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Background
Field of the Invention

[6003] The invention generally relates to estimating error in a WLAN-based positioning
system and, more specifically, to determining the expected error of an estimated position of a
WLAN-enabled mobile device using WLLAN-based positioning system.

Discussion of Related Art

[0004] Estimation is the process of finding the most probable value for a target

parameter(s) based on a set of observable samples, which are correlated with the target
parameter(s). Accuracy of the estimation can vary based on the quality of the observed
samples. Quantifying the quality of estimation is one of the main subjects in estimation

theory, and in most of the cases, it is an even harder problem than estimating the target
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Field of the Invention [00031The invention generally relates to
estimating error in a W.AN- based positioning system and, nore
specifically, to determning the expected error of an estinmated
position of a WLAN-enabl ed nobil e devi ce usi ng WLAN- based positioning
system Discussion of Related Art [O0004]Estimation is the process of
finding the nost probable value for a tar get parameter(s) based on a

set of observabl e ich are correl th.the,tarqget
ot avet O AR bER pili e P a ol Wil bk e
qual ity iafrodired Qﬁ%ﬁibﬁl%bsﬁ@ﬁmge@d fRuaetdrierengn fihecallealGlebal Pésitioning
estimation is one of the main subjects, in estipa aﬁﬁﬁ t heory, . and

most of IWETEEER. ithe GBS geiwetke Acqusacy OF eSHBEPR teé‘EPF%‘iq rﬁaorfeﬂéo

target HANRERIBe estindh&ol IO EPEheRRSL Fs'lﬁé!:bﬁtgd SYEEHEA WPay8MBheQfrof he
early systens that was introduced for global positionin and for the

same r eagsstmatien xssic@amnecubﬂqm@dmm@ppmtcrmnﬁgosygmcbum Delpgion R UPS
net wor K, p.8GHh B98P Llor AR bl verfeaPlinf AR SOPVAGHiAIdiERYdrflor fna

end users e-es ion error 1n i's presente
di fferenit camyﬂranalhiedmasrmmmskteMWmhl is determ ned by consi deri ng the

entire usi O Precision for

ror i vontGPUSra VERS midq W AN bestd e in He s Feiedh fhdrBT Y o bfple of
error, ar@ﬂ:afdh lél%nblbﬂoﬁd’ FMNBdra bRAided aft kX giktel Errﬂiﬁif@bﬁtla@esmﬁiahon The most
[0005] Metro wi de WLAN- based .positioni ng syste %eg‘ en e ed by
a coupl emeTtaRsessrreh cfferisn thyp arep B bopn Wéﬁ?taﬂr‘awla Z—&b’éﬁ%ﬁ@é@m
error of, ﬁ@ﬁbﬁép@)ﬁboﬁ‘eﬁtﬁmkk&[}ﬁ aI&‘ﬁltéTPEUnN rotf@ﬁﬁfoﬁﬁ§§ﬁ{ Efég@f forts in

this area have been conducted by Pl acelab | acel ab. com a
proj ect AgbeSonpe Higiem (Apf@@ﬁatnpaﬁd Spstaiging; Eduwitlv@al SomynusitiesATpegh ni a

T

#CS2002-Qttdh), and the MT carrpus Wi de | ocation system [0006] There
have bee Ner ci fferin f

t ar get edﬂg'?ﬂl nd }i‘)erre g%"f%ﬁf"'b’f‘nfuﬁ'ﬂ er gﬁgnmgmé?c’&i{g\gf ?MLWt?cﬁt} ns%stﬁlﬁs
Mari a Lithibeed at ifdsdr pblivbmiag, (SEOVY. deav&ﬁamuﬂmm}mmdwm@sh;&@%umg
Techni ques .and_Technol ogi es for Loc f}f&iijzatl Aﬂé& ﬂg@g} of the

| nt er natilemegs. VoyKdhopasFureRdinesnE apes & g & 2005)
at Per V%cﬁﬁza%QQ@ro%Mmgp he Wnﬂ%ﬁﬁﬂ’o%hom&cano}z and’CaneR- J.
Locat i on- Awnar e uting mes of Age, | EEE Conputer, ﬁ‘gs]) 95- 97

Feb 2004Am5nesp Zqﬁé)g@ts?e%w%QOS) Mppy 2965, @9%%1@% My, Scetbdi. Gawams b:
address @gsfl, g@qre%%g}luﬁngtﬁggg BEANL UBES cBrbaRt 5ol ggg-se;nm SOHIRS,

| i ke a corporate ca acility i pping yard. 'The
classic Iewafmlages 50#%&21) rbhese wﬁmermt deatgnedio auddmssta@settimbp@zohﬁdtackmg
| ocati on t.hin the hoﬁglutsal e is

e
a car di a&&ﬁ‘??églﬂt ﬁi 6?1‘8"50[5‘?"[6\,\% likera GOFPRRRE qtsgltafl R ocaiﬂ%ap ﬁ% he
devi ce. vhie Msal@)examulsr}@m@ta%yitaﬁ thdyesremoisor drraCt aﬂcﬁtxmemfythe crash
demandi ng, pically calling for, 1-3 nmeter accu 153;[ ?fe %Jdt ens
use a vaﬁar‘é’t’li}l"%?heth@%ﬁ} wiey "fl’t?nﬁlilfﬁ%lstatﬁ%mt‘:ﬁé"e?t ﬂré%?%? ylerhlortdivrge
conduct i gge fheki tﬁéiae%aéee TRELURYRy P qui¥BEits ﬁﬁ%&@usfewges afe VeREdFRRBYS,
to measure radi § pr opagatl on They al so require a constant

net wor k twmibcqailmg fglol ﬁ epter BpRIrERye é"bgsepwstmls @m@ waﬁety@f teshpiqpesde B an

exchang chronl
VWiile th se §l§sa célfraé%r gmblléégéoga%hgr&gﬁ% f or |rﬁ3§f§b %@g&?{ﬁes
t hey ar ecairipe$ foaatdswe radio agyal\prcqmgaroaa T&iespdus;ynmmre a ¢onstast netppoksi bl e to
conduct the kind ?’ﬁ get ai |l ed.si tg SuLvey. e ui relg across_an tentl re
city andFoppestian st bt %gpefsd)omt and the clientTadio can exchange synchronization
information similar to how A-GPS works. While these systems are becoming more reliable
for indoor use cases, they are ineffective in any wide-area deployment. It is impossible to

conduct the kind of detailed site survey required across an entire city and there is no way to
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rely on a constant conmunication channel with 802.11 access points
across an entire netropolitan area to the extent required by these
systens. Most inportantly, outdoor radi o propagation is fundanentally
di fferent than indoor radi o propagation, rendering these indoor
positioning techni ques al nost useless in a w de-area scenari o.

[ 0007] There are mllions of commercial.and private W.ANs depl oyed so

far and this nunber is growi.ng ever A access points are
used to Ié’g[ T ESEREFO BPllgﬁl?aHW_Xfﬂ&‘eg%gll é&“ﬁwﬂl aﬁ%VlagggtlreSu nmar y
[ 0008] | nmeR&oRsReeda to EH&%xteﬂV@ﬂﬁﬁéafbyftE@E WYsedined MG hiAgbrahtl g Suidetitadig an
expected error of a g sition estimate for use in a W.AN_ posi tioning

syst em t brapagatien isde ntéllqo%ﬁq@bwa@fndaow@mm&t@& igedering theggigdoor
AN enapl andR SRidleCAmN sl ARh fidd A0MLIdRd by a VLAN access

point in range-o e WAN ena evi ce. The nethod estimates the

POSI ti on[0007]t he TWtrankeenidibine d¢f cewerciabagiadiveis. WhaNs demdxed go Sar gné this
romthe AN. access I

met hod al¥o°BHFRETES gerﬁg%/xgg%sf e q@gécregﬁ%l%%ﬁ%‘ug@ |e§tﬁnacea§iﬂe(rfr§ctaté&p&
based onwghav-asibéddiiBébilesletites he WLAN access point in range of the

WLAN enabl ed devi ce, wherein the expected error predicts a relative

accur acySHIMAKY nosition estimate. [0009]In another aspect of the

i nventi 0{9003 jhe [}Péieta'sﬁ[’?é%t @ ih Vatien Rfaturdde: MO St 8eh o0\ p&tddSerions £l

on signals fromnore than one WLAN access point in range of th?
WL ANe nabipasifioaestimete fqrisginfa WiLAdY positioaing systpa thak primates ﬂéerl%%’rthP fhe

POSI T i ONyRShy IRffed d%v#@@s?ﬁ%] Aw%z@fédqe{lﬁé beeivEsd Q@amfaﬁiﬁﬂr?%?b?Be VLAN

access point in range of e WLAN- enabl ed devi ce
anot her ®4péteceetshpoing iprogeef the PEOANEnablnd dsyiset Thnmetbed prinmatgs ghepased

oo A BB 1y AGE RSG5 5, SSLLIRLE IS, PRSI 1,81
of the VioN iAe4gs sf hoiWiLAN feaasblahdeazmo&“hahﬁdmé 3o a&timzrbasemagmcaad@amr Eﬁhe
he. si gride PR SR BHS BTG VRORP e SN oo Gt " aE0F rmt o
t he posi i N efabldigieVEANRRRDIHR xSRI ror predicts a relative accuracy of the posjtion
estimate.
[0009] In another aspect of the invention, the position estimate of the WLAN-enabled
device is based on signals from more than one WLAN access point in range of the WLAN-
enabled device. In a further aspect, the ekpected error of the position estimate is based on
characteristics from more than one WLAN access point in range of the WLAN-enabled
device.
[0010] In yet another aspect, the expected error of the position estimate is based on the
number of access points used to estimate the position of the WLAN enabled device.
[0011] In another aspect of the invention, each of the WLAN access points has an
associated signal coverage area. The expected error of the position estimate is based on at
least one of the signal coverage areas of the WLAN access points used to estimate the
position of the WLAN-enabled device.
[0012] In a further aspect of the invention, the expected error of the position estimate is
based on the smallest signal coverage area of the WLAN access points used to estimate the
position of the WLAN-enabled device.
[0013]  In yet a further aspect of the invention, the coverage area for each WLAN access
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[0012] In a further aspect of the invention, the expected error of the
position estimate is based on the small est signal coverage area of
the WLAN access points used to estinate the position of the

WLAN- enabl ed device. [0013]1n yet a further aspect of the invention,
the coverage area for each WLAN access point is estinmated by
determ ni ng geographic | ocations at which a W.AN-enabl ed devi ce

receives a signal fromthe WLAN acces 0i nt ef ec.nd nj.ng t.h )

S andar PURF EITAHFION Celsin BiREErageniar et oniS st B £ ML AR R deric

geogr aphiegeil QGat drnaNFom AOWEAN 4Baéds Poink, HetemRivBizaBest@lden dliatibe ofhaN
access point based on the standard deviation of the coverage area.

[ 0014] | reoypracaasebisedpn thsalelepniapd Bensrapbisdpcabpny pd sAlmRInE1hE sevamgent s
has a ge i Lt : ' W e]y
oot mat o kot ST bicelboiBich B AR RAR A PRl ofthe L aBOBId, ons
of the &68ks pbintesspesed thoingsttionntach bhithe Poishl iacresofointhbas a geographic

WLAN- enabl ed devi ce. The, spati.al spr.ead.i s i

et weon TG CBotn ECHPEt L ERT ot e PEPLFR S BEa B0 oft Pkl 8PER pr e
esti mat e%ebgﬁpm_@%biiﬁm o@fhetsheesw&d{htsaﬁcahb@dirdﬂv:tlﬁ@osiﬁgméﬂhé WaAi$tchaied
aspect o the | nventlon, .a posjtio estinpte I,S use I.N CONJ un 1 ONn
with ot Hisvicgod e SRSt A lspcar o g 5 4 ptpacs bET PR e e HAnS P%%Ciné Pgh‘f’

speed, afd AN 5Q6dsiRhtOlsed fPdBarlthd fRiddhARnRNEDASKdEe aeviand t he
wei ght given to the position estimate is based on the expected error

of the pl9813li onlneasothenespect PhtheArvertion apositippesymeieis Byedda comppelion with
used onl y, 1 f 1. b | | Srik fih
than o priaekiE BERRERTEgHal 1tk hOBrRRRich: R ald SRRy SLLRERST e
t he ot heWLpdéktabtd desice amt the weghbgisetodhe pastwnestimalt irhabest dnrtbereAnespd
access points_.in range .of the WAN bl ed.devj.ce. . I

ot eastTHRET BF PPHECOHEP IS T SROGaTT ReTie PR e i el ipir eRhLa
GPS- bas eﬁr(?@ﬁ iheipositiogestiifteflowed Gik6 Jalpredeimimed thrésheld. &spéother dshect, at
invention features a system for estjmating an expected er of a
PoS L1 orleRs PR S PBF ASEOR FEIABARDBEL PR TRSAT s By Gt P (VA B8P orat es
t he posiftdiQ8iPhng MANVEDADEREIH A6 . In URRr 83 icag e B5the Bther

W.AN- enabl ed device for receiving signals transmtted by a WAN
access nﬁﬁﬁmnﬁﬁﬂnﬁﬁgéPEWKEQéyvﬁﬁﬁﬁ@ﬁﬁbﬁﬁﬁKHEWW&%?nposition estimating

| ogic T Oofogft | MR ellte: RBSL! 4O ThBhudriEariicEhs RAPIP dorfieiing an BAREMA4 ON

the received sig rom AN access point in range o e WAN
enabl ed amviof e positieh estimote fesise fraa WHgAN pogitorfing systsmi thatteptigatanthe ppicared

error of it estingte hase [¢ erhshigs: : N
access p‘gitarr}&‘%?ﬁ’el}ah%a dege- {rﬁh & S%%% ngcr%gdt;éls 'egollﬁré‘ %\i\l} g%a?ﬁahdgﬁlg?ﬁorﬁﬁgww
expect edsigialQtanpih it 0 2 WILAR satdsy poiaciauame ! tle WhaNpmebled devies positine.
Bri ef Deessgilrnla 11"[1gI l%gicoff)r e%i%\é\#ir?ggt%e pt}s?t?olnGTl tﬁle m%d\?l-gl%\g‘le@%%ﬁce based on the

received signals from the WLAN access point in range of the WLAN enabled device, and

error estimating logic for estimating an expected error of the position estimate based on
characteristics of the WLAN access points in range of the WLAN enabled device, wherein
the expected error predicts a relative accuracy of the position estimate.

Brief Description of Drawings

[0017] In the drawings,

[0018] Figure 1 illustrates certain embodiments of a WLAN positioning system;

[0019]  Figure 2 illustrates an example of a WLAN-enabled mobile device and
surrounding access points and their corresponding coverage areas.

[0020] Figure 3 illustrates an example of the impact of the spatial spread of detected
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[0018] Figure 1 illustrates certain enbodi nents of a WLAN positioning
system [O0019]Figure 2 illustrates an exanple of a WLAN- enabl ed
nobi | e device and surroundi ng access points and their correspondi ng
coverage areas. 100201Figure 3 illustrates an exanple of the inpact
of the spatial spread of detected W.AN access points on the accuracy
of position estimation of a WLAN-enabl ed nobi |l e device. [0021] Fi gure

4 illustrates an exanple of the inpact of .the nume d ct WLAN
access pHLAN agnsss npantaer theaesprasy Oépg%%qqqsewa%@}?ﬂﬁg‘#@ﬁﬂ&gfe fiobie
W.AN- enapl.ed nobil e device. Detailed Description [0022]Preferred
enbodi nents of the invention estimate the error associated with a
derived P@31ki ofigureotilyetritpanexynplropdsiimpahphife sywbennfl dygeted WLAN

i ncor por . g k 4 L d.0nLn
yat em t e SR mERRLLE b SUR RGNS oF o WhalASREL PBRId OO
WLAN- enabDEidediBesceizgion] 0023] Pref erred enbodi nents of the invention

det ' d date th t . of It ' f
VAN baoB2H0s! Piedi PRyt B e Tea vt B PR OBt D PR hccess
poi nts. §date pbsiddn FOAdddlby SO AN Posit@dtnglsyetemBQ&e Inkbrpotutell patdnt ar e

exanpl es of  WLAN standards.) The user's nobil e device periodically
scans an®PPHeations Qesﬁﬂlﬁﬁ‘?Wld’r?%rbﬁsreﬁ\P&N%OWSGNS'&E’C‘%%@&BSF‘h‘EesangﬁEP"&]leso | ogs

signals &%ﬂﬁ&g@%ﬁh@ﬁéﬁmqtm@.%ﬁémfdemss.V\LAN access points, for
exanpl e, Received Signal Strength (RSS), Tine Difference of Arrival

(TDOA), 9231 e PaiférfedrembodinshtsAf hiajayenfioigteraing @uipwaeale Hy cxpecd o
t he WLAN acce: 0l Nt.S.e .l /e §§R | | V] i tself
determ n%igpog %égee%(%bnlé%%seog ae\? Tr‘%r 0 ggfgﬁﬁgtgﬁmer%?ﬁ Frat -uloﬁ%ﬂ-@t rfgrgte
enbodi mMeEWHSAN tdvessmiits. e(Nbeavtheate808 4 o022t 1Hb, §02slUkt 802dfl nsamd Whibngre ekamples

surroundi N acce oints ta central..si,te wher ent r.al

server d%é\fgpmﬁ%‘%ﬁﬁlés ZQ%é{??resdn%We vicg Bﬁf’ﬁi]‘cfhé "B 3%43 egﬁc S %{]c W,

WLAN pOoShrija@WeiN frbs paBifs 4 alkoeskststenald @hdrhdististibeof each of the WLAN
access points, for example, Received Signal Strength (RSS), Time Difference of Arrival

(TDOA), or Time difference of Arrival (TOA) corresponding to each of the WLAN access

points. In some embodiments, the mobile device itself determines the expected error of a
position estimate. In other embodiments, the mobile device sends the results of scanning the
surrounding WLAN access points to a central site where a central server determines the
expected error.

[0024] The expected error of a WLAN position estimate may be used to quantify the
quality of the position estimate. This may be useful when multiple position estimates are
combined or when the WLAN-based position estimates are combined with other position
estimation techniques, e.g., GPS position estimation. The expected error of each position
estimate may be used as a weighting factor when a series of position estimates are combined.
For example, in order to increase the accuracy of single position estimate, multiple position
estimates may be a weighted average. In this case, the expect error of each position estimate
is used as a weight in a weighted average calculation.

[0025] In addition, a series of position estimates may be combined fo derive the mobile
device’s speed of travel or bearing. When such a series of position estimates are combined,
the expected error of each estimate is used as a corresponding quality metric of the

estimation, which enables the optimal combination of the series of position estimates based
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quality of the position estimate. This may be useful when nultiple
position estimates are conbined or when the W.AN- based position
estimates are conbined with other position estimation techniques,
e.g., UPS position estinmation. The expected error of each pcisition
estimate may be used as a weighting factor when a series of position
estimates are conbi ned. For exanple, in order to increase the
accuracy of sing!e position estimate, nultiple position estimtes my

be a wei ghtedl a8deY-age. In this case, the expect error of each

posi tionpg@sd] NMBker dxamPRER Alrids FREDNsitiol ediMBEIRsBe alY 81@8Eseventh

cal culation. [0025]In addition, a series of position estimates may be
conbi nedpastiogestinete hine arslsivady Hev expected epuad potitian estimatian, whig tieng.
When suc I: . L1 M 3

error  of e auRPEHER QinBRht L M DR B AL S e PO RRELE

t he est i thistsedes, ofphsitidm estiadates $o dduire dipt speal ofclerhotrktdeviee,ahe mhkilesdavices

of position estinmates based. on.their  quality. [.0026],For exanpl.e, in
R e R e S e
posi t i Orhigs bAp¥etc® ehewahd ifditads tiglilyat bacRxPReiiet c&infia¢ is@f 1qwgualityodhd,
estimati on, while the seventh position estimate has a relatively high
expgcted E%F@WbeVﬂﬁﬁd#ﬁe mobi | e device uses this series of position
estimat egoif) derhy&pbhied SRERY a bsifibiPesiRites f1a5 GMb 66 usddi6 dBBRkihemdevi ce
may exclude the seventh position estinmate in'the speed determ nation
because $xpsctedegreariafien spuibiring dig petitietiestmatsrrespdis. kot cianplgt 16 themiesition hat
parti cul ar LEA i | |l o e

G el | ab I RRabYT S Sk frhfic Shoch BRI e dpRith el pLBE BB | 5o
be used positideegimatesere bentengido tdemeine tre eafimhaioncowbofthagpeethef posl.t i on

esti mat ults. For gex le, ..f.the.pqgsi,tion estimte, results.are
need 1o QA i Rerad b BBe a0 e eRihIRE of Be PR, vosh S A e RS,
posi t i onjigddsedrii @slied fikedeppldatiesk, inelvd@iceumhdtdiniifed teS1S. Pakhtapdicstivn of
the speed of travel. [0028] Certain enbgdineg}s of the inv tig& build
on t echm'@Ud@6!¢8catileddnsaniat frsger arebrssEd: Feudimpigationjed1/26L,
appl i catgo@nsytitleMStAEH DO UPMinB Wockiton Beabbrt Datkbaze, (P81 BAMnt A@Ph&a@iaﬁ NQn
No. 11/261, 848, entitled Location Beacon Database, U S. Patent

Appl i catil&P1N87, entitlobMethgdgnd Sxstam foe §ubling e Losavion Beerrilgeiase apd -
Beacon e Patent | I On: i

Vot hod SrEnBpicaoNo AR os8PAIERL ol BascleAliks WA chGWe Tk ffby
Pat ent Appbridbert BasedNe. Nurie? 6/1)888cd bavesstRogds Wivdat Ramge BAEed [Beice,iafies

that Ch L i ifh d t.ed.. A
o O CEBhCR, BB B BB R N IREL s R 6455558
an ?4255 (2)1 21243@[22?;: ??tlgcuggmm?&ﬂt & it %"J LA A%?ﬂﬂizgkﬁﬂb&&@iziagm ﬁd:a Use
11 , 224, entitled . cul ati 0] ality o SS I.n
Char act df FIBEAN For Benigeds(ep. én‘\%};ﬁ\li}ﬁﬁ%ti f{HPﬁ}ﬁ?fwa %% péﬁﬁgg?n gsied,

Pat ent  Apgl et boPhshiRn UsdleP04 2 48cesE Pbint k@djc% Brdpa BBt dnhPhecrdipgibd i QN

Usi ng WLAN Access Poi nt Radi o _Propagation Characteristics in a WAN
Posi t i onfhéN Spsitiering Butdn. prihddeden May 382009 0be contends eforitiehars heebwhi ch
are her ' f.ef ' ki ' ;

appl 1 cat 1 ot B R B e LELER st RUSLGeBR LB e A EBR  gper
dat a f orhigh Q\Nlicloesion data iorsWEAN dvatss points sddlan surhydatagnayshedisedin logéivn on

based services.to, determ t he ogr aphi c it on.of WLAN: enabl ed
dovi ce. PG STty SURRTOMU e BB RoRH Y /o T Gurefe B ol e i on
data to s&H softd ahh GecREiGidsiof Dsiff said Ry Sidnriatise kstinTdethp hesiaod of a system
techni ques, however, are not limted to %ystens and t hods, di scl osed

in the iHeEorHEPaser HrHPIGRES: BYITIct A4 woh §mith psSySigR? pre Mehedseitosedin
such Sy%ﬁ@ﬁ@o@&%e@%iehﬁﬁ%li%n%@%lﬁ% Bfebtnce lotsubiSsyaRinsRgd h§iRions

necessary to understand the present’ enbodi ments or i'nventions.
[ 0029] Finga e helpfielpit ¢ mot Aelivpd\ngresseny to Midrgstandsthe pregeppgnbodpnents or

inventions.



i ncl udes positioning software [103] that resides on a user device

[ 101]. Throughout a particul ar target geographical area, there are
fixed wireless access points [102] that broadcast information using
control /comon channel broadcast signals. The client device nonitors
t he broadcast signal or requests its transm ssion via a probe
request. Each access point contains a unique hardware identifier
known as a MAC address. The client positionin oftmare 103 recei ves

si gnal b@42%¥ns Fievr t drpido WilAN peddingivses (YS); The aerjtoniesystem
determn

char act err iR ROFRARBR A ark P U el S AR 08, A Foutin

i ncl ude pdrecwdardeget goographisal e, theld ﬂ@s@(@ﬂdreieh%a@@&smgﬁ&{slOﬂfthﬁtrbéoadcasf

absor ved e bl ot oo Rafbeh e Pl EATRA Gk e

[ 104] of bragdvas Signal d’ifrﬁquem ite halfmyssmm vlimeypmbé regesi. déachnctesepagdoneinas
wel | (i nbodi nent s refe e .dat abase. can

r enot el yuw&éta&fﬁaw *Flﬁ%tl #‘8?‘@?‘:8’%&%’2\ "E’JC%% et%heﬁgpotsﬁ’é’nglgtsf’%?r8&03
geogr aphiegeil:@Gaina DEkE caHIGrod PN ROPN Phdck® pointal 02 ih hehga efeaderiMmdltise t he
gat hering system has coll ected. The power profile may be generated

froma cestosephicderatien plthenseg devismiOl sieshunttcrsiss fomche Benal peaceysynal
from varT%E cﬂlé}?@éﬂsg&sm sl g al’:&é‘éﬁmﬁ‘ﬁmd RERL HRASHARLNPRVES the signal
profiles, I ent sotvvare determnes the relative poSition of the
user devneecémigu@&]:hqm de\deet efheichien spitwarg e@gp%:pﬁhe obssoied iBAad bacaess noHEs
form of t ude . T

provi ded” %%1108% erllt1 > re’fcf%%e %%g? {]ﬁgﬁf%%%’ss A?ﬁé %ﬂlg‘?ﬂhﬂgﬁ? ettrr%%logc al
sear ch wab dsiites wdll @et inmnrgaivedimeaisstie mferand da&bisesen be mamtely

[ 0030] Preferre of the i,nventio

VAR onaBFEE g auT e BB AR T he TS AT ED B id SRrpBy Aigpover

posi t i onp@ftel JTRI Ao acEERE PEMATRE athdriRE RN BEs dolle@&L OrThapoRenprbfile may be
enbodi nents of the invention nmay be incorporated in_|og |c enbedded in

posi t i ongangrasdriramup eoljeptia) olgradings thet ApresmtiheRp Ve Of e Stﬁﬂa Hrgy y@iops
[ 0031] Unflesi a0 eusqgg{éwmtwn%ca%ﬁs %ﬂa\@%%f QBfileh 1Fe QreResiRArEddomimt a

position estinate a WLAN- enab nmobi |'e device is estimted based
on the cteedaie pasidan of tham;erdf:vltsm@%b@éslstepwm its gpoE@Phie cpdiagies nhe

e TS A oA B

access porfl prints (or the coverage
ar eas) inpﬂlbﬁlodﬁklmhtaeﬁ‘l@dd‘ﬁﬁ&'s,docailtsﬁirc&ir\aebtmsj fleet iwtagemém eystdmes and
expect ed ror .of the position estimate. In one illustrative

i npl erren?ilt li§Fiche expected error of the position estimate is

bounded fagsgihe ProR-H@SMbROMRNRIS iR identbn ag baasdss a WoLANnklled davice
used to estimate the | ocati on of a W.ANenabhl ed npbil e

Ther ef or ', determingant Berataexpseadiersny of PRGNS sHRates nkdr SapP 80‘9‘@1“5@‘83 Frea
anong t hg, .aGef %m n%o%ﬁ% oistﬁgln'ﬁ}é[ﬁgntn‘i’ay%tlﬁdﬁ?ﬂo@atw‘% 1bg6 ahb&Ac®in an

end user in a ased positioni ng P)/stem The expected error is
directl ypmsnrqneigamﬁdam[ﬂ@ﬁ]tﬁéles\ﬁhm\fe@m ledderienyd fngurglbt ect ed WLAN

access pﬁj(?gi/]er 3 ygdérho% e%e gty c'sz"fr(tﬁg ],],']Vél‘?lﬁg qﬂé)é)%;gctgy eﬁ%r o%vﬁ)oglhgn estunate

smal | est € error can ten as
f unct i onofof Wiy -siadlddansbikaeeicagastaattdbdseden the ch{dtagerayed F@B zf tfke

s ol | ouesssgoRasel 1 hepodBs) R b EaeBre feach &b abgonetante Mier

t o scal egdifigedvtbaig poihtsHBEdnBRIbre8 QS EIGRHE fdt BAnts (or the coverage areas) of the
detected access points are used to determine the expected error of the position estimate. In
one illustrative implementation, the expected error of the position estimate is bounded by the
smallest coverage area of the access points that are used to estimate the location of a WLAN-

enabled mobile device. Therefore, the method is based on finding the smallest coverage area
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to the actual error in neters. The paraneter |IC translates the

m ni mum coverage in ni2 to error in nmeters. The paranmeter ICis found
enpirically by considering enough sanples in the entire coverage area
and finding the actual error and the C',", value. The actual error
can be determ ned by conparing the estimted position provided by the
WLAN positioning systemw th a known position. [0034] The coverage
area or the footprint of a WLAN access point is defined as the area

i n whi chemongithpresassipolds thestsrg esed &y pssimatedthe psttiontof am endyeser incufVaAN-
access pl?efs@cf ?osﬁﬂ?lin%%yﬁéﬁg hebGRARH A0 i@ﬁﬁgél Bk bt oL chiiaM
systematicalTy scarrnfng a tardet geographical area contal ning many
access paivatage efdktecedoV BishpeRess povesd  FEhaexakct &t ereom it denpREBY esadpbes at

known | ocations. Wen .all the.sangpl es of ,a given access '

consi derSé‘&%lfeft%v%r?%erfag?rt?tegeb\yi Gty 81§ TP far?ebelv%}t%a/le i“on or E?Ihgﬂhgénglgergrtpl es
i's used @vedBe b@liewé:or of the size of the coverage area of the
access point. In sone enbodinents, all RSS sanples are considered. In
ot her inplenmentations, sone RSS sanples are ignored if the RSS is

bel ow a given threesop?g@l.. If the total nunber of RSS sanples of an
access point is deno d’“"b)y M and the correspondi ng | ocati on of RSS

sanple i is denoted by (xi, y,), the standard deviation, rs, of
coverage area is, calculated as . follows: C = Va2 CY2.Xx .in which ax
ond oy dB5Tihe Tpeiudios Bava fiorr: grbearew T Suvels SSHE fRRDai e,

respectipabys: [0035] Figure 2 illustrates an exanple of a WLAN- enabl ed
nobi | e device and WLAN access points in its surroundings. In Figure
2, the user [201] detects W.AN access points [202a-d] in range and
estimates its Iocaethigany usi ng the detected WLAN access points as
reference points. Thecadtcess points [202a-d] in range have different
coverage sizes [203a-d]. The estimation error is bounded by the

m ni mum coverage [204] of the detected access points [202a-d]. For
exanpl e, [0033]t he Theprrygeter K+ipa cenflast a@@beaut%@a{ezfg%\aa}ue&f SpRlesh EQVEEAgE area
point [ %ggﬁtg achyal 61,19% iR RS  THe PR r AR R Maf Atk d WRE hnPRmSA @Verage in m” to
corresponding to the position of user [201] 1s 100 neters. )

[ 0036] Unatear iromkiers. Silo patiametet & tsffowrveenimisieatityiby gpnsideaing spweh samples wrthof
a position estimation_is.esti oW, t

ol nts. sPLrSTPiiE il ahPuiid 460 PG CRrvE BE EFpAtAcaPES
geogr aphdetermizdtbly@bm@iriigtke eitinacddadsizion essided by tis. WBAANepmaitiphimgssierhe

i npact of, the spatial spread of the detected access points on the
posi ti onVERE KPRV BN S or is illustrated in Figure 3. Figure 3

I 11 ustrafpgseja WeNeRoaRE 6da BDRE s teiatioe 8 WIS hodshd foinded dined aoupe ass
poi nts [302] and W.AN-enabl ed nobil e device [303] with det egiled
access paivrhieh 3 334N-emabledangbilsgieige pacdetschite BRTURYE ace°sH BUPE d e FR(FI32e
and [ 303%‘f95@&n%@9é§@g@§t r%g F({uﬁh 63 s%s%&éz]tic@lﬁ@sché@ﬁé a fa?g%?ﬁ%ﬁg&é{)ﬁlc)ﬂ arddre

figure ilTlustrates er estimation error for nobile device [301]
with a renginineignsmebdsepingypadiredordipg Reetivefl SippektireagthRES s sarpdesit s

t han nobil e devi.ce [303 L.C relati . '

spr ead Oaléltqg%attlgﬁs' a@g%rls%l t‘ég %ar?{'] psl&aﬁﬁ?{;seglaat%léégygé%trag‘g%&g{d e%(@ ’gttgé gtja%%fdnt s
can be rkaitioedf thy ldchBorssfanaRE 8 sateplesit uesd a0 fn ifd@ator bbihasizenf the t he X

and Y axis, asx and usy, and then findi t he | spatial spread
st andar cOYEVERETD th@% ?%lcﬁfsl ROV~ Eh?ma:cr&'oagg@ts? éﬁ %g SFRR“EXP 8%‘138‘%%  Por
di rect | yothQ'ikpletefftivist bridRSS baaniay de favieatf BROROS issRRIW akivepieatold.

1 If the total number of RSS samples of an access point is denoted by M and the corresponding
location of RSS sample i is denoted by (x; »y), the standard deviation, o, of coverage area is

calculated as follows:

. 2 2
O'-—-.‘/O‘x +0,,



eccf (0- s) An exanple of the above function is as follows: e = K
so; 2 The paraneter K, is a constant nunber to scale the output value
to error in neters. The paraneter K, translates the square of the
standard deviation in n2 to error in nmeters. The paranmeter Ic is
found enpirically by considering enough sanples in the entire
coverage area and finding the actual error and the standard deviation

square val ue. ters |j calculated b the techni
descri bel# ";BG)}V%* (‘5’@3% Hgﬁ%‘?' aﬁ%@?“@%g’ﬂﬁfg\‘\%é@h%ﬁ%ﬂ? 5y EsPgegKe! t he
expect edjggssjor efguse Winbhar@nakkadpeebh e AR \ehafed MobildleMe RASWII AN N
systemis estl mat ed based on the nunber of access POI nts that are

S

det ect edaccess pointyistiis susenndingily Higre?, thauseelRBbldetagiseVEON 29656 8Ri8ls as

t he nunb t

VLA enair 2 LT AE S8 ABERS T BRRNLTL) PIERSARetd QLAY s P IO
poi nt's [#02¢ncandinfs4D4g accmsppmtst [R02d-g/], in aavgte bate diftrent qouengs siges [$0469].
and [ 406 respective i ure dllustrate

error of o%gfﬂgﬁ?f‘ GISH 1%%%“@?9 F BURPUFD COVW%\?\@Q%E%I%%%&E% %Se(tiggomts
[ 403] bepapsa]. dforichanyle, Giﬁﬂleli'adﬁusrdfﬁ’fe @b erageass[2084] R sheliseds p@nqgozam e
it posit] on Therefore, the expected error jis c rreI

i nverse W0 RHESAHRHEX Y 8%’3’@@9%8“%{6@5%’0%‘?‘%{% eP‘PS‘tl\?”dgﬁ‘B‘frégmhﬁ%loo

nunber of,.@dgat ected access points that are used to | ocate an end user,
the expected error can be witten as follows: e oc f(-1) An exanple
of the al¥83d qu@ﬂ?l‘@rﬁhqff}mh@dlﬂ’GmF gfithe inventiqu, g experted qygr AFERBIIRM i s a

const ant TSEH{JH&E ise ]p‘ﬁgt@:!l Gas'éél" 81%964/ erétde%f:teh Q@ce@ﬂﬂﬁﬁtk 2 s{aeﬁmﬁ& E%aed, He., the

nmeters. araneter KN I's in neters. 7
par amet edisthdeitetvWeon itk Eﬁg!laplmc azlchtyorbgf tmﬂmcuﬁrapcﬂgs peintggAnsaarpple of the

the entire co rea ng the ac erra

val ue. EV#8ft qfﬁhﬁéﬁgﬂgpqeg %HF%E%%%&&%CB%S 88"Rg b Ont ep%segﬁ%%gqﬁée&gé% & %ped
above. [DRSEddnid&iouod BleFlgﬁfétmuum[Hs& WLANh@able! enbilodevide {20 Exptct ed
error of a W.AN- enapbl n .a AN i stem
is esti n%ﬁtwd@aseapeﬂ*ﬁa%ﬂ%ﬁ%i k@-ﬁ ep3 ?ffemelah\%m? Eﬁﬁﬁ) tﬁﬁ%‘?&?i $FEh
error. ThandhiRe PR ANRELRHToGAsH AR dalicts [BOE 04 PR3| ed sRéw0by Gifcl@
position estimaie are as follows: (1) the smallest coverage of

det ect ed[388Ladd 3¢ irempsctivelyi ‘The figyredistiaiper SEallps CEIRASOR SBPT ﬁ%WBEﬁle of
det ect edy3¢C88§61RANY I%Ia’n%'é% iﬁﬁ%r spdtia) spphd ¥ BetBlte SRR Fbintth& AR e

det ect ed accgss poi nts
device [303], which has a relatively larger spatial spread of detected access points. The
spatial spread of access points can be measured by the standard deviation of their location in
the X and Y axis, o and oy, and then finding the total spatial spread standard deviation as

follows:
o, = ol +o.)]
The expected error directly correlates with the standard deviation of spatial spread. So,
ex f(a,).
An example of the above function is as follows:
e=Ko,’
The parameter K; is a constant number to scale the output value to error in meters. The
parameter K, translates the square of the standard deviation in m’ to error in meters. The

parameter K, is found empirically by considering enough samples in the entire coverage area

and finding the actual error and the standard deviation square value. Error in meters is

9



[ 0039] The above paraneters are correlated with the expected error,
but in ternms of the absolute value they have different dynamc
ranges. In order to be able to conbine them their absolute val ues
have to be normalized first. Normalization of the paranmeters is

achi eved by dividing them by the standard deviation of their dynam c
range. The dynamc range is the |argest and small est absol ute val ues

of all of the access points in a giyen coverage area. [0040]The
nor mal i z€ACYRF ’fsé‘}gstg‘éé?ﬁh‘ﬁﬁuesqeﬁﬁfﬁ?ga Faged or they can be wei ghted

accor di nmosP t hemasOmReMmbydinBntéBF B PR #ANBiRId Ploedf £1E.ANe
expected error and then averaged, which is called the weighted

aver age. enablicd mabig devdesin enesitighing syssem icesbneted based on fhe nypdgrefcy
of error A . ) _ o . ming
et hod. . TR et B rfadRi, FRIRA Dl U Ao R e )
metri ¢ fomizaofidoéciddrecesapaintstisrsases dtigure d shovestwoHBL Adleenabley mobile he

error predicti ] The .correl ati on. of ch neter.wth the
orror medisis LA a0 UG o SR ELR R R PRI TR ER A Pod bt
err OL ESésitiE‘ﬁteidq:ﬁsig‘eﬂisﬂ@dﬂ aﬂi&@@é]h,@évpé(ﬁivalyl drheﬁ(glelfefilillfs'tr_euaﬁ thagthe exmfédt 0
wel ght eac thod I1n the wel te ver a a t1on. corre 1 on
Coer 1 o| Gr oF B ssmate Ao T for LR -caglsd Pobile Styiceantl pems oihs 1y
for eachgpatABIRF oPREQH poRistisdiibolcb@h e it JoLBE " TIRTeSRMME @Rpdci ehbeis

t arget ed geographic area b inding the actual error of a position

f .
est i mat ecaarstptes wigh tie intiersg 0¥We_né@b¢rrﬁeftdéact_9@ ragsssgrointh &f N denqiesttoe nupker
then det & dllddioldodciepdifll il 2k LRI 16 RRblelafIcfill bser, IPLELOL PerrdriEn be written
correl ation coefficlent shows the statistical 'corrélation of an
esti mat i srfojpawaneter with estimation error, and it does not show
exactly the quality of one sanple of the paraneter. For exanple, one
instance of a.@ogit) on determ nation m ght have a very snal
estimation error,ﬂbut the smallest coverage area of the detected
access ph BlaniTt fthe BV RLBILYRlX diphe: [n this example, the
smal | est’ coverage area of the detected access points is not a good
indicator of the error, but it is still weighted wth the sane
correl ati on co@é fW@Eént as ot her sanples. Therefore, the expected
error using weighted average of the error paraneters is witten as
f ol | ows: TiZ peracete Hanb A cons@int dunitida fdlscalethCsipwt of the ejjidtiphlf@erf @i telers.
(Cfc + .+ ..1n the above.eqguation,. the standard deviatio
per at or TSRyt e rRaa o eae Tot BeRuarey e Rt .
N., and &msidéthgSdnough sahples i thebhtire @30ekrige ai@sind Ghilmg lthe. actiaberror and the N
correlation coefficients are unitless, The correlation coefficients
are fountf! WH&WFS?YSBW%?}%?@@F Wsing 1A Eﬁﬁb‘ﬁq‘éﬁd‘{?ﬁ? d ?ﬂovtehe entire
cover ageppgifa apHd&OMRAEMDEIHhEAs SXRE GhvesidY fiRlexMictdd ehbofchualN-€er r or
for each sanple. [0042] Under other enbodi nents of the invention, the
expect edenebledmobile devirsdn #{VBRAN positioning system is estimated based on combining

multiple correlated parameters with error. The three parameters correlated with the expected

error of a position estimate are as follows: (1) the smallest coverage of detected access points,

Crmins (2) 0ne over square root of number of detected access points, 1/ JN , (3) square of
spatial spread of detected access points, 0.,

[0039] The above parameters are correlated with the expected error, but in terms of the
absolute value they have different dynamic ranges. In order to be able to combine them, their
absolute values have to be normalized first. Normalization of the parameters is achieved by
dividing them by the standard deviation of their dynamic range. The dynamic range is the

largest and smallest absolute values of all of the access points in a given coverage area.
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estimate is found in neters froma paraneter that is correlated with
the expected error. Assum ng that there is a paraneter correl ated
with the expected error, the estimation error in neters is found by
mappi ng the distribution of the error paraneter into the actual
distance error in neters as found during scanning the targeted
geographi c area. Therefore, if error in neters is denoted by de, it
Is found as the result of the mapping and can be cal cul ated as

fol | ows: [004Q) - ([The parapbiped Rayarpetess Cayges My @ veRead sy o Payeiehisfue of
a random.RLReesS e, cRav i wlcﬁ emrpa%été}%réfa%é aRle %%e%&g ehbeamitiRgdar d

devi ati on operator 1s shown wt . 'The average and the standard
devi at i oaverfgedievideldis saldgdghé waughteé mmgec‘é&eig}ltzbg e@bmgmuerrmh@f eriee

S| DU O o YGRS RICRTRL Sl S Q8T SBIRIERII A B ycoplibpt ed from

t he aver agbiniak u&t}mﬁ Tlhnaquamq:rmttbar weiglited a\&régelabptmch iy defirdng/brbtrimkor N)

= 0.172 1ea% G Qhe parameg:rs tﬁatxr%gasgrese thg:' agc%%a%y?:f %e erTor pre§10t1on38' tm
[0041] The correlation of each parameter with the error measures the accuracy of the
error prediction of the particular error estimation method. These correlation coefficients are
used to weight each method in the weighted average calculation. A correlation coefficient is
a statistical parameter, and it is determined globally for each parameter based on a sufficient
number of samples for the targeted geographic area by finding the actual error of a position
estimate and also finding the estimated value of the parameter and then determining the
correlation coefficient. Therefore, the correlation coefficient shows the statistical correlation
of an estimation parameter with estimation error, and it does not show exactly the quality of
one sample of the parameter. For example, one instance of a position determination might
have a very small estimation error, but the smallest coverage area of the detected access
points might be relatively large. In this example, the smallest coverage area of the detected
access points is not a good indicator of the error, but it is still weighted with the same
correlation coefficient as other samples. Therefore, the expected error using weighted average

of the error parameters is written as follows:

eoc|C,—— \/Z+ G’ X !

J(Cmn) O—( 1// ) O_(O- ) (Cc +CN +Cs)

In the above equation, the standard deviation operator is shown with ¢ and the correlation
coefficients for Cy, N, and g are shown with C,, Cy, and C;, respectively. The correlation
coefficients are unitless. The correlation coefficients are found empirically by considering
enough samples in the entire coverage area and comparing the expected error with the actual
error for each sample.

[0042] Under other embodiments of the invention, the expected error of a position
estimate is found in meters from a parameter that is correlated with the expected error.
Assuming that there is a parameter correlated with the expected error, the estimation error in

meters is found by mapping the distribution of the error parameter into the actual distance

Il



a-de = 29.0 m Note that the standard deviation of spatial spread of
detected access points is determ ned based on the |atitude and

| ongi tude of access points. [00441An exanple of the correlation
coefficients is as follows: 0.30 S. Ce,CA'"C, 0.37 [0045]It will be
appreci ated that the scope of the present inventionis not limted to
t he above descri bed enbodi nents, but rather is defined by the
appended clains; and that these clains wll enconpass nnq%;' ations

[
of and iSHoF SvERERtas fquad WHERS $r4aniRg he adet RISEFPhIC\ATES: Thezeiprealt FEEN s:
1 Ina PR bich 891N ; hesBft bF R bidAGinkA8d PASId daRi1aR 28

WL AN- ena]ﬁ%égllg%\?ib%g?pgﬂgr%? %0313%% {hgsrisiglrirg i{ﬁﬁtg&aggmgxpect ed error of a
posi ti orfoBesvi:mat e, the nmethod conprising: the WLAN-enabl ed devi ce
receiving signals transmtted by at | east one WLAN access point in
range of the W.AN-enabl ed device, the at | east one WLAN access poi nt
havi ng an est4wﬁﬁg@5¥%@wé?=eristic; and estimating an expected error,
internms of distance, of a position estinmate that would result if the
recei vedqosdynal Nofetiemtehecage Vaasst aapsloll pdkas dakswpoithta baesethused i n

a position estimation deternnation based on the estimate
char act GRNF eed BF PR B8 OPEAET (RARYA BLBSL TR R 71 B gEndFd  ne
WAN enafl geoflsNd,GRd o WREHEIdent I8 cAX RO ChRTHRhE Ble dMtEBlitoh Df thebEpardrhdt@s
accuracy of the position estinmate.
over samples that are collected from the entire coverage area. An example of the standard
deviation and the average value of the parameters are as follows:

o(C, ;) = 2.7546

ol Y =01721
o(c,”)=3.8707x107

e=1.5613

o, =0.7458
d.=381m
o, =20.0m

d,

Note that the standard deviation of spatial spread of detected access points is determined
based on the latitude and longitude of access points.
[0044] An example of the correlation coefficients is as follows:

030<C,,Cy,C, <037
[0045] It will be appreciated that the scope of the present invention is not limited to the
above described embodiments, but rather is defined by the appended claims; and that these

claims will encompass modifications of and improvements to what has been described.
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2. In a WLAN positioning systemfor estimating the position of a
WLAN- enabl ed device, a systemfor estimating an expected error of a
position estimate, the systemfor estimting the expected error
conprising: a WLAN-enabl ed device for receiving signals transmtted
by at | east one WLAN access point in range of the WLAN enabl ed
device, the at |east one WLAN access point having an esti nated
characteristic; and error estimating logic for estimting an expected
error, in terns of distance, of a position estinmate that would result
if the received signals fromthe at | east one WLAN access point were
used i RygytRO8kiklean:-esti mati on determ nation based on the estinated
characteristics of the at | east one WLAN access points in range of

the WLAN en i . i . ed erraor i.Cl s .
ol ati g6 aotth S Rpb R bl e a8 IR MUEE G e dovice o
t he esti mat ectlodaf agineatingtah expetad@rat of epsiticnretimbte) @e aietwd coingrisihg:

strength, estipmat raphi c location, and sigpal cover ea. 4. .
Srength, ok PR GRRILERN CLotaton, and ol gnel cover 2 AleR, Loin
poi nt bei ng est iymh&coiie WISANBhAMIH &8R! the hiNBast I8¢ TN LRGss point_havin,? an

geographi ¢ | ocations at which a WAN-enabl ed device receives ‘a signa
fromthe WAN aetiaptedsdiarpeterigtec éRdri ni ng a st andard devi ation of the

coverage ar @ﬂiél%gigg dn BdcR28 ASE ?ﬁ E%rgg gi(%ﬁ%%ami osliRG Abd, R0 gagﬁg%ﬂﬁ Jesult if

estimating t erage area @ actess’ pol nt base
standard devi at i otheoéceived sigosle fragetharielaast bne Wi Nvedchexchoft wekamsad in a

the at | east one WLAN access int .includi plurality of WAN
access points, ankPstip eéglinFWH{)_ SRR #%SF? g’f‘%&? eﬁ%’i’]ﬁ@fi ér\{asr perisgpes of the at
spread of di st anCRafIShWSENARSEIRBHAA iH QGE dPiHe SWPASH dnb®I8s d&ficd, Merein the
plurality of WLAN access points. 6. The nethod of claim1l1, the

estimating the ex@@eeedcwprspdigs arplatiysaspurparpidhe pasition spénpg. based on

\C/\E Z rNgﬁgglr '63111 deg\?;\?ﬂ;p(eﬁ Bb RS fing SRANPRE M8 GG SitBRIEE WIlAKNAIRePleidle
system for estimating an expected error of a position estimate, the system for estimating the
expected error comprising:

a WLAN-enabled device for receiving signals transmitted by at least one WLAN access
point in range of the WLAN-enabled device, the at least one WLAN access point
having an estimated characteristic; and

error estimating logic for estimating an expected error, in terms of distance, of a position
estimate that would result if the received signals from the at least one WLAN access
point were used in a position estimation determination based on the estimated
characteristics of the at least one WLAN access points in range of the WLAN enabled
device, wherein the expected error predicts a relative accuracy of the position estimate.

3. The method of claim 1, the estimated characteristic being at least one of received signal
strength, estimated geographic location, and signal coverage area.

4, The method of claim 3, the signal coverage area for each WLAN access point being
estimated by the method comprising:

determining geographic locations at which a WLAN-enabled device receives a signal from

the WLAN access point;
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7. The nethod of claim1l1, the WLAN- enabl ed devi ce receiving signals
transmtted by a plurality of WLAN access points in range of the
WLAN- enabl ed device, the WLAN access points of the plurality having
aggregate statistics of estimted characteristics of the plurality of
WLAN access points, and the estimating the expected error that would
result if the received signals fromthe plurality of MLAN access
points were used in a position estimtion determ nation bei ng based
on the aggregate statistics of the estimted characteristics of the
plurality of WLAN access points. 8. The nethod of claim?7, the
aggregate s

29012931 © UBkAsHiES MRUIA Bliak G251 58 Pl BT NCHUEm AT AT
sum 9. The net keetiak; @idai m 7, the aggregate statistics belng at

I f d
<1 gnal covardgE g cof oREred bf BEHEANGRLT RO BhaERH! BB Sl Bttor

geogr aphi ¢ posi theebgerage drée pI ural ity of WLAN access points, and a
count of the plurality of V\!L_‘AN aCCGSSWEOI nts. 10, The method of claim
9, theJesti rmat MsgledREClalp ddbieat ledst ope A@ﬁé%ﬁﬁgqomtawhé%@a ppfrealibepinyLAN

based on a 5&%&4 ts sdhgﬂ{elesﬁﬁ:x@a@gﬁaaérﬁsﬁcQ&H%Q%p%ﬁé}sr@ém%ﬁ@e Bén%esﬁ

the plurality. The net hod claim 10 e expected error of the
posi tion es?fitmmt@l gﬁegﬁghldmpsnonwfpln@ﬂwtltymféVLAU fle@S swatsl est signal

coverage ar ?ﬁe %%T%Hg fﬁlﬁn AN tﬁg ESimnRR ) hréte%%)gctei i E e PO EIX esjf%iaéér&?%

met hod “of arm npri 5| T Fon

WLAN- enabl ebasdéwvn clearhﬂﬁﬁﬂcs)ﬁomlmatl‘&nlbﬁé SIveN af:d’e@s’rjhdlﬁten aztngb eftHe WNAN-
WLAN access ]%gig in range of the WAN enabled device only if the
expected erf fdeYi& position estimate is | ower than a predeterni ned

threshol d. 8. mied BetiaRd] ahe wLameilmb1&$@ev?c%tremlﬁ§g%ﬁéiketrﬁfgﬁm%@

error of the position esti mat e bei ng based on a wei ghted average of

at | east twolugflityof WLAN eoepescoads rarge of sheuW LadN-trabled dlebige.abe BA. 4N access
count of WQNB‘? hHanE}thﬁwﬂg@%% g&}@stgtﬁ)&m? 5 dstTRb{eR gﬁ)e{rpcqer@s?lﬁé Bﬁtﬂg pRl rality

the MLAN e |ce ected en-or
based on a efmaccsssgmaits an@magmarr%ah@émebted WiaANhatoeesd resalt ifttlse

available to es ﬁ/% l’rﬁ’ %«é&e WLAN- enabl ed device,. .and a
third expec’Eeéﬂ" ?%‘?a ‘r“ia 9 AIOHH PSR Bicddpp BRI ¢ he
geogr aphi c éh@xﬁiahb@ﬂ&e@ﬁm&thﬁ Mﬂg@ﬁss’ﬂc&ﬁtﬁ§a%égﬁ§steﬁi§ﬁb§ FAh&estithal@t | mat e
the position of the WLAN-enabl ed _devi ce e spatial spread being

based on a ma&cwgcsuétfh@éwailwféﬁmmce%ﬁs@@@&r aphi ¢ positions of the
M LAN t t
§Cces?h%lxﬂbt:1lécz oPMU&in{ ?‘Qflc?%éegtﬁ’?%% s‘é{ﬁ@% a| i 1 1 Rkt c!nQ?f Qakiiim Valgle a

WLAN- enabl ed 14." Th Irst, seco
and third empe’mtlmdrahver omeviah walge,baiangrage vgin, edtaadard delviatgpr, end a sum.

correspondi t,i.0n eff|C| ...egch correl ati on coeff.i ci.ent
ronsur Png. t M BEBET REGHR TS tekse e s e eah e s R e RO RE wpre Sieneth
val ue predi gtimateldgeaghptét |RALHET, sighdl coldiggd®Ed) @dphtal §ir@idrof Histdnd€béiveen

| east one WLAN access paint i ncl udi ﬁ a plurality of WLAN access

poi nt's, andeStH@ted:gseaeRIHC BpSiERNs Of therpduralityiof WA @esesppeintseindg count of the

i nver sely %lﬁﬁﬂ&d%kﬁ&c&ﬁ%o&%are root of the nunber of access
poi nts avai to estimate the position of the W.AN enabl ed devi ce.

16. The0. sysTJeermgthOttbﬁctlm@ theestiostingrtie edpetereavt ef ths pogtieestigatet being

| east one cel ve strength, .est. d geogr ic location,
and si gnal _eBUETaEAISLBR SR d ooV EBNG s PRI s Y
covcra]r 3gE ar g ﬁl&ho@afkﬂalM LOAM e p es&] Hirdf tHegokigo Sdtintid Rdnd¥irdche
met hod conprisin
r’rpproportn%’nal to the smallest signal coverage area of the WLAN access points of the plurality.
12.  The method of claim 1, further comprising estimating the position of the WLAN-enabled

device based on signals received from the at least one WLAN access point in range of the
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determ ni ng geographi c |ocations at which a W.AN- enabl ed devi ce
receives a signal fromthe W.LAN access point; determ ning a standard
devi ati on of the coverage area based on the determ ned geographic

| ocations; and estimating the coverage area of the M LAN access poi nt
based on the standard devi ation of the coverage area. 18. The system
of claim2, the at | east one WLAN access point including a plurality
of WLAN access points, and the estimated characteristic being a
spatial spread of distance between estimted geographi c positions of
the plurality of WLAN access points. 19. The systemof claim2, the
estimating W!?Aﬁ’&ﬁ?&éc?&’evﬁferoﬂly i?theldh RO rf-dr%f‘th%g) LB EsriRikdid 1(%??9%10&“
characteristics fromnore than one access point In range o

W.AN- enabl edredetgingied theshdife systen1of clain12 t he WLAN- enabl ed

devi ce ,Lece | s i

ot nt s Py AReBREPR Saly kI RERTHRE 4R Belted o M Pari e B R e

the plur a! i bg/selfhaﬂ kvGighogl Rgake oBitdédsstnoce a(lﬁrst&&pedmt@ﬂ)r value estlmated based
access .points, .an

characteristics of lurality N
esti mating PﬁéC%%@%FG&P%ﬁ?C@PS Repfs aw\gllaﬁd forestimating the H%S”r“éb‘éf tb%wLAN

signal s frogdole deVHE al debdndUxp Wi \iRE 8RS eﬂﬁ‘l‘leﬁ‘écﬁba‘éﬁfﬁl 8RS 1 Sighal coverage
position estination det er m nat | on bei ng based on the aggregate

statistics ofaphied¥kANaceass ptinisaveibablestpicstomaté tlterp@mpbm pélhrat\?\}LbN ol
access poi nﬁévlceZ dnd {iln?rdsexnééc?e@ e?rfor 9111@' crers]‘u%n(')a’te:dtb@lg’lﬂtﬂa p%?al%glsce% f t%t I cs

bei ng at | east one moni-Ram val
val ue, an ag@rga@hm\mlsmens of thé zmdmdccdes/pcaﬁts @leaalado Sstibndig the aosﬂ[dsleOf the

system of ¢ eate statistics being. . at ast one of
feceived si gﬁa‘{r‘]" ‘Eﬁ{}fww%g@e N S R N R T qn&gﬁft?ra‘ﬁ‘ cEs§ALe estimated
coverage ar Q@gra%hﬁ%ﬁﬂu@hs SR A a6licsd S aP ST BR N Bk ME Bsition of the

geogr aphic positions of the plurality of WLAN access points, and
count of th& I NeaptileddeyfceW AN access points. 23. The system of clalm

22, they es“rﬁ@ﬁafﬂgd BP&aﬁ%‘Pﬁ?ﬁeﬁﬂsPE&E}ﬁd %hd h{jl% ‘ﬁgé{}é&p\ r SRl RS \legﬂtgg

based on a smallTest "signal”’coverage area ACCOSS P
the plural i sogorddel toTheespysdiegratelationicoelidientshenck xpeditat ceeffoienofmeidneing

position estimate bei ect| ortional to the s II st si naI
over age. ar St e it sutes B g Pt Gl prais B8 corgpidnor
system®f clid ietBod bEEIARET, RONMEASEHIROVPAD 4dcOR pBRk IndRAINRG: Piediisy JfGWLAN
estimating the position of the W.AN-enabl ed devi ce based on signal s

recei ved fr#iertineing, andisexpased\wranebibe eegtigosstimaterbeingrigeeresty pieaoipan o
legs\‘g'r e?hgﬁvgﬁg ‘%3%%"8# éﬁ'tﬁ%ﬁurﬁlﬁ@ h%?' dﬁfoﬁﬂ& affilabi8%o BRSHatd AP p&ifidd BHife | S
WLAN enabled device.
16.  The system of claim 2, the estimated characteristic being at least one of received signal
strength, estimated geographic location, and signal coverage area.
17.  The system of claim 16, the signal coverage area for each WLAN access point being
estimated by the method comprising:
determining geographic locations at which a WLAN-enabled device receives a signal from
the WLAN access point;
determining a standard deviation of the coverage area based on the determined geographic
locations; and

estimating the coverage area of the WLAN access point based on the standard deviation of

the coverage area.
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26. The systemof claim2, the estimating the expected error of the
position estimate being based on a wei ghted average of at |east two
of a first expected error value estimated based on a count of W.AN
access points available for estimating the position of the MLAN
enabl ed devi ce, a second expected en-or val ue esti mted based on a
smal | est signal coverage area of the WLAN access points available to
estimate the position of the W.AN-enabl ed device, and a third
expected en-or value estinated based on a spatial spread of the
geographi c positions of the WLAN access points available to estimate

the posggti ofpetyddieoMikiflY eRERIES: dRWERN 469585?2%%1&1“‘1 -ra%aﬁg’iwlﬁ‘él\l

based on a distance between the estimted geog IC positions’o
W.AN access aggbspantaaad tlehdstmated ekaragteristic bhieg popatial spreafoftdistance between

WLAN- enabl ed .devi ce. 27.. The..syst.em qf ai the first, second,
o e el Soafbic PR IR Shubb RN deiFarhi® o

cor r espondi Mge e@lenebBdlAiOD, Cleedstimatieths ex@Red eg0nofthaposiforcatfihictcaidtbased
measuring the accuracy with which its correspondi ng expected error

val ue predi 8 Sharprter, &%ﬂ%mé?%manfa‘? WilfeN sgeesepRIpin g&nge ff e WhaNagnabled

| east one MylARN access point including a plurality of WAN access
points, and the expected error of the position estimate being

i nver s@Py piTbpsystanpeiailaime?, theeWs.giNrerpbledalevige rachivingumgnels tohismaidicd by a

poi nts avai |l ahl N th Qs Ll t nabl ed.dewvi.ce.
Do, "the- mot ROt 5y SEPERRY TG Ms bl i b IR il BURD B Ay Bfeess
posi tion espoimatod thiegdadligrhating agatiamitatktichaf adinate ShireGeristict bEthablurality

| east one M cess point including estimating the expected error
of the posi ol BBt et Mo Snahedly BHICCA PHARIEMO oot the
charact eri stdegise®ighdeiah theRsfaligNg WLANN LS ﬁgﬁtsﬂf’érghsedqg a po&ifion

met hod of claim 29, the statistical parameterS including at | east one
of correl at pssimatioe fieternianiion bestghaertran the sssaegabmstatisticrees, thaesimatach

vel ves, MBS RIPLS AV PG, Lo, g Ted e,
publ i c2and Phé ssateen dMdladid 20, the aggregate statistics being at least one of a maximum value, a
minimum value, a median value, an average value, a standard deviation, and a sum.

22. The system of claim 20, the aggregate statistics being at least one of received signal strength,
estimated geographic location, signal coverage area, a spatial spread of distance between
estimated geographic positions of the plurality of WLAN access points, and a count of the
plurality of WLAN access points.

23. The system of claim 22, the estimating the expected error of the position estimate being
based on a smallest signal coverage area of the WLAN access points of the plurality.

24.  The system of claim 23, the expected error of the position estimate being directly
proportional to the smallest signal coverage area of the WLAN access points of the plurality.

25. The system of claim 2, further comprising position estimating logic for estimating the
position of the WLAN-enabled device based on signals received from the at least one
WLAN access point in range of the WLAN enabled device only if the expected error of the
position estimate is lower than a predetermined threshold.

26.  The system of claim 2, the estimating the expected error of the position estimate being based

on a weighted average of at least two of a first expected error value estimated based on a
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access points for estimating the position of the W.AN enabl ed devi ce.
32. The nethod of claim11, the M LAN positioning systemusing public
and private WLAN access points that are depl oyed over a wi de area
relative to an indoor positioning system 33. The system of claim 2,
the error estimating logic for estimating the expected error of the
position estimate based on the estimated characteristics of the at

| east one WLAN access point including logic for estimating the
expected error of the position estimte based on statistical
paranmeters of the characteristics of the at | east one WLAN access

poi nt. 34. Then ey WIS Qfced MM §§a1la51|3%rsésﬂﬁlh’§ﬁé &8 OQ%%B@“&AN enabled

including at |east one of correlation coefficient
devi ati on vdevies 2 seani gypactedierres yalug wtlmmd\bamdema sealiplteignalnoverage area of

aver age val ye dlan va ) stem

WLAN posit i gjn?%ig‘ga SCEmPue Snad’agﬁlo‘f o eSfl 8‘[63[??%5{@11!\% mjé‘?e%@b%a%ﬁwge
for estinat amia tHd cRP&itdd @ror @filut Heln\&e@l\ﬂraeélﬁ@i £spatialdpeaad oBﬁae g&ﬁ‘g&aphlc
systemof claim 2, the W.AN positjoning system using publi

private WARPSiAnsod thsVEAN daqess paints ayatiabls topstivpate the wsa@néef 8@ Wran.
rel ative to0giblddHdORE, (ROSIatihIBHAT bSYS b&Y on a distance between the estimated

geographic positions of the WLAN access points available to estimate the position of the
WLAN-enabled device.

27.  The system of claim 26, the first, second, and third expected error values being weighted
according to corresponding correlation coefficients, each correlation coefficient measuring
the accuracy with which its corresponding expected error value predicts the actual error.

28.  The system of claim 2, the at least one WLAN access point including a plurality of WLAN
access points, and the expected error of the position estimate being inversely proportional to
the square root of the number of access points available to estimate the position of the
WLAN enabled device.

29, The method of claim 1, the estimating the expected error of the position estimate based on
the estimated characteristics of the at least one WLAN access point including estimating the
expected error of the position estimate based on statistical parameters of the characteristics
of the at least one WLAN access point.

30.  The method of claim 29, the statistical parameters including at least one of correlation
coefficients, standard deviation values, maximum values, minimum values, sample counts,
average values, and median values.

31.  The method of claim 1, the WLAN positioning system using public and private WLAN
access points for estimating the position of the WLAN-enabled device.

32.  The method of claim 1, the WLAN positioning system using public and private WLAN
access points that are deployed over a wide area relative to an indoor positioning system.

33.  The system of claim 2, the error estimating logic for estimating the expected error of the

position estimate based on the estimated characteristics of the at least one WLAN access
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34,

35,

36.

point including logic for estimating the expected error of the position estimate based on
statistical parameters of the characteristics of the at least one WLAN access point.

The system of claim 33, the statistical parameters including at least one of correlation
coefficients, standard deviation values, maximum values, minimum values, sample counts,
average values, and median values.

The system of claim 2, the WLAN positioning system using public and private WLAN
access points for estimating the position of the WLAN-enabled device.

The system of claim 2, the WLAN positioning system using public and private WLAN

access points that are deployed over a wide area relative to an indoor positioning system.
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