System and Met hod For Estimating Positioning Error Wthin A

WLAN- Based Posi tioni ng System Cross- Reference To Rel ated Applications
[ 0001] This application clains the benefit under 35 U S. C. 119(e) of
U.S. Provisional Patent Application No. 60/864,716, filed on Novenber
7, 2006, entitled Estimating Positioning Error for a W.AN Based
Positioning System which is herein incorporated by reference inits
entirety. [Q002]T pl.icatigon is related to the follow ng U S,
Pat ent Appl 21t gd Fex Estimating Pogitioning Frror WV i] d by
reference: U S. Patent Application No. 11/261,987, entitled Method
and System for Building a Locat iBesitRainesystem abase, filed on Cctober
28, 2005; U. S. Patent Application No, 11/430,079, Estimation O Speed
and Di r egtdsoiRefdreqredleRelated A nliahtietssi t i oni ng System filed on May 8,

2005, . onfe, SO e R0 O SR A € S

Posi t i onPdEatt iAppticatins Nof 60/864, 0I5, fhed 08 Naz&fiber 126, Batitled Esdypirigcat i on

No. 11/430,222, Estifmati Pgsj t.i.on in AN.Access Poi nt dio

pr opagat LG e Terrder 6 1HeeT Risea ou g oS e MY 1SS B eomorLes B

May 8, 2Qf8sncaifitdnBretyat ent Application No. 11/430,224, Calcul ation

of Quality of WLAN Access Point Characterization for Use In a W.AN

Posi t i on[ioﬁ@)z]Sys?@ﬁ]apﬂl}qa%‘Hl @ﬁelwﬁ@,togpe fndlgwing U.S. Patent Applications, the contents
of which are hereby incorporated by reference:

U.S. Patent Application No. 11/261,987, entitled Method and
System for Building a Location Beacon Database, filed on
Octaober 28, 2005;

U.S. Patent Application No. 11/430,079, Estimation Of Speed
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
Multiple Position Estimations, filed on May 8, 2006;

U.S. Patent Application No. 11/430,222, Estimation of Position
Using WLAN Access Point Radio Propagation Characteristics
In a WLAN Positioning System, filed on May 8, 2006; and

U.S. Patent Application No. 11/430,224, Calculation of Quality
of WLAN Access Point Characterization for Use In a WLAN
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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Background Field of the Invention [0003]The invention generally
relates to estimating error in a WLAN-based positioning system and,
nore specifically, to determ ning the expected error of an esti nated
position of a WLAN-enabl ed nobil e devi ce usi ng WLAN- based positioning
system Discussion of Related Art [0004] Estimation is the process of
finding the nost probable value for a target paraneter(s) based on a

set of Oﬁ&ﬁﬁét&bh%a{iﬁﬁ@bﬁ& ]{)Uﬂﬁi&lﬂugasry@teﬁl% 518 IRtk khstddiembaiget

par amater(s% Accur ac he estimtion can vary based on the

qual i ty isfrodueed Bisglobe Sg@ﬁﬁ%e@d f@%ﬁqu%/fﬁ?ﬁgnﬂ%écﬁl?ﬁlqlﬁﬁl Besitioning
estimati (aérfs? Bfthet ABs TBbANS lal.*? CRi%f bé?m‘?dﬁf)ﬁ i%ﬁa‘i ot PRRE ¥nd ég&édﬁo
nost of t se IS an evén pI’O emt an estimatin t he

t ar get 1endpxacrarfﬁ16@st1mmcmmt ini the C%’&smtimnbsnpﬂ*%omtcdmp diffseetwiys. Drerof
the ear lcyl; @ég 1m<5:I termme > I&l@lI&EOdu gd t];rg etgllogcb%n Oséa Iec.?%gg%bn ?d for

t he sane 'S Ca 0S| |on|ng n the
UPS net w&sxoﬁqnommyhmzo&&t htedertoual eﬁoraTm@Btvelnmsrmdmaadorrcﬁmbf, ant
to end users. The egtlnatlon error in the GPS network is presented in

di f f er erf CARRFSTaYIAES i G IRBEIRSIY6A i s det er mi ned by consi dering t he

entire ngbywrk, MaRE vide Wi.A0RbARE Eﬁﬁ&lﬁﬂl@d}stgns RiRjesh 1&%})51%@11)19, of
hori zontal and vertical error. ﬁe DOP val ue is an indicator of

error, anearoh lehanbusaone ofiikera peyided ap exnsetefl graafopsition esgiation. The most

10005] b
R A S i g Rt P
error ofa ;proscttspomsoexlthyr?ﬂtcramft afidh &ntehp S nivenydiy rof @nhfoneséarﬁhgef forts in
this are en .c aeLab - pl

bro; ect SHBRCIPES By S REr S A Rina ShieaRs Fe ol SRS & of o
San Di egdoifitd Techislopi) sechiiogl @gior( #ATI00B A Usid theSUST adnﬂpmgvawlucaiononal
Comuni ti es through Mbile Technol ogy, technical report

#CS2002-97¥%) , and the M T canpus w de | ocation system

[0006] There have been a number of commercial offerings of WLAN location systems
targeted at indoor positioning. (See, e.g., Kavitha Muthukrishnan, Maria Lijding, Paul
Havinga, Towards Smart Surroundings: Enabling Techniques and Technologies for
Localization, Proceedings of the International Workshop on Location and Context-
Awareness (LoCA 2005) at Pervasive 2005, May 2005, and Hazas, M., Scoitt, J., Krumm, J.:
Location-Aware Computing Comes of Age, IEEE Computer, 37(2):95-97, Feb 2004 005,
Pa005, Pages 350-362.) These systems are designed to address asset and people tracking
within a controlled environment like a corporate campus, a hospital facility or a shipping
yard. The classic example is having a system that can monitor the exact location of the crash
cart within the hospital so that when there is a cardiac arrest the hospital staff doesn't waste
time locating the device. The accuracy requirements for these use cases are very demanding,
typically calling for 1-3 meter accuracy. These systems use a variety of techniques to fine
tune their accuracy including conducting detailed site surveys of every square foot of the
campus to measure 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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[ 0006] There have been a nunber of commercial offerings of W.AN

| ocation systens targeted at indoor positioning. (See, e.g., Kavitha
Mut hukri shnan, Maria Lijding, Paul Havinga, Towards Snart

Surroundi ngs: Enabling Techni ques and Technol ogi es for Localizati on,
Proceedi ngs of the International Wrkshop on Location and

Cont ext - Awar eness (LoCA 2005) at Pervasive 2005, May 2005, and Hazas,
M, SCOt Lty o 3 cdfstdMBombminid-B6R ELARIAWE ©2GaHBMsS PlniSarBSs Mlenfile, | EEE
Comput er, “37(2):95-97, Feqb 2004 005, Pa005, Pages 350-362.) These
syst ens @meomdisingnesdo the exthut reguireddyethesa systeran gYlest imperkantly onidont rdig
controll ed enviro t like co rate cam spi f.acl]i

or 2 ohi BEPR DA d I inenteiZ o Rr AL B BloBor AR RomeBe RSB Bne RS ek
moni t or pd3tticakgatchhiynad dlmwstafselbdyan 6 maddharemgcenasiot hi n t he hospital so

t hat whe ere_|s a cardiac,arrest.the hospit.al staff doesn't ste
e 1ocRoDTlg. « ReSag bionn CapegriaL g A L heRe Sop Bre a8 ang 4B
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These systens use a variety of techniques to fine tune their accuracy
i ncl udi nYLédhawdigdipotdleidgricesd site surveys of every square foot of

t he Canmgs asure radi o signal propagation. They also require a
constant"ﬂ'ej% connection so that the access point and the client
radi o calf0e8ic hahyenesgpreh thominyeation feahunésor methodef estimiating ant expeded erocPEa
wor ks. Wi l.e thes stens canm.n r Lj i use
cases, t%ogi;mgre@m?etg? fect %nvaeafirl“gn‘l\gﬁ%s bﬁ“ﬂ’%ﬁ T %rg ﬂéf‘iﬁ%*@%‘% r%ﬁ%cisét{&gg)%

i mpossi bive Ao egabiediutzl/ict h®h&IMIA N Enabbddalel ed resbives Sgiralsayansredied bed

acr oss entire city.and there._i.s, .no 0. r 0 onst ant
conmuni 3‘3’% ACCRSHRAPAT IRfaREe %’%E‘? lef“ﬁgﬁ%%gi%pciﬁvﬁf"s ‘Hé%‘ll’(?@@ gﬁﬁmﬁi?sﬁﬁee

et r opol pdsAdndF @R WOANIEhaBKH @BYicd Qe 5itlle BatetvBESEnAY Hb@ANME WIBN access
i nportantly, outdoor radio propa&?rti on is fundanentally different

than i ndessit in gaies oping Jhbalicambled davirer Thgmethod alsp fefBrAtesRTPIH e of
techni qugs P@éiﬂ@‘?ésti“ﬁﬁe: Hased nrbhﬁra\’:\feﬂﬁicggf\@e ?ﬁmrab&:ss PARAL kHREbemar e

mllions of comrercial and private W eployed so far and this
nunber i Wighbwiabtpdaleeicy,deiereimthesxpaptedNmar predistspotiatise asewraeseldhe position
estimate .het | ocation of WLAN-enabl ed nobil e devi ces. Summary

[ 0008] I noHé easpect, the invention features a nmethod of estinmating an
expect ed[oeo9jor of amtheesipeitaf treshvamidg thaositieor estimate YWLANWIoSN ehadnédhg

systemthat estinmates the_ positign of AN- enabl. ed devi ¢ e
VAN onadiviss Tabree el B8 i i 8o A dRrERony hhE R e e
poi nt i NerzBREGeAte. tIHQ ﬂﬁ&l&!}'"aﬁféa@ tedxpewdcsror Jhie pRiitcksembicnpbasd the
position of the WAN-enabl ed de

vice based on the receiyved. si s
f r om t hechpgaairigiiesdtom perathan eper WRAHA aseess H@HWANIE'@&?BW%WE&&W El%d The
met hod a&e%,ﬁce_esti mat es an expected error of the position estinate
based on characteristics of the WAN access point in range of the
W.AN enalfPed] delri yxb anatherrasiaqt, theeexpsqirsicariod o&the pesitipreestivnte igbased an thge
accuracy_of, th osition i 0 ] t he
i nventi orh‘fmt%eﬁgﬁ%cgg‘q’istp%% uerss(? IEOH%E Fengtgftﬁ% Igoggwﬁﬁl-ﬁ%ﬁggﬁfe\]ﬁ g@\g/?%ee\@{e's based
on si gnajog1f]r oninmivéhet heppctaif g\t cedsofles WLANM accassgointf has he

W_.ANenabl ed .devi.ce, In a further aspect, t expected. er.ror. of, th
T o s e cos ot o T RRE P g o BPERD BeirEet Rt st My an
access prRidibnd Hf thé'kigial %vefrz{g% WADF BB 3D EN aB&¥¢ FdEnts 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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[0010] I n yet another aspect, the expected error of the position
estimate is based on the nunber of access points used to estimte the
position of the WLAN enabl ed device. [0011]In anot her aspect of the

i nvention, each of the WLAN access points has an associ ated si gnal
coverage area. The expected error of the position estimte is based
on at |east one of the signal coverage areas of the W.AN access

poi nts Lﬁﬁlﬁ id &tﬁﬁie‘d@td%teﬁﬂﬁuﬁc%bérhﬂﬁc Rfcatidi@ aMfibh £ 0ADA AN ARV Eice

[0012] In a further aSpect of e invention, the expected error of the
posi t i orreesivdsamianal forh ol LON achess paiat Idetsrmising ik standerdrdgyiation efihef

the WLA
VAN enas EaESReP R0l P15 Biteh R EP bR BAP bld Aty Rind HE coverage
Ei h te COV edrexgef the %Mﬁacoeaq:lmﬂf\bﬁ&d an testandpdidetiation afshd crabragde mya
et erm nj eogr aphi c i on
recei vegogﬁg igg ng'i Onlfglaﬁﬁﬁcgtﬁg SAPAGE ‘88’0%1\,\@ ‘SBF ?%‘{L%ﬁ\éf"éﬁﬁ%ﬁﬁba ahg'ieeogT aphic

st andar thodRivh2dnd @i XpedtbtPerfoR e ha POsiabeastiiatsd band bi enedpiten spreaichf the

geogr aphi c | ocati ons, and estimating the coverage are
access [ESPEIEPHA LA of K 263esnRiRl USKAP SHITBC F DO ‘A}&eﬁiﬁwﬁd

1001411 nzeQne. ?ﬁ@ﬁﬁhal% rehd & HaE\%ﬂQﬂltd d?&anc%%%ﬂve@ﬁ tHelRRo M AGARNS oPAENT S

has a geographic position, and the expected error of the posi tion
est i mat eWiLéNoesess poimtsused topstinate teapastionof theVELoNogrblphieissosi t i ons

of the 2@?@538 pfl)l an%ﬁleﬁgg t‘bf)tthg?r?\}es rné géggtlﬁﬁ&'ﬂﬁﬂ s Qgedtér?tgotnéunnggon with

WLAN- en device ase on a
bet ween dthe pgsidon egtibriaces pmertve camlsaambne u@mm specieas] Poctitsofised afthe

aepoct oML ERRR dETshen ey et o Fra o S R D i e
with error of the position estimate. In one aspect, the position estimate is used only 1f the expected
error of the position estimate is lower than a predetermined threshold. In a further aspect, at
least one of the other position estimates is based on received signals from WLAN access
points in range of the WLAN enabled device. In other aspects, at least one of the other
position estimates is provided by a GPS-based positioning system.
[0016] In yet a further aspect, the invention features a system for estimating an expected
error of a position estimate for use in a WLAN positioning system that estimates the position
of a WLAN-enabled device. The system includes: a WLAN-enabled device for receiving
signals transmitted by a WLAN access point in range of the WLAN-enabled device, position
estimating logic for estimating the position of the WLAN-enabled device 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
swrounding 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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ot her position estimtes to derive at |east one of position, speed,
and direction of travel of the WLAN enabl ed devi ce and the wei ght
given to the position estimate is based on the expected error of the
position estimate. In one aspect, the position estinmate is used only
if the expected error of the position estimate is |ower than a
predeterm ned threshold. In a further aspect, at |east one of the

ot her pogit, ' ' - j | il
accoss puLarSRBs Ll B Bo AT A PR AR A WL AN TR
at | eastdevive. of the other position estinmates is provided by a

rvent s oioPa: o PEEDAUGERLRTh sreraa ot e by 4 hufhar BT BARL e brAn

POsi t i Onacesss pbitseonfthe adtGRcy Bf Apddlidh eptiitt bONWIGAIS eadbéad hitdle desice.mat es
t he position of a WLAN-enabl ed device. The systemincludes: a
W.AN- enaBetatiedBesckigtion, yecejving signals transmitted by a WAN

access P@oR] | NpleARLE cRbolitRnMdbMicenRRlifestBMicRe e SkdocRftd QG a1t | Ng
logic for estimating the position of the WLAN enabl ed devi ce based on

t he recedeyized posiival psovideskhn W DANPesHivagsygennt he mcpmamgiedgrtcphe W AN
enabl ed | . 511 | Ag L 0gi ' i .iexpect ed
o ror - of SPRL Sns ARGIR L G A bbbk Ay ot 8l LK SRR Oy A
access psitimbedippsitander WL ANrendbleAMewnabl ed devi ce, wherein the

expect ed or predicts.,a.relative.acc f th L L, [ .
o of - D0y ; B spufiul or BB iSRRI Felertiing a7 oBORY s BepeER oHR!
i[ |0|Ol]J-S ii FF?éfQ)‘ésiﬁgrﬁ Esl?ﬂlirr[ht?rm?(w DENtRsef poléitiH‘ﬁJAg\l' smAﬂiaﬂlﬁﬁeEf;bI&y&ﬁgmlvate .

i gure illustrates an exa e
R G B e T I S
[ 0020] Fi gureaR é’tdnhh&%wamﬁ%s@% RIARRE A cOperfodR all PRARS ardl deted® pEPIAS dndl
spread of detected AN access points on the accuracy of position

est i mat i RivaistWEAN 9sRese patptscand wlspilags sigails elaracteipiosiaficaelhy of the WLAN

i1 Tustr ac{cgéss @&nﬁfﬁ)ﬁr@*ﬁ'x}ﬁ& I%e'agvécf@@ﬁél Sﬁfanéﬂbﬁks'gﬂmﬁ{e Iﬁfffefti:ﬁéee&‘txﬁqvmp"\'
(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 eror.
[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 guality metric of the

estimation, which enables the optimal combination of the series of position estimates based
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access points on the accuracy of a position estimte of a

WLAN- enabl ed nobi |l e device. Detail ed Description [0022]Preferred
enbodi nents of the invention estimate the error associated with a
derived position provided by a W.AN positioning system The

i ncor porated patent applications describe a W.AN-based positioning
systemthat can derive and provide estimted positions for

WAN- enaf)| @dir deMirges. [0023] Preferred enbodi ments of the invention
determ ne and upéate t he expected error of position estimtes of a
W.AN- basi82¢osi Foonemglesipstseriestdiaen nesisiop gbimatesargupe al hatdhagespnthccess

t t
R e n
scans angveteh podittorustinate hanareputivelghéghWkpbttatasss Wieh Iﬁteﬁnd:ﬂlé da{us@ude@gs
i I h t L f of .th
cxcanpl o, TRGEBA oG G maier Brifeis tedased R aney Friephaes Bpbi davica

(TDOA) , Mty diciRledhd e@iNERith eécﬁrﬁatm{ thé Ilsaea detefmiiBRPRANEEEe fPreRBCEy O
the WLAN access EOI nts. I n _some enbodi nents, the nobile device_ itself

det er ni righ prscted paer alredndientesdhat shap patieylarposision seimeate is of lpnaielity and,
enbodi MeRhsS m m&*ﬁ@uﬁi‘%ﬁbﬂl& device sends the results of scanning the
sur roundi ng AN access points to a central site where a central
server d@t’k}]m nEhe Qﬂwected@“ecumédpeai&imesti{!@@.?nqa?hboéﬁp@dtt@determimthof a

WAN pos, xésrggde or aﬁ% c%mrr?r}{ fb%leggs?tg nl'ﬁ%h% Esut ex%}gie IEM}C 031

p05|t|on en nu
esti nmat estiane rmltbamasledxb defeminint k@e&/\bm%aslmcbxpased droois @ShdinEigs ar e

nbi d th oth 1.l t 1 1 . 0., . UPS ‘
L 1 o spolh i Fosm e Abaart BF cstnamniiores e direa ttohel o may

be used d;aszsq weCghin SgbddaaEms ofhe hiventBRItuas of tecREighds] 8RS hhdREBSIAr €
conbi ne For exanple, in order to increase the accuracy of single

posi t i orfligsqseerix @rlierflediapplicapions: eWAmE LT RRitiguted#y Ue P%WGE"H@’HP%@“

aver age.ny. rllﬁz'B'l %4@%&ledtiwaﬁa§%bo@b585as@fU@Pﬂerﬁ%pﬁbﬁf&n@@ hige is
used as a wei ght in a weighted average cal cul ation.” [ 0025] |

addi t i orB98aesitled Servertfopbpdating hoewtion drrensy aigbdse 1&8r&ﬂt¢xlédpphﬁadem Noe
the nobi 1|1?26q99\él7 %tlﬁecﬁ%l?lg%g;ld %%Wﬁr g{ukglgxg}é ngitzomgc ?I%:J?a 58 %{1 msﬁ ef

p03|t|on Esti At es are ¢o error of eac
i s used Retena ApplicatisipNndi vz 1(738) ant:ﬂedrﬁ&aarzon-@bsaimé:m thee Chaoye Lotnitioh

onabl oo e SR S ORS00 Seh By RGR o OBy Bl

posi ti orfileséh 0BHBE:, 28920115@1@41510 iBdhidibButHeVERTtEd to U.S. Patent Application No.
11/430,224, entitled Calculation of Quality of WLAN Access Point Characterization for Use
in @ WLAN Positioning System, and U.S. Patent Application No. 11/430,222, entitled
Estimation of Position Using WLAN Access Point Radio Propagation Characteristics in a
WLAN Positioning System, both filed on May 8, 2006, the contents of which are hereby
incorporated by reference in their entirety. Those applications taught specific ways to gather
high quality location data for WLAN access points so that such data may be used in location
based services to determine the geographic position of a WLAN-enabled device ufilizing
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.



position estimate have a relatively | ow expected error of position
estimation, while the seventh position estimate has a relatively high
expected error. Wien the nobile device uses this series of position
estimates to derive the speed of the nobile device, the nobile device
may exclude the seventh position estimate in the speed determ nation
because its relatively high expected error value indicates that that
parti cul @p290Si FiaR Bedpididd WIlLAN 9&sit‘i&1¥ﬁfg%§’th1ht(¥vfﬁ%)ﬂ?rhé YftioniE)Sy$en
unreliable. 100271The éxpected error of a position estimates may al so
be used neludesinositionias sofevak Pl et wpidesrongfusar deyissthl Hilnghionghoybai t i on
estimate F i i 1 i

dsed o HEp g bR hire LRl e Par T AT b
posi t i oninfsmiatiet wsngaoetrelbwbimeckhrmetibioedaastrsegnalse Tos thanhtévare regmitors the

the speed of travel. [0028 rtain. enbodi nents o he 1 nventi.on Lld
on t e hritatisast B B e Ui G ot BB el oo ab Rl okt &
appl i catwfse hatdvedré!idiemifidd khowots 4 MAQ adrdse TheSlieRPaiositionidgpbteat il i
No. 11/261,848, entitled Location Beacon, Dat %base, U u ‘? Pat eﬂ{

Appl i caticeRvaasIenahbeaeons figgpthe SHE-1 1 posess sainfRel0 fl’afa“t%f)a%‘{ FIERSE i on
Beacon Dad,ahakie loddich ofiaé 8k dARRY 108 &ksin® BhdMbterdstits Rdm W/sigrRMbdabdred

Met hod and "System for Buil ding a Location Beacon Database, and U. S.

Pat ent ABliist eharacterisiies ingludoe agwes poimisiMACddisesand she Braghs ddbe i

t hat Cho . I - QOI
Poy nt 5 Ve G S AP a0 ol 396 REIRDMENRE ofter PEROE] SloblsBE®
and al sowithtHoselinntg rifatencodatdbiasd [l 84) df ecdgssSoimg tvérich map et roag nad reside on

11/ 430, 224,. entitl ed.Cal cul ati on..of | i of N _Acc Poj nt

Char act PP S0 YEHO Ee e AR opEsTr feitre R rbie ch 66 FmgRy

Pat ent Appited)atTherefdience BhiaB&Q caddins GiRtektirhael] fxigtaphicilodntiofs didpotveron

Usi ng WLAN_Access Poi nt Radi o Propagation Characteristics in WA
Posi L1 oG eS) ok 1 2CEi5t RO UGB RS BBCRICHHE. dBRPERTSTONe HP ¢
are her ely, ol REF RS B4IRALHAY of 184K RRIGR rdpPesthi ehd poitk bf @i ¥igndTRSEvarious
applications taught specific ways to gather high cl_ual ity location

dat a f orlovtinns.aldees theprnems leestippreand pawer M&ﬁlﬁssg%fy" I5at $98ars detarBinst i on
based S ol [ R fE] 6f B B&r bR TONARALERRS! i RB0ALHE Ak enAhed
device util1zing such services and t'echni ques of "using said | ocation
dat a t o fshiofiktieide laed pogittdeaeaddigsa Thyss readings ere. thephoyidedstedecation-based

t echni ques,. however, are t limted tQ syste i osed
0 the | TolPBRarEn = Mgy el s SRS Recdina B AR B afy
such sysg@imseasfgsappl i cati ons may be helpful, it is not believed

necessary to understand the present. enhodi nepts qr. i tions. .

[0029] Fi é’&l?‘@ 1 H@S‘Wg@’é?omtsﬁ%gﬁ‘l“&ml%mﬂ/E‘i BIF cw@?’f&%ﬁed device
posi ti onjoNRcpymkam %ﬁlﬁké@ﬁ%t&?&iﬁrio@ﬁésﬁtgan%@ﬁﬁlw. erdr ER@hplt hedhnigaed ides
on a user device [101]. T r‘ggtghout a particul ar tarc?,et geograpgi,cal

area, t heacerdancs Wilxasebodimensaishaension gy be 1P Ropied e PERHIEES
| nfor Mat b QfkofldnGORY 1 @ P AETIEARDAINEY sRiQAATASKe B! gNal s The
Vi ce nitors the broa I

client cast signal or requests its _
transm sEg08H vi Bnderpne bmbodigeetsif theHavdntion dessppatherrg e e apagoreestimr§ue

har dwar e} tifie nown as .a MAC. addr.ess, . T | i ent L& 1L.ORLNg
sof t war eO#latwg’?f\r%eé %‘}%&ﬁgﬁ’lﬁ%gé %H%g?d’r &% %ne'!il‘g 8%‘.’61%%&5%%?%{1 Bﬁéﬂ%t s
102 in raRes poits wed eotdese WEAYangslephiobild dwide] anothér wdrds, ifsdirthe
device 101 usjing characteristi cgﬂ ér Qmaﬁ]?e Slkﬁg;?l beacons. Thﬁsﬁh

char act ef§ietqdaccssh piEeTe ssidereddae Hatah ool PRE-(Qr 4 ¥ Eragpgeqsyat the
strengt NgeiQhed 36ess F&Hﬁlaré' 826 0 NerfnM tRe -@REted@YIGE thelfiRitioh e@iate. In
sof tware conpares the observed 802.11 access points with those in its

r ef er encenedHpsitstiseinipl@uqntasionathe expecisd prerol HgRASHIOREStiBRLe frdpunse by the

reside o LESE s Sints ¢ @.Ef)% ?d!%‘t’lﬁi B Reatldd®f a WLAN-

refer encgm%fay? tacggés/régec%?]as%f\gﬁ% lécﬁégtsgﬁgﬂﬁ tg%[zft? e d e ra efer eﬁ%:e da'%1 abase
enabled mobile device. Therefore, the method is based on finding the smallest coverage area
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anong the access points that are used to estinmate the |ocation of an
end user in a W.ANbased positioning system The expected error is
directly correlated with the snall est coverage of detected W.AN
access points. If the expected error is denoted by e, and the
smal | est coverage is denoted by C,,,,, the error can be witten as a
function of the smallest coverage as follows: eo f(G na) [0032] The
not ati 0%&01&%@@&@%@%%5 HARENARA &Y estitAR tﬁé(@@ﬂio% 0®hn bAPuskHAGIWORN-S as
fol |l ows: K ccnin [0033] The paraneter is a constant nunber to
scale t H@SQ@Q&@IO@fﬂgwﬁme? e@wetﬁég@oraﬁ évaeo@a cemrlatgd Witk (theeymadiesti n
meters ﬂéH@

error |n°0%grtaggé€d%%rd vglr“% éésg%)@ﬁ oun éerrpln%?cﬁ{ F‘%%gygﬁgﬁ%eri ng
enough smmﬂbﬂ&obmagdﬁedmtedrb@ Gav éwager canéws varign s adinggort dighasnalkebt
error and the C' I]' val ue. The actual error can be deternined by
conpari i VERE BPHMEY ed position provided by the WAN positioning
systemw th a known position. [0034] The coverage area or the
footprint of a WLAN access point is defined as the area in which a
WLAN- enabl ed nobi 1% déVizde can detect the particul ar access point.

The coverage area of an access point is found by systematically
scanni ng a target geographical area containing nany access points and
recordi n[gofmcei Veéhdthtpnat nManedigéch défdbdncg aneleesmple ok theviimdtion &tasons.
VWhen al | hhe sanpl es of a given access point are considered, the

st andar f°H&%¥'ati on of the location of the RSS sanples is used as an

i ndi cator of the size of the coverage area of the access point. In
sonme enbodi nents, all RSS sanples are considered. In other

i npl enent ati ons, o RIS sanples are ignored if the RSS is bel ow a
given threshold. If the total nunber of RSS sanples of an access
point is denoted by Mand the corresponding |location of RSS sanple i
i's deno'[[|@d3 y (¥fe pa)farﬁeteﬁ]heis §E&ﬁ%f Fureleyy kdchie Mhe lueQf sHANEE BRraat B@a

is calculated as fol 0-x ,
to the actual error 1n meters The parameter K. translates the minimum coverage 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 G, value. The actual error can be
determined by comparing the estimated position provided by the WLAN positioning system
with a known position.

[0034] The coverage area or the footprint of 8 WLAN access point is defined as the area
in which a WLAN-enabled mobile device can detect the particular access point. The coverage
area of an access point is found by systematically scanning a target geographical area
containing many access points and recording Received Signal Strength (RSS) samples at
known locations. When all the samples of a given access point are considered, the standard
deviation of the location 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 7 is denoted by (x; 1), the standard deviation, o, of coverage area is

calculated as follows:

_ 2 2
O =40, +0,,



in which ax and CTy are the standard deviation of zi and yi over al

M sanpl es, respectively. [0035]Figure 2 illustrates an exanple of a
WLAN- enabl ed nobi | e device and WLAN access points inits
surroundings. In Figure 2, the user [201] detects W.AN access points
[202a-d] in range and estimates its | ocation by using the detected
WLAN access points as reference points. The access points [202a-d] in

range haygyith 5e4@ny, af&H@Et@zgﬁrcﬁd@?aﬁoﬁ 8@;3@{1@;1 ovar @ 12 S4thPIBY, tQPecBlEIQr 1S
bounded by the m ni frum coverage [2 1_ of the detected access %m nts

[ 202a- d] [00B8)r  eXimpt 2illuptratesian oxampla ot o W hAd-caahled molilegeyice pod 3AIANYf
the acce§c§e£ ol &%8%9&&&:%9%%% f’ﬂi %% [_'1"615(]' %sﬁwgpéﬁéck&e p&infsOr

correspon to the ositl
[ 0036] Ung26Ra-d} imernngrabd) ditimmiesstsdbcatibieby mmgmlie dﬂt,ected]WIeM‘]b eweshobns oy Of

he d d
ol nts. o GRAEPR Jhe pEEREO 180 g8 R Al BB s (L]

poi nts al%
geogr aphthe ¢sagatibografis bdimdes enht athianaesSSefage [H08] ofAhe dxeundl :ecst pbihe

inpact of the spatial spread of the detected S oi nts

posi tion [284¢¢ r@ﬁa”éli‘li%dfthlﬂéadi“ilslqulercz?f’%rag‘? ﬁeﬁ%égﬁé&@p aﬁ?ejﬁl"@“t:i%fa lis
i1 ust r ai ®@emaerdLAbERRRRS sk imbbh err@lec\bhe@poh&g%lo 9k bhsislat Sekad2006e 80
poi nts [302] and W.AN enabl ed nobil e device [303] wth detecte

access poeRtss [ 304]. The estimated | ocation of m)bl | e devices [301]

and [ 303 00361° S UL ol‘t)lyer%{npgéiﬁn%nt[s%P%.i%gmgr?’g@e?(g&?&eegfo y¥el ovsnme

figure illu tratesasma er estimtion error |ce[301]
with a retiatiivelsyestsmetkd based pahowethesisteetad amfesajmlms:medparaﬂeslxegbl 6t e

t han nobi. e dev a latively | ar at i

b 6ad. of SRR En di ey et ot it pahOo R SRR b e
can be npasul Gdhdypatidlephdsfine detetsd @béso poiats dnfd positpaattimaionrnbhi

St andar d SR P orEuE ] el g &% frebles Fepia IE e BHTEH or r o
directl Ydéié&é’deic@és@ﬁoi\’i&st[%i] Qﬁd stadansbicdeyb@te &Ulc@tB@Pﬁ’tth abteStBd ﬁfé@ss
So, e cc f (o- An exanple of the above function is as_fol|ows;

K,c5 2 mntpé?r%ﬂrel"m esiimaied lecatignafrahiledignises [30H aad K103] prssheyn bwrcles
val ue t 0 %81{514 q&%@étﬁ/elylg‘ﬁe Bl Risthesa srtnﬁl?e@ %étﬁ% & eh6r 1%9%1‘1%&% of

the stand to-error In neters e paraneter Ic is
f ound enqhavuqec{&ﬂ)]l]ywnh;a relatisély emaliey smxah:gmeaslaﬁpete@ed groeds@oimts thanemobile

cover age%ﬁa Elcg%@r\g{ncl?gas faplgela a;[réje"%ls al 1ra SaPtr gogdéte&edséc%gsgg JSH %atl on

square Vv erS usi n Chnlque
descri beghatifl@yad of access points can be measured by the standard dev1at1on of their location in

the X and Y axis, os and osy, and then finding the total spatial spread standard deviation as

follows:

2 2
O, =40, +0,

The expected error directly correlates with the standard deviation of spatial spread. So,

ex f(o,).
An example of the above function is as follows:

e=K SO'JZ
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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[ 0037] Under ot her enbodi nents of the invention, the expected error of
a WLAN- enabl ed nobil e device in a WLAN positioning systemis

esti mated based on the nunber of access points that are detected. As
illustrated in Figure 4, the expected error decreases as the nunber
of detected access points increases. Figure 4 shows two W.AN-enabl ed
nobi | e devices [401] and [403], with detected access points [402] and

[404], r&ﬁ@ﬂﬁ&dy}ehsfngtaecbcﬁﬁqlhm%eaaﬁéw ons [405] and [406],
respectlvelﬁ The fi %%ere illustrates that the expected error of
J

posi t i on[8@37} natindsr qtler emhediments ofihanpenaw, & erpistaderge of £ WIAN3]
because gfaplcAendbiieabHte i'ﬂ‘é"WEKNCH ﬁl%ﬁi‘ﬁg%yd?ékh fk%%tn‘d?r@&ib%fgd Sﬁhﬂer{:ﬁ}n%ell &t

position. Therefore, the expecte err I'S correlate
i nver se efcesspeinta ivbierre diftecthst estibebtrated éis Bigpoihtte.expdctdy eten dtasastshes the

number Oltu.%rﬁit%& %f&&&t&&%@%? pg 9 t csrez}sgsathig.{re \l%iqe\ags tkﬁ \t@éﬁ%&g ? n}oﬂg gser,

the expected error can en - as
above f udwidesr0l$ami[403] Wﬁh\/ﬁete&ecbac%edﬁ pbinfd{a0iana (e, I’reslﬁ\a!ctiv&ly@and

constant nu r ta s ut of t uation to _error
neters. THTE IPQS‘B‘PHSﬁ%ﬁ?“QFWBT gﬁpﬁﬁﬂ?]é'r I:'fil"\l% eiilipstrates that th?ﬁépe"ted
par anet egrdfNf pssifiHEREmMea i idvadr lfd{r WEABOSSHEE foBfle m&q@o%%@@iu‘é‘éof the
the entire coverage area and finding the actual error he N

val ue. EFFEEPFr 1unbseelacsess goiativeed tatcalemasy itpopitign.t Frerefershihe gxrectd soet bed
above. [QORBkddndel th@ﬁr{l%l(rie %F@Q ﬂhﬁgrﬁltﬁ" Qe ?cc%)él\lﬂlt@ ?ffN dgﬁh‘?es%(@ﬁﬁ'ﬁb%g

error of a WLAN- enab e deviceIn a ositioni ng system
is esti n@ftdsttcl@éswsmnmﬁbt are nggdriv lachtglae embusreelt}m@cqjeqmadrmtcm Be wiittén
error. lﬁ(mee paranmeters correlated with the expected error of a
p03|t|on eStinate are as fol | ows: (1) the small est coverage of

det ect ed access]pcll nts, C',m (2) one over square root of nunber of
det ect ed acces$ )nts iiJ, (3) square of spatial spread of detected
access points, asZ [0039] The above paraneters are correlated with

t he expebn exkmale ofrthe dhotve functier wes &fllotise absol ute val ue they have

di fferent dynam c ranges. In order to be able to conbine them their
absol ute val ueskh, to be normalized first. Normalization of the
parameters is achi ed by dividing them by the standard deviation of

absol ut o DGR foaptiER: RO Ao F ot B Bt B BynoRea,
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 N
value. Error in meters is calculated by using the technique described above.
[0G38] 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,

Coniny (2) one over square root of number of detected access points, 1/ JN , (3) square of
spatial spread of detected access points, o;-.

[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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[ 0040] The nornalized paraneters can be sinply averaged or they can be
wei ghted according to the accuracy wth which each paraneter
predicts the expected error and then averaged, which is called the
wei ght ed average. Wi ghting each conponent of error according to its
accuracy of error prediction is nore desirable and it is the optinmm
conbi ni ng nmet hod. The next step in the weighted average approach is

defi ni ng tri i r t n

accur acy BA0E o 18 pOnBREl bebim o TR 5P P RIS 67wl

par anet ezccarding tohlee acurecy wilawhick sadhheraotarpagyctothe ekygeced enor and then
predictign of .the parti ar error estiyjation nmethod. Thes

correl at ?Vc?ﬁag(?%’e"?r}?lflglis é"ﬁllllegﬁh? ‘é’elﬁéﬂé"g a\feaa%{%}&h 18%8??51 YETRYMEN of SRE

vei ght edaceuinge its abdurtcsriol Ofor pledidioh &l bileQiRsieA8 dndGi i€ fe dpiimam
statistical paraneter, and it is determ ned globally for each

par anet efopiaRamsHod. Thsaeestemin thapeighted pveaghgprieadis defining amgieic dor
geogr aphé£h 8F £ pRMriet RO MG daBG e SRE Hthr Y bPheRfrofpl@eiidd, On estimate
and al so flndln% the estimated val ue of "the paraneter and then

det er ni nif8d1lt he Thoearediation oficash @ieimeice with thirreros insasiresttheacewaeedfzhe on
coeffi ci jStlcal | at, on ~of 1 mat kon

par aret i L pE e Bl (R ou GRS 1 AR el Wity e
gual i ty wkd onecightinpatiemethod hethpaeightet everageomloaiaion! A coneetiomsefiivtat Bf
a position determ nation. nmi.ght hav very small estimation error,
but *the. CHaTTEEPRteB e T gbrenetelont iy ol metue Borete T be
rel ati vetwndeabfRmpldd foiths ta8cbsdYearapHiCars By Fifdihg GR\ERAGSroabERp&ftidnhe
detected access points is not a goqd indicator of the error, but it
s stil|eRREGaRnAnefe Simeed s ierbs BAAREET $1ddhefictogaingnatbe
sanpl es. colRpkigh esdncibie TR4BRE Bl S Rfort e fiLii? F}quge R8I BoRdlaridne

error paraneters is witten as foll ows: _ e above equation, the
st andar cPf@a gtamation pepseretsr ovithjestimatisvweral, tehd & dapronat Keove evactdy the iquality of
coeffi ci r " r it ' .
respecti @g}s%nf)gﬁé Fﬁg 3%&3} ealt\téiri %Egé%ﬁy%iogﬁ gﬁ@é}%a&éi Jt}rslllgto\j ggé?ggﬂ%@l might

cor r el athagea vonyfsfriall icstith&ioaregrof, buirtte engllesi wakblage fya ctths ddertdédageenough

sanpl es in.the tire. coverage.,area and.co ring the expected error
Wi th t heOuEy TN B el Pl tangE i o cRamle. s maltest verae Aier CE MG ABeR R s
of the ixvesboian s hdte @upadiadr ef hoeref ba ipesiill welzhedtitahesante found
in neters f Qn1ae%§{anete that is correlﬁted w th the, expected

error. ASEERHAYCIFAGER aRpihey samples Jherafore, the gineeled P1ERF URing Ve giged average

expect echfehd @for phid@eRed ik WRkkePR BN6WE: 1N neters is found by mapping
the distribution of the error_parameter into the actual distance

2
cclC o, 1

1
- b
—Zmin__ C
‘O'(Cmsn)+ No"( H/J/V)-l- sd(caz) X(CC+CN+C:)

In the above equation, the standard deviation operator is shown with o and the correlation
coefficients for Cpm, 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
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error in meters as found during scanning the targeted geographic
area. Therefore, if error in meters is denoted by de, it is found as
the result of the mapping and can be cal cul ated as follows: de -
(ea(eeyo-(de)+ de [0043] Note that the average val ue of a random
process is shown with a bar on the variable and the standard

devi ation operator is shown with ty. The average and the standard

devi at i Qi 0f, HeteRNH fRindifridL4shi SOME tdrbdtd YeoPMpkie sk deHerétere! F@rror in
di stribution o? t hese paraneters over Sanples Fhat are collected from

t he ent imeters dadenatge bure i.is fné satlp result pf thh magpiag ded ernds\erlsulatsd aand

t he avergage yalue of the paraneters are as follows: o-(C",n) =

2. 7546 cx?ﬂf‘l/v) = 0.1721 cr(o0-12) = 3.8707 x10-7 e=1.5613 o0-e =
0.7458 = 38.1m = 29.0 m Note that the standard deviation of spati al
spread of detgct @l Heeess Hoints is determined based on the latitude
and | ongi tude ‘of @eXess poi'nts. [0044] An exanpl e of the correlation
coeffici [8{)14}3? ! SN(%?: tl]:a?ltﬂe%\\l/\grége 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 Yy =0.1721
o(c,)=3.8707x107

e=1.5613

o, =0.7458
C?c =38.}.m
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:

0.30<C,C,,C, 2037
[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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0.30 Ce, CN,Cs 0.37 [0045]1t will be appreciated that the scope of
the present invention is not limted to the above descri bed

enbodi nents, but rather is defined by the appended cl ains; and that
these clains will enconpass nodifications of and i nprovenents to what
has been described. What is clained is: 1. In a Wrel ess Local Area
Net work (M LAN) positioning systemfor estimating the position of a
M LAN- enabl ed device, a nethod of estimating an expected error of a
position estimate of the W.AN-enabl ed devi ce, the nmethod conpri sing:
t he WLAN- enabl ed device receiving signals transmtted by at |east one
M LAN dlséssclgmiedis:i n range of the M LAN-enabl ed device, the at |east
one WLAN access point having an estimated geographic |ocation and an
expect éd er Iz Wasbne Latat dred NétwbHe( VEEA Nirpésittbnirepgys@phioe edtintsib ¢ d1e;posificn

estimating a pected.error, in ter of distance, of a positjon .
cati mat e Chat® Ssarrepenc do¥ie § Melnpd SErParstas ghanesied gt fa papiiB aimac
one WLAN aceess WOANLendBIES d# &4 themdhddhniphiggest | mati on

determ nati on based on the expected error associated with the

estimat ed gB6GVhPN-enablsd devieprepsivingesizaels trapssnitterhy et enscWEANasicers point
in range of t hein\%;l%}! ot gxl\ﬂgﬁleb?e%’demgrtﬁé i léa@?o ﬁ?ﬁgccggsgog{nt Rgving an
| e pre y O € positlon

the position est icts arelative accurac

estimate. 2. Thestimatddegophplut Kicatidn arkllze eepdciadattion gssbiateéd v chedktimatedr
of the position estimate t.hat uld result if the received signals
fromthe at Iea%etogfﬁl?g%\}\?_c Olét’ca('flﬁgs point were used in a position

estimation egintkial matigeoel @irbg if WihderdiRasebiapokiien eginhd@ietwould result if
geographic | ocation of the at |east one WLAN access point. 3. The

met hod of cl ai nhg receiyed signslpdpmyibe ttieastagseWLAN ascesspobt werraispd i & pasiion

estimate being ror ! i
WLAN access poi %’? ﬁ?ﬁ"‘?g‘ﬁ‘g‘)‘éﬂ@%"tﬁ %gger\(}\f%l{ﬁ%n Eﬁg%%cgr\%sééﬁg}a%?@ﬁlﬁg& E%pﬁag%?

of claim1, thegeptiabhienedatienotithy ptleast eneMLiAdackespming in rangs of the &L Ay
a plurality of MLAN,acces ol nts_in range t he. M LAN- enabl. ed .
Gevi co tho e ARbElgBEESSTRE B hddgiBEo b biSid G HBR LT Ee rlative

statistics of themaxpefthegostidossimagsoci ated with the estimted

geographic locatjons_qf the plurality of WLAN access pqints, and_ the
esti mati ng Jt”ilf‘em %‘geiﬁﬂ% it et Fiafing figieap e o of the RSttty that would

si gnal s fropsling nR! déedddlsygrals M NeAFRES SnP YT aWREEHHREHert Bsel in a

position estinmation deternination being based on the ‘aggregate

st ati sti cs. position estimation determination being further based on the estimated geographic location
of the at least one WLAN access point.

3. The method of claim 1, the estimating the expected error of the position estimate being
based on expected errors associated with more than one WLAN access point in range of the
WLAN-enabled device.

4, The method of claim 1, the WLAN-enabled device receiving signals transmitted by a
plurality of WLAN access points in range of the WLAN-enabled device, the WLAN access
points of the plurality having aggregate statistics of the expected errors associated with the
estimated geographic locations of the plurality of WLAN access points, and the estimating
the expected error that would result if the received signals from the plurality of WLAN

access points were used in a position estimation determination being based on the aggregate

statistics.
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5. The method of claim4, the aggregate statistics being at |east one
of a maxi mum val ue, a m ni num val ue, a nedi an val ue, an average

val ue, a standard deviation, and a sum 6. The nmethod of claiml1,
further conprising estimating the position of the W.AN-enabl ed device
based on signals received fromthe at | east one W.AN access point in
range of the WLAN enabl ed device only if the expected error of the
position estimate is lower than a predeterm ned threshold. 7. The

met hod of claim1, the )2/ LAN positioning systemusing public and
private WLAN access points for estimating the position of the

WL.AN- edabl edhelmgthed of glainThaheragdrersterftatisties baing, at dgast aneAlla pugimin valog a
system usi ng,. BUDI ¢ 1&”911%@4%&%?% G §iite, RS Bk AL § (95?%19.3/9"
over a wide area relative 1o an indoor p05|?|on| ng sysf'em : €

met hod 6of ciThe methpd bhiela@s 1 firahdérrgniplising xpReitiag tierpositionbf tHeeVpASHHdrnabld
estimate that wquld result if the received signals fromthe at |east
one WAN acfeds® §sedan ra%eé%f%i frpi t g fepst 9® A AN FeGPOIRt in range of the
det er mi nat i QI DR icREbILPRSEORIyAS WRIIIERA RNEHPBE phiitich Rlitad ik Idtvehan a
expected errors associated with a corresponding plurality of

esti mat ed gpsdetaphned thgskaldons of WLAN access points in range of the
WLAN enabl e j ' .0C r r

posi ti Z'ni ng(ﬂgglgl;é%lﬁﬂg%) gé%énsiﬁlﬁé;wf#gﬁ% ﬁsgﬁ%lgg%{ %!Stgﬁl %ﬁl gwgﬁﬁdeé%%&e AN
devi ce, a naichsgofts fos tstimptting ghegposgiop o€ theAVEANo¢nabled deyiosi t 1 on

estimate of _fhe AN: enabl e vi.ce, .Lthe nethod co i.sing:.th

Ve AN ofiabl cBHESER0F SRaT bty AHAN P L oS AeE MRy oL P B L AN
WLAN accessadeedsifoirtdhbede @efdbyel R0 e - dil-anakbiegveds \ih ¢fioot fRitRhnidB9§tm.
one WLAN access point having an estimated signal coverage area; and
esti mafi ng Bhe BRiped pbdaiar Ir,dg? estifatiag thg espectidsyran ebthe ppsidopesdimareghat would
estimate t hﬁgulm%eq‘eée‘?\?‘édl sﬁgn'afs eﬁdﬁxl?t}fe%?ﬁhéf%ge W!{aécefs{ H?%Hrl]ltxp&e ﬁgedl iffast

one WLAN access point were us n a position estinm

det er m nat i peitivasetimationt degeragtatinmbeidg basgd ah a ceightcaigyeape af oplutaiiey aft

| east one WLAN access poi.nt .in,range of .the AN enabl devi ce .
wherei ¢ hePBpELPERE aRPyled i ISRt Sl el BARE depEiEe 1ocatons
relative aceUWaOW fkedspoindOiRirhdgRnl dfl WIRNSenabkd devibe nmet hod of claim
10, the estinmated S\iﬂgq coverage area for_the at |east one W.AN

nal . L ne ne . s
access!Poi it HRHEFsELeGhaT@d BaEd i) RestivainecysteR fecetpriRg te position
target geogsapw AN o HbERA RV ISHAMM @Qesfigﬁﬁﬁ_l%ﬁpe@%%@érrﬁtorf %g:ggiﬁﬁriestimate

sanpl es at known geographic |ocations. 1 od of claim

t he esti matefdhe Wjael-coablet dayiceathe metfeidiegnipeisiegt on a subset of the

recei ved st saml recorded at known raphic | o ions. 13..
e ot hod. bF VoL ANSATDE oy &8l e SanaiT A HRQENAR MG QB SPLAR Rreef Hoin
subset based oninaangalodeheONLBNeerableeideeite, Shid £ M@ktone AMDABL access point having an

estimated signal coverage area; and

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 signal coverage area of the at least
one WLAN access point in range of the WLAN enabled device, wherein the expected

error of the position estimate predicts a relative accuracy of the position estimate.
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14. The method of claim 13, the nenbers of the subset including only
those received strength sanples having a val ue above a predeterm ned
threshol d value. 15. The nethod of claim 12, the estinated signal
coverage area being based on statistics associated with the subset of
the received strength sanples recorded at known geographic | ocations.
16. The method of claim 10, the estimated signal coverage area for
the at | east one WLAN access point being estimted based on a power
profile associated with the at | east one WLAN access point, the power
profile representing a power value of a signal fromthe at |east one
W.AN addess Thomsthodtof vlam b shgestigrasqaisignal avatagomsa fdrThe dhersnmte I&HAD

claim 10, the estimating the ected error of the position estimate
bei ng. based SR ST LT REL CRES A1 T ey B ARS8 EReEaangrea and
in range of rdchelindANanalyied] devbtieampRs ailbRwitlebadplal 1eeh@dn 10, the
MLAN-engbIed devics receivingksignals_transnitted %y a plurality of
WAN adéess Ipemsthedioficlaum bk thy estifatodysigqalepapiageiarge heing based en wsuget of the
access poin I ' [ ARG .1 stics of the

esti mat ed c%%gggignggggg&'%bgﬁﬁﬁﬁggggés pé%%?@ﬁgﬁki %ﬁblurality, and

t he estld.mat Tfhgnlegxed ek pleion £ farthey combmsingvdeitrthinieg ulembiefs of the subgebased on a
signal s froghﬁggﬁﬂé%{gkééﬁﬁ%fh%@@p%gccess points were used in a
position estinati on deref HRatSgHp ei ng based on the aggregate

stati stiécs. ThOmeihbe ofrEelhino (B, Glic wbabers dBihe bitterigHuGAbAlyIhaRE irédeived strength

being at | east one of a x|\ mum val ue, .a m ni mum val ue, a medi an
val ue, an atASBlg "V%&e"f’“&ag?‘éFrﬂj%rFéetﬁE\}i‘%itth@ﬁl}d‘éﬁﬂ“% sum 20. The

met hod 19f  CirRd MedBd of HAKNEY, 1EONRFaEH REnSIdol BBEd 18a Eé}ﬁg PR3 [@ﬁ Qi Qics t he
WLAN- enabl ed devi ce based on signals received fromthe at [east one

WLAN accessassedizied with tharrgbses pf thaeeceived strength samples recorded at known geographic

locations.

16.  The method of claim 10, the estimated signal coverage area for the at least one WLAN
access point being estimated based on a power profile associated with the at least one
WLAN access point, the power profile representing a power value of a signal from the at
least one WLAN access point at various geographic locations.

17.  The method of claim 10, the estimating the expected error of the position estimate being
based on characteristics from more than one WLAN access point in range of the WLAN-
enabled device.

18. The method of claim 10, the WLAN-enabled device receiving signals transmitted by a
plurality of WLAN access points in range of the WLAN-enabled device, the WLAN access
points of the plurality having aggregate statistics of the estimated coverage areas of WLAN
access points of the plurality, and the estimating the expected error that would result if the
received signals from the plurality of WLAN access points were used in a position
estimation determination being based on the aggregate statistics.

19. The method of claim 18, 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.

20.  The method of claim 10, 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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WLAN enabl ed device only if the expected error of the position
estimate is |ower than a predeterm ned threshold. 21. The nethod of
claim 10, the W.LAN positioning systemusing public and private W.AN
access points for estimating the position of the W.AN enabl ed devi ce.
22. The nethod of claim 10, the W.AN positioning system using public
and private WLAN access points that are deployed over a wi de area
relative to an indoor positioning system 23. In a Wreless Local
Area Network (WLAN) positioning systemfor estimating the position of
a WLAN- enabl ed device, a systemfor estimating an expected error of a
posi ti on estWiiNenalfled feidAloAN- i€ delekpettallearios of thic pesidyis éstiMataik lower than a

estimating the expected r conprising: signal receiving logic for
causi ng thepf\?ﬁﬁtﬁﬂ]?@ﬁ‘i\%feég"qaeyi ce to receive signals transnitted by at
| east one WrAN:mREHESSclaRh 1§, th W0 BoRfioidtesyMelANRNABIIC sh G WatewT Whe

at | east one WAN access point having an estinmated "geographic

| ocati on an@ccass ROMHE K egfinegtingtheppsiionf the WLAN-errabled sevipamt ed

geogr aphi c haR: r th At i r | in
epact 2g or e Helidls Bath B4 6Y WEAN B4 Sef Lol 1580 AR OEPLaN
woul d resul tccefs golves thatet dedod@veal swideamatrblatied tolag astood ity system.

access .poin .e.used in a positi i mati on determ nati qn hased .
on the? Kpelt %ﬁfl@}%&%ﬂ&%@%@aﬁﬂ&w&iw&m%%mg@wl g the position
| ocation of of hevIaNlegaRdd maey&%eapﬁegﬁmm&lghn kXpebRA 880201 ot RNk ANimate
enabl ed device, wherein the expected error of the position estimte

predicts a PethaMlAaNsoaklehdsyicss the sestgn Sorastmating theresnscted grormpenpsiginge m
of clai m 23; ' i i : it .
st mat o ¢ haphiL g e B 1 o PR IR £500M icd PReRRAER tonsmmpeed
one WLAN accessbypailenst aner WLAdNeatcess painp ostabgeosf ths WL -emabled device, the at least

determ nati on bei further based.on the estimated.geographi.c
ocat 1 on of -t hevts PLAN et aoR B ey e by nagd oa srseied
claim 23, the egtdramdotiagdivith B pietel RbE@phieiodhiieh;RRGI tion estimate

bei ng based on expected errors associated with nore than one WLAN
access poi nEILESHEHYE lagic fesumapeanspPededratarda terps of disiancs; of e pesition

claim 23, the VikAhenrbheridewiice tHeEiE@éi\yeid%%nﬁf.SQH)ﬁ{ fhe bl RAS Bhd WRA DY cdss
point were used in a position estimation determination based on the expected error
associated with the estimated geographic location of the at least one WLAN access
point in range of the WLAN enabled device, wherein the expected error of the position
estimate predicts a relative accuracy of the position estimate.

24.  The system of claim 23, the estimating the expected error of the position estimate that would
result if the received signals from the at least one WLAN access point were used in a
position estimation determination being further based on the estimated geographic location
of the at least one WLAN access point.

25.  The system of claim 23, the estimating the expected error of the position estimate being
based on expected errors associated with more than one WLAN access point in range of the
WLAN-enabled device.

26.  The system of claim 23, the WLAN-enabled device receiving signals transmitted by a
plurality of WLAN access points in range of the WLAN-enabled device, the WLAN access

points of the plurality having aggregate statistics of the expected errors associated with the

16



plurality of WLAN access points in range of the W.AN- enabl ed devi ce,
the WLAN access points of the plurality having aggregate statistics

of the expected errors associated wwth the estimted geographic

| ocations of the plurality of WLAN access points, and the estinmating

t he expected error that would result if the received signals fromthe
plurality of WLAN access points were used in a position estimation
determ nati on being based on the aggregate statistics. 27. The system
of claim 26, the aggregate statistics being at |east one of a maxi mum
val ue, a mnimumval ue, a nedi an value, an average val ue, a standard
devi ati on, asiunaedsgarerapBic Iqhtosyofttienplufalitl fIVLAY] actess phiats, aahtpe esinmging

position est,imating |ogi.c for..esti ing the position,of th
WL.AN- enabl eItJhecFé{ ?C(t:%i Fx gt gﬁu@ilasﬁl t@%é‘%&’lv\?g&@?ﬁ%ﬁop&g& 5lfqu11§'aggw6‘ﬁ‘y
W.AN access agessointiweanged ifa fd3RiolcAnabaticeanieibiceiftbaéed bn thBQggregate

expected error of the position estimate is |ower than a predeterm ned
t hreshol d. 3®SUfHe system of claim 23, the WLAN positioning system
usi ng pybl i ¢nafdiRf bvis JaLAN 8 sBQ4AL Beih® e 185k bABSA I Maki

position of t h_g&\/\LAN- enabl éd oellg%ge. “30. The gyst em %?65}2? m ggl,vaﬁ?’ea
WLAN posi t i owiimgnsyauee medianyalpaisn ayeragel vané, watapdat Apviaioe ssd peimt s

that a depl.oved overn .a W de,area relative to an_ indoor .positionin
Syot entbar TRty Bt Rl S ot foh G mEIES L eh et bR e,
of the posi positibrasitheT®il A N-badblataishide besdloh slghalk ke elved Govatle 5t lgnabise
fromthe at_| east one WAN acce ol nt were used in g position
estimation B0 et s 'BEG 0§§§_ BN abled drteenid R pftedserror of the
plurality ogoﬁmee@,ﬁﬁgte% QS thas 8 QfddelcRlin¥h tHiesRoOT r espondi ng _
plurality of estimated geographic |ocations of WLAN access points in

range &% t hehapanmerfaliind déwi¥eANIRsitivning syitere heins puldiszand Arigate WLAN
VAN enabl o psvonls R RpaRhBsh oP B WEAbBEBAE. 70, 7o
posi ti dh esThemyEﬁenn&f cldie 20/ thblVehaN| pesitideivg e gsterh heing ysilRnind private WLAN

estimating the expected error conprising:. signal recejving. |logic for
causing ¢ he SEARPIISBIGES HEUDEE VG 4 Bderie r@?@WéPé‘nﬂ’fdﬁﬁ’éh’ﬁSﬂ{O&H‘g&ySt&P-

| east gne V*hi’el\)\ée@&ﬁﬁﬁ?cld@&izm the BstiRABG 18 extpB&ed bt AR Rfiof 8MirfRe tHahGould
at | east one AN access point having an estimated signal coverage

area; and efcpdfif dheripeparadpipgnatsdiom the at leastiopaWInyN apcessaprintverte ssaddna in

ternms of di . 0f . Lt i . | i f.
Fecetved o Bate tpifinh BRI Fby RGF o) Seitllbelafbt dplblaibl | |
a positi on epeitedheran agetieedivitta coneimmadig phurilite ofstinmetdegogmpfialocations

cover age areaof\f he. at, | east., one WeAN AKFESRRALAL, 1 Fange of the

32. In a Wireless Local Area Network (WLAN) positioning system for estimating the position
of a WLAN-enabled device, a system for estimating an expected error of a position estimate
of the WLAN-enabled device, the system for estimating the expected error comprising:
signal receiving logic for causing the WLAN-enabled device to receive 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 signal coverage area; 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 signal

coverage area of the at Jeast one WLAN access point in range of the WLAN enabled
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devi ce, wherein the expected error of the position estimte predicts

a relative accuracy of the position estimate. 33. The system of claim
32, the estimated signal coverage area for the at |east one WLAN

access point being estinated based on systematically scanning a

target geographi cal area and recording received signal strength

sanpl es at known geographic |ocations. 34. The system of claim 32,

the estinmated signal coverage area being based on a subset of the

recei ved strength sanples recorded at known geographic |ocations. 35.
The system of claim 34, further conprising logic for determning
menbers of the Qﬂmtﬂhb@mﬁhe expeated atraeofohe pdsgtioneseinete prafictemngidiive accuracy
sanple. 36. The ﬁ ysten e {n135 the nenbers of the subset

i ncluding only P %ﬁﬁ%ﬂ? strength sanpl es having a val ue above a

pr edet 88/ n@de Eﬁtdﬁsbﬁﬂlﬁim@l . esrfiated Bignal sV @M etreLlon tH¥ a8 astldie WLAN
estimated si gnal covera e argg bei ng based on statistics associated
with the suBSEss Rotd ﬁ’élgreé%‘é?t Bassd Pl Pp@fqmaélaﬂm ANHRE § kel seqeraphiaharea and

geogr aphi ¢ l‘é&ﬁﬂﬁﬂgot@&wﬁ%l%n-ghﬁreﬁgtlﬁt RE aRl @ggra b8 1R SRt €d

signal coverage area for . s one M LAN ‘access pol nt being
esti madéd bibeetfsmn of qdmxm?ﬂ ﬁwwﬁﬁlmaefésgmailcavmgewrwbeumaa@d dreasbsgwé the

M LAN accesg oner & LePLese t.i ower value of a
si gnal from %Ve FHF% Fg'wglﬁﬁfﬁﬁaacce§§$8%aﬁ? E& @3gious geogr aphi c
| ocati 8fis. BBe sy'Efeﬁl sfie3dinnd4o furthepdompRingtibgic Gatderrhiniig: hoabax peibE Sbset

error of th |t|on e @lnate elng based on characteristics from
mor e than o‘@e %NV&BE@ © Seficed SECIBHNIBIPS t he WL.ANenabl ed devi ce.

40. Theg systrem}e{enpémmn%% tHeRSerWeNsreRahihed 11Q@L}ﬂn§§or{l§%ké/fe@9v§d aféﬂ!;tﬁ

transmtted by a plurality of WLAN access points in range of
WLAN- enabl eshngees hagingatialugiahny ccpredsierpuiaditirestiold Wdugl ur al i ty haV| ng

aggregat fe tsﬁ;ﬁlé %@fei‘nc JImtﬂegx%%%tng%é(f gﬁ%{i’ Xg&e?z%% a%aeo%%(,’gtgo on stzﬁlcsf &S

points o "ura

woul d resul ﬁssocﬁatbchmth emesuvm oBihg netkesed Bt@&ﬂgtﬂmmlds rredol deyl aoknd\ﬂfd_gklﬁgraphlc
access poinéﬁ were used in a position estimation determ nation being
based on th g Ydf-egate statistics. 41. The systemof claim40, the

aggregag.e STRS dyblehCsr cRONMY, Bk cbifAfbd QBRI BbvepagiRidaTUMhY @l &t ofe wmwum

val ue, a nedi an val ue, an average val ue, a standard devi ation, and

sum access point being estimated based on a power profile associated with the at least one
WLAN access point, the power profile representing a power value of a signal {from the at
least one WLAN access point at various geographic locations.

39.  The system of claim 32, the estimating the expected error of the position estimate being
based on characteristics from more than one WLAN access point in range of the WLAN-
enabled device.

40.  The system of claim 32, the WLAN-enabled device receiving signals transmitted by a
plurality of WLAN access points in range of the WLAN-enabled device, the WLAN access
points of the plurality having aggregate statistics of the estimated coverage areas of WLAN
access points of the plurality, and the estimating the expected error that would result if the
received signals from the plurality of WLAN access points were used in a position
estimation determination being based on the aggregate statistics.

41.  The system of claim 40, 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.
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42. The system of claim 32, further conprising position estimating

| ogic for estimating the position of the W.AN-enabl ed devi ce based on
signals received fromthe at | east one WLAN access point in range of
t he WLAN enabl ed device only if the expected error of the position
estimate is lower than a predeterm ned threshold. 43. The system of
claim 32, the WLAN positioning systemusing public and private W.AN
access points for estimating the position of the W.AN- enabl ed devi ce.
44. The system of claim 32, the W.LAN positioning systemusing public
and private WLAN access points that are depl oyed over a wi de area

rel ati v@. t o Thesysraloof clpiosi, ifothiengprsyrisireposition 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.

43.  The system of claim 32, the WLAN positioning system using public and private WLAN
access points for estimating the position of the WLAN-enabled device.

44.  The system of claim 32, 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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