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 clains the benefit under 35 U.S.C.
119(e) of U.S. Provisional Patent Application No. 60/623,108, filed on

Oct ober 29, 2004, entitled Wreless Data Scanning Network for Buil ding
Locati on Beacon Dat abase, which is herein incorporated by reference inits
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and System f or GrossRefigrencd Ba Related Applivatioat abase. Background 1. Field of
the Invention [0003] The invention generally related to |ocation-base
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Parents wish to keep track of their children, supervisors need to track the
| ocation of the conpdaeptien BedcpyBetabaseyehi cl es, and a busi ness travel er | ooks

to find the nearest pharmacy to pick up a prescription. Al'l of these
exanpl es require theServatifoer dpdating bodationBeden Database; ur r ent

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



| ocation or that of someone else. To date, we all rely on asking for
directions, calling soneone to ask their whereabouts or having workers
check-in fromtine to time with their position. [0005] Location-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. Sone exanples of these services
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originally 2  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 sigrlal information that the
network can use to calculate the location of the device. This approach was originally
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seen as a superior nodel to GPS since these signals do not require direct
line of site and can penetrate buildings better. Unfortunately these
approaches have proven to be suboptiml due to the heterogeneous nature of
the cellular tower hardware along with the issues of nulti-path signals and
the lack of uniformty in the positioning of cellular towers. [0008]
Assisted GPS is a newer nodel that conbines both GPS and cel |l ul ar tower

techni ques to praduce a nore u e.and rel.iable | ocation.calcul at.on for
robi 16 user <. Tan i sSheRE Pof 0 GRS SinpRthele kit b nef itys? Birf i o iep

i nmprove its si gaal canfpesdfatd wrildhigs betans UnfdriuAgelythése Approashesthdmutproven t6 boCck
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addr ess the KknowBhrigsed @6 piokilide £3iSre abeuaii® and LIk lochBPEalO&iohifeibkile One of
them known as TV-GPS, utilizes signals fromtelevision broadcast towers.

(See, e.g., MMt rip SHnmedelphe wareless patvark attgmptsipela S mpreyedss spnal t

Sur roundi ngs: j | T, ' ' hon,

Coct ure Notes i ReaLR by cRSaM AR B I: ALETIIY o B OPERL M apd
Krumm J.: Locatheganetaldo@tiQoopiht usegy baedrmopsholocaipa.of kiekdon amngi deti tower.
37(2):95-97, Feh 2004 005, Pa005, es 350-362.) The.co t relies on the
Fact i hat most TSP G5 BRAb P PR AR EE YT o A ket IATER PN ower 5. A
proprietary haremprfiencefindo6e afid Kelps thy réekiyBRbtiaih AR’ bh @RldsBEtis@ERitest OWer s and
uses the known pasitions _of these towers as reference points. The

chal | enges f aci #§ckesPEovidingt fagter “fintreading ™ cFhesnwsisawhave brrapiagred ey dev and
the limtationgg ) Or Gocalde L-g?é%{erﬁfanrltﬂgﬁ{e?é%ﬁl dR¥ntwn mg%r exanpl e,

If a user is out t he perineter Of “towers, e systemhas a difficult
time providi ng [088%bnafdhere havecbreacyme Tivee ehem siternaivanpddels developskto tyiapdg t he

shoreline. Since there . are no TV .t r i,n_the ocean, .thepre is.no way
Lo provide r ef Rkt v aap B O Gl st g rReBopia Dfr hE0PR
cal cul at ed posi knowH KA WGBS, itilizzp sigedls fro@ telsdkion bRAAQt MhwersOSEkE, @) por at i on

and Intel Corporation (via a research 1glrrloup known ) )
Muthukrishnan, Maria Lijding, Paul Havinga, Towards Smart Surroundings: Enabling

e

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 acquired from amateur scanners (known as "wardrivers") who
submt their W-Fi scan data to public community web sites. (See, e.g.,
LaMarca, A., et. al., Place Lab: Device Positioning Using Radi o Beacons in
the Wld.) Exanples include WG.E, W-Fi Maps.com Netstunbl er.com and
NodeDB. Both M crosoft and Intel have developed their own client software
that utilizes this, public wardriving data as reference |ocations. Because

i ndi vi dual s vol #4tEed fromamaisuy seanaery enawn s “wodrizers”) veipr subpittheir Midii sepn
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are not conterrporane%%g%: Ssorrehgf t etcéa'ggae%’lesghgw %1%’3{%2’?1%%?‘#0% are
3-4 years ol d. Dhdcabesitidningdsing Redie Beadans id the AVildnExanplespoclndnWi€LBEce over
time access poat an_ be ved. or taken.o | ne con the data is
acqui red using gﬂ'aﬁl}@%@"ip% L BRE o %@%%H‘ﬁr"éh @@‘h‘??‘%ﬁ“&?i“Sﬂ%@ve Every
802. 11 radi o andevelbpedtheirivnm dichf oft@ate tha iubilads thie peBlid wardeliag dadkesi Sstics
affecting the representation _of the strength of t i gnal . Each scanni ng

e St f the sig
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different tinme | 8 leftrmdn arf&sr@’ ' :
arterial bias. deﬁggé\sﬂglln.a%re&z)gta |59§e f-%ﬁ%&?&#ﬁgﬁﬁf’\%%ﬁ{%r%gmare not
foll owi ng desi dpiansscanmitcgntenpbracous;sensalf thetdateds new vaijilg oéga pertiansarad

heavily traffic,greas. terial ,bias causes resulting |ocation pull
owar d main ardaoras ol qleches B B mezRL RN Ipylon SamRoLRT e Aty B sErss
causi ng subst anpdits cACB o GtAIRN DI USdcOnd, iieERa ishedaRaABMgaNalisgeft he
cal cul ated position of scanned access points rather than the raw scanning

dat a obt ai ned bRardviere 3pd softwaie cenfigueatioms cEvasy 80k eadimandymicnsa bag differghles t he
access point |ogat.i ki f A ] |t Fght ed
average formul %gﬁi“géél'e& zaaéluﬁ%t%&? {seh%(tf'ucggﬁ ﬁ%ﬁlg&é%\dgé%g&é%%bgt S ars?e%{%%ligggl?ed as
bei ng | ocat ed fsigndl.r Baoh schreiing softwazd inlphanadntatios scans FordWVingi s guats iaciiféaantpoi nt s
being incorrectly ipdicated as. if. they re located.in bodigs of water.
[0011] Ther e haVesstine Sifreal dpmedriebaiinditt4he B ahralisd R swiereiomcat i on
systens target egltedfal bigl OBécaRthé 4ARIsREIf-répoed be irdlividiay whé areMdt follstvirghnan,
Maria Lijding, Paul Havinga, Towards Smart Surroundi ng11sq:6 Enabl i ng
Techni ques and derigafhefapping sovtes thesla@tenda (o eagregatscarenne qayibstratfic asaput er
gg IWSE'? ? i gVCC’L lrjrggAgt?rYazgéa‘g %?lgg%la_ﬂzsﬁﬁing Meatior il towdrds ot¥it B Bried regald®8 bt RertMar €
the user is c':urrently 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 having a systemthat can nonitor the exact
| ocation of the crash cart within the hospital so that when there is a
cardiac arrest the hospital staff doesn't waste tine |ocating the device.

The accuracy requi.renents for these use cases are r demandi ng typically
calling for 1- B(ﬂﬁ’@{‘%f’ sgieg% ESAD FHERIOE ?“éi%c_aﬁ%‘boéﬁ?/éﬁa%‘f%?\‘fﬁmg@chni ques
to fine tune th@bépitaCeith@Ghen Medre! i NGArdi A est thO BospRhiakdEBocih't Rastéltingys Of
every square foot of the canpus to neasure radi o Signal propagation. They

al so require alesahaghipdeviea WBickacewaeiciedisynents fonhiesetyse caes asepbi nt and t he

client radio ca > ﬂggﬁg t j By im | . A- GPS
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cases, they ar etdchrifjfiesad five tune thedngccivacieinaluding dopduotingddtailddt site Survaysagsi bl e

to conduct the kind of detailed site surve required acrqQss an entire city
and there is noCYEY e RPUOLHE SATERSLQ MRESOimafi HEnat TORAE BRR NN A h 802 11

access poi nts agdqafs adbnedik hétfoNBEJnaBlohs8 thatitBAcdels pd1Bt AMitBNElient A dafd DY
these systens. Mbst inportantly outdoor radio propagation is fundanentally

di fferent than erehepge syachironipatippdpfarnaivnsinidato hew heB8 warkiboWhilpthssa | oni ng
al gorithns al no e i i [ [ Q. . AUITer ous
805, 11 1'ocati on SidiE BeoninfmbtEnRIERy BREDRRbR ust MRl Bl

802. 11 signal s ahpwitieviréddeployRidnt. de itimpossibdai cogduct the kéndsaff devaileé site survey
applications are oR_e at ed manual ly a&l&{e@{,oduce a | file of the readjngs.
Exanpl 65 of ¢ hERIBITE AP 20 SBHE oY audel o AB SRy deBHR 2 SHRIIaR CEPREAHOD Sor
hobbyi sts use thase RPROLAL 4LES pbiitd BEdss bentlr® fRirbfilRaPireSRAhd dxigcess
point signals they detect and share themw th each other. The managenent of

this data and t Fsuispdby thgseofystems. Mast impestanthroutdoos rddiaipiopagationés | y. These

application do pot L cul af i q th hysi | gcat i on of

t he access poi n?L?" d?ﬁgll;;}gﬁn%&g?g%ﬁ%r%ﬁﬁ}%ﬁg}’Jlag@a??éspc?ﬁ; ornangﬁﬁn%%le%?Lngogﬁcess poi nt
was det ect ed. [@Gslﬁdniﬁ@ﬂ%mith?samé@ndseteei in&hkrilﬁbiayea(steﬂahfe. imgerl yi ng
positioning sys re e e rivers to the successfu ep| oynent of any
| ocati on based i@Tﬁl ce.lIhP@_rq’r%P Ffews §dze]f1elP%aUPB SEqRaIng ¢ E‘?tééija‘]%g\?éﬂ"g I?OHEF{ t he
system achi eves tfeQjreseR@lof G0Y. 2D sigfifls GRAL 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 Local Search / Advertising < 100 neters 85% of the
time E911 <150 nmeters 95% of the time Turn-by-tumdriving directions 10-20
neters 95% of the tine Gamng < 50 neters 90% of the tinme Friend finders <
500 neters 80% of the tinme Fleet nanagenent <10 neters 95% of the tine

| ndoor asset tracking < 3 neters 95%of the time Summary [0014] The
i nventi on provide !u/m/uunu reliaddity

buil ding locatio AT " e,
[ 0015] Under one [&%fierte HETYSgant | on \ﬁlqgm‘?fﬁ’isess po $Scated in
a target geograpB9dal area to build a ref exkSfaeeterat abase95% df dedimons| of
W-Fi access poifim-byMun] &itg GREGGRN C! € Tos2odembRYed | Nobudt ik tihe | SaSt
one scanni ng deVI&e holVﬂigf a- oPSdevitceand s—vv-é—i radi 0 e I(.,(-i ailu
including a W-Fi
programmati c r out/Brieng findeisd arterial bi as. <Y metersgr anmaBP% of ghettime ncl udes
substantially al |Flé6tlrt(ﬁhkﬁnéiﬁreet3 in the tat@etetersgeograpbmaiftiertﬁﬂe anld

solves an Euleri g Jvapl e
streets. Wile trav S
coordi nates of the GPS device. V\hi | e traverS| ng the target area, detecting
W -Fi signals SBnommakiy- Fi access points in range of the W-Fi device and
recordi ng identity inf ormation of the det ected W-Fi access point in

conj unction WI t at Lon. 1nformatj of t he icle. when th ection
of the W-Fi ess p0| lwgu%%rgwde% ¢ boélaﬁefi%oi‘i (i/ﬁ’tig?j enaé‘flis%rﬁe‘i gncﬁg)g&i
reverse tri angUbﬁl(ﬂng leadusichtddiatbadelgnddedatioh ®aseWservide usimg 8aBe.pOI Nt ; and

t he position of the det ect ed access_point is recorded in a reference

dat abase. [0016{00%RHer Undst preraspechalitie grventinn, Wivki geseghpoipty @re lgeajet in a

geographi ¢ ar eaghas Iﬂgléogréﬁﬁéa‘lj are?th ﬁuhlﬁ a%t‘é?e'hcéﬁiatﬁtﬁ%oﬂ%cdﬂoh? 8f W89 2cthssUnder

anot her aspect of"t ntion, the programmatic route IS
points. At least one vehtcle 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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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 of readings is forned for the given W-Fi access point and wherein
said set of readings is used when determ ning the position of the detected
W-Fi access point. [0019] Under another aspect of the invention, when

detecting a W - b} red@6ESis fiRiel or thd gmleﬁ WalF; %&ﬁdiﬁtfaag @E@(\sﬁ&éwa &Q&ngé gnal

fromthe W-Fi access point is calculated an ecor t scanni n
devi ce. [0020] ismsed wheroddterminisg thetposition hithe deteeted Wi;FiacagsypointW - Fi  access

point is detec ro na di fferent. angl es .as ssi bl e..gi.ven the

or gani zati on of hﬁﬁgi dﬂ@g{)ﬂgﬁé ?sé’g(ftsqf%[edﬁyf’?o'ﬂin‘géep %%8&%? %%68’8%6550?01?the
invention, a giYighal\drefgth REsaRtoR Mot theSignalek@s HRAVI-FDiocas polidys @ldufasdent
angl es as possible given the organi zation of the drivable streets, and
wherein a povxera?ﬂf’@ﬁ?fﬂ@iwméis‘@ﬁmng@w’éﬁgt hs for a given W-Fi access point

s determined angahecorsiog oloH? Relud e RAMBETs ARROMFP Lol YENt i ON,

the W-Fi antennha systemin rectiona ennas an erein the
scanni ng devi cedetected fiemas weoy diffeodnt angles a3 pofsitze giién Hhie caganézmtiopof the based on
di fferent signal .ﬁ%’ie ths received by the W-Fi access point on the

di recti onal antg'ﬂ "’.SQ'%%ZS] Under anot her aspect of the invention, access

points are | ocafgedif or UhdePdneftdl hdphctQf tiedh edtioR 08 %en WREP4dcedd it i@not her
aspect of the invention, a user-device having a W-Fi radio may be |ocated.

A reference dat d¢faded Femagmapy diffesent angles asipessifile pvertheprganizatiopphthe in  a
target area is BLOMiAEets! D" . . Ii 8%1.! gﬁ-_lf-o
determ ne a Ioglrall :B(hm 0 tshﬁgs‘gg&?i@\ﬁl 8%&&23#%3?%@%-3 I a‘ﬁp{)ggﬁﬁg - Fi

devi ce i s triggaccesh foint it detersuinetl andreequdedt to all W-Fi access points within
range of the W:FEi..device. ssages are .receive .on the W-Fi .access

poi nts wi thin r%{%@d of Ui WN-EH% 353’8%0?8}@ in eg@ﬂn,,{ﬂes%-gfaptamwﬁmg&ﬁpg W - Fi
access point segikédiigndl AfteARE 208 FherbREthS 'séhﬂﬁi'nF de¥iEEREGMs B edtBEOfRBSPEIRS
received by the W-Fi access points is calculated. The reference database

i s accessed to SOtHiaprephpoiptdiasad e differenicsagnabsieengdp racpized i e Wi-Eiaopgss
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. The calculated |ocations for the identified 7 W-Fi access points
and the signal strengths of said received nessages and the chosen

| ocati on- det er F.B@g%iiag%s? &R{SI @ﬂ]e%ﬁg}gﬁ%r%ﬁgtﬂ? 1?5h re{:glp ths%aée %ﬁﬁ{h@ah&)f the

user - devi ce. nder ano pec e |nve Ion, cal curht ed
| ocations for t tneaticbrdemmhnadm\ﬂgoﬁthmmeasai tp«ieir&hmnaltlm IbcdtioaroédletuseretEthem ne

if the correspopdi access points have the ti t he
i nformati on aboﬂﬂ)zgﬂe \Nn r%&&%egfoqfﬁ%esm%&gn %B‘g Cf‘tI‘F?s‘lslf‘éI $ ence

dat abase. [0026]dch&] WaFPhhiREs FERE &k fmérebfﬂ&dét%ﬁﬂé ifQRbs cdrieSpdRlithpali-fy of
| ocation- determ nation algorithns includes a sinple signal strength

wei ght ed aver agecqmdmmts h@mzﬂed@mgtheammthemfergpeon abut theeWi-Hiaoaess paints he
plurality of t 0 orithnms includes a nearest nei ghbor
AL R L B S| -

nodel . [0028] e invention, the plurality of

| ocation- deter (0026} i orUrlegaidthen aspettutithedagention theplurdlity blidcdtivghni que.
[ 0029] Under anqt her, aspect of the invention, the plurality of |ocation-

det er mi nati on afgErmipsHan @%%%@CQHGWNWWH#W%@WWME modeled on
the device vel apyy. [lﬂ{&%plnoqﬁg%pe@trlﬂttm:el v@ﬁeﬁcthe?l& atl{@}goflec‘! Rhi on, the

choice of |ocation-determnation “al or|t mis ased on the user
appl i cation nakdﬁgrmm@ldn(ﬁlamtbns mehfdwnea{e@lmjghbtmmedelanot her aspect of the

invention, a da CEesSs poi.nt s t least, one target area
having o Fadi uslBAR e ekt BEREC R B uon dhe BurpER oG

conput er - r eadableetidition alddrithiCindRigss Leibaddaoni€baigds. for substantially all
W-Fi access points in_the target area, each record incl udi ng

i dentification [(szg} matq%iﬁf F&the&aSPéétrqf&edBYRﬂ‘iﬂﬁ& thrﬂ@é%fégga%& nt and
cal cul ated posi Hét d&p friteths fPfu ésha‘i-‘x aﬁ?ﬂtfv@%ﬂf&@@%t aeé’l\ﬂucﬁie RSSO0 Nt

wherein said calc rtron in OI‘ITB.tIOI’] 'S I ned fromrecording
mul tiple readi ng@lwveﬂm:etyw Fi access p0| nt to provide reference symetry

\;w:,?g r icgl ¢ g: gtsi Inﬁ)()?ﬁﬁ I{dte% %F)g%fr a d)e?ttol 1nmn§1§%§fn? Q%lcnet oféigc%tigtgdet@ inglion
algorithm is further based on the user apphcatlon 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-readabl e nedium and includi ng database records for
substantially all W-Fi access points in the target area, each record
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 wher ei Whergingaisgalolatadanpsisios infoigration fsoebiaingdlion secordiag multiple om
recordi ng nul tipl | QS W - Ei L Vi erence
symmetry when c% CSF% m%;%tsFﬁgE%ggﬁle(%ﬂggofv ﬁ‘gf%?ﬁ@% ac%tg)égh%ogf n ldgﬁg to
avoid arterial theassition bhihe éi-Fiukedsepbintemditd hvoid briérial bias irothe cdlbdatsér ver al so
i ncl udes conputer-inpl enment ed ,‘lag%i c tg add .records to the d iabase for

new y- di scover eBPSOrEMIORHRRAL ii5iSAvEr %@?IBWFQPEF'&BPIEmGP F9giA 839 ogi c to
recal cul ate posjebdrd§td tAE AhABdsk Bt de@ly-dibcdvered SPLESacEQL PbinitsiafiMoftpteY Joghd OF ed
in the database to utilize the position information for the new'y-discovered
W - Fi access pbchding 1pgiosaiecaleulae pasideriaforagiiercior §Yi-Fitaecdsmpeintsipegvioustye

nf ormat | on basheant P bR sF Rk o Eh iRl fetalicoet i "

aspect of the iRvaoéss@ointd he clustering logic includes logic to determne a
wei ght ed centr o] osition for, all position information reported for an
access poi nt antﬂﬂp&;i c “Ge’i ﬂ’éﬁlef w%&gmeiwnpﬂ%bwn%mcﬂmﬁﬁ CURRAEEs a

stat) stically- Banededeyeifli:ai bRk fohdty BERHAN infifihiibh BiBel B oS YrbRl
position and excludes such deviating poSition information from the database
and from i nfl ueGE$ meforrhasional cul ated positions of the W-Fi access points.

Brief Descripti L Nas 035] l.n .t he .dr aw Figure.l depicts
certain enbodi n@g?‘g oﬁg‘wwg’ﬁfheh%&%°£h1%‘&“§§}8‘%§?ﬁ agﬁflb%ggguz‘l élb(fé%!O&lc o
scanni ng vehi cl é8eritifd aideipbited camrvid fositivn fo£all pesirivndhfogmbiion reportedifor an
enbodi nents of the invention; Fi%;{rje 3 depi.cts an exanpl e of a, scanning
n,

scenario to il | ¥EesROMtapdlogrcdpidesiibposition ipfpapation daat pxcegdy astaiticatt i o

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
of W-Fi access points in locating a user device; 9 Figure 6 depicts an
exanple scenario to illustrate reference symetry of W-Fi access points in

| ocating a user device; Figure 7 depicts scanning vehicles including

scanni ng devi ces accgydi to. certain enbodi ts of 1he invention;.,F.gure
8 depiots a central HEPriceies FLpetiols weng 4 s e? sorergee miguetayol yrig
access points aaceesdipdigs irlocsirgai useedevied; nents of the invention; Figure 9
depicts an exenplary architecture of positioning software according to
certain enbodi nents of the invention, FI_%UI’.G 10 depicts an exenpl ary
architecture of a scHigirenbdepi¢tesraniing vehiclesgneluding eganaing dewisesdicaending tof t he
i nvention; and Fj . . .contrasts the effects of a random
scanni ng nodel ﬁ%g%%%mﬁlg:&ggfgﬁn@%gﬁl Prom the Chinese post man routi ng

al gorithm Detailed Description [0036] Preferred enbodi ments of the present
invention provide a BigateSwepidls Acenifl ok Qe iBEIuBRAL AR daRbRENWA-Fi

| ocation data to enabl e a commercial positionin system using public and
private 802.11 8%“@&%&0%6??@@“%&?1&19@@%@8&2?& ipgengigihered in a
programmatic way to fully explore and cover the streets of a target region.

The programmatic appro identifies. as W -Fi access points as.
possi bl o By gat hot TGRSR PFRIFL eI m ot Posd et ool el strditive
preferred enbodigsptai enbodirettyofith@itiveltioa; | ar ger col | ection of |ocation

i nformati on about access points, but the location information for each
access point may be calculated with nore precision. Subsequently this

| arger set of nore pkFigaiesld deaicts awe@da%@dﬂwywwaﬂcmwa@twomg taor e
precisely | ocat . i il .71 ef erred enbodi nents of the

i nvention. Cer?%Wen%%%ﬁ%%?g{%é&e%ﬁé@ﬁral'?c!ques to avoi d erroneous data in
determining the W-Fi  positions and use new y-di scovered position

information to inproFguichd ddeaies Yind®Eontiaste it @EBELY of@tddbRGcaimthgdad®l Mithed

position information. Certain enbodi nents use .
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 the user requests a | ocation. For exanple, the

| ocation-determ nation algorithmw |l be based on the nunber of W-Fi
access points identified or detected when a | ocation request is nmade, or
based on the application nmaking the request. [0037] Figure 1 depicts a
portion of a preferred enbodi nent of a W-Fi  positioning system (WS). The

posi tioning systemincludes.positionin of re. 3] .that resides.on a
omput | ng. dev! cleubAravens A GaRoR, Fof Bepal b T S datpudaiBh alebplar il
fixed wirel ess BEbR8S opQeMumbEdSAWi-Fhaicedd pomekCiasdtified fop der8sttdWhetsa H@ation

control /common channel broadcast signals. The client device nonitors the

broadcast si gnEdues isBflse based an the applicptien meking BeseWedbe request. Each
access point co NS G ' I i bty C addr ess.
p [(fog‘rq‘ s %égcl)l?%]l QeiSictd rﬁ ggi’fﬁ:’h%f hgf'e‘i’ér}e]fd cgn{bohﬂﬂéﬂ'i‘ ?iﬁ% Phnﬁ-ﬁYA

The client posi ware el ves signal beacons the 802. 11
access points i positiongre systdma@YRS) dhe positieningymysigmaiptiudes| positiphing softwarhe

conmputing devic ,ng characteristics fr he.si gnal, beacons. Those
charact eri sti o OISR ARG Bt RN, e ou PR A SR e ot
known as the MAGeadds %6l wbldsstddcess p6iBRYIGTY tiak bidagcast igfmafiGRedig t he
client device. The client software conpares the observed 802. 11 access

poi nts with thosentiolcompen chamaeldieadcas sighdls eTherdient dsvicgar@niorssbe hrosdeaghi ch

may or may not g.esi L r r 2
contains the caFlgE%@f reeg%sgc}gsr%p ﬁsgﬁ)g?gat%,\%hﬁse rg-ﬂr&%fjo%g ag%gfp ﬂgfgo?x?agﬁsla t he
access poi nts t hmqualididwara idestifierdmobvass a MAE atidrdss. The chawositipriof séfevdrs a
col l ection of readi ngs that represent ower .of .the sigpa rom vari ous
ocati one. Usi niFotHEUEIe RO OLSE P02 1 pECeSt Poife LB ed AL AU B o6 ¢ he
relative posit g&igre?iﬁctlb&itﬂdﬁ of thd@¥inpetidgldice akidg dRirSdterisies froimhas e aphi c
coordinates in the form of latitude and | ongitude readings. Those readi ngs
are then fed tobfasens: ildase ehamsteristigsgnelede thowyqaa identifier pf the #8241 aerses, | ocal

search web siteg, flesat, %gtggglﬁggg&dr@gsgﬁf{ﬁcs gtthglg}lﬂa\?ﬁﬁ irrggcg,;%tﬂé’aﬁém The

posi tioning software 1's In greater ceto
Fi gure 9, whi chdaldg. diheelienpbiiwyre conparetht obsivad@OR11il ancass paiofstwity thostGi .

Typi cal | there is an icatiqQn.or service [901] that utilizes |ocation
T s o by o trieraine 28hie L0415t BeeSritnd Sinclgay driaty Bttresidiepn the
directions). ThigvideQsatell0The Pétkiefidd dibafPdoRfid thd &MkteRed ogtdpRiceskibhdst Ng

software for the location of the device at that particul ar
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



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 to the 802. 11 protocol, those 11 access points in receipt of a
probe request will transmt a broadcast beacon containing information about
the access point. That beacon includes the MAC address of the device, the

network name, the precise version of the protocol that jt supports and its
security confi @ﬁ‘?"'éf??iﬂtséq‘ @ﬁapwftaﬁ’r?l?ﬁrﬁﬂ‘??é{)w W%‘B%‘Gta%ﬁ%dci‘%%%%ﬁﬂéﬂtwgt he

device. The 8QgfofmatioatibButGRe AREdsPolnfi Phdt BERLARI MRS IHe MU EBRIBrRE5RS POI Nt
t hat responds, calculates the signal strength of each access point and

sends that backevige ithrenetwerkmame, the 08¢ vavion of therpeotopd shat i suppastsand #y  of

obser ved acces b raRee SERE il rblunsf 36 s ERine PR el oo

Thi s dat abase g 862.1 heddideolleos diiethfermatibe fro@\dacleadetss politihia kaspendss a
networ k connection. The Access géi nt Reference Database returns the

| ocation data f8Fuiake fhesienshiireaglaf Gach agease pinpandrierdsithaiibagk © thegsapero t he
system The L({’G@Jgﬁr PARSESnkeP ag,séé%ig &rhy G acBlss gg@ﬁttb oMt 1LRLRE [ GAich! ong

with the signal aracteristi returned from access point'to the Bad
Data Filter [ 90Récks TieiMAL dddeasses appdch o@bscavadiactass poiit aganpathe fevessdoint agai nst

Chey wor o addod deeitnPAeEEy, T Yasbay cn SRR IR e e T o

records, the Firdh6elyS®eesndtherk @RRAbAITREAESESs Poiht R&fereficd Ditabds@ fstirhon
Cal cul ati on conponent [908t] . Usi n&ét he reference data fromthe access point
dat abase and t R lerasion datarfpreagh pf the ghserved aceeshpeipts that arpdaownitp the|system; on

Cal cul ation COr’ﬂﬁ@1%@5t01§(§d@@§hﬁ§c$lﬁ@ﬁ%rp&fq&aﬁen ﬂ&oxﬁ%ﬁoﬂ%gﬁviﬁ’ﬁméﬁ al MOmMENt.,

Before that |ocation ta i1s sent back to the cator,”it is processed by
t he Snoot hi ng ehghcteristic®B®jrnevhirat eacheacagpe poiat abe Bad Diatadildr [PGHa Thisifilter

readi ngs to renpve an rratic readings fromthe previqus cal.culatiop. The
i ust ad | ocar PORCIARETE! QrrafPeli Bicrentiat b SeeBus it Bty o

cal cul at ed | ocatid £0esk paittsihve RovelISiRE they Wée HEEAb e REGs poRETAtEBEat ed to

t hese | ocati on-based appljcations [901] through the Application Interface

[910] whi ch i né¥lsaeameyinging datedesasds. predaitertaidighe emaiHRERCopaPPINiGe B 4 a
virtual GPS cap@Pitldnioadudaibh coffbondnf fRBY € {Ring T RAGRE Bath B th QERE{ ON

r eadi ngs
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 ptocessed 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 wusing a standard interface such as a COM port on the

machi ne retrieves the nessages. Certain enbodinents of the invention
include a virtual GPS capability that allows any 12 GPS conpati bl e
application to comunicate with this new positioning systemwthout have to

alter the co iccation nmodel or nmessages.. [0041] The | tiaon. calcul ations
e broduced o omeRlhir Bastce s FRBRBARR e WAk Bl 1R o Bl SR s,
noi sy data fl ohave totaberthd t@henianidnshei@byr thésgleb.on readi ngs. The client

software conpares,.the |ist of observed access points along with their

cal cul ated si gﬁ%ﬂ‘uit r%ﬁ?@u?lbcagﬂ?ﬁwps ﬂ?@r?%‘éﬁf?sé‘%ﬁ DTG BY PAEHI B Eer ni ne
preci se | ocati gfyorifhimstiftendlR\b fifin HS8Y datYRE kb Yelidble GRS HBAGUESatidh Feablfigh O €d
including sinplé signal strength wel ghted average nodels,” nearest nel ghbor
nmodel s conbi nedberli¢nt saftwaxe gurhpearésche ligofi nbgned aaseds palatstalong vathabeini ng based
on device vel oci,tv.. Different | gor i rformbetier under .di.fferent
scenarios and t gﬁ'éatf‘?‘“ﬁg a@a%‘?%&g‘fe@ H{éﬁoc%ﬁ%f;f ‘Efe{ité’pcfe tPECqy lﬁ?ag‘aﬁct t he
nost accurate bf maldevieiien A vaftét§ betetRilques ARAMPTBUdSndih S Sindple/Ggital O can
use a nunber of positioning algorithns. The decision of which algorithmto

use is driven ByensHewrighiseAvesIZcqpedelssnessrshraigtiies arodels comhiged Wéthuser case
appl i cation us h%ﬁ%ltation-rﬂa&rfid}deg &id MQMO%&HQ {)ﬁf:d bt 860l Rddity O Bferent

positioning syste since tradition systens rely on known reéeference points
that never noegorithmstpesformtester ofidep défesent ectnenideoaiid iendtte be nbddsogatisanipt i on of

fixed locatio of ,access, points is not made; .the ces oinfs are not
owned by the PR BSRERE]E piiie e ARy g S08 THRERE" PRELT 1 ne. The
filtering techenBo@men®os HeBnichifén & Re d6MBE dfgbﬂtﬁniﬁgwgﬂﬂmhﬁﬂﬂl@d be

| ocated in the sane place and could cause a bad |ocatlon calculation. So

the filtering dpguen ehykichelgarhm toys issrixenby the numbercafacerss peigisiasaviday e
moved since they ﬂl@%%crtchs%rhgﬁfg&ti[)ﬁﬁﬁﬁgﬁdThgﬁﬁ%ﬁrgﬂlﬁ]e?s &fe: G RAYfRnANd change

based on the nunber of acc poi nt's- observe at nonent . e snoot hi ng
al gori t hnms i ncposigomnggisemsebict iraditiona sapnsgelyonimbivnasferduvapaintd thdpayesi an

| ogi ¢ i ncl udi ng_Kal ilters.. The velocity algorjth | cul at e devi
pecd by esti nYIRGR e e oA EPR R el G Aeotreh gt frBbser vat  ons

of each accesfocpfibmitof 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 technidues
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
follow a programmatic route through target scan areas to gather data in the
nost .13 optimal fashion produci ng the highest quality data. The target scan

areas typicall . .ar | t.an ' ' v single
i val o st r eeOPRERSREH hroflucf BERITEL QRlcL bEE, B Bl CHAAOBIGHY, 7
scanni ng devi cespréseitd lachengropdlitan atee ariuding dvery singlé dveblesndetdhd520tgilé St i CS
of 802.11 signals while traversing,the ¢overage area. he scapni ng devi ces
track the | ocaf3d¥: &hef%%eh&%?ﬁfﬁ WRP@&%@@C%@@@%Q@%&S@JQ rﬁ?PéS from
GPS satel | it es yABdiond M SRR SEBOLE E1 %gﬁﬂ WRACH St BE BSRALE afda. 2NY
802. 11 access point wthin range and recor t%e radi o characteristics of
that access pdbascannipgalevigésdragk Wietlncation ofh8 stanmirg wehictsf evetysesuuisingg

vehicle. The qual ity o he at o] cted. i s, great ffected b he
scanni ng. et hadarageR G aien ey B ThE s Jeeh Ay talS RSt s 1 (s
own benefits ag02li atdesd podmsyitH2ngPRIdY8EdIds th R claBadidiB tifdTdiRanabiese!

pl aces scanni ng devices I n vehicles as they are conducti r,}g dai ]y activities
for business oPopbpigas alongsuth thegEe leratipn plthe scranine wehiclge The gyajity pLERs, t axi

cabs, travelin SHED ' hetSnni ' ver tine

t hese vehi cl esgeméﬁkﬁcove?%%%gﬂg%ecstr 3e‘t%1§§| n tzgg}e?%g\%ﬁ%?gfr? lc?%g?g}éﬁ?on I n
order to buil dsecannigivabicksr BEbdr modebhabatsalyaslenefits @ndribiohithtiohse One appraadth, pr ovi de
a sinple neans to collect.da but. the quality.of.the.resul.ting data is
negatively aff ?‘@'ﬂiaﬁ{lllgﬁcaf}d(’?é@(ﬁlggp{?fes'sﬁ%{né% ‘i‘%’l"ﬁ? 5%"'6?“ Sgaﬁﬁg:@gedescri bes
the chal | enge @bndudtng aayaidtiviEieeior bdiRRs oSseadoRhinge v Ehése velicles tdd & rout es
desi gned to solve other problens than gathering data, (e.g. del i veri ng
packages, peopldéllwlﬁsn@?“t‘@b%\ﬁé“ﬂ% : %Ortlﬁﬁﬁo?ws-taﬂ £ 6PriceRy is that
destination roW\aSimdhdesichitfdsivil cbRk bfodgh sHBROIANGE bR faddBRdEcHish get from A
to B and seeks the tfastest route to get there. So the driver |ooks for the
short est rout eotdsr tdienildreeligd¢ refraence databasy. Bhetredel does indact providevasimple a nmai n
t horoughfare. As _a result,. oye ti t random dri.vi ng..CQVeL.S e .and

ror e ground. by e EiFRlp @5 be bl b BrRIRER M baFEY R TAR 8
arteries at theseesngrraferil biak'e FEgt Beesceibes the dhdRugelofMtbe f@dokd mddel.fWye e 3,

arteries [304] and [305] are heavily traversed by the )
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 hias 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
optimal travel roads. The result 1is that access points [308] and [309] are
not scanned at all by the scanning vehicles so the positioning systemw |
struggle to identify a user who is traveling on streets [306] and [307].
The result is t t . aLs | ' of the
access point fr1 g%ﬁ?‘%{mggﬁ%&lﬁg} rlg{nhlﬁ;Sé ﬁ%@%@%&%&l aseé%ggflleglg@%go%g{)f

i nput data. Fi therfcctss Pointdhtiig, it ieeords & feadimpaed ithlacatsonl dontiguodslya Theal i ty. As

t he scanning vehi.cle drives near the Access Point 101], .it ords a
readi ng and itBosl"cB?,‘H'i‘g S’ﬁtcgblﬂ’f‘?t?hf&f@{ék}l.at_ %ch)t&fg‘i({}i% s ’E‘te[llr:i&?ﬁé‘?mghen

cal cul ate the hecatited: 8f obséifedEA£E3050 1R the RehBdh Jandise mbid thdet bedapet Of
observed data [1103]. In the Random Scanni ng nodel the set of data 1is
limted to onelstinitedtonte prisiondpasying b thecsesss ppiot. nthat fureas theyyses the syst em
to calculate S ing s | t] t . cl ose
to the access SACHREUREAS bbby SR TRl iRl bl B0 BfElock bk

al gorithns thaitsdlficl ude every single street in the target area so as to

avoid arterial bj in the resulting collection of data ,h thuys producing a
more reliable Bﬁ’é&fl orﬁr_??g“eé %Rr%:ﬁ‘fl% © rgﬁ&g@@fghmq:ﬁ&x@{}p@uqe e‘@@éi‘?‘glﬁes an
optim zed rout k@Gt & @O tdrfdd Bek ROWN0BToid MR IRIR tRAISWIBE doBe&nGtldake the

nost efficient driving route for covering every single street in a target
area, The Chi Awsgrqdusingamaretaliablg pasitjoning systensioa thereodmsars chigigfe used by

post al agencie JE it ce S. nci es IS variant of. the
Eul erian cycl ea‘i’osrC 8 %Se%oﬁzeaggqtgg%nﬁE%O"l‘lnsasatggg seeigoﬁgﬁg?“ﬁtﬁ ¢ SPlaEehe

shortest tour tie mosyetiieleniidivdhg sousd fos cdRtilg ewdgsinglt strésd il a QL arca.SERe €. 9. ,
Kwan, M K. "G.aphic_Programm n%ﬂgsi ng Odd or Evyen Points." Chi nese Math.
1, 273-277, 1962inese Posipgn roudngaggihmaht Kngyyn teplniqyeisedPY Bostal R8FRSHS: a

met hodol ogy f opyifietRhi bydsRagentiad Sfttis h GRHR0 of @EEﬁRﬁ%éﬁ@eﬁr@glehﬁefhe using the
Chi nese Postman routing algorithmfor planning the vehicle route. The

scanni ng vehi cEslefiangjcld islalppeiem askingior thelshemtast wunelaographyhich visits eadhgor i t hm

showi ng no bi t y. reet ensyring,that- all rvabl poi nt's
are detected a%%"e agée%%eodé%y&t% ke '%%%nm%'ég, E}E%hﬁ%lgl%%%n@gﬁgs@%@dzdz%ss poi nts
[408] and [ 409Evet PoinBdd8hdse Mdaie 19213e3H, p9620) Prafeadad smbodiniegtstafieheChi nese

Post man nodel but woul c{ have ot o .
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 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]. The systemcan then calculate the |Iocation [1105] of the access
point with less error since it has a nore wuniformdistribution of scan data
for access point 1104 than for access 1102. So the Chinese Postnman Scanni ng

nodel not only gathers nore accessﬂg(ﬁi ntsl.tin{égrm.é across a target area
but the resulting data produces 3 4 tions of access point
| ocations. 15 Higher quality AP Locations [0044] Once collected (or
partially coll ef0odd]) , tOnee soldrerad{gr shatdiAlyicolieydd),abestabrialk datads dplowisd badk
access point database (describped later, in_thjis application) where . it i

. . ) IS
processed. The RAFBBEEACEsS PO fritiies(dessribedlarer 4t bisspphieation) Whare dded to
reverse triangploeiged hﬁleef%%kerpambﬁ'p%ﬁxlts foPERK 'a%s@lgoiﬁl]}ﬁe GRS evBRE NS O

create a power profile representing the radio propagation of that access
poi nt. | n order triaogyate thecastuahphysinst locativn of deeiceras peihtstos dresaapowsn plofite a

particul ar acce I, or .o create t ) accuyr at owe r.ofile, the
scanni ng vehi cl ge%ﬁeu?é; nnggléeerraelé) Rrﬂ%agg%%neosfggaﬁg? Cﬁ%s Roﬂ%mﬂ%grd%ﬁg) 0‘31‘:? Pber ?F?

angl es as possi bdceratd daldulted OBt foRsArtidul dr gtdess Plints BREYcraf€ BBSnd@ei Nts are
observed fromonly one street forcing the systemto calculate their |ocation
directly on th&ccutaieRawer peodile, thyweamiing vehigiepustobpirie the acemss poiny HMmES bi as
and are signifigapt bi¥reredt b : o] ess
points [302]. Errors1 grree I rﬁ?%sgﬁkgésgﬂei %Pge %ﬁ%%{gh(%dgﬁﬁ%&@é@énﬁ{ﬁisﬁp?@g

ref erence poi nt akeebservedrfsom prlyionasest &ireing 8o systemtio salcyats ithdinincatign slirs¢thm

t he accuracy of the ac int .l ocations..pl a large role.n:th
accuracy of yt heo%ﬁlﬁ S%%eﬁﬁg%g ?P?SSA?% Olgceéﬁﬁ’ﬁ(%ﬁ%ﬁé?“ﬁgblgsn%m%ﬁ’ MgUEeRily: nan
model  [figure diffetdnethas eerichiigl Mektichk 66theRiaecdss BoipBIT B0 U ERforsas€ BEDdR@H Nt

fromas nmany sides as_ _ possible of the building housing the access point.
Thi s addi ti onal 3 Bosifinig systepghenitsgefereace poiyf| lpcatigns 4R gnacgiifales go in this

triangul ation foreayg, { the GRbEMy Rt Frel ddCesh BGiRt 1004k 93&/;1 R9ar2€ FS 1 Q1 Nt S
[403]. More det g<|55FﬂSU oﬁﬁgmécgess pgiq%t eI océc't Pon é’u%f"i“t a‘ﬁls al%escr ?qbed in
connecti on wi t hadéurpay ef the end 0@4 Hpsifitrengsaramacyn gUsleg the Cdlinese Pestmbn mwdelhi s
system represen a i abl e prax r . the .si.gnal pro ation pattern for
each access poi hfgufen[{]ﬁfi‘%scgﬂlglig e %EXIE%%??CBHR?HFQI% Acest point Hom &3 Mndny sidet 2

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

improves the results of the reverse triangulation formula nsed 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
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 data is used in conjunction wth the cal cul ated access point

| ocation to drive high accuracy for the positioning system This
fingerprint is also known as a pomer profile” since the signal strengths

at each positio asyred.a n The Si

Systom can i nt SrpuBERACE e S ares R Rbr i niRobite bfciTe B2 p ALY o,
signal strengt hagbciasd BAB cdllectiag AR gp@riat ddt@dWhend the ImgOPtiatsd vaélh a
particul ar distance fromthat access point, Signal fingerprinting

t echni ques ar e DEo8ipsiof mulinieacceys pojntas PY¢IB‘H?¢1§1GCERSItW3\P8 smt@m@an S‘L@C@Fﬁ icult
to replicate in, MNol&], fficulty
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system can determ Vi ce i.on r finding the gne position
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Preferred enbodjeR@its ndiflichbt bﬁadcégs PBinksiR orddh @Vtd e %ng@bhﬁcbiba@e@y&itmﬁgor
obtaining this fingerprint data across a massive coverage: area W th

mllions of accélgenthaidnts in order to utilize fingerprint-based positioning
al gorithns. Reference Symmetry [0046] Positioning systens typically work by
having three or nore reference poinggﬁg&gugq fydevi ce being tracked.
These positioning systens use the ra S fromthese reference points
in various ways to calculate the device's current |ocation. Significant
errors occur whEl¢d4éher é?oatlemaglSysmtyplealb'rworhlbmevmgthm@ren@mréerep@a nt s or

st rateq i PRt @6l B RGA, TRATRRURE BURmd B Sl 00
nodel i nt r oducesigndiafiymsksse asferenicevpoiiiteint agionwaysse ba.‘l{:lﬂﬁké]mm&s'slcﬁﬁrmt

physi cal areas which there are onl cor ded acc 'SS poi nt cations
[502] on one si tagadm. (ShaHbicaphreors geaur gfen 5-9%? iuym?lﬁf eigRt fmr%herp elerene of

reference poi ntﬁmﬂ(s%&"%eﬁﬁx%r&@ﬁn&%?‘dm@i’déﬁ%laﬁ&%r s?&]&e&y%uﬁgtlﬁ'lﬂ@rr 'AW“S to
cal cul ate the device |ocation wth a great dea error. Wt

Chi nese Post manillwsitised ioffigyoah thawgtetiak biacthatssaepgss ftom the m-mdumemocia} pnttodmay
encount er's a phyghy Bead@ e tnb bAACF159h) 16 Bl 16 Srcll s PHIRGRH B C 0SS
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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
17



| ocations [602] on all sides of the user [601] wthin 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 show ng the inpact of quality |ocation calculations. Scanning

Devi ce [0047] Figure 7 depicts the details of a preferred enbodi mrent of a
scanni ng device 702 used to detect and identify the various W-Fi access

ints. A ' hi cl /01]. ' i i 702 hat
Conti nuousTy ScdReca R G poplarpaain e LAY AR EOnl PeREE et 108 70

and 802. 11 acceS@n@i@F oliént hdtdviles bbthahs GRB RédaBed 708 EaridoBe BONS] R [FOANTHBY
client software [704] that controls the entire process. The scanning client

activat es both OFS regoiyef iscset ipta-a goptigjous seseptinn 180de cpiculasiae the geogfaphithe  GPS
receiver is setl.nt I Pt I } raphi c
| ocation of t heldggéfl%c(gf tlgé\zéegrv';ll&;é gc nsggo%ﬁhﬁarb ﬁc@g{ngéﬁglt??sggéﬂl erhgg?f&lglglgtg ﬁ%ﬁ
scanni ng cl i ent andstored imthe dodahddtingtotage (03 H altee ssarmnigeich7ind]ates THeeB02cldnni ng

client initiates the 802, 11 radio begi ns sendi ng . out. 802.11

requests using GAGETB58LE S ‘lﬁﬂi’ﬁ&?’gby}oge reApgAtsEFng dire E%‘@gémfﬂﬂagtﬂ)?%ﬂ

Wi thin range of Aubgbo I ake srﬁm $67)VABRPAASe 9 thdt pRobeSbAINRA re}RAEONIRE Per the
802. 11 protocol . 5I)'he respo% mgqsi ]nal bea%eons cg?i?.ai ns thrg%netvxi)(k name of
t he access poi neigpa besaenas penths8)Zl1 protecolvAte aespprding signal heacqueeontpingibe nt

devi ce as wel | ]h%r ta | nfar ' 0t eal
respondi ng si gﬁ%lwg} r eace}rﬁég%#agég ptgﬁ‘éklgﬁg}’vg%? %ﬁgﬁﬁaﬁ%ﬁ%gsaﬁgﬁef%ﬁa{h Jd]i%?: Br ent
strength of si gpeiht devieds well ak bthemetadifonfiativniagout theatctddgopit 0Xhdtekpondingt he

access point. That vector js_recorded along with the identifier of that
particul ar ant eNgRBAISFACH ‘F?él“ REthg q“ﬁ?téﬂ“ﬁ]eﬁ“iteé‘ﬁgsa‘ﬁ%? d’chFéent é@%‘@gé‘)fpsbgf\fli basqqy; o

probe-recei ve- I g HeWeRoPEES Sri S the pﬁﬁﬁﬁjit%f%éﬁdéeﬁ\’;%'iﬂf. rRRRctef isdecor®@ond.
The scanni ng devi ce deployed is a conbi nation of the i PAQ 4155 Pocket PC

and Power ed GPSalPmpwilb il identifier of thiat partiowias gntgnrachng|tiRFmeta infppaatigegbewdls ver
with XTrac v. fik .1:0048]. Th i i I tal
b oA TR SR Ll S,

enbodi nents i s déescr connéection wi
of three main cesstpad eTiescatitigy st deplopadie a cbhBibiion bithe S3/5Q d b5 \VBrkeEeRC

bperati ons of bBNEEHEEAESFRA Bpstioiaficarits Fireraied SRE T ipoCPS réceler Sl '
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
geographic |l ocation. The G°PS recorder [1008] logs all of those readings
every second and sends themto the File Mnager [1010]. The W-Fi Recorder
[ 1009] activates the 802 11 Radio to scan every tenth of a second, and

associ ates thos vvlth S re m. n f the GPS
radi o and sends‘i—-’\?‘ﬁgl2 a% 40385" {1{@3] P& 'Vh 8@@&6%%“&}?@ nager
recei ves scan dmomttnrscolﬁe Swtlh sthﬁu@%ﬂ@@@rodﬁlfor&ﬂ@lcdftrgﬁtedlﬂeﬁ;ﬂfﬂdef publlid
creates storage files on ice. This process continues the entire tine

the device is HpEpPs [18%11 (ean?i rmhlh) ﬂla&ﬁhééeweels pYhetizedip aeress Qrvgatgletects t he
| oad h
Upl oad Manager E%Q@épo&ﬂ&f @Tdt&fép'é%fsfrﬁghg E&%&fé& O*rgé 48t édn ieﬂa@# to pcﬁ%cgﬁr s the

802. 11 scanning results to I gured networ
hot spot s [ 1024] thedhotppofbynashivitimg thdr@teatelBondentioneompoment M B €lhit congooess .

roor can sel ect aBeREh ik B R Rr AR epist SRy rates 0ey PhiecBpEa I the |
Connecti on conperapbt AdiBditicatiol thsdl® MOYOERBp 11@$§9&hﬁh@§1cxﬁdnhdobﬁadf&ﬁ§pot S

access point and creates an 802.11 connection. Then the Hotspot
Aut hent i cati on thsdigvise| Thellutspot plidates thesceapnhendfben prodidedpetvarkoicaess tofief or

t he device. The

access to the %\8{: cgﬁ{e WE)WL&% %}gg%gﬁt?a?#ﬁféenepgl‘ﬁ %?g@&%bﬂ%ﬁ?&aﬁg%er ver
Aut henti cation ﬁl&iﬁh&&on:ﬁel:ﬂ@&he CmtmmmkS&vth[aomrmd@kOM\mﬁd( Server

[ 1025] and provides valid .authentication in enti cat ed,
Lho” Upl oad & DarSibcRiaioBH o oRe st P reistied: Ge Uniae 4 Data RIS MBI o
retrieves the sepauddicij rsqmufaiaa @ﬁﬁm&udﬁ&re@@bés tﬁé waﬁdbtla(i‘éoﬂth@rs@mum ads the
data to the Central Network Server using FTP. Central Network Server

initiates a probeatastare [ Kb} @dalpﬂoaﬁh@eda@aoﬂwqmamﬁwmﬁ Sexgerasing FiE; rihe

Dat abase. After | S,

data fromthe gggkﬁarln‘ﬁ%g& Eth § Bﬂmt &«%@s{ qr%élglég%’ckzﬁga Eaﬂépd&t gfrgg(ﬁ%lZ] on
t he device. OnPeint DatabgskoAdker thecupnspdi atoethphansithe aplohd prbeeds meoviie thie Yeansdaten
nmodul e [1022] chec t he, tral rk Server to det e if thereis a
new versi on of Prﬁ@@?ﬁ Ci%f Z?MFQQB%QCWrﬂQt?I%tO’E?j\}M onfthedeyicee s a
new version, thensofk\Walogd is%on%ﬂ%ﬂi ARARHfiS) thel & NRWiofeksdfe [1023] @ebiat | on

[ 1023] process begins to upgrade the
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 Client 704 are a set of utilities that help
to manage the device and reduce systemerrors. The Radi o Manager [1013]
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 theThRth&dule dhutsolwin the @vicerand kddearts &l Rudwdie, dgeRting BYseim ake
Controller [1014 E{égse,nts the tools and updates to the user so they can
operate the devf clgatity ghsyre prager PP§18HONandl i ng and Loggi ng [ 1015]

records all systggyiss 1 Q&Fi I - ;
address. The Sygterr} Re:l?%r 1tm)rr(%) Sslee fg%é?@??ﬁig Ilfltggtagﬁ%%&?é?ﬁsg}s&gﬁﬂgta e
resol ved. 19 Thile aptichal scagiing peritel/fior 8071 ldendectheserndnditionsusing dfhie lsbalfinar e,
operating syste nd i client to_ensure prgper . .operation. [Q051] The
1/10 of a secpng]atgyffel%ﬁzgi%ﬂ‘nod’efﬁélfl\9§Ili\ﬁg?nﬁﬁd’gB'F? ‘g‘?lﬁ%\ée ipemi s the
opti mal scanni NghdpadhLdcde®y poditBrdaticasbARsignAESRCEPHMEr bhOSthokeichghrefsfat ke
shelf hardware. 802.1 I b/g/n operates using 14 channels of the unlicensed

spectrum An i BV HEgaThe sernning devine nesddindwrey sach chasne) imerdplaobserevas one
of those Cha““%ﬁg&«%@ oifts ¥EPLLibIE® m!@&nﬁﬁgmls% Q%Xﬁ&ﬁeﬁ'%ﬂ%h%%gﬂéﬁzxgy

each channel in order to o e as many acCeéss polnts as possi
scanni ng i nt er vspeed of therscainatgeathicetth optimizahewabhescaspieg dianf covees theanni ng

vehicle to optipize how the scanning.client covers the frequency real
estate of a par?gie%‘fﬂnﬁ}”ﬁ"%@ﬁ?% ° W‘g‘%‘r‘f@f’%rk Server [0052] Wth reference
to figure 8, the fleet of vehicles performtheir scanning routines while

driving their pre-designed routes. KeniaN&adolySaeah vehicle [ 801] wll
connect to an avail able 802.11 access point and authenticate with the Data

Co i cat i 07] .of the_Central Network S . Typically th
access Cpoi nts MBS ForWEE iaceds A F TeRe CREa PORBTER SSBRPE:  ar o
publi ¢ hot spot s royhibkewhilOGHiAPRER bR MRARK! PeSitRiHily rélgchr ik 013861

metered access. The provisioning of this connection could be done Via any
avai | abl e publ i cormeetds an pwiilable 80TH ¢ aenesprintgng ehthenticatetvagsthaDate near by

hotspot |ocati O&O&?TFUHPC%QLI?SSM%ESC B&r09f’§ts tRe e];ntral 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, the Parser and
Filter process [803] begins. The Parser and Filter process reads all of the
upl oad scanning data and loads it up into the appropriate tables of the

dat abase. Durin hi,s exerci se he data is, evaluated for quali i ssues. In
sone cases the é_ok élféﬁf{éqgsr?ﬁeys F“E%‘?t?fs xRy g‘ﬁ'églﬁe 8‘?‘_91315 ra{frrgPlBX‘?fi%’stfh?or sone
peri Od of time, fﬂtd_?tlaﬁh stoedd id altegapted &blé_oﬁiftﬂeetﬁtabh&efor fd_rt!ﬁéﬂ an@B/eRS In ifflar,

| ocation cal cul ation. The parser and filter process identifies these bad

records and ei t WesysSYn fies calcelaepthsrweightesl aeatreid doa the aepessoinfysing gl repegted
filtering proc | ' [ d.: r Qf, GPS
readi ngs. For - S35 bRER Sefinifioyihe BihREIRRAEDalE IR Obu B FndBiIRaS0
ot her but the rkoations.nThe&ystfnset adbfnabrahiiestgpdd Based bn Kiel signed efrtBisaway t hen
those outliers are.renov and stored in a corru%rgd t abl e of

by the filter
t he database fo ISWF?%WO%&%?;W%‘?SS Poinis dhat e jp Sfror. Pngg tasse ERR Tepords are

cal cul ates the waikgditRdca@Rid 8 kctalcBlatel WATARES REMIMNAYL Mecatith rasordd fo deRPBinked
data. It then determ nes the standard devi ati on based on the distribution of

the reported | &edinplnsstrontineing ke Revierse dsiapgudationmagihed deserieddeldvbased on t he
sigma of this i i byt i o I u C i hat Ln. error.
Once these errogiorgg:or %kea@%gtgﬁéﬂfier%or?%ea}g%nt ?gﬁsgﬁf’g&?ae%gﬁ%éjﬁfng?h é%lﬂ%ﬁth t he
remai ni ng | ocat inoved. da disl mstadce] dieasentraié forttheadcessgloimewill qiickly Sinag” tohtke
Reverse Triangul atj on, net hod descri bed bel ow. 054 te that the error
records rmay be {‘%10%%‘1“ as OI’a‘Se RERRULTHGT Hﬂef‘%{gf' ﬁégggmﬁia&apﬁemwgo
instance, the c@gllgtithnt %ufdhﬁclﬁ&&@&§§ﬂﬁlgrua§aeWakéd cﬁMh@K%e_yof' tBd'RBords Suchhe  new
| ocati on based on the preponderance of records. An additional enhancement to
t he al gorit hm whel ’ew 1ee¢rdsieepzesortiaghere ignifisaaidndieatiod ob tretpieseridecasipn fora
records such t %n&%%\és;p%ﬁl?r ds represent a nore significant indication of

s .

the present |ocdation a given access point. [0055] Once the parsing
process has beef0055hpl €neelthelparsirgproceks s tbear consplatt@the cemirdl natwesk tysenRever se

Triangul ati on npdel [804] begins processi the new datag.  During this
process 1) new %&%é‘f%@%@é?ﬁﬁ%’d@éﬁE&?étra"&%g‘éas%{ﬂ%iﬂ‘f'ﬂ@w Ahysi cal
Lgcga ;/Oze:/vs cal putiad @k [RBcbs2)) W RbRPoRECRS 2dRAKGNS d@faBase AR Bielr piYQchI based

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;)

[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 recorded by the scanners. The reverse triangulation algorithmfactors
in the nunber of records and their associated signal strengths to wei ght
stronger signal readings nore than weaker signals with a quasi wei ghted
average nodel. [0056] During data gathering, a WPS user is equipped with a
W -Fi receiver device which neasures Received Signal Strength (RSS) from
all the available W-Fi access points, and then extracts | ocation

i nformati on of corresponding access points. RSS value of access points are
shown as foll ows: [RggﬁhoﬁSGzﬂq...RSSnJ [0057] If the correspondi ng recorded
GPS |l ocation of ggcess point i is denoted by [Laf" Long,J, and the

cal cul at ed access boiﬁﬁgyﬁﬁgmton is denoted by (Lat;, Long;), the

triangul ated position 4 ound by applying the algorithmas follows: 21 n t
4 |ORSS,/10 Latl Lat.™ n 14 10RSS,/,0 i=1=11 4 1015'/10 Long, Long = 1=1
J4IORSS, /]0 i=1 [0058] The quad root of power is selected to ease the

i npl enentation of the 1@8sle h, since quad root is synonynous to taking
The secth

two square rootsLo 0058 d point is referring to adjusting the
dynani c range of ““"€e&ffi . AOTT t he dynam c range of coefficients is a
concern, the coefficient2ofl0tHe algorithmcan be divided by a constant
nunber, e.g., " 4 IORSS,# 10 Y, -Lat, Lat. = f= C4 IORSS,/ 10 C

[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.,

C Lat,
Latu == ‘%/ D
L 10™
=
n_ 4[10RSS,/ 10
Z——B%——Long,
Long, =

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.
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n 4 10RSS,/ 10 Long, Long. _ "al Cn 4 IORSS,/ 10 Y C [0060] The Paraneter
C can be any nunber and it does not inpact 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 inpact the results, but it changes the dynam c
range of the coefficient values. [0061] This final (Lat" Long;) is then

used as the final centroid value for the |ocation of that access point. The
| atitude and | ob@fi62Lide Aditdrithet Gentrabetstovks Bektabase hiacbeed apddtesandieach agtessg a

tinmesta to indi t fr S t rj,an ti I tion. 22
[:)062] KF ter !thgb@gfﬁ rbgpﬁﬁg?é\?\g&%ﬁtg? g%%as%%]ﬁgghgeégﬁdﬁﬁ%é{%ga&%ﬁtg%tkaglglh access
poi nt has been depbstbaeded reditie dDateaobaeKoBuorld] EThe[pa0lbbuitdee fictitatssibset s of

t he database based an re%ieons of the country or worl d. The pack buil der
facilitates di StHityfeR shihgdatbase forrapEetly of gpe cpsesdpivaugh QPRY [peloncCsE-R | n

whi ch onl y r egi QR ERAIGIafe ofdRRELEPHeBAcERIRE isBEARS! wiT R iAKrditlsder 1 s

configured with”region coordinates epresenti ng untries, time zones and
met ropol i t an ar espsesetding dopntmigs, timeszonescandingpirepalitan srens. datilizimgwhisgechnjqusta t he

| ocation data for the.west €0 of the Unted States. .The. . k buil der
segments the dat'¥* F%%%?@O%{fw&ﬁ%%#?c%m&ﬁ@?%@e Wétrﬁoasf%%ﬁ%‘*l‘%g%ﬁt‘ésetfhe |
Managenment Mbdubgek 5@¢r sephbiss R aflrb@ids HERAYdGIprdtiiiaBsm. t he scanni ng
vehi cl es and ensure they are adhering the routing procedures. This nodul e

processes al | t H063tan ThsdlechNanpgemegtMorele (3064 helps operaticas peisorngt magagki c| e
inth t ! pele t k
usi ng the vap " BEFyERY Bhifitatenaanh, raD ham R Ohrob diralC T © 11 ac

parti cul ar regi awdulelpeoc8iSs all theckanndptaaiddouildotine éevatiordeadkder ¢aeh vehiclevsethewi t h
route mapping software to verif conpl eti on of cover and to identify

i ssed af eas. TR SRptons PardeeE et Tgps e il o e G b o2
that the systemBufiddqbtd)ngvishalylBsectdnd covegs fd¥ladartiifr 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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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 appreciated that the scope of the present invention is not
limted to the above described enbodi nents, but rather is defined by the
appended clains; and that these clains will enconpass nodifications of and
i nprovenents to what has been described. What is clainmed is: 231 . A

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

on the order of tens ,o 1.l eSywosal d ab ing recorded in.a .
conput er - r eadabl 1e m@ d‘li alﬁ rga%en%F Wﬁg %Y&?S%"‘&%tsfglrb%g%as’?%“& gg’@ LB haé’ tist rg% Fall y
all W-Fi accessnphy ¢tder dfftedsivg miles\Isgididab£a beig@ edtord@aai d comphtueiieadable
identification information for a correspondin i _access point and

. ( W - Fi ce; t a
cal cul ated posi FRGHE mmﬁla_fhn;eﬁlatab@semerdé6?rr8é_g§§@rﬁmﬂmgﬂwkﬁ acqesE @RIEIS Ipdhent
wherein said Pa'tﬁgétaa}&ﬁe @\?&c:fs_ﬁ(?ﬁcfuﬁfng GGt ffioh $nfBRh A H%‘r%é&f&%&z‘aﬁ{ 8
mul ti pl e readi ngs-of the -F1I accesS point to provide reference symetry
when cal cul at i ngeeshpoipiosidtcaloniagfl positon/ihfdEmatarctes shepoimespoadohg (Voi-Bivascebs

terial bias in th | cul at ition information. 2. The datab f
Slaim | having @9rARHeEh G4 P B Bop R plareRiprop opdingd fromiFEd i Ea s o

dat abase recor dgnliepie eaalrngaof fE Wil ab@sORIintab PRSvidedéference symmetry when
caiculating the position of the Wi-Fi access point and to avoid arterial bias in the

calculated position information.

2. The database of claim 1 having database records for a plurality of target

areas, said database records being organized by target areas.
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