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EFFI Cl ENT LOCATI ON AND TRACKI NG OF MOBI LE SUBSCRI BERS
BACKGROUND OF THE I NVENTION 1. Field of the Invention
wahdiog/osmeyenti on relates to a nmethod for and t oP@NGB2006/004310
apparatus for efficiently locating and tracking
devices in a nobile tel ephone network, and inplicitly
the subscribers carrying them as and when they appear
to the network. 2. Description of the Prior Art In a
EFF?QPEN% JBB@AErISﬁtA‘iﬁb ?RR&%&HE?{)% MYBMES pﬁ%
€ subscr inrtirates or receives a ca
nmessage or data session, radio conmunication takes

BAR SR B RO "raS "on ¢ he modern

| andscape. As well as transmtting an encodi ng of the
nessage passi ng between caller and call recipient, the
L haheked thlveon r ansit a | arge anmount of contro

This i QEARG1AB. BELURERONGIREL VP %o uBbudle (BLILRORES, lening and

and ficiently support e communicati o

rxackfrgr d@xasmni e mhblalesiebpbmarnstivodh aod emphetly tle passtilidne carrying

ther BTS.,as the,subscri ber noves about. The
thaﬁ'ﬁﬁ?@ ﬁg%Vﬁﬁ?*:%thﬁpéymﬁkobal System for Mobile

Communi cations (GSM system contains information on
the signal strength of neighbouring BTSes, timng
2. adbatERtPMPEIAREOBAM 0 i nstruct handsets further from

In atrﬁ'@oﬂggﬁioﬁlg s%srt&H,S’éﬂb'éciﬁ:ﬁ:EJ !:a@{y Fl'ﬂldgg:céj Qf/hérp tﬂga&{"o@crmg? liditiates ot

ransm ssion error rates and nore.
recei@s hsxall bete;hmmggeeg dawmloasradmd:enmmmu@hgm talmd placptl hetween the

handt‘?«?,| gnda Rése uadegé et%tfonf @%gglr 2 QL% %%t: gllrhé:]o o%ern 15 Scape. As
well &Qfﬂﬁibkﬁitﬁlﬁg drﬁﬁhco@iﬁ!g betie InVcﬁéagMpasﬁlﬁé Bétwkén &aﬂl&S@d call recipient, the
" d%Bramsters as .t he nobil e phone control raneters.

an

P & TP G, & la, 00 Rf PORIG) AR FBHIS REAT SiBaginselves for

the \kg of QElfaSiyaz{n%Sefﬁg@ht!lye s E Ctﬁ@ tc[)fﬁlmlﬂﬁﬁwtﬁlz %xéﬁ‘hﬂl@ the
graphi cal "l ocati ons “of and ets. LPDBs can

systegoxmsttrqheowdwlmmdtomsmﬂm nk e byotburB LT assthe eulaﬂcrlh@an@,ves about.
The cor%toq nilformg%o%ngl 2 E}lg'beay %ys%em Lfgreifluolbﬂes %%%Sn&ncaﬁo&so[égﬁj system

contams mformauon on the signal strength of neighbouring BTSes, timing advance
information to instruct handsets further from the BTS to transmit earlier in order to match
their time slot, transmission etror rates and much more. Othet technologies, such as code
division multiple access (CDMA), use different information to achieve the same purposes of
teliable and efficient communication. Collectively we refer to these parameters as the mobile

phone control parameters.

Mobile Phone System

A location parameter database (LPDB) cotrelates mobile phone control parameters. with

geographical locations of handsets. LPDBs can be constructed and maintained by one of

several means, and can map one of several useful subsets of control parameters to

geogtaphical locations. We provide several examples of LPDBs which have different

accuracy, processing costs and completeness of geographical coverage.

Mobile Subsctiber Location Database
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geographi cal | ocations. W provide several exanples of
LPDBs whi ch have different accuracy, processing costs
w7 os1pd et eness of geographi cal coverage. MPCT/€B2006/004310
Subscri ber Location DatabaseThe nobil e subscri ber
| ocati on database is the database through which
| ocation queries are serviéed. It consists of a
subscri ber database, and a nunber of |ocation
par anet ers dat abases. The | ocati on paraneters
. t | n . .
The RLRARERIRL BB GBlhndh Be Aot ARRSE WA G ron queries s
servitegw It @oosids off a molictivers diisionse, bard pagvantest esfslocat®m pedmeters

fromthe control information passing be en the
databgs5c Tbg IEAHoR RAFSFEEHEAHRAE oer BB IS-ERIT CREADEP L RAGET  or
all subscribers, and provide the information required
Subst$hes ®akphd @ query for the subscriber's |ocation, if
that should be nmade. The cost of maintaining the
"subscri ber database is |ow, because the records it
The kddsdsbed alatrbbsenemthinsoralye rqupol esfsmdbilensubsgriben patanleess detived

apd until .the |ocation of the rel evant su riber is
Fromg s RUFoL ESEAPIOR PAPAASCRI S AT ADSCRCE) A FHSCRUTBHE These
recofd@ bRIRpEfos all aiRbiEsees, chPPE)viderRS irHoShHBis e treired BEsatisfy a query
.control paraneters to a forn1of1%eographicaL.Iocation . :
for the yRHLET Yeseaphuarhalehs mife The centio maptinipa dhe syhgeriber
datatafdis v HebRsOthe FRdEdslP P&ﬁs ad a6t £RAE Be Bfocg\é%& ) z!n?%z unless
to maintain in a location database can depend at | east
and unpsid thetlpratige ofjthaptieeat subasrdeeisepueriadf t he area, the
comput er processing power available to each | ocation
uery, the network topology and the avail abl e nobile
Lm”ﬁﬂbﬁéﬁW@f ¥2R%8H&r ol i nfor mati on. The coordi nate
system used by the LPDB and the encoding within the
A 10&89513%%% (ﬁ%ﬁ%ﬂ) B n'i%@'alsﬁbsfapgpﬁe Q:Qﬁ]l!r&l(ﬂarameters to a form
paraneters are particular 'to the LPDB. The "LPDB '
of gepglaplsllcdtl@anmowaﬁm‘ argsogiphicdl arem Tisralotagiobylatahesemaayt copfain one
orm eilﬁjﬁst. L QL Q4 tf Ry Y ‘h ]gngss yocrplaig&rnnl}l 30 %ﬁcr;m atED%ls &%&Bgend
ccuracy an Cost values ar e ass6ci ated Wt he e5¢
at leasn upbe the gaddrahiclbpakasers dhéseaml | W bhpuledGarbiedsing power

. .database to select howto carry out each [ ocation_.
,avaﬂ%%e 3y el oEOB IU55 $BE Sa PR S RS RARle, mobile phone

network control information. The coordinate system used by the LPDB and the encoding

within the LPDB of the appropriate mobile phone control patametets are particular to the
LPDB. The LPDB translates locations to a form usable by the test of ‘the system on output.

One such form is a map polygon.

Accuracy and cost values are associated with each LPDB in the location database. These
allow the location database to select how to carty out each location query. We describe

some examples of LPDBs next.
Radio Frequency (RF) Level LPDB

The control information for GSM handsets contains the signal strength observed at the

‘handset for the serving BTS, and up to 6 neighbouring BTSes. The signal strength vaties

according to distance from the BTS, the topography of the area, the presence of buildings
and for many other factors. In the RF Level LPDB, the geogtaphical atea is subdivided into
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Radi o Frequency (RF) Level LPDB The contro

informati on for GSM handsets contains the signa
wa@reoenstsh observed at the handset for the servP@GBIB5/004310

and up to 6 nei ghbouring BTSes. The signal strength

varies according to distange fromthe BTS, the

t opography of the area, the presence of buil dings and

for many other factors. In the RF Level LPDB, the

regulge agulhpiista)l cAledbicketsUDei VicHafhckd! Mt kALl 1.8PB! haintains 2
res, ca!Led 'buckets'. For each bucket, the RF
Pmﬂfe g)\%gfe Feese sfrengthayalyepaceigedsfromitke wsiple &ds. Dmymbication
ueryS tHeePEHkB: Akdue i t | S] BTSes. a
1 rjfocation query§?agﬁﬁﬁ%§g?é&glcﬁﬁﬁgé%'%@F%H%%iFﬁgﬂg?fbrthe
subscgipgfrraphosterthe ftchtiqer off which fisasting @eeeddd sdl@ted Rehe bucket within
. ' ' one the location of which is being
“’hl°*§ﬂ‘§§?‘§&?§%§£°§§s@t ed as the bucket within which the
subscriber is located. Pairwi se Ratio LPDB In a nobile
Pairwive tRagi6 KL PDB i s now very conmmon for 3 BTSes to be
co-located at a single site, with each oriented to
provi de service to a 120 degree sector of the
In 2 rebilesiwptigit dy eaw vaienmitve foaBillSet tRbe sb-iealed 3t & einglk hite,

i ; t.fr n air of the BTSes is
with QR epikea B pR-PRINTREL 1A 02 FiRbed Rrler 8% dsooub o en. Then
the rag'a wéRFrségLiialadtre?lgth @bteirﬁsrd, bya?dna@t ﬁ‘b A Io¥ie dfé%%m& is@Bnstant
. . beari.n e phone fromthe BTSes. Consequently,
with 'iE?F %%??"1618? il 8’8&%&% alpBeg> BT eR 2dinl disprtios) and is atengindervedent
on th@Béaingbf BIEIASnE %h%@@q@eétoﬁseﬁﬁérﬁly,g?txgﬁg 8% Jlo%gt@?ﬁgtsgs at

fromthe first Ealr are both vi'sib one,
one siffh apfbanothes Pak iod R T Sesrrotecatedonl r attepysidalyi suplate Stoehthagirtypair
are bdthiBGH 8t I B, L4 e,. the LPDB consists of
é encodi ngs o?a¥ﬁéﬁf é?fgﬁg% oéaa?g?ﬁ%mﬁﬁﬁﬁﬁ%FVﬁgéPﬁhgsbY
triangglafiora| | col ocated pairs of BTSes. On a location query,
rati os are calculated for the |ast RF | evels observed

by the handset. Bearings are | ooked up using the

In thif ¢486 thODBDBreohiis bPRRodiBAlo2hDBAHISE RE Catlo 4 igd
to derive the Iocatioﬁ_o the handset. %ﬁggggﬁgg%%&g?ﬁm

all colaeptqdpats @f BE$es. Hii 4 location auemi tates ato calowtrbd Fee thelabtRE levels

: obser&\fv]agaryte ﬂi%\ggg%geﬁ?tegﬁlgg rélge\zlfogg dsﬁ)o¥§n2%ﬂ%g§§%t§)§s lgq?—%laebla]lg[sg,’ and 2

benmg@me(;gmg'ubppdrteaﬁﬁmg tHedo@oiss iolf e hdodngewtesntd sets bhéSlocated
: miimes needs .t o be conpl.enment by anot her

BTS pﬁlrjgrpg:eﬁs%il & Foma Pobis %evmeithe umngmtlon prov?ges ayvery precise location.

Whete we do not have 2 sets of co-located BTS paits, no location teading is possible.

Consequently, this LPDB sometimes needs to be complemented by another more uniform

database, but it is highly accurate in areas of good mobile phone covetage. -
Ceﬂ, Timing Advance LPDB

In 2 GSM mobile phone network, the cell setving an active handset is always known. In
addition, control infotmation is passed to the phone to tell it the timing advance (TA) slot
to use when transmitting, This allows the phone to compensate for transmission delays
between itself and the BTS, and is implicitly a coarse-grained encéding of the distance
between the BTS and the phone. The tadius of a single TA slot is about 550m. In the case
of a BTS which setves a 360° radius, this restricts the location of the phone to somewhere |

in a doughnut shaped atea, the actual area of which varies with the TA value. In the
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Lok
- consdy@ERY redtlc¥d, ARd i @us el Boush lgbe m;-rgﬂg&:tiﬁﬁ %Eplﬁ:@gorge used
e |

dat abase, but it is highly accurate in areas of good

nobi | e phone coverage. Cell, Timng Advance LPDB In a
w@sMrosiedd e phone network, the cell serving anPEDGB@®6/004310

handset is always known. In addition, contro

information is passed to the phone to tell it the

ti ming advance (TA) slot t# use when transmitting.

This allows the phone to conpensate for transm ssion

increﬁ’sﬁ{gﬁb’ &rﬂﬁt)ﬂ\@%@ VHI&:?@% %T@ @%:fvgshﬁ]élﬁg ‘?‘20°aslggt05: Sth% [gg!ltllo(ijlt%%é/stx?cted

coarse- grai ned encodi ng t di st ance ’bet ween
to ogTHirdmf thhdlopglme. ATheperdit fsctof ofathsi (agl, & AJAnsthod i ghat the

com BRSO LD L5025 SFTR e A5 828500 o

TA) pomphlrahe rdsultiag golyghitisk eshapete aboad in bbkagkid, area

of which varies with the TA value. In theincreasingly

common_case where a BTS serves only a 120 sector, the
Cell-odebbPBn is restricted to one third of the doughnut .

An inportant factor of the (cell, TA) nmethod is that

AIl e&egecogg&lvg%lgiﬁio? PH gsnro(n{% %llalt Iett]-ré% lc%cgg\?lngﬁ)at I e be

rapi par i cu hér e are ARGrOAIERR fhe sqing cell

Techpigiess:an bl atedith estiregel tHeingiah Y408 of atcl8a GlRactiod) wikeh may well

stored in a |ogkup tgble. Cell-only LPDB . An even '
:l%"%ert pythe OE taageqpfecallhaThd gadipsraf thectasyléngscircle is

to estimate the maxi mum range of c practice,
whi ch may well be nuch |ower than the theoretica
range of cells. The radius of the resulting circle is
consequently reduced, and is thus useful enough for
many | ocation applications. SUWWARYCF THE | NVENTI ON A
first aspect is a nmethod for |ocating and tracking
devices in a nobile tel ephone network conprising the
steps of:. (a) receiving nobile tel ephone contro
parameters in a subscriber database; (b) using one or
nore | ocation paraneter databases (LPDBs), each
mappi ng control paranmeters to a geographic |ocation
and returning a location result when queried; wherein
one or nore filters is applied to the contro
paranmeters that is received by the subscriber

dat abase, each filter selectively initiating
processi ng using a LPDB
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appropriate to the task of the filter and to the
current state of the device. For at |east one | ocation
w@20anetees dat abase, a filter may determ ne WhRCTIEB2G0k©04310
| ocati on-paraneter database is supplied with contro
paraneters. Afilter can also observes changes in
control paraneters for a gﬁven subscri ber or for
menbers of a group of subscribers. These control
SUMMARYEOEBHERINVENGERONO a particul ar geographi cal
area of interest, using the |owest cost |ocation
par anet er database. A filter may choose an appropriate
' ethat offers t st
A At 7 BRLATR b tRL ARSI erst B Sapl RS newor
comprismgtthostegyedhani sm can al so be chosen whi ch has the
| east processing.cort but whjch can be expected to
reflr n SCFEAE PP tefehhonronEelpaamcie inye subseriher detghase;
chogsg @it ePRAPIdAi bRsALkP t a, i
gg%énding%on whet her a triggey coﬁg??%%ﬂaﬁgﬁ%gi%EEQQ%ng
t rogel PEaReiets e exagranbicapeation aad setvsing bdocagint eesutigvhen
a fefiiped area. A trigger condition may relate to a
subscriber leaving a defined area. If a trigger
c ovithir¢in one og mve¢ filtéth énapphial foi tht eontea PaeSneBdis that is received by

appraopri ate ation.paranmeter database ta be supplied
o B SR e ey Epher B e T progeos apREe LPDB
| epptdpeintead tidtaskasahe HRéradd SaHhe ClirDfstard 6f B WEJiGOET
condition is not nmet, then the filter re-cal cul ates

after a tinme period that is a function of the

For a@%aétr@kqgca%eﬁ a%{eté_rhﬁta%%%sg lﬁitpre%xayg E&%r L g%h{éﬁ{e%g{]e location

fromone location fix can be use O resiric

paranppies shatsbese [ipgpplichwith totthed paextetekd. XA filief ¢dntAvo cHaerves changes

. i V0 retr ective processi on stored subscr.i ber .

i <oy e T oD bR °f S HieEHE &t ARFEOS Sh BEPTIbf Subscribers.

Thesedtnetol pgamegaagipRbical a plréulRgeirAfiQl areh of lidtb:RE &M the
i NVO e-retrospectaég processi ng on stored subscri ber

lowesgegshjosaien psraasiecclatahage scover the history of a
subscriber's activity. Additional LPDBs with different
cost trade-offs can be added to provide the system

A filtgs ey rebpeseodst PRIPISPriAN docatitre parairetepagabpar tHatlloffers the lowest

t . higher accuracy LPDB is sel ected,

comBENEERUE. G LESLILONEER SRR BERS, S8 551 B konen

whichsledsebe ddst fHoghisiag costabyt Wit kimbe eaftcRa 8GBIueY @dedtl diGthe
initial (cell, timng-advance) LPDB to identify

an
neces%gfna&lc%fye

A filter may choose an approptiate location patameter database depending on whether a
trigger condition is met; a trigger condition can relate to a subscriber entering a defined area.
A trigger condition may relate to a subscriber leaving a defined atea. If a trigger condition is
met, then the filter causes an appropriate location pararnete‘r database to be supplied with
control parameters and to return a geographic location of the associated subscriber. If 2
trigger condition is not met, then the filter re-calculates after 2 time period that is 2 function
pf the estimated speed of the subsctiber. The information from one location fix can be

used to restrict the possible locations of the next fix. -

A filter can invoke retrospective processing on stored subsctibet database contents to

discover where a subscriber enteting a geographical area otiginated. A filter can invoke
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buckets in an RF LPDB. An origin trigger can be
triggered when a subscriber, or a nenber of a set of
waagosicher s, | eaves a defi ned geographi cal arPkel/GBR@6©04310
the origin trigger is inplenmented using filters. A
destination trigger is triggered when a subscri ber, or
a nmenber of a set of subscPibers, enters a defined
geographi cal area, where the destination trigger is
[ r r
retro BRI RO o ) e b i PPl b4 905 B sty of
subsaiibet'hetivityh gr oup of subscribers can be defined
automatically as the subscribers in a particular area
at a particular tinme. \Wen sone nenbers of the group
AddiapRe APDBR wiftodiFRIchY A0 €RJIQEHE Ban B 2 BREQS paiadd @l sﬂJt&ﬂ with
with simlar characteristics to the first area,
morea@pficssr ot theegyerly prtpl gryeraas ke dexiphighen acpragy DB is
r I { c t
seleceea gppgclggﬁﬁgaﬁggatg Jokél Aggﬁrtagg% B % QY %fg?&!t%eﬂﬁgg acBfiracy
trackmrg aaa bk erlgeted lamg antipical| (eell, hammvandéhél’w tlmoderﬁdn cstmhdate
lmmk&sn1m1$F?f&) n1ne the presence of a vehicle in a
congesti onzone; the presence of a vehicle in road
toII systemor in a road usage pricing system the
usage of vehicles on _roads for insurance prici

An ofigiaifigees fap Pe Hiagera BTHcB SuBsEPrhar & megbegsha rSFﬁw%frﬂuBfCﬂbers
leave$ Egﬂélﬁl?édoge)ﬂ glgczh W, e&?lflé%é g?%ﬂ %m§ ﬁﬁpleﬁlgntt:& aﬁh filters. A

vehicles in | eet”. S apparatus
destingtion Hrigast i tdggered dviten a@klssccibm @@smqambfa afrpls¢tl of stlescapdin peters
a defiSN0 geogr% rl SI n erﬁ( %)16: Qestina o%r egr gqn%qp?e?nse%te%lyscmz% filters.

rece ephone "con ara

- ProxiiityneEipgerd ﬁ6ﬁ11tdr®ﬁheﬂ&lt aﬁﬁtﬁsctﬁﬁtﬁhaﬁ&& to eabhnemppi Ng

control paraneters to a geographic |ocation and
returning a location result when queried; wherein one

A gr&Qfp SMUBschibdil 8frShd &ﬁﬁ@dpaat@gaﬁ&u;t 06hS LURAM L] inGPMARlar area at
paraneters that is received t he subscri ber

a patigulathidse, Wawotsofiel membeseloé cf-:ltq gtemy appriat frapiopgmity once again, ot

eSS i bR PRETRE Sl b b
be nﬁ)EEﬁ?l E&Tb@\hdﬂ%re‘EHE ga%‘d\iéﬂlﬁﬁmlgl @fl(r:lﬁcog;ls:] $0 aeﬂlmljevegrtraﬁ e;ur)]f)f call

confi urqﬁ ar at u
reclpj[eﬁﬁl 8% ztrgi, ac‘sgl set ﬁ erﬁ?te c] eﬁs to a partic at handset.

The method can be used to determine the presence of a vehicle in a congestion zone; the
presence of a vehicle in road toll system or in a road usage pricing system; the usage of
vehicles on roads for insurance pricing; to locate and track mobile subsctibers for

governmental, regulatory and law enforcement purposes; to track vehicles in a fleet.

A second aspect is apparatus which locates and tracks devices in a mobile telephone
network comptising:
() a subsctiber database which receives mobile telephone control parameters;
©) one or more location parameter databases, each mapping control patameters
to a geographic location and returning a location result when quetied;
wherein one or more filters is applied to the stteam of control parametets that is
received by the subscriber database, each filter selectively initiating processing using

a LPDB approptiate to the task of the filter and to the cutrent state of the device.
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Figure 2 is an exanple of a configuration of apparatus
whi ch can be used in an inplenentation of the
WO pwensieon. Figure 3 is an exanpl e of | ocati onPCT/GB2006/004310
tracking. Figure 4 is an exanple of how i nproved
accuracy may be obtained while | ocation tracking.
Figure 5 is an exanple of ¥he case of origin
triggering. Figure 6 is an exanple of the case of
' [ 'y HE%pRA 7 is an exanple of the
Bmgg?eﬁg?ktﬁﬁglgmgﬁft y OFR rr"g#?.é& e subscri bers. DETAI LED
DESCRI PTION This invention relates to a nethod and

. appatatus for efficiently.locating and trackin .
Figug il baat s SRPlro Bl 1'o RN Ot T VR Fif B cyspd yin a0
impldrhéctidassFthdRk&deal ryi ng them as and when they appear

~to the network. The nmechani smfor efficient bulk .
Figureycatls 6A ¢emplet af 12eeprifiguishien  afptrartatesamhbish. caphbe used in an

- Lbng and triggering are introduced,
mqm%%gﬁgﬁéﬁ%gﬁg%ﬁégéhéfficient tracking and triggering
Figune3 voami esamplesf degigern fpellingThe syst em processes contr ol
. papanmeters of bi.| e tel ephone subscrij bers’ .handsets ..
FigufCh i, amp e o B8P oS e FIrATCORTY BF SorHen rinde ParipH ks
Figu@$ Woinkexa@PR oF ey Qe dthrighadigdeingr S Wi thin a subscriber -
. dat abase. dated control paraneters continuously flow
Figuge,6 & Wa@ﬂgé’éﬁ%ﬁ Alesitnatien Higeei®y are observed on
Figu&mis%té&%g}e PO h Obr R SlIdp I WSk Ghdd Y encode
the location of the handset, for |ns¥ance and nost
strai-ghtforwardly, the handset is al nost always within
a few kilonetres. of the serving cell base station. One
or nore |ocation paraneter databases (LPDBs) are
constructed and nai ntai ned. Each LPDB encapsul ates a
transformation froma subset of the handset contro
paranmeters to geographical |ocations. For instance,
there may be a serving cell LPDB. As |ocation requests
for particular nobile devices are received or
generated, the stored paraneters in the subscriber
dat abase are referred to and processed by a sel ected
LPDB to generate |ocation fixes with which to respond
to the location requests. In addition to building up
LPDBs in order to passively react to any |l ocation
request, active
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filters can be attached to the stream of updated
control paraneters flowng into the subscri ber

walaioabsseds These filters can be configured to Per/Garewmo4310
variety of |location-oriented functions: for instance,
they can nonitor particul ar geographi cal areas for
activity, or watch for actBvity by particul ar
subscribers, as identified by the subscriber and

qutm;t: gﬁpr Aers. Possible subscriber and
eqw pre en (:)I er nunbers include those for the
l\/bbl I e Station Integrated Services Digital Network

Tis (R {oFrn Hals. (Rt FIRIREn S Bt i Shegein epine sad whding

dev1c'e§jﬁlnd inb¥ild feMphdne ddt@odki AddBiPliEiaN tiR! swBsd2Befe Qafrifs HREh, hPand
notify external cli ents of the activities t hey

whenjihsf epeer tafhg nefesric e meshggien fonelicisat belb mﬁ@m tsdetagled in
f
one i ﬁern¥en aolﬁ{roneglg%p %rcegg ?Pt? cgrngggcg }ctt &%Q&n\g}{g Qr{tm%ﬂul:e%’] A RY family
of efﬁcaeﬂtm&pleng avbtrigp@ogsséchgnidngs islidescobet. wher e a
subscr i ber entering a geogr aphi cal area origi nated. An
npl ementati on of the inv on is shown in Fjgure
The %(Sﬁemrpéesmwﬁetf PP & E&ﬁeiﬂahorﬁa?%fféibs%sshaffs%as they
are 0By clQf: thT B&nHBRIANRbbiR @él@i%h@ﬁ&w@ﬂ@ a8 9684 thdbddIBeters within
subscri ber database 12. e or nore | ocation paramneter
a subjetibs Slgtabaspo Updated @ﬂ@trcvlmrwt%m doptiiuendy flew ot thy shicaiber
u a L
dataga%]caps E’F%tt% e%é‘g& ‘?g{ﬁst? oéeqrr‘g | on ?8%%%;1?&53 téltgfm ]?]hmﬂy encode
the lbratiass ef thednindgdt, foaimrmeess] hostgaaghtfmhiacdy, thobatdsarsalmost
and 17 can be attached to the

Act.ive filters 13,
alwaygt“flf'é’\éfmée'rw &zet”é’aof:%’ﬁts?wgﬁéjr%‘éfté?%“fl owing into the

subscri ber database. These filters can be configured
One t)pnp)@é {oRAtBrPpara @b &hdbaQE (LB6BY) 00 st BOEEInd HARHILRAS Fach
i nstance, they can nonitor part| cul ar geogr aphi cal
LPDBrf@aaDSflbtes acﬂrarqurylaﬁ@r fm@ta:kubﬁctrofatbt ibgidsgt pyntrol parameters to
geogfs?a.g Scr?cgg{)nsgﬁbts %gthrltg(%r %b%e%%ggter},t]pl i edﬂ%@’] %ﬁ locatlon requests

ot pammlawablaté Baace:@I A8 redeBedajragapt@teddaha sﬁ;aais @drabl)éters in the
filt is constructed based on

subsﬁ]&leéﬁ%gl:él‘se Lstts ebrﬁg &R ando]g,tquspctde]?y 2 8¢ ecF_e@é@’[i% tﬁ) generate location

fixes SABSHHMCIELRAVRY Nl RALERET er data passed by
filter 17. further inplenentation of the invention

Is shown in Figure 2. A nobile phone 20 transmts
In addgivinrto[bupding up 1B order BYBas2if€ly rébhietocamytloaation request, active

IR R SN A T S 2,

subs@Dest d4tsie6]l amdse filters can be configuted to perform a vatiety of

location-oriented functions: for instance, they can monitor particular geographical ateas for
activity, or watch for activity by particular subsctibers, as identified by the subsctiber and
equiprﬁent identifiers. Possible subsctiber and equipment identifier numbers include those
for the Mobile Station Integrated Setvices Digital Network (MSISDN), the International
Mobile Subsctiber Identity (IMSI), and the International Mobile Equipment Identity
(IMEI). The filters can also be configured to notify external clients of the activities they
discovet, and they can trigger internal components to carry out further processing of the
information they pass, for example a filter could invoke some retrospective processing to

discover where a subsctiber entering a geographical area otiginated.
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mai nt ai ned using data fromthe subscriber database 22.

Each LPDB 23 encapsul ates a transformation froma
wamses7eef t he handset control paraneters to PCT/GB2006/004310

geographical locations. Active filters 24, 26 and 28

can be attached to the stream of updated control

paraneters which may be obPai ned fromthe subscriber

dat abase 22. These filters can be configured to

An jﬂgreﬁeﬁaﬁ@n VR LY elon! 19 SAS-P R PlohRM. 84 nfdHAE LOAS 10 tQhsmits
I nstance, they can nonitor particul ar geographi ca

contret pargmetsts Hetol T y100.0rTheatoptrof parameteisvire ptapgd in the subscriber

j cri:bers, as_ i,dentifi.ed b he L

dataﬂglu {szér | eg{r ngm Si(()ecél E.Q‘g R etlseﬁl g%?tl’ ?_Seirgs’fre %Bguﬁtgd 2ad maintained

usingCdnts fronncihe dulideded dambhdeel2pBEAGNEPPB 19adndaRakted thisformation
filter . ,LP 27 1s constructed based on the, |

ffpmaaﬁuﬁ?fépéﬁwdﬂa?%%bm PHPFI B eoemePhppsestiptp gActive filtrs 13

15 2P Edrlisd Riehchas & tRNsHhe JralyanRl @bndal }%Iﬂﬁ@t@l%‘hoq){ng into the
filter 28. Those skilled in"the art will appreciate

subsqripgt  databjase. pdhegep|fdtetso car ehe econfightedr thnpkdowmt at vaissy of

' ' ' [ . ects of
o SRR e ACPERLAESERRE? b o e
activigy @t Aatchhier netvitp dy qfartiinlar subgcdilaw, paidaefiel By thet subsdribeyand

.are require - LPDB ig.particularly efficient
equinghs (Bt L a0 P coropisa s6athay B Brintsterdlpanised by fler
13. IPEBIBUEE dofsttucha bds€lbAthSpRHBERDIa piRLESS RBA13/1PDB 18 is

sonme._ formof location information is required for that

constgygiecthaserbon thepatameter detapaerad PoEbersldd cont r ol
paraneters are retained until they are nade obsol ete,
and areprocessed only if and when a | ocation service
A fuitherappilerechtitont dathesinbettionbiershowhiis Eifwe hak rhdisile phone 20

advant age that naq.conmy t .needs to be nade about . .
wans i QRN Bl e 2118 S 20 ARE Rt LG drotship the
subsdrib®datMabe 22)86d b D@6 1BERI0R PhRRicted|datibhes 83 aRl @nst@iteed and

if the need suddenly arises to |ocate an% i ndi vi dual

mainipgd deingetats P theatibperbeb database 22 Fadle y-PIDB 2P sapcapsulates a
trans RERhENEHoRYs SIEHTFYhd Nehds oA QbR Rhietl: Qégegg%pgﬁéaqols@aom.

~so that | ow processing cost operations ar uen
Activ ffiteiscie A6 2nd 28 awh Heyattatherh to Ithe fteeanr dewsdacdd eragpol purdeeters

. .cheaper,to l,ocate a handse the.serving cell, for
whic BGEREbhen 2A et RAIR R P RO TBRE BREL GE beicnfbopsyt o
perfolth d eitiety, offlocativhiogibn el EuR€ions: E6xyinktandel tHe Rah @Wnitor patticular

ndreds of netres. Any location request can b

h e
geogiaphieyl gieplpt EVEBRS YR TPERHIORY RasEehlag sybsciipess e identified by

the shiSscAXdR 88 %@lﬂpﬁéﬁ’d ihgﬂﬂflei/s. EPD@B% iis Qbﬁgtt){r_cte-&%s&p&y h{e ameter
accuracy can vary gr eatly. For a particular reque
data paseed by filter 24. LPDB 27 is consttucted based on the patameter data passed by

filter 26. LPDB 29 is constructed based on the parameter data passed by filter 28,

Those skilled in the art will appreciate that it is possible to cteate further implementations of
the invention which incorporate aspects of the implementations of the invention shown in

Figures 1 and 2.

The method of storing raw parameters until they are requited by 2 LPDB is particularly
efficient because it requires no processing of information related to a patticular subscriber,
unless and until some form of location information is required for that subscribet. Instead,

the unprocessed control parameters ate retained until they ate made obsolete, and ate
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| ocati on nechanismis chosen which has the | east
processing cost, but which can be expected to return a
w0 e®als7eef t he necessary accuracy. In this wayPCTaBR006/004310

| ocation requests turn out to be of |ow cost, and the
system can support a nuchmﬁégher overall rate of
requests than woul d ot her e be the case. Each
mai nt ai ned LPDB contributes its own |ocation

procdmxdl‘tmm $and @heh NRaIRBEMiE dpplibd fLMeNIubs@Bkr. This also has the
traq% offs cap be added to provide the sxsten1mnt yet

Bi1q EHRmMItSRY Reses Bnbe Waﬁ@ Abqus pasiheisdn place under
locatidi Sﬁ&i@it arlghBn @Rl shibotrib Qs LR E&u@ﬁﬂ %a(l?ablé’ 96K 7 RD] ﬁete?l suddenly
subscribers is extrenely inmporta or dgovernne ‘

atisesytadofateragy jndisidial sals@iblen tisie nembe dugenci es, and is al S0
an enabl er of significant business opportunities. In
ons, the ility gﬁlnnedlately and

et R RN ha R T A0 by ORde<aeh ey so. that low
proceSﬁtﬂQﬂﬁEo}ﬁeﬁ!dho‘hayﬁ ffek]t(&fdy stfflcR%4 to%Qtﬁ@}aﬂ%mWPc% grd'efs ke lﬂagmtude
trac g taxis so that it can efficiently
cheapgr F%}éﬁ%t% ath*}’é st b dhetserring qellpfos whishi thesemurasy ésss fesniglometers,
I u onpti on
eSS AT 08, 1, LAERLBDUELERS, AL, BBLOMA R, o

locatipp sefusssranibe lrontideretbteahdvs thé raquipd @¢cakac§b,ftfrlﬁ=ftherﬂt Rxpfessed
INg a person

exphcﬁtgrr Lﬁ&ﬂ&d}é{"lﬁ %rr(e:e a | e%%ft(}yoq%g%éryrb%e;g e*]'P"HTE}C dfRquest the

locaud)ﬂn ahechetian i &h@d&ﬁ n@mammg t@@u&btdﬁrdc&%mg%et Hfavhibh can be
bscri ber oup of subscribers, my only becone

eXPeCB 'iOrFF‘é”F?ﬁtte%{ﬁé’% t%%%?Fe%ﬁ%Ye%cc‘étﬁcﬂ & fleis afapanmydetamon tequests

turn \it€d- bd Bf 10 SokA8RY thR Et'e&g gEoRe luElf (iiu%%r oL Yate of
the interested party that t SCri
requegy thapeyogd qﬂleep;wc éd. dlérmesenﬁa&omamﬂtmddeLPmemmmw&kmwn

) |n order to
'locau%%ﬁe%{agégh e&Tj ocati o n r e fJBLreticostfradep égan ]N 49ded rprovide

the sygtam veiaysphese ggtnspeci fi c to GSM paraneters, the same
principles clearly apply to the paraneters associ at ed
with other technol ogies, and appropriate LPDBs can be
Motivegist ruct ed for nobile phone systens using these
technol ogies. In the nmechani sms we describe for
tracking and triggering, |owresolution |ocations such
In mojde comawnisatinn syedmbythe ebilityotol IpcatBR] eatadkemabilubi@ibers is

extterr?éi&pﬁrgQrt%Iﬁt fn? nyveSt aquzﬁ roe];gul':gtg%r atna?a{:\xlr( Ienr}%rcgrglgntt ;giancleesr :!mn 1s also
an enabler of significant business opportunities. In emergency situations, the ability to
immediately and automatically locate the caller of an emergency service can save lives. A taxi
company would like to track all its taxis so that it can efficiently allocate the closest available
taxi when a customer requests one. A local business -might run a promotion by text
messaging everyone who comes in range of their premises with the details of a special offer.
A police fotce may enforce a legal order restticting a person to temain at ot neat their home
by ttiggering when that person’s phone moves outside the home atea. A subscribet, or 2
group of subsctibets, may only become of interest when they enter ot leave a particular atea.
In this case, 2 trigger can be fired to notify the interested patty that the subsctiber(s) have

artived or departed.

The method of the invention makes use of the available LPDBs in otder to best optimize
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Location Querying For a straightforward | ocation

guery, the accuracy needs to be expressed within the
waee@rp376the | ocati on dat abase sel ects the | oweBCT/CB2G06/004310

LPDB with sufficient accuracy, and forwards the query

to that LPDB. In the normal_ course of events, the

sel ected LPDB returns a | othtion result. If that is

not possible, as in the case where the LPDB has only

. the lqeatidd RbuGeViefed@fs. AR uRR Sk é?{laﬁh?gzﬁ a%%?é’(ﬁ@&% s af.aﬁmters, the

selected. |If no such LPDB exists, ower accurac
same [SESIRIetnCIElY (APl ©dthe rpasteRiers tagsosiatrdueish @thes settmoldgienund
apprdﬁﬁte@il’]bﬁ?@a_tn ]géecoﬂgtt&@ea?oyrch%bﬂé‘?lt? OreI sg%%tlg 24 Hqgsevt%ec ! g)%ogies.

the system'is requested to mon Scribers an
In theymeglanisors ypadaserihel far trodingiant eriggeritd) dovw-rawiukibh idcyticfs such as

|t C l.e ry LPDBs is particularly clear. )
thoscot By By EOLBE TRRA R 1o Fhat e o) P et il o racking
and teygetiegpsicpEorts nonitoring the path foll owed by al
menbers of a set of subscribers, or by any individual
subscrjber. Cearly a user of the system who wi shes to
Locaigmy@Retyingar t i cul ar subscri ber coul d sinply repeatedly
query for the location of the subscriber at the
accuracy they require. However, this would be wast ef ul
For agtrajgbtformare dcatpar quecy ittar dopuialy hdeels saibs exprbged withiAQhe query.
ct.ual nmoving. .Track Notification en tracking. a
The IBELHR iR 4R 1B PR PSS b Sulfoies e 39 Forwasds
the gh@gabithn, LPDBC M diegordlal th@sd!S8 v RS Ghl Q8L EPDRCYoturns 2
1 .mhen%éei%apsubscrlber has noved a certain '
ocatigd dfsudy f &onefi Rasghleeas othet ¢ree Whste. the JdiPR chas only partial
coverh ' ' ' thei.r_ ef figienc
u%(’: ?ﬁé 1@ %tt%é}%? ‘&%u%{r?? %hqj;ﬁl? ?ftg éel(fec\é Sbe g ?1\? e Lr@v%/? §&t%0
accurgsyy eusbé guerigd subsier tdopodudeta reddwhich negtaalbhaitde of some
whet her the subscri ber may be approaching the
" specified distance fromtheir |last-reported |ocation.
In the usual case, this can be achieved by a | ow cost,
LocatlodWragiényf acy LPDB. If it is determined atthis’ stage
that the track notification condition is not

fulfilled, no further processingis requited in the
Whert¢ j the egysteSafie rfjuased to monitor subsctibers and/or areas for patticular

% lower

conditions, the flexibility of multiple complementary LPDBs is patticulatly clear. The
ttackiﬁg mechanism is the means by which the system support; -monitoring the path
followed by all members of a set of subscribers, or by any individual subscriber. Cleatly a
uset of the system who wishes to track a patticular subsctiber could simply repeatedly query
for the location of the subscriber at the accuracy they tequite. However, this would be

wasteful of resources, particularly if the subsctiber is not actually moving,
Track Notification

When tracking a subscribet, the system repotts the subscriber's location, calculated at the
uset-specified accuracy, whenever a subsctiber has moved a certain user-specified distance
from the last-reported location. Ttack triggers achieve theit efficiency using filters. When
the filter obsetves a new set of parametets for a subscriber; it needs to establish whether the
subsctiber may be apptoaching the specified distance from their last-reported location. In

the usual case, this can be achieved by a low-cost, low-accuracy LPDB. If it is determined at
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After deciding that the track notification condition
is not fulfilled, the filter can be set to carry out
woeoo7asteer processing for an anount of tine iPCT/E82006/004310
future. The system estimates an upper bound for how
fast subscribers can travel, and uses this to
cal cul ate the nininun1annuh2 of tinme it could take the
subscriber to nove far enough to satisfy the
i i il j { b e I e T
s e e e G PO el BT Rel o PR JUing i
requighd; i ithregffiltes. possi bl.e, or it could be 40 miles per hour
if only driving in urban areas is possible. Then the
sﬁéiﬁégen1need not make another |ocation calculation for
subscriber until the time interval has expired.
Paranmeters for the subscriber will of course still be
recorded in the LPDBs as they arrive, as they would

Aftert ducidingythef s drack eptifiation corditienisswt ifelfilledaye flgtripae be set to
- I.On: . | r-8c PDB_..

oy B0 RPBL L5 IS BN AR LR R o

uppephoambfce towafasi sbsadbesrcat hevdadmel tdemehis nd edstddte gsminimum

been .exceeded. |y if the Iowaccuracy LPDB.i s unahl e,
amoug S T THES ) TRl kB F eGPty PR e Robieston
condBidhs Fot Reimplas theabppef ibBdnd keultir B BO Nelldsf p&Gakdu@Nif high speed

condi ti on does _a higher accuracyLPDB need to be used.
motofyay qriving 1§ gpwihls 9& é codberfianiles par hawsf Py devingiingyshan areas

‘ Ut ! eTLL . i '
okt ekl e el L Ly P
until tlegytine ddtegmt braespireinPEagetes D1 ke sdsschiow will dfh@urse still be

' | ed al licated th )
ecoERELIRER AREIER: ol PTRLLIL LR e

any fhiogadd-londoalionguédat path. The locations in order are
the solid black circles indicated at 30, 31, 32, 33,
34, and 35. The non-filled circles are circles centred
The et lovwstsicrachl-BER iercwil onli nded i be gemied opt whienchave pasameters

: ' ' i LT e [ tipljed -
et e By 88 ROIREN B KPS ERUYTORRERG IR 1 B
unablarto dé¢ternond yefwiingls valetiag ot et pht hubdeeber hasl $atibfedathieotack

. ts..of the accuracy required. by the client were
ot PRG0S ARG Aoty CEIB e 8 bt HreH 5 doggymined that

the BhditbFoOh fultHBr trR hbtFRatiAC ALY BEAFIARE At'thB! Y@hS then the
woul d have required 60 |ocation requests rather than

subscifers lgeatigy Grg kemnerdied gt Barequirad RicHcrrechani sm

In Figure 3 we see how as the subscribet has traveled along a complicated path, a track
notification will have been made at each of 6 locations along that path. The locations in
order are the solid black circles indicated at 30, 31, 32, 33, 34, and 35. The non-filled citcles
ate citcles centred on a solid black circle, with the non-filled citcle radius being given by the
maximum speed rﬁultip]ied by the safe time. The points 30, 31, 32, 33, 34, and 35 are the
only points along the path where full location requests of the accuracy required by the client
wete requited. If the trip had taken the subsceiber 30 minutes of time, polling location at 30s
intetvals would have required 60 location requests rather than the.6 required uéing our

tracking mechanism.

* Accuracy Improvements in Tracking



10

15

20

25

30

Accuracy | nprovenents in Tracki ngThe accuracy of
| ocation fixes during tracking can be inproved at
WO paovlos7eepst , because subsequent | ocati on r eqUBGT/SBa106/004310

not truly independent; the information fromone fix
can restrict the possible Iocatlons of the next fix.
This is illustrated in the $oIIOMAng exanpl e. Consi der
a case where tracking is required to be-of high

The 26SGHARAGY, lo@Hiln | kel Rking nﬁclahg Ra2 % &vehpmtﬁé &8stABecause
initial (cell, timng-advance) LPDB to identif

subseaaenti leieption easkes grej mtanﬂmdméentMeex@mph@n &ogn eerfix can

restrl\lclz\ﬂ;ll—lg hgsgbefe l%fa[tﬁ%l ntelfrt ﬂxj 'E“EJl gsolﬁ stfategﬁge ﬂléal?Dg%W an%pée.

be between the tmo circles glven by area 40. Uslng an

fix at ti tl., .the subscriber
Consilss gt VPGP df Eeapsed . Dt o by ccb . (81 fac e high
accuﬂa&iDﬁ’IbB Yases\HAl 1640 elC @lﬂmg(—;fcﬁlznllc% LAY o 1&&&@51 E5dIdR buckets in

subscri ber to be befween the tmo circles diven by area
an RY L.PDOs ifvgexampRAs giver (eBigpte 4T Ay tifext1athe t(¢quTA)zLPD , which
r e homs
we cFHROR] IRE, lochees RRANBHEL ) B Sl Bl Bop KLY Bréh BB 40,
Using ar BF @end GeBt TAPfix Buim¢ He thtersabdckiher if idchted mihsoclahs@r 3Ae$1me

. of B HISEEDIR PR RSB S B RUSSELARSL Lo,

the &y cmad:s@vehh@ drda V. Uising @b RIFCA L @elNTAY Fixlat timdNRe tBe subscrlber is
sensi bl e Xi mum novenent speed for "the subscri ber,

locatgq wighip jgle é? Figute deshewp gt ithseyubsaiber lwa\mowéérpm siscle ézj at t1
to clt’cE 49%@@ Ade th@'tﬂ@l@ng\ﬁltérl ang Jﬁg%sttngttth %ass‘ 85ve¥v%§ the
i circle 42 at tl,”the position o e su scr| er at

subsqtibes ﬁomh@:plélf, GIﬁel) rtar(caiﬁeaAabwma timet Bein meed§eBYy ivsing ahe time
h is .smal area 43. ul.t ¢

citfeié et (ARG BRI MRl B ibimeh el TR0 e SRR, we

find ﬂh&, at &inidhe autseﬂlSdr et FBxibetimotRveiienéa 4P eRde Hohlsd REow that the
find that at t2 the subscriber nust

bscri ber, gg
Subsq&'gere‘vﬁée firFlg @4t 4l ithe Resipvue thasuhserikes a5tk therefpre pratowed
dowd 1068hS URSSIHDE bf WRSnd 14, G £ A2 Hes 43, THD gesgﬁ Shd 59 1S gited.
the subscriber at t2 i's therefore narrowe own to g%e
Also,jhytusingethe Hong differd@ed dnings, t3wkidh sénsibnmbtimamemont@nent speed
' ul The a 47 bounded b ,
e LS 5L 08 OROES ST Ao SRYE Do, s
we alichiemosithsiCthe besciiife vdls poielei9en 1) eisyRaitioh df taisibictiber at t2 is

i 4
there{)oge n%é‘g‘g‘id} Eﬁwé?c?bg&eirﬁ?eﬁ%cggnv !)P 26 253 49I thlac{1 el? smz?ll gjfea t4|8 rr%hls

result can be reported. The area 47 bounded by the four curved sides is the possible area in

which the subsctiber could have been between t1 and t2, based on the subscriber having

been in area 45 at time t3.
Location Triggering

The location triggeting mechanism shares many of the efficiency techniques used in location
tracking. In particular the safe time mechanism is used to restrict the query rate internal to
the system while guaranteeing that triggers will be fired in 2 timely manner when the

approptiate condition is satisfied.

‘Origin /Destination Triggets
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The | ocation triggering nmechani smshares many of the
efficiency techniques used in location tracking. In
w@anriosubar the safe tine nmechanismis used toPCEEBRI06MN04310
the query rate internal to the systemwhile
guaranteeing that triggers will be fired in a tinely
manner when the appropri at é4condi.ti on i s satisfied.
Origin/Destination TriggersOigin and Destination
triggers are simlar to each other. An origin trigger
. o . o . u . J . .
Origh 3B DAGAEE LS (b2, PEh fn A8 O HiggeP ke iggor which
fites yhogr apiscalzr (erememperiefst senaf subnctilrers) dpevesi asdefined gepgesphical

kch fires when a subscriber .(or nme r of a,set,. of
ween J0E pigh g 808 LR S B ag P Spedioiforer of
subsdibepgiers B defiRedpsbgrgsiel akeaC @3®oagl] @5 tthd)@hdsO keneral case 2
trigger COUC{?S be an arigin trigger using the
destipatipn| Giggtit CBId PReAaPEEN (BRSNS the FoRPle@eRtphthantes, the

distirRBSAYS EnpeinfBILaubS U nfRS GshPRART Jéﬁlﬁ&ﬁi 9%@%&'&(7@1 Yentering or

entering or |leaving an area define y wW- or der
leavingynagemdefined by elavenrdehpoligan nofst pirethe steajof inderestriesn ataa in
he. reqi f oint of interest. Oigin and
ther%%%ti?fﬁagqog%r??ﬁt?tﬁgérs are inmplenented by filters. Wen
the filter observes a new set of paraneters for a
Origifiag QebthRfion figh#te afeSn@l@ndnt&Eby fikdrs. "WBLS tHe Gil@S bBRVE A new
whet her the subscriber js approaching the borders of
set of pparagjeess fqrr oo pbsdbes dp sheleelevant srbsitinsedsi onestabligyahsther the
[ [ i,0H, N [ - : -
S PR S ORI b B ale b AP RSie S Bolupion g
and frdre thygihedefoe arigin ttiggersco- or di nat e space of a | ow cost,
| ow- accuracy LPDB. The safe area may be as sinple as
Ori 1 E[e set of serving cells which are entirely contai ned
U8R origin area. The product of the size of the
safe area and the cost of a location query in the LPDB
In th@rcﬁ}gh{jﬁ%g@r SWTHOSttefOle el Mk LAAE JRANL ied) L&Bx%ﬂ?@%a‘% of a
the "area.” W can Select the |owest cost LPDB by this
low-qest, ddve-agepragy &P DEe Thiseafe) aret mhy beas siuple phéhecmyef serving cells

A r. Wiere .the filter receives new, para ers.and
which e Gl o ieddn Tae e Wt (R SISE e RGPk T paferfen and
the cSdfof 2 Bcattoragesria itHitgL]P]DBtﬂi]@viﬂeﬁW s(iﬁﬁdosﬂ-fBDEsing the Ckf‘ﬂfﬁcular LPDB

conpl ete processing. As in the case with trac
for thegrex :‘?&&f@? a‘ﬁ%ﬁt aFH%W‘ﬁ& SPY LB b it imetig tauprpids Hassfiptsfler for

the c&g%ecﬁgger. Where the filter receives new parameters and immediately detetmines that

the subscriber is in the safe atea accotding to the low cost.-LPDB, it can complete
processing. As in the case with track notifications, the position within the safe area is used
to generate a safe time interval in addition to the location tesult. This safe time is attached to
the filter, which avoid;.its carrying out any further location queties for the duration of the
time interval. If the filter cannot determine that the subsctiber is in a safe area using a
low-cost LPDB, it may actually determine that the subscriber has left the trigger area, and
that the trigger should be fired to notify the client. It is mote likely however that the filter
will need to carry out a further query using a mote precise, and higher cost, LPDB. When a
precise enough LPDB is used, the determination will be made that the subscribet has left
the trigger area, or the subscriber will be given a new (albeit small) safe area and a new

(albeit shott) safe timet.
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to generate a safe tine interval in addition to the
| ocation result. This safe tine is attached to the
wo doves769mhi ch avoids its carrying out any furP@EGB2006/004310
| ocation queries for the duration of the tine
interval. If the filter cannot determ ne that the
subscriber is in a safe aréd using a | owcost LPDB, it
may actually deternmine that the subscriber has | eft
. fire .
Figeet STy S RGP () ohR PR AL o 62 i
defintdhes fhiel ﬁ@raxw Idircleesdds t@lttcdrqnysubsnnbar 50.1 r(f;ihkr 5Xfumsrayradius such

e 250 BB SRS PR AIEE. Rl B8 MIED Py 2.

A saf@ﬁlﬂ:& dah @A ent HradeSiHEB®hickh 8rthb aslids @f 51 thelell |b§7 @%’ha}&ﬂhﬁﬁh speéd of
t he subscriber will b e given a new (al beiit smal

the sgbycebety Wn Liwinsahn stfe (it SPtmeIfIPEAoRdTRcpiitRp, rF‘il‘&E‘fFlefO‘S the
subsSfl@ws a subscriber 50 within the origin trigger area
53. Rectangul ar area 52 is defined as the safe area.
Circle 51 is centred on subscriber 50. Crcle 51 has a
Desradlus such that the radius is the mni num di stance
5 subscriber 50 to the edge of the safe area 52. A
safe tinme can then be defined which is the radius of

DestdtidH tHod@dl alYnd @ rdiBiX .AURAISRRE draPo bAGN BiPREE! 1nDBE d&fination
Durin he safe time, no nore | ocation processing is

case, pp uatetyes defiped usigs adowisest L DBEs whishcpeninpistdeptiation trigger

atea. tf[ SO Ser 6}{ Qeﬁlﬁﬁ'%%de&’n il AhiARA KAYS um&’l th sQdeHbE could
triggers. the destination case, an unsafe area i s

reachd e nesifaisiengWeh othe coist tinPDBxyitHs ctihe doeutian e thlesubscriber is

estjnation i r saf.e tiner is defined:
caleufs 5o P St AR Rt ARG st ali S Shig o set up a
new GOk ale@ AR shfb@inisSal & @pHea. theR debithatiod @reaiH B Ibeen entered.
expires the locatjon of the subscri ber is cal cul at ed,

Figuge sl EappIRet 4 Aesinatingy trieged, B Which 28 fnpafe geca fRaand safe
timet ﬁﬁ Lﬁl stubgélbgpg@h&ecg: é&géﬁ&orw @es@ﬁ%&ﬁn@g%& 2242563 fs‘@ﬁned and

safe tinmer, or tor rt that the desti'nati on area ha
unsafseen Garit defingd. Sebguber @ isharwide the vasainplee 6Hf kg circle 61 is centred
on sy e?rtlge? %prg'?d %SI; :IJ, gghg Ven blgere %t?af%thcﬂ%gr{c% gﬁ%rmn et sglr:me alger 60 to
the ube:$¢ hia@62.hetshfe g@@Sis aé&ﬁd @StHisradb diveldd & ehdrhsamamaspead.

62 is defined. Subscriber 60 is outside the unsafe

area 62. The circle 61 is centred on subscri ber 60 and

Pmmpg;rﬁm%%gius given by the shortest’ distance fromthe
subscriber 60 to

Proximity triggers monitor whether two given suBscribers are near to one another.
Proximity can be ttiggered for a discrete pait of subscribers, or for any pair in a set of
subscribers. In tracking the proximity of a discrete pair of subsctibers, the concept of safe
time can again be used. On establishing with a low-accuracy LPDB that the pair is
sufficiently separated, a timer is set according to the maximum possible closing speed. The
safe time may be defined as the distance between the subsctibers divided by the maximum
closing speed of eithet subsctiber, multiplied by 1/2. The factor of 1/2 atises because the
two subscribers could approach each other at the maximum closing speed relative to the
sutface of the Farth. For the duration of this timer, no location queries are required for
either subsctiber, at least for the purposes of the proximity of this pair. When the timer has

expited, the process can be repeated. Only when the subscribers are sufficiently close must a
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the unsafe area 62. The safe tine is defined as this
radi us divided by the maxi num speed. Proximty
wari0gOEms4 Proxi mty triggers nonitor whet her tmOT/GB@®6/004310
subscribers are near to one another. Proximty can be
triggered for a discrete pair of subscribers, or for
any pair in a set of subschfbers. In tracklng t he
proxinity of a discrete pair of subscribers, the
time can again be used. On
h%hEQ?% Eﬁ%gé&ﬁgh a | ow accuracy LPDB that the pair is
suff|C|entIy separated, a tinmer is set accordlng to
Whetechéhe paoctitiitin gi e iphir of clhisstibgs $fpara setldfesubadribets Lsﬁliﬁulﬁ&&iuse a
be defined as.the ance, between the subscribers
trige e P fedMoye i%@sﬁw?m‘i{?’b’é P mgbté‘éfd thap test a’ﬁé?Foth of evety

pernﬁl%ﬁrdf%ﬁr el driebrni REnBYsald ZreasTBE é(aa:gs%scﬁlgerlﬂa%ed upon the

ari ses because the two subscribers coul d approach each

curregt fpsption ofthet sphscribermlbe eade arga sweeds the [agrriayandghe frdscriber as

far a8 g&{sﬁ?ee c&]ismttgl% “E@r ! Qlfe ﬁgg f&rha% t&tﬂ@r 9 mf)ft:} of Ehe bscriber
no 1 ocation queries are fequil or éi

set ta tasle it Bleen, thatsaﬂeeua@toffeeth td’mecrnmr pmslesuaefted inethp saNé Whi ¥s an

oo oty SR R, S (03 S B BT OF RS

the s&fdfafda @bedbich YneedH2s Bf dStt FRLIKIBGS WIiREIY atBIIBIS WR&Gt choice
re the proximty of any pair of subscribers froma

of L‘%Q%% o 15 pivsa s Hellasvss Haeh erbecripseisdoeatedgyith adowspst IPDB. The
close JssiBIR Qiﬂ'ta%t:és gen C%H %ﬁx‘ragcp cdld?ﬂage%eg sa%&%x %a%ﬁ rs]ugsgfqﬂger is

e proximty o every mut at't on of
deﬁns@ stlegrﬂnlieCfailquégos AW kerap eaiscfilon heas h:fﬁméxsﬂyrla.t@e $afe hﬁsmdor_dmg

o o880 19,451 SRR 2 o LNELGHSCELEY s, T0E, S50

ateasP ThS | B BiningOdUbESIHRAL arvilbdated @sﬁfgehigh&eacfc@[acﬁEPMS ih&der to
ot her nmenbers of the subscriber set to reach it. Then

geneaffen aige snaiabesatiy eion catissbcrbey ot PE theehiens @f ithe trigger if
subsGHEAR MEYitIS sticRh onh ﬂ@ e sBQJanQ@’tsaé“cB?& Lt@@(arte(ﬁ K/hen

the period of the he process generati ng
a safg h@eslafcem@kéql fi@lewesaf@rumﬁe mpal@ﬂattd}é)rslect subfscrlber based on how

ons ABE S by PSPk, R S 0GBl
leavel deatsefd avdal zhnca:v kz&ﬂé/\érem talhﬂ’iﬁl fol higent bR & sh tIROSHIH {fnﬁ distances
st ances _bet wee are calculated, A safe
ffoméil"e&“ﬂfeaf S*’é%\?:‘ﬁa%?}nr}éw B‘é’ine’?“ erg of theeet Rfsrbrgtibess i question.
cal cul ation. \Where a subscriber has a sufficiently
| arge safe area according to the | ow cost LPDB, the
The gigshanisnbern rheethodifed e itaiiviliewmattef thet $aée afeas of neighbouring

subs GHERRIH SN ﬁggegsary to allow each subsctiber a latge enough safe area that no

processing need be done. The situation we achieve is that once the proximity trigger has
been set up the only significant processing costs are spent on subscribets that are very close

to coming into contact with other subscribers.

Figute 7 shows multiple subscribers 70, 71, 72, 73 and 74 being monitored, with respective
safe areas bounded by circles 75, 76, 77, 78 and 79. It is clear that different subscribets atre
being monitored with different safe a.réas, and therefore there are different safe timers. The
two subscribers closest togethet, subsctibers 70 and 71, hlave necessarily been assigned the
smallest safe areas, and will therefore tequire the highest amount of location processing to

verify whethet they come into sufficiently close proximity. Subscribers 72, 73 and 74 need
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areas. The remai ning subscribers are | ocated using
hi gher accuracy LPDBs in order to generate a | arge
wenmagsresaf e area for each subscriber, or to neCT/GB2006M04310
client of the trigger if subscribers are within
sufficient proximty. Al the subscribers' safe tiners
are started. Wien a safe tilfer is conpleted, a new
safe timer is recalculated for the subscriber based on
) ¢ : .
only B e A e B e R R s el close o
any dtheisnbssebe imtleset.a new safe area is cal cul ated for
t hem based on the m ni num di stances fromthe current
safe areas of the other nenbers of the set of
DefifiHP SREHHRVE SubderiBéS Hukdihaticlilye mechani sm can be nodifi ed
toiteratively update the safe areas of nei ghbouring
subscri bers where this is necessary to allow each _
Trackipp sed tHserarigquy torgpe of fdgggts e shameaiteting ofgroppoefsbiqrfers.
e e e h ] ti i | :
Thelf RS ol MOPAoRIF S, LAY B8 A8 1%, Yokl R Secbers
which | sy iac particylarobietesica glocaish scoariogs P& con defilzs e rgrbgr 8s the

that are very close to comng .into contact with other .
subsiips. i PGictiel gifeatys RGN BPEvBgat fibeestpotonuins
everybhe whd midl LRI inkéreiah BE: HTEHh uSdr@Eon itk WHeB SORE tickers of the

saf e areas bounded by circles 75, 76, 77, 78 and 79.
group pppegt & PRKIniyenceiagiin, @rintes pHaiber et Fithrsimilnsjchegactetistics to
the (RSP Sotlop P cipeRLAP bR AWEIE Ao PBOLIBL BGBRE o client
would|hesest expbget freosd hubslociilyes sitivfjingnd ofiginah@yeest, and then feed -
th aﬁcgsaarilg been assigned the small est safe areas, and

OSW T TRAFRTSHED EJifYe the hi ghest anount of |ocation
processing to verify whether they conme into
Hku&ggﬁA&%@@tly close proximty. Subscribers 72, 73 and

74 needonly be checked again after a much 'l onget tine

del ay because they ate not currently close to any
Someidretiorsbdsed séripiges raquird éresetentiOe ol hishgyical infigyenadén, because the
oca PGP AT Bt ] 8 R P8 YRR s
knovallBS6rd R Simel B SBis Hasd) Rlte SRRnDBasIRS ioBB6h BNt kdtyin HMdbrical
. . they can al so be defined as the subscribers which
inforgatibn fo5 a5 lagg as ftapaydre rRivited ftRpY o E'at FBP&e Hdh 1Y sRforapment
agen@yaiaergﬁfeé Eﬁnﬁalgz{cﬁﬁgf 1ﬁ‘°thé Igla‘:s‘t é@ﬁl@ﬁde%fn%s {d’]]i%t,pﬁg‘rhﬁ);] Llﬁfject to

drea at a particular tine, know ng that that droup
conteals wish e 2malyee thermechilephohglhistolyeofepmepesvlashasihgcehea suspect in
the 1SNSS M USEL S context. Wien sone nenbers of the

ght ot that eVl

ence.
In general, any kind of tracking or triggeting analysis may only become interesting in
retrospect. But to accomplish this, a complete histoty of every subsctiber must be retained
for as long as the time intetval between behaviour and suspicion, which may be years. The
problem can be addressed by the system desctibed, given sufficient data storage capacity.
No processing is requited on any preserved data until it becomes the subject of a historical
analysis. Unprocessed control parameters can simply be stored, and the system can be run
with saved data for the date in question and replayed as fresh input data when a historical

intetval becomes interesting,

Contact Tree Tracking
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group appear in proximty once again, or enter another
area with simlar characteristics to the first area,
wo b@7appeopriate triggers will be invoked. W tPOIGB2006/004310
automatic groups, the client would have to explicitly
record the subscribers satisfying an original request,
and then feed those back iAo a subsequent request.
Hi storical Analysis Sone |ocation-based services
require the retention of historical information,
| . .
A pagﬁgﬁgﬁalgttaﬁ&eof gg‘&%;calo ggltsl, %l?é %ewﬁér? éﬁ%csog?ellcgttg§ e P%S?PIC is
to usk ndlwacardy iol digovattes set bfreall réaipiedts for @@smculbh]&nslyai @mhasto a.
.n t'on ut t tain his nf or pat i on fo S
pacif Rl e teg S Gitre S rrndits g SR G sndser,
the dafl r@cipieis efﬂfrﬂ 68 MeAdseB 4RO Yokt AABshdel RSvied I(smsyalsenders to that
act|V|t n the past as evidence cones to light, they
handgggyor th ‘aé}’fééwnl%fltﬁﬁﬁﬁtbﬁfshaﬂdﬁ%h to anal yse the nobile
phone history of soneone who has becone a suspect in
the light of that evidence. In general, any kind of
As OtthkﬁnnﬁQObmtdradﬁggsﬁd tg hzmﬂlsgtgirs devegjoped) ﬁle@emso be used to

detennqttﬁ%{ e%ac{s eltngY I‘ L gozlvae é’%ﬂﬁ;%ﬁ‘éa%c & V%’E l{%{iiélflﬁ]é]ﬁted in
the ﬂ‘eﬁﬁorh%oxlnﬁcﬂgnfaﬁniﬁlﬁ td 1Eﬂdqdn|'1§(ﬁ£ﬂdla|to hﬁhﬂ@&ﬁe bebavicBebnBdftGets.
suspi ci on, whj ch years. The 'probl em can be
gﬁi‘tﬁ% >

SupPREf FRis SRR thaiets d%s@%l%&a CgﬁaU‘é]nI%qu fodp@ny, and Y

text-SialsBocd O rARRGRRAK i iﬁter&kgm rQGES %e@ G D€ qHy FYe‘fj{o‘;)&;gtver it is
any preserved data until becones 't Re 'subj ect of

possihles fag rQOGHlICt ampdjisipsiosbe @nm@de@sé@ pl@nttss aif wmgamett@ﬁes separate
stored, and t gm can

" handS&Y) 3 sac dast oggmoP% é)aXi a% -Lou-go lﬂgndss SR 1fb & raH g ol Bs first

save gues |on and re Iaye
handfateaid B aflstC da®Bs saemd Raddsat theh Gath ofhBe ﬂlﬁﬂcﬂseﬁﬂﬁﬁ}ﬂﬁﬁ)st likely

i.nteresting. .Contact Tree Tracki
been i e FEELP ORI SPGB Gt S A1 ATk ReiPatorcss thf svatem
mcoff)@ﬁtte@%e Faf’:ﬁ%f to %@%eﬁfe' iRk @teéssovtep Hniied Lts War gisect ea]]mg
di scover the se cal | reC|p|enF for a particular

relatipasbdseBuppope odlekemplet/ calls B palY's St bandsetnatsbanotig hamhset in
o SRRSO S AT 1 e
handShofromes S&giénﬁ@ﬂ%lc@ﬁta(:ﬁw Befitehmda, Bk aécoha E\dﬁcﬁ%ﬁ, and C.
or the SM5 recipients fromthat handset.
This technique is most useful with complete coverage of all mobile netwotks in the
historical data: then we can ensure that all contacts can be identified. But.even with only
some netwotks covered, we can identify proximate contacts within the same network and
augment these with call contacts from billing records to build a more extensive contact
network for an individual handset than hitherto possible. For example, in the case whete a
number of anonymous pre-paid mobile phones ate bought on the same network, and a
contact set for a handset of interest generated from billing information contains one of
these handsets, proximate contacts within the monitored netwotk may identify othet
pre-paid handsets which can then be analysed for contacts to extend the contact set of the

otiginal handset.

Relative Proximity
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As other forms of interaction via the handset are
devel oped, these can al so be used to determ ne

W@ o astes4 whenever the contact has an identif yP@IyGB2006/004310
nunber which is transmtted in the network contro
information. It is then possible to identify the
closure of contact sets. SlPpose for exanple that A
called B, Bcalled C, Ccalled Db X called Y, and Y

exls c A ef ore, | I.$1d td
o oSl TR TG, Lndoed SLEEL 30 40
efficieglyt andt aceuratelygesertte the ciddidate leahdbeys whehproveey slosé to the first

usi nmuj t.i pl.e separate handsets,. such as apon u
a5 A8 BBRASER S 1S D PR B ncc
will Be blsservRand 3te nang cBn@dll pasarketerd which sRCAGW tBangaRil, We can

then both of B s_handsets have nopst |ikely been in

configig Sihe aTystemo¥ithi thy sehré diagastigs orhiche Pghayg giisaver Then close
call - - PQ#RY .
pro ;aﬁiclg?tb E’a%%gg&eﬁiggrtﬁghglgnttﬁ%% rgggétg%ver 6]? 213(% te rilsé‘;,e Sge of
translyghg thas tdiarlection sithiadggh-sicatatyohRBps. Suppose for
exanple A calls B on B's first handset, and anot her

handset in oximty to. B s first handset calls C. let .
In the §a85§§1ﬁt@t%¥%@ﬁfﬁﬁ%a%t%e¢5ﬁsﬂfd@8§ﬁﬁ RENEPILS, SQIG Fgpects of 1hative
proxid@fd88tbe UsEQWedalicSth¥R attedabosSyHeRedifBiRh BkcdwSi@b sifthre BTS sites. In
first "Thandset, B's second handset, and C. This

genetab BAFPYRIC Se5 O hprssiblisiase hadsetn walbhpralolstedovingagevapsE DB,
' ANOT, [ hi [ g -
end G0 08 REENT e bl (8B iy £l (B [ERgHRGRR wil be
madentdetenming asomge petxioitks covered, we can identify
proxi mate contacts within the sanme network and augnent
these with call contacts frombilling records to build
Varicts iY@ @NeH WRerfits B thidiat ol WilDbedthelapgirdhtdtt @hose skilled
) handset than hitherto possible. For exanple, in the
in the a% avithrut departingrngn thsrscapopl Psdavtenpaddt thoyld ke understood
that BRORGSnLis B 5 the Ahdluly SlirSiRiB N Bl WilsKrnti AN EnBo SRR GEL forth
set for a handset of interest generated frombilling
heteinnf or mat i on contai ns one of these handsets, proximate
contacts within the nonitored network may identify
ot her pre-paid handsets which can then be anal ysed for
contacts to extend the contact set of the origina
handset. Relative Proximtyln the case where two
handsets are on the sane nobile network, the system
can very efficiently and accurately generate the
candi dat e handsets which are very close to the first
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handset. Although the physical |ocation generated may
have a degree of error, the handsets will be observed
W o00nayw94srany control paranmeters which are cl oBET/G82006/004310
identical. W can configure the systemw th the set of
par anmet ers whi ch behave this way. Then close proximty
can be assessed by conpari 8 the raw paraneters,
wi t hout the expensive step of translating themto a
cLaRgation with a high-accuracy LPDB. In the case where
two handsets are on different nobile networks, sone
aspects of relative proximty may be used because

o R A R PSR S Syt

thes{%@mdﬁets W II be cal cul ated using a Iow cost LPDB, and
for those possibly close handsets in the set, a h|

ac@h r aciForiBeg e ideplhens canrl prampigidn ¢ suksetisrri ases
ratgs uﬁ:g Bﬁé Wl:tiﬂore Y@tfah&y ?aﬂﬂl@fei 'dgﬁt)ﬁsgﬂgl‘mﬂgr each m%ppmg

erations of this invention wll beco apparent t
t hqmros loptatnetbts fo & lgeogiathioocktout andersairting g lorasiont desilt when
‘g,%(;% this invention, and it should be understood
tfi s invention is not to be unduly limted to the
| | Whatinadrev® o dliefENhplise to ﬂﬁr&;htrhlepmrﬁetas%wﬁs feceived by
tra kln devices In a nobile

eV HBIFE R AHETRE Lo i1 S5 T STBHSE Brocersig wwing 4 LPDB

r egfiryhrde £0BL bRk belhe FENE dG0 Md QlreRAHATRE BlcSiele.2
subscri ber database; (b) using one or nore |ocation

par anet er dat abases (LPDBs), each mappi ng control

pa’fﬁ‘é%%&foﬁ otf 1 &H&@iﬁl}&: atl agt Ifquca%nlq gt Idgtgbase a filter
In O e or

| ocation resu _
deterhiihdsevig:thies tiaptatied ptuﬁnieh:e dﬂ:ﬁiﬁisdf B Isumfea m&ﬂh&foﬁtrbt;a&amaers
recei ved by the subscriber database, each filter
selectively initiating processing using a LPDB

3. aPPhOREIdHftRint m%vﬁeeegnlﬁa QlteriobSerfdsl ch@t[ e dh@o! ﬁﬁameters for a
‘current state of the device. 2. The rret hod of Caiml

givensivbreibar piofer mrembstistt a@reip Selescibetpar anet er  dat abase a
filter determ nes whether the | ocation paraneter
dat abase is supplied with control paraneters.

4. The method of claim 3, wherein a filter obsetves conttol patameters which relate to

a particular geographical area of interest, using the lowest cost location parameter database.

5. The method of claim 1, wherein a filter chooses an approptiate location parameter

database depending on whether a trigger condition is met.

6. The method of claim 1, wherein a filter chooses the location patameter database

that offers the lowest computational cost.

7. ‘The method of claim 1, wherein for a particular request, a lscation mechanism is
chosen which has the least processing cost, but which can be expected to return a result of

the necessaty accutacy.

8. The method of claim 5 wherein a trigger condition relates to a subscriber entering a

defined area. )
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3. The nethod of claim1l, wherein a filter observes
changes in control paraneters for a given subscriber
wo@eroof7os7epenbers of a group of subscribers. 4. AEEGB2006/004310
met hod of claim3, wherein a filter observes contro
paraneters which relate to_a particul ar geographica
area of interest, using théllowest cost Iocation
par anet er database. 5. The nethod of claim1, wherein
9. @ Thi LeMhANAREER 5?@h@1@ﬁraodﬁ%%e§tcgn&i9&rﬁe'la9& B3 ABELBE: leaving a
dat abase dependi ng on whetHer a trigger condition iIs
definggtea6. The method of claim 1, wherein a filter
chooses the | ocation paraneter database that offers
the | owest conputational cost. 7. The nmethod of claim
10. 1, Thhefettiod $0¢laith Pawhéreidlifib tHiggtiesiditiéh IsOg@the) then the filter

hanpsmis chosen which has {he | east processin )

re-wgg@te,s afieh2 Sihs B?Fl%datg‘a“d%a.(éi{‘ﬁ%‘% £ GStimaatet wpegd P%‘%“ﬁlsgbsélflbef-
the necessary accuracy. 8. The nethod of claim5
wherein a trigger condition relates to a subscriber

11. entke¢ sthod efedliimel velreecin the ifpematierh dmopneclogitipnsiix is used to
%pﬁr 0. [ r-.gondition relates to a subscri ber

restey eaS?h%ﬁga%ﬁ??%ggngQ%%E%b. The nmet hod of claimb5,
wherein if a trigger condition is not net, then the

filter re-calculates after .a tine period that is a
12. 1 ke PeSIPt Hah Sthent g gt et R e Bt capes an
apprdpi@udTRIchish Plrafl@t MathbasdhiENRI fiph &l iith UoRBb] PRafkRA and to
one location fix is used to restrict the possible
returp g ggegrapiic lofatidseofilasassediated spbscribpe et hod of cl ai.m 5,
wherein if a trigger condition is net, then the filter
causes an appropriate | ocation paraneter database to
13. beThaumpthoddfwilaith Icohtiem a flat aveker straspdctive protessing an stored

ogr.aphi c | ocation.of the associ ated subscriber. 13. :
subs Hg® RS cRRRr AP HiSFOvTEIES R TP ROk Eeiaphical atea
origifi®éd. Ospective processing on stored subscriber database
contents.to di scover where a subscriber entering a
geogr aphi cal area originated. 14. The nethod of claim

14. 1, TMDELBIA £ ciajirhtl,e&hl:féﬂloz}(ﬁ‘gbr %ﬁ{gsslgﬁzggﬂe\égvepﬁrgge%giﬁé B8 stored

on stored
subscriber database contents to discover the history of a subsctibet's activity.

15. The method of claim 1, wherein additional LPDBs with different cost trade-offs can

be added to provide the system with mote options.

16.  The method of claim 1, wherein the subsctiber database retains control parametet

records for all subscribers on a network.

17. The method of claim 1, Wherein. alocation parameter databasqz uses RF levels.

| 18. The method of claim 1, whetein a location parameter database uses paitwise ratios:
19. The method of claim 1, wherein a location parameter database uses cell timing
advance.

20.  The method of claim 1, wherein a location patameter database uses cell identity.
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subscri ber database contents to discover the history
of a subscriber's activity. 15. The nethod of claiml,
wab@reseoaddi ti onal LPDBs with different cost PCT/GB2006/004310
"~ trade-offs can be added to provide the systemwth
more options. 16. The nethgg of claim1, wherein the
subscri ber database retain$“control paraneter records
for all subscribers on a network. 17. The nethod of
claim1, wherein a |ocation paraneter database uses RF

level s. 18. The nethod of claim1l, wherein a |ocation
21 patbaeebed 9ickivad ovhssen 2 detetion Berameter databas@useFEPS trace data

fed ba&d faad aQﬁpg:(h@iaglu}?d W_Eggﬁg;c J.ocation pararmeter

dat abase uses cell tiimng advance. 20.- The net hod of
claim1, wherein a |ocation paraneter database uses

C identity.21. The thqod of ¢claim 1 erein a
S22 g@%t*?%ﬁ"%ﬁ% Hivrise G e o b uh ettt s Ay Bathl Paerage the

next highd¢ atduosty A PCESs delVited o 8RANEY ad BB SBRRELIREEy ZBDBRSIable
. net hod of any preceding claim wherein when t%ere S
isselestidy partial coverage, the next higher accuracy LPDB
is selected, or the nbst accurate |ower accuracy LPDB
avai lable is selected. 23. The nethod of claim1,
whigteetrethid gh claioe L wibsteinraghkiangraiys tradkhigelv echietet ngingnn initial

L0kT tin ng:advance PDB t 0.i | fy
(el f R R M R B s RE Yo o
claim1l1l, wherein an origin trigger is triggered when a
o4 S scritge%, ?r. 31ngnber of ,a set of subscribers, .
© | egvdietiodel fHnd FhegHnatien triggesds trigersedwherea stisgiler, or a
memBdtiof@QEt dfSubstRb&uE, ' ' - whk 1h0d. .
.. of claiml1l, wher éi-ﬁ&gg%gé%@ﬁﬁ?%ﬁ% aég’rwﬁegee%l{g?ogr%%‘r%%ger
is implgranted wingdBersher, or a nember of a set of |
subscri bers, enters a defined geographi cal area, where
the destination trigger is inplenented using filters.
25. 2@ hePhehorbotddmdt, whemimn destindtidneiigyeplsaXgdtiddwhdd JGBESber,

or a %‘)eni t or fvvhet her two .ﬁubscri ber Sﬁ&rx}e near to each
SHOMRE L Hvet oh subrcribesty oters | 2adeined gosraphisalaatgp.owpersf the

destinstidis@ipbdied Snpléndedd neg automatical ly as

26. The method of claim 1, wherein proximity triggers monitor Whether two subscribers

are near to each another.

217. The method of claim 1, wherein a group of subsctibers is defined automatically as

the subscribers in a patticular area at a particular time.

28. The method of claim 27, wherein when some members of the group appeat in
proximity once again, or enter another area with similar characteristics to the first area, the

appropriate triggets will be invoked.’
29. The method of claim 1, wherein a contact tree is generated using call records to
discover the set of call recipients for a particular handset, or the set of callers to a patticular

handset.

30. The method of claim 1, wherein the method is used to determine the presence of a



the subscribers in a particular area at a particul ar
time. 28. The nmethod of claim27, wherein when sone
woreowhess9pf the group appear in proximty oncePEmaBR06/004310
or enter another area with simlar characteristics to
the first area, the appropriate triggers wll be
i nvoked. 29. The method of2%laim 1, wherein a contact
tree is generated using call records to discover the
- : i pients for a particular handset, or
Vehm%ﬁéag%?&%b&%%ﬁ%érs to a particular handset. 30. The
met hod of claim1l1, wherein the nethod is used to

d rm pe .the presence of avehi.cle in congesti on
31 GohE Msfioa oh 2R Fgiies tha BERRAS P ArsSRES HsBanpecot
vehicltSig Godddroll §§sedniTbit o BR] RagSHiG Gbted. vehicl e in road
toll systemor in a road usage pricing system 32. The
5 method of claiml , wherein the nethod is used to
d ] t ) veli NS
2 TR MR e R R S Eialh S0000 Rk BHETER o
vehicleg ongedstfor inguatce panidgt r ack nobi |l e subscri bers for
governnmental, regulatory and | aw enforcenent purposes.
34. The nethod of claim1, wherein the nethod is used
33. t OT'li¢ aekhodedt dii@s1,i wheteih |th€inedtod APRad &b UscawhiddNtrack mobile
| ocates and tracks devices in a nobile tel ephone
10 subsqrBEiRdPRe T EL igm oty 259 ByHdP BRIt Mt SSe whi ch
recei ves nobile tel ephone control paraneters; (b) one
or nore |ocation paraneter databases, each mappi ng
34, cohhe wEthpd chAeite}, svhersimthganghedpliveed todeick wehiderdn a fleet
returning a location result when queried; wherein one
or nore filters is applied to the streamof contro
35. pahppreites svitidiatlodates r aceiced Hyvidds eins ubmebild @élephone network
dat abase, each filter selectively initiating
complisé€essi ng using a LPDB appropriate to the task of the

fikyer aqmhsébet BRME WERIOh r&bRELmBbild (RPN BBtrol parametets;

(b one or more location parametetr databases, each mapping control parameters

15

to a geographic location and returning a location tesult when quetied;
wherein one or more filters is applied to the stteam of control parameters that is
20 received by the subscriber database, each filter selectively initiating processing using

a LPDB appropriate to the task of the filter and to the current state of the device.



