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U.S. Patent Application No. 11/430,224, Calculation of Quality
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Positioning System, filed on May 8§, 2006.

Background

Field of the Invention

[0003] 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 WLAN-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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paraneter(s) based on a set of observabl e sanpl es,

which are correlated with the target paraneter(s).
wo\ewsnsoy? of the estinmation can vary based on BEEUS2007/081929

quality of the observed sanples. Quantifying the

quality of estimation is one of the main subjects in

estimation theory, and in npst of the cases, s an
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accuracy. These systens use a variety of techniques to
campfi$ fpameasure radio signal propagation. They also require a constant network

connection so that the access point and the client radio 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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tune their accuracy including conducting detailed site
surveys of every square foot of the canpus to neasure
WO 20b805%BYnal propagati on. They al so require aPCDOS108T1081929
network connection so that the access point and the
client radi o can exchange synchroni zation information
simlar to how A-GPS works., Wile these systens are
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e position estinmate based on characteristics o
estim¥®AN access point in range of the WAN enabled

o] S B 0, EBE SRR S B e

devw@%&d 6 sihAs ioueMbiecdRan seWRAN hidREs REAH iARdRcOf tH WLAN-
N- enabl éd device is based on su%nals fromnore

enabltcth éﬂwgfn elnwwinrhercaspess, tho pecied eprangkthe posifien gitiapate is based on
charagtlﬁpgtﬂcs fo(%)?%r{ (fegglsn & V\;IEIAIILI @%Eeg?%&%? %\ raﬁ%: ofGKPRAL £ enabled

rtiron és
deviceharacteristics fromnore than one WLAN access p0|nt
in range of the WLAN-enabl ed deyi ce. £0010 I n
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numb%§ bt 5@%%’% %? ﬁs%%% Qihdte the% Bh P thc2HE A3F eRBIdA Rvie ed

osition of e WLAN enabl ed devi ce.
[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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[0011] In another aspect of the invention, each of the
WLAN access points has an associ ated signal coverage
wW@e®@a/057TBe expected error of the position estiP@Er/ES1087/081929
based on at [|east one of the signal coverage areas of
the WLAN access points used to estimate the position
of the WLAN- enabl ed device. [0012] In a further aspect
point isfestitpatel By slstermining grogeappicclpeatioas powhigh atkeApoziabl eérﬁievwe

e BB RO L R A B o
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error Y hblpesicbh edintieyisdewer AL & pradateanintd ﬁlresﬂnsbb dt adbirthdrewspect, at
I nvention, a pOSl ti,on estinma

least «metqf th%@tﬁérrp%&qnﬁswaf@%ﬁ kﬁ‘a?i%n E‘%mg%f ?%al%ﬁ% e‘giﬁ\t% Agress
pomt% ,’-{Eﬁ%n ﬂtﬁ I%QS%Qabl@J‘S‘eﬁée" QEtolt}Q:P affects! AV&Ist &{e dfiBe other
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positlpmsi;ttrhaies xssatowmdé)y esGBSéva@hdmvStti@elmuetcmed error of

ositi.on estinp | n.one aspect, .the po
100164t s e apeBn iy RE Tedeer s by GRpptifhan cxpeetod
error QP§ bbdi@dh &%Haf@k?ué&n'aWAN PavitichiRy 8eRhEMhal &€ichates the position
hreshold. In a further aigfct at least one of the
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estimP@sd Iogﬁ*ffoﬁ‘ésftﬂnmhg $hd p&)sﬂfo@\df @@WM@%W&& based on the

posi tioning system [0016] |n yet furt
receiYedesignalsdiam d Va4, afér§SSain,Vslfl e o eV il FW%P%QT#@“CC and
emor RRFRRL E B Py BESULLR S8 UL Bl Ut on
charaoferigti SAloANeeWAIA N decdesvpadets iTHaags yﬁﬂhe fW LA amdb]sd davice, wherein

WLAN- enabl eq. devi ce for receivin nals transmtted
the exppctgd mﬂwrggwsage%&wcquaawéﬁ@%e RFGPAR enabl ed

Briefd5%:FiStioR 8F DiiRhos €St i Mating logic for estimating the
‘““—pusrrgvﬁ“vf‘rhﬁ“ﬁ[AN-enabled devi ce based on the
[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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recei ved signals fromthe W.AN access point in range
of the WLAN enabl ed device, and error estinmating
wo o@Bo518T estimati ng an expected error of theP@DER100D081929
estimte based on characteristics of the WLAN access
points in range of the WLAN enabl ed devi ce, wherein
the expected error predicts a relative accuracy of the
WLApbaicesisgoings o fhetascurBey ef pobdivoesipmatom ofa Wiaviegabled mobile
devic 0017] In the drawi ngs, [0018] Figure 1 illustrates
‘ertain enbodi nents of a WLAN positioning system
[0021]] 00 18{oufd DUlStraed dd Skipdd 65theinexasPhe nafbar of detected WLAN
WLAN- enabl ed nobil e device and surroundi ng access
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e accuracy of a p05|t|on eésti mat e of
estimyeANo s o fedWEobeLwablleddc‘eces Det ai | ed Descrl ption

100231 no - EIfF ARt 1 o OB e i8R B bultaied eror
of pofiMoRt eslANeFS WILAN-Besc8 Yo b8 Bhing BPstém €10k RS Aited apabahite
WL Epl i cati ons describe a WLAN-based positioni Cg s stem

eacesaointer (Nase Hiadl S bluisde. 11@&0%&%@%6% pichWeEifase examples
of W%ﬁ’\han@%@[ %d'l"lge et § Riob lggg\; 136 gg od?c!a 1%@0831%8&1 95&3&% ?uﬁ ¢ and

ron de ermne expec ror

privaRfWDAN &dcoss gsiith aRd &iso ngs agﬂwé\bhmaadsm@sf tdchrnif g WLAN
system that use_public and g rivate W.AN access .
accesp ppitss forexgpale; RegerwdSigng! Sgeneth {hSS)dmq Difderengypf furrival
(D, 0P e oF XA P lorth MBI R RE 1 AN s
pointq{) ulnl siomeaandaodpné:nxatﬂee Mbhiie @cﬂfm@s&ekf«icmrsmam theaxpectédoggeor of a
aracterjstics each of .the N agccess .
posiigoirater bt DG Eimpany SRS Grire SofeherolRag anming the
surroﬂ_rﬁdﬁg WLAIQ ra@&%? SihtsAb ic¥Atkal sftd PR a @htrdll R UéERRiRACE.
Arrival f corresponding to each of the W.AN

exPeca@d:m poi nts In some enbodi ments, the nobile device

o024k S5LETSRRR o LSGSHRTEHFS S s s B KB e

quali§®Tdise pdiRionastihate. dfhisSHanbé fgfilRehenSoltipledisintign \BtAdhtes are
access points to a central site where a_central server
combgedear nyhee she Wa-AN-bpeagtpogitien egimates 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 to 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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[0024] The expected error of a WLAN position estinmate
may be used to quantify the quality of the position
w@2a0sMs1787 This may be useful when nultiple poRCT/US2907/081929
estimates are conbi ned or when the W.AN- based
position estimates are conbined with other position
estimation techniques, e.g., GPS position estinmation.
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thus, %P6 LgRIghIcor of each estimate is used as a
corresponding quality metric of the estimtion, which
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It ti,mat b d 5 WO 008/ 052737
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expec ed error Ses
dlscldsed lrﬁ&rlﬂfr fﬂﬂﬁaﬁphoa‘ncﬁstmnlaﬂmg bhOn@Eéﬁmﬁeel td KUSS slpmmi Apﬁ)hcatlon

o. 11852APR, s5BURE Lofiris threeb ool SpaetmBaPar AN o 261

898, BEBRYSELA for L?J a&ﬁ &aazzonmgacm&%&g B9, PhteH@APSication No.
I ndi cates "t ha partlcu ar position estimate i s of

11726l ;9&7qeuﬂnlthed Wetind, andtﬁbmtgm JomJuibEngindetatanl ReachpDatibaIdend U.S.

pate RS S 1 RLo R B e B RS, AUEHRSe i

AlgoriliBis Basddt drOMuRBar JTWefe kRS E - PIiRYs TBWRLRge IffUsthBevice, all
position estimate results are used to determ ne sp eed

filed @f Octoleel8, 200 aask plé@ incdudeng Btgop imitad foa/t du Batenﬁo@mltqabﬁn No.

11/43@??61,?@ t(_t)fl% e?csu?agzeo ggﬁt rgvz%ﬁhfnég%é% zh%e? zara erzzatzon for Use

in a VEDAO Pokebhisg csfvst&rh eanidny.8nPatedt AppliceticaNG.ea mloquesentltled
systens and nethods disclosed in earlier filed

Estimgiipn pféféffs!it&ﬁqusinm BiLdeN AerepubombRadip frersgatien Ghagactgistenn a
L T
incorgratet bg defﬁe:m/cem thair eddjprelgt IThgsd appdicatams Bﬁ@hbﬂpe&ﬁta@@s ¢&g gather
high Qi oltcaing dSEDE N b SBPT BP9 DESHE] (e Bek g oed i location
based%?@&%st@ de@Rnbie ge gBogﬁfJﬁ@tpOﬁBBh bERAWRANNAab1Ed 1A de 8Bing

entitled Location-Based Services that Choose Location
such services and techniques of using said location data to estimate the position of a system

user. The present techniques, however, are not limited to systems and methods disclosed in
the incorporated patent applications. Thus, while reference to such systems and applications
may be helpful, it is not believed necessary to understand the present embodiments or

inventions.



Al gorithnms Based on Nunmber of Detected Access Points
Wt hin Range of User Device, all filed on Cctober 28,
wQe®s/05asd al so i ncluding but not limted to W®&/US2007/081929
Pat ent Application No. 11/430,224, entitled
Cal culation of Quality of W.ANAccess Poi nt
Characterization for Use in a WAN Positioning
[0029$yst Elmarealn@bpwsa Wiah Bimositioping sttt i W) The pggtionipg system
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contents of which are hereby _incorporate

inforTpgHQErISHECHOY $RanoR ﬁbqnp@kwoadpﬁ%é%nabp Tine é%l?larsiwa Hb)ﬁtmfs the
OE Al

PR B P o 1 ALl ooty 0950 conas

uniquie hatdocad identifirdsednsen W s€a:dtiessdeller dienepdsitening software 103

geographi c pasitio f._a WLAN- enapl_ ed deV|c ut|I|z
recei 5 EHAGRPPRB AT 15 WEHH (1G58 PRR L2 ree any desr R
geogﬁ?&@l&c@tl&?gf IR GSerldagicB 981 LkiRh cRiraderdizt BB tH8 Siznal Hegcons.
sent techni ques, however, are not limted to

Thoscsgﬂsxrmsamjmnh:dh thbsacdéss ppios'e VAR addiess arrdcfbf: poengthsf the signal

atent..appli.catj while re ne
reachglgstgeé engﬁ«awg%p (i*epbsno ware.c Corargs tIEu r\?edt 58)251l’1 ar&{;ess points
with 84d BVBTRASOS dahbast P 041d€e E&%@d’}ﬂ)lﬁth &Vllﬁbl@ gRKor may not reside on
enbodi nents or inventions. 6 W) 2008/ 057737
the dPGH a33pB0F£0 1920 epopiopnts; theredereneetsiabage ganeagmotely
S
B
profild®€ ﬁll deviceess[pbily the Bathetighoutenahaspmiitétedi dFhd povgeprofile may be

hi cal
genergisArtean f calbsy li‘éﬁifea‘e?éé Besprese s G AR G Tom various

loca‘ugﬂ@t {Jghéﬂ)m Bt E)QE‘@(L sk%@ Qﬁésﬁroﬁleg NAL Slient BEMWArk @Bfermines

evi ce road ast Si gna or requests its
the rdlataepobisien oﬁt}mnmeladqsrcelﬁé()lr eqd dstermiBashs gegeaphiquiordinates in the

uni ard re identifier known

form 33 BAdE et et Thh g PP 20 g <aig Btiossed
appliSitPNabudAeR F9aR ﬂeu'id%?@ 14281 R8%hIlebasies FrePRhideembRiybtms and

range and determ nes the geogr aphic location of the
E911sntcedevi ce 101 using characteristics fromthe signal
[003(ggiaﬁ?pe§é Sodi nglgn ag %%r ‘;C%.{I I eng%l &jfﬁ%eW%?ﬁ\?éﬁaibled device
to defefBfiRiang ub(ﬂkﬁe ekpeettld eﬁ@kl bﬁ@osﬂ'ﬂmessﬁinlaeﬁt Fei0éxtawpi e techmques in

conpares the observed 802.11 access point th thqg a
accordpnqerwitl embediments @aihaiRg@tipn W]bed\mé%é@a ﬂbgg%ﬁ gmbedded in

I as wel |

posﬁ#ﬂ é%ﬂ%reo[g odRdre rrgggmrf@ﬁ teg 2 ﬂge&r}g?%ﬁg%% e dat abase can
[0031e r enidtedne enttadahad)of thElievenabertba e;q:)edmiabas ef ¢poditaimestimate

th ti.mat ed hic, | f i
of a Wi AQY £raiie) mebOea i i ELvael baehor Mg oRSeEbameRagal ofthe
access Bo %l 'n?scﬁﬁg t0 H&%e%’é/\w LA %Béﬂl@d ARYi108evife NG oA R ok dOMall the

ection of readings that represent the power of the
detecsddgprass fpoonts ararchusidered, dlocad growh §ot Peintsgon ﬂhéferﬁkmﬁﬁeaS) of the
detec!gegfag‘,:cl?ﬁ% %ggl%sngre %(s)e to d%{e%ine%slé e%p%gteg le{‘rgp E)f &N?on 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

7



the relative position of the user device [101] and
determ nes its geographic coordinates in the form of
wo 2008081187 and | ongi t ude readi ngs. Those readi NBST/HEBW07/081929
then provided to | ocation-based applications such as
friend finders, |local search web sites, fleet
managenent systens and E911 services. [0030]
amon@tief ecess gpomndtbeli arenses! tofestithate ithredecationrnf pmgndesen see WIbAN-

a W.AN-enabl ed. device, to determn.ne and dat
based SgRGRNA “GrrDr 105 Cposleri B Bt onuy seoligt PR Repmaties
coverh@CTHAURI WD ANBLRLEIsFRNEE [MheRxpetRciniR M gendfedttye, and the
invention may be incorporated in | ogic enbedded in
smallgsd o Yerassl in deridd byt e .[tﬁ@@}orcﬂanfoﬁ avTifenRs a histied ofjghgjseallest
of Figure 1. [0031] Under one enbodi nent of the
COWﬂWﬁV@%ﬁﬁ%ﬁ% the expected error of a position estimte
of a WLAN-enabl ed nobile device is estimted based on
t he covera%e area of all of the access points used to
| ocat e ethé (§A,AN- enabl ed nobi |l e device. In other words,
if all the detected access points are considered, the
signal foot prints (or the coverage areas) of the
[0032§et eEtEEhtAGHES SmBMs WS cleePetRBbly. (GhedRhAPIF dTehd fi@ction is as
expected error of the position estimate. In one
followd:| ustrative inplenmentation, the expected error of the
position estinmate i s bounded by the snmallest coverage
area of the access points that are used to estinmate
t he | ogat konp of a WLAN- enabl ed nobi | e devi ce.
Therefore, ‘the nethod is based on finding the snall est
coverage area 7 WD 2008/ 057737 PCT/ US2007/ 081929

anDn% the access points that are used %g egé%n?%e t he
[0033] o c af hopprametahielid QaEAN, RIMpopoealchbE W pOsTR i GRycrage arca
to thets%gfaggﬁlr?r-qﬁ ?ne%é??.e‘fﬁ§gar§fhggf glé frafklf&ChE Yni GiRTURE LA 1A to

mal | est coverage o tected WLAN access points.
error Irf metess. Shpeatanttterk. as fdund depot@ily by censiderohgteneugh samples in the
. smal | est coverage i.s denoted b 1" . the error, can
entiragVggeet £16h "3L DETRG e ACORT 7O G gilpe." Thgag i gnggcan be
deterthflel ‘B}V%'om%aﬁn the ©8fiatkd bOG8 prbRRichBY Ad WL AN BBSISning system
direct dependency. One exanple of the function is as
with 4 phdvawgoesiteon= Kc Cmin [0033] The paraneter Kc is a
00300 R0k BRI R LS £ 108N RSP gt st

in whitay AWELAY-ckibléd mobllatiescd g daicat e preioviar agess poimPThOcoverage
error in nmeters. The paranmeter KK.is found enpirically
area qfyan@eersk geinf sgoundugtysEampraly scAtipga tasgtieeetaphied S5

i ; R At 5B Sh (RSS) samples at
o gD T VA5 5500 0SB 5 sampe
know@aoqEbHhN gWhbie alé el samipied off @i ten@ncgss pointad chysiddred, Vierdthndard

,Positionin sy?tem ) o )
deviation of the locafion of the RSS samples is used as an indicator of the size of the
coverage area of the access point. In some embodiments, all RSS samples are considered. In
other implementations, some RSS samples are ignored if the RSS is below a given threshold.
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=,/0,+0,,



with a known position. [0034] The coverage area or the

footprint of a WLAN access point is defined as the
w@e@a/057787 whi ch a WLAN- enabl ed nobil e devi ce cReir/tig10e7081929

the particul ar access point. The coverage area of an

access point is found by systematically scanning a

target geographi cal area contai ning many access points

in whighdb.rand oy dxertge Reedsrd é@xvlaicglrﬁlxz @tdr}e ﬁmrmll(Msspp@aﬁpimdlvely

cat.ions, [
10035 LR ST It Sl RETRLAR P e LN
acces®boihitan 9 G @irb@mings. Inlﬁgﬁgs Slalﬁ@érqam}&idt@@wm}aﬁbcess points
i ndicator of the sjze of the  coverage area of the

[202az¢ldB sangs GnA estimafesibe cEpBARY Ysig: the defreteRYG- AN ppFess PP as
refereglgﬁéinqgr P adcBss ﬁ‘ixﬁ? ?dz%i ﬂg%gﬁ@fxé\/% frere QB vERRe sizes [203a-d].

es are ig owa give
The e&ﬂime{sdmérd)r is bcﬁurtdladaby d‘teahmlrumhenoverhgﬂsséﬂﬁafmb dstecn‘:d agress points
poi nt denot e Mand th i n
(2025 e 467 GFTenc AEDeSaREH 6 ¢ e%%vea%%?cﬁf%adﬁﬂﬁ Qg gpyss Bpiqy [202a] i

100 n?ét?r@ dag glagﬁf{ﬁrﬁtebtﬁﬂancﬁ%rro@Eo&&ﬁ@ﬁ(ﬁﬁg t@ﬂh@ %oélﬁon of user [201] is 100
culated as foll

meter2008/ 057737 PCT/U82007/081929 in mhlch 6X and 6y are

he stand rd devi.at | ove
100363 PR e s P o o BiyefiNs His Vet apasvan
estlm&m|e§tnﬁ£te@bW@6Nh%ﬁhh@det€&@d h&ceskepdin® aﬁi’@aﬁﬂl%pread ie., the
access points in its surroundings. In Figure 2, th

distangs detWezo the gegarapbicd OGALiAN 038@@@5605& a§€e5S PPiptsR aAswxamle of the
nnpawi Q{j alesgxt’eag%% fir de e%ted S@Etsé g@ingyon ?é Bgs]\_{l]cg}iees%ﬁ{aﬁgﬂ @r%r 18

cess pornts as er en e access
illustfpeddrih SF ifu2@2aFiurd B 11hﬁt‘tgt€s h WIGANLefnfablreé miobdledeviag 304

e S AN S v
p01nt£ FBQ)%? g %t: ﬂ{afté%l)q@% oRrofifobilB %e‘%@gs' §1§)§ nd{[ 9@3 CRY 8o oy circles

the access point OO net ers,
[305]tdnd Bi%ﬁlrmpmtemly nEitd fogurelhstrateoa smslmm1mgthrmﬂméor mobile

f use 100 t 0036]. Unde
devieB R bR AD SR o el bR b A C R aLSERR By e ppgbile
dev1c@f 3@3& PRBich hefla r@sivefBlhRn sﬁa%ales‘ii‘éaﬂﬁif Qddicbra @.@ce@@pcﬁﬁw The

etected access points are spatially spread

patletl lspread pEecanssepadEs vRTEDE mh@ug:é(bgfrtbp pepedarg ég‘(l{at@ﬂn Qﬁthqlh@catlon in
ted acc ts X8 t
the taﬂé Pt ° g|an§ Sfyeglbd then ﬁH@n g‘tal% agxg%géﬁgad dé%;({]d?x% defation as

followéte position estimation error |s |Ilustrated in
Figure 3. Fiqure 3 illustrates a W.AN-enabl ed nobil e
dqylceh{gadb “With detected access points [302] and
WLAN- e€ndbl ed”nobi | e device [303] with detected access

The &gb&&@ el{rgl%ﬂectli[ bSrrastkl WL ek diatRtd &ViffonkpdtRI §RYILCSS,
[ 301] and [303] are shown by circles [305] and [ 306]

resgefict yel y. The figure illustrates a snaller
estination error for nobile
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
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device [301 ] with a relatively smaller spatial spread
of detected access points than nobile device [303],
wabioslstias a relatively |larger spatial spread BET/US2007/081929
detected access points. The spatial spread of access
poi nts can be neasured by the standard devi ati on of
their location in the X and Y axis, (Ts, and o ,, and
calculatedrbyfusingi theytechriquodesrribgsbabioss. spread st andar d

[0037iew 8%1&63‘%&%% emfogjhme S of-ﬂlezm%?e t160 ét'he%§%<<?1c§idﬁe§)dr o-fa

error rec corre stan ar

enabléiemoaﬂct oO¢vief inSPWLIAN p@m@a@g S}Stbm 1se@t¢mfit€:@5hsed/@ﬂ the number of
exanpl e of the above function is as foll ows;

acceskpg th?fé‘rep%%ﬁ%’t s @sqr%tecglnc%ggrpén{heﬁapr%ed qrg:)rg@gqeéses as the
numb%xhgf (féltgcpétﬂtac %E Bglnttsoingrreﬁ t [;éfup@l i rs J@E%Lﬁ%—@%ﬁ&rrﬁgﬁle

transl ates the square o tan eviation In
deviceso[461 ] ard [#03 Jreithrdstectbt @ccopapaintst{¢02 |KikKd i 4304f] ,_cmsmbctwely, and

iricall derin noygh .sa in
estim@l praitiiilo S S iy ol Ay S eRe LETalet (i Fusexgpged
error Bﬁﬁosﬁkﬁ‘x%ﬁﬁﬁtl&?l\é'l@&éﬁ@r SAURK YRk SrobBE B&Ficd OUFB&'raﬁse of the
9 WD 2008/ 057737 PCT/ US2007/ 081929 cal cul ated by

greatansnun@et bleactess pninguescd és estintréelit abgitien. Toaefie, Urekxpected error is

correls%eﬁ W1W'cigl_mvgﬁs§6)| ori%%l?hel? 8 gete qté accﬁssg)%%ﬁpgc elng eg MG?{lalmber
of deted8d @FBebSpaSk M beAisbA&LdcaB ah B@d NerheE exgfected@E866an be written
oints that are detected. As illustrated in Fi gure 4,

as folioyes: expected error decreases as the nunber of
det ect ed access points increases. Figure 4 shows two
WeAN-/gAabl ed nobil e devices [401] and [403], with
det ect 8d access points [402] and [404], respectively,

An e3Ric G5tht %ﬁ%ﬁ%@ﬁ% %?%HIL)?/P.S] and [ 406]

re pectlv ustrates that the expected
error, ofl position estimation is |ower for W.AN enabl ed
N5t Fe ice [403] because of the greater nunber of
access points used to estimate it position. Therefore,

The phh@h et @dofdtim hulnber ©ACA1E s @ApIMOE Fhetdy@atidt@resi®dr @f meters.
t he nunber of detected access points. If N denotes the

In termg whunits, gic naeanecierdsy wde axpberp of b Rarapgier Ay i fggediemppirically by
cons 5 B0, SRR 0 S SRS AL T AN, DR 4 P e
valueaEriod il Mmagts is caltulated by using the technique described above.

[0038] Under other embodiments of the invention, the expected error of a WLAN-
enabled mobile device in a WLAN 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,

Comin, (2) one over square root of number of detected access points, 1/ JN , (3) square of
spatial spread of detected access points, 5.

[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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e KN ~FN The paraneter KN is a constant nunber to
scal e the output of the equation to error in neters.
WO pooB@©571187 of units, the parameter KN is in netRCBHUSZNE081929
paraneter KN is found enpirically by considering
enough sanples in the entire coverage area and finding
the actual error and the N value. Error in neters is
[0040¢ al cThanathabiged srargeteisean be himiy evategadrar ey cabbveveighted

00 Under i ments. o nvent|
accortig R AR SR o) BF LAk PRABISC A WD 18 CGRt Bich 4 hen
averafANWhRSik CAIRS thY weMhitedmveS g SWeightifgedAsethpefent of error
conbi ni ng multiple correlated paranmeters with error.
according te Hp aeupey Aerer Bredistpisanerd dapitale a4 ibipcersmum
combtli nagr?{ne@{od ?(F)ls el’?éé{é gtgg ]metgn hef‘e a\%c g ggﬁ%’\ﬁ deﬁ@\gtanﬁetric for
each cﬁf&)xe parameey thanuadsards oot ac@ﬁranyl obie eﬁ‘br petiedbed access

(004156t oEveesTEuionol ﬁé?%@ggn?@gzwit gtaf%%ﬂor P08 cccuracy of the
error Pﬁﬁfyﬁ%ﬁ Bf ﬁleEHa 1&1% re?rbfés%%a%ﬁ iR, ePHRECEREEIBIhbeftiRItnts are
ternms of absol ute val ue they have different
used mw@ghtc:adamgémd ih theovaighted @vdn@eatalcelatmnc (Anttnrméatlohemfﬁment is

mal i z ed fi

a statxﬁﬂ?qlngﬂa%g? Cl)‘ zs,'lptdﬁf Yst g:es hgﬁgqbgﬁ% l?c?r eaglE H?rgglgt&r @sed on a sufficient
numbgf ¥ Bhiplestibeiie k@é&ﬁ&t@& géﬂg@zﬁﬁ% geslByi ﬁﬁ&ﬂnﬁ Mh4ctddN€frbr of a position

ynanlc range. namc range IS t | ar gest an
estimgfiganfl ekse fiabsgl the estwt@de‘@lw ofgh¢ pghmelse arddes getgonifing the

correlﬁ%ﬁa E%fﬁgu?? € g[%)géegcgr%[ %BE%IGI%EOHVR(?%?”@ 1§r|4t gg%@? %\lre a§ta‘ats‘c1 cal correlation

of an egfinfidnSiafgrhstcraveli ag@thtion etbg¥nd &m&Enmhghteedctly the quality of

according to the_accuracy wth which each paraneter
one sgpRlgiof the R ESH ESt SETRNG: GRC HinEheh? p%fh%é@m%ﬁlpe Roight

have 5 %eé%“aﬁ%sﬁ%@h&‘?érg&t ﬁﬁjc tﬁé’%ﬁéﬁﬁ:@t co\%f gg taferzlg)f %Ccﬂstected access
co ent error accor ng to it accur acy of error
pointpmeght bt rdativedy hmogee Iidthéd axatiple, dredmallestsovéregopta ofithe detected

conbi nin aod.. The Xt st in the i.ghte
access PGS A RORORCLOTRRTR P Bety el SRR tagsepge
correl@f’}[)ﬁ BEIRERNL é@"‘btthéf":s‘ Tﬁl@? ST HeR€oraChH 'éﬁﬁéété?lfento‘i‘ @ik lghted average
predi ction. e correlation of each paraneter
of thewirtdn patsenegers @rwrm(asaﬁrfe%OWﬁe accuracy of the error
predi-cti on of the icular error estimation nethod.
These corsel ation 5 ficients are usgd to weight
each | Gethgd— a4, =g @G d—aver ion. A
corr el avilbmnboef foGl By | s 0@, sk pt (Gth €alt Gar amet er ,
and it is determ ne | obally for each paraneter based
In thePdbode S4HfakibR! @R tstag&ﬁi‘?‘@@xﬁat‘?cfn SRERLES sh@hn Wite cste@xﬁgfr‘é Erelation
geographi c area ndi ng the actual error of
coeffipaemist oo ), 81 dndat ereadeaMsth &4, adi g Ehespstivept éV tie correlation
val ue of the r anmet and then determning the Sy
coefT iR erbis ek BhieT CHERERS P& (SLbeBlibpy gopsidering
enou@P&hipI &l i8 Mhe SRNBoVeRRe Btdldnd cbephritdihe @k fddidnerrdfwifithe actual
estimation paraneter with estimation error, and it
error flyescheamppow exactly the quality of

[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
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one sanple of the paranmeter. For exanple, one instance
of a position determ nation m ght have a very small
wW@2a0BMs78DN error, but the small est coverage aPE€HUS$007/081929
the detected access points mght be relatively |arge.
In this exanple, the smallest coverage area of the
detected access points is not a good indicator of the
error igmmaets ab fundtduiisg seanhingwhs phgased! gaoetaphisaresarrberefore, if error in

coryelation coefficient as . other sanples. Therefaqr
meterf RelefofbY g “Er ol St S G Ea AUl oADK Fd0fed o
followgF ror paraneters is witten as follows: e oc CC,,,s"
+ CIN+C a,. 2X1N-~Ns 6(652 (C, +CN+C) In
the above equation, the standard deviation operator is
s@gwqfwﬁ@b(ﬁgan@ the correlation coefficients for
Cmn, a¢) and u, are shown with C, CN, and C,

espectively. The correl.ation coefficients .are
10043}, N et iEveeiee i GA BB IEEan i yiB{hger on the
variafB&Rid the 3lah¥arBYeGone SiRTABEIs SBOWH YthSATRE @Serhge dddahe standard
entire coverage area and conparing the expected error
deviatigrt ¢f d.laad a@tfu%lund empisically by eensifesiagpheadistrippiagm of fhepsparameters
ot her odi f the jnv [ e
ovr D5 SRR STROL LS GOl O, SURGAL A LG
deviafd@! @tethehvdridtvalise ¢fahé¢ pdramewdrart bs folewexpect ed error.
Assuming that there is a paranmeter correlated with the
expéeted 2e6r, the estimation error in nmeters is
foun g gﬁﬁging the distribution of the error
p&f 7 Uildeb the actual distance 11 WD 2008/ 057737
PCT/ US20 929 error in neters as found during
ségggSﬁbggﬁgﬁggfgeted geographic area. Therefore, if
error in neters is denoted by dei it is found as the
r ésul Po%f the mappi ng and can be cal cul ated as
f o |-005458 e-e)6(d )d e u(e) e e [0043] Note that the
aver age val ue of a random process is shown with a bar
on/ theg.1wari abl e and the standard devi ati on operat or
I'S_sht with o. The average and the standard
dél at1°on"of de and e are found enpirically by
onsi dering it he..di I DUt g
Note 31 8BRS U0 3} bt R BT o RTBEARALATEAS s B
based@nBille lafifudendpdgitafic bhaecedsaitas.d devi ation and the

aver age val ue of the paraneters areKP fol |l ows:
[00443 ( cAn example of thezomglatigp copfficignis 79as 0@%,512) = 3.8707 x

W 9<c,c,,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.

What is claimed is:
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e =1.5613 6e = 0.7458 de =38.1m o0 =29.0m Note that
the standard deviati on of spatial spread of detected
wW@ewess77ppi nts i s determ ned based on the | atpPeTus20am081929
| ongi tude of access points. [0044] An exanple of the
correlation coefficients is as foll ows:
0.30< _CC,CN,CS <0.37 [0045] It will be appreciated
1.t hae WhaNgwesisiontig systempgpeeséintating ierpdssioniod angtAN-eRabled

. tot aboyv. ri.be | . : ' L
devieg,dpotiot B a8 B bRE B RPLIE B Joqrteinfel Lt goppprising:
w || enconpass nodifications of and inprovenents to
Wiat WiLaN -eesnedésiae rbedving Vikkails tranahistedrbg aiVEL AN s point in
2008/ 057737 5@%&82007/ 081929 1. In a WAN
posi engmeiige feBied d&¥iFat i ng the position of a
WLAN- enabl ed device, a nethod of estinmating an

exXReaiie B pNitLA oBhOWILANUNEISH UBREEbasRd BR HR0dceived signals
conprising: the WLAN-enabl ed device receiving signals

t r anSomitheW IyYN acosypoincivasezepdithe WLAN eashded dvigehend

WLAN- enabl ed device; estimating the position of the
N-enabl e ' . - ' i -

r e R S IR o S BRGNPt s of he

enabivach N eviesepoianid rarggtaf miat Wilgh Nabnabt@bddvid, wherein thé expected

the position estinmate based_on characteristics of the

WL ANETERS Psedicty 8 relatiyerpcrageoline padtiop aiindiaibl ed devi ce,

wherein the expected error predicts a relative

2. alq(ﬁH LRGN 8 ddif E%&éi@@stﬁ&ﬂnﬁ?@pos_' ian&Qh?ﬁ{Lw-eﬁﬁbled device

claim1l, wherein'estimating t position o
is baswd SiNsignalb lffedh whewd then onesWhagedcasss wiiginalrangerod theryléN-enabled
devicthan one WLAN access point in range of the

YLAN- enabl ed device. 3. The nethod of claimi1,

wherein estimating the expected error of the position

3. eghkmdteod biclARSEdviRreif BaatingthSéipestell oot sMthepbdditsh estimate
, one WLAN access point in range of the W.AN- enabl ed
is basgé on gharacferisties gt O han calV i ATy acaees RAIR 18 s3nef gV LAN-
enmﬂgyg\gépected error of the position estimate 1is based
on the number of access points used to estimate the
position of the WLAN enabl ed devi ce.
4. The method of claim 1, wherein estimating 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.

5. The method of claim 4, wherein the expected error of the position estimate is
inversely proportional to the square of the number of access points used to estimate the

position of the WLAN enabled device.

6. The method of claim 1, wherein each of the WLAN access points has an associated
signal coverage area, and wherein estimating 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.
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5. The nmethod of claim4, wherein the expected error
of the position estimate is inversely proportional to
wa b@sesurar e of the nunber of access points useRPCT/US2007/081929
estimate the position of the WLAN enabl ed devi ce. 6.
The nethod of claim1, wherein each of the W.LAN access

poi nts has an associ ated signal coverage area, and
7. wideangthaked ohami ﬁatherﬁen estpeaingdhepnsetederrpnel the gpsifigrhestimate
t
18 basgc‘? Hé rﬁge sgnaélr%set S ﬁxﬁf v%pagg\% Ac%ﬁ%g‘z{lgee@g%lg%ﬁegke%oﬁﬁtg ﬂ?éod to estimate the
posmeﬁbf ﬂ‘EtWLAhBermbBadtdeone.of t he WLAN- enabl ed device. 13
WD 2008/ 057737 PCT/ US2007/ 081929 7 The met hod of
cI im6, wh ei tlmatln t he, ex ted error of th
8. etnilqs]ppde%fe qli whezetp the s PeHed fa r q RAS}tio; e@HIg‘llate 1S dlrectly
propo‘?@&%‘ #8e %@@es@glgﬁﬁ%owr@%é ACE 6B e RPLANS:cHER $olrs used to estimate
estimate the position t he WLAN- enabl ed device. 8.
the poRitennditho W lgtN-chaliled devighher ei n t he expected error of
the position esti rrate is directly proportional to the
snal naI o é{\l‘ﬁc
9, pgi?lﬁtn’é&%%é Oig.‘t a1m 1‘(%1 %?%gragé areQ ?OI'V\% th &I@Sa&:ess pOlI’lt 18

estimmkd\blyelmbbmddd@mpﬁﬁngg The net hod of claim6, wherein
t he coverage area for each WLAN access point is

estl mat ed by the nmethod co Si det nin . .

g &SRB 90 }%ﬁ%twsahn@ﬁﬁ WEAN- %HE{?H]@GVH%WEEV“ a signal
recefrgl%sth@m[glq%cesg g&mt he WLAN access point;

determ ning the standard deviation of the coverage

area based on the determ ned geographic |ocations;
anidteominimgathe sgnddrd deoatemgetha ceverage ar¢pebaged\pn thealstesmined
poi nt bas‘i;l on .t he stdandard devi ati on of the coverage
ar eaSBFPIHECH R 0f claim 1, wherein each of the
WLAN access points has a geographic position, and

Whsti@hiin£Bt coRiradegaréef thy MECANGicedss poinobastlen pasdtdridand
estimate is based on the spatial spread of the
geogfapHion 95bas $IverRge 8f€at he access points used to
estimate the position of the W.AN-enabl ed device, the

10. S pIq{eirﬁ’ét%(?cp&e@anﬁ'vﬂ%rQﬁ@% SMhawdi & a8&Ss fghiers atg@ raphlc

geogr aphi ¢ positions of the WLAN access points used
positiess andetleertih estpn&mtg theexyfected et afthe pnsitide ebtisienié 6@686111011 the

d of th d
B T B B ey ey
the WIOAMRURallEd HABcs tanghatidl sprMil @Eﬂn? Bagld chhedisRddel Rbw dprte@d
of the geographlc positions of the access points used

geographie ppsitienseofithe WlasN tacenss pointstsedomgtimateghegosition of the WLAN-

enabled device.

11.  The method of claim 10, wherein the expected error of the position estimate is
directly proportional to the square of the standard deviation of the spatial spread of the
geographic positions of the access points used to estimate the position of the WLAN-enabled

device.

12.  The method of claim 1, wherein the WLAN-enabled device estimates the expected

error of the position estimate.
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device. 12. The nethod of claim1, wherein the
WLAN- enabl ed device estinmates the expected error of
W0 b@spsBst i on estimate. 14 WD 2008/ 057737 PCT/US2007/081929
PCT/ US2007/ 081929 13. The nethod of claim 1, wherein
a server systemestinmates the expected error of the
position estimate. 14. The nethod of claim1, wherein
13, t Akepsshad relasmy |, wdeeein 3 sgyadyptemesHmates thorkpapted error of the
s sition estimates to derive at |east one of
posmg%gsﬁ{l?égér)i, speed, and direction of travel of the
WLAN- enabl ed devi ce and the wei ght given to the
14. pGéetmeaimdesitdamt k whsrdkathedgosinoh ketireatp &cised in emjwrctiof with
the position e ti.mat?. 15. The nmethod of c¢laim 14,
other RRSIFEH FUPHISIBFET o 1St PAI@OFEOoaeE Ang dfeclioR T travel of the
WLARXER6[8WevRE bR tIRfwdifg ith IR BRonBiiBateSs bRV bn iR pected
a predeterm ned threshold. 16. The nethod of claim 14,
error oftbe ppsition edtivzase. one of the other position estimates
is based on received signals from WAN access points
I B I : i :
15 AR E: [ SRR SO Ot K ynd Tt Rl
error €Sthe FB&iA6n eSimdie BMbWedhiya predRSribase chrpd®id. i oni ng
system 18. The nethod of claim 1, wherein estimting
the expected error of the position estimte. is based
16, orfhg midhogheledpinn b agereyt atdcast prg 0@%@@%&%&&%@3}6&& based
on re@MddTEE A8 SILAN 4cB&s ﬁb’i’i‘fpsexh raffe AURERS Q0 eMbFed iRtk
to estimate the position of the AN enabl ed device, a
second expected error value estimted based on the
17. sk inesghodsofptaim o wherireatdeashownsf ofithe otheppositagicestmates is

.poj.nts d to estimate the position of the
pmv“&%AWaeﬁggﬁj@aedg%({?ﬁboélfngasﬁate@'thi rd expected error val ue
esti mated based on the spatial spread of the

18. geugmafivCofdsin 1, airaf edtieatmgeessxpepted Rirsr ofsthel pbgition estimate

) estimate the position of the W.AN enabl ed da)i ce, t ge

is basgpap paveigiekatrragsiond firygspertgherirdialicsdnalse paes Py tignumber
. . : . e . O

oo SEORRRSE QUASTE Pyt M pcSamEptals, Vst

expecldieernetviag esfimetedibased &n thdhendlast sigel Lovetge secaitbe WAnIN

third expected ertror val ues, a [ accor di 0
e e b e P S 201 o B S B0 M Bt
error YA0E Eit%dt%b&@@%ﬁ k}@dsﬁﬁﬁal sPRAS T 1h8GebH8pIAc pusiAcHs Iithdaccess

which its corresponding expected error value predicts

points heed e tstmhate grerpositiop @f therlV & AN-ANbirsisieviceniba gpaips spspad being

el Sy ST R P PERL PRIV A G
estimPeIhd pRRi ARSI tHANELAN Raasiys temrd or

19. The method of claim 18, wherein the first, second, and third expected error values are
weighted according to corresponding correlation coefficients, each correlation coefficient
measuring the accuracy with which its corresponding expected error value predicts the actual

CITor.

20. In a WLAN positioning system for estimating the position of a WLAN-enabled
device, a system for estimating an expected error of a position estimate, the system for

estimating the expected error comprising:
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estimating the expected error conprising: 15 WO
2008/ 057737 PCT/ US2007/ 081929 a W.AN- enabl ed devi ce

w0 2008087787 vi ng signals transmitted by a W.AN apCEES2007/081929
point in range of the W.AN enabl ed devi ce; position
estimating logic for estimating the position of the
WLAN- enabl ed device based on the received signals o
f roMLAheenabliN dswise der rperivingisignplatigasaitted iy aWWANN access point in
enabl ed devi ¢e, ,and error .estimating logic for
esti%%??%§%%&ﬁ€§gé%?§ﬁdgﬁw§§ of the position estimte
based on characteristics of the WLAN access points in
r pogeonEstineinllddic ésrablidtinglideipostiombethe WL ANeenabled device
expected error predict rel atji ve accuracy .of the
posi baseﬂon s aForhYes Signgls e t@ya@éé?h’ Bfcedy iphipgange of the WLAN
wher gi.81hRigviReSihhi on estimating logic is executed on
t he \?\LXN- e‘r?ag’l eg devi ce. 22. The nethod of claim 20,

wherein the position estimating logic is executed on a
s ernveestingyisg éogic fig 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.

21.  The system of claim 20, wherein the position estimating logic is executed on the

WLAN-enabled device.

22.  The method of claim 20, wherein the position estimating logic is executed on a server

system.
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