METHOD AND SYSTEM FOR DETERM NI NG LOCATI ON USI NG A

HYBRI D SATELLI TE AND WLAN POSI TI ONI NG SYSTEM BY
WERWBETIHNG THE BEST WLAN- PS SOLUTI ON CROSS- REFERENER0Y6504

RELATED APPLI CATI ONS [ 0001] This application clains

the benefit under 35 U S.C. 119(e) of U.S. Provisional

Application No. 61/059, 580 fi | ed on June 6, 2008,

NPMHHI?QNﬂ‘ Fﬂﬁ\fi‘i? ?ﬁ(}sﬂ)‘&ATiGNt@é A HYBRID
qf%&rlélﬁgie Ini ts&g]nl; NS app [ cafl on)ﬁ;HE BEST
relatedtothefollowﬁéﬁg g U. S. Patent

Application Ser. No. (TBA), filed concurrently

Envi r onmerk o SRR "éﬁﬁﬁcﬁﬁi%ﬁﬁﬂﬁ%ﬁﬁ%&@qﬁ‘ "
I filed
us, P Ser
[@ﬁlgﬁr A aisappl %&%t@%ﬁm?p&%d;eéa 1':131%%365- §y%€e§rlsl 9E<ﬁd>f us. ©

Px’é/%’fslbﬂg%ﬁoﬁfca%ﬁ Rbab 1105549, f?i@éﬁ &l il AR '%CEMSaSﬁ/ntle'a Iregrated WLAN-

Itioning System at ent pl1cati
baSed and\ﬁatel@TeBl@c)sed Pokigdnipgdesrem ewhicy ihigrewiindorgordted by reference
. enti d "System and Met hodf or Refining a W.AN-PS
1n|’£§tefl Yed Location Using Satellite Measurenments in a

[0bYAT | dTB%Sd_FEh@JMoHQS Y E the BIPwilatttnAPp! | cation

Ser. | ed concurrently herewith and

entitl &uS. "H%qtﬁ @@phﬁﬂﬂlosﬁ@t éﬁﬁ dFBBet félpdrpmqugemésshqrmﬁh and

ngggif gSyateVn\iy‘s’;'\fln gPS hESc}s Jg';’a g \S/’Lrgngn%ngy% gﬁrma@ brz

PAMIrinas)is e, ’Ser No. (TBA), filed concur rent I y
herewith and entitled "Mthods and ste

| npr ovith® Ragant Applicatiop Sof N pEBAS A1 P@trcugﬁlﬁlywhﬁfrmﬁh ppd
ex b O e DB R R PY R g Pk BB S QPP b £ B 20

PetidringeshstdveT hods and Syst ensf or St ationary User

Det ect i in a Hyhrid Po ioning System™ and U. S,

Pat ent U§£ 3L PPHCAEOR. SGNJ‘.S ?%A% ﬁpg FRRFUESREURerepith gnd
en@iﬁ%@%}s%n@% 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.”



entitled "System and Methodfor Using a Satellite
Positioning Systemto Filter WLAN Access Points in a
wWOoRWPeP4PDSI t i oni ng Syst em "BACKGROUND Fi el d [ BODB$20091@46504
di scl osure generally relates to hybrid positioning
systens and, nore specifically, to nethods of
integrating wireless |ocal area network (W.AN)-based
posi tioning system (W.ARWPRGROENGRt €l | i t e- based
positioning system (SPS) to I nprove accuracy of
rik@cation estimates, increase availability of the
—positioning service to nore users, reduce power

0G5t aae BRrisPe 2u e R E R Er g RbuBRipE e Mm%, more
speeisiealltd MBthels &eintdofAindrvirdl &0 0ddal Ada hewnk (WeAN-Bled

nunber of nobile conmputing devices has increased )
pagtigntng yaiemy( WieAbaR Prigdspisliiebepef ppsiftoniag aynien ¢2lS) to improve
' W : ' . i l.e. emai.l . - :
B} 8 USRS, ASOLSERIBO O SIR opnespic 0 mor
useR| tedficd povérrngnaineptoxpad £ ofimpaversimatigpl ofahs egirsted error in
are ener.ging. for nobile devices. In addition, users
3 Wi°e S PRYHPMFNEA® demand/ seek applications that not
only utilize their current |ocation but also share

DERAbL PSRRI I or mation with others. Parents wish to
kKeep track of their children, supervisors need to

ck the |gcations of, the c any' s..deliver -
10bi ) KSRk AR R R O P Ep i e nprpasod
dro@ati @slly, gbatmpaty né«l ot flordipdvangudaselilcind ireldk lser@ices. Mobile
t hese exanpl es require an individual to know his own
crealh: MeHtictadlbigsraircormiltienlaxse aemaie. a1d ediniodeing aye exapgples of
kG ol Bliin Bt Y B B e AL L Th WMo s oBboginning
toclkmakd/erkfapphedtionethtaondtionty wtdizeelxar turtdnelocaimsbitiabloshare that
0008] . Locati on- based services are an rging.grea of .
10#619_P|1£f05%‘11qnc\3@ i r?éfeﬁtsewﬁé@ eqpﬁéacggﬂheerf%& Ietypervisors
nel8Yd £8&k thO 163G Altke Eldny S UEH &AM vBIRERE 3RRlaBusiness traveler
positions and report fhemfo a user or to a service.
loelkatopindshoficarére pharsrcy icpsk npagecstrpmmo bildbhihase ¢xaomles

weat her .. traffi,c updates, and driving,directions to
relfi g pizelell 5 RS oFPiruBRE GG 4o Sie Rl ey one clse
TS &4tY, e8Il relN6S Bski@ifor AF-8tidA8; GEMHE sohiéBn&lRVisk &seil WhatesHduts or
a variety of technologies that all use the sane

hayingewenkersghedpin. fr@y timsds tinatg repadt Geisipgrtipes. _
[ogg;ﬂg' NhEDg Iftgagﬁ é}?@g@ca%%ﬁ rgl%gfén QLD Emob eSS IISYIS Fat

mat nema
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 mathematically 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.
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satellite and receiver (user device) clocks, and are referred to as pseudoranges. The lack
of synchronization between the satellite clock and the receiver (user device) clock results
in a difference between the receiver clock and the satellite clock, which is referred to as
internal SPS receiver clock bias or receiver clock bias, here. In order to estimate a three
dimensional position there is a need for four satellites to estimate receiver clock bias
along with three dimensional measurements. Additional measurements from each

satellite correspond to pseudorange rates in the form of Doppler frequency. References
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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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[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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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
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saf Btk S ?orl % fREEHAM 11[11381? %py ]gx%cﬁfog 3hd tC?J]Q qlca{tﬂélgsﬁli e ratio).

esat para ters eac
[0(]233]3 ur eoeation coatbining lagie? ms&udmsangmonmad IHRET estimates calculated

f , d pl f
fof PR B o nccaBy 108" DA TR haad Pl & Fiheryeres.
m&%ﬁlsetmefn%uarnd%@ﬁﬁhﬂldﬁs%ﬁ{lgre|rﬁ’eﬁi%ta't fH% ettt a%@'é&lnbéﬂeg and

Inviewto estimate | ocation of the user device,
covdliogi. tRractmaldy, dnfraecnenmntscahd testanaionsfwuhhteomﬂ@pdmi can be

coHRET L SOt TR SHRIOATE bk ot b TsEiet ot

on%sefsﬁﬁaﬁeh%baqgﬂbggelé’&&gl ohe ©P MeaNdH [p1Rak @aﬁbﬁlﬁ{%c HEAl F9r
expected error based on geonetry of t e satellites and

exgn@tmﬂocqum pagbipingtlogic migltiseledt eriegpiahe ¢stiortesdpedtions e@wded

o] SRBSPLE o T8 B S BE 8 S5 L AT e

rep@@ineighldd avergt Ve sstingg@l lodationd By HBth Bstchiyatasding to the HPE.
cal cul ated for al nost the sanme second from W.AN-PS 201
and SPS 206. In other words, neasurenents and
estimations which are nade at the sane tine are
conmpared and conbi ned. PraAdMMARYy, neasurements and
estimati ons W thin one second can be considered the ,
[0924te t i neThiTHsclosradrwhibevaichiodgn syitem Sqryicgfrmitiag location

usﬁls &l Igfdn%\ﬁl s%?elhtg 91?& WﬁLgﬁ garogll%%hﬁgt e&erln%c aSE 1e2fh b%ﬁ best \,@LAN-PS

VY 'Coror i n
solutlon In some ernbodlrnents 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 least two

different satellites to determine the best WLAN location solution from the set of possible
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exanpl e, location conbining |logic mght select one of
the estinmated | ocati ons provi ded by W.AN-PS 201 or SPS
WQeBIhesed on reported expected error or HPE, BCT/U$2009/046504
m ght report wei ghted average of estinmated |ocations
by both systens according to the HPE. SUWMARY [ 0024]
Thi s di sclosure descri bes a nethod and system for
W A0 [T AN D IhRHRTeh 0 ThoHidie RaRinhYPECH of #eGlokiibe RRANYNion
positioni ng system by selecting the best W.AN PS
sodions pgmnst the wetiete emfouoitrmrangd selettengtbt haxdtiod based on which of the

in i the accuracy of. a /W ased Sition
oS lenRE AN st raeelons SN Gs e asl Mg T ER R | on can
[002¢}| ude d@ts8hIcR{YAEiRentE thetftePOSRINY tBe Widd RiAIhARformation
solutions for a WLAN and satellite enabl ed device '
frgya shedatdensbive differpnt satallimtaddesyngdicrhest Whihaloghtign solution
satel lite inforyati for the. WAN an atel.lite .
AR b SRR WS el Syl Shh PR Rl popsiic

WaN Wshfiéh §dM@icatwelidt 4re nonékivrht @ith ilfcosadie i@brihaast
two different satellites to determ ne the best W.AN

[00FYat i on Kopweicaiboringinty, te WavNlocpuasiaptiongoanstency with the

SR Sl Y 0 PRSI 6\

pdditichesmbtes &t thk lsattise thoastdednsmitd arel daboaldviag tthd/ih&hal SPS receiver
I ti | ution f th t..of possi bl eWLAN

clpchclit s RasHBRVEAN brict peieka g each of the

[092§1S! bl e I%Meleﬁ%tﬁn%hts? %é%dn&?t%n@}géf e int&lﬂgl %F;g %ﬁ%ig%&lock

i nformati on and selecting the | ocdtion base
footadhivd thpopassiblceWNAAND e d ipb$siton Essoadtésoras bsas¢dds asindieation of

satellite inf tion., [0026] ln sone, enbodi ts he ...
iRy v it N RN SR TP VR oo PR PiRprGions LAl
mﬁhﬁmﬁ%i gast two different satellites to determ ne the
best N [ ocation solution fromthe set of possible
[002AN | ocanisomesoibgtingenss, deerconpisicaeleolethi miteraal S receiver clock

ssi bl.e W AN | Ny QN | ut.1ons. which are n BT
rop GBI R ALY Bl BpH R B s b nfigacon of
conORRn&NBAdEEEimt SVLANebMEAPO i tisradstifntes ahditieasatellite measurements.
consistency with the satellite information can be

[0R2Usur ed ByoryssMpodgneis Rukstantinlly fesams ireyehdPHeseiger clock
SRS, R3MTEARRLS GBI FILAN Sy RIRMEBTERL P Ih i
a gacHogooaicklimatdl AN based position estinmate. [0028] In

enmbodi nents, the consistency of the int | SPS
1P20ei ver IEIBEX Fiduarals. gpnRHomhyhE o niral BAS agpoiver clock

biRORIdds M KIIrBRELS 6] @orbaﬁ?i'v’é?WL@@N %ase!drob%ﬁeh le@QE can indicate
di stance between the W.AN based position estimtes and

a pos dodatien seinetté.ons of satellite

[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.



positioning system [0029] In sonme enbodi nents, the
consi stency of the internal SPS receiver clock for
we@2wb/1¢411 he possi bl e WLAN based position esti PEE/ES200H046504
be used as an indication of consistency between the
W.AN based position estimtes and the satellite
measurenents. [0030] In sone enbodi nents,
(0984St ant I @l ldifbod il AlEhfb SitinE RACLUBinG! WEAN location
bias across the acquired satellites for a giv
sobe®es hposg b isoall dstincatethe ancllindiocatie whgoodfdr @Eanple i 0 meters.

imate.. [0031] .1 n. some enbodi nts,. non-uni
030 ae. orintAme ety sedropd Erekl urelgs MeaN
logdiid! sbﬁﬁoﬁﬁﬁﬁlﬂlg 4 ﬁi%%éc &iﬁtaﬁc&b\ﬂ‘f@sa\/g}m@ 1basied sPasdt 'f@[nexample
estimate can indicate a poor |ocation estinate. [0032]

(Hmﬁhgﬁwgi@wﬁmﬂlnents the set of p035|ble MLAN | ocati on
[UQ%M ! on CS%IrI]]telhg 0 e sa e?lltF 11[f0 on dan $tTde dSéltezlilite

odi men T 18 PO Can provi

posiioal data @at&lﬁﬁ‘eaxtdl(wﬂty?(ﬁ{au ps&aoﬂaﬁgé ﬁ%a%@éﬂ%lﬁfD@)m@ﬁlfﬂﬁen@
surface, or a curve. [0034] In sonme enbodi nents e

megspEcarenb 4Ad Tlﬁ@l Qfétg%}e‘if@lﬁwlqnhe WL.AN | ocati on
[Opg’éc]m I ONSpg ﬂ{b%glrﬂﬁﬁlh a?)éfl A% la{eg% £ gfs@em%creasing the

ation so utlon to |te Focatt o
acsodaty o0 WIQUN bhsddrposdiva eemfnmtﬂ Iumgtsst,ellithposﬁlﬁxtﬂilmg:ﬁn(f@mation
. include sel ecting ocati on sal utions having
inglyding afositigRing ne%iuw N@Etcélil MetudlejaovheiNomodele fer raﬁewmgr

1nfdfﬁ‘1g9$@fr691 cﬁ'i%to? Ih?olre W&ﬁ]ac&é&s g@%?s embod] gROER. S})ogllﬁgmnﬁ module

met hod can include elimnatin N | ocation solutio
foh abtaimgngasakedlitg enfdrrsatamcféaom @t tche teatddifdrentealcbned, lagnc located in the

WIAN Tgffts b Bk Risg o RS DI D AR 1o Rl Syiiohs Daved oh e or

mbﬂ%OJVEQ@\I sab&l Joitt§ apasi tigpicdedatod 1§Qﬁeelbdshttcﬁnﬂgeth@@ﬁlé Yo use the
dat a, 1Psuedorange measur enrent, Doppl er frequency
e

safpblits intfermaation feava the atdeast twei djffatent saéﬁihm @scilqﬁﬁml{l@tb@ dpst WLAN
locarho? SgFqu[l%Iq% %1%% Etd d)tolgf lg%’t ocaﬁ ]11 SS %iﬁl to a

|ncreas n e accuracy o based

[0p3%i t i On Iesbimdebtbodihdngs, siat plitdtRnpokick k@A nddile device having a
information, including a positioning nodul e which can

hyibed|PgsiEoRINREANERTRILINE CAYPE HecePwragoh niVd+ i bpwH PopigaR estimate
g%esa%llt%Bﬁtl%ﬁglllﬁSﬁﬁaﬁ%np ?h Brsie eﬁbgémn%h{s' %% mobile device can

tronrng no
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



for obtaining satellite information fromat |east two
different satellites, logic |ocated in the W.AN nodul e

W@ 00da¥®sim ne a set of possible W.LAN | ocati on BOI/US10091646504
based on one or nore WLAN access points, and | ogic
| ocated in the positioning nodule to use the satellite
information fromthe at least two different satellites
fgﬁsgﬁg%ﬁﬂalﬁgl&%tﬁ%‘{héwg lé}ﬁiaﬂrb{?iﬁl oix%ltbﬁtnfof %&'E‘Aﬂnﬁased on

possi bl e WLAN | ocation sol ut]
the drsneerirooi the WIsANtARs tapin pesatbl ovatalkede@sotooftherdbiite

0Bt oasi g <Pe SmbbdiatyC B e GRARMALBUE ag fheoeieht for cach

APS & [B%hﬁor&lﬁg&ﬁlthﬁﬁt‘&ietelnhﬁleﬁﬁ@ idch@sH Sahté Béwgedration. In
some enbodi nents, the npbile device can include a

[ﬂﬂﬂiri d pd@uspn@mnﬂvgdmm éhe pmmbh seteHitE shuers of thw_mice can
ecei Vi |nf ol frcpm gne or nore W.AN
iR e o B AP TR b Rl ol o For
[oo.lvs]al nl ng[n%ahlelehﬂfoalmeh&m igch ivadigHt fc@ﬁésipbndiﬁt@%h ARMhat can be
different satellites, logic |ocated in the W.AN nodul e
clpss tedicanaspifle satclie lasptipnsafiths dSWRSAN | ocat i on sol ut i ons
ed on r
OB o i 2 P p R rdh LoRCEARE RPN SurBlCor B0l fption.of the
denvm‘e@ammdm o digandeheitlah oheasler bfwaghifule bétlic coatregd arcesf the
to determ ne the best WLAN | ocati on solution fromthe
Aget of possible WLAN | ocation solutions. [0040] In
00441E € mbogi sgﬁféteﬁlbohﬂﬁenqse Lhed \A’%@%ht 'c%g%gﬁdﬂ%taﬁr@ ﬂfap&m be far
the | ocation of a W.AN and sateflite enabl ed device by
frorsitingsasalitelchtimetioreefsbe bramirsofitbe deiigh WLAN access

nts ( et.ectin Al S ange of th
OBFAN and Eaburentat iy aaVHAN AE T B B G Hespdfion ogthe
dRRRS G N Jo dak Bt @ldidtARE fan To‘z‘&r%ﬁhﬁ%hﬂtdd%%bb@e 1ME @Y\ &#EgcParca of
pluralityof possible satellite |ocations of

theyd. ce, and prow di ng a wei ght for each AP based on

[OES)JI‘ﬁ di st G sgrne e%ﬁ:?od Y\L'AhoeAE;\%L%Ig Al%' 8d%gﬁr§+ned%o be far from the

ellite 1ocati nso edeV|

possibRGatEHitt $ocatiti® ofehd@sli@atheipasitiva of thiel W ANendtadlite enabled
for each AP in a |location algorithmto determ ne the

davise gen bp celeuleted Withputdata froouhy fariVEAMABNbodi nent s,
[Ob possipl sgm%%hﬁ)lobhﬁ&tA %a&zélgﬂtscaﬁfbetbg& deMhE orfs ?s@ency between

I'ncl ude a region of possSi ocati on so utions
tht headevoitthc WIDAKZAPY andsberpositihoiteibretlscaiohs ghthedeghi.
AP t hat, can. be cl ose .to.the

responds to a

1088411y ' AR ey e GeopeEsn Peda iy LRKCaps
wﬁi@? Qe e @&%mt&lt %’1@1 th® g&ﬁﬁ)lé ?Jt& lild 1b&atiRRE bIME BcBibe.t h e

| ocation of device can include a di stance wthi
[065# or de rlnabnnwgrrhomm@tmhet Wépﬁdﬁésé’s@rlagéloarceasmtﬁnthmth 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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AP. [0045] In sonme enbodi nents, a | ow weight

corresponds to an AP that can be far fromthe
W@ 20081149412 estimati on of the | ocation of the dewi/tg2009/046504

[0046] In sonme enbodi nents, a W.AN AP can be far from

the location of the device if the AP is |located at a

di stance an order of magnitude above the coverage area
[0@§2]t he ARy, SB&Q%ﬁbohﬂnéﬂ)&”ﬁleedm ﬁ‘ﬂ H%)n(t)isth irfterh B PALARL AR clock

I's determ ned be far fromt ossn%esate lite
biksoatadnd tiod WIhOeN ddVliocgjons hen posicdiasan afdi¢dtion VK ANtaane between

S [ enabl ed, devi ce .can al cy | at.ed wi t hout

g PEA A IERGoR G0 5 AR P ich Tedhonbod: ment s,

[0b5R Wei ghty s6AR cRfoRASEE, ‘Pf[b th&Bo& e4Sinsfugp GMcﬁlﬁﬁr‘%ﬁi@ cbﬁ'ﬁstency
location of the W.AN APs and the possible satelTite

Oﬂtb@alﬁar@ﬁsgP@rrecméer@m&@as fPO@MQ]WLAI\é@PréOC@ﬁb@ dmr@nhiée
t ¢ sq% d denv(l;ltyot%e 1r%heI nmeytg%qglg e;%\rL '?‘N ﬁe 111t8 §P§recelver
nsi’s pPOSSi sate |ons
cl@dkljlmge device. [0050] In sone enbodi rrents the WLAN AP

| ocation consistency with the satellite i nforrmtl on

[083H be ndasaresnPedipgnty theppphesioprdep@beyne Axstap for determining
ok SREHHE0%, W9, A Ep hoN] SEAIEREHL B 1L, b maprgnts o

wegh NVMLNMcé@s pomat (Am;) t[lé)@&ﬂe]m tan molluée e hbladd pesiticning medule

ﬂ;ret hod Cﬁ@ i ncl ude C@ | ating an intern SPS

B e/melude g kL ¢ dYrETERE HyotpiondEam pphognore WLAN
ac@@s% S%sror‘lél r?fﬁsp LIRS g%ntédaﬂghé fsng%hélle QI§I{ ﬂerbﬁlglr%' ijl{lﬂlﬁty ?Teposmble device
loatﬁmd Dﬁ‘élntdsylct: h@sedonssa@tlém ofomfatioh érqnnatelﬁasatwcsélﬁerent satellites,

el ver cI as...for each, of the. WAN AP.| ocati.on

a“éjﬂglﬁ 80%@188 é{kthﬁ rﬁ’o?lﬂaﬁllél%ﬁoéiﬁle LAY {dé%%wﬁb%h\‘z\g"é r"i’a?hnéf’ based
on¥h&listiRcé a6t theWRAs Ai"sﬁtoﬁﬁﬁ%&é@lb@e Sad|Blel deV R e U6 of the

| ocations. [0053] In sonme enbodi nents, the method can
davissl ude cal cul ating the conS|stency of the interna

receiyver cl N AP | cat

[0§§> | ude clgl sgml% ?n Odlp‘r[l %s t ??832108 er\elpl ates on%or d of 4t d%f%rrmnmg
the (peatién ef £ WL AN ahdh §atbllllteﬁdftfaaled IEGce beabiMgtwe bﬂﬁlbrebsa&ﬂhte

[0054] In some enbodi nents, the application describes
measyeaReah 1 gefingendpitiah Mg AN rbésqdde@aﬂloa slesFmpagemingpding
esﬁﬁltaﬁl&é 'a}r;mmﬁ&?{)% B8 WEXNCAdRWteHTE vt fhtdehiing a WLAN

neasur enents to
positioning system, gathering satellite location measurements from at least two satellites,

caﬁc atlng

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.

-11-



wei gh WLAN access points (APs), the system can incl ude
a hybrid positioning nodul e which can include a W.AN
wore@alie4idr receiving information fromone or PGF/ESALANGS04
access points, a satellite positioning nodule for
providing a plurality of possible device |ocations of
the device based on satellite information from at
(ob§ASt W dbfoehftdhirtdiehld heiod BfinbRAE GifR MG of the
the positioning no for providing a weight for eac
infafhdh S8 8 deanver hiocklbsts af de shietite nvesutAbhtARsddtgntitethe location of
th ssible satellite device |ocations of the device.
F 8 In sone enbodiments, the application relates to
[0966]9t hOd 18fsofR teBIbFH PhdHik, 'tﬂ'éelobﬂfbﬁtdf ABvie cah BN ABPoint which
satellite enabl ed device b using two or nore
prowides the teosheensistaahintirgali P etding chorki st foatheviriaNithased
]ﬂégcggléﬁs determi nation, including estimating a
pg {100 of the W.AN and satellite enabl ed device
[0061]ng a VihABIRQSiHot dnAg tifystcadnth@atidedd obsad h hh b&uracy
| ocati on neasurenents fromat |east two satellites,
regEerpgat Fydhe satiocd YIBIREIO8r i ni ng an uncertainty area
und t S
0ot o orb o i RRAER ARRleE L ARG oh B o gon motes.
[006133] uncerSana¢ybatimantiadate tph uyatmtiyr méremsgthlalaecuracy of a
Ioca% sol.uti ons, and determ njing.the_device
LODhPRSSA PASEPRESTENGR E?laés%tﬁg‘t@\m&}ﬁoln%dpfoélﬁaﬁ% eFhcaiysieqn can

1nEl|ﬂé$ ngﬁﬁ%g@stlﬁ(ﬁﬁﬁ olii€ 2R &L SV ANENORAS Pcfr‘?@é%ﬁtlﬁ% infO@efibn from

In so od |nen s, the nmethod can 1 nclude dividing
ontehpe rmmc &It ANrtcyesapenits andor sataglitic posifionisg nodulesforrebtaining

sa%'l_ RRI i ng%tfo&ﬁogg frl{tﬁﬁ%t gw% éﬁ‘ﬂe&en{%c %teﬂlg? qagglc:'l @tthg %’IEKIS positioning

mHBAS Pdr%é&@&ﬁn@%a@@&ﬁrt%’tﬁ&re@ Brobh@ tirWHAN R9a&In dsima@Bised on
enbodi nents, the nmethod can include determ ning the

the pxractedcriopsf the JBL&t logatinskestimats, wherchneths arcalhes g lurality of
porr?nglsear gar['%n tsglu?hn a%%*lﬂgn ngj ﬂ‘Pequ%}:‘lfi bgg ? gllm o‘c('iﬁ{mfor determining the

can

de@QfeSbcfaltleﬁ aytefwihey lonht&rmklnﬁféshﬁﬁxéeﬂ s\aﬁﬁﬁdsltﬁ@&télhﬁs of
the satellite neasurenments to determ ne the | ocation
MFSUEHENfevi ce. [ 0060] I n sone enbodi ments, the

B R L S
positmalestinate of ore WL adbdtéliire ameblsd devienirl using the WLAN
position estimate as an initial position in satellite position system to determine the
location of the WLAN 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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[0061] In sonme enbodi nents, the size of the grid can
be based on an accuracy requirenent for the | ocation
waleioensid4mat i on. [ 0062] In sone enbodi nents, thRCT/US2009/046504
accuracy requirenent can be about ten neters. [0063]
Sone enbodi nents relate to a systemfor increasing the
accuracy of a WLAN based position estimte using
otﬁeﬁﬁﬁ%%éa@u@ﬂéﬁﬂs'fﬁﬂﬁ DAchtps BRI anﬁllﬁéé%ﬁﬁﬁgih%%gl ected error of
i ncl dde a hybrid positioning nodul e an %
the mcan@céetvnnngathmﬂmmtuaumg fhemwnmstenayrofrtbfr @tdl\ht%I‘poamoemg

oints and a sate ti.oni n roo.
sy SRraRAG e BN BPatr Bh o tivemating
[0ds*gf er entln%@ﬁﬁ'ehiﬂo@ﬁneﬂt@ gbisidteht Qs WEABh R BSiviceR 'flienWLAN
for determ ning an uncertainty area around
loxmmlm qs@matteua@ﬁ thessaalfete @optigridg aystern encasyemeitd can re@ult cﬂf a lower
AN .| oca, e wherein the area has a
GXBFC %\%H?rm%? ltb)gsy (fet[e (I)I%:ag 'on sol utions and logic in
[0068) hybri I@l seaRichibedinigtdTDtbeh sistt A melgtRhiEn i begvéda@he WLAN
device | ocation as the WLAN | ocation estinate that )
logrtion estimpigrand sha satellétg PesifipRiag sEdern MagsHeents gaprepulf /) a higher
noodi t ad can i nclude cal culating a
e)@\%}ﬁi gosn 9 |t%gﬁﬁé§%qnﬁ%?eéﬁﬁ[a%? ﬂ'e W.AN and satellite
[086%b] ed dewbme catbddinsintg cofiestMcANT asmtisorenests amtieclad: the

an initial positjon in satelli position systemto
digiahes i HE RE Vg b S Moo B KR 4 B B Tesion of

pRGBR s%gltfgﬁé’ bfofidel ?Qﬁe} satdlli® n%Hi\%%%ﬁ&ﬂtﬁeasﬁﬂaﬁmﬁﬁéSt em

can i nclude a positioning can I nclude a
[00ZMN o dulnesofmerentbed mnants ghe crmgustrmty ofithé ingemal¥P Sorecerwereclock

Al s points and cal cul ati a i on.estl
fopfic WERG RReB Rty S dihaionl ol PAREAR 0L SRR
betRé & thé YEL RRYabd OfYsRHNREMER ah@th ORtAiRInGsfnghds] t e
information fromat |east four different satellites,

[00AHr ei n th@oglateemomr@erpbéhetm@tho@ gempdiyde auy SEReCteleETIar AN
109681 | :(fe errmna 101@% § V\?Ir%gglglji rg%ltte lﬁ‘e erpa%tc’er(g,0 glréef %lualnlg d%f?‘errnmmg a

1on es

wmmm e@keaﬁocdabﬁa EStinMite gndim expperet eﬂroﬁésj’uﬁfatd for thd WEMN Wtation
determ nation of a WLAN and satellite enabl ed device
CSHERTS, HielriBodiendpaiude Agferninman satsdlie bareddegatinn caingig and an

x@@%tgd‘ PGt e%gm%{er BF HRhdelTRE Gadod rloctapgn %ﬁ%t% ‘%ﬁé’"ﬁl ﬂl%d can include

I'mat e, obt al ni ng nmeasurenments from at ['east
desatnehihg tlesoxpacted eledrarfihaiongidnhiztexpedtioe @y@walugtncg‘ tht he

PG e ST Sty YA UL R LR CONRL ) oo
sybfag BEANNRREINLI@GNI Ng system | ocation 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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[0067] In sonme enbodi nents, consistent nmeasurenents
bet ween the WLAN | ocation estinmate and the satellite
wWeo®otiwn ng system nmeasurenents can result i nPEI/US89/046504
expected error in the location determ nation. [0068]
In some enbodi nents, inconsistent measurenents between
the WLAN | ocation estimate and the satellite
(0095 t | ONi G RYSHAIUIRGIY RBRALEnGALS) &M Ts Heﬂm?:nfihQWAN
expected error 1n the location determnation. [0069]
lotatiop@yemeteiaod ithrentdlite possbsing ngsferoflodahen pemsale eanemsgt in a

.can i nclude the distanc et ween the WLAN posi tioni ng
i cairEstiar gh 48 HRR R TAGUE  ogi on of possi bl e
[08P4]Ut | ONSIRHANKI AR dRNert) ﬁl&@%@ilsﬂeh&cfoﬂﬁ§ kétinRRbd @nSHELEMhe
measurenents. [0070] In sonme enbodi nents, the
digtemesi botveernythosatellte fosttieninglsy P8 lpeation esttmaetk g thcoW Lvie
AN. based pasi.tion.estimte can be used as an

pou\é\#%ﬂ’.n%%y SErapelion ST 8h¢y between the WAN based
[0pPHi ti ONn [Rsbidhoditents) eheSatt@bd birLinoRdSs tHeaARRIa$ SPS receiver
[0071] In sone enbodinents, the nmethod can include an,

clesknyfer 117@0“’ EANbPased PasifiQne extinge erst kerusidhay pbindisption ¢f gusistency
bR SN GRS g B N0 SBUEHALY, D Fcatin.
[0838]i mat e Saric ¢rthibodlhaiNs rcletatto aRy@ah iforeihercadiletherthioacy of a

can_include determning a satellite.based |ocatj
Wéétl}] d Pasifon RStERGIe gwggi saelhigs Postionig: 1@?0,1‘1@@@@ e”h?ensystern can

inSRbiEL h&iﬁorgﬁ? ﬁﬁ)d{lf%‘:iﬁél{l&’lﬁ% QWL AR BoddlP ?orrf@éé?&lng GH#Brmation from
e dete

I nclu m ni ng the éxpected error of the | ocation

orgtetr emare Nélt ADracbgss pualtiatcelvglatde WlokhN iletagng ystofiate, resatellite
satellite,positioni.n em.l ocatipon estinate t.g the

PR GRS TS s Py B e Pl PP T Pt

sa&PIBs, QA AshiRRASd irf 1he pBSSibAinE Mdiid ERH&cMhih fhglthect RWRH crror
expected error can be selected as the |ocation of the

of\thenigcatiah deseralindtioa byreabluadngideiceesistfryyitha satadlgmgositioning
odi ment t.h i.ncl ude determ ni ng. the
sy SRR R 0o Pt o ARE 510 MRS H b

[00D9Tpar i nGSdrhecMbAinkms aélhteno esyitertier iandadinethsatalrhdyt & a
osi tioning systemlocation estimate. [0074] In_sone
Wiﬁ%a%ﬁé Pesition sHENale BHES pfelbite Rasiionigyatopmation. nEhosyam can

ini:lﬂ&@& :pQﬁu&ﬁhg %ﬁﬁlquﬂuaiﬂg a%ﬁigh\j 11116 18 (Poctj r%ée%hg 9{1&3%?&&1%@ from
t t t ult 1n a e

ocatron estrnate can re t ower expec error
orieror infeee MOICANI aooesd @otsrndad icalouaRQirS]L AN psgtien estimate, a satellite
pqewénﬁ%ldnlgnn?g&us[é folr%%?ari]nslhg tsa?cgﬁiterrig 0%2&5%3 rtorsfl att) eta\Q{e oﬂr Ili?feerent
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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| ocation estimate and the satellite positioning system

| ocation estimate can result in a higher expected
w@eeon4d4m’ t he | ocation determ nation. [0076] |PCHUM®09/046504

enbodi nents, the consistency of the estinmates can

i nclude the distance between the satellite positioning

system | ocation estinmate and the W.LAN positi oni ng

tem | ' ' ' : :
OB G ront <o ME IR RS A mbtaf Sy P3O TRuing fhe Dogpler
frequerdwimrasolaodats toractduat it AMclas edv posittand theeigterm fiequency
ed as a ation of consistency between

an be ua i ndi
OB AN A SBHCD DOPPCL M Yat e and the satel |1 te
[099§]i tioni I‘ﬂgioﬁﬁé%hﬁﬁﬂlrﬁ’&ﬁ, 'tli%nmetﬂlg&)Z&] inSREE d@t@ﬁﬁ’i@iﬂﬁ?ﬁgﬁhe device

_relate to a systemfor increasing the accuracy o
1s yenphasz sfettic dogee Popplesfréqueney gsimal- satel lite

itioni information. ..,The temc i,ncl ude .
OBET: ¢ oni Hombatl A b e B b AN HEe e raping th the device

is bREEhAH hé HterhamEkd@Bndy GBcOftR cidh Jx0lIete W ANsRBEABSthe same
points to calculate a WLAN | ocation estimte, a

vadir el lite positioning nmodul e for obtaining satellite
hafor mat i r - ' I t '

R S o R e

fretptecyndontesppridives ©xpeachedt ef thosatallitd dnableddaticonf less than one
gllet erm nation by evaluating the consistency of the

m %Pg]l}quf-_e posi tioning system measurements to the WAN

(08951 T 1 0ni G SUSLAIHRGRL HRMERLY BB neRde IRREREn wer saving
enbodi nents relate to a systemtfor 1 ncreasing the

featoosniztoy WLAN pskionivas sutopn $odaiadnn dst darddlite coshledydevice, if the

dsatel lite . o(g’ ti onitn i nformati on. The system can
%Vﬁéllﬁﬁeée%“_ﬁ% G Hodul e | nol uding a VAN rodul e

[0086] I eceivisBahelcRfRH RNt hd FoWBr Q8N © fealRELc MM ACHRBENG the
points and to cal culate a WLAN position estimte, a

doyigedpdatipe 1gsp often tomicngmphsdence aframutshbrihei W Adhpesitianieg system.
haf.ormation fr | east. four different [ ) -

100811011 e S R eaS B Py S L AhE palhEPa St

enabledidedice iy sthnPEIYytmeRungg MedUpP1dr dfeqd&icslofirdteN@d kixellite
_expected error of the location determ nation b}( o

si - UHRS SygfemHan arsiedest ROSELPNETE mpdule pchyding wsatellite positioning

mb&rt %r%kaﬁ]&ng ¥§[{3 AR 1}n?cﬁﬁ1tal[181m SRt 4t W@a%@tv&oodiffg%g%wnes, wherein
positioning sSystemlocation estination. n some

the pdacltitcnmaedsarenidne ineluio Doppler fledienoy meagiravhatthard lagic located in

satel lite. enabl eg%‘ﬂe iceg.is stationary by neasurin
the pclHipRSEon eaR ey %#r&&%@%ﬁ\?é@p@%%ﬁeﬂ}xwygm@ﬁlgﬁgﬁems to
acE&ht &G HliGe Wm%h%d%%qﬁbﬁdxcﬁfs@@ﬁédfeﬂﬂ@ Rhsb1Ed @ &to provide
l east two satellites, wherei
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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the satellite nmeasurenents include Doppler frequency
measurenents, acquiring a rough estinmate of |ocation
wotowhe4sat el | ite enabl ed device, and cal cul at PEyUS2009/046504
internal frequency offset of satellite enabled
devi ce.[0081] In sonme enbodi ments, the nethod can
i ncl ude adj usting the Doppler frequency neasurenents
P9’9 j1account; bk Athollhdnte ¢ Q/%Hﬁleﬁgﬁclﬁ%térﬁ{l@sr fHakelected from
requency offset to provide a device Doppl
thé gwp@nnglstn{goﬁ%ﬁsuymfs’(mﬁémgﬂbw|t1meeAPshelgfhe)f betldhogis w@anthe AP,

inI de deternm ning.that the devic stationary if )
g e Bl e i abie o e it Deftspaas bithap esation
[099'¢]Od' e N Some RenbaBihaek, ¢RA: HBGEMER BedcRirfiidng bk dhn urban
the device is statlonary if the internal frequency

capy o1 ghe dayiceanitlflosamand ifstpositiondasssh arthe Y L AN esitioamg system
alvaI ue. [0084] In sone enbodinents, a snall Doppl er
?requency can be a Doppl er frequency corresponding to

[oopMenent I@afsotnRenthdtiihdntd, of RO abliedcHeds deterMindd@s He ih@Buburban
one mle per hour. [0085] In sone enbodi nents, the

logadtonodhe danice mall G@Fémillﬁfﬁ ita paYitiphbessd e theswulallifg PPEHPRIAgSystem

abft o a WLAN positioning system |ocated in the

satellite enabled device, if the device is determ ned
[0092]be st ahisomarcynbod @, tHaensonememblodharerirstics daa be used by
power. saving.features can |ncI e updatlﬁ% t he devi ce

thF el ifcoRpsitidingseish i sFlcehampinac t%ﬁ%lelaée #inneof thy device.
(0B8N POsi i8Rl %an%ﬁlsntle%% tﬂe%%?r]anﬁ@ﬁ@l &M%ﬁﬁ&t Gn be used by

relate to a systemfor determ ning whether a sat el
the NabANdodiwhmg sysstelslttamlocrtarryetqu mggmterigcatime dﬁdmcxllfmce
quency, of ved sat el a The syste ..
OB mor e SRR R e R Ui ST Frpanining
th® RhatibPef NPeviRAIR; dHafacRPiAENUMBe SRkiRhhich€iniwiieH MRidePie is
fromat least two different satellites, wherein the

logated|thg ystepreiasydmgenositioniieudedube pplleinng ¢ BiueNeyodule for

[
R AR i 8P b mafl BN A e sqinpnugenea
chaR@ Rk 865 Bl Ba h@elﬁmﬂbnfr@rm@c&ﬂ@fdr lobintBy enElite iafodmation and
frequency offset of satellite enahbl ed device to

logicdogatrsl g thienesitioniigpp@tle forelgiramiynanactiet eruse Hicnyf LAN or
O R BB Te R AR ERPEL o
[089Ftet hod Ihepmdehdodinintg thdracthod td meimtaif 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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W.AN and satellite positioning system enabl ed device

usi ng characteristics of the environnent in which the
w@leovae4i1s | ocated, the nmethod can include detRCI/USZP09/046504

W.AN APs in range of the device, obtaining

envi ronnental characteristics froma reference

dat abase based on the WLAN APs detected by the device,
[Oﬁm det erm SBIRGMARERGs LR WEaN he é%'%'él cgﬁne%?ctdecb hickRtral site to

posi tioning system based on the environnent al
syoblaoaict eithshe sgel[i@gB8itiohmgsystemenduidi ment s, t he

iron tal ch cteristi sel ect.ed. fra
108 oriBisere g s e 11, Vo b (e AL Dl plock
acB@ﬂaGﬂﬂBy afinPth hetiupgs im@akl Jsﬁﬂ’lat‘é? re®Rdrwhet her the AP is
| ocated i n"an urban canyon, urban |ocation, or

[040Hur ban Ima@aleue@food{rm@%}hq metbodreareimplods nesatvang frmithee WLAN
ARG R PR Rt D Bt A B C R a8
tirA@g] 4dRldagnS Wi inad saReacnt DO |differeHONE ANTAOM k@ISt and
if the device can be determned to be in a suburban
mpigtadt thewatetlieregeivriceinigmal drekdris ne its position based
[0?6‘2&“9 Saig%hhle e‘fhb%Ei én&so MG RYE E§1‘1| ki ‘n@ﬂh Q05cl c[t%%%LAWAPs with
ment's, envi ronnent a aracter Fstics
the accubey s edtelnyl didaﬂlamthegﬂer then plossatdl bt irag iy 'staeenraey of internal
sg%ect a method to estinate |ocation of the device.
OSCHE¥E] | n sone enbodi ments, the environnenta
[OﬁmﬂraCteﬁh%Bﬁ&%nﬁ%Hm&§n§$ﬁ9W@MQﬁﬁ@cﬁ%%@aRﬁ&h&,QﬂAFEndﬂm
systemto select a nethod to estimate |l ocatio
muigvipe AP 1099dhroBune vetisoaiatiin pesitiehiag epstero cwcky b ri d

[03@ : E Ieo 3 Isﬁ%an% gfbgg{ngehtsg ?i} n I , ﬁ%l 151%19'5 g%sﬁé{lg g?nce}vrqr ¢an include

a Wi o hgvgevice is | ocated, the system i ncl uding a
posi tioni ng nodul e |nclud|ng a WLAN nodul e for
[01@%ei vi ngnisamerembodinents, ersrigHide positiieg mml\deram@@@sns its internal
di ng..en cteri n
clgc bléﬁs’bx usi p%gnet I%(Iarre]é*’fd m% ? X Peo% Flgcien %II}] 6 g 1%]‘0?3‘ {nen% the

‘Wﬂﬂﬁ@ﬁm&thBaaﬂmnhp@L@PIocated in the positioning
nodul e for deternining whet her to use the W.AN or
satellite positionin stem based on the

env BRORFEHSEIRIREPY léif £t SIESERPOOOBIWS OFsbHHE DRAWINGS

enbodi nents, the nethod to naintain the stability of
[0496]i nt Eonamort earkplefe vaderstanéing iof ganioisicnibodinmptsyishepesent
. re elve
int R et Rt g R PRI T RSP By wie
thp@sdohipanying deavsih@inrvadeth:ver by using one or nmore WAN

[O,i_\(?’?] as F?guiee ]i ?ﬂues?rgtees 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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[0096] In sonme enbodi nents, maintaining the interna
cl ock accuracy can include neasuring one or nore tine

WO paoenvelt’s of one or nore signals transmtted BYT/EHSADHNG6S04
AP and received by the satellite positioning system
receiver. [0097] In sone enbodi nents, the WLAN AP
mai ntains its internal clock accuracy by synchroni zi ng

[O\Mf]h aF?g'i‘ﬁ@lj I11'hfs?rat@9§ 's%t&ﬁ 'anﬁ%ﬁﬁﬁWt R8Kps b §ﬁ§[: il &}hlch raw

nbodi nent s, an rnclude a sat
SRS)SIE&SUNHIGII}}S @yetcendadeto av hAN -P® tesaherh thericztesohition attmrdmg to

satellite posjiti ni temc ock [0099] In sone

W%&H?‘ﬁ H]ilg &%"i\%‘ $$h™3E% onnected to a central
[0%12]e t91%%)‘96ﬁl[l%&hfé@a%iﬁnﬂl@%f&@é&lhg'atsﬁluﬁﬁﬁ'bEﬂv&%@h Qsmble

syst em cl ock 0100] In sonme enbodinents, the W

WE N8 sntualpns bEtSQd PR tSQS absikele @@lmtla@&:we@ylgt)ty sogie wglbadlments of
r oscillator receiver. [0101] In sone
th%§§8ﬁse ﬁ&gm ?ﬁ@mhethod can include receiving fromthe

[OWHAN ARiguré1¥ dusahicBn aketile bhelatiay tiachesOfet of WLAN APs based
internal oscillator or expected error of its timng

oY B BRI Er RSO BT ARt of the é}selﬁﬁewmct

to correct and maintain the satellite receiver's
internal clock bias. [0102] In sone enbodi nents, the
[0dre4]hod Fogune 8 nlblstrdies 8 sy eah fognddANnARSLANEPS hineSPS and using raw

ccuracy of jnternal oscillator higher thap t
eeil%ur%e%%%m\mfp % mQge Bel{FS ot S ek & hf%%éﬁ B# gy WLAN-

PS[ 248Riind f@) s%ﬁ{éeen?dgaﬁgéﬂ@ﬂf the dfslaﬁ)sé/&-ﬁm APzl be a

muni ci pal AP and the nuni ci pal |s synchroni zed with
WalﬁateEIgMe9yhehamsamm@msyenamnnmogﬂwlpﬁﬁmnkﬁMnms@ne

i L AR S T e
lo8RA RS Hle RvRALEIIriihe tdsthd ERBbdIBch8 68t Tisclosed subject
maintains its internal clock bias by using one or nore

myYAN APs as a reference In some enbodi nents, the W.AN

[Oég}can Il_: Pg?l}{%b@”%é&ﬁi&% R Efllah[?%lg% I Flzrc!a fon & gilr;lraﬁleE and

ureefEhgtRovideet s WANAIN RS agamsaSPS moﬁmbmdlnmné Ses@Esttrﬂzﬁe of the
present invention, reference is now made to the

10?%10111&&aﬁ@0@1e§@if105ibvGﬁ@gﬁ%&rﬁi mathed prerding fo sampempediments of
thEGROITPA WGt AW ngs I n whi ch:

[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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[0107] Figure 1 illustrates a high-level architecture

of a WLAN positing system [0108] Figure 2 illustrates
w@a2@yasam f or a conventional way of integrati NBCEAUSINOPSI6504

and SPS; [0109] Figure 3 illustrates a systemfor

providing a WLAN-PS and SPS integrated sol ution

according to sone enbodi nents of the disclosed subject

[om]t er pidod i?lu KirQids £ %Astéﬂl k&%&mﬁg«g L@@r &%&ﬁeh 8a& on two or

sel'ecting a solution et ween possSI
meiE satellgesacgsidng toaemSRS bod asant eefisht dlsthosmh Stll‘hﬁCt matter.
satellites according to sone enbodi nents of the

di scl osed subj ect 5 illustrat
slygfe?nssorslunjt :;r at Wk&%gmp inI V\hiuihr?a\(/evs i

0BE8, "SRR Rt S Pebant R LB hBfring o

W@M@&@%o&ﬁbhﬁ@%yﬁ&hk%ﬂi@@ 2hd FisgdNige-Badel |pH§i¥161iﬁh§§ystem

an exanple of selecting a solution between possible
(SRB AN Psite 8 hybliid pesitienegisyotensPSn pmggmri or §pbrid $yotesn refers to a
the discl.osed subjec

Syat%c O ﬁllcfl] ?6111%%1]6 e measun?me}l{] fs l’Il O c or 1’1101'6 S, ste gO IH%pI' Ve {he

ure es an e

acS@ﬂaeji bf the pbélﬁoﬂnﬁg tné eéloaity éﬂdﬁ‘d‘daﬁﬁg chimseeh e@lﬂ th@éﬂtcﬁféﬁy of
measur enent s according to sone enbodi ments of the o
eX@Pe‘st@qi BEYsEEjceid tpgeduse; coppme Popyey @y eorapareq {psqach dndvidual

v%r% L%Ilﬁgeﬂn ﬂ&&g&atﬁh%%e\{%&{\tfﬁegﬁ%gp%ﬂmh P§LRg ﬁ[)(s;‘}%

msas mtwo or nore~satéllites to se
creats ehybfid pdsiiibriiRssyisten/aANEE rae SRISdhegutemeatsB another input to

WEARTES 50710t P il GgEebvisrek hesiamiipa: ey ShS
méAGANAR Beh tIBbEnRRIsHIGRE b £Ex: MeWLARIPHY A NRe

against SPS in order to find the best estinmate of the
aCIcm@ay pOposgfonzestiobicl BPEewn cwatamanr dicndettaiono MELAN-PS initial

t f .the discl d ter: .[011
PR RS qier Sy DuREnS 550 e FeiF Sy Tt i o Bt i
(TTPERhhPPovRSitdoNBingtRNd ARG d@sntoyln@r@yﬂeﬂﬁﬂsdoaan%&me%w
against SPS in order to find the best estimte of the

cqn@eralotil@ncompaépdnm BVLEANIBY pee SBY wesking indepengiendy hederséivating
Gl\t?ggl %8? 7 e%F_[Ee uar{rg %%ﬁggl:edllrf%\éa? 4 %qgmgs osfqn%rgasg a%@ﬁr%gy or
othdtegtiationsgg WLAN- PS and SPS, in which
[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 III 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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raw SPS nmeasurenents are used to refine WLAN-PS

| ocation estimte according to sone enbodi nents of the
wael@ehesed subject matter; [0118] Figure 12 i | PUBUSZDE646504

a systemfor integrating W.AN-PS and SPS, in which as

WLAN- PS | ocation estimate is provided as initial

| ocation estimte according to sone enbodi nents of the

thah Rl %5?1?055 WRI, 8p% Bk Ehents 4L égt]t oft ihQH' ‘tednglglrd' ihfeHstd alcssps

an exanpl e for i1ncreasing accuracy of the estimation
reafivandfécs mddidied vo pbynitsicoy tSHES rawdS R ABksERniantsor mat i on

R0 e 17 HoOR o BRgton 1 strpbtrdieroCguPE ST B

shoWalE EsIuRE2 3EI AaYit ¥ configuRatid FREIVeNaW KPS XR&SHRFhents 311. The
error by using SPS and W.AN-PS information according

integragiomet émm@h SrPérmsasgfememéwdhé’&LA%BS S0bphkengesrihedesign of
usé\f%}% sel llo(%ln 51&613319 lia?%lts orde A4S nDr e A afm({ H?tiaetstllr?lgt?rry device

308¢ crofedwngN-ps sSomearcfike divimties offhetrhe IMSSGERERE L) RGat least
matter. DETAI LED DESCRI PTI ON [0122] Enmbodi nents of the

twgi sgtsllgeedre somjiesd: cvertyidouprbibizar olwanHarm die SPS 306.
[0'1 §gear %isg%ﬁ%%l\é%égg‘s Q)EWEAQQISE@ gb PQthé}QG Y@ih? gﬂﬁég\p%'\%eg rements

a sat posi tioning Sys
isdrsemSedmﬂnylkerdechﬂmme:mJ oni ng system An integrated or

brid systemrefers to a syste h conbi nes
08 Hs ur SRt OCriadyRent the ﬁb*P’é)S%‘{/n Htt%gf?‘ﬁﬁﬁ&ﬁe}\ rdased

po%ﬁﬁﬁl{ stefn (‘\’V‘EANOISS)tdnG'&' sﬁ&llﬁ@ Badedl Cﬁ%@l‘tlto ?@?st@ﬁ%SPS‘ﬁn which

estimat €s and the accuracy of expect esti mat e
thaNdLAN-F$plwsales @mstwf@dsqmbimcaasnmfmpmolmtb deyicgamil arnong the

i ndj vi dual st em wor ki n e endentl The met hod
pBlecPhe TS VAR e SPE RGN ERe e Big P rgrocicd 88 he
filRPpbditiGNEdghaty/ St em can add raw SPS neasurenents as

anot her input to WLAN-PS and WLAN-PS final estinations
[0428]anoiThsrenbpdunent ¢lssesn pRadcSP8cted sumégastic VEADNDaswd

A T T RN e

WULSEN-Pdgiredt¢sunsct YWEANsBE lobitidng lforihs robi dedtd, l’e’(ﬁd&le%@mble
ot her estimations also can help SPS to reduce tine

logatiogs are weighteitmycordine frothel distinse it Plrlitnohpessibie $pS device

oBEEAHERNS GRIRFRILEGER L AT SPYRRI otuins

acdexdaty hoat wnly thak AP ond tSBRS safedite hﬁeyuranmtmohftadais@ging a
Wé/ig tutg elac It)oesrm e lggat{o?lcxrfa%?o%ls g?gorlt cl:’Ill'JSr c%c)i)e 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 area
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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other estimations. [0123] Figure 3 illustrates a bl ock

di agram of the hybrid systemof a W.AN-PS 301 and a
wWERBI3PB17 [ 0124] SPS 306 is an of f-the-shel f, PCT/US2009/046504

conventional satellite positioning device which

consi sts of the sane devices as SPS 206 in Figure 2,

with addition of an output 3 11 and an input 312 from

ldOH‘?aﬁaLﬁ\d'nF 2 thdiige s %ﬁfdm%@hlg‘%@mq&{t akbr REERINIF 4 rnoblle deV1ce

Satellite receiver and asurement device 207 is par
detdfctsefiitgon WoAN AP, onathi@REn péthemvae |@06d ian dilg‘naweSdelng and
are an

t t. t h
th B eE FEr et B o T n il B Fmapashis a6 Puilding 4for
ex@ﬁn@lé"%@(‘)i nfé%g@h@'@y trbg t@aﬁgﬁ%e bagdihg), leaiechy WEWN‘AP@’ can be

he ‘commerci al SPS receivers expose the
comawtﬁls@ss ﬁmslustewemlsa sige deighead ﬁ@@ﬂ%ﬁ@é“@ﬂ’ﬁ Gosyenfippal
PR Mol R TR BR) W RSB B RBL B s

ofiéd AP@f Ulntiér thé¢ afpl@htbordanhirbahethe HEWMEW R fvolu REBEs 0ROV IREI M the
ot her GPS receivers that do not provide such

high-sise peitaing. sHowgyery if savaPBS mcasirg@ents fgm te fgnoisspigdics are
COFHQIWGI%E %l%ﬁ? Efu@%ﬁ@ : ec%lOR agvteg %thttﬂ)el J&%ae@%@tﬁ% froenrl SPS the raw

interrace, el ver IS no
SEﬂ:memrdrmeﬂtsh@nr‘t&vusé‘:PS sekasthe appropsate [cOkRS jof WieAMKA@NﬁSn the

TS By, el B R 2 ANE VAR 201 L
thE @E)@és‘( @luﬁt@i"’to%ﬁ@&ﬁﬁ&y&etﬁg HoBild ddvice -Blagaus@ft%%%taﬁﬁfbs %e SPS

he raw SPS nmeasurenment wth WAN PS 301 changes t
eqdetscprgn S&R mw_aANeméstsaﬁown ibe ruscdietwassglsaﬁfelght ] ‘éntcehmtelrmf five

304, .an HPEestl ti n V WLAN- P
oo 885 SocanaiRBih B sTRhalt e SRt el R ulieed RRer
asWBRMgalwdigRTb chidRrsS & &dnt&%sédl & @mibihé 8¢ cs@®¥&ibon results of
w't hout any fix or solution fromthe SPS 306. [0126]

cloyi¢rs ageEipgHt oazlbemgelomtlowﬂm Pengda, the Welrghteé@@mgm of estimation

d nor e de
re RS R Ge F g LR 8B AR BB Sk of Rt or
estitfagigi af E8stérs %ﬂﬁlgb@s;eaigmg Gart bmpmgedsas&hﬁnes(tﬁﬁlaﬁun PSults.
and a satellite-based positioning system ( SPSI in

[04A01ch e fypt AP Pdgie ing M E AN agsessgoiphigh will beatedsns
pe&etﬁe ﬁ%‘vtéﬁ% Clﬁ&# e utsﬁ!b%gggo RO ARGCPQS ?bﬁlﬂt Lg@g@h{?}g&smbmed,

Its nmeasur enen
ansleh@cilsdmaght rivere overatimg o%hdﬁreﬁ»m elst Witett ™ pogifididB¢ sylndrs applies a

cl&%n%@ agE%(ggar?ll tg 1dent1?y ﬁli 816 c usters gF MA% tagcelssn]gt)oelgts ahat 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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positioning system (WLAN-PS) and satellite-based
positioning system (SPS) in which the W.AN-PS provi des
w@2@et4ai7 possi bl e | ocations for the nobil e deRCTES20891046504
the possible |locations are weighted according to their
di stance to a plurality of possible SPS device
| ocati on solutions. | n ot her words, weights are
ofA¥ EA@@Q&&S o%@"\&% E@itﬁh?b%f’afshféﬂ?en% Qvidé B9t lutions
wel | they correspon to the satellite ne uremants.
mAffan of@s siggon (vgluemaysingite or @ ceach Phspiokineity ot@tssible, WPS

ol BES B B TG et S8 B SRERE o Ry s

so[&f@)‘%lﬁ t Both&GRE O NhE ABsdR ML & §6Yutﬁ1>ﬁ t@‘k}ﬁar%soqﬁtm% |l the
possi bl e | ocations, |ow weight |ocations can

lgleﬁlmhﬁe@}laﬂltmthhwlv\él\]gﬁﬁ @dutmrer age, or only the hi ghest
ght d locati ca t| on. ca
R oo BTy el PRyt TRPEORS TP SR B wran

ac‘é@s @oinss 402 RN WLAN 2R pdiftd 281n o cletamm this @@ﬁi})llks Q first
of the high density of WLAN APs in sone areas, W.AN-PS

clesier 492tand @ seed cafstﬂmﬂm E@@h slnster gnberisediozasiimate tplocation of
thg ﬁ&é?‘&"e%‘ée % | ne E@é’e Il et o 1@&%% Qﬂ ast lt\}vlg‘ Ea%lhteA405 the

cluster i S 1N t e coverag
paasibk sofuteac bf tt ineo or inforet dueclitoy 0@ g of usad Wd&l}bo&@r d:lﬁnlnate
not known nom n&l cover age can e consi dered

SORRSTRIYSEGTS- CB\/@]’S PYPieae R R vt ormeeARfChsey is shown as
a Bﬁlﬁ%@@ﬁtéﬂéﬂog% él%séi’xo ’fﬁ%jz%ib'&bl@ Qate e §cﬁ§t?otfs‘?)rand 406 than cluster

t housands of I's reported nunbers
4Q§etT\AEmde©O¢iuﬂﬂd4(25®mbatselttted andreluster 443 Qam’vg regjlactsd.

(0f 941, e B R AP ok LR et S AT oy, WLAN-

PS SpYbo6 &ﬁ%e@dthﬂiaﬂ? ofDflcshar 8&R&Y, bhi i ﬁas’%%e'a@ﬁﬁb Peovide raw
an office building far fromthe high-rise build

SRS weasexamgiteas Boussedtie Fegusandy The srw Bh® nm@ﬁemmge 3 ?l are directed

BV AU B8) sot ey Geheched WAN@PS can be consi dered as
uster z&%0ften” and five, respectively.

[(mas]v entrihe Wal. ANOSPS detittiBn devigarIok hedivws hddse freat WILIAEN scanner
cluster with a hlﬁhel‘ nunber of APs: the cluster often

208ps anupirér The dVIeaN i sckastien dopsodbrelutters W Bt 4Bnbased on the
dlgigﬁﬂe Rg@‘%ﬂ?%%%g dnﬂ% ;*i‘ﬁr WLQ/QNfAsz%eféld{Mhmce] %@%\{ Bhty

neasur omtwo or nbre sat
ida[tfﬁes ohstete bedalva tdhectdredifictent st off WIQANB%PSJIIM esoharhusndrt fEach
| ocati on estimate PS,. t he

) S )
diffg AL BHRHDAY Eeat Bia @.@%om C@%%%maﬁf‘e /gﬁﬁf Hsiditfprant sets of
clﬁétéié (3 b@ﬁse}{\%hkeéﬁﬁaté‘rat@dn del%cepiou raal 'rﬂ% OfulGh las@ﬁﬁ*&%m 1bBation

his exanple, the cluster of five APs mi ght
esgmam: tléd lastivhestohasebdsed bustusters antbisevdigived a@:nrcblﬁg toithe

dabfaie iepueiFatrohlrel R e akd e rsTasds e
cl@sté’iﬁi@ﬁﬁcetfﬁ)nﬁ RES pbiksile kSlu@bnsf i A Bluster 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.
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and ten APs according to their estimted di stance from
possi bl e SPS solutions. After assigning a weight to

wW@Rwotiexs? | ogi c can be used to conbi ne t he esPCTEHS10091046504
results of clusters and report only one |ocation. For
exanpl e, the weighted average of estimation results of
clusters, estimations of the cluster mﬁth maxi mum

[0%@6]9 ht @ SPﬁ‘éSfuﬁgﬁs % BeSb P ﬁﬁo@% h §4t811i fhBasurement,

hi gher wei ghts can be reported as final estinmation
thereswd generdlly 186 uriknewhs cmrdmatepof begemedithagobiladievice, (x,y,z)

ccess, poi nts, ich will use s referenc
gL PRer has abSkS hethven. THAR Sl BetShET e FaR R more
satclNEOBYbedised td BithRdie (RORtdRA IRk HRas B Ik smy&elwlefmm the
tinme. Therefore, the WAN positioning systemapplies a

eq@atleSe A fys %sgdhe taspit tsogdieie et bef asfuartion ¢fecoprdisates &f the location
AN agcess t that ar e etected b t he user.
AN rR KNSR B R B Sl e s

V\LAN access p0| nts which are in the coverage area of

each other. WLAN access points which are farther than
F&yrarnil coverage of an access point fromthe cluster

are considered as a new cluster. [0132] For exanple, a

user detects four access points and three of themare
[Oh®Tat ed hisrﬁlﬂaﬁmojan aaspiesenﬁamafrezt henface, Seabl‘nive based on number of

Therefaore, they mtwo clusters: one in a}ton Wit h

safqllitay W%ﬁ%&%&? TSP WCRARES Giom wp asgnere|satelljieraggesult in a
se ﬁ%s@%f\ees%ﬁtﬁﬁb yen %@tﬁguﬂlak} gedrﬁ&fl lé%MI @s‘%ﬁ&%@ poi nt

can result to a separate | tion in a
[0p38]i t i dihe diptamygs betmcen fhetdnﬁemmttﬂoltelodevf Mﬁdﬂsﬂs mdqmsmbls

soRuEs RS B0 el Rl 18 MElepist ey S e Titast Aiean

asQIGRRE S WALIMLS cfdh WelACPSGousibessRtioNiAPIc 266 BS BsdAQb RbMbine the
Two or nore satellite nmeasurenments provide a set of

sobiioptar selsctithe splitiymirem the pasgibbrsofwiwingne, surface or a
[0? S]ve) Fu&ﬂer e%’o‘h&t&%ﬁgt&eeﬁbbbﬁs surgmgé]tts M thle(?o%sélt:%ns

e sol utions ca e Cri erla

pr@fndé@bﬁdﬁe WPANBK thh B8 Gsed a3 aﬁtulitﬁaSatMrdfsshstatnlae beh@s® the locations
the WLAN-PS sol ution to the SPS sol ut| ons, the higher
prpwée%b&rhetWLéfoﬁ@nwmmsogfap iabis deyiga-3Bhe fogption of the user

i T

offthx lochtvam @l ths tier devlne (zhzl $1smg&a¢ﬂ gossibld ers’tN-d?ISLlSd:ambnl&@ﬂle

anda ecqnd cl ust . Each clyster. can be ysed.to

St HHRE e ese e P GTnoNe e qusllie eorrerqlathjugy for cach

W@'ﬁ\\N %8 lé&a%'dh le§tPméte %leQ e hEQMAMentLBSh hdPsapdfiR! hinkes

405, the possible soltutions of the two or nore
copsisehty batwealbe calnulbedustethat satgbtegeteivar chickbiiavas ealculated for
cach 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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sonme clusters. In this exanple, possible solution of
the two or nore satellites is shown as a band 406.
W@wste17402 is closer to the possible satelliPRP&/US2009/046504
sol utions band 406 than cluster 403. Therefore,
cluster 402 can be selected and cluster 403 can be
rejected. [0134] Figure 5 illustrates bl ock diagram of
[0 491297 ¢t QISR UbhRR i§f0u§§’ Rrach WeANRSn bR nrABis iR AotBE by Ci,
a standard, off-the-shelf device, but 1t has to be
thabdmsistancpod Ui den bawscSRSa measwe efdistagcabetdicsicaigsen ppsition (in

Figure 3,. The raw SPS ts 1 are directed
this g Jggaipas b S STl ot tf Gishy the
satdlfc VBN APS TBEE AR Ist@By BT €85 DS sIRASI MESi Rt HRfiRmatical
from W.AN scanner 202 as an input. The W.AN APs
appedaghesi bke sfendased60dion afdiieersmiynquaRsTiongedi eatintabien as
fOﬂistance bet ween the access points. The W.AN APs
sel'&ction device 503 not only identifies clusters, but
al so selects a different set of WLAN APs for each
cluster. Each different cluster may result in a

di f ent |location estimate. Al of the different sets
of €fUsters can be used in the trilateration device
Go4- may result in a different |ocation estimate.

The 1'ocation estimates based on clusters can be

wei gh Qjagé ding to the cluster distance fromthe

SPS pgg i‘bl " sol utions or can be selected according to
Qﬁ%QFF_ErQ§T§T‘diStance from SPS possi bl e solutions. A
cluster can be assigned a high weight if it is

consi dered close (at a small distance) fromthe

ellite distapce solution. For exanple, if the i

103115+ e hE xoiog cAVEE G tersobhsst mgicsign 0 EPESIHGREY Hfithmdi
sabfBfesS Atk Ll RUBRAGARAY L WANIY US IR ERMMSith SPS raw
assigned a lowweight If it is considered far (at a
méangencdiss tiahihe onsigendylvd (3 atiebé insed adias irmhcatorsadlthi sadwtjon’s

oS30 TPl ot G5 B ] S dbed S e
w}gﬁg{w PO d RSB0 WRBhEES Rk b iié&@l%ctc(%in&%g HRWPdinaBe process of

lows. In each satellite nmeasurenent, there are
cafpapsing|thgmpbilg deydenloowioncoor di nat es of | ocation of the

OFBEL) BN S s RO BRSPS B SRR
sySRbed01i, trewhieRIWhANU&eehs poingl 601 Pahe firlkeclidiéresonand alsecdand

bi as of the SPS receiver fromthe equations. In this )
clesiered 03¢ Hoe mobiledeyige geuittiomoffaoprmpye satelhitesfo05 also can result in

« BERE SR 0 S RIGE ISASEEN 49 S s s
sohudion®B86 atkd WIYANXIPS=solutioh® 837 s ubbd & deleecthicdstaalution, which is the
SGERLEENt B, BT 88, £, SUL 1 aRe 01, 2, CUrve based ong g
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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satellites. Therefore, raw SPS neasurenents fromtwo

or nore satellites can result in a set of possible
w@loat#wns, even w t hout having a final | ocatiREI/US2009/046504

estimate. [0138] The di stance between the different

sol utions of WLAN-PS and possi bl e solutions of SPS can

be used as criteria to wei gh each W.AN-PS sol uti on.
to'%vetl%{ o?§élb(?%@lges§séﬁ%f WLAN%c@éég ?mﬁw eﬁ%naﬂ@%l?é RbBile device

sol ution ogl ¢ can be used nbi ne the sol ution or
losalopctavt HIES sohamréroents cammetttsed poersmﬂnhed wah dhd mih@f criteria. Other

Furt her i st enc bet t
Crh%f ﬂfde%ﬁ §a%f=nvaelgﬁtebaﬁ%oﬁ%q FERLS drigh &Ean%{? of wsgmar@%n
roﬁﬁd‘ triRrids 8frc@sivadsibdl qat vPNAREPSLsk ANCANDERPYBRIkhERE
| ocations provided by the W.AN-PS and | ocation of the

chargtaristiekdo icstamatTitee loeatomi b adbilersvigser devi ce can be
[0?2?1]"“' ed b ct gthS 8# %ﬁkﬁoca{snsl’lhﬁl 1\{(\{'6":‘ utpa§e lng iar}lfteo(p {0,

as T oug tes user eVI ce

reééw&i 51grul$ Bﬂﬂ@lgﬂﬁﬁﬂﬂ)oﬁﬁatwnebr\é&tﬁhlat% dfae&dtioaNsigsal tdgoise ratio,
and (2) calculating the final unknown, internal

ansiattr%ﬁr q)ﬁ arEveldEOA e Rap) Yokmersaemansy framdryowny arpsstellites are used
to chcﬁ{ % 1‘?18%&%1{ & Hsthing b%%ﬁﬁ@&%%ﬁﬁ%ﬁnﬁa 8%&%%9) of WLAN

sate e consi stency between ul ate
APndrer era‘,alal sabedil off the nebde device | Dok ihii@sies of datanud ednelet used to

sl e seea W ANC A s Bpuinan e mab s i ot

1n9§5t%§pdl%f%\é' & § be Red RGRAL FPtrWE%tN APl Scpdn n‘% BethaR Ql'léte?hce from

devi ce actual | ocation. WLAN- PS est | tes wl
thh devaccloasticst ekite rawcSéﬁSvreeasuteommtskﬁcaB atkehst o eaﬁllutese:an be used

in S Do o wig iy et it Ford 388 Fhe Wifansy i

conbidSrewifhd if BR ByhRkatbal thin ﬁth@rd%ﬁgpmaérﬁfud@&ﬁ ltBan the coverage
wi t hi n about 10% of each other. However, if fhe

argy AP LANZAR.0A diganeeppemsisistadrabess onhot faeisi the distapee isfwithin
an orger 0 magg?l%ﬁﬁliec §¢ thé Igoeve\%\al'%%rg S ECwLA)IQ AVii l {V FKI\CI) %fli)%%hat arc

Ite recel r COC bias estlrm

coﬁ@@hre&ﬂuﬁﬂahlb% eliniiteefremphEposithmineadiwaionc| ock b| ases
will vary % at nore than 10%{ 0140] 1f clock bia
[Ok#?lch Fgum) AP o egemleseft ) infeggat mrﬁéﬁYLA’s\I-PS and SPS, in

whiER ‘&{ee[ﬂolﬂ*/ c@wce%&c&%'\ﬂ%ﬁ@%cﬁs epgmt§ ah By Ha?edgqﬁﬁedaa signal

neasure o I stance between a gl ven position
an(darsw mdaswratricon drotetver sateibats G94.t hethilloAbnBls) e LAMeaccess points

ns t sfy the satellite equation
arg e‘ﬂ@ %%Pé@a@}m@(f f:?s HYOQQG FE%Se 2ad dijange E?‘W@@F MAQ access
pdmg HETRAA FXsibAPRIIRRMESS twd gd{ahfeg apslak iy dghat hﬁ’ Méatlon of

, Or nean square error of G estination as follows:
d1$tance between WLAN access point and actual location of the mobile device. A region

of possible SPS solutions 703 is calculated using measurements from two satellites. The
distance between the WLAN access point 702 and SPS possible solution 703 is used as an
indicator of distance between WLAN access point and actual location of the mobile
device. In this example, all the WLAN access points 702-1 are very close to SPS possible
solutions 703, but one WLAN access point 702-2 is not. Therefore, the longer distance
between WLAN access point 702-2 and possible SPS solutions 703 is an indicator of a
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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C = N [0141] The value of MSE can be used as an
i ndi cator of the consistency of the G sanples.
wab@eaiwre, all possible |ocations of W.AN-PS BERUR09/046504
exam ned with SPS raw neasurenents, and the
consi stency of G can be used as an indicator of the
solution's distance to the actual nobi | e devi ce
2 J:é?lot%tdvél hted BtSr&@h E@ﬁ@@is&i sibletBLRbRE D Mb@‘P
paranet rs to wei ght or se ect esel ect (reane an
refpvediromshpso o 8d’s b cdalletaltiat mngllct éwyicedbedtiendevi ce

0615 1 Bisugt, S abitaish WAL Gooke BELTER R iRl Sl which

al\k %dWe@'ﬁ're@ﬁ@ Sific ROF] g{u?e 9 Qﬂcép@ fdps@leét‘lﬂgSWL@lW APgR080Belecting
and a second cluster 603. The nobil e device

Wi A B0 alsofreaciiss saw P encgsuremeints éél 6@&1 aipyo T:lmae raw

result in a set i b sat I|t V|ce ti
miBEHank b8 8o R NSt BhigdSa ¥ A7 Hicha0
loW¥:dhh BSWI AN RS 820t fiousFehd mosled @asfﬁcet he best

solution, which is the 602 solution of W.AAN-PS in this
[084Hnp| &' dissasssdirs themapdgussabadencntia tgesmbadingnaficregs a need
to @El%ﬂfatéj tlﬁ ﬁgtl('hp@frﬂl% ﬁﬁ&%%wﬁe&ﬁﬁmﬁ (‘A‘f’l;s l&%ltl%ﬁ §&aés{1mgfed

elr so u I ons or at t I'nal ‘estimated position

lotagionhendictidl docatbmdf thasnahﬁle klotike ayisg SRS mdasurtiments f@m two or

cluster of APs can be weighted a rding to their
meespisfiites theFeasistney '%%WE?I} ﬁ§a"6%1’§rfi§as‘ﬂf6@&@t]s angh frenWLAN APs
caﬁ'ﬁé%@éd@ﬁn 198105‘5@1 (qf' cﬁ&ﬁﬂb%%tﬁééﬁltﬁ&foc%ﬁ @WEAWAﬁ? §nc§‘the

hod to wei gh access points by using raw

locmmuuf ¢imemolije @edl@c tThn gonhgeimystan e tcalofilatakd Ay (zlx):tmlsgthe WLAN

oi.nts. to estimte e ser!s l.ocatio ra )

ARRWSGEigh B SRR Bt s ks e Pleap Sk el Rl @l taging the
re¥ @@ ok Qi BN ARV AN Atdbdakion bhRd¥hNBE meiduk@hdis from cach

usedto wei ght or select the best set of WLAN access

sappdlitat dhe gortssﬂtémmbetwene catobliated reoiyes eloch bisesormn beanedmsin

1ng%§t§¥ Eise],]‘tg:e?wee e\%Vl]L%%\g AP éoc%{rg 1?(9 th\émrﬁol%lle Qi%w?% 1 %rctual

efia an

loanmmecelved signal strength or melght based on round
trip tinme of received S|gnal The WLAN- PS uses W.AN

[OAR)" andn ether workenfics pply Sigithe loceiansafli L AN A asgadritiah

p%}&ﬂl ﬁ\g?rsr: g}lﬁqﬁl%% §$ %%9&1@6 anggﬁlegﬁl% &{tgtrﬂléez&%lg?etﬁémﬁg unknown

re not
is Itlﬁnei:aletd chiofjrvads, shichngthe seRSH)r, all SRAtawomeourasdntsTdif iclook bias

L ocatiqn, si to noise ratio, d ti of . .
wiihi Pmi ey Hilispenasgion ot o bEcdhiskpsor Ciis
use@h€h Wch&ie Bf &ist4i&between the given position (in this case, location of WLAN
AP) and the location that satisfies the satellite equations. Consistency of Ci can be
measured with different mathematical approaches, like standard deviation of Ci, or mean

square error of Ci estimation as follows:
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to calculate an indication of distance between

| ocation (or estimated | ocation) of WLAN APs and
w@eagakddiocati on of the nobil e device. This i nPECTHSI0091046504

of distance can be used to select the best set of W.AN

APs to estimate | ocation of the nobile device, or the

i ndi cat or of distance can be used to wei ght W.AN APs

according to their distance fromthe device | ocation.

The raw SPS neasurenents fromat |east two satellites
[0(1&9] be Ths edlut of Miiscqpriwossd as s indicetor wi tliwunsiktamyrrﬁ the Ci

seprie; (7w BF vt & 41 s e R SRGEe S igaigavio

SPSF8ehedsipdnie aﬁ@ﬁl%rc@ﬁﬁst@ﬁd%ﬁof(@l chR 8c WA sAR indicator of their
di stance is considered closé or not far is the

dl@ta@qeatn éhae 1ngbijg demm lagation ddhisghdiggtgheanigaised withether AP
cove t he W AN AP, N _APs t -
pa(r;%nﬁ% | 1r(,§eor ggl@ t obrern ve an nAaPt \e/\g[ﬁ‘ ¢ Processo calgf’illai3 ‘hhle r%’IéOblle
deSaJeQbdagibhon. [0145] Figure 7 shows an exan‘pl e of an
i ntegrated solution of WLAN-PS and SPS, in which the
(0430 | e Uder anwthsacmbedintent el the ANclosebubigsbmatter. 7ogstengnd

?d Fﬁ%}& Ei@%ﬁxyﬁlfsﬁ Rl wandy.ha ré(ﬁ&‘?s% r%g@ﬂl\ﬁ 6% wWhi@M JMible

nthis exa acces
lommntsslualbﬁ resaded pamldywisipn dachravidedebgidne thedbial Bealon es@imate of the

i st anc bef ween access points 702 and
m@ag% BIE B AR %e%fn%ﬁg' NICAPWPMPRIS SoMhBVQ.meye spishiies.
[0?{‘§1 an Fﬂgﬂx:r&%h&vs o 1n€@fg§eft@(f‘%mtljﬂeﬁﬁ QHSAY RELRIPLAN- P‘é 901

act [ ocat1 on of the nobile devicé. A region of
prpwslss bl estiBRY sfchetdceien diBe nwbdadeutawet sowe mgcertainty 903. The

ne nts.fromtwo ateII t het ween .
uilR AR AR ek b U pited BSioaV ERay B e ot loB0E R PSS Roauires
sighfaB fro MDESH e @&eﬂﬂ?&l gt sirf albihg ?aﬁl%ewfﬁﬁh\&ﬁeeﬂlc\&tﬁhlty arca

access point and actual |ocation of the nobile device

903rrepdriest @XW#@N*PSalhIG 1QQ@§0W\@Q6}\IW§E@§§$ theoristlisc measurcrmens the
besF 1s¥el%ct8§ gs {h%.})g eéﬁmgtsé o?tloca grrlﬁc'oblg ]?gt one W.AN

ccess ore onger

[0dszs]t an cnhe batt\pﬁﬁlm whlANita garelsise @xmtﬁﬁls mnzthamégm&an bk €ound by
SPS solutions 703 is an indicator of a_larger distance

digidingethe upgeniinge aigs S0 & wipallgrpdsang eyaluping ¢seh erid Mo as is
A8 R 121 9, GRT S RS B Sk ST YWy

acberanebfjlot gtbnastmatdomend the iquislitg iof ther8RS measSRSqnes sitel legher the
solutions, or it can fromthest of AP,

aCEWREY TSI BCPRAY REhq @ M@g"ggg arfqaé}ﬁemflefm f S@?%ﬁ@ %lstance

bét\lvééﬁsﬂlé %ﬁ@ %nMN‘f%ng% AB eBafR0fe lJ&E@&H &tigfhte. For example,
solutio all the nodul es are the sanme as

th&ggd ﬂlaeSZQanéxdepit/eeﬁl@bosteﬂ acterrand\iban 1ABsn@03 ap8e| recliciably at

b {AE}]AP 803 aI SO receives raw SPS neasurenments 3 11
abRet Hhme Atrhese raw

[0153] In thls ernbodlrnent, 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

D7



nmeasurenents are used to estinmate the di stance between
the location (or estimted |ocation) of W.AN APs and
wo b@oligaat i on of the nobile device. [0147] As BUBHUSROBH6504
in the previous enbodiment, in this enbodi nent there
is a need to calculate an indication of the distance
bet ween WLAN APs | ocation (or estimted |ocation) and
m@é‘s{lfé%{en{soﬂqtﬂ&ﬂ W06 of RS TRIiEs IR GENYGIID, grei%? §g module 1111, is
neasurenents fromtwo or nore satellites.
addoahm mnenru}onbbwm -PShehrchwe P& s A IN- B&Bnﬂa@reamd resudts, the
as an indicati of di stan

AN AP
oo b BT 4 e PR ARG Sy B f gt fregp two or

mblféesafmned Wﬂﬁ‘%ﬂﬁ@mf&ﬁﬁt@@ NBd RABMEYmEANC Pe1 CRbEM Ak dkation
by he W.AN AP' s |ocation as an estimation

usin
esbﬁlatelﬁth@)@agﬂ@dﬁ‘me t he nobi | e devi ce and (2)
[Oﬁ%clcu' %t I n épge if t%c %I\fgf\l lgé rov1 el Aph QL oeggsglbY\LIg‘lc\'atf‘é% solutions

atIO WE&SU enents rtrom

toSéfirth hioauleTlhe 1C qrﬁs slﬁé BNy sPRirvesiespahdsttb aliehceRSiatVETthe
cl ock biases can be used as an indicator of distance

logrstopesstimyte Al VIR N-BZ expeiedpraon) Hehiph B ke ehésulated for cach

I
Pt RbuhReat e sh ARkl o RO O3pe BLARCrERR o W
P$E>ﬁ eousad i ensxarsplegmpdien dﬂﬁt&'ﬂf@‘kyh&ﬂs\mmm VL ANHRS Bnibyut

i ng unknown is, the re iver clock bja which is
mﬁg nfta?rusa ps egsinabya e ol WL NS rror £ Inihg agxitsfcps SPS

mmhf‘elﬂle'n% ﬁr&ﬁ 'ﬂ\go Bpfno?@&lﬂel%g dd bd @seﬁ@@ﬁﬁ& Q?Sﬂﬂ within the specified
denoted by G, the consistency of I's used as a
reg@adyrWLAMN- HS,sw]amh sattsﬁtﬂ\&lerSPISheeagumewntsdhqr besanTlé stellite
thi.s %ase I ge(]:@t l.on ﬁ @Dl AP) and the | ocation that
cquatiqnsior s&ch RIS iV TifteasiQiQi P ons. consi stency of G
Ficapzpg=greasured with different mathemati cal

roaches, like standard deviation of G, or nean
[04,55ar e lewhish (sfy. @) isdetatientof dre mebifegiavisgsand lf is- d@)lotzd f@ethe

1nterncf11 h!ogﬂ' %ga]s P}:SES Yrgceyv%r o’tAe% 01n? ?Vnt%l th%%?ecﬁ?ed] re%mn by WLAN-PS

cator o e consits

prévideeinsstimatdr tiedatdtion oﬁff[heahbblteftﬁtv%t @GSIGQ MdANoARS clock
can be exam ned with SPS raw neasurenents, and the

bigsoig §a1§tﬂéwél>f%¢actaacqaawdt§éteU%dBa@uaf‘nali Hgineeswiemgptstapregqne at

alf%?tttgé‘ §find @mé 'Bf b&er ﬂfé%ﬂeﬁﬁl cf&k ﬁ]ﬁ% BASP@TREiver
can use par afret er s
sheelddetalmost t]neemeefoamll ﬂd% SRS mbesupmomes STImfeme msthactussegl

t he le . : : .
previously, tile consistency between receiver clock biases of SPS receiver calculated from

different acquired satellites can show the distance between location estimate (x,y,z) and
actual location of the mobile device. The consistency of the calculated internal clock of
SPS receiver can be measured by calculating the standard deviation of the receiver clock
bias measurements.

[0157] In the case where the specified region by WLAN-PS is divided into a grid, the
SPS equations are examined at each grid point. The grid point which provides the most
consistent receiver clock bias for all the acquired satellites is the best location estimate of
the mobile device.

[0158] Another embodiment of the invention provides a method to reduce acquisition

time of SPS by providing a position estimate of WLAN-PS as an initial position to SPS.
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device |l ocation. [0150] Under another enbodi ment of

the disclosed subject matter, a systemand nethod is
W@e@oitgad? i n whi ch the WLAN-PS provi des a regi BEIT/U§2009/046504

whi ch a possible |ocation solution resides, and within

the provided region, the final |ocation estinmate of

the nobile device is sel ected based on SPS

. : r : :

P B e A A B LR guig R B od pf the SPS
anditiiefo® Bdlicgsrtond e stk eS$RSralaclofe possiohmgastystoms efready

t he nobil e, device with. sone.uncerfainty 903. The.
DG AP, OSHTEA el RSt e B Biebgive die Ripae pigitial
posRNNRREd SPIRVIREraBY RRoRE AThE ?&séﬁ't gPaAdm s QM WA NUPS location

nore satellites 902. Using all the points within the

estimetsrasai souiee af entigda®sitiop dor thel saglliva paNitpging dystemo d3achens the
904 [ fi the,satellite. measur nts the,best. is
ofdibult S sall e BELTSLE N A FuFE IR EIET s [ EShioh Bt e

moBk devicdavih Gelp thO3BRJo EagcdHBs betRPisitblediiCdeafdhbSfor to the set of
satellite solutions within that regi on can be found by

satflteyagieel bynasiblde theadoviog. mptead ol ofghg patplliteyy thereby prefucing

ing each grid point as is shown in Figure 10.
Se%feﬁngﬁfsdtlé;nce between grid Iines can be based on the

[0189jui r Etbuac t2iilAsratof a MICANIRE2@IsdddBRS t203aimdwhick WLAN-PS
qual ity of the SPS neasur nts. The higher th .

prawider tipital aaﬁlﬁl@}rf%l ke The R {juspitirasimaged location of the

mBBRSHVRIENG $ by W IPRI 201 i B PIARER REEIMBIADSIIR 0 SPS

grid lines ca e and the nore accurate the |ocation
1262t Knewmg tRomitept anptien of the ngpbild devine sarcanisbBPH éGketorselect the

t t d ab 00 t ! f bl
o3t b e Ve i S el 5 & e EhttiondBe ke
[016® NumaeWRANSFSasPheISPStcas WPk ifd@perd8ntlyVeh OroWaE @stimates of

Thi's system or nethod can be used in cases where the '

atigibgtes oh Adrobale devias.riecludiag lasetion eviingftion hexpresbd Peotiavhe ocation
.t sel ut ere the W.AN 0ossi bl e & 9

oottt Seloal sl i il B P PRRb PR R0l 28,3 much
shbiter thasto fi8eAk (DIFPCHart SRS aheedting@ited 19 catdaitbyCWNANPSItn be

with the SPS pseudorange equations. [0154] Figure 11
Previgad toapP$ #t ialichpedtianofifhe Biebde deyignyraiycinpghe gpg ragpaed to find
10%%& in which final |ocation estimate provided by

PS is refined by using SPSneasurenents 3 11 from

[0164 or Thorechabbhd initkd postioew anvchdas] pmetiderin 8§S padiuhest of the

11,. i s added to_ cqnventjonal. W.AN- PS, ich recej )
SRRL&REIPS PFO! LPRIORH0 FRESUF Has infIRLDE T R AR LAN-PS is
ustl GETHeBbIY 0P prol OREHERARKI RITRRhTo SBRD SPS

nmeasurenents tromtwo or
[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
cach 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-

220



nore satellites. Using this information, the refining

nmodul e 1111 reports the | ocation estimte of the
worelolie4devi ce. [ 0155] For exanple, if the W.AMNTBS2009/046504

provi des a sphere of possible |ocation solutions to

refining nodule 1111. The size of the sphere

corresponds to the uncertainty of the |ocation

P§§ﬁd @iﬁé £11Qfns AN E&e@ﬁm Gle8df BleloRar s é’f@hctlﬂe %ﬂ&r&?nty area can

cal cul ated for each position estlnate in sone
beamthontd e mtcsgasedt bashé omgnaliplof vsiinpgeddrraroen taihyytenf The
WLANPS can used F r exa of . )
e RO | el S ReTa TR paiort B R Uendinfsgval, but it
caS6b grwmr%hﬁ&@icy%t@ffvawswli?s error. In the next

step S neasurenents fromtwo or nore satellites can
[%&]u sednpgief embodimsot et thentviantmont mgvsip@@ ifethed te etgmme e

acB%rafy 01‘%%18”” & h ?'%olé So? ?oca%lon e %j?nate g 1n %:%rﬁfea loca?lon solution of

equatlon or e

SP¥ aﬁdf ®1.A2$-PRO |"I|h@VWLAN PS pyovaddd )azl@ce{tlaﬁ éﬁlméte aldD tlférSP(SXacqulres
é%ﬁ is location of the nobile device, and b is
at dessioracsateblites. nEhq expestad Prrel estiagpaprayidesprs upgqringg area around

th@gﬁnﬁegéd’]w‘%ﬁ r153110&{1{305’ %%I hhﬁ?teﬂc Ie%eéﬁ%h%’%@%ﬁag éa ogatlon of

provi dés an estimate for t on of
W AN -(PS ,anfl xaw BPSacas@rohehidtiengedlas ctiteek tdia@scd or increase the

cal cul ated for e ch. acqujred satellite, Because. al
CXPRECHBEQLFSEMSIR d sﬁﬂénaa%ﬁ@%ttonaﬂsm%e o YSL g%%gﬁvwwl’s

mEdGr PR apk %ﬂs%@&ft Vtﬁé unéept%m't}p bk mled&éea%séa' cﬁllsdlg’cgnc%%tween

recei ver should be al nost the sane for al
Witdd$PSevembated lﬁmaomfmnﬁP&powlbﬁzmwmspifdhe efumhqmd lohation of

iste S % en recejver clock
O A e R B T U DR
inErRMkscd MV dt diedisth SdeReRe AN VAL PR RS@h ARl | RStibIEB 6 SPS possible
X,Y,z) and actual |ocation of the nobile device. The

N@Bstency of the cal cul ated |nternal cl ock of SPS

[og&@e' V1. 5a0s B RRsreEN b cal eyl ahikng | 6 ot angRnd.ps

I at recelver a ur enent

exlpOdtbd brrdioftdhemaase] 3u3eind ald@@P:meeatfoln%dtmhe@cbromd;zyand SPS
WLAN-PS is divided into a grid, the SPS equations are
eX@sz%tﬁﬁl piger eftesemationy 304 Jéxeﬁ@portpﬁémgwéntﬁ by vechyristemn is the

F R 55,16, PRy o1 o1 TeceLver Sl eck b o o
[0265]i maleswh atdystenD Hiel SPSdendi WEAN-B328¢h pwoidhes location estimate
an?iggq?cd?émcgg%]ﬂ%;q f:t]il?eg?#pggt%g tml*rgrn n tflat\ilocda%%n %st{rn‘:i‘gtlho% ”llhe expected errors
of the location estimate provided by both systems are combined in order to provide a
better estimate of the error of the location estimation. For example, if each system
provides an area around the reported location as an uncertainty of the estimated location
(1303 and 1304), the integrated system considers the overlap of the uncertainty arcas
1305 and also the distance between estimated locations 1306 to estimate the uncertainty
of 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.
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time of SPS by providing a position estimte of
WLAN-PS as an initial position to SPS. Providing an

WO piovitgd41posi ti on by WLAN-PS can reduce t he acPui/BEb1000046504
period of the SPS and therefore reduces tine to first
fix of SPS. Satellite positioning systens already
provide a method to receive an initial position, and

[0768Y t heyy lﬂ? €4 Hﬂﬁtr%&é( bfé)%ﬁ did Ehfnh 8F inkQdtld WLAN %*sdaﬁld%?% system,
i s ‘general known. e present systemuses a WA

inivduelt the mxpfsitedmtw oésacdn systamae calfulated tusal cposintional nﬁejhod and

atellit 05|t|o i.ng syste Becaus
the PSS roife B I eraR C oy oy oo b o Dhe fegrated
erforle@iuaRidoal | c@f&uﬁtﬁesttﬁ@ﬁﬁm Qkfg&téﬂfi‘éﬁrcﬁr %y%@ﬁ51ﬂ'&h% th@ %rﬁ?s&ncy
to reduce the set of satel es it searches for to

betweenghe Sfmoetleqi iqce@,or@qu‘é(LM~PS snSESt d'he lsensdgencyean also be
delter%rsntlﬁ onO alalrln tI'he 1\87 atC?OClkI t1eS hceurseek()iy I'rVel(O:I uS I ng
Searc PiRaEng s es VR R 194 85 8 W AN- PS
[0267) an@n §ﬁ’1& érﬂ@&’dlmleﬁ\ts Wwhe SPS %ﬁﬂbt@@ tﬂz{tQh(é aheBiladeidy it lsﬁhonary.
position 121 1 to the SPS system Thus, the estimated

Injgsaerel, #riakep m%urﬁ@@nqs drome{aug SP3 pateHitentoepamyte A Yooy or
sp‘é@cpopa@me‘%lﬁé/ & VICE, ?ﬁ 'ﬂ?éstehﬁ!netﬂ8§ ?ﬁ% %’lt Bﬁr (%teg]%gge if the mobile

ow ng position o I cCe can
dea&siis statid?Bryl RPAsih g tlte&hmtlrehfeetstfﬁﬁn asftv of twohsatellites by

satellites to search and reduce tine to fix l o ation
CXgMIRIAg ﬂ}ﬂ’é\?iﬂ%léten‘[mfégﬁ’ D?H%lev\%mepsy alﬁasume%‘p‘% oARe fi R more

sake"l‘i’t@@ el@@l’f‘cn&évi/ce% 9ta96194¥§z QEe B8hpIBBhESuRIm Ak frd R lStP%SrmS’Jt b@ fully

device, including location estimation, expect
acemde fom by setelliscmbtionrabsiviertmirital ,povigiboof the, desivd and the

PR EHOGHBEL e PE SN ED P o1 M4 R0 PR ha S Spifgted eiven
th€ DoppRE ﬁféa;l&&ﬁéﬂt@ﬂoﬁ%v&ﬂle&\l}hd%@s&@lﬁt&e TIRE BYpétREkid t‘hat&ﬁ@user is

as initial position of the nobile device, reducing the
statiomaryrie fased o thosige althr seadvabsraftef G@@iﬁlmﬂ@é recsvst equshicy bias

lsglrllbspput%dltnr{hggégﬁoggle@%uan%t§"ndard practice in SPS, and

r's prOV|de a nethod to receive

(0168 | nBlyilabwigsthhi Dmobiled@itdie stdltiérPIhe Bybisbd/seesn ¢dnecause the
source of providing the initial paosition to SPS.
PPt dléﬁ%‘él& e Wi they OIS AR MOKROPr KO &IPS

WT?\ 25 94 bR AGSHAT %{y tﬂlgtﬂé Rféé(ncﬂf 1e%§kgte]%xfb‘?%&8ﬂpl%r&% a

atron estim he 1 nt egrate obcat’i on
rnﬁmteu tIn(addmbn SE’SV‘HDANVES’NMnRﬁnmddr dbofite detbdted BFILAN aveess points

error |on re for. each individu st.em

OVPH eé%ee’@f artéli‘e %‘8@1&191‘2\‘%‘?“6’&5 PRURAgE %n‘g\‘\sel}ﬁ% ‘é‘i &t y
infiifig &L@qn{atbednq g&%ﬂq&akleﬁ 3F tRMnotlife ¥k Mh&Is because the

[ ocati on of WLAN-P SPS are within the uncertainty
WarAd-PSfcan 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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each other, the uncertainty area is reduced based on
di stance between estimted | ocations from both
wemvass17 | f estimated | ocati ons of W.LAN-PS anBCBPSR089/@46504
not within the uncertainty area of each other, the
uncertainty area is increased based on distance
bet ween estinmated | ocations fromboth systens. If only
(097 O ThE firfShch @Eﬁﬁn%@?&iéh‘lﬂ%&% oHNRSHIRNEEVRRS 56%' Wiich can
I nside the uncertainty area of the other system the
beurabeitated byt WiakeLSc arhibmugk dstoeae of lacattoreasbe nivhd edeare can be

ual i f estimated error. from h system The .
ey ofiee PioTeAe atlal it Bt ke HURHEIGAIPR 56 edocation
oftthemdbite 887¢d daneee hbR6NG up tBUboiltta dé@glero%' RA6MeRAYalthough

ot her confidence interval as well. [0163] Another
acewtso P hiongh estimdiniafesatipohy PYbANdRS isamarembiadeouple of hundred
rnitnl%rease the accuracy of the expected error of a

I'6Cation estimte of the int egrated | ocation solution
[0072]SPSTaBehoBUANHE: cath qUiANsiBRalPEe iatlR8st awb Q@allit@Nwhich are

estimate and the SPS acquires at |east two satellites.

shypa veilpusalbigs &5¢londelX0P imFigyie bt oVharaebishdeyirsetodimeys the
B HRIBAR AL R B MR BSBbboR oyt

maltk deavecIBB3 meqates @ xnbkirom sasHidesalkd0d rantl @ 602atttome € dhuceelocity
[ nq(::l[jease.t he expected error estimte. |f ea},ﬁi mat ed

0
Oﬂté%%&t i asmerhleo Sy knapaNpHEC J0d1lF 45 1epsT Heae b efiics! 503 can
AR ROME V0B of thb ﬁcw&a@a@m&m 1 8ad 11507 93? HE@HiRaRE hessages
on d AN- PS | oca

i
I stance bet ween esti mat ed ion from

re@P@dolvesithd sitdbiesitas @l satellfte bilvedestsiityackdity atatyi momeiiit of time.

W.AN-.PS, and raw SPS neas ments. are n consi stent,
TR0 b § SF G e S HEF SR0BH BABEE S AOEES dieample, a
celglyg& o MLAN- PS estimated | ocations from SPS possi bl e

solutions. [0164] Figure 13 illustrates WAN PS '
[01Hat | delasdy iihaveader Widomagrishdprapiidpertionpart iéovas shaoyn with

St }on .al SP. ation..esti Lan. 1302
v GBS AN G TR DR TRR S8 TP rdcitRey duc
tolsefeDité Advemesri adlatiytcdPaRdoh veYsiteNThs sibligified pgedted to find
error_of position estimate. [0165] In such a system
Denpderdpgugnay foy saghpatclie B 45feNevwdes a | ocation estimate

and al so an estinmate of the expected error in that

| ocation estinmati on. The expected errors of the

| ocation estimate provided by both systens are
f@o‘r@ ned in order to provide a better estimate of the

error 6P the location estimtion. For exanple, if each
fdszyzsfiém provi des an area around the reported | ocation

as an uncertainty of the estimted |ocation

[0174] The A is wavelength of SPS radio wave and it is known for any SPS system,
and /7 is the Doppler frequency.

[0175] The mobile device measures the frequency of the received signal from each
satellite. Since the transmit frequency of each 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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(1303 and 1304), the integrated system considers the
overlap of the uncertainty areas 1305 and al so the
waelr@vasmae’ bet ween estimated | ocati ons 1306 t o BCI/USMDE046504
the uncertainty of the final |ocation estimte. The
greater the distance between the estimated | ocations
by SPS and WLAN-PS is, the higher the expected error
[0976]! OC & hQ Eho%ﬁ& 'd@%%% 99?1 @3{ 8RSl e e 1%%11%?@1%&1% r{o Phd thB%elocity
system can select t ocation estimate wt
ofltbwwesbiladeecd Hi0dtly vashd measuraidfirequenat firam each satelhte is calculated
gsﬁlnate [0166] Figure 14 illustrates a bl ock di agram
3P M egr at ed WLAN-PS and SPS system in which the
expected error of each systemis cal cul ated using
conventional nmethod and the results are provided to
rat d &, tion systemdevice 141 1. The
f@g% %fateﬁ exr§$f§§ (na on 141 1 calculates the fina
expected err or by con5|é i ng the consistency between
J1ves(ogporft ed @sgt,)eng,,by WLAN- PS and SPS. The
consi stency fan al so be det ermi ned by conparing the
recei ver clock bias, as discussed previously. [0167]
In sone enbodi nents, the SPS can detect that the
nobil e _device is stationary. |In general, it

Wh%%is ur dreArgles giorndrog Fe @b\ge%ﬁl@ |Vr~‘1i091ézé V%Céorégtth%%?ﬁféhteﬁ and the
1int§ lcﬁmc?tc %{hesfﬁ’(ﬂﬁfé cf%(nc@ t%@'sht@llﬁ@s 11?)? ?aﬁeﬂtéﬁbsl@ﬁ %ﬁg 1502,
net ho an e no

system can determ ne | evi ce
res;s:cﬁmy [ Eﬂhampbﬁg/ dexdcngintdabuhbatiu negenbascl oo mhedeviceslastion,

satellites ex | the consistency of. the . :
Al Sipe a%}s‘#ae% P EREAY SR G ol thiggbile devis
m%@h@&h&%ﬁé&h&%eﬁﬁﬁu%@%kﬁ%w&§&§h@hﬂ@ﬂ@rya the Doppl er
measurenents from SPS nust be fully accounted for by

satellite notion relative to initial position of the
devi c dt e frequency of fset of the receiver clock.
fTﬁ@“VSE {ve ck offset can be estimated, given the
fgapﬂbgb+gpasﬂre nts fromtwo or nore satellites. The
hypot hesis that the user is stationary is based on the
size of the residuals after the estinmated receiver
frequency bias is substituted in the SPS Doppl er

[0§8)at | gRS oniytqjal“gﬁ%)] §YQIJ‘tH9YMoBﬂe hlate A tAQRIh RV Lo Fe)litslﬁtitocan be

stationary, ybrid system can cause the WA
foned fronndsadln fseftelh@mquytldnhmdemmdmttyh df tevihalelei ®vich insttionary, the

vafiis o o SU MBI FOIER A RENE b S b thafrords. i the
vad@diok i 0om th@at Vb NN RE (Rl @R8e sd8ilit@late &t tﬁ@ﬁn{éeﬁl%%@&ﬂe

W.AN access points over the tine interval that the
&mﬁbu$emd@ﬁKm@wls statlonary and use the coIIectlve

[0'1%@0r n'% Vlnctgr%b 1|rnsenI %fetBeéglg ggrd? ﬁ]ilgj er 3 ate%)fto 5 Iﬂl%thod for
providing characterlstlcs of the environment of a mobile device by using WLAN-PS.
WLAN APs are stationary 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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W.AN-PS can obtain a better estimate of the received
signal strength froman access point and better

woravgs4e7 power fluctuati on due to multi-path RBEOS2088046504
is stationary. Miultipath is the propagati on phenonenon
that results in radio signals reaching the receiving
antenna by two or nore paths and causes power to

nefa{ Hl%tAfﬂB& htéHf%uileg§n9&r If%rPo Whd th%@f@l@ Ay e 519 Gt chrﬁlon

t he radi o propagation field. Figure 1
urbiu, ws sutairles lstaitono Tk yatasarthd etvemningntab alw@btmstlm\of the access

nore satel lLites. .[017 I f t nobi | e devi 1503, .
Ptk Gt © i B Tifstod tabis bt Wsesh PoiiBpdya b ghtained there
byH@E dFdReick hahe Eﬂﬁul@ﬁ@ dah&l €k GPhik® isSdhatdcRRGEY bPWLAN access
movi ng from Doppl er nmeasurenent of the received signa

pcﬁmt@magéw élllﬂf@rmésar[dm gar] bersesntallraste bawldimeios ap biedisragnezghborhood.

e eaPE BBt Bl TRty A Rurrndrd B S0 08B

soQthldhhﬁf bﬂﬂlhdykt%nﬁl ey h@j@stARNsyRENY P tdﬂt@ﬁi thpfosﬁidi\lecqulsltlon and/or for
positioning technol ogies as well. The rough estination

payfer ippmagerect dier sxarpple. knomiledge @b thedactdhs avaoliledevigeripin an
urBIin &fh bR eﬁ'\q%ﬁ&neﬁhﬁl‘?@ lc@us% h&ﬁ%b?ﬁlesg?treﬁl t3 lrélg&ﬂ&y%\ﬁl\b]és iagone,

accur cy of rou timation cation
wmmxmnunmﬁ@mpbﬁwﬂﬁnmmmdﬁﬁﬁnﬂﬁtB@&nmkﬁ&ﬁ2$tmhpnﬁmbmbmweof

devi.ce can _acquire a signal fr t least two
esEREp) Pf Rsitiqppndipther éttgﬁ 0664* @&F 8FY'f¢-es 1501 and
[01-@6]2 |\ nbtHgH Eﬁb&cﬁmeﬁp@f tHD Qislsl%sééies\ﬁ'bj"e%t Ah8Q 448 @%eﬂnﬁb@owdes a

velocity of the satellites at the exact tinme of signal
InaqukmmamUHHﬂhmuﬁMHEDfW®nd®nwﬂtkmhefmSBSk@mdevbyemmgﬂ&

f 1t 1501 and 1502 at .
R AP s S AR erao RS whtEFnE RBG BR e R e g fghe signal
trdnSmitRQVy abwmm BB beuiplediwigh a SB1ERRK! R1RMis iy the@dernal

can deternmine the velocity of the acquired sat ites
clagkostatahier OfB@:l’Sﬁycqmrowmg)rtahbfomgsag@éetplémeatwu Hor gmample, it

ca% hl%g) 1%%%('11'11' £§§atel?§e s%%tl%als 1,{%5‘[ 1|f lb'e}n%f%{qudég %%esaé ower I power, and

algﬂ la@vfdﬁtg@l fige (1aaettﬁinl csfiatie) @it fewkr eitelttchen W@MN standard
for exanple, a cellular network. [0173] V@I00|t is a

dofises ennsigng hmﬁhféﬁﬁVﬁEd’é‘C]élﬁﬂlgthé@E ligyited ihgome Pagkst Berdgrs, some
ﬁ%@s‘ gl s%ﬁfe El@fs Qi n\/Wl@g F{ taﬁ&ﬁrﬁ D1k gBC#—i%r ?&qﬁlﬁ S}%ace)

pect I Ve requency ue to sate
Slﬁﬁ\(ﬁhmﬂ interFremb Sphad) ad shadecition, andlacaobile. deVive can use these

nplified equation to find ppl.er frequency for each
kngRRHS feryals O R ?fﬂcﬁ s 9Vor UG AUE MRRR 161
stabify’ adi o wave and it is known for any SPS system

[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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n f dis the Doppler frequency. [0175] The nobile
devi ce neasures the frequency of the received signha

wo c@airegath satellite. Since the transmt frequeCiyS29D9/046504
each satellite is known, the nobile device can neasure
the difference between the frequency of the received
signal and the transmitted signal. The difference

! ‘ o i
drgﬁé’ﬁe&ﬂsé %&?io&e&%ﬁﬁﬁoﬁ 5@@%@, tﬁéj\xfﬂzﬁqlfg“ﬁl}}s% g’{n% HEB&H GPS

m an or sat ités 1501 an
clodsipérmiatieh to. the $P6]sysdtémt the WbAN msdevingsystemfaehtyes avoiding
offset. of the intern | ock i.sf o and e velocity .o
SuBhSHEBY PO CHOTS QAT ERUSRIAS TR f Bder e o
mhih M £8ER1SALEtd heasu® Gah&alPgtcrstkasfolBhtiiMticyfcalbperate at
CoOs(Qi1) +f 0+ -f COS(A) =f m A (2) f d2'cos( 2)
relaﬁvely\l&f)wgr@égnaj to:ncfiseAa[iQ) SYR) THecsan gmea@sgion@ﬁ@matim ealculations.
bet ween . vel gci vector. pof the satellites and the
MERIERR SERTi e S sk aRl Prediot 08 B Pl §PrePffed UEnats
frérakate Rt Thérefol Gilis @iderkd @Rtradt 8ipALICH M Bbise, ahldESPSOBEdiGer can
devi ce can cal cul ate the angl es based on the devices

detest ik signpleandpataton hershenlocatians in forms of BRY sighel. Thus
asé&!t?&* th¥ R Hi10Qf SI@H%C%%I@ hd \l}é&éte ih tlregpﬁa\}ﬁ?@egsethat ideal SPS

evice I's stationary, the abo equations a
sigreicotdionsas follows: f dl COS( 1) +/ =/ (3) f d2

(a2), +f o =f [.0178].The only upknown for the nobjle
lﬂﬁgﬁi ce 'nﬁtheﬁe@@%aﬁa& ofdhe Preseny disgioguierrelates tyustrg WAN

mﬁﬁigfﬁ}aﬁ?&\k}oﬁ(@tt@ {rlctdaSe BYRLIrAY (;frsq%qgF@@é}te'sﬁfmaﬂicgnstﬂg%rg\(ilding

mobil'e device is stationary,” the values of fo fr¢
inithétimegurindddcaian ehfoimgsonap ehglf higpctiveh eWLAeN smnwipal networks

t her . ol Tt | .of f of. ti f | .
org i e TN barloy Vh R e T B R B piter their
su?@ﬁ(lis%ﬁl fopréatic ﬁ/‘it@feisﬁé@ﬁl}éeti({n%?% WARN RRhn&BBP dA%B%fGis Plhis

he di sclosed subject matter ates to a nethod for
methed prfl sigteshel ianreying SP8 scasfver hesiepn ¢stivritien acafracy by using

ISR L G2 T SO O AN AR L,

[0¢8er ageordehiocddsist tBe 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 oscillator 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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surveyed for positioning purposes. During the survey
process, one of the characteristics associated wth

W@ b@®INEAN APs can be characteristics of the  PCT/US2009/046504
envi ronnent. Then the detected W.LAN access points by a
nobi |l e device are used collectively to determ ne the
environnent in which a nobile device is operating. The

urf A a&eaé;vhﬁh AL AL Sl P SL S o0 R haFiBR ﬁh&'ﬁ{eﬁ drA3des timing to
attributes W.AN access points, for exanple, "density

dbmeE%LAHhmg®m@annamah¢ﬁmh®ﬂght of buil dings near AP,

whet P an ur.ban canyon, .ur ,ar
10888r b e ibrofie WhaNksaY S THes R Ao il Rfeciver the SPS
re613dragh Qd Bk WBAR rebdiforab 628t BRiIRY MIGAIAILE FodLth RighhR
reference database of the access points and can be

re@ﬁbt/@d e Whé&\bamyssm@tmfewldw inpicifrd @ctyvaakiu | While fhegfiea of
prB metllal %{\r@l%n(fg IS?fSCrhgerl ae(% eze%dexg%l \%Q'N RAAR T In}umclpal

can e as Snma

nelwbﬂkdl 1ﬂ@a1ﬂj’e @plibd & @y WLneN @éibz@flmmiih iSchieRiFed ted GPS clock.
i nf or mati on can be used by SPS, WLAN-PS, and al so_ an

[0888legr Alpen redrwiof Bi¢ dsscriswion 289 smbadimestsadjtigspresgng invention,

thé%sstl(ﬁ[ga iff %ra%hl ﬁrgieps?a}fdtthﬁr}n@cﬁ &Ht%‘lng gr?@ec@?\qeflﬁft @&Eltutlons

ower managemnent or exa
rnhjﬁm paforoilet lie cadeying eutitbe 1meammwinhxmt dapwmmem froht thoesehce of

ght .cause the hybrid systemto rely. o AN- PS
tha Wﬁgtw%ﬂl@ t wnéfe%twauﬁ BaHEY 19 %%thgr%v\ﬁe ﬁwgﬂélnﬁets
degaﬁﬁéd%ﬁgﬁaﬂ?abmeme i Hﬁﬁtxd S rbg%heélaﬁl% m%h 'f&[bv@f Further, the

positio ot her attribute t he nmobi I e devi ce.
fe{l@ﬂc&@]f thenbsdhesed embodiinmatst caofoethmbdledcﬂeemsmgeémp ewithin the scope
tter and s es.a,.nmethod to rmaintain the
S ot ehEe b EPHRRLPUTR G "' SPS 1 ocel ver by
[0¥§7INT  Winewt WANnRARSs: This can be acconplished by

nmeasuri ng known tine intervals of the signa
transmtted by a WLAN devi ce equi pped with a stable
clock. Maintaining the internal clock stability of a
SPS receiver is inportant for position determnation.
For exanple, it can help in acquiring satellite
signals faster, being able to operate at | ower power,
and al so providing a fix (location estimation) with
fewer satellites. A WLAN standard defi nes const ant
time intervals, including, but not limted to, sone
packet headers, sone fields in some packets, as in
WLAN 802.1 1 standard DI FS (DCF Inter Franme Space),
SIFS (Short Inter Frame Space), or slot duration, and
a nobi |l e device can use these known tinme intervals to
measure its internal clock bias over tinme and maintain
its stability. [0181] There m ght be W.AN access
points with different clock stability. In this
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case, data identifying the access points which are

equi pped with a stable clock can be considered as part
wW@Rooghauatt eri stics of the W.AN AP and/ or t he PCT/US2009/046504

characteristics can reside in the access point data

base and can be obtained fromthere. [0182] In

addition to providing initial position and cl ock

i nformati on, the WLAN positioning system can provide

clock updates to the WLAN-enabl ed SPS receiver. Every

SPS | -
17 o GE ST theko B @R AL bW I bR B3l phlc sing
satdilito positibming irtfiomeatin, tho @ealsEecdnietgosci | | ators are

i nperfect at maintai ning an exact neasurenent of tine,

t he @h@BkSing BlserdTposdiBle WEARAScAtRBSLNEbEs i iafWL AR satellite

cl ockdrift can cause position estimation errors. By
cnehled YEnRE Psep o8 whe PhEoth W LAPY pecsss pssc| ock

information to the SPS system the W.AN positioning

syst@mihiagiskictliae adormwsiodiferghe ¥bANGed sitelitestabirdtdegive from at

Furt hernore, because the SPS receivers are

le%%P%Oagﬁﬁﬁﬁ % HifeSa8id gh'y accurate measure of the GPS

clock.in ion,. the perate at rel ati
| owetSing ﬁéﬁl&? Whreativn e fl erfa%vvaégf?qr?fﬁtswehly tes to
de@é%ﬁhﬁé 8 e W IRN 1BRatfAl ssuﬂnah IFQIRS the VBH SHRLFHIR GVERS location
timng by SPS receiver reduces tine uncertainty of
soh#ebved signals fromsatellites. Therefore, it is

easier to extract signal from noi se, and SPS recei ver

can etec . and har

2o o DR RE o SR TP P e B S Pl E g eyt eas
twidedi fre@dnedak Mite SRS @GR VB E Hedt WDRBY 1@ba1dnmoaﬁ©as‘rdﬂame@@t of

| ess that ideal SPS signal conditions. [0183] Another

paspblscdVirdnY lasptiariolyions epmpisesc| osure relates to using
WLAN rmuni ci pal networks to increase the accuracy of
SPS exenaiing cachgifithepdsorhss W-ADY toceddmsplutimngsiaghingtithe segellite
inﬁgﬁlﬁocation information to the SPS receiver. W.AN
netmorks are city wde MLAN netmorks whi ch

are | staIIe in ci by ci.t ffici der. t hei

supéﬁ&cev%wet eeaeB ?%?é Qhy whipthel! h&@ﬁﬁ% £ MEkANG @OWSWOHS
satiSEINRL QAMlitcARRBGEFoPf this nmethod and system of

|nprOV|ng SPS recel ver position estinmation accuracy by

usi ng WLAN nuni ci pal network data consists of the
3foll gthpd eﬁclam[l b.18greinthostee el wsongis isatellthposgrg information

B e ERYS bRl AR Ytuc R o6 O E AL togpigy sptuion
fring ﬂsa/mbfmlsib&dwpm ldcaﬁomt@dxﬁeaKmpMN access points
of a munici pal network can be synchronized with the

GPS GindaktitdypddShROWPAN Rlcatiditsdl@ldnWinidh /8 hBOdsi8&@nt with the
exanpl es: 1) use of SPS enabl ed W.AN
satellite information.

4. The method of claim 3, wherein the WLAN location solution consistency with the
satellite information is measured by applying each of the possible WLAN based position
estimates to the satellite measurements and calculating the internal SPS receiver clock

bias for each possible WLAN based position estimate.
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APs where each WLAN AP in a nunicipal network can be
equi pped wth a device which extracts the GPS cl ock
WO pdoon#etT on from GPS radi o signals, (2) use 0OPCT/US2009/046504
centralized clock distribution entity synchronized
where the GPS clock information can be extracted at
one place and then distributed to all the WAN APs in
s.the W‘rh@t'h@@ bt aﬁﬁﬂ\@ r%her@ﬁl‘ihé gﬁnsfé‘%%c?%f the hﬁtgﬁlaggﬁé kdc¥iver clock
oscillator 1n WA oscillator i1s used
forrearbunf ¢he pmbbn‘d’lwé\? hﬁ@d positioi btmmitesas usaul asi atlhndlhmo@l?ﬁ
of the WL

he aIJty
i tienran GO MERNEAS R on st BB atytions ppsatetit
mkhﬁmh@ﬁ?ggmprOV|ded by the WLAN AP is going to be
hi gher” than the SPS receiver. Therefore, the SPS
recei ver can use W.AN AP to naintain its tining better

6.t h anThPsmﬁQO@ phclpiit &1 wikgreia| the gonsistpacy phiic antemgLIPRS taegiver clock
fogxelc? buet &glbgo\?L?%I\?%(seh %{)ﬁ{ég{g% tglu?ar‘%iés{ig glg Ciinas aﬁ‘n?c?llﬁatlon of

conbilsehcyeldtivaat the t WEASRSsed pesktiondsamags iaad tl&l’}dtdllite heasurements.
provides timng to all the WLAN access points in the

net 0 Furt her n th AN receiv
Tinte %% dar %‘altnhé %&%@@é&ﬁ% faly o s icens §B$ recghver clock
bifSRrdNEIMAMLLERUKRL 401 ST AAIAN AP RERLRAL dicates o
fromthe signals received from W.AN access points of
gopd Adcaton icgtimett. net wor ks. VWil e the idea of providing
initial timng to SPS receiver has been explained for

muni net rks,. it can applied to W AN
8 net oGP ERT PR A binirondtiipH] vERE b it B gVt
clbfxatiad R¥dBWhOicqulred shesfifck P @?vanwm BaidaBydkBion festiigte
present invention, those skilled in the art wll
1n@ﬁ@§$§9@ﬁdoﬁﬁ@peﬁwﬁmﬁlcatlons and equi val ent
substitutions nmay be perfornmed in carrying out the
9.l NVeffd ﬁ&h&%h&%‘% g e\laﬂér&'ﬁ‘%ﬂé seft 'E)@Hbstsﬁ)er’e ﬁ&s@ﬁ (f(?cagr)n E(;]ﬁtions
I nventi on. us the invention is not neant
compmists agluktyr.t he enbodi nents descri bed explicitly above
and is limted only by the clains which follow

O O rBFof BB LBl e R R S BEAETF

loba{ﬁbﬁ%lu@lﬂnmﬂﬁffﬁﬁﬂ 6fa int h@{ﬂﬁéceem@llrﬂ@ nts. [0187]
What is clained is: 1. nmet hod of increasing the

accuracy of a WLAN based position estinmate using
llsat elta methpdef @lamﬂ%gomm@nwmhmg thpy &VIxdNHeeption solutions

BT 1S5, 5L ALOP, Bl PRARLH 6 A pion

soflelonce based on one or nore W.AN access points;
obtaining satellite infornation for the WLAN and
satel| lite enahl ed device .froma
12. "I"he method oP claim 9?cornprlslng selectlng WLAN location solutions having a

small distance to the satellite location solution.
13. The method of claim 12, wherein the small distance is on the order of ten meters.

14.  The method of claim 13 comprising eliminating WLAN location solutions having

a large distance to the satellite location solution.
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| east two different satellites; and using the
satellite information fromthe at [ east two different
W@ 2008149412s t o determ ne the best W.AN | ocat i oPCT/US2009/046504
solution fromthe set of possible W.AN | ocation
solutions. 2. The nmethod of claim1, wherein using the
satellite information fromthe at [ east two different
1532t etild 8ok 8r dgine ﬁﬁ?v@&réiﬁ@h&%ﬁg\e dﬂtﬁ“ehf&@%ﬂe%der of one
solution fromthe set of possible W.AN | ocation
thegdand mess.conpri ses: exam ni ng each of the possible
WLAN | ocati on sol utions against the satellite
i nf op,mat i on; d. sel ecting the |.ocation.based on whi
6 E0% o 80 BBt AT I bR SRR PR WiHER
positioRldatal SatéINfcOFd@ityQRata, BsucdbRnfEIBGréhert| BopPld. frequency
wherein the step of using the satellite position
megsEesIieat icof timegrhsignel wansméstan. two different satellites
to determ ne the best WLAN | ocati on solution fromthe

e g e R P A OB AR B jmate wsine
sarudlitc posisosihg nifomhdtiont the sgatmelcbimipesingf or mati on. 4. The

met hod of claim 3, wherein the WLAN | ocation sol ution

consd pdsafsyngiinbdule b@mEﬂﬁiﬁg;l ite information is nmeasured

by applying each of the possible W.AN based position

esti mat es, (1 ANencridlebol Fe8iviRARIRARM foRthe or more WLAN

calculating the internal SPSTeceiver clock bias for
aceessipopdssi bl e WLAN based position estimte.5. The

nmet hod of claim4, wherein the consistency of the

i nt er nal SRElltegesivioning nowkld for obaotingdatdl he iplosmatidnefrom at

WLAN ed position estinmates is used as an indication
le%?t‘ﬁ?g’?%ﬁ?’ésﬁﬁlﬂ]@@én t he WLAN based position estimates

and possible solutions of satellite positi oni‘nfg ]

systlegic lgcaterha theearN srodglcdpsietermingarsst of RaseibIlc WLAN location

sofi iRk BARAGK oL of Aed BetatSEmibRCAIA/er cl ock for

each of the poss e WLAN based position estimates is
used as an.indi.cation of consisten between.t he . W AN
pascaepdBhi R Gk Rele SRA%E RLFESe PRHIE Hrolifich dhn the

leae asdl dE Rt Satellites th detdBhing thafescWai AN docaribe s&tiition from the set of
substantially the same internal SPS receiver clock

passible WEASS lochtien sdinsed satel lites for a given WAN
based position estimte indicates a

18.  The system of claim 17, wherein the 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 further
comprises logic to examine each of the possible WLAN location solutions against the
satellite information and select the location based on which of the possible WLAN

position locations satisfies the satellite information.

19.  The system of claim 18, wherein the WLAN location solution consistency with
the satellite information is measured by applying each of the possible WLAN based
position estimates to the satellite measurements and calculating an internal SPS receiver

clock bias for each possible WLAN based position estimate.
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good | ocation estimate. 8. The nethod of claim 4,
wher ei n non-uni form val ues of internal SPS receiver
W@L@eR4BiI S across the acquired satellites forPEI/Ggb089046504
WLAN based position estimate indicates a poor |ocation
estimate. 9. The nethod of claim1, wherein the set of
possi bl e WLAN | ocation solutions conprises a cluster.
2010. ifﬁbeslygt%hhmlaﬁl 1), Anlchn th%Sﬁﬁét@m%hﬁ_tﬁ@ﬁ@éﬁdltS?S receiver
i nformation provides a satellite [ocation solution In
clodkefof oaam afftheapaseiylcoW LAN banefl pogtiomestamagen iy @sedlds.anTihdication of

.met hqd  of ' i S i ghi t he. WLAN .
iR Resgn TchS PESTaaTng CeuneRasl ReSech isps abeapllc
podlidideagaeion sol ution to the satellite |ocation

solution. 12. The nethod of claim 11 conprising

sel ecting WLAN | ocati on sol utions having a snal | )
21di st'Hirowstem oftrdaigipkd%e mhiredn the sansiganaymif g gtermal SPSTResiver

B8, o AR DS B BBy L SR ciono

cobelRhtBbAgeal theiWBANTghs W AMiticacatimates a0l tHd sateslith adani@ements.
a large distance to the satellite |ocation
sol ution.15. The nethod of claim. 14, wherein th ar ge
24 st HFCYSIeR Grfl4ire! %o i lfenbw%aﬁ@tlflﬂv&hg atae H”é?r@?]ss.epél cetver
clJék?oi%&cj?&sg td a%ﬁbm&elliygg %Iledi ?VéthWL%@ %héégg)t%gition estimate

I nformati on conprises sat el e position
indimtte$ h igoed loshtomi ¢syimdét a, psuedor ange neasur enent,
Doppl er frequency neasurenent, and tine of signa
transm ssion.. 17. system for .d.ncreasing.the [ ac:
2t AN BT o FEE LR bR Y e e
cliershiby QRbRAGhd Ng@fr@&dt@ﬁtes s Siy&t WM ANBRSddSIoRigion @stimate
_posi tioning nodul e conprising: a W.AN nodul e for
indisates ¢ PR IPetORPEEMAIS. f r om one or more WLAN access
points; a satellite positioning nodule for obtaining

at j ' {9 di. :
26 ST (20, LA LoRep BB L ApET s
padaioardatan eatellisetelafityplass phledoMhgiNmeasmatman, Doppler frequency

measurement, and time of signal transmission.

25.  The system of claim 17, wherein the set of possible WLAN location solutions

comprises a cluster.

26.  The method of claim 17, wherein the satellite information provides a satellite

location solution in the form of a region, a surface, or a curve.

27.  The method of claim 26, further comprising weighing the WLAN location
solutions according to the distance from each WLAN location solution to the satellite

location solution.

28.  The method of claim 27, further comprising selecting WLAN location solutions

having a small distance to the satellite location solution.

29. The method of claim 28, wherein the small distance is on the order of ten meters.
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sol utions based on one or nore WLAN access points; and
|l ogic located in the positioning nodule to use the
wa@2000/149412 i nformation fromthe at | east two dPET/ERWNL046504
satellites to determ ne the best WLAN | ocati on
solution fromthe set of possible W.AN | ocation
solutions. 18. The systemof claim17, wherein the
30. oglﬁhé lﬁaﬁa@gf Eind B¢ cHAS! 1§1h @l'uﬂgla %W@ANQoéﬁgn%&ﬁtlonS having
satellite 1 nformation he at ast two different
a agealiftancedo the sdeflge ﬂnqaaom Bxﬂutb@st WLAN | ocati on
solution fromthe set of possible W.AN | ocati on

31 ne. DisBripd Obiae FEoBSR TR the e SAEPHIE RS of Bhe hundred

mé&tsel lite informati on and sel ect the |ocation based on
whi ch of the possible W.AN position |ocations

satisfies the satellite information. 19. The system of
32%| aifnmabiledruice hiviesa hybradposiéeningsysiss) (o iteicasig the accuracy of

o B B Spsioh e R Skl DO PR oA e
de@&telcﬂﬂipeisingo t he satel lite nmeasurenents and
calculating an internal SPS receiver clock bias for
eachs pasHl fskiodthbasecomesdiid.on esti mate. 20. The
system of claim19, wherein the consistency of the
i nternal SRE ARGRIMES fof FREHKidgahfRAaRoP romicRP SRIrOMELAN
WLAN based position estimates is used as an indication
aco¢ssostsince bet ween t he W.AN based position estimates
and possible solutions of satellite positioning
system 2isatcThie peyisibeimg efodulajomoi@inivhettdlite infoemation from at
| consi afF ?{é of the internal SPS receiver clock for
cgsh B¥o BHITHE syelli&ishl e WLAN based position estimates is

used as an indication of consistency between the WAN
bas €82i5d4at5doR thas LMY &0 &}?dwdﬁt@r@al@@i set @fepossible WLAN location

so'f(ﬁ%s SH&ER %%’ne %ﬁmoI@WLS%Yﬁ LEDSO 01 aéu{H 19, wherein

tantr a e sane i nterna S recei ver clock

bi as,_acr t.h ired satellites, for
bas Zlagp(%SI ¢ OH%(IES Al Itanimg m clthga%oe%sezme sateqlf1 eglélg trmatloﬁAﬁrlorn the at

legss b oraifferend SatelTins t6 MSteAMInG theChosi Willﬁﬁ\l lydage€bdlution from the set of
non-uni form val ues of internal SPS receiver clock bias

poseiblssW Liblogatian sodiiogat el | ites for a gi ven WLAN based
position estimate indicates a poor |ocation estimate

3324 Am@tlggdsqfeiﬁ%mlmngathmlqcmloméa & hANradsatelite ﬁm@led device by
usmagt fein'att oe{%lgll?rg ogngals %t\giégj%crc OS IotnlltoQAlﬂsﬁ n%ethod
congpptmr fr equency

detecting WLAN APs in range of the WLAN and satellite enabled device;

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

of possible satellite locations of the device; and

providing a weight for ecach AP based on the distance from the WLAN APs to the

possible satellite locations of the device.

34.  The method of claim 33 comprising using the weight for each AP in a location

algorithm to determine the location of the device.
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measurenent, and tinme of signal transm ssion. 25. The
systemof claim 17, wherein the set of possible WAN
WO owat#an? sol uti ons conprises a cluster. 26. TPET/D8100DeH6504
of claim 17, wherein the satellite information
provides a satellite location solution in the form of
a region, a surface, or a curve. 27. The method of
3SC| ai me%ﬁethf)i'l‘ bf f&#m §9 Wér&h@lge %klg[b' srdgell‘itg GoMiAN of the device
I'ocat i on sol utions according to i stance from each
conipiNed oogianorf peedibleilonativo selheosdbetheideeick.ocat i on
solution. 28. The nethod of claim27, further

W AN | | ut h
SEOTPHSORaT B 20 A RIS TR DA s s
toTﬂf@pdE&ﬂoMte@Iﬁte%@hﬂhs?&th%@sﬁ@ n the small distance is

on the order often neters.30. The nethod of claim 27
conpr|5|5% el imi nati ng WLAN | ocati on sol utions having

372 | af ad ghelain 0.t r@atctqsp fq eyt extingds of the %pcatlon of
thd aew;@g%@;agg d%ft %& Wl &' S Igtnnﬁ%é Gl tg\é c&leﬁg%%%% of the

on rder one r net e
<AHEVICG havi ng a hybrld p05|t|on|ng system for
increasing the accuracy of a WLAN based position
esti S|n satellite .positioning information
srobi T ReUPLa Eambe <t iGeih & IRy BITEh PRGN g TG o
fr &R MR daBdING: esﬁnwoﬂ%m@wcstlé@éfth@e@mé ng i nformation
fromone or nore WLAN access points; a satellite

SfOSItlonlng nmodul e for obtalnlgg{satelllte i nformation
r ord ke methad of elamn 48.frhareine WhHAN APtegy flogyihe 19c@tian efithe

de]V{Ee 1 ﬁew l{;'? gelél & td?sta %% Sh l&&? o?m%%oltude\ﬂﬁg%:stlhg lcgve\{r\!rgaé'\!lrea of

ocat i 6n sol Ui ons based - on °one °of

thpaifts; and logic |located in the positioning nDduIe to
use the satellite information fromthe at | east two
di ff erent IIJt deter m ne the be

t
4. ocaTlieotﬁe‘Qg‘i? aF s1avn £§.oMarsa 1CbE Wk ANORET eéerwm'd to be far from
thb ge&tm& &taﬁ{e%&a%ﬁs oﬁ%e dAViRBROFoR ordiSHRE WLnAmna Qaeulte

cation of a WLAN and satel'lite enabl ed devi ce
enabled device is calculated without data from the far WLAN AP.

41.  The method of claim 33, wherein the weight is based on the consistency between

the location of the WLAN APs and the possible satellite locations of the device.
42.  The method of claim 33 comprising:
eliminating WLAN APs which are not consistent with the possible satellite

locations of the device.

43.  The method of claim 42, wherein the WLAN AP location consistency with the
satellite information is 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.
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using satellite neasurenents to wei gh WLAN access

points (APs), the nethod conprising: detecting W.AN
wo\RMIiigp4tange of the WLAN and satellite enabl eBCTHES1008046504

obtaining satellite neasurenents fromat |east two

satellites to provide a plurality of possible

satellite | ocations of the device; and providing a
a4l ghle &ﬁ%o@@?&aﬁﬂ@@&ﬁgiﬁﬂ Ezn?ulgt.‘h?gt ANGRr{d IPS OV Ak

APs to the possible satel |%e ocati ons of the device.
big% by Thesidinigdbic wcatodradfrpadd WlokisrAR asan ingiahgoditien avel thht

for eacthP in.a location algorithmto determ ne the
MPREIPH B R W Ee. 35. The method of clai m 33,

wherein the possible satellite |ocations of the device
45 ONPTHheSAsthad bEhRN 4D wiRQ&S ithd @nkiRaty 6MNths dltekinhIOSES fe@éiver

the device. 36. The nethod of claim 33, wherein a high
clogki bjpt for srdheaf planBd-AN Adhlopgiang atc ysed g8 s mdiggtipmef distance

oot SyeANEAS I 8ub ORR O A3 fllc LRAIARKNRE 10dfipny 1

estimate of the | ocation of the device conprises a
4edi stEiecracthod bf claimné2 ovicetin eblcuiagng thedengstehdysofahy eitagd SPS

area of the AP. - Th thod of cl.aim 33, wherein a
reFQyT _C&rhlasc@_f %ﬁ_ﬁ%hgﬁ égﬁ%‘ﬁ‘“ﬂ@C?l_ﬁaltlsﬁis§a11°’é]ra“¥1$ I Sfeppdard
deyphiBhlof 1R ikl qRLEQoPbr HlnbAGPSPORON NBcdEN CC.

The met hod of claim 38, wherein a W.AN AP is far
fromthe |location of the device if the AP is | ocated

47at  aA dyseraneredcggrmanide thedbcarmy il & Wb Adbandesatahlete enaldedhdgyice by

area, of, the AP. 40. The of clali erein if
use S G gt s e TP AR aRpss P dl At O SEEi) ¢
comrBirlgi t € | ocations of the device, the position of the
W.AN and satellite enabl ed device is cal cul at ed

Wthrﬂ%itfohﬁ@ﬁmlé%mW:Ag- 4(11- Thtehmet hod of
IS ase on e

clai m33, wherein the weig

consi st, tR&RG ARt £ y\

t he pos?iv E%gﬂggétﬁgﬁﬁolrtrg%légc%ﬁfgns %F] tﬁoﬁ%@l\%@%%% Naccess
polite; met hod of claim 33 conprising: elimnating W.AN

APs whi ch are not consistent with the possible

sat el | atsetcllidepoditiuisnoinotifile feteptbeiding a plurality of possible device
locations of the device based on satellite information from at least two different satellites;

and

logic contained in the positioning module for providing a weight for cach AP
based on the distance from the WLAN APs to the possible satellite device locations of the

device.
48.  The system of claim 47, wherein a high weight corresponds to an AP that is close

to the possible satellite locations of the device.

49. The system of claim 48, wherein close to the satellite estimate of the location of
the device comprises a distance within one order of magnitude of the coverage area of the

AP.
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43. The nethod of claim42, wherein the W.AN AP

| ocation consistency with the satellite information is
wore@sn#®\d’ by appl yi ng each of the W.AN AP | ocar¢DOS2009046504

the satellite nmeasurenents and cal cul ating the

internal SPS receiver clock bias for each WLAN AP

| ocation.44. The method of claim42 conprising

scal cpl Al mlalﬂw %%re§F§1Jv@%1%§\fzso§ésg&msz a8 APhat | is far

conS| ing the location of each as an initia
frpogha samhtamsltlmhtmnﬁeth@toemn of the demieach satellite. 45.

The nmethod of claim42, wherein the consistency of the

510 SR SR TG AL LS AR AP AP e KRt

dRelMen AR IWNaN AR dhs%iﬁ% laf Br & Af hldgniARIR bV Ethe coverage area of
satellite device |ocations. 46. The nethod of claim

thaAP.wherei n cal cul ating the consistency of the
i nt ernal SPS recei ver clock bias for each WLAN AP
é oc a];ﬁeo BB dI6Ss 1€ Wh%f&ﬁ'?‘#f‘tﬂ%\ﬁﬂ)ﬁ\l AR %@{gggﬂl%éi k@bl £ from
an square érror o e 1 nternal recer ver
the bossidolds) badliteddcatibns yithe raheﬁoe thiepmmnﬂmfrtge WHeAN aad katolhite

ergbd TR TR Db BTG RN | A0S RS pornt s

(APs), the system conprising: a hybrid positioning

5310dUTIR: SOMRRY oA 472 whHEAM HRGHiehtiObasE @6 HIE doisistency between
i nformation fromoné or nore WAN access points; a

the kacetion olethp §6kANoWPendribel possit osatglhigpdpetitiogs ef the dewibe.t y

of possible device locations of the device based on

548 at e*llr 4 gtehlnéfoc tﬁlo r\‘&’]i}\ﬁrgl% WE%R%}G o“c\%oﬁylsft% elﬁlt the possible
sSate es; ogi’c contai'ne oni ng

saredléty |l(§baf161|is cﬁftm/d@illwgara cheiigidd. f or each AP based on the

di stance fromthe WLAN APs to the possible satellite
device | ocations of the device, 1he .Syst em of

5% ai PRessySteqpfi i 33 Wha%?lmeg}ﬁ%f%%P AR soRsisteny Agith the
satdl@b 1ﬁt§rrﬁeitﬁ§1€is h{%aMﬂ@d %?@ n?hg oS &thd MAIQ%# lo®sorRfto the

t he devi ce. claim 48, wherein close
sater;bhtt: lnr@aSIa*embﬂlts taad eaitmlaﬂmtgetheﬁntt:mel $RE:mceiver dbckt bias for cach

%? |ses a distance within one order of
J’ the coverage area of the
56.  The system of claim 53 comprising 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.

57.  The system of claim 53, wherein the consistency of the internal SPS receiver
clock bias for each of the WLAN AP locations are used as an indication of distance

between the WLAN AP location and the possible satellite device locations.

58.  The system of claim 53, wherein calculating the consistency of the internal SPS
receiver clock bias for each WLAN AP location comprises calculating the standard

deviation or the mean square error of the internal SPS receiver clock bias.
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AP.50. The system of claim47, wherein a | ow wei ght

corresponds to an AP that is far fromthe satellite
wegiomeiton of the [ ocation of the device. 51.PaNES2009/046504

system of claim50, wherein a WLAAN AP is far fromthe

| ocation of the device if the AP is |located at a

di stance an order of magnitude above the coverage area

spf the fdd &?detemgnégfﬁ{ewg%n oF 2 % anWRELRIP chdblddRvice by
WLAN d to be bl e

AP is determ ne far fromthe possi
usgegt teMol artneork oatallitomsasofenndngs Wevfioesn el FolsANi tasedtocition
d AN and satel |lite enabl ed device is calcul ated
TP GRE PO HOPIREISHE W AN AP. 53. The system of
claim.47, wherein the weight is based on the. i
consssimaties a pesitienat ﬁQVLfg%ﬁnidéﬁte fte erdlafyJenicapsing gV LAN
ihle satellite | ocations of the device. 54.
m#ﬁgnsgsﬁg%#%f claimb51, WAN APs which are not
consj j . NOS S [ t| of
Che GZioFe sl [ R AORELB iR foh of RulARENEIRS) o
wherein the W.AN AP. | ocati on nsi, st with th
Sat el AR RSB 8 pennd NI AN I6p o ity baspd on the
exipB&c YA difthd DAAN IREtIbA céthBats A iRIréih iR WRISMASBEY Bas a
and cal culating the internal SPS receiver clock bias
plpghtyeefdtesublatpoation selatipnangs. The system of cl ai m 53
conprising calculating an internal SPS receiver clock
bi asddyrmewng theeteivivg lodagoh egtahato msofe tha®H-AK AD¢afiPn ascaatainty

initial. posjti .and the neasurenents from each
thigches yip e o i B TUAUSHIBR. ¢l ai m 53, wherein the
consi stency of the internal SPS receiver clock bias

6f.or Bachet@bd bhaaﬂemc&ﬁgﬂiﬁﬁ@ﬂimlsg ﬁfe%nbléﬁﬁnt?%r@ﬁnto a grid.
i ndi cati on of distance between the W.AN AP [ ocati on

and the possible satellite device |ocations. 58. The ]
6lsystEh methed af elrizno0 Gerapasing evaleaimngithay Ly/Hd location estimate using

th€ ORISR GREN et chdf Sifiddn REBriecei ver clock bias
?or éagﬁ'%%ﬁNﬁfﬁnﬁgcat on ébnp | ses calculating the
standard devi ation or the nean square error of the

62. nt eflpahet8PSof e ¢@ furtco cémpriiasg &@crnfinmgtthothtayhal SPS receiver
det.er m nj ng .t | ocati on, of a WL and satellite

e bR i Mt e HTeS RS o T 6
measurenents to refine an initial W.AN based | ocati on

6¥let eTHE Mahb@bf clhitecIreshpasifO AL BlcNOnsigShdyBHthOBitd@nal SPS
position of the WLAN and satellite enabl ed device )
regiygiglackiannef the satellite measurements to determine the location of the device.

64.  The method of claim 63, wherein the location of device is the grid point which
provides the most consistent internal SPS receiver clock bias for the satellite

measurements.

65.  The method of claim 60, wherein the size of the grid is based on an accuracy

requirement for the location determination.
66.  The method of claim 65, wherein the accuracy requirement is about ten meters.

67. A system for increasing the accuracy of a WLAN based position estimate using

satellite positioning information, the system comprising:
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positioning system gathering satellite |ocation

nmeasurenents fromat |east two satellites; determning
w@eooanesit ai nty area around the WLAN | ocati on BST/URMDE046504

based on the expected error of the WLAN | ocati on

estimate, wherein the uncertainty area has a plurality

of possible location solutions; and determ ning the

devi Wolsh i | NS the WLAN | ocati on

uncéf?g#gﬁﬁkgﬁggﬁggggﬁi2??@?*@% the satellite

nmeas 0, : - - ] hSi

i vi g moayRtor fesFi R R Rl Bl B R SRER W s
poimt;umd of cl aim 60 conprising evaluating the W.AN

| ocation estimate using the satellite neasurenents at

eachy pedinfe poRitibhidg Mdddic B2 obihfienTRkNRR iNforth@i&H at lcast two

further conprising determ ning the internal SPS
differset sagllitebiock bias of the satellite measurenents at

each grid point. 63. The nethod of claim62 conprising

usi nggiche theoW$iAN poritjorafig miodule dordatarniiSRS an eoeirtamty arca

clo [ f the satellite neasure ts to.de ihe .
oruel i RO O RS it ARE FHEORACHLOBHE O L foeation
esfmateMABERIMNthE Rfcal S alplRlit)fof He%iE 1dcatid@ 1@ dnd; i nt

whi ch provi des the nost consistent internal SPS

eCapYRlin ﬁleﬁfy‘griﬁifpaﬁﬁfﬁhg Rk Aoebibietrtin ARy H&H?erﬂ%ﬁegion as the

r
65. The nmet hod of claim60, wherein the size o

WaAN ldcgtidrasstichabmthanbcat satisacsythe eafeliitcemesstirchmmnts; he
| ocati on determ nation. 66. The nethod of claim 65,
wher.gi n t he ur regui rement  i.s about .fepn neters,

6%7. Ry RN T POSEH G E RES gty AR g ided g ghd.
based position estimate using satellite positioning

69. nf ortedykem, oft dietmsess ivbiBtetiothipogt irgtha Wil AN gbsitioning module
posi ti oni ng nodul e conprising: a W.AN nodul e for ]

evpRREs Wil LAY dcation exviinfatoiph e sptcHie meqqurpmets gisgch point on

thpgh@;s; and a satellite positioning nodule for
obtaining satellite information fromat |east two
different satellites; logic in the WLAN positioning

Thodul'te dystemdetadaimi 69, mdpeeem thedegic ai the WhASpatmnng; mhodile

d q{gAll}ll\lﬁlﬁZ a]fnlz;)eglgetl I%i)ﬁl rrerc?etlser %?oséﬁ%iaosrz)f ttl?eesa?e)fl%% %tleeagurgrrnregtrs af gach grid

point.

71.  The system of claim 70 wherein the consistency of the internal SPS receiver clock

bias of the satellite measurements is used to determine the location of the device.

72.  The system of claim 71, wherein the location of device is the grid point which
provides the most consistent internal SPS receiver clock bias for the satellite

measurements.

73.  The system of claim 68, wherein the size of the grid is based on an accuracy

requirement for the location determination.

74.  The system of claim 73, wherein the accuracy requirement is about ten meters.
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estimate, wherein the area has a plurality of possible
| ocation solutions; and logic in the hybrid
weodtiwni ng nodul e for determ ning the devi ceP¢DUSI00DM6504
as the WLAN | ocation estimate that best satisfies the
satellite neasurenents. 68. The system of cl aim 67,
wherein the uncertainty area is divided into a grid.
7$69. A %t%&%&ﬁitﬁfﬁiﬂ@p@%tio%?ﬁ VDANNG d1s9@1fe Efhbid¥&evice by
WLAN posi tioni ng nodul e eval uates the W.AN [ ocati on
usgrgt 4 WHIASN pesingn esienaasedr initel ieason fmenttsllde pesfedning system,
th?Oi ﬂ{ on th.e.n%ri d. 70. The system of claim 69, wherein
REthodoRPrSinEhe W.AN posi ti oni ng nodul e det er ni nes
the internal SPS receiver clock bias of the satel Ii}e ,
measiftraranes WLAN eestgn eptigeishf the WVLANend patelbits grabled device;
angl @ m 70 wherein the consistency of the internal SPS
recei ver clock bias of the satellite neasurenents is
used, t ' [ o device. 2.
ayor it e PN IO AL O Rl RS Y F Syl O po i
syktag t@rdectripiicrihe Wahtddh @ifthy MdesNtahe salitc @nbRidsiceitt.
internal SPS receiver clock bias for the satellite

asurenents.. 73. ‘The system.of claim68, wherein the .
75 7 efgéyst?rﬁéorglppr&a%g ﬁ*gé_é%e-@%l% il 5a%eeaa%lr1%?r@ﬁkmate using
anf {@tial B@siﬂi%bﬁ@d g? Wﬁmitféﬂing%ﬁmﬁbﬁle%%ﬁﬁ_&%%ﬁfprising:

claim 73, rein the accuracy requirenment iIs about

ten : .0f . determ ning the position of
a W Sg[glogngartngﬁlg?éﬁ ﬁ%l %'ed devi ce by using a W.AN

posi ti on e¥liAMiedak fanrdcnivingahfdrmedn fromfame oa more WLAN

satellite positioning system th conpri si ng:
ocEG it PRI R OsTOT Hbet PRV R Y HE oA zblcd
deslcelahiit e enabl ed device; and using the WAN position

estimate as an initial position in satellite position

systemto, &?élﬁeygﬁgloﬁﬁg élll&@get fof Bbﬁfniﬁ%&%%@%@ﬁﬂation from at

satellite ena evi A syste or increasing
legsh éoutridnfiferti-shiclited, whesdrt thiclshteBitd pewitbmosmbiole ussttharditIeAN
using an initial. .positio rovided .by WLAN positioning
paSTio g &0 SR OSBRI Rl ROHUSY ETBRtRg rodul e
conprising: a WLAN nodul e for receivjng.informtion
Tk v oA ash sk of fstcemiping\an expected error in a location determination of a

WLAN and satellite enabled device, the method comprising;:

determining a WLAN location estimate and an expected error estimate for the

WLAN location estimate;
obtaining measurements from at least two satellites; and

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.

78. The method of claim 77, wherein consistent measurements between the WLAN
location estimate and the satellite positioning system measurements result in a lower

expected error in the location determination.
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access points and calculating a position estinmate of
the WLAN and satellite enabl ed device; and a satellite
weomdtiwni ng nodul e for obtaining satellite i nNPOF/EB200DM6504
fromat least four different satellites, wherein the
satellite positioning nodul e uses the WLAN position
estimate as an initial position for a final position
7St ﬂ?c_tr‘ﬁethgi of AaftR TN QGhLEin FELREGR Iﬂgasﬁfbrr@ﬁ%%‘ﬁ@gen the WLAN
error in a location determ nation of
losatosl dsiimetcand bhees:&tedlav |postlom1hg sysitrh ard:a&crmpcmts lra:sglt in a higher
determ ni.n 4 catl estinate and an expected
eX@F‘PtS‘g el@%rtlpg]ﬁ?]@czf el% 1 ocation esti mate;
obt ai ni ng neasurenents fromat |east two satellites;
sand el aetba bflélainlﬂ 27 axiResih @On gty oFfthd Iﬁisasluﬁ&@nlt%mpnses the
determ nati on evaluatlng t he consistency of the
digfancs) ietweengbe Wﬁ/f@ﬂ iDRgjtieyiae Systers deqstienesiination anfa rogiapof
[ I t hod
W%?%Cfgﬁﬁ¥ggp§&ﬁ%§e ﬁ&%%%gﬁ%€E§%MHﬁ%sgaenenEBJ%S%agén
the WLAN | ocation estimate and the satellite
8Iposi Theanethgd sy slhen’ Teesucie nendansiseacy of tha ieinaM&R'S receiver

B e LN e PO TS RABHLF U cHaAL T sRE ey
bARGEAERE WINEN LN JRG RN e@ﬁm@t%tahﬁ%@sawﬁtetn'ﬂe%s&@ﬁl%hﬂs' te

positioning system nmeasurenents result in a higher
expected error in the location determ nation. 80. The
82net ha dnatifodcofaictarmmingve exgicated orror Bt acloestiapf detdrmination of a

WEREY Hh TR TR P SR onChdh PRERT SR Sna o region of

possi bl e .sol u d the satellite

Pos: dswimge SyL0 AR Ged ok Sinurbuimet e pistsbaayrestimate for
the Wl AN Mdcatidi @5@hitet he consistency of the internal SPS

receiver clock for the WLAN based position estimate is

use cf?%gﬁllﬂt ? AL Gt O iocﬁ%ﬁ% ﬁﬁ%@é: j :ég@@&ectl BEor ¥ ate for

base on estimate an e sate
thersasllitechmsed bcatdih esAnaet hndl of det erm ni ng an expect ed
error in a |location determ nation of a W.AN and

sat eldtdrbiniag @l &geded tedy, oftthelooRidhodbta Mifditios ibp@valuatmg the
determining a WLAN based | ocation estinmate and_an
copxistsBe el té? paielligesRqsHigning ypteprgcanonNsiigatgtte g WLAN positioning

sygt%{ﬂ [8Btfon estimation.

83.  The method of claim 82, wherein the position estimate with the lower expected

error 1s selected as the location of the WLAN and satellite enabled device.

84.  The method of claim 82, wherein determining the expected error of the location
determination comprises comparing the WLAN location estimate and the satellite

positioning system location estimate.

85. The method of claim 82, wherein consistent measurements between the WLAN
location estimate and the satellite positioning system location estimate result in a lower

expected error in the location determination.
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determining a satellite based | ocation estimte and an
expected error estimate for the satellite based
WO owat#an’ est i mat e; and determ ni ng the expectRUI/E82009/046504
of the location determ nation by evaluating the
consi stency of the satellite positioning system
| ocation estimate to the WLAN positioning system
(J ocC afﬂeorﬁetﬁéél bFBLINPR?, Wreid B h&oﬁﬁgﬂaﬁtdmﬁe{sufeln%n@ R4eween the WLAN
wherein the position estimate wth t | ower expect ed
loeationresiimatsaing theewitadiste phatiboog system ddcatibe csNAtE sasult in a higher
sate Ilte aﬁ¥ed ice. 84. The nethod of claim 82,
CXRAYPE PO léei' ?ﬁ%gf HBIAISBct ed error of the | ocation
determi nation conprises conparing the WLAN | ocati on

g&st i TR @ctBbd of f1eins 82 alhdréi tﬁ@&inﬁﬂsﬁ%ﬁtf‘ of ¥ %&tﬁﬁétb@@cﬁﬁpr@@s the
estimate. 85. The method of claim 82, wherein

digtanesi betwern the &%@Jh@mﬁtt@nwgt%ém logpsioneapnte sad ths?WLAN
po%ﬁ{olnﬁ}g:S&St%ﬁlqoﬁe{h%nsé%rg%lélé e positioning systemlocation
estl resu

In a [ower expected error in the
| ocati on determ nati on. 86. The nethod of claim 82,

g8vherBiamethodnstlsine B2, wieasiu nlm*«mmsistebey oo iftt@aVEFSN-cceiver
tion and the satelli 05|t|on|n stem

Cl‘P%c%f gzt&\{ E%Fg PPEUQR ESUMRLS IS %Sr ne“i% ’é&tﬂ‘@b‘) P%Fte]f“‘ry

bett\k)@en tRe W’IL&N &%@ﬁdﬂtﬂﬁte‘sﬁﬁate%ﬁd tﬂ—é"seatéﬁtte hggitiBhing s@tdh location.

2, wherein the consistency of the estirmates conprises
the di stance between the satellite positioning system
89. oc ah ispricradel W@Iwﬂletah@rwm POIAN bated gosigisn estimate using

X n est i Q t met hod of cl ai m 82,

Sav?ﬁ'é?é’ ﬂl?‘?%Eg&‘%a"s‘?astoéln@? ot e’Pr?SmiPHP 'BBnal SPS receiver
clock for the AN based position estimate is used as
an | s mefule GAUPYYBkCy bet ween the WAN based

position estimate and the satellite positioning system

| ocat i on.2 Bd-ANMmIMcRY FespivingdnapHen AR aneon sy VAN
acBesd Ot PRTER by ?ec‘é WI?&Nq%a'nﬁﬁte?mﬂétbng satellite

p03|t|on| ng i nformation e system con'pr|3| ng: a

posi ti oni ng, gHaul, eltlonng Sl Gfor obtalmngs%f’l nfoRfation from at

receivi ng I rﬁ I on rrom one or access

lef® bid alffe@erﬁaittélllllk@!; endd WLAN | ocation estimate; a
satellite positioning nodule for obtaining satellite

i ng abpRUbRed ih A8 Fdsiti@st mbiRle bl deli RMtin® Ble@kpédt&Bsrror of the
an
location determination by evaluating the consistency of the satellite positioning system

measurements to the WLAN positioning system location estimation.

90.  The system of claim 89, wherein consistent measurements between the WLAN
location estimate and the satellite positioning measurements result in a lower expected

error in the location determination.

91.  The system of claim 89, wherein inconsistent measurements between the WLAN
location estimate and the satellite positioning system measurements result in a higher

expected error in the location determination.
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logic located in the positioning nodule for
determ ning the expected error of the |ocation
waledenssdnat i on by eval uating the consi stency OPCT/K82009/046504
satellite positioning systemnmeasurenments to the W.AN
positioning systemlocation estimtion. 90. The system
of claim 89, wherein consistent neasurenents between
ox he Wsﬂeﬁﬁ&tdlﬁﬂl &5 WHIRGEc SR tdnPE 0B e @hdabir®ments comprises the
positioning nmeasurenents result i a | ower expected
diganagrbetweentibe Mdc/alNipositideing spsteratioanon 9gimaftva apy sitregron bf

cl.aj m 89, wher ej i nconsi.st ent. neasurenments between
peipiBleliphions st b M B Ei PR e Sk ar I Ggoroment
positioning system nmeasurenents result in a higher

9EXPETHEFshf cldif §9)&hkRERihe@BndQt Iy B! intitnf ZPSTB i ver
system of claim89, wherein consistency of the

clekafon thenhAN basap ppsiben estinadl stuaetes Peipdisation ofecopgiarncy
[ 14 OR i [ i OF ion of
b S AN RS T BB E AR B Rl
positioning system neasurenents. 93. The system of
94| ai msBQemiiein ercasihdtheaonshst @cWLAN bixedipotidomastingSusing
%iceiven clo%g,for.th%SWLAN based position estimate is
safellifg PeYtigHng FYPEaioBn S SYHERSPRPENES bet ween the W.AN
based position estimate and the satellite
me aSUPSHERRE mgdlqleAO@?@%léﬁ] for increasing the accuracy
of a WLAN based position estinmate using satellite
posi ti oni Yy LA oraduts fonreceivengsipSremicpirpmi aicrog mage WLAN

i tioni ;S ng; W.AN nodul e f
BSOS, L B0 BB e Tor

i nt d to.cal cul at [ ti ti.nat e; .
EUTRERE TR SR N R U o

lehdR EQUr ReEd O shicAM @b chRanke 4 Qe JobRIoRREtiMALSddd tes to
calculate a satellite position estimate; and | ogic

| oc %gﬁ{ A&&téd'"iﬁ tﬂ?ﬁds&i i 'Cg"'ﬂo&'[ﬁg %dredefe%mﬂﬁé fte 'Eixgéc@&i L8 of the
expectea error of the cation determnati on py
loeatminuiatarmnatibe bg ondustrgrthy cafsistdney séthelshictlge positioning system

ositionin ocation estinpte.to the WAN
10%69%95‘6‘???‘??30 ?{ﬁi@mﬁ BRAHFTHRE @@fﬁi”?rlg’lc%‘?ﬂ CsgRIAtgHe syst em
of claim 94, wherein the consistency of the interna

955PS TIRCELNMET oftdlA/I04, AhethethWleohift fRRSIntdr@d) SPS receiver
estimaté i s used as an |nd|Cat|0n 0] ConS|$tency

cloek faethe WhaNDaR] basiten poisiate srisedas aneindicalieh efrponsistency
b5 R R Pb P Mo B A Sl

1’0 r
expect ed

96.  The system of claim 94, wherein the position estimate with the lower expected

error 1s selected as the location of the WLAN and satellite enabled device.

97.  The system of claim 94, wherein determining the expected error of the location
determination comprises comparing the WLAN location estimate and the satellite

positioning system location estimate.

98.  The system of claim 94, wherein consistent measurements between the WLAN
location estimate and the satellite positioning system location estimate result in a lower

expected error in the location determination.
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error is selected as the |ocation of the W.AN and
satellite enabl ed device. 97. The system of claim 94,
wobk@paiattdet erm ni ng the expected error of thePCDUS00D0H6504
determi nation conprises conparing the WLAN | ocati on
estimate and the satellite positioning system/|ocation
estimate. 98. The system of claim 94, wherein
99 ONSTRe s?%m! BASHFEIE WS AB TG S ML ARMERAS BEWRRN the WLAN
estimaté and the satellite positioning system|ocation
loeggtonreatimatcesdlthc satellatciposwepnieg pesttre doatiomestinmte fusult in a higher
| ocati on .determ natjon.99.. The system of cl ai m 94,
CXRARPL PN Al er & g THEMHBant & bt ween t he WAN
| ocation estimate and the satellite positioning system
1000C 8A in@thSfok HBEAILREUNKethd? aBaldl| 8 BhiabPRRSIRds QhfidHary By
the |l ocation determ nation. 100. A nethod for
mepspapgthe Prppigidrcqaency of aecsivied setcbriapiBeds erppréeng: s
stationary by neasuring the Doppler frequency of
r ec edoqeidingattellité measirgments fromrmp ldast twg: satetlifed, miherpin the satellite
satelli%e gpgs&reqpn%s from at Ieasg.tmo satellites,
MEHEFCI NS AE SQraPr Ft e HEASUPERERT S el ude Doppl er
frequency neasyrenents;_ acquiring a rough estimte of
| ocAeHBHNSH oK SN 91 lacalioainr St Wsie gfla@&f QS i ng
an internal frequency offset of satellite enabl ed
devi @oulagimpgaintagat fieqpseppéet of sxelbtvcpabled dayiesent s
to account for satellite novenent and the interna
f r ecadgusting dfef IQenplerdrqsuondydacasugamentseo Begpinetor satellite movement
and det

f : i nj t hat .t he devi is
R I SN S A S S

that TR 10 HeIeSR T B F OB G Teduety is smll

frequency offset for each satellite are substantially

1¢1he FiRet¥ald Beelaih®200 &Rt H@de@finiah M MHORvidehe stlidhary if
a smal | Doppler frequency conprises a Doppl er
the inserualfesaueney efsbidicagh satelitswenabstaptiallybe samevalig.e

enabl ed device of |l ess than one mle per hour. 1083.
he et . ‘ g i £
103501 T PgHagbe il g M G pINRT LRPRE FRb bl obPlyes o
Degpharframendygcohespondas to micyemed dFihpastititcamablgd dysiteof less than
| ocated in the satellite enabl ed device. 104. The
Oljyett TdPUL| ai m 103, wherein power saving features

conpri se updating the device location |ess often by
1d3he WANROS bF L1gfmh NG, THSRE Fomprising if the device is determined to be

stationary, implementing power saving features into a WLAN positioning system, located

in the satellite enabled device.

104.  The method of claim 103, wherein power saving features comprise updating the

device location less often by the WLAN positioning system.

105. The method of claim 104, wherein updating the location of the devices less often

comprises updating the location once a minute by the WLAN positioning system.

106.  The method of claim 100, wherein the rough estimate comprises an location

estimate within about 2000 meters of the actual location of the device.
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105. The nethod of claim 104, wherein updating the
| ocati on of the devices |ess often conprises updating
W@ b@oli¢aat i on once a mnute by the W.AN posi t i BE/O§2009/046504
system 106. The nethod of claim 100, wherein the
rough estimate conprises an | ocation estinmate within
about 2000 neters of the actual |ocation of the
1#eViBige h&thod Ef‘@laﬂ??ﬁmgw%?ebﬁ b &h%@&mﬂé(&eéa%' 1t rBGdEPHY
estimate can be provi y a WLAN positioning system
WoAMN pbetiopos ststaomdongthsymisempingls@&emAd, syst em f or
determ ning whether a satellite enabled device is

el oRR AT P GAaET oM b4 RBE N Tianag b

m@@@dﬂh@ﬂ&@@fpﬂ&lffeque@y&ﬁﬂr&!eweti@atenﬁé $ibRNé Bsmprnghy.e for
obtaining satellite information fromat |east two

di f f epRtonddt @bt 8SmpMblgEei n the satellite
neasurenents i ncl ude Eb er frequency neasurenents,
| ogl c koetatlisapositiartieg @adlelle for bty o spicHith yforvutioe fifopr at least
B 08 SRR T SO RATEISSESRED Ss oo
m&i%tlﬁ'lrrldnts@ enahibgid leeyddcia thosapBieipdeitidniig vherlIXop pdj@sting the
freq uency and determ ning that the device is
Deprder ferqaencyi peasemygais te aceaypplos sateligymerayent end fgfyency offset
[
o R B30 PRI e SO bR Rph e th he
desatcas ktamcmaay # thudsti@Domldryfrdgoencyasemeldl ue. 110. The
system of claim 108, wherein a snmall Doppl er frequency
1090 NPT hesEStedh SPUAMETOS] (veeaNBYy denits BSRAdELIYIS the internal frequency
nmovenent of the satellite enabl ed device of |ess than
offkfaiicpeh s9eallite gtg subgtantiallyribe symae etiof cl ai m 108,
wherein if the device is determned to be stationary,
0 S
e TR LRSS b ATRORAC {1 2a8 Hhfiisgs « Dopple
fraprencecortiponditfptosysicertnodf the satehlifcldhabletl eleeica oplewethan one
ﬁavi features conprise updating the device |ocation
MeBY ®-en by the WLAN positioning system 113. The
system of claim 112, wherein updating the | ocation of
11t1he HevdyeRam dfR$fmOf I8 W hERIIF ke vitRdAldtBEhih&Pto! Bécs@ettioa@ry
once a m nute by the WLAN positioning system 114.
pavesr lsodng &atudes are pnplcagnicH entpasWV LIAMQﬂtuanw_meahl@cated on the
Q |t|on|ng syst em enabl ed devi ce using
%&%Braclgg%g ?cs of the environnent in which the device
i's
112.  The system of claim 111, wherein power saving features comprise updating the

device location less often by the WLAN positioning system.

113.  The system of claim 112, wherein updating the location of the devices less often

comprises updating the location once a minute by the WLAN positioning system.

114. 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 comprising:

detecting WLAN APs in range of the device;
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| ocated, the nmethod conprising: detecting WLAN APs in
range of the device;obtaining environnental

W@ hb@paeueri stics froma reference database basedr/osonei6504
WLAN APs detected by the device; and determ ning
whet her to use the WLAN or satellite positioning
system based on the environnental characteristics.
115. ob-t_zﬂﬁmg%hbt?&trﬂéntaqlcﬁhﬁbt%ﬂé‘ttcs\mﬁﬁ ghdFeleN& database based on the
envi ronne characteristics are selected fromthe

Wi AW P Ps dasicistlibpghodeviensid y of bui | di ngs near the AP,
hei ght of buil dings near the AP, and whether the AP is
| oc adegdmiiming@ hethe A a oW, LAN basut¢liegiosioningrsystem based on the
subur ban Iocation 116. The net hod of claim 115,

enyHep@rRfal ¢haraglerigics ce i s determined to be in an urban
canyon, the device will determne its position based

1180 TR MLADY BPSIhfh O, RehePHS tl@@n@tr@ﬁﬁemt&ljcztara-g%s%t h08klected
of claim 115, wherein if the device is determned to

frdye thagraus adnstsbiag of dewity oh buildiegdmar the AW, Iltelgiteoélvuﬂdirrgs near the

' d th tellit
ALy SBTs TrRE N0 o PTGy b5, PR PRy bt
lo&Mdnt onnment al characteristics are used by the

satellite positioning systemto select a nethod to
estimate | ocation of the device. 119. The nethod of

1161 ai Mhermathodpbelainy 1 havhersin Hohardemieg is detgraied tq g jncan urban
oA R SR IR, S ERE RNBRE R o

alolevi ce having a hybrid positioning systemfor
deternining the location of a device using

har cteris of envir in which the devic
e el phdedy Ll aep b Aioo grinsiinge e suburban
loémﬁl)ﬂl the @eVRE 'W§1'1 B&terRinYHADoIREV bRl Oh KGRI Ve li5951t10n1ng system
information fromone or nore W.AN access poi nt s,

alpmee| udi ng environmental characteristics; and a
satellite positioning nodul e for obtaining satellite

i OFIRLLAB: oPOGl P8 S 08RNRt L of D POSLLERDIRG are used by
du or de ernining 0 use

ths sdtellitd pRitDdsig Jyotanng sl st Lt ihas eslcsbimatd®cation of the device.
environnental characteristics.121. The system of claim
120, mher he enviraonnmental characteristics are

119 efElteetaet d o% claim 114, whege?n the envﬂronrnental characterlst?cs are used by

the WLAN positioning system to select a method to estimate location of the device.

120. A user device having a hybrid positioning system for determining the location of a
device using characteristics of the environment in which the device is located, the system

comprising:
a positioning module comprising:
a WLAN module for receiving information from one or more WLAN access
points, including environmental characteristics; and
a satellite positioning module for obtaining satellite information; and

logic located in the positioning module for determining whether to use the WLAN

or satellite positioning system based on the environmental characteristics.
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fromthe group consisting of density of buildings near
the AP, height of buildings near the AP, and whet her

w0 b@IAMP41s | ocated in an urban canyon, urban | BCHUB2909/046504
or suburban |ocation. 122. The system of claim 121,
wherein if the device is determined to be in an urban
canyon, the device will determne its position based

1230 TR AN HeSikd 00 AfieR%ShE h A%zt Rarad DA RY ShABlected
of claim 121, wherein if the device is determned to

frdpe thangraus odnsrsbiag of dewity of puildiegdmai the AW, |hcighéedeburidmezs near the
[ ts pasition sed on . the satellite sitioning system

Aby g esy MorRB I efEim &P tanyot, ERRoesiony Hestbuivan

lo€nt onnment al characteristics are used by the

satellite positioning systemto select a nethod to
estimate | ocation of the device. 125. The system of

1224 ai Thersyetempfedtamnl 21w heisin if diendavicalis e¢tenziaediol bstin @g urban
e he - sl tj.oni S I -
e o S
alpfet hod to maintain the stability of an internal clock
of an satellite positioning systemreceiver by using

W.AN access points (APs),.the nethod conpr.isjng: .
12%ai nthe wrie e wifrea o g&@”@&&ﬁﬂ%@%}g%mgl {©diedn pispurban
1082t AR PGe SN HEMHIRE §Y 168§iti@1¥ bata B Gt Dlite %éiﬁo%@%stem
APs as a reference. 127. The nethod of claim 126,

algeer ei N mai ntai ning the internal clock accuracy
conprises neasuring one or nore tine intervals of one

r re sjagn transmtted. by a WL.AN AP, and r.ecei ved
1 TRESGREE b B8 Phisfrin®éo Sraet Pl Epartehigg tSited by
theedtbioe: sitlonedigBydidm, towbieEed methbe td/stithafiPlooRtion GHithe ddvie.

internal clock accuracy by synchronizing with a

satellite positioning systemclock. 129. The nethod of
1261 ai Thersystempfesiadmnl 20nwhinemthapn verpmrenid sharaggiigics pregised by
tioni ) var . 1 '
DS ANIRARG U, S A Ry KSR R
claim 129, wherein the W.AN AP is connected to a
126ent A atetlzid to nhontsinntb stebilizeofnint interted chak of hin sacellite positioning

osi tiani syst ock. 131. T th f claim

RSg e a RS esess s <K BS, FE bt
accuracy.hy ysi.ng an accurate igternﬁ] osci |l |.at or .
r ecenyigRiniighe infgmakglopl gecyracyohp ipiehike PRRNIRG fygtem receiver

by using one or more WLAN APs as a reference.

127.  The method of claim 126, wherein maintaining the internal clock accuracy
comprises measuring one or more time intervals of one or more signals transmitted by a

WLAN AP and received by the satellite positioning system receiver.

128.  The method of claim 126, wherein the WLAN AP maintains its internal clock

accuracy by synchronizing with a satellite positioning system clock.

129.  The method of claim 128, wherein the WLAN AP comprises a satellite

positioning system receiver to synchronize with the satellite positioning system clock.
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receiving fromthe WLAN AP information about the

accuracy of its internal oscillator or expected error
W@R000t1$9417 m ng; and sel ecting timng measur enePCBUS20091046504

di fferent WLAN APs, to correct and maintain the

satellite receiver's internal clock bias. 133. The

nmet hod of claim 126 conprising selecting W.AN APs with

lStOhe ﬂ%ﬂéﬁﬁs& opélafn{]ﬁ@ %{eraﬁ %e' W@A(N Alpi 19@ eE'J%&@T 5 B@ntral site to

satellite receiver's accuracy of internal oscillator.
syh8ronizhevitimhh sedelbfe polstiomng2§stemanlakn t he WLAN AP i s a
muni ci pal AP and the nunicipal AP is synchronized with

| 1 t 135, . Th t
1 oo e SRR PR RIS B BaareiRiin g et ek
act@GEY WP UsifP IR hé e ttdMhANERIGR YRkivel36. A satellite
positioning receiver wherein the satellite positioning

receiver maintains its internal clock bias by using

133ne Bic methad of dRnab20 emprising er ence. 137. The recei ver

of claim 136, wherein the WLAN AP is a nunicipal AP.
receiving from the WLAN AP information about the accuracy of its internal

oscillator or expected error of its timing; and

selecting timing measurements from different WLAN APs, to correct and

maintain the satellite receiver’s internal clock bias.

133.  The method of claim 126 comprising selecting WLAN APs with the accuracy of

internal oscillator higher than the satellite receiver’s accuracy of internal oscillator.

134.  The method of claim 126 wherein the WLAN AP is a municipal AP and the

municipal AP is synchronized with a satellite positioning system clock.

135. The method of claim 126 wherein the satellite positioning system receiver

comprises a WLAN receiver.

136. A satellite positioning receiver wherein the satellite positioning receiver maintains

its internal clock bias by using one or more WLAN APs as a reference.

137.  The receiver of claim 136, wherein the WLAN AP is a municipal AP.
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