WO 2006/ 110181 PCT1US2005/ 039208 LOCATI ON BEACON DATABASE AND SERVER,
METHOD OF BUI LDI NG LOCATI ON BEACON DATABASE, AND LOCATI ON BASED SERVI CE
USI NG SAME Cross-Reference To Rel ated Applications [0001] This application

clainms the ' der 35 U.S.C. 119(e) of U S. Provj Hent
Appl i cati ong&gﬁégpéﬁ& 108, filed on Cctober 29, 2004, b /?Fﬁh’q/ %ﬂr el ess

Data Scanning Network for Building Location Beacon Dat abase, which is

herein incorporated by reference in its entirety. [0002] This application is
related to the following U S. Patent Applications (Nos. TBA), filed on an
even date herewith, entitled as follows: Locati on Beacon Dat abase; Server

for Updating Lo B A SRS se
Location Al gorit i?%é W&B& ) ?ﬁe‘?’i@i{ i FRange
of User Devi ce; éﬂf“f{’ﬁ T oM !

Dat abase. Background 1. Field of the | 0003] The invention
generally related to | ocation-base services and, nore specifically, to
met hods and sysiGross-Réfesiéice Mo Rélagd Applitativis of W -Fi access points and
using such information to | ocate a W-Fi-enabl ed device. 2. Discussion of
Rel ated Art [OOQu}Ol!ln rEdeaiplisaeonscldine tewbeheit vatlerB3I.ISeC. @QM%)bﬂIgsdevi ces
has i ncreased ramatically creating_the nee e advanced nobil e and

f
wirel ess servi c&ZOVisignal PpigntApplicati ‘P¢|6Q[6c2§418§ efﬁé‘EP%pé@ger%PW‘* ptitledy
gam ng and cal | Wz?élé.s@‘ﬂdws@c{nﬁmg%mk?&r Bl "Zd&ﬁi@br@ﬁéﬂcbﬁ@al‘&g&: %Ech%re rging

on nmobile devices. In addition, users’ are be€ginning to denand/ $ee
applications t héltrennmcmpbly'ltedthylrefzmncmmns epuretyent | ocation but al so share
that |ocation i nfornatl on with others. Parents wish to keep track of their

children, superWB]s Ehisapplicationdx relaied toshesfollpwingrU ShRatens Appligationy@osver y 1
WO 2006/ 110181 %!%?%%9%’;19%9&9&& P[e‘?é\hﬁl %ﬁmtle%’}g fdisi ness travel er | ooks to
t

find the neares armacy to pic
Location Beacon Database

Server for Updating Location Beacon Database;

Location-Based Services that Choose Location Algorithms Based on Number
of Detected Access Points Within Range of User Device; and

Method and System for Building a Location Beacon Database.

Background
1. Field of the Invention

[0003] The invention generally related to location-base services and, more
specifically, to methods and systems of determining locations of Wi-Fi access points
and using such information to locate a Wi-Fi-enabled device.

2. Discussion of Related Art

[0004]  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/seek 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



prescription. Al of these exanples require the individual to know their own
current location or that of soneone else. To date, we all rely on asking
for directions, calling sonmeone to ask their whereabouts or having workers
check-in fromtinme to tinme with their position. [0005] Location-based

servi ces arwoameamasgi ng area of nobile applications thaicT/usessnzgess t he
ability of new devices to calculate their current geographic position and
report that to a user or to a service. Sonme exanples of these services

i nclude | ocal weather, traffic updates, driving directions, child trackers,
buddy finders and urban concierge services. These new | ocation sensitive
devices rely onyefickR! intabulinessitBRPIORE BFiddRd néakdst pemhbdyeropidkaupdener al
concept. Using radio signals comng from known reference points, these

devi ces can natpeseEpiieml AY ot ticsa axgmples irguire the'indipidualttp §pow theirawneurest t hese
ref erence point J C as Its stif. : nesses
based on the rég?aélgﬁéghhﬁé?%%;&ﬁe §?\%8?{12ﬁ0p%§$ twib3 oa?irﬁlg N atﬁ%lrgg ? é}r@e?tﬁ%;ﬁ, é@ﬁ‘él oy.
[0006] The G obwlnebmsiotasko thelrgviBysbeis (fHkAS)ngopskeat eheckyin fiven iibe (onrae wignt

| ever ages dozens .of orbiting satellites as reference points. These

satel | i tes brodA8aB1U90adi 0 signal s that are picked up by GPS receivers. The
receivers meas he ¢} ' : 'hggﬁﬁ, s Qi

receiver. Aft et{ogoeggei v%%%ﬁﬁgfilg%%epg%}%ﬁﬁetﬁ?gge% no%ae&&nG{?’%ﬁg%P Ielﬁt{o'? §tshatt he
recei ver can t rievengeb theability opussy dévices ncal¢wdate)thelyeurrémtrged grapliy positiont and wor k
effectively, the radi o signals nust.reach the received with littl r no
Cnter fer ene. | R BpCtoR R o 8 icky Shiae bREwISE HSF e aihiefol
interference bea#iesardifiCupdaes] dbisg diegtonsecaldat@Rérs | tudey ehdet it urban t hr ee
or nore satellites. Interference can also he caused by a phenonmenon known
as mul ti-path. °PRECIREEFNICES These BeW losatiehensityedqviqes kel e Avatiely pf physi cal
structures causj ' ' apR; | Omlrle a
recei ver at di fSt éehrggn ietg:tﬂr?lltagl.l ﬁé’s‘%ﬁgg&tﬁ%&r&éﬂ:gh\%gﬁ EE g%ﬁ%d& g{g{u%lﬁk 'S g{gsilned on
the time the sikpowi referskce pointedbésetdevicessmma imathematiodlty capearldte thie giserls position use

the receiver an au substantial. errors...[0007 | 1. tower triangulation
I s anot her net ﬁglﬁﬁﬂesééﬁh%)e/ TR PRy RNt ’ngacgeqflﬂ{ff%?p[}r%%s?ﬁ léqsétstsgerﬁlfseafl I ne a
user or devi ce'weakfdadsitaked otBe Yddicletlalops tand tHe pasiiohing algdosittiethely devi ce
communi cate with each other to share signal information that the network
can use to cal GHRM®% the location of the device. This approach was

originally 2 10006] The Global Positioning System (GPS) operated by the US Government

leverages dozens of orbiting satellites as reference points. These satellites broadcast

radio signals that are picked up by GPS receivers. The receivers measure the time it
took for that signal to reach to the receiver. After receiving signals from three or more
GPS satellites the receiver can triangulate its position on the globe. For the system to
work effectively, the radio signals must reach the received with little or no
interference. Weather, buildings or structures and foliage can cause interference
because the receivers require a clear line-of-sight to three or more satellites.
Interference can also be caused by a phenomenon known as multi~path. The radio
signals from the satellites bounce off physical structures causing multiple signals from
the same satellite to reach a receiver at different times. Since the receiver's calculation
is based on the time the signal took to reach the receiver, multi-path signals confuse
the receiver and cause substantial errors.

[0007] Cell tower triangulation is another method used by wireless and cellular
carriers to determine a user or device's location. The wireless network 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
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WO 2006/ 110181 PCT/ US2005/ 039208 seen as a superior nodel to GPS since
these signals do not require direct line of site and can penetrate
bui | di ngs better. Unfortunately these approaches have proven to be

subopt i mal to the heterogeneous nature of the cellul dwar e
along with ‘%ﬁg%ﬁé%lmas of multi-path signals and the | aé%Té‘?SQ%{o?%?{m ty in

the positioning of cellular towers. [0008] Assisted GPS is a newer nodel
t hat conbi nes both GPS and cellular tower techniques to produce a nore
accurate and reliable location calculation for nobile wusers. In this nodel,

the wireless network attenpts_ to help GPS inprove its signal reception by
transmtting i nceR Ahd supsriaBedel (@2 siekthesersignals dernof prauinpdirech lige pf dites and
the general | ocgl £ i cel
tover | These. T AoHaR postadhulatEs RARE BRI ARL piioRhel RECTANIRES B

t hat one expersubnptgnalidue tothe hetanhgbropsndtime of deaielhdar toberhardwarefalong with t he

cl osest satellites ui.cker ovi di n faster "first. reading". The
systems have be%ﬁlsﬁ?egé’tﬁgﬂ&tb?g IS%%S é%%ﬁ%%‘f?ﬁ‘é%ﬁdn%&“’é@&?ﬂé’%éﬁm
--greater than t$Q@msneters in downtown areas. [0009] There have been sone
nore recent alternative nodels developed to try and address the known

i ssues with GPI0008]GPsAssisted 6PF it angser mosel thafrfiompinephethdFPS ansrgellulaniowser as
TV-GPS, utiliz j: t 1S t . Y = Yo
Mut hukri shnan, et%élﬁl“gﬁglt?s F)Erll'gc{palf’géﬁr?X{:—@\%a}q%6%1%@%\3\%?0535&%%@1@&??%&% |lfr%gs:
Enabl i ng Techmisegsedn dnisimééet nthe ivirglessnekwork lagermpis 2@ hélp GPSLiapesmedtsNipingls i n

Comput er Science, Volune 3479, Jan 2Hazas, . ocott, J., Krumm J.:
Locat i on- Awar e etFRHGR PH fFansEy g 1giormagfion ag@ﬁlﬂtﬁﬂ%ﬂfge{s @ﬁ?‘)&gg@tﬁfesﬁ% 2004

005, Pa005, Pagge gdrPad 3eatidn of A€ u&kP BERA b iR 1b&FioR Bf IR ohRftedlcBA oSt
metropolitan areas have 3 or nore TV broadcast towers. A proprietary

har dwar e chi p rEiees teehniquesspghelp SPSTeseiveredral with veaker sigoalethat arel uses t he
known positions . Lnc L .8 nges facing
this nodel are xﬁénéc%gfi%g%&%\%&edslﬁe% tthreg\éAlg&eO%rtag@gi%xe?n gngglc{sg%%tla@%t ations of
usi ng such a snplickes pioviding efasteetfarst rpaling”’s ThEer syste@ghhwe, beeh phgusEly dlew

outside the perineter of towers, the system ha difficult tinme providing
reasonabl e  acdGTRORYE UMPERANd|POREACCURALY, rrifeatef @%?Q@glﬁtegq lBrﬁ]QWPFPéV"sq{quel i ne.

Since there argop@o]TV ThQ¥Rhw REh séfle bR RERARterARRE SnddRlsRvIBPedtd nfagy | de
reference symretry ‘anong the reference points resulting in a cal culated

posi tioni ng weldddfess tadnown isgeesyeithy GP$.00-GFS avd celd sover peutipingit Pamofdhem nt el

Corporation (vi “hofn' S SI%&%E, &{1&8&15&%"3‘?0111 television broadcast towers. (See, e.g.,
Muthukrishnan, Maria Lijding, Paul Havinga, Towards Smart Surroundings: Enabling
Techniques and Technologies for Localization, Lecture Notes in Computer Science,
Volume 3479, Jan 2Hazas, M., Scott, J., Krumm, J.: Location-Aware Computing
Comes of Age. IEEE Computer, 37(2):95-97, Feb 2004 005, Pa005, Pages 350-362.)
The concept relies on the fact that most metropolitan areas have 3 or more TV
broadcast towers. A proprietary hardware chip receives TV signals from these various
towers and uses the known positions of these towers as reference points. The
challenges facing this model are the cost of the new hardware receiver and the
limitations of using such a small set of reference points. For example, if a user is
outside the perimeter of towers, the system has a difficult time providing reasonable
accuracy. The classic example is a user along the shoreline. Since there are no TV
towers out in the ocean, there is no way to provide reference symmetry among the
reference points resulting in a calculated positioning well inland of the user.
[0010]  Microsoft Corporation and Intel Corporation (via a research group known
as PlaceLab) have deployed a Wi-Fi Location system using the access point locations
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as Pl aceLab) have deployed a W-Fi Location system using the access point

| ocations 3 WD 2006/110181 PCT/ US2005/ 039208 acquired from amat eur
scanners (known as "wardrivers") who submt their W-Fi scan data to public
comunity web sites. (See, e.g., LaMarca, A, et. al., Place Lab: ~Device
Posi ti oni ngVOS M4 1#8ki 0 Beacons in the Wid.) Exanples iHI/UHOSRPEIE

W - Fi Maps. com Net stunbl er.com and NodeDB. Both M crosoft and Intel have
devel oped their own client software that utilizes this public wardriving
data as reference |ocations. Because individuals voluntarily supply the
data the systenms suffer a nunber of performance and reliability problens.
First, the dat aacqcimdsfsomlamatedasmeémawe anGvardovdre Hpdrosnbmit sheisWirFi efant he

data i s new whi ot h ortions -4 yea | d. The age, of the access
poi nt | ocation éaga gi“fg ?‘Wc@%ﬁ@? clcst@ggr ad%r‘?‘fté ? &% npved or
taken of fline. lS@&ii@H'l@bsﬁoﬁﬁlgC@shﬁgSRﬁlé‘ngohﬁﬁ tHS WLl PEMdipltivciede WigrEwar e and

sof tware confi rations. Ever 02.11 radi o and antenna has different
si gnal recepti off ERdrRSe0RE Mmblatfqogtmddsodeﬁé* B@&Mwﬁtanéﬁntelfhatvhe

strength of the, eu'é@’ﬁb:hgﬁ;t% aL 15:%?3} ih@BaugGaNs for
u |ng ren ervals:

W-Fi signals |n rent  ways ime 1n Third, the
user-supplied dafeaenselidcemmsf Bwausarﬂdaridlals \tmilmanlﬁaqmu;sﬁgﬁbﬁ tldaedyatems

sel f-reported ndi vi dual_s 0 are not | | ow esi gned scanni_ng

Cout o5t he datTeEhRUnSS O et agmenes Aot BRIy (R e AR Bt e  al
bi as causes a rfgdbhadds Ak dd? eStbPorditohs: [OMB bflfe WlaNs ALY Shile StneLadHidiess Of
where the user is currently |located causing substantial accuracy errors.

Fourth, these WHAyedasds 'ﬁhn@g@dﬁth@ hesessaiopni lepatien isdmippitan siofe oveatimedicesss es s
poi nts rat her E)It})?ﬂ%‘ggleberrgx\/ %hgﬁﬁatﬁg@bé ﬁlendega ’?%f%’éra 8%%@%.%, hq},g}zvare

Each of these ases ‘cal 888 poin ntly

and each with chardwhirermt mf@wamemgiﬁrgeﬁua\serla@ey 801 Midiv andhtchashdstdifferedthat
many access points are jn eing |located far from theifr actual

dj cat
| ocations incl mbregmngbgrgggnﬁw %C“B%Ft%?deﬁ’fﬁ%et‘}w‘@ﬂpf {hej SHG‘?%%P&B‘? as if
they were | ocatggai. rE&ﬁ@bﬁﬁm%f so%taﬁ:ﬁm {3 4dliod RehethaVER saln Qufd&t: of

commercial offerings of - | ocat i on systens targeted i ndoor
posi tioning. (Seaysdarigg dlfksmt ting infervhlak Thistgysearppiied Iiiltjad'ilfifﬂjs frpau |

i ga, | Tove R SRR RO SR AP a0

2Hazas, M, Scaiekignel scaiiitgitouted, the daxa aéndomalg‘gwgeteemmduiemlyﬁmﬂm aredis, Age.

| EEE Arterial bias causes a resulting location pull towards main arteries regardless of where
the user is currently located causing substantial accuracy errors. Fourth, these
databases include the calculated position of scanned access points rather than the raw
scanning data obtained by the 802.11 hardware. Each of these databases calculates the
access point location differently and each with a rudimentary weighted average
formula. The result is that many access points are indicated as being located far from
their actual locations including some access points being incorrectly indicated as if
they were located in bodies of water.
[0011] There have been a number of commercial offerings of Wi-Fi location
systems targeted at indoor positioning. (See, e.g., Kavitha Muthukrishnan, Maria
Lijding, Paul Havinga, Towards Smart Surroundings: Enabling Techniques and
Technologies for Localization, Lecture Notes in Computer Science, Volume 3479, Jan
2Hazas, M., Scott, J., Krumm, J.: Location-Aware Computing Comes of Age. IEEE
Computer, 37(2):95-97, Feb 2004 005, Pa005, Pages 350-362.) These systems are
designed to address asset and people tracking within a controlled environment like a
corporate campus, a hospital facility or a shipping yard. The classic example is
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Computer, 37(2):95-97, Feb 2004 005, Pa005, Pages 350-362.) These systens
are designed to address asset and people tracking within a controll ed
environnment |ike a corporate canpus, a hospital facility or a shipping
yard. The classic exanple is 4 WD 2006/ 110181 PCTI US2005] ving a
syst em t hat VO2RHHPt or the exact |ocation of the crash & %%5&gpﬁg t he
hospital so that when there is a cardiac arrest the hospital staff doesn't
waste tinme |ocating the device. The accuracy requirenments for these use
cases are very demanding typically calling for 1-3 neter accuracy. These
systens use a variety of techniques to fine tune their accuracy .including

conducti ng det aPaviRg a§ystensifiptcef anauitor e exaet agatigncofflroeradhr cartigitib fisus t o
nmeasure radi o sj I ' : . Al I ' rk
Connecti on so PP UREHER ok ic FOGHiR e AR RIS AN LT
synchr oni zat i onlocatingrthedévice. SiheiacaradyoeduommeniSPS theselose cadhs dre velyese systens
are becom ng nore reliabl.e for these indoor use cases, they are ineffective
T any i de- ar SEmREdVHEHY ST -3 TS e e LOOT AT NS RYHEER
detailed site SichBuesiCHhd fuﬁQﬂx%ﬁ*a@&ﬁa@ﬂmﬁﬂ@ih%@orﬁiu&ﬂn iledQite strfey3@f WAy to
rely on a constant comunication channel 802. 11 access poi nt’s across

an entire metropry saaredpetofiths campus i weasurerradiaisicadl psgpaghee alss. Mbst
| mportant |y out fagk, b B8li-APRORBAAIhAN LS so iR TEALALN ok eoh R0 iR,

i ndoor radi o propagation rendering ese 1 ndoor positioning algorrthns

al nost usel ess éexchangsisgigchasrdzation éifarmation [siMilk? fo Hdve AeGBS evorkseWhilkssth8de?2. 11

| ocation scanning clients avail able.that recor the presence of 802.11
signal s al ong wPEIes COBE TRORS r?léégq ffq@t.heﬁerfgg@rgmm Hey dpnplfeptive s are

operated manual hyy @ﬁ@aﬁaQﬂﬂl@?m_@ntl Qbis fiﬂnb@ssi_%fe th REnduRP@E RN of BXATRY §& suffeyt hese
applications are 'Netstunber,  Ki snet and W-Fi FoFum Sone hobbyi sts use

t hese appl i cat i twagiredrcmss Rn eifige iy and e ipho Bap toirelymceernsiant eammsimeios t hey
detect A Ehafabdl Sl 1386 BB ol PSRRI A arldVondlalideand ¢ he

sharing of the Ion’is one Se application do not
perform any cal ryhigdd nthese syétems.h®loptiypoaaltlyl caaivbt adicfropdpatiacizess poi nt,
they nerely marlﬁ,et he Iorgﬁ on fromwhich_ the access pqi nt was detected.
[0013] Per f or meitiedarmeftalyeiiTemsng thas ingpor Oamége}%wﬁaldgsgg Hesnindlisy st em ar e

}Dhe key driver osﬁtfbnﬁdgeal%dﬂﬁmﬂm&t HeRLOY TBMkHe-Bfca 3BNati@Cat i On based servi ce.
erformance refers to the accuracy |levels that the system achi eves for that
gi ven use case. [0012] There are numerous 802.11 location scanning clients available that record

the presence of 802.11 signals along with a GPS location reading. These software

applications are operated manually and produce a log file of the readings. Examples

of these 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 all done manually. These application do not perform any calculation as

to the physiéal location of the access point, they merely mark the location from which

the access point was detected. '

[0013]  Performance and reliability of the underlying positioning system are the

key drivers to the successful deployment of any location based service. Performance

refers to the accuracy levels that the system achieves for that given use case.

Reliability refers to the percentage of time that the desired performance levels are

achieved.



Reliability refers to the percentage of tine that the desired perfornmance
| evel s are achieved. 5 WO 2006/110181 PCT/ US2005/ 039208 Local Search |
Advertising < 100 neters 85% of the time E911 <150 neters 95% of the tine
Tur n- by-tur Y directions 10-20 neters 95% of the j/ m < 50
meters 90%81 Oééh?grlre Friend finders < 500 neters 80%%#%%23 H#Bw Fl eet
managenent <10 neters 95% of the tinme Indoor asset tracking < 3 neters 95%
of the time Summary [0014] The invention provides a | ocation beacon
dat abase and server, nethod of building |ocation beacon database, and
| ocation based s ] ' ] ntion,
W -Fi access poi - . d a
ref erence dat abadePatSeasrhtAdyerisigg W - Fi  accBdueimsi nt s. 3% pbthstimge
vehicle is depl o:blmili ncl udi ng at | east one <Gomitery devi ces%hafibegimea GPS
O £ T . T T R T NS T2 T M,
K V_U.ITCU T (<.} |.II UU' AT 1T o 1 I:!l.l’( \ >3 C TV oOT U v C 1T A T .
programmati c rou 8| udes substantially afPOEEEp) e st?@ﬂpgﬂf&nﬁh t ar get
geogr aphi cal ar egrend findérges an Eul eri an cywci08 nptebl em of 8Q% gf thehime
represented by sgiigh: nfbnbyealdne Streets. Wi Ted ha¥Rr STNg tosy, Lafdeimer €a,
periodically rec .rxXé"' ta'm-r G—-;’“. coordinates ﬁ‘f<3h'ﬁ€ PS d‘”'ﬁ?ﬁ?f Mt
traversing the tar tecting W.-Fij Qrpf‘,fgrﬁlc £ r onf ¢ OERe iXe,
points in range of the W-Fi device and recording identity information of
the detected W Sdknng¢ess point in conjunction with GPS |ocation
i nformati on of the vehicle when the detection of the W-Fi access point was
made. The | oc roation is ysed to reverse triangulate the po?ition

i inforr C . .
of the detect egf%?‘?l Fi The dwsaiqsarayidessigcating bserop dpighassid pEveretetirdal access
point 1S recor dggidid BediSh®eRRA Aata Otk A8 I6barib@BA0R sdiELsiRSIE! aspect of

the invention, the target geographic area has a radius on"the order of tens
of mles. [0017000Wder Under dneraspespefche infvertion, WinFé acdesspointh arejoatpddnaat i ¢
route is

I
A\ L O

target geographical area to build a reference database of locations of Wi-Fi access
points. At least one vehicle is deployed including at least one scanning device having
a GPS device and a Wi-Fi radio device and including a Wi-Fi antenna system. The
target area is traversed in a programmatic route to avoid arterial bias. The
programmatic route inciudes substantially all drivable streets in the target
geographical area and solves an Eulerian cycle probiem of a graph represented by said
drivable streets. While traversing the target area, periodically receive the GPS
coordinates of the GPS device. While traversing the target area, detecting Wi-Fi
signals from Wi-Fi access points in range of the Wi-Fi device and recording identity
information of the detected Wi-Fi access point in conjunction with GPS location
information of the vehicle when the detection of the Wi-Fi access point was made.
The location information is used to reverse triangulate the position of the detected Wi-
Fi access point; and the position of the detected access point is recorded in a reference
database. |
[0016] Under another aspect of the invention, the target geographic area has a
radius on the order of tens of miles.

[0017]  Under another aspect of the invention, the programmatic route is
determined by using the Chinese postman routing algorithm.

[0018] Under another aspect of the invention, when detecting Wi-Fi signals,

several readings of Wi-Fi signals are made for a given Wi-Fi access point so that a set
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determ ned by using the Chinese postman routing algorithm [0018] Under

anot her aspect of the invention, when detecting W-Fi signals, several
readi ngs of W-Fi signals are made for a given W-Fi access point so that a
set 6 WO PCT/ US2005/ 039208 of readings is f e given
W - Fi accegggggﬁﬁg&gﬁd wherein said set of readings is]ﬁ%@%ﬂ%kg%nhp

determ ning the position of the detected W-Fi access point. [0019] Under
anot her aspect of the invention, when detecting a W-Fi access point signal
strength information about the signal fromthe W-Fi access point is

cal eulat o0 oGRS B S QOBLORE e oS08 Bhuthloe ALE By

di fferent angl es us&al WihSdetr@irdhg/ 18 pbdigorDsfuhedctedtédOW B addass poiiti vabl e
streets. [0021] Under another aspect of the invention, a given W-Fi access

point is deteck08¥) r oMnder anather aspeqt of thetinventien avhss defectingsn Widi gesgsstqant

organi zati on of g gjr%'bv ; L Ry 8p r of si gnal
strengths for aSl I Vgtrr] -ﬁ@ﬁ“ﬁgﬁi‘{eﬁhﬁ“&? Sllgﬂ?l ‘gfb&g@gm@{%%%ggég%gﬁ%@?ed[ 0022]
Under anot her amplgetorddd tytthe scauming device.t he W - Fi ant enna system i ncl udes

di rectional ant s apnd .wherein th anni ng device records a vector of
origin of a W@? acc@délgerﬁt??ﬁ?r 5}}8&“38?@}‘?1‘21‘{3?%%’}’@&"3&\8}1% ACEES EAYE Ks recei ved
by the W-Fi acqdssed fisth B many diPreslt Af28dsia® Padsibh&i08AS ordaB24@dn dAer anot her
aspect of the invention, access points are |ocated for a plurality of
target areas. (@U@h?swﬁﬁér anot her aspect of the invention, a user-device
having a W - Fi {10 . r, . . Aatwaba; ul at ed

| ocati ons of Wﬁol@?l]accgﬁg}s{el%g?%?ﬁ&ﬁ)gg og eé%g{l&g%%é‘g?sw gﬁ%ﬁ%ggﬁl%% response
to a user appl i dedctagifrone gumsany differbat arghisne pessiblogiatn tha ondanizatisesf-thevi ce

having a W-Fi radip, the W-Fi device is triggered to_ transmt -equest
Lo all W-Fi actbebRispet.eombaei § Bt POrEl RETGHE prengiipifoct S idios. ar o
received from tz{l@es‘é\;‘poﬂtisaﬁfé%ﬁﬁ)e@%@ie‘éox‘&'b&.hi n range of the W-Fi device,
each nmessage identifying the W-Fi access point sending the nessage. The
signal strengti§032] t hEndeasahesaspes of thednvstioh soWi-Fi aennasysterpiippludes
cal cul at ed. Theci!]igercﬁé ﬁﬁgﬁgg%ﬁé@id the RAAARE 8GilFeORih Pedilor GRLRYra! €d

| ocations for t entl
Wi-Fi access point based on different signal strengths received by the Wi-Fi access

point on the directional antennas.

[0023]  Under another aspect of the invention, access points are located for a
plurality of target areas.

[0024] Under another aspect of the invention, a user-device having a Wi-Fi radio
may be located. A reference database of calculated locations of Wi-Fi access points in
a target area is provided. In response to a user application request to determine a
location of a user-device having a Wi-Fi radio, the Wi-Fi device is triggered to
transmit a request to all Wi-Fi access points within range of the Wi-Fi device.
Messages are received from the Wi-Fi access points within range of the Wi-Fi device,
each message identifying the Wi-Fi access point sending the message. The signal
strength of the messages received by the Wi-Fi access points is calculated. The
reference database is accessed to obtain the calculated locations for the identified Wi-
Fi access points. Based on the number of Wi-Fi access points identified via received
messages, choosing a corresponding location-determination algorithm from a plurality
of location-determination algorithms, said chosen algorithm being suited for the

number of identified Wi-Fi access points. The calculated locations for the identified



Fi access points. Based on the nunber of W-Fi access points identified via
recei ved nessages, choosing a corresponding | ocation-determ nation
algorithmfroma plurality of l|ocation-determi nation algorithns, said
chosen al gorithmbeing suited for the nunber of identified W-Fi access
poi nts. Thaveadoemioagied | ocations for the identified 7 WBc2a86h4/001B1

PCT/ US2005/ 039208 W-Fi access points and the signal strengths of said
recei ved nessages and the chosen |ocation-determ nation algorithm are used
to determine the location of the user-device. [0025] Under another aspect
of the invention, the calculated |ocations for the identified W-Fi access

points are fil twiBtladcessqirs fdthe bifndl beer@fis/of $40 nsbeived Wesdages MAGRSchopd Nt S
have nmoved since the tinme the information_about the W-Fi access points was

i ncl uded in t hdosatipardetsemingtiond gerithmagpyssyl ta deeriminmibe Irocptions fdbe ussr-deviee.

i nvention, the al i f [.On- ] ' I ' udes a
si npl e signal s[tmrnesggt hb\}/{\g%g %@ﬁb&@gfg@@%féﬁﬁ@h{e%&%a@%&é%a?ﬁggsn%? ﬁ%r aspect
of the inventi adentified Wi-Biragtdss poinfs arefildredto-detbemarent tha tomespahding WiltHis

i ncl udes a nearest nei ghbor nodel.. [0028] .Under another as . of the
venton. 1 he G APISPAGY HOSELTe e Gk GIEHGHPRUN BOYF DV 4htest POES
triangul ati on twghRélGAUR in liRGeRentbd@ibagdot her aspect of the invention, the
plurality of | ocation- determ nation algorithnms includes an adaptive

snoot hi ng t echrl08fd baYeder@nothercaspest of the inyentinn, the plyreliyof lagaden- anot her

aspect of the i j i L OR- 1 i | Fthmis
further based odr%yt edagg%?ltggxg%ﬁgg%@?dgggﬁg%ﬁ %d%%g %&éﬂé{g’:ﬂ%ﬁ{&r@gﬁ%@t@g{%% 1]
Under anot her 8024t oUnddrencthereaspecoof thaimattidmade phirakiy-dFiocata@ess poi nts

for at | east ong target area_havi a radi us op the der of tens of mles
is recorded i n %t HoR 9?@8}§é%q‘gdeﬁé8Fﬁ?ﬁtnP’€&?9¥6WiﬁLs dat abase records for

substantial |y gob28{V - FUnd@Ga6®er RPddbthb thvbhtfor! eGRiraRly@Riocade record
including identification information for a corresponding W-Fi access point
and cal cul at ed Jstssmination plgputhamstinddes a trigngelatern feekpawtdi ng W - Fi access

poi nt, wherein ] Ca L] [ ' | i.ned from
recordi ng mul ti[g?%ﬁrea |ﬁégrghgtgefa%éé%%fzH%Ig%dsﬁgmﬁmr?ﬁvg?g&r%{\}%de ref erence
symretry when cklermimatiomglgbfithnasdlides an adaptitesi¥othing sechrigse pasedion thed t 0
avoid arteri al (giwacgv&r&citthe cal cul ated position information.

.

(¢)

[0030]  Under another aspect of the invention, the choice of location-determination
algorithm is further based on the user application making the location request.

[0031] Under another aspect of the invention, a database of Wi-Fi access points
for at least one target area having a radius on the order of tens of miles is recorded in a
computer-readable medium. It includes database records for substantially all Wi-Fi
access points in the target area, each record including identification information for a
corresponding Wi-Fi access point and calculated position information for the
corresponding Wi-Fi access point, wherein said calculated position information is
obtained from recording multiple readings of the Wi-Fi access point to provide
reference symmetry when calculating the position of the Wi-Fi access point and to
avoid arterial bias in the calculated position information.

[0032] Under another aspect of the invention, a Wi-Fi location server includes a
database of Wi-Fi access points for at least one target area having a radius on the order
of tens of miles, said database being recorded in a computer-readable medium and
including database records for substantially all Wi-Fi access points in the target area,
each record including identification information for a corresponding Wi-Fi access
point and calculated position information for the corresponding Wi-Fi access point,

8



[ 0032] Under another aspect of the invention, a W-Fi |ocation server

i ncludes a database of W-Fi access points for at | east one target area
having a radius on the order of tens of mles, said database being recorded
in a conputer.- e medi um and including dat abase r
substantiafﬁézgﬁﬁ%agiFi access points in the target aregnggg% %%%% d
including identification information for a corresponding W-Fi access point
and cal cul ated position information for the corresponding W-Fi access

poi nt, 8 WD 2006/ 110181 PCT/ US2005/ 039208 wherein said cal cul at ed position

information is btalne f recarding nmul.tiple .r i f th

access point to prodisyec P%ﬁé%&&%“%’i/wgﬁwb ’%ﬁéﬁta&‘?ﬁ%ﬂn& CRYNE ‘gmB si t| on of
the W-Fi accesgadifgsuf tadTWilFD acbesdi pird kd providk réferficd @nﬁﬁlﬁr}ﬁ\aﬁéﬁlﬂaﬁhﬁﬂn%
position infornmation. The server al so_ includes conputer- | emented Togic to

add records tdhe R@Sl@%%fﬂh%g’lfFéﬁC%M%ﬂté%W@Kb@erhﬂﬁs epdcbiecht s sai d
t |
WP access pdiaiioh fiolthoditie (ihyiraSifidth SaBet nloshehe QY 198 Bd

posi ti on i nf or natdrdsitofthe dathimwﬁwhywmchmovm@mfl\chd%iss pmnesaldmoinpﬁtsr logie033]
Under anot her asa&fl f the| ntlon t.he serve w] des conputer -

i npl enent ed cl UBY'® ﬁg"g“b@rﬁc ‘6‘ t?i%‘?ﬂtf‘ﬁ} BRRHONGAT WD ARREPS RN BEC&?HBIH error
prone GPS i nf ojdtBd irOfe dﬁﬁ%é}o MDE8 Ehe%@ihbﬁ infaSRRh f&fthé hawlyRpidrenwil he
clustering logic includes logic to determne a weighted centroid position
for all positi dfareesdperatsi on reported for an access point and logic to
identify positi nf o t 1] v devi ati on
t hreshol d armur[ta ﬂsjvbay ng a@ﬁt&%&%ﬁcﬁéﬁ@gﬂﬁzg | 1<I§nd?]ﬁeas§éjefé§18*uéase%%§pgxc 5

devi ating posi timplenenteoiraiestaring ltngomlﬂdmfgdpxbﬁhaﬂﬁfmdudﬂmdmémﬁqmnmg t he
cal cul ated pos 1%} s of, the W-Fi access points. Brief Description O

Dr awi ngs [003561} Hiommatighawi ng, Figure 1 depicts certain enbodi ments of a

W - Fi positionifog34yst efter aﬁbﬁﬂlré%pgct geink svenSaa MY dl'lﬂ;té(‘ﬁl 1641€ fcluaes 1dicn
scanni ng devi ces according t certai n enbodi nents of e 1 nvention; Figure

3 depicts an exdgtpominecy wggbteémtwgi m@waufwcalltppsmomsfpmt@ntrmrq@d6@1a@m of
arterial bias 'aﬁcggbgm? erci I%gltc't(? Htentlfy position information that exceeds a statistically-

based deviation threshold amount away from the centroid position and excludes such

deviating position information from the database and from influencing the calculated

positions of the Wi-Fi access points.
Brief Description Of Drawings

[0035] In the drawing,

Figure 1 depicts certain embodiments of a Wi-Fi positioning system;

Figure 2 depicts scanning vehicles including scanning devices according to

certain embodiments of the invention;

Figure 3 depicts an example of a scanning scenario to illustrate the problem of

arterial bias in data collection;

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

according to certain embodiments of the invention;

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;

9



Figure 4 depicts an exanple using a programmatic route for a scanning
vehicle according to certain enbodi nents of the invention; Figure 5 depicts
an exanple scenario to illustrate the problemof |ack of reference symetry

gETWUSgBOSﬁgég%Q%E‘t Zuirg |6082|to: Q?Saagsg;aggriecgcenarl o%%g‘%sﬁn%?#at e

reference symmetry of W-Fi access points in |locating a user device; Figure
7 depicts scanni ng vehicles including scanning devices according to certain
enbodi ments of the invention; Figure 8 depicts a central network server

i ncluding a central lg]at ahase, of W-Fi acces oints according to certain
enbodi nents of the iFSUROASAICtsENEEREDlY SeraRTQ ﬁsﬁfaé%(r@ Pce pYmmey pbBidi e of

posi tioni ng sof 566@5%%0&%01%9&&9 aliger@evitai n enbodi nents of the invention;
Figure 10 depicts an exenplary architecture of a scanning client accor di ng

to certain enbodiments of the invention; and Figure 11 conpares and
contrasts the eff ectEiguré 7aiepmtsdzomnhrgarehictag invhdig whiiding devdces acsogdiag toodel
fromthe Chi nese routl orlthm Det ai | ed Description [0036]
Preferred errbod‘f ?fng% 00"y enti on provide a systemand a
met hodol ogy for gat herl ng reference |location data to enable a conmerci al

posi tioning syst emﬂ?ﬂr@@ d@ﬁlgrs ea eﬂﬁ]}ﬂ ng{véo\ﬂ@ge?v&? x}djkn%agﬁﬁlsa] @ﬂﬁ%esof Wi-Fi

Preferably, the data Ts gat prograrma I C exp ore and
cover the st reeacsessfpomtstacgdingrtegextamexﬁbmhmmts)gfrmermtenﬁomppr oach identifies
as many W-Fi access points as possible. By gathering |ocation information
about nore access p0|nts preferred enbodi nents not A only provide a_larger
col lection of | ocat iXB#Rre RidsPisEERSReTARIaTArditeeue OéBPﬁilgm%é‘?ﬁ"(%%acqo%%l on

i nformation fOrto%@ﬁzﬂn@&BS&&eﬁ@'o@EheWﬁwYenE@n calculated with nore precision.
Subsequently this larger set of nore preci se data may be used by |ocation

services to nore precisely locate a user device utilizing preferred
enbodi ments of the iFigeeald depicts Ga exemplarg atvhiteonnn bof a semninglivntioesding tavoi d

erroneous data in det nin e W - Fi ositions and use new y-di scovered
posi ti on i nf or NEFAGFm SH}W%‘?fé "t‘r’i‘@e’ﬁﬁ?&‘i"ﬁy of previously gathered and
determ ned position information. Certain enbodi nents use

Figure 11 compares and contrasts the effects of a random scanning model with

one using a model from the Chinese postman routing algorithm.,

Detailed Description

[0036]  Preferred embodiments of the present invention provide a system and a
methodology for gathering reference location data to enable a commercial positioning
system using public and private 802.11 access points. Preferably, the data is gathered
in a programmatic way to fully explore and cover the streets of a target region. The
programmatic approach identifies as many Wi-Fi access points as possible. By
gathering location information about more access points, preferred embodiments not
only provide a larger collection of location information about access points, but the
location information for each access point may be calculated with more precision.
Subsequently this larger set of more precise data may be used by location services to
more precisely locate a user device utilizing preferred embodiments of the invention.
Certain embodiments use techniques to avoid erroneous data in determining the Wi-Fi
positions and use newly-discovered position information to improve the quality of
previously gathered and determined position information. Certain embodiments use

location-determination algorithms based on the context of the user device at the time
10



| ocation-determ nation algorithns based on the context of the user device at
the time 10 WD 2006/ 110181 PCT/ US2005/ 039208 the user requests a | ocation.
For exanple, the location-determ nation algorithmw ||l be based on the
nunber of W-Fi access points identified or detected wh | i

request is Y84V 8 ased on the appl i cati on maki ng theq’;&gg]&ésg{%dﬁ%w]
Figure 1 depicts a portion of a preferred enbodinent of a W-Fi  positioning
system (WPS). The positioning systemincludes positioning software [103]
that resides on a conputing device [101]. Throughout a particul ar coverage
area there are fixed wreless access points [102] that  broadcast

i nformation usi f§USESpRUCHS 2 éosation Karsxempleshe logatipnrdeistaination atperithan widht

devi ce noni t or spd hRPEPFE CARDber GF WP acRbss pEARGELRitll Br atg@aédmﬁgi é)ﬂ).c%(t;loglr a

probe request. Each access point contains a unique hardware 1denti
known as a MAC mduesébanadeher tmbddeont thp epplicatiom makisgptht weuest. r ecei ves si gnal

b f th 11, .poi nts. i d | t
G0t aphi ¢ T ocal9ahy of Tistes Eafe » Rutinor d BRASAGmoRdsadt &5 Me ¢ om the
si gnal  beaconsposiiasfy EEMAWIE)! Thé pssifidiEldkiSieht IRcliMsPositioniaRkbitwae of the

802. 11 access Foi nt, known as the MAC address, and the strengths of the
si gnal reachi nglli0Aktha regides onpecpmputing devies [18H: Thedusheltea nagtigylar sevardgs area
observed 802.11 i3 i { i . se [104] of
accoss points,  LRFGRE Rffumbite shlcs bBRTIIAR mal bRasBLRRERIGAIART 10

ref erence dat abesrol/comimomehanhel breddeest sigeals. gBegr mpthdevice moatitorsthe broadqastwer
profile of all the.,access points the gat heriezlgﬂs%st rrbhas col lected. The
power profile ?1§naé0513ﬂpee$&1fs&?nmusF@3 Aoy Epéaé RSt HRURIFORBINSGE ¢ he
si gnal from variggse hdr®eat iRAffierdSoRd ab A 888C KARUR. TRE aliéM %sitib:ﬂﬁ%%ﬂ@iﬂé
software calculatés the relative position of the user device [101] and
determ nes its KeoyeseignabbesensdrovathedORd 1 ppaess paints iprangnd s ¢ ongi t ude
readi ngs. Those { .10 1 on- |4 ,@ns such
s friond 11 nacreerphRdsef of BERoR R RE A Lrardiiilcs BBRUEALIR"S 5
E911 services. bpéx0&@8| Thhe qghamicteriotidsinclsdef thavanigud iderdifee of the 80211 geoesst er

detail with reference to i gur whi ¢h, depi ct exenpl ary c onent s of
posi tioni ng sof ?%tr En(i"()‘é. _t%g/ﬁ%(g?‘!i@esst‘ﬂ’@r%e? 8 SB%%F?’@&?#IS‘?F?’% tg‘?é? ite
[901] that util jesse. |T<P1€@Iiéd@@oﬂi@zﬁ€!c6ﬂ?m%@&x_@b@§ék@@ 8DOIT® acdedé péints Wit thE¥adn USer
(exanple, driving directions). This location application makes a request of

t he positi oni ngitstsfarcnse datpbase { Hi1 phacsess@oings, Whird rasiqrasayagot geside qudhe i cul ar
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 {1017 and determines its geographic coordinates in the form
of latitude and longitude readings. Those readings are then fed to location- based
applications such as friend finders, local search web sites, fleet management systems
and E911 services.
[0038] 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

11



nonent. That request initiates the scanner [902], which nmakes a "scan
request’ 'to the 802.11 radio [903] on the device. The 802. 11 radi o sends
out a probe request to all 802.11 access points [904] wi thin range.

According t otzﬁtﬁ;/1§(91§1 11 protocol, those 11 WO 2006/ 1101%1%%{)0 599985/ 039208
access points’in receipt of a probe request wll transmt a broadcast beacon

containing information about the access point. That beacon includes the MAC
address of the device, the network nanme, the precise version of the :
protocol that it supports and its security configuration along with

i nformation about how to connecgt tq the device. The 8Q2.11 radio collects
thi's i nf or mat i BFFCRRRRS FoCoIBal 8grohsitrrtep il fanspis ARLoAIoist Peasp ponaiing

si gnal st rengt bhfedmd2d6 Ab&R GRS RO bbint. Nt &IOS inchabs M MKAC Q&R Fa@nner .
[ 0039] The scanner passes this array of access points to the Locator [906)

whi ch checks fedca/RE netivors sews, the precishvassior pf/the pratecst thapisiswppostg aihiss t he
Access Poi nt . Thi s dat abase can .eit.her be | ocated
on t he device (Ié}% Lﬁ%}ﬁ%%fig%ﬂ%@%?r?%&lﬁgfx&%wﬁgg%?loeuiﬁ?\gﬁqc 8Ctilc):%h§sd;ew|58'i nt

Ref erence Dat altas802. et radfiscolledte thiviefdrinatiortRda ehey aceés poiat tHahesgiagsr ved
access points that are known to tgF%%éstem .The Locat or passes this

col l ection of P@E‘&?@%Weisiﬁlélrﬁﬁ‘&?% AECe Pintangd sends that backigthe-scamest i cs
returned from mﬁ aC R SRk Pasde? ﬂbﬁ@iﬁ& a%gggﬁhdstt@&mh%gzth PBB}'O v%gifch' ter

applies a nunber of conparison tests agdi nst e access point t et erm ne
if any of t hechaskethe MbCraddrebray ef eacly ebsesied aeceshpgintweainstitid ddcaso Poine access

poi nt dat abase Aft e NV} d a recor.ds he Filter.sends the
remai ni ng acceggfeﬁ%lfﬁpg{aﬁﬁse;t%@' ﬁﬁgﬁﬁhﬁeéﬁ? E’H}eéP? g)oﬁatfg%tstﬁe tVleQf)8] . Using
the reference datdellooeh d ibwakeemiectifni THe AldeaRe RefidteideDAi@betenshs engt h

readi ngs fromthe Scanner, the Location _Calculation conponent conputes the
| ocation of théedesatier date feneach offhe plbserviad pesess Painta that areknpyA Qe systems ent

back to the LOSGE Oheaidrpalsds BOGIRSRA Iocaien FRRALOLABORNGN e SAAP] i ch

averages a past series of [ocation readings to renove any erratfTc readi ngs
fromthe previ ossaateristiod mturmad. frofh eachdicesss point todlat BahDetataltar §90eMhis difter back
to the Locator, ,J0040].The calcul ated |ocatign readin roduced b he
Locator are . cOmHEAACaPEs T soPmaten 58 aerbR sl d oMt Zo BRI S oty of hr ough
the Applicati othe abtdsepdiatshalOholeddioe thdyedrel dédedan thrptdss Bdinddatgiaggr anmi ng
interface (APlI) or via a_ virtual GPS caPabi lity [911]. GPS receivers
conmuni cat e t h&fter {egpgﬂr}gdﬁd,dgfgd?qwi@ 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 adjusted location data is then sent back to the
Locator.

[0040]  The calculated location readings produced by the Locator are
communicated to these location-based applications [901] through the Application
Interface [910] which includes an application programming interface (API) or via a
virtual GPS capability {911]. GPS receivers communicate their location readings
using proprietary messages or using the location standard like the one developed by
the National Marine Electronics Association (NMEA). Connecting into the device
using a standard interface such as a COM port on the machine retrieves the messages.

Certain embodiments of the invention include a virtual GPS capability that allows any
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using proprietary nessages or using the |ocation standard |ike the one

devel oped by the National Marine El ectronics Association (NVEA), Connecting
into the device usi ng a standard interface such as a COM port on the

machi ne re nmessages. Certain enbodi nents of L [cON

i ncl ude a T&.“P?‘“’Eﬁ“’ capability that allows any 12 WO 553@%@%@%‘18

PCT/ US20051 039208 GPS conpati ble application to communicate with this new
positioning systemw thout have to alter the comuni cation nodel or
nmessages. [0041] The location cal culations are produced using a series of
posi tioni ng rith intended to turn noisy data fla into reliable and
st eady | ocati ohg gé%? le ap OBt} ‘é‘?ﬂ‘mg’b‘f’ft&ﬁ’ﬂ% U&‘BH?)%PB%‘W?SW pystem Wftﬁl%served
access points RdveRdalwr i dobfinicafion flebdlRheldagddl strengths to weight the

| ocation of user to determ ne precise location of the device user. A

variety of teci984HuesThe locatinm cslesltipricire ptoducedinsiviga setigpefiposigeniaggt h

wei ght ed aver { e 0

triangul ati ona%§ %ﬁgu@%ndgﬁg{tgﬁxapﬁgv@&gﬁ n%\%{rlﬁ?onljﬁﬁ%bg%%gi sg%(a &cltag%n {/ee?m%s
Different al gﬁma dienssoﬁwafewomﬁamts tierlistofishseted Aesjoite sloag itk tleshd t end to

be used toget id depl roduct the nost accurate final
readi ngs. Pr ef%ﬁi‘i"‘iaded%gfﬁg ﬁ’ts %‘Flggﬂg ioﬁ@ i iserdg HetgERing PHGHH &rcatign
posi tioning al gqhd §4Vice usdh o vaREY of uemeeth gfa@mcidamgts@m@ﬁ%lg@ driven by

the nunmber of access points observed and case appl I cation using
it. The fil terstwggthmregh;te@vreraec qudmneamuﬂghhanmoq!ﬁiswmbmmltbyst ems si nce

traditional sy kno ferenc In t he
nodel of pref et?lr e%ﬁat{rﬁ%)'é%lfhﬁgﬁ ‘Hnaﬁﬁ %‘E%‘Fgg"ﬁs orﬁi] eaq e 08@%1“ ege%f
access points algornmtnspaﬁ&mﬁeher L&Iﬂ@ﬁ&ﬁfeﬁﬁt ftkRarivs @nd fhd @Bebel YodeliRr in
positioning systemso they may nove or be taken offline. The filtering

techni ques asibrg dFPn‘QYmg'ﬁ?r@ H@@@%g’eﬁ%qsﬁﬁ“scu’@&yﬁ%r‘}%ér Pisteriedcated in the
same place anden%akxﬁemeeﬂﬁ@lﬁem daR & 4 At bf i ag{g]ax ithi€, el t €11 ng

algorithms attenpt to isolate the access point noved since their
position was rdsssiaed thﬁwlgorithrert@uarlednmbpda'rthenlanbbr@lﬁawges isaste dbssrvetihe

nunmber of acces ol nts observed at oth | gorithms
i ncl ude sinpl € ;Sgiotg? PIHRG G cﬁ?(ﬁn e lvi/ealhl‘ r@g%gé\%%ggﬁ &usoagl C
i ncl udi ng Kal npaRitfonidgekystems sifceredditonblsysle e rdly b knowan faﬂélaﬁ@ pdénts et speed by

estimati ng the Doppler effect fromthe signal strength observations of each
access p0|gnt nevelp I?IOVC In the model of pre}en'ed em %odlments, thlsg assumpt?on of aft

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 techniqﬁes
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

access point.

Gathering of scan data to build reference database

[0042]  Figure 2 depicts the components used to gather location information for the
various access points. A large fleet of vehicles [201] is deployed to build the
reference database (104 of figure 1) for the positioning system. These vehicles 201

follow a programmatic route through target scan areas to gather data in the most
' 13



Gat hering of scan data to build reference database [0042] Figure 2 depicts
the conponents used to gather location information for the various access
points. A large fleet of vehicles [201] is deployed to build the reference
dat abase (104 of figure 1) for the positioning system These vehicles 201

foll ow a pragssmbise route through target scan areas top@@idess@dha | N the
nost 13 WO 2006/ 110181 PCT/ US2005/ 039208 optimal fashi on producing the

hi ghest quality data. The target scan areas typically represent a |large
metropolitan area including every single drivable street in 15-20 mle
radi us. These vehicles are equi pped with scanning devices [202] designed to

record the | O6phhangAdy CARIACHENighLk G5ae] aRR2 T aBlnaharbyoalip aver sf ng

t he coverage area. devi ces trac e | ocation of canni ng
vehicl e every sepresant ajsxgegnetmpglntam area inelu@ig eyatyadingle digvabROstipet iTHE-20amitni ng

focoras the raRiB eHIPE BN AP i ol RT B et @™

the GPS | ocati @ 16éatioheariCcharicieistice bf 8OZ11 sibmlowaild fravesting the covetdge afel | ect ed
is greatly affected by the scannlﬁgg met hodol ogy enpl oyed by the scanning

vehi cl es.  Each The seanningdeyiees teagh thsepratin of tha gcanninievhickrryeryaeondpisingach,
known as the ?{gﬂa M@%‘s’sa@pggsﬁtgogcqﬂé'k&gnﬂ WL GES all @ué(&éa'ngé}ﬁseﬂée éﬂh@}feare

conducti ng dai activities | ness or ersona use ese ve
coul d be deli862.y1 accesdqminttvettiin magesandirecoréd tha gadiattesavemistics gfulsdt abebdyi st s.

The concept is_t vehicles w || er ough. streets in
their own rande[-ﬁ;’r\r'?%{gﬂq(3 ngﬁ“gecflf"a@g???a%ﬂ ?’chg%ls‘faBPlPéﬂglEelFe&B Ly Béltsglbase.
The nodel does data chidetedds gi«éhﬂiji‘a@ecﬁddmhﬁe SOABEA rﬁe@ho@@ﬂog @b}bﬂﬂé the
quality of the resulting data is negatlvel y a fect ed | ssues of

“arterial biasscanpingyekicles.qBachrmesiekhastits O@Wahmeﬁa@énémth@mameﬁpmm When
scanni ng vehi Ck&?wﬁ E&Ylg dﬁ%ﬁepgﬁk&%gﬂmnﬁ% &Q}C\éh%ﬂﬁ eshb ﬁﬁk%f@s than
e.g. p eop

gat hering data el'1vering ages e comm I 'ng and from
wor k) they tendonducfing daily acteities foabusiness ayteesonalAiseleThesaathicles camd Be | s when a

driver needs t et frgmA to B ang. eks the fastest te to there
So the driver  PERE iAo i FeEdine SUgRRe o T OO o Se FRrerdl

whet her it be avalngﬁm&se%h@lewlmC&Memhfs&é&s mAﬁelaowﬁmhbm fANhEdn mtl rre t he
random driving covers nore and nore ground by the cunul ative coverage shows

a bias to the nmHchtotyulds religblegefeserice datghasehEhespodelsleewin fagt @rayide 3 Bmplend
surrounding r Ogrfeéﬁns tbRoNb QUL bt h@b 18k 66t AQMkind A% alidRphti M1 £ afAR R dué to

traversed by t
issues of “arterial bias”. Figure 3 describes the challenge of the random model. When

scanning vehicles traverse routes designed to solve other problems than gathering data
(e.g. delivering packages, people commuting to and from work) they tend to follow
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 looks for the shortest route to the
nearest main artery whether it be a highway or a main thoroughfare. As a result, over
time the random driving covers more and more ground by the cumulative coverage
shows a bias to the main roads, or arteries at the expense of the smaller and
surrounding roads. In figure 3, arteries [304] and [305] are heavily traversed by the
scanning vehicles resulting in a healthy amount of scanning data for those streets. But
streets [306] and [307] are rarely, if ever, covered because there is no frequent
destination on those streets and the arteries are more optimal travel roads. The result
is that access points [308] and [309] are not scanned at all by the scanning vehicles so
the positioning system will struggle to identify a user who is traveling on streets [306]
and [307]. The result is that when the system attempts to calculate the location of the
access point from the scan data it is limited to a biased collection of input data. Figure
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scanning vehicles resulting in a healthy amount of scanning data for those
streets. But streets [306] and [307] are rarely, if ever, covered because
there is no frequent destination on those streets and the arteries are nore

opti mal trgyg%oorgﬁ?oq%r The result is that access poi nts_P@RﬁLoagﬂgz&BOQ] are

not scanne y the scanning vehicles so the positioning systemw |
struggle to identify a user who is traveling on streets [306] and [307].
The result is that when the systemattenpts to cal cul ate the |ocation of the
access point fromthe scan data it is limted to a biased collection of

i nput data. Figure 1 2006/.110181 RPCT1US20051039208.11 sh .1 he
difference in e%fvﬁftﬁ??\éd%gf’ﬁcedﬂéw g d%%ﬁﬁysgéﬁ}ﬁ%%‘(e Czéﬂngggmnear
the Access Poithe Alcdkd Bbint {1101 B @Qécdsdsa reahal &l i&NBcatibs coiabidyl TRNt i nuously.
The positioning systemnust then calcul ate the | ocation_of the Access Point

[1102] using ROSEioBHEsyEeBapushthenprlarte dedagasiop of hgAccess Poid [RORYBIMSC anni ng
model the set @i e&%get of SblervBdldath [2%33?.3Fnaﬂtﬁgkt@ﬁ&o?ﬁgceﬁiﬁﬁlﬁ'lﬂ&lekjﬁlsets% GGESS

point. That forces the systemto e access-poln cation near
that road rat hietintitedto odeonain roadtfassimgtryethe agmessyointi Thel force§ B@483terdnot her

approach is devel routing algqrithns that include every single street in
the target ar e‘::ffcé‘gd?ed@etaﬁceé%ﬂ)‘?lﬂt%j?‘iaé?? Bear B?aé?aaﬁat‘ﬁﬁéh%‘g?g/etti) H@%@B?SF BEf on of
data thus praogegi ng a nore reliable positioning systemfor the end users.
Figure 4 describes an o(gti m zed routing al gorithmknown as the Chinese

Postman to call8043: e Anpderapproagh fsidsveap ranting plggrithmsiteat finpludeyewyisinglever y
single street j . .Chi . j . fhmis a
known t echni quéetljg ﬁ@%ﬁﬁ%@%‘gﬁ’ aés-gggﬁ%ﬁnggha%zE}HF?f%ggégg%ﬁg%glg%&gh gfg)%‘{r%%:i es and
is a variant chudpredicihges mare reliatliepgsitipireraystdindor thelbwd users. Bigdre4i s a probl em

asking for the,shgrtest tour of .a gra ich visits each edge at | east
once. g( See, e.f5M! optyypizgd ro“@%%ﬁ?‘gtﬁﬂ%?”&r?ﬁiﬂﬁg&%‘?sﬁgfoﬁﬂlfl‘“g‘? Cﬁ@@ﬁ
Poi nts." Chi nagen¥st dificidnt difiredéilte fd:W7enngFvelfyaingddsteebindi tampt fefTHehe

invention include a _nethodology for identifying a target region for coverage
and then usi righingse Popfimae seutingslaosithm i ineyndecsique Bsadrhyrpoplabageneigs.t he

vehicle route., . i i %%y . I te
according to t‘hu-e[ﬁgf a%fc?e%l ﬂlr% gﬁﬁ(;c\?\négr?ggih ?Sngov I atstt(:Bl](l)é %ﬁ@n@%&g@&&%ﬂ%k rlﬁg that all
observabl e acdédeignayoleds apebited skingdorthe shomegtpedt div grdph whiel eigits &Goh by way

dat abase usi ngrienat BRY Ao (B FAmR VBdM Ko Freqbi dapiine Uit Oad or 7' ™
Even Points." Chinese Math. 1, 273-277, 1962..) Preferred embodiments of the
invention include a methodology for identifying a target region for coverage and then
using the Chinese Postman routing algorithm for planning the vehicle route. The
scanning vehicle {401] follows the optimal route according to the algorithm showing
no bias to any street ensuring that all observable access points are detected and
mapped by the system. So, by way of example, access points [408] and [409] are
added to the access point database using the Chinese Postman model but would have
been missed using the Random model. Referring back to Figure 11, with the Chinese
Postman Scanning model, the vehicle travels every single road getting as complete a
set of scanning records [1106] for the Access Point [1104]. The system can then
calculate the location [1105] of the access point with less error since it has a more
uniform distribution of scan data for access point 1104 than for access 1102. So the
Chinese Postman Scanning model not only gathers more access points uniformly
across a target area but the resulting data produces more accurate calculations of

f

access point locations.
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been m ssed using the Random nodel. Referring back to Figure 11, with the
Chi nese Postnman Scanni ng nodel, the vehicle travels every single road
getting as conplete a set of scanning records [1106] for the Access Point
[1104] . TReo seoshfigcan then calculate the |ocation [1185/!9 of the access
point with less error since it has a nmore uniform di sEFTHSHPOYPM scan data
for access point 1104 than for access 1102. So the Chinese Postnman Scanni ng
nodel not only gathers nore access points uniformy across a target area
but the resulting data produces nore accurate cal cul ati ons of access point

| ocations. 15 WO 2006/ 110181 PCTLUS2005/ 0 8 t.Hi gher quality AP Locations
[0044] Once col l ected (or partiﬁg—-@@%%éi%é!gé}——ﬁf’?eer cal scanning data is

upl oaded back to a central access point database (described later in this

application) [8b44le i Ontscolleted esrpaslially belldcd), @rseimihg Oda paipldaded wackeach
access point are used to reverse triangulate the actual physical |ocation

of the acces stogsenird aghestpent databassdiescriprddeter @ this @pplicalipR) WsTe #és r adi o
propagati on ofy.tdigdi. GHEEA7 ogé&\fytio? S8 ach PSPt Gre d8d PPRVers@icCur at e

calculated | ocation for a particular access points or to create the nost
accur at e poweriagguidi¢ the actuhiephysizaliocation efithe hecessstinte bserate atphweagofiles poi nt

fromas nmany differept angl es as. possible. In the random npde figure 3],
nmany access prgprﬁfegnﬁn%ﬁ)g ri’)‘ggé’m}’éﬁaﬁpﬂﬁ’iﬁﬁﬁﬁ?e%ﬁ@mét ﬁ}s%r?e BPEQ%QC {hﬁ&nog stem ][O
cal cul at e t hejctuhRealchRrddbdagieh kot a paRiche adcbssqRlints 0Blcreald @ tosocat i ons

exhibit a directional bias and are significantly different than the actual

| ocati ons of acpsgle pawerRmSfily therssamimyehicly pest gbsgrve the aecseiraint frgmeo a
o . ; . : A
posi 1 oni ng sﬁﬂﬁ%}ﬁd}ffm% Ie§ £ SERIRNGE tﬁ%g?&%o#e &3@%@ 52?’2?&\9%&% ifi,s >0 1N

this positioning syste fe accur acy ocations play a
| ar ge rol e i rar¢ bieservad Croracyly ohe $tivet fondngithe systers td ¢ateulate theodoratioy dirdddlyng t he

Chi nese Post man, nodel lgure 4] .the scanni ng. vehi.cl es det.ect. a _particul ar
access poi nt W%ﬁftﬁ?t Whi’ 'gl'i‘eé%g’cg%ons ﬁﬁ@gﬁtﬁag?%?ngﬂjéa&oa&ﬁlaﬁq %\%‘“ﬁ%ﬁ?gg ng the
access poi nt . differest tAsiiht bl 1o6hfibAs AMBARE hcesd pawito F't Reofs@fdintrediebd t he
reverse triangulation forrmula used to calculate the [ocation of the access

poi nt's [ 403] .intRosifienigigisystem whea ita sfersacenoint locpbenstare nagyaate.+ §o ingthis
e L e M
pattern for emsciragoafabsergiousat positioning aspeadyf iIsimpthe CoimesnPostman model

[figure 4] the scanning vehicles detect a particular access point from as many sides as

possible of the building housing the access point. This additional data greatly

improves the results of the reverse triangulation formula used to calculate the location

of the access points [403]. More details on the access point location quality is

described in connection with Figure 11.

[0045]  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 surronnding 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
16



Every radi o device and associ ated surroundi ng environnent produces a uni que
signal fingerprint showing how far the signal reaches and how strong the
signal is in various locations within the signal fingerprint. This
fingerprint [ sed in conjunction wth the cal cul poi nt

| ocati on towgﬁhlg)@é"ﬁis h accuracy for the positioning sysﬁﬁ&zﬁlﬁﬁgﬁﬁs
fingerprint is also known as a "power profile" since the signal strengths
at each position is nmeasured as signal power in watts. The positioning
systemcan interpret the fingerprint data to indicate that -a particul ar
signal strength_ aqf 802.11., access point. radio is associated w.th a
particul ar dist g‘gécél?tfq? B?H%Fﬂﬁfn @E(‘,‘Vég% 3!°H.%d.°°f GvyRapents @@Piﬂ'tﬁ?\fl%‘éﬁw

techni ques are pg6@atbdwith doctiM¥ _tlﬁ'fi_n@@r?ﬁht &R, "Whithe FRYEpANL e Pokér VO

2006/ 110181 PCTI US2005/ 039208 difficul't to replicate in the wider area

out door envi r onpiefites obawHirdeaccess paints 4re gyarlpyeds shepoisiioaipgwysiem can flelemirgy t he
fingerprint dat ] i ¥ o) f ; i ple
access points afg‘eie‘)é%%??%@g&?&?%&%é@%i%%em“ﬁg’%@é‘% ‘é’ﬁ]érgetlllrllé (ﬁ%{:@%%ﬁ#eﬁ a device
| ocati on mer el ysttengths nditchghé Ewntsingl figetpringn Puferred émisodidents wlitlissihgsnabn

strengths match the conbined fingerprints. Preferred enbodi nents of this

i nvention provP@¥idg ageliablanyetemyfor ehiaining s fingetpriny dadiagross A F@sYs GAVeRES a
across a NMasSi Veof QYBIAlRNs 8f KBeipbihtdTh okdeP Rfutffze BRESPntWAE Sositibnigder tO
utilize finger prient-basedn%osi&??so I ng eaoké%oﬁ%tﬁrrg. ErFg?er ence Sm*rélt y [ 0046]
Posi ti oni ng sysagemithmypi cal |y work by having three or nore reference points
around the device being tracked. These positioning systens use the radio
signals fromthese reference points i ri s to calculate the
device's current |ocation. Signifi ca-n{—m-r-ois—gw ekéhice S ur when there are an
insufficient nunber of reference points or when the reference points |ack
bal ance or symmi®0d§]l ar Bosidordihgesysteats.typisallyi wdrki by havieg three drimore eefbrentche

arterial bias that energes fromthe random nodel. .i ntroduces ny .scenari os
Mhere Che end (BRI RS TS bHRg uhfked: dhroe ppusamin SRRREsise FEHRr o onl y
recorded accesssiggildtroh Aedé re¥diende IRt AvaA6R Waydeo Sdlcd1iig Me dERice's bagdnt Of

symmetry in the distribution of reference points around the end user causes

the positioni nigcatioge Signifiaant esrarnpecyr when thiee ages peuffigient qustber shefergiceh a
great deal of ert. " i i CGESS
oi nt s, the. uscroify sy el e tetbRAS RS 1R BUHRAR) AR 0 BRMRD el ST
whi ch t here ar eillostinpediindigaceck siee grerialbias that emerges from the random model introduces

many scenarios where the end user [501] moves into physical areas in which there are
only recorded access point locations [502] on one side of them. This lack of
symmetry in the distribution of reference points around the end user causes the
positioning algorithms to calculate the device location [S03] with a great deal of error.
With Chinese Postman mode! of scanning for access points, the user typically
encounters a physical location [figure 6] in which there are numerous access point
locations [602] on all sides of the user [601] within the range [604] of the device's
802.11 radio. The resulting position calculation [603] has reduced location bias and is
more accurate as a result. Figure 11 is another example showing the impact of quality

location calculations.

Scanning Device

[0047]  Figure 7 depicts the details of a preferred embodiment of a scanning device
702 used to detect and identify the various Wi-Fi access points. A scanning vehicle
[701] contains a scanning device [702] that continuously scans the airways for radio

signals from GPS satellites [708] and 802.11 access points [707]. The scanning
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| ocations [602] on all sides of the user [601] within the range [604] of the
device's 802.11 radio. The resulting position calculation [603] has reduced
| ocation bias and is nobre accurate as a result. Figure 11 is another

exanpl e sh npact of quality |location calcul at}] ng

Devi ce [ 004 PQEM?}E&@H depicts the details of a preferre ﬂﬁ?ﬁo Oglﬁ)rgr%&i of a
scanni ng device 702 used to detect and identify the various W-Fi access
poi nts. A scanning vehicle [701] contains a scanning device [702] that
continuously scans the airways for radio signals fromGPS satellites [708]
and 802.11 access, poi nt The scann /110181

PCT/ US2005/ 039 }‘Jgd%@ﬁ & %ﬂégfh@téefm? L@’%E&%ab?ﬂnﬂg thoenitiee peesess- dhait
controls the enjdpfin %EI%?&&W&EE‘BNHH@@PS f&el%ﬂ [eosépaaaatmé@zeﬁ B@b 7061 TS
receiver [705] and the 802.11 radio [ 706]. receiver is set into a
cont i nuous rece@Pd meeivotis setdhiow aniimwpus teserg@ugmaismulatmgzﬁmgovgr@phm he device

every second. That. cal.culation is re scanni n ent ored in
The Tocar dai a "Sraionas e Blc8Beard BB Pl CAFWARRTS PR oo b opmiBiRctt O

radi o and begi n&dss&ﬂéﬂ mghOlitcalidta stdrag@y (703, IThe Y&t gliSieidnitiatkes tHel 30D AN
antennas [709]. Any %02 11 access_point [707] within_ range of that ﬁ]eobe
request respond"s':l digydnd begingjeaging ogk gbeprgguqsﬁélsgrgzhrgqu%aqu%@ps

respondi ng si gngh @@PP&%«:%%&%“[WI] Ev'&?mr VP ikt FH’}E@r ueétg‘é‘s B8 £OI Nt
(known as an SSI DX ress acces vice as well as
other neta inf omgmtl beagom bopsr th&@ﬁdqn@ecq)oﬂ“he resﬁm@mg%gmhbbangls ®ngimltie reach
each of the dire na a nnas with.a differ f SI nal based
on the vector o'? d’iawea?ﬁg‘etaﬁ%esfjp?)’?FW?Vnﬁsraﬁ@é’c‘%@%&f‘ %51 gLt or
is recorded algyig dwfcb a$ Well bslehér thét Inferimatib@ hbdhad kel &aésapomﬂtmp@ﬂaing he
meta information about the access point. This probe-receive-record process

occurs conti nuotiEnals regckraach atihp disectignal apicarag Wl‘h’ﬁadlgf(@%@ﬁh‘%t‘f'f@g@@f sigaaldapidoy ed
i nbi nat 4 P
o adl oowi th 1 ot vt de BB a6 Gl o e RC COURE OB b MRl

firmare. [ 0048s]lomnlstmndnmm@eﬁﬁ thattpaﬁ‘ﬁdlaoﬁntmataad theandia diforartion ebowéecr i bed
in connection with Fi ?U‘{‘h 10b The.client consist of three,main co N}gnen
the Data ManagfFoS PEHY] 5 REODEIRGELHIRARABROFSS PETET COpiuPRY T5PosB M Aager

[ 1303] 1382 Dedgaod;]darm@@éadﬂ@%hcg aBpl6@ass 4 bemBiRic dfIRSiPAIQ hFstpdcid PEPS
radi o and t
[ ] and Powered GPS PDA Mount Cradle with integrated SiRF II type GPS receiver with

XTrac v. 2.0 firmware.

[0048] The Scanning Client 704 of certain embodiments is described in
connection with Figure 10. The client consist of three main components, the Data
Manager [1001], the System Manager [1002] and the Upload Manager [1003]. The
Data Manager [1001] controls the operations of both the GPS radio [1006] and the
802.11 radio [1007]. The Data Manager controls when and how often these radios
scan for signals and process those signals. The GPS radio once activated receives
signals from GPS satellites [1004] and calculates its geographic location. The GPS
recorder [1008] logs all of those readings every second and sends them to the File
Manager [1010]. The Wi-Fi Recorder [1009] activates 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 File Manager. The File
Manager receives scan data from both the 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
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802. 11 radio [ 1007]. The Data Manager controls when and how often these
radi os scan for signals and process those signals. The GPS radi o once
activated receives signals fromGPS satellites [1004] and calcul ates its

geogr aphi c I ion. The GPS recorder [1008] |ogs all @ﬁ@ ngs
every second a?ﬁ ”é%lr%ls themto the File Manager [1010] OIICF% /Ia—ﬁa}gzecor der
[ 1009] activates the 802.11 Radio to scan every tenth of a second, and

associ ates those 802.11 readings with the GPS readings comng fromthe GPS
radio and sends the resulting data to the File Manager. The File Manager

recei ves scan dat ro 0 t GP der and W-Fi_ Recorgder_ and
creates stor agefq”??ies_ %&ph&l@gﬁ}’le@geﬁﬁﬁ&] %E&?g“%tél?ﬂth‘?ﬁf'é?rt[ﬂg7b&‘ﬁ re tine
the device is RIERb. liﬁ%ﬁﬁfg} §u@t§'t&§ooﬁf& tﬁé‘%hg@ﬂaﬂlﬂgthkﬁ(ygu%QQG/ 110181
PCT/ US2005/ 039208 [0049] I'n the Upl oad Manager [ 100 there i s ‘a Hot spot

Det ect or [ 1017] hetkpots [1024i(e.gr E-mdbileBibat the devicerin amtgom@dm a@easo Qngo it dretsptst he

Govi co 1 5 aut hop PO pGbtRuoe bR G B icope b wht PR SelBlispRert 0, 1 s

the user of it sthemhespods.actiieing ey Cral cmhambnmnpmaepms]o Ttﬁmmp@hérmot by
activating the Create Connection conponent [1018]. Thi s conponent
associ at es wi t hA$pRaELY IR e hotsgelseaseesp Bpit angrfeatesami803- 14 sompetion BisAssct i on.

Then the Hot Sp%tsﬁt’){t ie&dndho Hb@][ség;?l%]é vﬁlﬂpﬂl nfic ! iflfoRHE ntg)‘ﬁr}hll cation

i nformation for evice. The otspot ates t e account a
provi des net wor thealevies sThechatdpet validates the at¢rmntUpldaheh vavidgenetwbikractess to the es

t he Upl oad Server Au t\,0Nn process. 0 conn to the Centr

Net wor k Ser ver ?eivbcfs] hﬁE}d’h??sMi’r}fgg @%ﬂ ﬁnglatégiqeﬁ[gﬁp?cgg Ty r{sft'h?’glf?‘&% pd?lceSSOnce
aut henti cated, tloe0Mplcomebeioed @endel Neivioak Séer mmisglaad padvadel vilsd i ni ti at ed.
This nodule retrieves the scan data fromthe Scanning Data store [1011] and

upl oads the dat githenticationaglermpationngnge apthesticoled. @%Uﬁb’aﬂ:@atﬁ%ﬂf@m& aI
Net wor k Server m%u@& "{‘f(ﬁslk? ulﬁﬁ S‘f’hfs Brr&n@bés ﬂ};é‘é’caﬁ'ﬁ 13 fllo

Access Poi nt Dat abase ter e up IS co ete t g pro ess
noves the scan Bataatoré f10d Jtand uﬁkmdmhngatﬁm meﬂeotrel Pﬂét@dsz]Sdrmrmbmg BAPk Ope Dat a

store [1012] on_.t VIC upl oad 's leted a t he
Now Ver o on modGPEt NETHEE Sevetettiddia oiteitg store S0 IR e dr oR el At ne |
there is a new painsD&BbaE. Aker thé uFohd isTOmbloR the apiohd plot&s nved e selpvdage. | f
there is a new version, the software is downl oaded and the New Version

Install ation [ 109om]thescsaniag Detagtors [10)1]nheBackupdata store [1012] on the device.
Once the upload is completed and verified, the New Version module [1022] checks

the Central Network Server to determine if there is a new version of the client
software available for the device. If there is a new version, the software is
downloaded and the New Version Installation [1023] process begins to upgrade the
client software. Once the installation process is completed the connection with the
Central Network Server is terminated, the connection with the hotspot is terminated
and the device returns to normal scanning operation.

[0050] Included in the Scanning Client 704 are a set of utilities that help to
manage the device and reduce system errors. The Radio Manager [1013] monitors the
operation of the GPS Radio and the Wi-Fi Radio to make sure they are functioning
properly. If the Radio Manager encounters a problem with one of the radios, it will
restart the radio. The User Interface Controller [1014] presents the tools and updates
to the user so they can operate the device effectively. The Error Handling and
Logging [1015] records all system issues to the device and alerts the user so they can

address. The System Restart module [1016] is called when issues cannot be resolved.
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client software. Once the installation process is conpleted the connection
with the Central Network Server is termnated, the connection with the
hotspot is termnated and the device returns to normal scanni ng operation.

[0050] Included in the Scanning Cient 704 are a set of iliti hat hel p
to manage #’??@g?fé'\}?léé and reduce systemerrors. The Radi%é %:fé(&goﬁnﬁ)ﬁom]

nonitors the operation of the GPS Radio and the W-Fi Radio to make sure
they are functioning properly. If the Radio Manager encounters a problem
with one of the radios, it will restart the radio. The User Interface

Controller [1014] presents the tools and updates to the user so they can

operate the devikis maipleshpisdpyn thedevice ang restars fherhgrasyage, operadissysteroand]
records all sysfemiissy i d alerts the user so they can
address. The Sygstem E&ggﬁgﬁ&rsr%%%f%%ﬁlﬁgﬁﬂls cal | ed when i ssues cannot be
resol ved. 19 WJMB6UK/ 11Tha 8110fECH/s¢d52Q 862.0B&208ing Théewalwabicheseasitics itgpoowiddshe
device and restarts..the hardware, operating systemand scanni client to
ensure proper o roa{qnsfﬁcmrmelnoqlﬁ%tp@p% “6‘83%’%?@&8 t‘%‘@?‘f‘fﬁ Oggc‘g% ﬁ[?"'l]#g
interval was chpg@Ragl BOL118/gMop¥afe Ssing 18 cRRLLITBE the GRARNEG Ecthis AR
802. 11 under these conditions using off "the shelf hardware. 802. 1l b/ g/n

oper at es usi ng Mdividuahagsess point breadensisiie sigaldbeagracavenione githosg gignpeld@bényaccess
poi nt broadcastg.i i .Qver .o f . thos ne n gi ven
time. The scann IH%& %1?71 ggé‘%lceagl?@g ? %ngul}e\?%%/gagg%ﬁy g%%’ncﬁyé@@ ?II:!:] Oorb%e@%?%r%ebas?er ve
as nmany accessmpoy fdc8ssgpipoaspodiible. Thescasmngime valrit esvddted with teravbaged with
t he average speed o{ t he s,canni,n% vehicle to optim ze how the scanning

client covers t?theed piibE SeARRing vehirle 4Q pRiiraize hoy thescanning client eayptsithe cent r al

Net wor k Server f{Qfagdly \hf fdrakteedror aRGRId egidgure 8, the fleet of vehicles
performtheir scanning routines while driving their pre-designed routes.

Periodically each vehicle [ 801] will connect to an avail able 802.11 access
poi nt and authenticate with the Dat &encaldaiwokaierveis Modul e [807] of the
Central Network Server. Typically the access points used for conmuni cating

with the Cent r ofooBpf WORKPRIEIoc S AeRUB! e 1B ROligles birkemiHaPGaRRRE 2t od bY

T- Mobi | e ensuring reliable and netered access. provisioning of this
connecti on coul wutiresduite drivingthsir preaiebighdderopieh| Pericdically saghoiehicle [ 8t will

Sran ning vehi cl g SLARS afhvaAaRE B02Y1 A&t 8F AlhSMic A% RGHL Bieat N P OCESS
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].

[0053] 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
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connecting to the access point. Once authenticated, the scanning client

[ 704] identifies all the recently collected scan data fromthe | oca

storage [703] and uploads that data to the Central Network Database [802].

[ 0053] Once_the data has been upl oaded to the database, nd
Filter prd@gg‘mﬁgﬁg] begins. The Parser and Filter proéts Eggéﬁghg | of the
upl oad scanning data and loads it up into the appropriate tables of the

dat abase. During this exercise the data is evaluated for quality issues. In
sone cases the GPS receiver may record erroneous or error records for sone

period of tinme, which could negatjvely affect the final access, point

| ocati on cal cul %ok theteadingsarey kilometers pway thep Hrase Quiligrs 316 ere¥ed biside  pad
records and eit KfoR&i 1 at iRSq t 3
filtering pr oci-‘ens%{ér aﬁlggroggdclﬁﬁsc?grﬁtﬁg ta{bgﬁzni quag%g%goio&e%%ﬁlta@eérﬁi gllrirb%rg%ﬁ%r’ GPS
readi ngs. For theapgém firstfcalo@tes thetweghteshatntrgid far the wedeks poi@oBingedlaemriofl each
other but the r ini. N 0 WO 2006/ 110181. PCT/ US20051039208. 10% of th
Ceadi ngs are. 5 BAFANEPEASOTRIGH 1h SR PHUCABAR PRER O IS M ERBNR P TR
filter and stor Rdatidhs ATEOSysteM @ds b ABfiRbRI thiehldipdseld 85 thefsiymd dfthiger anal ysis.
In particular, the systemfirst calculates the weighted centroid for the
access poi nt usHis@ibatien todisr prtchceesapaintsithat aredp ceex. dpraeibase eHer BeeAgaed

devi ati on based_Q| i f hut i . %Q‘F . j system
uses a defi nabl renggkﬁé’gg%g‘%ng'togdalg g%!a%ﬁla&%ie& ltshf\‘é‘%ra 0 ﬁlﬁgllos? Lt?cg]ﬁrg{;é}?%ﬁ)td}%gm%
filter out acceths final sehsoidhaingalicReverse Mriangulfdvnandthebdesedisedrbetoscor ds ar e

mar ked, the centraoid is recalculated with the remajning |ocation records to
doternine t ho WUORAN o ek GRS eirgorcRe e B B bl Sh L P oI a5t

described bel oWinob &0 St lhiNHsBintd) Me deh@oif F6:Qhe ARER IR Q/cKINCsafStdl the Of an
access point that has noved. In this instance, the centroid for the access

poi nts will qui ey lpcatigndpsed en thh prepprederanse af feeprdd adp @dditiondh enlipnesreand & ance
of records. An { E L . ' [ a

vei gnti ng val uc paisei R ARAIGRTERL chihe A ka0l hPRR S rcbOgt 408,
represent a nor thasueynictorde rdpresamti aqadre ignificarttindipation efi thel ppesaht locationforea  gi ven
access point. [0.055% Once.the parsing process has been conpleted the central
network system VPR #CE1d9 he Reverse Triangul ation nodel [804] begins
processing the pogsdat @nce D PaRthd froGesPRRBREScolplAEIMIRCERPA nEok Systne added
to the dat abase.[(gnd]dt hei reph)?si ca%tﬂ}.l gcati onis p(;al culated and 2 §yexi sting
access points aléiatespesRevesseciapgslaiongnodeh{804ebegins 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.
[0056]  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.
RSS value of access points are shown as follows:

{RSS}, RSS, ...RSS,}

{00571  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 algorithm as follows:
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data recorded by the scanners. The reverse triangulation algorithmfactors
in the nunber of records and their associated signal strengths to wei ght
stronger signal readings nmore than weaker signals with a quasi weighted
aver age nodel 0056] During data gathering, a WPS user with a

W - Fi rece|0@km&ﬁ%@WLe whi ch neasures Received Signal ‘?@H@?ﬁkﬁgg from
all the available W-Fi access points, and then extracts | ocation

i nformati on of correspondi ng access points. RSS value of access points are
shown as follows: (RSSI, RSS2, ...RSS") [0057] If the correspondi ng recorded
GPS | ocation of access p0|nt i is denoted by (Latl, Long;), and the

cal cul at ed access pozp lb@ma gpn is denoted by (Latl, Long,), the

triangul at ed poﬁﬂ i ofg'i's found'by applying the algorithmas follows: 21 WO
2006/ 110181 PCT U%Eggg%g%T'lo ,/10OLat Lat. [~ 1ORSS,/10 i[=J] wWRSS,/tO
Long, Long, 1=l , 2J /10 :=I [0058] The quad root of power is

sel ected to ease the |ﬁplenentat|on of the algorithm since quad root is
synonynmous to taking two square roots [0059] The second point is referring

to adjusting the dyna /"555;)% coefficients. If the dynam c range of
coefficients is a coni t hé&B®efficient of the al gorithm can be divided
by a constant nédherT =% ORSS,/ 10 Lat; Lat. _i=1 C4 10RSS,/ 10
1=1 C 4 | ORSS,/ 10 410750

i=1

{0058]  The quad root of power is selected to ease the implementation of the
algorithm, since quad root is synonymous to taking two square roots.

[0059]  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, e.g.,

XW

c Lat,
Lat, == 'i/ RSS,/ 10
24107
=
n_4[10RSS,/ 10
2—1(—)—&————L0ngi
Long, =+

n _VIOMS,/ 10
i=1 C

[0060]  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 results, but it changes the dynamic range of the coefficient
values.

[0061] 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.
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Lon Cg Long = "=1" IORSS,/ 10 C [0060] The Paraneter C can be any
nunber and it does not inpact the results, theoretically. Since, the
wei ghted average is based on the ratio of the coefficients and not the

absol ute V%zooet/ﬂﬁﬁﬁet' cally, dividing all the coeffi mlﬁégt/@%lﬁ%/oggzﬁgnst ant

val ue, i npact the results, but it changes t anm ¢ range of
the coefficient values. [0061] This f| nal (Lat;, Long;J is then used as the
final centroid value for the |ocation of that access point. The |atitude
and longitude will then be stored in the database including a tinmestanp to

indicate the fr the tri | cul ati 2006/-110181
PCTI US2005/ 03925@%91e fer K’Ft%‘P @ﬁggéeﬁ@%t&aﬁ%gmn E%Ef%a@é AchesSn

updat ed and eacbmﬁﬂﬁ@%ﬁen ﬂ%ﬁbﬁﬁon@@&h@ﬁ% PaBiPBsilder m@'cremﬁsm&t@of‘ﬁek Bui | der
[ 805] creates subsets of t dat’abase based on regions of the country or

wor | d. The packdaghaselessed ae rdgianaobthe cduntryr artywarldo Thefpackenildar fapidisatest or a
variety of use gasgaubionil 6RO torheahian PRIdALN iy ARORIARNCE Sy AL £uid

interest. The pac rsTcontigure ifon coo

representing cogetigrdphies atel dfentéreste Thapeckirildenio botfinradrwidsregidnicobmimgst hi s
technique a wuser can, downl gad just the | ocati on ata _for, the west, coast of
the United Stat&8ressiins CB&‘ER%HW&@W%“&@ meHeolitpoargay: Jtilzing this teghaidieaan

compr esses t he ol QoI O ik 8R! 1oMABA AR 0 REN|Bad PBL UipbRBLARCTEL ] OnS

per sonnel manage the scanni'ng vehicles and ensure they are adhering the
routing procedupask builfdérsegmentizithe datnaerosdsend dieh compresssathegat a and buil ds the

| ocation track inth heo rations can
create maps of {(ﬂg?’ﬁ &gF gpafflg@ﬂa%%’leﬂtm% @@’%ﬁi opgafgfox}ng P‘%&&l

i nspect the coveeageninglveRicahhd @rmh@rméﬁ@e @maen]igﬁle@&mgtﬁra@dﬂmw tmisa fr om
each device is reviewed wth route mapping software to verify npl etion of

coverage and t oMPdwapracesses alkibg seanaaty anq}ll?flgdsdb? ]chty)nt teack dief; eta"laﬁﬂ“%lé i g

uni f or M COVer aggsRAS Uftopkifibad Hina Ll Wdaf MBI B VeRRIARRL SRk a1 DI €

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.

[0064] 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 élaims;
and that these claims will encompass modifications of and improvements to what has

been described.

What is claimed is:

23



nodul e al so calculates the driving time of the vehicle to determ ne average
speed and to subtract any idle tinme. These outputs are used to nonitor
efficiency of the overall systemand in planning of future coverage. (0064]
It will be gRPh&S d that the scope of the present iny i i t
limted to thg alglég descri bed enbodi nents, but rather @’%@P‘F?@%ﬂﬁy t he
appended clains; and that these clains will enconpass nodifications of and
i nprovenents to what has been described. What is clainmed is: 23 WO

2006/ 110181 PCTI US2005/ 039208 1. A nethod of locating W-Fi access points in
a target geographical area to build a reference database of |ocations of
W -Fi access points, conprising: deploying at | east one vehicle including at
| east one scanni ng device having a GPS device and a W-Fi radi o device and
including a W- ki anhah@iRod $M18éa8lE Willa\ueEessé pelnts ia taEd gboghftical Bred to build
progranmmatic route to avoid arterral bias, said rogrammatic route

i ncl udi ng subst antfegnesdagbaseefilocatipes oftWiEt ascess poiags, cerapring: geogr aphi cal
area and solving an Eul erian cycle problemof a graph represented by said
drivable streets; whijle traversing the target area, periodically receiving
the GPS coordinat es SFPOYAR tﬁ‘%\/‘fegi?,le ‘Rﬂg&‘&gﬁ?]ﬁ%f’g‘? Wﬂ%a?‘ﬁgeg@m%aea,
detecting W-Fi signals fGped¥WicdindaWess radRdeRice ahdirc OWiH @ntMiliraF
device and recording identity information of the detected W-Fi access
point in conjunction w thSYR8| ocation information of the vehicle when the
detection of the W-Fi access point was nade; using said |ocation
information to rever rgvégiha{bgtgl att%rétar}g p(rjosiér' OntiCOf EQe dgt@ﬁcrtég(g.w-lﬂ'
access point; and recoran n% h%g?)osml GR B PREI S ECP BY G EE R baS’iSrﬂ in a
reference database. 2. ThgrogRinhuticebut€ indivdink sub@drttially bl drit sl@ateegandeaphi c

area has a radius on the order of tens of mles. 3. The nethod of claiml
wherei n the programmatic 3E8st 8eogkaphicplaren andgolying agy Bjerian cycle problem of a

graph represented by said drivable streets;

while traversing the target area, periodically receiving the GPS coordinates of
the GPS device;

while traversing the target area, detecting Wi-Fi signals from Wi-Fi access
points in range of the Wi-Fi device and recording identity information
of the detected Wi-Fi access point in conjunction with GPS location
information of the vehicle when the detection of the Wi-Fi access point

was made;

using said location information to reverse triangulate the position of the

detected Wi-Fi access point; and
recording the position of the detected access point in a reference database.

2. The method of claim 1 wherein the target geographic area has a radius on the

order of tens of miles.

3. The method of claim 1 wherein the programmatic route is determined by using

the Chinese postman routing algorithm.

4. The method of claim 1 wherein the reference database is located remotely and
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t he Chinese postman routing algorithm 4. The nethod of claim1l wherein the
reference database is located renotely and 24 WO 2006/110181
PCT/ US2005/ 039208 position information of W-Fi access points is | oaded

into the re §f2§&9§ﬂgﬁt abase via a W-Fi access networ k'Ptsr/IéS;EHfglogﬁwoq of

claim1l whe detecting W-Fi signals, several Treadings of W-Fi
signals are nmade for a given W-Fi access point so that a set of readings
is formed for the given W-Fi access point and wherein said set of readings
is wused when determning the position of the detected W-Fi access point.

6. The nmethod of clai.m 1 whereip. when detect.i a, W-Fi access i nt ,signal
strength i nf or rBYH lm‘c-%’ﬁ‘\é\g?rh%tj‘gf' hAgresp PB’H?%IEEO%WQIIEFO ngﬁeggrgnc&ﬂa%aqeswaa

cal cul ated and wiggQestedndtwoikhe scanni ng device. 7. The method of claiml
wherein a given W-Fi access point is detected fromas many different

angl es as possi ble given the organi zation of the drivable streets. 8. The

met hod of cl ai §6 whEreeinethed of alaim VWwhéeinawbesdetgoing Wikl sigmiscsegeral r om as
many different angles .possi bl e given the orgapi zation, (t)f {hhe driyvabl e
ctrets.  and widragsobREraae: e el Byl Bl B Rt o it S obn W - i
access point i SreadigpeisTored foftle GReA WIS acss Jdift dMRtWIREiRFaig katioftehdMBesel N

the W-Fi antenna systemincludes directional antennas and wherein the
scanni ng devi ceVsed y@iea sletgrpiaingshe pysition;ofthe dstected\Wi-Fj acgess @eiit. poi nt based on
different signal strengths received by the W-Fi access point on the

di rectional antgnna 1 The t of. cl.al wher gi.n..t he GPS .coordi nat es
of "the veni cie Gro Temeasddt FRBU ndein Rl Terattt 1 Bt el ppouitid
operating in costénpthdnformmie abbis thd signalElofotle Wi-Filaatdss poinhigicalcilated@ndV - Fi
devi ce sends probe requests and  records GPS | ocation I nformation about
every tenth of ’&C%réﬁghﬂmeﬁmﬂﬂﬁéieﬁ’é’?-hod of claim 1l wherein access points are
| ocated for a plurality of target areas. 13. The nethod of claim 12 wherein

the reference databapg HGHAS PR 1 Mercind ofRnANE! ALOkTbid? 5T AORLAIR208

many different angles as possible given the organization of the drivable streets.

8. The method of claim 6 wherein a given Wi-Fi access point is detected from as
many different angles as possible given the organization of the drivable streets, and
wherein a power profile of signal strengths for a given Wi-Fi access point is

determined and recorded.

9. The method of claim 1 wherein the Wi-Fi antenna system includes directional
antennas and wherein the scanning device records a vector of origin of a Wi-Fi access
point based on different signal strengths received by the Wi-Fi access point on the

directional antennas,

10. The method of claim 1 wherein the GPS coordinates of the vehicle are

monitored about every second with the GPS device operating in continuous mode

11.  The method of claim 1 wherein the Wi-Fi device sends probe requests and

records GPS location information about every tenth of a second.

12.  The method of claim 1 wherein access points are located for a plurality of

target areas.

13.  The method of claim 12 wherein the reference database holds position
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information for the detected access points for the plurality of target areas
and wherein the information is organized based on the target area. 14. A
nmet hod of | ocating a user-device having a W-Fi radio, conprising:
provi ding a_reference database of cal cul ated | ocations o Fl Ss
points in Otzgl"rﬁﬁé(fmar ea; in response to a user appli caﬁ{cgﬁsrzgfaﬁ%g&eto
determ ne a location of a user- device having a W-Fi radio, triggering the
W-Fi device to transmt a request to all W-Fi access points within range
of the W-Fi device; receiving nmessages fromthe W-Fi access points within
range of the W:Fi device, each nessage identif in% the W-Fi access point
sendi ng the neddgetion fardhy datecirg acrRss BPigisdpr the Pﬁ‘ﬁ*ﬁ’c}ﬁ%‘?f&eﬁ%‘eﬁ‘?@é‘éﬁ@?m
recei ved by thegMallmacmasse aﬂQ%d‘&a%éd&Pﬁ@%a%%& dahe reference database to
obtain the calculate Iocatlgns or the 1dentified W-Fi access points;
based on the nunber of W-Fi access points identified via received nessages,
choosi ng a corr dspondinkghddosfdddadng aledepdavioahaving /W irddisncbmgrisiag: pl ural ity
of | ocation-determ nation algorithns, said chosen algorithm being suited
for the nunber of identified W-Fi access points; using the calcul ated

| ocations for the i deiovidingarefgrence dafabase of epdeuhated lonetionn of Waiky aedesspaithgt hs
of said received rressagesin%fr}gr hmeachosen | ocati on- determ nation algorithm
to determne the |ocation of the yser-device. 15. The method of claim 14
wherein the calculated | ocations for the identified W- Fi access points are
filtered to determ ng redpohftEroGQiséreppldtion teqWést kd dEaBHSa RRANnSf aligye noved
since the tine the information about _the W-Fi access_points was inc|uded

in the reference databasedevitg hagng ?W@"ﬁéﬁﬁ@cﬁ@gﬁf@g@ 141 dpépectiorrapsigit a
reference database is |ocgped: {.Qfakl-¥ acEéégg%fa Yﬁﬁrﬁnw\%e U?ﬁfey}*ﬁ#ﬂ &@ich;?' The

nmet hod of claim 14 wherein-the reference ase 1s I"ocated renote
relative to the user-device. 18. The nethod of claim 14 wherein the | ocation
of the user device i fcgivingimsshges from the Wi-Fi access points within range of the Wi-Fi

device, each message identifying the Wi-Fi access point sending the

message;

calculating the signal strength of the messages received by the Wi-Fi access

points;

accessing the reference database to obtain the calculated locations for the

identified Wi-Fi access points;

based on the number of Wi-Fi access points identified via received messages,
choosing a corresponding location-determination algorithm from a
plurality of location-determination algorithms, said chosen algorithm

being suited for the number of identified Wi-Fi access points;

using the calculated locations for the identified Wi-Fi access points and the
signal strengths of said received messages and the chosen location-

determination algorithm to determine the location of the user-device.

15.  The method of claim 14 wherein the calculated locations for the identified Wi-
Fi access points are filtered to determine if the corresponding Wi-Fi access points
have moved since the time the information about the Wi-Fi access points was included

in the reference database.
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with latitude and | ongitude coordinates. 19. The nethod of claim 14 wherein
the plurality of |ocation-determnation algorithns includes a sinple signal
strength wei ghted average nodel. 20. The nethod of claim 14 wherein the
plurality of |ocation-determ nation algorithnms includes a nearest nei ghbor
nodel . 21. The nmethod of claim 14 wherein the plurality of

| ocati on-determ nation algorithnms includes a triangulation technique. 22.
The nethod of claim 14 wherein the plurality of |ocation-determ nation

al gorithns includes an adaptive snoot hing techni que based on the device

velocity. 23. e nkt hod of claim 14 wherein.the choice.o
| ocati on-deter nﬁ:at i mdtpa%?ﬁlﬂﬁﬁ% WihffP ?relg%fé%cﬁ C{éﬁlb?sﬁés {?%ﬁed gﬁﬁ]lh( cation
maki ng t he | ocatdfRe ied@sdr-derite24. A W-Fi | ocation server, conprising: a

dat abase of W-Fi access points for at |east one target area having a radius

on the order of tens of mles, said database being recorded in a

conput er - r eadabld Bt methedhof dlaiol Movhegein theabizsence dyahade isflogated nomptelit i al | y
all W-Fi acces oints in the target area, each record including
identification %%ﬁg?ﬁﬁéfgﬁﬂ#%§m% corresponding W-Fi access point and

cal cul ated position information for the corresponding W-Fi access point,
wherein said cajgul afiROnfiAsd bf @i 13 WEEA tRNodatioR B BleRB& deVRELY R6VEL NY

mul tiple readings of the W-Fi access point to provide reference symetry
when cal cul at i wigh {tdudsqod dongituds coordinais. Fi  access point and to avoid
arterial bias in the calculated position information; conputer-inplenented
logic to add regords to the, database for. new y-_.di scovered W-Fi . access
points said co tefnfeotﬁ?tgoq ﬁ@qﬁﬂﬁﬁaﬁd" hezgp @‘etpckgr?lé‘é’&ﬁ?ﬂaﬁ?‘é EHUNAYOY

i nformation foraW¥rithins EHRRS a BRAPM Sigidl SivdngthShdighbdhRGademédee dat abase to
utilize the position information for the new y-di scovered W-Fi access
points. 25. The server of claim 24 further including conputer-inplenented
clustering |o0g2& t dlhedeethod 9f qhaisi t4i wirerdim fhemiwmlityrof berstoh-detemuinaronpr one GPS
information. 26,, The seryer of claim25 wherein the clustering |ogic

i ncl udes | ogic ?8“@5F8FH¥H%SaaevﬁﬁaﬂE@ﬁ“Eﬁﬁf#oid position for all position
information reported for an access point and logic to identify position

i nformation thajgy ex gl 1 A - anmount

i nf i hagy, etRoBbadift 14GMdrain BRI \bif 88cla@6h -ddt d

away fromthe centroid position and excl udes such deviating
algorithms includes a triangulation technique.

22.  The method of claim 14 wherein the plurality of location-determination

algorithms includes an adaptive smoothing technique based on the device velocity.

23. The method of claim 14 wherein the choice of location-determination

algorithm is further based on the user application making the location request.
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position information fromthe database and from i nfluencing the cal cul ated
positions of the W-Fi access points. 27. The server of claim 24, wherein
the nultiple readings of the W-Fi access point are at different |ocations
around the W-Fi access point so that the multiple readings have reference
symmetry relative to other W-Fi access points in the target area. 28

24. A Wi-Fi location server, comprising:

a database of Wi-Fi access points for at least one target area having a radius on
the order of tens of miles, said database being recorded in a computer-readable
medium and including database records for substantially all Wi-Fi access points in the
target area, each record including identification information for a corresponding Wi-Fi
access point and calculated position information for the corresponding Wi-Fi access
point, wherein said calculated position information is obtained from recording
multiple readings of the Wi-Fi access point to provide reference symmetry when
calculating the position of the Wi-Fi access point and to avoid arterial bias in the

calculated position information;

computer-implemented logic to add records to the database for newly-
discovered Wi-Fi access points said computer logic including logic to recalculate
position information for Wi-Fi access points previously stored in the database to

utilize the position information for the newly-discovered Wi-Fi access points.

25.  The server of claim 24 further including computer-implemented clustering

logic to identify position information based on error prone GPS information.

26.  The server of claim 25 wherein the clustering logic includes logic to determine
a weighted centroid position for all position information reported for an access point
and logic to identify position information that exceeds a statistically-based deviation
threshold amount away from the centroid position and excludes such deviating
position information from the database and from influencing the calculated positions

of the Wi-Fi access points.

27. The server of claim 24, wherein the multiple readings of the Wi-Fi access
point are at different locations around the Wi-Fi access point so that the multiple

readings have reference symmetry relative to other Wi-Fi access points in the target

area.
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