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and Direction of Travel In A WLAN Positioning System, filed
on May 8, 2006;

U.S. Patent Application No. 11/430,064, Estimation of Speed
and Direction of Travel In A WLAN Positioning System Using
Mudtiple Position Estimations, filed on May &, 2006;
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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 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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Field of the Invention [0003] The invention generally relates to
estimating error in a W.AN- based positioning system and, nore
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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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WO 2008/ 057737PCT1US2007/ 081929 rely on a constant conmmuni cati on
channel with 802.11 access points across an entire nmetropolitan area
to the ext Bift2%P#¥iTFed by these systems. Most inportant PyT/URIRYER?
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access pWiniNienabledmyebitsfdevises. W AN enabl ed devi ce. The net hod al so
estimate ugﬁhﬁ%xpected error of the position estinmte based on

charact e fPet of the WLAN access point in range of the WLAN enabl ed
devi ce, io0glei NIt tue: aepqﬂm,aheiﬂwenim feaprreci method of esitiatatingara@maﬁatwcafof a
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In a further aspect, the expected error of .the % sitio est | eis

based onWdHaN aeqess Bointiie gange WW@NW&#I%@WA sEt?E@ eﬁHPfﬁ?S tf*
range of e WAt WT,%[N Echbfla e fite bz{sQ@éﬂth@edéﬁIed @@ﬁlgﬁﬁmf?lﬁ@WQIAN E&%ss
expected error of the pOSItIOI’l estimate i s based on the nunber of
access ppiintis rangedf the WEANmaskied fievigso Jihe imsithogfalsotrstimgtananesxapitederror of
gg\éle(s::\ p%gogisl 11#11 es?lm%g.'bea ed”‘érpcefl%acf%;lst c@%f {h@\(ﬁﬂhl\lodgcesgﬁ&gt ﬁ al{g@%f }%AN
WLAN enabled dcvzce, wherein the expected error predicts a relative accuracy of the position

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 eﬁpected error of the position estimate is based on
characteristics from more than one WLAN access point in range of the WLAN-enabled
device.

[06010] 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 arca for each WLAN access
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associ ated signal coverage area. The expected error of the position
estimate is based on at | east one of the signal coverage areas of the
W.AN acces¥ QP57 ised to estimate the position of thePGFERIEUBHIZRJ
device. [0012]In a further aspect of the invention, the expected
error of the position estimate is based on the smallest signal
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d d di i f | of the W.AN- bl ed devij

th
vei ght gPierN-erpblededeayissand 85 vesdaht givetq the Bositiny simetsés adeben @18 %I?e%ﬁ
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used only 1f t expected error of the position estimate i's | ower

than a peredef gremositidn estineatthis lever [thanz fredetdyained sipedpld. dn afiafher apsel. ¥f

t he ot he Sj L4 ' ' X ' ' I AN
access Pt RoL PP Bk AR sty e Beoel SR B SRR FLARAILELES
at | east paims infanghief the RErAN esiblddalevieat Imetha sispestspat daastohed off theavther

GPS- based positioning sys [ I et a further aspect, the

i nvent i oPPsﬁ@é‘tea?régte%l%%ﬂ%ﬁ%’&r%ﬁ%sﬁ&’%ﬂonﬂg W88t ed error of a
posi ti on[pasé] Maleyd @furtifee adpdctathWiAMSnRaslehtun b REstay Sdrestirmhithiy aaskpareddes
the position of a WLAN- enabl ed device. The system i ncl udes: ?/ﬁ »
WLAN- enaFa@fa@osiéen ssmaedeeyspiihg Vi 4N 208 pHAR SR B SymatcpigRosition
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logic for estimating the positi'on of the W.AN-enabl ed devi ce based on
t he recedigeds tsingmitied biyrad¥LANeacyesaNoiat inagrgepditiet WLAN-enshled devich @opiam
enabl ed devi ce, , a or . i aP i r i I ected
error o “PeiR s FELBRki FEbBEo O AienRcd (Rick BB Pa T AN
access prt¢tval dignatsaige tiefWLAD Adkabipeinainl rengecd vieC® LANembled deies, and

expected error predicls a.cel alive ol gy Pl L0 ROk hATRA ! o

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 | 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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[0017] In the draw ngs, [0018]Figure | illustrates certain enbodinments
of a WLAN % sitioning system [O0019]Figure 2 illustrates an exanple
of a W.AN HEBMEY Hobi | e device and surroundi ng access PBOI/HEHO%§Y29
their correspondi ng coverage areas. [0020]Figure 3 illustrates an
exanpl e of the inpact of the spatial spread of detected WAN access
points o 0,

nobi | e dg\//]lt“@g a@‘[cggﬁﬁf% ogulgegac ur }i u t% ?g Iggt[anauglgafglvzaﬂ_@l_ ﬁ %ﬁlgé rﬁ%é%t of
t he nunbdevied detected V\LAN access poi nts on the accuracy of a

position of WLAN- enabl e b| le de | ce

ecor | pe AGRY {085 Srinlse oo dres B oL e § i e AN
the err Oﬁcc%meﬂtéib@ﬂw%&dia@ AHQpb¥Bsh Saiatd oI WLﬁW Qﬁglcﬂmoﬁm\!\&Me
posi tioni ng stem The incorporated patent applications describe a
WL AN- bas&@ﬂﬁé@ﬁmﬂ)ﬂﬂg system that can derive and provide estimated
posi ti onogher  Vibhlecaalhsi e 6@8e il ORRILELELE o PRROAEPRLE . OF

the i nventi determ ne an up date t eexpecte error position
esti mat eéero»fedaomicﬁrt\plbagledibp@éWMNrppngorsygmtm hTite Impqmntbtﬂ paterdnd
private V\LAN acce Oi (Note that. 802 11

B2 11n, S RERRErBe  Ean R bR R € e b e lFodd i
devi ce peutﬂmmbdqmbitﬁbn§mfﬁ‘$L@N¢ndﬂé&dﬁvssemubI ic and pr| vat e V\LAN access

oints a so_|l qgs si ls cteristics of each of
gccess p&%l?l?]ls &fgrés%?g @ésc%r t@%ﬁ"@“@ﬂéﬁ@fﬂ% ypdeied eXP??t error
Differ en&?c@ftloﬁre&iﬁiﬂbs &fTamﬁ)%N@i‘;ea- b@ﬁldﬂirfgfs@&@lﬂQﬁat%e Alic ¥ n%rﬁ%@)

correspon to each of the WLAN access Ints. In sone enbodi nents,

t he nobi V\éL ercess painfs| NQethat $i2nds 82hk be lcltee%O?elrlmoandona AFSAAIPISH
estimat e, % Q%{daﬁdéﬁﬂ%%@{limoﬁlﬁ@de@% 'plexffoﬂa\r15;%8an§%H&iaetwfpdbﬁé Yhd S

of scannlng e surrou ccess points’to a
wher e a pevete WILADE pacess mmtemm ai@slogmkp:émtaetdnmcs of ¢ach 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

poinis. 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 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 estimate nay be used to
gquantify the %uallt¥ of the position estimate. This may be usef ul
when nul ti BO2PHET T on estinmates are combi ned or when tReVVERRIISA¥R
posi tion estlnates are conbined with other position estimation

t echni ques, GPS position estimation. The expected error of each
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be used etermne the expected error after conbinin position
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Pat ent Application . 988, entitled Location- Basecf Servi ces
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P 05,
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based sewoh sargiceseind étchnigieserfbing gad drcaipdni @tqat@»@sttmain thefpositivit AR exstebl ed
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necessarlﬁvgngoﬁgjderstand t he present enbodi nents or inventions.
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WD 2008/ 057737PCT/ US2007/ 081929 [0029] Figure 1 depicts a W.AN
positionin systen1gWPS). The positioning systemincludes positioning
sof tware [WOFHYNEAB7r esi des on a user device [101]. Thr A107/0§1929
particul ar target geographical area, there are fixed wirel ess access
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cont ai nsinaiuded shisitiohing dudw re il SN that teeidekoromsendeviceNIND Jadiireegsout The
client positioning software 103 receiyves signal beacons f t he

802. 11 ae%%maaﬁ%&gfog@ﬁﬁpﬁ afeé‘nt&%re_éFFd‘é{’Eth“é}F 5h @gceiwrawa?ﬁ%]ﬁﬁ bgoadeast

| ocat i 0nj@fmiahien HRF cAABYBI/ERn O cHashd) BroaBesPG RIS, Sthe GHert [HeWLd MBnitdrdihal
beacons. Those characteristics include the access point's MAC address

and t he Bropéoagitsignalodr requests ity Falsmpesigahiing Piohe rer st nEachergrese pointf@ntains a
lient : 1 ' '
clren 5941 Ma?d&agg?%g erﬁ%{%ﬁ?§§¥/}{'ﬁg afiéss. %‘h@&%?ﬁﬁ?éﬂﬁﬂi%omgﬁr}ggose

inits reféerence ase access polnts, y or
not resi cecives sgne! trevomsdrons tha@0R.1{ keaess, poims $&hip revgoedd detersnestthe

ref erence dat abase.can.be renvot.el | ocated)., The ref t se
ot o neEcliarBetoaabahr B8 ute TR 11 RER Btk iRs FERRRE NEfy pRlapace

t hef f’ifCe$§osﬁgha’t£c&eﬁs|ﬁes @gm]peﬂiemgcﬁs/pcfiﬁm MaL m]rcdfdsea-quaﬁe stidngthp ofhe signal
prorile nmay be_gener te roma Co ection o re I N t represent
the powefcagiing fhe clsny ﬁa‘fmf- r O dligntisgiiware semprigh e 0@%?8589%52@0% ts

| ocat i ong;RAsPRAVR reRIDEE hRSbast NO4FIf B8Hss ?&ﬁﬁs,‘"@l‘ii% ARy 6f A Bst rédid on
rel ative position of the user device [101] and determnes its

geogr aphihe devier & Wt @s., frsomeeenitodivents, thareleigaes derrbasconpive rrpeotely
readi ngs;, thgs PTh% ?&@eﬁ&sdaﬁag%e}éagﬂirﬁ 'il%vésgr‘?l?leg g%dr ggﬁ:ﬁﬁé 180 BAS SRl power

applications’such as frie nders, |oca web sites, Tleet
managemepiofigysftaiitise @neks Boibis the gatharmg syft@0 38 diledted.r thegobodpraBistraaydfe

t he i nvention be used in a, W enabl ed, devj ce e ] . and
Lpdat o chise@redtty PEpgRoh bR M FRAGE R B 3¢ I SESFHI N ARC
i n accor entms Wiikg eEboriomilbsatiohs irddeoiwey profiles)theraljenbsofiwncod germates d
in logic emhedded I.n positioning software 1.03;. of the, WLAN-enabl e
devi ce. ofSETIgiNeROtion DM PERAEH HHE | LA RIeHEIES (1 SsREOhiA SREITAS t e

expect edgeh r@a@fdedn® Rlelith @ rehih dsTBhEsctbadindlafNnENSRY RE Dbkdren Basdce
is estimted based on tﬁe coverage area of all_ of the access points

used to hnpbigations echwe Alendrfimsrisdope Beareh wehvsies fephngrageperiardens and ) |
t he det eﬁgﬁdsegggegss poi nts are considered, the signal foot prints (or
the coverage areas) of the detected access points are used to )
det er mi n@0Bole ePpfartadcréodments ofttieinpantion may be ssddrinadVLAN-aakied device

illustrati i npl enent ati on he expected err 0S /it .

esti mat ™ %?%lr}‘%&ﬂ@u ?Ef ?%‘é’e%fﬁ%?r SQ?‘Bg%{i/Oélr%?gnena%%‘eg&oe%(glﬁﬁg’ %}(::%ﬁe@gs n

goi nts tﬁtﬁbrd@ifi& Mﬂﬁéinhﬁdllirﬁaiﬁi gﬂheirﬁzb{ﬁidn@@@tliedmg@ﬁoraeﬂwbgniaﬁbame&mbi l e
evice. Therefore, the_nethod | se gdndj the smal | est

cover agep%ﬁt@élngasﬁﬁwaret[ﬁ@]é’é@s@iéﬁ e legaé'fcefa?flﬁé%'%‘ to estimate the

l'ocati onjpf1an eRde e embBdite Ml NhAROchiRAShHE bARLRE eS¥SIfRIPosifibf estimate

expected error is directly correlated with the smal | est coverag; of

det ect edof WlAdt-cebledpootilesievice isiiématzpbased an Brecayerpgs ARl eiby e,
and the gcrggslslpelsn s yeld 10 l%gaﬁ Hﬂ% \QERP]{&QPIQX mabile devidel %? S{h]'éxoﬁzor(aé‘ﬂf Q?th]@
witten 358 PPUNCTToN Of T hE ‘Srali es coverage as follows: ‘e cc

[ 0032] Théctewnddedctan pointsneacsisidiercd cthe sigpa ficke pdyts (@ribe eovaragk ercad) of e
function,is as fol | ows: . .. .

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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C=KeCmn [0033] The paraneter ICis a constant nunber to scale the
val ue of snallest coverage area to the actual error in neters. The
par anet er MO 18913t es the i ni mum coverage in 7712 t oPEPPERI0T/4§1929
neters. The paranmeter ICis found enpirically by considering enough
sanples in the entire coverage area and finding the actual error and
the C',i, value. The actual errar can be.determ ned by compati,ng,the
oot ot et EE pescheat iBtert e SG BRI NG &Y wFEHPARIAAL
known poBaskd pobitidriSbERe ThO LfRie cAbER dikcthyh@rkhatpriibthe ahalkesB\LAN

access point is_defined as the area in which 3 WLAN- enabl ed %gg'le
devi ce cEveerse afdeteqied WhAN agpsa ot dke mreried egrds duvlad by« adehc of
an accesgpfARkMovbdpd RUBELIEYVL ST ST eRBBf 84 Be WHAHUs AGuRttibA LRk smallest
geographi cal area containing nany access points and recording

Recei vedcsierpgaks Bilpwhigt h (RSS) sanpl es at known | ocations. Wen all
the sanples of a given access point are considered, the standard
deviation of the |location of the RSS sanples is used as an indicator
of the size of thee#g\(€rape area of the access point. In sone

enbodi ments, all RSS sanples are considered. In other

i npl enentations, sonme RSS sanples are ignored if the RSS is below a

given th ol d: : ﬁgg@ f

poi nt isﬁﬁggoteahéémkﬁa%%q%%%Sggg&?@%@ﬁgﬁﬁgj oca#@%ﬁﬂgwﬁgggﬁggﬁ%ﬁe i

i s denotfdobwy: (xi, yi), the standard deviation, a, of coverage area
is calculated as follows: = 112 2 0; CTy , WO

2008/ 057737PCT/ US2007/ 081929 in which ox and 33, are the standard
devi ation of x; ang=XEcover all M sanples, respectively. [0035]Figure
2 illustrates an exanple of a WLAN- enabl ed nobi | e devi ce and W.AN
access points in its surroundings. In Figure 2, the user [201]

detects access points [202a-d]l _in,range d estiqmtes .its

ocatt onlthslar i5e wBtHa Rub 24t it B S e S RielBet chferage aren
poi nt S-[ nggﬁe m&a@d] Sﬁorﬁﬁ it s [ ?l%ﬁredﬂetérﬂ(crtﬁgg&eﬂﬂhg ﬁ]biﬁih*quEdScﬁ'ﬂtage ovef age
Si zes a-d]. The_estimati .error is .bqunde the mninmu )
cover ageSTfPaumetss. t e Paemetar g“a’%ﬁ@@“ﬁﬁl’ﬁ}ty y["?@%ée- S S ‘S‘i‘gi‘?f)f”et}’e
i f the ragidisovefact BRa GRY BRASEHRERalle2R384d B (,)Ra186 CEESachl Bror{cdR 8@l
is 100 neters, the maxi mum estimati on error correQ@pndlng_to_the

posi t i ondagrmigedrby[cRappringsthg evinasedaosition po3aledby die Wilhdy PAHIBHISRFIER

of the ipnenilon, 6%@3expected error of a position estimation is
estinate%lgased oR how t he detected access points are spatially

spread, [0034], t Ake civetagneeabethmdenptitief gddigikiphiess ponids definedfas thearea
det ect ed. access,,ROIALS. X | e of the j\npact of th hal
spread of e pepenlnEE R e Snde o LTRRE R e Bl B sousrass,
is illusireabfem dcbeskpéiuf i@ find blyGystem@idally scatmiag e sarget \Wedbpdiabhresl

nobi | e device [301 th detected acc .poi nt 302
WAN ena%a\ﬁéaamﬁ%mam]éa%%ﬁ ROty @@3?0%%9& ﬁg%@éﬁ@%ﬁ%@b} @%Mww] .
The estipRirdobAe. | WRePL BRI QI8 668 4c3Qd hoidhsle kdRleraal fhe SRARIMRA DY

circles [305] and HSOQ] respectively. The figure illustrates a
snal | er dsyidtionof te lesation ofthe RED sarhplegiis wseskas[ag gndicajgriof the sizslodthevel y

Sl er R8kbako5 B a0l vpg:ﬁ/t?;fﬁ G AGHSn AL B RSSO R B! SR On

[ 303], as a relati arger spatial "sprea detecte
access pathatismplefteatatipad, sahe RPS eanblesf aragnesd ifibe RES icimtovh e givea dueshdldby

th t d deviati t hei ti in th Y, axi " .and
asy, " andlEHA THaTg! RN sephis oeBarrar repl s dert e B P PiniE
f ol | ows: [ocation of RSS sample 7 is denoted by (x;, ), the standard deviation, o, of coverage area is

calculated as follows:

_ [ )
O =40, +0,,



Cs= Vasa.sy The expected error directly correlates with the standard

devi ati on of sRatlaI spread. So, cc f (0-,) An exanple of the above
function | ¥WETT38ws: e =K so-,2 The paraneter K, is BCUHRIPHII2

nunber to scale the output value to error in meters. The paraneter K,
transl ates the square of the standard deviation in n2 to error in

et ers. J\%@%ﬁ‘%aﬁﬁ‘oe "ard fte st%néa?&' B &R IoE L, T%Hb gyox@’ %1ﬁ1%§ﬂnﬁﬁ£ rEgeShANS h

sanples in i e coverage area and ual ror “and
t he stanﬂHBd]deﬂ%§t¢bnhsqmmgm1wmmpbofEWVbA}ﬂmwhkﬂaK$ﬂeémn@ﬁmddWhANd

of the | ARFERHCGTE MG U BEASady T Lo Eeepiohl S s AT pppant  ©

devi ce i poaa W ANYaResdnkicofithftes i$y15¢£h by ugﬁ tHE&Ie%dtebaBBﬂNQﬂcebil@1ﬂUﬁ§)er
of access points that are detected As ustrated in Figure t he

expect edTdPrERe PO 8’&@ ascespoie20esrdbmn refgedeveef%wnh%eegc fié?Sr{?Q?a -d].
| ncr easegy,. Egation érr&h%@uﬁd@@by%l}hlﬁm @afefgg@ Li@f demk @eéct&fl&uassqse&ts

[403], with detected access points [402] and , respectively,
est i mat efR0gedi.t Foresainlesy themedipugahe cqver@ge@rtea {/?é]3y1 of threackesg peiet [202a] ls

Ut a4 kAL o D SRSCLEL B1100 AL RN 90 LR LN Bl QUeEy

for WLAN-ena evi ce ause=o e greate
access paieters used to estimate it p05|t|on Therefore, the expected

error is d with ver.se .of unber of det.ected access
poi nt s, 3R] Gerbiees banmanmisniogr Tdmunron teReete bRt s PRarSy o
used to bgatien & eseMeted BBled oh RBwekEEded a@éds@?mﬁﬁﬁrdi@aﬁuﬂlytsbﬁad ,a%., the
follows: 1 ecc f(-N). An exanple of the above function is as fol | ows:
1 distance between the geographic location of the detected access points. An example of the
impact of the spatial spread of the detected access points on the position estimation error is
illustrated in Figure 3. Figure 3 illustrates a WLAN-enabled mobile device [301] with
detected access points [302] and WLAN-enabled mobile device [303] with detected access
points [304]. The estimated location of mobile devices [301] and [303] are shown by circles
[305] and [306] respectively. The figure illustrates a smaller estimation error for mobile
device [301] with a relatively smaller spatial spread of detected access points than mobile
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, o5 and gy, and then finding the total spatial spread standard deviation as

follows;

2 2
o, =40, to,

The expected error directly correlates with the standard deviation of spatial spread. So,
e f(0,).
An example of the above function is as follows:
e= Kscr,2
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



e = K A/N The paraneter KN is a constant nunber to scal e the output
of the equation to error in nmeters. In ternms of units, the paraneter
KN is in nmMeWesO5THE paraneter KN is found enpirically 1391‘/8349&1/%?%9
enough sanples in the entire coverage area and finding the actual
error and the N value. Error in neters is calculated by using the

techni qu 0 , t her enbodi nents of the
i nventi o(ré] lgﬁ%{g& ggﬁgﬁ&g\&g@%& %&L%&a%kﬂfe'enabl ed nobile device in a
WLAN posiaodohi n@)ﬁysdtbenenﬁ;oéi&iehtmif det iheasidon,aine epetiedéng ofuWiLANe
correl ated rs wt rcor. . The three araneters .coryel at.ed
Rt he il e St i WL AN RSt e UiiE T iy SUAPEd Deser G g s of
the smal h@gés foRitehaote éteded 63 MdstAEan Fifed Nliifo expBitad er&@de&@%e@é@&ﬁe
square root of nunber of detected access poi nts |hr- biﬁgsquare of
o2

spatial BEPeEET detedied asess pomECEYSED| Figwre 4shoBoMThW L4y mefhileer s

are corr lute
Vel uo L hES R 00N, bk 408, R SElcEa Skt pordt 40b Pard 0, Ripckhfei 250
conbi ne cs’nmedtmentipn%ﬂé@ﬁ)lamﬁ@@@ nmgsctihale The flgsraitinsmalds tled tlfemxpetcted

Normallzatlo ar.ameters |V|d|n

St andar dCRRV RO SHREHET Gy WAL o i oS Y of

| ar gest grreﬁtesmthﬂeesfaoaaéscpbuﬁsa;sv@tdmﬁmefe/xaﬂdsmﬁ/ Th&e&ﬁe’;?ﬁ&xb@dtéﬁ@mﬂb a
gi ven cover age, are 2008/ 05¢737PCT/ US2007/ 0819 0040

nor nal i zgar%g &'Fén"ceé%"r "ggieéﬁu Lolteeis éEFeésrPOL‘%ﬁ?Eléiﬁ“% PleﬁP“éd

accor di ngf de@ctddQcRBEHIAG Yha%fef&swtb(}&a&%fbnﬂﬂéémﬁé 8% pelie8 dh6t GanhB Rritten

expected error and then averaged, which is called the wei ght ed

aver age. a3gllgie:i ng each conponent of error according to its accuracy

of error prediction is nore desirable and it is the optimm conbining
met hod. The nextf(step in the wei ghted average approach is defining a
nmetric for each of*the paraneters that neasures the accuracy of the

error prﬁﬂ'eﬁérh;ﬁ@of%@@ﬂ&ﬂeﬁﬂ:ﬁ@ﬁﬁ&'f@ﬂdv&n of each paraneter with the
error neasures the accuracy of the

ke g

The parameter K is a constant number to scale the output of the equation to error in meters.

e=

In terms of units, the parameter Ky is in meters. The parameter Ky is found empirically by
considering enough samples in the entire coverage area and finding the actual error and the ¥
value. Error in meters is calculated 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,

Cominy (2) one over square root of number of detected access points, 1/ JN , (3) square of
spatial spread of detected access points, s

[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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error prediction of the particular error estinmation nethod. These
correlation coefficients are used to weight each nmethod in the

wei ght ed aVE&HSEHMcul ation. A correl ation coeffici ent PEHU§007/081929
statistical paraneter, and it is deternm ned globally for each

par anmet er based on a sufficient nunber of sanples for the targeted

geogr aphj ea finding the actual error of a ition estimte
anaar ool A g% R iR e e etiebesFp e e B R e SRish R
det er m nhdagrdidetoqied dcehiaty Vith ad&hfcaet wimetdiiRedite BR, expdrtedtpior eddathédn
coefficient shows the statistjcal correlation of an esti ma{i on
par amet efvataeH, WaEh ingplgrheprighted axeage Wrbdding 6echsBIRoRSPALE $1PTt he
qual ity gdeofite SRRb&rAy JfRRoPNFEAIRINGE moFdcsRAMTRIE L isTREotifance of
a position determnation mght” have a very small estimation error,

but the eirebiniagmegwdelhamexhsieminghe whighige pecregecpatedsis dpbhing 8 melrgHer be
relative I . i . e .age area of the
det ect edé%ggggg%g%a}ﬂrﬁésrﬂlhétlﬁéﬁf}ég glggg&??\%@gl%eoe?}oég Icé;é“:%lé’]g’rror, but it
is still[oeljght Gte virtdlaticnef sanimpacanretaz lvathi theercarefidaswtethe aasrasy bethe

anpl es. Therefaqre, .the e cted error i i ght ed erage .of the
orr o pafrA o ot e ag ot ptian 1ok, e g oR ool big
Cr ( Om ncidebitdweihSeabh friethott ifhb weighled|avelafecahitatne duenieRifion tdtfficient is

standard devi ation operator.is shown with a and the correlation_ .
coeffici @ pfptéstice) patampter, 4qd ”a‘ﬁélefé?f@n%f @?Wd\fﬂr R Har&‘,‘"tedbﬂs?d Ahgysuedcient
respect i Mehier oirgh‘?npﬁéérffneﬂh@ttdrgé?ecpéé%g{abﬁb%%y@fnﬁing%é BB erro!¥® a position
con-el ation coeffi'cients are found enpirically DBy considering enough
sanpl es é¢stimpieeand pispfindingiiks estjmated alua ntithe pargmeton gnd then dtpravring ther r or
with the r, f . . . i

o the | P s R sEiRnt FheRREE AATR ol LR b Sy S ERRLS
i n et erof dorestimatiqrarasamdterwithhatimasorcarar edndtiedbenhdttsholn exaxlp dot quelity of
error. Assunming that there [s a raneter correlated with . the .
expect ek BRI AT bR T R arone e epL P e By pisht
the di stidvbudtvieBnnofl dshi@atednl @for bat igBinallest 8dv@rdgb ereaof thaldedtisd anes
error in neters as found duriﬁghscanni ng the targeted geo%raphi C

area. Thidtue slght berelgivebrlaes. ndhis pxamnle, daenradlgstishverage arga idhg Gifstidas

the res Ui&es@feofntfkqs RBPPEJE iAlchi IR R R Ibet: & £l Wsgtie] & #¥he same
de=(ee) a(de%c(e) [ 0043] Not e that the ‘average val ue of a random

process ¢asretationmosfieinntas pther eampleseTherefore, the expected error using weighted average

of the error parameters is written as follows:

1
CthCN \/Z +C o, X !

* (Cpin) o 1) To(o,)| (C,+Cy+C)

eoc

In the above equation, the standard deviation operator is shown with ¢ and the correlation
coefficients for Cy, IV, and o 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
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vari abl e and the standard devi ation operator is showmm with a. The
average and the standard deviation of c4 and e are found enpirically
by consi deMO§*¥ &7 di stri bution of these paranmeters ovePCHBHBIEEIPA ¢
are collected fromthe entire coverage area. An exanple of the
standard devi ation and the average value of the paraneters are as

follows: = 2.7546 a--Cl%, = 12 - = 7 =

oe 2% eed BRERA inlayinl sofihe Yl pebebhlt e el lealtith
of spat imbtesps éadtedbyditicis faddae desssubaif esnappingene can bechdudsaihson

t he Iatiéﬁde and | ongitude of access points. [0044] An exanple of the
correl atiPof"Eoefficients is as follows: 0.30 S. Cc, CN, Cs 0. 37
[0045]1t w Il be appreciated that the scope of the present invention
i s not Iim'tecgl leetéh % ovg described embodi ments, but rather is
defined by the ag;@ e( “cl & ms; and that these clains will enconpass

nodi fications of and i nprovenents to what has been descri bed.
[0043] Note that the average value of a random process is shown with a bar on the

variable and the standard deviation operator is shown with 6. The average and the standard
deviation of d, and e are found empirically by considering the distribution of these parameters
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

min

o ( %v)=o.1721
o(c,’) =3.8707x107

e=1.5613
o, =0.7458
de.=38.1m
o, =29.0m

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:

0305C,,C,,C, £0.37
[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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What is clainmed is: 1. In a Wreless Local Area Network (W.AN)
positioning systemfor estimating the position of a W.AN- enabl ed
device, a nethod of estimating an expected error of a position
estimate, a nethod conprising: the W.AN-enabl ed devi ce receiving

si gnal Whitiagleinedisd by at | east one WAN access point in range of the
WLAN- enabl ed device; estimating the position of the W.AN-enabl ed

devi ce based on the received signals fromthe at | east one W.AN
accesd. froa Wirdless TangieAeh NeheorkiNL AN ppbdstdordey yeeim fndsteaitingahé pesiaoh of a

expec ror, in terns of distance, of the position estinmte based
o Chal BAREFTABladEvise, § Fehad O CHERA BiRam AR BE TR f gdoRition §eimatera
esti mahdne Ldiep@sd: 11 on of the WAN-enabl ed device, wherein the
expect eé errdglsp predicts a relative accuracy of the position estimte
in terthﬁs“ﬂjAl‘dwsalﬂﬁtéev1c€2reca'7hmgrs@1bbdram’;mntedlbma1leavﬁtmeéNhANsadcmtpong in

t he posi nabl ed device is based on signals fromnore
t han 6?1‘@%&%&%0@&6@@@ ‘”‘f? range of the W.AN enabl ed device. 3.
The ”%Etlﬁﬁgtlrig the k}@:hﬁbﬂ-of tW@WEAN SablcARkiRE bhda o‘ﬁ%ﬂi@&%&%@& 1s 8bmt tH@ at
position estimate is based on characteristics fromnore tfan one

acces seagbdnet WILAN agnges pifinttih sange althen®iblASd ent’éﬂﬂda@wceflandl' he met hod of

h
R T e R T e T N

error chirattbBstiRe St tHcQl 1RSHdnFBW B ANSadRagaitmsat for @ﬁﬁﬁatﬁ@&h@f)oéiﬁlﬂl stgaal
coverage areas of the at | east one WLAN access poi nts used

est i mY eANhenapledidevise, whereindhogxmreted appepredists agslative accum@yméttmpsmon
cl ai m, 4t1m¥\’@@r{)?ehﬂs 8?&%&85& ng the expected error of the position

estimate 1I's based on Shal | est signal coverage area of the W.AN
access points used to estlnate the position of the WLAN- enabl ed
ected error of the

devi c ‘Lﬁa t hod OL claimb5, wherein the ex\e
posi tﬁoﬁh%@@t Pge clagm d; %rmﬁSBmabes thegieition o1 theeWSdy-prableddeyirgiis based
cover gge; 51@%9% éwré% AT 2cbR 5 Phisie ﬂ%é&tﬁéwpg&% mﬁlﬂ@d B&s (%1' on

of the W/AN-ena evi ce. e rret aim erern
coverage area for each WLAN access poi nt | s estimated by the nethod
conpr Lsi.ng: . . o - : .

TR L S P method of claim 1, wherein estimating the expected error of the position estimate is based
on characteristics from more than one WLAN access point in range of the WLAN-enabled

device.

4. The method of claim 1, wherein each of the at least one 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 at least one WLAN access

points used to estimate the position of the WLAN-enabled device.

5. The method of claim 4, wherein estimating the expected error of the position estimate is based
on a smallest signal coverage area of the WLAN access points used to estimate the position of
the WLAN-enabled device.

6. The method of claim 5, wherein the expected error of the position estimate is directly
proportional to the smallest signal coverage area of the WLAN access points used to estimate the

position of the WLAN-enabled device.
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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 WLAN access poi nt
based on the standard devi ati on of the coverage area. 8. The nethod
of ¢l al ML MG Sca e W rdleid A8 Bl £25E, RS MM AGGEAS RALNL AR S
geogr aphi ¢ 'position, and erern estrmatl ng fhe expecte rror “of the
posi t iyrthesilcthvdtcemipsisihgsed on a spatial spread of the geographic
positions of the access points used to estimate the position of the
WL AN- sstesmiinggsaseaphiq lagatigns at which g hANsenablpdsleyicg rensivgs gisignahfsem the
bet we hic positions of the WLAN access points used to
estingyght %g%%g#??bn of the WLAN- enabl ed device. 9. The nethod of

cl ai md8termheugea standued daypatidnad the coverapk atdachapabart the deleshinedigeodrsphic
direc;hy, roportional to the square of the standard deviation of the
spat i ?aQBP%ad of the geographic positions of the access points used
to esti S . _
ool A R B T B oo Btk b o Pma LI R
error thef cavieagpersiat i on estimate. 11. The nethod of claim 1, wherein a
server systemestimtes the expected error of the position estimte.
12. The method of claim1l, wherein the position estimate is used in

conj uRCtThometoli bt @lalifi 1, RAGIel &dh 85 iHeNRI@S dne WEAN/AR s pofAhasoN@eo@faphic
position, speed, and direction of travel of the WANenabl ed device

and aPegifigihtangiwherein estinpabingdke expgated strphef the pesitiers estimmte isihasashqrersnatial

error it .J. At e. The. .net hod _of claim 12, rein
the paliepd BFBEE ARl BEGTR P e R A eBlm s PlsPodfop e

posi t WDABSéraBRU@clige,| thvvepatibhdnead Helrpateked 5 Halitinbé baebdthebdograpiic
The nethqod of claim 12, wherein at |east one of the other position
est i mpddonsofifhe WA apesse Pl usedosstimaicdhe pesitiemnelthe VIndiNrangbled device.
range of the WLAN enabl ed device. 15. The nethod of claim 12,

wherein at | east one of the other position estimates is provided by a
GPS- b&sEhk methiot! o6 niaimy Eswhérem 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.

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

the position estimate.

11. The method of claim 1, wherein a server system estimates the expected error of the position

estimafte,

12. The method of claim 1, wherein the position estimate is used in conjunction with other
position estimates to derive at least one of position, speed, and direction of travel of the WLAN-
enabled device and a weight given to the position estimate is based on the expected error of the

position estimate.

13. The method of claim 12, wherein the position estimate is used only if the expected error of

the position estimate is lower than a predetermined threshold.
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16. The method of claim1l, wherein estimating the expected error of
the position estimate is based on a wei ghted average of a first
expected error value estinmated based on the nunber of access points
used to estimte the position of the W.AN enabl ed device, a second
expected error value estinmated based on a snmallest signal coverage
area of PQi I i1

VAN arabl e N AR 12 Al S G0 b T L b AR R B I
on a gpafiveallsigpisdasn 6V LA Neacgen poayhinaamgesi fitho W AN ehdtdedhdd®s poi nt's
used to estimate the position of the W.AN-enabl ed device, the spati al
spread bei ng based on a distance between the geographic positions of
Che . < . e : :

WL ANBr 2Dl o SR RELAI 125Gt e e o IO o0 Simitis ppovided by o
secondjP&hbased ppsilomrpepstan error val ues are wei ghted according to
correspondi ng correl ati on coefficients, each correl ation coefficient
nmeasuring the accuracy with which its correspondi ng expected error

val ue 18I eRé Sktholl R cRfh Yalh&elOdstimalBy tHeRxBed¥d SLATT theisRltioN e8fmate is
Net wor k (WLAN) positioning systemfor estinmating the position of a
WLAN- dasdsl anck weizhisd averagy ek c'et%xst pxpeetsd ierrar valye egtinestgrbleasediow thegrumdfer af
position estimate,.the system f.or esti | the.expected erraor

Conpr rerkg R RN RIS Bl Fihe FEAN e AEREF & SFeineRpratatoror
by at vhreshtianed PhAl caccessleRGigial édveran aecadf tlid & DAMBERBaRIiRE used to

device; position estimating logic for estimating the position of the
WL AN Eptipte dhegeosition oAk W LoWN epedleddviicre andsp Huml expeetetherorevalize gstimgted

one : [ : : ; I
o0t AR Mg L ARR B LB RO 6B AL 0
di st apostiondf theéVphAdi-triabledelevicopthe sfrtiabghrend tehvay Wasedon 5 disemicobetiveen die
| east one W,AN access, pojnt used for, estipating the position of the
W AR GROBHREC BRVHRRS O e PdiAN @?F@S%maéféﬂié%ﬂ%rqsamaﬁrtaﬁp%%@%fﬁm Rl AN-
accur g &f adhie. position estimate in terns of distance. 19. The
system of claim 18, wherein the position estimating logic is executed
on the WLANenabl ed device. 20. The system of claim 18, wherein the

posi ti esti i logjc is .executed on.a seyer, system 21. In a
W el Q2T RERon b e PRI oSSR A o TS SRR T STBPTEE! ng
t he pQgidht@iac@brdtbANeHRRIRE VG cafBIERNS kabh cAPE1hTTH doR S dht
expected error of a position estimte, a nmethod conprising: the

W.AN- ereasirang theg¢ceacy adt whish its copmespending axprictedetrop yalae predists the aetual
W.AN access point in range of the WLAN- enabl ed device; estimating the
posi ti'on of the W.AN-enabl ed devi ce based on the received signals
fromthe at | east one WLAN access point in range of the W.AN enabl ed
devi ce; and estinatingﬁan expected error, in ternms of distance,

f
Lhe paSi Mo elses haseb Apsselvork (W EAN) moskiopmErvERdorRsimasing §ipostion of

esti S?WLAﬂgerﬁB%Ftdg.Qﬁe,OJ SQMrég] @E’é@t‘fﬁ la?ldex géf% or poga:%%iﬁoh I%?til{latﬁ,at g

expected error edi ct’s I've acturacy o e i'on estl
i n t esysemtordistnatingethe cR@ectétheraredhpdsiag: cl ai m 21, wherein the

expect rror_of the position estimate is inversely proportional to,
t he saﬁfﬁk Nrwpﬁéfdem@l?mﬁ%wnsﬁlga@égg@%&@ﬁbg al e opp WA Nrsps pat in

POSI t {pi3e BF tHeNP L WAAM SN S bedeVi Ce.
position estimating logic for estimating the position of the WLAN-enabled device based on the
received signals from the at least one WLAN access point in range of the WLAN enabled device;
and error estimating logic for estimating an expected error, in terms of distance, of the position
estimate based on characteristics of the at least one WLAN access point used for estimating the
position of the WLAN-enabled device, wherein the expected error predicts a relative accuracy of

the position estimate in terms of distance.

15



19. The system of claim 18, wherein the position estimating logic is executed on the WLAN-

enabled device.

20. The system of claim 18, wherein the position estimating logic is executed on a server system.

21. In a Wireless Local Area Network (WLAN) positioning system for estimating the position of
a WLAN-enabled device, a method of estimating an expected error of a position estimate, a
method comprising:

the WLAN-enabled device receiving signals transmitted by at least one WLAN access point in
range of the WLAN-enabled device;

estimating the position of the WLAN-enabled device based on the received signals from the at
least one WLAN access point in range of the WLAN enabled device; and

estimating an expected error, in terms of distance, of the position estimate based on the number
of access points used to estimate the position of the WLAN-enabled device, wherein the

expected error predicts a relative accuracy of the position estimate in terms of distance.
22. The method of claim 21, wherein the expected error of the position estimate is inversely

proportional to the square root of the number of access points used to estimate the position of the

WLAN enabled device.
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