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120 to U.S. Patent Application No. 11/26 1,898 filed on October 28, 2005, entitled Serverfbr Updating
Location Beacon Database, which is incorporated herein by reference in its entirety. BACKGROUND
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information to estimate its position. Discussion of Related Art

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application is a continuation-in-part of and claims priority under 35 U.S.C. §120
to U.S. Patent Application No. 11/261,898 filed on October 28, 2005, entitled Server for
Updating Location Beacon Database, which is incorporated herein by reference in its

entirety.

BACKGROUND

Field of the Invention

[0002] The invention generally relates to methods and systems for determining the location
of a Wi-Fi-enabled device, and, more specifically, to methods and systems for efficiently
managing and distributing Wi-Fi location data to a mobile client device so the client can use

such information to estimate its position.

Discussion of Related Art

[0003] In recent years the number of mobile computing devices has increased dramatically,
creating the need for more advanced mobile and wireless services. Mobile email, walkie-
talkie services, multi-player gaming and call-following are examples of how new applications
are emerging on mobile devices. In addition, users are beginning to demand and seek out
applications that not only utilize their current location but also share that location information
with others. Parents wish to keep track of their children, supervisors need to track the location
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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[0003] In recent years the number of mobile computing devices has increased dramatically, creating
the need for more advanced mobile and wireless services. Mobile email, walkie-talkie services,
multi-player’¥YataYesntr Eall-following are examples of how new applicatioRCAEBMERTR$DN mobile
devices. In addition, users are beginning to demand and seek out applications that not only utilize their
current location but also share that location information with othelisiriRamristwishdmkeepivack of their
children, supervisors need to track the location of the compaty'sttketiverDepiit|Bsccarhdr 82bR¥ihess
traveler looks to find the nearest pharmacy to pick up a pres,cri&tion. All of these examples require an

individual 16PKABWERAR B A SiffsAEls QRbNasictl & dtdBiviesins takabrisaahs swaSERaRbn asking for

directiongoGalpIouRRRNIRIe dskdRaibmheraaRokiowH REMELWRKRLS whackidegruime to time with
their position. [0004] Location-based services represent an emerging class of mabile applications that

leverage THehSBIHF Bl ehEEt R T @ RP R Y GId G RSP PSR iRy FapbAftHSEto a user or

to a servicehmNoecs xaesehdRagasaresss nctdgitecal the shbeit draliic wnnatasgtd\wag directions,
child trackers, buddy finders and urban concierge services. These new WO
2009108827 8PERF3 LGNS Y689 0YS-Attorney Docket No. 2000319.153W01 Date of Electronic
Deposit: December 22, 2008 location sensitive devices rely on a variety of technologies that all use the

same geh¥8PLdhedplobndiRgsiHamnggryasradiing i ritefdPerHesppmest tRedesssvices can
mathemafically GalGwiaie NaHSRS S PRILUGAERIVE PHIESE (GRS FEROINS FAGTLREINESS

technologies has strengths and weaknesses according to the specific radio technologies and
positionirfgCatiditethpsbY ERp IS MaDOB)cTIsecT B anEs B Shdsy Kok DPSicspartsitm) the US
GovernmgnileVeiaarsdeseas Rierhiilag fasliesasdaiaRac: RIS ANSHe RrsliicR BIRRdcast

radio signals that are picked up by GPS receivers. The receivers measure the time it took for a

received S AERASHAFEI P AREIPBAINEE. BPles USRIy SRIR s RS Inciieedvshmibrer slinss igidhites the
receiver gantrangulatedisipasition dadhe glohefordbe svsiam: o yeik affaclivalwtheagio signals

must reach the receiver with little or no interference. Weather, buildings or structures, and foliage can
interfere #itRgnpiotadepaddudesthRsetehrsry TR Hifife SRR M ARSI ingrdsi8hhidre satellites.

InterferengRCaPAE DRIRLSEMRYIG ARSNAMEREDEBANEIAS M ikRatnbhkFBdiR Algndls-from the
satellites bounce off physical structures causin%multiple signals from the same satellite to reach a

receiver REUERSARdiNaignain fomEhrerdaliies bawsrmatiP iy psakHiyat whes atsinseraidiRlctook to reach

the receiyg MMUitsRalt sighaky coniiRe e aGebr @nd siaksmBHRRIANIaL SRR ERRPE1 Cell tower
triangulation is another method used by wireless and cellular carriers to determine a user or device's

location. eRfienisbastd 8rmassatien tPak e 2R tRfe At wWith Bathotigdaty share signal

informatiggifiat iae RetMRIKGaRMaR taraiaulatefhg location of the device. This approach was
originally seen as a superior model to GPS since these signals do not require direct line of site and

can penggiR PeldiRgsReHs! o RO IR P ERERRRICACHS S NRNE AIRY SR P SRepinal due to

the heterogeneous nature of t%e cellular tower hardware along with the issues of multi-path signals
and the |detconingifovserpirlenecpoiitaning bicalitttassowererk and the handheld device

communicate with each other to share signal information that the network can use to calculate
the location of the device. This approach was originally seen as a superior model to GPS
since these signals do not require direct line of site and can penetrate buildings better.
Unfortunately these approaches have proven to be suboptimal due to the heterogencous
nature of the cellular tower hardware along with the issues of multi-path signals and the lack

of uniformity in the positioning of cellular towers.

[0007] Assisted GPS is a newer model that combines both GPS and cellular tower techniques
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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10007] Assisted GPS is a newer model that combines both GPS and cellular tower techniques to
produce a more accurate and reliable location calculation for mobile users. In this model, the wireless
network atteMhR4YIReNISGPS improve its signal reception by transmitting iReFHaEHS/4H362 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 receiversdeatyiiskweakensignalsthat one
experiences indoors and helps the receiver obtain a 'fix' orPWOf 2608x0882¢8P CTuB2 008087969
Attorney Docket No. 2000319,153W01 Date of Electronic Deposgit: December 22, 2008 the closest
satellites BEICREFHI3VTHNG QickerPrsidagdify T Hidst iseiams hafss BedsmsiagtRiasy slow
responseylipesiandsRAREApEHEA M ERRAIBbHABA PR yetesatin daWNtR-aRds dORaRwWhere have

been some more recent alternative models developed to try and address the known issues with GPS,
A-GPS affd®ell tower positioning. One of them, known as TVGPS, utilizes signals from television
broadcast towers (see, e.g., Muthukrishnan, K. et al., Towards Smart Surroundings: Enabling

Techniqud9®Hdheehivie fieeh famoewiigagesntiaiginaboatvpddndaceared awsrabaddSaringer
Berlin, Haidglb&kgy Mﬁ&%@@ﬁ)@ﬁ%@v‘@eﬁ&%@&e&}éhﬁofﬁﬁbng%m%@ﬁi&ﬁg%ﬁ@&@&@%ﬁave 3or
\/

more TV broadcast towers. A proprietary hardware chip recei V signals from these various towers

and usesqRS RiBigas peziabrisosn telegdstonbreadsas forspred ss6irns.  TYBterslighyds Kadhg) this model
are the cogt,of IR&NGW DA INRIEERCeNEr ANATRS IiIalions RSN Such 2 apallsebaf fRigrence

points. For example, if a user is outside the perimeter of towers, the system has a difficult time

providingh&aéiovastel {cetirabyh mHeas steraesnBrlis. Hedde besadMpe 200teIiHe SiRethere are no

TV towerg gL § the ﬁ%@ﬁﬁﬂ&i@ﬁ_@ﬁ%&@p&ﬁbﬁﬁ%{%@’iﬁ% 8fEFeRsE SRS AMARY e reference points
resulting in a calculated positioning well inland of the user. [0009] Microsoft Corporation and Intel

CorporatidRntisatghredreds AR Hietipriows sieisIHee) Bisphxvaods syes s [hedasrvaystem

using a dafeiaas Of MECERHWRRINIPORIANS BeaHirerhirem RNaLs Y SRAMNS R AHBONE RS ch@rsirivers”)
who submit their Wi-Fi scan data to public community web sites (see, e.g., LaMarca, A. et al., Place

Lab: DeviBe T3S RAMY USHRVREHE edbniiationhel nalae medcue|mgsfraffecrrrraaitérational
Conferenges: R BHIMARYECOMRKINE: May JPasteforaples includeWiGaL E dWidtiMans.com,

Netstumbler.com and NodeDB. Both Microsoft and Intel have developed their own client software that
uses the MAMLAREHFASARSR ISLASAIERSY: LhNG/sltsifes ARk s R 8N e St aaIR ise YHeIBS ST a client

device. 19Q1Q] Pecaiess ipaividurls saintRib SHERWM TS slatadthessaustepensitiiehiieny anpumber of

performance and reliability problems. First, the data across the databases are not contemporaneous;
some of {REERREE RRINRIFWHIRG dierHeMsRd Rpgtivnine syl bifathefdle wioWi-Fi location data is
important, since over time access points can be moved or taken offline. Second, the data arc acquired

using a vE88] dflissedoiafomndasivivarel aishfiqupativanKleppngo2 resceaeiossond &nmkmashas different
signal reggplign G actRysieS I RAIRGIRG o YW AORDB SRS HHRaRHAR RS ions

acquired from amateur scanners (known as “wardrivers”) who submit their Wi-Fi scan data to
public community web sites (see, ¢.g., LaMarca, A. et al., Place Lab: Device Positioning
Using Radio Beacons in the Wild, in Proceedings of the Third International Conference on
Pervasive Computing, May 2005). Examples include WiGLE, Wi-FiMaps.com,
Netstumbler.com and NodeDB. Both Microsoft and Intel have developed their own client
software that uses the Wi-Fi information submitted by wardrivers as a reference in estimating

the location of a client device.

[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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Attorney Docket No. 2000319.153W01 Date of Electronic Deposit: December 22, 2008 representation
of the strength of the signal. Each scanning software implementation scans for Wi-Fi signals in
different wa*ORMPY8aAT8rent time intervals. As a result, the access point iffolt2A88 P8 TAY database
lacks a common standard of reference. Third, the user-supplied data suffer from arterial bias. Because
the data is self-reported by individuals who arc not following desiginedyStaRraing. ovies). thendata tends
to aggregate around heavily trafficked areas. Arterial bias PauséEltotatioRepstimatesitere 2peiled"
towards main arteries, resulting in substantial accuracy errors. Fourth, these databases include the

calculatetPRGSRH 8N KRR sticnete of heimignaluhar isAna s s et imp emerBHes ey the 802.11
hardwarenf-a¢iphhaseidaiahases salauatasthencras smavilocalipr-dificirptyandRash with a

rudimentary weighted avera?e formula. The result is that the location estimates for some access

points in tHQgHRA LR hedafabiysierkeLr senroen teafrdkalscisaen ANt resmmplisdial

offerings @fi¥\uffelopationSyRiems Bqatrd aliddads pasitignedseendaddiythukrisbnan, K., et al.,
Towards Smart Surroundings: Enabling Technigues and Technologies for Localizatign, Lecture Notes

in CompUifiio8ARE %S 18RSH a0pPg nsrosdes. 88 dala fansisHo aegreeaiq arapad hepvilyidalNked computing
Comes oidge ARERIGRRHIEES Ys¥atiol 2Rt S5t Be FpRA04e et ehaihigheats, ingarnagated by

reference herein). These systems are designed to addre,ssl}%et and E);fOple tracking within a

controlled"NHPSRhASAVIACGY STEdboRHE ARt daRbrsspina b ify SrISURTEDRRT VRO Tatsd sic

example isdayingmssysiemihatican wanitaiihdaxactdosation ot ¥e orashrgardrwithiorhe hospital so
that when there is a cardiac arrest the hospital staff doesn't waste time locating the device. The
accuracy PEULIEATENES S0 HHESS tsaiesisoond Mlaa@%#aﬁn&wéﬁwwﬂwﬂdwwer
accuracywiasel sysiamsiostaay anetie afliieshmniotrs deatioa Bifm iaifacamractasiysbingsaanducting
detailed sjte surveys of every square foot of the campus to measure radio signal propagation. They
also reqtﬁ?g M EORSEAME R Etion so that the access point and the client radio can exchange
synchronization information similar to how AGPS works. While these systems arc becoming more

reliable f6PQhEEd stobivigdeeenadumbsy ofreomarastil @ fFPERgs B aFa dogatmymermytigaissbssible

to condugt thedsinpbefidetailadesite SUMRYHAAHIASHARI0SS AN EANR &TyANd Shersuismyvay to rely on
a constant communication channel with 802.11 access points across an entire metropolitan area to the

extent re§UrBEByWdsdsgs i d adB/asisoreintyc 8 (ifa66E a6 BrdfGa b R I e EmEly

different thgin 3ndoosyatkg BerpagRtions anselnothase. iInderpRSItILMNGIMB)iting Comes of
20091086278PCT/US2008/087969 Attornegl Docket No. 2000319.153W01 Date of Electronic
Deposit: Beediber @208 ¥RjodthsPRimisst (st bRibefardickcsn prornenies Bhere arc

numerougR9endd leFaHPNREABRINGRIEHS AvaialiesRaliFrecard dhenarsssieeI8Re Akrignals and

associate this information with a GPS location reading. These software applications are operated

manually*SREPletERE R 15 Ridibs theerBamisgeImsnidresrses gl Hp SrcatliRage Nididlimber,
Kismet apddvé-Exanipiins Bame; AaRbidst shdseathasm ARPiications ameikdhedasalivnsohéfsh 11

access point signals they detect and share them with each other. The management of this data and

the sharifltf SCHREIhRS- SRR herfdmdddiraaieiibe baniahtiad dormiicuagndineg IRseH8&orm any

calculatiaReagetadherpbysicahiocatianehing ascessiintdeumeelydaaanditherpeatign from which
the access point was detected. 100131 Using data gathered by any of these systems requires access

to either HE PRI etz RSIShAFE AT e T gSSSIE B So R RIS ER 05 e R BISEHOO RS UISIEEY points.
Devices thatregrirR (B AHLBERE Akl UstSAmenovr gaityakfirss feothsr dafaamhpis ascess is

generally accomplished in one of two W%Z: (i) by means of a network request-response interaction

between THE TSRS Qe #e AN stoRo rkRey SLi04rIBI il BYPSIEMY BVUk eparedinsSifiditisbase on

the mobilg-glavigeiitseild #R0dFhSefivam thahepesales monnabile devieesisnaitensaodicsined by the
limited prggical capabilities of such devices and the cost of mobif resources and services. These

constraintd MATGHE bR AR IFEHABT m@awawg}ig%?l gethRy SHIRURiGHCE B Y%speed,

network eapacificatnekanailgbNiyd-as wethas aast CRASiFbYS gk nebyads actessnansk danadsddth
consumption. These limitations place a.burden Oé]ﬁ%% solution that intends to make use of the

available FESSUPEILCIHESH HARTE A S 2568 ERVISP SfIRSHIY managing and
distributingMyinfiileeaiashslate. 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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10015] 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 movedV&§ H¥&AReATEsioned. Thus, the database must be updated regBEFY 3083887 Mhat it
contains relatively current Wi-Fi location information. WO 20091086278PCT/US2008/087969
Attorney Docket No. 2000319.153W01 Date of Electronic DepositicRecomkeNd 208008 SMMARY OF
THE INVENTION [0016]The invention provides methods abdesy$tesnsnfoPemiecitngabad Praviding a
relevant subset of Wi-Fi location information to a maobile client device so the client device may estimate
its positicherithemialamstiicisid i of VS are_ sC§88497Under one aspect of the invention, a method of
selecting and providing a relevant subset of Wi-Fi location information includes scanning for Wi-Fi

access pIBi Ivitharcraisge rezouiadbl leeatigirig nwigs inatalsasd ablattberkseowd e target region
to retrieve Io[pataR APPYlNASE AFEEIR BRIMS: HEhIHS AP IBSaBMAHRE AGRLON of the

mobile client device, selecting a limited region in the vicinity of the estimated location of the client
device, asrftpiavianidicatims ato Anshood wirmabcayt perhteowithiftl ofithrsepspgsntsamelesient.

of such applications are Netstumber, Kismet and Wi-FiFoFum. Some hobbyists use these
applications to mark the locations of 802.11 access point signals they detect and share them
with each other. The management of this data and the sharing of the information is performed
on an ad hoc basis. These applications do not perform any calculation as to the physical
location of the access point; they merely record the location from which the access point was

detected.

[0013] Using data gathered by any of these systems requires access to either the raw data that
were gathered or the calculated locations for each of the access points. Devices that require
the use of these data must somehow gain access to the data. This access is generally
accomplished in one of two ways: (i) by means of a network request-response interaction
between the mobile device and a networked server; or (ii) by storing a Wi-Fi access point

database on the mobile device itself.

[0014] Software that operates on mobile devices is often constrained by the limited physical
capabilities of such devices and the cost of mobile resources and services. These constraints
include both hardware (memory capacity, power storage and consumption, CPU speed,
network capacity and availability) as well as cost constraints for network access and
bandwidth consumption. These limitations place a burden on any solution that intends to
make use of the available resources, and in particular, create an optimization problem for

efficiently managing and distributing Wi-Fi location data.

[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.



[0018]Under another aspect of the invention, the target region of the database is partitioned into a set
of fixed geographical partitions according to a prearranged scheme, and the limited region is
comprised OVErREMAHT8 of these partitions. 100191Under another aspect®SFTHSMRARIGA? the target
region of the database is partitioned into a set of geometrically similar, polygonal tiles. [0020]Under
another aspect of the invention, the polygonal tiles form a hierarahy-isywhich smaliersties ame nested
within larger tiles. 100211Under another aspect of the invepiios, Iderrexinigpesriuiebarbof AA/i2fl08ccess
points that may be contained within a single polygonal tile is selected, and the size of the polygonal
tiles is determined according to thissm%m fé%?ﬂ@&%‘(%%%ﬁ%ﬁ aspect of the invention, each

polygona{otﬂféls as Ceia}}le\f%IWﬁié?l Srovides methods and systems for selecting and providing a
relevant subset of Wi-Fi location information to a mobile client device so the client device
may estimate its position with efficient utilization of resources.

[0017] Under one aspect of the invention, a method of selecting and providing a relevant
subset of Wi-Fi location information includes scanning for Wi-Fi access points within range
of a client device, using a Wi-Fi database that covers a large target region to retrieve
information about these access points, using this information to estimate the position of the
mobile client device, selecting a limited region in the vicinity of the estimated location of the
client device, and providing information about Wi-Fi access points within this limited region
to the client.

[0018] Under another aspect of the invention, the target region of the database is
partitioned into a set of fixed geographical partitions according to a prearranged scheme, and
the limited region is comprised of one or more of these partitions.

[0019] Under another aspect of the invention, the target region of the database is
partitioned into a set of geometrically similar, polygonal tiles.

[0020] Under another aspect of the invention, the polygonal tiles form a hierarchy in
which smaller tiles are nested within larger tiles.

[0021] Under another aspect of the invention, a maximum number of Wi-Fi access points
that may be contained within a single polygonal tile is selected, and the size of the polygonal
tiles is determined according to this maximum.

[0022] Under another aspect of the invention, each polygonal tile is associated with a
timestamp that reflects the most recent update to the access points within that tile, and this
timestamp is used to determine whether 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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timestamp that reflects the most recent update to the access points within that tile, and this timestamp
Is used to determine whether the data that is cached on the client device is up-to-date. [0023]Under
another asp¥& Y8V ntion, the estimated speed and direction of the clRAT/YSHEE/8736%d 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]Undesasother-aspechef theimention, the
amount of available memory on the client device is used iPdetgiiciingctReplisitedaelfol?, POOL6]Under

another aspect of the invention, the speed of the communication between WO
200910887 Rt ydesos) dacrdrgabase s used in determining the limited region.

[0027] Under another aspect of the invention, the client device is initialized with a
portion of the Wi-Fi data that corresponds to a specified geographical region, and this data is
updated by communicating with the Wi-Fi database.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

[0028] For a more complete understanding of various embodiments of the present invention,
reference is now made to the following descriptions taken in connection with the

accompanying drawings, in which:
[0029] Figure 1 depicts certain embodiments of a Wi-Fi positioning system;

[0030] Figure 2 depicts scanning vehicles including scanning devices according to certain

embodiments of the invention;

[0031] Figure 3 depicts an example of a scanning scenario to illustrate the problem of arterial

bias in data collection,;

[0032] Figure 4 depicts an example using a programmatic route for a scanning vehicle

according to certain embodiments of the invention;

[0033] Figure 5 depicts an example scenario to illustrate the problem of lack of reference

symmetry of Wi-Fi access points in locating a user device;

[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;



Attorney Docket No. 2000319.153W01 Date of Electronic Deposit: December 22, 2008 the client
device and the database is used in determining the limited region. [0027]Under another aspect of the
invention, tA¥@REMYRETSe is initialized with a portion of the Wi-Fi data that BoESBHIFIS 1808 specified
geographical region, and this data is updated by communicating with the Wi-Fi database. BRIEF
DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING& {22 8]otiar somnosescomplete
understanding of various embodiments of the present invehtionf Fefexendecrssiolierralgte 20 1he8
following descriégtions taken in connection with the accompanying drawings, in which; 100291 Figure |

depicts cHAN ditemsainheRersres whdrmapogts fhss €St A asersesare B BIsdes Witliifg vehicles

including3&aNAIRG K4 1ieas BECHBE thhsektaiRdmhodindyenkeof the invention; [0031] Figure 3 depicts
an example of a scanning scenario to illustrate the problem of arterial bias in data collection;

[0040] Figure 12 depicts certain embodiments of a Wi-Fi positioning system;

[0041] Figure 13 depicts the client component of a Wi-Fi positioning system, according to

certain embodiments of the invention;

[0042] Figure 14 depicts the server component of a Wi-Fi positioning system, according to

certain embodiments of the invention,;

[0043] Figure 15 depicts the operation of the client component of a Wi-Fi positioning system
in response to a location request from a client application, according to certain embodiments

of the invention,;

[0044] Figure 16 depicts the operation of the server component of a Wi-Fi positioning system
in response to a location request from the client component, according to certain

embodiments of the invention;

[0045] Figure 17 depicts the operation of the client component of a Wi-Fi positioning system

upon receipt of a list of tile identifiers, according to certain embodiments of the invention;

[0046] Figure 18 depicts the operation of the server component of a Wi-Fi positioning system
in response to a tile request from the client component, according to certain embodiments of

the invention;

[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



[0032] Figure 4 depicts an example using a programmatic route for a scanning vehicle according to
certain embodiments of the invention; [0033] Figure 5 depicts an example scenario to illustrate the
problem of MEkZPPERRERce symmetry of W-Fi access points in locating a JeFH&WE80f3884] 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 scannisg«®®daesracearding o wertain
embodiments of the invention; [0036] Figure 8 depicts a céhtraif iétwork Bervet IrcludiorgZa ¥ehtral
database of Wi-Fi access points according to certain embodiments of the invention; [0037] Figure 9

depicts a8 UNisERy AfcHrRicts semf fbdhidHimg Ssrtiraradsddordliss t6veE ratmPantBbalm et ar the

invention, {QRBAI gy Ee-AD Hl RIStR RNE ¥ IMBIAIY A iRGHHS, at dosemipninBcelien b ateRNgiagio certain

embodiments of the invention; WO 20091086278PCT/US2008/087969
of the invention.



Attorney Docket No. 2000319.153W01 Date of Electronic Deposit: December 22, 2008 [0039] Figure
11 compares and contrasts the effects of a random scanning model with one using a model from the
Chinese podVA3RPAEGAT algorithm; [0040] Figure 12 depicts certain embodifEHEZWBARARCE |
positioning system; [0041] Figure 13 depicts the client component of a Wi-Fi positioning system,
according to certain embodiments of the invention; [0042] Figure déwdepicisilne. servap cormpmnent of a
Wi-Fi positioning system, according to certain embodimentxebthideitrveintiopsio 04 8infguie20% depicts
the operation of the client component of a Wi-Fi positioning system in response to a location request
from a client application, according to %M%ﬁﬁ%&ﬁﬁf@ﬁ@ invention; [0044] Figure 16 depicts
the oper ti?n fl,'[he server component of a Wi-Fi positioning system in response to a location request
from thei%é%ﬁé%%%%onent, according to certain embodiments of the invention; [0045] Figure 17 depicts

dentiier P e T I ShE peration o

the serveWBMpoaéne oftinatie Fipgsitorphir dgsitioninfnespdasksticestife YebBiestlfrden ¢he client

componegf, 8§50 5@'9190(9&5&%@ 8&19‘{%?}%@@5&9%%‘?@%8& as reference points in estimating
the client’s location. Preferred embodiments maintain a cache of Wi-Fi access point data on
the client device. Under this approach, the server sends the client a subset of the Wi-Fi access
point database containing Wi-Fi access points that are in the general vicinity of the client
device. The client stores this information in its local memory cache, where it can be used to
satisfy subsequent location requests. If the client device finds that the cache does not contain
the information necessary to locate itself or that the data in the cache is out-of-date, or if the
client anticipates that more data will be needed in the near future, it supplements the cache by
downloading the required data from the access point database. In certain embodiments, this

process is streamlined by grouping the access points into “tiles” that correspond to fixed

geographical regions.

[0052] Figure 1 depicts a portion of a preferred embodiment of a WPS. The positioning
system includes positioning software [103] that resides on a computing device [101].
Throughout a particular coverage area there are fixed wireless access points [102] that
broadcast information using control/common channel broadcast signals. The client device
monitors the broadcast signal or requests its transmission via a probe request. Each access
point contains a unique hardware identifier known as a MAC address. The client positioning
software receives signal beacons from the 802.11 access points in range and calculates the
geographic location of the computing device using characteristics from the signal beacons.
Those characteristics include the unique identifier of the 802.11 access point, known as the
MAC address, and the strengths of the signal reaching the client device. The client software
compares the observed 802.11 access 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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100471 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
embodimen¥®2¥ERtion; [0048] Figure 20 depicts a scheme for partitiBRHYYHYKFTEALL 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 theicamnmdaicationsobetsvsswuarious
components of a Wi-Fi positioning system during normal opgratibircascordmgitdoenaen2embisddiments
of the invention; and WQ 20091086278PCT/US2008/087969 Attornejyé‘Docket No.

200031928 SR T Gpritrsdp ShrcTerapatiptilsctnt denaituslsosating) MotF&coiei#tes some of

the tiles rgeamaentrdidnthe Rershcampengrh ok MFiiRaSHHOBRY 4stany#b BsRoMss to a client
location request, according to certain embodiments of the invention. WO

2009108BB 8B SPYRIBfotroBY! | services.

[0053] The positioning software is described in greater detail with reference to Figure 9,
which depict exemplary components of positioning software 103. Typically there is an
application or service [901] that utilizes location readings to provide some value to an end
user (example, driving directions). This location application makes a request of the
positioning software for the location of the device at that particular moment. That request
initiates the scanner [902], which makes a “scan request” to the 802.11 radio [903] on the
device. The 802.11 radio sends out a probe request to all 802.11 access points [904] within
range. According to the 802.11 protocol, those access points in receipt of a probe request will
transmit a broadcast beacon containing information about the access point. That beacon
includes the MAC address of the device, the network name, the precise version of the
protocol that it supports and its security configuration along with information about how to
connect to the device. The 802.11 radio collects this information from each access point that
responds, calculates the signal strength of each access point and sends that back to the

scanncr.

[0054] The scanner passes this array of access points to the Locator [906] which checks the
MAC addresses of each observed access point against the Access Point Reference Database
[905]. This database can either be located on the device or remotely over a network
connection. The Access Point Reference Database returns the location data for each of the
observed access points that are known to the system. The Locator passes this collection of
location information along with the signal characteristics returned from each access point to
the Bad Data Filter [907]. This filter applies a number of comparison tests against each access
point to determine if any of the access points have moved since they were added to the access
point database. After removing bad data records, the Filter sends the remaining access points
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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Attorney Docket No. 2000319.153W01 Date of Electronic Deposit: December 22, 2008 DETAILED
DESCRIPTION Introduction 100511 Preferred embodiments of the present invention provide a Wi-Fi
positioning 3YRt&M8PY) used to estimate the geographic location of mob®& BANMS/ 8PS includes
a database of known access point (AP) locations that are used as reference points in estimating the
client's location. Preferred embodiments maintain a cache of WiAtbac¢esskeaiat tata on thwalient
device. Under this approach, the server sends the client a Bubseklofttbrec Wipbiiabeesdpaihtetabase
containing Wi-Fi access points that are in the general vicinity of the client device. The client stores this
informatidfistRe I8ealionakiany theahenibrate iR Binlingaidkd to satisfy subsequent location requests. If
the client device finds that the cache does not contain the information necessary to locate itself or that

the data 199A8] chleheaisWatcdflerséonritdee pepduasddivatesleratonore ermannilivécddedeassn the near
future, it fRRIGMERE S5 GaAsH Y9 H%%K%Q‘Rﬂﬁ%&ﬁ%ﬁ faRdemo agressRAjptdaabase. In

certain embodiments, this process’is streamlined by grouping the access points into "tiles" that

correspofpPlisfisten rjestraptinalHeglaess(4dibor HyarariugbbiRescansbition (81 Al ptdteress@gibodiment
of a WP, I RRSilioning isYsiRm ﬂ@ﬁﬂfé%%%ﬁiﬂ?ﬁ?ﬁéﬂf%%& Q31 e seRidRR ARA computing

devicepo Throuﬁgut a particular coverage arca there are fixed wireless access points [102] that

broadcasitibritdlierihgeng éorriencbbrrisnNHinnabMpone Edectspgia A spagatihtNME#e) monitors the
broadcastsigiagliR rH@stadS L ARPISSIANMIA MRIIRS IGRYSR!, £/ F6FESS MSIRfcARRINS a unique

hardware identifier known as a MAC address. The client positioning software receives signal beacons

from the BURCYestbednespripts s tagerhed Baath b era gesgrapriede atisnadi@Re computing device
using chasagiarisfiasframheso0rkheaconbIT Bpst.sharastedslifsiRaludeithe.inigye identifier of the

802.11 access point, known as the MAC address, and the strengths of the signal reaching the client
device. TRPRSEIRSHRS STRIRIPEVEEIAPRRALCHHR IS E A €ABORNICAHPSES HIIRENEH D Se in its reference
database [104] of access points, which may or may not reside on the device as well. The reference
databasd @¥fthihkct e datoutated ageog kap Mo tbcat onsgrponer ghpfilitiohalkthlgendess points the
gatherin llected. T r e i ings.that.r ent the power
o the sign e B o R lates the
relative pediicncofamparse vt ef] 0DIdraediageesspinets iong/@it00on 882 TE8RCSTENE 2008/087969

Attorney Rr%ﬁr‘é?{#]s'e\!é’ v?e?%%%ﬁ% oA AR £f &'&?ﬁﬁ%@&@g&@%dagﬁ%%%rd%%ic%(}ggrg ographic

coordinates | orm of latitude and longitude rea Those readings are then to location-

based apysliteitioideshoinuassfasrririeisd incbadisgatoinlgstzsitbsrdlash maighipshasptaggstems and E9 1

| SerVice?nodels, nearest neighbor models combined with triangulation techniques and adaptive
smoothing based on device velocity. Different algorithms perform better under different
scenarios and tend to be used together in hybrid deployments to product the most accurate
final readings. Preferred embodiments of the invention can use a number of positioning
algorithms. The decision of which algorithm to use is driven by the number of access points
observed and the user case application using it. The filtering models differ from traditional
positioning systems since traditional systems rely on known reference points that never
move. In the model of preferred embodiments, this assumption of fixed locations of access
points is not made; the access points are not owned by the positioning system so they may
move or be taken offline. The filtering techniques assume that some access points may no
longer be located in the same place and could cause a bad location calculation. 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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[0053] The positioning software is described in greater detail with reference to Figure 9, which depict
exemplary components of positioning software 103. Typically there is an application or service [901]
that utilizes YS@28H4¥3dfings to provide some value to an end user (exampREHHIEBEFEWoNs). This
location application makes a request of the positioning software for the location of the device at that
particular moment. That request initiates the scanner [902], whictusrakenadist@namguestiwamihe
802.11 radio [903] on the device. The 802.11 radio sends bt afpilclterehaesittdaiBPR22 126K cess
points [904] within range. According to the 802.11 protocol, those access points in receipt of a probe
request FERSRMRMt a broadcast beacon containing information about the access point. That beacon
includes the MAC address of the device, the network name, the precise version of the protocol that it
supports @ o A sild i efbrenco -

4 a3

ol HORN A PAHE A GIRIARCQURIRASEMation about how to connect to the device. The
802.11 radio collects this information from each access point that responds, calculates the signal

strength G LpEssd5biRtsthe CURBREE Btk atBElarminn IHeERatiPRIUIRR8F B4 ses this
array of ageesspRinsAihe HeeabridReLwch chaskmike At 1adasasrasRberetbalRsaned access

point against the Access Point Reference Database [905]. This database can either be located on the

device orPfdisYtEIYJOEIE ReRHOMK LS Hor IetfevalickaBbifnl kurardostepmatia s umns the
location dafeulet Rach sdiherohsRrveth @CERESIPRINEIRSRIBNTAHI JRRISYSIE the A dsecator

passes this collection of location information along with the signal characteristics returned from each

access pBHiY sl ireen 160 P hiEPLpshE e RivGmsioap b BTSSR HLRE against each

access peirtyaiagtedingit siyceiihne 20cesk PAINIS Makscraviett sinse {RpYERetRdeathinthe access
point database. After removin ta records, the Filter sends the remaining access points to the

Location areaﬁ&é?a]&ﬁﬂgm%%%%  Bsilegahensetate a&%ﬂﬂ&%ﬁfﬁ&%&&&%ﬂﬁbﬁmf&%tabase and

the signafrsitepaihtieadvaadeariheRcranehdhiigosatiork @alculation 60rMPensmicoORIERS the
location of the device at that moment. Before that location data is sent backdgg the Izi%gﬁﬁor’ it is
processed By tHé& Bﬁiﬂﬁr‘?éggﬁ‘;?f?é‘n[%ﬁ WU Ve itfed e SEUBR S B fRsid figs to remove

any erratig¢eadingsHiioRothe Ipiestessoin Guilain Randdeind/fc30Nho8ad 4GRS 208087069
Attorney Docket No. 2000319.153W01 Date of Electranjc Deposit: December 22, 2008 adjusted
ocation GBS HRGH SERR RHESHL R B S66RE PTG ScHBtiater ek ?@aafmje tiaced by
the Locatutfceitaund vpeadad ioftorsebipaalicalnse chapplicasonsHidd iough toenAfiglication
Interface [910] which includes an application_programming integface (API) or via a virtual GPS
capabilty RS B B e oin N AL AT G o oG U NGty Hhessages or
using theRacadimnssdor piddise denaneddeislioped by e Nationat biadoetnledioniesiissedation
(NMEA) Connecting into the devjce usinﬁialﬁstand@rg irr;[_it?(lrface su%h? asa C%)M 1portgon the machine
retrieves THE HHe RO B Hiin EIRtSoiMeRt St A Qe Ebh THETa & & vRtial 85 8 &apability that
allows anyleRarconjpatiyebappiicaterciocpnimihaicater witte thissa evhpdsitioiningwystasagiithout have
to alter th(? cotmmﬁ]nication mogdel %r Eﬁessa%el%. 1t0 56 Thell% atioE calcu%%i ns arf prOdﬁind using
a series SFBBSHbHRG AYbHRTRLitEHIR IS RO hts e Theb PShiaBia e JikalyfSation
readings dé&icicliest jgoftidare siapipaiesnih® sl let ofise vediaceesds potitts atsnlingtiatael calculated
signal strengths to weight the location of.user to determine precise location of the device user. A
vatoty of R LR RG] QR R G T g B GO M e AU ERRG S et nearest
neighbormmudelneatabinéd mstarinagowdhivdes techuriguestandeaiimptive sshaobkhngiraskehemhdevice
velocity. Different gl%orithm erform better under different centari%?%nd tendkéo ﬁ)e yse together in
hybrid depToVMBATETS Sl HE S BAT HESi R RIS PERHHEE B RO HRT SRBIdIRE AL the
inventionfeHov desa matiod esuné @s disnimgiatgarniti rissw ibre adédigioncod wibight digoritho B aisk is driven
by the number of access points observed,and the user cas lication using it. The filterjing models
dffer ot R OIS e B o TR o B FroReRE e points that
never moveinl arthey wbdhlcof {ire fehighiveay oo cimemnt shdhos @dshumptianrofulits estdo tatoths of access

points is not made; the access points arc not owned by the positioning system so they.m ove or be
g it b s R R R Rt e e e
same placaiamdadeubd aaerses atiihel depeatienot alcuiatiblior Sal therdibadng adgdsithmiSeattedypt to isolate
the access, poin ﬁ% th ved since their position was recorded. The filters arc dynamic and
htionatit el gt o i R S R A R R A
include samplenpobiienrang dagingabove lbtastidBan sedeBdBosibam tbgio Thetadimglik afrear filters. The

velocity algorithms calculate device spee estimating.the Doppler effect from the signal strength
chservat e S eSS R B s PR L R OR
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Attorney Docket No. 2000319.153W01 Date of Electronic Deposit: December 22, 2008 access point.
Gathering of scan data to build reference database 10057] Figure 2 depicts the components used to
gather locatf¥¥f A9MEeRIEN for the various access points. A large fleet of veR€EEYZOEPE UEployed to
build the reference database (104 of figure ) for the positioning system. These vehicles 201 follow a
programmatic route through target scan areas to gather data in themestoopiimabtashionsproducing the
highest quality data. The target scan areas typically repredemt e Fegemnvdiropolit2mcartsaihAding
every single drivable street in 15-20 mile radius. These vehicles are equipped with scanning devices

[202] deSGHEW TR TRP e TBEARBHE I RpLReaSSRRILiR 630P 889413 Qb At dintanrsd el Pihe

coverageay gaankig:SeHInG devicesidakntheylesation atdhe:reiangi sehigleravesyisecond using
signal from GPS satellites 2041. The scanning device also tracks the ][oresence of any 802.11 access

point withAVEgeeant FelsdriO e d A bdnrrans it that whendbesusipuiatsraRt RIS UA the GPS

location ehéhecaEdRNehyabiels. pois: Gleatith Oféhe dasatGollaated i® arsatlydaiieciadRytheyseanning
methodology employed by the scanning vehicles, Each model has its own benefits and limitations.

One appfBitH IRHEWH S80WS e AUETFFRIGARISSIERE Loa IR MM Tcs franne as e pvare

conductinggaily Activitigniar Qusiness Qiop® sa8admsantinesp vglislesneaulsh g delivery trucks, taxi
cabs, traveling salesman or just hobbyists. The concept iﬁ that over time these vehicles will cover

enough SRSERTT P EWALAN I FAHGHF i o rAE B R/ MERSE FEtkeHE HSiBHEe. The model
does in fagtipsQuide abstnRle dnrgnsig]callass RatddtSha finalityodbikereswingslatansagatively
affected due to jssues of "arterial bias". Figure 3 cbescgibest e challenge B%Jt[,%e random model. When
scanning%ﬁﬂﬂ&r%%@%%%é%@&é‘gfgeﬁ%a%%& & SRS SRS REHTE AR Iﬁ% HeiEte. 0.
delivering gpiackagesiopanalelearynd g dotaaddissntwearkh toeys st tiastoiow destination routes. A
destination route is when a driver needs to get from A to B and seeks the fastest route to get there. So

the driver faskp Qo ARSI e A hdNeAEBINMATAL BRan LR AADINAY ffmaln

thoroughtare. As a result, over time the random driving covers more and more ground by the

cumulatiVe SehATRIGE ahENAY it cirtiaamia ol theedgeidon ehdasx Pandaesupa SAans? and
surroundipgAinaddsindiene Riaesiem i are [30alare heamilydravesaatd Y theganning vehicles

resulting in a healthy amount of scanning data for those streets. But streets [306] and [307] arc rarely,

if ever, cOl@Yathmdaanee inthie hHS PR GakbH o amaRY etficdratdaty tha iaHis 8% are more
WO 200%98@3%%5’&; LhaROQRI8A0Qrget AHOIMRY BARKE! PIRRBR 0K 2Bl of Electronic

Deposit: December 22, 2008 optimal travel roads. The result is that access points [308] and [309] are

not scank88'4R SFkYiane weshPipvehraercis tHelBissianR sy ysternaint aid gyte t6iae At user
who is traygingnon steqrbb ISA6TARE[RA7dn Ehadeskibisuhat wial: the axsigsaliespisttp calculate the

location of the access point from the scan data it is limited to a biased collection of input data. Figure

11 showStHe s véaitieashAdag ddeast 0nsty (PSR & s AV Ehicte i S IREEPINRIAE cess Point

[1101], itmﬁfg dxda RaIing RS @Eﬁl@@@mﬂﬂHQQU§127T,h?)Q@$jtiQGBIBrfé(§E%BdHH§éﬁRe(Ef calculate
the location of the Access Point p 102] using the entire set of observed data [1103]. In the Random

Scannind B daeniiRndaebda g hpARiasYdUrHdHERRg Ad B EsLIRG Y rfecareres prthihehat forces

the systemit; enlcUiMROPRESARTRAINESIBEALINN RRM Ihahoad (RINEIthANCIPRE duhengccess point
itself. [0058]. Anather apEroach is develop routing algorithms that include every single street in the

target aredSEEI QLY AR upHITAMIRA T ane ASSORGHE (B IIBE AL B RN IIEHRORIENS &Phore reliable
positioning-&ysiestrfas et andbseiabiiadtesd fsiselihesianr aplintidenarpeing algaytwmkeewn as the
Chinese Postman_to calculate the most efficient driving route for covering every single street in a

target ar®¥. YheX AREYEPATATARTBINFY Blgoit s Aacisan R migtestiRalbIbesa agencies,

utilities agghgensusHgeRIRSANRA inIvEbantelldBkelisstamaysiae piplens. Rihadmiedasl cycle is a
problem asking for the shortest tour of a graph which visits each edge at least once. (See, e.g., Kwan,
M. K. "Gr%ﬁ??élﬁ%’ﬁfée‘ﬁﬁwﬁ}ﬁjl@s%g%@&l&r Sﬁgﬁﬁ@aﬁﬁﬁ%&éﬁ%«%‘i%%Yﬁblﬁlﬁ%‘ée}f Preferred

embodimants efrifle iovepiemheiutdeninnethedolpglaiigdenttyds | a taiget tegianctas poverage and
then using the Chinese Postman routjng algorithm for p ing rg? vehicle rqute. The scanning vehicle
[401] foliﬁ@%leﬂ“ﬁt%?%ﬁ%& Eﬁi%‘o‘i?jliﬂ%% f%% E?l‘{;%’r‘?ﬂm ﬂf ﬁ%ﬁf# GREETSS RO AN HrlSst 8H8lring that
all obseryahle iahecasRpiniaidsensaiaeipaiand MappestdibtheaystpomtSaohaaYRfesample, access
points [408] and [409] are added to the access pojnt database ysing the Chinese Postman model but
voula haVR Besii B i AR RAH A A0 ARG AR T8 BT TP he Chinese
Postmanyatannigcciedel tiigey efigloutraielsseiity sngleodad geibingesicomgirigaisat of scanning
records [1106] for the Access Point [1104]. The system can then calculate the location p 105] 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 Scannjag model not only gathers more access points

uniformly across a target area but the resulting data produces more accurate calculations of WO
20091086278PCT/US2008/087969



Attorney Docket No. 2000319.153W01 Date of Electronic Deposit: December 22, 2008 access point
locations. Higher quality AP Locations 10059] Once collected (or partially collected), the scanning data
is uploaded WAMWBEE tral access point database (described later in this HppRSaHEHISARre it is
processed. The raw observation points for each access point are used to reverse triangulate the actual
physical location of the access points or create a power profile rapsesemisag:tNe. vacie1pnepagation of
that access point. In order to produce the most accurate calguldtéldcivoatiomdor: BpartelarZagtess
points or to create the most accurate power profile, the scanning vehicle must observe the access
point frorACE8SHrRMYtdRfeHI S angles as possible. In the random model [figure 3], many access points
arc observed from only one street forcing the system to calculate their location directly on the street
[303]. These lodaiizhes ¢udiibitatdieesismisl bias and arc significantly different than the actual locations
of these access points [302]. Errors are introduced into a positioning system when its reference point

locations!3PSth sedleeisd{enrapidlisaliertsiidhs, yrning daie) viriredrt bagkdsiaciititions play

a large rolecidpeincemaR Ol dER SN UaeF POSIYPE-AGEEHT I fiRgpiR ShimepgcRpstman model
[figure 4] the scanning vehicles detect a particular access point from as many sides as possible of the

building RESEHY REPRLIsOtFR 2pArsSRAIRIGHaMSedd revys thsrend b acyrb RIvHEr everse
triangulatisvadiemusiteiaectio salawlate thnd agaiion pidhg-acprRSSMRIN IR {403k Mo deiaison the

access paint location quality is described in connection with Figure 11. 10060] The scanning data

collectedHYACHTS SprlnrapsiRidemoduaithn e b 25ty IR LA O ISpAIRNET PRAEIAEF each

access piotdp psispeeiflc @pMisonmens: Exanittasio deyistiandassosiniedsiioundingbesvisconment
produces a unique sign?l fingerprint ?#'%win how far the signal reaches and how strong the signal is
G

in varioudNo et SNRMFPIRE SIYHRY APSIRISHRYS B RS TRndemy M e igonl with the

calculateghaggesscpopditecatiosbieteyerbigh @oaiasidor iheipeshianingmsystemuThistiigigerprint is
also known as a "power proFE'Iqe" since the signal strengths at each posi,tionliﬁ measured as signal
[

power in WEREOPTHEHOL D gi%%t@%aﬁ%ﬁ%&#ﬁ%f% FRRbibAdastonslinte atd st a particular
signal strapgthicahan G0RLhtakeesscprinhl dsiatisRssOtigiedossth popakticez] distaveesfrom that
access point. Signal fingerprinting techniques are used in indoor Wi-Fi positioning but have proved
difficult t3PEPHEEHE 1t &é%%@%%? ShEnSR H@B@B&dg&a{wgaﬁ?&mﬁ?%@cgﬁ?@&p with
collectingihepinigeriniat gkatan, Wiaer dha dingfinrintsces poMveloWitbROPR0BR2ISREETIAIB2008/087969

Attorney Docket Na. 2000319.153\W01.Date of Electronic Peposit: December 22 8 profijles of
il AECHEE LB ST BB B RO OHG S/ E e P Ea L EVE BIHed rarely by

finding thé®namasitiochwhsardctoet asenathsigoasisingthsnmatehiihsidombipessibigemhats.
Preferred empodjments of this invention provide.a reliable system.for obtaining this fingerprint data
bl vt R i YR Tt S R it
positioningvalgeritams R rfiefonaalSysetrinalculate the location of the access points [403]. More

details on the access point location quality is described in connection with Figure 11.

[0060] The scanning data collected from this system represents a reliable proxy for the signal
propagation pattern for each access point in its specific environment. Every radio device and
associated surrounding environment produces a unique signal fingerprint showing how far
the signal reaches and how strong the signal is in various locations within the signal
fingerprint. This fingerprint data is used in conjunction with the calculated access point
location to drive high accuracy for the positioning system. This fingerprint is also known as a
“power profile” since the signal strengths at each position is measured as signal power in
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
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[0061] Positioning systems typically work by having three or more reference points around the device
being tracked. These positioning systems use the radio signals from these reference points in various
ways to calCMRAFESHEice's current location. Significant errors occur wheRGRER2YR SR sufficient
number of reference points or when the reference points lack balance or symmetry around the user.
As illustrated in figure 5, the arterial bias that emerges from the randeipaedelditoducessmany
scenarios where the end user [501] moves into physical afeasdnblttiomdiepestrBeorhpaeCortesd access
point locations [502] on one side of them. This lack of symmetry in the distribution of reference points

around tHEHEs QLA ELBIB A SRR AP MG NS RESEreRg &Vt ey &AL IS ERIS R8O fuith a
great deabeftRfiahWithhS Tingse BrImapbanasieholscanigdaeasaass Raintshintugerypically

encounters a physical Iocationlérf%%ure 6] in which there are_ numerous access point locations [602] on

all sides 6PN BB NfthiT Bherieshiabhetim el thivity e npYidsis [Pl sut ¥sition

calculatigyh{fidd]dssreauaediivcaticnRias andsisvoers AesHER a5th fENibhdgutechd poianother
example -showin?%the impact of quality location calculations. Scanninu Device [0062] Figure 7 depicts

the detailQ SFSFpI_MHHIES BRASHHNSSH 2LLLARAG H&HEE™E2 used to detect and identify the various
Wi-fl access points. A scanning vehicle [701] contains a scanning device [702] that continuously scans
the airways for AAMBNGPS satellites [708] and 802.11 access points [707]. The scanning
device runs the scanning client software [704] that controls the entire process. The scanning client

activates! B kbe o8 ipgaRsmyimically inerkdy havingitsvr] mers RS Pse oo a

continuoyserésapE GBI NpoEe kadCUlRERG e igaRG apielogadian eddhesderereveiaecond. That
calculation js read by the scanning client and stored in the local dati storage [703]. The scanning

client initFSISERTE BYPA 1r4efl9 Uhl BEGMESBhEn §'B P85S 1 L Brob oY I8 R g HirdEiSnal
antennasbéafivReiytBaR .4t aseessRawit [fErbyitTircfargecqidhng proleraguestaespopeimwith a - 16-
WO 20091086278PCT/US2008/087969 Attorney Docket Ng. 2000319.153W01, Date of Electronic
Deposit: BECEMBECSS YOUBCERY AL BT e ¢ @Sgaﬂin&%%%ér.t RETELPoNaTg&ignal
beacons gastaiRFidia netwatonamealef iheodccasmpoinictanssatanIh) uhe MG medtess of the
access point device as well as o&e meta infqrmation gbout the access poin(i ng responcgng signals
reach ealHOPHEIGH ALEHHL S REh ReLSAith oD Biffere P&ﬁﬁsrmﬂ*%‘ig‘aﬁ%ﬂ“&&é a%n MLVRAEF of origin
and the pbiisnity Tofihecacsassnpeity hak \keaidbis ¢eedndeealongolith shaidemtifierdafstrat particular
antenna and the meta.information about the access pojnt, This probe-receive-record grocess occurs
continuo BBV TP B LGB e Lo BTSS0S SO EH e 1PAG
4155 PockairPWigndiRawe rshimRSidddl Moisahfingdier widtiniagratethSiRér thpdIGPS receiver with
XTracv. 2.0 firr?ware. 100(%%’[ The Sféinnin Client 704 of certain embodiments is dgscribed in
connectiSRSUHA ER BRI A HRcR iR ESHET P ATUE AT SHTBERERES R RIANAYP 1001, the
System Nts02g@er [l QR afdhhesthilodld Managae [h00S]604poDdia ddeicags0pl 0Diddionthads the
operations oﬁtboth the.GPS ra |%)0p£§)§:]f ebnd thg 80%111 radiE.[dwO? . The Data M?n%ger cogttrols
when and B\ SRR LS SHIHLORIETHPAIGRANS BhR Brae Bn S LIRS CTHE G S IRl once
activatedrigoeivesisignalsfremnipRSisedaitah d 1004 ot calicy Riesids gdogkajphic location. The GPS
recorder [1008] logs all of those readings every second and sends them to the File Manager [1010].
The Wi-fl Recorder @9 agtivates the 802.11 Radio to scan every tenth of a second, and associates
those 802.11 readings with the GPS readings coming from the GPS radio and sends the resulting data
to the FilgobtEnatigurd Neldpletdbadgrilsedtivesisaad catafiomnotiutheiahs Redordee anddwWi-Fi
e S R e o S e e TR oo S SRS T AN g e device s
scanning device [702] that continuously scans the airways for radio signals from GPS

D afore
Va2 1S

satellites [708] and 802.11 access points [707]. The scanning device runs the scanning client
software [704] that controls the entire 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 -



100641 In the Upload Manager [1003] there is a Hotspot Detector [1W 7] that monitors the 802.11
scanning results to look for the configured network of public hotspots [1024] (e.g. T-mobile) that the
device is autBAEUESHBcess. Once it detects a valid Hotspot it notifies the?GIEF BPIYIS&sknce. The
user can select to connect to the hotspot by activating the Create Connection component [1018]. This
component associates with the hotspot's access point and creatggoai, 302 KkkiNeonmestnms3Wan the
Hotspot Authentication module [1019] supplies valid autheBticatiBlaciriorfetiomn: fdce¢meedddize8The
hotspot validates the account and then provides network access tg the device. The Upload Manager

then initiat884HRERTBIHAUPSER S HAMIRIN To tevo Mt dlhfisenie Mt e REN KR Kork

Server 19274 anehprRUdeHIMP (RAORAAZEA RO MSRONB/OSTE6D0f thAMIREIE Y EIRCKSL D5
2000319.153W01 Date of Electronic Deposit: December 22, 2008 valid authentication information.

Once authelis A6 RERBIOsAIARVE Hircatrsshetid rrossnirdmesienatrseshsathetetrieves

the scan gataifseridibEntanaingifalaisteren i Latiianst vidlpads ibe datRctodherestalNgivork Server
using FTP. The Central Network Server initiates a process to store all the data in.the Central Access

Point Daf3bRLe<RHET ShE G BRESE IRUBMPIte BT b SeeP it el mutdhhdispEAU AR Em the

Scanninghatastore:dhd dhdaibenBackip-aiostomit 10d 23 @Bstheisle TikR. e theivpinadns
completed and verified, the New Version module [1022] checks the Central Network Server to

determinBRGFRSRCRIE SANFDRPSIN Dftel b RIsbikSPE- VIsEARgL dey S CRIOYSHdE is a new

version, afinaieostiewniandessarsttberdem v/essiorcdnsrsl@inn Mewa] pratessitiegins to
upgrade the clien %oftware. O%cgsthe installatjon process is.completed the connection with the Central
Network LIS RRAILRRE SHESCBRHRELHA 16 H o or T iminated and the device retums to

normal scanning operation. 100651 Included in the Scanning Client 704 are a set of utilities that help

to manad@¢hdl deiicsaning Glisat St arhcarteisembedaenits iglsaeiabqd 01 sprresfitRi il operation of
the GPS Raglio ﬁﬂ@H%%th&&@ﬂ%ﬂﬁ%‘ﬁeﬁﬁr@oiﬁﬁdn@ﬁ%ﬂm&m&ﬂqg{%@rﬂl’oﬂltﬁ%BS%@eMan ager
se

encounters a problem with one of the radios, it will restart the radio. The r Interface Controller

[1014] prkeResctidaBalsnththe bipiead Maneeisti08s ke darioikyectid Y isensmbetiely. The Error

Handlingajadh oOBTSHHP iR Cﬁ@f@@i@ﬂIWFéﬂdstﬁH%M‘?lﬁ%&i%‘f?@()@ﬁ!drﬁkeﬁ&g!‘é‘le&{ﬁfgreﬁo they can
address. The System Restart module [1016] is called when issues cannot be resolved. This module

shuts dofPntFRIbREe2aAdeasedies thesnardinarsap et singlsyad piesses sbatmiigeledbo@ure
proper opgdaligne LAARGId R AR oloa36end PR - delcBeRR NG NtaIN b WaR R eseR SPgshibProvides

the optimal scanning period for 802.11 under these conditions using off the shelf hardware.

802.110b/frrtpRr At ORMEFar ddnARN el pfitbencsrdinestrirsy AsrandivrfsfiscBs® 3Bint

broadcastsitssignaleArn o) aren® OF frRee dba RIS alanyeiveR dine. TRRIRFaNGIRY device
needs to survey each channel in grder to observe as many access points as possible. The scanning

interval i YO &atB @ intr o hrarhasegiued BeiRd LedAdridivenivikhiths Sthtizer A ReeEenning

client covgsamthe tFaeay Jﬁ@k&ﬂ@@@f@&ﬁﬁwﬁd t@ﬂi@@il@@lﬁfﬁ@%&@%@iﬁ%ﬁfak@pm] With
reference to figure 8, the fleet of vehicles gerform their scanning routines while WO

2009108ES BT < ERE Pofiythe GPS Recorder and Wi-Fi Recorder and creates storage files
on the device. This process continues the entire time the device is operational and both radios

are functioning

[0064] In the Upload Manager [1003] there is a Hotspot Detector [1017] that monitors the
802.11 scanning results to look for the configured network of public hotspots [1024] (e.g. T-
mobile) that the device is authorized to access. Once it detects a valid Hotspot it notifies the
user of its presence. The user can select to connect to the hotspot by activating 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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Attorney Docket No. 2000319.153W01 Date of Electronic Deposit: December 22, 2008 driving their
pre-designed routes. Periodically each vehicle [ 801] will connect to an available 802.11 access point
and authentW¥Qt&0MIBEAE Data Communications Module [807] of the Centrdl CIEHAYNSBERAS. Typically
the access points used for communicating with the Central Network Server arc public hotspots like
those operated by T-Mobile ensuring reliable and metered accesswohbenkavisierning b tuswonnection
could be done via any available public access point. The seannidpatehiclecptapDatcatmediBptotspot
location and begins the process of connecting to the access point. Once authenticated, the scanning

client [70%}idémriishtipe nfeERajabiidets Fubshtisatadtin tinlort & Deraystireaiahaedidads that
data to the3entsahiatwprkiRatakage 186106’ Hneg tiie Male: kraheen DRt aded i the database,

the Parser and Filter grocess [803] begins. The Parser and Filter process reads all of the upload

scanning®84aPlerdlidhadata s o ratiah NepriteSan s E thlBadenBalNgrrteXehdte the data

is evaluaigi iersGURiciESdese 18 SPME £ASES e rACRVEIFHRY IREIFEEITORGOUS BpIBHET records
for some period of time, which could negatively affect the final access point location calculation. The

parser artl BPISIo esUnifaires iaBe tadie et dain framrar osarutredhat ¥Piehi8ldtthem from

the systeme Bhecfifianing e 123e)is talbgteing tarknigugsdedvs esndptRUanprangiah iseadings.
For example, if 90% of the readings are within 200 meters of each other but the remaining 10% of the

readings A 5" iSRS UG B\ e TRt i el PN FRYRES S e Rt PuRRiELBRET ea corrupted
table of thevdatabiaaeforndwiiber @falysisaVhi RBIECHancthevsystEhiirsicaleelatessibe, wrighted centroid

for the access point using all reported data. It then deteymines the standard deviation based on the
dismbutiéﬂ?awﬁ%lﬁedmnfa%%da eGSR L RS Sh BR8P A Gigma of

this distrithatigineiie Jdter ot oacessiainis ihah Pie deseiEUoler dnase@metieaaris aie Mratkead, the
centroid is recalcylated with the remajning location re oilds to determine.the gnal centroid using the

Reverse THAJEISE0F M IRTR RS DS SHUIeHOToES thR BRASHRAEHEr BT ANES L ABALGISY 168 the result

of an accessrpoitihiailiasamaredpkrdhisminstance, 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 ygguidiinglide %YY@Q’BHE&N@@E&@?@&’ 28 theage.afithe ﬂ%%q{éi% %Jﬁﬁﬁﬁgé RgW records
represent a more significant indication of the present location for a given access point. [0070] Once the

parsing pIECEsSHhEHBEHSYINTBIBTEUthENS P AGHARSK §) 1S momiess theeopgeation of the
20091086BRGTIUSLARBIPBFORi0 1A HAKRRPAEKELN G RARARLS ASRWMO LI Paterefdectronic

Deposit: December 22, 2008 Reverse Triangulation model [804] begins processing the new data.
During thid455cE S8 COURERS A0u08ePpbINEd aRs Qlithsridinte hRtdbissed thetsiiophsitietocation is
calculatethaipf @&ﬁ%ﬁlﬂ:ﬁmﬁﬁﬂ PRIBRIIRS RRASHIRNESHRRSAE GR aly fewdatarepersedny the

scanners. The reverse triaggulatlon algorithm factors in the number of records and their associated

signal strdfiges<sEEaivgh dhehger dighdlingmnddossing thAPhesrRedssiy st e feighted
average meel alR0AHPwiNG dalRaafharnadecWPB 4SestiseRURRe chdth W] 1eegiver device

which measures Received Signal Strength (RSS) from all the available Wi-Fi access points, and then

extracts IBE&RdFHSRTHIARbRCIreoedpDHaMy deshuty o Relmies L oS Mlue of access

point! is gaRAtAERspRFating system and scanning client to ensure proper operation.

[0066] The 1/10 of a second 802.11 scanning interval was chosen since it provides the
optimal scanning period for 802.11 under these conditions using off the shelf hardware.
802.11b/g/n operates using 14 channels of the unlicensed spectrum. An individual access
point broadcasts its signal beacon over one of those channels at any given time. The scanning
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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100721 If the corresponding recorded GPS location of access point i is denoted by {Lat,, Long,), and
the calculated access point location is denoted by (Lat,, Long,), the triangulated position is found by

applying the"MMBpas follows: Eviok”,-Po Lat,EV1 RssiA" Long, Lat" = , PET{OS3ORO78AY, - |

Attorney Docket No. 2000319.153WO!1
Date of Electronic Deposit: December 22, 2008

driving their pre-designed routes. Periodically each vehicle [ 801] will connect to an available
802.11 access point and authenticate with the Data Communications Module [807] of the
Central Network Server. Typically the access points used for communicating with the Central
Network Server are public hotspots like those operated by T-Mobile ensuring reliable and
metered access. The provisioning of this connection could be done via any available public
access point. The scanning vehicle stops at a nearby hotspot location and begins the process
of connecting to the access point. Once authenticated, the scanning client [704] identifies all
the recently collected scan data from the local storage [703] and uploads that data to the
Central Network Database [802].

[0068] Once the data has been uploaded to the database, the Parser and Filter process [803]
begins. The Parser and Filter process reads all of the upload scanning data and loads it up into
the appropriate tables of the database. During this exercise the data is evaluated for quality
issues. In some cases the GPS receiver may record erroneous or error records for some period
of time, which could negatively affect the final access point location calculation. The parser
and filter process identifies these bad records and either corrects them or removes them from
the system. The filtering process users clustering techniques to weed out error prone GPS
readings. For example, if 90% of the readings are within 200 meters of each other but the
remaining 10% of the readings are 5 kilometers away then those outliers are removed by the
filter and stored in a corrupted table of the database for further analysis. In particular, the
system first calculates the weighted centroid for the access point using all reported data. It
then determines the standard deviation based on the distribution of the reported locations. The
system uses a definable threshold based on the sigma of this distribution to filter out access
points that are in error. Once these error records are marked, the centroid is recalculated with
the remaining location records to determine the final centroid using the Reverse Triangulation

method described below.

[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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EVio"ssvio 1-1 [0073] The quad root of power is selected to ease the implementation of the algorithm,
since quad root is synonymous to taking two square roots. [0074] The second point is referring to
adjusting th&\iaMIBoPaRge of coefficients. If the dynamic range of coeffici®&EISHEBHTENM, the
coefficient of the algorithm can be divided by a constant number, e.g., 7? vies, it, Ec Lai’, Lat, = "

Attorney Docket No. 2000319.153WO!1
Date of Electronic Deposit: December 22, 2008

Reverse Triangulation model [804] begins processing the new data. During this process 1)
new access points are added to the database and their physical location is calculated and 2)
existing access points are repositioned based on any new data recorded by the scanners. The
reverse triangulation algorithm factors in the number of records and their associated signal
strengths to weight stronger signal readings more than weaker signals with a quasi weighted

average model.

[0071] During data gathering, a WPS user is equipped with a Wi-Fi receiver device which
measures Received Signal Strength (RSS) from all the available Wi-Fi access points, and
then extracts location information of corresponding access points. The measured RSS value

of access point i is denoted RSS..

[0072] If the corresponding recorded GPS location of access point 7 is denoted by {Lat;
Long;}, and the calculated access point location is denoted by {Lat;, Long;}, the triangulated
position is found by applying the algorithm as follows:

Zn:él IORSSi/IOLat- Zn:éwloRSSi/lO LOng
Lat, =+ Long, =+

i=1 i=1

[0073] The quad root of power is selected to ease the implementation of the algorithm, since

quad root is synonymous to taking two square roots.

[0074] The second point is referring to adjusting the dynamic range of coefficients. If the
dynamic range of coefficients is a concern, the coefficient of the algorithm can be divided by

a constant number, ¢.g.,

n 4/10RSSZ-/ 10 n 4/10RSSZ-/ 10
- Lat. ——Long,
Lat, = ; ¢ l Long = ; ¢ i
u P 4\/10RSS/10 Eu " 4W/10RSSZ-/ 10
i=1 C i=1 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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x-,n V10 Rs's,/ 10 it VIORssil 10Long, L, Long, = [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 WA Ebsolute value, theoretically, dividing all the coefficlBAIEUWE ANt value,
C, does not impact the WO 20091086278PCT/US2008/087969 Attorney Docket No.

2000319.153W01 Date of Electronic Deposit: December 22, 2008torney Docket No. 2000319.153WO1
Date of Electronic Deposit: December 22, 2008

results, but it changes the dynamic range of the coefficient values.

[0076] This final {Lat;, Long;} is then used as the final centroid value for the location of that
access point. The latitude and longitude will then be stored in the database including a

timestamp to indicate the freshness of the triangulation calculation.

[0077] After the Central Network Database has been updated and each access point has been
repositioned, the Data Pack Builder [805] creates subsets of the database based on regions of
the country or world. The pack builder facilitates distribution of the database for a variety of
use cases in which only region certain geographies are of interest. The pack builder is
configured with region coordinates representing countries, time zones and metropolitan areas.
Utilizing this technique a user can download just the location data for the west coast of the

United States. The pack builder segments the data records and then compresses them.

[0078] The Fleet Management Module [806] helps operations personnel manage the scanning
vehicles and ensure they are adhering the routing procedures. This module processes all the
scan data and builds the location track for each vehicle in the system. The operations manager
can create maps of the vehicle track using the Map Builder [808] to visually inspect the
coverage for a particular region. The GPS tracking data from each device is reviewed with
route mapping software to verify completion of coverage and to identify missed areas. This
ability to audit and verify uniform coverage ensures that the system is getting the best data
possible. The module also calculates the driving time of the vehicle to determine average
speed and to subtract any idle time. These outputs are used to monitor efficiency of the

overall system and in planning of future coverage.

Related Methods and Techniques

[0079] The techniques disclosed herein can be used with methods, systems, and devices
described in related applications discussed below, all of which are incorporated by reference
herein. As set forth above, embodiments of the invention select position estimation
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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results, but it changes the dynamic range of the coefficient values. [0076] This final {Lath Longi) is then
used as the final centroid value for the location of that access point. The latitude and longitude will
then be stor®@H¥@%AT8base including a timestamp to indicate the freshn&6'31SA88A%IGUIation
calculation. [0077] After the Central Network Database has been updated and each access point has
been repositioned, the Data Pack Builder [805] creates subsets gfitheydaiakase based ossvagions of
the country or world. The pack builder facilitates distributioRasfdfidedatalo®spofor Rewvanbety HREUKe cases
in which only region certain e%gérz\lphies arc of interest. The pack builder is configured with region

coordinated atdseiits BUHREY fimdiosigslaicmdtieshondareal0 Uiliohg e ke dhtiGue a user
can downlgactivshtheleemtiandaiasfandng swest faasiaingddniteldipiaieseddiecpagknhrilder segments

the data records and then compresses them. [0078] The Fleet Management Module [806] helps

operationd pRFtbrradinaR I geeers ekl A veriERIAAr SKinELHby shsdlsdifig s idRRing

procedurggatiigdnagsiHe PreoRssasaalbdnersaan dataldinid Duldscthsplesation Haelkder each vehicle in
the system. The operations manager can create maps_of the vehicle track using the Map Builder [808]

to visuallfF RSB SIDEXES fF RPSHRL ARG RT #RUBPE YISt RInG A RS MYER F device is

reviewedpadther @uie misfpHISRAW aiies 10 Aty pempletion of coverage and to identify missed areas.
This ability to audit and verify uniform coverage ensures that the system is getting the best data

possible.| §pgonRAHIE Sl GRRMIREEHE ARch HBE Abtae YRGB ERIRAING QVRIiage Speed and to

subtract any idle time. These outputs are used to monitor efficiency of the overall system and in
planning Stgaifeecdodeio Rl st itisascahe FEmtigae slsohramerie eosmmiraios fiédlosed
herein cag igikseditibIREH0S PSR BRCASYIRES Heastied ierakaies anplisaiionsplisqussed

below, all of which are incorporated by reference herein. As set forth above, embodiments of the
Véiﬁﬁi

inventiondde| d¥t gEstion Btieliioh Gassiprzsdvriate Haf e Mpdtétdd Bce dedcpbints within

range of Mg, glignbAaNdce 1 Bue!s lechpigrasTEap Eﬁk&@%@%@ﬁ%a@ﬁ@sﬂﬂl Y anlatsnyAspeligasion No. |
U430,222, entitled Estimation of Position Using 147LAN Access Point Radio Propagation

Charactefidtied M2\ mKerysiann s B9 A1 e 2087 prd, 8.S2 Batsnb APl it padR: Application No.
11;774,392sc0tke0 S¥aiedrand MetheseLeatheringNEAN Ragkat P Bnelen o WRioyE O

20091(.)86278PCT/‘U‘82.008/08796 Attorneg/ Docket No. 2000319.153W01 Date of Electronic

Deposit: BLd i pinggstem, filed on April 5, 2007. Those applications describe methods of
determining the speed and direction of travel of the user device. As discussed in more detail
below, techniques set forth in the present application describe methods of subdividing the
collection of Wi-Fi Access Point information into subsets for use by a client device. The
methods and systems for determining the speed and/or direction of travel of the client device
in the above incorporated application can be used to prioritize which subsets of Wi-Fi Access
Point information should be provided to the client device. For example, information about
Wi-Fi Access Points in an area into which the client device is likely to arrive, based on the

device’s current speed and direction of travel, can be provided to the client device in advance

of its arrival in that particular area.

[0081] In addition, access points in the database may move, or new access points may be
detected in the area of interest by client devices. The information associated with such access
points may be corrected or updated, or the access point information may be disregarded 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
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Position Estimates Of WEAN Positioning Device, filed on July 6, 2007. For example, those
applications describe methods and systems for determining anticipated received signal strength
readings forVEHEHOMRES Access Point depending on the client device's pd2{TOHRRYNE 10’ a
particular Wi-H Access Point. In addition, those applications disclose techniques for improving the
position estimates of a client device by evaluating multiple packettragspissions f00rm1a. sipglelaccess
point. [0080] While embodiments of the invention describeBaverdify draipidpentdtbasbeeiLioR
estimatinggthe position of a user device, embodiments can also be used in combination with

techniqudBYiS AYERHIOLCN Plspchh WSHITBAMMURETof Wbt Bess, SRRRSd BStiatlon Of Speed and

Directionghtd@veldis deddTbeiNnROStiPRRG RysiRmidiadoon @ 80208kitd S BatentMaplication No.
11/696,832, entitled Time Difference o[Arrival Based Estimation of Speed in a WEAN Positioning

System, fREH KYrif s ma6S gids e Sopdesnng Bifididronigon DX s cd i dd o Bitérence

ofBased Eetimatemof sueshoniddloaveitruayWsADbBRliening tysiedn fleshisinAprhvitR e/ . Those
applications describe methods of determining the speed and direction aof travel of the user device. As
discussetFITHBIE EHPRAATIBRMITBEIS TSN HOHRE BresHAtAitStion describe methods of

subdividing the collection of Wi-Fi Access Point information into subsets for use by a client device. The

methods [A8823yKiSnRatentcpphentipiNite iy 20 24t idied Giolsdetiavel iéchedetYice in the
above incRINQLaieH, APRIFALRR LAR PR HERY 10 EWMKEPHB%&%%}?@% WE‘EB@‘R@%@ PR,

information should be provided to thé client device. For example, information about Wi-Fi Access

Points in 4 &fSa Rstenihipplignsiendye device i itkentidedrnen ssed b /aeeénsisiigent speed
and di reCﬁQﬁtfgntzrr?’ el eanREPPYde B g Bt saKies i arvaRaL RIS AN VAl inghat particular

area. [0081] In addition, access points in the database may move, or new access points may be
detected P eis Qe BidRe fEE CHY Wt HoeabtyrabiHRSMIEEB R RAECCEIYSE RERSSIRNABESS points

may be CM@GE&%%HE@%%@s&fo&hﬁ?&@@?ﬁs@@éﬁt%@&fﬂﬁ&?&@ﬂ%Qﬁ&i%ﬁﬁﬁéﬁ%ﬁ.fqrhlé&%ation

estimation purposes, according to the techniques disclosed in U.S. Patent Application No. 11/359,154,

entitled CetHAMRACERES BrsdmitRrorPef Ingamef McRSSPHIRNS I Poshitsfr N steHaIHBd-on
Februaryg? 2006pAiatdassrinedinmareatrasiail Relow @sreets atihe Breagh! iRvatiendnslide

designating when information about a particular access point has been changed or updated. Thus, the

techniquédssseriirieriningd wbs 26001 sgsbispdrihsessorsaidoves!iabilixdpiayTB dasities.

2000319 L &AWEh DatrAlfi ElegianiclasRr it PReamiet a2y 2008nalave: appliaativn qasnalse be used
in conjunction with these aspects, Similarly, embodiments d%scribed in U.S. Patent Application No.

11/678,308tcERtIEE Wiahdts o gsts MRIKJPPEHMiRtY F0%kle M dibaflaWige-AN Position System
Based On User Assigned Access Point Locations, filed on February 23, 2007, can also be used in

combinatiB¢8iithhhéntecmaiinreabaiscWasedAnsrsinfioi s tindatbcthecpdedtion sotnpresitad aagice.
forth in U.S. Patent Application No. 11/365,540, entitled Encoding and Compressing a WiFi

Access Point Database, filed on March 1, 2006.

Efficient Management and Distribution of Wi-Fi Access Point Data

[0084] Preferred embodiments of the present invention also provide a system and a
methodology for efficiently managing and distributing Wi-Fi location data among the various
components of a Wi-Fi positioning system. In such embodiments, the client stores a cache of
Wi-Fi access point data that it uses to locate itself. As mentioned above, Wi-Fi access point
data is constantly changing as the access points themselves are activated, 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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[0082] U.S. Patent Application No. 11/430,224, entitled Calculation of Quality of PLAN Access Point
Characterization for Use In a WLAN Positioning System, filed on May 8, 2006, and U.S. Patent
Application N®.209%1#82180, entitled System and Method for Estimating PodtGdrisgeH&y ¥ithin a
WIAN Based Positioning System, filed on January 22, 2007, disclose techniques for evaluating the
quality of information about a given access point and for determixingdhpJprsitierrimngamosassociated
with a given position estimation. These techniques can be Resedf Wittirenbdasie Rtscobthé2predent
invention. For example, certain WiFi Access Point information may not be provided, to the client device

because TRYIIRSATRITR S A IRSS SetdnMis PR o Reirg QPsrdc e the raoBH fdtiFe sty for

use in pogiian ReEBaIeHuibikeINIaE WeSHIASSAGIaEE §lINIL ATHY SVRSOSIHAN RFtivaalinms ¢Re be a
factor in determining what subset of access point information to “E‘;gr)vide to a client device. [0083] The

informatiGAPABLLY (0i0RFRiTALORIMLSH & BE coreBuiraiire st ey gkl in U.S. Patent

Application No. 11/365,540, entitled Encoding and Compressing a WiFi Access Point Database, filed
on MarcHQ0860EheWE S el cap efie AP DIsHHsUHBIP BPWLFP st s IoWt-DietacesopaintPreferred

embodimgptsrof the PIESRPLHNVEPIARAESE Brovige & sysiem and-dmerrorolaayieratiicenty

managing and distributing Wi-Fi location data among the various components of a Wi-Fié)ositioning

system. IBC8EEP B BSEinBHtdath e chemsiind pgadametbe wicr dedessnybmnt Hatenat 1£08bs to
locate itsgf; Asapianart abaye (Wi flassesmpaint IR iR fonRiABHKaRgNging as the access points

themselves are activated, moved, and decommissioned. Client devices must be made aware of these

changes| iCi e e e WRS. fiingtions high leyel of racy. [0085]
Figure 1;%&]&@3%(:%%#@2{] s%ggngﬁ?é{‘né%gf?g%@{ﬁg%_g&%odlcr%%t?\%oé%t?ﬁg \fﬂ\?esr%?gﬁ% E mobile user
[1202], nekiggriseabfegimobllecodideenap OBin rewire slatdbamdtiondetatbd tortinstddeitdatagi.e., the

's) ' tion. A cli ice.| lly a W
20091008 BT 3 e el G RS RTS8 s swor pae of Etectronic
Deposit: Decer‘n_&;gﬁg,lm%! m@bﬂ&mmputing device (e.g. a mobile phone) that is being operated by

the mobile user: quipped with WPS client software [1204]. The WPS client

software ili - v Qr by 1picat] ith & rver [1208].
1008] T S B e e SR AT o rom
the sgrve[ﬂ@@&]e@pbﬂndih@hﬂa Eewﬁ"ﬁllé%]t.lim@ W@@MW@M@& iﬂ@r(ﬁ*’_lﬂﬁiiﬁh:)gé’o@@&Tdarca. This
data s the sigEedt10aal 20,1 Slisgh oo R i TR.SareHI 398k WM W Scaligpt may then
use to estimate It location auton usly.

Database, that refers to a set of Wi-Fi access points that are within a bounded geographic

region, defined by reference to latitude and longitude coordinates.

[0089] While the access point database may include elevation information, making it possible
to locate client devices in three dimensions, the tiling system partitions the database using
only the longitude and latitude dimensions. Since all Wi-Fi access points are relatively close
to the ground, it is not necessary for the tiling system to take the elevation dimension into
account, though elevation information may still be used in estimating the location of 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.

-4 -



[0087] The client may also be preinstalled with Wi-Fi data corresponding to a specified geographical
region. The client may then use the database to update this preinstalled data, ensuring that its location
estimates aN®a¥RPHI The most current data. WPS Tiles and TilelDs [008SICTHESBYS O] 1A or access
point information transfer between the Network Sewer [1208] and the Mobile Device [1203] is a
Wireless Positioning Tile (WPS Tile). A WPS Tile (or simply a "tikeigrisyabgeegraphiesily. baweied
subset of the Wi-Fi Access Point Location Database, that iefers ficeirset OkMAtH acoess20iN8 that arc
within a bounded geographic regian, defined by reference to latitude and longitude coordinates. [0089]
While thd-28@ddenencasiai sy sHoern Eilesah Yife oM dnaking it possible to locate client

devices in three dimensions, the tiling system partitions the database using only the longitude and

latitude difriéiesionisy Sihdesanupribe ablediesrpripienipdl rsiegivelyielbsdudetirddengiudit is not necessary
for the tiligg, SYstEL %&ﬁh%@%%@é@%ﬁ%ﬁ%%@ﬁ. account, though elevation information may still

be used in estimating the location of a client devicé. [0090] Tiles have several properties that are

necessar, &rlrfﬁ@;%o?ﬂle%ea@gﬂc%g%q Saqjd m(iuntenaré&l% dTHESSCel’i ég%%g E|3e3 %%I(lijde: Stalﬂlhty- identifiers

T
. ascd.on O namica
for tiles remai ame overtime; IVISISbI ity - Tiles can be subdivi or reélomposea’ as needed for

storage spadevahugibasityategeibesad ots{Compogabilit/nisCanibm tdempesadintioatitbir parent tiles
using rEpc{eOI(ljslilgrl%IF thcjeeW{tﬁrgcé/é/s(s)pzoqgtgs%Q%ngi\ZeBnPge-lo-{gy% 9001%/81%171.9%8 Tiles are generated on

the Central Server and distributed to Client Devices.

[0092] While a specific method of implementing tiles that satisfies this set of requirements is
demonstrated in this document, there are a number of different algorithms which can be
employed to achieve the same purpose. The present method represents only one of many
possible embodiments of this aspect of the invention that satisfies the desired characteristics

of stability, divisibility, composability, and universality.

[0093] A tile is referenced by a WPS Tile Identifier called a TileID. The TileIDs formed
using the process described herein encode not only a latitude and a longitude but also the size
minimum bounding rectangle (MBR) for the region of the corresponding tile by identifying
the “level” of the corresponding tile. In this embodiment, tiles are arranged in a hierarchy, in
which each tile has a prescribed “level”. A level-0 tile contains multiple level-1 tiles; a level-
1 tile contains multiple level-2 tiles, etc. The method described herein stores and manipulates

TileIDs in hexadecimal format, using the digits 0-9 and A-F.

[0094] Level-0 tiles (the largest WPS Tiles) are bounded by integer degree of
latitude/longitude as illustrated in Figure 20 — i.e. each tile is a rectangle whose left and right
sides represent exactly one degree of longitude and whose top and bottom sides represent
exactly one degree of latitude. There are 180 degrees of longitude and 360 degrees of
latitude; hence, there are 180 * 360 = 64,800 Level 0 Tile IDs in the world. Level 0 TileIDs
are numbered from left to right (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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Attorney Docket No. 2000319.153W01 Date of Electronic Deposit: December 22, 2008 Child tiles can
easily identify their parent tiles and vice versa; and Universality - Tiles must be able to represent all
geographic Yxae/8%d ®ngitude coordinates within the coverage of the WPSTSI8¥ 05381 WPS
Tiles arc generated based on a method (described below) for dynamically subdividing the database
based on the capacity and needs of a client device as well as thedersibsatthe. WidEiacsess points in
a given geographic region. WPS Tiles are generated on thea€ehtigdtSenimasic RlistmbutZd 29 Client
Devices. [0092] While a _specific method of implementingﬁt&es that satisfies this set of requirements is
[

demonsti3EFIAmicisitadaheviand Lhstatehib i srairrsyek shies s Rhibdividsd Bifployed to

achieve the |speeRHesss [Ehel presemhained kenresenisreniyrassaiiveamiensaiblegmiediments
of this aspect of the invention that satisfies the desired characteristics of stability, divisibility,

composabifitys 49 LAiTErEHIREH0oa YR tikesd 1Ak Suld Ly VB e bR JdLomrstaiieht TilelD. The

TilelDs fqimecaising thel Beeessiepaibed kemingneade meterhdeclativgigienoladeagitwde but also
the size minimum bounding rectangle (MBR) for the region of the corresponding tile by identifying the

"level" of THE SRS SH Y 18 HHeRrTdTEOfimip i addipg theAnpapiels heradermah distidR each

tile has arpseswibrADIav! sxAdprel tAdiaienmBinsamétinlertey el-dndlos i Iy al8-tilescomtainganultiple
level-2 tiles, etc. The method described herein stores and manipulates_ TilelDs in hexadecimal format,
using the"tIgHs B8R RAPGdbokhhus aimy e Ghd! By APL ey B boliritied b Itdger
degree odatitugenongitudetas dhurdspiadinpfigure 20 - i.e. each tile is a rectangle whose left and right
sides represent exactly one degree of longitude and whose top and bottom sides represent exactly

one degram o8| iivaRsiaiens &g 10 degiersRikirugiivdeRpd %%ﬁ%g&@%ﬁt'ﬁéi&%dme’ there
are 180 * 360 = 64,800 Level O Tile Ms in the world. Level O TileIDs are numbered from left to right

(west to HEWNAHE traesrnaytiep pEdusites ndigtyimenPrisquisiend dreiskra efdbepyorlbinoiilst latitude
-90 and Igngitndelc 182003 thenastdevelQdilpisiablatiiider8apehippaittds 4diRd2004]. The

formula for calculating Level-0 TileIDs given a latitude and longitude is: Tile IDéIat,‘Ion)‘ =360 *
floor(90 AEHtRICH B i80Sy G RIS BDBIBE ST P Trdsbonsrogrupglesired density, tiles at a

higher level (i.c. smaller tiles) can be used. If enough access points are decommissioned to
bring the number of access points below the minimum desired density, lower-level tiles (i.e.
larger tiles) may be used. This gradual decomposition provides for a suitable distribution of
the access point data set based on the variations in density of access points found throughout

the world.

[0097] Second, the use of 16 sub-tiles per tile provides an encoding that is optimized for
computer manipulation. Each of the 16 sub-tiles can be encoded in a single hexadecimal digit
(0-F), optimized for binary encoding in as few as 4 bits. This encoding provides optimum
efficiency in both storing and processing WPS TilelDs. Further, the encoding is such that the
TileIDs of tiles at level NV have one fewer hexadecimal digit than tiles at level N+1. Thus, the

level of a tile is easily identifiable based on the number of digits in the corresponding TilelD.

[0098] A further desirable property of the described TileID system is that when a first TileID
is the prefix of a second TilelD, the first tile contains the second tile. For example, the tile
identified by TileID BAOC.76 contains all 16 sub-tiles that begin with the same prefix:
BAOC.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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Attorney Docket No. 2000319.153W01 Date of Electronic Deposit: December 22, 2008 [0095] As
described above and illustrated in Figure 20, level-Ntiles can be subdivided into multiple sub-tiles of
level N+1. TWEO pYHiEArSmplementation described herein divides level-N tiRESTIHRZ A/ 08%205 ub-tiles
[2006]. Sub-tiles are numbered from left to right (west to east) and bottom to top (south to north), using
the hexadecimal digits 0-9 and A-F. Sub-sub-tiles of sub-tiles aratmtnbesadby siooplysadsingithe
appropriate hexadecimal digit to the Sub-tileID. For exampheicthid: FiledDcBR©OGC: Pedmbie?d, t9dne of the
16 sub-tiles of the tile whose TilelD is BAOC.76. Thus, the number of digits that appear after the "." in

the Tilelhs Smaas the keosh Bledatainits DR GigcIdi Bgess Siberinsdiovrdiehthfe into 16

sub-tiles fasreaueidl RaMaNMROER Hikslzds Rrovigies ek auiometis e ernastian siithe dirs.taowing for
a quick subdivision of the world into_ tiles with the desired averéa\(ﬁe number of access points per tile. If,

after morl&dea%s theifle sranan aithindhs Hisndi ot nib et o At rARshiaximum
desired dgashtetilesratcatvaiien laveld gateRallendlem)cathbedsechihenpwit A ces OIS are

decommissioned to bring the numper, of access points below the minimum desired density, lower-level
tiles (i.e. YAFGERRES) RO HY HRBANSHIS 6 §dBUB EoHTBOSRRINS AR FR S Rie ®tribution of
the accesadeitsdalicasRID3SSH AN thsf vay o0 HIRensBhaflaasrss RO VoURCatiayghout the

world. 100971 Second, the use of 16 sub-tiles per tile provides an encoding that is optimized for
computePHEFPUIATGH B bAE Tt e besamebos, %%waes%é RéREkfedifal digit (0-F),

optimizedvigitininasyrepaading iy arijeyastddiiga [{vs wneaoing preyitdes aRtimuaarifeizegy in both
storing and processing WPS TjlelDs. Further, the encoding is such that the TilelDs of tiles at level N
have one’fé %Pﬁ%’)@éﬂﬁé&ﬂﬁg}’&kﬁiﬁ?ﬁ‘ﬁ{'tiles at level Y+1. Thus, the level of a tile is easily identifiable

based on the number of digits in the corresponding 100981 A further desirable property of the
describedHI8ID b steirian thErnadendstivsedriR msiereriBas e lbey deevprf ThHemChR? first tile contains

the secongktiigratioh exaMRIa:-Medtite ipeafifedyiddalD RBARE. ihcraingAl € aubdlilgs that begin
with the same prefix: BAOC.760, BAOC.761,BAOC.76F. [0099] Each tile is also associated with

version iffeRpAEte e RTecvieibttpandbtefidaci e e hlent B eRHestiBati B ustay Wasihdated.

This informagiprsRgiticiHAsH{kRE e thsidiesdimuam teraied thanthedle tmestmrliobhis can
be used to quickly determine whether WO 20091086278PCT/US2008/087969 Attorney Docket No.
20003191880 YHe8 SHEEriishieTBp stk Dadissisevbothsppgw tile data must be loaded nto

the client, as well as the best method to use in performing the update. In one embodiment, if
the timestamp information indicates that the tile data on the database server is newer than the
tile data in the client’s Tile Store, the client might update its cache by downloading the newer
version from the database server. This process may be triggered periodically by the WPS

Client Software, or as needed to satisfy a Location Request.

[0101] Although TileIDs may be trivially compared to determine which tiles are contained by
other tiles, there may also be a need to determine the set of tiles adjacent to a given tile
contained within the database server. Given that the adjacent tiles may be of an unknown and
unbounded level, in some preferred embodiments of the tile database (either the server
database or the client's Tile Store), there is no trivial way to make this determination. Some
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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the client has the latest tile data in its Tile Store; (ii) metrics indicating how often the environment
within the tile changes, e.g. the rates at which new Wi-Fi access points enter the tile, leave the tile, or
move withinife2018/08¢328can be used by the client to autonomously estimaRCTHESAMS/A8Wfch the tile
data is aging; (iii) identifiers which compactly indicate the set of access points within the tile, e.g.
Bloom Filters or other set encodings, or one-way hashes (such asiMMBh&ktAnd) 0Hthe MABO1
addresses and locations of the Wi-Fi access points. This cBricyé klsedto Deterinectiver Besiofisethod to
update the client's cache, i.e. whether to incrementally update the tile dataﬁec below), or to replace

the tile daPAAtFARS QrtH MmN detdehiip - aratiiniaquast Yrtaer (ERMNHBHH566WSSE used to
ensure that4hercheplcdReroRPhpisecsashehiREAMIRR thahisievicofTiate Wem xRl ikJocation,

and to facilitate the tile data transfer process, Faor a given tile in the Tile Store, the clige?r:[h‘rén(zﬁ request

that the SSREEENG fiseols e SrRGpesintes SRS A HIRERE SRR HBERRISFRAREARAB rver in

combinatigntksiliinth eh ¥y §¥&i9 T HpMAtALeN Mg sienDaeateso athehemitiedatamust be loaded
into the client, as well as the best method tqQ use in performing the update. In one embodiment, if the

timestam( iHREHARHSHE S hese toa Fraig M Ui i 6L 08 Nis ERNE W& Shan the tile data in

the clientgspilasHRr exrtbeostiantinight vReate #5GaRhe Wy-HovwIQagina thenewes ueygips from the
database server. This 7process may be triggered periodically by the WPS Client Software, or as

needed tB188#8% H 1 %Gation Request. 10101] Although TilelDs may be trivially compared to determine
which tiles arc contained by other tiles, there may also be a need to determine the set of tiles adjacent

to a givehi®3tdria ittt Mitirnase Madwasesidaven ndisnhdetie aafhpsaegrsshaayosesspPhn
unknowngang yabarBAsgHsy abdiispma deairrirshambadimertse! tedladatabasegithelcthe server

database or the client's Tile Store), there is no trivial way to make this determination. Some methods

include: GyYBKICPRBH TP RdEesespbntirgrangrdertireldarérartiatinisfa s Eidleteesing the
correspopgipg WigHasatibl3aarchingifer les atjugheravals wanshinaremegiaiiv expandingype search

to tiles at higher levels; (i) using a database with spatial indexing capabilities. System Description

10102] FRyaredIRifstigie ddedilisristlicd mpohetidreroaecerdbiedniantotthe MatES @iient WO
2009108@Z£3RGTEHSHRABDBIIEA also SRIBRVIPRLKANR L0003 18 a3 Ratepsh flesironic

Deposit: December 22, 2008 software [1303] in more detail. The Location Request Manager (LRM)
[1304] retigRAdhatisramiayiisatedibnicsspheatunsvitHpirg e The erumeassroedsrths i9misanages

the taskspgcRisaary ddesQve thaeausstvineindinganitiatinghscans Usinavhe PrasnsmMadde [1305],
controlling the Data Communications Mana%er (DCM) [1306], and initiating location estimation using

the Locaiigtressiiindatmaganite the i MauBichrrenumisisha S Espisiets R rack hesistng the
storage ofceaghsesl MVidaiagars SNk ARia desingiReddladManag sloltded kn0iskide p@dL1 Scanner

Module resides on the client device and manages the Erocess of gathering information about the radio

environmBit TG RferetrRiEne falasiion setados ople Aldhn mbs Bugshrensts provsEN Wiy the

802.11 nejwirkyaeaptamiestam drRugddass arsIRpinis yithimbdaavridhr feriog [Asgass points that are
within range respond to the scan by providing a unique identifier called a MAC address, according to

the 802. CbHP3I6LBE RAEHAARIRF BRPUedsHEcan also operate in passive mode, relying on the default
broadcast signal that is communicated by access points within range. The scanner records the

identifier A dd ol Ml srspessiplsifegotitating the lweatipobihp el Kighdg visedioead aththacanner
then passes i ilQrHaatiaRAR e &EMnBICh GUMPRIRSSBR MAC R4MRIS R 26R:pRssRyed access

point against the MAC addresses of the access points stored in the Tile Store [209]. The Tile Store
returns thetiotdiohi dacefopaathidimhBaddsethen Mere ssldisinant Areire denecity ¢o riggstem, which is

gher) usedib iNg-bRERIRR FRIBAI ARG RYLGAGE IR FHRAL I RRATO LP bR TRl
evice.
device, direction, velocity and other relevant data that may be available. Using this data, the

LEM may estimate the location of the client device using 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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[0104] The LEM is responsible for estimating the location of the client device based on the Wi-Fi
access point information contained in the Tile Store. The required input consists of a set of Wi-Fi
access pointsQPEMfIRE By their MAC address and their respective receivedP&ERAAREIRATGHG0
information. Additional inputs may include previous location(s) of the client device, direction, velocity
and other relevant data that may be available. Using this data, thed:&=lDxnay asiroae sheslecation of
the client device using any combination of the location algdtheiglgntesenberbetiherabrd IncHH8orated
herein by reference (see "Related Methods and Technigues," supra). 101051 The Data

CommunrfCRBHNFARAR ¥ ibBRA TREBEPsEvRitkiag by iafa Netwerk Relnissd iA0hguPyidag tvhen
there is inguiisieptiRgalinfpmatien nacassasyir cesakieathe | deatipn phtheisliemiAdryice or when the
local information is outdated. The DCM linitiates -28 - WO 20091086278PCT/US2008/087969

Attorney SXRESENS Bodpas Bt Bl rEbRfaRic L peidp ar dntiindlortiogss ¥t Alunication

with the GenisakiSeIvRt osTiting Rataspatniapcsdrptanids 1] seraaingdadhe saervebelient attributes
(e.g. client resource constraints), in addition to informationhg&ather-ed by the Scanner module. The

Central SERGPUACHRIGHE i il aF100RIS oL TR RHNLAAZHAVSE IO PO e &dHbIing to tiles
which thecsatvgiShasriesminedie HrRSRPsERriai®fofclicidssige location resolution. The DCM
continues to communicate with the Central Server to retrieve the tiles in priority order as desired.

0106] The i Henegeri3aatn B{alsé@o@gﬁégégﬁgwwgwmgiaadmmi g apcessing WPS

Tiles that are kept in the Ti e Tile Manager can determine if the Tocal set of WPS

Tiles are dpetHfiERN(RS reitesiveah deckeitrintdbpidde aviern bttty 1Haq bHatdanresy fastdotaFagsr that

more tilesrghe feayitecthWed igiManagruiaalsn {S’%&Qﬂ‘%bﬁd‘@aftma@%é@ ihg reauLGgutilization of

the Client Device by removing outdated information as well as data that are not likely to be required in

the near kRtptcoRegsedentaschtion e birsste rauinte ThankieMeaagsioairrysrasstde Tiles that
may be necessaryiis MIFQRealion2akRSEs hrEGANISAhersd infrrmation:sueh agdhrayRiocity and

direction of the client travel, or based on information that is provided by the client application that

initiated tHeYdtationRegiasnpo Idehonderptymmhinthsmens fatartion Rt HoR for
incrementRlRSAIUTRD P VWPR abie sl o RIGeSSS RIMAea aNRItiRh s 8L of-acqasy i lecation

information that provides a lower accuracy location estimation, but accuracy improves as subsequent

resolutiorPRA IR Eturstehee oAt 'sd AP TR B BIcas it vstoaikE 418 Hiisein mgHsesolution
near the prigjpaigd-lopatias@bthmArmicBoNithiowabIesQlWiomiNaRds he-axbe tmitieRita reducing

the amount of network transfer that is required to achieve initial location estimations with little loss in
generalitf6ltAertioBRABBRItion. Incremental resolution can be used within a single tile or amongst a

set of tiles, e.g. the primary tile is retrieved at full resolution while secondary tiles are initially retrieved
at a lowelV 501 Qisreordsprmiord etz orisemms avisierorynstherefeliarmrdagide! wipienznager may

also remeypdilggroe Jile Sirre daeha5ing lngsn.nesdadiA BumBn Abiasiacs may be used in

determining when a tile is no longer needed. In one embodiment, the Tile Manager uses a Least
Recentlyluaedaslgdeittnags vegpnlecehen cst et ehab Heass reasial radayss s dueietietdngest time

period. Qthef GRENIBGAARIIBR LAGYRP HSQEHR SNANGRRRL CRIiBiZR dhSRsaaR fgparticular
applications. Additionally, tiles that are used frequently, such as the tile
resolution near the projected location of the device, with lower resolution towards the

extremities, thus reducing the amount of network transfer that is required to achieve initial
location estimations with little loss in generality of the overall solution. Incremental
resolution can be used within a single tile or amongst a set of tiles, e.g. the primary tile is

retrieved at full resolution while secondary tiles are initially retrieved at a lower resolution.

[0108] In order to conserve memory on the client 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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WO 20091086278PCT/US2008/087969 Attorney Docket No. 2000319.153W01 Date of Electronic
Deposit: December 22, 2008 that contains the device owner's home address, may be "pinned” in the
cache, indicW§hgP8/#8&8le Manager that they should not be removed. ThePspeBR&PEPERtion of the
client device may also be used in determining when a tile is no longer needed. Also, geographic
features such as roads may be used to predict which tiles will prefhahly pakbevaesdaddinstweaear
future. In certain embodiments, the history of movement oPatcligfitdevic@dgoseddrdada@ant this
information is used to determine the likelihood that a given tile will be needed in the future. [0109] The

Data NethBHKONEptdPeIRVAT PTG Srivmteaddiers oty Be tineRtitiRdhe P rhedifit igd Detween

the clientglevige madddhe Genkal Neswarkossevueindhial D dsaanatpdi & Nireiesscngtvwerk adapter but
could under certain embodiments be a wired network adapter instead. The 802.11 network adapter

used for eXRIAKAISPRSUBRALL dhtcrainireisk Adlsdieredsrans efftotliteRESSiaRbis CMm

determinesthe ARRION IRIEIS PRMbAIGREADHFegIch AN @S WIRPRERDH QY RHRA anghéata
transfer between the client and the server. 101101 Figure 14 illustrates.the various components of the

WPS Neffariui dp @A mndEnsatsithehesieen o masReht AbmibmY frsifidSisctisd Access

Point LocaldomiPairRaseidh498kel is tesnansiirfuksanyedsideeeationicasnlwionageweall as WPS
Tile creation and distribution. The Network Server is the central managing component of the entire

WPS sys‘?%tr’f{ecoordinating the activities of the various client devices while maintaining the central
radio beacon location database, optimizing data for distribution, and refreshing the database with new

informatichl Akt BatseBtwork Adaaty Hahs) [bAHOprenades-Hnseamb iy HealsBEEIPRAOB resides on
the Central Seryeland cansists ot geglacatianffaimetion(agnaiude-andtanginde) confidence

factors related to the accuracy of the location estimates of each of the known Wi-Fi access points,

timestam@eedhesetitinly thadim lapdanich HecoabusdeatsiancuRarbraenta ke anareslinformation
used to unigusly idepiilyirackutiten@sodescrbed ik mapeAgiall RelowianddiHsirairRd i kigiure 20).

101121 The Location Request Handler [1404] acce;&gs requests from client devices for location
resolutiod ISR RREERIIRICREHO A RthsBEt I a R/ detegrmesiHie APRIGBEIdEcessary to

resolve thgpeaHRAISAUSIENMIG thA hosalenRegBRHGNHHRr IASRPRERIbERALGSIRIRIIEH

locations, the Tile Request Handler [ 1407] accepts requests from client WO
2009108884 SBEINF52008/087969

[0110] Figure 14 illustrates the various components of the WPS Network Server [1401] in
more detail. The Network Server maintains the Master Wi-Fi Access Point Location
Database [1406]. It is responsible for server-side location resolution as well as WPS Tile
creation and distribution. The Network Server is the central managing component of the
entire WPS system, coordinating the activities of the various client devices while maintaining
the central radio beacon location database, optimizing data for distribution, and refreshing the

database with new information related to the 802.11 access points.

[0111] The Wi-Fi location database [1406] resides on the Central Server and consists of
geolocation information (e.g. latitude and longitude), confidence factors related to the
accuracy of the location estimates of each of the known Wi-Fi access points, timestamps
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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Attorney Docket No. 2000319.153W01 Date of Electronic Deposit: December 22, 2008 devices for
specific WPS Tiles. This component will respond with the requested WPS Tile if available. If a client
requests a tIOR88487fonger valid, the server will respond with appropriaRCEHS2HM#Ton
including the WPS Tile or Tiles that have replaced the requested WPS Tile. 101131 The WPS Tile
Generator [1408] is responsible for determining the proper polyganaissipeceiieachotive withinthe
coverage arca for the WPS system. The system calculate PtteotiEnsitynioDipesacRess ipoiits @id
subdivides the world on_a geographic (latitude and longitudinal) basis, optimizing the polygons for
el Wik e

storage SFe¥ISHIA/RpECG ihedhitgoToRAUPEBHFRRIdidAtb vy Fgupited ¢ Ht is

handled Rying, W RS TR R islikision [dRO8k Aftes Ristherticating: thevaavastetpendistilutor packages
a given WPS Tile for distribution to the requestin% WPS Client. [0115] The Data Communications

Manager{tEaD Ry o Hre kIR Bk wshitvetheotimubiicate d itritehBevFRidr tBient WPS device.
The two mgdeirsl warsgadhe authentication process and monitor the connection to ensure that data is
transferred correctly over the network, validated and persisted on the local device. Creating Tiles

[0116] Fi THEMGIS ik RERESRPY WOEN ReiBie fleRiremRia GGEASS points
are assiggn}gtﬁt a gxﬁ%%at&i%lge.@%foe Klletgvggﬂ(sqsgglrgvgerg r?e%iigiﬁ((:%l}zley deter%g%%cagﬁ’ es need

adjustings[2o0f pavhidlpsveitiarHisispredasy renieyify AR sy vemtd heathiave wlanairsdee to the tile or
removed framhe tilg .esueloan {haas AsReRR-PRIBR JRRLIIAY g Repip MOYRR Wihip ghe tile. Identifying

the Level O tile for each of these access points is simply a matter of truncating the latitude and
longitudelvagifad i daasts aeridauzigrthanalueeasiomirgrass siztined SEt-bf pespsh 0eilkisdgisttiesult. For
optimization, and to enable efficient determination of these tiles, the current implementation will modify
an accesH) pbihtGonileiDisytsattdgNPH Tildswhtheaanars hetidledsbpehio Mzt DikctPastabotss point (e.g.
the positi th IS ified). This sa r n be to identi Tilgs. [802] that now
need to bﬁeqc% 'tgg% (Ejaél ttI(r{)g t% ér?"ll% (t;[lr%gﬁa%grgi@é)ﬁﬁ%ﬁ%??&égg%%(% gg%@l@?ﬁgﬁ ggch TilelD as
identifieddattobetithe@ioritanesenardiPEly Babdivides each tile until each tile has reached the desired
density (e.g. number of access points within the bounds WO 20091086278PCT/US2008/087969
[0115] The Data Communications Manager (DCM) [1403] on the Network Server

communicates with the DCM on the client WPS device. The two modules manage the
authentication process and monitor the connection to ensure that data is transferred correctly

over the network, validated and persisted on the local device.

Creating Tiles

[0116] Figure 19 depicts the process by which appropriate tile sizes are generated and access
points are assigned to a designated tile. The Network Server periodically determines which
Tiles need adjusting [1901]. This is accomplished by identifying access points that have been
added to the tile or removed from the tile, as well as those access points that have been
moved within the tile. Identifying the Level 0 tile for each of these access points is simply a
matter of truncating the latitude and longitude values for each access point and determining
the distinct set of Level 0 tiles that result. For optimization, and to enable efficient
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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Attorney Docket No. 2000319.153W01 Date of Electronic Deposit: December 22, 2008 of the tile's
geographic region) or until it has reached the maximum level of granularity (in the particular
implementaldh 22(08&Escribed herein, tiles at level 4 represent the smalld¢ TES208087Hractically
employed). For each of these optimal tiles, the access points within the MBR arc assigned to the
corresponding TilelD. [0118] In general, the desired average densisynhef B&&eSSpLinds!pesIiais
optimized to maximize efficiency and speed according to aspetificcembydetimenDCmdqfefeNsd
embodiment uses the density limit of 8000 access points per tile, which ensures encoded file size of

around 5OKBILF & HEHRVSITREIRN L8R5 R tAShr S debrapriaai skl of i arirE Yelibn is

subdividegdptettigmofpyahbiaibReHai N M vable fensiidad I8 petditsdpvalQtilggthat contain
no access points are simply ignored. [0119] Some embodiments may use additional factors to

determin8!HdaLroPIRETEBE crrRIOY ROk ERh SR O tHRoRCBTBIFh B b hSERs RUBIIMENS the client
device's mMeWBRALOISIIcHIINRNQIEYSpPRGIY; Pild®. available network bandwidth. Interaction
Timeline [0120] Figures 15 and 17 depict the operation of the client system. Figures 16 and 18 depict

the operqijefspiih.fieryetiay aisiR-dUeAloRGIPapUA RIS P dhese diagiams and describes

the interaction among the various system components. [0 First, a software application executing

on a mobnaxdeirectBeigasysarst s ifeRrdtble foRPE diseam Pneprefarrdwps System's
Location RagiigstaxaeiiesaGlientiReriofko08hqathedngd (?fé%rﬂlé‘,ti@ﬁié!?%&% Wiskd@acerss points

that can be received by the client device's 802.11 network adapter. The WPS client software first

attempts ¥ ¢esermande HeBtnss BictHé alvrRlieNigisgwpnstiesc ke S09R aeaerswradntssis) [ 1506]. If the
informatigp iz neLBIeRaban & Iaraldeyigacthe WH STHient safimaig.cnERUeS, ihealBS client

software will make a request to the WPS Central Server via the Data Communications Manager and
the Data NetwisHelaQtifsehes FefifeienRsetrreRPIBERISHEIDIAESATRSkon regarding WPS Tiles that are
necessary for subsequent location requests [1511][1512]. [0122] The Central Server receives the Tile
Location fébidstamthenibathn@ots manivstiodditivanbigetoanth ietamthe thequies b fahth&VIPSChilon

Request #@@(Iﬁhp\{\éb 't%%tﬂl: Qﬁteeﬁﬁ'd%é éngsen according to the client device’s movement history,

its memory capacity, or the available network bandwidth.

Interaction Timeline

[0120] Figures 15 and 17 depict the operation of the client system. Figures 16 and 18 depict
the operation of the server system. The following description refers to these diagrams and

describes the interaction among the various system components.

[0121] First, a software application executing on a mobile device requests location
information from the WPS system [1501]. The WPS System’s Location Request executes a
Client Scan [1503], gathering information about the Wi-Fi access points that can be received
by the client device’s 802.11 network adapter. The WPS client software first attempts to
resolve the location of the device using WPS Tiles previously retrieved [1505][1506]. If the
information is not present on the local device, the WPS client software continues. The WPS
client software will 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;
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location of the client [ 1 603] using the list of access points that the client software has sent; WO
20091086278PCT/US2008/087969 Attorney Docket No. 2000319.153W01 Date of Electronic
Deposit: De¥<hA98Y88279H08 (ii) determines the WPS Tile(s) necessary to rBSSIVE2AM¥ AP future
location requests [1607]; and (iii) responds with the current location and a list of WPS Tiles and the
timestamp of the most recent update to each WPS Tile through thetheaasien Request disndier and the
Data Communications Manager. Each tile in this list is assiytred BlghontPestim&edodsel? adthe
likelihood that the client will need this tile to locate itself autonomously in the near future %1608]. [0123]

More spd&itiggifyminsyitbeiak 2 dilsinngressannarsaobecdhirroe o P ih gReite iL094digned the

highest pgirigi aeshimRisuiaundingrilescugithemassignedwesrity faserienithr euahpérline that the
client device will be in or near that tile in the future. The surrounding tiles arc found by modifying the

TilelD of IRRSEEGSERS ndatede chrly Yorhd Hadieouehdind pradeniReidpgvdaneies apa ks ek iist of
recommensiaehTHRIDD SEMt A e, dlientimai include Mera dhanysidhs tiginadiekethendignt device is

located and the immediately surrounding tiles. The WPS, soffware may make use of additional
informati&h?l;tagﬁda%%@%ﬁ?atw&ﬁ&q&&%hﬁgﬂb@r g relie pa ynassipab ey Rt S8 Siditional tile

informatipre@&glditionally, the WPS software may make use of geographic attributes such as roads to
more accurately predict the future position of the client device. The ability to proactively predict future

'Ocations[Mwmé%&mamé,,%E Mk diingwhic e FliaRtdayIceigHIbPhalle o dunstion

autonomously, and thereby reduces load on the network server and the communications network
itself. Thégirifitaicss giah e ldaherdwiderifye Rl heeHEnoRd Brpalehyro Sttarystenetharfstiork speed

and cost;,may mpﬁ%%iﬁ%g%&?m@@ﬁé@@dﬁﬁ&f@ﬂ%@%&%@h@%ﬂ%@@{ﬁéfﬁ‘ﬁﬂl@qﬁtﬁb’e?hﬁhéerﬂ- [0125]
Each TileID in the list is associated with a&nonty, which g{gg be determined accordlng to a number of

factors, ifBlRIRE e ilse afidfrHRddy BPHE BiHcdBlwR, by tephividiRatarediagénths TakdR, the
network Randwidihdhatis.ayailable, 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 ¥ ma{o*i% ?&QS%H&HM}%%P%HHEX&%”HL& s L%?h?@ hBSRUS é%ﬁ’ RALWRIR ?é%rﬁ‘&@?s the list of

TilelDs provided ythe server to determine which of the correspondirfg tiles are needed: This
determinétiofleriayvhish thaks anseanics 20881086273 RCMDSdRERY08TIBAdIng tiles. The WPS

software may make use of additional information, such as the velocity and bearing of the user
device to preemptively request additional tile information. Additionally, the WPS software
may make use of geographic attributes such as roads to more accurately predict the future
position of the client device. The ability to proactively predict future locations increases the
amount of time during which the client device will be able to function autonomously, and
thereby reduces load on the network server and the communications network itself. The
limitations of the client device, including memory capacity, battery life, and network speed
and cost, may also be used to determine the list of TileIDs that are recommended by the

SCIver.

[0125] Each TileID in the list is associated with a priority, which may be determined
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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Attorney Docket No. 2000319.153W01 Date of Electronic Deposit: December 22, 2008 of information
such as the velocity and bearing of the client, roads and other geographic attributes, and the physical
limitations oMA2WENER6HBvice itself. [0127] When the client has selected a REBVTHIIS Rofbrmats a
request [1709] to the WPS Server for each of these tiles. The WPS Central Server authenticates each
WPS Tile Request [1801] and generates the requested WPS Tilg{d-885hiteenessay1d tm wcess of
authentication ensures that unauthorized client devices calRmottdventoad tibesfrideretiver cerivds$ server.
For example, one embodiment of the tile fetching system operates qver the HTTP protocol, and

standard H i Ratiasmtche Kelordly md Watireafithe AUERE tRatsAndietheresa8tRse transmitted

by propepraiRarizesirliontsitalRBlithhsnes@sted - M S Tatsthen packaged [1804] and returned
to the WPS Client. The WPS Tile Manager on the client device ensures that the new WPS Tile will fit

within the v aRiRSEERUEES: (£:9s 0P 0f Seid SIBaaah AN LEMANRS QI 05 NBNRSREsYial WPS

Tiles as necessary. Example Intended Use [0129] The following illustrates an example projected use

of certairSemipo@nsepbsobthrecitirsniion WPthfscagahysiey ecarhaetiehis LerahoVE Tblifi & evgee
equipped ygih WS SRIMRIGHV RS IR GWMPE P12 [§ 6 DU WS A9WRieWR i dhg moming, the user

asks the device (via'a User Application such as nawgatyon softwaré) to determine the current location.

This actighthegiersionenmrs sertwarsthoazed ste IhaIscarareadid e Seam Bisieerisd
requests g&}%ﬁ%@&&&ﬁm@%&ﬂéﬁ%&&ﬁﬂ@Bﬁﬁ%\ﬁ@@fetmﬁl DchPsptian Redyast Manpger makes a

request to the Client Device Location Estimation Module. € LEM is unable to provide a location

autonomBiREchandratiss RediEstuhentigeipasdeenes g bs wedbarresnthiinitstisht Manager to

request apd retiayedanstionany YWhrljeshseacsrary 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 TilelDs that

iori i i . ient t Til f h of
the Tl e e B B R e ©
Request MARaGE Mhavegsy aintheqlestslaviseationthothatitbe moa iR E Stlmadid fitvothutetithis time, the

necessary. | ion is pres I i tj ' is thereb
determin R S S I s e A e ot Dote
of ElectroriesDepssitss®acember 22, 2008

Example Intended Use

[0129] The following illustrates an example projected use of certain embodiments of the
invention. In this example scenario, the user of a mobile device equipped with WPS software
lives in a suburb of a city but works downtown. In the morning, the user asks the device (via
a User Application such as navigation software) to determine the current location. This action

triggers the WPS software to activate.

[0130] In this scenario, the User Application requests the location from the WPS Location
Provider. The WPS Location Request Manager makes a request to the Client Device Location
Estimation Module. If the LEM is unable to provide a location autonomously, the Location
Request Manager passes control to the Data Communication Manager to request 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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[0131] As the person travels into the city, the device will move towards the boundary of the WPS Tiles
that are stored on the client device. The WPS Client Software is able to calculate the boundaries of the
cached regiMPf8M/¥8& 8lelDs of the cached tiles. When the estimated locR$H R/ E@AY device is
within a threshold distance of the cache boundaries, the Tile Manager will inform the Location Request
Manager that additional tiles are required. This initiates another sesies ohecamNounmations between the
client Data Communication Module and the Central ServeDutcrétFlesterac BiponalDilesibdiiis préfcess
repeats as needed based on the movements of the person and the constraints of the client device

(such as 33 & s RetiBrk Reginin) e 1171 A dtricsshalraeaneetiede by den AL hre-fetching

of additionatditescddvdepeitdna trienetiiacter sHo IR0l & 0S e Si2es ablber elevantdtiles, the
memory capacity of the client device, and the estimated velocity of the user device. For. example, if the

client devheebeunsving Huhskrebodrcaiebdiaruhy T spt dris sebbticsalifsndhtirtiagtitr, o

ensure thatiheiseihdesmalcsiosssthehiauntasyhbridnetinecsaassachdinsihavebedr tpwnloaded.
When the client device is stationary, the need for additional tiles is less urgent, and the threshold

distance MiteH"Eo FREIBHENR GORIRER fotbs ) YAReagrs e ad it onal tArS s BRatitesly TRGuest tiles

that may inatdees ahitnediate sseorhismeitRfimrecfaishinBecansiepend ommmiaabioh ofifagiers such as
the size of current tiles, the memory capaci%( he client device, the estimated velocity of the user

of
device, aMtfitHE GERUNIART ST (R4 HERYBALE gLt RhRePERT oY TSR S RIMEC S are Huthber of
tiles mayrheverecieicdtataplen @ ddheapasityinsviatle is RitsRiictqyedugestbacoshandtinpkove the
execution speed when the device must connect to the server over a more limited network. Additional
factors nﬁfyaaﬁg?ﬁ)be used for pre-fetching, including geographical features like roads, the history of
movement of the client device, the required accuracy of the user application, and physical constraints

such as BRLRHEsThedHrshel disiangsoradon tieesuihe wis-fichpireéiddtiamatl tHesdpapd Brmk present
inventiongs NoLigned t.Ib8 akevaideseibad ampofime i Jant rathernis Aetiasd by dbeappended

claims; and that these claims will encompass modifications of and improvements to what has been

describedhagHartdevimeandsheesiamaisdvsloaitnpiihsosisiofvis S Eee sraptpisridify & fe%rence
databaseef Wik RGERSSRRIRL @Mﬁ?@ﬂ%ﬁﬁ@lwﬁw i GorMBUiS ateRs@RIS M dilkd 858k £aptaining

information about WiH access points within a large target reﬁion, a method of selecting and providing,

to at leastHE bl drshaaevRY elsihe bovrdani rsfesnthsurnesttary iBlie havessdt of Wi-H access
point infoggitiendeannarid fefRIrnedatabase dehesRdRy e Glirptiseriae.laeriMai s position,

wherein the subset is tailored to include information about Wi-H access points in a subdivision of the
large targ@frdgidishekhdtiane prishhhe corgietinelielfivsto the selected subdivision, the method
comprising: providing a set of geographical regions, each geographical region being a subdivision of
the large b3k Tdgiehcriritd esemge adiapriesiivelyapdvestisindiat playainy st ehenvwicRiadeuess points;

This act of pre-fetching can depend on a number of factors such as the size of current tiles,

the memory capacity of the client device, the estimated velocity of the user device, and the
bandwidth of the network connection to the server. For example, a large number of tiles may
be pre-fetched when a high-capacity network is present, to reduce the cost and improve the
execution speed when the device must connect to the server over a more limited network.
Additional factors may also be used for pre-fetching, including geographical features like
roads, the history of movement of the client device, the required accuracy of the user

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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selecting at least one relevant geographical region from the set of geographical regions based on the
proximity of the mobile device to the relevant geographical region; selecting from the reference database
a subset of Wi-Fi access points that are contained in the at least one relevant geographic region; and
providing to the mobile client device information from said reference database about the subset of Wi-H
access points that are located within the at least one relevant geographical region, the information
including identifiers for corresponding Wi-H access points in the relevant geographical region and
including estimated geographic locations of the cogegaanding Wi-H access points so the mobile client
device may subsequently estimate its position using the estimated geographic location of at least one of
the Wi-H access points in the relevant geographical region. 2. The method according to claim 1 further

includinglpartitidnia§\th€itpogetiar gupsy sitontbengari Hhg aogieehoeadaeh e O okl iagressapair@arranged
scheme. 3. The rpethod accord(ipeg to claim 2 wheéaedg&h%&earran d artitioninf%scgteme divi the

.o in or{na%lonreco[ |na.corinaputer-r & fediy comaning | nrormation about YVi- :
target area into a set or geometrically similar, polygonal tiles. 4. The metho cording to claim 3 wherein
the polygonal tilEsdoreasgpbikisnaty nrahanget angelfegitile scarnethed tefdsal ettimdeage ptivesdi By, iheanhestsiod
according to claim 3 further i ing sglecting, a maximu mber of Wi-H.access ppints that may be
contained withingﬁesr?r{%ﬁép%{c;}l %gﬁéf't%%, %é@%ovg{s{bng {h’:ellns&é}ﬁrg ﬁ%ce%')%ééln%al %é%ﬁémﬁa o tile
contains more theresabintarionmnati 6n Tioersa theflepenme datgoasetaibe Bstchbyutib et antldelesesioring, for

each of the poly |l 1 S gi?t Y f refe ecords copresponding
to Wi-Fi access%ﬁ%%ﬁgﬁﬁ %h@%l%kﬂaer%%{sﬁﬁg IS ir%%%lrf?e{ |0§J£ﬁ%u%@ﬁnﬁ%é§%ﬁ§%igﬁ access
point data storedooesth@ititenn deuladiissinn-tf-thetkarge target region based on the proximity of the client

device to the selected subdivision, the method comprising:

providing a set of geographical regions, each geographical region being a subdivision of the
large target region, and each geographical region containing a plurality of the Wi-Fi

access points;

selecting at least one relevant geographical region from the set of geographical regions based

on the proximity of the mobile device to the relevant geographical region;

selecting from the reference database a subset of Wi-Fi access points that are contained in

the at least one relevant geographic region; and

providing to the mobile client device information from said reference database about the
subset of Wi-Fi access points that are located within the at least one relevant
geographical region, the information including identifiers for corresponding Wi-Fi
access points in the relevant geographical region and including estimated geographic
locations of the corresponding Wi-Fi access points so the mobile client device may
subsequently estimate its position using the estimated geographic location of at least one

of the Wi-Fi access pointsin the relevant geographical region.

2. The method according to claim 1 further including partitioning the target region into the set
of geographical regions according to a prearranged scheme.
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7. The method according to claim 1 further including estimating the speed and direction of the client
device, and using said estimates in selecting the at least one relevant geographical region. 8. The method
according to claim 1 further including predicting a route along which the client device is traveling, and
using this predicted route in selecting the at least one relevant geographical region. 9. The method
according to claim 1 wherein the client device has allocated a limited amount of memory for storing Wi-Fi
access point data, and the at least one relevant geographical region is selected according to the amount

of memog that fas PreebabecaigindibbIe ANt eahd Prédnermpet \RetRRSNN REnEn IVl deytherein the

transfer of information between the client de\I/[%ia and the ac?ess point reference database may not
exceed a certaif PR 8T, A AP LGRING BN RONIRNSL Bl phical region is selected according

to this maximum speed of communication between the client device and the reference database. 11. The
method atcordingeosidiod doadrerpgtoheapstiBnatiensiofttieptdggtoa ofettomohileectiahiy devidecs
performed by the mobile client deyice. 12. The method according to claim 1 wherein the mobile client
device is equippsénarg\ v?/?{ﬁlfr??ogrreg%ega gﬁ%ﬁiﬂ%ﬁﬁét of Wi-Fi access points that are located within a
specified geographical region. 13. The method according to claim 1 further comprising: extracting

informatién fromelgﬁ@I@Qﬁb?ﬁ@%tfbﬁé\iWBH%&I%&@%HQ:WH&@]& wg@léﬂﬂmmm\@ii&it device
and detected byﬂ%ﬁ&ﬂ%?ﬂ%ﬁ?ﬂ@%dﬁ%&'mm@é@é%&%&%ﬁi RECRETRUEnY RIS e

selection of the at least one relevant geographical region isbased on the at least one identified Wi-Fi
access point. the polygonal tiles such that no tile contains more than said maximum.

6. The method according to claim 3 that further includes storing, for each of the polygonal
tiles, atime of amost recent update to reference database records corresponding to Wi-Fi
access points within thetile, and using this information to determine whether the Wi-Fi

access point data stored on the client device is up-to-date.

7. The method according to claim 1 further including estimating the speed and direction of the
client device, and using said estimates in selecting the at |east one relevant geographical

region.

8. The method according to claim 1 further including predicting a route along which the client
deviceistraveling, and using this predicted route in selecting the at least one relevant
geographical region.

0. The method according to claim 1 wherein the client device has alocated a limited amount of
memory for storing Wi-Fi access point data, and the at |east one relevant geographical
region is selected according to the amount of memory 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 reference database may not exceed a certain maximum speed,
and the at |east one relevant geographical region is selected according to this maximum

speed of communication between the client device and the reference database.
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14. The method according to claim 1 further comprising: estimating the location of the mobile client
device; wherein the selection of the at least one relevant geographical region is based on the estimated
location of the mobile client device. 15. The method according to claim 14, the estimating the location of
the mobile client device including: identifying at least one Wi-H access point that is currently within range
of the client device and detected by the mobile client device; obtaining Wi-H access point information for
the identified Wi-Fi access points; and estimating the location of the mobile client device using the

obtained jnformatiemmelifodiatediteiie efptaivhelieitheesiithasindbrigierayaics tierrahobieesenaphical
regions by subdividing at least a portion of the large target region, the subdividing being based on criteria
independent of HRY!E5VR PRHOER %f%?mof%?@e% Bﬂ'ﬁ%.‘:ﬁ'?. The method of claim 1, further comprising
determining the set of geographical regions by subdividing at least a portion of the large target region, the
subdividitg. beinthbaseticoheatdedisgdoelaima Hersits ot intdlabeesenp devicen Slequpgoeyt aptiical regions, a

total number of Wi-th agess BN i e degalaphioal Ledions, ARPIO SARARIMH A 25 anRRYe client
device, and a mode of communication of the mobile client device.
geographical region.

13.  The method according to claim 1 further comprising:

extracting information from signals from at least one Wi-Fi access point currently in range
of the mobile client device and detected by the mobile client device identifying the at

least one Wi-Fi access point;

wherein the selection of the at least one relevant geographical region is based on the at |east
one identified Wi-Fi access point.

14.  The method according to claim 1 further comprising:
estimating the location of the mobile client device;

wherein the selection of the at least one relevant geographical region is based on the
estimated location of the mobile client device.

15.  The method according to claim 14, the estimating the location of the mobile client device

including:

identifying at least one Wi-Fi access point that is currently within range of the client device
and detected by the mobile client device,

obtaining Wi-Fi access point information for the identified Wi-Fi access points; and

estimating the location of the mobile client device using the obtained information.
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16.

17.

The method of claim 1, further comprising determining the set of geographical regions by
subdividing at least a portion of the large target region, the subdividing being based on
criteriaindependent of the coverage area of Wi-Fi access points.

The method of claim 1, further comprising determining the set of geographical regions by
subdividing at least a portion of the large target region, the subdividing being based on at
least one of adensity of Wi-Fi access points in the geographical regions, atotal number of
Wi-Fi access points in the geographical regions, a memory capacity of the mobile client
device, and a mode of communication of the mobile client device.
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