“i%g%l%?‘?“s%‘% 3nd pilhages
measur enentsgpechre ehessf estligti@alieb kind gsesPRlocaionfeotimaimh3oatel $ps e is
witten as follows: Fi(x,y.z,0h)=0 [0156]1n which

| ocati on of*ReKEdsERY plestimdtiouel 304 dhgrep e(f]’é’r’i‘ﬁ?ré"dm?g; ’e?%éylé%‘fllégﬁﬁl

cl ock bi as cQfccRESbESEIo¥Ribn cMMatd0i Nt Wi thin the specified region by
WLAN- PS provides an estimate for the | ocation of the nobile device,

(x, y, z), [&68] i ntleswrdla sybtomkihpiSBS and Wi NI seduppvideenlopation gfipae
tellite. t -
satel'1tl¢e a§@§l§&'§x§?§ghlate &%J@ﬁé#{f&%@&émﬁ{ lﬁcagﬁgggf(tﬁ%aﬁ%hm?ﬁé %)Ig%aeé &i&s

time by the sane receiver, e Interna ras o
recei ver shbthcdodagoméstiomte irtva dstiebdtiosysaids athe@nBrEdne aslgr ®mpeertide a

Therefore, ,as di scuss reviously,. the. consi stenc et.ween receiver
oek b asbBiefhaRie s FhE o otioh SRR BbFeaeRt I eRT o EY
sat el | i t es paafdes BOWch BRuld Slagoetcd Ricuaainslaf eatdramtest therestienaled, [ycatipn
and actual |ocation Agf t he nobjl e device. The griansi stency of the

cal cul at ed (138 &pshap04) the ltesratespysiereonyesrs thepveen A e instrtagyty arcas

cal cul at i ng3p1g¢sliRnHalidaf@WetldefRstRhatt B AREE | YR to CtRfdfe the dficertainty

reastr enento? the final location estimate. The greater the distance between the estimated locations by
SPS and WLAN-PS is, the higher the expected error of location estimation. In another
implementation, the system can select the location estimate with the lowest uncertainty as

the final location estimate.

- 230-



[0157] I n the case where the specified region by W.AN-PS i s divided
into a grid, the SPS equations are exam ned at each grid point. The
grid poi ntwohi®h4pmovi des t he nost consi stent recei ver PEITASRODOEGS04 or
all the acquired satellites is the best |ocation estimate of the

nobi | e devi ce. [0158] Anot her enbodi nent of the invention provides a
met hod to reduce acquisition time of SPS by providing a position

estimate ofp1dbAN- Riias 1 Aillubthitdsl a8 lodkQBAdrR Bf In@epRitsl WLANCYPE dhd§PSBY stem,
initial position by WLAN-PS can reduce the acquisition period of the

SPS and t hérwhish heiesprstsderior feach systansis opleulatsel ugpg conygpiaqnal pgthod and
positioni ”%eﬁ%ﬁﬁt@% iGADY i RESVEAE G SIBHARA sgf’te&%ﬁbé’ €4@N The 'iﬁt&%&ted
position, an ow they use the provided Initi position inside SPS
i s gener al kgrokestmationTHe 1 selesletes theyaabenpegedersor\by AprdRBring deetdonsistency
estimate ag_a soudrce of .jinjiti Ltign f t | i

posi tioni néetg’f %(glﬁ?e gcg%hogaetlotngéyﬁg%% Tonangt%{ PéPg% g§ esﬁkelnfiganaarlsé’ t1<enown
at any ti ndetetonowd Bdgenpafin@theoeghvel coek biay) aodistiRedpodiidwlydevi ce can
help the SPS to reduce the set of satellites [t searches for to.the
set of sat &6t es?aé?%?w%‘?g}% e Sl ehdeligvhide P leakarogts stiong.
the sat el | iif 8seral hethRR QG ENY oD GEPShatel T8 to kGkRAE fieFeloeityldr
illustrates a WLAN-PS 201 and SPS 1203, in which WLAN-PS provi des an
initial pospacHeha mpbile deyigehdhspssen) stedind ane gestent pra dekarmipgtieide M9BHE i on
of the nobi s WA I Qi as
initial pog%\ﬁf%ﬁ\ﬂtag%é%ﬂ%%%%g %E%loew rrlg {%eg%iatgfegvl ggggisﬁé%%%g%’ t he
mobi | e deviexamiong ths®insiste8RDL LRODoripber Selewicy hivesuastntsizem dfe tivh@r more

satellites to,sea nd reduce ti o fix a |location t he .devij.ce.
T0160] The sl e A0 is EhuRRal. T rioPplsh e nlraRl Al She iS: ety
esti mat es aécoahted ifdrblyastcite @otimbiclaével@\ihiciel pdsitioh vélthagelvioc atd the
estinmation, expect i

d error in the |l qcation esti ion, .velocity,.and
beari ng oo FIeRHP GRS SLBb G Gree VB atis & DAL BE P i SR el B Fire
to first fipe ]ﬁa%ﬂ%)metaﬁﬁ‘é}néﬁssﬁoﬁllﬂﬁp 8stbraheitd0 oAt ih?ﬁbt@ééis%%epxﬁeﬁiﬁﬂ

e

be provided to SPS as initial position of the nobi devi ce, reducing
the tinme r&@gtipraeyisthesediondhg vewef tonesiflpalsafier e qsamatcd teceiverlrequenay; bigs

position is,anshandal . RPafhhGe: L S and nost of the SPS receivers
provi de a nsesﬁhoc@tgo re(c:elpve %ﬁer%dﬁﬁﬁal position. Here the W.AN-PS is
used as thé0EBur cBylfnoprimytheli avgoliilkvaleivioe isistdtiopasi the bybridsy8m8.can cause the
i[ gg?gl@go: @Aﬁ@é’%‘ D808 Dretlfy Y SEL AR RURY I8 faoRoPEN M ath B,
WLAN-PS can save power by updating the location less often, for example, once a

minute. In addition, the WLAN-PS can consider all of the detected WLAN access points
over the time interval that the mobile device is stationary and use the collective
information to estimate an improved location of the mobile device. This is because the
WLAN-PS can obtain a better estimate of the received signal strength from an access
point and better mitigate power fluctuation due to multi-path when user is stationary.
Multipath is the propagation phenomenon that results in radio signals reaching the
receiving antenna by two or more paths and causes power to fluctuate, and it is a known
phenomena by experts in the radio propagation field.

[0169] Figure 15 illustrates stationary user detection based on two or more satellites.
[0170] If the mobile device 1503 detects two or more satellites, 1501, 1502 one can
determine that the mobile device is stationary or moving from Doppler measurement of

the received signal from satellites.
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accuracy of the expected error of |ocation estinmate of the integrated
| ocation solution of SPS and WLAN-PS and conpare the error to the
error |ocaybospongauit for each individual system The egpesioesomsosor
estimation provides an uncertainty area around the estimated

|l ocation. If estimated | ocation of WLAN-PS and SPS are within the
uncertainty area of each other, the uncertainty area is reduced based

on di stanc t weeq. i j g fohi
f"&?glt "eehe gfsft %hqgglngﬁgg{é%ggc&wﬁ B BRI baY §L8EB1 508 f which can

estimated ‘are not wthin the uncertainty
area of eabhcabtuteed bt We.AMES This moughastiémate of longionad i rebiledevpe can be
di stance between. estimated | ocatigns from h tens,,. |f I

of “the est PRCEn oY Bt Rsnish SopARPEeH T BaSi F Rinichiof B HesRBE
uncert ai nt yf e edbid ddvie cah here adesioeod upt thebein eeotde of kiloareeas deéougte
reduced or increased based .on gualjt tiated. error fraom each
Cystem ThetcaSer Auodel SYGHOBP Patien b LSRN SeBRFT P S SRRASE  he
95% confi dgRess. i nterval, but it can report any other confidence
interval as well. [0163] Anot her enbodi nent of the invention provides
a net hod t P173kr ed8e mohde deviasroae yoawire pisienalipae aldeast raatedftess Whsd s on
estimate o | : I A 0; ' ad \WANRSHe The
VAN S pr oS REE] PR AT DR (A I Qe e
two sat el | vtlesty offtlee Bcpaet a theaxpdtinegifisigaeli aoguipition. etheamordsciétieai nt y

area around the.,esti ed WLAN-.PS.l.ocat L i~S

the esti mat"Q8uy &&4s 1§§£ S sipel fien Srag\?/lvﬂ%%?rg’g(ggﬁez r?éﬁ?’?(’i tgee%ég%cg as
criteria teofthedateldtedtt tiNET A5 khdven Bx peciodile devied. Hrtmobelt devitd 1503 can
estimated | ocation estinate of W PS.and raw measur.enents are
consi st ent JEHINGHE SPIPERM NG LTRSS E&&&”B&% i’gﬂsidw Giredin 8 retieen
WAN PS estdchRteHohIdatDited, hOM iHiR BEsdBIsR i8AeMtitPRSny hdondeheof time.
estimated | ocation of W.AN PS and raw SPS neasurenents are not

consi st ent The mebilhdeviaegpmelyo eeaize pajellifgoielosibe Hom p8hen sercayi ot grmewle, 2

bet ween V\L@@[ui’agn?ﬁolﬂgat ed | ocations from SPS possi bl e sol utions.

[ 0164] Fi gure ustrates WLAN-PS | ocation estimtion 1301 and
WLAN- PS expGBed éfetapity af a estor mathingapnit@@:3ind it ection car@PSvhsgbawh onth

estimation_130Q SPS, expe d Qr estinmatio eJhe
reported uﬁélﬁfya‘?fﬁgyang& Zg%lgsﬁ eis@%st 125%1 fad ? %Oez : 1@)’%%%%1’%% n%(%lfpgé f%ﬁ“%“é’% 8% on
estimate. dskEBltk mostiabntas QY& basdteorSRIb it d THE ANpREeamhtiqar tofindes a
| ocation estinmate and ?éso n e@ti.matfg of the expected error in that

| ocati on e$iOPRsE fresency r?ﬁgé@? # 1223918t the | ocation estimte
provi ded by both systens are conbined in order to provide a better
estimate of the error of the location estimation. For exanple, if
each system prdvi des an area around the reported | ocation as an
uncert ai nt y “of /thei estimated | ocation (1303 and 1304), the integrated
system consi dengs tHe overlap of the uncertainty areas 1305 and al so

t he di st anck. befween estimted | ocations 1306 to estimte the
uncertainty of The final |ocation estimte. The greater the distance
between the estinmated | ocations by SPS and WLAN-PS i s, the higher the

expect ed er, of i on i JcON 4 her i i t he
syot om can 00thor TRET bEkuRh SRR PR RS nbIRIRTROSES i,
as the finahdf;acttDopplesfréquabe. WO 2009/ 149417PCT/ 1 JS2009/ 046504

Los ol L dmifraf | Md3AdiRt 838 R AR r b ek Shnaf ol g 2N
satellite. Since the transmit frequency of cach satellite is known, the mobile device can
measure the difference between the frequency of the received signal and the transmitted
signal. The difference between received and transmitted frequency are denoted by f,,; and

[z for satellites 1501 and 1502, respectively.
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in which the expected error of each systemis cal cul ated using
conventional nethod and the results are provided to integrated error
esti mat i onwoystsarvdevi ce 1411. The integrated error estrQrai2eng/0464041
calcul ates the final expected error by considering the consistency
bet ween the reported | ocations by W.AN-PS and SPS. The consi stency
can al so be determ ned by conparing the receiver clock bias, as

di scussed poiené] ouSFhc nidB6 divic BQfIENSIIREH JTRIY ifteriaD8loRS /,CAA titSicR ity
that the nobile device is stationary. In _general, it takes .

neasur enenP5the mabile deyicesg3 dnvie thejresured fraqueperptrem cpeh spisllie istoplonlated
speed of aamgw: device. The present nmethod and system can determ ne
if the nobile device is stationary by using the neasurenents from as
few as two satellites by exam ning the consistency of the Doppler

frequency neasurenments fromthe two or nore satellites. If the device

i s stati onaf,ycostche+ Poppfens(fpasyiements from SPS nust be fully
accounted for by satel I4te motion {glative to initial position of the

devi ce and the frequency of t of the receiver clock. The receiver
cl ock offse}t”(éoasaazggigt%nc&s@(sﬂ?“ﬁ%/en t he Doppl er measurenents from
two or nore satellites. The hypothesis that the user is stationary is
based on the size of the residuals after the estinated receiver
frequency bias is substituted in the SPS Doppl er equations. [0168] By
knowi ng t h@e17a] nobihecangeyvé,cadios akttatvwean aeyweldehe véydardf thesyt1 268 andrhe

cause the W.AN-PS to respqnd differently . than n t devige is in
ot on, | Fol MENCeHIegne AR Eufe Sabesatlier by ABBAOPREE MO ocat i on
l ess often resf)@d’tivglﬁ'.a Mk &obROE&/i@ dah BalbQate kit AURE bised on tHRAVIEANOEFoLAN
consider all of the detected WLAN access points over the tine

i nterval t Hetlogatien gbthe setellitas; and thavalecaty iveriar §f thiwtalidtes. tThtheapbile deyice

i nformation, t0: i At ' ti .. the nobil e device.
This is be%a%%gﬁﬁéﬁ\%\fg?\f%gh%h%%s %‘%]%?egl H%Zﬂog{b' estimate of the
received signal strength froman access point and better mtigate
power fluctpuation dye to nulti-path when user is stationary.

Mul ti path /g “toﬁgllb?zgadl;t i®n phenonenon that results in radio signals
reachi ng thg, cwberi)vifg- Aptenna by two or nore paths and causes power
to fluctuate, and it is a known phenonena by experts in the radio
propagation field. [0169]Figure 15 illustrates stationary user
detection based on two or nore satellites. [0170]1f the nobile device
1503 det ect{@178)W0 OFhemalyeurkadweh FortiesmobibQtyicd DORerGuadhs 136), @fidrit 0en be

t hat the bile device is stationary o ving fra ler .

roas ur emendotsH TrEeach s D e Gl ay L TSIe dopipp 1s tationary, the

2009/ 14941 {Rdd dr 11 3N t@é‘i&%@ﬂe({ QdelikbsThe géi&%_‘ﬁd bStheRarh$ Thionfl R8rd, if the
e

rough | ocation of the nobi devi ce 1503, ich can be cal cul ated by
W.AN- PS.  Thakes dfughoasanareneiopll theegaing seelltesarmpiiithesamerthe mobde be

provided b r stdhhQNi Ng technol ogies as well. The rough
estimati on)ﬁ(e)?r:?ﬁém %cg{nlh%g of the nobil e device can have an error of

up to about0iE9%touplmtioh chabbdimentarfsheadisdipad ubaet meaayclafes tooangbthod for

oot LT on 0 e a0 R AR R UL ARl e BN R,

two sat el | iWeasN AW £hstatichary radio transceivers with relatively small coverage, which are
surveyed for positioning purposes. During the survey process, one of the characteristics
associated with the WLAN APs can be characteristics of the environment. Then the
detected WLAN access points by a mobile device are used collectively to determine the
environment in which a mobile device is operating. The environmental characteristics

can be considered as attributes of WLAN access points, for example, density of buildings
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shown with satellites 1501 and 1502 in Figure 15. The nobile device
al so knows the velocity of the satellites at the exact tinme of signal
acqui si ti GRe 2809 194er words, if the nobile device 1503 pa¢qdboreeicsos
signal fromsatellites 1501 and 1502 at time t, the velocity of the
satellites at tinme t also is known by the nobile device. The nobile
devi ce 1503 can deternine t he velocity of the acquired satellites
1501 and 1 Y, v, r ites,
as all satggﬁﬂ?j“g ﬁﬁ@ s Ve OC|?&ﬁggbéﬁgA%6§§EH%§£¥&€i§1

nobi | e devuﬂmnamanﬂbmlo@memvﬁhsém%ﬁﬂﬂweWMEMnEnmyd@nmwnauhefmseum&es,
for exanple,. a cellul ar network. 173].Vel ocity .is a,vector wt

rmgn & ade. BHECGR BSER SHOC ST RERRERR renrubR oft F R letere,
for satell by g% ut&Qkvien ATHOQEnuldres pLOE lakeR) whlcmmnh@cteﬁzeawemmNdmees& 0
satellite novement is_cal cul ated based on ve

lif
equat i on t BOiSnErDS IpTEFtrang difen Oy 2% %?albaé@r?“élg IOF it lgg §§as 'aeggl?bbﬂi(’&as
VT (1) 1d2ggvizortheh Bl #ddria8or cani b3 u‘é@d’l%l WWLRN I@:ﬁld A & WRY.tRANd 1t

is known for any SPS system andf, is the Dop requency.
[ 0175] The sadhtidneofdhethi systeme tosadiuss the mestcfmwml;tomosmﬁé apqiseliapedor ral

from each §§&é§énréﬁ4§%§eeme§k NSy &aﬁl id m&eg a{g%gﬁg%tgfmo%agaea@etﬁkﬂ e}]&e e

i's known, evi ce can reasur ference between
frequency afbah hanyoe esvisoachest rgigat caamothe hebridr systemito radyl o WJaN-PSHhae,

di fference tween.r celved and nsm.tted frequ r e denot ed
byt v g I SO LERE T aE e S R b S I SE Bl Sy SRR
2009/ 14941 é§ifaldribd S?Q&&l(ﬁ‘h@& Other attributes of the mobile device.

[0180] Another embodiment of the disclosed subject matter and system provides a

method to maintain the stability of the internal clock of a SPS receiver by using the
WLAN APs. This can be accomplished by measuring known time intervals of the signal
transmitted by a WLAN device equipped with a stable clock. Maintaining the internal
clock stability of a SPS receiver is important for position determination. For example, it
can help in acquiring satellite signals faster, being able to operate at lower power, and
also providing a fix (location estimation) with fewer satellites. A WLAN standard
defines constant time intervals, including, but not limited to, some packet headers, some
ficlds in some packets, as in WLAN 802.11 standard DIFS (DCF Inter Frame Space),
SIFS (Short Inter Frame Space), or slot duration, and a mobile device can use these
known time intervals to measure its internal clock bias over time and maintain its
stability.

[0181] There might be WLAN access points with different clock stability. In this
case, data identifying the access points which are equipped with a stable clock can be
considered as part of characteristics of the WLAN AP and/or the characteristics can
reside in the access point data base and can be obtained from there.

[0182] In addition to providing initial position and clock information, the WLAN
positioning system can provide clock updates to the WLAN-enabled SPS receiver. Every
SPS receiver is equipped with an internal oscillator in order to maintain its indication of
GPS clock information. However, because these oscillators are imperfect at maintaining

an exact measurement of time, the clocks internal to the SPS receivers drift. This clock
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[0176]1f the nobile device frequency offset of the internal clock
isf, and the velocity of the nobile device 1503 is v"" the nmeasured
frequency woanmvaash7 satellite is cal cul ated as fol | ows:PATdjS2e00846804) +
fo +cos(A ) = (2) fd2cos(c2)+.fCcos(A) = f [0177] The angles al and az
are between the velocity vector of the satellites and the |ines
connecting the nobile device to the satellites for satellite 1501 and

1502, respg@ffticketaise JhraiomRitih&icheyiose Mame GAl AN Rotiliag aRMoRSctimsed
on the devices |location, the location of the satellites, and the
vel ocity veéloehinfermatipptosthe 8P$ pystsn, the WLAN prspionmgdgesipa dagilifates avoiding

stationary ; : 1.01NS 1 : s(a,
SLo oD sudrosRAGUSIEAUE b AS FRIEAEH] bR (RS Hb s arbplctOPL S
mobi | e devimeentiin athigheacegratmamge o the' PS doak informatronpthey camapefataorh
each satel ljte uati on | hdepende ~ Lf the npbil vi.ce | .
SEati onar y FipfeSORRH 8l REBRE PRGN vilied AndRBlyF R cafutpions.
goi ng to beMdifeing@rePs tnlin@ b 8PS vwaEWSE retificet time vatdmamtyodiiocdivedsignals

equations for all the acquired satellites are.not the , the
mobi | e devi©8 aliHet TaETatro fdr §Asief M@@rﬁﬁ&%%%ﬁ%aiaﬁi%@é@em@aﬂ

di scl osed gupieedakEFRE Bl andRpeaRSn hksKer TRENOM ih REmPbOYPLNiRhl. Thus
characteristics of the environnent of a nobile device by usi

: : n
VS/ LAN- PS. asepiNoAths mxthodsdlgwi Feaeseiveatio openaters ewpy kavingipssiihat ecgealtfrP\Fel y
snmal | coverage,  wiiigh are surveyed for positioning purposes. During
the survey process, one of the characteristics associated with the
WLAN APs cd0l83k charodict embadiimest o thethresetrdisolanregnlates Thesmg WeAdet ect ed
WLAN access evice ar ective

et or mi o THEVB) 7 SNHOT TR GHTER A ROBI PES o9 B S PLploRiginerne

envi r onnentdtialehdh@eddlbtsioh GFotatiob e e ISTE dekBedr. aWLaN muhidipeiSicoforl. AN

access pol re]éesc’ityfvs(/)i'c’i,e WIAR Ingt’wor %wﬂiéhyarg £ns‘91ﬂ£ec!l 1dnI cri]t?f%y city officials or under their
supervision to provide wireless connection using WLAN technology. Aspects of this
method and system of improving SPS receiver position estimation accuracy by using
WLAN municipal network data consists of the following items:
[0184] In order to assist the SPS position estimation by providing GPS clock
information, the municipal WLAN access points should be synchronized with the GPS
clock. WLAN access points of a municipal network can be synchronized with the GPS
clock by using one of the following methods as examples: (1) use of SPS enabled WLAN
APs where each WLAN AP in a municipal network can be equipped with a device which
extracts the GPS clock information from GPS radio signals, (2) use of centralized clock
distribution entity synchronized where the GPS clock information can be extracted at one
place and then distributed to all the WLAN APs in the municipal network, and (3) use of
a high quality oscillator in WLAN AP. An oséillator is used to measure time and
maintain synchronization with the GPS clock. As long as the quality of the WLAN AP
oscillator is higher than the SPS receiver oscillator, the timing provided by the WLAN
AP is going to be higher than the SPS receiver. Therefore, the SPS receiver can use

WLAN AP to maintain its timing better than using its internal clock. The single module

that extracts the GPS clock information (herein “Clock Distribution Entity”) is the only
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near the AP height of buildings near AP, and whether the AP is in an
ur ban canyon, urban, or suburban | ocation. The data on the

envi ronnenyehohauact eri stics of the access poi nts can peesisei@ondssishe
ref erence database of the access points and can be obtained there by
the user device. The granularity of the area, which is characterized
by WLAN access points, can be different, and it can be as small as a
bui | di ng of; [ 1 hod J i i

pe. used by BPE R e B s R B o e
syst ens t oalhthed¥LANscesy poistyen tpevack t o position acquisition and/ or
for power ement, For exagpl know edge _of .t he, f hat

mobi o deviBEoT s Firs haie ST arer & nrufie: i 3B ey e ses
hybri d systeesivercah @bd/the WM dRScaloaraact tiih@informati ot blarsignals

envi ronnent, SPS.m e consi der the.primary sourc f.
estimtio nrea?%ff@?@iqgf# ISDE AR g\ﬂ?@tj i pal iy Opksp While gh idgaof
[01 SQ] Anot B%i&@iﬁﬂiaﬂ@rmng% _SP!Sl EeciveichaQ 558«91 Syhire ForMRLASY maileipsly st em
provides a nethod to maintain the stability of the internal clock of
a SPS recehn¢teprksyit gan begppphied AN WARSN nytwosk whish resyaeremipid te B &g Spsfock.

measuri ng ti i.Qf: : @9’@' : ! 1 N
devi ce equbgggg mﬂ?ﬁnégégg eég%%gt. P%?%Fﬁ%%gg?Egkﬁﬁ%g?%gﬁn?ﬁgck
stability ¢fosaskBRS indeairiweill inderistapd thaamodificatioposid dqoivakiet sibstitmains on.

For exanple, it can hel.p in.acquiri.n atellite siagnals faster, being
bl et o opdirh PO PRTEPcds BB e P BR Sl et R Bt sShro
estimati On)he}&h\tdﬂtif)lﬁV\EHuSSI&?d iﬁt;édtib@& noiﬁrﬁé&lﬂmasé Afdaebydef énﬂﬁﬂk irﬁ@mdt ant
time intervals, jncluding, but not limted to, sone et _headers,
sone fi el dée%°ﬁbe§oq¥ellﬁgx &%qvg,aniésqmtw,& e Shirdy e Rdowy Egrtﬁl e

I nter Frang3Racsihe didiRed SAB6dimbRt 84n Bf @A ineRae8tangld, &l QbittikHhatkéR,
and a nobil e device can use these known tine intervals to neasure its

i nternal clbR ibicadorgperoduceredditirpahembadanents ts stability. [0181] There
m ght be § cc ' i.th different clock stability. In this
case, datg%ﬁ'gﬁtiﬁ??ﬁgg?ﬁgégg%ess poi nts which are equipped with a
stabl e clock can be considered as part of characteristics of the W.AN
AP and/or the characteristics can reside in the access point data
base and can be obtained fromthere. [0182]1n addition to providing
initial position and clock information, the WLAN positioning system
can provide clock updates to the WLAN-enabl ed SPS recei ver. Every SPS
receiver is equipped with an internal oscillator in order to maintain
its indication of GPS clock information. However, because these
oscillators are inperfect at maintaining an exact neasurenent of

time, the clocks internal to the SPS receivers drift. This clock
drift can cause position estimation errors. By the WLAN-PS provi di ng
the correct UPS clock information to the SPS system the W.AN
positioning systemfacilitates avoi ding such position estimation
errors. Furthernore, because the SPS receivers are able to maintain a
hi ghly accurate neasure of the UPS clock infornmation, they can
operate at relatively lower signal to noise ratio (SNR) values in the
position estimation cal cul ati ons. Maintaining SPS timng by SPS

recei ver reduces tine uncertainty of received signals from
satellites. Therefore, it is easier to extract signal from noise, and
SPS recei ver can detect weaker signal and operate in harsher

| ocations in terns of SPS signal. Thus aspects of the nethod all ow
SPS receivers to operate in areas having |l ess that ideal SPS signal
conditions. [0183] Anot her enbodi nent of the present disclosure
relates to using ' A/LAN munici pal networks to increase the accuracy
of SPS receiver estimations by providing initial timng and | ocation
information to the SPS receiver. W.AN nunici pal networks are city
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unit and only place which extracts the UPS cl ock information and then
provides timng to all the WLAN access points in the network.

[ 0185] Furt her, when the WLAN receiver is integrated into the SPS
receiver the SPS receiver can use the WLAN receiver to extract timng
i nformat i@mafviom t he signals received from WAN access points of WAN
muni ci pal networks. Wiile the idea of providing initial timng to SPS
recei ver has been explained for WLAN nuni ci pal networks, it can be
applied tio anyA Wefhdd méﬂmﬁlﬁnﬂvbitbdﬁpdsﬁio&}dfmhwamaﬂﬂ :t.acellae Bl dveke by

[ 0186] Upon. re f the des t|o S t he presept
vent o RoUEXSRsIaR efihel i Bl R PR et BRER°He
nodi fi catthhams cngrisiggi val ent substl tutions nmay be perforned in

carrying out the inventjon wthout department fromthe essepce t he
et o ThUS eHE TV TG © THSt Mt bt TG M FHES By e ALAN

enbodi mening sgd@ﬁtél’ehm&)&ﬁbl citly above and is limted only by the
clains which follow Further, the features of he di scl

embodi ment s cANtCHRINEG #hieps ane WEAYY Bevioq estipaie o W AN ?ﬂ?fgsaéeélﬁﬁéna& ed

the i nverttew@@aﬁcpdt HHanQMS @oreéagdddh%&.aber@ﬁ@p@&hmtbased[og 1R MR teckFed from
clained is: CLA . A nmeth of determ ning the p03|t|on of a

W.AN and t&%@l&@@é@%@ﬂ%@@%@aﬁﬂ% using a WLAN position estinate

as an initial JsQgahd @NichQlond WRAK bésﬁt%npééﬁinﬁﬂeocﬂé REL AX S8 Watel1{AE eftiBlnOd
corrprl sin receiving signals fromone or nore W.AN access

poi nt s wideriicn ay am gatiahpotitien {ar Ape By thesaieBite pasgiosimatsyseim gad fheext least one
det er mi ni aaﬂe%t){l&lggﬁﬁceﬁaﬁty\%ﬁ%@@éaétérg{heeasﬁmmm&f eslifte VEAN WRAN and

satellite enabl ed device and at | east one correspondi ng uncertainty
esti mat e sotgiseierghled Heviesi gnal s recei ved fromthe one or nore WAN
access points; and using the at |east one WAN position
estimate the V\LAN and satellite enabl ed device as an initial posi tdeon

for use by thelbsarediodiof slagpd; Vhessin fy %éyé’r?ﬁ%i%l etiFRte Y StPrE 43 Mg W1

corresponnggllggg%ﬁNggﬂg% estimate to determine a final position
estimate of the WLAN and satellite enabl ed device.

3. The method of claim 2, wherein the metro wide WLAN position estimate system uses

public and private access points.

4. A system for reducing the time-to-fix of a satellite based position estimate using an
initial position provided by a WLAN positioning system, the system comprising:
a positioning module comprising:

a WLAN module for receiving signals from one or more WLAN access
points within range of the WLAN and satellite enabled device and for determining at least
one position estimate of the WLAN and satellite enabled device and at least one
corresponding uncertainty estimate based on the signals received from the one or more
WLAN access points; and

a satellite positioning module for obtaining satellite information from at least
four different satellites, wherein the satellite positioning module uses the at least one WLAN
position estimate of the WLAN and satellite enabled device as an initial position and the at
least one corresponding uncertainty estimate to determine a final position estimate of the

WLAN and satellite enabled device.
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2. The nethod of claim1l, wherein the WLAN position estimte system
is a netro wide WAN positioning system 3. The nethod of claim 2,
wherein the netro wide WLAN position estimate system uses public and
private access points. 4. A systemfor reducing the tinme-to-fix of a
sat el | i t &5, basehe RPsdnh bOElaiftSA, ivHRteth S IWIGARPodifkbr dsBnal@@Fdtérh Qb RERYvidied
by a WLAN positioning system the system conprising: a positioning
nodul e colpfRgogigoning system. a WLAN nodul e for receiving signals
fromone or nore WLAN access points within range of the W.AN and
satellite enabl ed device and for determning at |east one position
estimate Gf tHAOWSHN ahdeiga, eheicinghe st éfuieg’&%@@oaﬁen BHIMPAEAECID HEes
cor r espongibRGarde Skt atddlpogRd | mate based on the signals received from
t he one or nore WLAN access points; and a satellite
positioning nodul e for obtaining satellite information from at | east
four different satellites, wherein the satellite positioning nodule
uses the at | east one WLAN position estinmate of the W.LAN and
satellite enabled device as an initial position and the at |east one
correspondi ng uncertainty estimate to determ ne a final position
estimate of the WLAN and satellite enabl ed device. 5. The system of
claim4, wherein the WLAN position estimate systemis a netro w de
WLAN positioning system 6. The systemof claimb5, wherein the nmetro
wi de WLAN position estimate system uses public and private access
poi nt s.
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