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WD 2007/ 017691 PCT/ GB2006/ 002983 A METHOD COF FI NDI'NG

A PHYSI CAL LOCATI ON OF A MOBI LE TELEPHONE AT A d VEN

TIME FIELD OF THE INVENTION 5 This invention rel ates
WdﬁﬂﬁﬂlmlhOd of finding a physi _cal | ocati on P raB2006/002983

nobi I e tel ephone at a given tinme. DESCRI PTION OF THE

PRI OR ART I n nobile comruni cati on systens, the

ability to locate and to trgack nobile tel ephone

devices, 10 and by extension nobil e subscribers, is

extrenely inportant both for governnental, regulatory

and | aw enforcenment agencies, and as an enab er
AMFEROD OISO ONR BRI AL P EATIONCAF AN BRI B BB EPHONE
AT UWSECHVERQ 1Rpet he paraneters of a nobile tel ephone

device at a location to that |[|ocation, using

techni ques wel | -known to practitioners. For exanpl e,

the transmni ssion strength of nobile base stations in

FIEYAS O 'eim tnyveNitheg mobi | e tel ephone is sent to the
nobi | e tel ephone 15 network by the nobile tel ephone

Thif@v@bh 1@ftesd D8 i & An8lneRHANGLIBRLER bE b ﬁfognmtebp&m at 2 given
~and can be used to pinpoint the |ocation of th
tm§phone. This transm ssion strength is known as the RF
(radio frequency) |level The nethod of mapping
observed RF levels of nultiple base stations to the
| ocations at which these |evels are observed is based

DESGRIREHNLE I He PRIGFARTt 0 practiti oners. Cne key

problemw th an RF | evel database, or any o
In mphile someripiion yaEmp ke bili tp irsagod dp WFIHBlOP’éﬁn"CBPhOﬂC devices,

dtﬂ}eex@ﬂ&&p axBile bdbsdebefsOR %&%mﬂ@ﬂﬁ&&ﬁ(@dﬂ for, %)V?tﬁﬂélmtﬁl, regulatory

t'me-consum ng to construct an mai nt ai N
and dpa epersernent paneks. Wi ashin epabler € dadifiganichysingss opportunities.
cal cul ated. One technique for constructing the
Datghesetisan be iapdtth gnagrthe parpipeiess ofyh gabile ielegherer device at a locaiion to that

locaggﬁ’ QAR t@écﬁﬁl;u&@rw%ﬁ kh&wn F@ﬁl&!&ialaﬂeré: e Eﬁgaph:y 1@ bgﬂémhon sttcngth of
driver™w th a phone on-call, and a GPS device, w't
molgllsf hagg ﬁfeuorgygttgwmg@oﬁ ghd @@hﬁq tshephensi 1 PEDY forise amivﬂe telephone
L RO R P
used tp wnptEnt ttwlonanontoértht rona Glisrtenemigaeraiitesgth it knevngp theRF (radio
ﬁe?&?eg %eg%s’fhmggﬂmg %fan) BAME W kofve A RIE QRLL Y ggﬁpye base stations to the

intensive and co

1ocaﬁeﬂs7dt®vﬂﬁ9nesé>{é$¢1@2 0B6HR02388:d & tﬁuh@tqharwetﬂémhwn trupragtitionets.
to apply a set of assunptions about the structure of

On¢ Ikey deahige ywidr aneRB el dgripss drhmyl otheat icomacthaived datplpse, is the

onm 84 R a9a2Pa5 ¢ L8 LAWORSBLY LI QRS RUlontdlRt and 1o

mmrltam the database through which the location can be calculated.

One technique for constructing the database is the drive test, where an entire geographical area 1s
manually covered by 2 human driver with a phone on-call, and 2 GPS device, with 2 software
system logging location against time and against device parameters (as are or would be

transmitted to the base transceiver station or BTS). In order to maintain an accurate database, the

drive tests must then be frequently or continuously repeated, ‘This is labour intensive and costly.
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accuracy is very poor, and is heavily dependent on

the accuracy of the assunptions. It is known to use a

RF profile as a "location fingerprint'. Reference nay

wdSoEet 0 US Patents 5 6782265, 6, 449, 486p@iyeiB2006/002983

6393294, Using this approach, a database can be

constructed fromboth drive tests and predictions.

It is also known to conbi neasthe output of a traffic

moni toring systemand the control information of a

nobi | e tel ephone network to construct and naintain,
Another schmique intot apphtal set affrdsunipsinoeahoys the Sfraenneiof ehedeRige patameters

se .of c ns fo b iial

acro??e'i%\/\&rﬁ? SPEFS e%c Zbofgs %%Eb %d%géloae?%ek%él%&ﬁ’ but the Jnit
accufiy s @y fpotyaddie hmvéyséapbn@mri iha atcrrabyo NERGS D HogS-

traffic nonitoring system (I MS) provides continuous,
It is knovw &t we b RFapobiass & Gocatieh agegsmtoRéfrrgoesmaythe mdg ]S Patents
678% elé& %%@rﬁé9%ﬂﬁgt %rsm%hf:se lrcya):h aacﬁiabysg CQIP d L& stracted from both

ne c paraneters served on
drivé feers BRpredicfoptwor k are stored within a dat abase,

i nking these paraneters with specific |ocations
it i hied kﬁhﬁﬁpﬂoemrﬁblﬁ@dm bistpuRBf si yril rhenjpring gytep pnd the control

couJ d ci ate fi 4
@g %élggﬁ?e&ﬁl ﬂ.ﬁi%v 1% t{) (():crmsg"uc a{p@ rr%gtﬁiﬂgﬁhc a:ﬁnor? alétﬁmaﬁc an
heﬂ&é&:obk;s&ﬁdb)é 1eRAPAE idagb-sh 6f locmiond fr @ﬁ@@mﬁhehﬁtwork Reference

paramster £ tele s _on
may hrompder n%?g%RHB?t4or %’at%g?’ﬁe YBtA asjé'pe]}C i l;m 3%%1?632%4# raffic
oxﬂ{oﬁﬂdg dR&nA (IMBOABYEE édﬂﬁnﬁﬂasdcwate |1dsrg,umofoﬂmln¢1@| mvigg on the
a

t'abase supporting subscy | oc "
roagseHleiglep easE t(InKERItEsPETY) Active) ok I.iqéﬁa&a ﬁfgh@ ?kéone contrcﬁq)aramete

obs 8@5& &hé‘%ﬂﬁé R&wofk Lre%a;txecpwmasgedataﬁﬁe; iliakiSe dnde phemeters with
evel O ment of a range of new S ces 20 VI ousl

specpﬁco}qc:mop@ Fob yxagpds, aRecifigERb g mts%% c % Spuq associated
mﬂgﬁgﬁq}m@g@ Beaf RCarfR: $UTRE Is@ed ihfb@lh ﬁdﬁecah(mai u)memby aoypaing the

|ve rmbl e tel ephones on a network hlt;l:l ror
moahypltqnmomol mraeaptere ot mqbﬁe ququpnqsrﬂﬂ & Peiosk e parameters

I SthE: %MJS? d’gfug IB:D:E Sk b ORkcRinieasd c&%‘ﬁh&&g@ﬁd aARtining 2 -

vvork € regul arI y and automa
dataj;eteauppqxggg $qhsg‘:|bs.elq:g:§]qg @@fmw gst F“Efi %qrb I)it therefore enables

eqtes qaq% o\ﬁeF ed Pés%aslﬁe %veﬁ&)ﬂéﬁ{ b¥ a frhiddi T Ghew services
&Y fe cat I’ on obilTe tel ephones on a net\/\orgﬁl S
pred@ibustyoprphibatd bywadashyirhpelﬁﬁROﬁ& erstsioy @as Bowezppgaigyed pft g assumption

ct .of the i nve e LAY, A hed b
ﬂmb?tfefel]o%o?j FEEBRY S ca{1 %8{5% %%Pﬁémp A Qi&d,g t]gI%Eelphoar%r fme be
reqaiteds I@'p‘ﬂeﬂmiplmtztnhes, < fogadred dmp Hiedpergon pleeagh deyise g the nefwork

wo&.g% E%ﬁa;ﬂ? %ﬂﬁl Ia”cf)f%gi? 2y tlues egsﬁlﬁ %Qﬁxﬁ ce élal;aasa%hgf lo#t#n requests.

one
Howe:S @k phaeanitefslyafasiig tht debatmnt &f a&hmobl}altelephﬂ;psl @ a netwotk is.

t el etPho es an a.network;
computa y very mtensive.



(b) storing, in a location paraneters database,

| ocati on data that associates different physica

| ocations with data that are derived from or are

val ues of, nobile tel ephone control paraneters and

at | east some of the locatiod data used to populate

the | ocation paraneters database enable points on a
S@ﬁ@QA$§tmork to be associated with values of sone or

the nobile tel ephone control parameters; (c)
interpreting the data in the subscriber_ database for
It freaspent pstbe srvertivnabieicsh prayidehe mahsd £ ifpAing R RhYHehiqeation of a
ﬁiogi&,et@g %e Qtta Jul;!:% tiHleV 80 nfelndB c@ﬂpr(sln%g heskdpgot hat data as
a quer Ts run against the [ocation parameters

(é% at %ﬁﬁg I_J(l Q sﬁ[)éiﬁﬁert O 9eRehal %aaﬁreaﬁﬁmr fr&ﬁ adr drS x&lﬂ& of, mobile
'ocation of that nobile telephone and (ij) .doing

onl yelsithere qop@y @asametsrs aé%@ﬁllaﬁeé mith djiplegpobile 6@‘%%19% PP gfetwork

t he | ocatjon_ of that one s |f| nobi e
(B B0 lien Piransiey offiipafie o Faniats gifferen
Rl @bdl OlBc4tions agith Qfatei ﬂﬁt M Hb@ifﬁﬂ froh, |cﬁ are values of, mobile
telep ones. Hence, there y qg no requ nt.to
£ 1 nASIEPROTE SORUPLREBIMCIT L 1o ePB5h the fpgation’ data used 1o
net wy Eﬁlate th8 %286 p&ahﬁﬁe@é H&Bbdsoensbls p@ﬁ‘atsf drca FE¥di de@work to be

t el éphone may be est abl i she |y reis
explasHiciatdetiie B0 lRTSRr agéﬁ@@qxaéﬁfq ‘ﬁltepﬁ ceag?f” Rpprameters;
mai ntai ni ng the subscriber database na | ow,
(Becarserrting bedseds e swords: daabst el pﬂf&?@ﬁf’em establishing the

Pr 0GES8&HoA ImARNE tWBMhoHOhERS ga@é}ﬁtidq'@fﬁ* {i) 1R thitQedtab QRuery that is
of the relevant subscriber queri‘ed. The term
Y | odHE pesbhe dogsp paapedra Igﬁcélﬁ!ée gy orgder ) iZensFpte p paswer that is the

shoul,diBe.MEAALYe 1eMpRERN8E B doink ssTBMy RBEn !E%%ﬁs A &plicit request
| ocation at a precise instant buf should

be
i nt dp pieblishl the lsaanr oft et PISCRETBH Meblla plRppieoXingt @ part of a
ti ma?e 2hesQ¥ Bhckddt S pBded 1Ll o ek boge masi Fl&@ﬁdb;i@&lephoneq

t he nDst recent, reliably knomn Iocatlon n an
i npl enment ati on, at | east sone he | oc%

{.i
Hegr, theeymayero 9aaaHs e e iad e difation G mBH: EFéeﬁ‘g?Pé’f g g network.

10 APARRARYh A \eciRORKRtEN R FRba ediMBiskddadnly Ghen there is an
nmoni toring system enablipg points on a road n

D e e P e G T DOt OB T Tt gl vese may be

18@9 Bk fise 1R 1:E&RARNERAQNS Rt nPAI B 1H. pRIcSssedNin an@ &839 uSREEand until the
this location_data pay have been derjve

oSG Mg R bretuegsga i £ REo R PO eibphone at a

DAL ARt How1d0RWrchdlyNiGleHAS R rﬁé&{}{b@ et the n@ghin B@&ﬁzse instant but
could be directly sent. to and reported back b

shed be n:tt@"p@‘ﬁﬁ &R &yver rﬂﬁ: 13%@ Fa.fo'ﬁz apg oxp]éaé%{;mg Y ant rﬁ(éenéed time

;leﬁe;@tal: Q811 SatEmb@tecaRt, reMBAR¥heREidg beyond sonme or
I'T 'roads in the road network may be derived through

Cal cul ati on WD 2007/017691 PCT/ GB2006/ 002983 4

In an implementation, at least some of the location data that may be used fo populate the
location parameters database may have been derived from a TMS traffic monitoring system
enabling points on a road network to be associated with values of some or all of the mobile

telephone control parameters.

At least some of this location data may have been derived directly through measurement (for
example, the control parameters could include RF signal strength; these could be directly sent to
and reported back by a mobile telephone). In addition, at least some of the location data for an

area extending beyond some or all roads in the road network may be derived through calculation
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or inference. The | ocation paraneters database can be
continuously or regularly updated as it receives
reports fromthe traffic nonitoring system The data
wo Babopepul ates the subscri ber database (i.epc@&iB2oosioo2s3
that are derived from or are values of, 5 nobile
t el ephone control paraneters), can be obtained froma
nobi | e tel ephone network. Because it has to be
-correl ated/ mat ched agai nst data in the | ocation
paraneters database, it wll include at |east sone
ot infeenceoThe E@Ww@s astabase sare Be gentingoysiyeo wsedudyoppdated as it
rec str%é%‘%% ot H7 %%Sommﬁﬁg et N€ data in the
su "oér dat abase can s6 include one or nore of
- the follomnng RF signal strength of nei ghbouri ng

t t F i
Theg;aagha BPAGE ME LAl o A SBase é@ aBFnktd Qs kd &H&gg} $18 values of,

ase r anscei ver statl ons;
mobdlel vialgsienk r&oﬂﬂdapaxme,ters)t ream dri slgiinel EpmOR mdiﬂesteleﬂhele network.

s B LA B 6% B LSRRl Ml

inchia it Neabt pateaiiel €f the Spacivpieead i pretdae irs tharlodation gmymami database.

t he b|| te ont r ol neters
Henpt, o TP (ot SRS oA e TR TBnar s S Tollargs

+ S RFN@mbIQEakdI0 Bf Rfighbb@ing ki dersdchlepitiong, and t hat

| ocation is then st ored Ln t he subscr.i ber dat abase.

The st e ewéﬁﬁa?m% ?ﬂfgfé’ilsrm}sfé SBEPYS of a

sathg;ngg R adta Vi rediakion deV| ce equipped with a GPS 20

recei ver, such as the GO M personal navigation

8 e FPREnSERn FR) ¢S muni cate with that kind of device

over a short range wrel ess network, such as

Bluetooth''. GO itself may have a GSM o ot her
Thec@wnupwmggﬁrgs@et%@mwmhq PHASPss da 1 et the mioRsst §?‘6ﬂ%ﬂ°ﬂ hetween the
mo gﬂ hoRPLdn@RRbdr¥nedh §£Qacﬁle<h QLY Qdat @@iy' 28d thcl'ﬁ&ﬁﬂ teléfi@ne control

ati1 on paraneters database can be readi
parspmies Ut debatioropitimeters [desheine ASATEVE] t© tb%ﬁ%fﬁéﬁ% loggtion of the
{VRELDsdcther defalcd ONs are

mo%iéeftlgl%é%g%fﬂ %ﬁ%ﬁ ];cg))%isulolt:1 %S%Edf s?iﬁ%SV%at a) can then be

stored on the device for subsequent uploading to the
The! chﬁe 2{ ? rea}nn%t ¥ begﬁ{ta&aasﬁteﬁ]ﬁe Qavi é%ﬁorg Q%enegiuﬁnggd with a GPS

deVr e Wt h an i nter n connect ed , sent
receiiiet, emtﬂ s ﬂwéBOT‘”hgersqml ﬂﬂi&homﬁm,e@sm#fe‘!qm‘@%wth that kind of

e A e e R O

omézeéeﬂﬂan&epsbobﬁxhal amc@m&mn@ohs,gumas opﬂnna}lw séfh) allow voice calls.
r is a sche C sho he
Hej?cﬁ 1} %8%15?1? Bﬁcaﬂgtfngr%gaéase Cﬁ.ﬂ t e g5 dg% cons cte(ﬁr%é)b%g tI.‘lv.L,ﬁane control

parameters at different physical locations (where the locauons are defined by GPS position fix

data) can then be stored on the device for subsequent uploading to the location patameters
database (e.g. by docking the device with an internet connected PC), or sent directly over the
cellular witeless network.
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5 Figure 2 is a schematic depiction show ng current
| ocati ons of vehicles in a Traffic Monitoring System
(TMS); Figure 3 is a schematic depiction show ng a
wo fBhien dat abase under construction; vehi chergpaneioss
vehicle 2 have just been | ocated by the TM5;, Figure 4
shows the flow involved in querying the | ocation of a
subscriber. 10 DETAI LED DESCRI PTI ON Thi s section
descri bes one inplenentation: a nethod and appar at us
for conbining the output of a TMS (traffic
BRIFFDESE twfﬁga%wgﬁt rol information of a
nobi | e tel ephone network to 15 construct, maintain
and query a dat abase of nobil e phone subscri ber
| ocations for subscribers to the network, The )
The gwtativasdll badespribed iratbirefgrenss to dhpaserHEHLS RSB pTn TR
request for the location of a specifjc nopile ,
Figure [Lisprrohematio shaming e infarmtagon 0w i 2'RpHPR dptabpse goasiguction;

; ' htid TR QR AP Ut -AHicRRA3h 2 Traffic Monitorin
Fgagggﬁiggégkﬁ%%gﬁgégﬁ%%§£?$gf%ﬁgkﬁ%%itoring system s
Syst¢rh KBYS)pr ovi des conti nuous, accurate |ocations for

vehicles noving 20 on the roads. Vehicles carry .
Figifte Bties nibematint depictige shardngrplerstion shbase undgs sppsErupipgngehicle 1 and
vdﬁ%gﬂﬁéégwmt§g£ﬂ$§&§¥§}%y*ﬁﬁ ved on the nobile netmork.
wi thin

are store at abase. A dat abase (or sone

o f ' eXals - «befret hod,
) Flgl\?%!lis&owsu@lgtﬂbxgwoll%d %W loSdtoH OF ¥ EBs@ibefBL NO

we enconpass W the term " database')
associ ates those nobil e phones carried in vehicles
with the vehicles carrying them The generated
' E ?tppﬂjhnfornatiqn is correlated with the
DE%?%%%%@%DE? e phone control 25 paraneters using the
identity of the nobile phone subscriber. A database
is generated in which the nobile phone control
T}JJPS%%& Lribes Sl Mifnpfneitibll dexerida anmpﬁ'ﬁatad’]ﬁbr U@ﬂ’bihﬁg the output of
subscri ber, glveﬁ up-to-date nobil e phane controL
a THAK@afBt ositorengreytiemesntifed qonyg infrerrstiyn 6 ¢ probile telephone network to

consptglc-;/& %9@ %%cg &ugeg%a dﬁaﬂagfp&t ﬂ.:ugﬁle %ﬁbﬁéﬁu@%eﬁgeﬁMﬁons for subscribers to

rep scriber having their |qcation

the geisorie Thel desbasotanrtequined anglenisad @ith e ARl rosyest fi thelocation of
have been | 1.0 i MBexphil) 108 (P UBELE! thBGhformation is the
2 B %HFﬁg%FEB?‘%“%@%??%“%ﬁﬁhe Ry temitself is used as
corttpitibndl @virhedtimafd®d.c nonitoring system In this
enbodi ment, the TMS identifies which nobile phones i
TheétFfbeionigpring spseeme (BES)i prowdse hpativaguspiccwpisdoazliony fprehicles moving

on %/ ga%éﬁeﬁ&gsu %p.tq; tb%te%gﬁi\éﬁiyjf'acgé b blSfes. bMBile phone contro}

parametets obsetrved on the mobile network are stoted within a datzbase. A database (or some

other functionally equivalent structure or method, whick we encompass within the term
‘database’) associates those mobile phones catried in vehicles with the vehicles catrying them.
The generated vehicle location information is correlated with the stored mobile phone control

patameters using the identity of the mohile phone subscriber.

A database is generated in which the mobile phone control parameters sctve as an index by

which any mobile subscriber, given up-to-date mobile phone control parameters, can have their
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whi ch correl ates phones with vehicles is entirely
inplicit, and all nobile phones which the system

concl udes are being carried in vehicles can be

wERpBlgded with the output of the TVS I n anptivei2o06002983

enbodi nent the TMS m ght be a systemin which

vehicles carry a global satellite positioning system

recei ver and a nobil e phoneg GPS systens are by now

qui te common. For 10 exanple, the GO persona

navi gati on device from TonmTom International BV is a
locappulcalated ond port@l The aphseribet havingabeidaesian Aeerist dpgranot require to

have Vbeegl ?nlo%nlﬁ, o(.%:%(g ngr@ bg% ﬁngxs.\%tgd’ l%rﬁ:lé 'Iﬁﬁf[SGPS over the

one, vehi cat1'ons and nobi |l e phone

In tg %e%r Snitfe Qle Q%@ﬂ@%ﬁ%@%@m&hﬁs&:ﬁ% atddon mput to the traffic

ase can erive ht al so be .
mordloﬂbg spteno rinoins aam;bodﬁnqnhethaﬂm%:dee ohign mebile Bhones are being
catrig J 2o eé!%?c A, Sk, %mthls the database

UE;% { % né%e € CQVS\F] e apase

| e phones). en
whitth@nslites phd;:tae mth rvelmleeas esirdy mré@elmé gll molill ithopes whislt the system

contarA R B éii‘tb'te?é‘fﬁ%%%‘ﬁlg? LEEEpREL e NS
In Wﬂ%ﬁ% W%%E%Sttatﬁn .wage ”%9% Qé%%m%&){‘&é lcm@ys a global sate]}rce

e nmessage- passi ng
posRi6hMe eﬁtdﬁa}:dceﬁerand aaabliubq:homh @Rﬁaﬂetsmts agriy BFSq@EE common. For

transm | ar ge anount 0f. co nfo
cxat B BSEH, BEMAHT: CRU I BoL g8 g RRLBR BY b« popele
devREFBE bainliding W Rekbdifg of e mide bnﬂopakswm‘gfrpm the GPS ovet the
bet ween BTSs_ as.t he ri.ber noves ab
moBlses, PO FHTOR g SEPRT RO A8 Pt 5 grgd the focstion

darba@Naln S metd) e MBADhlgutr iisg bBTSSpombinkiibnn gf aﬂy acnfc the above
information to instruct handsets further fromthe BTS
emboslitnetiasnit earlier in order to match its tine slot,
transm ssion error rates and nuch nore. Collectively
(mﬁﬁmﬂﬁﬁésﬁ@mﬁhese as 25 the "nobile telephone contro
paraneters' (which we may abbreviate to "phone

In PHBIELIRINS s?steni,r hebsciiipdre capiythatdsen (o gwbﬂkeghcweq}e%gdthe subsctiber

uut];agﬁrg 8? ?‘-’G%Vngt > C%?%%cg%élgp nd u d %la%e Retween the handset
m&:Q‘ﬂ”ﬂSOdbaée%e&E&&‘éf @iﬁn@:[) dthle amtiat ﬁ:lalstt dmf tha nm@m iaaﬂécapﬁ As well as

noni toring system reduces.the cost of .
tragiiing e e@(@ﬁ:@g@é é%ei %ﬁ:sa‘gﬁ F25598 ﬂ?f"%”ﬁ%’h aé) d d: cg %e gg}nd et and BTS

trahddBt AGEITARYN O doRBol BfdnhiicATbetiadea hiaa@ctvdEhior dmlahm@ of reliably
can be Tconstructed to use any WO 20

017691
anPEHEEER0TBPTOZD IS calk 204 RS5EE &rheé‘fei‘f’a EP& sHBgeRst pgves about.

h&%ﬁ‘@&tﬁf{o on 1B doBtaRNRRSm SR Sr0the b0 sHBigHOSE ra:%hbbtﬁ:mg BISs,
ey to location’information. W prOV|d%g%yo exanp E 4
ting asﬁamb aé@somrm@ inserust hapdesss GrtherpRm ety (grransimit catlier in order

to %n% i3 Ging C eJl(lt tedolsfBsB8n @Qgﬁiﬁ&g an ERY ROl CBlcE VM ¥ Fefé to these as
he as the 1ocation K key. The second uses the
the mobﬂe telephone control parameters’ (Whlch we may abbreviate to phone parameters’).

The implementation provides a method for automatically constructing and updating 2 location
databasc from a database of mobile phone control information and the output of a TMS traffic
smonitoring system. . It reduces the cost of location database construction and maintenance, and

improves the accuracy of the resnlting database. The database can be constructed to use any
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ratio of RF levels frompairs of co-located BTSs to
cal cul ate bearings of the nobile phone fromb5 the
base stations. Pairs of these bearings are then
wo bdodbgdiat ed to generate a | ocation for thepciRisziosoozess
phone. \Wile neither formof |ocation database is
novel , the problem of constructing and querying the
dat abase has until now nade7the form of | ocation
dat abase itself noot. But with out nethod for

constructing a database, at there
charge TR 86 PERRHEE 41 POt BoRs F0Be T BT G ey 0
]ocaiﬂ)rl_]x Bk AdRd W!:an%gldte Beo BRIk, of WhataBhied MDY Iﬂ#ﬁ W&l 4 adhigination of

accurate location seryvj ces. chosen
sembge@h timinzddreabnsed RB el yithin 2zAge qséﬁ%i; %ﬁg second uses the

tatio J%‘i‘%el ﬁegﬁéﬁ &pm&aéﬁ%%&&ea B to Sfalatd 10dria d)f@lﬁﬁn&ﬂ)]ﬁtlﬁdne from
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i'on devi ces operating in vehicles driving
Toahdmﬁmnﬁdasmmmotﬁﬁmameﬁ95These devi ces can WO

2007/ 017691 PCT/ GB2006/ 002983 8
Often these mechanisms can be enough to produce location databases with a good estimate of

the parameters ovet the entire geographical area, and hence provide high quality location services.
‘The quality of the location database can be significantly increased if the TMS also includes GPS-
based navigation devices opetating in vehicles driving along roads in the area. These devices can
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provide very accurate data that |inks different

| ocations to the phone paraneters found at each

| ocation by the device itself (if the device is a GPS

wo'adt@dtdion device with integral nobile tel eolyaBes/onress

by a nobile tel ephone that operates with the device
(e.g. is connected to it over a pico-network such as

Bl uet oot h). GPS based navi ga& i on devi ces are becom ng
increasi ngly 5 conmon: nobile tel ephones that are not

soci ated i | C an_be
profR S Aot Sl e PR e ot 38 M e Rpidsren fpgnd at ench
localtibﬁ &yl theatdicaTirsedf @Eﬂcuar aetv&e ly-at GBS |nangmn alevioé mhcmegral mobile
eiofnd) Sy SBAPLE P GRIE: ASSOREOP LTS S WEGT (S BqPpagtefjo & ove o
picd- hétwbﬂk frB A Eiﬂétaatﬁ)end}llsapﬁhi hisigaYiomIdevita ac bocuneng e:d:reasmgly
nobi | e_t el ephone. gure 1 LS a schenmat. {%55\” ew o{) located
commpRn: pobls iHsPhRFS #%ee;euﬁﬁt asqeApdda AR leé‘r}f’e”n ce g be lo
moffoREBely 11%& e&c@@&m&@ablseh@ kQIGLhRR thereacSdis By tﬂeaﬁchisﬁm of phone
S actlve .. SW tched onI but not nece sarlélys a
Pﬂ%@?f@tﬂéo eéévﬂé*a@?% détfyedlogatipn dagg 2 7 & GFS navigation device
gﬂ DRRE dl. SXNAPARRY) Br (R A bMALGIE ufebﬂeeﬁl&pmnec ont r ol
par meters 3 (RF Si gnal strength, timng advance,

@I‘ﬁ PSSR c 8% drPibw AR SnBHEatihn Wotiin b Iaﬁudmbiplleeaenaﬁm eA mobile
stem4 These paraneters, or, data dﬁrlved from

telephn 1 llangiog e a el 15 8060 G switchsh GRS SR Recgesardly taking a
vm&;%dhﬁ L2t 9&1&%%%@11@9 MR 1rayh£§esl AMRbhtiubds sthathVBE control

ds vehicle Iocatlon 15 information. to the
parphctne/&/@ﬁ. signel sropgth) timing AdATC FARELTION |SoR ERS St the mobile

Phcr Sg{%glg e 'ﬁ?ersngmgér oP iR aSEAL Hoth B:Q:&ylaﬁt F%Ied and sent 6 to a

'on paraneters database 12,. 13, which a
phcn:eémhmbscomhﬁm dathlmea i(Wich iy B¢ iraplicih AGTMPssends vehicle location

mfclm%gtot | ol he O%ln?vﬁ%.Fcﬁb dpg @t?o% dcﬁta%gse 913y Lcﬁ:'htf&ﬁn&% tphone parameters 6 are

that assocCi a
senﬂlttﬁ frepaat qolwmaﬂaardtmm idatabasi 12 13, tyehighh gsre receives vehicle location

gf’ﬁl %erﬁfq&% %n al:a.tineﬁ%} Lﬁ%gg&‘,?hf {3% GBce RVSHERY filled with data

one Is Integrated_ with a
thaGRSodkessi differant ghaﬂcabbtﬂlons mﬂs hteiplwaneZprirhoters| apriicfiegpheerh different

Ph%%%&?%&%’? \r;é[? ﬂ?gfler gm% elgas éﬂggafgi)%ﬁ %2) da;]hélgr &) oblih posiion

fix ld@e doinON nPaisyadeice liscad atsbrhsgp odifion 816 © tbolesttionpeatheters database
é% is possible to query it. This is done by

2 nti nuously nonitoring the phone paraneters 5 for
all nobile tel ephone on the 25 network and sendi ng
al'l of these to the subscriber database. There is no

rocessing of the scr t
Ot U BB e Gy TUREA B 1 B CRECT G A Pl UL i Thi o
doﬁ@@ Icfohﬁnﬂmﬂy |1:@omﬂbﬁh§ ﬂimpleane\@rm%é @169l mobile telephone on the
netwo GB(E 26911%111100&98{3 these to rﬁfé‘fsf;%s%u@@ nc{a tal gslengIh%{esats eno processing of the

subscriber database 11 until there is an explicit request to find the location of a specific mobile

telephone.
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As already indicated, the TM5S traffic nonitoring

system 7 provides continuous vehicle |ocation

information 8 for the vehicles 2 carrying active
woBRthBsAhones 1. The location infornation 8pends2é0802983

phone paraneters 6 are correlated 9 to generate the

~location database. Wile any formof 5 TM5 can be

used in this arrangenent, ity is particularly

convenient to use one which is itself based on

nobi | e phone information. In this way, the physical
Traffisdorisaring Systethe nonitoring system 7 can be

reduced, and nuch of the software infrastructure can .
As dyeadyiindiented, NMspiLS traigireenitoring FRS\IONGPIOT T FaRtiRurps veljgle location

info s}/u%HtS%gle{he Qfglﬁgles% Mﬁ Me ltﬁ‘ob_qg #ll&fé 1. THR 1636 i rhifon 8 and

therr location; they are restricted to the road
the pledngopakemesgntl6 regorrelignd] Bkd generatpy b decabien fagabatrd Wilsiagy form of

0,.advance zones W | St fusone which is itself based
R
on thobiggienainforaeter. di ehip Fay ehephysisdl complegihe

oad netwark, ., a " hence. i gul
Cﬂné%e PE hﬁ\ﬁ@ﬂdc}lggaeisgn, ﬂgg?{afﬁggg%%%%g%g a nobile
call.. This infarmation e 2R LLRr : ;
Mol geriedt g e R bR, 8RB el QLRI Gork AP calulatng
theiAjppitoadihGesne rissBtcdPo Patront nd66H g theytregulagly traegstescellf and timing

whi ch arge.jncorporated. by ref dgl.td QR 'be processe
s e BECHRAE 0g RhBAL 68 b e proce
penfrafeChdcinh plaseh@at iobvebiylet ems fher ra@d noetwrrvu pid deecenktt b particular
~them oyver. short. range w.rel ess t.WOI, . S0 onito
B e e e
the 8 SRl fall QBRLEL, 28 Sesuiied in BppliciBenptis(dt Beemf6650948, the

contspgy A e HTRPOBEFAS T GTES | G Rh oHE PR e P are ntegrated

with WTSr ROV B0 §aehs BDbid @Sttt dier thk ovei evri tange wircless
has tracked, when it 20 ceases to trgck t hat 1 to 2 remote

netg Rl CER Heg b wdﬁ%%wecwtaﬂ?eéﬁn%w SRR Ahag fpea to @

servbs€f ul information to provide. This information wll
include a series of fixes of the |location of the

Fof MR ipufposiFGhi B8fend Inpladéhtidea, the MR mbiitiink Gpséint Oris adapted to

By i'nterpol ation along the traversed road. s¢ nts, .
emit facadgpsteld cRivTmyiRct o g2k ¢ Eégbwq&agéﬁﬂcgq S({pgsf when it
ccaSECANGck G RBsMBEY RREbSIEY GARhi i©had BifIEIEM! dsofl fifbrmation to

the location database to process, 25 In t?l}e Case. becriber 15
propiier Bhit nforeation wib instoda & setss ohEnes Qe 1osptiop Qidhf PpRle subscriber

; I BRinkddbidto8 RI0AD @ cOiravE N JoRd Sk mhi¥ S System can
aﬂi?% y%@%gloﬁdg?f?ﬁmknoni toring system7 can ,att,afch .gy
genrachalfix| dstieguently 2 iexes sefprdagiiing Sy IHerss Jeefip iomation for the

r.out lng to its view of the likelihood that
loc%?o]oguge f“sgﬁtg&rggc?s'e each route. The | ocation database

In ga}% Y m‘ﬂthue%d&&t L ERRLSlte bHESEidY aRabidit k@S o iBinction where
e way that best suits it. It may interpolate the

twh oeds divmed slowlpnde w1 moplpingertes 7 1 2thagh Plogebjiitey #p fixes on each

|k 0 113 QieROSS P G i QEAGLOBS ver@ chose each route.

Of'getpgé%ﬂ%¥%§%b|£ﬁ%?{a%§goiﬂgglee%?% 't may appl Vesomg % .m_u X

The idvetionalagpbasetlf inthen free to interpret these probabilities in the way that best suits it. It

thp magioring system 7

may interpolate the location fix and stote parameters at that location. Or it may store both

possible locations, and attach probabilities itself. Or it may apply some other algorithm.
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Subscri ber Location Dat abase The nobil e subscri ber

| ocati on dat abase 10 is the database through which
wo fedbi7edy queries are serviced. |t consi st spol/GB2006/062983

subscri ber database 11, and a nunber of | ocation

paranet ers dat abases 12, 13. These latter are

controlled by a database nmanager. The | ocation

dat abase is continually 5 updated as it receives

reports fromthe TMS about the |ocations of vehicles
Mohdlgpubaeriner hoeationfdatabasgi t h t he phone paraneters of

the nobil e phones carried by the vehicles. Subscr.iber

The Daabilp gehscrittes losaiinncdatahare Wais Fepadatabrep thenvel viichlgggtion quetics are

servitGE U Ss0f PRRINERYASELADS REE ABLE T lod@Sd ¥R GED Mhtabases
the control 1 nformation 3 passing between the

12, Bubborilister stermgnirhledrion mestbaseTrendget dbplasatiofy ditabigy is continvally
up a&PL if &é&i@els lr?%ytg %%H BeRsus NG HeQYdaHns PGBl QnARbLORkes these
to sat y he b

require I'S a query for t subscri ber's
with| toeplicine parainktetshyd thesthohile ghbrees warded byThe velddaes. of
mai nt ai ni ng the subscri ber database is | ow, because
Sk e L ds it holds do not need to be processed in
any way unless and until the location of the relevant .
AHTom @RISR Darameters, derived from
The%ﬁ‘tpsgg}%e {ggis%%ﬂ g\& ocat?gk&g%i%ﬂng%mgr@s dat abgse (LPDB)
the géhtrol Hifpretipn S nabﬁénaaleatwe@LrBa sulsgehet pomh tsareafiekefiaess gheords are

kept' 8% 2119%90%&?;%&', Gak JRbade WL bR Gl BCAT o ORURIARRSE for the
pertail ns. e’l ocati on database nmay contain one or
subseribe’s BB, E2hat #guldireemeitoi ce of which LPDBs to
maintain in a | ocation database 10 can j depend at
Thel coarstf muosining thegebgyrinphianhise frdpankacars thsfreqopds ighelds do not need
the conputer processi . . aval ysTod aWg :
L R L L T L
~ avail abl e nobil e phone network 20 control
Locitiod iorameters Batabdfdie co- or di nat e system used by the LPDB
and the encoding within the LPDB of the appropriate
A lavatisinl perqpkesere datehiss GPTER A3nBrrerasdstbe PErEFis deptn pasapeigrs for the
POB. . Ve . 3 | ifd, TholBs dsEUBY contain one
£e Déﬁﬁ‘:ﬂrﬁt@a %ﬁ@éﬂo@gﬂ%? %Erﬁlrrcg%?’ ggr% P?%?ngﬂ erbi.OIngB%Bonesgr
or moetIEDRs hi3. Jibgvhbics of whigh A-PEBs dp wesintzip in plocatpy database 10 can |

h for the servi _ ' I .

B
avaithbRttanrach braim iduey XES netwoek tapploigpend B avieble mebile phme network
oon@r[f%?onrg:%ﬁgi ﬁ%l clogérﬁﬂaste as{r]s %rsledr@w{ﬁe%lﬁ% and B! eSding within the

LPDB of the approptiate mobile phone control patameters ate particular to the LPDB.

We describe some examples of LPDBs.

RF Level LPDB

The control information for GSM mobile phones contains the signal strength observed at the
phoe fot the serving BT'S, and up to 6 neighbouring BTSes. The signal strength varies according
to distance from the BTS, the topology of the area, the presence of buildings and for many other

factors.
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WD 2007/ 017691 PCT/ GB2006/ 002983 11 In the RF Level
-LPDB, the geographical area is subdivided into
regular, small squares, called buckets. For each
whrekei7es1a record is kept of the signal strepgtig2o06/002983
val ues observed whenever a vehicle nobile phone was
considered | ocated within the bucket A conposite
profile of the signal stremgths within the bucket is
built up. 5 On a location query the bucket which best

mat ches the signal strength profile |ast recorded for
In therRF &gyl &PDFe thes sepaenbical e | b sepdiviied dato\iRgwas sraeliupags, called

buckgig eﬁér 'bﬁclf’el.e tal’!t!'e&ﬁg Jsaaﬁergltt 3)8 rd?%ﬂ%l sﬂ%n%m Piue¥b&dreliRehenever 2

ubscri I's’l'ocat ed hows “schemati cal |y
veh1¢1¢1neobierphen¢ Whmﬂd@néloeﬁedm giiberles Apgorepiositeprefle of the signal

strcnl %%‘:1 Pre}%%ﬁuc?mttlé ,(Sl tl), (s2, t2). (It is

0SSl Phe same as t2). Figure 3

Onﬁ, oca%nafﬂl,] g]%_lfti:lé/ b ket %1:1'?%)&%’ gcgestiﬁg 1%5 4 lﬁg i ﬁhletlﬂﬁrecorded for

oca each ense di
the smemnbgt’smhoheﬂsa kﬂmen sif grinich is beieg g@etmetﬂ gs r%i'hrlue%eﬂv@n bucket within

BIS .(BTSI,to BTS7) is shown for each vehicle
“ﬁxﬁgg ‘ﬁmagéﬁe§‘%uckets have a signal strength that

Flg‘lg? %e een gle;neﬂ- tm{pgc&e&?%c&&@ﬂg%f'% at Cﬂ S EMQ%Q&%&OHS and

FEHA erti cal I ng)
mnePemm}j 3@ Bt (i pe@eld ﬂhatazi m&pls@nna@brfkgumﬁ srzlsemewﬂv illustrates

n f.or e
%‘]_‘E{ els ocaggg ﬁ %1 dﬁn%%)ezrgv I%%aer ﬁ'ﬁc eghe signal
er%ﬁg fc& ea]lé‘se%(l{ez.fbfy B’]’B&(KEM o lB‘ﬂ$l7)’1g sb,bm forTdreln Vt:lhfée lCGt-tFC@ Some

e eSS4 SR QB8 58 R BT i

are HieflobREaviQhitkiendiT Ses, and strongly dependent on
the beating of the phone fromthe BTSes. 20
Consequently, if 2 pairs of co-located BTSes are
visible to a phone, its location can be accurately

tr Thi s nmechani sm has been described in
me%ﬁ$§%ﬁ%ﬁ£§$ Tangemann M, Nikolai D., A New
In ﬂg‘g? rk b?—_gggyé ?J,%%H I on| onl\@%@v QED gc@fo QLH at 2 slmgle site, with

I Ngs uropean ersona
eac]:l\@iénlte‘a t@@fmﬁﬂalse;aicb enm;ﬁ)oie@;ee snte of fegesod@ing k68, Then the ratio of

t hi c the f_enc d|n
RF # 1&55 é| m%l |P%§?e R 3’ or ao%Téeg% constant in the
disthfe Iﬁﬂﬁﬁﬂl@ m}saa hfd SforBlSREenditemete meamg@ﬁ ied ghohg from the BTSes.

Coq%?%%:&@ﬁ)t@rg gt %E]E’é”g%ﬁlég%}tﬁsl}bg nf X }gi:? ne. 1 S 1 cagon ca:rn%e accutately
triad AN HiO rRERARSI Kas De@@scribed M&ﬂahﬁnelr 31, Tﬁgﬂ:ﬁaﬂmdm; Diikolai D., A
Netg g{neg[vgﬂl;\é:;szgé’p d%ﬁe%}%o TLO%?@U eSZOBf? Prcgctg:gdeg-g %ﬂ‘ European

Personal Mobile Commuanications Conference, pages 162-168,

In this case, the LPDB consists of encodings of the function of RF level against beating for all
co-located pairs of BTSes. Whenever a vehicle is observed at a patticular location, the beating
from the visible co-located BTS paits is calculated, and the ratio of their signal strengths is
recorded to construct or update the function values for the BTS pair.
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12 On a location query ratios are calculated for the

| ast RF | evels observed by the nobile phone.

Bearings are | ooked up using the functions in the
wo-RBe17a91d 2 bearings are triangul ated to depcweB2ioker29ss3

| ocati on of the nobile phone, and hence the

subscri ber. Location2uerying 5 To conclude, we show

how t he constructed | ocati ote dat abase 10 is used to

di scover the |ocation of an arbitrary nobi | e

subscri ber 15 using nobjile tel ephone 1. Until this

On plsicpfion JrEPTRtosBARETITIATLIT dirspe Malrerinehsoad 87 &Edm"bﬂe phone.
B oRE Yo DY tAE Bhclidhs il T PDIBES ai05beatios GO Julehd to detive
the locati'on of the artrcular subscrrber 15 because
thelpraumgftbemb%meﬂpﬁg theesgbssdberTypi cal |y the
- matching of paraneters in the LCDB involves sone
Locdhf¥ D wgalculation, i nexact matching and/or 10
searc Figure 4 shows the query flow It starts with

To c%ﬁclﬁ‘tﬁpkvb Ghdw h&ie ald RBstedaE Yot dord @éﬁ:abﬁsesll)@@hs%& €o discover the location
subscriber. Unlike earlier systens, there is no

of sy iy cadilerpbrrgbet 15 ysing skl frispbonerily Until dhis point, major

comé&m&odsgﬂé e 1U0R b RYRT Jh%%&i: 6:\'_1# SISRPELALL Blud M€ cost of computing the
bscri ber database 11 |ow. The |ocation query 41 is

locag@nef the rarticolensibyrrihea 13 bagsese1d beh heencapliditietedrgsied. Typically the
mat%:@?e f Iﬁ&ﬂﬁ:&%ﬁs Rlhe BEBBGEIARE So1038y LAGHELRIMBES mAGRIE and /ot

Locati on dat abase 10 sends an instruction

seardh Fignre Hehosuibe gt flowa liptiatsevitan axplicitdréatign fasey ¢hot a specific

subs[::%bay r &nﬁ( i %gr?ﬁg OLL?J:O ?sr:ﬁ)%ttﬂa%c gﬁer?n% B a]ibs B ers This keeps

m ng advanc r that
the c(cmipumbml exalndallyn gﬁnsratmgjﬂnb euhseibepmw% e Biow. Hae 1<ICWF@ query 41 is

sentgftgy ?8? %at%tl;laee ﬂ%laaf I% Qs!: the rloc%‘g&g)of ag Q%sc):ﬂpéré) (}VH&F&I 18&!1011 has

urne or nat 1 on en sent as
beeit] d@trynidled. tiochtivm ddudast lﬂmnqhammmgnsn d%\ttcaﬂa:smb@ber database 11,

whi.ch. | ogks f th I t | i N it S .
a5 9065 088t DRGRL RNl Bkl S AORRS ) o

spedjﬁh?sabécﬁher (bhabrd aedlyi imblsiettbgrhongtat medméEtyploallyh]& most recent
on 20 dat ase 10, hn-tu rovi des 46
cecopflo. POLRETEHTS E RowEtDer| Bor araaoh i B P p e 4 to e
g
locaB@ baY@Eters Sﬁfaﬁdts@ﬂZ | ﬁn&f&hksﬂ@r itHe. closhe memw 1]11|1ts database The closest
|neV|ta be sone | ency in.the s emso th
matplp gl PeyRadcioyf HBUE BEHE S ERaoR A oot yRosT [ (e locaton
datab i 10 3sHicl 8 lchaPrypvidd Wﬁh& 10&aaibh @R tHstuEshﬂEet st giecn Hes to whatever

13 CLAI M5 1, met hod of fordi physi cal | ocat
servise insqelng fe T FHbIRETIEP! Y&"“’g’ﬁ"%ﬁ‘g‘ﬁ‘:ﬁéﬂ thengystepet %ﬁt ¢ location

reue ARG HRisBGict Ba1 SHERS b ke Lty o8l Joch orPo I SEHsLAIRE.
dat abase, data that are derived from or ate val ues
of, nobile tel ephone control paraneters associ ated
with multiple nobile tel ephones on a network;




(b) storing, in a location paraneters database,
| ocati on data that associates different physica
| ocations with data that are derived from or are
val ues of, nobile tel ephone control paraneters and
at |east sonme of the locatiqgp data used to populate
the |l ocation paraneters database enable points on a
road network to be associated with val ues of sone or
CLAMS of the nobile tel ephone control paraneters; (c)
interpreting the data in the subscriber database for
t he purpose of establishing the |location of a nobile
t el ephone at the given tinme by (i) using that data as
1. a Quelcthotl hdtfindingr41physivghicestiont éfea lnobdd tudaphpar Enegaes time, the
da&ggﬁge_in.or r L9 ?enerate an answer that is the
OGBS ENAT S'HB8T e t el ephone and (ii) doing so
onl@y woghg, e EebstribenBatebag, daih that &g dedted tiom, es htalbhiusdof, mobile
the | gcation of that one, cific.nobil.e telephone
el ConiSel pralpiets SSerg i P p R BB o e aptvorls
| n e |sﬁhhg2|’intzolcﬁﬁﬁﬁ pirarhdi@s miatabdspl Bcaobidat that associates different
el e nethod of daiml in which at .
| oaErEh s ol SE R B GrEtS WAL Belh VAUR 9b bl glephone
a coritef] fplaumeRii dndrdt MgstSyvGicern thn Rabilﬂoﬁgiaﬁois&i S populdte the location
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4, The method of Claim 2 in which at least some of the location data has been derived directly
through measurement.
5. The method of Claim 2 in which at least some of the location data for an area extending

beyond some or all toads in the road network has been derived through calculation or

inference.

6. The method of any preceding Claims in which the data that are derived from, or are values

of, mobile telephone control parameters, are obtained from a mobile telephone network.
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The method of Claim 2 in which the location parameters database is continuously or

regularly updated as it receives reports from the traffic monitoring system.

The method of any preceding Claims in which the query triggers a match or search process
to find the closest correlation between the mobile telephone control parameters specified in

the search query and the mobile telephone conirol parameters in the location parameters
database. |

The method of any preceding Claims in which an answer to the query is the location of the

mobile telephone, and that location is stored in the subscriber database.

The method of Claim 2 in which the traffic monitoring system includes a GPS enabled

navigation device that has an integrated mobile telephone.

The method of Claim 1 in which the traffic monitoring system includes a GPS enabled
navigation device that communicates with a mobile telephone over a short range wireless

network.



