LOCATI NG ELECTROVAGNETI C SI GNAL SOURCES Field of the invention The
present invention relates to a nethod of and systemfor estimating the

| ocati on wb 2a11pi7areal ity of el ectromagnetic signal sourcestT/d@aelogiserend t o
the invention One exanple of an el ectromagnetic signal source is a

wi rel ess access point, such as a W-Fi base station (Wrel ess Access
Point), which is used to conmunicate wirelessly with a device by the
transm ssion and reception of electronmagnetic radiation in the form of
radi o waves. Ot her el ectromagnetic signal sources may for exanple include
optical (infra-red) comunication devices and el ectromagnetic/w rel ess
beacons of various sorts. It is sonetines desired to estimate the | ocation
of electromagnetic signal sources. In one exanple, details of the |ocation
and ot her properties of wireless access points (WAPs), cellular tel ephone
masts, and other el ectromagnetic signal sources are determ ned. A device
operated by a user can then neasure properties of el ectromagnetic signals
(such as WAP radi o frequency signals) detected at the device, and the

| ocation of the user can be calculated with reference to the previously
determ ned | ocation and other data. For exanple, a smartphone with W-Fi
capability can determne the identity and signal strength of adjacent WAPs,
and a triangulation WD 2011/077166PCT/ GB2010/ 052206 2 can be carried out
based on the known | ocations of the WAPs in question in order to determ ne
the location of the smartphone (and hence user). Cearly, the better that
the estimation of the | ocation of the signal sources (WAPs) is, the better
will be the resulting user location estimtes. |In one particul ar exanple
"war-driving" is used to determ ne the |ocation of wireless access points
(WAPS) W { BCATING ¢ ERTROMAANETR: SfaNAL 58URdegn around. A gl obal
positioning system (GPS) or simlar unit in the vehicle records the

| ocation of the vehicle, and signal detection equi pnent (including for
exanpl e aFfRigbiive AvERn onal antenna and W-Fi interface circuitry)
identifies the relative position and other properties of the WAPs. The
absol ute position of the WAPs can then be determ ned using the two pieces

of i nfor muhé prosert iBVdRtibAFeIME €SS Tt BrRNaGheMEdr Stimaliag tabkate 'of 1N

whi ch scal ed- down_equi pnent is carried around by a person to achieve the
sane ef f egplurality of electromagnetic signal sources.

Background to the invention

One example of an electromagnetic signal source is a wireless access point, such as
a Wi-Fi base station (Wireless Access Point), which is used to communicate
wirelessly with a device by the transmission and reception of electromagnetic
radiation in the form of radio waves. Other electromagnetic signal sources may for
example include optical (infra-red) communication devices and

electromagnetic/wireless beacons of various sorts.

It is sometimes desired to estimate the location of electromagnetic signal sources. In
one example, details of the location and other properties of wireless access points
(WAPs), cellular telephone masts, and other electromagnetic signal sources are
determined. A device operated by a user can then measure properties of
electromagnetic signals (such as WAP radio frequency signals) detected at the
device, and the location of the user can be calculated with reference to the previously
determined location and other data. For example, a smartphone with Wi-Fi capability

can determine the identity and signal strength of adjacent WAPs, and a triangulation



War-driving suffers fromlimtations in the accuracy with which the
position of WAPs and ot her signal sources can be determ ned. The

pr opagat iwo 20f1/wrgral s i s affected by environmental factorsBardsefobect s
such as nulti-path propagation and signal attenuation can becone nore
significant the further away fromthe signal source that one goes. The
necessary di stance between vehicles on a road and WAP base stations
(typicall g bR calried @ui basedeondilie (kapwg Locatianp ofrteem{ARS inoreptianaA ardeidot o

si gni fi capbielrRife Qe RIcbBS bNthehendMNRoh&¢atd ﬁéhc%sﬁder‘ja@e%rlyaﬂ*fé e thafAPs may
not be detected at all at that distance. These factors Can reduce the

accuracy B estimsdan obHeslerationeofitheysionalssouseesd VTS ve dhe belert Wb bgePe dri vi ng.
Var - wal ki pgufing ugbd 1ov4tidaeefhaes. equi pment to be brought nearer to the WAPs
and even inside buildings, but once inside the building the GPS receiver
will typically fail, due to the loss of line-of-sight with the GPS

Isat elt I It tem orﬂlﬁfrﬁleﬂéﬁem&ﬁl@ Waarrc{i?]/invgi i?us’ﬁddovw’terb‘lm&lihégofdﬂ'bﬁ F wirelREs AP g
imtations in the cy.,in the esti ocation e S an
1 Sone A dS AP G Gho (BTEE BedbiniHed SOUa ARIS o ¢ he
fail ure opoditienifgPSysem GRI) ar mmrtuminnrgeaaeﬁWrrecSw’snmewocétrohhﬁ theventi on
WO 2011/ 077166PCT GBZOI1 /,052206 3 co% f %fscannllngaab B e wth a
hand- hel dVgFet fidt SYRAREF Ol U HOGUALY JRb FEBPIE % i B) irst

pl ural it yaoknha caidi Ws=|t|otegaaser<ﬁtertry) Guremltifi€s W erelpigd tpoemoniaérat otHee si gnal

source positi r e estinate 0 |t| n of one or nore
said" i onarorefits B BARSATRE HhihyE Hob Rl B Wi S B8R erL B PerEnBanT ch i <
di fferent u$rog ttine tlvo rmetceploirlaﬂormgtramf A eicdlar @m)esmsengaeaamrqmail bylévaret i on
system(s s Fi t nal t] ata, the
si gnal 'ﬁdw{'c&{] %Ceale;(]?&oﬁfg % Lﬁér)ne'ﬁlta' ggﬁgc%rgu%i %f 8 pr?gS%ﬁsqg@onﬁgvgur ality
of Iocatl tisresiahreoeﬁetche signal sources (and including, for exanple, data
regardi ng received signal strengths and WAP base station identifiers);
processi ng the signal source position data in dependence on the signal

det ect i onWiatdaiving sgtiernsdiam énitativasiiotheeagagrasyiwitht Weiclk itgnpdsitioouefMABesi ti on
data: Ao bR L8l 4duLes ATl BolbAfingl RO b Aydfofl 2 AbAaR)ic LEaBE OCess ed
signal source position dat odi nmen source position
data reprbg @wsoréseritadaiaé@r%faﬁmeﬁ%srwiclmrﬁ%mut&lawh (%m)locra@dmlg%ur ce.

The si OnabuSRRFGEAPBEAIMImER 8o r.ﬂeanwresfuheér RRTRIS tHe S EhslireS Rat
co-ordinates of wreless access pol nt's d thelr nt| lers or

ot her el e@be @8HNERS 1eSeIFARY dW@e@etwﬁW tVﬁ@FlreleIEﬁt foedearg VY b#g§ i ncl ude
further 'Qtfa%rﬁéa(ttyde%M?Hﬁthl@é w%ic&”tﬁhldr%bé SREY Hsm tROFIdd) 04h REEHS §6Mfl@a?rtt' mat es,
and so on, The net VYrX be carried out 1n anm'ﬁro priate device or

| ocati on, mfaefrure%wrtee. R lasareraestnaieh dod ot emay &gt be detesiedly be

carrying gt thBedis&ABE THESE PEdGSI AR re @/ 1RE atlurdiey SMPIRaBST ¥&@licSyem I n
particular the processing steps can be but need not be carried out by the

same pr ocB¥&UIRE defnsdtiam thﬁl"t‘?ﬁ%%'ﬁﬂr ol ler or other device, and individual
processing steps may be subdivided and distributed across different

processors as Iequi red, By scanning a second tine at a secon f
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ar eas V\;lotF e@é?ﬁlaslaelbhﬂdlbg's \vat ortbe muag)heumragrgahemm?lecﬁeémmltﬁfwcasryséiem such
as a [ est tion of the signal sources can
be correcfjlé%lp%\tﬁ?ﬁﬂ?aloﬂc"f‘?eogn%@a tgcfh%E%%Isa I%%nctl onality to be provided at
t he second set of Iocatl ons. The correctr on may not in every case |rrprove

t he estir’rﬁﬁi on étir Sition of a ICfSI ﬁ sor he
estimation"OF YHE° ‘ﬁ% VG F e WﬁB AR 3@ ARISTY %?%‘\Pe%{ " There
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scanni ng | extrene such as
mul tipath effect s, and the I | ke) WO 2011/ 077166PCT/ GB2010/ 052206 4

Summary of the invention

A first aspect of the invention provides a method of estimating the location of a

plurality of electromagnetic signal sources (such as wireless access points),



signal source, signal quality, and so on. Preferably the processing of the
signal source position data conprises applying to the signal detection data
at | east woeoofo7ttee al gorithms of tine of arrival (TOA) pcrigrotvidstmsence of
arrival (TDOA), angle of arrival (AOA)3 and received signal strength (RSS).
The processing of the signal source position data preferably further
conprises using the signal detection data to estinate the position of the
second pl GPAPIYRG: gfcanpipat(fesrempie WiBt3 Rapd-Haldopr PHEr S6MNET BHCBfast e second

pl uralitynRbid prahé @RJadibhakt é5’f|fsttﬂﬁraﬁﬂya&e@caﬂbﬂ%Qo@@ﬁeﬁa@@%@aﬁ%ur@é scans
were carried out) can for exanple be presented to a persqgn operating the

scanni ng BeYi¥eddle tBe FIghHRlSoYIceRositign dataepresaidilg asmBtesdthe SOl (and t he

esti mat edoﬁ@anmbrwsd.@@@hamarc@anscfaahmgéamb@orheplwaﬂ@smrlcstfa%@ﬁ@@nthagal nst
ot her data, for exanEIet Ogﬁ& r{:};the estlmatedlocatlonl not within
ity apionsa

a wal | or diferrat q g dkeiRlyrg FPgianeieng detectign sYS'eR)SUC@® et hod
may furt hevi-Fe eamsdeser) Ft@gehé’rbfegtslgbnmaéle@fbri d‘ét@rtﬁatslgﬂal daddioh eptaesRiting Ng

f t bout th t d th
Sl gnal solf %@naﬁ%&%@%ﬂ%ﬁi%swﬁyHrﬁwﬁﬁ%ro?&%?&?ﬁ% Sidne JornbsEe et
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I f d
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| ocat i onssugﬂ'daiejdtemlamdata toné@rerhtstonatdat ararmyn mrmgneseoarcesmsmestdlatmt e of

t he positl n _of t n f the elec t| r ,

Pr ef er abl y (Eﬁgtp rfeu?rpﬁﬁrfgcatﬁpargies'gsa ?%%ﬁ%%?%“ rﬁ% %@aﬁ' §6h° &lir?%r mat i on
data vi a posit@r ciat‘epulln oe¥i evbodiment #s mignahdioeta position Tata mepriesentsay
conpri se r | es or enhances the

estimati O%&gﬁét%gﬂgg@éﬁ'&& gw(%\%r@%n%gséw%g;s The nethod may conpri se
recei ving data from one or m)re addl tional sensors which neasure a

paranet er ¢f, &lg @%?P&) 9e BOYRSE Bt .H&lu&éétfo%x%%l@'tﬁétz‘ﬂﬁ@r 3[@% _SRgRL & one or
nore of a nag an accel erone uch recerved data
may be taWEﬁleBﬁ@GCQﬁ@deUﬁ$ (WAéls) end itieit Idﬁgtlfteln%Op@mer ietagtromagheticssigiaid
plurality 0 i { o) he

Bst mat i SR e T o e B D S o 0T one
exanpl e t hleengdies: PesiHon AgAYracy asimatest Avhse on aTh%@BW@Qmﬁaft@ cpeq pit in

avai | abl eynpboblielte BOGES bPRAbS Ik LR Bnb @3 abribiel HarRBRGA Ghdr dBlict e
reading is 1ncorrect. The user can also (or alternatively) input additional
r ef er enceth@hmay decarmyigg QUh@ieg;ﬁ@nmvmpmfam anger ExafamIcie 8¢eCHIFEM He

rel ative pHagequy ﬁ’feypl%Eem&Qltepg Qadi BiIBul ReddRoADE c%'rrf@d' 8t 5Y #eL8Bme The
hei ght may nost easi be T nputted in the formof the storey nunber of a

bui I di ng PYCRRCE FFW¥QIS%‘FVQ%°”FVB'J%P§8thef Hevieq @Ineynclwua' processing steps

2011/ 077 1pRPGE HB0l04 BRa dRGibateILRRSs difdleMPrécRRBYSE heFeduied. @ hei ght
relatively approximately by nmultiplying an average/ universal storey hei ght
(such as 5 neters, 10 neters or somewhere inbetween) with the storey number

and addi nByts@aamhglagBtacdi@t tiefAra tsaeodcpeatt bPIbcafids @‘éﬁragiﬁrﬁplem‘l dlgdehg nore
detalledlnformatlg V@R[gg)gthe bui l din auestj%n or tg cation to
obtain a REXEYCRUPAL §F Slatippg Hbac ﬁgj‘of ecesPiieaby ¥al %‘6”930‘5"191 ®n data
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i nprove tblgnacsnwrmyasoé viHoie fssgenmﬁyomprdwedt Mherecasye of thesendehspacific ef er abl y

further c Vi ir ection
dat a reprgé@'%tnlﬁ%ﬁt qﬁ&onflggrag Bné gfaéérﬁaﬁrg‘ﬁ S%Hé Slcgmmoé] e%ﬂ'%ﬁtﬁétn%g}/ nodel
par anet er deffgt thig epmds ¢t |e1@rravle: hoviec ¢0 afcaaning emstsignak bieokapats e exioéme he

envi ronne i .. detection data in accordance

W th sai dB%@Bg%ﬁ)ﬂf‘éfﬁgﬁg%ggp%%@%ﬁ%b?f%f%%%h?gfm%ﬁgf sel ection data and the
envi ronment al nodel paraneter data. The method may further conprise

i nputtingp t at nd

envi ronnentﬁé?%lgngdte{%%gg%tagﬁgﬁgﬁgndg Ib?ﬁ@é@%ﬁ@%uﬁsgﬁglcéet%ﬂﬁt e%gtl vel y

the sel ecad@ﬁswt(ﬁ)r@etmkm\mewé@apr@avatbbor Mb@md@wﬂ@t asspkietes, wittba exanpl e
after the survey has been carried out, by a surveyor or system operator

wi th appropriate know edge, experience or training. In another enbodi nent

t he nodel or nodel paraneters nay be (to an appropriate degree) derived
automatically (for exanple by sensing devices or by cross-referencing the
esti mat ed scannl ng Iocatl on to reI at ed ~geogr aph| cal dat a, for exarrpl e).

~ rec o o o o .



WO 2011/ 077166PCT/ GB2010/ 052206 6 Furthernore the processing of the signal
source position data preferably further conprises generating further signal
sour ce posptoar7dwba representing new estinmates of the PCHGH20BMILIDES | N
dependence on the signal detection dat@a. The further signal source data
(for exanple a list of updated estinmated co-ordi nates of WAP base stations)

can for exanple be plotted to allow a visual conparison of the previous and
current eSENHREBECHTSIgNTE qUaLlt PBH S0Pt ReeTarpldhe Jueraseing HsthBetignad, the

new est | n@é&c@?bﬁtl&ﬁﬂatﬁetoﬁ{&@és é@ﬁl@h@"l‘&% sifRdl RIRABH Balalatabetlonkhat the

new estimated [ ocatigns are pl ausi .. Preferably the nethod furt her

conpr i sesthSr de@demsPfiime of @rﬁ'éﬁa' dQY cEmpghiferenss afagavalnd DAY pugledr si gnal
sour ce pogiivhiQACHL #hdtrcaledLsighdI8tramytRpRSORr i at e adj ustnent to the signal
source position data. Any appropriate process may be used to determine the
appropriate adjustment, including | east squares estimation nethods, for

exanpl e. The prezkbsifg 6ﬁthe$@@l éwrt:élgbsmﬂmta mfara@gﬂaah@gcowmussst gﬁa{g
det ecti on dataaigeest naI ﬁrces t hat

fer e not g g GeBEhani s SSmee e poyon e serdtte ety
addi ti OnaTI'hélegﬂn‘adatlcﬁlQhﬂtbe ppsitort ofothe datend @utaln’@ (ﬁll@t’aabn§(lh£t0§ tpé)@latde@n dat a.
Thus t he s F‘ p ase of canni set of | ocation may for

t.t d
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found in pénsorﬁ |opeﬁat|p¢1ame$m‘nnmgadm1cego(aﬂalbwtzhesmalrcstotraaetcheék toooataming) . The

scanni ng at ion scanni ng
2t the i Py B e SerRud RehdndlecaPGR R Tt BarAbR Y LRGRERRGERdct T on
dat a, theagmnﬂ;tuﬂlhersde@ma‘br dedrege itocheek ’dnat &ieaestln@ted)losamlaismqteumlwed at the
first plu fr urces; processing the
initial s}r'vg,rllallI gtag{.gégcggg b%r%%g ﬁle%%i&gﬁgétﬂggtgﬁpfl rst scanning position
data, the first scanning position data representing the position of each of
the first f

catimt o 0t S i oS AR Dy hE Hcetth BB S R aces o
facilitat @erﬁ@tI@@ﬁb@tﬁtthe)ﬁe@fndtmakﬁm)f tacatonst anherosessinetie signal sewnai ng at
the first &lﬁﬁrﬁ&dté%agffurlﬂ%%t)hﬂ?ﬂ% [18g FRITBEBR iSinlioh el Blegngs@fy s gnal
detection systemto generate e I ni sl gna tection

Al t er nat i Resioraolihef sacend pyirgiialof diélaé@"ﬂ&i arPr Sxemele, rﬂwlqyétlfm”smora@tlon

appr OPY i aliga R8y cHHAMRY & JERF @sRARMI & the HoSflol S Iaf IEroMBHE F aROMIRREN My
be used for the first phase of scanning, and | ess sophisticated but nore
nobile e Bliurﬂ#'ﬁfn@f lagafiopa Theelgcation ipfeematnainde PIR@MNise @ather RElimafe of

2011/ 0771@@P@_§|@29f191/ Q@@tzgﬁb 6f e el dghBRY dighdl RBLrceONPrf&ELIYSHEY a

positioning system (whic be an absolute positioning system. for
exanpl e a”‘@FQS’SaiurtH%F%P”Q% '§B¥t8'l‘g ithe lagptien fRfermalion dagpgidop YsepHPUS ONASS,

Bei dou- 2 gévi€alsuich @8)a Rdndb@hudf tHe ndetriost m @6@bh§é’ré&felv|r@0@été G 40
generate the first scanni n%@pom tion data. go& tioning é%‘@f or exanpl e

i ncl ude GETAMPY) gadhleser eEnces Rpsigation of r‘hea ”Qtﬂ“&fﬁ"tyl% fiofs-sensors,
GS, or aThy hidtbdsyiay eémﬁmaemg td%f%m@ﬁé@rme@a@wm&@iws which
AIternatlveIg manual (ﬁds ma e used, for edﬁnBI e_usin pﬂ%ta entry by
an oper at BIP28YretRAT8RSIFHIFIBI Qi fw@ment ARG O GHLH I PrRXe ey be
used, for rrﬁJX@f mdnda aaagﬁneto@ﬁt@bEnSahcélé@nml blbaf?rﬂéteﬁaSth aeaived dataOnbgr
processes, for deternining the ati.on are of . cou posSi

ot onr 1 abe et A8b kol BEn S AR, B Serdicfio S M Reca < ek o nput
data to efhablihsor to enhance performance of a positioning system such as
GPS assi stance data (estimated position, tinme, ephenerides etc) for GPS.
The nmet hod nay conprise receiving data fromone or nore additional sensors
whi ch nea%he docatipariafvahationr edatatctamgirmmovmwmeammamhnretm @masoonaldfithede, for
gggl”f: gm gé;c%sng uE'EBﬁtﬁa?fpoémg&gﬂﬁto%gee&%mrpl ]?lgs%?:c\(ajé ?ﬁ;q%ﬁ%rcor%cﬁgg ?d*?{nj f;l . tTSe
of locati amromharce @PSt Gﬁeavsmmwwrpjtmraquﬁlpnmfg dysteat ieading ifTheppass tthamnl ng
system na pt ' , t. £.
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505 8056 "B0% SEBas {GPS RE IR <hlehE ThShohh el mEKAIRIF o8 VERLET T oo o
GPS and oinhee ferbsof the stageomberadiathudding dn whishdhe user is located; the storey



Conversely, the signal detection systemnmay be generally nore effective at
the second plurality of locations than at the first plurality of |ocations.
The si gnavodetigorieen system may for exanple only work (@CTWEB2RI0M32106
effectively) inrelatively close proxigrnity to the signal sources or in the
absence of attenuating materials between the detection system and the
signal source, for exanple artlally (such as over 25% 50% 75% 80% 90%
or 95% oRURRR®N £3n PAFOarRiRst inihabkeighiceladvely aprrdmately kpgu ii@'yﬂrrﬂa?”the

first plupgdrh é//umf/erJSQIC§fdré§ﬂ$1e|gfh9r(s@é?ﬁréﬁ| § MmeRss,r b NAetehy dresiméiERat s such
as allow r%ﬁsweﬁqgassa ge of a vehicle, may in general be too far fromthe

(majority! Wih tiosipteynumbes pnd adding &2 vy deteet opihe loggion, for

2011/ 077 16%4t6dI éG&ZQQ% ORoté Qe talicRrinRRASIINTaidie tfd BORdin 1%qhurqg&,tu@rasartth@n dat a
in dependence Ont?E?ta}‘ urther signal detection data. us the second phase

of scanni R§atIHO RREMRECHHRE Uk ce, three or even nore times in order
further to refine the accuracy of the positional estimates. In a further
enbodi nenf, a second (or further) .sign det e on syst b sed at the
Frret or BEESRETY die PaPeRCt phta Ban ghok BT IS clBraRtey Sttt enent
the (firstympiignabceingChirigray séteoticandath i bbesrddreel vap o entif@naner acy of
the |l ocati or(]ﬁestl mat es ond, and, ( t.her phases

L scana MOSRERmantiRL v et s Bndiiid T8l 397 setbaraltit fan Pon e he
same day, aldnw mandulsearwaor&nwelkfacmrw(ssdw anthe déesitpef populatipn dfusr bhikiingzonpri se

processin t ner a at.a
oot coent PitsoicuiRpn g ichS Rl A3l Red, SRS 8 Gl RefiRifoness
connot es af dmfa;;es,eand Isolmdnng)edmkan tiltat acengdiesimgnai/eothei alntacli afsthat | east

one geogr au el A B RSL! REFIRN orEhS PR ARY LAbrSAARLE BS eagt Of

records ere each recora’provi co-ofr a signal
source andnemf/eavlmmermtﬂlmmmeﬂ selebiégn dath aeprieeentinghe ckoighal esdonoentalch as an

assi gned Ri3dEL & én@ﬁgﬁﬁﬂéﬁtglrmoag?g %Peté@é’até’?e %@éﬂﬂhf%‘ chBicd of ATRAK: Bhe ' €adabl e

signal or Ium o sical representaiion of the
si gnal sogar@wterrpfathmwrﬂnmwémwn@eﬂ oand rQr@oeeqsm e aﬁg:ﬂal éﬁt@nmredatanna

conventiog or@a‘?ﬁ@rvﬂﬂmaﬁﬁ%t IPéﬁ%e of iR oﬁménl%??wgagl tlbﬁ'd YarRPREOPr | at e

format, suc e standard for exanp e S|gna source may be
a wirel esgndeawstah giodel pasapptendata. base station in a wirel ess

comuni cati ons network. The signal source may be a W-Fi or W-Mx base
station, GSM or other cellular comrunications tower, a radio transmtter or

beacon, of hamietmdyagy Bpheopemense iBpEERG said ghleppcons ¢fpaviramienia maird si gnal

source mayebafhl dtdthdushiiohRehiaP Rdel PHFIAS: Batdi VIR £ ubdrainpi Elé\ﬁ?ée) or
bidirectional (such as a network node) comruni cation, for exanple., At |east

one of thellanghaly et elelion ¢pie & PeAiPAalP '@%Ib@e'”ﬁ‘d)t&th plapiraand t he

processedesgdfihalaftsoMe G8rie9Siak beén eatiad BBy bhe stur@%mrtéyefém/b@eratbem rel ess
access point. This can facilitate the distribution of processi n(gﬁ of the

data bet weRIOPHaI? kaguiedoe experialirg-Hdranive i caoliet ﬁmPP?r'f‘{e@ch@dﬁﬁ i%g power

and st or ag@deRpérametEOhEy BRI M@ranaaﬂplﬁpﬁéwa@é@ree‘)' derveatanehyticlly (@rocessing
and scanni ng functional it be carried qut usi rtllgn t he same device. WO

2011/ 07718 @gf@lﬂ@p@gg 6%6 by cross-referencing the es ted scanning location
to related geographical data, for example).

Different environment models may be applied in dependence on certain measurable
factors. For example a different environmental model may be applied in dependence
on whether the scanning location is indoors or outdoors (such as the Stanford
University Interim, SUI, Model, for example).

Essentially any appropriate data used in the processing steps described herein may
to an appropriate degree be inputted by a user, either at the scanning site (for
example using a handheld device) or remotely (either coincident with the scanning

process or at a later time/date).



At |l east part of the scanning is typically carried out using a hand-held
portabl e device. For exanple the second phase of scanning (at the second

pl ural i t ywof20liaoatéssons) and optionally also the first plrassBbi@s22060i ng (at
the first plurality of |ocations) nay e carried out using a

sui t abl y- equi pped hand- hel d devi ce such as a suitably configured nobile

t el ephone, | aptop or hand-hel d device custom sed for the specific
application. Additionally or alternatively, at |east part of the scanning

nmay be cappiRtmerd ths ipRitedsiNg Hf ahe- d’@?ﬁﬂ%@drc@%dsﬁ@nedéig%r@feradﬁﬂrfurﬁ'?éa”p| e at
| east the first phase of scanning nmay be carrijed out using a

vehi cl e- nﬁQlﬂPré??ScQ@W@é”Q fratheg signel se4(ce RasBioBviadp [soTRseNBNQB LU EPty (f or
exanpl e usf hg siyrdl EQGEEPN EPeRBER) HORBAIRAI Hotedtidhadla MRledfuetBY Sighal The

met hod may furt onprise: storing. th processed nal posi tion
dat a; recé?WF‘?ujjaE? H@@g%faelst?i'ﬁt Pfeéig%%t?g fgsHmpled U%Pr%g\wsce??@*f %33% a

mobi I g telstgpdm)eaqurcuxbmblm plabécetook?wévceemue_tl iaempseeronl sicied puﬁmouequgvst o

i ncludi ng data optaj ne roma sigpal .de ect|on stem (such as. a

et ver S cG Rl o 1 BrRRg3 of Mg SOl e AR e i
sour ce podatican b@adress-refatemeadnerarapletit eheikethal the akivagstimatpdelstatidat a t o
generate userI%LIﬁﬁantl on data representing an estinmate of the |ocation of the

user devi @&:P But putting the user |ocation data. Accordingly the
af orenenti oned net hod can be int egr at ed |nto a user |ocation serV| ce The

user | ocati i onal s he user eV|
et e sepuarapE et M Efe el o hE T SBre i bod el
esti mat i ngnd the fusiesr sifnal sairse positiin data td:(betelemaenaheappmpbauel ethLGF?Semtecel vers

in the usr;lr @v&lggu@;ﬁogrﬁoh‘%ﬁ &FP%RHP%%QQ% é/es%(r){ﬂ%)i h%%g%%?dqgét WhiRg one or

nore | ocations where user rvi canno or “whe
t he accur deyappfopeiatesajudtmeatt inotmdmgrleaateqliaeép gstivedtiow neethddse i ekanplend
| ocating one or nore further el ectromagnetic signal sources so as to
provide or to inprove the accuracy of a user l|location service in a said
i denti f i edh¢ goethpdrimayTlasonbiihei gaabriss reesessing tthe rsignehrdetettian detd det her

second sefgph, JEQH@chQﬂ% of SdHBhaPLi fu&eso"ﬁée@%& \ﬁére"ﬁo%%%%le@l atttﬁ§’ figanni ng

my be carrie a user trave tween a ura ty of ocati ons
(such as braligesf lpeationsand @cﬂcmgaaddls}o sngaelaﬁqumesposem/dﬁta kethgesignal he

second pl ug gt thhsBbn 'o%‘t‘é‘tﬂmésﬂne $QOnE MBS B WahARG (at/ tR Secol? set of
2011/ 077166PCT/ GB2010/ 052206 10
locations) may for example uncover signal sources (such as WAP base stations) that

were not found in the first phase of scanning (at the first set of locations).

The scanning at the first plurality of locations preferably comprises: scanning at the
first plurality of locations to generate initial signal detection data, the initial signal
detection data relating to signals received at the first plurality of locations from the
signal sources; processing the initial signal detection data in dependence on first
scanning position data, the first scanning position data representing the position of
each of the first plurality of locations, in order to generate the position estimate data.
Accordingly the signal sources can be used in both phases to facilitate the estimation

of the position of the sources.

The scanning at the first plurality of locations may comprise using the (aforesaid)
signal detection system to generate the initial signal detection data. Alternatively a
different signal detection system may be used as appropriate. For example more
sophisticated vehicle-mounted equipment may be used for the first phase of
scanning, and less sophisticated but more mobile equipment may be used for the

second phase of scanning.



vehicle or either. The user may interact with any type of hardware to
facilitate any of the other nethod steps nentioned above (or below). In
anot her aspeoti/wofieshe i nvention there is provided a net irot/GH2088052206t | Ng
the location of a plurality of el ectromgnetic signal sources, conprising:
i nputting signal source position data, the signal source position data
representing estimates of the position of one or nore said signal sources
obtai ned by scanning at a first plurality of locations; inputting signal

det ect i onTHAtRethdd enayl AiRBbr @&h?ﬁéé Qéln@iaat Boérf%rﬁﬂd Bgsté@ @rh@iﬁah’éyr&cgh ved at a
second plurality of locations fromthe signal sources; processing the

si gnal soé'?%tﬁ@%'f'?'ﬁﬂg atem; fRr w;serrieérg&@%ﬂar'g@'oeﬁ@r%lte alé?t%'?@tﬁuﬁlhaﬂat ato

correct egPIBE INGPEIGOORAES, tEi%Qio‘ér'—ZJ@ﬁ'GeﬂlﬂétE)C@t @é?&i bf &t dat plurding of
out putti n% t he processed s| gnal source s|t| arila This. method may find

parti cul alPcassi iagraerateofn eeﬁésr‘rﬁcéni"ﬁgr siiiono at?o EnpRRANNGo dEY BY a
server th@f(arh|§|eQﬂﬁ!c@ﬂh[esﬁﬁ@ﬂs)ﬂmwscaéIBtoWe&bésddeﬂrM@g"d{atWh PieRRI sensors, f ]
urt her

conmmuni cagj ons Lin user .device at a

copect of st AvihrfotySee dBrbitER 065 qBemirey SR YRRE: SRR w th
conput er praagslaneibode nragrbecas@l gy éﬁaawprwutra@ldetwmtty by an aipeyaterust the met hod
as aforesaid..In a.yet f er as ect, of the ebntlon there is provided a
server prdglAMEdIHPTR: %RSUF ?0“8 SYPish TaER ”P%‘f EatidihdCt §E2 BBt 481 e uni t
to carry esthblshnee positias obéarhelpeatibn. Slttdn pugtesséeion dbkanmiTg thedbcatibe

i nvention rrbda ve Wth refer he dr [ et hods
perforrreda%y 8H’§‘t leﬁpaasr%[fpr%'?” %dggﬁgrom%o%%{néaly ep%rg\%g%%?eqars?ge?nvention
al so ext ensky to ot dgledmenalsie outd emesice parfoinancalof y positigniagnsysisimrsuch i ons on
o2 TR G e AIBRLEh L SR bOR R i M EoRASRRS B0 06, &R, | pygntf on or
or causing a compu Ne cor’rp ter appar

i nventi onmeﬂrodgmayrs:onmyrs@eetnewmgrelafa)frmmocbnesoumme @@delpnaibt}morscwtlleh a code
i nt er medi I I ther form
Ui tabl e [5es0Sd GRemplt?reilig @ MR, drebRiIP SICHP RmAend' Pl |2

i nvent i onmohef amegheipmaigy, amee@ﬁger@mtew b@rornleter ce capabl e of carrying the
programinstructions. For exanple, the carrier may conprise a storage

medi um such as a ROM for exanple a CD ROM or a sem conductor ROM or a
magnet i ¢ Feedogitingingesyisiem nay gereraill deampreogfigcityesal, theafigt aiuselity of 1 ash
Menory, OpRkLfHs fﬁ%ﬂnétytheag'&oﬁe ﬂﬂralr@uéft rb%étlontshel'h%abééltﬁfnrr{%XyQ&narnay

transm ssible carrier such as an el éctrical or optical

2011/ 0771B6hemMTBIw! GeosEeEe i aklegahenawnl tie srepnd@lwaily of iasations @rectri cal

or opti Calnd@@@h\%y%t bY op&dbie iPbve?Bed, 508:aR89%, ¥HRnod, R 09%adihSs&Bh@di ed in
a signal which may be conveyed directly by cable, the carrier may be

const i t ut BYraly Sfierptioap) &Cbr*asppe theaesord Ryrrawﬁ&ﬁ@camrt%@awemrtw&m

aspects agr eupqie Ereért;aswfsd/@aa@/s EBDRAL90N LS99 Br WAV iIRESIRs, dReedritiRgd
separately_above, %bof the as ects and features of the present invention

can be us%ﬁeqt'HeQB‘?fFH 9f%PS\ﬁPf'H@ﬁ?bﬂ'wgﬂ'@éb@ﬁt'onmﬁﬁe nt or feature
where appropriate. For exanpl e apparatus features nmay where appropriate be

[ nterchanged w th et hod f(eatu es
onversely, the signal detection system may be generally more effective at the

second plurality of locations than at the first plurality of locations. The signal detection
system may for example only work (or work most effectively) in relatively close
proximity to the signal sources or in the absence of attenuating materials between the
detection system and the signal source, for example partially (such as over 25%,
50%, 75%, 80%, 90% or 95%) or wholly indoors or unobstructed by walls. It may be
that the first plurality of locations, for example constrained by requirements such as
allowing the passage of a vehicle, may in general be too far from the (majority of)

signal sources to allow effective detection.

The method may further comprise scanning using a signal detection system at a

further plurality of locations to generate further signal detection data, and further



Description of the Drawi ngs An exanpl e enbodi nent of the present invention
will now be illustrated with reference to the follow ng Figures in which:

Fi gure 1 we 2an/i7rieastrati on i n overvi ew of a system f or PCOGH20TOg52206S €F
device using WFi wreless access poirg (WAP) signal sources; Figure 2 is a
flowchart illustrating a process for locating the position of wireless
access points (WAPs) for use in the systemof Figure 1; Figure 3 is an

i |1 ustr at PEOEeSTNG e Fianat SpEe ePastiosc ?n'ﬂgje@ﬁnﬁe@ét O'E)fth%fw&eés%g%cess

poi nts ( VAR8Ltidmd&a PhddliHeOsdddnd (HAEE R GBamMind) chM BePepenEd dRbe Fiviy. € 2;
Figure 4 is an illustratjon of the estimated positions of the WAPs of

Fi gure 3 HFeRPr €Me" Mg tlimasaifeorger BEghin &g Wﬁé‘cﬁP'@&éﬁ g pesiena 2;

Figure 5 b&inmdtes| | ustration of the second phase of scanning of the set of
wi rel ess access points (WAPs) in the building of Figure 3; Figure 6 is an
illustration of the estimated positions of the scanner during the second
phase of FcanmrihBgembodmenna Eégmgobiurth¥¥sidBaldddofibh GREEMERRABENI2E2206 12

the first or second (or further) plurality of scanning locations, to complement the (first)
signal detecting system and further to improve the accuracy of the location estimates.
The first, second and (optionally) further phases of scanning need not be carried out

at substantially the same time (on the same day, or on the same week, and so on).

The method may further comprise processing the signal source position data to
generate map data representing a map of the signal sources. The term ‘map’
preferably connotes a data set including data that encodes and/or identifies at least
one geographical or other location. The map may for example be a set of records
where each record provides the 2D or 3D co-ordinates of a signal source and may
also include further data about the signal source such as an assigned name or
identifier. The map may be embodied in a computer-readable signal or medium or
may, for example, be a physical representation of the signal sources in a human-
readable form (overlaid, for example, on a conventional geographical plan). The map
may be encoded in any appropriate format, such as the GIS file standard for

example.

The signal source may be a wireless access point, such as a base station in a
wireless communications network. The signal source may be a Wi-Fi or Wi-Max base
station, GSM or other cellular communications tower, a radio transmitter or beacon,
or any other appropriate electromagnetic signal source. The signal source may
facilitate unidirectional (such as a simple transmitter) or bidirectional (such as a

network node) communication, for example.

At least one of the signal detection data, the signal source position data and the
processed signal source position data may be transmitted via the wireless access
point. This can facilitate the distribution of processing of the data between, for
example, a hand-held device with limited computing power and storage, and a
remote server and database. Alternatively all processing and scanning functionality

may be carried out using the same device.



Figure 8 is an illustration of the process of triangulating the position of
a wreless access point (WAP); Figure 9 is a schematic illustration of a
dedi cat edwecanmmariesyst em sui tabl e for use with the firstcplcarelcats2zioeast of
the process of Figure 2; Figure 10 is& schematic illustration of a

handhel d unit suitable for use with the first and second phases of the
process of Figure 2; and Figure 11 is an overview of a systemfor |ocating

a user deff€astsriyy tfﬂ%@aaaiﬂﬂg iyRieR Mt @rgs oytysingrotansisheld parfahlg @evice. pet ai | ed
Descripti ppr &fandle leasBbAd BABRAbMRAANIAG MRItAOdead S8t Br Wchtiola§ aflgscri bed

for locating el ect romagnetl c S|r?nal sources, wth a particular (but not
excl usi ve?ptéﬂﬁ‘ﬁl'lf glspithe TEsh plaag%,g BRHE (Pbﬁ‘ﬁtflrﬁd“%raﬁté’é}f lalies B9y be
cross-ref eérﬁ@@buguﬁm%@@hﬁawe@w@@ [ndtHdd H&BEe SRV 426 Mifably%hﬂ?lﬂé@V! ously
gat hered usi n(g@q% a ﬁverrentl oned net hod and ,Sé(ﬁem Thu%, t he T ocation of
stati onar {8 REGrRIPR oshayldsield deY e cusiamigsd [kt PECHF ABPLCAIAN-t he
estimates of the location of the stationary el ectromagnetic signal sources
are corrected. The resulting | ocations of the statiaqgnary .electromagnetic
o gnal sotidtenall orPasERiNRE 7t Bt FEBLRescatnng S PHUS BRSIg fypi cal |y
mobi | e) useticledevoudeed bortabine dpacd.i Foil exampnd adicaenthedfirseptiuze dfsscdasiagi bed in
relation to nam. cal |y determ.ning the | ocation h as position
o or i nal B DGR el Sd Ldude B i haled i PR
Wi r el ess tedt Belecihdly- (fersednpds iusingna nifrestitsit amennar echaparednd layhartehsld r el ess
st andard gg\ﬁ ribed in this docunent is W-Fi and the positioning systemis
e

a W-Fi-b ‘'system but this nmethod can equally be applied to other
rel at ed standards such as Bl uetooth and radi o-frequency (RF) and ot her

; _ . . . . iy ‘h
bcation ofé BREIIRR hiher (RbARR. PTG sRRR SR el BBl Bef?
nmobi | e corateivingad et l¢calioh requeSSvbaredugbDdavice (suskaagpd alobilgNsld¢gdonamd so on.
| W - Fi AP _ ) ) _ ' P
used t ogerTer Patehe el bR SHBLREh o dlReE AR DBl RETHbAD Banaf 20 2 €
| ocati on HetevanelsgsiemL (reigh 2§ ¢a VNt wisckiver) VisanFiatede mith theeusetedeviesan be

nobi | e or I L& Qi " : ! -t | L L or
external BPoproi ey Siofg e AR R D PRI B S LB o8 006 15
may al so fesvestdatapnpendretle user eatrcdate gepragenting @nmratinfadg okethenegagPhg

par amet er § b BeCRAI AN PEENY@Eing flusexBERIdA MMa Fi system paraneters such as

Mac addresses, signhal strength,”their co-ordinates etc. One exanple is a
user with a nobile phone using inbuilt W-Fi to connect to the Internet.

Hence, i NAE&H&ingYSink dtISerBhEP Inetfod SR Be 'iﬁ‘t%?FaitéH‘ iRG CANACY 16&HibES
heavily on the aCccuracy of the known position of the WAPs in respective
W.ANS . service. The user location method may use additional systems in the user device or
remote server (or elsewhere, for example via the Internet) to assist in estimating the
user device’s location. For example in-built GPS receivers in the user device may be

used.

The method may comprise identifying one or more locations where a user location
service cannot be provided or where the accuracy of a user location service falls
below a threshold, and locating one or more further electromagnetic signal sources
so as to provide or to improve the accuracy of a user location service in a said
identified location. The new signal source is then scanned at a further second set of

locations.

In any of the methods as aforesaid, the scanning may be carried out by a user
travelling between a plurality of locations (such as between the first plurality of

locations, and/or between the second plurality of locations), for example on foot, via a



War -driving and war-wal ki ng, described above, are sone techniques for
determ ning and/ or mapping a WAP's position. Figure 1 is an illustration in
overvi ew wb 2an/9xm®mapl e system for |ocating a user devi ceCugiBrgios2366

wi rel ess access point (WAP) signal soggpces. A user device 102 is operated
by a user (not shown) and contains a W-Fi adaptor (also not shown). A
nunber of w rel ess access points (WAPs) 104, 106, 108, 110, 112 are |ocated
in the i nieFaoeelheri hirg ysemanivtaiadwilh ayi wrg abhasdvergi tadacilifale any b
Because ofhedtidtdhetfbdd SBPSHcAtondd' MR8 sTPev)povwer lints and other factors,
only WAPs 104, 106, 110, 112 can be detected by the W-Fi adaptor in the
user device 102. The WAP 108 is not detected by the user device 102. A GSM

(mobi I e t gl apbBBEhsHERS lof 1S imRAteN e I9B0AISP abRefoBSeMéstintig Aheper ti es
of these and. ot her el c?,ctromagnetl C sl%gl sources nm so be neasured and

.al

used in t (P62 Stq BINFDNEH PIGCIERMRRIERIIC FigRAl ROYFCETe GPERISITD IRRUiNgeSianA e
cer It ain CB@rraﬁtpesi'ti@{a idefsl, @fe L‘ibﬁalsdﬁgl’@l |§c|>sitﬁin]'£dtgé r@epéreéaﬁiﬁg aatimats sfitpeal
qualities suc s signal strengt an of incidence, and sq o rin
ferms of PRRIQGLrE s So et so G S BEsCTRE e Hathuelvst of her
i denti fi efocas@seinplitig signbl ddiectiohalasdarithd iggal\WdRsctibh @atiyrelating v sigesises
various of the signal c arlacltteriftsgti S aﬁg cpopar e t he c_haracteri,@ti cs with
data in a FAlaB4L & AN PIYBLK O [RGUPT BTN AU SBEFSw, PPHESISAE i on
syst em casighslesduhee posiicddstatia depeadéntg drotheosignalrdetddtionfdatehe cedrentant WAPS
104, 106, 110..112 to.trjiangula or._ ot herw. s etermne) th Ltion of
the user GEUTHEh 16 S i HE TR Quts haSh L PR Sl R B R he IBeBRH | | “how
be descr i bigdali souwiel mdsitiohelath . Sléibyarthad esayofindopérticular applicationgoaexhmyae - wal ki ng
et hods C%nrel?aetioﬁutlasé L‘tgj té’d O¥ee' & Wher Y4 N9 o%eﬁ%llé ko %Q%ﬁ%npc%?ecgﬁsa and
usi ng dynam ¢ and self-correcting recursive techniques to determne
| ocat i on oetwods dfi aflagresmoiunivafenslduwritt 2 Lseridesicdet dacdrainggsecadiod. i n di fficul t
environnments (for exanple with many obstacles). To search and determ ne
WAPs' WD 2011/ 077166PCT/ GB2010/ 052206 14 | ocation co-ordinates will be
referred Hsa fusbanaspegt ofahe invenjipi thgre is @spidad a/porabiireriit piegeantsed Witure 2 is
a flowcha L i S f i [ ki LLel ess
2ccess. por TR RIS paRdR B RRBFRe 85 feneBis B s0raRg ik PRAABHG, T
first phag®residhe process, signal sources (signals fromthe WAPs) are
scanned at a first set of |ocations. Various scanni ng processes can be
used, for exanple using a hand-held device such as a nobile tel ephone,
snart phond @ryggfupﬁtépr awnectef thgravestion éerg ig siayislegra ser¥erdrrogrammediviy (in t he
present ephagitBERidgrathnciie Rk LRLSAYItMe Al tRDto (BRy fdut S niffoLhs
| ocations is f,orrrec?fromthe path of a vehicle carrying out a war-driving
pr ocedur e@Ofsalfescri bed above and bel ow (for exanple in relation to Figure
7), the data gathered during the scanning process is used to generate
estimates of the positions of the si 8r_1al sour ces %)V\AP,S?]. These estinmated
posi t i onsABRUINHER rRAdERENts (pf e BVaply) degcrbed @pYe With JRIGERNCEOdBaNNi ng
t he posit Hemsndgf cdnigis¥ARsthad$ peseralcdyoy( Bothpuiet apeeaesadid ¥iso @dhipiRied by
conmbi ning the output, of a gl obal or absol ute positioning systemsuch as GPS
or AGPS wPPHRTEE: (MedTYantaR Slsa BXieRs © MGG BTGy Pl dadh Pgram
t ri angul amnispactieds B9 oViPa shgieal adaptedrigt &sry(rggait thededcsdsees df el iovéntion nor e
detail). In_another enboditrrenpt the first set C{f est i mat eog IE)osi tions may for
exanpl e 8 BN yAHE"E A bR FEIOAPFRPMoPS ﬁ]eaﬁ"”BFP“ PhaPRIF RN OMVEPEE i n whi ch
t he scannPrgréra&kesaypbade thgdorenioésedrcbycodeebb@ict ecdd, ya dsdadntdenddie s user
| nter f ace sllch bR esNh 356%A) nBRLd MB02or JRPoh8! mSSARLNG: ulH hEus be

implementation of the processes according to the invention. The carrier may be any

entity or device capable of carrying the program instructions.

For example, the carrier may comprise a storage medium, such as a ROM, for
example a CD ROM or a semiconductor ROM, or a magnetic recording medium, for
example a floppy disc, hard disc, or flash memory, optical memory, and so on.

Further, the carrier may be a transmissible carrier such as an electrical or optical



In step S204, in a second phase of the process, signal sources (the WAP
signal s) are scanned again at a second set of locations. In a preferred
enbodi renwotzha/wewend set of | ocations is the path of aprstaBrIgsLPEr ati ve
generally within or anmongst buildi ngsi1that have been scanned at a di stance
by the war-driving in phase 1. In other enbodiments the scanning is
automated and may be carried out by the sane or a differently configured
war - dri vi Aignalewhigh maphee SeRYRYICA) 1@ Stestricgher raljcabsabiRoy e HPIaAT ofrati ve
"on the grREAE WREN HRF@]BMNSembBdie8M a lsighBl WhicR M b nivBfeGirdthy BY
operation as a result of an analysis of the results gathered in phase 1
(for exanfiRle.the RATFiet Rk RE CORTIHRGBY B BRIe AL de¥BRREMNERAF data rel ati ng
to the scanning environnent and the buil dings and other structures therein.
The scannipg results are recorded in ste 206. WO | ,

2011/ 07716‘5'%@9%(%”2’6’?8/ W?@@%eﬂ@oﬂ@%‘é’g é’?iﬂbee@“?%‘?”hﬁ}‘@”%‘& heYe B&FBw, the
Ufselr may déﬁiﬂibé@@@diéiafel}&iUov@,\/whyﬁﬁttlhé’fﬁipﬁec%artd’!@am@éd dfited pefseitfievesgieond set

of locations, or y. i nput correctio ere appropriate) to a

Ut ot 1 A PR phireRast it Gy e P LS FhIBenF of e Bs M Bns, and
may al so apwdpridte SSrexbmple dappasiny feature@nhay wheeed pprapriappbe/ ingsicHanged
paraneters.for us ith such a nodel (as is discussed in nore detail

bel ow) . Awulgg}etl?@eé\qugq?.i nput data to enable or to enhance performance of a
reference positioning systemsuch as GPS assi stance data (estinated

position,Dteirps\,[i ggﬁ%nﬁﬁiﬂﬁﬁ etc) for GPS. The user may input the position
of sone o set of locations froma map. The ability to

i nput the position of some or all of the second set of |ocations can be
especi al | ¥ _hg| ' . i C L or S. Whi r. ro rrors in
t he esti rr)é{1 e%xal%o%%t%rﬁ?\édg)\?&?théf fi rsQ[Cf Qgpﬁrnﬁr'éYeﬁt')(/)Ro '”\IA@{):@P? %H‘@ﬁ?{ﬁdsWéﬁ S208

t he fir st redeencd todbe faltawimg FWPes modtictons (or | ocati ons of ot her signal
source such as nobil e tel ephone nasts and so on) are processed and
corrected using the results of the second phase of the scanning process.
Thi s pr ocEigerd & isgrisiustiadian imovasyiew dé e sybteefoolacatingea yerrdevicedsegtWiat es ar e
t hen OUtpFFwﬁéké§éH@e§?&9nthkﬁlgaﬁ%i&iﬁc nbodi nent, the user or a group of
users carrying out the napplng process have conpact consuner devices (such
as smart nobil e phones, |aptops and so on) or sophisticated electronic

devi ces (BGR 2Sis3 GURLIUH RGSRIIPH IrB%sdaY fRatiid bb&fich oAWigRAgS etc)
with W-Fi “capability, and preferably other positioning systemcapability
such as CPEEAEPINtsH¥YAP) doteiserathedypies) @fifdgtrad; and so on. These devi ces
may have additional sensors which could assist in positioning, for exanple,
an accel eronmeter, magnetoneter etc. These devices may al so have the

capabi | i t iogteners eRARSHplan ot hedbsinese b SEHwINhPEr $8t OsYEMeEs2¢eEdugh

nobi | e | np&hRRqWAR) ¥ & BuikfiRyih @REordah @\ Sthe UpdtieSs BRYigfirer2; exanmpl e be

equi pped with Satsis proprietary software running on a consuner nobile
device with or wi thout any operating systemand having a mcro-controller,
GPS/ AGPS  migdrd ishan inastehion of Graiatdd Rsitiohs Sethel \BAPY oftFlgulf 3 ke theanni ng
and nappig% groce ses descri bed herein inéjuding mul ti pl e phases of

scanni ng UEhPRRSCR PraNE N URPRESBIING & such as this using previously
descri bed hardware when needed. The chosen software may al so be capabl e of
using a user's_i.nput. tq record infornmation out the eal/ pl aces, where
scanni ng! HABE RGS R0 BitrayCRctane SoBirhaha. i wahn be oiPhE hel ot WelrSee. of

bui | di ngsacdess gbints (WfAPsya itherbuidiad) odBigeeadni ng fl oor etc., urban or rural
pl ace types and so on when needed. WO 2011/077166PCT/ GB2010/ 052206 16

Figure 6 is an illustration of the estimated positions of the scanner during the second
phase of scanning shown in Figure 5;

Figure 7 is an illustration of the estimated positions of the WAPs of Figure 3 after the

second phase of scanning in the process of Figure 5;



Figure 3 is an illustration of the first phase of scanning of a set of

W reless access points (WAPs) in a building in accordance with the process
of Fi gur ewd.201wm7Fiegure 3 a buil di ng 300 contai ns si x WAPSTRX2010334206306,
308, 310, 312. Nine scanning sites 3262 322, 324, 326, 328, 330, 332, 334,
336 are chosen around the perineter of the building, although in practice
this may be around fewer than all sides, and may for exanple only be al ong
one or twbio¥IRiI8ds @ itiyriragen IOEIi”f?gp@&éﬁeﬁﬁlrﬁﬁg@iﬁt'%ﬁ@s@?sﬂlqni ¢fya Wirglesexanpl e) .
It will bgcarppemt @vae);t hat nore or fewer WAPs may be found and nore and

| ess scans (and correspondi ng scanning | ocations) may be used, dependi ng
for exanple on the size of the building and the conplexity of the

envi r onmepjgurel bas WARBiemah® WMasiratiohi 6fCA E8dicated sehated byktenasiitaBiecl ubyi | di ng
at different places. In the present e di mrent a user described earlier
with a cowgm%ﬂrateqsnaé%ag'ﬁeﬂ ﬁ&%?qssﬁﬁwar%:m W -Fi and GPS/ AGPS

capability can scan this building fromdifferent places from outside (shown

in a rectangul ar.box), all. around th ui | ding.. At eyve | ac ser records
Wi ccapiitiy i asthdvaicdidetat 8Famanatd Bnyshictinlel sSreboE T Ve el bre
WAPs |, Si gndibedQudlphbyesadfehe priddessS IFigur@Bnamaosi ti on t hrough GPS/ AGPS. The
user may al so record ot her useful environnent specific data from
observation and/ or prior know edge such as hei ght and type of building,
nunber s aRiguteypeéss afn pirsiewadf sigysiein €dysibeatitgi @ansec ldegiee tusinghtaesdsani ng

pl ace etc, Th er, | sq record data from additional sensors on or in

t he devi Cg?n%rgtegfpgitﬁ]egﬁ%g?sstog Fré@sr? gt in positioning. For exanple, they may
record headi ng data received froma magnetoneter, height information froma
bar onet er ~g}.¢ i B r position systemor nethods

excl udi ngDu %e%%s?r@%@gf ?riﬁ%irﬁérlgy dloggﬁéﬁ used to locate user's position
such as Cell Tower based triangulation, Inertial Sensors, User Position

| is. orid e _ ; As
be. seon A pe vy RS I e USKETGE U DR choifBhere SURRlL e, 13 e
from out sivile a FrRoicuE Ay inet WipkesiB) 2ppBaiom iea sysiemddr Ibealingichuess devisat i ons,

WAPs 310, by’r”@o%%fegg@é?ﬁbe%iér{a%“réé’&/égogﬁtth@rl?Ser adb@ic\é‘.’*ﬁ/itr?r()@atbspr%ﬂ?iﬁpagfsf rom

one | ocation. ) 1S not scanne rom any | ocati on because 0
central | @gheiednusing it abaveraeignaddnethek apfl shistampi | Thup. die doratien ghal s from

the outer ;8GN BRAIrOHAGARRSignaV B u2k1L Q4THAEECELER2A LM Osi%%Q8s dfihd he

records fromthe scannihg process are processed together by software
i nst al | edlogatianef terlodienany Plegiromrgnniis synghwaurgnssre seiragiedl G rasHiBIt o

det erm ”e!okﬁﬁoréio?ﬂr?é‘gﬁﬁor%?j é‘t%@thrHédWeti& @@ﬁéliéb'ﬂrc%% o fh&RBY aBlréeRMcand
visible Wrel ess Access Points, and subsequently to create a map of these

WAPs. A nB@ipisifogpcaiingadfmicaty BORIMSRE 4eViiegor i t hms exi st to al | ow
positioning using a WFi or other conparable system The algorithns
include, for exanple, Tinme of Arrival (TO@%, Time Difference of Arrival
(TDOA), Algrree grarligylaryambedinant apgeliodels 4bssAbed 4 reldgom te RYSPMICY so on.
Dependi ngd@@rhinigt e hodatiah (Sapadkd bodilics c@brdirties) Off Windl6ss ABdbsk Pdiayi ces and
WAPs, the &?g bas .ql stance nmeasur epent, al rrlthm i S nornal I% enpl oyed but
the ot her ARG} Pf MiES'Rey BIPCspl Wig sage%%%ﬁaa%.mﬁwowe 8N4 gori t hm
the st rengtdtloﬁmﬁamﬂ%)th@fwi@léé!é-ﬁé%c&ir@mlébcr&iedtihahrseqf(ﬁiuw:%h; (913\641?] ang tg_easur ed
in conparison to t transpitted strength of. a signal fromthe radio source
(W) APPSR 5 VORGSR e, prdis ey v R ailee

to other related standards such as Bluetooth and radio-frequency (RF) and other

systems. Furthermore this method can also be applied in determining the location of
base stations in other communication technologies such as mobile communication
(such as GSM and CDMA for example), Wi-Max and so on.

In a Wi-Fi-based positioning system, the co-ordinates/location of WAPs are used
together with other signal processing algorithms to estimate users’ location in
Wireless Local Area Networks (WLAN). Here, the users can be mobile or stationary

within WLAN and have any device with inbuilt or external Wi-Fi capability. This device



PtGG X2 Pr = (4 7)2 d2 (1) Were Pr is the received power, Pt is a
transmtted power, & and G are receiver and transmtter antenna gains
respect i webyep11A77s6a si gnal wavel ength and d is a di st arce/dB20waSR0SOUr CE
and receiver. This equation can also hg represented in ternms of propagation
gain (PG as: PrA, 2 PG ==()(2) PtG G 47rd and in decibels formas: PGB =
201og(-X)(3) 47rd The free space nodel (equations) cannot easily be applied
in real woRY@ISONAVEFRPFPEMIPORBRRC! i Hief INCAIat TS BeRNAIREPRMEIRES Witk nal

propagat i géhtkiNeERERIEH dx@enpldNVi-Fi syishdh dlrdihBRGRich @8 I\ﬁe%‘ad%?es%fa&%?@ by many
factors such as signal attenuations and reflections (nultipath effects)

fromthe §Rﬁff9§bé|§e" SROrENHES Ll Ye FRAMRIG 1D Bj Usst gv'tarﬂjnw@tmpeonq H8iRgm ssi on
f r equencyinbamt\@RPdtoch@IngBEtSto ané IMenat. i sidhén tadBoSilorily method, a user's

location accuracy relies heavily on the accuracy of the known position of the WAPs in
respective WLANSs.

War-driving and war-walking, described above, are some techniques for determining

and/or mapping a WAP’s position.

Figure 1 is an illustration in overview of an example system for locating a user device
using Wi-Fi wireless access point (WAP) signal sources. A user device 102 is
operated by a user (not shown) and contains a Wi-Fi adaptor (also not shown). A
number of wireless access points (WAPs) 104, 106, 108, 110, 112 are located in the
immediate vicinity of the user within two buildings 114, 116. Because of signal
attenuation, transmission power limits and other factors, only WAPs 104, 106, 110,
112 can be detected by the Wi-Fi adaptor in the user device 102. The WAP 108 is not
detected by the user device 102. A GSM (mobile telephone) mast 118 and others
may also be present, and properties of these and other electromagnetic signal

sources may also be measured and used in the location finding system.

The user device 102 can measure certain characteristics of the signals, either in
terms of the signal qualities such as signal strength, angle of incidence, and so on, or
in terms of the data carried by the signal, such as the MAC address or other identifier

associated with the transmitting WAP.

The system processes various of the signal characteristics and compares the
characteristics with data in a database. As is described in more detail below, the
location system can use the stored data relating to some or all of the relevant WAPs
104, 106, 110, 112 to triangulate (or otherwise determine) the position of the user

device 102 and hence also the user.

A method and system will now be described in which the disadvantages of both war-
driving and war-walking methods can be substantially overcome, using a multi-phase
process and using dynamic and self-correcting recursive techniques to determine
location c o-ordinates of WAPs accurately inside buildings and in difficult

environments (for example with many obstacles). To search and determine WAPS’



WO 2011/ 077166PCT/ GB2010/ 052206 18 However, various nodels exist to try to
nodel different environnents and signal propagation behavi our through them
to det er mvoeoting7obst ance bet ween recei ver and source. Pomr/Gnearmpisezo6t her e
are nodel s avail able to predict signal4behaviour for different indoor
environments. One of the indoor nodels is described by the follow ng
equation: A PGIB = 20log() +10n |log(do) + Xafor d > do(4) 4 7rdo Were X n
and do ar OCR¥RD errprainates will\ge referiedras weaming fandr ErPPingd ErRsPe eIy aierent s and
whi ch canghgadet erm ned enpirically. For exanple, the values of X, n and do
for a typical hard partitioned office environnent are 7.0, 3.0 and 100
respectively. User input can be provided to select types of environnent and

then to usgukPecikfd elowWahateniustatingea PELBEDL IREREY B RORI®T Sf Shrelegd i n
menory (that were for ex | e previous input by the user or other
oper at or)?C%SISQPWEﬁ(IW%)%%sng@e Yao & Fgglﬁeﬂot avai |l abl e default val ues
can be chosen fromthe software configuration. There are al so nodels
e S U0 R0 P e e T S BT, 20 o
equat i on: afdlscadfdd g{ 4 Tirsd eptrdflotaighs.dyarioks stanflingtp®cesses can be used, for
example using a hand-held device such as a mobile telephone, smartphone or other
device, and either outside or inside a building (in the present embodiment). In an
alternative embodiment the first set of locations is formed from the path of a vehicle
carrying out a war-driving procedure. As described above and below (for example in
relation to Figure 7), the data gathered during the scanning process is used to
generate estimates of the positions of the signal sources (WAPs). These estimated
positions are then stored (in step S202). In the first phase of scanning the positions of
the WAPs are usually (but not necessarily) estimated by combining the output of a
global or absolute positioning system such as GPS or AGPS with the result of a
relative positioning system such as triangulation using WAP signal strengths (again
described below in more detail). In another embodiment the first set of estimated
positions may for example merely be drawn from a map or plan of the building or area
in which the scanning takes place and entered by user directly using device’s user
interface in to the processing software. The term ‘scanning’ may thus be interpreted

quite broadly in such a case.

In step S204, in a second phase of the process, signal sources (the WAP signals) are
scanned again at a second set of locations. In a preferred embodiment the second
set of locations is the path of a scanning operative generally within or amongst
buildings that have been scanned at a distance by the war-driving in phase 1. In other
embodiments the scanning is automated and may be carried out by the same or a
differently configured war-driving set-up. The scanning locations may be chosen by
an operative ‘on the ground’ or determined in real-time or prior to the scanning
operation as a result of an analysis of the results gathered in phase 1 (for example
with reference to geographical and/or commercial data relating to the scanning
environment and the buildings and other structures therein. The scanning results are

recorded in step S206.



Ado for d > do(5) PL is described as path | oss and other paraneters can be
processed simlarly as described in for indoor nodels, that is (for

exanpl e) wothawo7ttesough user inputs or from software corCIrgB2atimEmos0Once
all the distances are determ ned usi ngsany of the nodels avail able, they
are processed together with reference | ocation co-ordinates of the places
where user have scanned fromto map visible WAPs one by one. Dependi ng on

t he nunbef\s &F degessel EnpAtesdqipibblpysiefuser may p?ésé’i epQrd\iagr ovym eFidnate it hods

are avail gl Bodiforl &P thBes@oMi\Pset SNRCHTRINR0E: 4 %Eﬂ't“aatcbﬂ@atldns &Mﬂe’?@“ bed
below with reference to Figure 8. WD 2011/ 077 CT/ GB2010/ 052206 19

Figure 4 PRPTARTIQie) E%taf‘a@qte'ﬁ‘aﬁqa”t’ Hierived i (Ru @RS pE’élQﬁaBTPée ofstimpde \RAPEe of

Figure 3 pbditdnst BAd frh&ysbisphase DEeleeMNbMNEnViBninBataPhREesH Bpplfidddior 2. In
Figure 4 the actual Iocatlon of WAPs 402, 404, 406, 408 410, 412 are

shown wi t RRAMEGR™ Prdsey @ PAdedas isissed anpsrietylpelow) & weswn by
t he over| aiagl,alstaigpeicdata tccb@ﬂoléléeto mncéﬁsﬁorﬂrﬁﬁce 463 r@l@Fdr&ém@@ﬂbmggt 0 WAPs

402, 404, 408 4 0, ?;U% respectiyv Ther e esti.mate 456 because
the corr e Rt R R e SR e S
scanni ng GR$al The nwam;bnapetetae plobizibn \BABOO &r i o eite mpedeb@fclacaem@f i ts
si gnal |b|||t g rz]?él f t he scanni.n Iocatilggihouts (?
bui | di ng Gf'??e J&ur E?/ HIN o bk’gdp 58 Y8 °bA ye]sg%o[n %e souch t hat
t he scannlongtmssd:anbe espadellyl helgfubfn thae itemay roorreretnérrorts hehietc atosacfyorof t he
user posi n‘g G § from outside the building
for a V\AP%ré o fhle eSt'H]ta éjla%at' tor?t{)E]eéc Stphurél'tygﬁgé OnSn reference to
respective WAP, and so on.

In step S208 the first set of estimated WAP locations (or locations of other signal

source such as mobile telephone masts and so on) are processed and corrected

using the results of the second phase of the scanning process. This process is

described in more detail below. The corrected estimates are then output in step

S210.

In the first embodiment, the user or a group of users carrying out the mapping
process have compact consumer devices (such as smart mobile phones, laptops and
so on) or sophisticated electronic devices (such as a customised computing device,
amplifiers, antennas etc) with Wi-Fi capability, and preferably other positioning
system capability such as GPS/AGPS, cell tower based positioning, and so on.
These devices may have additional sensors which could assist in positioning, for
example, an accelerometer, magnetometer etc. These devices may also have the
capability other than Wi-Fi to connect to the Internet such as through mobile Internet

service provider gateways.

Users may for example be equipped with Satsis proprietary software running on a
consumer mobile device with or without any operating system and having a micro-
controller, GPS/AGPS and Wi-Fi hardware capabilities. Essentially all of the scanning
and mapping processes described herein including multiple phases of scanning can
be carried out using software such as this using previously described hardware when
needed. The chosen software may also be capable of using a user’s input to record
information about the area/places where scanning/mapping is being done, such as
position co-ordinates, types of buildings, height information such as scanning floor

etc., urban or rural place types and so on when needed.



Figure 5is an illustration of the second phase of scanning of the set of

W reless access points (WAPs) in the building of Figure 3. In the building
500 the sww2MRy7562, 504, 506, 508, 510, 512 are agai nPEm@BLO10KISYBW6 NEeW
scan sites 520, 522, 524, 526, 528 areechosen inside the building,

i nterspersed (where possible) between the WAPs. As nentioned, in the second
phase of mappi ng, the scanning points are | ocated inside the building where
a user doing the mapping generally does not have GPS/ AGPS availability. In

this casergursgrs énmﬁrs%%mamé fadt $HABE &f Isbathi] 8CESeWbl WirBlBsdigEde¢gd usi ng
W -Fi positionj nghtec nol ogy. W-Fi positioning will use the co-ordinates

of nnppedp?'ﬂgsl(mﬁ %én@P'r"Ejﬂ”gp'ﬁ§§60r€?”%ec‘%'ﬁh‘ihﬁ@r%?§s§i@§@9?r@@d above) and ot her
avai l abl e WAPs at respective places inside the building. For exanple, a
user at place 524 wil| use WAPs 504, 5 12 to locate hins Si ng the
phase 1 hihpGHaAss bUlis: 0 de s AR R0% YOy e c D 4 OF | e
sughI ?S ds@drmn@esn@e&or 3%@,@& 836,M3p8\\336 33, @aal 3:?46 aRNGio0’8n akdvidrtaaent al
nmodel i ng _such o] r inputs and. triapgul ati n as
Goscr i bogpataer a b ol SRGwart pirsul s he B A Eon Biardon b &or o
exanpl e paod esyifogexaase valy iseianey odaton had sﬁle@@ﬂth@buuld@@acdlepmdm@sm he
faC|I|tyt0|n§1[lf Esown %sh rrﬁglon of th sition.of the second set of
| ocat i ons @GBS GRS r BN BR SPRFRRC H%?&b‘}f?é’{é“}w‘?r Sd0P%RBt i cal |y
derived e&iundedrel mforet laed pe@ te¢anss(apti cdoresponaling scarmiry Exclatlcam ) appabent | y

Irg;gr:]gclt*'sav%:éﬁ (%Irég ae el%/#]eggﬂigggg ?ﬁigég VZ%Q&SO I %nﬂﬁg%{gr&ttﬁ% enabl e

or to enhamdenpenf.or mance of reference positioning systemsuch as GPS
assi stance data (estimated position, tinme, ephenerides etc) for GPS if
avai |l abl e and being used. The user may in particular record a perceived
hei ght or Th¢ MéxPafshewn & ¢icleshamsplades istdyrigal butdieg ai differhet maddsdintyg

all ow ng reﬁgugmtgﬂ{nbcﬁ{)m%%eﬁséi’ldggﬁ% grbatrl%r%h%sédr{éﬁh% dlé‘@n{:é‘s&@wr & g’ oY i

a baselin I's aval or a partic ocati on r exanpl e
usi ng dat ahefer MtedVirioand &sgAGpRi @mabﬂﬂafpsan searh&iigthuilding |fm differendn be
conput ed Bl%nc&bfr m OLlutéldé (sHART B & redtdnduie l:ﬁﬁ(; 'afr%rr&%dhl%ggcmldl §rA§E\%{)gy (based
on a gl obal ocal average or using specific know edge a i1ding
at the scalﬁﬁe nlgselror@é@ﬁdénW' brscanng| Reyameierss sush tase sianal eyrenaitb MAC 0 bei ng
the gr Oungdérleé’éérs’ oflvibBlen@AFe, Bighal dubR9Tetc 28 B8er@NowH SHdRBio hrough
termnolo one enbodi ment using inertial (or differential)
posi ti oni S//F@PSeI%HE@ may @serreeeld APRINUSepp copiFronapentisppeific dateuran or

absol ut e) oNalrRRn R dRF bAYY ITRWIdIGRILeN a8 heihREardgpd bAbuIBRY! HlrRkdrEgngy st em
The user may also in particular input a sélection of environnmental nodel to

appl y andWers ghPayridal sgnplopbsiyelionstdosg e Hne SAHNY plaer eise TBR UFBT MaY

di scussi oBisgfrecRiBaRCrsTh BLEItIENM IsERSHE Bh &)r inTBelevicRN abl Aitible, Reb3dBLigr s) . The
sel ection of the enV| ronnental (and ot her data %J y, for exan(?l e be nmade

usi ng dr opPHBRANGrenfisr ofXedtAifer ey p ey &khose sheading Lijéj‘@ BREETT E¥N (8uch as

an i nt er aglagh€omieRir] KigHtMTormitioh RdnPfbaroReeleiel d device carried by a
user). In the absence of sufficient points to allow triangulation or a
user-supplied positional estinmate, for exanple, other possible nethods such

as wei ght ad @m@d ageli?aanpethesesositionCystin gori hethede exaluding GRBUANd itaput by

t he scanner. er or rator, processi ng,the data
Cbearna eyl ik aSB e Lo B ISy Pt 2o bR S i LBl Tl itanose of
scanni ng, trahgulefiort, heertialxSaMsBes, 232r Pobidion ijfuts, W8, etb.16), arylRylaridesysteanned from

i nside the b 1] din %ﬁet Lént of the closeness to the scanni ng user and
typi cal afs¥8 ggg(tl? 8&3}?@‘1% of thick structural walls to attenuate the

signal. It can be seen that many WAPs can be scanned from nore than one
by ace. PO SRl e £ SAONEH RSB ERMANS 3R SR nafBfe, 2%
imlar to phase one e user “agafl n records -Fi  'scanhi ng

par anet er plasel flomasutsidgnaér e;@rrmi&gWAPsl\m @@draesseaﬁrwfd frang itioke |08ARSNS, Si gnall
Quality epexp i F&%Er dezfga%eﬁ)?r% fv\%%ce%ﬁﬂg SRYWARS R €40 H*?ed%c%ﬁoné'sefm

envi ronment specr rom observation and/or prior n W e such as
hei ght antoceyqre VOAP BOG isdiat gcanmedtfeans aay\@catquseaaﬂsephfwsa wltratslpgawn in
obstructi %gaéﬁ{mﬂg%n{j%cm?w%ﬁ] fliGke éﬁ&?ﬁ‘éﬁﬁ Ent%ris'éﬁlmn@q%ca@lbﬁg records

data from a sensors the evi ce | aval assi st in



WO 2011/ 077166PCT/ GB2010/ 052206 21 positioning such as magnetoneter which
can provi de headi ng, baroneter which can provide height information etc.

Fi gure 6 we 2an/i7rieastrati on of the estinmated positions eCTidB20B0E2206r
during the second phase of scanning shpwn in Figure 5, in accordance with
the process descri bed above. As before the six WAPs 602, 604, 606, 608,
610, 612 in the building 600 are shown. Al so shown are the estinmated

posi t i ons TB¢ reIREdsSiEQIR Mg seNNigAioease @re pmgessesiiogegher byssiwage @staligd ch vary

from the ggintabeicaikifd VafouRYsighal YiokBsiRPEIBESthR t8 RRRAAMRCHEe AbtdMes
above-nentioned factors that atfect the signal propagation, for exanple. In

a furt her PeiE8RIYsehiocPiomAl eiferané Pirces cednasbignViralges AseessoReiBEt PBR, a
user's cogisbeqaéRy t6 eftall $MaPef dREE VeaAP4Isi ng a central web-server by
exchanging W-Fi paraneters with it. In this case a central web server is
operable to provide a user's location either through an internal database
or from ophgimbenbedis@hce ARatireRSntsldlgcHdirms 6ASas allb\@ pusiebnin@Msiag savuse

GPS/ AGPS - i nat | | her. i tioni t echnol if it i
ava | abl eF ocube”Spals Sapur The PR RORC R oSS of e el |1 1S
envi r onme(MOA)y Teése Diffellersce eimAIfiasl (TBOWN)] Aegle ath Avreval e4@AYI RepepledSigngl in the

[ f t id i ng. ., TIh ds f d._f
Do o PO ATRSS) Do AR e R LS o LB e
a sof t war moolite aletliees cadwWiMAPsdithd ERED tbasked ndistapceo cemsuregent ghydrithmes such as

usi ng usePor i erpepr SRLE e loo ki aneTHeF B0 Gl aF v iBHFe accuratel y)

map WAPs inside the building. Figure 7 is a schematic illustration of the

i d ik d Fi : f
coann ng. AR ARt dfe MRRuRtoelh O i) sBhal dlSnS FEGM RIRRSD.
WAPs 702, meddyred 06¢ormeBisoi 10 thertidhsaittedssimngthveftahsignad dboimdthe iradid epuraed t he

esti mat ed i AR - : |.al ed circles 752,
754, 756, (@%E?E%%%l%ﬁa%@l{@g@ @%eﬁét'rf%eeﬂ%@”f@;@e‘?g%&?o& 708, 710, 712
respectively. It can be noted that in this hypothetical case the estinmates
of the posi ti;@?&/@f the WAPs are generally inproved, although in individual
cases suclp, as YO WAP 704 (andiestimate WAP' 754) the estimate can becone
| ess accuratd4®mtdh regard to the first phase (as illustrated in Figure 4).
Phase Il has al so mapped WAPs that were not mapped in phase | (for exanple
WAP 706). WD 2011/077166PCT/ GB2010/ 052206 22

Where P, is the received power, P, is a transmitted power, G, and G; are receiver and

transmitter antenna gains respectively, A is a signal wavelength and d is a distance
between source and receiver. This equation can also be represented in terms of

propagation gain (PG) as:

Pr Z/ 2
= = (- 2
P:G:Gr ( 4 7'L'd) ( )

and in decibels form as:
PG 20log( * ) (3)
dB = —
8 A7d

The free space model (equations) cannot easily be applied in real world
environments without modifications because of the signal propagation uncertainties.
Wi-Fi signal propagation can be affected by many factors such as signal attenuations
and reflections (multipath effects) from the surfaces, building types, moving objects

and people, transmission frequency, antenna heights and polarisation, and so on.



Though a user's co-ordinates (derived inside fromW-Fi positioning after
phase 1) at scanning points nmay not be accurate in conparison to user's

co- or di nave=o(idarieéed out si de usi ng GPS/ AGPS), the over aCir/dBrpromseavent of
mappi ng accuracy and coverage of nappeg WAPs are increased after second
phase of mapping due to the cl oseness of the scanni ng/ mappi ng user (i nside
the building) to WAPs and hence to be able to neasure the di stance between
user and V\R\N§V%y VRrQ Borel§ @igdal npioFmyst dbisrevatanviigtecde @fa'e1d) t hr ough

appl yi ng br QQétro?’r'l:Q:'hé{/roWlﬂRﬁ@ﬂttlh&ﬁ toBEtgtRind ascaisBRe BONEEN Weddiverggard to
phase I|. This whole mapping process can be extended to subsequent phases to

i nprove cé%F%gﬁoraﬁ’éP@Hﬁietheé‘?/é‘lre rodetcaralepleale RERHF 13191ES beBaYiRr Blenent s
may be segiffeidnt MABOEShVEEnREStsNOHE S BE VMBS moliBR iPHESEIBEd bR Bfovsgent i al |y
the sane as of phase |l and can be repeated for exanple to rescan a
previous 8748 th nore scanning | ocations, either inside our outside a
buil ding, for exanple if a particular site is identified as being a
particularly difficult environment (for exanple after review of the initial
scanni ng dmdg;zoﬁjggm%&)&mgk%@dd)ul)gstrafdrgm @ the pr ogﬁss of triangul ating
(in 2D) the positiohndf a wireless access point (WAP) his is one of the
possi bl e nethods for estimating the position of the WAP. In Figure 8 three
scanning sites 802, 804, 806 are shown, each detecting a signal froma WAP
in the appfhexd ¥ab @nd egiaghth8gramelers\pch egiyoritegBerest iadoer afivisermesd1, d2,
d3 fromr 'etrrﬁi?r , 806 is
surrounde?ﬁﬁlﬁkh\célg?? ge{rggg?]ggentr nC%Qf Foggg%nl]@gg?j ﬁﬁﬁgsgf%ensgrg%ddég?ance dan.
Here, di, ty@QJal kpd peditigeed offee W\@Tﬁﬂ@ﬁ?tf’dﬁ hhe- (h@?iﬂ(ﬁ)meépféﬁt'wlénce measur ement
nodel s described earlier and are used together with Iocatr on co-ordi nates
of sites 802, 804, 806 in the follow ng equation: = A (x, xsl1)2 + (yr -

ysi) 2( 6) et P, cansbe Reovigiedita select lypea pbieyyiroament pad shearia Ysecpeeifigi nat es
of WAP 7 Qélde§<§ﬁ thd boV&theldRel fberamét@ré eforeewrorrrélnr@r @ﬁamerelfarceﬁamm@ere iis
1, 2, Three equations are formed and sol ved for x and

co- or di naP@é"OHF ppHe leAﬁael ¥Ser i BheTseEratPe SC@aIRY. dhysralPyis aE{SIWZ%d with

any avai | gldiebRrRiciamts/afiesRaAde lchesdnerasmt tHeHoRvare cafig@@dtion. WO
2011/ 077166PCT/ GB2010/ 052206 23 As shown in Figure 8, the napped

co-ordinates for the WAP in region 808 are where the three circles (the
loci of tMReresdre e ehodest AnUSSe I6t y@Edort Eivirdhinests 0 ekd1Ap¥ABhe adver | ap. The

circles do not overla hec f err he

reasur eneHEPEsCERETTER oS BRR LR e rain BT WBushir fosabBy Pabeors i n
t he ref er powing@quetdn: mat ed) co-ordi nates of t he scanni ng sites 802, 804,
806. It will be appreciated that the above 2D exanple can be extended into
3 dinensions as required It is not normal ly required to record the

t hr ee-di aI ki t mer el y he t nsi onal position)
but it wi 8%(pr C?Jé 08%3*%@#&%vant ¥Edi ‘¥\Dc ns can be made if a

3D | ocation |s r equi red

PL is described as path loss and other parameters can be processed similarly as
described in for indoor models, that is (for example) either through user inputs or from

software configuration.

Once all the distances are determined using any of the models available, they are
processed together with reference location co-ordinates of the places where user
have scanned from to map visible WAPs one by one. Depending on the number of
measurements (records) for a specific WAP, various methods are available to map
these WAPs. One method, triangulation, is described below with reference to Figure
8.



Figure 9 is a schematic illustration of a dedicated scanner system suitable
for use with the first phase at |east of the process of Figure 2. This
scanner a9 2ba/a1%wd i n sone or all of the enbodi nents destrdRreth/@bmée i n
preference to a handheld unit (which may or nay not be the same unit as the
unit described belowin relation to Figure 10). In Figure 9 the dedicated
scanner system (such as a war-driving ri g{) i ncludes a directional antenna
902 (suchFigsres & greidesiertionof e egtifeatposiienp Pl thedVABp f Figureadrpfitertide ng

signal s ffiQiphdie ABESNIRY indFOcéRrofffgtre or other simlar unit) 906 for
provi di ng reference coordi nates of the scanner system 900, a conputer 908
for controlling and/or processing and/or receiving data fromany or all of
t he ant enpari§(d.4 ERkiubi IBEatRA4 of BAPsWUT 48406062408 8N 0] 4M0edré aRewPWin f or

controlling the scanner system . inputting_releyant data and displ aying
esul ts, NI CHaB R B ETaTaTRG ogHENE JPAR! SpgRR b a s Bl BEY. 1 he

?canni Rg piF L 852, 4514&&1?8@&6@;4@ bg@e@@h&d% B IWARSs m@g}mok, 408, eribage2uni t

not shown) is proyjded to ,ow . data to be sept and/or receiv ia a
Communi catasarg Bl Thire s b ks R El o hecguss Bins Rl eatind i SR dar a

col | ecti onQ6 whs abt foryd e fdseplidse dfieeshniryr t he storage unit 912 for
exanple. Figure 10 is a schematic illustration of a handheld unit suitable

for use with the first and second phases of the process of Figure 2. The
handhel d Agaih ii ceol beleserathat WAP 406 ¢y hatcmadfidiiP?hecausdsr s sifeRSigitility at004, a

network inter e 1006 (whic opt.i.qnall ot sent for urely
el oper il ot Sedntilin Be s RiikiBd X e (haide PhESERbsEY o/ M8 ot o
conput er i sagped WA d4i3D8,oramasefaciars euftathaet t@lscaandgalislanae, stodebige uni t

1012, Thi 50 ol LonfTRbndiaNe o DRRLL) 7 H5RCT) R2030/ AR2206:28 dregane
sel ectivity, signal anplification’ and/ or processirg power or storage
capaci ty Goeqsarerdents) ftdne odienee diee bigkiogi foeal V\ehbaswethas tleggeoorety of fioger e 9,

but may Oglra%cl?e)iﬂ?%%fénvﬂgﬁtﬁpegﬁgd&%\é@Atp% AR & and therefore easier to bring

into clos at require scanning. In a further
enbodi mrent the handheld unit may omit or deactivate the GPS/ AGPS unit 1004,

for exanp I dur | j - further
enbod ment P45 e o G B TR e e Lot
t he scannagcesy obvg OOPekisdhe huiddiag 6l Eigure Belndhe drilding SOgdhesiy VIABSt he

handhel d y t5ok0806 ARFC B Besh ARQVKAMNHEIRFRM AW sEADLIR 3, sthosse 11 is

an overview of a systemfor |ocating a user device using the data generated
by the praéesx3drerhgerreingide|the puigling 'TﬁrsﬁeE?@éKWH@\?iR%S'%@Q@eb’ﬁ?@ﬁhas t he
handhel d ggnpce 1000 descri bed above or any other device, for exanple), a

t el econmuni cations network (such as a nobile tel ephone network) 1102, a

| ocati on server 1104 and a WAP | ocati on dat abase 1106 (which may be

i nt egr at efsWhéktichBg, O®atde@Bnd Ph¥ss of hiphind! eheSBBAMMing points are located
inside the building where a user doing the mapping generally does not have
GPS/AGPS availability. In this case a user’s co-ordinates at these five places will be
derived using Wi-Fi positioning technology. Wi-Fi positioning will use the co-ordinates
of mapped (using the first phase of scanning as described above) and other available
WAPs at respective places inside the building. For example, a user at place 524 will
use WAPs 504, 508, 512 to locate himself using the phase 1 mapped WAPS’ co-
ordinates with other signal processing algorithms such as distance measurements
using Wi-Fi signal strengths, environmental modelling such as through user inputs
and triangulation, and so on as described above with reference to phase 1.

A user (or other operator, for example processing received survey data at a central
location) has the facility to input his own estimation of the position of the second set
of locations or to input a correction (where appropriate) to an automatically derived

estimate of the positions (for example to correct an apparently incorrect or overly



In use, a user causes the user device 110 to send a | ocation request 1150
to the tel ecommuni cations network 1102 (for exanple using a service on a
nobi | e t ewephomeyi66 The request 1150 may typically incl ugeTdaaivse®sved at
t he user device 1100, such as propertpes (such as those described above
with regard to phases | and Il above) of signals detected from nearby WAPs.
The request 1150 g t hus, for exanple, include details of the signal

st r engt hsNgecHaigr@y Veasing, ff @V i e Al ég@@ys%)né\/%ﬁer@@w algeert 49igial s, and

SO 0Nn). Ach&ikieplio khhdnddlpEddrantOI®f S8@RRS FIdéﬁlohl'ﬂbtdi@{erﬁ 8geess drs0)
passes fromthe network 1102 to the | ocation server The | ocation

server 1188F1§1ARGE fhipdesligrded pesitanygtiwst enhesierided eiq) frdEleifrRyailahle AP gat es

t he | ocat p&iRg @@é@bﬁﬁeeuéé%w\lnt;thrﬁcu‘MF?e&&al@l@er&@iqewﬁé.%ﬂtl&%thépméaﬁﬁefy WAP
data that is relevant to th cgénqln raﬁéwest 1152 he dat abase 1106 then

returns t (R éad&?tﬁﬁyé‘éﬁﬁ’eii‘éﬁe a2 helgl or eier diglepgionfip RE shes

pr ocessi ngstinfed adid rh&@amr@@numcﬁas@lmevm@nttmeusrea@eau@dorr g padiuledat a 1152
to producE) a. Io ation ﬁastl.ma ent b%fck to the usgI ie%few ce 1100

P B R el e oaa B et o ARG st aPin PGkt PYRISE o 1100

(usual |y hken @amarr@stetdms flat A XL 5)eré o rshlaae Uﬁ&ﬁatd@hegﬁt AerQfborey (sug er
devi ce can_the

In IV\D 111/ 077166PCT/ GB201Q/ 8({5_| E% roceqsﬁ t he tlt atl on
data 1160008 PI8PP A O AE 9% Ok YEIRY I SPEHTS edpR AoPYE 8 UIAINg 1 The
syst em descannbgdoedion efonekdmplef mdemsetheetoIFe}gwrebérJ(Orba)ngahegrdmedtﬂlseld | n t he

initial I Seover v a for tlon hases |
and || degcbrel? ﬁ betRIBO?ﬁNg \/ersffl@loyﬁ tﬁam'ﬁ&S{J exa gmgﬁ%' gH%P&y or

al t er nat i inettial ¢peditierentsadf ptmlrcmlrtgo fETr ©oeeyde, tahesemamnwlrr@ damrapmaje pmmduce t he
various e r ata obtai ned
during thégﬂg%ﬁgbgﬁgge\} ﬁ.fe@stggﬁc\)éﬁcm,bpat%ﬂ%‘?ﬂ%ﬂ%h%@o&ﬁ?@l’n Sgge%ne or nore

| ocati ons where it would be advantageous to | ocate a further

el ectroma [ ' t he
acour acy. SpE iR e o, FCHafE il 2 SBehirP Bl VigRERRle Lo By 12

| ocat i onsangiof gartah@terelf@cwseowﬁgﬁe@h 8 re@@hé?eeesmlwéorcamacnemorbef perowi ded at

a 1 ocati ofoldiat chiieERa) it LTt RER phaRg,al SeRnLsBRCE dhpo to the

i nvention may t hen ace at a plural ocati ons around the new
pl aced el eeviioomggiadtand @h@rrc@lta wf@éexamplwbplmaﬁ@ UsH)er @ep-dowd menws abt her

appl i cati gigr Abut iR 4 LSE ihBRALd QUcSYS bR TREIasHl! RBAcABRYEMiForPh Ccourse

possi bl e, for exanple including |ocation systens that are entirely local to
a user delardheld devies saiPeby adlseni ng al | rel evant data and processi ng power
in the user device), and devices that comunicate via a variety of various

different networks (not |limted to one or to a tel econmuni cati ons network,
for exanpliefne absergenefeauificient painisda aay thangyladies OF ppsgr-a¥Pried ePsifitnalg

position g&ire4tdl fa;ate%mgfe Bt | R8ibRC FRERDIERUBE Sas(WéiEBted | dveligeetfs e Local
Area Networ ks é\/\LANs .using a nultiphase self correctin r ocess.

The WAPs H7¢d {PEIHEIRp| § RRCERTanhG &RaNUpbiltW BYn thes Spainer ‘%W/\L&N@perﬁ t hey

nmay be ot pRiceddiipiheldatnatadigter Yag) tolobemtla RRSt §ueds YIS Sdannihg@odsabhod and
system may be inplenented fully on a consunmer nobile device, for exanple,

or may rely on renote conponents and software (such as a central server
connect edDuiifg geEecbod msh@ée 60$aAMNing A4l oNiBie vt WaHS, 502116D4,25063 508 - 510, nobi | e

o] cononesgh P NStafel 1Orli@ BEOLEH % 32T e AL e oo
it will becappgreet ah@t;@mkatbsleede pler example) df hidclastrudidral waitsdbfatteadatens | i e
Within t h% gg';rrlelllt Itac%ﬂ l:')secggen %at tmha%y%‘l:\%%nctanl Qélggatr{n%g from more than one

place. For example WAP 508 is scanned from locations 522, 524, 526, 528. Similar to

phase one, at every place user again records Wi-Fi scanning parameters such as

signal strength, MAC addresses of visible WAPs , Signal Quality etc. and user’'s own

position. User may also records other useful environment specific data from

observation and/or prior knowledge such as height and type of building, numbers and

types of physical signal obstructions close to the scanning place etc. The user may

also records data from additional sensors on the device if available to assist in



WD 2011/ 077166PCT/ GB2010/ 052206 26 Clains 1. A nethod of estimating the
| ocation of a plurality of electromagnetic signal sources, conprising:
scanni ng w0 211fa7rs6 plurality of |ocations to generate PCHGEH20B05LIE
position data, the signal source position data representing estinmates of
the position of one or nore said signal sources; scanning at a
second plurality of locations using a signal detection systemto generate
si gnal dePetanig eHahas MAgnaleyaler WHEh <eniRspVidraberding. berabeteowhicysan s

recei ved plovida®eRfe Mfstmilioh alci ty of locations fromthe signal sources;
processi ng the signal source position data in dependence on the signal

detection data to correct estimation errors in the signal source position

dat a; andrRutPs!is ABustRRioR 0P ERSEBIFhatddRRItioRo UF GR JeaRhdr duing Msecord A
nmet hod accor di n1g to Cdaim1l, wherein roceszl ng the si 8na| sour cigsgoy tion

data furt RESecPrANely Shoviyint RIBUE gnd) Ak oMt Htea Progeds PSR t he
posi tion gbovehds3ReNEthesiVBARS BOBT60406@E,i60BS610, 612 in the building 600 are

shown. Also shown are the estimated positions of the scanner at scan site’ 620, 622,
624, 626, 628, which vary from the actual scan sites by varying degrees in
dependence on the above-mentioned factors that affect the signal propagation, for

example.

In a further embodiment in which the device has an Internet connection, a user’s co-
ordinates can also be derived using a central web-server by exchanging Wi-Fi
parameters with it. In this case a central web server is operable to provide a user’s
location either through an internal database or from other Internet resources. In some
cases the user may also use GPS/AGPS co-ordinates as well as any other
positioning technology if it is available. Users can also input information such as co-
ordinates, environment types, and so on (as described above regarding phase 1) in

the processing software to aid mapping process.

The records formed from scanning from all of the five scanning locations are
processed together in a software on a device with different signal processing
algorithms such as distance measurements using Wi-Fi signal strengths,
environmental modelling using user inputs, triangulation, and so on to (generally

more accurately) map WAPs inside the building.

Figure 7 is a schematic illustration of the estimated positions of the WAPs of Figure 3
after the second phase of scanning in the process of Figure 5. In Figure 7 the actual
locations of WAPs 702, 704, 706, 708, 710, 712 are shown with a solid circle, and the
estimated locations WAP’ are shown by the overlaid, dashed circles 752, 754, 756,
758, 760, 762 corresponding to WAPs 702, 704, 706, 708, 710, 712 respectively.

It can be noted that in this hypothetical case the estimates of the positions of the
WAPs are generally improved, although in individual cases such as for WAP 704
(and estimate WAP’ 754) the estimate can become less accurate with regard to the
first phase (as illustrated in Figure 4). Phase Il has also mapped WAPs that were not
mapped in phase | (for example WAP 706).



3. A nmethod according to Claim1l1 or 2, further conprising receiving

| ocation informati on data representing information about the second

pl ural i t ywof20liaoatésons, and wherein processing the si gnaCTaB20NPMSI ti on
data further conprises using the | ocappon information data to estimate the
position of the second plurality of locations. 4. A nethod according to
Claim3, wherein the location informati on data conprises a user estimte of
the position of at |east one of said second plurality of locations. 5. A

net hod a?‘FﬁdSngh”éJ ub& s@AbMNrAtes MEHRRI in§IOEROSWRET beUMbnidgN St PRasOpadi on
information data via a user input device. 6. A nethod according to any
pr ecedi ngSEANAING PIAME MBI YrRsc@<Rrag I REMBPRPAI OMSSF & SOIRFENIIPHIANED f urt her

conpr i sesOLt%ilra@eaﬁah %PQ@\GPS?%e drlerpt in%?o@%lﬁ?ﬁt} of ?%fb@rr@aﬁf&l_r&@yt Itana{lh
environnental nodel repr nting environnenta actors app Ing to e
si gnal sofi?e&Ed9e Ofﬂaweﬁe‘&gga aé%%&@@ﬁﬁ%af‘%f @CQW‘%P%?SGWIHP%E%‘”%%M B¢ ng

recei vi ngcldterledasf tenscanhingMvdppigniset ahsio®del bsikingg td WAREAR fereasenting a
choice of bgna IIer cr)mn?gz;[sﬁlre rﬁ?ed%ﬁstance between user and WAPs by predicting signal
propagation path more accurately through applying indoor signal propagation models

described above with regard to phase I.

This whole mapping process can be extended to subsequent phases to improve
coverage and some level of accuracy as many times as improvements may be seen
in mapped co-ordinates of WAPs. The process remains essentially the same as of
phase Il and can be repeated for example to rescan a previous site with more
scanning locations, either inside our outside a building, for example if a particular site
is identified as being a particularly difficult environment (for example after review of
the initial scanning data).

Figure 8 is an illustration of the process of triangulating (in 2D) the position of a
wireless access point (WAP). This is one of the possible methods for estimating the
position of the WAP. In Figure 8 three scanning sites 802, 804, 806 are shown, each
detecting a signal from a WAP in the approximate region 808. The WAP/region 808 is
at a distance d4, d,, d; from respective scanning sites 802, 804, 806. Each site 802,

804, 806 is surrounded by a circle representing the locus of all points at distance d,.

Here, d4, dy, d; are derived from any of the available distance measurement models
described earlier and are used together with location co-ordinates of sites 802, 804,

806 in the following equation:

di = AJ(xr = x2)* + (e — yw)* (6)

Where d; is the distance, x, and y, are the x and y co-ordinates of WAP 7 and X, and
Ysi are the x and y co-ordinates of places, where iis 1, 2, ..., n. Three equations are
formed and solved for x and y co-ordinates of the WAP in region 808. These
equations can be solved with any available methods such as the least squares
method.



WO 2011/ 077166PCT/ GB2010/ 052206 27 and environnental nodel paraneter data
representing a choice of at |east one paraneter of the environnmental nodel,
and proceseizog/arhsesi gnal detection data in accordance WRCTieBRaiodhs2106] east
one of the environnmental nodel selectp®n data and the environnmental nodel
paraneter data. 8. A nethod according to Caim?7, further conprising

I nputting said at | east one of environnental nodel selection data and
environnmental nodel parameter data via a user input device. 9. A nethod

accor di ngat @haRy .mr.g%@b e Maphd cHbRIiRItds BF MHEONAPNS rddiéh SoD8RI wisher ce
position data further conprises Sgeneratl ng further signal source position

dat a reprﬁ?éhfqerﬂcﬁé\ﬂlhés!?q' rhihesesmatededisipgres beé‘ﬁ@ﬁrbﬁ@ Sitas @BPEKHBAER on the

si gnal debegitapoThdatittles 46- ndd RlrBPdatag Ciidlé Nibirlt Obddadbdnd?, erfdds tiM&the
conpri SI n processi ng the signal sourceéijS|t|on data and the fur her

si gnal EUEBSIYeDmakar a°ft BeqdisEngeh &afzafprBfr PASPIQE 98t derfet o the
si gnal sowT@renw@rbsmﬁatda)t@-ordﬂnbtes/bfltmatétsadmag@mésdsm 809, sosy precedi ng
claim further conprising processing the signal detection data to estimte
the location of additional signal sources that were not detected at the
first plunalil by appreciacaat thonbe abbde aDdxagprictint beoeaenddddnml 3 dimensionposi tion
data to t Qg resdu%'rég.l It |Ssollﬁjortcn(:‘brr%oﬁyI Fe'qﬁ.?eé’% record the three-dimensional position of a

WAP (merely the two-dimensional position) but it will be appreciated that the relevant

modifications can be made if a 3D location is required.

Figure 9 is a schematic illustration of a dedicated scanner system suitable for use
with the first phase at least of the process of Figure 2. This scanner may be used in
some or all of the embodiments described above in preference to a handheld unit
(which may or may not be the same unit as the unit described below in relation to
Figure 10).

In Figure 9 the dedicated scanner system (such as a war-driving rig) includes a
directional antenna 902 (such as a direction Wi-Fi antenna), amplifier 904 for
amplifying signals from the antenna, a GPS (or AGPS or other similar unit) 906 for
providing reference coordinates of the scanner system 900, a computer 908 for
controlling and/or processing and/or receiving data from any or all of the antenna
902, amplifier 904, GPS unit 906, a user interface 910 for controlling the scanner
system, inputting relevant data and displaying results, and a data storage unit 912 for
storing records created by the scanning process. In an alternative embodiment a
network interface unit (not shown) is provided to allow data to be sent and/or received
via a communications network, for example to allow remote control and/or data

collection, which may obviate the need for the storage unit 912 for example.

Figure 10 is a schematic illustration of a handheld unit suitable for use with the first
and second phases of the process of Figure 2.

The handheld unit includes a Wi-Fi interface 1002, a GPS or AGPS unit 1004, a
network interface 1006 (which may optionally not be present for a purely local
operation of the scanner), a processor (or microcontroller or other computerised

device) 1008, a user interface 1010 and a data storage unit 1012. This unit may have



12. A nmethod according to any preceding claim wherein scanning at the

first plu

rality of l|locations conprises: scanning at the first

pl ural i t ywof20liewatéssons to generate initial signal detecrcoGRiatozs210ke

initial s
plurality
initial s

i gnal detection data relating4to signals received at the first
of locations fromthe signal sources; processing the
I gnal detection data in dependence on first scanning position

data, theloBs rseleci¥ilynmicg! S8WIIfiGasiAN RACK T RIBFRSSEIS PACT Ak S|96298 FBRAEY each of

the first
estimate

chhparal itd heevic@GREERS, abolle H RRitioh @ SRIDAY Gttt iy dPOBE bR

data. 13. A nethod according to Claim12, wherein scanning

at the

first pluPatd Py Bere RRriableoARd dhsipiore 8asiais I BriRténta sl caupelcith Ankyst em t o

gener at e

2011/ 0771
claim fu
plurality

Wrepd iRkt fealirs s&Mingd @1 8 €l RN eddodimene handheld unit may omit or

S?GPCT/ GBZOlOéSSZZO 28 _ 14. A net hod accgrdi ng to any éarﬁée

VA HErFRPAGHR MAY TR0BoYT X8Ry T Lpet amatiurdige iegsece

pdsel GTeasnmmp to generate the first scanning position data.

In a further embodiment a scanner unit may be provided which mixes features from
both the scanner system 900 described above in relation to Figure 9 and the

handheld unit 1000 described above in relation to Figure 10.

Figure 11 is an overview of a system for locating a user device using the data

generated by the process of Figure 2.

In Figure 11 a user device 1100 (such as the handheld device 1000 described above
or any other device, for example), a telecommunications network (such as a mobile
telephone network) 1102, a location server 1104 and a WAP location database 1106

(which may be integrated with the location server 1104) are shown.

In use, a user causes the user device 110 to send a location request 1150 to the
telecommunications network 1102 (for example using a service on a mobile
telephone). The request 1150 may typically include data received at the user device
1100, such as properties (such as those described above with regard to phases | and
[l above) of signals detected from nearby WAPs. The request 1150 may thus, for
example, include details of the signal strengths of nearby WAPs and MAC addresses

(and/or cell tower signals, and so on).

A request 1152 (usually the same as the initial request 1150) passes from the
network 1102 to the location server 1104. The location server 1104 then processes
the request 1152 and in so doing interrogates the location database 1106 with a WAP
lookup request 1154, to specify WAP data that is relevant to the location request
1152. The database 1106 then returns the requested data 1156 to the server 1104.
The server finishes processing the data 1156 in conjunction with the received request
data 1152 to produce a location estimate which is sent back to the user device 1100
in the form of location data 1158. The network forwards location data 1160 (usually

the same as the data 1158) to the user device 1100. The user device can then

di ng
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15. A method according to Claim 14, wherein the positioning systemis
generally nore effective at the first plurality of |ocations than at the
second plwoabittoy7wh | ocati ons. 16. A nethod accordi ng ProT@B2drviEd20er 15,
wherein the signal detection systemigsgenerally nore effective at the
second plurality of locations than at the first plurality of |ocations.

17. A nethod according to an receding claim further conprising scanning
usi ng a sP@&8Ps H@t@é@‘i'%hd%tﬁs{@%]té’treé”qVﬁr(taH@rf%P@fﬁH)'Pt‘iis%qy )11Be 495a8A8 t o
gener at e gsfhdter signal detection data, and further processing the signal
source position data in dependence on the further signal detection data.
18. A nethod according to any preceding claim further conprising

processi nghé e9stémgd@cruwér§@epmn Tréf@ﬂén@éﬂt@ Figmr@emeﬁav 8IsBBR G&Hdain the
represent| n c&ﬁof t he signal pl]JI‘ ces. thod accordi ng to any

precedi ngd éu ipc diNesehelO8; GRAIP'S rcé’QJui”g'%[‘ \)Ofn&em?sg hageses @NFollnt, such

as a baSGdésSoﬁllbe@nabloﬂe aTMe rs%h@$$11©@W?Iféﬁbk@ﬂ§len@imnhlly o2 Qaltehativéliiod
according to {'n R at | east one 0 dt 8l g,nal det ecti on
operate Softwars 'to' process the "scanning dafa fo produce the Various estimates

described above.

In some applications, the data obtained during the second phase of scanning may be
used to determine one or more locations where it would be advantageous to locate a
further electromagnetic signal source (e.g. a Bluetooth beacon) to improve the
accuracy of the location data provided to a user device at one or more locations. A
further electromagnetic signal source can then be provided at a location thereby
determined. A further phase of scanning according to the invention may then take
place at a plurality of locations around the newly placed electromagnetic signal

source.

It will be appreciated that other applications of the position location system described
above are of course possible, for example including location systems that are entirely
local to a user device (for example including all relevant data and processing power
in the user device), and devices that communicate via a variety of various different

networks (not limited to one or to a telecommunications network, for example).

In summary, a method has been described of determining position co-ordinates of
Wireless Access Points (WAPs) in Wireless Local Area Networks (WLANS) using a
multiphase self correcting mapping process. The WAPs are typically Wi-Fi Access
Points in respective WLANSs, but they may be other WAPs of another Wi-Fi based
position system. The method and system may be implemented fully on a consumer
mobile device, for example, or may rely on remote components and software (such
as a central server connected via some form of communications network, such as a

Wi-Fi, mobile telephone or other network) to achieve the same aims.

Although the present invention has been described above with reference to specific
embodiments, it will be apparent to a skilled person in the art that modifications lie

within the spirit and scope of the present invention.



data, the signal source position data and the processed signal source
position data is transmtted via the wireless access point. 21. A nethod
accor di ngvoaoany7wsecedi ng claim wherein at | east part pofi/GBre108052206i Ng | S
carried out using a hand-held portabl ggdevice. 22. A nethod according to
any preceding claim wherein at |east part of the scanning is carried out
using a vehicl e-nounted portable device. 23. A nethod according to any
precedi ngCm@$ m further conmprising: storing the processed signal source
position data; WD 2011/077166PCT/ GB2010/ 052206 29 receiving a user

| ocation request froma user device, the user |ocation request including
dat a obt ai'ned ﬁrrﬁﬁﬁhadﬁfﬁé\'inamﬁH&ﬁoﬁ?ﬁ'%‘y%ft%rﬂ%é'gb@f glesHonpgreticrrign@ er

devi ce;  sources, comprising:

scanning at a first plurality of locations to generate signal source position
data, the signal source position data representing estimates of the position of one or
more said signal sources;

scanning at a second plurality of locations using a signal detection system to
generate signal detection data, the signal detection data relating to signals received
at the second plurality of locations from the signal sources;

processing the signal source position data in dependence on the signal
detection data to correct estimation errors in the signal source position data; and

outputting the processed signal source position data.

2. A method according to Claim 1, wherein processing the signal source position
data further comprises using the signal detection data to estimate the position of the

second plurality of locations.

3. A method according to Claim 1 or 2, further comprising receiving location
information data representing information about the second plurality of locations, and
wherein processing the signal source position data further comprises using the
location information data to estimate the position of the second plurality of locations.

4. A method according to Claim 3, wherein the location information data
comprises a user estimate of the position of at least one of said second plurality of

locations.

5. A method according to Claim 4, further comprising inputting the location

information data via a user input device.

6. A method according to any preceding claim, wherein processing the signal
source position data further comprises processing the signal detection data in
accordance with an environmental model representing environmental factors

applying to the signal sources.

7. A method according to Claim 6, further comprising receiving at least one of

environmental model selection data representing a choice of environmental model



processin
| ocati on

| ocati on
scanni ng

| ocati ons.
el ect r oma@PeENIrANTBRUR Dedelcearametiitd

g the stored signal source position data in dependence on the user

request data to generate user |ocation data representing an
esti mat e Wb 20h7Fweat i on of the user device; and out put PCOgGHR2B/0ISBE6
data. 24. A nethod according7to any preceding claim wherein the

Is carried out by a user travelling between a plurality of
25. A nmethod of estimti ng% the | ocation of a1pl urality
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user mput device.

9. A method according to any preceding claim, wherein processing the signal
source position data further comprises generating further signal source position data
representing new estimates of the signal sources in dependence on the signal

detection data.

10. A method according to Claim 9, further comprising processing the signal
source position data and the further signal source position data to determine an

appropriate adjustment to the signal source position data.

11. A method according to any preceding claim, further comprising processing the
signal detection data to estimate the location of additional signal sources that were
not detected at the first plurality of locations, and adding additional signal source
position data to the signal source position data.

12. A method according to any preceding claim, wherein scanning at the first
plurality of locations comprises:

scanning at the first plurality of locations to generate initial signal detection
data, the initial signal detection data relating to signals received at the first plurality of
locations from the signal sources;

processing the initial signal detection data in dependence on first scanning
position data, the first scanning position data representing the position of each of the

first plurality of locations, in order to generate the position estimate data.

13. A method according to Claim 12, wherein scanning at the first plurality of
locations comprises using the signal detection system to generate the initial signal

detection data.



causing a conputer to carry out a nethod as clainmed in any one of Clains 1
to 25. 27. A portable unit programmed w th conputer program code for
causi ng twe puraratske unit to carry out a nethod as cl ai mea/dBraEmE26e Of
Claims 1 to 25. 28. A server progranpgd w th conmputer program code for
causing the portable unit to carry out a nethod as clainmed in C aim25.

29. A method substantially as herein described with reference to Figures 1
to 11. 304 Appafgthed 3eqosdingtip ANYy Peeseniag eflaimd SYERGHERMPISNG UeMEr @nce to

Fi gures 1lpbdtichlng system at each of the first plurality of locations to generate the first

scanning position data.

15. A method according to Claim 14, wherein the positioning system is generally
more effective at the first plurality of locations than at the second plurality of locations.

16. A method according to Claim 14 or 15, wherein the signal detection system is
generally more effective at the second plurality of locations than at the first plurality of

locations.

17. A method according to any preceding claim, further comprising scanning
using a signal detection system at a further plurality of locations to generate further
signal detection data, and further processing the signal source position data in

dependence on the further signal detection data.

18. A method according to any preceding claim, further comprising processing the
signal source position data to generate map data representing a map of the signal

sources.

19. A method according to any preceding claim, wherein the signal source is a

wireless access point, such as a base station in a wireless communications network.

20. A method according to Claim 19, in which at least one of the signal detection
data, the signal source position data and the processed signal source position data is

transmitted via the wireless access point.

21. A method according to any preceding claim, wherein at least part of the

scanning is carried out using a hand-held portable device.

22. A method according to any preceding claim, wherein at least part of the

scanning is carried out using a vehicle-mounted portable device.

23. A method according to any preceding claim, further comprising:

storing the processed signal source position data;
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receiving a user location request from a user device, the user location request
including data obtained from a signal detection system associated with the user
device;

processing the stored signal source position data in dependence on the user
location request data to generate user location data representing an estimate of the
location of the user device; and

outputting the user location data.

24. A method according to any preceding claim, wherein the scanning is carried

out by a user travelling between a plurality of locations.

25. A method of estimating the location of a plurality of electromagnetic signal
sources, comprising:

inputting signal source position data, the signal source position data
representing estimates of the position of one or more said signal sources obtained by
scanning at a first plurality of locations;

inputting signal detection data, the signal detection data relating to signals
received at a second plurality of locations from the signal sources;
processing the signal source position data in dependence on the signal detection
data to correct estimation errors in the signal source position data; and

outputting the processed signal source position data.

26. A computer readable medium tangibly embodying computer program code for

causing a computer to carry out a method as claimed in any one of Claims 1 to 25.

27. A portable unit programmed with computer program code for causing the
portable unit to carry out a method as claimed in any one of Claims 1 to 25.

28. A server programmed with computer program code for causing the portable

unit to carry out a method as claimed in Claim 25.

29. A method substantially as herein described with reference to Figures 1to 11.

30. Apparatus substantially as herein described with reference to Figures 1 to 11.



