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008 | ocation sensitive devices rely on a variet

applicgtionsdhptrst opiyasiliee teirgurreptslecation byaakso shaie that location information

with others. Parents wish to keep track of their children, supervisors need to track the location

entire

of the company's delivery vehicles, and a business traveler looks to find the nearest pharmacy
to pick up a prescription. All of these examples require an individual to know his own current
location or that of someone else. To date, we all rely on asking for directions, calling people

to ask their whereabouts, or having workers check-in from time to time with their position.

[0004] Location-based services represent an emerging class of mobile applications that
leverage the ability of devices to calculate their current geographic position and report that to
a user or to a service. Some examples of these services include local weather, traffic updates,

driving directions, child trackers, buddy finders and urban concierge services. These new
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to produce a more accurate and reliable location calculation for mobile users. In this model,
the wireless network attempts to help GPS improve its signal reception by transmitting

information about the clock offsets of the GPS satellites and the general location of the user
based on the location of the connected cell tower. These techniques can help GPS receivers

deal with weaker signals that one experiences indoors and helps the receiver obtain a 'fix' on
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[0010] Because individuals voluntarily supply the data, these systems suffer from a number
of performance and reliability problems. First, the data across the databases are not
contemporaneous; some of the data are new while other portions are 3-4 years old. The age of
Wi-Fi location data is important, since over time access points can be moved or taken offline.
Second, the data are acquired using a variety of hardware and software configurations. Every

802.11 radio and antenna has different signal reception characteristics affecting the
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site survey required across an entire city and there is no way to rely on a constant

communication channel with 802.11 access points across an entire metropolitan area to the
extent required by these systems. Most importantly outdoor radio propagation is

fundamentally different than indoor radio propagation rendering these indoor positioning
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[0015] This optimization problem is compounded by the fact that the Wi-Fi location database

itself requires frequent updates. This is a result of the transient nature of Wi-Fi access points,
which are often moved or decommissioned. Thus, the database must be updated regularly to

ensure that it contains relatively current Wi-Fi location information.
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geonetri cal ygonal t|Ie
the hrmm@iﬂagtonasp[ﬁnpnmﬂ of bee orrmentofm]nnsephmtlpnd; ygonal tiles

a hier rch n_whi.ch snaller tiles arg n st
0019t ey a%t pbedsr tﬁ@d@%ﬁwmbérﬂ%ﬁ%&%} ofbp ded
partltlhﬁ&i iRV 25 bP BeorRetFIBae} IUPBSEoR ti)- Fi access points

may be contained within a single polygonal tile

[0020] s slém@a: veetheraspedt héﬂ@ulmen@bn,tthep@lagqrgxb tikds forinp e icraychy in

ed accor.di s maxi mum [0022] Under
whier Ry FREMRS SRR PR et A% on. each pol ygonal ¢ 1
[0021] S ASHRE bAGtAE WhEd ol tHelilRStiBATL inbamuReAbEE D WEFTRSbss points
recent update to the access p0|nts within that tile

that mgpi hecantgined yatiapngls pebwantldile estsslosicd eangtbe piae of ﬂilé ‘polygonal

client device is up-todate.
tiles 1%%%1&%[ %fcgrd%%)t{aﬁglrs %ghérgg? of the invention, the
[0022st | deg dnstheedpes df dierlﬁﬁdnltlﬁﬂ dath pblggenal et is devtaedisith a

) used in determning the Li mited region. [0024]. Under
timestgppithatrefiechetae mopt lteﬁ%nt URGAR LS IR ac?%épﬁlﬂ@d’i’@%@ 3 §lgy and this

timestgﬁlptig]ﬁsegl th QB ¥ WA tHe? the data that is cached on the client device is up-to-
date.

[0023] Under another aspect of the invention, the estimated speed and direction of the
client device is used in determining the limited region.

[0024] Under another aspect of the invention, the predicted route of the client device is
used in determining the limited region.

[0025] Under another aspect of the invention, the amount of available memory on the
client device is used in determining the limited region.

[0026] Under another aspect of the invention, the speed of the communication between
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used in determning the limted region. [0025] Under
anot her aspect of the invention, the anmount of
wW@rwphsizre nenory on the client device i s usedP@TUS2008/087969
determining the imted region. [0026] Under anot her
aspect of the invention, the speed of t he
communi cat i on bet weenAt t or ney Do Onwme*mszmm3w15%N01

£ 22,20
2000319. 153W0L Date of Electronic OposCTrOnlc QB espmber 22, 2008

i gggg S used in
the Cl%éﬁt %er%%g%n%g&} %Ité&?érﬁs?lg frhgdge ?égﬁuﬁlpgt&q TﬁllUn Foanot her
[0027]35 peldmdemfancbther aspwe of theripvanhien.athe elidnt device s 1n1$1ahzed with a
ortion of the W-Fi .data th

portiop F@W&i’aga@ i cQEePRdsd ag@%@ﬁ%&%&mh}% feston: s data s
updaté%ysc&ﬁ&ﬁm'c% Ak ol WYFc@mmmbcating with the W-Fi

dat'abase. BRI DESCRI PTI ON OF THE SEVERAL VI EWs OF
BRIEF BESORARTNGS Q16 02i8] SEFOER A LmdEaV 8 6 HpT BEDRANENSIandi ng

of various enbodi nents of the present invention,

[0028} Ebez eocecdmsplaiowndersiendiog toﬁ earﬁmiswmhorlgnmcnfrth@piesﬂs invention,

taken in c ction wt [ drawi,ngs, in
refore i ROV TH4 G1IP e R ICDS CRFR Al TR HEhEs of
acconq)awlngldrm§% iORhiXd: System [0030] Figure 2 depicts

scanni ng vehicles including scanni ng devices accordi ng

cer n errb di ne t enti.on _ Figure
0029} i § AR TR b g RSPl diting SARE:
il I ustrate the problemof arterial bias in data
[0030t §iguect depicts fa0BR1 Whiplesendudiepscangingricgicaspicerding togceatain
embo@ eﬂ a tl o route for a scanning vehicle according to
&Y 6}1]61881”’?%& of the invention; [0033] Figure 5
depi cts an exanple scenario to illustrate the probl em
[0031bF lgua@:& deficts @h gkample of piyprmning sgenano- tpiil lestretesthe psibteng of arterial
bias it ata etCItlnlg a user device; [0034] Figure 6 depicts an
Q nﬁ? §@nario to illustrate reference symetry of
W -Fi access points in locating a user device; [0035]
[0032FF gwee4 depietd |antesarsnlam1ﬁingg PregrhmnEsicirorst {fi arﬁga@u@g]mhi@e
£es..ace [ di-n ertal " enbodi nents of the
accorlnﬁ en elﬁghneolb%%?ﬂ |gureelméenqlep’| cts a central network
server including a central database of W-Fi access
[0033p&igureS depiets dh syampleseqnagp o disefe tecnpreblsm afack of reference
symig Py P Wi QOB L 2, AEBIEL g an_exemplary
ecture’o tioni ware according to

certai n enbodi nents of the invention;
[0034] Figure 6 depicts an example scenario to illustrate reference symmetry of Wi-Fi access

points in locating a user device;

[0035] Figure 7 depicts scanning vehicles including scanning devices according to certain

embodiments of the invention;

[0036] Figure 8 depicts a central network server including a central database of Wi-Fi access

points according to certain embodiments of the invention;

[0037] Figure 9 depicts an exemplary architecture of positioning software according to

certain embodiments of the invention,;

[0038] Figure 10 depicts an exemplary architecture of a scanning client according to certain

embodiments of the invention;



[0038] Figure 10 depicts an exenplary architecture of
a scanning client according to certain enbodi nents of

waQ bmwofosseemt i on; Att orney Docket No. 2000319. 153RIUSMDE087969
of El ectronic Deposit: Decenber 22, 2008 [0039] Figure

11 conpares and contrasts the effects icqufo@0003l9.153W01

of

i i : A rneaD

scanni ng nodel with one using a tf g , n

postman routing algorithm [0040 gﬁgﬁré‘%é g%%c%§§§§212mm

0030 B R T Do ey S kL Eh PE R F B B RE KL with one
using Wiadeiel fromithé Chinege mossh@anmoutiog ekedrithgn;t o cert ai n
enbodi ments of the invention; [0042] Figure 14 depicts
. . | Eivwnesi ti.oni .em
B e S S R B S L e
0043] Figure 15 depicts the operation. of the client .
l0041L 5HYEN éﬁfiem?ts Ehoglicrs comoneRtgiang-SyRISUATIRE PEEHb A ¢ige to

certaif emBE@AR JreRiasintfonom a client application,
according to certain enbodi nents of the invention;

044 igure 16 depicts the .at.ion _.of the server ..
0042} Y é{éegpa?ts HHONPTET CHBBITTER 1_5‘3’%@9%%1% PR PBriECTige to
certaift emBG&HlcAR JFRALUBSEntonom the client conmponent,
according to certain enbodi nents of the invention;
045 igure 17 depicts the operation of the. client
10043} HE égéeqpa?ts &?evvp-eﬁtw]a&?r&ei Cilﬁmﬁfgnwg?%rﬂ%ap T RASHI Qg system
in res%gﬁlg@td 4 Rcat@n dejh&t EERN élfe!n?ﬁ;ﬁ)li[c@t@(ﬁp b&lioR@ing @ &8fatrPdhibodiments

2nbodi ments of the invention; 0046] Figure 18 depicts
of thetilmeentiper at i on of the server conponent of a W-Fi
positioning systemin response to a tile request from
[0044} Ff‘%u% 16 8Epi&9 MRAUMRAtion BE BRI LRI cdBp&Rht & MW BELITBRAS system
' of The invention; [0047] Figure 19 depicts the nethod
in respynsevi & locetian rsauese fromahp ol comporentiacEirdipgdd tértmn ng
embocii\étsetfsmfﬁ@eefg g e density of W-Fi access points to
B AL N8B opriate tile size, according to
certain enbodi nents of the invention; [0048] Figure 20
(0045t Erguese &7 dersethérveopatiopaf thictdligni eegnionentdafWe i pdsitidnéng system
upon Ee%err‘l%)g %fl nagltisg to?tnigel igéng 1[r K h% lag%fﬂl#)lgl% \éoqgeg%!iﬂ %:r%l%)o:(ﬁmggtg o?thsécnrf\?en ion;
corresponding to each of these tiles; [0049] Figure 2
[0046] Feimps &% dentiete theopetation af iherrsrvise campencutef ©WS-Fi positioning system
- cQ nent s of W -Fi positioning _system durjng normal
in s SRR LT Bl ToRleaidiny’ o BRRkerb AP afeS FEh EiP S Ments of
the invéii@nt i on; andAttorney Docket No. 2000319. 153W0L

[0047] Figure 19 depicts the method by which the server component of a Wi-Fi positioning

system uses the density of Wi-Fi access points to determine an appropriate tile size,

according to certain embodiments of the invention;

[0048] Figure 20 depicts a scheme for partitioning the surface of the Earth into a hierarchy of
polygonal tiles and a scheme for generating a global unique identifier corresponding to each

of these tiles;

[0049] Figure 21 depicts the communications between various components of a Wi-Fi
positioning system during normal operation, according to certain embodiments of the

invention; and



Date of Electronic Deposit: Decenber 22, 2008 [0050]
Figure 22 depicts sone of the tiles recomended by the
W@ 20098862t nponent of a W-Fi positioning systePai/0S2008/087969

response to a client |ocation request, according to
certain enbodi ments of the invention. Attorne
No. 2000319.153V01 Date of El ectig iogﬁﬁﬁg]g% eﬁggﬁoﬁgifj‘%é
Decenber 22, 2008 DETAI LED DESCRI PTION'1ntroduct i on :
. .I . .
0O T e B n D TS P sy 87 wi-
positi@shg spsten ihesgeeg teaptliant loeetdn quat, acodiding td estar smbddiments
WS i.ncl udes a dat abase of known access point (AP)
of the|IR¥eRfiPRns that are used as reference points in
estimating the client's location. Preferred
enbodi nents nmaintain a cache of W-Fi access point
data on the client device. Under this approach, the
server sends the client a subset of the W-Fi access
poi nt dat abase containing W-Fi access points that are
in the general vicinity of the client device. The
client stores this information in its |ocal nenory
cache, where it can be used to satisfy subsequent
| ocation requests. If the client device finds that the
cache does not contain the information necessary to
| ocate itself or that the data in the cache is
out-of-date, or if the client anticipates that nore
data wll be needed in the near future, it supplenments
the cache by downl oading the required data fromthe
access point database. In certain enbodinents, this
process is stream ined by grouping the access points
into "tiles" that correspond to fixed geographica
regions. [0052] Figure 1 depicts a portion of a
preferred enbodi nent of a WPS. The positioning system
i ncl udes positioning software [103] that resides on a
conmputing device [101]. Throughout a particul ar
coverage area there are fixed wrel ess access points
[102] that broadcast information using control/common
channel broadcast signals. The client device nonitors
the broadcast signal or requests its transm ssion via
a probe request. Each access point contains a unique
hardware identifier known as a MAC address. The client
positioning software receives signal beacons fromthe
802.1 1 access points in range and cal cul ates the
geographic |l ocation of the conputing device using
characteristics fromthe signal beacons. Those
characteristics include the unique identifier of the
802.1 1 access point, known as the MAC address, and
the strengths of the signal reaching the client
device. The client software



conpares the observed 802.1 1 access points with those

inits reference database [104] of access points,
wakioehsares, or nay not reside on the device as REl/US20081@87969

ref erence dat abase contains the cal cul ated geographlc

| ocati ons or power profile of all the accq&mkgg% 1915ﬂN01

t he gat hering system has coIIect%gwoihgn %mggg ﬁﬂzzzmm
is a collection of readlngs t hat represen ’

of the signal fron? ﬁgﬁ%u N Using these
known | ocations, the c |ent softwar e calculates t he

Int lative position of the user device [101] and
M&%@Tm nes i tsAttorney Docket No. 2000319.153WOL Dat e

0051 L O BRR O PRI e A0 BB s s
(WPSH asudito @Stnnéﬁb disegdogaphitgdscatiog of hbilt devites. AdW@Sllmﬂudes a

bas appl i cations such as friend finders, |oca
datab@é&?@ﬁo%%@ﬁ%@n APS&Caﬂamﬁata@r?éw@fétr%fﬁ@na%Olﬁ@in gstimating
the cl&ﬁtr Yice&Son. ﬁ)p&éﬁ%d] Jﬂﬁod?ﬁéﬁt% L2 a%%&ﬁé’\@ff WiFpade \Ais_cﬂo'npt%ta on
n greater detall wth reference to Figure 9, ich
the clﬁeipiec/tceek]edwl this yp oAy tentesven Serplo shd ¢lent o gitsdfdf\/&hﬂ' Wi-Fi access
. .103. Typicall ere is an | i cation or servjc
point s FRAEINE 1S EecCrbcasts o B Asergrepy BB TS
dev1cé/ qlh@ %11519 sBftcLiRel iHfBMaliGXRNRI 18¢al @dnmdr{ 9adhe r@ﬁ&’e‘i’tnc%}l ‘be used to
| ocation application makes a request of
satlsfxps}éqscqugm lngatmfrt:w@ Kahe ¢livat doaest finly thyt thdw@Cb@d@Qseloat:ontaln

ient

articul ar est |n|t|ate
the 1n£0(1:‘%1ﬁtr1] enr netcaf)sijy 0 \A?ﬁatei,]lt%ﬁ(oergﬁ‘% th %ag% mrﬂela cacS 1S ? fh (Elte or if the

client 80cipatds thatiOrel AQSYiloe Ade@edliduhe Bear Fik@re3 Q%uﬂpl&méﬂt@ itl® cache by
sends out a probe reﬂyest to all 802.1 1 access poi nt's

downjogding thy Itemnﬁedr Gt BomARE arcar i intalatabases b;zcertaan preadiments, this

poce{ 1088 AAREST, BN, L SEA PRy ESAUGSA W e

geograpined rddiensaccess poi nt. That beacon includes the MAC
address of the device, the network name, the precise

[0052! gg%l of dglglctrs ?%Opﬁ(ﬁlt gérefe efntbi)ﬁi i ?511 SwRd Tt gosmomng

configuratio ormati on
systerh dlwhl‘dits pomnmnhg baftwdre [ B nlm residee o8@2ofnpiitin@déace [101].
collects.this information fr ach, access 0|n t
ThrougE%lﬁ&mgﬂc |ICeVFTasEyCt HETSHg %ér:g yﬂf@@ﬁw&%@f LmT that

broadé‘a%? £35RPbA tusﬁ?lg ARS8 ninft cHARGH bY(%dEzbs@ sigh A0 "B e- chent device
[ 0054] The scanner passes this array of dccess points

monitps thehbroaé@at ogndl Qﬂﬁ:]quems thtrabhetksson he a padcadgress Eech afcess

h observe cces. ai ns e ,Acce Point .. .
point EGEpSR BEHE FapREE"ReB M luRfE b iE M Ga0EE 18r Efell bpgtionine
softwAr@ ¢&defds QipnhiNR o iffodn e J02MOtaeEdss BYREs it raYRleVdd alculates the

connection. The Access Poi nt Reference Dat abase

geogrpptglogatiarhel the @qﬁp@mgdh‘ewem@mg @shacteristioy éromaﬁlé rsigagl beacons.
Thoseac%%Fat%%th%SQBglua%]ﬁte k&‘e 16} c?f %1-? SOf )I’fsgclpss Ilgﬂl'fgt kn?wn as the

oca
MA Calorrgs, whd hletshenghg@faihe @frgaalaeﬁ@ﬁngsﬁle ¢Rerft @evica ethefdliond software

cornpaergg Hleao%(s:eersesd 02I lnlt actcess points with those in its reference database [104] of
access points, which may or may not reside on the device as well. The reference database
contains the calculated geographic locations or power profile of all the access points the
gathering system has collected. The power profile is a collection of readings that represent
the power of the signal from various locations. Using these known locations, the client

software calculates the relative position of the user device [101] and determines its
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the Bad Data Filter [907]. This filter applies a
nunber of conparison tests agai nst each access point
wa o0desersti ne i f any of the access points havePCmUsH08/087969
since they were added to the access point database.
After renoving bad data records, the Filt
remai ni ng access points to the Legatj [“mm’ (NE%&d%O&B%)B3“TH

22,2008
component [908]. Using the reference %g?é %’ P&“mmr

geogrfir& SqorBahfat PRk Mng RRdL B B ﬁ@de I%Edflﬁ‘ tfho§ee@9dlﬁl

romthe Scanner e Location atlo conponent
then fedbtyputa®nt hasel applidatonsofuch heframdifodeat lotdlatamb mehtsites, fleet
Bef ore that | tion.data is sent back to the Locator,
managgmang SIS By TS Soot hi ng engi ne [909] whi ch
averages a past series of location readings to renove
[0053hiVre posiabning sefairn gsddscmbmdtih grqatee\dbtaﬂswidaﬂeﬁanbm:teit@ Rigure 9,

WhiChéFeA %}8&%}?@ I@g%gg%%%len’}gggéq%%&%}g ]6 l(ga t[&g{cg]&y there is an

apphclaﬁ&ﬁbﬂ &E‘WQ@P@ 11 fhat BX@LeS ﬁf&hn&%‘édﬁlgs fd(}ﬁolﬂgg §$Iﬁé Val[lg @pal end
by t

cal cul a | ocation readings pro
user (@@@aﬁtl@ rdrlam dieations) cHtietpcatoon méteatlo@crmhe@ ﬁrmwetcpf the

posm(f@g%]s VW]arg Eosr th% Po&%tét hr tﬁgg \%upee%tt | % 08 a? g}glrg?etﬁl r”lfhag request
initiatbgthe séa@er [0OP], Wwhikh Mhldesa “Ytdit idghesERS tﬁ@zmbnl tatio [003] on the
GPS receivers conmuni cate their | ocation readi ngs

devicg ]sThﬁ §0pbprdiesendy onbs pipge scayestiia R §OZ hé apcsenpeipty [904] within
range E&@c‘&g@fl td fh% s he Pcﬁ&oq etrﬁﬁ\?%%?gss %émttshﬁ r%"e%ﬂt%@% rGIJe&l?est will

['ectronics SOC atl on nnecti ng | nt
transnoie¥ beoadest bgican sorethid angdnfontetidrad®us thehicass poi@OWhpobdacon

eves the nessages. Certain

t he retr ]
mclud@?rﬁt?oM@%rw of ﬁ@ 4@?1\9@&%1? B?FWOH%P%IH% the Rresisg ugrsigpgf the
proto&ﬁﬁﬁp WOY{SQ‘EH 11§| %&‘P@y ashighFz egW 5 ggll%ﬁﬁgtv{nm ﬁf(ﬁ'ﬁfé'tlbﬁ Qf)dlﬂ Row to

icate wt his n ning system
connewi tbhhfudevmaw @he¢ 802l t exdia blectriimy mifoehatmm fnod ehchoaccess point that

0056], The | o atlon cal cul at i, ons
resporso e e e AIETH! NEPRULT SOl BSFINGHTARE PSR Rk to the
scannéft ended to turn noisy data flows into reliable and

steady | ocation readings The client software conpares

list of observed cess 0|n i thejr
10034} e siharPasa s Eey EEE RS R bhRLY fEh Chgeks the
MA C488fesde of @icﬁrdﬂi‘s&eed’ﬁc%éés%lﬂtQ@&hkt(lﬂe RbcdshPoeREfforlds ﬂatabase
A variety of techniques are enployed including sinple

[905] sTTyndatalase ergeithonbs ieried onves @@/@cermd@ngtelyr@@r egetwork
connec{%dxg bfg@ r%cggs%%osf’nt q?eﬁ@e@c%q)%ﬁ&lg (ﬁg 9{1%' lgéa‘uﬁﬂ dgglcfhpéa%ﬁ @F the

I've Snoo

obsertddf dcese @bmad ot dre hﬂ@w@ﬁf tho @y@télﬁt TI&‘ILcwadﬂ thashc§ fhﬁﬁ &fllection of
scenarios and tend to be used together in hybrid
locatl%mﬁa};{wgﬂp alopg v&ﬁ}hotgg signglirbayasteristigsdatuared frqmy sach access point to

the BJae@ch W?er &dﬂgﬂlg Bted J@ﬂgé h ﬁer‘gf chﬁl@aﬁ{ﬁf}e@% iffs®Bach access

use positioni ng a gor S|on
point m‘daanﬂ[B idlgpof thhartoss p&etml&vdmovedlsmg/e thbe Wl&tmdmled of the access

point RS AlerFi@or PR Raf Fig S BedEor Ty BRIt E o) ponts
to the Location Calculation component [908]. Using the reference data from the access point
database and the signal strength readings from the Scanner, the Location Calculation
component computes the location of the device at that moment. Before that location data is
sent back to the Locator, it is processed by the Smoothing engine [909] which averages a past

series of location readings to remove any erratic readings from the previous calculation. The
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positioning systens since traditional systens rely on
known reference points that never nove. In the node

wo@tooposi2es r ed enbodi ments, this assunption of PCKESR008/087969
| ocati ons of access points is not made; the access

points are not owned by the DOSitionﬂg%néyﬁ&f§%§9m&ﬂﬁyw3wwn

may nove or be taken offline. The, fil 1&%89D1§&:B&@%§§2;2mm
assume that some access points may no | onger be

adjusth@fEhich bl [NRPRAPLRIAS B ANLfipul d. cause a bad
'ocation calculation. So the tfiltering algorithns

attenpt to . isolate the access points that have npved
[0055% iTﬁa\e ealewlaicd lofaiipe roAnga Sraduesst bethe Lprgor fecapenugycated to these

locari b DA SpATGHEAO0FI BRAES (R ApPRJTRALHR (DR ch includes an

applicatigopioghammingahtadfecesiARl) er posivirtah GRSerapahihiy (881 WEIPS receivers
as. advanced Bayesi.an quic i ncl udi ng Kal man filters.

commipisa(G ARG chezﬂ R AN BRI AR DT 4pag fhajgeation

stand @8 lik 8Bl 3@ deb&8opRPR! @E mﬁt)ﬁatmﬁ&rmwﬁm%smbciﬁﬁdrﬁgwm).
observations of eachAttorney Docket No. 2000319. 153W01

Conngding igd R deyiqeoning apepieid inteDaeesrsbras 22098t ercide seachine

. point. Gathering of . scan data to build reference
rerc { e e PR g & PllonaCiBASLRPER an
capabllRy gat higswd £826PY BopdtlaBiplRAIdO0 cohenMadatOWRh AGC 8SS
paints. A large fleet of vehicles [201] is deployed to

positigiing gystane Withpetrhane & diar pacpamuiygation medpl pemeysages t he
positioning system These vehicles 201 follow a

[0056PTaE IRATBY talculMtng atdsrod@ed uging el scH ST (RS RidaingQl @rithas
data in the nost optiml fashion producing the highest

intend@fgé(p ‘[ulrg, nejisy ggta-ﬂqévstlg‘rpg@lgabé%g}d séq;aélaéoc.tayﬁp §e§|d}15gs The client
softwegri@ %gﬁg@%& 1 lLsF‘BES’osERJeH QPQkd @&% %Frcﬁ% \Jziﬂi:%l‘ég'sc.g&f_ﬁiéegg&gnal

rivable street 1n 1 e raai
strengiteshtb eledght alicel o edionpp @dervib dbtcaaian pratipecdevatior of {h2Q2Yice user. A

. designed to record the |ocatiops.and characteyjstics
varietg F 6 ligues &g E;WB]I_BW%\NCP’@“%%S&%Esﬁlgﬁ’égftﬁ‘élg@b‘@/@gg@ TYFTage
model§NEeaPGARALING %@eﬁ%ﬁbﬁ%%i&ﬁ@ia&lgﬁéﬁdtpﬂaclﬁfiq&é@ @nd adaptive

scanni ng Vvehicle every second using signa rom GP
smoothatgdiakéd esdva@aclocityeDgtaentialgpridens pefahshetter mudes diffesent

resence, of, an 02, 11 access point wthin range and
sconafOCHIEN QAN st hoRBRTERy B ERe i bibclelBE B GtRprare
final rShANS. PAIFERA WhBJYihBgts GPRelideatib® BarPhsctahRinSfe@ BNpdi@tioning
vehicle. The quality of the data collected is greatly

algorithimse dhe dedision nbwhishmigonighmde wisds HEgsn Bhiblc ayadebyf ackess points
i hi cl . Each . i i )
obsery g P BB oo B A AR BT FARE b tfona

positiglifAg e tEadindctehdit@naL 8Stdnid relBlundinesnasfekdiRy paings that never
conducting daily actjvities fqor business_or qerspnal

moveyjgdhe mpdelotperpierbembestimantse thivssympyon plféted logasiens of access
i 885 YR SRR e MBSO R e
move enbeltiirers bffbe¢. Thedilteheg tecomquesaassione fhas fuinonadcpssqrodtes niag no
longerb ‘tl)'lel llo(cjatgd {netlhie %Jrlnee p{agé SI{de go%?d ga%tsea g %g(? locgtri]oen crtzl?cdu?alltion. So the
filtering algorithms attempt to isolate the access points that have moved since their position
was recorded. The filters are dynamic and change based on the number of access points
observed at that moment. The smoothing algorithms include simple position averaging as

well as advanced Bayesian logic including Kalman filters. The velocity algorithms calculate

device speed by estimating the Doppler effect from the signal strength observations of each
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does in fact provide a sinple neans to collect data

but the quality of the resulting data is negatively
w@tdoeosem due to i ssues of "arterial bias". FiBCrES®08/087969

descri bes the chall enge of the random m)del When

scanni ng vehicles traverse routes de ?}D cgetﬁrglz\ﬂr?oswlsswm

ot her probl ens than gathering daé_g}e(oemgm ?e épgﬁtrb&gmbaZZ 2008

packages, people comuting to an rom wor
{ifol l ow destination routes. A destination route is
accesV\ﬁmn a driver needs to get fromA to B and seeks the
f ast est route t o get there So the driver |ooks for
theying of pegpdatat i Eeferg a13038¢ est main artery whet her
be a highway or a main thoroughfare As a result,
[0057 br iurq 7 ARDIEt Ahe comRRoameBts g cathee losatinn @foorﬁ@tl% fog the various
d v,
sccesSRHRC Dol EC(SA THABIL [T N ERRAZI 100U o RBRnt Qe (104
of figamd ) sarrthopositiongng ©attsn. Thesd ve@uﬂ@ 21 fallowe rarpesgr@ﬁﬁﬁhc amnde

o 2 5 b L B s
quahtfy hoseTRd Rt Sean %Héas %ﬂl@ﬁl&%@ﬁt@%l a ?arﬂge ﬁ%@gﬂolﬁ&@arﬁ@ﬁﬁmﬁmg

if ever, covered because’there is no frequent
every dmgte dratabl@rstr@ﬁ 1t1 Hés?é) msil¢ mdivs. Amgie tvhlacles averdqeppad evith scanning

dovieQ TR deotREY o Ret i B RR A S e s pot ST gy while

traverﬁlﬁg@‘f‘e colBRgE e%l! Thd sahdiag d@ﬁé@&f&cl@ SbSatiod WBthedt@nning vehicle
9] are not scanned at all t he scanni ng vehicl es

every §@5:0r1ﬁ aSiHe §1&11ﬁbﬁi¢fﬁ§1§/$ﬁttféhﬁ69\/[3q4ﬁ/ skheuggiineng eécviiepeisa tracka the
presetfc%g)ﬁﬁi%1 Ig(%i ?hL{C%gawéeduﬁq%e 181%8 g?‘ﬁhg %c%pcg]théa{]agl C%%g C er{gggs of that

accesd puind gl blong ofithtthe GRSdessiopoff tHe sﬁﬁrﬁﬁmg Wehidearhedpikhtyl df the
is limted to_a biased collection of input data

data cpilegtzdets greadly gfisciehay dirscarupg methedplogy |etnrph>ge@ Qt’ ghe scanning
VGthl%\y %acﬁ dAfShJsFﬁ 0 Ef‘@ aH& kﬁhﬁta oﬁjg b‘ﬁ%%ﬁﬁ%@éh i S\Izvn as the

ccess ornt , It records a reading an
Randdro ddddet plazon sqannrmg slbytcesTlhefebmkers tab dreiyrage sysitetmgndasly activities for
. then cal cgl at the at| o) Access Poi nt

busingy ST PSSO Utthd hEit e & S P sy ki Fabe, tr%‘sa]ﬁng

salesnlleﬁl drhi8st BEPEIASE SEROGIHeEptTR et o@é}%n‘?eet‘he&fveﬁﬁ%% Wisl coyer enough
limted to one nain road passi ng t he access point

streetsTingheif own eandohefaslyign enender toabluddlaart: bﬂm@f@ro@cesd@tqb@w fhe model

1 Qc on. near hat r.than cl
does ip i 0Tl B F ] R sbE oY BER rhfine date i
negatielyeifeptcl Aué tdigsirk @orirtdiabbifiaridui€ b deR ribYLthy cﬁél&@g@ of the
street in the target area so as to avoid arterial bias
randomymedrd. Waem peanpge vshiclss trasersorougatdasighesioppbgshaigrablems than
sane LSyl L1 30 ARSI AR AUSLERGE 1800 98 ey end o
follovKk diyvinatésm robies.Ch dmetlﬁoﬁmmn when aalrivet adeds tdget st A to B and
efficient driving routg faor coverjng every single

seeks ghefagestirputy tq g4t fare. aodhe dirre lepfisfas p%%rt%r?ureofetth%@earest

b
main SHEPWHLIE |1 o3 HARNY & 3GRIlh Mo liSRte X ROSUR over time the
randomad*mamg cofrstthercBul endra grocuytd bg tir alhdatveldoseagt elravesrn bias to the

main I‘O)?/lgs or a?ter?es%[[ 81% e?qr)ner?s% kolf ﬂl% Iile} Qn% sSuIPr%{l}l 1?1}; rotacc)is In%{gu?e 3,

arteries [304] and [305] are heavily traversed by the scanning vehicles resulting in a healthy
amount of scanning data for those streets. But streets [306] and [307] are rarely, if ever,

covered because there is no frequent destination on those streets and the arteries are more
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graph which visits each edge at | east once. (See,

e.g., Kwan, M K. "G aphic Programm ng Using Odd or
wErenosarnts. " Chinese Math. 1, 273-277, 1962.PQT/US2008/087969

Preferred enbodi nents of the inventi on i nclude a

met hodol ogy for identifying a target » 85\1 2000319.153WOL
coverage and then using the Chi n%%t% %né é%tf)b&gmberzz 2008
al gorithmfor planning the vehicle rou scanni

optlrnéflh Fﬁv%l Ralié qql]: rés‘i’lit iOWB LNe s%'iﬂtggj%i% ?09 &%rng{ g&nﬁ&i at all by
e a gorlt m show ng no %las reet ensuring
the scaimatg edHiclebsethy abdiomng epssenp iilh smwl@todéemdy edisanwho is

mapped b S So, . f exa access
travel SgIRRATops 60T AR boR e et e (s A e ealeulae
the logﬁfoﬁ%% et R Yol rofNihB8eH RSk RAMMARIR!a BcdWBHEGion of input
have been m ssed using the Random nodel. Referring

data. higuie tlehpivy theedififerenes mhestﬁt@lgcﬁﬂtmewélt%@ttim&cammgmeh@le drives

near (R Gesi PATLITOLE oo B S Rg Wi a1 SBRpOFt TR

positiiae SystdiR bt thed cdl@dlhte tHOR &I EMhEABCIsHPHine Pl 10| @iy the
the location [ 1 105] of the access point with | ess

entireggtrqobsgriededate [HA3]- dn therkandary Srapnigs értqduebth@ iseirpf@lptags bpited to
t 0
one mgﬁwet%gél ?%sesglg%%f)t Q@c‘egktéz: ann?‘%&g‘ct}ﬁ% ﬁm )c/e}iélgl%%e t§@ access
point'§rok &id@ceas hap@at r&hethioclodetoakd axs:sSsq;oﬁrangenf ar ea but
the resulting data produces nore accurate cal cul ations
f .
10038 oL oGRS Byl oD b ek e Qlery wingle strectin the
targetlacmabiag s avdill ghatal hisalin the réRltigcallicotim ¢fAAEIhuOnoeducing a more
collected (or partiall y col l ect e%, t he scannj ng data
reliabf e@%moawéast@mr thg cgd Beast- Fagurg & desdibsy i PPiaZaH Luking
algorlﬁﬁi@ﬁﬁ&ifﬁ)%dthk AhGlesd Po%ﬁ]ﬂaﬁ t@@a%dl&t@ttﬂeorﬂ%st ‘@‘ﬁ%l@ﬂt'd}lvin? route for
processe he raw observation points for each cess
covermgwneryasn@lmstmd_t inx taggeense The (éhlgcsled’toetmdmeroamgmgorlthm isa

K Iﬁyﬂgl cal atlo of t he a%?ess (§0| nts or .create a . t of th

HOW'E PAPE 'd%% Y ROSWF RECORIED AR ‘EfPB“S;ﬂgSB%{a%%ﬁ dn 2 gfriant ot the

Eulerfah @§clé‘?ﬁﬁ)¥e§n PRicHuleddh QERES ahROUKER 6&1&1@% thend@Sttest tour of a
accurate calculated | ocation for a particul ar access

graphydiieh wisiby cach cdgeaftleast preense, g c&MﬂeMp BuebraphisfRrpgramming
Usmgf(lj](?d orcﬁverr]lllﬁognt e?{zznese 24 109“?395)/’/9 lbgf ) L elirecP %:rﬁgodlrnents of

an I 8s as ’posSsi

the inV@imida nndmté@l mEthbdolbgy Bjr,ldmwn@@ CRER r@@bm f& odk€age and then
observed fromonly one street forcing the systemto

using ¢he Chipese L ostranroptgl peithan fop plapying ghq yedicde ?%‘éft T[hs egning
Vehlc%ﬂg@ﬁ fflblg(g\% hg %g‘fn??mola{e ac@%ﬂh{g[etﬁttﬁeoﬁ rltphl ocat ! ons O? to any

erent t e ac
street biesiag alcat @l 9bpovattls ac[cBﬁk&jmntEareafeﬁecasrdemd miappddibe thel syttom. So,

a positionin syste ref ence pOIﬂt
by wep SR SRITBRIS, SeP e PR A0k 8 14051 € pded 1B ACETHiRE database
using %B/esélﬁﬁésetlj%@tn%%{)@e@ lﬁutoxf\zoﬁlﬁ %a@@ﬁé%ﬁ%m@@d%mgm@khﬁﬂﬁn model.

play a large role in the accuracy of user
Referpog badkdaFrgyrat tuvideihe (bsiasg Postmativicmesieg Rodeintin vabbidll travels
every [sfrfggeurrogd Lg%tting as complete a set of scanning records [1106] for the Access Point
[1104]. The system can then calculate the location [1105] of the access point with less error
since it has a more uniform distribution of scan data for access point 1104 than for access

1102. So the Chinese Postman Scanning model not only gathers more access points

uniformly across a target area but the resulting data produces more accurate calculations of
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the scanning vehicles detect a particul ar access point
fromas many sides as possible of the building housing
W@ bwoageess poi nt. This additional data great|BCT/US2008/087969
i mproves the results of the reverse triangul ation
formula used to calculate the Iocatlo nwyﬁm: §F9£&§N9B3W01
points [403]. Mre details on th%a%%f;];@lg mﬁgbt\%‘ it: December 22, 2008
| ocation quality is described in connection i%
acces %gHg@C&&mS[OO6O] The scanning data collected from
IS systemrepresents a reliable proxy for the signa
propagati on pattern for each access point inits
S al 5 Every radio device and
associ at ed surroundlag envi ronment, produces a uni

[0059% Ogeairoltqctrgd Prpartil s rdirried). Hiswepmiing a4 yheadedd agihies: central
access\?\#kq NRWEEL @%antb'a& b IR Bhis h@llcﬁﬁrﬁ% Yéltl %@Eés%bﬁ The raw

hin the I"gnal |ngerpr| I ngerprint data
observasionpethts for eadhj acnessipoint wict ised hercgerse triaageldteahe edsal physical

.poi | ocatiaon to drijve hi h curacy for th
100%%5%? 'ﬁ“F BFFCHYPLNS CE FCatRf ROWS &gﬁﬁ FIRESeREnEhe §edio, Bugpegation of
that aéesPRNRE TP6AET bSrodicReR hb& aéélﬂﬁ‘t@|cal%ﬁfa%@%&%oﬂtfo%?tlcular

position is nmeasured as signal power in watts. The
accesqomntts oo ergats yist renst @aguritapewpr profilch hef scmtgeng)mhn@le datsgobserve

the acg%sﬁ pg%!i %rﬁt@glgaes;rge%éro epg%ﬂgzesaaé p§ Igt%%%reaﬁﬁ%rﬁ ngode?ﬂigure 3],
many R8dek$ poth@rardlblsstARE Eront Oy aktrét EasmgRRd §istenSioaulate their
fingerprinting techntames are used in indoor W-Fi

locatipivdiredtlymindbe Hrct Ve Theos/ogatiin fxkibite dilsctiensl beated pg
u n e
T R R S TR SRR e
1ntrodd6€tdantolem’sltidmﬁlg‘ dyR@ar @h¢mﬁ§reﬁd’rem\@[ﬂﬂddatlﬁﬁyaraiﬁal@alrate So in
No. 2000319. 153W0O1 Dat e of El ectronic. Deposit
this pesaféQnipetystem, tharpguisey Pl theacemss peint l%ﬁté)né@é@éfsaslaw rglegn the
sccurfyy A p IR A0y Ty Bt ERLRATPUSHER Fddl figure 4
the scairengevd¢hhe esodbeg et uepdrts:lu@m abcess pcamgﬁrd)m apataoh stdee acposbibieed the
..fingerprints. Preferred enbodi pents of . this ipventio
buildiy Gt e pefesspiat dPSydrioaH i SRATAEIRTATS the rosults of the
reversk 'tﬁﬁﬁghpdﬁubﬁtfoﬁﬁfl@u@gr@ eflcdlaftBRS lo%gtl&%ﬁ@g&eﬁ ﬁntWMd’B] More
| i'ons of access points in order to util
detallsr omg@rapmﬂ poivaksetigrogialityor idasprided or ¢Ctnhn®10n%1fdel’®uteel 1.
Symmetry [0061] Positioning systenms typically work by
[0060]1 %k BGinh QRO 1IBBEE fORT tﬁ[seﬁ/@t%m%bﬂ%ﬁe?lt@[ RURBIet¢ky for the signal
devi ce being tracked. These positioning systens use
propagdi@nrmatica for g@mhlagcefw pemt meltsesm@ﬁe p@m@nmit rﬁ\@ry radio device and
Qus s to cal cul ate the

aSSOCIf‘{aege?P“S‘ﬁn FhiPrgs: Prapycss & “Bbq&‘u Flgwﬁlsf% e Slé?“émé fow far

the sigras tathesia@@hoWuwibes tRfsigrRf BrigReLoRAbEHIBNOWitWMIaRAE bigal
reference points |ack bal ance or symmetry around the

fingerpgat Thisdingergat dafp ésqused it P(guw@tlsn withethe pleplptafl aggeggpoint

locatibl @t drfLE] f J}ﬁ R %éﬁ@%t Yo k
oce 163 c%n(gr | Oég? Cecpea%ﬁ% e% user rmvsres 0] B% ¥0 nqwn asa
“powarpeafle? pinvdihe Rignhkestengthe angdcl poedon datdeaoedas sxgﬁalrliower in
| gcati ons, [ 502] on one side
watts. The positioning system can interpret the fingerprint data to indicate that a particular
signal strength of an 802.11 access point radio is associated with a particular distance from
that access point. Signal fingerprinting techniques are used in indoor Wi-Fi positioning but

have proved difficult to replicate in the wider area outdoor environments because the

difficulty associated with collecting the fingerprint data. When the fingerprints or power

-15 -



of them This lack of symmetry in the distribution of

reference points around the end user causes the
wpowposam ng al gorithnms to cal cul ate the devi CBCT/US2008/087969

| ocation [503] with a great deal of error. Wth

Chi nese Post man nodel of scanning for acces

Atto ock RIIO rb‘i)(§(7319 153WO1
Alrolioh

the user typically encounters a pysi& &QBammbazzzmm
[figure 6] in which there are numerous acces

proﬁlésqg%?l'gﬁ R a%@e%%%ofgfé a?%l éveglélstfglé os%ti&)gll tregalg?%]de%ﬂierh device
locatlmremnfdiy hg fipdisg ttlhmneqmls'rtmh athiconthp ©08Jrvdtasgmad shmfmgmhs match the

| ocati on .bj nd re a ate as a res Fi gure
combigl e AL e BRAHS OO (P Rd YoARae PreBitsliphle Sotem for
obtaldu@gﬁm cEiH 'dh@ta'cﬁ)@§a nﬁgﬁwewrdg%\akéaam&@&%bnﬂ@é&@ssYoomts
depicts the details of a preferred enbodi ment of
in ordsictarwiliag fidgupuet-reed pewitoring deoribmsand i dentify t he
vari ous W-Fi access points. A scanning vehicle [701]

CRRFANS SInmTea@RNI Ng device [702] that continuously
scans the arrways for radio signals from GPS

[0061F @b&libhihe gysftezgﬁﬂy pRAdy §Q2 By ﬁa@ﬁ@ﬁﬁ& &%&%%f&?@g@ poiffi&round
scanni ng_devi ce runs t he scannlng client software
the defvir® Aa]emlghtmck@b dhessl positioaingrsybtems psoihe sadio Figaals cmmmihnge

et LR SR e 68 R 0B i e
occur GEheh WO b EEQPLEON MBdRr 6BlcEdibitk] éﬁﬁlti SiewBe0wE dbiefice points
| ocation of the device every secon That cal cul ation

lack bplgneceeicbypymetieargenthiii ecrchib dhwstratad istigired. the artdal iesethat
emerggggfé? t%@[%gllsgl %ﬁ%élggﬁhﬁlgésg@ sr&gn%uots%ﬁé @' h&h?eo éE '8 moves

into physi]cuﬂ sicas inswhigh dieﬁ@%loﬁt}&lec@ﬂé@m&s ﬂo?ﬁgﬂ)catléﬁs/ [58QPord ode side
ccess point [707]. wthin_range. of that probe request

of theme JPtsriesc ofisyReAptiB ﬁh?ei}stgéem ofiggteransg @s&@s %{9@%11 pag aser
cause@fhe E‘oﬁ%ﬁﬁ@ §%£Q?rﬂﬁs§ﬂo calc@ﬁ?ﬁefﬂg%w%g 1ocal88 5%)'39@/?[11 %‘?@a‘f QBal of

rot oco e respond ng sig
error. Mﬂcﬁhmemol?ﬂs&nmsmbhd off ecamnig ﬁoamessfpmﬂlte, the ues $ymcm'lhyt

kno SS ﬁggss of the access
CNCOURHGI 1 P @EPC {80 ’IgPr £4TS BB REY $GRSS ARGt docations
[602] bﬁ %11 %f&%@ SBthRAL&L[ 60 ﬁhﬁltﬁlﬁ‘ Wﬂg@r@o&]f amnak §e\r1§@§§02eﬁlcﬁdf2)f The
di rectional antennas wwth a different strength of

result@ggmaltwb asledation (8] hasordircedfocatipgbias andiistrhere praxitaias g result.
. of,the access poi,nt.. That. vect
Figur{y | 1 ApRBeF Gy pRbvind MRSl et B IR SERE SRR N8 ¢ ne

meta i nformati on about the access point. This
pStaim-lrrgaBesVlw record process occurs continuously every
tenth of a second. The scanni ng device deployed is a

[0062t bigvirnAade@ints dﬁe dehze'lsi dPAQrefessd ambkcémeﬁ’@famtamdng dexdcaGHR used

o detgigan PP Gy TR ek BV SRl b trg s RRIZON conteins o

scanniagaiRRich §703] e tortBho0dly S&ink @dhifrdyQ b fioSidnals from GPS
descri bed in connection wth Figure 10. The client

satelligas €9 tand 802 A eecorapeinisdAPdnErg scanpifg dpaearuvh tegepnning client
softwegr% ?9014]] thalt Iagnt%@ @ntire process. The scanning client activates both the GPS

receiver [705] and the 802.11 radio [706]. The GPS receiver is set into a continuous reception

mode calculating the geographic location of the device every second. That calculation is read
by the scanning client and stored in the local data storage [703]. The scanning client initiates
the 802.11 radio and begins sending out 802.11 probe requests using directional antennas

[709]. Any 802.11 access point [707] within range of that probe request responds with a
- 16 -



Manager [1002] and the Upl oad Manager [1003]. The Data
Manager [1001] controls the operations of both the GPS
WO 2p08219006] and the 802.1 1 radio [1007]. TheCIES2008/087969
Manager controls when and how often these radi os scan

for signals and process those signa

once activated receives signals [% §$§§m§9 figg%ﬁlgg?gﬁg
p ocC %$§

[ 1004] and cal cul ates its geogra atlo
r I I
mgnalét%%%&{] 3&% é)ei &%g%]czjs} lﬁétror]@(%lbﬂt? rg‘é;%?ﬁﬁl gg%% %% % alns e network
name W thEiac&ms pourie(knbils/ﬁi@:@]an SSID ) el Athad dBEOR of tht dRachs tpotna) device as
n every.tent.h a_second, assocCi tes t hose
well s 31t FEy MG fhah IR oap RO P bac OBt R grchach of
the dlfée&ﬂa@ght@mﬂﬁqxnﬁ?@%fewﬁ@ ste&@p &1 Jighad ﬁﬁs%dtoﬁ tﬁ@@echrlo@ on?m and
Manager. The Fil e Manager receives scan data from bo
the proxigiiGRE tiReawessaroidnbhapvedpr Reewrdhdralengowish dwtidentifier of that
. st or n t.h This proces ontipues .
partich €A @ o0 Ffe @ B RpEGerEou! B 3p G BT THRPrbBi fiSeive-record
procedsastc @S cofitthuouf1§ ey t&ﬁh bP86dondi NTHR ath© aek/i dbdpBBied is a
[1003] there is a ot Detector %1017 t hat )
combipghpn o te Q825 qukeé Egrﬂﬁﬁ kg Wiceas b s PDA Meukt Eigelerwigh
f o 024 e.g.
nﬁqy%%@Sh&9p§9ﬁ9§¥$9&%8%%F@g@#gﬁggt orlze&&%o aLcéssg Once

tects a valid Hotspot it notifies the user of its
[0063bff é@ §ﬁwmgrfﬁléenﬁ J8¢ of gitadpprabedimgnis dhdrsetibadgnicpanection with

Flgur{' %i@? ch?%t cgﬁ%:lgtxoggf}{g% tn{agg%oglcfoqﬁegtss C%Q :ﬁﬁl% WH?%Q Emtl f e System
Manag@g({é&(ﬁ] pod rite [apigad:]&/&ahm (80038 gﬂle]Délta cvmagm[n(oxlm] P Shiests the
operalial DAL e AASCAS PRGN EH A et H00 e Diecesis Mapager
contrdTQ@vﬁQ@End’l?dv‘z gﬁ&?ﬁley‘ﬁd@g S&HYor ﬁggalg Q@({‘p EQY RS mgna&ls The GPS

network access to the devi ce. Manager “t
radio pmictactvaisd tdaelvb.bmgmds Bem\@PS Mtlhmt[l(ﬂbiﬂ rohcgdewates s geographic

locatigh JHEGHS ESARE (PARY OBk s TeaBE 8T 1 S0 B frem to
the Fifel GAIRP[ 10 1 PEABE Wi-FiIOR&BRRE 10081 acdRARs V& 802.11 Radio to scan

aut henti cation informati on. Once aut henticated, the
every Upltivalie &cpad. anvessotiateathasn 83 diireadimen 2aith thg GPisi repdingscoming
from hIG?PSn?lolr%La%fi%gra sy Fess%ltulﬂg ld%tga Q tl%eali;l?edl\f/lgu(l)argteltr H%ﬁ%ol%e%%nag?r
receivdigsonrditaesnd ®bthiuhié GPSAIRordehenCanitRi Mechidtm@idkcr&resisrage files
initiates a process to store all the data in the
on thecdayieaThiapeacsss yiipgeshg eile Emeshe dovigais on?ﬂaa%wal pad both radios
m@ihﬁﬁ é@fe t he upl oad process noves the scan data from
e anning Data store [101 1] to the Backup Data
storeé£101 on the device. Once the upload is )
[0064} hnihedind nagef | Y00 bthereris 2 iatppoi Pstesior kIl Ehaf l;mzrz?rs the

802. 1Fﬁ&ﬁhﬁlg99§11t§?&fofoﬁ'foﬂ\lﬁé %@@#f%uﬁégd ¥ o%koofj;%PﬁE Hbt@ﬁoth 1024] (e.g. T-

ere I's a new versi on client

mobilayvthit thbHevi€ois attheridel/ioceceskf Otdear dctecs avmlﬁi/\H\b‘sptstl iongtifies the
e soft e i s downl oaded and t New Ver

user o& HS PLOSFILL| PSEp oY S B‘Epecsogn%cééq ﬂ]ét hpgpa‘rpl@i, %ﬁglé(atlng the Create

Connection component [1018]. This component associates with the hotspot's access point and
creates an 802.11 connection. Then the Hotspot Authentication module [1019] supplies valid
authentication information for the device. The hotspot validates the account and then
provides network access to the device. The Upload Manager then initiates the Upload Server

Authentication process [1020] to connect to the Central Network Server [1025] and provides
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the client software. Once the installation process is
conpl eted the connection with the Central Network

W®2009/68627% term nated, the connection wth theP¢DUS0O%/087969
is termnated and the device returns to norna

scanni ng operation. [0065] Included ithQ%&%‘§§£E£&B19liﬂNOI
Cient 704 are a set of utilities)th Cﬂr P i&i@&@&%{zz 2008
the device and reduce systemerrors. %IO nager
valid &&Qéﬁﬂcaﬁﬂéﬂh}“&ﬁﬁﬁs R)&%%ﬂﬁeh@&t&ﬂ‘, e8| EPs 198k & cRifiatiddEmodule
W-F Radio to nake sure they are functioning
[1021prsapitiated. Thik ntddelcRatticocdhan acpardagntomnbeSsanaingriodih store [1011]

it ne of the radigs, it will res t .t radi o. Th
and ulped B uf o8 e S palbetaptr b Lok Btk Server
initiat8d'8l préRERHE Stokall MG dURSH tIROCIRY ACEELs PBRK Pafibhfe AGRVIHCRipload
effectively. The Error Handling and Loggi ng [ 1015]

is commdese thbsupdddd psgese moivesthe scanalathizoniahs Seanaimg [ddtestore fIRé1] to

user ~so the address. The st em,Rest ar,t, nodul e.
the BytREh R0 SO ) G120 o 0EY ¥, OOC B S EM BB G TR it he
New Veidishensduit [ 0dDVehctibahd evhes NdddofkeSdradrtts détanine if there is a

har dwar e, operating systemand scanning client to
new versiiyaf the epra s raeyalablgfopdeidevise. 1f thege isfa ngwscsgpg the

| . e .

oo s BRI  OLeXR SURENOS ALY oBRY e
the clienndifiiniagd) Onds itieginsthilationgradess fs coapibaat the c82clion Bt /tie Central

operates using 14 channels of the unlicensed spectrum
Netwvxﬁ SR 15 tatmainatsd dBe oSN With Ahrcipdipet }Stt§m§¥1§ﬁ‘gﬁn‘} the device
retum@ A PYGnARGpLbRlOSe channel s at any given time.

The scanni ng eglce needs to survey each channel in

order tqQ qQbserve as_nmany access poi.nts as possible.

10065} fsTicod kot 8 Gien %)4_&5? P ety @aﬂmtﬁa&fw ioveingge the
devicSRREA10de sg SmGARE TG RAANY PlafadeP [ RAB) MohfRod MK SdBation of the
scanni ng ient covers the frequency real estate of a

GPS Ryati¢ anclithaWi-EigRaho taGeaka sire ey wor funSemieg priopody7 JIf e Radio

reference to fi re 8, t fl eet .of .vehjcles perfor
Manal sFoign PRI eitine G koo i) SsE e . 19 User
InterfAQAGRE 11V JPadcBtsAhe foRCHHPUSPRRAS Libcr sEPBEEMHRL bperate the
22, 2008 driving their pre-de5|%ned routes.
]

devicpedf¢ctigilyalhy EvacHandimgand Loggog] 105 recotstsrdloystem iagues to the
. avad l,able 802.1. 1 acce okt cand t henti cat it h
devie ARl AP e it o R A0SR TG GPR SR PN B cated

when NetisvakinStee \tedolvelly Phi€ abddyild hatsalomesiic pevied sndussart de
conmuni cating with the Central Network Server are

hardwggm pperatieg St and seanting siens Fee U BRCT PPRSEP e
ensuring reliable and netered access. The provisioning

[0066pTht hi1H oFarsoesidi 300, 1dGuhthifeintened wisahadey sarcaiit @blides the
public access point. The scanning vehicle stops a

: : ; . t a

optimplesgpynperaoior Peeat prder dhtae pelivrnsurmepiobe shelphardware.
2.1% { fhot 1A QLA RER] brfefliGh

80 tlﬁ/gﬁllgog) gna%négs & 1| ent I‘[E@%iﬁ |9 encteln%hg?egﬁ the Tec g%% Ia§/CeSS
point bwhi@stset sgmahbaladraotar @ne bhithobodainnsls ot ayegiyetlidhe.afid scanning

. ugl%ads that d tﬁ to the . .
device needs to survey each channel in order to observe as many access points as possible.
The scanning interval is correlated with the average speed of the scanning vehicle to optimize

how the scanning client covers the frequency real estate of a particular region.

Central Network Server

[0067] With reference to figure 8, the fleet of vehicles perform their scanning routines while
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Central Network Database [802]. [0068] Once the data
has been upl oaded to the database, the Parser and
wa-2dov/e862p8 ocess [ 803] begins. The Parser and RrAT/E82008/087969
process reads all of the upload scanning data and
|l oads it up into the appropriate tab S .0 e
yDoc et No. 200 19.153WO1
dat abase. During this exercise tnﬁwg §§ f>ﬁ&: baZZZMB
for quality issues. In some cases the el ver
ivinp §GQF R I P&ddRall I 111515@%05 ilabl
R i e L R L
802.1 pacaetss pontandentheaticad eith oin Datlaéquansrecatmnsl Moduiee[r807] of the
ces dent f|e ese bad .recor and either
Centr B RS T H CRBHBG SO HaMI LS| DR OB SisAherih the Contral
NetwdrklSeffe B Iﬁib% 88 C£}é’t§ fke ttt“o'séj Sp&hed gytlenlaeﬂa Hﬁ‘s%trlhg ré’l’?‘a%Fé and
out error prone S readi ngs. For exanpl e,
metereheccessadhnpovisianing efthis ce0B:cien epuld bF deae hiagny eValbtbte public

the r inin 0% t he  readi are 5 kiloneters
sccesy iyt THERCPARES Chista S uPe AFETb RS oBY G eRy Breihs thg paocess
of corfiib@ittoithe &c6RPoitRt Ofcd At @ tiofted IR sRhmRASRet9704] identifics all
further analysis. In particular, the systemfirst

the reeqaitly gpHecded tcpe d@\télfgm logahstopics [T} atlﬁ aplpadedat ¢igs terthe

data. It then determ nes the
(bnﬁMﬁﬁ& 0 dbaé@ﬁg " based on the distribution of the

ﬁ)rtr)lgrted Iocatlons The system uses a definabl e
(0068 Ringa Hisl datahns dgcrowplppriedde &Wéiaé@fbaf% ithe Rerser ﬁn%ﬁtlteéarqcess [803]

begmg Mk $ar QUL ASRES 09&'5 Eéag shif %E tHN ﬁtlda'a ganlrn?[{% da@%ﬁu%gﬁ ?up into

error records ar roi eca

the apprdphiatehtebleesttha dmtgbetse clatmqutthtmcefat& the daetiervalvaedifbequality
final centroid using the Reverse Triangul ati on nethod

issuesq Bsymafageyar G TF%%@]IHWF%‘)@ REPNERS OB FH e repidy g ome period

of tll’nWhl%ﬁ cbirg nﬁgniéueefy AecPihe FHAES eﬁgiomt 18d38bn Eﬁ%ulgf?(yt? Ghe parser

hi's i nst the centroi the access points
and ﬁl/wﬂ proqzus clkehirfidssthegs'batl oedonds andwitheratricots thas edreomvehthem from

ance of records. An addit o cenent t
the syRREP AR Bl PR Rt G5 Rt REBhigh Ry PR tneigip
readinfgf SFRYRar@plc! ﬂ@ot/ﬁ&mﬁ@feaatﬁgtl atchAkthiR 00 hREQS 6cdcB BIHRS S{ﬂttthe
a nore si i cant indication of the present |ocation

remaifigg IQ‘wavtgn readings repolifmet¢ro @ way tl@ndboﬂet@eﬂwat g mgmoved by the

has be npl ent r.a t work
ier B EE L PR R Rl T BB 0TS YRR B e
syster@ttrﬁlceletﬂm@ itige @agmed fcentk¥i@ ESTRRE actdss RGNS ported data. It
Tri angul ation nodel [804] begins Erocessn ng the new

then dgterminepthe; j S daxdi @Vtﬁtlﬁ@ @gged:gn thedisgthutier 05‘61,6 Aerorigd docations. The
systengg?t%da] &e‘ﬁngﬁg t%@%@?@ﬁa%e Bg tlterk %Ifta th:ft?s cﬁ?thbtgt?cgtatto'fﬁ{er bt access

ul ate exi st ng actess poin
points th@ase tn @rtedomaesthebecmroa mq,cordsvareiaiaﬂ(edeme rceltﬁnbibys rtebuatculated with

the e AR PR o R P eSSt B Stacion
metho%l&fe@é’r%eﬁ%efo@v wei ght stronger signal read| ngs nore than
weaker signals with a quasi weighted average nodel .

[0069] Note that the error records may be the result of an access point that has moved. In this
instance, the centroid for the access points will quickly “snap” to the new location based on
the preponderance of records. An additional enhancement to the algorithm would include a
weighting value based on the age of the records such that new records represent a more

significant indication of the present location for a given access point.

[0070] Once the parsing process has been completed the central network system initiates the
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[0071] During data gathering, a WPS user is equi pped
with a W-Fi receiver device which neasures Received
wEnase28t rength (RSS) fromall the avail abl e RIF/BB2008/087969
access points, and then extracts |ocation infornation
of corresponding access points. The asur :%&kﬂ?w3w01
of access point i is denoted RSSp [/ ewnmazzzmm
correspondi ng recorded GPS | ocation o acces [
ReverbS THENR £ det-Bloatn beessiRBdhd iy 8&5%@5@ 1
g R A
new atafasap@utsanr@ddchdsto thcalatabgsdf amldrtkﬂelbphﬁmal oicatgprt lh(ealculated.and 2)

. orithmas foll ows: 073 The d r oot ower is
existi G fi et g s hﬁee&]@ﬁfl&flﬁ bafref%ee@mg iSERers. The
reverse 'tﬁé&ft‘gu%@ﬁ Bikhrh $a B9 ANMERYMbELO A RKdBY aﬂd’\ﬂﬁe§ gk&%ﬁﬁted signal

roots. [O The second point is referring t
Strengéldij tastdighy strh@ed yiganhireadingsgeomsfthaoesicr $lemlsw1thfa quag weighted
nanuc range of coefficients is a concern, the
avma%d@???0|ent of the al gorithm can be divided by a

constant nunber, e.qg., LaL = [0075] The Parameter C
[0071F Bhripg dataygatheribgra WRS user idsaipnest Wlthpa\’&’t-Ft iseciverglgivcg which

reti IS base
meas{ioRiGheg e SECRIErRITINT of TG aBHTE R Sar g dnd
then ex@thet€lochfi@OmEdriabbh ¥f cotraspshditl @cksstgomnts OBiefrh sl R Iyvalue
a constant value, C does not 1npact theAttorney
of accpscest i NpdenptYgESH. 153W0L Dat e of El ectronic Deposit:
Decenber 22, 2008 results, but it changes the dynam c

[0072] ange c@tfresbbﬁdlﬁg)&fcﬁfd?aﬂﬂﬂs Madtimsof ab&QY ?d)mﬂ' his Slehdted@by {Lat,
is then used as the final centroid val ue

LaU
Longz-}, gpd ﬂhﬁfecall%léeé@d HeCBiPoiHARCatier Ssienpishvy Lahd ongy's the géangulated
gﬂgg in the database
pOSltld?‘I{]cl udi ng’;%%?yﬂ%me aﬁl%b%{%%&%ﬁ élilgc{avfsg the freshness of the
triangul ation cal culation. [0077] Adter the Centra

Net wor k Datsg ﬁiﬁwﬁagapeen updat ed andwx gﬁggam ?%%
r Bui r

poi nt has be eposi ti oned, the Dat a“
ons

[ 805] Weat@@?of the daABase egi
of the countDyVod™Wrid. The pack bUI|d§E ST t at es

di stri bution~of the database for a variety of use
cases in which only region certain geographi es are of
[0073) The g@&i rooll BEp G Ks RUlckdad chse RO MhpIoMEREMM bfthE @QoBIfhm, since
coordi nates representing countries, tinme zones and
quad get IsepReTYIIYS & BAELS tWoisPaP mepts.hi s t echni que a user
can downl oad just the location data for the west coast

[0074PThE B& ok bb R isTt Rt @Ss to HafusAAE ﬁlemyhhﬂﬁ{raﬁ%eg@mwicﬁm. If the

data records and then conpresses them [0078] Th o
dynangip é@tgelvé%@f@ﬁ@ﬁ‘ls info ceiicer], §oBlocHiqss ob feradgarigis can be divided by

nage the scanning vehicles and ensure they
acon&m£%8§ﬁ g% the routing procedures. This nodul e

processes all the

41 \RSS;/ 10 n_ 4[1RSS:/ 10
Zm?Lati Zm?Longi
Lat, === _\/IORSS/ 10 Long, == n leRSSi/ 10

= C

[0075] The Parameter C can be any number and it does not impact the results, theoretically.
Since, the weighted average is based on the ratio of the coefficients and not the absolute

value, theoretically, dividing all the coefficients by a constant value, C, does not impact the
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scan data and builds the location track for each

vehicle in the system The operations nanager can
wee@anss2maps of the vehicle track using the MapCBUS100%087969

[808] to visually inspect the coverage for a

particular region. The GPS tracking d@t ﬁmﬁé

device is reviewed with route nagﬂ{ggm

verify conpl etion of coverage and to

result@bheR cha e§th%tagh5ﬁ1 eadﬂhé olci¥fNalges Uni form

coverage ensur he systemis getting the best

sible. The nodul also C Iculate e driving
100764 iTina,s fgﬁf{lmé {endics dhangisgd pethaiti W@- ‘éf’pfgééhealﬂ%?“% of that
acces b @R 1y Al %ﬁgl e wiiDGRE 1R lé%o‘?éﬂ §1 tﬁé @ath‘bc‘a%g 11{09,1d1ng a
nitor efficiency of the overall systemand In
timestananaiimigcadd the dtesheess ofvthe agmgulaababddulmth ods and
Techni ques [0079] The techni ques di scl osed herein can

[0077P 4 45 Bt MnkRl RELRPE PratdYsi B Bee afl@\ing %§0Hj§c%9§s' ﬂ%ﬁg has been

In related applications discussed below, all
reposiaipecd, tiedPge PatleBuidder | 454 cerats shiesessi af therdatsletse b@ﬂed bn reglons of

b [ t.h l.ect
the coB Y RarPOR (hecHK GHoter CACuARS A Bt B Pt bEf agricty of
use caB&CIASBhiPbMY St Brthil adgeaicstaR€oCihicfdit. TR \Hablebuiflee Iy
techni ques can include those set forth in U'S. Patent

conﬁgmmd, wihtdeaen mrdlmqtﬁsa,@@regQrglngeqwmﬂesdlr&mm@mbme@opohtan areas.
Utlhz]agsthltglce? gl}nlldzllf:g é/I\‘y_ c/é\rl}l g@&ﬁ%ﬁﬁ E?h{étlg r?g %gf rfo ID {ﬁ% %\tgésf o&st of the

UnitedBiat8, TROPLEk b@ﬂdeﬂie@meﬁ@&l%ﬁat%l@bﬂd@ ahd tien N@rnpresses them.
11/ 774,392, entitled System and N@thod of Gat heri ng

[0078)2/%@85 E%{: %gﬁr%aﬁ/ﬁodu [ép@cl% rpgs'r/_lsltpte gel:%?o %ml\%%ee the scanning

vehicld@anPe38rcRAsY drc @dhdridgl tﬁafcﬁﬁlngprdﬁk&ﬁigﬁ STitid @Bl pERessesall the
filed on July 6,. 2007. For exanple, those applicatijons
scan g byl dheHprsion rack fos caris vaherlc Hethe pytemnbfic operations manager

can oSG nEGP! B VREER YRR R MBRIELOF RS A lonSer

cover@\fbﬁ&}p&hpﬂiat teigam. The @tPS\tt‘ackmg ala'faafrdrh ewhadtev‘iﬁé-iﬁeviewed with

Access Poi nt. ddition, those ap I aps dIS | ose
route FZBHAR GRIEYTE P V?fﬁ@ FBUIRIGIoR 96 PEErE Y B e e argas. This

ablht}pﬂo' A0k A8 VLSS RYoRY %B&@Egé&s{fﬂék tHaPlR sHRAEHES getting the best data
transm ssionS froma si ng € access pol nt . 8 % [ e

possitderlddimehil saled caltidatesnthedirivorg tdes ef thb efdhlhbrte dﬂteanme average

speed &ggf 3 nt ?18taa%yg Elgxlﬁ,ﬂtg ﬁ{;%:eos imxrrsgitlrggl %jgtlge cgtgtso:r %ff?cri]en%{r of the
overalf @yd@é,rﬂ ahd aplhdih bRt @oRFagl. Scl osed in U S. Pat ent
App i cation No. 11/430,079, entitled Estimation O

Relat gnd r%ptlon of Travel In A W.ANPositioning
y 8, 2006, U. S. Patent Appllcatlon

1/ 696 itled f Ar
00793 ne bR S e hosbin eoa b AR BTE Shidhh et
descrlf)éd BdcRdAPhiitations dRBsse@BoW; a3l oRehieR breARRIrh&REddBY reference

hereln As sct forth above, embodiments of the invention select position estimation

C2%003 19.153WO01

en ! %A?g gsn Becelaber 22,2008

techniques based on the number of detected access points within range of the client device.
Such techniques can include those set forth in U.S. Patent Application No. 11/430,222,
entitled Estimation of Position Using WLAN Access Point Radio Propagation Characteristics
In a WLAN Positioning System, filed on May §, 2006, and U.S. Patent Application No.
11/774,392, entitled System and Method of Gathering WLAN Packet Samples to Improve
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11/ 696, 833, entitled Tinme D fference of Arrival Based
Estimation of Direction of Travel in a W.ANPositi oni ng
wEywves27d i |l ed on April 5, 2007. Those appl i carGTHS2008/087969
descri be nethods of determ ning the speed and
direction of travel of the user devi C%%Omgf]])()dd(é tﬂ%(?oqwlsswm
in nore detail below, techniques t f]u :
present application describe net r%%é’f g)lgcqrsu%%%elld?%camberzz’ 2008
Positibh sﬁz@b)@?@%ﬂm}\@ Oé%érﬁfl(?bégz@ésﬁlg&’bﬂyulk%f RLER A 18, those
subsets tfof use by a cl7ent device. The nethods an
applicaasatescritermabodr andrsiystgms e depeachianadtaipatkd ecdivahsigdal
travel of the client device.in the. above incorparated..
strengg, BYFRgY 051t B We ThAGEEE SOk RGTAIEON{R CHTC RGeS § puiton
relativdto BipaARGes VIR AbcebPARITEH IaQ8itiBRAHbE a!@?n@mm drélotO
the client device. For exanple, information about '
technigiesHior AepresiwgPad passtidnrestimates @faichens dahice hy ehadugingeneltiple
ackegﬁ\/i ce Siis Iﬁeokel % t% arrive tbased on the device's
p PISEHs Qs R 4R BEl CEePP8Iof travel, can be provi ded
to the client device in advance of its arrival in that
[0080p d¥hilecamhtndiraerdaof the @8Entipmdesgibed laicin arcrresenpash astusefuhfor

. the database Ve, 0or.new access ints, my be . :
ety AT o RS o PGB ) 2P B R b reion vy
technifi& disdleNctad US) Pag&s0Bippli &eioWN 13U8 0,098 casHe Bl & idvYf Speed

be corrected or updated, or the access paint
and Dyt érmelt Frénel dayt %&Hﬂ’wé@am&sws filegdoatYlan 8 X100 rH1S. Satent

. , i 0 . . i i ' .
A ERSBER OSSR R 90k B 2GR PR OBl D e
a WLABWokinaniag Shata, et o AzatliSpD00Y, akk USS. iPagnAd pplicutiBoiNat S

In_Positioning Systens, filed on February 22, 2006, As .
11/696@%&@1118@5(? {egPdatece aéﬁmwa?ﬁéf%@sﬂg@ﬁ% EDgctdtes Travel ina
WLAI@PSﬁ%‘;Ez‘n%H)‘/ﬁ%J B4 bR H@?, AR5 afgld 1M, 'd@ic?i@@%{e'ﬂ%?ls of

about a particul ar acc[,)ess poi nt has been cﬁange or
determipdettbel spethasd dirbmioned tmai el wéd shedescdévibeed Andisdusgitdtio mmey detail

cket No. 2000319. 153 te of Electronic SiL:
belowpReRRguE Seb g B AR SRR oo dos T Bp e b R e the
collectiBn 6OWiLIN G dcOR} PHidthnfoRBSRABREGbSets B ikd BY b ¥lient device. The
enbodi nents described in U S. Patent Application No

methofls asd gy sgons, foe deterniathgVbe snvdd andiar dyestienef Fayel of the client device

- Estinatin User. Position In . a WANPoS|tiaQ st -
in the b TRb P Bl 0B s8R ued BolbpRiRhE SRR Access

Point @ifoinedtiod 8hyuld Be p2h@ded t6 @it @lchoddvécc I ckamslonforabii®about
. with the techniques discussed herein to estimate the
Wi-Figtecess Rintgfin pharce [nte whidethe elient dogepis lisely, topgiiegapased on the

' i . = 30, , . Lati '
doiofREh G820 G AN BRSNS SR L avanc
of its dmnival MitldBegiculapareng System filed on May 8, 2006, and
U. S. Patent Application No. 11/625, 450, entitled
‘ i . Ctiani
0081 PR G R A TS RLL DA PRBE rl a s moyb
detectddnuthe yredf 26t bydileot desdces e Thairforastioo msweakadatitnguch access

. the guality of information about a given access .point
pointsHay ‘tc)le correc%/ed or updated, or the access point 1nfgrrnat10n may be dlgregarded for

location estimation purposes, according to the techniques disclosed in U.S. Patent

Application No. 11/359,154, entitled Continuous Data Optimization of Existing Access
Points In Positioning Systems, filed on February 22, 2006. As described in greater detail
below, aspects of the present invention include designating when information about a

particular access point has been changed or updated. Thus, the techniques described in the

=22



for determning the positioning error associated wth

a given position estimation. These techni ques can be
waiz@dosi2th enbodi nents of the present inventi oPCT/B82008/087969

exanpl e, certain W- Fi Access Point information may

not be provided to the client device Aqte USOckethO 2000319.153WOL

i nfornation has been det erni ned EBw??E@fli %

d
and, therefore, of low reliabili or usegﬂ,ﬁ’g%{%)togé 1¥ber22 2008

above @h%ﬁoh%ﬁn alsb K8 &Ein cB@%n&{Jn%ltﬁﬁl%g&és?E@cg %ﬁdhr@
osition estinmation can actor in
embodieteetsrdemrﬁgdmﬂnh)ts FulrneA pplicaioo @&s 1678801 rehatleddieomwds ond

Sy B Bt Bk Moot o el RS 08 e e
Acces§ ?’szrt %§§cﬁgm§sﬁl§@ bn FeBdilyyin, bbGF, CE@M%‘BG analih @&hbﬁﬁtl&pwuh the
540, entitled Encodi ng and Conpressi ng a

technﬂuwe@s:umddmrmtqa@’ag@te thi pegitiomofie chertt, de2i0e6.
Ef fici ent Managenent and Distribution of W-Fi Access

[0082P0). S\tPakdt & p 99&%11 NJ. efl a0 ed4 empady @ﬁ%ﬁll‘l@f’l OY@aﬁl'j/ AN

I nvention a I‘OVI de a syst em and a neth or
Accesgfping Céﬁmcpermmfgfm ¢/sadd adV AN P@Eﬂt‘lpwgg\ﬂvst@n, lﬁled atlul\éfn' 8, 2000,

t he r
and S oA RDRic8u BT 1 Piops SOARRBAR, Snsan P Vipfloa g ypnaring
Posmshz@]g &3 Viaeh e TPEANBukdd RESRHSndOIs in, idddeort haatarky D2USEDS,
ocate itself. As nentioned above, W-Fi access
disclopgyfeglnigugsfos %Vaéleﬁgg mqlgahmﬂ@ft)ﬁ@atw theut aB8eR 8cqsst pRist and
d

for defoiTREL UE bR Bl o bR S0el M o A0 FRSRITUHLARE These
technigtiesafahibeiveed with reﬁﬁbdlfmbn@tfuh@pﬁehmﬂ itvieetidPFdrieramplensertain Wi-

at | evel of accuracy, [0085]. Figure 12 depi ct

a hig
Fi Aceggss Bt Q%I@@ﬁsp inpygrot B aropeed ta fhegligni &f&.h%ﬂ{sg ﬂzﬁm ormation
has beteﬁ%leie%ﬁﬁa k@ Pe ffoloW)(?Jahgr éfﬁiefhe£é¥&%2$ﬁ loWBKli N SEr at e n?gosition

|'e devi ce equires information r
estlma;th)e dekavaee, $he( ¢rrag agsochecdusitl & g)veo posient e@emgroaphh be a factor in
| ocation client devic ener al |. aAt )
deterrp SRy PO Ei Rt PO R e PR i

Decenber 22, 2008 nobil e conmputing devi ce (e. g.
[0083hDbe lll‘EfOIMMWB)abD‘MaWI -5 Abedsn ompenay b@e@pd@mmdmmpressed as set

forth 37 B 6 v oG Ut ot DU BE R af e HaE D™ ing a wiri

AccesS PRBR D A5 &, Ti1QPEN Blabchalgpenmousl y or by conmmuni cati ng
with a WPS server [1208] [0086] The WPS client can
. l

.aI 9 oper at €. 5
CCess=nE ' e Sefve ndlngtoa
t of '"tile th t | data,f ited

l0084E BhgPsshfraddiight ‘?’hh& %?gt%gge%Bﬁ S&@?@é@ P bl gion®
meth%ﬁ)g‘j'fbleélﬁm@ﬁﬁﬁr fRndding AR diktriBut ©N8-Hi 1¢Q6bn d¥vh 'aﬁféng A various

client may then use to estimate its |ocation
compenent oW EY posiGOBTY syFieen. d seaht enni@ﬁlraw@ theclient stores a cache of

Wi- Flparﬁge:_:sg ]%toat da‘ietg 6%&} gtgﬁes tgl loca(%i attsae rhngesﬁgo 0 d ?t%%g,swt? ﬁ ccegs epomt

data i§ (hsAatlR bl%ﬁ@lﬂgmsuﬂ@@dcesstﬂdiu&s ﬂfeﬁisﬁﬁ'bﬁbﬂe %dtlﬁh’ﬂécﬁl moved, and
decommissioned. Client devices must be made aware of these changes in an efficient manner

to ensure that the WPS functions at a high level of accuracy.

[0085] Figure 12 depicts a common scenario of use for certain embodiments of the invention.
A mobile user [1202], making use of a mobile device [1203], requires information related to

the device’s (i.e., the user’s) current geographic location. A client device is generally a
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ensuring that its location estimtes are based on the
nost current data. WPS Tiles and TilelDs [0088] The

whawposam t for access point information transPEr/US2008/087969
bet ween the Network Server [1208] and the Mdbile

Device [1203] is a Wreless P03|t|on|qg 1&%h§%§§mm3w15%N01
Tile). AWS Tile (or sinply a "t I?ﬁ ) X
geographlcally bounded subset of[% 30 &rl?%%mmtDmmmbaZLZMB
mobilEebR tln%c@etvlléytt Eaﬁ %@ﬁ@aﬂh&rﬁﬁthaﬁ f‘sfﬂ%f raﬁ‘eds th% mlirefser. The
acce ol nts at are a bo geo raphi c
client degcos,cqdghed edthBy PS efiertanfieated 1264 ThﬂjWPﬁrrdlehtm@Mamﬂhas the

por di nat es. [ 0089 ile the access. dat a
capabfigy 4 T8 BUEPEDARTLA DY SRR ORE Wk S oy LTl
to locate client devices in three di nensions, the
[00861 iThe NPS ylsdng marpalsd opdratn semhwtdmmio}ebmmccngmgﬁWyFt feess point

i tude and Ia t ude Q Si nce
data gy oSBT RSB EIod 150 Bl g e Gl ooy At i of  limieed
geogr!lﬁhl@ Sea "BRESSAIYthEPStofA80dallly iondhS &’l%én@ A& hakeTHOStore [1206],
el evati on dinension into account, though el evation

whichj the S¢Rfaelicahmasyhastusk lto pwimpeis lonatéast dutenoinmgiskyhe
| ocation of a client device. [0090] Tiles have severa
[0087P AP elidrt @Sayl Nt berBinHERESH AR WL B da€d &tk Sbhding to a specified
Identification and mai ntenance. These properties
geographzd;ah thgiorsilapcligntynay th@remen th¢ databdsp to wpdagssthisenveinptati¢rdata,

me,.. Divisi | Tiles can be subdivided
ensur§ Wi R ol il Boel Y pesPay SRR AMRE 3 don 1y

re uirements; Conposability - Tiles can be conposed
THes andckitedBs ti | es using reproduci bl e
|dent|f|ers Attorney Docket No. 2000319. 153W01 Dat e of
[0088ETae brsosarieit fspoesiss poibewéerpwtionr ransfoOgt@kdnl the Netveark Sarver

[1208%1 ({/th%s a(ﬁae{]tlb \Xcle d?ggi] n,,g 2 i %elesglkﬁogﬁltofalﬂl%e”l\ér g(g\’l?‘/&eﬁ"ﬁ %I' Aa\lﬂ’%S Tile

(or suﬁﬁl@@lr‘aiméﬂ) @ d @ddgtapiecaBn BohRgistibideo C1ae Vi gk &S ssWPdill bcation
e covera%g of the WPS system [0091] WPS Tiles are
Databgten Biahteders g s ob WViakirseers goinéatbat are aidthied bayndgdgeographic
ed on the
fegw”@%é@df@ e Bl L EDR RS LT 2o the
of the W-Fi access P0|nts i.n a given

10089, &@k&éﬁ recepeRflitfiflatapss mpy Bglude ¢lqyatien Wfarmagianthking it possible
r

o ocERERGRE AR LU S BB v

only thhRingsadd aidi laﬂuﬂdfldmﬁelbnmem&qiﬂll WBFEMCSssi ®ints are relatively close
denonstrated in thi.s agc ment, there ?ﬁe a nu

to the grqundy & iy nog Pgessiarh i e Balerbl takpihsyleation mﬂn@% into

accou]gﬂgn i gﬂ%ﬁlaeﬁixlﬁ&ﬁﬁ?ormgﬂgn Rfa§ 3680 be TRIALsfHARRSER (RaRBH ¥f a client

device.

[0090] Tiles have several properties that are necessary for creation, identification and

maintenance. These properties include:
Stability — identifiers for tiles remain the same over time;

Divisibility — Tiles can be subdivided or recomposed as needed for storage space and density

requirements;

Composability — Tiles can be composed into their parent tiles using reproducible identifiers.
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possi bl e enbodi ments of this aspect of the invention
that satisfies the desired characteristics of
W@ L@bos62r8/, divisibility, conposability, and PCT/US2008/087969
uni versality. [0093] Atile is referenced by a WS
Tile ldentifier called a TilelD. The T|IeI m?%QE&Bu953W01

usi ng the process descri bed here&ﬂw%pﬁg m@ﬁﬁmﬁﬁb&mﬁmﬂzzzmm
| atitude and a | ongitude but also the size mni

Child RRungh Qg ‘%Sérﬁf??h{%n( il &Qf‘ce%ﬁh%ﬁd‘)f the

correspon |ng y |dent| ying t evel " of t he

_ correspondi n In this enmbodinent, tile
Univegyafiging 5&6& lﬁu§ tﬁ.aé}eép 6?@;@5%61135?0(%@&&%’[1@? éni @ggude
coordﬂl %Wlfhﬁ?@le cb@é{ﬁ% ?ftﬁe heelysRniil e contains multiple

I evel - evel- 1ti16€ contains nultlple
M EE T A AL LT
subdlxt'lﬁﬁ JhQidtshale Qas%ﬂ ‘gn/f}hé: ca B&ﬁfgﬁﬂd HeBYEF Lelfeht @e%l((et aﬁewell as the

l argest WPS Tile are by integer degree of
densnlya)tf tteuWeLi acrghst pwdﬂs asa glvengtomamc ragida. JUReTRE are gererated on

the R sehieriudibGEL ARG IBEG Tongi tude and whose

top and botton13|des represent exactly one degree of
[0092] AVhitetedepeciTloenathat ef ilenganging ¢idesahat|samdics thde s nf rdﬁ@ﬁernents is

demoir a1y 9 st fire AR Gimer oF e chy kol o i e
employedrRes@ebve HeMahf gurpdier T%reﬁéﬁ?ﬁfeﬂfo@ r@&éﬁe}lts&ﬂﬂjy &Y $fafAny
to top (south to nortj%th first level-0 til

possilde @I@b@d}n@msnf thas mypeptofhe ma@mttqmdbat-sgosfwﬁ dhq @ﬁgfzd glepgacteristics
e is at latitude 89
OfStabliL?}' Falﬁsggél]f}'d ggsa@{%ﬁﬁ W%r Ime| a for calculating

Level -0 TilelDs given a |atitude and | ongitude is:
[00931riA tele me(qr@nced by s) WES J6lg Ifl¢nsidicr odled a HifglD+The idelDpdormed

using E} g:)rAéeg% Id%% BDS ?ﬁl eNg%dee %gghqﬂ%% lgfgtglg\gglfcg%@]gﬁﬁge but also the size

mlnlrrdms b@mﬁi&cg ﬁb@ﬂgle ANBR)| foutk ratiedof the Ebl@eﬁpentﬁﬁg tile by identifying
el -TVtiles can he subdivided intg nultip
the * 1%‘1% "9f thegoreppadyay i thisrranbedimere iy are ﬁﬁ]ﬁ@%ﬁéﬂﬂp athigarchy, in

whichdG8k 'Ellebrﬁg arb%s%hﬂecfj‘klgv e | SVEd fllbel\éoh AfSmhIBpR 1%3%:1 (1‘%@'5), a level-

evel -LHi "sub-ti 2006] es are nu
1 tile €ondams mfuttiploler¢lghtilef s tThe (nneee]asi ()esan’lmbdkimtetlm stotas ahdmanipulates

: soyth ro. north), using the eci digits 0-9 and
Tileirp heds it Fereb i B 2t PRLRATE b 2d. by si oy
addi ng the appropriate hexadecinmal digit to the
[0094Blbv¢lid tEk(thd-brges @RS H] es) fre bouhddd>yBAREe7&Bracaffer s t o
e aof the.16 su Jes t he t|| mhos
aitudgBpsthge SIS SER D Righetd ofdngh 16 1t A engisodoariibpnd right
sides fcPpfesent’ exhéilytd'h% d-gfkgffe% |o@1dn§1t§§’élﬁ{d WRost & ARVttt sﬁi&efepresent

correspondi'n 6] Subdi vi si on of each
exactlypne d¢gee Qf)latltlldésThﬁ‘a% ar@é\%@ rdagreasj«wﬂnnggeis ang3pe tiegrms of
vi des for he ti
latltu(Pe O%ehtéerfe e L ?E(& 266}%% | VI f)dnhé ﬂ?ﬁqln t V\%WPHd Le?f’gl 0 TileIDs
are nutnhﬁe@éii from left to rlght (west to east) and bottom to top (south to north). The first
level-0 tile, ordered by TilelD, is at latitude -90 and longitude -180 [2001]. The last level-0
tile is at latitude 89 and longitude 179 [2004]. The formula for calculating Level-0 TileIDs

given a latitude and longitude is:

Tile ID (lat, lon) = 360 * floor(90 + lat) + floor(180 + lon)
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with the desired average nunber of access points per

tile. If, after nore access points are activated, the
wa@l209/086270f access points per tile exceeds thePCEKEIV08087969

desired density, tiles at a higher level (i.e. smaller

tiles) can be used. |If enough accesszﬂplnH&m%ﬂ%02mm3w15ﬂNOI

decorm ssioned to bring the ”U”b%{ate%FE@‘ESy%?ﬁeppé%ﬂ B%c%mberZZ 2008
bel ow t he m ni mum desired density, over - 1

In; Gboved dnBSNudiBYedif F B3N8 ¢
st e OF RGP JEI 2 B Hi e o
multiglbsutatilce 8 lewol Mt/ dHteq)astBIuldmamphkn@ntamba destribed hans dinides level-

dens acces oi.nt 0 t hout t mo | d.
N ilef G b4 YiadLISREERE ] sPOLES 3r0 g ey HE B et ral et o righ
(west RS &\ét)%é bBoRNg qu (@&nh l?@hoﬂﬂg @g@ﬁg me%%gacfe@ﬁna@ QY108 and A-F.
mani pul ati on. Each of the sub-tiles can be ‘encoded

Sub-silprtites oif ngft-ti1ch escatedtioned bydsigipty {ddig) the eppriopiiate ietaslecimal digit to

i na ncodi i n-as bi.ts, Thi n .
the s e 5T TGRSR Tt BAOD 16D B5R a0 FF TR hos of the il
whosdT€1Bsis B2 VRS Thiub ahOsumbetrdfiagfiss thiie ﬁéh‘i afbge S iB W TileID is
that the TilelDs of tiles at |evel hF ave one fewer
equal ety devel aithe gpgeondiaatidd. | es at 1 evel N+l . Thus, the
level of atile is easily identifiable based on the
[0096N8UBE s Fic@eH SleiiftotlBRuE-illseRp 9 @dvdnteleR. Fifsd 308 bvifles for
further desirable property of the described TilelD
automaiig degpninpsitioatof WiteHcs atlpwie foy 4 ayipk pubdivisiop péthexvastd igto tiles

with tﬁg ﬁ&ﬂ%g&&%&uqﬁ&? off héc%% 1{36141‘[@ CORE a]!f,n%t %{l}%{? ?ﬁc?%%omts are

or e entlfle
actlva&@lgﬁemnm@rﬁfalcms @bilnts];ﬁ:r silthexicedd3shd makinhey desined tdbndityetiles at a
prefix: C. 760, BAOC. 761, . .., .BAOC.76
hlghel[ 1@@@‘9&} SEapcx ﬁl@ qam by jusgsl- Mo peegsspai S@@rczqcemmlssmed to

bring {H%fn%m%} bp&cEﬁ%n{@BélS@tﬁe ﬁﬁﬁnﬁﬁ?&é@ﬁ%@ gértﬁgtg,cl%yrvﬁf-lsetvgletﬂes (ie.

each ' e data was upda
largentn\éso maatheomehﬁyns gradiluadi deco@mgosttiwe provigestthea suitabledhistabution of

ti.le ti.mestanp). This.can b
the acfiS RS A eiies st BF i o FRIAY Bh EsEyy B33k dpundghroughout
the wax@P0319. 153W01L Dat e of El ectronic Deposit: Decenber
22, 2008 the client has the latest tile data in its

met.rics .i,ndi cati ng how.often the .
10097L 56w Tn e (f | hLne 18 Dhof s 88 of Ay s prfizeg for
compii¥et ﬁam?ﬁmlw -Thich A€ GRSI$ RBitEsScatMe@hcddea it h |si%§le| &@y&ecmal digit
the ti or nove within the tile. This can be used

(0-F), toptimazcideie binerysueedingriuas fyweas it Bhis h@chatgeoravld@mmﬁnum
efﬁmeélg%% Jt():(%tF s%%thg ana p%%lte%%igsw#sl '@116119? I’ﬁulrtfh Sl evf@o&l?% 1S sutcp] that the

yIn gt “of access points
TilelDd df@ileseat geveBNQﬁm 6nd fe@res h@(ad@élhﬁt digitthandedatngw:] Mot . Thus, the
one-way hashes (such as HA-1) of the MAC
level ofpfile dseasily HigntiBekle baved Oéfthft mmw Offldlgafé dpthe ceppsroading TilelD.

This can be used to determ ne the best nethod to
[0098y pd@tthctt degirehle eripey odthiRalcsdribed TlsHD bwsterh s that when a ﬁrst TileID

increnental |y (igate the tile data (see bel ow),
is the peghixd @ seppndy FijedD othe Airg ilg santainsibe ﬁe%?nﬁéw fFior @X%ﬁ@, tbﬁ;/tﬂe

1dent1f‘19&?b§ #1148 BAOC.76 contains all 16 sub-tiles that begin with the same prefix:
BAO0C.760, BAOC.761, ..., BAOC.76F.

[0099] Each tile is also associated with version information that reflects the characteristics of
the tile at each time the tile data was updated. This information may include: (i) the time the

tile data was updated (i.e. the tile timestamp). This can be used to quickly determine whether
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[0100] The version information is used to ensure that
the client does not use cached information that is
wWoi09/08620kt e when estimating its |ocation, andP@DUS2008/087969
facilitate the tile data transfer process For a given
tileinthe Tile St ore, 'the cli ent ocl?etNo 60319‘153“]01
the server send the tile's versi 18%0 b%mﬁt € ber 22. 2008
version information returned by t e °server ’
the ch% s fa fé\'%}{c‘me Bl Gs MEE %&d}@ bgfrﬁétﬁést Jgﬁ[&aﬁﬁ%ﬁ&? ofibh Bt
cates ether newtile datd nust be | oated into
env1rd:nlm;:ncW|1thmtthe tk chehgesasgtthe rdvesdt wheththooy Wa- Hlsaecasm points enter the

erfor t he date I n.one enbodi t he
tile, 1B T P HHEET B 1 R canngs DY Hls dienidodsiogopRusly
estlrnét@ ﬁleq@{eahl@ FhFchSRE Mf‘erda'tasls '&%\é&?r (1f1ﬁﬁ@nt§ﬁb@s ‘év'hicﬁ c@ﬁip@ct'l{‘mﬁﬁﬁte the

client's Tile Store, Ient mght update its ‘cache
set of pgcedopeihi adihig thetde, m@véﬁome Feliashorf athen schencddingh s @ne-way

nashef RV, SHE-2EFE e TEC it R R o RE R Sy Pl o
points- PERLchO Be ReUS FeterhhEid bAt dted o Tpd£d Be ciieyt’ sb@che ie.

trivially conpared to determne which tiles are
whethgpiotigeremgnislly spdvde thejtile data (yesbslovayortp seplese the Hisedata entirely
of tiles adjacent to a given tile
Wﬁh%ﬁ%ﬁ%@he l&ﬂﬁﬁigL?he dat abase server. Gven that the
gJ\bacent tiles may be of an unknown and unbounded
[0100] d\heversion inforpatinres apedle capie diatiiprdicpt dacpaot ysegached

inforr%ﬁogﬁ%ﬁ% &.? L ! Qﬁl{e \K/H&l SEMAEH gtﬂq%@ﬁ‘&? aﬁ& td ﬂgﬂlﬁtﬁ ﬁl%ttllé data

t or e ere 1S no trr
transfelgirecass. Mt a @ivenSderin tive Thle $sort tbé Uhiﬁlt n(any)re@martxhhn thg séroer send

access p0|nts that are.in the general cinity of a
the tilgs|versiogrgiarmatipr G g ctst le%weg%wrﬁacy ihgjsgger  qombination
with tRE8&SiBh nﬁfofrﬁzftldn' d€ific afierfd ﬁr%@a“[esl WEhS ne@intﬁe data m s ?]loaded into

i ncremental Iy expanding the search to tiles at
the ch]eetv e$ well @ the)bestanethodtodat abpsormindthepatiatal Inlqmdembnglment if

the tirf PR} PEEETPR S e s Ayt SrEr T mgrer than the

tile da@f 1nttﬁ@ CIWDI@ s@ilcebA! thelchem nggﬁﬁﬁida{@%s ol ot 3Milg the newer
Date of El ectronic Deposit: Decenber 22, Z008 software

version BB thej databpseascaest afhis prp|q@ss neseyaha 8SRed) Béfs(tdlmlﬁel@'ethe WPS
Chent(é'oﬁg{\\{gamL 10%%1’116 2q ?ol sla%s 8’ %éaltlgﬁ Reﬂltcﬂel‘ls?St s from

2ty SheFunni ng devi ce. The LRM
manages the tasks necessary to resolve the request,

[0101] ﬁéﬂhgdglhﬁﬂﬁelmsmaa‘tbentgw@a iwempaticd do deferngaa mihish tNedark éontained by
other ti { %%%ﬁlrte lgo%el ei He%d F Q%B%e gf t‘f’l%g l‘(ﬁ chen NAGELn tile
oh usi ng

Ioc I on ‘es

contaihBé whthrethe dﬁltaE&b Isﬂf&bﬂ O}ivé‘vﬂﬁwﬂ the adjEddnt [1113891&]31 be‘ﬂf@n ulRMown and
is also responsible for coordinating the storage of

unbouagedh kyelwm somegueleasd gpibadimeatsof s (g database (Pithquiheasgeyer
databe%s% 3P Iie cllkgt]soﬁle é%reeg,gtggre isto §R@zﬁw tm%le ®hik ?éﬂegﬁﬁat%h Some

ent devi ce manages t he proces
methods include: (i) searching for access points that are in the general vicinity of a tile, and

retrieving the corresponding TilelDs; (ii) searching for tiles at higher levels, and
incrementally expanding the search to tiles at higher levels; (ii1) using a database with spatial

indexing capabilities.

System Description

[0102] Figure 13 illustrates the various components of one embodiment of the WPS Client
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gathering informati on about the radio environnent in
whi ch the client device operates. The scanner begins

wa kiog/opn2oeess by directing the 802.1 1 networ KPGHHR2088/087969
to scan for all access points within range of the

devi ce. Access points that are within L.ange $§§ 5IWOL
the scan by providing a unique i t f
address, according to the 802.1 %Pglagngﬁ 2, 2008

softw%igf’d@jﬂir} ¥8lYdetding ﬁ% (I‘%@?[gJu &l Qla Qre% gnap@o@]al%éélv&

ying on t roa t hat
locatigoraquestcad@dpplcaiosessnpgi cmtthe wlidrit ldnvmaﬁ@xe LRMemanages the tasks
scanner records the dentJfler provi ded each acces
necesyiBY [t oI oSt S @quelﬁl&taﬂngﬁcatnﬁ SSEE GRS NGaHE 1305

contro-[hl‘?g HETVMECoMBRARASSESIahdYcP (HO I’]] OfhdtiRitibiies loBMion
which conpares the MAC address o eac observed access

estlqut@mntsmghq: hetatioh &smatien NModuked .EM) [t &%]a@hﬁebgl\/b@ia&ﬂ%

L St
respofyi3e FifsaPrditiadihe s B et wid Gecn Gl Qe Hehe
Nhnaggqmg@nthat are known to the system which is then

used by the Location Estimtion Nbdule (LEM [208] to

10103F Fhp §8 71 585 ePRRURT et TR Br Sy iSO phcss of

gatheibhd @drn€yh 6o aseddidrentiteniénth wAGHaRS cldit @Evice operates. The
information contained in the Tile Store. The required

scann@rrhgzgtnsé]@p, Pragess yf digecting ther8 0yl metverk @daptpiofosean for all access
pomtsI \glet‘l{ﬁl 'r£ %f kﬂye 46@%6 A %]E(Sjig{s%ﬁé:t ?@Qltflﬁig%%er 1%%%%?% #R scan by

ecel ve S|gna st’r'engt of mati on
prov1d1f11g) wsigueydentifitrudéed b dA Oud diess atcoadifig Yo tic SR 1 pirdtecdl.
deV|ce di rection veIOC|ty and ot her rel evant dat
Alternagixely nilg SeREmeRca0 A %)er%fsinr@ssam @Og%urslmgwél t‘emﬁﬁl} broadcast

si gnalecﬁ%%gy%rﬁmhﬂﬁaﬂe@ ‘Bgtabf%g 5 gt Sints %ﬂﬁﬁ ka‘?@% FRVI G ?écﬁﬁis&mé’ identifier

i nation of ion al gorithms presented
providedrblyi cach acvdss prowtrapareay eld theetrength oy theesi grabreceivéd déhe scanner then

passeiiiol AL BoF birheHAGErorEen) e SE0BRAE™ o o fgrved
acces@ﬁmﬁ@akﬁﬁ@% INRCRAAHESE oVaRRagEeSss pdBddord 8Ntht NBIe&tdiS [209)].

i nsufficient [ocal information necessary to resolve
The Tilh &tare eefing mhedﬁcatwg d@tau fencachefitiecotservah eprephipoinis dlat are known

to the s hTBRER T 3 B e B B B MR RS 10

estimdDe @RMb&Itiod of tha3ASbitatevivei cati on with the Central
Server using the Data Network Adapter [1310],

[0104;J TRY i%ﬁ\)ﬂ % rte? Sgngl%lesf?r’ s?{rna? gglgc ]tog o%]!leeialeg@ d%we%as&[%n the

esource co

Wi-Figatdye peiht bﬁo@ﬁﬁoﬁ@@ﬂtﬁﬁkd Iill’DdlldHGle S'Hil% ﬂea’llteqalkecﬁ@pw&ronmsts ofa
will provide an initial location as well as

set of Y i-Birdeeess painserdensiticd hyaheis MAE pddisenndriBeit EPSP‘?qtléfé received
mgnal@@eﬁ%thtul&g O%erAdBﬂﬁ)nQIQB@{t%g%él%egﬂﬁ% fg)gétlicﬁlgﬁ offﬂ{e client

ocat Ion res
devicg mhmumm; aelecmy il dther rélemdit albta3katwedy teaviadalble dyeng thm data the
tile prior der.as desired
LEM rnay estlrnate the locat10>1/1 o(ythe client develce us?ng any combination of the location
algorithms presented earlier and incorporated herein by reference (see “Related Methods and

Techniques,” supra).

[0105] The Data Communication Manager (DCM) [1306] is initiated by the Location
Request Manager [1304] when there is insufficient local information necessary to resolve the

location of the client device or when the local information is outdated. The DCM initiates
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[0106] The Tile Manager [1307] is responsible for

or gani zi ng, addi ng, renoving, and accessing WPS Tiles
W@ b@p/ogi2es kept in the Tile Store [1309]. The TPECEUS2008/087969

Manager can determine if the | ocal set of WPS Tiles

are insufficient to resolve a Iocatlo re

notifies the Location Request Nhﬁgg%fqi %&mﬁﬂNag%ggéig?gﬁg

are required. The Tile Manager is also respo S|%

ERRAGLNG,h R CERANSERctblibd ARIIRINBh R A LENS 1R Y Aling ¢
comm by rermwlng ou&gat eg&iﬁér%‘mti on as weF% %edgt aéf}hsat meto
the searee cliott attribuetbs/(ctgd chent rrmqufqe ednstrairtté)einnatditionutd urferrhaion

S equent Loca ues ._The._ Til e Manager, can
gatheSl B30 S TRatR iR ER! Sirut W BaCh L BUSH G Hpn as well s
a pnohﬁ&éars%t bOERIDY @mrr BRShS tPARE IRk tBALHeEAHs 'd@tfeﬁﬁl%& kPBL

such as the velocity and direction of the client
appropriaty &dr, clignt-Hds kodatom nemlmtmmﬂ‘ ho PGM apniimicp togingednigyte with the

t client.a ication.t nitiated the Locati on
Contrif eS¢ ERLERIT bl b P HRE | neentton
provides a nmethod for increnental resolution of WPS
[01061rT|he§ ile W@gm[éé%ss msmnsdé@ fogorgamizingladdiag, iemoangess

hat :
accessﬁt&% §C'§‘f are g g%nﬁl Ostﬁtorekg fdﬁ Ctht?eg(l:il\/llaﬂ%ﬁeav%%d %rmme
if the fdéblS&ﬂbliGWSrﬁﬁe@at@ h@ﬁfﬁbﬁﬁﬁﬂo&eﬁﬂ& 4 RR&iohee ﬁdsamd mfifics the

server. This process can be used to pFOVIge hi g
Locatjoadksiqyest cl}ﬁan@é@rrth@tnéors tidgsese exguired ditiedrled¥lanager @@Wd@penmble
for me\’ﬂagﬂlg t ﬁrgec’ 81!111&21'&89 %Wl%ﬁ bg%cg )6#/ E&lﬁ%\ﬂfgéutdatgélj fhformation
he amunt netmor trans

as wen aq date eh:ht hﬁ: e hikely eo bm tdquiakd Irothahtarfusd forsibhseqent_béation

Ee [ oss in generality of the overall %olutlon
Requqswcif eHE Manage SRR PTAIRt AR Tacti Slgs Hiat e ba nsgesgarg in future
locatié teuts @aﬁ@@gﬁ atﬁer%ﬁ tmf@fmétiolnesﬁch g\%ﬁie vEREitP 51'1({7@1?%‘[15{1 |0Fthe
Is retrieved full resolution Ile secondary til
client &naeeli oni taised d)lymf@tmaitien ¢ltht &t pravidedvby tlrea:imhmlprnatlo[n(lhaﬁl]ntlated
h LIn orger to conserve nenory on the client device, the
the Logatien KeHe§er nay al so renove tiles fromthe Tile Store
that are no | onger needed. A nunber of factors may be
[0107L9md cimbodietecat nf thic igventiem p@vides @ nesharbiol oregamentad edwtiition of
0 the.Tile er
ws Ellee i oReubar s i1 oo s batth Befon B8 nagen tha
providtdu8owenR by LekedestiafatibReut RVGERY ifnpFoReP8S §dlequent
Q her caching aI?orlthns may be used to enhance and
resolugipn leviclseare rrecized rramethe o¢rvera ﬂfhl&:moa@ss appb¢ esedito peovide high

o b sl S g O
extrerﬁhle@tth@ﬁ‘e@ucﬁi@ths Iahmouﬁﬁﬁf&ﬁb@(ﬁrk&%nsf%ﬂ@ﬁt is fﬂéquu%ﬁ od a¢hiSy¢ initial

t he device owner's hone address, "pinned" in
locatigmestigetias With dittéalophiy geaerphy 0|f|th%0\r\%44!a§>éwl% dpcrepgytal

resolusélpﬁ Wh b 008 dRG iR gts) i tllglafE arﬁB %f didsechi @p ‘Rﬁﬁlahh&le is
C device nmay a e use eterwfn ng when ‘a
retricted|a¢ fulBremﬂuﬁmn@hﬂe meddmty tildssiog mgeﬂ)lgrramhmd dtedbweessolution.

such as roads may be used to predict which tiles w |

[0108P iPBR! % J&%er@@m@&%ﬁf&'n R b device, the Tile Manager may also remove

tiles from the Tile Store that are no longer needed. A number of factors may be used in

determining when a tile is no longer needed. In one embodiment, the Tile Manager uses a
Least Recently Used algorithm to remove cached tiles that have remained unused for the
longest time period. Other caching algorithms may be used to enhance and optimize the

storage for particular applications. Additionally, tiles that are used frequently, such as the tile
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near future. In certain enbodi nents, the history of
nmovenent of a client device is recorded and this

WO pfoowsats on is used to determ ne the |ikeli hopdr/Uuss/e87969
given tile will be needed in the future. [0109] The
Dat a Network Adapter (DNA) [1310] prOV|de

Doc MRENBGh319.153w01
for transmtting and receiving d 4#?
device and the Central Network S?raf\’%erttg 3 51 bbbl 22, 2008

that c&ﬁﬂﬁg el dévie og’wh%l $RSmB GHNREK Q%Qt‘g%lngdﬂlgqﬁ’é%a@hy riﬁi&iEatmg to

certain e i ments eavvlr net
the Tilengtheagr thikhthe§0Rould hotriet remoked daptspeedund aﬂuﬁcﬂormfahmclrﬁglt

. may doubl e as. the data networ. ada ter in certai
devieq s AR ADh o i Ot e B, HSe PRSP £A180. eographic
featurGQMH Rk fHds ARg VIRGOA (183 8NKhiTR ARG HhshabBNR G h8fed in the

data transfer between the client and the server.

near f{lmel(l)l} cftfeguembadimichisube histary of hwvementoi Oélentptmmqtls;regorded

t he WPS,.Net 4 d t
and g B RRE IR (i ne e mE bR TR g wil B8 mgodop in the
futureLocat i on Dat abase [1406]. It is responsible for
server-side |location resolution as well as WPS TiIe

i trib Net.wor k A
0109F LR PLR ARG nabieer by Rt 2 PP EiaERt e BRAET el Bpfifie e
receivifOd i B&t’vleéthh% Rée@Clcl ek ith@ the@fentAEN¥@FIri0BSrvet. ITBBIDNA is
devi ces while nmaintaining the central radio beacon

generglepwirslssuratapksasiapspbtropldundgaedatappembpdiments he poyired
neos PSRN 04 PR ARERC M LDl RO e

data nktvaak adaptetah ab@se cmbdditientse The PEM detcheinCethicrappropeinteer
and consi sts of geol ocation informatio | atitude
comnytgaligfigneaaipm POAFHEEC Forpeatan g %faefaar%ssertbﬁ@veen the client
andﬂé%gH%@cy of the location estimtes of each of the
known W -Fi access points, tinestanps representlng t he

[01 10er }E’élfﬁb{‘f ﬁ@é&%ﬁ% ?hhg Hgﬁééﬁc%%ﬁtﬂﬁamg g ‘gﬁéﬁ\f t‘mfk &‘f?rt[ 4041 in

more &@éﬂ dﬁfc@ﬁét@z@ﬂc SO EmhS&n@fiahd MASPWian qxdckis%ﬁﬂtéﬂo%gtlddq
Figure 20). [0112] The Location Request Handl er [1404]

Databas:ec[éﬁ%] Itegessarsibie fmsertveeside Hnevmmwlonon @C\aﬂl anWPS Tile

reso n ond with | ocat
crcarigg R BRiar 1% NP Sb i e S SER P Patthie dom Gtk 8Ftne
entire VRS f @BHES4ting W ARVt olfafatariols Hegy @é\tlcéﬂaﬂﬁl&haln‘calmng
responds to requests for tile |ocations, the Ti

the cep@_s@}g@@p bragea legation datrpasgcentprigingalgtrcior §1sfrr‘t@1ﬁpn and refreshing the

e

ecific WPS Tiles. ThIS conponent will respond with
(011§ {5 Mickidegabian ip@basel [3444] resyagsioatiheCentral Sopfer it consists of

e
geologa?%ﬁ?ﬁ\‘ftoﬁnﬁlogl d/\n%t Lalgiﬁ}de ra’gid rlﬂ?% tﬁH%r éo(;l\rﬁ’aﬁﬁ% faétgfs r%ﬁi{e\ﬂetg the
accurddyaif iy lngattdﬁe:sm&ea’bf eadhl‘of'fhd le®winWi-Fi asce s9 miphta,a@testdigps
representing the time at which the various data were gathered, and TileID information used to

uniquely identify each tile (as described in more detail below and illustrated in Figure 20).

[0112] The Location Request Handler [1404] accepts requests from client devices for
location resolution. This component will respond with location and/or WPS Tile information
necessary to resolve the location request. While the Location Request Handler responds to

requests for tile locations, the Tile Request Handler [1407] accepts requests from client
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requested WPS Tile. [0113] The WPS Til e Generator
[ 1408] is responsible for determ ning the proper
wpoloygenzd size of each tile within the cover aREI/HS2988/087969
for the WPS system The system cal cul ates the density
of the access points and subdivides the Igt%n B00319.153WOL1
geo.gr.aphl ¢ (latitude and | ongit u%a@%]ﬁél?@@%ﬁ%&oze s't?‘ ecembe£22 2008
opti m zing the polygons for storage size an pW-]EI ’
devic@ABER AR WPSAGRS T1s od £ YN aLitPRe O quBsd WPS Tile if
M ik e tco t he cll;gent ?%'ﬁ%%nﬁed Wﬁe VI\PS % %qél et
availables tfra dhiehoreqhidstO0file tiidttieno muptrentidctt sarget Wl regmpudstith

the Distri.butar package iven Tile for
approfyige FIBLERSAnn DD B VPR TG e Bt heve bapased
requedted YESPTRINI cations Manager (DCM [1403] on the

Net wor k Server comrunicates with the DCM on the client

ice. The t ules ma e aut hentication
10113555 885 i e ARE RS SnBab s f9SaR b dh maperueona
size of SachiAOMBIN BE cERI IR GNP URTWPRByREM WPRKsysiead Edafifels the
and persisted on the | ocal device. Creating Tiles

density @f 18] acFgsg pomtsi mdgepilividss theeveridbers gcagrapthé datitude and
. i.ate.til.e si t ed ints .
e T T S e

eriodically determ nes which Tiles need adjusting
[0114] Cogmpuniceiio of VB Eterbiteheinbis Haddkd by yhey PACETSistributor
hat have been de he tile or.re
S

n09f Al B o G PR Dbl bl B RS e or

a

distribuéive theeRequRyE WPShClient.he tile. ldentifying the Level
O tile for each of these access points is sinply a

0 runcat.in he | ati ongi.t udec val ues
on1sf g5 BaCobREH bR ARl MR
comm@hick®Y lithGhé DICaS oh filed clfc@s WHS. ddvive. D¢ two datilegimasnd the

enable efficient determ nation of these tiles, the
authertifatempProcps| e AEINART BS CRRPIctinin ¢iputerihaidatsls tigitpiredcorrectly

over tHd h@l}&/@ﬂpﬁaﬁ@a&é%ﬂﬁl ﬂe‘irsi§t9d Sile 190pReVEL an action is
performéd on that ‘access point (e.g. the position of
the AP is nodified). This sane process can be used to
i ssating\Jilsew Tiles [802] that now need to be created
due to the novenent or the addition of access points.
[0116} figurg 1Fdepigia e progoss by wdichgwptapriptedila pigesare gpeerated and access

poin PRI EELTE oM sy R A g

S reac
Tiles axdedfuspog Nit99 1 MThis ik atdoenphiehiblsAidemifiyene dooesk bindothat have been
2000319. 153W01 te of El ectronic Deposit: Decenber
addedzg ,th%ée & BT T gedilgad Bl st agfieéwy?laﬁs i aye peen
moved @3thfre@E Med 14dA6 ATRX IHUBVERY Bl 1Of cadh 3P AdcKss(fotntt R&imply a
particul ar inplenmentation that is described herein,
mattet ¢fl tamcating the ddtituder andrlesgtude tvhlaes foalchdsdcoessIpemt ahd tletamaining

the di{’[}rq%géei’t (0:? ngyeéggﬁ!%sg%gtg%wg 9% ?e;ﬁlﬁﬂizgtgont, QI?(? teo e%l%lie ré?lecient
determination of these tiles, the current implementation will modify an access point’s TileID
by setting it to null whenever an action is performed on that access point (e.g. the position of
the AP is modified). This same process can be used to identify new Tiles [802] that now need

to be created due to the movement or the addition of access points.

[0117] For each TileID as identified above, the algorithm recursively subdivides each tile

until each tile has reached the desired density (e.g. number of access points within the bounds
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the MBR are assigned to the corresponding TilelD.

[0118] In general, the desired average density of
W@zwesss2poi nts per tile is optimzed to nmaxi m REI/US2008/087969

efficiency and speed according to a specific _

enbodi nent. One preferred enbodi nent l%tses OcEeth N3h LYo 153w01

limt of 8000 access points per &J! Rl & nsip 22 2008
encoded file size of around 50KB 6e§ trle %’gt &edmber

of thettﬁéé §g66% Mi&r % 3t ﬂﬁtllqﬁﬁdal% %ﬂ@d ﬁ{%qga ﬁﬁlslévé? %F g{/azllularlty (in

rere IS su Into t es of
the paNidularTlhnplemelntalmurmhat asbdescrdimdsheteyn itdedlARevebd rdzprés&nt— the srnallest
-0 tlhes t ntal access glnts are Si x
tiles tlilaé ﬁ{frlgactlc[a Vi f@l}) 0, %omdd & H’&&CWS& ﬁgl| s within

the Mta@cafr@5§1g&d@@£11%rc6}re§poﬂlaﬁqg81rlreﬁ)of the WS Tiles. For
exanple, the tile size may be chosen according to the

e'.s novenent

t
on1sfn §eral o A TR SEas sk A Sl o T Per g by gnenzed
maxnfﬁz%fficﬁb%c{r Qi@ YPecklatidritig 10a IRQiflelcrhifiGentt Ofc r%"F"etd' on

of the client system Flgures 16 and 18 depic e
embo@p@‘a@&ie@ thegdensifjelimiof 800G mmom’th perftye) winch gnsures encoded file

size 09 %I‘Pglﬁ(gg lj(%%e{ ﬁ%hgfs a v Veltl\tﬂ te Ise 08§£a§x§ grt?ogs t@a%%?@ﬁsélg{egs points, t%e

entire [r@%&i]s sabdistded ants cemdsv@ﬁfn@veamlll Tld m@imexeaEnble densdty id1 AP per
ile device requests location information fromthe
tile — inpel-Q {jlot hpt pampinno appess PPGtssye sisrly 19008k | on Request
executes a Cient Scan [1503], gathering information
[0119p86kiE chibediientd mag GRsEIdRnat Biclohato deaPmbe thesies yede lWPS Tiles.
the client device's 802.1 1 network adapter. The WPS |
For examnk thesiale sigs meayr e dioset acepnging toghg disaf d@l@%mp@%ra@mémﬁtory,

g PR TMES Fl eagn 2Ly Lo,

the local device, the WPS client software conti nues.
Tﬂégﬁﬁsléﬁﬁéﬁﬂﬁsoftmare will make a request to the WPS

ral Server via the Data Conmuni cati ons Manager and
[0120{ K @uwtlé adt Motericathgperation of terdlientesypier. Eigupesnio and 18 depict

the oplepa%%h P ﬁleasgfojvreir %t JMHG%’PII(? 7it grdgkﬁﬂ)tl\é\l??efg tg ﬁ%&j&{dgﬁﬁﬁ and

necessary seque tion reques
describ¢q thb Iit¢ractidiila@dnglthe vaisnisrsabteBaongponemsei ves the Til e
Location request in the Data Comruni cati ons Manager

T T T
1nfomﬁalﬁ)@3ionm ey PBRgsteing 1 5@f]. BecWPs Jotont’s Lo bmaiontReguedt eretutes a
sent 2000319, 153

Clieniiien Vi3 s g o %ﬁ%ﬁ?&%ou & Shiplricad Powéehit qa)\% received
by theASk At AAGS, ddre MRl Rfikr 8L ARPALNeri QofifRQI 8 dldhbis to

and future |ocation requests [1607]; and (iii)
resolve ¢lsplona®nvafithe ddveccousigeWPS| Bleapromowhreticvié f | 05 ][VWHES]. If the

Tiles dthe ti t app_of rec updat e t
informitio Ty B PR G DA< Sl T O BaaSere A g heiWPS
client sb@wiRtA1l make a request to the WPS Central Server via the Data Communications
Manager and the Data Network Adapter to retrieve its current location and information

regarding WPS Tiles that are necessary for subsequent location requests [1511][1512].

[0122] The Central Server receives the Tile Location request in the Data Communications
Manager and hands the request to the Location Request Handler, which: (i) determines the

location of the client [1603] using the list of access points that the client software has sent;

-32 -



Communi cati ons Manager. Each tile in this list is
assigned a priority estimate based on the |ikelihood

wa bap/osd2es client will need this tile to | ocat ePCT/E84008/087969
autononously in the near future [1608]. [0123] More

specifically, the tile that contalnsIQQEwyp%gnggﬂmﬁl9w3WOl
OS]

| ocation of the WPS client devic
hi ghest priority, and the surrouﬁﬁf%&ﬁggfg Bﬁmmba222mm

(il def (hent %%egflﬂicsgh\llé(?ﬁ &Ee;sgﬁgﬁ% résﬁféig RAiQ Elg(?ﬁlttﬁtregoélaﬁaﬁ ﬁéqtﬁ@sts [1607];
and (lfl),lteﬂp(mds Vhth theicuroam dhaagon andes listrod WBSITdedayndntbel tifngstagp of the

the TilelD of ntral tile accorgdin the Tilel
most 55 el B b N S 000 ropefiis L oRFES Keshen gl pnd H Dt
Comm @ QMBRONRAaddr ] B h%ilS ﬁf‘thlstl%t Is%s@ﬁé&-ﬂlgrld'fﬁy cbtitRAtdU8sed on the

more than just the tile in which'the client device is

likelilopd ahag theagignt Wal hapdhis aieeﬂO;JO@@ﬁr tsslirrditongntoublegn themsayfegure
U608§oftmare may meke use of additional information, such

s the velocity and bearing of the user device to
preenptively request additional tile information.
[0123m@nr@ sseidally, thhdloAb® covfainsdhe csimyaterhloeatipneofdlic WPS client

t but e u S 10 nore accu

devieRIFTBR e et PEO B B B0 FRET FRo R GOl g
based@Rithd prvbasilirBache viedny devieshivilt bd intdimear g@tle @Nthe future. The

i ncreases the amount, of tine during which the client

surroygdifigctdespie o byynedifying theckiledla o4 thedrﬁaﬁw&@ gecordag to the TilelD

ces |l oad on the network server and the
Sdmnkgﬁ%%ﬁ%ggpgg%s network itself. The limtations of the

i ent device, includin nory capacity, batter

[0124] N@, theript AbteRRRRICEdREH HilelRa sensse ther?élyntdn@bmﬁ@da st thyn just
the t11§j ShiL R 51[%?6!1&2\7%%6 1 oczjte!ﬁi%k%g i toﬁ%{t@lprrsﬁﬁQﬁ%ﬂgﬁQs Bdhe WPS

e server ach ist Is
softw@s siyi radledisaiof hddtigral arfoinyationhsuch asie sedocitgtaad brarag of the user

accordln 0O a nu r. of ors, includin
devieq GaRpsTBT isélteamﬁt géjde ifippal 8[(1 lefﬂmla@% t@%ﬁif&gﬁ Wiy software
may rhkRIME BB ¢ epdphASatrRAAS suéﬂ"z?s Iﬁgasv’l@ nffor® Q&Qﬂﬂh zq)r&ﬁ@ttthé future

avallable and the speed and direction of e user
posmaztemf the chﬁry rdeemarﬁjieetblhty ta peagthicbnpredust Biture mnbmﬁgngmaas the

t hat ot ..al | th to ti
amoufy St Brink e 5 igen obis g BeeBlve s ipE Hfoup Gty ind
thereby rBRIes RYal @hithy/ndthofk dekve@ afd tHeQbafhuniéiioss h&%rﬁ’fs%lfh The

software exanmines the list of TilelDs provided by t
limitagepsadrthe eliapé devied, mrecludhiig meapory eapagity, betdey hide. mgd nptvesk speed

o G SRR 0L RGO 0 TR P BT G o

serverlEl ect roni ¢ Deposit: Decenber 22, 2008 of infornmation
such as the velocity and bearing of the client, roads

s P 8B o8 VAL RSB i
according to a number of factors, including the location history of the client device,
geographical features such as roads, the network bandwidth that is available, and the speed
and direction of the user device. For example, if the client were traveling on a road that
would not allow the client to travel to tile X before traveling to tile Y, tile Y may be assigned

a higher priority than tile X.

[0126] The client WPS software examines the list of TileIDs provided by the server to

determine which of the corresponding tiles are needed. This determination may also make use
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[0127] When the client has selected a set of TilelDs,

it formats a request [1709] to the WPS Server for each
werivhgees til es. The WPS Central Server aut heneGTHS2988/087969

each WPS Til e Request [1801] and generates the

requested WPS Tile [1805] if necessary. eyhlfocgetff %(?03?J153W01
1t

aut henti cati on ensures that unautﬂg{gr §1§c o December 22. 2008
devi ces cannot downl oad t| | es fromt e cen r server.

of 1nf(l):19{at1‘3ff HH & thém&oagb Qf thb Iaﬁeﬁt' tllogdéc éf:d'i %gogrgphic
system operates over the Ppro 0CO st artda
attribus Tﬁnéﬂtehmmlca:iatrmmmOﬁs:hﬁnheshm:tyietnee usdfl to ensure that
all client requests are transnmtted by properly _
[0127?%’1{%9&11@ Ei6kn¢ héseéae%t dlOLest Tﬂh@s it ?dfﬁl%{seddre%ét @7b§] fothe WPS
hen packaged e] and returned to the S dient.
ServeiTfoe Y Thése tl]lan 5Q@WRﬂ1Ceﬂtﬁll Skivengutbienticates earhuWeS TiledRequest

he, ne i if. wW.thin.the avail abl e
[1801) B aemtahs Fainuuh o RO Dt oS s and el
authet AtiOf QR8BS &Rkt Bbri NS Eht! RYiRS cdRbEd A 1Yad % aMBhehe central
I ntended Use [0129] The following illustrates an

servere Kangagpis, ope @mbddumet ofthe &iket fatChm@rﬁtysidlmmpnt%esofvet the HTTP
cenari o

protodgf sl el b b SRR Dy PG RE A bt P RGSuS gl client

requeﬁybﬂértﬁn%n@d@ytpYOﬂwly amrdﬁﬁedi@mmm I n the norning,
the user asks the device (via a User Application such

o1 SRR B I A DGR RHE Byp . e

WPS &ilé Maabger onQBSent Beibd ensafee it ki, ndwh®/PSSEile will fit within the
plication requests the location fromthe WS
availaplaasquiies 07 SvingEPLY orKlatastesage) dat rgRore @ikt navessagdial WPS
equest to the Cient Device Location
Tiles %grsa?ﬁy(rm Module. If the LEMis unable to provide a
I ocatl on autononously, the Locati on Request Manager
pM&&@ﬁ@% t he Data Conmunication Manager to

quest and retrieve |location and WPS Til es as
[0129h E é@&lmng Hiiretap oy proggoiasuse phecrfais gmpadigyent of the

d
el T RS AR LU B BB REIRApS sovar
lives iprai sabubi cfadtitgdaowdiksglotvatdvre Ifi detoosing, deaderadsky the dEhiee (via
client then sends. a.Tile Re%)uest for each of

a Userrfppljqaiop gughras diavigalion v areldeidgicrging tRusureet logtion. This action

trlggefmpwpg)goﬁwa{r@% f&iomet he Server, the Location Request
Manager once agal n requests a Iocat| on fromthe

cation Esti dule. This time, .the nece
[0130ﬁ% B st .@?@é@@m%ﬁnﬂﬁ@eﬁf&%ﬂ logipndigom U WP Rd ocation
Prov1dléi’ Chitd WPSAfochfién RE4REE Mgﬁ‘é/gei; fhakss 4 Qgﬁé‘s*wo the Client Device Location

determ ned. Attorney Docket™ No. 2000319. 153WOL Dat e of
Estimie@chodulicclf DeploEM is uDdde frbemovizz 2 IQ@(Dlsn 08Ok tthe Location

Reque[gg@?lg%etrl&)ﬁ%sg%gqmr&i?%ﬁlgﬁa?ahégfn tu?neca 101 a%agV\ér lté reques% and retrieve
location and WPS Tiles as necessary from the Central Server. The results of a Wi-Fi scan are
passed to the server and the server responds with a list of recommended TileIDs that are
prioritized according to the factors listed above. The client then sends a Tile Request for each
of the TileIDs desired, and upon receiving a sufficient number of tiles from the Server, the
Location Request Manager once again requests a location from the Location Estimation
Module. This time, the necessary information is present on the local device, and the location

of the client device is thereby determined.
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WPS Tiles that are stored on the client device. The
WPS Cient Software is able to cal cul ate the
whowodsizres of the cached region fromthe Til eP@EUST008/087969

the cached tiles. When the estinmated | ocati on of the
client device is within a threshold djsta
cache boundaries, the Tile l\/hnag eWF; rgf)ynl???cfé%& ﬁgiorgégrlzsf\%%é
Location Request Manager that ad I'ti ona éjs

[0131L QUhd ? sonlttv3 sl 1Hfotth@¢:1‘i"yS RS witl§hd&StoRbirds the boundary of the
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WPS Wheluthet axa stotdideonGaathalt dSaca drhetWPS €ilicheyatvaadiit abbntl calculate

the boies of eGSR BR SERY BhcF ER GG EPeR ELESofV R e estimted

locatl&ﬂ bﬁt‘ﬁE cH&MIdEEicE RUSTIAS tRicHAD 8isRRse Bﬁﬂl@’@ﬁdﬁe%ﬁﬁ&dﬂey)the Tile
32] The threshol d distance used to trigger the

Managfrremilenf@mrt@e bécagida IR@HWQMa@lﬁ$%§hm9dlﬁe@@rﬁ saic eequired. This
of factors

i Epiaiek St BE0RRgisBiery b Eyens PR SO BBl 0P Moaut

and thd@Win€8l Scnet tb h@riewd dduaiodl ek, aiid pro6dss kdpRatd 26 hediRW bEd on the
For exanple, if the client device is rmwé@g qui ckly

movemgyia of the NsEQA@RF Jhc Gopstrants o theatlicnigdovisg aaa@irztge@ﬁémetwork
capac{tw es sooner, to ensure that the user does not cross
€ boundary before the necessary tiles have been
downl oaded. When the cljient device is stationary

t he
[0132), d b thresholshidiptenesrimed £ frigger the p@sﬁﬁtqhﬂ@eﬂ?ﬁaddawaalttr@ rnay depend
ona SRS BRGE Lo o8 L SRRRNIROU LS gy o

the chtehﬂ d&sidehatd thaystmetted)eeloélty ofiteel it devise .Fof bxangetif dfe client

re-fetching can depend on a nunber of factqors such as
dequ ﬁén%‘il%q‘&f? glw?w £ hqup%@"y if FOBEHIP g}e%lsﬁééﬁttlyn@ftﬂ?woner to

ensuré:{h'aﬁﬂ% u%‘ﬂg@@nottcl?@ss L bJTRH b‘é%r@ %é%c@sa@nﬁemé been

devi ce he bandw dth o he network ¢onnection to
downlohdeds &vhearthe Flomt dmanqaisstatlandtrar e nnezdrfwe addifional tidss 1svkeys urgent,

b - 1‘ hed t K i
andthﬁ?@%éfﬂl, ’ls‘%ni?%@]\é\fgg%? ?‘:%8{“%351@(% rg\?emﬂ]e Ieiecuti on

speed when the device nmust connect to the server over.
[0133h Tho ckertidavice thap etsapréactirelgirejuostailes thet magnoteye odlimmeldate use.

This 47 gebr S EnE prB oLl B OB O e TR Phire e o puttet s,
the m@kﬁaﬂyqapad@ebfrtm@liehﬁde@@ec tHeaGhmafed VBR cl4P BF thRRBéH de@ideOdhd the
hysi cal constraints such as bridges and node of

P
bandWld&lnsfé 1AV GneonpectRato fhe amer Fb)é eaﬁppléca rgschunthgr of filss may

be pre= %g@gd oglgtt(lz ?i id ceai)grgér dﬁ@wg t f%? du cle%é & %F 59 %ﬂ\gove the
execuhb\le s@[éﬂ en@de thecd i geBhusd Bdmtehtaﬁo thé'lﬁﬁertﬂvaﬂ am:how lhrhlted network.
npass nodifications of and inprovenents to what

Addltwaél %@QW Heselse beascdipapreifgtcping Wﬁldl ing: sepeiaphisyl forureedike
roads, NRe hlﬁg)ggg%%ogr%%gb&@% cﬁ}gﬁtf deléllc%c{h QQﬁre%eaﬁééy of the user

Dece
application, and physical constraints such as bridges and mode of transportation.

[0134] It will be appreciated that the scope of the present invention is not limited to the above
described embodiments, but rather is defined by the appended claims; and that these claims

will encompass modifications of and improvements to what has been described.

What 1s claimed is:
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1)

2)

3)

4)

5)

1) In a W-Fi positioning system conprising a database
of W-Fi access point information recorded in a

W@ a9psers r eadabl e medi um and cont ai ni ng i nf or PEEX/U82908/087969
about W-Fi access points within a |arge target

region, a nmethod of dynam cally sel ectl n 9}_231 19 No. 2000319.153WO1

provi ding, to at | east one nobil
equi pped with W-Fi conmuni cat i oﬁ)a 8'5]%'2” gﬂ%ﬁ"é& pecgpber 22, 2008

W- Fi access point infordmippg fromsaid database to
be used by the client device to estimate its gl obal

In\%lo\_ﬁfi'i__-lﬁ:ﬁ @s&tégsi‘fs‘r?%éfs%{% Qcﬁn@ystﬁ?%e%n dgtitg dgfs?'gk I@%ﬁqt esk P&Inygl??rﬁlatlon
revardedint aycomfiputdre-cadabkihe dlemi and conﬁamlm@ﬁllfmdlaammbow ngFl access
a) th le client device detectin acce
p%%ﬁ ity %gfgeat@%g%{ﬁgw@nﬁ PPty dafn%rawgléy ?e“t“ﬁ‘g apf Petiding, to at
IGQ@Kh@ﬁobﬂé cIRhk ﬁéﬂb@%%peﬁ'wﬁf:ﬁ@ 53 cORhTthidaREPTIFRE b Qbsct of Wi-
for the detect access points; c) estimating
Fltaheess pciat mﬁmnmltlon it Healst enbe aed ibyghaigliengd¢hes to estimate
i,ned,.i nf sel.ectin ont ai ni n at
iy @ P ol he kit iR ESH ¢ R TrERES Tl
lindit&d Riztoys tRdt id iﬁ&h@sfchﬁ@tcffdhé Afcat H8RcQth Mehs® Q(bthﬁrlsmg
client device; e) providing to the nDblle cllent

deyi formati.on frrom.sa se W - Fi s
o 8L B8 moBiIR E U W A% e SV AT R PRERUbf1dGs rdily within
geog&a@wmn&clﬁ@ﬁu@ﬂ&; so the nobile client device my
subsequently estimate its p03|t|on usi ng the provided

¢ B SRR Y 58 2655 2P CGRIG R R DR s BB Taeerogints:
a set of fixed geographical partitions according to a
pekastimatesithedeatien ofHe nsettisadieniglavive usisigdhapitained information;
geogr aphi cal regions fromsaid set of fixed

pay tdeldcBAS a setlcolamin®itNOmdt @@&&[&hﬁggebgra@h@am% ioWRRs &) i the
the prearranged partitioning scheme divides the target

ar eavitinity ohthsestimated dapatienr Pk Imobsle wlitnidevisel ygonal

tiles. 4) The nethod according to claim3 wherein the

pe} ygenalngtth iRSmbBildRIRnDE&AG G f¥milontbmha i @tdbate about the
tiles are nested within Ia@?er tiles. 5) The nethod

accoVdiFhacaess pRaiefs thag alfedpw withig] thelsaigstesegeogtaphigalregions, so
maxi f 0| n

con ttg?ﬁlegﬂg?ﬁim‘aeg% n s%s%gllle%ﬂg ?tellﬁ%osﬁrgx Eg% the an‘OVlded
t he iafoz@atdén.t he pol ygonal tiles such that no tile

contai ns nore than sai d maxi mum Attorney Docket No.

BSRSRL8 D POy P BRI R s

offfixetl esgraptdtal pesit®ne a¢d@gimg ra pxasxha@fed stteng hiyQsstadting the
tiles, the tinme of the nost recent update to the
relgxpniipse@raphicy raRionoirea SpYaT Mfgited Paytitns.

O

The method according to claim 2 wherein the prearranged partitioning scheme divides the

target area into a set of geometrically similar, polygonal tiles.

The method according to claim 3 wherein the polygonal tiles form a hierarchy in which

smaller tiles are nested within larger tiles.

The method according to claim 3 further including selecting a maximum number of Wi-Fi
access points that may be contained within a single polygonal tile, and choosing the size

of the polygonal tiles such that no tile contains more than said maximum.
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6)

7)

8)

9

access points within the tile, and using this
information to determ ne whether the W-Fi access

wWpoioansatzt a stored on the client device i s up-ROFUSI088/087969

7) The nmethod according to claim1 further including
estimating the speed and direction of t he Bm&& mm03915%N01

devi ce, and using said estlnates]j 1¥§ éﬁﬁ’ Ba%Stxzzzmm
of rel evant geographical regions.

TIRGAOhGY &ohﬁn oaﬂﬁ%# ﬁ{é't Filtfer | ﬁld%&'ktﬂﬂng rf&déa]% lofl Ehej)oéygonal
route a ong e client eV|ce I's travel i ng, an
tiles ithegtithd DS thp mewt cicedt updanbeo the cmeibem feogds berspondifg to Wi-Fi

rel evant a ons The t hod rding.. .
ach g S o RS B S st B o i o o the i
ackés@pbﬁ@ daaRtd &f theRmPhddelRE 135&19fd &4 W -Fi access

point data, and the set of relevant geographica

TS al et B 50T B ety et Be g eseoed Gy Gigktion of

thé@ﬁe}ft’ devie€ AnduSidg k&d %kt‘”i’rhﬁﬂeé‘-lnvﬂe%cﬁhé‘ tHeliet $freReAR geSdraphical
i nformati on between the client device and the access

regiohtit dat abase may not exceed a certain maxi mum speed,
and the set of relevant geographical regions is
TIREh&6OE A REERE B A8int P filrfHes in¥Padinpre8RERE 2 Bute along which the
communi cati on between the client device and the
ch@at dlyzesds traviolinghandrstigobisaeedietad raypte  ssleging mem@férshvant
Lhe, %gﬂgnql on of the location of the nobile client
ga% P ggﬁerforned by the nobile client device. 12)
The nethod according to claim1l wherein the nobile
Tlt‘?l nethed aeoprdiag tOS,CléléifUi mlslé@lrv\thp l@llﬁmtfd@ivwaﬂi%ﬂlmt@dta lgmited amount

r‘&ll alf01S sgé)ré WF& ac(jceog alpﬁda? Olarqa %het S%%’:l ! evant gegérgghlcal

reglons is selected according to the amount of rnernory that has been allocated by the

client device.

10) The method according to claim 1 wherein the transfer of information between the client

device and the access point database may not exceed a certain maximum speed, and the
set of relevant geographical regions is selected according to this maximum speed of

communication between the client device and the database.

11) The method according to claim 1 wherein the estimation of the location of the mobile

client device is performed by the mobile client device.

12) The method according to claim 1 wherein the mobile client device is equipped with

information about an initial set of Wi-Fi access points that are located within a specified

geographic region.
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