LOCATI NG ELECTROVAGNETI C SI GNAL SOURCES Field of the invention The present
invention relates to a nethod of and systemfor estimating the | ocation of a
plurality ofWePHTd¢Pagneti c signal sources. Background RCA/GHREI0328Nt | on One
exanpl e of an el ectromagnetic signal source is a wireless access point, such
as a W-Fi base station (Wreless Access Point), which is used to communi cate
wrelessly wwth a device by the transm ssion and reception of el ectronmagnetic
radiation in the formof radio waves. Qther el ectronagnetic signal sources nay
for exanple include optical (infra-red) comunication devices and

el ectromagnetic/wirel ess beacons of various sorts. It is sonetines desired to
estimate the | ocation of el ectromagnetic signal sources. In one exanple,
details of the location and other properties of w reless access points (WAPs),
cellular tel ephone masts, and ot her el ectronagnetic 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 |l 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 determ ne the identity and signal strength of adjacent
WAPs, and a triangulation WD 2011/077166PC T/ C B2010/ 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 location of the signal sources (WAPs) is, the better will be
the resulting user |ocation estinates.

LOCATING ELECTROMAGNETIC SIGNAL SOURCES

Field of the invention

The present invention relates to a method of and system for estimating the location of

a plurality 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



I'n one particular exanple "war-driving” is used to determine the |ocation of
wirel ess access points (WAPs) within range of a vehicle as it is driven
around. A glWBaM1BGd¢% i oni ng system (GPS) or sinilar uniPCTGB2NE i cl e
records the location of the vehicle, amd signal detection equi prment (i ncluding
for exanple a highly directional antenna and W-Fi interface circuitry)

identifies thg E@éa@ﬁéchﬁlt B&%'dtdn%b f%ﬂﬂm%é&%nsﬂff(ﬂﬂﬂvhp@% &UesﬁchﬁnWe?to The
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ef fect. limtations in the accuracy with which the
position of B}’ﬁd;&&?%{:%@ﬁ%g{rﬁﬁ sources can be determ ned. The propagation
of signals is affected by environnental factors, and effects such as

mul ti-path prnQﬂ%%frtlchar éﬂﬁn&é analdridhd” 6§1U§éd t@@efé@rﬂm@@l@ﬁ'@ati@'ﬁro@wﬁélgﬁ ficant the

further away fro ource t necess st ance
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| ocation est . d I at

di st ance. Th{é@{?ﬂa&j %a@%ﬁ%ﬂg%@@pt %—‘ﬁt @%@Sﬁgg&eé)@%ﬁﬁ a B h?o#{reg%rn%rce t hat
uses data defitg®@ PRGOM it dnigEpced Cireuiteyy. 'demf'ewed%'v@a@?s&'w oAddethect i on

equi pnment t oprbserbés)@rghé V\mr 'ﬂﬁe é&ohhﬁpdé&ﬁﬁ ofihd VeARNcAnNBédBe Beteindihétgs, but once
i nside the bUI|d calﬁ%}hall duetptheloss of
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war - wal ki ng walkihgt, if wigeh b¢atadtdomingeusipment iheaaied @raoy by ra mdr@neotaplma\tee of the

| ocation of fhe YWRg.@and in some cases do not allow a location to be

det erm ned at afal ue to the failure of the GPS or simlar positioning system
Summary of the invention WD 2011/077166PCT/ GB2010/ 052206 3 conpri si ng:

scalnni ng §fovvaemmi @freristfkbnandamd?émltde atcuedch evith WaOnNes psditih AvAPsObi | e phone
or laptop) a uralit S t er at n rce
position dat %énoa?hersqnaps?ur%c?ucraﬁeb% dc?gllt%l% aetparg'?ag%{r]%ns(gfnsﬁqnglsq %becir% es of the
posi tion of bm@nwronmsnfel toglods, sangn%ﬂect§osmb@§ mgl@@ﬁﬂn nr@p@qatlan sedoghapl ural ity of

l'ocations (Whidnllation c‘ahfbfa&fn?é"'ﬁﬁo%%lg]:nh@aﬁt'tﬁegﬁjrtlﬁ’érléKN%L/ kb t@é s@%@édr@é’ﬁnbt using a
signal detection syst em (such as -Fi transceiver) to generate signal

detection daP? 9P%fe SFJIFAFSABL E'E'taﬂ%bﬂbé‘l@ﬁ” Menigles g 1 (5039. @'?Pal‘"é’* Fr 88% ved at the
second pl ur astations Qiypicalig atstatias inkide buitdirgs aivgnadm serbedal &ad té sigliidhng, f or
EXAMDI €. 02! RaLPARI ARSI GibeRe UG L AR DBBE B A | 01
identifiers); processing SI source position o ependence on the
si gnal det ecéll @iﬁh@adu%artce B’@ﬁ? éﬁ:ﬁtor%éqri iggldGedhe equercy of A ladationssagYied thgbur ce
position datgsesah Uikt Mg wat-afvigxanpl e for storage in a database) the
processed signal source position data. In one enbodi ment the signal source
position data represents estimates of the position of each (every) signal
source. The Wlagwalking@an @éovpdstetionreqdpireni odieulttesgHt orarex ntpe VAPearD or 3D
co-ordi nates t b s or other
el ectr onagnet\%zr:] Iﬁléeeélﬁalﬁ%ﬁﬁgg@%gﬂ%& t@? E)LY%Pg)théa ?gﬁg’%l\fer Qm%dal%gal”ude further

i nformati on @lﬂﬂztﬁt%'o%ﬁﬁﬂ%ﬁ Ols¥ghe it He Cpowtelieh accuracy estimates, and so on.
The nethod may be carried out in any appropri ate deV| ce or Iocatl on, for
exanple in a or, ot her . devjc b carry out the
Stanhi ng opeT PG PAnaRoIg 26 pEpkrg sh i ot Biialiors A BEFE Tt he
processi ng sthepstinnata obibe Ingbtianed thenAPHenctiarspine dagastdolmgt dllow aslacmioptoocessor ,
conputer, i 62 QGORKTLRd: Sf @ 1o W 1ERIGMAE BPSIAUIAYHGHA sydlenpesSi ng steps may

be subd|V|ded and distributed across different processors "as required.

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),



By scanning a second tine at a second set of |ocations (for exanple in closer
proximty to the WAP base stations in areas not accessible by war-driving)
using a si gn¥P 24¢PEee6 on system such as_ a W-Fi interfadélVE@0e2¥s of the

| ocation of the signal sources can be cdrrected w thout the need for GPS-1ike
functionality to be provided at the second set of locations. The correction

may not in ea&ﬁaﬁsﬁaasecannn?%e &aﬁplea&.thwatwaﬂ@haﬁ &hﬁhé?os%hﬁﬂe%ua# ad sspecific
signal source, but the nal sources as . a whole is

general ly i rTBPB'{?eEPO”‘?HEr'%ptﬂ@Wﬁ f”ébBWéaé'tyb%f BEAYENY (¢ IBMIAE SiERah s Snd

confi gur at i opssitioh dsiagthalsigasllsoces pestitbnsizéamepiegeritiog astintnes dfhiee poshipn defy t hi s
trend (for egﬂml i N Si o] r opagati on
effects such as nu gg?dtsﬁn&%? Fés]’?’cé:{ﬁg%taﬂg% ?nﬁwgﬁaﬁa@%ﬁocaﬁ&s (v#lfen R
2011/ 077166P@T¢f@]§291fm stapeality oklogatians)5ing @esignsl gefastion gustemysuchrg aso on.

Preferably t h@FﬂFéﬁ@%\ﬁa‘rﬂg geﬁerate%,'gablgmécu@owt@ &hé)QéﬁaII u&ect@atdatacr@ﬁmg ses
applying to the sig east aqne al orlth of tine

he

of arrival (‘?668”31%%%"% aftf“%er %‘??88‘98Pfaéﬁyr‘?fv%ﬁat"(”ist56&} eaﬁ?@labs 3 Val (A,
and r ecei vedinsiugingl fos texamnigée, hddtRS&)ardﬂ@eeq@medmgnahgtr@fgtl‘tshmds MWfirabassour ce
position dat r sy on data to
estimate theépig{srﬁ{j%ﬂg%g pf’(ﬁ s ctg(r% ur grl%ﬂ5 %n?] (ﬁ%%énts(?%@%en%ﬁgﬁgﬁl mat i on of
t he positi onsigtal dREctscEiRI Ioptaiiesl ﬁ'gﬂat'ﬂ” Wﬁfﬁt”i BASIgNe hurcePosifiedgPaces where
the second sgid @ftpL&m’fgn(iﬁorVé&érﬁpI@aérrdtﬁégé)lmte) dél@lﬁbsfaPﬂweQ%@U@Bée@l émapmﬁ@wt ed to a
person operatin anni ng devi c her check to be
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carried out ?%%h% tﬂaea & B th% ﬁ%‘é’ SPBrﬁ% %"éﬁ"?o ataei%%ﬁ?eétsoe
cross-r ef er eettiodtemghinesosiderhefreadateasryf sgnabsamgsl e t o check that the estimated
| ocation is not within a wall or other inaccessible and clearly incorrect
| ocation). The method may further conprise receiving |location information data
repr esent i ngTMhFiBPGIEPH6R PN daith Brchidepioa extrn'altha $0 oF SPgeardingiss oand
processing tmelsasgdhabsssmtcewlaes) éndOUheud&teatuﬂworf uhéﬁ@éctmaﬁpméts@gmai ng the
location inf orulﬁtsI é)nrc]i f%gltr&llet iets t'nréaﬁwg c?ud@ rtl%er In oPmaU% suawe%gns Q' urality of
| ocati ons. FOr éXa {958 5 tat i on 1 ntor € a user
esti mate of %tre@gﬁﬁésﬁqsltlgm agduragy esmm@es ene S@f)n sTénedn@I@@omv lpﬂ @ﬂf@ﬂd w inof

| ocati ons. TlawyA@wm@meme@ema@ett.bmoﬁaaaaqpréwa%mmﬁ&m%ett&%&heeaw@ate of the
position of at |east one of the el ectrorra%getl c sig sources. Preferably the

met hod furt hBAt @W?%@E‘QPHHH?PF%@'“QWQ”% PR ip Af %fi“ﬂt&tsPrdﬁr ¥5ed- i a a user
i nput devi ceparsditd tas peochsandhstbps vam be blheedtehdtosk oayied oaphy e $adeei vi ng dat a

froma user plurality
of ogat: onst SifgorBATaS:, Rl EONRIEES ks gBale, 2R kil RS- SREQHR P
addi ti onal s®AY%be subgivided aﬁéd@h‘b@eéaifaﬁw‘r@f@m pr@p@aorw re@uiiegvenent , d| rection
or altitude, for exanple, one or m)re of a magnetomet er, an accel eroneter, a
baroneter. Such received data ma¥ é:len | acc%unt when esﬁﬂsmatl ng t he
position of ghéc%@Wnﬁ SSF?I\%aﬁ”PW 8fs‘1c86 £Pof 'Ocﬁ‘}%s Gt &LT'BNC i " GPRat i on dat a
can inprove ploeimégta thetWaR bate atatidrsas tareanenobbcdebabls dg oved-dpVing) aisingya of

posi tions. r Malold\ r oxi mat e
GPS (if avai f"%@?ﬁ%@%ﬁ?ﬁh%‘%%ﬁ aog\lﬂml‘ SE%?T?S?@%&E% l”%nlogalog;r)b{)g%?s that the
reading is i Fig seeees Wfbb%|§@'fre‘i§%€hwﬁfl‘@g”(eo?eeél fpéﬁﬁ’ér'lkﬁé!i%'or'%ﬁu@ keddi ti onal

reference dabr@waét%ht ua@s@o:!itﬁmbt|ocamiah§rrh§a<5rré‘ca<|5n mayatmluree\@wa@@mrme relative
|naccuracy (0] t r | S.1n similar s t my nost
cao 1y be i npCELERIon TES POTIROY 3 MECLF GRBY SUIFSaPINe FUURAIRAN n wht ch & he
user is | ocasigthl sbireestorayhold0s 2@0draly7 MPeBRCT] IER2 0Y/D 52286 bE spedifter can be
converted ingQ;iBnh&it9htd E@Aﬁaﬁﬂawsyof%%l%h%@é %ha’ s&\ﬁnwhéda%dé' tR& R4y

aver age/ uni versal storey height (such 5 neters, neters or sonewhere

i nbet ween) wiMh tf‘ﬁe”%rfdor(fé?il Hampisr d%‘t‘?]doa%F@Pﬂ'Qgt'B ﬁgﬂ’?él Jptkseris uRXHIe t he

| ocati on, f opropagiiph €fecisudsh@ulpate efietabhetieiikd)or mati on about the buil ding
in questi on or the location to obtain a nore accurate result.

Preferably the signal detection data includes at least one of signal strength, MAC
addresses (for networked devices, if appropriate) or other identifier associated with a



Processing the signal source position data may additionally or alternatively
further conprise processing the signal detection data in accordance wth an

envi ronment VO AYYET71¢%epr esent i ng environnental factors A&RPIGAZHYEB% he si gnal
sources. This can allow various envirorfental factors (such as the density of
popul ati on of a building, presence or absence of various structural features,

t hi ckness of s@V@dl's‘éureéeé bﬁé?tdu)ﬁﬁ{ﬁeéw% o oﬁUPFe?é?@@y tlﬂangro(éé)ss%) oft fle %n%ﬁken into
account to |§H_ove t he accuraCéeéof the estinma i's case, the nethod

preferably fEHUFerOstiBmIriosQEPFeSARPIVHY tathe %%{é”ﬁ d‘étﬁ%"oafda%%'?%ﬁﬁ%f’fal nmodel
sel ection datha algpithesedft inmgolartvei(T@AR fimendiffarerorrsitaaivanideA) aadylenl/i r onnment al
nodel paranme i of at | east one paranmeter of the
envi ronnent a{jrﬁ{’algﬂl&% éﬁaglreg‘?g%feég‘%l&reﬁ ﬂ(Elg%nal detection data in accordance
with said at | east one of the environnental nodel selection data and the

envi r onment ath&m&ssmgroamtsejnad@me pBBmornEétB%féraMy fdﬂl‘hbrh&fmé}?@é@lﬁdlrﬁf i nputting
said at | easﬁﬂéone ltﬁif env sel ection nvi. r onment al

ool S ar aocthedialteen AP ot R Gay LS g SeboRE bRl AR met | on dat a
or par anet er Tiagsinmtign bfethe ppsitidned thed smmmreplerahw@xf loeatzomp (tbatdé ttee plabes survey has
been Car ri et Qi bl WP O o YSHEMAPEN ALPE M ADRLARK Bp knowl edge.

experience or trainin n ‘anot her e ment t par anmet ers
may be (to a?ﬁra%p@mtinatﬂae tregpiag Yevies FO\/@'GW&IJY'%?E @th?'l sheck orbeesaaiigsl e by

selnsn ng devi 6@5(;;;@@ tiﬁé/e@tfnﬁéiéc]t rseefrmrngm@ltamgné BQ? ]?@rt exa&tp@wms@tragreh@%caltl on tob
rel ated geogr aphic t or_ex e er.en r onnent el s may be
Cophi ed n cRasnmyEhes 98k o p e Ruders wel rer Sl Ay B B R ot ot ent
envi r onment avalhoddier magcdseiblagpt cledrly incalepdocdintle on whet her the scanni ng
location is indoors or outdoors (such as the Stanford University Interim SU,
Model , for exanple). Essentially any appropriate data used in the processing
st eps descnB%mé\oe.mﬁynfag}h%fcfoawr%mcswmé@@t'%@%@am 3D IRRRYIRE a user,

ei ther at t hefsmativni abguisthé eedoho plueiangdlieatigisngndprbegsding ki dgnal s@jrceor rem)tely

(either coin nt, Wi nni_n r.0 [ te). WO
2011/ 0771 66m0 Bsaturaebags ERR e teB 1B TR P he el Bl TR Ghat source
posi tion dat eosgioafa b Egcond miundity @foln?ﬁtIOS%sFCg@ﬁ@de hg Immmeﬁormamral source

posi tion dat gath SRIVESRIMEOE &%Weﬁﬁﬁa‘t@@f @13 &Emélh%f st @R&lons VilseRSsekbhdependence
on the signal detection dat The further signal source data &éﬁgr exanpl e a

list of updab@¥<f [oFates Tﬂ‘} '8?36!%5‘{95%‘369” ME%SBMRTSSH] GIFE FSIERAe Por exanpl e
be plotted tmeajdsmmn af vt aat orceoafpama@itromfagrtelﬁe sfghevsmuesaRfaalsly @i esti mat es
of the | ocat] R I data can
be cross-ref ’grg{eﬂ%%gléfth P%oag%%%p?aﬁth ‘%ﬁ?rﬂﬁ{r&ﬁ%téonngﬁag;s?%,\llaﬁ%tte}eg%ﬁcat| ons are
pl ausi bl e. Pdevicer atmhw&méanééﬁlﬁo@'tf Jnh@ W@*hm@w Paeyisp rereddgi ¢Rdp frere asi gnal

source posi tumvmhaenaﬂas bh@ﬁﬁa\d&éshﬂé e§1||rﬂélféh 0% el eRoMPBILITlIT ARbForkO det er ni ne
an appropri a.!L)e ad stnent to t he source 05|t| appropriate

g
process may b& iﬁ‘% f“8y88’f‘8rﬁ‘ﬁrﬁ“ee “c'%gaé?)E?’BBP? at °r§cﬁd8@9'??iﬁ?”s°isn 'dHi ng | east
squar es est i madsuona petalnetts relftog teramgghent, dTrieenam&trlamwdanyr @laspld, an¢ ber conpri se

processing t e oSixdabodeRaL! 9 daidurk do S uaMRider Rich 058K RaBfmAAdi ti onal

signal sources t re not et ected at the first Ity o cations, and
addi ng addi t Pdriifensinipnascogpiuwpen ﬁé@fﬂi’tl”énthéaﬁoé'tpﬁ th‘ge siegerdl PY&ivcEl position
data. Thus theat®asond phase of scanning (at the second set of |ocations) may
for exanpl e uncover signal sources (such as WAP base stations) that were not

found in the first phase of scanning (at the first set of |ocations).
The location information data can improve the estimation of at least one of the

second plurality of positions. In one example the user can input a correction to an
approximate GPS (if available) or other positioning system reading if it appears that
the reading is incorrect. The user can also (or alternatively) input additional reference
data such as a height, which can for example overcome the relative inaccuracy of
height readings in GPS and similar systems. The height may most easily be inputted
in the form of the storey number of a building in which the user is located; the storey



The scanning at the first plurality of |ocations preferably conprises:
scanning at the first plurality of |ocations to generate initial signal

det ection da¥V@201HE1¢6i tial signal detection data rel atiP&d'GBOYRY s recei ved
at the first plurality of locations fromthe signal sources; processing the
initial signal detection data in dependence on first scanning position data,

the first scRMATaRIR! éané}té?Jauh% & %e@ﬁ%mwaga abhexiR@giyt b hutbyR@cdh of the
first plurality of |ocations, der generate the position estimte data.
Accordi ngly ?‘f?éa%e(Lb‘HSTs%élﬂf%’eQe@%t (5198*‘ LPs?eé PRCBot 1Y H}?é%f LIRS tate t he
estimation ohbgtveerpasthtth@stoel numeersoldraaidng td’hee@madammgaraie ibéeioniforst plurality
of | ocations esal S . 1] stemto
generate thest iR o Cergut® dabitd FuorR B ineoblRy 4 SHEbh PR, °31 e
det ecti on sy'otientuodtpe auraselaceyraipiesdpri at e. For exanpl e nore sophi sti cat ed
vehi cl e-nount ed equi pnent may be used for the first phase of scanning, and

| ess sophi st cat ed byt d far the second phase

bi | t b
of scanni ng. stﬁ]fﬁ lﬂj}%@ﬁg@p@%@%ﬁ@éﬁ%@aﬁl}hqgﬁyn%rsﬁ@aﬂaﬁﬁ%}y fiiPeher conprise

usi ng a posi tangnisa gregsdirgnthé wignelhdetayiorb datan ada:s)aiauteewploen endronmgniely st em for
exanpl e a gl | \ GLONASS,

Bei dou- 2 or %a?%l rF&%&ﬂﬁd g@’éﬁﬁﬁ]?#‘tgl ﬁa@t]p?s %{p@ﬂgst'dctﬁe @@n %%séfﬁ?sgga to generate
the first scalom Y@@O%gﬁ"ﬂrp'@”ﬂefﬂ%ltf%m“rh%lcb@é|“’ﬂq @ﬁﬂsﬁlgOfrWU'ﬁb?” ehaabitiegi ncl ude

EPgl ASPS deVpr@e@nce@>ebﬂ>seh@¢r\errvaha@ee§irutcruraar@wr@d ltrﬂcfkneé,sﬂﬂrvsialIIQJreﬁiaﬁ:ﬂ&ﬂéé‘s GI S or a
ybrid syste

m co i ni n paore su Agﬁat ativ
met hods may Be’{S&%; af‘ &?r%l g G‘%‘?”n'atod%%cgu’b t?r";?prﬁ 8%’8@3{’8? “Tvaer the
scanni ng equeginetion. Erlothr$eqase dinea mefhod piredera i figthengorhirisas exteivingrat éseanpl e, to

establ i sh th@ne"@ﬁé&vlr&ﬂné?ﬁal‘?@d&'@l 59&&bh Bt r%r@@énhﬁ%%%@%%@%f feg\v.ro%te%m ning the
| ocation are of course possible as appropriate user interface nmay be

provi ded to BAAHIPRI 8N\EBMSRY MIfiSLRAHALE" {37 ERERSPRING dhgice RhBRAS! 9 f or mance of
a positioni ngarsmsﬂeem B @nviamnehEl anaélstanpecasing tiesiyhdraerdiqpogdts inon, ti e,

ephener i des géc% dange W|%Dssav%éﬁh§asngﬁg8ﬂhg%>(wr%ﬁng tI Isr%oc[e?%eq efllor'?g tg%tnatf fom one or
nore addi tiona Bt ating to errent
direction orel’adlrplilm@ﬂ@; mddelpasxagipl data.one or nore of a magnetomet er, an

accel eroneter, a baroneter. The posi tioning systemmy generally be nore
effective at_the first I uralit | ocations than at the second plurality of

| ocations. TH PEYPY MaMi ‘HE;‘%%‘E%‘&? IHRYURG i &F 15BT O 6t CHECYPEIABIYE n at | east
one of the ssganidn pbtar aid teuyvnoiﬁmémelarhodmsaa(anﬁeternammduanamsmhplhed@mer able in
over 25% 50 O 9 959 tions). For
exanpl e the é(&eecrgagg%%qur% |8<? 6?]%1%t grc% %%%@Pﬁ%@qﬁﬁpb g‘H E|¥?@-Terré gggrrpl e over
25% 50% 75%anavdw/eft69tt%sarve95% besn aaftigd [oyt, PhéééW@YOr}@f @(ﬁ@m prejetef Wikct i ve

oper ati on of aigsprardkreikape, Qab(ﬁéﬂe‘ﬁt:@bgir&ﬁ Iﬂfaﬁbthér%ﬂhtiwm%hﬂr@fmode(f@ﬁvef sely,

the signal detg@gtl on sy st em may fective at t e second

plurality of™P a‘%"’ir%ﬂ%t BHAR 46 ¢ E%@"%pPap”?}hﬂeaﬁef 37’66¥ed| BeAr?BAY Mhe si gnal
det ecti on systamletaysdneing erdcesl @ byetossvefedening thamskmares scaehing ddcatial y) i n

relatively c t i | sources or in the absence of
!oQéGteIH 3?6% Ebrﬁéél i&a, fﬁr%xal'n?@?

attenuating nater et ween t ection systemand the signal source, for
exanple partially (such as over 25% 50% 75% 80% 90% or 95% or wholly

: ndoors or ]chDlﬂ’bl%hf SIeAretmént rrVM@Ibi_sSnayMe aPRVedin depéideh&ieor tdriin rlalla?liuf:&biet y gf

ocati ons, ST. al e SUC S a OW N t he
cenuaor Lo BPReSneR Y i deREnyronglsn B Ry At e B B o ) Csi gl
sources to abh owethef dot seamnidetlecttipors indd@s2@14utddtrd g8 RETIsGBR20IBNOER206 8

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).



processing the signal source position data in dependence on the further signal
detection data. Thus the second phase of scanning can be repeated once, tw ce,
three or eveMORYI&H¢nes in order further to refine theP&d ﬁinﬁwithe
positional estimates. In a further enbddinent a second (or further) signal
detection systemcan be used at the first or second (or further) plurality of
scanni ng |l ocations, to conplenent the (first) signal detecting system and
further to ipprove the accur of the | ocation estimates, The_ first, second
and (opti onaF‘I‘@P)errf“EfPtth%rpr%ﬁa%’ézOth P SRYCR RO iR ale PRl et at

subst ant i al | gontprises gererdtingturhensigist saacepabitipn deta ropresenting acwe evirees and so on) .
T et D0d B¥jnf Y613y Ol deBEnRROC 65 ek For R Bhio SO fifgARL] O, data to
generate map a‘represen si ghal sour ces. eterm' map
preferably cetws dafa a(deﬁamsleta ilfﬁcqfuwﬂﬁtgd cratimatef o-cstiediee oF HAY bess dentifies
at | east Onestgﬁﬂgfééhhb%nﬁfe Bé&htﬂfed't&ﬂﬂi/\) @ﬂsuaTB&mﬁﬁ@orW@Mhé Plevie¥asml € be a set
of records where each i nates of a signal

Sour coand nHJTeal SYTRE G PEBHbA G SEHIESS A8 DRI LFUE A ch ae an
assi gned nangatarcan beorbbsd-iefarench.doneampizyto bbeakthaidhectew estienataainpestiens r eadabl e
signal or megi %’Hu%le”ay’ for exanple, be a physical representation of the
si gnal sources human-readabl e form (overlaid, for exanple, on a
conventi onal geographlcal pl an). The map may be encoded in any appropriate

f or mat, SUChP@$eréBlﬁth@ﬁnéthé&fu&h&%ﬁfpdséwro@éaﬁ@ItIﬁ,\ s@?’@aﬁ?s@jrgﬁﬁésnﬁﬁlﬂafae may be a
W rel ess aCCGSqS station.in a w |cat|ons

S
networ k. Theod BRAPELHFE s et frdes Pt aba SRR B Matt or o her
cel lul ar contmarsignat scorre fositier data. Amdapprapriaesamodelse magbehsead tndetemirgeny ot her
appropri at e ﬁb%?ﬁr%BFQ%QQ(ﬁE%tﬁeﬁ' 0BG RYS S Buard & tiftafiAhe HOW ff elypid aci | i tate
uni directional (such as a sinple transmtter) or bidirectional (such as a
net wor Kk node) comruni cation, for exanple. At |east one of the signal detection
gat a, t hebsi o Imesdr ey mi furthdr Ctﬂﬂipfilsarmlodebﬁng)ﬂme@SﬁCHﬁé@&aldaﬁan cle positi ﬁn
ata may be frans ted. vi in ilitate the
di stributi On& Olfna : Cr)lteé%cs?tl%n 8f %J?jﬁﬁnalcfg%ngfs%o% 8%%% \n%?e mI)t de?-ec?e%l a(f% a%ﬁ hel d
device with Dlwﬁiiltb'éxﬂ|Q§@W§I@Wge®mﬂ@dd@mﬁl§t90¢|eﬁg>éfcem§i“@ daiarm @embr and
dat abase. Al&c?t‘fr&aﬁééﬂ%hYda@é | THRE ARe 38EdMd ﬁ{a@e%@%eénnn%avwg%ﬁalswonay be
carried out usin e sanme device. WO 2011/077166PCT/ GB2010/ 052206 9 At | east
part of the @E%Wﬁ?)r{gayfgr PAPIPEeANCY Ve 510pFlqUISER (SHE 2R VAPHRRUSAENNS) B8t ¢ abl e
devi ce. For wexenmplfeutdie tiecitstintaghaseardinggstamaniiraigse( eftlodalienss.econd plurality of
| ocations) and optionally also the first phase of scanning (at the first
plurality of l|ocations) may be carried out using a suitably-equi pped hand-hel d
devi ce such &Re gcasning abihg fe wiurgjitr efdoeatpng @etegbgrmmm@seﬂ apAdpdat theand- hel d

devi ce cust Ofﬂstsﬁdrafn?roftlckt%tlér{%et%l dén@ra@eorhitiapéibhél’meteém Hét@nﬁbhwtlé}fgg%l ernatively,
at | east par a vehi nount ed

por tabl e devie eRtiodpoSa B s e mee e g B A P Pl T oy b
carried out signalgoarces hhradessimg thet ietialdsynat eetebtin Mmhrddérmmeenqafmmﬁrred power and

sel ectivity Lafinexaumheaielild niy dLeGALlR0uANLARRA CAMALE DA hand: hel d

devi ce. The her conpri s storin rocessed signal source
posi tion dat %Chr%é@ithrP@"%{'tS{J%fé?CaF'@tsatnlQi?ﬁfrt%q%f&@teﬁff%‘?ﬁsé'o'%étimfd%ﬁtée (such as a

nobi | e t el ephegdedityly Bk BRhalRellcadt EaLE @) boti feasHS B fadilfgia theOdstimatipe st
i ncl udi ng dat roma signal detection system (such as a W-Fi

receiver) as%0 W?%F%@nﬁf?ﬁs?ﬂgghser devi ce; processing the stored signal source
position data in dependence on the user |ocation request data to generate user

l'ocation datg,d gd%%ﬁ%ﬁ'tﬁ@fn@ﬂplﬁ%ﬁuﬂyr@tl&a%nst Mgy OGRS thé N&rorssl) devi ce; and
outputting the user [ocation
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.



Accordingly the aforenenti oned nethod can be integrated into a user |ocation
service. The user |ocation nethod may use additional systens in the user

devi ce or reNBEYI8EMSfer (or el sewhere, for exanple via tPG&/GBIPEOPRYY to assi st
in estimating the user device's locatioh. For exanple in-built GPS receivers
in the user device may be used. The nethod may conprise identifying one or
nore | ocations where a user |ocation service cannot be provided or where the
accuracy of a user location service falls bel ow a threshold, and | ocating one

or nore furt % MENOGt PRNBEABT FANRISEHEINI D APIERINGoSYSEM 8/"%%0‘?6&90?” to inprove
t he accur acyalssbluge prsstionihg egetérforsaxampleen globaiinaegadon ehaaﬁtefsysadn lsocteds on. The new

51 anal Sour Clak St AP SERBNELs abafl WIS eSS AN S olPSIRNE: | " 2y, o

the nmethods as aforesa ser travelling
bet ween a pl br:@tlomyo(ﬁener@toameoﬁ@t @saj@mgasos&@ﬂm@ém WﬂeppW%mngpmvdpr ity of

| ocat i ons, agghle iRBLNEEPS AP SSRGRBE Bl twak- béééd@ﬁadg@l@ﬁ’éri MRAh an@érsexa”D| € on
foot, via a GE%O 2011/ 077166PCT/ G 82010/ 052206 10, v B or._either. The user
't

may i nteract N HAYPTY PEESt CRAPIRE- RO Y PLE § Licf‘ast“ Syzﬂﬁ/ms AR her et hod
steps nenti omeduabeiteds oraytiel weyl. for exampé beng aaqaeamtry o ahhmperatoreritheon there i s

pr ovi ded a n?éanﬁ’q%cgquﬁﬁ{eh%dno&tﬁ)ng Eﬂ?ff‘&lt h’]%P LYabapldéE@l foP %x%plgl fetromagnet Ic

si gnal sources X qe osition data, the signal
sour ce posi t?%@’P"é‘éfh& Roéﬁp'é%?ﬁ ﬁ@caé%ft |QP&€EFEE§OC@?S%SH@V %%’F‘Eﬂ'%‘héﬂocéi*@ or nore

sai d signal §@we§ﬁs@msaibm etp)br@ﬁ@t@nmngeﬁlrtegaéd & b@beK/ﬂbdl toYeer)Ie|a0Cat|0DS |
|nputt|ng si gna et.ectl.on S| gn el ec at | gto st gnal s
o ved Tt SRR o B el AT B ' B PR RS St 4, R hA s Sl sl

processi ng t aeGEPgsablascudae (gstwpted pnsitat dmenepheperidenge) fonGPAe Biggnal

detection daf@mb@ ieQr E&ﬁ&ns@%&ée%‘ @aﬁa %Fn%ﬁe b mbRE a&iRal s&@&"s%.&@s' tion
data; and outputting processéd signal source [)03| tion data. This method

may find par PP af pé‘@ﬁlefeéé?'?tt@ﬁ e B}OV‘?JR%[M"@CWOH I 8|UIE IR PEMPENPIR €7 code for a
server that msreapamnadghetonetee,@MEdtdIerainetex, iadbafoni@érwor kK or ot her conmuni cati ons
link with a user device at a scanning | ocation.

The positioning system may generally be more effective at the first plurality of

locations than at the second plurality of locations. The positioning system may

furthermore not be operable in at least one of the second plurality of locations (or

indeed may not be operable in over 25%, 50%, 75%, 80%, 90% or 95% of the second

plurality of locations). For example the second plurality of locations may be partially

(for example over 25%, 50%, 75%, 80%, 90% or 95%) or wholly indoors, preventing

effective operation of GPS and other absolute/global positioning systems.

Conversely, 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



In a further aspect of the invention there is provided a portable unit
programmed wi th conputer program code for causing the portable unit to carry
out a nmet hodVa3M1a0i¥sai d. In a yet further aspect of tRETIGRIENOPBHY there is
provi ded a server programred with compuw er program code for causing the
portable unit to carry out a nethod as aforesaid. Al though the enbodi nents of

the inventi opogasmpi RedigBPYSuME bbsificl 8518 NE &ichendehBe @hank NG%hes QPRI S€ met hods
performed by conputer a}ﬁﬁar at us, al so conput er aF(%ar atus, the invention

and
al so ext endsd%t6CURP sigiea v dter SREPRDRESe A SERN19aF ATy P FHER A MRSt TEL i ons on or
in a carrierthredapéved rhae to@sriyiander durther he reine ales aesurarfy df hiee posigonki on or for
causing a co gl to performas the conputer apparatus of the invention.
Prograns nmay be 1n the formof source code, object code, a code internediate
source, such as in partially conmpiled form or any other form suitable for use

in tge i npl emeenﬁt_ tjaﬁér@aqg@aintehﬁa Qéc@gfﬁ)‘i*ﬁ?thég%@hgidéﬂatcﬂ&] dydRni cnesatused at tT_he car rF ier

my e any enti,. or e C a (0] carrvil ng., e program. | nstructl ons. or

ool e 1 holedrs pRrechi of BBy Bbrav Y seanid iaicn CLuRHee PR { or exampl e

a CD ROM or sigsa detecting sgstem aROMrtherrto ampragmibe iaccurany of thetgpati@destimatesor _exanpl e a

f1 oppy di SC’TMrgl, di 3Gt aRd gpkiaﬁm)()rfﬁr'ﬂ%rr}ﬂhas%gto'fg hmﬂ&ﬁ@é%m%@%%g%ﬂr Furt her,
my SSI as

the carrier e atransms e carrier suc an electrical or optical
WD 2011/ 077186Pbstetatoihe 6p0s ipe tonthe saomady: arenche ffe week ardesey- vi a
el ectrical or optical cable or by radio or other means. Wen a programis

enbodied in signal, whi ch . may be. conveyed directly by cable e . carrier may
e conet i t ut oF BFVRHCHOL SERET Eomaieh arocrs e dhd, SOt ertee Bt ch I ous
aspects and eerxudiennap da@frephaseptiegeman ovbatsignal haweehebre thewcinaped

separat el'y ap@yesniAhnbies fahht%taaé"eﬁ’%hélinaﬂﬂtaf Ha dHcEFesndidi ficRliREeRleasVENt i on can

be used in conjunction wth any other "aspect, enbodi nent or feature where

appropri at e. OFofegRRRSPlOTaPRAreRalieN - fdSt TR B1aVéRf SXRABPIE Repd Feifiratade
i nt er changedwhért atfetdtod greaddsr s 2D0e 0 ¢pdrdiaatedof b eynBr sordagmd 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.



An exanpl e enbodi nent of the present invention will now be illustrated with

reference to the followng Figures in which: Figure 1 is an illustration in
overvi ew of WOMNOEMS or | ocating a user device usi ng WPET/GR2PEERY access
poi nt (WAP) signal sources; Figure 2 is9a flowhart illustrating a process for

locating the position of wireless access points (WAPs) for use in the system
of Figure 1; Afb&HE &f thés@hnihg sUpliéAy taRePbutlubifg binbSd-nOBS@ LRI devkanni ng of a
set of wireless access points (V\APsg in a buildi n% in accordance with the
process of FYuampe thg g‘ifPBd Bhgsg ohFcann|Ng 43t tag SERNGPILEAY A Qepisbd dosi ti ons of
the WAPs of &ptigually akscathe dirst phasef of rssannpiya@etheffirs paunalityngf Ibcatibig nryaeess of
Figure 2; Fi . i S [ S i - 5eC e of sg i ng of the
set of wirel g%@%a@ég%gggoslhﬁby %{ﬂ%&ggﬂ?rﬁj Q%@g%vl?ﬁ%lsg?ﬂéggg 3‘%@&" _g @PJHH gure 6 is
an il | ust r at nghlegelephpae daptpprait headhesliderien susiimisesfortoa aprsific @aplicatpn: he second
phase of scanning shown in Figure 5; WD 2011/077166PCT/ GB2Ul O 0S2206 12

Additionally or alternatively, at least part of the scanning may be carried out using a

vehicle-mounted portable device. For example at least the first phase of scanning

may be carried out using a vehicle-mounted device that could have improved power

and selectivity (for example using a direction antenna) compared to a hand-held

device.

The method may further comprise: storing the processed signal source position data;
receiving a user location request from a user device (such as a mobile telephone or
other portable device), the user location request including data obtained from a signal
detection system (such as a Wi-Fi receiver) 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.

Accordingly the aforementioned method can be integrated into a user location
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



Figure 8 is an illustration of the process of triangulating the position of a

W reless access point (WAP); Figure 9 is a schematic illustration of a
dedi cat ed sCEPRYIOENSt em suitable for use with the firstPCIdRBRI048220%ast of the
process of Figure 2; Figure 10 is a scH8matic illustration of a handheld unit

suitable for use with the first and second phases of the process of Figure 2;

and Figure llepige &Mbit¥ETMé ¥ Mayantedset @i érﬂrtyd@&@ﬁ%Hﬂ\&reﬁtoq§@lftatg%Kj/ g€ usi ng t he
dat a gener at eté@%)%{)t he process ofy Det ai | ed Description of an Exanple

Enbodi ment AN BelRY seps PErtaRes P&B’@ (%fé%?ff?"i bed for |ocating el ectromagnetic
signal sources, with a particular (but not exclusive) application to a system

for. Locat nga.iser A5uha0 Y \GRARS RELOLSNGIAG 31anALe of eplad Al he user

device with data prev usin abovenenti one od and
system Thus'OCQUﬁ’é qf édﬂé{r@|t§\h0f0€f edopepriasignal WEoesmegwEsing: iRpuiinglsigselr ces i s

esti mat ed. Eédu@cfespdsﬂloh hteHd SHiLSonte bbﬁndnod‘a@é 'réb?es@ﬁtlﬁgh%tlﬁ\ta@%ldf’ﬂ%r y
el ectromagneti ¢, si are correc ocations of the

S ati oaar e astioh ha e SRR S soees e Prsan g ate e EERY BCe poi ni <
f or | ocat i ngloaatichy,phmeéingysigmelbddtexlionudaa, the vigoa .detentiammatpetdting td signatsrbodi nent a

net hod i s de I tion (such
as p05| It| on %gé'g%%n%egés%g#dr% Bﬂgg%faﬂrg@sth Sgﬁ‘rtalgo%%’ 0%%% %ﬁaelss Bfaagons

in wrel ess $i@tdhseV6e Posiedetd dsderddrg ¥y Becinal peigelivni deénia sortere wi rel ess
st andard desgdtinfa@éh erorshh Shdjﬁhghb’r%ﬂtlrcb $otioFtatanghd bgp@esd theitbR@ssystemis a

W - Fi - based t but .t ho t t h | at ed
ot andar ds suRlASOBFRBRSlE IR a P e pant oty CRepPRia B R RLVH ene. -
Fur t her nor e inhieltioetdhodmpder eddeofobe seyel itlead i$ Ppereblertni qommyinicate Via@at i on of

base stati 0”§etbv6‘rk%¥ Bﬂ%&r &Qm@a{%@rk'nﬂk‘wh#gD&Q'd@&lté?& asééSHh @gﬂoEH?uBh' € communi cation
(such as GSM and CDVA for exanple), -Max and so on. W - Fi - based

positioning system the co-ordinat es/ | ocati on of WAPs are used together with
ot her si gnal Inpr focles Sispert af e miveitins tﬁe@e &S;ircbmea pesable unit ﬁtb@‘r'einﬁﬁ‘ed withW r el ess

Local Area I\kgon?[pﬁjrtekr}rggraml\gode%g %%us % EthaSEorapi& Alhit o%t' onary w thin

WLAN and have Wwth-in or exPIer nal t%V@ar& capa I ty Thi s
device WO 26)‘92(@56]¢7166PCT/ GB2010/ 052206

In a yet further aspect of the invention there is provided a server programmed with
computer program code for causing the portable unit to carry out a method as

aforesaid.

Although the embodiments of the invention described above with reference to the
drawings comprise methods performed by computer apparatus, and also computer
apparatus, the invention also extends to program instructions, particularly program
instructions on or in a carrier, adapted for carrying out the processes of the invention
or for causing a computer to perform as the computer apparatus of the invention.
Programs may be in the form of source code, object code, a code intermediate
source, such as in partially compiled form, or any other form suitable for use in the
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



13 may al so have a capability to connect to the Internet for exchanging
paraneters with central server, for exanple W-Fi system paraneters such as
Mac addressé§02§m@ﬁﬁﬁistrength their co ordi nates etc. PORGCRRYANPA2Y i s a user
wi th a nobil e phone using |nbU|It W -Fillto connect to the Internet. Hence, in
this positioning nethod, a user's location accuracy relies heavily on the

accuracy of gihe m%&pﬁé tchry8d viahGe MRZS of Bptl’cgls@z%%t bvBy YIS othéf - dri vi ng

and war - wal ki n descri’bed abhove, are sone techni ques for determ ning and/or
mappi ng a WAP® ”%%eﬁlad?ﬁogrﬁ“g%%b%"?ds'”ér?"élnﬂ‘i‘,’:@f*} @g}’ B PN eWRAFFERPof ~an
exanpl e syst eabid, e daozamiange aonss@reddy\sucrecabil a@thér ddvicewlr rebess access poi nt
(WAP) signal sources. A user device 102 is operated by a user (not shown) and
contains a W-Fi adaptor (also not shown). A nunber of w reless access points
(WAPs) 104, Alg®ugh ogrious1@speqts 2ngremipasiiagnési of ther presemimeveiniere hgyecbegnty of t he

user W thin gk éeﬁbr@% élbb% an 6f thB%@@ébﬁﬁar@ffeeﬁu@Q@# thafpfc&@htaﬁ\leﬁfbn
transn155|on659mer VWAPs 10 106, 110, 112 can

to
be detected b s '”FFO”&H%‘% W't ﬁ”¥ ﬁﬁwehggr?ecaeg,rﬁ/b@g mRYS O 9L HFD8 i s not
det ect ed by sireopriser Faexamele BpRaraibis @ahrésmmby Weert @bppbrimebe imesthahd®l and ot hers
may al so be wwg&gﬁgdkgﬂp@propertles of these and ot her el ectromagnetic signal
sources may al so be neasured and used in the location finding system The user
devi ce 102 can neasure certain characteristics of the signals, either in terns
of the sighabegpdaiidnidf @® FawiRg@s si gnal strength, angle of incidence, and so
on, or in terns of the data carried by the signal, such as the MAC address or
other identifier associated with the transmtting WAP. The system processes
various of the segpeel evhediaetterfi ki pesemdneentiparneds nolvebe Htustigtedrwit i cs with
data in a dakﬁgg§%toﬁgﬂMQWﬂﬁ$%hhgﬁgwhghnDre detail below, the location system
can use the stored data relating to sone or all of the relevant WAPs 104, 106,
110, 112 to triangulate (or otherw se determ ne) the position of the user
devi ce 102 aRidureensan austatibhé aeetew & adtsieadoalbchtiay atusen ddvick usiogpwe descri bed
in which the v (d.ving and war-wal ki ng methods can be
substantlalI?q%%%gco%%ggﬁgnﬂﬁﬂegéﬂP%ggﬁﬁ%Ee process and using dynam c and
sel f-correcting recursive techniques to determ ne |ocation ¢ o-ordi nates of

WAPs accur at glhyrel A% Qelowérfilungsauﬁ@@ brocddis febi E)%thgetﬂé”dbgiﬁmef wirblbgy exanple
wi th many obstacles To_search and determ ne MA

2011/ 077166PEFF WW@B’ ugq in the system of Figure 1

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

points (WAPs) in a building in accordance with the process of Figure 2;

Figure 4 is an illustration of the estimated positions of the WAPs of Figure 3 after the

first phase of scanning in the process of Figure 2;

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



| ocation co-ordinates will be referred as "scanning" and "mappi ng"
respectively here onwards. Figure 2 is a flowhart illustrating a process for

| ocating t heVPa¥IPTd¢? of wirel ess access points (WAPs) fPEA/GRRRII0R2YHe system
of Figure 1. In step S200, in a first pRase of the process, signal sources
(signals fromthe WAPs) are scanned at a first set of locations. Various
scanni ng pr 0P|§§r%e§|sca%ﬂ|||9§raﬂ§r€€f thfe%’ro@e%@%ptr%ngtﬁétmg tRe BBAEbNG Awfleyéce such as a
nobi | e tel ephone, smartB one or other device her outside or inside a
bui | di ng On ?‘F?@%‘P%éWt’* énbodi ment). In an al ternat | ve enbodi ment the first

set of locations is forned fromthe path of a vehicle carrying out a

war - dri vi ng r n relation
to Figure 7 ORRS B srSheRERanER ofd YHeAEE Rl il sHEB Ruad, 10

gener at e estwwn'ﬂteéirsephqsn@tls@@pttheﬁg)ceﬁqfﬁeguazgnal sources (WAPs). These
estimated positions are then stored (in step S202). In the first phase of
scanni ng the_positions of th Ps are us t necessarily) estimated
by Combini no BHE BUE fachurs lyebein 6 MU Tl SHeE T ERgTEIE b Such s cPS
or AGPS wi t hardeecomspiatedf ttae predeas bifdgypei aridoni ng system such as triangul ation
usi ng WAP si gnal strengths (again described below in nore detail). In another
enbodi nent the first set of estimated positions may for exanple nerely be
drawn from aFige§ bt isppraRvestievHd ey Ay lofatiap e usel depice H'stgethe @akni ng t akes
place and eng&iehtledlyy t6 Broces@Figlie Usi ng device's user interface in to the
processi ng software. The term ' scanning’ may thus be interpreted quite broadly
in such a case. In step 5204 |n a second phase of the process, signal sources
(the WAP si ghatiaed Rase sTala%: l ydcond set of locations. In a
preferred enbodi nent the second set of locations is the path of a scanning
operative generally within or anmongst buil dings that have been scanned at a

di stance by fHeethpsdangrsytergwill ﬁeﬂﬁé@’@e‘iforI'Wam%@?Ct@Wéﬂ?tﬁé‘ﬁ@' tNECScanni ng i s
aut onat ed and.tmaparlﬂatlae(bmu redexalifsivbyagphieatisanea oysten thir idcetirgnd lser aendd gur ed
r’ﬁ;g;'o‘lj'ngg @fc e refereﬁc. Gif nﬁ;ﬁ]ﬁ'a 39 e'cg. &t a?ftﬁe TR %?wge %‘R”déﬂx S‘rev.&ps@;f;'t:’gn A
result of angetheteo}fslssgdhetahevmuortesl @emheteed ayﬁtemhaé“eusa tloe dycavoranbl e with

reference t Ostgﬁdthyaét’éUtrGﬁ‘tEg@ﬂgls@Hal%QW Sle8im&tad ae k&b flthgsthitdd 18 tRcanni ng
envi ronnent and. t s and ot her structures therein, The scanning

results are PE@&?F&P&W Sﬁt'gtaége'%%“agn%%‘fh?%??ié%ﬁﬁ@é%ol‘tﬂ §899%6 15 As is
descri bed i nlopatioas dethasﬂatudretmlecttohegmer5|g|rraty~:.oaulcss)arreeme|rLd;etl laeireferemee esti mat e of
t he position 0 A nay i nput a correction (where
appropri ate) p@'ﬁ)tsg&n%géﬁqg; J@p%% w%%lgfg%teg&p%y for exanple) estinmate of the
positions, and may al so input a sel ection of enV| ronment al nodel to apply

and/ or par angt gfe meEulélrSSmedlrlﬂer&Ué?hnéthdﬂ)féebes(cﬂ&d ) %I&@Hﬁée@nbmlcwe detai |
bel ow). A us may also in 0..ena erformance of a
ot or ence polteTBHT bRy eirhis S g dinglesh 8 MIARR: Ca e GarBy posi ti on.
time, epheneWakRs @tWrelbsy BERSNs Tihewitedass taﬂytologphaseuheospmsmglaystemfs some or aI I
of the SeCO”Fre%Sr?mQﬁt 6 alite §starn8§fﬂdadé§%edm<tm§@ E drheht § .@vtn'# Edtt e position
of sone or a second set of |ocations can be esp eC|a hel pful in
that it may ewytiosing sestedrisa Wifkhasedsyelems bhteip mﬁttsoduwnteﬁéa'tyéqeu %P@t‘%dd | ocati on
of the fi rSttopétHéraﬂelated géndaafsatucartae BlL&osth €hd S36i8- fr*eh@enfcy (sk) s&f o@ér esti mat ed
WAP | ocati ons L: at i ons gwger S naI Io;ér.c gl? blt| e {el ephone
masts and sosy5 & F’B%résﬁ'%a‘e C@Bra @F@Bptf i" etfeﬁ@mp% €87 °t he second
phase of t hebaseagiationg irppibersganmirigagiop tesbeciegi¢sswbsasr nblald qommuoicetiaiet ai | bel ow.
The correct ed g54d B8USRd RDMA BLE MMM UNI-NE SR or210. In the first embodi nent,
the user or a group of users carrying out the mapping process have conpact
consuner devices (such as snmart nobil e phones, |aptops and so on) or

sophi sti cat enl. eIvedti-besddcpadaivhiag Sy§tem e heaso- @dmutets/wasiat&mdofcwmsltair@gsajevi ce,
anplifiers, nn et W|thW Fi. ca | it n fer her

posi tioni ng s &ﬁ%rm%(ﬁiré Oé%i)rl |'9na| 2555 @E@ﬂ& % eé‘t "gat‘?ou\%grr% %)zfge%' Lom tioni ng,
and so on. TWesleSijQnabél@amNQteﬁ/@Vle&lﬂi tHeem dlle @@Ws@ln@evmlfttlh ogefgliahagssi st in
posi ti oni ng, whih WRARIERA avdbhyaeGRb G50 BLIR br o IBERSYIGTRE RIbiIBL Fhis 18R&E devi ces
may al so have the capability ‘'other than W-Fi to connect to the Internet such
as through nobile Internet service provider gateways.

d S



Users may for exanple be equipped with Satsis proprietary software running on
a consumer nobile device with or without any operating system and having a
m cro- cont r oVPMINGEPY AGPS and W - Fi  har dwar e capabi | it iFES/CB2AQEM2P%R| |y al | of
the scanning and mappi ng processes desdPi bed herein including multiple phases
of scanning can be carried out using software such as this using previously

descri bed haﬁqgwarsg h¥ES Bl do IR ciab aRERteR Rk forak&aRBiNg éérﬁﬁ%eié% wigpabl e of
usi ng a user s |n ut to record. jnfornmation about the area/places where

scanni ng/ napPitig' %8V ehdPheaBIFe V-5 ¥ HeRL IS SHILH: Yrapdiaesss: 997ks of

bui | di ngs, hstregbth, thefraoradinaies sucOnasxaoplan agsél widr a etabile phsdzawsiigr r ur al

pl ace types e / &Slﬁ% 6 16 Figure
3is anill uf’si’II &g?\lﬂgﬁ% m%ﬁdq?i%%sﬁteﬁrheggg%g%elsrgysl&%)gé] %%/ gf%%%rel €ess
access poi nt ocgtigprsguragy ralleﬁlhlpmlmgtherﬁca@ré@f@féhﬁ:@owmtpﬁsweofm%‘(yéé’g irof Figure 2.
In Figure 3 aspabileivbang00 contains six WAPs 302, 304, 306, 308, 310, 312.

Ni ne scanning sites 320, 322, 324, 326, 328, 330, 332, 334, 336 are chosen
around the perinmeter of the building, although in practice this may be around
f ewer than aWMar-giiviteisandamat-wathind, desceliethiioze .aamé gorbe teghningesdnredadermininy si des of

t he building, ibility, for exanple). It wll be appreciated
that nore or rgog(\%er &Rgg W&p@%BS{?&und and nore and | ess scans (and
correspondi ng scanni ng Iocatlons) may be used, depending for exanple on the

si zeI of)the big?ﬂedi ifgn mu&rdtib.e_inczﬁ/arnl L()%W@fta_yi eQém[blbgyffgmifd’rm@a usBﬂGe\)MsP?] (shown in
circles) are pla in a typica [ iffere ces t he present
rbods ment s e e HREER) neil (AT st ol LesPCBSERAAE crmrt “phone
with W-Fi aoger@RSbpAGRSec gpalbhdvn)yandaniemare WhFisadepidr délsg nétrshowd). #4 er ent

pl aces {1 om Qujhisd dPwhSEQMR-EA R GG YbAT0BONS, Hd, 13 ANGLdidien By | di ng. Al

every place user records W-Fi' scanhning paraneters such as S'cgnal strength
MAC addr essel§"ediafg icpite o UserSYV@"r\%ItWQP&I"?“’E%P etd . 118nGecayss & SRR posi ti on
t hr ough GPS/ &fdnGatiohh eansaedsiomponat 8maity eadottlerobtiers, osewAPseto4, nodiment specific

data from Obiﬁjca%tb'g%ntec%g/bgrth%)(ﬁl' da&Qr\’\llln eg%gis&le% qﬁZ hl% QIW\P "Tl(]%jls % e of

bui | di ng, ers Strict tons closé to the
scanni ng pl adeteded by mwa@SéeVlmyO%lﬁsﬁswb@mbiﬂe thiapaone) opasadd® ehdetlerssensor s on

or in the deMbyeaasol be dyakhalhg, prsp%r@e%%fstthewap@%tﬁér%dﬂama iRlic APl e, they
may record head |ng&ayata received froma nmagnetoneter, height information from

a baronet er BUEces Ravalseibgdneaspied @pd usgiyin e t"ifbfgﬁdt”igéMStg’Vstem or met hods

excluding GPS and its variants nmay al so be used to |locate user's position such

as Coll Towesbased il ARULA ARyl ASEH Ao BRASALS hESGARSLiLER, | PULS, OIS

etc. or any sys em conbi nin ese g can be seen from
Figure 3, naW“VWPBe@Wﬁ'ﬁéa“%%méésfﬂ%@hsmgéhtaﬁ9|ﬁ0 wé'dmcac@dfﬁocm@msude For

exanpl e WAPs3&&s optie c%faeca‘ﬁr‘ié%lrﬁg%’e §|!jr%mshm 8E£thk M hONSss oY\ORsr iddfliie312 are
scanned from two 308 is scanned fromone | ocation. WAP 306

i s not scann%sd’o??%&Wgﬁﬁ]elt@%rf"i“@ﬁ\o@g cause of its central location in the
buil ding and lack of visibility of the signals fromthe outer scanning

l'ocati ons. 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 WAPSs’



WD 2011/ 077166PCT/ GB2010/ 052206 17 The records fromthe scanning process are
processed together by software installed on the device using various signal
processi ng a‘gﬁé‘?li“@'ﬂ%ﬁ to determne the distances betweeXHER00HEAYG on at

di fferent places and visible Wrel ess A@cess Points, and subsequently to
create a map of these WAPs. A nunber of distance nmeasurements al gorithns exist

to allow pOS!oEét%H'cBQ)rdn‘%t&Qwﬁ bWV Eferr 04 aQtngﬁmrﬁ‘d?%ﬂér‘r%%&pﬁwg@}‘%pémvel hereal gorithns
i ncl ude, for exang) Time of Arrival (TQOA) fference of Arrival
Al

(TDOA), Angl &g frival (AQA), Received Signal Strength (RSS), and so on.
Dependi ng on the technical capabilities of the software, nobile devices and

WAPs, the RS§hased Q'fmng@f%.ungfﬂa%}a@% oo GOLELND 3 ORIRLI JugUm! oved but

the ot her al g r opri gorithm
the strengt haqcswf)tsfw Bs) fgr-use ingthey pisitern of 'Quiéeﬂecel ver (user) is neasured in
conparison to the transmtted strength of a signal fromthe radio source (WAP)

d b I t Pl aG A2 P
(4 702 (L Sapisa” B HelBhee Pbepeerentaet Soiseen 05t FAAGH VYRS power, &
and G are raaeacarmedand fitat agtsafilddatonsavbun acaeainypro@spescdan\bel used, Ifoi s a si gnal
wavel engt h a&%nﬂﬂéé.@g éjhé%m?@?&&fe%aﬁ‘a%%%ﬁe?e’b% érgéfn%ﬁﬁhonlm StgAuation can

al so be represe I'n terns o ropagatiI on
device, and either outside or |nS|de a building (|n 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.



Pi PG = ()-(2) PSG 47rd and in decibels formas: Pa/B=201g()(3) 4 zrd The
free space nodel éequati ons) cannot easily be applied in real world

envi r onment SYQA2IR8UH%npdi fi cati ons because of the signalPGHaBAGAI2eMm
uncertainties. W-Fi signal propagatiorddcan be affected by many factors such
as signal attenuations and reflections (nmultipath effects) fromthe surfaces,

bui | di ng typRSis JERMILRE iPRbRCdetirbWR &RAlser mby 8136 DRI MBIr bivE GAENAY of ant enna
hei ght s and @Ol arisation, and so on, WD 2011/077166PCT/ GB2010/ 052206 18

e position of the second set of locations or may input a correction (where
appropriate) to an automatically derived (by GPS, for example) estimate of the
positions, and may also input a selection of environmental model to apply and/or
parameters for use with such a model (as is discussed in more detail below). A user
may also input data to enable or to enhance performance of a reference positioning
system such as GPS assistance data (estimated position, time, ephemerides etc) for
GPS. The user may input the position of some or all of the second set of locations
from a map. The ability to input the position of some or all of the second set of
locations can be especially helpful in that it may correct errors which arose from

errors in the estimated location of the first plurality of locations.

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
S$210.

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.



However, various nodels exist to try to nodel different environments and

si gnal propagati on behavi our through themto determ ne the di stance between
recei ver andVQ8tEEI6For exanpl e, there are nodel s avai IPABI@20§0p28di ct si gnal
behavi our for different indoor environfents. One of the indoor nodels is
described by the foll ow ng equation: PGdie = 20l og(47rd )+ I On | og(do) + Xafor
d > do(4) Wiere X, n and do are the paraneters which vary with different

i ndoor enV|ronnents and which can_be determ ned enpiricall For exanpl e, the
val ues of X, FHUERYISHS 'F‘&Fatéont?/‘ﬁi‘%él'iﬁ R2asg %é?"iﬂ”ﬂgo‘ﬁ@dseéf’f I"’Eée%@ﬁC?%rrent are
7.0, 3.0 andpdif® (WaBpect buieling.in biserdanopwith waprdeesgufGigudezl t o sel ect types of
envi ronnent and then to use specific values of the abovenentioned paraneters
stored in nenory (that were for exanple previous input by the user or other

operator). AntRgwatd &Hiding 300, eantainsnpiu ¥ \Rer 02, gP4.a3KRi B3 0détZadNine val ues can
be chosen frammhing s%&f(ﬂ@aB@Z Q}Q@fiBEUB@é 1330, 33-Eh3843 C@B%r@tl’&%eﬁnédﬁlhé vai | abl e for

td t t ed t anf ord
O vorti o AR et e Aot MigadS BisTrak e s P A | on:
PL=20 og( 4mhand mafr egémply onky béralangsoraéoorfteo sides otithe Bildify (deperdémoon bed as path
oss and of N BASRRLSL G RURKOSESEAeF |l hafd % BRc0ARBLIRSL 1 Tor

i ndoor nodel s rou h user 1 nputs or from
sof t war e Conﬁopm,,ag_@|we and less scans (and corresponding scannlng Iocatlons) may be

used, depending for example on the size of the building and the complexity of the

environment.

The WAPs (shown in circles) are placed in a typical building at different places. In the
present embodiment a user described earlier with a consumer device such as smart
phone with Wi-Fi and GPS/AGPS capability can scan this building from different
places from outside (shown in a rectangular box) all around the building. At every
place user records Wi-Fi scanning parameters such as signal strength, MAC
addresses of visible WAPs , Signal Quality etc. and user's own position through
GPS/AGPS. The user may also record 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 record data from additional sensors on or in the device, if available, to assist in
positioning. For example, they may record heading data received from a

magnetometer, height information from a barometer etc.

As stated earlier, any other position system or methods excluding GPS and its
variants may also be used to locate user’s position such as Cell Tower based
triangulation, Inertial Sensors, User Position Inputs, GIS etc. or any Hybrid system

combining these technologies.

As can be seen from Figure 3, many WAPs can be scanned from more than one
place from outside. For example WAPs 302, 304 are scanned from three locations,
WAPs 310, 312 are scanned from two locations, and WAP 308 is scanned from one
location. WAP 306 is not scanned from any location because of its central location in
the building and lack of visibility of the signals from the outer scanning locations.



Once all the distances are determ ned using any of the nodels avail able, they
are processed together with reference |ocation co-ordinates of the places
where user HEQE'4E€AMfed fromto map visible WAPs one by PSAE:B2BE&RN ng on the
nunber of measurenments (records) for aldpecific WAP, various nethods are

avai l able to map these WAPs. One nethod, triangulation, is described bel ow

Wi th referengg fRorks @bmahSscan¥ify %F&séésOJrZ ?sﬁa@?&ﬂéé %%%%95&%‘% hdaldgure 4 is an

illustration of the estimated positions ur e after the

first phase 9 MeCENRE HYNY MaTHOHE SEP?Jcpé%C?S%'Fg 'P‘*P@'HP’BS ¥ dqtemyqe ‘U?Q'SE‘”F‘FFe act ual

| ocati ons of baMEsn 462, lochbdh aﬂ&ﬁeredmaceélﬁﬁMIamr@eeMcht Poiatssaid d circle,
and the esti ' by the overlaid, dashed circles
452, 454, 45%3%%‘@5[”9‘?@5@5% @?ES‘C ﬁésee V%Jt&ggmv\APs 402, 404, 408, 410, 412
respectively. There is no WAP" estinmate 456 because t he correspondi ng act ual

WAP 406 was AGumbeUsdistdAcs heaéurérﬁént@ag&ﬂmﬁé eﬁﬁ@@@ﬂoﬂgoosmgah@uslﬁg g@n be seen

that WAP 406_j s ecau its si vi sibili of the nine
oo g | OBt T oMt hade Sf e e s Hisdiiin R, redipRet, Bihe AT Mbned b
depend on rraﬁpﬁf)aﬁtner[gff@amde ¢fhfatival EDGA)aAngla@f AirybladeOd)), Remdekd |Sm;glabf t he

envi ronment , fo Hﬁﬁ{ f
(m\;:asur enent sﬁrgﬁo ut Si dS% FLIE)%Bw c9| %Otﬁl?gérc(ﬂgm%%sa%%?% g SOﬁﬁe geonetry of
t hose pl acesMphiler epwéges s Y%Pﬁeﬁ“ﬁegﬁﬁv%ﬁwmﬁm HBAYFE Mt gwoet@ iss an

i I 'ustrati onn@halnemseramnd: pbaser afordeaninbyds®be L ss&bpopriae.r el ess access
points (WAPs) in the building of Figure 3. In the building 500 the six WAPs
502, 504, 506, 508, 510, 512 are again shown. Five new scan sites 520, 522,
524, 526, 528 the &SOraigeithm,nis skeengthelpbwi) di nYi-Fi sigrerl spbe sextiventuser ipossi bl e)

between the MARS {3 cHﬁBéﬁs@ﬂ@gme't@nénm&eosﬁ%aﬂ &B%%ﬁaﬁfon%@%d‘&so&&e scanni ng
points are |ocated inside the ng where a user doing the mapping

general |y do%ﬂ&”dﬂﬁaﬂiﬂéﬁ“@y@?'l&m ’%}%?maéﬁ?'qut'?f'onI"hf“ferﬁpé‘c‘?:ase a user's

co-ordi nat es at these five places will be derived using W-Fi positioning

t echnol ogy. W - gg;l tioning will use the co-ordinates of mapped (using the
first phase ¢f- ng as dESC(ﬁ?bed above) and ot her avail abl e WAPs at
respective placéstidisi de the building. For exanple, a user at place 524 will
use WAPs 504, 508, 512 to locate hinself using the phase 1 mapped WAPs'
coordinates wth other signal processing algorithns such as distance

measur ement sWhsiery isfipe Fgceypdypawersitrien e esnittasinawen fvend &t aravereiver sl such as

t h][ ough usertrmﬁmteﬁs afiRfnd galﬁm@ub@e&lwp A iBRGiIGRI ABveldnglestrd Reddiglpse Wi th
reference to

: r _operator anpl e processing
ece ved sur URYSRedired o8 BerbPhPleogiuplBh Ak pRaePERTIRL BB fbut Nis own
esti mati on opropdgatippgain (RG) asf t he second set of |ocations or to input a
correction (where appropriate) to an automatically derived estimate of the
positions (for exanple t/lo correct an apparently incorrect or overly
= (L 2
P.GGr (47m’) )

and in decibels form as:
PG 20log( * ) (3)
dB = —
g 4rd

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.



WD 2011/ 077166PCT/ GB2010/ 052206 20 i naccurate GPS reading if avail able and
being used). A user may al so input data to enable or to enhance perfornance of
reference po¥PeYHTAY system such as GPS assi st ance dat&C@é§PPW@§@ﬁip05|tlon
time, ephenerides etc) for GPS if avail'8bl e and being used. The user may in
particular record a perceived height or other neasure (such as the storey

nuber it haoRblich dlaigls Aldiouicna: @ ehiahtodar iRLRRI ofliBRASHOMNY Aighe et mat ed

Wi th nore accurac a basel i he s available for a artlcular

| ocati on (foPrOBi@ﬁﬂT BeNRYIoHf thﬁ’é!ﬂ*é”ﬁ@rtf’%@@”f“f“ém%%%ﬂbcﬁéjﬁwe@alfe%{ﬁgﬁn a hei ght
estimate h csourdze Foorpahgd, terdibretmbdelX asailableetoeprbgict sigidheeasitiourebred hei ght

per storey ( r~J.0 . r j id4c.know edge
about a buil gﬁér%gt '%bo 8W8|r§£rﬁ%?t% Orleooggiel"ﬁo%o,%rﬁ%rgelgisadr%%{:ﬂe%%dg)?]gq%sf&lﬁogw@e storey
nunber (0O beem@“@he ground floor, 1 being the first floor, and so on, using WK
termnology). In one enbodinent using inertial (or differential) positioning,
for exanple, a user when appropriate input datum (or absolute) values to
aIIOM/callbra%hpmza$ )nngﬁ @%)pg§|t|ﬂnung%systen1 Toe user may also in
particul ar input a seHedtlon o environnmental nodel to apply and/or paraneters
for use mnth such a nodel (see bel ow for a discussion of some possible

environnent | s ar anet | ection of the environnenta
Cand' ot her - HPEE ARG b8 rpP BRI e HaP R B GO ERTS Cot her | mput
devices in aambmchmmemka&mn@sweMpa&m@n%nnkaﬂﬁﬂﬂhweﬂmppﬁKcmambmfmunnlng on a
hand-hel d dex/})ftﬁ h%ﬁnr6drtﬁgnwofﬁce%€fr<%nmén9arte% @%9960 fgsR%H&/ell/C' ent points to
allow triangulation or a user-supplied positional esti for exanple, other
possi bl e nethods such as wei ghted average can be used (including if necessary
a manual i npugertiyput B&n 56 pRRRIEd }t@ene@rtyre@er @h\m’bnrﬁém%ﬂ_&hé}gtotdé@_sgaéiﬁc at a later
Shase of scalfit eI " ToRr eHE e] B aperSOg ) SpAemaya roBtEe OB are
scanned fr onpiensud@ptithiey thei Usgr g othen opgrelounlterhatively, glusseingsts ar® nbhe scanni ng

user and typhgalp@RsENtRides %bn §é<@rYH%!e#)rorﬂfthetQ%'ﬂ%re%ﬁﬁb%lléﬁb@' wal I's to attenuate
the signal. It can be seen that many WAPs can be scanned from nore than one

pl ace. For exanple WAR 508 is scanned from |l ocations 522, 524, 526, 528.
Simlar to phease agnelso arﬁodeléesrvyhlewle’ifbe oUsiesr @gabindres @ dxaMple FOns gacmi ng

par anet er s Su%@e a&e n%% assétar?fnr%t Gnlver5| \/ I% egnﬁe SMOJeI VIIS %Iesbln eql\ﬁp%we’ Si gnal
Quality etc. an Y oWn™ positi Iso Pecor ot usef ul

envi r onnent @b@anEQBHQIa fron1observat|on and/or prior knomdedge such as
hei ght and type of building, nunbers and types of physical signal obstructions
close to the scannlng E ace etc The user may al so records data from

addi ti onal sepsong, ”"e1MQy%: 1% axail abl et @>a5si sisin - WO
2011/ 077166PCT/ GB2010A052206 2¥o

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.



positioning such as nmagnetoneter which can provide heading, baronmeter which
can provide height information etc. Figure 6 is an illustration of the

esti mated po¥PeYYATIYF the scanner during the second phd$d/@POWEOEEM ng shown
in Figure 5, in accordance with the prd@ess described above. As before the six
WAPs 602, 604, 606, 608, 610, 612 in the building 600 are shown. Al so shown

are the esti F‘Bttrr%dl DB illustwion of thE RetisAENPRtioRd ofRENAHSI? Fighals afthe 624, 626,
628, which var romthe actyal scan sites_by varying degrees in dependence on

t he above- ne?f?e/%ﬁé%iofsé@t%”m‘?atro%ﬁ? gidt9we signal propagation, for exanpl e.

I n a further enbodi nent in which the device has an | nternet connecti on, a

user s SO Al RS 4 SR AlLPACRBNIBINEatsS D8 4B SBRLIR. 4Ll SENRLPY

exchangi ng V\J1 ar ane his case a C server is
operable to proid Q!fé'eaa%@ﬁ estimaleddqcgtonsi WABTare showiy by Hye dvadaid.rigshetat abase or

from gt her |ak%rsrlﬂ3|t2 u8H UHBC RS0, 462 SREEFRARE Jo tvh@m@z 4@&)’4@ 54@0u$132 GPS{ ASDS
co-ordi nates _as we er positionin chnol o Lvailable
PP R M I %%?88%1% s PatesBthiiia s By pesand
S0 on (as de4d wizoot &lood o thefjarmhasgofshasdng.) in the processing software to aid
mappi ng process. The records formed fromscanning fromall of the five

scanning | ocations are processed together in a software on a device with
di fferent si QgD itsedoe$eeMEaa G 1¥NREosMepPredPegpuseah de sigpalsifidivent s usi ng

W - Fi s: gnal agt gt hse s&d’iMlnlgolﬁémlﬂhﬁbut@ld@%ﬂthélg)ulllﬁﬂtg’lgfhésﬁcuia\ﬂl\jzlgf $he e th
tri angu ation ener cur at e nm s.inside the
bui 1o F Dap@RwRBs 38 hFTY iR Frob SR g LR OGS t (oo
the WAPs of & fuer engoaferr thehecssegnd! treasieeroposiiwannihagumbet b sgecess of
Figure 5. In n'nzéagﬁ'r'eﬁteZts}#@n @&ElH@thelb‘aﬁ' Ogﬁalﬂ§ wlp AWQI abQe ge%%try 6Pfiose’ 08, 710,

712 are shown with a solid circle estimated | ocati ons WAR are shown

by the overl@?QP“@!%@T@W’"&?F"@P%@'V?%P PhsO 56, 758, 760, 762 corresponding to
WAPs 702, 704, 706, 708, 710, 712 respectrvely It can be noted that in this

hypot heti cal .. h of _th i ti.on ner ally
i nproved, al f'ﬁ@%g‘#s‘l %n :fﬁﬁ%fraﬁgﬁ o thecsaes?es g%sshe 9 sc? nr'cfng\/\%;{%?\(%AF?anﬁ % i mate WAP
754) the estaeraserdeln (YePene thebyldago Fiuee er Ip hhe byjldind 08 theheix WWARS phase (as

illustrated b@p, EDQ,LHO% 408, s asie drd ahas sROaP FRBRRGOAs WARRed Bt syerp4not mapped
in phase I (for exanp 2011/ 077166PCT/ GBZOlO/ 052206 22 Though a

user's co- orﬁ?%égﬁére(ﬁ@ﬁ?”\/@a'd?ﬂ‘?ﬁ%d'f"gd?he(ﬁ’erﬁ? d pyere Poss Hﬁ ogfesp Mshase 1) at
scanni ng poi WwA®snmay not be accurate in conparison to user's co-ordinates
(derived outside using GPS/ AGPS), the overall inprovenent of mapping accuracy
and coverage of mapped WAPs are increased after second phase of pi ng due to
t he cl osenesAs gfentigneds kaiigi se§PrRpPRASAf LBAAPINGI HSi SFENRIRG PRI @rﬁrigﬁ)atﬁtfg WAPs and

hence to be @ble the tm@sy et @ dé&twtrgetrtéehwaﬁg Lg%ﬁérawﬂ@oéf%ﬁét hyvdor edi cting
o ety SEeABb AT TR BGESe ks L el 2Bt

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



Thi s whol e mappi ng process can be extended to subsequent phases to inprove
coverage and sone | evel of accuracy as many tinmes as inprovenents may be seen
in mapped co¥YBrPUYIAFI®s of WAPs. The process renmmins ess&fiE2WOPRY same as of
phase |1 and can be repeated for exanpl’8 to rescan a previous site with nore
scanning | ocations, either inside our outside a building, for exanple if a

particul ar sjnh&ukdte G@%%bcfihgfﬁl adsilabRidng pRingstd)CNILBE] MaPhibd inp dat£ Ry ronnent
(for exanple after review of the init,al scannl_ng_data . Fiqure 8 is an

i |1 ustrati on®¥P'% HelopfBRRE PHTOTPIGNYUFRISGE POFHODTY SYSIREN SUET 8% GYof a

W r el ess accesstgnoe data((¥WAiRatedIfussion, Sinanepladmdrides posfer BPS itk hatisarddor
estimating t i 3 L qur T hr j ites 802, 804,
806 are shomﬁsnig%ﬁ' gg‘?gc‘{rinﬁl%qlg\é?ﬁéwéﬁe Jr)rglr?f]] %erﬁkgih%ahﬁgﬂgﬁ%ﬁg?(%% e region
808. The WARsHelyathe 8O8yinymier i thi kitldinglellawing @ heighBorfotherdimespiee td kee scanni ng

sites 802, 884imaRbwittFarle stdutachOR.a dIineBMlgHt S, S8BT AEPEas BYpadicGhr Cl e
representing the Ir?)cus of all (%m é]ts (?L{ di stancE. d]n. F%ﬁ@ ﬂlé d2. d3 are
derived fronlP5HP"§P" PREPIR SN%IARITVE! SHELOReaRENiFR RaRs) AfBINseHRel i bed
earlier and Aran bsemnjuegedshert Mwixtdhwheredt isahe eginmaitati hedghe perctorey tbesed302, 804,
806 in the fol lLow thon: th =+ ( - Wael, St di stance, xr
and yr are tﬁrﬁaax_én%ﬂr%g og?dégl-%\% |gr?a(%}eusSTnc?f gp{xﬂgg%n%\&ga%(es, 5§3d[§/u§|{jlﬁ%ra2%%ehe x and y
co- or di nat esSENIPY Kalon. {pRexample)iagd p|is e storey numper {thbeing g gerPdACrar e f or ned
and sol ved f obegamgdfirgt fddr,aindigoadne ssied UkknermWikdtodyn 1h @Bk @mbBBithentlig®e equat i ons
can be sol ved }\%ﬁ? ?@% agaj)i)l aggl e _met hods §uch as thehl east squares net hod. WO
2011/ 077166 PETMEBZDTOFTE208 28 RS ShEWH "' n ' Fure" 87°Y ﬁBprPrB%g%H‘p&Eo-ordi nat es
for the WAP datumégiabrol@0Bvaies tavipweatifretiantof the indriiat besitiqhingesy$teni  of t he

estimated di stances between the sites and the WAP) overlap. The circles do not

overlap at a_single point because of errors in the measurenent/estimtion of
the di st anceShqi¥serdnay 80 MnePrifaiasimub agielesia plenvienestal merfebio #Phest i mat ed)
co- or di nat esamaflortjaeansaé@s iom@eSiithesicB @2mo@4seeBitfow for avdiddusdien afpgpheci at ed t hat

the above ZDBoes)é% le%vi?o%%eﬁ%l erﬁéaeeﬁ]d%clj\di g{[ef? ﬁarg%wgf%?s .i R géﬁecrtigﬁu&r d. It is not
normal ly requirted to record the tThree-dimenhsional™’posrtion of a (rmerely
t he two-di meeniromaéntydaid etegr)datalimal forwkarmplp be apde eeihatwd-dowatmendeor el evant

nodi fi cati ongmgaRptBei@den b lis@ inddctich 88 ah tdr&dive b§Skcation running on a

hand-held device carried by a user).

In the absence of sufficient points to allow triangulation or a user-supplied positional
estimate, for example, other possible methods such as weighted average can be
used (including if necessary a manual input by the scanner user or operator

processing the data at a later stage) to obtain a ‘best guess’ of the scanning location.

During the second phase of scanning, all of the six WAPs 502, 504, 506, 508, 510,
512 are scanned from inside the building, on account of the closeness to the
scanning user and typical absence (for example) of thick structural walls to attenuate
the signal. It can be seen that many WAPs can be scanned 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



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
may be used WA2YHMEIYr all of the enbodi ments descri bed PABSERORSEP%ef er ence to
a handhel d unit (which may or may not Bé the sane unit as the unit described
below in relation to Figure 10). In Figure 9 the dedicated scanner system

(such as a V‘@(Fs‘ltﬁl)ﬁin isDéh &4 ﬂ%gdeﬁlﬁm‘mé@%ﬂméﬁ Qi p&ideonRling N FoNGePNc s4ich as a
di rection - ennagrmaa |ifier 904 for anplifying signals fromthe

antenna, a @ng' % pei ®er similar unit) 906 for providing reference
coordi nat es of the scanner system 900, a conputer 908 for controlling and/or

processi ng afﬂgrgéa 5 86 fhudidign ‘3%? e%tﬁenﬁ’gli(gﬂ sﬂ%ﬁsg}tiw %qnﬁwggdlﬁiﬁé%ns%cgrpoz’ anpl i fier

904, GPS uni user Interra . con scanner system

i nputting r ePhaga samrwgaﬁwwtﬂu igptigye Py i eseprdance Al the @eacassseescaersd unit 912

fg{j Zt ori tng é&ﬁt@rﬁbﬁér@?ﬁ@@lx WAFisfm)tzsﬁﬂntle%om@I‘DeSﬁz in |t @uﬂldﬂb%@ﬁ Aal | Vg fat

enbodi nent a ne nt er e uni no rov ow data to
e sent _and SeREP SRIATS 1 ssURePORPBI VRACABIE o 1P S5 QP20 0 al | ow

renot e contr 624, &6/ G238 dahehcadry doti dhe, avloalc bcamayitesbby abginghdegressdinf or t he

oL Orage T 1 gSRadRh R BbS e RLANE HolSud: SEREFRUG bloaldiah gn of

handhel d unit 'suita use |rst and second ases of the process
of Figure 2.Pi®'Sandhel d unit includes a W-Fi int erface 1002, a GPS or AGPS
unit 1004, a network interface 1006 (which may opt| onal Iy not be present for a
purely | ocal t|o r rocess or mcrocontroller or

ot her conput I@rqoé’ rc?@ '&en[l]'ﬁd@ %r{ﬂ g%\pceahrffénf 58@9 6%5‘3%'88 aau%?étsﬁ storage unit
1012. Thi s ueidinateaycanasaleo bweZIQleIUSIWlaG@E?ﬁfEA UBRGE0E0 DY 206hainge¥sFsel ectivity,

signal anpli bGAbERMENEQnPERBES IR RYEInlis SAREAOR FBRAE bLLeLOMPared O
t he device described above in relation to Figure but may on the other hand

be nore portQB@“@”§H%Pft”l'f@lﬂ®f%‘r'@te@éb¢aé@ba§%Obffcf”h@‘hPHPﬁ?”lﬂt ERSBYCRDM 26Re Wi t h any
WAPs t hat r ecdses ethéQﬁ;ﬁﬂlnﬁ]g/ alksﬂ el GPEhePERbodiinasy ab heelhaeddnfyl gtheni t nmay omit

or deacti Vat s%tloﬁlngteshn |t |s ?va(l)?orﬁe Jsg %X%%Bllnput lnfor%gﬁjon sucM Lé(r)-l ng the

second phase”0 canner uni't ‘may be
provi ded whi @ﬂdlnﬂieﬁe@wreﬂmw éépe$ rash S@mrh(ats Wqubamb@vesrysarem poasedeécri bed above

inrelation f@ chggglreg s%ftﬂ,g,q. t5 B MppRgetsdesdni t 1000 described above in relation
to Figure 10. I‘?l gure 11 is an overview of a systemfor |ocating a user device

usi ng the data generat ed by the process of Figure 2.
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).



In Figure 11 a user device 1100 (such as the handhel d device 1000 descri bed
above or any other device, for exanple), a tel econmunications network (such as
a nobile teﬂ@%ﬁ@ﬁ@T%@&mork) 1102, a location server 1108CA¢(P280HM20q ocati on
dat abase 1106 (which may be |ntegrated%htr1the | ocation server 1104) are
shown. In use, a user causes the user device 110 to send a | ocation request
1150 to the tel econmuni cati ons network 1102 (for exanpl e using a service on a
nobi | e telephone% The re uest 1150 may ﬁp cally include data received at the
user device 1NVE" aHsEH %%OHF‘BEéM‘?r%d Pé'GE 0ds tﬂ&é’é‘“%@%?ﬁ‘%@ﬁa%b% with
regard to phswesing paint rhéy adideegccorbiesin gnmbSrusrbettect@ti dorapdimantes (dayivalAPSs. The
request 1150 iles . igna trengt hs of
near by WAPs aﬂ%g‘?\ﬂ&%}@dgr gféb‘segﬁsg ?yﬁd? Véré} ﬂg@ﬁ-‘én? in B%&ﬂ'@ggﬁfﬁgog%ﬁ) A
request 1152cqvaeagalof (appes Wéﬁ@a@s}mtrh@eﬁ r@ﬂer EeorkR)\9es Pf MABU)9 hees'sde from t he
net wor k 11?ﬁclb§énb§b90f|tﬁ@@éa‘nﬁlﬂg/ﬁ%byﬁé ué&Qﬁ‘delﬂﬁé BuRGiAg 't@'W/ﬂﬁsf MR hehd®h t hen
processes

uest e | ocati on dat abase
06 i th o GRROIo R o islpsg Betngel e ¢ gﬁo&%ﬁwrﬁ%m bl evant to
the | ocati onpropapatist pdil 5re ddverattsy tilxage afdlgeg hbem sigablromagbitie medpieest ed dat a
1156 to the OdwitnT, & finishes processing the data 1156 in
conj unction gmgicﬁge{dhaéo%r%v(\:%q @gd’ar%&ﬁ%st data 1152 to produce a |location estimate
which is sent back to the user deV| ce 1100 in the formof |ocation data 1158.

The network figg mb@smbm@: b@aeééa&afm Beléﬂeﬁmm@l éu%sédﬂ.@nlsﬂ’fﬁ%eﬁ% imeowat a 1158) to
t he user device 1100.

2011/ 077166PE??’FE§§6‘5‘.6F6’§%%%‘ ‘5@"%%% ?’P{ ”leSc?St?‘%rﬁ"%i‘&?”éS T266° %Y et ri eve
(and for exampheppdd Spioadifateshes WéEatTf@rpre@tss meba@ns d$sentiplly thensateses pbed above

with refer en&%sw %h@%ﬁ? b%lreH@é{e@'fo?Oex*aﬁ]plést%drekébntQ%ré\mu%'s’ﬂle w.FH Ropvery'
phases, for exanp In conjunction wth phases descri bed above.

The server 1&@&”'%Pcﬁwsé{ ﬁw%d%%oyiS@ﬁ@mug}dw f%{lecxé'?“ﬂ'ﬁﬂfle\/@rt%“@ﬁé'%te sof t war e
to process ti@&déﬁﬁﬂémad’lﬂellﬁbiﬁ@aitleulaﬁ}&dfﬁ&ﬂt érveovadrit Olas eediplaTatee Sevikes of | bed above.
In sonme appl {h%:fl ?sca’nnmhﬁat%i ta obtained during the second phase of scanning

may be used oné or nore |ocations where it woul d be advant ageous
to locate a further eI ectromagnetic signal source (e.g. a Bluetooth beacon) to

i nprove the ﬁg@aér@rsyarofuuétrﬁoh QE Al %c&@t@ t@gr@waﬁkegd(.ﬁ thwsés.t@ﬁVdf%e at one or
nore | ocations. A further el ectrona sour ce_can en be provided

at a | ocati oWrgIFRS AESSSRANS AP REJ NISA gf’ﬂﬁ phige pg?%@%”‘@f“"%&’ﬁﬁ?‘ﬁ@“ﬁ&&ﬁ ding to the
i nventi on nmayosditivenf thekBARI IaEguat 8 trgal staading 3itee 802,804 $0BNsBe ali@undatthe newl y

pl aced ol ect fQUBARELI R HANE AN RCreoldunthdlogh BB EGUSK Rk 0t her

applications o sition location system descri bed above are Of course

possi bl e, fo#t %sk'atﬁmeeduﬁmﬁufﬂ@rngeqps@tyﬁuswwssdteﬁﬁoi 1944, FbeEeditsited0y. | ocal to a

user device gdOBoEXKIMPOMENEY & dirdreBlekedtinh @eabdusdpbiPpisaftif&RSS,.Ng power in
the user device), and devices that communicate via a variety of various

different networks (not limted to one or to a tel ecommuni cations network, for
exanpl e) . Here, d4, d2, 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= ’\/(Xr —xs1)> + (yr— ysi)’ (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.



In summary, a method has been described of determ ning position co-ordinates
of Wreless Access Points (WAPs) in Wreless Local Area Networks (W.ANs) using
a nul ti phaseVeeNEdtér ecti ng mappi ng pr ocess. The WAPs &C&/GBIM0OZA204 W - Fi
Access Points in respective W.ANs, but 28hey may be other WAPs of another W -Fi
based position system The nethod and system may be inplenmented fully on a
consuner nobile device, for exanple, or nay rely on renmpte conponents and
software (such as a central server connect ed via sone form of com‘rum cations

network, such® $OW Iyigere 8, thginproed cogpteaies or et M MHed'Qnfid aedVhgthi eve t he
same ai ms. Alhthioagbirddsgtteries efihe iestireanéd distahees Heedsendessites hed thebxe) wi t h

ref er ence t OoRRES! He RO TER Sendd 2Pl lndie BRPRLENLe ! G §§t¢'r%d person i n

the art that 1 fications scope O e present
i nvention. Deasyremend/estimation mit the dliggncestd g i %gamdw@os%l@!atqr@rﬁ of e plurality

of el ectrona@heéice (8 Bhimhted L ST@Rates OIAE t@hAIBG sites 802, 803C&UBNI Ng, as herein
defined, at a first plurality of locations to generate signal source position

dat a, the si gnal source position data representing estimtes of the position
of one or nolteilsa abpsdonal thaiobe els/e 2D exampleswmarbei axgnedéd atsediordsiphsur al ity of

| ocat i ons ushO@ g @ §hotq% rﬁ&l{y QELIRY ?é@o@hg‘ﬂﬂgé Bhfe ébr%l‘?hsdi’cﬁ]t&%“ on dat a,

t he signal det ectl on ata re to si S recel ve e second plurality
of |ocati onsVdeef%thglt%Qme%ﬁ? gesitionheutdiedibpriapredialed ot 1Be r4l9y@at i ons bei ng

i nsi de; pPhogitSsibmgcanite ntddenfal 35 Ru4Atle ifregiitddon 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
met hod accor bigwg % & <Chehiemali; illusieatien nf 8 cladindtad) seannehseysfanr stitapleUfoaliset y of

l'ocations i sygafbifRd pRide a%éégoﬁhé blosdssaR RRf ?etélsrhusaé’&gnr%?%%'%%séé if he second
plurality of locati ons Is carried out using a second apparatus.
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



3. A nethod according to Caim1l or 2, wherein the plurality of

el ectromagneti c signal sources are Wreless Access Points or Wrel ess Beacons.
4. A nmethod ¥@eYMETMY to any preceding claim further cAplaBIMGS2eentifying
one or nore |locations where a user |oc&fion service cannot be provided or
where the accuracy of a user l|location service falls below a threshold, and
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| ocations. @racivaietiigo@PadEdiSdimiy 19l émyexpmééelﬂpﬁtﬂ @W')aldhimg/\kﬁlér@lc@ﬂqor ocessi ng
the signal sgniseerf@phihg.on data further conprises using the signal detection
data to estimate the position of the second plurality of locations. 27 7. A
met hod according to any preceding claim further conprising receiving |ocation
information b &rthepemeseintanng scarfer ot meybabowided Mbick exesdeptlies diont y  of

| ocations, afg, "Vﬁ‘ﬁ s@frﬂ]epr ?&&%Ssbdbgdéé?:ﬁbéd gBe ﬁ%’fa‘t’iSn RS’%éer@) daf @d urt her

conpri ses using ocation information data te the position of the
second pl ur ah@rldi)e'éfm'lt A degebed apoveAn reiating i '%i@t’%ﬁ@h ng to Claim7, wherein the
| ocation information data corrprlses a user esti mate of the p03|t|on of at

| east one of _sai d econd ura (9C ti.ons ho rding to
Gam . tur FREE oot SRyEvaA Bl (RERRUBA 83 deisP PR e SEP vi 3 & user
i nput devi cegeneldied By thepteoessat Egrdidag t o any preceding claim wherein
processing the signal source position data further conprises processing the

signal detection data in accordance with an environnental model representing
envi ronnent al” FgEe bt 8 uagysleyicn d 9GSt HeassiPg Aandhelg derieg 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
Il 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



11. A method according to Claim 10, wherein the environnental nodel is applied
i n dependence on whether the scanning location is indoors or outdoors. 12. A
met hod accor¥?AYI0T1@ ai m 10 or 11, further conprising rPeC&BINGA | east one
of environnental nodel selection data Pépresenting a choice of environnental

nodel and environmental nodel paraneter data representing a choice of at | east
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data in accordance with said at | east one of the envi ronrrent al nodel sel ection

data and t he®EH#S onnental nodel parameter data. 13. A nethod according to
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sour ce posit dexrighgitabove® det ermi ne an appropriate adjustnment to the signal
source position data. 16. A nethod according to any preceding claim further
conprising processing the signal detection data to estimte the |ocation of
addi tional singREe apelifetens. hraetapdiainedsturigetneseeand phasened sSeanig pvkeal i ty of

| ocati ons, aﬁ%da@ldete@m@adhet orcmkab |@bwmalwhsmm@n@@§bavaamgd@tlsaotd@ame si gnal

sour ce posi tt Q‘ﬁ a] 8. i rretlhod accordi E% 5) p% ecedin l.ai m wherein
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plurality of |locations fromthe sig sour ces,
determined. A further phase of scannlng 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 (WLANSs) 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.



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 locationg, in order to generate the position
estimate data. 18. A nethod according to Claim17, wherein scanning at the
first plurallty of | ocations conprises using the signal detection systemto
generate theCimsial signal detection data. 19. A nethod according to any
preceding claim further conpr|5|ng using a positioning systemat each of the
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communi cat | Oge%e&igﬁ W85 lfo 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 scanning at the first plurality of
locations is carried out using a first apparatus, and scanning at the second plurality of

locations is carried out using a second apparatus.

3. A method according to Claim 1 or 2, wherein the plurality of electromagnetic

signal sources are Wireless Access Points or Wireless Beacons.

4, A method according to any preceding claim, further comprising 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, and then scanning the new signal

source at a further second set of locations.

5. A method according to any preceding claim, further comprising receiving a
user inputted estimate of the position of the second plurality of locations or a

correction to an automatically derived estimate of the locations.

6. A method according to any preceding claim, wherein processing the signal
source position data further comprises using the signal detection data to estimate the

position of the second plurality of locations.



25. A nethod according to Caim?24, in which at |east one of the signal
detection data, the signal source position data and the processed signal
source position data is transmtted viaythe wirel ess access point. 26. A

met hod according to any preceding claim wherein at |east part of the scanning
is carried out using a hand-held portable device. 27. A method according to
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a plurality lofatehect romagneti c signal sources, conprising:

9. A method according to Claim 8, further comprising inputting the location

information data via a user input device.

10. 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.

11. A method according to Claim 10, wherein the environmental model is applied

in dependence on whether the scanning location is indoors or outdoors.

12. A method according to Claim 10 or 11, further comprising receiving at least
one of environmental model selection data representing a choice of environmental
model and environmental model parameter data representing a choice of at least one
parameter of the environmental model, and processing the signal detection data in
accordance with said at least one of the environmental model selection data and the

environmental model parameter data.

13. A method according to Claim 12, further comprising inputting said at least one
of environmental model selection data and environmental model parameter data via a

user input device.

14. 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.
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position data to the signal source position data.

17. 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.

18. A method according to Claim 17, wherein scanning at the first plurality of
locations comprises using the signal detection system to generate the initial signal

detection data.

19. A method according to any preceding claim, further comprising using a
positioning system at each of the first plurality of locations to generate the first

scanning position data.

20. A method according to Claim 19, wherein the positioning system is generally

more effective at the first plurality of locations than at the second plurality of locations.

21. A method according to Claim 19 or 20, wherein the signal detection system is
generally more effective at the second plurality of locations than at the first plurality of

locations.

22. 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.
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23. 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.

24. 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.

25. A method according to Claim 24, 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.

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

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

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

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

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

storing the processed signal source position data;

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.

29. A method according to any preceding claim, wherein the scanning is carried
out by a user travelling between a plurality of locations.

30. 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;
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inputting signal detection data, the signal detection data relating to signals
received at a second plurality of locations from the signal sources, the second
plurality of locations being inside;

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.

31. 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 30.

32. 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 30.

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

unit to carry out a method as claimed in Claim 30.



