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 at ed
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
entirety. [0002] This application is related to the followi ng U S. Patent
Applications (Nos. TBA), filed on an even date herewith, entitled as

fol l ows: Locati driOBATION BEACONRATABASE AND,SERVER, METHOD-OF SUIEPING

Dat abase; Locati omMOSAEIDNBEAGON DATABASE, AND LOCA BASBDISERMIGE sed on
Nunber of Detected Access Points Wt HSINGSAMEof User Device; and Met hod
and System for Building a Location Beacon Database, Background 1. Field of

the Invention [ @G9siReFRnidWERERE APpRedth Y rel ated to location-base
services and, nore specifically, to nmethods and systens of determ ning

| ocati ons of W{ﬁmpccma@ﬁh&a&mmﬂgtué%mnﬁﬁ&ham@crm9 51oft@s| ocate a
W - Fi - enabl ed device. 2. D scussion of Related Arté&:t bG4&\%{ recent years
obgry

the nunber of VllSé'm’é'b]ﬁfﬁmt Application Ne $0/633, 108, Siled #5 P@4sentitled cr eat i ng
the need for mragym&%rﬁmbgphﬁwm%r%ﬁ ng 19¢ drz? P‘F&%g Hatz%ﬁpé bfic ! |

wal ki e-tal ki e services | ayer " gam ng- an owm ng are exarrpl es
of how new appl iheminiingespasated bymefeganneyinots entibliyl e devi ces. In addition, users
are begi nni ng txm%grrand/ seek ag lications that not only utilize thei r

current locatio Lt dhsspplicstion is gelated tg dhefPlewing Pot RaEniPPlFationy@Nesr s

Parents w sh tom(j\e;mlg({g,pj&,@fen di@géIEWI%hﬁtmeggsfoﬁH{,)@rVI sors need to track the
| ocation of the company's delivery 1 vehicles, and a business travel er | ooks

to find the nearest boraHemBsacemDpkhake;up a prescription. All of these
exanpl es require the individual to know their own current
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



| 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

i nclude local weather, traffic updates, driving directions, child trackers,

buddy finders andmukaaﬁdaaﬁsﬁfdseﬁﬁeles%ygtsﬁﬁdmIm@&esteﬁwdaegﬁ@tﬂi&% gensitive
devices rely on a varjety of technologies that all "use t’he samg gener al

concept. Using rPEesFptiong Al of thesmexagiples savirathe individupktodnew theil oinscurreties e

devi ces can mat hggmRbd 6ahdibr S USELT Ik - Lvento these
reference points. Each of t%(gd'lseugg%ere'ofg}ﬁ‘géégg%@f@%ﬁngggrtﬁhggr?%cgl\}\légknesses
based on the radP@eensdd adklthriswhareabouteomsing workersghedkgio fronhtime totaye wighpl oy .

[ 0006] The 4 obqﬁchP&§f'ﬁ%Loni ng System (GPS) operated by the US Gover nnent

| ever ages dozens of" orbiting satellites as reference points. These
satellites broadéds] radatondiasmdabvicehat areérmerping ked of mobije dppficatiemahater s. The
receivers neasure the ti Jt . togk.for t sjgnal to reach to.the
receiver. After l?vgf?gfﬁfﬁlﬁﬁlétiyé’ﬁa?‘% 8?"?9%1“’(%];’3{@“"6“6 TGFTEnt §eperaphu¢ pesitiongad ¢ he
receiver can trirgguhfitea iseBol0aiséivied. Soind dx8mpleObBheskQérvicBEinSu&d 188wt 0 wWor k
effectively, the radio signals nust reach the received with little or no

interference. W%AHER raibigiupdatsgdrang diteptinns. shild trapkerss idiy fedussndosmse
nterference  DeGRIKEe dehficds CTRIY BLY IdoRTHH!sbRiife Bl thiy BFaQhacty ght Lo [ hree
e y a phehomenon known

or nore satellites. “Interference can also caused Dy
as mul ti-path. Teshnolegiesghatallgsethe samegenerileoncepie | Usingradib signale carhipg fromsi cal

structures causiflcggw,gr}é!férglﬁk ??iﬁé?'ﬁ@e%eﬁég% &Q{ﬁexﬁ&ﬁﬁl@éﬂ’h&cﬁ:}d&% thE ules é&%@geg on

receiver at different tiIne ce the recelver's ron i
the tine the sigelativettothesetroferepacpoitth eEack ofiheserapproadhes hasatshireiggsahd conf use

| < anotner ot nonageess BYEHTRR blo SRy pinlle suFine @ Bipsahol i e o

user or device' smphgati on. The wirel ess network and the handheld device
conmuni cate wt h h to_share signal _jnformation th the network
can use to cal CE@?ﬁ tﬁi\e?ﬁ%hsf Posiioging M@eraé%%@mrmﬂbgwgéewwt

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 sighal information that the
network can use to calculate the location of the device. This approach was originally
2



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 produce a nore accurate and reliable |ocation calculation for

mobi | e users. Linth SuftRBShode Ltaecw diftk BRse ﬁwlﬁo%ﬁm&cﬁ%er&?h& GPS

i nprove its signal recetlon transmttin ormat'i on about the clock
of fsets of the gmssag@p@qtnatetb@ﬁdlagmbett@mélmatelw these appreaghesthayprovende bpas ed on

the location of fhe.c q%g% ﬁgh&@pécn%ﬁlﬁﬁg‘%ﬁe oE RS EnhE SR HARRY or S:tkg\]v@: hel ps

receivers deal wt rsi experiences 1n

t he receiver obtheiissues dflmilu-pﬂhsﬂgmlsindamlhcmmmfﬁmﬁgw the positieningofaeihdarng a
faster 'Tint readi ng". These systens have been plagued by slow response

ti mes and poor Yofs acy --greater than 100 neters in downtown areas. [0009]

There have been [6008E WWsﬁstéd?GBSis ﬁ{etvemaddmatdmaes bét8 \GFsame delludar tdwer and
address the known issues with A-GPS and cel | towerhroosml oni ng. One of
al

them known as'efipigyssto prﬁwqefégorgﬁcgwaiem FeaRle localianarishlatenioR mOBKE t ower s.
(See, e.g., MiyfkItha0ABdel N Wielbds nctiwd e atBeiPis 14 Rtp BP8 imps M@f@ﬁ%ﬁgﬂrt

Surroundi ngs: Enabl i n%ty Techni ques and Technol ogi es for Localiza
Lect ure Not es i FECCR}ifP (MY diansmaiftiag dnformatipy) %hwttbﬂqlgck offsats REEE LS Meﬂlt@@oﬂt J.,

Krumm |.: Loca

37(2):95-97, Fe%ﬁe%aﬁmgg%u%%%ﬁéag% es Bg%gﬂ%fm%‘ﬁgrﬁg%gg reﬁ'l es on t he
fact that nost ﬂhcsembhlqu@mathiBGPﬂmvas deal mihewewr s:bmdaﬂhamnb t owers.
Proprietary har QHaLenGhiRh e Sl MBS ibYeal D ghin LBM AESBUPLIGHS, Covers. and

uses the known p ions O omers as' re
chal | enges f aci gojickdripsovidinird faae:e‘fkdnmadmg’t Thesd dyetemeha\hamh/\ﬁla@xed bgaower and

the limtations of usin uch a snall t .0 ferenc oi nts. For exanpl e,
1 oa user s o eRos CIREeaP TR orercan g 100 REteEt)S CaRRARE Siest 1 1§ sl
time providing [mspnatmerehmq;wasbmxffdterdaémaﬁdmatmmélede\sel@ew&ﬁfy@Bong the
shoreline. Since there are no TV towers out in the ocean, re_i s no way

to provide ref ePUHES RAKNP ISUsHEREHN A GI?%?‘\QP&%E%V%B?WE%“% ctOf M g
cal cul ated posi kh&t ROrWeIPk, wiilzay \shnals fx‘ohﬁelﬁﬁﬁbn blobhHtoWeis." oS &. gCOr por at i on

and Intel Corporation (via a research roup known
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, I., 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 mode] 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 i S the a the syste suffer . a. er of
per formance and %‘%?%ﬁ?‘ﬁ“i #{/ﬁ&hy%%{;"gﬁsd(ﬂ%agt ‘,"#lﬁéer ”ﬁtwéxoggl?zﬁxg gle’(r &@maﬁ?abas es
are not cont enpdatanepublic canmenitf wébhsites] S, ¢.8., haMarehyiA. petodl hPlacqgicabt | ons ar e

3-4 years old. e, age.of .t he acgcess point |o ' i s.inport i nce over
time access poi f”§e_%sr‘|u°d’é“ R}%ﬁ’lﬁ"]ﬁ R%%W%w%@g@m%?@ﬁgg@ﬁa i's
acqui red using avivEIMap{.song)Netsnaitlsvab@ addBo&DB. BIEMEeosoit ahd Bitdl @ive. Every
802.11 radio and antenna, has different signal reception characteristics

affecting the réﬁ‘(”é‘%ﬁ’éﬁﬂ‘&?i°8’ﬁ°@?f‘tﬁ?@_"9§ﬂh _ W@SPWC_WWQ&MEB?% scanni ng
sof tware i npl e@a&@ﬁdcq&aﬁ&ﬁnma@ei\%ivﬁhama&ﬁ&ﬁykﬁ;ppg.}éaéast@g{es déys during
different tine intervals. Third, the user-supplie ata su fe?s from
arterial bias. Beffaassmberofperformancesnd feliptilityprabibntsy Finsdliheiddtaatrossthe ar e not
followng desi etk aSRON: A0t BhlrfRous: QnetF bR dafilliRcd AAOHEEYRSRaRLR 1IN
heavily traffic areas. rterral bias’ causes a resurti ng location pull

t owar ds mai n ar Beryees ok jEhedpesfthodccesk poiet lotanen issawportat sincer evet tige haesat ed
causi ng substanti.al acgcuracy, errors.. Foyrth, these databases inc]ude the
cal cul ated posi P P'S% 8t es%l%%eo(ﬁ t%@b%fgg’cpgﬁ?f’g ﬂ?ea‘ﬁ??elf‘ a‘f%&ﬁ‘?f‘ﬂ'éng‘émelysoganni ng
data obtai ned byartiWwereQA0@ sdft died dfigurationk:a ERer 802. DE fadi ikl abR BT aS differchat es t he

Sver age. T or mul S ian Piepen ing ter e RS AON Al e Sr@EY Rt od as

Dol ng. | noor oot L S e tor. |

[0011] There haVeyyBehe4iffroms ime ditenammiiiie; the visr-senplipgdatsulfprefam | ocat i on

Vot oL ding, el DS ORcae e Ll Mt ebortl oy Pudlidualiid ndtihibaktg shnan

Techni ques and daxigniad sdapuing soutesy the datatendsao aggnegatecceund beaNily esfficrara@»nput er

?:glrrgﬂf ie’ngvcc):i) ﬁg‘: Agéﬁigéa%%ﬂﬁéékﬁgﬁﬁng Matior§f towarkis malil 4HIHks dparabRERHhE- Avar e
the user is currently located causing substantial accuracy errors. Fourth, these

databases include the calculated position of scanned access points rather than the raw
scanning data obtained by the 802.11 hardware. Each of these databases calculates the
access point location differently and each with a rudimentary weighted average
formula. The result is that many access points are indicated as being located far from
their actual locations including some access points being incorrectly indicated as if
they were located in bodies of water.
[0011] There have been a number of commercial offerings of Wi-Fi location
systems targeted at indoor positioning. (See, e.g., Kavitha Muthukrishnan, Maria
Lijding, Paul Havinga, Towards Smart Surroundings: Enabling Techniques and
Technologies for Localization, Lecture Notes in Computer Science, Volume 3479, Jan
2Hazas, M., Scott, J., Krumm, J.: Location-Aware Computing Comes of Age. IEEE
Computer, 37(2):95-97, Feb 2004 005, Pa005, Pages 350-362.) These systems are
designed to address asset and people tracking within a controlled environment like a
corporate campus, a hospital facility or a shipping yard. The classic example is
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Computer, 37(2):95-97, Feb 2004 005, Pa005, Pages 350-362.) These systens
are designed to address asset and people tracking within a controlled
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 requirenents for these use cases are very demanding typically
calling for 1-3 &C¥n TS [ . echni ques
to fine tune th&gﬁhgégﬁ%% |ncF{t§ |°§§he§é§§%uctl6r{lg&£etc\£?s é:gﬁ)é’i“?'{é”g%r veys of
every square fodwospi! sotthat wheptheretiva cardisaareestrtheliospitil gtatfldopaniy pagtatimen. They

also require a network connect.i on that the access point and the
client radio carll&(gglféﬁ%%@cesﬁ% Fﬁcgmc%écﬂl%e%“’flﬁg%rr PSR HTE to how A-GPS
wor ks. Wi | e t helsmandinpgstypicallyaniting 66t dF8 MetermERadye These sgstérns useaagety 6loor use

cases, they are ineffective in any w de-area depl o nt. 1.t 1s inpossible

to conduct the IETCHB“]B‘?S t%lt!?%‘iupee%w%? cgraghngSng F%‘tﬁ'ﬂ?‘f’égﬁ%%g? s&We%‘rﬁfi re city
and there is noev&y squard fobtiof @ik camBaNSs nRtBdurd @B ighA JtdpagationNaR&LdIsoM t h 802. 11
access points across an entire nmetropolitan area to the extent required by

these systens. REASHT PAPRSFADERAIWIk sorngelinn sp Hat e prceysgint pushthe slienf radiegamnt al | y
different than i.RdaRg é,gg,gr 'ﬂﬁ&?ﬁ%ﬁ%% e ander, L(I[aﬁssg L Q0QAE itioning
al gorithns al m)s?t useelS SsS (lﬁlﬁ a w de-ar eaS s?:%nar&gé 001%k 'Tﬁ@?lgmg% nuner ous
802. 11 | ocat i on sydemsArabecomningmuare teliahlé fdykhese inddor nsecmased, theyhare pefledive én of

802. 11 signals W I & onakeadi ng. T %i/c\_?r
applications ar gh’gggif’ \gtréeagi e@gﬁéﬁ g?%trrldgg%}b(lje ugg&gwﬁ ‘8‘8%13?@8% ﬁlge TEsdi ngs.
Exanpl es of thespirapmiress at emdins cigyr and Mestesis noriyey to rkiyonmtcoastaht Yomnkicdiom Sone
hobbyi sts use these appli,Gations to mark the |ocatiaopns of 802.11 access

poi nt signal s tﬁgwge lgﬁdzgﬂacccg S PRBH AL egg%qpogpaﬂ@p tﬁ'glgc%tﬁ?{agenent of
this data and t heuibdby theseqfstéte Moshirapormitlyuntdosr bio pispagatiansial |y. These
to the sical |ocation of

application do not perform.any calcul ation as | .ph

t he access poi n?gnd@ﬁgg;al%bcﬂﬁ;rﬁ trﬁ%wm%%raﬁwaiﬂa%mpmﬂ? %ﬁ“’ “Edr‘?éf access poi nt
was det ect ed. [%s'li&njxf’geﬂ%&fm&oﬁ!&ﬁlﬂés@ld BWids-hfel s@haridle underlying
positioning systemare the key drivers to the successful deploynent of any

| ocati on based $¥18] ce Thempregmimsrrue 80% b lopation srappipg elicatsrayaijabledatirecordhat t he
system achi eves gdJfredeRidlof 90 Plsighafk 2fA8ith 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
meters 95% of the tine Gaining < 50 neters 90% of the tinme Friend finders
< 500 neters 80%of the time Fleet managenent <10 neters 95% of the tine

| ndoor asset tracking < 3 neters 95%of the tinme Summary [0014] The

i nvention provides a |location beacon database and server, nethod of
buil ding | ocatio P ot Wliobin Sale.
[0015] Under one Séz ,p, Y00 thetd 5SS Rzl LSy Ocated in
a target geogra d afea—to—burd—a .‘,.ﬁ,ﬁmw database—oet—Foecat+ons of

W -Fi access poi tAl At | east ane yehlizLﬁdIQnaféﬁﬁq oyed i 2 of "n?F“’aL | east
one scanni ng devi|{Cemtitimgiivig@P&tides/i ce dOR0amdrs Fi  r adiS® ofdhe time and

including a W-Fi Ga,rﬁh@nna system The targed mdfef® | S tr@vggﬁmnha a

programmati c rout n9 darteriat—bias: 56(56 &Ugr dlllglb% v te—1ncl udes
. 111 of thet
substantial ly al l-g+vabre—streets—inthe <tﬂ“m ;g %a-land

sol ves an Eul eri ghicetyBanagemethl em of a gr aoﬁ“i@B‘F’ésent ed 45 ofthefime); i \apl e
streets. Wile trhldetvrsvlsstgtradwgt arget area, <Bemeteni cal | y 95gcdfithetidie |GPS
coordi nates of the GPS device. Wiile traversing the target area, detecting
W-Fi signals f (-Fi access points in range of the W-Fi device and
recording identity Tnformation of the detected W-Fi access point in
conjunction wwth GPS | ocation information of the vehicle when the detection
of the W-Fi acd®d4] poiThe inNa&tiatr@cttyides 7 lopationdesdon databese ambserver methodsed t 0

reverse triangu t he, det.ected W access point; and
the position of lb? %fn%ieof"%@t“i)ﬁgc% §sep8‘?dnlf’°ﬁ gn b%sg%ﬁecﬁgﬁe YSPESFES e ence

dat abascﬁ. [ 00161(:](1115]:Ier [mdeidmelas;ﬁameﬂie 1m1§ntidh¢WHFv eabssqmmtsf dieldcaedymta g
geogr aphic area has a s on t er ten .0017] Under
anot her aspect SFEYLEE g?ﬂ?‘@ﬁtja}’?ﬁ{o b't“ﬂjga Efé‘F“a %rl?ﬁﬁfl%ns OS%V‘” acces

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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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-Fi access point signal strength information about the signal
fromthe W-Fi Q¢ga8ifigdi0tdined for 8giveh Mied acc@hoirdt R WR&eil¥aili 38 of fealijY
device. [0020] Under another aspect of the invention, a given W-F access
point is detecteried Waen determining the pasition of the dejeetes Wi-Fpessessippiat.gi ven t he
organi zation of r4d191 dRiMERLEh thd : 208 . sggg t he

i nvention, a gi \;en /- I'Iljl\n gxgiges?a%%?{nﬁﬂlléslgg%é%%g{hggﬁ?tr onyaaylrrginy %? etr ent
angl es as possi lsigealgirength infoemationahowt ditei signaldfont the Wiclfiiaoerisd poisttis eabdutatedand
wherein a power fil.e of. .signal strengths for a given W-Fi  access point
i s determ ned aﬁﬁ&%g%rg?ddtéydpcfcgmév ‘er anot her aspect of the invention,
the W-Fi antenfig02eyst &ndémaabthietespectibvfitcinveantion, agives Widi addeds pdigliei n t he
scanni ng device records a vectégff of origin of a,K W-Fi access POi nt based on
di fferent si gnalde€EPEeraEmARHterer) apgles 35 pospblepiventhe erganizalion ol B ¢ he

di rectional ant grpte stlefl923] Under anot her aspect of the invention, access
points are located for a plurality of target areas. [0024] Under another
aspect of the i @2k} ofnder agetber.ageept efdhenigvantion, a giNen Mi-Figagess paintys be | ocat ed.
A reference dat 3pas A& dnt! | . W - F hpts in a
target area is prov?ddgéﬁgﬁl]ﬁwespon%teaﬂglggdg%giséb?é%g%ﬂ tFécfe)l |onair%lelc%ﬁglgt to
determine a | odsdvibdastioéts,and whereienpower profile ofjsignaltzegths fmtiaggiven Wé-FV - Fi
device is trigg to .transm re st to all W-Fi access points within
range of the W?{ﬁ%gscpg\?}}tése&?er@ggi%ngdergcoﬁég. received fromthe W-Fi access

poi nts w thin r§022] of Unlder avbthér asphevofale invendod) theeWsBgmtdnale systehyinclgdéshe W - Fi
access point sending the nessage. The signal , strength of the nmessages
Feceived by t ho Myeiepal J6EHES avhran e SO AeVesoebi Verisr 8 QRO abase
i's accessed to WpitRiabcebdoirtt dhsed b tEfrenOG@ial QREgthOrecdited bydBOWifFi audesdV -

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 algorith“ms, 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 |ocation-determi nation algorithns, said
chosen al gorithmbeing suited for the nunber of identified W-Fi access
points. The calculated |ocations for the identified 7 W-Fi access points
and the signal strengths of said received nessages and the chosen

| ocation-determ nation algorithmare used to determ ne the |ocation of the

user-devi ce. [ OORBlact&slipsin®asd BeSigk:? RRMEhOS daliredeive@Midsiges dnll trecBbéeH! at ed
| ocations for the . identified W-FI access points are filtered to determ ne

if the correspo H?ﬁaﬂﬁn'W?ﬂl‘_‘aﬁ% élé%‘-h@@WHS%d tdplerming thy laqarierofi theuser-davicehe
i nformation aboypedspe W¥dei arﬁﬁl@fa&geec%’ ?1' Lg% ﬁg%n‘ﬁ@ﬁ, thdGAAHER lt)%éito%efo{ tﬁ{a erence

dat abase. [0026] Under another as e 1 nvention, urality of
| ocati on- det er AdentifiedWi-Fi epsessphints arafilteredds detersiingif hesoygespbnding Wirkjit h

wei ght ed aver ag . n not her. aspect, of .t i.nvention, the
plurality of | o%g |%§J-mt?jt@en{vg?lr?n&%%%{?%ﬁﬁea g%él?f[ﬁ?%laﬁ?fb?b@&{e@e Q&féé?%%stp"w&% ghbor
nodel . [0028] Uvdisiinciuded hthe eefqpence dadbatehe i nvention, the plurality of

| ocation- determ i 0 | gor .t hns includes .a triangyl ation, technique.
[0029] Under anm arsi{@&gang%emgecf ?f\nféﬁﬁvm?n"ﬁfeﬁ .?yzﬂfh(i“?u%‘f | ocat i on-
det er mi nati on aldgefrinktivh l goeithusianchass él@iﬁ\:pkkl@%%ﬁ@@éﬁ%&hk&%@é%&%d@@sed on
the device velogcity. [0030] Under another aspect of the invention, the

choi ce of | ocat ¥ et dinderanetheraspest ofdhe inventipn, theplptelity afdesatipron t he user
application mkid@ﬁnﬁjﬁﬁidn%%'ﬁ. iﬁmg§ﬁew&%%¥)o g&i another aspect of the
or

i nvention, a database of -Fi access points at | east one target area
havi ng a radi us [§128] he Undgranother aspestofghe invéntion,ithe plerabityd docatinna
conput er - r eadabl g ]

War=Ye) n%}[ A 'p@?%%?agﬁhéﬁ%ﬁwcﬁﬁﬁﬁds for substantially all

W-Fi access points | get area, récord i ncl udi ng
identification i[#28} matUnder dnothemasperoofitiesinoention ghéWluralityaf dstonpoi nt  and

cal cul at ed positjion .informtion.for. the corresponding W-Fi access point,
wher ei n sai d caldsﬁ]%?%@“%%ﬂnﬁ?%wwﬁ'ﬁ sFlggth‘ﬁtteé}%'Pl’@Hc {f;ﬂsﬁcﬁ?"rt&or di ng
mul ti pl e readi ngsvied veldeityW - Fi  access point to provide reference symetry
when cal cul atin pgsition of the W-Fi access point and to avoid
arterial bias i 20¢3ﬂ§ c &{095H et aseret ?ﬁ%ﬁf“?"ﬂ‘f“%ﬁ%’t‘fh(‘}ﬁ? O toZktion deterrination

algorithm is further based on the user application making the location request.

=

[0031] Under another aspect of the invention, a database of Wi-Fi access points
for at least one target area having a radius on the order of tens of miles is recorded in a
computer-readable medium. It includes database records for substantially all Wi-Fi
access points in the target area, each record including identification information for a
corresponding Wi-Fi access point and calculated position information for the
corresponding Wi-Fi access point, wherein said calculated position information is
obtained from recording multiple readings of the Wi-Fi access point to provide
reference symmetry when calculating the position of the Wi-Fi access point and to
avoid arterial bias in the calculated position information.
[0032]) Under another aspect of the invention, a Wi-Fi location server includes a
database of Wi-Fi access points for at least one target area having a radius on the order
of tens of miles, said database being recorded in a computer-readable medium and
including database records for substantially all Wi-Fi access points in the target area,
each record including identification information for a corresponding Wi-Fi access
point and calculated position information for the corresponding Wi-Fi access point,

8



[ 0032] Under anot her aspec - ion 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 dat abase 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 wherein sa.ld .position inf i.on i s qbtai from
recording mul ti BRgens FlﬁégteéPost“R’@IW%"o’é@ g&*‘%“e &Oﬂ’tmf%&ﬂ P"E” ref erence
symmetry when CRhadibgadfithowi-Fhgciopbihd to pr@fde&&&eﬂﬂe—s?m&y%&l 8Qduldtingnd to
avoid arteri al b| as .in the cal cul ated osition intormation. The server also

i ncl udes conput PP%‘P‘E‘?@?&W&F}@@%&P@B‘%&P aw&%ﬁeaélt{lﬁl’éﬂ’éca‘ﬁ'ﬂlatﬁ‘ése for
new y-di ScoverePOSWonEhfoﬁﬁeﬁﬁﬁsm §a1§cﬁh u&?@?ﬂd REr-ifPlntentel ’1\% logic to
e |ous

recal cul ate position information for access pornts pr stored
i n the dat abaserecerdgtoi th¢ dasabasecfopresily- dJ@WVﬁlmi S¥irfitacasss foints sahﬂacqnmmeylomcscover ed

We FTaccess gkl 1007 ReaddIBlpoR00 NREARASE 1Ol LIS bIMEN Ry e

server includes gic osition
i nformation basstdrcdm the database wdlizeGRSpasitioo infadniatinn fdr e Y-diseveradWiher
aspect of the |?vent| on.. . the clustering logic includes logic to determne a
wei ght ed cent r of FEBEPYPSn for al |l position information reported for an

access poi nt anmon:qgl C Un@eriafi@hériaSpéctivf Htietin R Btion) fhersemé ifcluddidbmputereeds a
statistically- based deviation threshold anpunt away fromthe centroid

position and exiPRigcnted clysterigg lagicitp Wﬁmﬁéﬂﬂ%ﬂil%“‘foﬁ?we@r?nﬁff@rﬁr?‘ﬁe dat abase
and from i nfl uegpetigdoidiGogal cul ated positions of the W Fi access points.
Brief Description O Drawings [0035] In the draw ng, gure 1 depicts
certai n embodi nE434) of Uadwn@herpsiwtqfﬁmm‘gnwrs ﬂ@@iustepnglng@ IQCIWEBIQgtCSIO

scanni ng vehi cl gﬁ erhdid ML &@H&h?9s1lg)(ﬁz’fglczlﬁlzqo§ﬁﬁﬂ§xﬂ’bﬁﬁnpx‘?reg a scannl ng

enbodi nent s of e 1 nvent S an exa
scenario to il asessgomt artdelogupmalkiemf)oposmanutéomahomﬂlasemcﬂddastaumﬂlyect| on;

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]  Inthe 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
exanpl e 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 according to certain enbodi nents of the invention; Figure
8 depicts a central PRLY depRBf kel bdtiriddo oS felbrerlal W F
access points accordi%g to gqrtain e _%ﬁlnen?suo tﬁ%r?nve’ﬁﬁﬁygﬁygﬁre 9
depi cts an exenfceasyPaints Hi lpeating p asesflevinssi t i oni ng sof tware according to
certain enbodi nents of the invention; Figure 10 depicts an exenpl ary

architecture of a scanni client accor.di ng .t cert.ain enbodi nents of the
i nvention; and Fi gurglgffngdoe rsé?nﬁﬁdglegﬁﬁlﬂﬂg‘gggTW?"&V&%W@&%ndom

scanni ng nodel wettdin emb@limentef the iiwehEibn;f r om t he Chi nese postman nmuting
al gorithm Detailed Description [0036) Preferred enbodi nents of the present
invention provide a systemand a nethodol ogy for gathering reference
| ocation data to enaBisare depicteeycentsl n%@ﬁktspwmm@umgs/gs@m&m@epﬁb\ri% and
private 802. 11 ae68smifOhddbRlingth EhlAMpbainiel of dbivefinggt nered 1n a
programmatic way to fully explore and cover the streets of a target region.
The programmatic approach identifies as many W-Fi access points as
possi bl e. By gat her FiggrelSateaicisan ckenfiplaryratchitectuadafipositioniag suftassacparding S ,
preferred enbodipents not .. only_provide a |arger collection of |ocation
i nformation aboﬁ eé{:m@ee@o%ﬁeﬂtsé’f&ﬁﬂvefl??é” | ocation information for each
access point may be calculated with nore precision. Subsequently this
l'arger set of nore pFigtied6 defit® aiBierdphiryS6iiteirel 0 G3¢dnAihg SREM bERRIdgo DT €
precisely locate a _user device utilizing preferred enbogi ments of the
i nventi on. Certcﬁqtq%“%'ﬁmm?féh%@“ﬂ%ﬁﬁé)ques to avoid erroneous data in
determining the W-Fi  positions and use new y-di scovered position
information to inpro ' [ 1 ned
position informti Onf@l&%??;ﬁ%@%ﬁ?ﬁ?ﬁ%ﬁ%g@%& of %&% &qmﬁ%g&g Al

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
positioning systemincludes positioning software (103) that resides on a
conmputing devic u i . coyver : . are
fixed wirel ess g%:e{:ué%;rl chgii %%y%ZTOﬁXE@B%’rt%%g%?@ Qi:é% or ?r%‘?{%go rﬁﬁsugﬁlﬁglf}
control / conmon bkbasedbn the ountberof WiK) ackess. poifitsddenttifiedior dbeciedovhenaideation t he

broadcast sign .reqguests i.ts transm.ssiqn via a probe request. Each
access poi nt co?i% u'lgsﬁllss? CLRCAeS OR e fRR! cgh?na%ﬁ??%+%chR%gm as a MAC addr ess.
The client posi {0037] ngFipafd Waepiets 4 ReonoE s prefegied embedimensof a'WiFit he 802. 11
access points in range and Z@h’gijl tes the geographjc |ocation of the

conmputi ng devi c8OUNGTRE SYFER @t"ipé’%‘“?'l‘?ﬂﬁy?tﬁ@ ingludes posifipringseftwarg g e

char act eri sti cs [j03¢tndtiesiaddondRbmpiigdeRd fLOBr 8 BRidacos oi nt,
known as the I\/A(L, ; s n phtire B mou%tggﬁ%ﬁhﬁ% atm%e

address, and the strengths of the s _ )
client device. thprearefixeshyiraless F%aﬁsém@@r{%@ﬂ &t braedeasy informatio0sing 1 access
poi nts wi th t hoggudolfcorhdy {1Eh¥ BRARaHAAE SPheldfitacfibe AGRERS 1B RIS Wh! Ch
may or may not reside on the device as well. e reference database
cont ai ns t he cabigodl at rduestsdty trapimissidnodad probrsrequest. Favkeaccpssbink eontdinsal | t he

access points the i tem ha ed. Jhe. power. profile is a
col | ection of rglglggeﬁ%agg‘{%gge%%F g%o&%a%taﬁgkgg%psb?h? ﬁ]ee% Es)]i’oéﬁlé)f’&ﬁ Pmaﬂ;%ri ous
| ocati ons. Usi neectivesssignihisgaronk fromi tho802, | [tab@scpoimin rangetand cacdatbotit at es t he
relative position of.the user. device 0l] and determ nes its geographic
coordi nates in g%rqujrcﬁr?cag?n ?fra[{“? ‘f%ﬂ’é‘“.%% VicoHYrE ?}Héacfeé‘étb‘isﬁﬁ’é‘? 'Ele{ﬁ‘g‘éag r eadi ngs
are then fed tobtpem! ThOse dataeristivPiptiudathé AigueSisiifiasofithd §02d 1faceeger s, | ocal
search web sites, fleet manaaerrent systens and E911 services. [0038] The

posi tioni ng sof PRk EDQwN 3 Peagdress, gaddhs drengths of the vignal reaghing bpelient o

Figure 9, whichqdapd e eH&GIBRaYe &I&iﬁﬂ@ﬁ:@toﬁsei’sfedgg,@i.ili hQBAs MR Of AV ARER irf 03

Typically there is an application or service that "utilizes location

readi ngs to pr ot sferensadatabase (1841 o ageessepeints, sdiich (eayprplag notieside enjthe
directions). Thizs: §10 ] ] t g pd1.oning
Sof tvaro o1t NETEERReNn hf RRrbEELUARRARR: o ARIED o GiradtiE10BRB b

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] w 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
net wor k nane, the precise version of the protocol that it supports and its

ecurity configuration a th informati,pn abo connect .to the
Zewucle Y The gg%cisiIp?lglfl’%rcc‘fgpﬁw(g@tpg°bf fyagest ﬁ’:‘l 5’?’?&?‘?‘% ’?"%6 g P COBAAE o nt

that responds, infomatidnedbst thd ek ThidRE®h Inchidee e MAC ae&sssRPHBt and
sends that back _ to the scanner. 0039] The scanner ;l)asses this array of

access points t$visdhe petwedknamothy pragisecisrsionio thepratpeol ALt seRpPBEAEdts of each
observed accessgpgi onﬂﬁba'&%llﬁ ﬁ}ztewxﬁi:ﬁf‘o?ﬁﬁtfdﬂ' Bbut B tGEGRER t@ﬂﬁ tapage [905].

Thi s dat abase can e ther on t evice or renotely over a
net wor k connectTMOZ'ﬂﬂe‘adﬁ@GélsstSMﬂmionmioerf@nmcmas@th thet resposds, t he

|ocati on dat a { gje Al b SRR AEL,ALSESS: BALUIR dBlodlh iknony o Lhe

system The Locat of pass
wi t h the signal [0089]ar athecscarsier passes ensmgdf fcespentho gedessop006itwhich t he Bad

Data Filter [907]. i | ter |.ies a punber of co rlson ests agai nst
each access poi ﬂ']t“k[s;gﬁled@(\grarﬁdﬁés gip%?ﬂ/&dfw §rEess PUBLREATS éc‘ﬁ"é Boved si nce
they were addedRéferehdeDAREI0NOThis dgtabadeaRitherAb IRatel @ﬁmeldaﬁc@&d dat a
records, the Filter sends the_ remaini ngmaccess points to _the Location

Cal cul ati on coni§BREsHt OB BIWOKCPRSCHIRe The AsseshRanidiaference Daabate reli®ess  poi nt
dat abase and t hge ficOHta dabilibrdagh bt tﬁ@@d@éﬁ&?act:és@ P&BQ%a?‘E@HS&m td tH@S)JS@ﬁlat I on

Cal cul ation co onent conputes the location o device at that nonent.
Before that | otketliasaforipassesitis epdlagtiop g€ locatipninfermagiomalong with thesignalocessed by

the Smoot hing eggiNerstlcd 0l mdl¥rgile }{%E&%%?;@Wﬁ%a&ﬁ%ﬁa%t&b&fOﬂf@a @Iﬁon_ The

readi ngs to renove any erratic readi ngs revious ca
adj ust ed | ocat i applickat muniter ofrromparison tebtaagmnsoeatchecce&sqmmtm det¢ronintG anyloé

caloulated, | oooy 0L SRy e PSSR kSl TH e poBRREE 2 20, L2,
[ 910] whi ch i nchAfisteemevingibyal dataatdoais, the Biieesenidsie tefiamidgoateest pdthts tothe vi a a
virival CPS capphlL Lt ol it coSprmon IO T R HRR S0 8o KOS e k2SS 07

point database and the signal strength readings from the Scanner, the Location

Calculation component computes the location of the device at that moment. Before

that location data is sent back to the Locator, it is processed by the Smoothing engine

[909] which averages a past series of location readings to remove any erratic readings

from the previous calculation. The adjusted location data is then sent back to the

Locator.

[0040]  The calculated location readings produced by the Locator are

communicated to these location-based applications [901] through the Application

Interface [910] which includes an application programming interface (API) or viaa

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 conmunication nodel or messages. [0041] The | ocation cal cul ations

are produced usd i .of .. L i oni al gorithns.intended t.o turn

noi sy data fl O\As(rl}s[;yﬁcno 3’%@5‘:\1‘3 ?épbhf?%tmgg%&sft Vca%gl %@% 5 ﬁwrpg’glaél"ﬁﬁ&s.ygwg‘h@&'@flﬁ ent
sof t war e conparhase tolater thstonnhunidatien medel acmessagepoi nts al ong with their
calculated sig tr hs.to jght the |ocation of user .to.determ ne
precise |ocati gﬁﬁ‘ﬂzf ?ﬁ@%@%fbﬁﬁ%ﬂ?ﬁsaﬁw Yeed Yongre LRETNIPQHEYISE e enpl oyed
i ncluding si nplaggositt@iihtendet keMeH Abis)RIaGTloqd iy RIliaEIE attPHeAS locBes Badinggei ghbor
nodel s conbined_ with triangulation techniques and adaptive snoot hing based

on devi ce vel ocibeylientieliveresampages fisdist ofpbsepeerpeness printe dlpng ik Felti £ f er ent
scenarios and t&ffiafed si ‘éﬁ&%ﬂfs?&@&i?ﬁghdd lﬂ%ar%ig%gfﬁsgr Q%@ﬂe:?ﬂitﬂﬁg&ﬁisé Redtfopduct the

nost accurate final readings.” Preferr ments o I nvention can
use a nunber ofof geglevicowsen gA atmipty ¢fiténhuiquestace enspdeyed inptudixdg sivhple lsigadlgori t hm t o

use is driven i,nt.s,.observed he user case
application usi%ﬁaﬁéaf W%?Yﬁggﬁ%ﬁgi%ﬁgﬁtg 1§l|nbfoF gnrOd%{?%Orﬁl lfﬂr?%cﬁ' lp} onal

posi ti oni ng sy stiagslatomieehniquadiarkliadapilve stysdtising based yn davidervelovity. dbifference poi nt s
that never nove. .|I.n the nodel of .ef erred enbodi nent this assunption of
fixed locatio °&M@8§8@1 gegﬁeh'f‘?e’ip éﬁ?f&'t SrRgeos af‘ﬁéer{‘gé%éésgs%tqgﬁ&? Wre not
owned by the pgobtid dpoyR@Ens Y Hrodics e miveyactiite FiBMGeadingdePlefdsed of f1ine. The
filtering techni ques ass&arre t hat sone access points may no I%n er be
located in the egiﬁét_ﬂwa@é ARYCRIENG AR Ue A aber oS Resitioing 2lentitkas dtif ati on. So
the filtering aleggibh bPWRicRAIESHRR td Qscgsstg{v@ér E)é ¥tﬁc@§nrmﬁ&%§§ce9§¥éﬁﬁt§oﬁsm&d have

moved since their position was recorded. filters are ‘dynam c and change
based on the nupab&e veer carecpplicalien ysing i e filtedpgamodelstifferdrpaniraditionge snoot hi ng
al gorithns incl I L O aghng bayesi an

| ogi ¢ incl udi nﬁ%&%ﬁ%?ﬁg@gﬁgﬁgﬂ%@&om tylygﬁg%@#%hﬁwg%@u%ggaet devi ce
speed by est i maevargnavheiDbpplodsl obpreteoed émhmdimdnts, shigasshmptionsefdixkd obser vat i ons

of each acces ﬁo&abxpsto'f access points is not made; the access points are not owned by the

positioning system so they may move or be taken offline. The filtering techniqﬁes
assume that some access points may no longer be located in the same place and could
cause a bad location calculation. So the filtering algorithms attempt to isolate the
access points that have moved since their position was recorded. The filters are
dynamic and change based on the number of access points observed at that moment.
The smoothing algorithms include simple position averaging as well as advanced
bayesian logic including Kalman filters. The velocity algorithms calculate device
speed by estimating the Doppler effect from the signal strength observations of each

access point.

Gathering of scan data to build reference database

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

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



Gat hering of scan data to build reference database [0042] Figure 2 depicts
the conponents used to gather location information for the various access
points. A large fleet of vehicles [201] is deployed to build the reference
dat abase (104 of figure 1) for the positioning system These vehicles 201
follow a programmatic route through target scan areas to gather data in the
nost 13 optinmal fashion producing the highest quality data. The target scan
areas -typically represent a large netropolitan area including every single
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destination routes. A destipation route i s when a er needs to get fromA
to B and seekso‘teh@mFgﬁeﬁf‘e‘ﬁnckémﬂécqvéf@’@t‘ght%ﬁfé?témtB‘éif?‘M%f"éfl‘i’fﬂéqﬁ PBéks for the

shortest route {;gerthBuild\PRlifbid ref’é?én@e @artéb%ey 'I‘M?‘ﬁ{oﬁél éiob§ in?8et Brof B AWRpIOT @ mai n

t horoughfare. As a result, over random driving covers nore and

more ground by Weans W@W@U&@/M@@f tllrmeﬁuﬁma dbﬁaa%nqggtl\teheaffﬁaieﬁ dyeyads, or
arteries at theg ﬁ?g??f‘%ﬁf bfalé‘eng@i?% 3 §dscARd the%gél{%ﬁg'é’ﬁ’ tﬂcgraﬁ&ﬂlgﬁmdél”“fﬂegur e 3,

arteries [304] are h y traverse
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
14



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
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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 that when the systemattenpts to cal culate the |ocation of the

access point f rl@@héwﬁhéﬁiﬂ@regﬁtiﬁrésﬁltﬂﬁﬁd alifd AsAscRirdoidtnifd difel AP of

input data. Figure 14 11 shows the erence In resulting data quality. As
t he scanni ng vé&#fiAgcassdioing EklOhk i recordn a reading gad yolopatiop eamsingousiyt Thecor ds a
readi ng and it gl j i e 1. QN 3 st then
Cal cul at ot he. Pouarri SReAHII! QuPUR g b oyl iealkaR PELITHTNEE (00"
observed dat a [tekdgie sel of obeeveralatd ghh03E dn thierRandwmol Stanning nyoelel] thé sadaf data | s

limted to one.main road passi b he access .poiat.. Th forces the system
to calculate tlsrr:lgrhléecdctggge %ﬁnﬁ?ﬂ%a’f%@g’t}' i r?c?‘leé?al?o"?thgﬂatrfgﬁasatﬁ]ﬁ?ﬁéep‘ ®han cl ose
to the access palcultte thel#8€dsé poihtQQbationAeat tharoaRheabih disse dethe heRss poktt i NY

al gorithns that ilgcl ude every single street in the target area so as to
avoid arterial ¥hs in the resulting collection of data thus producing a

nore reliable pogB)i ONindtheSYDEABA & QbveldpGodt Rfhns it SHehRle dverf GRgE | DES an
optim zed routing !’;ﬂ oritﬁméﬁ?{;lom asv t&%eoChﬁllgr?}egge Post man tg cefgfcu%ate t he

nost ef fici ent S&eet i thetargstitrea Joms (e avpid ariggaldias in the resultiag sellesiqn ¢fata t ar get
area. The Chi . 1 J.s i i t j Jue used by
post al agenci eg?é%ﬂ({a?ﬁh??g@%ﬁ%ébg%ﬁg{?gﬁg gnE:(I:.lhie@r %ﬁ ﬁ}?ﬁg@g ?f%ﬂf@aﬁt of the

Eul eri an cycl e dgscobésemoptimized fouting algorithoy &hevn s tize Qhindse @nstmak fornglcfilate t he
shortest tour gﬂ; edge at | east_ o ee, e.g.,

raph ich visits each ce, , €.
an, MK e e BPRa e e SR HirepR A B Sy TS i b
1, 273-277, 19€2dineje Pyseharroetthgaligoridine aksovaf tetHniue hsedeiytpostal dgtmdidsde a
met hodol ogy for ..dentifying a target region for coverage d then wusing the
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[408] and [ 409[gvad PoinRU¢RihetOMEMEL, 295285 1962 NipreRkaPaMVduUBdRDfihe Chi nese
Post man nodel but woul d have
invention include a methodology for identifying a target region for coverage and then

using the Chinese Postman routing algorithm for planning the vehicle route. The
scanning vehicle {401} follows the optimal route according to the algorithm showing
no bias to any street ensuring that all observable access points are detected and
mapped by the system. So, by way of example, access points [408] and [409] are
added to the access point database using the Chinese Postman model but would have
been missed using the Random model. Referring back to Figure 11, with the Chinese
Postman Scanning model, the vehicle travels every single road getting as complete a
set of scanning records [1106] for the Access Point [1104]. The system can then
calculate the location [1105] of the access point with less error since it has a more
uniform distribution of scan data for access point 1104 than for access 1102. So the
Chinese Postman Scanning model not only gathers more access points uniformly
across a target area but the resulting data produces more accurate calculations of

f

access point locations.
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been m ssed using the Random nodel. Referring back to Figure 11, with the
Chi nese Postnman Scanni ng nodel, the vehicle travels every single road
getting as conplete a set of scanning records [1106] for the Access Point

[ 1104]. The systemcan then calculate the |Iocation [ 1105] of the access
point with less error since it has a nore uniformdistribution of scan data
for access point 1104 than for access 1102. So the Chinese Postman Scanni ng
nodel not only gathers nore access points uniformy across a target area
but the resulting data produces Wati ons of access point
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scanni ng vehi cl eepressitinglissradie pidpagatios 6fihatAcde pdift O Gider toprMush thd Mbg Nt

angl es as possi bl e. I%lélre random nodel [figure 3], nmany access points are

| .
observed from off§" alt@éf"’af-‘ﬁ‘l‘Wﬁ@@%ﬂws&ﬁ“ﬂt_&%@lc&&@&@%ei r |l ocation
directly on thecsutdieswer R@ﬂe,mm@&ﬁmgqaaém&ﬂaosaem&h&a&eglp()g,@%mﬂ%' bi as
and are significantly different than the actual |ocations of these access
poi nts [302]. Emagy diffgreat angles ggiprseifile. imtherandemm siod¢ldfigury 35 yuang asonds@ainist s
ref erence point i i r i i Li b Qnd gq-.gé{ﬁtem
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Thi s addi tional imah gositicaitg systetn Mhenitesferdnee peisilddatomfard i@ccufitee S9en this
triangulation fornul a used to cal cul t he | ocation cif tg? acces&1 poi nts
[403]. More det gpa?lgoneﬂgs[yﬁgma & ALY JETAPPIBOLRYAPT R'gY £ gedele it Bed in
connection W t h akdugidy 6f thd end €XeASusitibhiflg 86caByY. NUsisltha CaRledets@shnnicasn t hi s
systemrepresents a reliable prox for the signal propagation pattern for
each access poi migYHA)thescapnivg Yehicles detpet 8 Ragipglar 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
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 "power profile" since the signal strengths
at each position is nmeasured as signal power in watts. The-positioning
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obt ai ni ng this fareageithomiliians dbiacaesa poiossn arderets siilize fingerpristemsedapositioning h
mllions of acc%soﬂﬂl%snts in order to utilize fingerprint-based positioning
al gorithns. Ref erehce Symmetry [0046] Positioning systens typically work by
having three or nore reference points around the device being tracked.
These positioning systens use the raBeferenceiSymmbetryf rom t hese reference points
in various ways to calculate the device's current |ocation. Significant

errors occur wh er £ . i i Gl y f oints or
when the refer eﬁce Eoi 2?°§{tﬁg‘é‘§€s’{§{alﬁ§#@é&gfu’§§%%g g?%etrjﬁdﬁ trﬁgk?%g%crg. As
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encounters a physical location [figure 63 in which there are nunerous access
poi nt 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 mode! of scanning for access points, the user typically
encounters a physical location [figure 6] in which there are numerous access point
locations [602] on all sides of the user [601] within the range [604] of the device's
802.11 radio. The resulting position calculation [603] has reduced location bias and is
more accurate as a result. Figure 11 is another example showing the impact of quality

location calculations.

Scanning Device

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

signals from GPS satellites [708] and 802.11 access points [707]. The scanning
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
poi nts. A scanning vehicle [701] contains a scanning device [702] that
continuously sc ' ' i (Fn ltes [ 708]
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scanning client and stored in the |local data storage [[703]. The scanni ng
client initiatedW ﬁ@regsathﬂocalrdaaiswr%cﬂmbgTwcm tdnitiatgpthe 842.1 ope
requests using qidiesdd vepiab saaa&lgramz[ﬂg%mqﬁ\&ys R dhdcRRAARnRRI9).[ 707]

Wi thin range of that probe request responds wth a~ signal beacon as per the
802. 11 pr ot ocol Any82.4 begressdiotny [T hwighin rrogeefribat poabe a¢qusst réspondp #ither k name of
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respondi ng si gmetwork eeetof ¢lzecdtces$ pdiftdkmbivmes an SHEY), the Mea® address bhthe actessf er ent

strength of sig . Q vector of.origi.n and the proximty. of the
access point. Tﬁg{m @%(?ﬁ%%? Wleis? agréig%rm gadmf ° %unoa a\‘/’\n&%tﬁ’ct%gesf H%IH{')i FéefsP%r%llqghat
particul ar ant enigaalaredcli éaeh nethe dirertionalraitennas widoa tiffetent streagt o8 sipail bised Thi s
probe-receive-recqrd process.occurs continuously every tenth of a  second.
The scanni ng de St BEST Shateiy 2d b gupaiminy ok B acstss pRist BIbYoricss el pC
and Powered GPS aRJaf wifl Y idédtidiet 6F thdt bitituMraseadaasld Siefeth InféntagodIBAuttBE el Ver
with XTrac v, 2.0 firmvare. [0048] The Scanning Client 704 of certain
enbodi nents i s deasypaiEd This Prabsrisrele TesArdgreasssmogiys eontiguouplyeevenyitentt ofdonsi st
of three main CQuRANEeTSscaldify cfe@fc@d?ﬁ@eﬁg%rco&%ﬁ%n of tREIPRY P4 185 PhaRABE
[1002] and the Upl oad Manager [ 1003]. “The Data Manager [1D01] controls the
operations of ba@nkhPeweseddPRS PRA Mount Oodle vtidintegrated SiRF II type GPS receiver with

XTrac v. 2.0 firmware.

[0048] The Scanning Client 704 of certain embodiments is described in
connection with Figure 10. The client consist of three main components, the Data
Manager [1001], the System Manager [1002] and the Upload Manager [1003]. The
Data Manager [1001] controls the operations of both the GPS radio [1006] and the
802.11 radio [1007]. The Data Manager controls when and how often these radios
scan for signals and process those signals. The GPS radio once activated receives
signals from GPS satellites [1004] and calculates its geographic location. The GPS
recorder [1008] logs all of those readings every second and sends them to the File
Manager [1010). The Wi-Fi Recorder [1009] activates the 802.11 Radio to scan every
tenth of a second, and associates those 802.11 readings with the GPS readings coming
from the GPS radio and sends the resulting data to the File Manager. The File
Manager receives scan data from both the GPS Recorder and Wi-Fi Recorder and .
creates storage files on the device. This process continues the entire time the device is

operational and both radios are functioning
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802. 11 radio [1007]. The Data Manager controls when and how often these
radi os scan for signals and process those signals. The GPS radi o once
activated receives signals fromGPS satellites [1004] and calcul ates its
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 those 802. 11 readings with the GPS readings conming fromthe GPS
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[ 1025] and provi ﬁg?@;cpn%maﬁi h%eﬁggéﬁ%%?%% S%%Frw&sﬁrﬁm ﬁl%gﬁiggg‘;%ygt henti cat ed,
the Upl oad & DataathdsicatidndafoimationnOded anthedtitaty, the Upload &abataiVeﬂﬁnaeon’mdul e

Gata o the ConfRBHeRATIL RN R AT ercitfag o osfaoial sorver

initiates a proEResSstdre[ 19l Oradaploadsie: diaia theCehha NE@uaérkfsbwep@sﬂﬁga:TPthst
Dat abase. After the upload is conplete the uPI oad process noves the scan

data fromt he Seat iNehr ok Serveripifiates a progess oFtorgal *Baéktw the Csnteal APeesy 1012] on
the device. ®Rint DEtabib.ORHer tRe \?ﬂémllﬁéoﬁff)lé?@lﬂe ¥ibAd ﬁr@&ss fnBfes MEWcMEdaB] ON

nmodul e [1022] checks the Central” Network Server to determne if there is a
new versi on of tfiem te Seanning Hatatsigae HOLU4e tha Baekup Hata siere fll2ben the devidgere i s a

new versi on, t 0l W s SomfIOMARAAAS AR NAPVDR WeJleorf s at i on

[ 1023] process beglins to upgr aue
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.pracess ds.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 the radios, it will restart the radio. The User Interface
Controller [101zﬂ]hiqmetkmstmtstdnernmmleﬂceam respata tiechardwaard, loperatingfsystém ti@y can
operate the devi effgctl vel i{'ﬁ The ErrP Handl i ng and Loggi ng [ 1015]

records all systemnfn§s L Q CIsHtE QIORERAPERUY N al erts the user so they can

address. The Syq0@s1j Restarifionepdeécend 0218 ]scinningahtbs Wﬂ%ﬂokﬁ&ﬂ@bﬁtﬁn@ﬁﬁ&t be
resol ved. 19 Thi nmodul e shuts down the device and restarts the hardware,

operating syste %?Pdm%m&@”@ﬂf%ﬁpzﬂbu‘@%fﬁ?%cﬁ?@{é@ﬁ“@B&Pﬁtﬂiﬁ'dhelf[0051] The
1710 of a secont@irel 802 M1k dferkipd Rintals Bl BPBERNLAGA shdo uBhOW lides the

opti mal scanni ng period for 2.11 un e conditions u t he
shel f hardwar e indiyidual agagpsgioint bvedcasteits sigriahbeaten evenoneaif shosé cltahnclw lapyxensed

spectrum An i nloiihualrBGaRRS, ROIRLeLEORIEAS Liuld5as] ARl beagan, gver one

of those channel™ at any given e sca ni ng %survey
each channel in mmglacce*sapomhssrpossﬂﬂs Thmmnnmgdmmalpoémeﬂsatmmnmé avelrage The
scanni ng interval is re at ele%/]Ylh) 3} 3@‘%6 S’F d of the scanning
vehicle to opti #ped of Sf%‘&m%' P FPoPPemt EAIRE et oY ey real
estate of a partfrequenayrerae@tamrbfa@amm&lregieﬁmrk Server [0052] Wth reference
to figure 8, the fleet of vehicles performtheir scanning routines while

driving their pre-designed routes. Peri gﬂi cal |l § each vehicle [ 801] w |
connect to an avail able 802.11 acceg%m—xé 0 thenticate with the Data
Communi cations Module [807] of the Central Network Server. Typically the
access points y8652] f orWitlorefestrice atfigng: 8)itelflebtiuf velsicles parfobda theftiskanbiigver are
ublic hotspots IJke e, r.at e Mbbi | e, ensuring reli and

get ered accgss f”&ff‘él"‘iﬁﬁ H“EM"‘E‘E?HT}E AT Hetﬂgegg‘hi“wa any
avai | abl e publ i @o@ﬁeﬂsana@hmlesoﬂheacg&ﬁﬁahm&@tmrﬁﬂc&ewﬁm&mma near by

hot spot | ocati on and begl ns the gro ess of
Communications Module [807] of the Central Network Server. Typically the access

points used for communicating with the Central Network Server are public hotspots

like those operated by T-Mobile ensuring reliable and metered access. The
provisioning of this connection could be done via any available public access point.
The scanning vehicle stops at a nearby hotspot location and begins the process of
connecting to the access point. Once authenticated, the scanning client [704]
identifies all the recently collected scan data from the local storage [703] and uploads
that data to the Central Network Database [802].

[0053] Once the data has been uploaded to the database, the Parser and Filter
process [803] begins. The Parser and Filter process reads all of the upload scanning
data and loads it up into the appropriate tables of the database. During this exercise
the data is evaluated for quality issues. In some cases the GPS receiver may record
erroneous or error records for some period of time, which could negatively affect the
final access point location calculation. The parser and filter process identifies these
bad records and either corrects them or removes them from the system. The filtering
process users clustering techniques to weed out error prone GPS readings. For

example, if 90% of the readings are within 200 meters of each other but the remaining
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connecting to the access point. Once authenticated, the scanning client

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

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

[ 0053] Once the data has been upl oaded to the database, 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. During this exercise the data is evaluated for quality issues. In

some cases the G o Bbebiflps TS BGES ayhl LANORISREertlh UndRE0Y 8 o7 O

period of tine, cou rvely I n access’ poi nt
| ocati on cal cul #iteroand stbreel ip aconsuptesirtablé of theedatabrspdasfurthet@nilydis. ds padicwdar, bad

e o o oo e BRPEPeUEIe e RN ook 5T B o SR AP s
readi ngs. For @xaripthen détérnakaindstdnbed d@adion Bsscd be theidistiitutidh) Of e tepotedof each

ot her but the riqncgi,nin 20 10% of the readings are 5 kiloneters away then
those outliers u‘?"én&%ﬂ’sﬁﬁ yspien defingbletareshld basedt enythe sisgaob s pt ed t abl e of

the database fogistibutibitio fARAGM Skc®ss pothtABAttateGH bAbr. Ordch theS/std? Rachids Sle
calcul ates the weighted centroid for the access point using all reported

data. It then dé@tagiedtheeentmid isfeapeidatesl wigh/the ramainigsloeatiop recofsds teidetermineut i on of

the reported '%ﬁ?ﬁﬁ%ﬁ“"mﬁ“g@f@%&%ﬁ#ﬁgﬁmﬁ@mﬁe@bﬁg&‘g- based on the

sigma of this utron t access poin at are in error.
Once these errof0054L or dNotesthat thenmrok exdords imey beethe resultof & acesssipaiod thatdds wi t h t he

remai ni ng | ocati_on r.ds to determ he final centroid .Jusin he
Reverse Tri angulngotvle(({)'ﬁﬁ(rgr}élf %{?n?fe@g??%rggﬁ %41%ww1s@8g1 W ugkglhg?apt ﬁ’e&l rror
records nmay be téw ldocatsan Haself onathe prepoddaranee ohiecérinit A aklitionaMentlanckmerit o S
instance, the centroid for the access points wll ickly "snap' to the new
| ocati on based aﬁg?élﬂﬁ? gﬁ@ﬂd’é"r‘@ﬁ@é"cﬁlgﬁ’% Wﬁ?ed&?qg%%ﬁeto?‘(gﬁé?cogjﬁﬁ'éﬁ%cerrent to
the al gorithm wetat flevi feobrdeifepresie b glokd siighifibahtifdiEatioR df @B pteént Rgaticdffot h1e

records such that new records represent a nore significant indication of

the present | oc&EBACCEHPOML i ven access point. [0055] Once the parsing

process has beenogspp! @n%@ﬂk*ibﬁ'sﬁa@%?dc@sk hAIMPEIMpINSd @B ertfdl AdtRbRIysidae Reverse
Triangul ati on nodel " [ 804] be%l ns Erocesm ng the new data. During this

process 1) new anitatexthpBeverss Taienguintige modd) [$M4Ebeginsaisepsesingfbie nevedata. physi cal
location is cal gah G ABEks<1) e sddesd WhiRE&E 8aacH % b Jardbe hRAREH piiysiegd Pased

on any new
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 nmeasures Received Signal Strength (RSS) from
all the available W-Fi access points, and then extracts | ocation

i nformation of corresponding access points. RSS value of access points are
shown as foll ows: gg 5SS RSS") [0057] If the correspondi ng recorded
GPS | ocation of acce 6|HfL¢!|s denoted by (Lati, Longi), and the

cal cul at ed accesBmpe#ﬂ%-LesaL#gn is denoted by (Late, Longi), the

triangul ated position g;dﬁﬁ@ﬁ@ by applying the algorithmas follows: 21 rn
L.rQ1l1l RSS1/10 Lat1l L i=1 An 10RSS,/10 i=1 zQ 10'111llong, Long' =
"' A IORSS, po F=1 [0058] The quad root of power is selected to ease the
i npl enentation of the "fy%ﬁifih"‘ since quad root is synonynous to taking
two square roots. [005 i “dorgynd point is referring to adjusting the
dynam ¢ range ofLo,@oezfﬁ-mnnfQ lf the dynam c range of coefficients is a
concern, the coefficien Qf‘ﬁﬁ@' algorlthn1can be divided by a constant
nunber, e.g., n 4 |nRSSE; }8 Lar; Lary _ '=1 Cn 1oRSS,/ 10

[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.,

i 4!10)@55,/ 10

—Lat
Lat, ==

i

» ﬂdloRSS,/ 10
w C

2 ¢

Long,
Long, =+

1 VIORSS[/ 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.
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t=1 C A4 ICRSS,/ 10 Longt—tong—s—i-smdmA==-+ERSS-/—10-C [0060] The

Paranmeter 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
(Latl, Long; J is then used as the final centroid value for the |ocation of
t hat access p0|nt The | atitude and | ongitude will then be stored in the

dat abase i ncl udilPR§Zh ¢ iAfes theGsntra) Netwark Detabase basrhepnspclated apd each access
triangul ation gﬁin?ﬂis%érpfé osﬁ%né@%%at:ﬁ'icﬁbuﬁ&? [SBEkaEs NBleAfndIat abase has

been updat ed and each access point been rep03|t| oned, the Data Pack
Bui | der [805] crdatgbase basadhorregions of[th@coudtay el lsl. Hduse@bkdwld@gfmhigtcbf t he

count 1y or wor ! skiRoPBte Bt { Al drliics L RHCh By Gllalerhie dat abase

for a variety of use cases In I on cer phi'es are of

interest. The p@tgr@ﬁdsdmofiﬂem@nﬂmbduﬂdehbconsfg;hmd vdthae glomedoedinates

representing countrie r[g zones and mstro&o itan I i Zi ng this
0

techni que a usATPTESRIIg SAMTIHES e 430°% FRd MesroRplitehargas: Z{t‘?’é‘r”glﬂﬂ%e Udoast of

the United Stat eSer call@wnéddKusdthe istafionSRENTBNhE wektRosabBthe BaRédtated) drhehen
conpresses them [0063] The Fl eet Managemant Modul e [ 806] hel ps operations

per sonnel nanagdack pualdersagmentathe data rer S%ﬁdheé@ﬁlp@sﬂehﬁg?mare adher i ng t he
routing pr OCEde[mB ThlﬁcFMLﬁ Bk @6 hélq-fe&%%sd‘%}g Al ds the

| ocation track for each vehicle |n t oper ati ons rranager can
create maps of tiesconsingoiebicles ardensure ﬂ!gy tm@dlllmpg teuPRtHEPrgc8@8es. thisvi sual | y

0SPECt e COVGRRNE Ayl AR LUV sty LB A MRt el o0
coverage and t o sydiemnt Tﬁwoperaﬁemdnammsan éftatcsmqtmdf titeyehiolednadk usn;gglttle prl fy
Builder [808] to visually inspect the coverage for a particular region. The GPS
tracking data from each device is reviewed with route mapping software to verify
completion of coverage and to identify missed areas. This ability to audit and verify
uniform coverage ensures that the system is getting the best data possible. The
module also calculates the driving time of the vehicle to determine average speed and
to subtract any idle time. These outputs are used to monitor efficiency of the overall
system and in planning of future coverage.
[0064] It will be appreciated that the scope of the present invention is not limited
to the above described embodiments, but rather is defined by the appended élaims;
and that these claims will encompass modifications of and improvements to what has

been described.

What is claimed is:
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uni form coverage ensures that the systemis getting the best data possible.
The nodule also calculates the driving time of the vehicle to determ ne
average speed and to subtract any idle tinme. These outputs are used to
moni tor 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 clainms; and that these clainms will enconpass

nodi fi catli onsA détatasecb{i Wigh'i eveessgnotngs fooat Wasttonb tsget drerelmvole scadilped.thadfiddr i s
clainmed i t ce for ne target
area hawoﬁbe nzga%t;é ?Sﬁssggr?a?% eebgggey%ord# 1‘t% &%ipfu {%ﬂﬁa(ﬁa%]e @%(}"3% &a‘?ﬂbaugggbm ng

r ecor ded databage reomgsubeubstatiaiiolleW vBidicenss oirds innied tergétragea, chalt eebard énchugimer ds f or
Substant idahbitpafll e fo 66 P SoRRbALRS! i H EeckQl L B14CRc,FRENpLAGRT O

i ncl udi ng cf ntiftication 1nformationcfor a corr Paccess poi nt
and cal cmf@metﬂorp(ﬁgl theogprreppohdingralVi-bin adeess  pdiet, O@Ereespmﬂdmﬂ;glawd Pisitmacess

poi nt, S, Ol for om
Fecor di ng o ?g&s@%ﬁﬁt?%?d R e

| ocati on catrqnan@umdw@e W i-FFiacegescrends Sp@ahthesmlltm%mteadm avoidtartpiiad bag aidihags avoi d
arterial [=ToN¥o] i access
P01t e B B P e 1o e Socess
points i mullswaetlaﬂlaragé&“ Biraseesp pogvts dretheé#r@t@m@r@ydﬁmfereycwmerbrytm@m thar get
area. 2. %‘?ar@ at abase of claim 1l having database records for a plurality of
t ar get are said database records being organi zed by target areas. 24

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

database records being organized by target areas.



