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
Appl i cat iwo0040Q0Bj Thi s application clains the benefit pomdmseo3539d0s. C.
119(e) of U.S. Provisional Patent Application No. 60/623,108, filed on

Cct ober 29, 2004, entitled Wrel essData Scanni ng Networ kfor Buil di ng
Locati on Beacon Dat abase, which is herein incorporated by reference inits
entirety. [0002] This application is related to the followi ng U S. Patent
Applications (Nos. TBA), filed on an even date herewith, entitled as

foll ows: Locali®OABIONBERTCGNDATABNSEAND SERVIER| PMIETHOD OPFBEEEDING

Dat abase; Locat | gyt SrON BRACON DATABASE AND t.méh'ltmwhg@@ﬂ SERVEeged on
Nunber of Detected Access Points Wt h’UQIﬁ@ User Device; and Met hod

and System for Building a Location Beacon tabase. Background 1. Field of
the Invention [0003] The invention generally related to |ocation-base
servi ces and, CmdlefpmnCteT@de!lytedtlbppimahous and systens of deternining

| ocations of W-Fi access points and using such information to | ocate a

W - Fi - enabl ed[086%] ce.THis applisetisé¢laimsdhe Rededit eddokr3s IUGCK)@IIQ(@)D@U&W years

t he nunber of_nobile device incre creating
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val ki e-t al ki ewgRlosh £RSu SERthlig I@étﬁ%ﬁ{fogﬂmwﬁg ekt Bedcoh! Dmme affcexanpl es
of how new applications are energing on nobrle devices. In ad di'tion, users

are begi nni nghareindesriperated dly refgpinice at itverdiretyat not only utilize t hei r
current | ocation but also share that |ocation informati on with ot hers.

Parents wi sh 1080%kep Hhisenplisatiamisielated o thedallowingdy oi Byent Apnligations:MNesk t he
| ocati on of trpﬁ Z EXaﬁe@&J &éf@ﬁé(r\éﬁrﬂhgén‘?ﬁled%é‘fjolﬁ)v@‘s' ness travel er | ooks
st p up a

to find the near armacy t
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

aski ng f owodneeeavisons, calling sonmeone to ask their whereahseds/osnohavi ng
wor kers check-in fromtine to time with their position. [0005]

Locati on-based services are an energing area of nobile applications that

| everages the ability of new devices to calculate their current geographic
position and report that to a user or to a service. Sonme exanples of these
ser vi ces i ncl Wil Ogak o WEAhR ravLRIbkf 10 RIARE el pHaiflacy b @RI @3, chi |
trackers, buddy finders and urban concierge serV|ce§{ These new locati on
sensi tive devpressiptiohy Abiofdhesarexemyles frequére imoindyiidizl tdknovatheinnyen ¢ureens ane

general concept. . Usi radi o signal s.coming fromkno ref erence points,
these devi cesioudipaiines soBesiqlees T e avs brets ep ating B digrins GIFRE ¢ o
these ref erenggndenk B3 ssk theie WhefeabHi@ts 6r BAREPREARE MR8kt frofl tiBOH fise Mth
weaknesses based on the radi o technol ogy and the positioning algorithns

t hey enpl oy. theo@eiitithe G obal Positioning System (GPS) operated by the US
Government |e esdazens, of .orbiting satell.ites as reference points.
These sat el | | DR oA aet-hatet s6diegh aidan Snireip arog X madpilg sppficagons that
recei vers. Thevégg®itiesilifesrsieeddvices td bBcilhtetRaKedrtdnt bBedrati€ g@éiﬁ&@aﬁ@ ach
to the receiver. After receiving signals fromthree or nore GPS satellites

the receiver '€Bot that Enayusearetq 2 serpigsi BpwA esrmple ofthesreserviges inpladeloseem t o
At oRee g _ . el
o er o ety A0 Besl ARAalRiSbd SAR A0S BRELY At M LG o

no i nterferenc ur es -an can cause

i nterference doacetgessetices! dhese/ssvs ldcatioh sedsidive devited relieornd vadig@hbf t o t hree
or nore satellites. .Interference can al so be caused by a phenonenon known

as mul ti - pat Hechmedogiesdhef all ush ahesameoganerad caneent | Ueing radinsigeals pomistgfsoma |
structures ¢ Wﬁgrefgﬂéﬂcb%lgglté 'ége%é'dévihésoé&ltrﬂ&éﬂ&}’caiggfcsﬂcﬂfakethé Bsdr§30itidn

receiver at different ti ce the recelrver's I'’cul'at1on I's based on
the tine the mslagmato theskrefererroegoints.nBachexfehase mpproaties -hpaith stséngitasl amdconf use

the recei ver and causge substanti.al rrors. [.0007] .Cel.l tower trjangul ation
2 anot her - et ERER RSB OnhioieduteSiatoediant i bositoning aIg0Sthnns ey

employ.
[0006] 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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carriers to determ ne a user or device's location. The wirel ess netwrk and
t he handhel d devi ce communi cate with each other to share signal information
t hat t he wetmwiosan use to cal culate the | ocation of tireTds20060392081 S
approach was originallyseen as a superior nodel to GPS since these signals
do not require direct line of site and can penetrate buil dings better.
Unfortunately these approaches have proven to be suboptinmal due to the

het er ogeneous nature of the cellular tower hardware along with the issues

of multi-pat hesj I ' eyl ' . bk AR :
cel 1ul ar { over e 4 GofafaioRe) S35 Qe bl a0 Ror-RRyRARI AAC B8
GPS and cel | vdmsi cangemetrdte bhifdingeetettien Pnfodmaetely theseeaapaczubastimvapcbvealto bbl e

| ocation calculatjon for nobile users. In this del, th i rel ess network
T ante (o rebADERE fibp the ol R aRGRa e cl (3¢ GHLUY (R Vel e AP flpne With

i nformation apewWsbd6r G tl?gi%ﬁg;; SnPihe 1% SFERiBALRY I ﬁl@?yg%iﬂgréi}n?%{f gemanal

| ocati on of the user based on | ocati on of the connec ower .

These techni gegsrcan hel p GPS receivers deal with weaker signals that one
experiences i s and. hel t he receiver,.optain a.'fix._ on th | osest
satellites quﬂ@ﬂ& p%*sgﬁr@ Sa”_f%f?t""&? qufa{ @?P?%@P?Fd“qth é]l)ésaéldﬁ?ﬁ‘r‘ Yave
been pl agued feyhifidRy t6 BEIINES £ niordBseuié alPRYiaBle GoLafiel calehiBfbe forldighilel 00
meters in downtown areas. [0009] There have been some nore recent

al ternative risges dndliy alodpk thet wireless nehdordienpts tohelpkGBSAmpryadts signah GPS,

A-GPS and cel ] .t # Ltioning One of t kno as. TV- dlizes
signals f rom46%?p§%3ygga%ﬁ#g§%gg?n?a&%ragf)utggggocg .oég‘?ts %igﬁ&%?g%ﬁiiks aﬁlfgri a
Lij di ng, Paulthéigendtgidocalionar e {SeBbiseSdh tiRilosatigsof thedhineted e bswaues and
Technol ogi es for Localization, Lecture Notes in Conputer Science, Volune

3479, Jan 2Habhese taghniquesyian help GPRueqeversideal witbaveaber sighalethaboisut i ng Cones

of Age. | EEEreg;ﬁEHéﬁcgg ir{aﬁ&(s?a)ﬁ?é{p%;lge 1%88%1&0000%&9%5 ix' %ﬁqgéclofeggﬁaz%lgi?e ) gfz'nz)r

The concept 'es on the fac nmost et ropolTtan area e
TV broadcast duicker provAding afasteet firyt rdwaircha Theshdystentdrive BsenPlagieditayl slokr om
these various towers and uses the known positions of these towers as

reference poiTRTRONSEHEeE A PROS GRS T-Bi§2ehihen J0f aneters ¢n deRIOWRATEHS: t he new

o M) 15k B 15 o TR a0
address the known issues with GPS, A-GPS and cell tower positioning. One of them,
known as TV-GPS, utilizes signals from 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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outside the perinmeter of towers, the systemhas a difficult tinme providing
reasonabl e accuracy. The classic exanple is a user along the shoreline.

Si nce thewe 2asee11031 TV towers out in the ocean, there isPOw/UsSYSE2PS OVi de
reference symetry anong the reference points resulting in a calcul ated
positioning well inland of the user. [0010] M crosoft Corporation and Intel
Corporation (via a research group known as Pl aceLab) have depl oyed a W-Fi
Location systemusing the access point |ocationsacquired from amateur
scanners (known as..wardrivers" subm & i / - Fl @ blic
communi 1y verrcarr LR Gannel1pGHn R Ly bbb Y o AL i ERp
Posi tioni ng Wit geddt eoBaamansvdbikited)e(Séé | &lg.) LiMardal &S et.nt| Pidee WHKELE,

W - Fi Maps. com Netstunbl er.com and NodeDB. Both M crosoft and Intel have
devel oped t hdPevieswositioning UsipgiRedieBeacans incthe Widd) Exanples mclude Wik Fvi ng
data as refergs | ocat | WeYe (Y . ' t he
data the syst@nﬁ%ﬁsdﬁﬁ %@?ﬁ’g@%ﬁ%@ﬁ&}gﬁ %pigp%?dﬁ%?% atﬁ/ngmrﬁg%)%%]{l% é}@%&%bl ens.
First, the dalevelopeds®irtdvn cithebsfsege daeutilitescos pabhowariemving daoae of the
data is new while other portions are 3-4 years _old. The g%e of the access
poi nt | ocati dﬁfeF@lCPA?F@FIP%tB%an%?elné\Y&uaisiW‘é@&%l’ﬂﬁiﬂﬂﬁ‘ga 2t syemsved or
taken offlin ' ' ' arl f re and
Sof tvar e cont ot S eel eyl QA YRR, KAk GE e polBE T

si gnal r eceptdatabasdsarandteontenposaebie cbinn 9f tHealataeismewenlite other mfrtiddseare
strengt h of thg Si gnﬁe Each scanni n sofgwar,e ., pl enent ati on sgans for

W -Fi si gnal s ¥e¥F ik r B 2858 DRACPT PO APEHER IS FRRAEANTAEGA/YCE UINRACERS + he
user-suppl i egpe%g Baro bk {n%rvécli I)mwga@am%a HecBhdithe BRE RURGuASEuHRE & vhidety of

self-reported by individuals o are not follow ng designed scanni ng

routes, the detdwireaud seftwaggoafigiretienso uficerin 88211l yadie afd anfertradies different i al

bi as causes a.resulting l.ocatio | .towards nain.arteries r | ess of
Phor e e v dierbitetptith s tesBRe Sitreshe IR oo i Sthe SRenbBES B T or o

Fourth, thes %i%iﬁl.@@é’fﬁs%aﬁrﬁﬁé b6Hew irB empRIfeHtafib dcdid Foit WRIFi 9fgnsls am B fbré@iCcess
points rather than the raw Scanning data obtained by the 802.1 1 hardware.

Each of thesevaystdapiagdifferentdimeinissvalhe Thisd dbeuyssisppplicddata Bifes fromr ent | y

and each with_a .rudi i ght. r I I 0 S: t hat
many acoess pECHESAT Rl Al A GRS S EIeREARE ol dhatius BRS RN bR
| ocati ons i nAedighedsangacees shadditteddHe) apgrégacoarvend hoavilpdiaffis @dasas i f

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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they were located in bodies of water. [0011] There have been a nunber of
commercial offerings of W-Fi |ocation systens targeted at indoor

posi ti oniwg.20¢cBae181e. g. , Kavi t ha Mut hukri shnan, Maria Lipcaiusgoosaazs

Havi nga, Towards Smart Surroundi ngs: Enabling Techni ques and Technol ogi es
for Localization, Lecture Notes in Conputer Science, Volunme 3479, Jan
2Hazas, M, Scott, J., Krumm J.: Location-Aware Conputing Cones of Age.

| EEE Conputer, 37(2):95-97, Feb 2004 005, Pa005, Pages 350-362.) These
systers are dealigngdyddn AHEEPMoARS he BRE RRARbR of (BT Yattinlitth e
controlled environnment |ike a corporate canpus, a hospital facility or a
shi ppi ng yar dhospitel sol thatsilenetherens e cardiza\armest the hyspitahstaffi dbesmétrwastentiher t he
exact locatiopn of the crash_cart within the hospital so that when there is

a cardiac arr f‘m_lgﬁ © (BWRS-t GRS AGCHFACY drruretenivier tess 1Rs CRERSAS Hgt he devi ce.
The accuracy aemidiRIRBicily eAlhAFREL-YRRIGARERaSY TTIESE Yy HRIRAY DeardekPbeal | y
calling for 1-3 neter "accuracy. These systens Use a variety of technhiques
to fine tune tehmiiquesda fimadyneitheik aciumarydoclddiog icondutéingideied sitessveysefs of
every square foot of the c us to neasure radi 0 signal propagati on. They
al so require THNL Oohgf%FﬁmBB%WéB?‘?SBW 1a OtSFﬁé’f"j 8’]‘? a%f&?é‘s B3RP and the

client radi o gaRir®%cHMAR nEMRIR COMERDA 88 tHaN{he BRst P&n? bl hRIclER: &Y cAn CPS

wor ks. Whil e these systens are beconming nore reliable for these indoor use

cases, they aexchpngefsyachrpnigation imfiyrmetign simnitea tolbpw &GSt works. Wéhilethesssi bl e
to conduct th ind of det.ailed sii ryey required acrposs an entire.city
and there. i 5 WS BoPBriGE e Rt Rieth ol mithA BB Er B BREARIN TR HRE D2, 11
access poi Nt SaBCkidsaréd depliyinicat MRS BRSIskibR to@bhdud: theliifd 6REGRTed SRuIRE DY
t hese systens. Most inportantly outdoor radio pr oE)agatl on is fundanentally
di fferent thaligqninefbearossaieatipe @byamathers iy emwey fnegly o8 sonsig epPMBYLIieationi ng
al gorithns al q:%ﬁﬁ i i de- C I

numer ous 802. ?13@ a @rs'll fs%bé’ﬁ%smn"g‘%é ?{:@?ﬁ% %@g{é b%gf)é&?[ éﬁ%:e}{g(géhfeﬁ %é
presence of 8fdguitedlbyibgseadysteadso Mosiiinpoar@ySutduvaiadit propagitivg. is These
software appl jcations. are operated manually and produce a log file of the
r eadi ngs. Exéﬁ#‘ﬁﬁ%‘ge%@)f Eenh thaniipdar sadio propaggtian repdsaing theseppdooing

W - Fi FoFum midﬁm%%%tgrfggﬁﬁsgggaegqgIaivﬁgg_ia{%ggcé&ﬂgpr k the locations of

802.1 1 access point” s ey detect an
[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.



share themw th each other. The managenent of this data and the sharing of
the information is all done manually. These application do not perform any
cal cul at iwo 2ae/t10181 he physi cal |ocation of the access pecmtus2alseyo20er el y
mark the |l ocation fromwhich the access point was detected. [0013]
Performance and reliability of the underlying positioning systemare the
key drivers to the successful deploynent of any | ocation based service.
Performance refers to the accuracy |levels that the system achi eves for that
given use case Performance ReliabiZ Ly

desired perfor [ "
Search / Adverfd =

the tine Turn-ERlurn driving d| rectlons 3059@1%@5&5 QSW%Oftth%Umene
Gaming < 50 nmepes-bYAkeddrivifiditddiBnd T | €nd 19i20dRdtEs< S00 9BYesfah8aHeof |t he
time Fleet manggenment——<io—meters—95%of Lrg er§ mdoor g&%&&éﬁ% ng < 3
meters 95% of 4 OV

o of

nnn

n
beacon dat abas@riend fidesser, nmet hod of bui K(Sﬁ()ﬁqnftt@'éatlon l§@%c@frfh‘él8ﬂ’§base,
and location b m&g@@w& ng sane. [Oo&ﬁ]mbhaeker one 8sfaesttthefindehe

I nvention, W- gcees IS are tocated_t arget g r arjea to
build a ref ereﬂldoo i (‘("()J— |l ocations-—of \%llm%e}sar\r\ncc %390 &@éﬁﬁe st

one vehicle is deployed including at | east one scanning deV|ce haV|ng a GPS
devi ce and a.sunﬂﬂaryadlo device and including a W-Fi antenna system The
target area is traversed in a programmatic route to avoid arterial bias.

The programmatic route includes substantially all_drivable stree%g én t he

target geogrdffidlal dihednvengon proyides &AO@HPBPP%‘P“% aseAEEiE-dretiod PE ph
represent ed %1@%@10@&}10\{1%%0115&& kS andMicafod hé’s\é@rs 59' us §aﬁfeget area,
e GPS

periodically recel coor |nates 0
traversi ng t H801%fr getUmiceane atptat of thegnViintion, W1-F1 access pomts are located ina

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 includes substantially all drivable streets in the target
geographical area and solves an Eulerian cycle problem 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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signals fromW-Fi access points in range of the W-Fi device and recordi ng
identity information of the detected W-Fi access point in conjunction with
GPS | ocatwonroeanfiorsmat i on of the vehicl e when the detect iPam/uskoosiogo2v¥ - Fi
access point was made. The location information is used to reverse

triangul ate the position of the detected W- 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 radi us @ftehdifgik d6rmedfifot @B Tivh Wi-FegeceOfblfl anaiRieinRAHRES ofdeRBREs Of
the invention, the gro rammatic route is determ ned by using the ChineSe
\Z

post man rout i isgsed whet ddienminiog 1183 pesititay ofthe detected Sfidditacedss PRt nvent i on,

then, a0t ot el 1 548l S4B SRELNE. PhrnbPEFEAHR P

given W-Fi aggesstr@iinfanthtion abeitths sikaalFeim ee Wedilhét@ss pintis ealcwlaesd
determ ning the position of the detected W-Fi access point. [0019] Under

anot her aspecanddecarfed bytheseamning ¢gyése- det ecting a W-Fi access point si gnal

strength inf i on ' Lromt. I - E] A nt.is
cal cul at ed aﬁ@ﬁ?(t)ercor %g‘géynot ga§ %ﬂﬁ#tr}\ls1dev?lgrg’.a\%ﬁ%&g]qﬁﬁg%rspgggt Rer aspect
of the i nventdexttedfrgm\ae ma dHiferasicagtes e podsibls giheh éet @gaiizaionast thany

di fferent angl es_as possible given the organization of the drivable
streets. [002]vablefdieetinot her aspect of the invention, a given W-Fi access

point is det e@?gﬂ fr wd@P%‘{m agﬂécc{ &f l@l@tin\%\%ﬂl)l?,sd %@erp‘@ﬁ?fii Q!:@esgipe{iﬁpist he

organi zati on t'he I'vabl e streets, and ereim a power pro e of signal
st rengt hs f ordetectgd/feom\A nfany ddff@sst gnglentas pessitdte grvon tedorgadzatencfdieel. [ 0022]

i roct | onal - dBRER=SACITEIREY R A EERIT Ao 80y FEBMBL G A EROBThr of
origin of a Wk P@ﬁﬁ@sgéetaﬁﬁﬁgd fRSecbrasy.di fferent signal strengths received
by the W-Fi access point on the directional antennas. [0023] Under another
aspect of t hd0022jent Under znothes espest of the drventioe dbeWifli 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.
[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



plurality of target areas. [0024] Under another aspect of the invention, a
user-device having a W-Fi radio may be | ocated. A reference database of
cal cul at esolo@ations of W -Fi access points in a target paras200s/0pnoyi ded.
In response to a user application request to determine a |location of a
user-device having a W-Fi radio, the W-Fi device is triggered to transm t
a request to all W-Fi access points within range of the W-Fi device.
Messages are received fromthe W-Fi access points within range of the

W -Fi devi ce, waaG aceds pomes dndans éi%ﬁél@&eﬁélﬁ‘s o salid 126968 &e@&%&ﬁ aritid chgkeh he
message. The signal strength of the nessages received by the W-Fi access
poi nts is cal loghtiaredeternhnaticn dgenitbm atatsadde deiesminsgbe sdtiemolnhe aper-denise.

calculated |l o kpns ;for the identified .W- .Fi access i.nts. Bas on the

number of W - @Egﬁ c es[gm%% f‘%?eqsléri Her |°¥ ﬁ’gdn‘(/elngop’e@g Ic‘élgala%@ég%%gg ﬁ’(f ﬁlgeosi ng a

cor r espondi ngidenifiéd Wi-Hd atesspoiats HOfiREGO kD 8t8Rnhin® M8 tBe Pbrdkéspbhdivg Wi-Fi

| ocati on-determ nation_al gorithnms, said chosen al gorithm being suited for

t he nunber of aqcgsrraints daveproped sipcsdhe tigsithe Hiformpsion sbewt the MN-Fiseeass paints or

the identifiedW-Fi G | , he signal strengths of said received
nmessages and ?%%H%l%%g%?ﬁbéggkgk?ggégphination al gorithmare used to

det er mi ne t he[(0A6Rt i dindef ahdtheruspsct dethedrvention b} plurday ofihiied- aspect of
the invention, the calculated lLocations for the identified W-Fi access

points are fi{qtermipation algerahms ipclydes pisimpls sisnabwreaethgreibied axeragemodel: nt s
h d si h | ' ' t V.- Fl :2SS poi nts was
L i o

i ncl uded in the reference r aspect of the
i nventi on, t hdetgiminaidnt algaithine catludes dekaest regghibonmakdglor i t hns i ncl udes a

i npl e si gnal n i ght ed average .nodel . [0027]..Under anot her aspect
of The | noontO0PE{ DT pithehsitet pERE T Gtai P RALIS! Sogumt hi
includes a ne@é’t&*‘ﬁﬁnﬁﬁin@ﬁ@ﬁ]@hﬁgﬁﬂmdag Q%ﬁiguﬂﬁ@ﬁfte&lﬂg@?r aspect of the

i nvention, the plurality of |ocationdetermnation gorithms i-ncludes a
tri angul at i on[00&%hni drlr@?ér juog]aspact ef the mwtehtion dbppbiralsy of keafionsent i on, t he
plurality of |ocatiaondeterm nation, algorithnms ingludes, an aptiv
snoot hi ng t echni que’ B)gsag%orghmf Hg?lﬁj@islfl@gd@ill‘%éwgﬁnng teChmqueagasgé ol the

device velocity.

[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



[ 0030] Under another aspect of the invention, the choice of

| ocati on-determ nation algorithmis further based on the user application
maki ng t hwol2omatidsm request. [0031] Under anot her aspectcofuskévs/osereent i on,
a database of W-Fi access points for at |east one target area having a
radius on the order of tens of mles is recorded in a conputer-readabl e
medi um It includes database records for substantially all W-Fi access
points in the target area, each record including identification information
for a corresphsteiitalll cditul @64 BStiRPINArnAfidn §AbKNEd BEndRsbHinmhlfpRy mat i on
for the corresponding W-Fi access point, wherein said calculated position
i nformati on ixadipgapinibe Wi-Bimceess pott typiewidei rpfegence spinmgtry sthentealowatipg

access point r.ovi de..ref.erence syr Ly whe al. gul. at.i t he nosition of
the w- B accleBhBhPPakan FECRG G- el Yo i 084 i dlifudg ' " ©
posi tion i nf ojo¥eidnGifforindfieR] ThisieveranotifdlndasddasutfiniphendnfatElaicad ad@ W - Fi
| ocation server includes a database of W-Fi_access points for at |east one
target area H&9THS tathe gatabasedar nevelyslisfoveisfl WiHisacsessraoinis said gpmpuigt igis e
bei ng recorded i R: .um. ekudi ords
for substant ilgflllu?/m Ilﬁgwblh%%([:@ge %)tg)ln%n%ﬁ%@ﬂgortvg?gﬁ Cgsg g’%@?@ﬁ’r‘% ord

i ncl udi ng i degsdredl i el dambase orutilité the gositioa itformasqOfod tHeneWlydiscasaed Wipoi nt
and cal cul ated position information for the corresponding W-Fi access

poi nt , wher ei F1S5FEPS PRINEY| at ed position information is obtained from

recordi ng mnul I Qe y 2 El: : | . qvide reference
symetry Wnen[bgg#]gul ati ﬁgg‘ﬁ]@é"&%@% %{%t%lgé?‘%ﬁ ﬁgﬁ%@%ﬁ%&l@gg&aﬁr t and to
avoi d art eri ampbmentediclubtericgalogid tatiéehtifp poditiom inforimoation thagel. onldreorgeomer al so
i ncl udes corrpaégr%%errent ed logic to add records to the database for

new y- di scover et 1_ = _tloé’ccess_ points said conputer logic including logic to
recal cul ate goe3d] on UdakPABHdrASpdePbs e ifenf6R,88S cRAELALS 1dPiEMERIES Ygid @F ed
in the database to utilize the position information for the

new y- di scovefetatmiiic a Fieightasesentrpidi posision [fROdBpositeheinfamatibe repastipd for apf t he

i nvention, th incl ud t er.i mpl.ement ed, cl ustering.logic t

denti Ty posi TR POtaPsif? sl pasttion FuypripinndbessSeet o RIS [ 0034y

tUnder anot herbageP@stiattn thieghd18 waduhOfwayt fiem hdlednloidgosi@s snd deluddesudhogi ¢
0

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



determ ne a weighted centroid position for all position information
reported for an access point and logic to identify position information

t hat excewdo@/Qomti stical |l ybased devi ation threshol d arownis2esmyo2ds om t he
centroid position and excludes such deviating position information fromthe
dat abase and frominfluencing the cal culated positions of the W-Fi access
points. Brief Description O Drawings [0035] In the drawing, Figure 1
depicts certain enbodi ments of a W-Fi positioning system Figure 2 depicts
scanni ng vehicl es i ' j j [ DF]{]E]@' T
enbodi nents of the@ﬁ‘bﬁ?‘?@%@%@%ﬁ?@%@éﬁ?? g}ﬁ%ﬁatg){g%{) gegf a tsrgaolleYIHFgl
scenari o to i hdoastpante in heatumgpbhemdoficagrt eri al bias in data coll ection;
Figure 4 depicts an exanple using a programmatic route for a scanning
vehicle according to certain enbodi ments of the invention;, Figure 5 depicts
an exanpl e scenar i Bigies T fenigts seanaingriehislesinelndisg seanningdeviees apendiag sy nmet ry
of W-Fi accegétaﬁ)r?&%(? ihR és%(f?ﬁé. A9 RichsSer device; Figure 6 depicts an

exanpl e scenario to | qus{lrate referente symmetry of W-Fi access points in
| ocating a user device; Figure 7 depicts scanning vehicles including

scanni ng devi ces apigafel 8&hiéte aCehttA nBrvRiTR vEERERARy 4 (Bt YRk O B Whirgur e
8 depicts a central network server including a central database of W-Fi
access poi nt sacgessdrodtp gcaosdiog e edrininerbetliments of die inMentiomyent i on; Figure 9
depicts an exenplary architecture of positioning software according to

certain enbodi nents, of the.invention; Figure 10 depicts an exenpl ary.
architecture of a é‘&\ ﬂﬂ’lgFF%ﬁfer%@E’é'raﬂaﬂEfCWBe %fgli’cgéﬁ%ﬂ%%ﬁ’i’%ﬁ%@f Pt he
invention; ang dhaenbblikPar A2 idkGsRNt rasts the effects of a random
scanni ng nodel with one using a nodel fromthe Chinese postman routing

algorithm Detailed Description
Figure 10 depicts an exemplary architecture of a scanning client according to

certain embodiments of the invention; and

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



[ 0036] Preferred enbodi nents of the present invention provide a system and
a net hodol ogy for gathering reference |location data to enable a comerci al
posi ti oniwg 28¢6stiersuusi ng public and private 802.1 1 access/ysei0sis39208
Preferably, the data is gathered in a progranmatic way to fully explore and
cover the streets of a target region. The programmatic approach identifies
as many W-Fi access points as possible. By gathering location information
about nore access points, preferred enbodi ments not only provide a | arger
col l ection of i i ' o] NOI . . .4 0N

i nformation fgireq%glf: e@%kﬁ@%%dhﬁfb rrrggdI élegglﬁg(?ﬁdg? %g@%ﬁ%&%? é%%lggﬁgl%n.
Subsequent | y bébasell anger nieeberaf WibFeacpesposs Hishafiethyr detectsbeihdiya loea@dr on
services to nore pr.eci ell0¥ | ocat e, a Uﬁ_er .device utilizing preferred

embodi nents of°4Pfid 1§ {9 Besed earthe ppplicaitimaking $he egusstchni ques to avoi d
erroneous dat gygan det L1 29 i Fi el | tnaew di scovered
position inf o?)matll on f'?(é)ﬁ%gpr b%@fﬁééﬁlgggie?iéf%f{éﬁg%@%ﬁgﬁgo ga rllé:;led and

det ermi ned popéditiening systenmEViPSH. Thie positionirgriystinminehales pesitioning software

| ocati on-det erm,nation. al gorithns _.based o context of the user device
atthe 11 met HECTL b iR 68 b Sampeas Rovs ol enERpsAatt ¢ Rartionfar Soverage arca

| ocati on- det ehid\at Figed MidRkd Aty pdihts PRONURR Brodcdh Saf BRI RingV - Fi
access points identified or detected when"a | ocation request |sgr’rade, or
based on the eqiol/eemmnen chakichhraateast sigualst Thg AT e Heguositdrsdepbobdcaat
portion of a rre odinent .of a W-Fi positioning system (WS). The
posi ti oni ng s@éﬁ%%r feﬁgfaﬁgg% O ma R alikies X3 ?W/ﬁ}l@“'[ E@%} a‘gﬁ%ﬁpor“étéio 0Ssh a
conputi ng devirigud H@dware ISR RISWAR aP2 MAC Wllddess OMRS ARGt FEBRodiNE §STvidrs

fixed wreless access £Oi nts [102] that broadcast information using
cont r ol / conmoisceiemnEnal beasant Hrom e §ARI S accpepeinisdnrangeaind saleplalasdhs t he

br oadcast sig . ts . ] SSI ia a pr.obe request. Each
access point %@ﬁ%@#&lggaﬁ’%ogﬁ%é %Oe{ltrléﬂmg%rea G?%égl i icga}ra tﬁg%ﬁzsggo%ﬂwrﬁgdr ess.
The client pdsdatomsniThysscidraasmstice arindeshsngqad idBRRAGATT the 80D.1 hgec8R2. 1 1

access points i.n range and | cul ates t he geographic | ocation of the
conputi ng deVRURS (?‘%‘ba%'il?ﬁ F&dﬂﬁsﬁ’@dﬁhﬁﬁgﬁeﬁlﬁ@sﬁ theatignsd rrashiag tmelisat
characteri st ig&Siden ' ' Lfd f : | nt,
novn a5, the WRE-aqis segtBINAIC S SENhE byt s0™d, Ay bty RERIRoR T
client devi cdts refeeenckidetabased il Offofaccanpainéss whitd mbyg er meg n80R2sitle bnake ess

oints with those in .
P (pevme as well. The reference database contains the calculated geographic locations or

O

power profile of all the access points the gathering system has collected. The power
profile is a collection of readings that represent the power of the signal from various
locations. Using these known locations, the client software calculates the relative
position of the user device [101] and determines its 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



its reference database [104] of access points, which may or may not reside
on the device as well. The reference database contains the cal cul ated

geogr aphiwolo@atiosns or power profile of all the accessppuiust®stbeos

gat hering system has col |l ected. The power profile is a collection of

readi ngs that represent the power of the signal fromvarious |ocations.

Usi ng these known | ocations, the client software cal culates the relative
position of the user device [101] and determnes its geographi c coordi nates
in the form gadin oSS nfed
to | ocati on-9 Ceg@%&hgq fégg{f)tgﬁé‘ﬁfso&gﬁ e fri 29&31 ‘;I'Inder%(lk‘?i sgtgnr%lhﬁ
sites, fleet mfmnmgmmrmbbumasam Boint. H‘—hhﬂ.b&&bmnﬁ.ﬂmies xR C Edt&egmffithe oni ng
software i s described in _great detail with _reference tQ Figure 9, which

depi ct exenpfa¥ise: é%%weﬂﬁw dgF‘flﬁeoYﬁrﬁan%ﬂm%’“ﬂdba ISHPAPOHP Py Bher e i s
an appl i cati gypiy &ﬁ{f%hfa%oh%%#pmﬁfnf&iﬂahbﬁ SBodtHo! o QBnh &Rl BERIcLRPT OVi de
sone value to an ‘end uUser (exa driving directions). This location

appl i cati on Wh&862.41 r@ﬁwe(sliectsfthtshdopusmdn ﬂ«mmgclsaﬂcbwapmnﬁthat esponldscat i on of
the device at .that particular That r.equest i t]at t.he scanner
19021 whi cneHanaes BE seihsRaglidionch socenpaipbinentni el aftecranne
device. The f)3 %1 MR RaSRP PassedthiParPiyTAcERY g@ﬁ&s foqh&t be 9bd) WARSS
points [904] wi thin range. According to the 8 11 protocol hoseaccess

points inr ed@;ﬂCbﬁ thefMa Cpaddlsessescd gech Obaemedtapenss pint agdinsh HetcAsteshBaiobn

b hat 1 ud h C
cddr ess of 1 RethorearpRe il iR SRERRe e Bl b Reeat RO B pRe 1 M

protocol t hatenidtel§WvBPs hewdBbcdrnSctsRe UFHetHcc%@sﬂlf’(blﬁt«!R@&t&Be BlafhgsaVetuing
i nformati on about how to connect to the device. The 802.1 1 radio collects

thi s i nf or mathiedecation gaadfencash of die hsprved aeeess peisisdhaisre lsmvcrumathe sysiere.
signal stren anner.
[0039] The s?féalﬁgéat‘g@g“%ﬁ?én‘%"%f @Qg@@@@@m&a%ﬁ aPO%%K”‘%}ﬁth%% B or [ 906]
whi ch chec kSCHdna:témﬁcafhﬂmmsds fismodack acda:s@p@ﬁt Mﬁﬂe Bad Bxta PiieNfO0TY aThis tfiltche
Access Poi nt Reference Database [905%&/@ Thi s dat abase .can either bhe | ocated
on the devi c@PRAES AERHIOET O compArigothies gwn&tcﬁaﬁlée%qewomre dREé’é‘é%e ipapy Pt

Ref er ence. Dalhiasts bt e ok SBL 1RY il Aqdd o B fbctls d&éﬁﬂ ALy ed
access points that are known to the sy te e Locat or passes t

col | ecti on oAfteoeaidving badf datanetomds, the Hilgr vértds thdwenmininghccess 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 piocessed 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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characteristics returned from each access point to the Bad Data Filter
[907]. This filter applies a nunber of conparison tests agai nst each access
poi nt to weteswiins1i f any of the access points have novedTdaise@s/osdrzey wer e
added to the access point database. After renoving bad data records, the
Filter sends the remai ning access points to the Location Cal cul ation
conponent [908]. Using the reference data fromthe access point database
and the signal strength readings fromthe Scanner, the Location Cal cul ation
conponent co I } i : : at

| ocati on dat S}Ntﬁs&g%%a{il Blg;?éﬁ%dgﬁ?ﬁ%éiﬂa@?%rﬁ té‘ﬁ%lﬁlgs %ér%g %ﬁ%ﬂ%? Sﬁ%%éﬁr#gg?hi ng
engi ne [ 909] haits tolaltes/tbe agmsiuaigation medel @snedsagescat i on readi ngs to renove

ti ' f th i | cul ati.on. The adj usted |ocati
G T et honl @B "Dome SRR G Ry RloRs fre phishior T 4188 2 iy &L Pottontg: | on
readi ngs pr omfgﬁﬂmkswnteaaecu@qaﬁmoi@r Sat£ AFWY M6 2L 18@1d eﬁldtsgh%gf 1%{%??% k@gg@gﬁgg

an appl i cat i &he phienjsefitwingomperes thedist pAPDerd agiess pointy aloag withsheinpabi | ity

911]. GPS r LVELS: myunicate thejr lLocation readings .using.propr.ietary
Lress!ages or g%?‘%lat%ii%l@% osérgflgtg‘ﬁ 05‘{"81;%5%3@8 l‘i"ia%gnf’ﬁgs%ﬁ%d% P%Bfe‘%lsg% 3jgn
Nat i onal Mar bfiedbgiet 11 ASvaARBOG! taéﬂx%a@ A plof@meRdinaGimpleXige devi ce
using a standard interface such as a port on"the machine retrtieves the
nessages. CefifeHisH whighier fuerege sodelsandarpsbrtigidiorimdelscrombingdrwidal  GPS
capability t . pat.i.hl e | [ glnm.[mi e wth
t h!os new %os?@g%hy%?@pé%%n ? %(E)r %?Hﬁg\r/[g O@QH%P%%? 0?‘ hrhg%él’gg{mﬁ)ﬁ]l 'a@?tg?{e del
or nessages. algOfithh]s pEifert beasr undecdiffetdnatdenagosdr tpidtbUisated sddetheriser i €S
of positi oni%ﬂ%ﬂithms intended to turn noisy data flows into reliable

and steady | R EgProoaskthemesh ecaisate Hapkreadinparkusteried 1 st of
obser ved accénBodfiels b Mol tah U8 & nfdb&HiHosolindMBloribHERRINS 1O
to e i'oh o

wei ght the | ocation of user eterm ne preci oca he devi ce
user. A var i dosiaf of whichalpeathm teusenpbdyadby thelnudibegofacrpdsepcintgpbieredd engt h

i ght ed del s, t i, del J ith._, .
UrT angl at | o BEHR RCSPRICHURRHSIEE. Lo RRITR BSR Gism B reiomtloci ¢ y.
Different al ﬁﬁadﬂ%gsy@@ms@ﬁﬂee%mt%am@@ms%ﬁyf&mﬁm%f‘e@a{&%hﬁ@ﬁl& end to

be used toget her
never move. In the model of preferred embodiments, this assumption of fixed

applications 01] through the Application Interface | i

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 techniciues
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



hybrid depl oynents to product the nost accurate final readings. Preferred
enbodi nents of the invention can use a nunber of positioning algorithmns.
The deci swono@f1iwdsich al gorithmto use is driven by thepowndsesosoBszagcess
poi nts observed and the user case application using it. The filtering
nodel s differ fromtraditional positioning systens since traditional
systens rely on known reference points that never nove. In the nodel of
preferred enbodi nents, this assunption of fixed |ocations of access points

I's not made; b ' BoR BeurP&Skind Ak em so
t hey may mvgbgg?aﬁfeaatﬁgig%agg??iﬂ%;gThEeq?%Mllfg?t?Kg%t&r ni %r%as adgggfr:éﬁ%’hat

some access ppresest aygenmetrapeditan dven inohidingkviery sihgle dsivablp sest imhd-200nilel
cause a bad | ocati.Qn cal.cul ation.. So.t filtering al ithns atte to
a0 ate the HiBs ottt Hitdclehie Supa il acamitodiel (A0 et pR s
recorded. TheeflbbdiRg afd EnAl¥diaRiEs SNBLCTIRAGRA1P RS taterting v b¥efagfareaccess
poi nts observed at that nonent. The snoot hing al gorithns include sinple

posi ti on avelhgserning dewices tackaitio dovetion bathescamingyghicle avary eeegdresingan

filters. The .vel.qcit .t h ul at e. devi ce s b t it i t he
Doppl er ef f eﬁ’lgn?l(r)fg?‘ﬂlﬁ@ %l%éfﬁt_gf @4?’2%? ﬁc%ﬂglgrd\?g Clegf‘?g %gafd’k Se%lg E)%eas rg%s%fqa%g i nt.
Gat hering of 88Z.an aslRkapdift WithinGadRf @aeBERd ik 2hd6 ehdd&daldtickiof tiia€ accedepi Ct S
t he conponents used to gather |ocation information for the various access

goi nts. A | apgat sigadtalers widhhhel@S Jopatiqn elsthe seangipgdvehisia uTheuahity efdher ence
at abase (10 f. il | &1 0ond heles 201
follow a pr oé?tg%%g‘%ﬁ%gl‘rg&%%agg’%}?ﬁe%%g Rg'?%!r %dgﬁ ﬁlig ggrrl]&%(?&é%@yt%ﬁggﬁ% gt ain the
nost opt i mal lﬁcfmhimgmeanU (Eaﬁ]%}niohel Hms@dse&tnl tepmatiistayd diatieationd eOhangmbactcan
areas typically represent a _|arge netropolitan_area including every single
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vehicle. The quality of the
means to collect data but the quality of the resulting data is negatively affected due to

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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data collected is greatly affected by the scanni ng nmet hodol ogy enpl oyed by
the scanning vehicles. Each nodel has its own benefits and |imtations. One
appr oach,wbnowniesit he Random Model , pl aces scanni ng dewcras2003/08e2hs cl es as
they are conducting daily activities for business or personal use. These
vehi cl es could be delivery trucks, taxi cabs, traveling sal esman or just
hobbyi sts. The concept is that over tinme these vehicles will cover enough
streets in their own random fashion in order to build a reliable reference

dat abase. Thel smsled the AEferbhteliR edsulin@\dablequlis). "R SieBARSnd RhEQE HRGEs tata but
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t he
random driving covers nor nore groun i shows
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surroundi ng {oﬁﬁg]s In figure 3, arteries [304] and [305] are heavily
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t he art eri esthas prodociag aphoroatlidbicopusitiondgrisysteihfor tiesendtuses. Higatre dccess

poi nts [308] . an 309] ,.ar.e not .scanne all by the scanning vehicles so
the positi on‘?‘?sl&%%%fsap “W“qunré’l“i‘%égﬁr_l a]t“bqﬂﬂ i‘%‘%e hiness Poiman o calgylate ng on
streets [306the aiuit bRt dliBg k&Y Edr do%eﬂiﬂ?éve\“ﬂﬂﬁﬁ l‘ﬁ'}?reéﬁiﬁ rag%@ttz[rgﬁpi“ﬁ to
calculate the | ocation of the access poin from% e scan dafa It islimted

to a bi ased ChingsdRastmamfouiing akgodthnais Humwrettthrsdpmnssed by posthf ggeanies, | n
resul ting data.guality. As the scanning. vehicl rives near the,Access

por nt [ 1701 00t Rl i Sechin RGP RHESY Gt Bt S3eit PHOMS: JEE The

posi ti oni ng Bylefi@tytists algiehlemalskink Fb6Etht BRortRERut 6Ma Bfaph RAiACESESeRAI Nt
[1102] using the entire set of observed data [1103]. In the Random Scanni ng

model the setdgeRt Kastones (Sepi ¢-&dKrnoMe KrarmphissRropeasening Using fddatcess
point. That kQhGESndPCISYRE 5.9, 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

!

access point Jocations.

15



cal cul ate the access point's |location near that road rather than close to
the access point itself. [0043] Another approach is develop routing

al gori t hmsotzhew11013c! ude every single street in the targeCrase®ssses to
avoid arterial bias in the resulting collection of data thus producing a
nore reliable positioning systemfor the end users. Figure 4 describes an
optim zed routing al gorithmknown as the Chinese Postman to calculate the
nost efficient driving route for covering every single street in a target
area. The Chinese Postman routi nﬂiﬁgg@khit@gpigocaﬁ&[gom t echni que used by
postal agencies, utilities and census agencres and is a variant of the
Eul erian cycle problem The Eulerian cycle is a problem asking for the
shortest toufo®fd]a gPaghcollvced (vi partialleentlectedy shcacanniag faigas wplopdsddack ¢
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uni formdistribution of scan data for access,. point. 1104 than.fox
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accuracy of the end user positioning accuracy. Using the Chinese Postman 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 surrounding environment produces a unique signal
fingerprint showing how far the signal reaches and how strong the signal is in various
Jocations 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 fingerpriat 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



processed. The raw observation points for each access point are used to
reverse triangul ate the actual physical |ocation of the access points or
create a woweto/powfiii | e representing the radi o propagati eaTafS2a05mB8928&8cess
point. In order to produce the nost accurate calculated |location for a
particul ar access points or to create the nost accurate power profile, the
scanni ng vehi cl e nust observe the access point fromas nmany different

angl es as possible. Li the random nodel [figure 3], many actess points are
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role in the accuracy of the end user positioning accuracy. Usi t he
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points [403]. Mre details on the access point |ocation quality is
described in AeRHB®S on with Fi gure 11. [0045] The scanning data col | ect ed
fromthis systemrepresents a reliable proxy for the signal propagation
pattern for each access point in itg, féfé%éé%ﬁn \él ronment. Every radio

devi ce and associ at ed surroundi ng €NVIT ONmernt mduces a uni que signal
fingerprint showi ng how far the signal reaches and how strong the signal is
in various | d6846lons Pukitibiing systerss g'rpiadallyiwngbbphhﬂhg thibé or fiorggefgendet dat a
is used in con nctlon W I h. the, calc t access point |location to drive
hi gh accuraC)P ?almgd&?(#etvf%gﬁe g‘f"g hePﬁPQSIflPW&&SH?IH? usesthg radio known as

a "power profdidils o st fe®h&NRMin@tin FRIONRSWAL 15 88BuIRRTHE HOAcd' SRt Ur ed
as signal power in watts. The positioning system can interpref t he

fingerprint deeasiono Signifiesat errerhgecur whenttherelasy arsingufficiest nembytrtof oéfermc802. 1

1 t t ed t I di st f t hat
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envi ronnents because the difficulty
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 [503] with a great deal of error.
With Chinese Postman model 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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associated wth collecting the fingerprint data. Wien the fingerprints or
power profiles of multiple access points are overlayed, the positioning
syst em cavodedeerimsne a device | ocation nerely by findi ngcrhs2aseiqosi tion
where the observed signal strengths match the conbi ned fingerprints.
Preferred enbodi nents of this invention provide a reliable systemfor
obtaining this fingerprint data across a nassive coverage area wWith
mllions of access points in order to utilize fingerprint-based positioning
al gorithmns. IR bah @y : | I rk by
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illustrated in figure 5 the arterial bias that energes”  fromthe random
model i ntr oduaeEsstoradin the docat dats stoneged 70He Thedcamdng §1idi Ininavethei80Rd 1

hysi cal i i ch ther. | d int | ocatj
P33] on one. Brisdngbegssrio Bl S RhaR R e anisie GROE
reference poigh 8@z.pya@be§§1§oi§n§o¢p@ﬁhiﬁ%§g%softm RO et REpGHAEFit Hms to

calculate the device location [503] with a great deal "of error. Wth
Chi nese Post ngnalrbersion @s pecthnaBPAd 1 puotoend c dbe respouding sighal hgseanstcppiainsithy

encounters a physical | tion [fi. e 6] in tch t here, a NUREr ous
Sccess por nt TGyl GRS il tForgd ot o VRIS el AT Aol TRl e
range [604] ofoifivite\ss &Rlls Dehdr nela indsthation ABotahe hdde SIS IThe@Bsponding
cal cul ation [603] has reduced | ocation bias and is nore accurate as a

resul t. Fi guregnps eachuensh é thecdiensiioral gnisnnasgvitine diffasent strensth ofipignsl asedat i on
caL el o s o RSBl IS OISR R RIS Al
t he vari ous \dlerdg wih desigegtifianto thab\padianiar agentahind|ltike mélihformation Hlsoud the
scanning devi accgegs za(())lznlt Ifnfastprg‘t?er-l;eic&lxjfg-%gclo}/d [s)r%%gsss otccr:]l?rs aci)rrlt\{\rlﬁ%?lslgf%izerryatgliltg of a
second. The scanning device deployed is a combination of the iPAQ 4155 Pocket PC
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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signals fromGPS satellites [708] and 802.11 access points [707]. The
scanni ngdevi ce runs the scanning client software [704] that controls the
entire prwoes&/11013¢ scanning client activates both the @&$useasiosens | 705]
and the 802.11 radio [706]. The GPS receiver is set into a continuous
reception node cal cul ating the geographic | ocation of the device every
second. That calculation is read by the scanning client and stored in the
| ocal data storage [703]. The scanning client initiates the 802.1 1 radio

and begi ns seyop ouh uR03p1bdd r S | i I nas
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conmponent s,  tfie2Mabaodena@ehe CEAQA|Netivbtk Sytséem0dsinageiotid@dalidgand t he
Upl oad Manager [1003]. ,-The Data Manager g,1001] controls_the operations of
both the GPS Heqtiondaiorgaion. naneopithenticafad.dhe Uplpa & Pata Wetificatienager

control s whernygdifde @)1 Pistififialed e T5id AQNAE rtGeVs 1Y scih 99A! fForfk aggfl s those

signals. The GPS radi o once activated recerves signals from llites
[ 1004] and cdPaabtarel 0t kangapdoais theeddtowathe Gentrdlieet@Bk Sa@ver aig FIP08he | ogs

all of those feadjpgs every second and sends themto the File Manager
[1010]. The -e_n%ai ]&EW%SPP'VFE%@?C%PW%S& StloFFealg]@‘?.dﬂa iRdhg Se‘%tﬁ‘lﬁf‘g?ﬁsever y
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readi ngs comng fromthe GPS radio and sends the resulting data to the File
Manager . The ffm ghe Scanning Data store [1011] to the Backup Data 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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Manager receives scan data fromboth the GPS Recorder and W-Fi Recorder
and creates storage files on the device. This process continues the entire
ti me the wewn@eilomi1oper ati onal and both radi os are funcconisegs08%08 | n the
Upl oad Manager [1003] there is a Hotspot Detector [1017] that nonitors the
802.11 scanning results to | ook for the configured network of public

hot spots [1024] (e.g. T-nobile) that the device is authorized to access.
Once it detects a valid Hotspot it notifies the user of its presence. The

user can sel . :m‘? i i 0.
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scan data fromthe.Scannin t tore .[101 t o the Backu ta store
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Ver si on nodul RedublePleab ek of 4 PRticRAt feplonNet wor k 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 downl oaded and t he New Versi on
Install ati on [1023] process begi nsCewfraliNotwark Seiwerc| j ent software. Once the
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Server is terpaphest ed, i i : j i and t he
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and reduce systemerrors.. The i o Manager [1013].nonitors the operation
of the GPS RAPIBCHQ 2R H‘éalwfelﬁogggcﬁciiesﬁé’oﬁ’é%é %ﬁ‘%@‘]*ti%?yw’él? E‘Cfrﬁmﬁti oni ng
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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properly. If the Radi o Manager encounters a problemw th one of the radios,
it wll restart the radio. The User Interface Controller [1014] presents

t he t ool swendismpodsties to the user so they can operate tireTds2006039208
effectively. The Error Handling and Loggi ng [1015] records all system
issues to the device and alerts the user so they can address. The System
Restart nodul e [1016] is called when issues cannot be resol ved. This nodul e
shuts down the device and restarts the hardware, operating system and
scanni ng cli enpotR t@NRHR PLRPELIRRELA L ] ond
802. 11 scanni né i nter valﬁgwasgﬁﬁosen rg%brlvggﬂ}%lq%?%v%ug%gs %ljﬁérgrgg{’?%fﬁgcanni ng
period for 80fltdrlandrstieed irhesmrupertiableaf shadktatgsofdr fuftieerahelyfishin pavdicear,
802. 11b/ g/ n operates .usin 4 channel s of the unlicensed spectrum An

i ndi vi dual ac@‘8§¥§tﬁf8ifﬁﬁt_ ke Fé"ef&h_éedg‘iegﬂa}d P tecieows apin AEng el risgisd
channel s at amya gt #RA dblefRined BR SHRMY NFifRN bas GRS dﬁsﬁiﬁg{o\’l%f flﬁ?x%gorted .
channel in order to observe as many access points as possible. e Scanni ng
interval is clocatiinat ddiewystémiukes adefinable tbeslarld basetlton the sigmiard thighi cl e t o

optim ze how the.. scanni client covers the frequency real estate of a
particular re %Wpﬁ&ﬂqﬁgefr %&f‘%?ﬁ(p%l_étrs@?eart a’f“o‘@@?&v@f’ﬁe g’@?%‘?‘_@‘?fcrécqrgs fegur e
8, the fleet phrkéatheefrdi@id REALUINGH kvihCRO RrdningUbdanies rédidsto dete¥inhi}
their pre-designed routes. Periodically each vehicle [ 801] wll connect to

an avail abl e tefinghcoagreiskusinmihaReyenge Fvinhgratianamethai dbscribed belpw.

Communi cat i on, ul 7 f_th tral t Wor erver. Typical t he
access poi nt sﬁ)gs fg\gét%giﬁ#rhh%ieé}é) ?C§re REMESS e(risﬁlr[roilanﬂg?%?’%‘%éﬁﬁ%lé Sare
public hot spomsvdd. Kia thisdssearepaha batrdiy forthdiickes winsw Ringuickly ‘@bhs’ @NHe

net ered access. The provisioning of this connection coul'd be done via any

avai | abl e publsVelogaticishasgd ppthe praponderanes plgregends.c Aa additipnalanhangeseenb o

hot spot | ocat | N5: rLOG I ccess. point.
Cnce. aut hent | marigg Al GRLEinLRe B REATHe Uy HIBEE) Y B8 of iR PEGET BN I
col | ected scahatdewaretommrégresehve alorssignifigant[ifdiddtiocarsd thippresss 1ddatlon Gataa t o
the Central Network Database [802]. [0053] Once the data has been upl oaded
to the databa®¥N3NesSPY%er and Filter process [803] begins. The Parser and

Filter proceq9ossiads galek uff pdfifs PRICORDaS %@é}md?ﬂpleted the central network system

initiates the Reverse Triangulation model [804] begins processing the new data.

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

{RSS1, RSS,, ...RSS,}

[0057]  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 and loads it up into the appropriate tables of the database. During
this exercise the data is evaluated for quality issues. In sone cases the
GPS receiwenoosaporsecor d erroneous or error records for somaSp@sioentoof tine,
whi ch could negatively affect the final access point |ocation calculation.
The parser and filter process identifies these bad records and either
corrects themor renoves themfromthe system The filtering process users
clustering techniques to weed out error prone GPS readi ngs. For exanple, if
90% of the readi ngs:a ithin 200 neters of each other but the
remai ni ng10% of t he RBaliAsirare 5 kil ometers away then those outliers are
renoved by thggfilteer and staored in a corrupted table of the database for
further analysis. Igﬁg@ﬁﬁﬁ@ﬁlar, the systemfirst cal cul ates the wei ghted
centroid for the accesS point using all reported data. It then determ nes

t he standard devi ation based on the distribution of the reported | ocations.
The systemuses a definable threshold based on the sigma of this
distribution to filt sh@avmag&ﬁﬁs points that are in error. Once these
error records ,are ngrked, the céntroid is recalculated with the renaining

| ocati on reco%ﬁggtﬁ deterrpe-the final centroid using the Reverse

Tri angul ati on net hod Oi'bed bel ow. [0054] Note that the error records
may be the result of &f access point that has noved. In this instance, the
centroid for the access points will quickly "snap"” to the new | ocation
based on the preponderance of records. An additional enhancenent to the

al gori t hm woul0858hcl ke qaadwicg of powenialselectbd sechse thet ikgplagentationt dfehe ecor ds
such that new.rec rds.reﬁre ent. a nore significant indication of the

present | ocat H8XIPE Sipcy OQLISSYROERAS 10 faktnEvosqiareAeiSpar si ng process
has been co ; d {13l 1 4 ) erse
Mioeser t e GEAINtRoidt 8 i’é!?érhng Yo Scﬁﬂaﬁh{g’ thé a%lg@gg Q@;?ﬁgg o

t
Triangul ati on nodel [804] begi ns processSing the new

process 1) neweideys Ipthenlysamicorangeficoefidi¢nts e @inasre, thedotfficient phithsi cal

| ocation is cglculated an-%% ggistingacc SS points are repositioned based
on any new dat BRI BYdrhRY & Lot QUDPRG €8ever se tri angul at i on
algorithmfactors in the nunber of records and their associ ated signal

strengths to weight, ﬁ 0T signal readings nore than weaker signals with
a quasi weighted a gde} . [0056] During data gathering, a WPS user is
equi pped withya W ifi r €cei ver
T '4'\/10RSS,/ 10
i C
n 4/ RSS;/ 10
Z—IO—Longi
L — =1 C
ong, =
n %/]-ORSSI/ 10
a  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.

22



devi ce whi ch neasures Received Signal Strength (RSS) fromall the avail able
W-Fi access points, and then extracts location infornmation of

corr espornaiongocaKdemss poi nts. RSS val ue of access poi nt s PaTAISI0VGB928S
follows: (RSS 1, RSS 2, ...RSS nJ [0057] If the corresponding recorded GPS
| ocation of access point i is denoted by {Lati, Longij, and the cal cul ated
access point location is denoted by {LaU, LongJ, the triangulated position
is found by applying the algorithmas follows:Long u [0058] The quad root
of power is Sgiogs] €d AferfRSECerti NeFRORTTRAAsE AL BentuBBaBd 9 EddhiBccdsnce
guad root is synonynous to taking two square roots. [0059] The second point
is referring pangsbsen regositienady HerPada PacigBuidderd8@F]foraatasrsubsetd 6f thhe dynami c

range of coefficients i.s a conc the coefficient of .t | ithm can be
di vi ded by a %%%??%h?seﬂﬁﬁﬁ%??nse&dﬂé, o %W%!?goﬁeﬁ?g{‘_bﬁﬂ‘iﬁ?%ﬁ{a@scan be
any number angistributlOess e dalaBRRTbr 4 VRidtP S hdcoasdNBWIREH 68 kdgioPtdesn t he
wei ghted average is_based on the ratio of the coefficients and not the
absol ut e val ugeographiss ara efdnteyest.dThe packdudder is kenfigeéd witheegien byordinatesst ant
val ue, C, does_not .inmpact. the.results, . but it.changes t.he dynam ¢ range of
Uhecoer T oi axprosniBRR b merite v dittrobdi BRHE SUREAR RS Febip B8, e
final centroigheyadni@wilbad jaet thotrbliONdah fé:11Bé wasCRas dIMdWnitedStaled! Thyde
and longitude will then be stored in the database including a tinmestanp to
i ndi cat e t he Packdbyidersegments herdataregonds vnd fheasompressesdhemo062] After the

epos 1 oned, DAY Dard® BLck AR quHit Boft Ay FRECoRREATE BRoPhaBfIERs.
based on r egithascanhidghehittasrtind enaire Wyl ade adieeinp algdrobtihg peycediaes.| Thigt es
di stribution of the dat aba?e for a variet use cases in which only

f
region cert ai ROgEBGroshtieeall feescan dytaapd B%ﬁdsghﬁ booptiektragk fongsch ehidain Gar ed
wth regon ookl Mleihel ARNEARALAGal BNAIHER of thd R AL fECIONI FRLIMRP! | AN

areas. Uilizrrng this technique a user oad just t 0 ionm data
for the west Bubktr [&08]tdeistudlytieshbest theesverdfgefor 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:
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pack buil der segnents the data records and then conpresses them [0063] The
Fl eet Managenent Modul e [ 806] hel ps operati ons personnel nanage the

scanni ng wehn@lasisand ensure they are adhering the routiPog/uyscasesenes. This
nodul e processes all the scan data and builds the | ocation track for each
vehicle in the system The operations nmanager can create maps of the
vehicle track using the Map Builder [808] to visually inspect the coverage
for a particular region. The GPS tracking data from each device is revi ewed
with route mapping software to verify conpletion of coverage and to
identify mssed areas. This ability to audit and verify uniform coverage
ensures that the systemis getting the best data possible. The nodul e al so
cal cul at es the. dri W methdbd oelochtingd WiRe ht@ksepsoiatsde heimget eogiophivglarsd aeshikind
to subtract any jidle tinme. These outputs are used to nonitor efficiency of
the overal | s§83eienssdptabasephlogatinns of WihFiacees POEIRGMPESO84] 1t will be
appreci ated that the scope of the present inventionis not limted to the
above described e i pent ut rat.her. i.s .defined by the.appended cl ai ns;
and that these cl glﬂ 2@0%5 Ia&ee‘ﬁscé’ é’gtélcf?dafl}lglggtali %ﬁg[ °6’¥ S&%’&W%‘Wb‘%ﬁ?ﬁé{mgsa to
what has been descri bed GP§wlvidesing haWMBPradfs devied HELAQEIAE o WERL hrkitenn - Fi
access points in a target geographical area to build a reference database

of locations of W-Fi a8¥&#% points, conprising: deploying at |east one
vehi cl e including at | east one scanning device having a GPS device and a

W-Fi radio device_and . ncluding a W-Fi antenna system .fraversjng ihe
target area in a pFraﬁ?rgHﬁ.@?q t&rgﬁgﬁtF%II{ _?)p’éﬂ%fi‘r’amﬁtr“f . %0 qypéfltsa}r?eé’é; &as,%m
programmatic route incl geighfnsaisioat indlulithedubsttlFAICriabRYRets T tHae

t arget geographical area and solving an Eulerian cyCle problemof a graph

represented by said dri {pagit geegraphieal aregrrindesolvizg/ar Bilagan frle proplsm af 2a,
periodically receiving coprdi nates. of . t he GPS device; while
traversing the target a%lteggl,lg%g?seec@fl%g%@d?%fvaé}egsggﬁg’ fromW-Fi access
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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points in range of the W-Fi device and recording identity information of
the detected W-Fi access point in conjunction with GPS | ocati on

i nf or mat iwo 20d¢/t1B1vehi cl e when the detection of the W PEr/tme@s®s392poi nt was
made; using said location information to reverse triangulate the position
of the detected W-Fi access point; and recording the position of the
detected access point in a reference database. 2. The nethod of claiml
wherein the target geographic area has a radius on the order of tens of

mles. 3. ThepsplidiPRfGhmabibR b Wi-MAeERt Eoitnﬁels 3284 o 1Bk GataBase vi

determ ned by using the Chinese postman routing algorithm 4. The et fiod of
cl ai m 1 wher eMi-Kilecasehetwonlce dat abase is | ocated renotely andposition
information of W-Fi access points is |loaded into the reference database

via a W-Fi af%cess network. 5. The nethod of claim.1 wherein, when
detecting W-¥i si gpeinsthodofglaim 1 vehgaeingwhes datpcting Wi-hsigsalaseverade for a
given W-Fi agg Qpigq_ - fo: i | j r gi ven
W - Fi access poiﬁ%? 5 an V\%E g%%%geal?%&gf&r gﬁéeﬁg‘gﬁjﬁg"s&e?@g Ogé{egg’qa%tgansert QP

det ermi ni ng tivedipgsistfoomedfor theegivket WiiRe dcddss poineanbwherp@i sald sebof Ehdingeishod

of claim1 wherei en detecting a W-Fi access _point signal strength

i nf ormati on a%atwq}e\ﬁgemﬁ‘é’i‘g &‘Fd’g\“flﬂg offheretegtedoWa-Hh agases painte al cul at ed and
recorded by the scanning device. 7. The nethod of claim1 wherein a given
W -Fi access poi ntpi I jff.erent. angl es as possi bl e
gi ven the or g@ni za’p:legrrﬁlg%pgg)ﬁgﬂld{lil\% gelns%%éé‘fq’g@a%ga%éﬂéfﬁ&?oﬂjft S¥"%im 6
wherein a gi verenyih-ikformatessbquothetsigral deiehe 3vi-Fir RoeR ol iy cadlied end
angl es as possi bl.e _given the organi zation of the drivable streets, and

wherein a pov&@?orﬂ?%g)’ﬂ@%ﬁmgp@ﬁ%‘[lcestrengt hs for a given W-Fi access point
is deternm ned and recorded. 9. The method of claim1 wherein the W-Fi

ant enna syst in d Lrectional, antennas .Wherein the scannin
devi ce recor gén a \(;ié%tlgl?thgé Og?clﬁlé? E TR el yen ﬁ‘%ég%cess pointis deteCidd from as
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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poi nt based on different signal strengths received by the W-Fi access
point on the directional antennas. 10. The nethod of claim 1 wherein the
GPS coor dvoavesi10fsit he vehi cl e are nonitored about ever ycyasemd/osodh t he
GPS device operating in continuous node 11. The nmethod of claim 1l wherein
the W-Fi device sends probe requests and records GPS | ocation information
about every tenth of a second. 12. The nethod of claim 1l wherein access
points are located for a plurality of target areas. 13. The nethod of claim

12 wherein th : I fd.Qni nf. j r._t.h .
detected accegg 6I|?)Ifcl)2|f%fnot‘ﬁg6 tg?%tgﬁgég%ﬁérb% pﬁi}&gﬂ Eﬂgﬁ%@lg@éfgg%éﬁhagﬂ e elher‘f’lﬂe

i nformati on i theanfyamatieishmgadzedrbasduoort the gapetaren. 14. A nmet hod of | ocating
a user-device having a W-Fi radio, conprising: providing a reference

dat abase of cal cul ated | ocations of W-Fi access points in a target area,
in response t&*a udgpethpdpf losetingn wssgdedice hevidge &VinFivedie, touptising: of a
userdevice having a W-Fi radio, triggering the W-Fi device to transmt a
request to all W-Fi_ access point i thip range . of the W.-Fi device;

recei vi ng nessagesPfTs %ﬁéefgv’-n gﬁ%é%gpﬁd?‘ﬂg@d&‘icﬁﬁf’?ﬁ Mg acessROIYE- Fi
devi ce, each nmessage id@n {abetBgat he W-Fi access point sending the
nmessage; calculating the signal strength of the nessages received by the

W -Fi access points; accessing the reference database to obtain the

cal cul at ed | ocat i oirsrefpuns¢ tvea ugbe application WquEst ta deteaBinp @ilbdasion DS @geron t he
nunber of W-Fi access poi.nts idengifjied via received nessages, choosing a
correspondi ng | ocat i on- HHH RAVERE 3 Wi-Ei redies trigastneghe VoK delcety trgpsmit a
| ocati on-determ nation ' : 134 ' ' -Spi.ted for
t he nunber of identifi e%lqgvggtllt:(?mggvéefz?b%&g??%%nﬁ@%ggé%@ ég%%ét%lggfcg’
| ocations for the identified W-Fi access points and the

receiving messages 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.
26



signal strengths of said received nessages and the chosen

| ocati ondeterm nation algorithmto determne the |ocation of the

user - deviwe.20ddbL10iBhe net hod of cl aim 14 wherei n the cal egiratseesiosras i ons
for the identified W- Fi access points are filtered to determine if the
corresponding W-Fi access points have noved since the time the information
about the W-Fi access points was included in the reference database. 16.
The net hod of claim 14 wherein the reference database is |located locally
relative to gpe U%Eh%?l‘(dcf&-claﬂr 14T erot e defeneh dhibdst infoested fodally
reference database IS located renotely relative to the user-device. 18. The
met hod of cl alativiedtowheuser+detioe | ocati on of the user device is provided with
| atitude and | ongi tude coordi nates. 19. The nethod of claim 14 wherein the

plurality of | ocation-determ natjon algorithns includes.g sinple signal
strength wei diit ed The apeilaed efsdim 142@@“?’?%{1%5%%8“0 até?aé? }ﬁalﬁ‘if‘t%‘gpbol%ﬂgt he
plurality of call Qs arpipnation algorithnms includes a nearest nei ghbor
nodel . 21. Tﬁéelgt(rfr‘getdr?ggeggr?ﬁgi:cﬁi 14 wherein the plurality of

| ocati on-determ nation algorithnms includes a triangulation technique. 22.
The nethod ofjgcl aiphe dethhiEsRilaint NEwhérdinathé 19catbn bbthaisanieteds piovatedon

al gorithns includes an adaptive snpothing techni que based on the device

vel ocity. 23witthietitnde hod lagitedecoprdinatigher ei n t he choi ce of
| ocation-determ nation algorithmis further based on the user application

maki ng the | ocati@n request. .24. at abase, of,. W —Fi g [ for at
| east one tarléet ﬁ;hgénqigqffﬁbclgn} B‘Q‘{Vﬂ?e t%? H&“%‘%téié’%f 'f%?’raa@gﬁgéggﬂ%‘lﬁ{%s, sai d
dat abase bei fmAE ARfideda i harstefaH awlighte® averageanddsincl udi ng

dat abase rec%?géyg for subgt anltn?[g% al | V\;’ﬁfiFi %lccess points in the target
area, each record including identification information for a corresponding
W -Fi access 200i ntThenaethed ofdlainetl phetetd tha pluraliny red decation-detefpmation
corresponding W-Fi access point, wherein.,said cal culated position

i nformation i@%ﬁ?@?ﬁ@&*?@ﬁ?‘ﬁ@@dﬁﬁ @“ﬁﬂ?"tﬁl pl e readi ngs of the W -Fi

access point to provide reference symetry when
21.  The method of claim 14 wherein the plurality of location-determination

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.

24. 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.

25.  The database of claim 24 having database records for a plurality of target
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calculating the position of the W-Fi access point and to avoid arteri al
bias in the calculated position information. 25. The database of claim 24
havi ng dawehkaseiiomseords for a plurality of targetareas, peaiudaaadzese
records being organized by target areas. 26. A W-Fi |ocation server,
conprising: 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-readabl e nedi um and i ncl udi ng dat abase records for
fSUbSta_”t'a!|Xre%,'sdea'fdba?&fé@éﬁsB&h@bﬁ%dn&ewwtﬁl%égﬁtaas@_rea1 each record
including identification information Tor a Corresponding W-Fi access point
and cal cul ated position information for the corresponding W-Fi access

poi nt, whereR6. saXWidlitodadbeserpascormprisingtf or mati on i s obtai ned from
recording multiple readings of the W-Fi access point to provide reference
symmetry when cal culating the position of the W-Fi access point and to
avoid arterial biasaiahasetnd WiaFrascessaoinidiirat lnast anedangel dremhaving a radius on

ot yd scovel B e RraulS, BRFeLAERt Reink el RO Rbrohl 1 0gic 1o

recal cul at e pR@iin and inefulinBddtabasd Reondl {1 suBSEREA1yM Wi-Fi pERYS Poidts)in Siheor ed
in the database to utilize the position information for the ) L
new y- di scovEeR} aga, pachyeeqrd inglling identificatippdnipamotion for 2 cpepsRopding Wi-Ker

i ncluding co =] s j ¥ols) ' 1§ SO

i nformation g‘gdé ésgﬁooﬂr%{%dreég&%aﬁ%ng Sé?éqﬁ%ofq%ra {rlrgl?lic(%rg1 é)%cgge%%ﬂe({&s{%%zl a’g?&gl aim
27 wher ei n t peingIwistréinisaig dalkeglated praitisdesfokmgiien is@beiticel fihm eecdrdwap ght ed
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position and exc eviating position information fromthe database
and from i nf talewlaiedgositien cgbondtaned positions of the W-Fi access points.

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.

27.  The server of claim 26 further including computer-implemented clustering

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

28.  The server of claim 27 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.
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