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SYSTEM AND METHOD FOR GEOGRAPHI CALLY LOCATI NG A
CELLULAR DEVI CE TECHNI CAL FI ELD This invention rel ates
wo eoospeivess and nmet hods for geographically | ocetT/682005/002637

cellular devices; and in particular to the use of such
systens and nethods for locating vehicles in a traffic

i nformati on system The invention has application with

all types of devices which conmunicate with wirel ess

net wor ks, for but not exclusively, GSM GPRS

ex
EDGE, and WIS TEMANDETEODERR o is.
BACK QSRAPEHGAL LY, LOGATENGA SN LABREYHGE of a
cel lul ar device, such as a nobile phone, is useful in
a variety of applications, including applications in
the field of locatio Aiefl‘ﬁL‘f)eS' In traffic
i nformati on systens, for exanple, the |locations of
Vs invendioneglates todpysiemsiané chethadefbr geogrinshidatly dddacing celfular
. drivers' .cellul.ar devices, in order. t or m an i ppge,
devieegphd Frgbpicias i Htuss RS SR s G ToesB 1o o g vaetos in a traffc

inform&tisgste@! TH Hivemion\Hak gbﬁﬁaﬁﬁﬁwi’ﬂ@ 811 638s HEIARES W AREmmunicate
based on data acquired fromthe cellul ar network

with wirelgss|netwarks, ferrexampleabut noh exdlusively, SSSMIGBRYUEDGE, CAM Hand
Wide bﬁpfﬁbf\&ggageﬁ_n%%ﬁs of the network cell in which the
cel I'ular

evice 1s located, as defined by a
cell-identifier, possibly in addition to other data

such as a tine-advanc rtai | ternative techni ques

i nvol ve sanpling dat ae%‘%ggGﬁzquﬁﬁﬁvel y low level in the
MRiMAIding fhe @865rapiicdl M6oatiBRSa cellular device, such as a mobile phone, is
stations), -such-as4he- Abi s-interface in GSM

useful inarvagety ot applicatioraypichidingapppentions inghe fieldof ncatierpbased services.
f. si i].e. ' 1..The techniqu
A AR TP 5 Vi P s
on the lb::alid)h!; ebdrinersl mdlélﬂxmﬁevﬁn lbfllei(tj fofogiren ]El?ag@ej’fttliafﬁb conditions. The
. alternative techniques, applied in tr i¢C monitorin )
location g 30 _Ia.r éem%mmﬂarn% EE deuice eas _rwrre@i%edrqaﬁagasacqmred
from th% g?ﬂlértﬂeﬁ%rk i30d B Qkiidiar! M8 1R3ESLIMSd ke Ra gég%@f;f%d in terms

use i n subsequent route determ nations
of the ngtwark eell inawkinh g ceNalaedoicetih losated,|as defirzed byen ¢elleidentifiess

possibly I Sfafticd o5 Qter Ghek s GSAt tﬁrrl]eqacfj\‘/%ﬁéjer. ate techni que for

Certain alternative techniques involve sampling data at a relatively low level in the

. network (closer to the base stations), such.as.the Abis-interface in GSM networks;-for-example- -

using power measurement reports of signal strength from mobile devices. The techniques based
on interfaces at low levels in the network are troublesome and expensive to implement. Certain
alternative techniques applied in traffic monitoring rely on recording handover patterns by
driving routes repetitively and storing the patterns in a database for use in subsequent route
determinations based on pattern matching.

None of these alternative techniques offers a cost efficient and accurate technique for
determining the geographical location of cellular devices. The present invention seeks to

provide improved techniques for determining the geographical location of cellular devices.
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determ ning the geographical |ocation of cellular
devi ces. The present invention seeks to provide
WO peo0wds t echni ques for determ ning the geogr BENGB2005/002637

| ocation of cellular devices. SUMARY According to an
aspect of the present invention, there is provided a
nmet hod for geographically locating a cellul ar device,
the net hod conprising determ ning an effective
cellarea for each of a first cell and a second cell in
a cellular network, andfﬂéﬂhhﬁfﬁing a handover area

[ dev s Likel, 0 be
VAL 0 Bl 1sb6 P LAY ERAGE e WS fed fulfon o

geographigaldsf locating afaetinlat thevidd, tistmetkéd cdnq)rtsmg RESAMInE S Lﬁfecnve cell-
of the handover area an

area fO‘“’P%céi%f.avf‘éﬁ%s pody réneégg pelbiscrelplar neworls gud cel | and t he
sietepm thigged handb@er HBsASy RS %m‘?ﬂh@célf&?a? %Egﬁ hkel bs located when

rel ati gnshi p between the first ce
°°ntf°1c5§° the ce ilel?b Aenieryis trandemed from plafirsbdellith ehqmeemhteu

| | d 0 €o phi cal |

e W el i o P B e e drdl i e lR R Ry 5% cath of the
first celené theisacang call heenmalediasal &da prl\?ﬁiaal%laﬁbn%i‘pﬁbéi@&dlﬂh@ First cell

dthdewce hs likely to be I ocated en the cellula

an ecfggﬁnéle s handed over fromone or nore first cells to

a second cell. The determ nation of the handover area

and the effective cell-area for is preferably nmade
bas ed AGFOTEIngdp anskgr@aect of the presstht ipvehdnihere it pevided a-method-

net wor ks
o geoB PRty Mo e 3 elilal Ay Bl e e MpraPaelprin et e
area within whizhalet éellelas déviceNs dielglitd Be IRaRA whSH ﬂfétceﬁﬁlaf 8&ice is handed
resent inv there i s provided a nmethod for

over f“’S‘éB@? AdneEal r?ffeﬁ%feé‘t%ewdaceHe ITihg determjagtioneof theeandevdradea and
the effeCdvadellSdr&0fos %tﬁéﬁaﬁlyﬂﬁacﬁ:rbag% f‘? oﬁ&o&%hk@faﬁgnsfh% b&tween the

plurality of cells in a cel
pluralltxﬂef elgiinviohgda InGRYHY brsed metwarks thisnletdnmiiativm mag éhiolverthe

lural l¥:to be | ocated- The determ nation
puraltygﬁﬁglgﬁa gééges%taf ea a dlHe effective cell-area for

Aeahdiof to freaspbatiofithietpreseht iadntion rﬂ&r@agﬁd?&w aemtethod for
urality of

geograpﬁg%?ﬁx'g PO Rl i éﬁﬁfg} Iflg‘r}gﬁh It%sgéggg g‘;]mltsrilﬁlélaf?eé@‘mlng Ay efi¢dtiva cell-
area fortgliﬁﬁerﬁhﬂa%g r@élps\e’lg :a?glhﬁaﬂ%ttxb&‘li afng Hg%ﬁnxggf@%*ﬂaﬁg \{% Iarlfﬁgﬁ)?lhbn Which
the cellygr depice ds: likedy- @éje}lgqa@ql— ‘The-determination of the handover area and the
effective cell-area for each of the plurality of cells is based on a topological relationship between
said plurality of cells.

According to an aspect of the present invention there is provided a method for
geographically locating a cellular device, the method comprising determining an effective cell-
area for each of a first cell and a second cell in a cellular network and determining a handover
area within which the cellular device is likely to be located when control of the cellular device is
transferred from the first cell to the second cell. The determination of the handover area and the
effective cell-area for each of the first cell and the second cell are made based on a topological

relationship between the first cell and the second cell.
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for each of a first cell and a second cell in a

cellular network and determ ning a handover area
waraokioosoohi ch the cellular device is |ikely toP@BEGB2005/002637

| ocat ed when control of the cellular device is

transferred fromthe first cell to the second cell

The determ nati on of the handover area and the

effective cell-area for each of the first cell and the

second cell are made based on a topol ogi cal

Aesopdingtestiofichaiprele theiesent nyention) theveds prowided agrighod for
geograpﬁﬁLlll n@%%tﬁ{ uia? d@\ﬂ@ér %\\eﬁr gllateﬁétwgik %}ﬁ&rﬁfr&%eﬁpst antenna for a
first cell%dgrsamndmtdnya f(m (aaibwmg call,ab¢ methad cdmprising (ihdetermining an

l_ar. netwo ing a . fir
effetivg Tl TG B oochht S BB aRc enas P BRuBRR poBisef he e oot
and the %bf?@éjelp GilPdeteritind n ard@d @ FoFiwHich) wiien efel feret dnting actiottained
for each of a set of/ different t opol ogi ca
within th@eaoli(b??élh Pk whest a_&e@ﬂlet fhiormeq By a ligg petygen thediry aptsape and the
second dHEdnna ahd %%e&&tlﬁﬁimiﬂé @H&J Lﬁl i@fl&g ¥itfdan Y@@ rqu% &%on cell
PLp ARP SRR IS Cont ai ne the second
will be sriided beyamdltlee dectoo tinsitdiney(iid) datarmnhﬂg wien exﬂamldin wzdth E1 of a first
B T M LT R S (R

the anglé &< Gﬁ)d d&@Mlnmg| ol seBshdVX AR /18 ) 08 2 kb tOnd esetdpulat Blténsion
(1ii) determning a first extension wdth E of

added tqaa SaCt(B’thmlé ineofdbe spoordceadixhenihe frse antennads quiside he seend cell,
ne of t I

and Wh‘i“haél 1glﬁeélang1% ﬂ?%e‘&%%ia&et%h a smglnhﬁlg ?igggg{n g sgc)?'tng ﬁél?%l?}d e\{M etween

the first Eﬂteﬁﬁa andshe esvdnd aﬁbmgmlmat@mmnmomgmdsj €9 deraises ﬁrst
imt lLine of the second, nna

pemumbrasisth 81 & e eI SR DEtieRs Al 0! SRl sl oE fianal

receptloﬁ%ddﬁ?ﬁlekiﬁhvﬁ?eﬂnﬁaﬁtﬁé 8dcohdl Bhtbnila, A&l @ﬁrst Gfip Siaropdxiasil to a cell
and a line between the first antenna and the second

into whiahttlmwaular dejeeiamavingh () degamirige asecond pynugehira pigth Wayf a
second IBegita L@ﬁr $8 BWGQ} We %‘1@ PW(}]ut% 1n?en% f; §r¥d d &9 ﬁ{nll%{))hﬂla] toa

P e nal reception
cell out f)f @tichhiee cﬁdl]uﬁaﬁ‘ da\riteers ma)vmg;l anh@iil dctenninmgtadmndpveama avithin
irst strip |imit o a cell to ich.the
which tlgleeqqllulaa Aevjes;is élgellyg:g F}Biﬁcp@d w?m\eip for&g)(l 8"(‘ l}fgg'r cfegbcg A5 transferred

from th»gﬁﬁt* B @ e %Gnd/?elmhe@efeﬁﬁﬁxaﬂoﬂ @Hh@ﬁ&ﬁdoﬁér a#éd eling based on at
tween the line of equal intensity and a secon strlf

least a shibsei 0f the-offeetive radii-Bi- thelangle ¢ theffirsitex ionsipmavidth Bl theecon
. devi [ vin n )
extens S TR R B8 W L0 R
hesordiag to\nsithet @spetidf thd prefent ﬁﬁb]htidnathedzev pr.tmded a method of
transferred fromthe fh%gt cel to t he, sec nfﬁ@ i
geographisally iacating #eglivias dsyice Rydefermyping thegreain ﬁb Qg Inyplving a
first cel%r slg{3 lléaﬁjpﬁff%exoéellt&cﬁé ftﬁ@ Meth%d rc@ﬁﬂbhsn?‘ moBSlirANE IRst a

first extension-w d Ei the-secon .
portion of a cell reception area of said first cell or set of cells and said further cell, and defining a

handover area comprising overlapping portions of said first cell or set of cells and said further
cell area(s).
According to another aspect of the present invention, there is provided a method of

geographically locating a cellular device by determining the area in which handover from a first
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extension wdth E2, the first penunbra width W, and
the second penunbra width W2. According to anot her
wW@2gents90é the present invention, there is proRCHEB2@5/002637

met hod of geographically |locating a cellular device by
determ ning the area in which handover involving a

first cell or set of cells and a further cell occurs,

the net hod conprising nodeling at | east a portion of a
cell reception area of said first cell or set of cells

cell to a seeond cell pepursh e awshad commilsnhgﬁncrdehgg at 16450 8 @uion dF & @ell reception
aid first cell or

n I.0NSs
aren of My llAnd YAl y2RR) B R doiRg ahondisk ey comeRgrapglapping
portiorts of said il bndisqeend celfare present invention, there is

pr ovi nmet hod  of geographlcally Iocatlng a
cel | u%&l" ‘%@'{ﬂ to@npiherspest ff the REpsentdneention,itherovs prhVIded a method
of monh@ﬂ@ﬁi‘@ﬂﬁcfﬂo%}adeftérﬁﬂlﬁg Lﬁccés@w@ lc?‘c%ﬁ?ﬁkdotca all{lraf) %C fcelgular cﬁevwes

nmet h conpri si ng I'eas
locateddm p [plurality of decla$, dlze méthethccdnﬁrlsmg repedt Hetaﬂﬁimst&hﬁoﬁﬁ@meﬂmn of

dover., area comri sin

ot least S8 pRL e o R fu SRR Bl Bl RO Borurlarsbbt hy moans of

samplngthais)caﬁ’@fsaff the @ 1426t sdBRITEHe RARRE Hevilestid) Qet&rnﬁﬁ@ E‘Present picture
there Is provided a nethod of nonit ng

of traffJ{c oy mféleﬁ feBw b&ﬁtea@tr@rWﬁ lasgtion efecetlnlae deiemofi tbﬂplum‘htsa
comprlsR:'s dERtthintngdthe Sl%la hﬂjlivﬁl‘;c{h g%\/dogglsfr(grg %Zﬁrgtg:eil oF Set %&' ge[l% to a)f"uther cell

vehi cl es, the net conprising r

occurs, (ﬂ@tf@n@mtdﬁbnnmhtlmiwﬂgimtd_mnoﬂelﬁigdt &asita fopidh-6fa defi@eception-
eterminatjon is

wnof BTN o9y SEMMMAL SO SER Mo dEL T MISIED 0

comprlsttovbﬂ@ﬁﬁngpﬂfﬁoﬁ oflshig fRglah@kbondeMi s#es. to determine a
resent picture of traffic flow The step of

SBAIRE o ﬁ@oﬂméwe@t@ﬁth@nremnt #vertion, there idpvovidedsf methed of
monicrfig ALty T LS DAt o s

handover
located 01134 plurdity DﬁYehldiGs, ttmmuhﬂu@rcod@ﬁemg‘lrémi d¥iermination of the location of

at-l.egsta-portion-qof a
SRRV TR i W
sampllnglﬂd: Io&dtidns 6 MB At e@dt kome BEkhe @éllﬂéﬂ'&vfc@@tmmﬁﬁr a@%s%ﬂt picture
ri se overlapping portions of said first

of raffig J bt e ofy ﬂ@tagmnmg dlesrlgratign o8 2 splbtlpredevies pé tte pixirahﬂye
comprisBd ﬁ&ﬁﬁmhg e a I‘H}ﬁ; gb\‘?‘ea 21{0@1\(% ﬂﬁslg cét &F lfgg%td cgﬂ%g) a further cell

monitorin
oceurs, lhoxhamdownlsdejémanq:uiombaﬂng{bysedfonﬁmddelihg atldm peBioh OF atBllirecepiion

d conpri si ng

area of odBsfectl bl Bl B 1 et SOAPHSROBRS A Toedeer ssato
compris®bvérfa@pidls portionk ¥f Qfid SRt Add A1 GRSs. Thi s

determnation is preferably by neans of

According to another aspect of the present invention, there is provided a method of
monitoring traffic flow by determining successive locations of a plurality of cellular devices
located in a plurality of vehicles, the method comprising repeat determination of the location of
at least some of the plurality of cellular devices. This determination is preferably by means of
sampling the locations of the at least some of the cellular devices to determine a present picture
of traffic flow. The step of determining the location of a cellular device of the plurality

comprises determining the area in which handover from a first cell to a second cell occurs, the
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sanpling the locations of the at | east sone of the
cellular devices to determ ne a present picture of
WO e@b003906 | ow. The step of determ ning the | oce€CT/6B2@6/002637
a cellular device of the plurality conprises
determining the area in which handover froma first
cell or set of cells to a further cell occurs,
t he- handover determ nati on-bei ng-based on-nodel i ng
at | east ffid of, a c receptloh area of said first
handov@qftinagiR %Sng’éfﬂdson 58 A% PRafon égpieel rgeption area of
said fird@Ell Bd\@id §RoNABSIPMRY deBHRR thOnMAORE 12174 10 ¥EHpARRIVAHapping
. portions of said first and further cell areas.
portionpelgidifinitandseatist sslliareaspect of the present |nvent|on
f; c fl
By din o RAAH 5 ecE ok DR inV R, UG PR b b freyroB o
geogmnhaialllu ﬂcmatm@a iceldar dewinepitle bppasatynd congirising mfefféeﬂmecdeﬂsarea module

net h sing.re eterm nati on of the
for detep it 4RSS Colbaret Tatsrah oF o Frk coll e fepgnapellippoeiutar
networldﬁid LiemdovidtiafeadBéRIETOR AbteAMining afaBH&Ve BleY wﬁﬁfuﬁﬁﬁﬁ t5 celtular
Ilng the locations of the at | east some o

device ig élﬂ(ﬁlult@ e lpsoied adien soufeql of Hervellelapdayinsris trpm&rmdd‘rmﬂ the first cell
r ocat
to the sécroﬂzl F%lﬁ ]g’%-: Q ee\r/rﬂglgitléli gftﬁg Bar?l‘é%%l a;hngghé &‘f;ecége cel area 90r each of
the ﬁrstd:etl andﬁ:helsag)rtdhellarmaderbaﬁkd @ha topoldgicel refationshdp bétwsén the first
1 CE|| to,a,second cell occurs, thehandover
cell and {1 8eepndies!t on bei ng based on nodeling at |east a

R@é&rﬂlﬁ@ t®hnoth& Abpect SCRObleSdht BIVERHAH tl%?é d pfréxflééd eﬁ)?éujatus for
nd sard second cell and defining the handover a

geograp@tmﬁy losating & e¢lbygideyicp by tetomsiniag thesdraa inj which handloserdioom a first
cell to a.ngul;Andacreﬁ %l?curﬁ‘egé;{lﬂya%soc&n‘%ﬁgl{ngp grﬁ%ﬁﬁf?c ﬂfaretahrgocﬁﬁ Sfor 1qltodehng
at least gpoxg(ba pﬁa cell tegeptivmatréangf saiddirbticall and st | Isebend td1E and a handover

S. ri.sing an effective ce]l-area npdyle for
aren mog{iR ARG SPYGE SrAFamEHFHE SYGlebpise POHHS F i s gpd
second &l dres®@Nd a second cell in a cellular network and a

handover area nodule for determ ni n%ea handover area
Apording {ghanother repegteofthe preseatinvertiang thieiede mww@db\eparatus for

S
monio BSAFENIED SRRl Acb 0 L% SRHRE oSy aovies
located fHreeploeatieyr ofi vehicilesnTlm‘ apiphmtus &nm&pﬂﬁs (a fadanddi@r hdee@ module for
effeﬁtlve cell -area fo each of first cell and t

defining2.0a9A QN <L afa COPRTINRE O VER Ewg(ﬂ‘?ﬂéﬁ’nﬁ BEWQS’ pledrell reception a?eer ofat-
least a pbﬁioﬁto'f@%mfﬁ 6t WReRd bREcoht b8l of£LdIIuBR dettik, 588 O('ﬁﬁia sampler

. According to another aspect of the présen
module fm\s@mphm set Erepested bxcaﬂqndbebrmppapm ofsit feast some ofthe plurality of

e R A T R ——

* determination is based at least in part on the handover area defined by the handover area module

for a given cellular device moving between a given first cell and second cell of the cellular

network.

According to a an aspect of the present invention, there is provided a method for

geographically locating a cellular device, the method comprising:
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cell to a second cell occurs, the apparatus conprising

an effective cell-area nodule for nodeling at | east a
w@oerohioaieof a cell reception area of said firspPCTeBR005/002637

and said second cell, and a handover area nodul e for

defining a handover area conprising overl appi ng

portions of said first and second cell areas According

to anot her aspect of the present invention, there is

gf;ﬁxg ag%?hzo% %gérg{@ega 8%/&%1%% hrngf I})‘Fcﬁ?r eflvpv&p?éwice is likely
to be lavatedwhen ad:eﬂﬂr@&ﬁndtibﬁ&ﬁ‘ﬂﬁ refvatk %leltﬂsﬁ{sl A Dan@bvey %Wo?‘%iﬁg addition of a
or

The appargtus conprises (i) a handover area nodul e
Celltoﬁi‘é?‘ftWFﬁ?} ﬁ@smdover area conprising overl appi ng

Q@{etrélﬁ’ﬁ)% d%fenﬂlrﬁﬁgﬁ bede %%40v51e%§a{3$dn9plglgﬁaﬁ18§e in ba O(H‘loa

| east a portion of each I'rst
topologied! relgffonghipdietwedenn pharalityrof celdsid thd acjivases.anpl er m)d ul e
for sanpling a set of repeated | ocation determ nations
of at least sone of the plurality of cellular devices,

tAcaeling toiang aspdet 65188 bradéit inveRtif, tﬁe?@fsfﬁr&w&é@y\ﬁnethod for
vger ein each such | ocation determ nation is base
geograp

sally lpgating acelllar deviqgathg vethtodpommrigiagi ned by t he
hahday g goﬂflﬁ?to‘&%@hé‘ [aréh \gitl)ﬁﬁ Q‘fh?(g‘l d &llﬁfar gg\‘lgg fs likgly to be

nmovi ng tween a gl ven I rst and secon
locatedtvigenaeiohtrblinetwnwesdrds aﬁsr:mndwhgh tan & @anasq@bwtcofduriditeontrol

esent ntio t here vided a et hod for
of mor B8 B scl TR B e Pt P chsbhrties moselnedpasstn &
topologzmwatﬁinﬂgpusWna@»hﬁm?bf&amto determ ne a handover
area within which a cellular device is likely to be

| ocated when a control function of the network

RREHAMERo Qn&?é} [?(e[%E of ﬂ\?\%gk\éérﬁ%\%gg# Jthgx% i©bridedah Qaﬁ%us for

active set o rern erm atIOI’]O

geographicudly Jevating eaelhdarpﬂewse,_sthempimkamugcohqxsmgon a
RN 55 S b B SR Ao 3Ll 8 bk Sty

of cellspii 8 &dtive isEtwARENOdefink @ & R1akidn B @Y nfddile deviBd;hod for
gographlcall a cellular device, the nethod
é

| gcati ng
AoV e anep modyls @réﬁteﬁlﬂwg 3 hﬁﬂdﬂﬁr@éqaé’ﬂthlm whigh the esdlular device
likely¥oltRiIbad 06
s i s S Aok B ol 057
addltlommffmwﬁttemetaatmmmufccélst control of nore t han one cell,
f th
eragg' tﬁﬁéqgtgggég)% al Ia% ox?er_ alt'ea %n rh%ae,f egtmrcleﬁ-area for-each of the -

plurality of cells is made based on a topological relationship between said plurality of cells.

According to another aspect of the present invention, there is provided a method of
geographically locating a cellular device by determining the area in which handover from a first
cell or groups of cells to a further cell occurs, the method comprising:

modeling at least a portion of a cell reception area of said first cell or groups of cells and
said further cell; and

defining a handover area comprising overlapping portions of said first cell or groups of

cells and said further cell.
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topol ogi cal relationship between a plurality of cells.
According to anot her aspect of the present invention

W b@om03986 provi ded an apparatus for geographi ceCT/¢B2005/002637
| ocating a cellul ar device, the apparatus conpri sing:
an effective cell-area nodule for determ ning an
effective cell-area for each of a plurality of cells
in an active set of cells defined in relation to the
nobi | e devi ce; a handover area nodul e for determ ning
a handover area within which the cellular device is

IAdcefcﬂng ©® d26thePEPLaGhT ‘fﬁheﬁ"reén{:ﬁ%rftf&% rﬁlfréllg % oﬂ ?{} a8l 4 angaratus for

VY? perfornms a _handover | nvo lon o
geogfae’é‘Fr ]80%'5% agellplppdesice, gre apphhsts coinpmsangt t he

@%te%%%ll%ea%ﬁdﬁff %@% %rr}%aatrlﬁe%%]e ef“sm ecéf!élvoefa plurality

| -area-f oreac t heplura
of cellsblagg@ct@‘fp set oqedls defiredlin rethtivni 10 rﬁs&m@bltzedemn sai d

Accaording to another aspect of the
pr e over Br{rﬁ% gﬁﬁxlﬁnfgr dqtermining a%@@ﬂgvgwe@wﬁbtnnghicbfhe cellular device
is hkelg &D@la&hbd?ﬂhérya tafR fi@ticn SietlhE Egtﬁrgglggé{'fo?ﬁo l33ﬁa,n(1iover javolving

%erm ning the area in which
addmo’&é p cgdl togheagsiveset afeplls to a further cel | occurs t he

kath%%}%ﬁhﬁlbﬁ&l oﬂﬁ? ﬁllﬂd%ge Lared qn%zfé? ?ff 15% Ip%ﬂ TR gr?r each of the

cell reception area of sard'f

plurality of bellsdmthadabated on & lgrolagidal relativeisilp bbtieBs sad BRRARY BF cells.
area conprising overlapping portions of said firs
cell or groups of cells and said further

Aebdrdigas aabthet akfectBOhb %fesélﬁ Rehtiod, tﬁé?@ls%géiﬁéﬁ a method of

invention there is provided an apparat us
momtorg%@a;fgﬁ Hlopshy @etqr@)@mng pipcessivelloaatians afenplamlityt dfeellular devices
effective cell-area nodul e
located ?rpﬁ’ﬁf g:%l %Pgé’ﬁﬁcrléss jclfcl,g?e%t coméarg&gl area for each of a
}zﬂpgzrtedly tdytem‘unu@ thsldcm(ﬁfbfaw: ldast@ofelof tHe ph@hliy diebmiledievices;
and inrelation to the nobile device; a handover area
nmodul e for determning a handover area w thin which

sanepliag thaloadtiod§ ¥f B al Badtiskgk ¥ e cgfﬁ*l&%@;c@g d%{/n%}e a picture

control function of the network p orms a
Of“MﬁFHQUFV|ng addition of a cell to the active set of

&£% S.4 n .of dover area
B e st 8 IRl A0 of BF piFR o paveiicey
determrmﬁg treldrea insvhidtdiesndase dcauts,ahd RupdbagideRiminalicd b&3AS Bised on:
éwa Pwdfrnwnyofclm
... modeling at least a.portion of a cell reception area-of a first cell or-group-of cells anda
further cell; and
defining the handover area to comprise overlapping portions of said first cell area or

groups of cell areas and said further cell area.

According to an aspect of the present invention, there is provided apparatus for
geographically locating a cellular device by determining the area in which handover from a first
cell or group of cell to a further cell occurs, the apparatus comprising:

an effective cell-area module for modeling at least a portion of a cell reception area of

said first cell or groups of cells and said further cell; and
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Accordi ng to another aspect of the present invention,

there is provided a nethod of nonitoring traffic flow
whood®boeni ni ng successi ve | ocations of a pl ureCT/GB2@6/002637

cellular devices located in a plurality of vehicles,

the nethod conprising: repeatedly determ ning the

| ocation of at |east sone of the plurality of cellular

devi ces; and sanpling the |ocations of the at |east

squﬁof the ¢ %H%ﬁer devices to determi ne a picture of
t% P RrBRe & de{iyeg a hmdﬂvwgar@an@mpr tsitg oerlafpisg portions of
the are§ Of kdid Bfst G@ﬂ/blcg,eroﬁ‘ﬁ of ffls thj{h%lﬂuttyer% {ITE ' ses determ ning
the area in whi ch handover occurs ‘handover
det erm nati on belng based on: nDdellng at | east
e t|o area-of a flrst cell or
%281?11‘5%% Q’F’ Hr gs 8“ °f?‘1? I%Df El&?f}twné%e SarpYifedyen apparatus for

monitofiag taffier ﬂaw ] dbt@rlﬁmn‘lgrsus&sﬁ\’@rob@tﬂﬁh B8a BRELI 59 HPceglfuleﬁ Abdces
area or_groups of cell areas an

tocatedif bl eiplsg, m@@f&d@ﬁr@wwﬁ aspect of the

RIHRAEVer hidY &duRTor & TR
or apa Fcally ogg : Jlfﬁlgl?gaé @aerfaf)&%{' a.'il %ogpp? 81ng)?verlapplng portions of
a modeg:‘étcgﬂ A¢aePtion aice ofintdeasi mpertion bof kb dbu Eirsticeld 6t grolip bBéells and a
of, cell to a further cell occurs, the
ﬁ;rther%&i éliagéedgﬁagglewq &S aﬁ'& an effective cell-area nodul e
ﬁ.ampiﬁdﬁiodﬁl]g fort salnplifig a SetRTidpedd chaﬁor?@ét!:mﬁﬁaﬁ%ﬁg bf’% least some

fth p?rea of, sai d flrst cell or groups of ['s an
of the plyrplity of celbylar: deyicas, to deteronine aateégltmmub@ftr@fﬁccf@fw—mhngnmeach

such lo&iR0d Ql&%hnﬂiraﬁ@n YR 2 ;l G 1ﬁ\f)§ﬁ | gc eYoeIrr é}eggigﬁ?eﬁleby the

area of said first ce group o
handoven gregyapdele for aagiven celloko demcagmbmg bettweert a gBRe kst 061l b@oup of

tiop there is provided an apparatus for

cells a &d%ﬁ%ﬁfﬁggf&gﬁr@%? Wrﬂfy det erm ni ng successive

| ocations of a plurality of cellular devices |ocated

In a plurality of vehicles, the apparatus conprising:

Jgﬂf‘?aﬁlgt&?gﬁ te&i’@ﬁ“%@l kaowfor déﬂenmnmg the lnsatitovefra catlelar device
based oft ¥R 1etwoRE ﬁ\ﬁ?%ﬁﬁ Rde

rec e|gt lon area of I%éq ast R %95’%? ? f‘%%ccoPc% ggﬂlcg?echmques 1
limited by thetlarge gbogyaplgcrab alpea cbveral b)seaah deld Othiet Reknig@dslardnon in
which a%ﬁé&ﬁ% RacliEd 1R used to acglvely monitor the location of given handsets by request.

However, such techniques load the network, and are therefore costly and limited in capacity.

-.. .Additional advantages and novel-features-of the-invention will be set forth in part in the

description which follows, and in part will become apparent to those skilled in the art upon
examination of the following and the accompanying drawings; or may be learned by practice of

the invention.

BRIEF DESCRIPTION OF THE DRAWINGS
For a better understanding of the present invention, and to show how the same may be
carried into effect, reference will now be made, by way of example only, to the accompanying

drawings, in which:
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a sanpler nodule for sanpling a set of repeated

| ocation determ nations of at |east sone of the N
webkweadiony of cel lul ar devices, to detern ne aPQI/eBefsH02637

picture of traffic flow-wherein each- - such |ocation

determnation is based at least in part on the

handover area defined by the handover area nodul e for

a given cel lul ar device noving between a given first

cgl f cells a and further cell of the

o ru?’é"r“g% aﬂ‘?‘ﬂ“%’d@“s % Yuish netBeHnhhayirsanienaak foosird at the
same Ifo@m feicoshiienit AfchOamhbAer B ifyhfbi,ul ar devi ce

based on the network cell in V\,hl C € device is

| H8at ehpws fiyst andsgeengyeets Ofsamﬂulaenﬁwnduﬂm dells having etterdngs
located Qtedlffé’lreﬂﬁ% S ge[nﬂ%'?feﬁéh toafaggeacg regﬁn QX%%&C? yv&tLﬁB@mbﬁglment of

her techniques are known
the anestlQISed to actively nonitor the | ocati on of given

t wever . such techniques | oad the
gwo? ngﬁﬁt @gég‘?‘}’i‘gﬁs 19t qelular getwark, fherpelle baviing antennas
locatedlﬂﬂﬁﬁ’érbﬂt points, A 'hh{nﬁ@ et fff’éf‘&(?@%v@tn , EH)Xc%loTc%Séaet Wit an

of thennvention wilt birs eTf
embodiaent of Hhejipyeniienich fol l ows, and in part will become

t i n.t.he on exam nation
PR Sl MRER oS oBIHBER o e Bl imtcpnteng
locatedys diffaeniquabirtiy, witielcfac€ st agifactit @nglo vestch @ther, BRU Ffhose sectors overlap,
W NGS_For a better understanding

in accog‘%nfﬁg”%ra@§§%d1%ﬂ thg invenlipnit o show how t he same may

treg, CSGdfhbbvﬁ dnlefb@ivRf kB %lea vhﬁlf &héndfofis ¥ 4 éec{b‘P‘ghBS ng qnﬁl is

way of exanple only, to the acconmpanying draw n
containgg i the spejor af aprthes c4ll, near oae df issslimitinig diabd, $n ﬁxfcoﬁ:lance with an
k having antennas |ocated at the sane
embOdﬁﬁénw%ﬁ%rl]&%%{ggé ’dance wi th an enbodi nent of the

iFingy &t shows aﬁleﬁectﬂze&bm&fﬁeafvint}ﬁéxtéhﬁiénfﬁ SEORtR Hef aQbcoid antenna is
net wor k, e cells having antennas |ocated at

°utS‘degﬁ‘? JF‘EF?—: RE S SF‘HP"sOf & Gfsramad Whe! paswcearsic erteden isisatisfied
for twoRdE&Y FARE Qociir! i aBELrEIHRE Wliﬂ%ﬁte ?Bdﬁrl%ﬁ ?ﬂ}ﬁg Hvefion, 71 9- 3

shows first and second cel a ce ne mbrk
f'ige 6Bshpws paoffentiva ﬁ@lénwaswﬂlm‘@nsdnmf atiebtoe mhiar a peviond Sntenna is

n.accor.dance
outs1dew1|;]19ﬁ§/ b nﬁ§§p%r¥gorntfa % %{nﬁ:gr?? ﬁgciw?l%{lg{]p m er-:!mgle cr?tenon 1s satisfied
for one edge of the sector, in accordance with an embodiment of the invention;

—Fig. Tillustrates. the-determination- of-a-penumbra-area around-the lingof €qualintensity

between two antennas, in the case in which two cells have antennas located at the same point, in
accordance with an embodiment of the invention;

Fig. 8 illustrates the determination of a penumbra area around the line of equal intensity
between two antennas, in the case in which two cells have antennas located at different points,
and are oriented to face each other, in accordance with an embodiment of the invention;

Fig. 9 illustrates the determination of a handover area for the case in which two cells
have antennas located at different points, and are oriented to face each other, in accordance with

an embodiment of the invention;
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Fig. 4 shows first and second cells of a cellular
network, the cells having antennas | ocated at

walrdobmosné poi nts, which face at an acute anglBCT/6Be@s/002637
ot her, and whose sectors overlap, in accordance with
an enbodi nent of the invention;. Fig. 5 shows an
effective cell-area with extensions of a sector when
one antenna is contained in the sector of another

V\f i near one of its limting lines, in accordance
igh %u%@dhﬁéﬁpwam(}@f arhaadavieoarea Forghe €ade shaWeharine of

| tensi ons of,.a sector, when a
ool By S BHEE L OB SRl S5
aFigi Tsthown heingssectandvhitiei ussd to et o ghtem&ed l&ﬁﬂé&f‘of acellular

f the sector, .in accordance
devwe%@{eﬂg cﬁﬁlgl%%e&}vﬂé\ﬁfse%g 8 vange, gzﬁg,l ip ﬁccqtqla@ce sBhanembodiment of
the invefifi@ct i ve cell-area with extensions of a sector when a

aFgacond antenna is outside the limts of the sector of
18 1758 2 flock dingrama niia walie informativersysta), & et dfowhiomar s

embodﬁﬁéﬂt 8ddofdln H%R{ th@ %eﬁggﬁnﬁibé p& g;?eqct or, in Elagco;flance

an enbodi nent _
|H1g L1§t1$ abhsk ﬁtgraimbﬁamappatwmrfoﬁloaatﬁ@%mﬁﬂd@ﬁ&@ A0t 8hnce
uaFi ntensTry between two antennas, in

th I r|

w1tha1%%n§boggg g%ﬂ‘é‘ﬁ‘ o cells have antennas |ocated at
the sane point, in accordance with an enbodi ment of
the invention; Fig. 8 illustrates the determ nation of
a penunbra area ar BEAAILER DESGRIBTI@Nual intensity
bet ween two antennas, in the case in which two cells
have antennas | ocated at different points, and are
oriented to face each other, in accordance with an

war peiwerksfopelate usingmmdtwork ofagtenias] dach of natohsot@micates
messagg%%ﬁﬂqf{bﬂ{ %e‘fﬂla?fde c&alggaq? 1&1 gtagg‘ge%gzrgaa f:ztflr g R Igigr}ﬂmgls (f:'rrgm

ave ant ennas
differerdaotennas oveilgm te that thefdearirafope@tiess the Belﬂﬂ&Qfeﬂ%l‘REfs completely

an.enbodi neng of the invention;Fig. 10
°°"ere‘1M “f“u@i/ Bhading, Caﬁ’tﬂé”r dRvirsds widenthe sonfzel S asingly esdl dfdie network.

The cortf@irpased it Bsudhly e GhelvitdBe %eﬁﬁﬁ%teﬁ%ﬁgﬁfg s)‘ro}rggespz?c the lgcation of

wel | -defined, 1n accordance Wt
the CCHVIHWQ’YNCO WVhem acellular dpviossisan miotige, Seteaverses Whinodellits celf gd its

trol §<0¢ I dloatlonofacellular devi ce
contro %g%ﬁggﬁ{‘%&ﬁ%é"’?& trokanu ¥s time advance data, in

@ﬁ&%&?ﬁl‘ﬁ%ma&g@&ﬁ o?gplﬂgérr}l%ﬂwoﬂgg I'GEIQI?C_ ﬁgxggrgrllgon%ny events-that-

occur with respect to cellular devices. Such events are related for example to the calls it is
making, like call initiation and call termination, and its mobility, like location update and
handovers. We use in the following description certain GSM technology terminology, but

wherever used we intend to refer also to the parallel terms in other network technologies.

The usage of all or some of those events, especially those events that are recorded at the
“A-interface” (or the “parallel” in certain network technologies) provides a cost effective method
to locate a cellular device. In the following we describe a way to do extract the location out of
handover events, but this can be done for other events that are recorded and can be connected to

concurrent control of more than one cell.

10
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Fig. 12 is a block diagramof a traffic information
system as part of which an enbodi nent according to
wo b@oiosssent i on may be used; and Fig. 13 is a bPOLKB2005/002637
di agram of an apparatus for |ocating cellular devices,
i n accordance with an enbodi nent of the invention.
DETAI LED. DESCRI PTI QN Cel | ul ar networ ks operate using a
networ k of antennas, each of which comruni cates
ages to and fromcel|ular devices located in a
SW‘@E %‘cﬁl@ %‘?I’f&% F‘i"éﬁ‘ﬁﬁle@éldﬂsﬂw herein eeesdeeribreddiitf @Bm0t to a type of
hard hawt &R For ; i p of operation of
e e rpart ko xarile i OSM DR oPAR0fsitbr BR5EiRles ah Benetts ot e
inventignplsq applydo seft bandoyeraand esmbigaticns oABE ahd 60 BAHdoPlrs Ofn this
' of .t he network. The controlling cell is
contexh (84 BE b ComEd B e Biisedim resbici g 20 vstems and may be
regardst asoviges b davicd With heaRin pogRls &hetitelol Woal oﬁjeec‘é';ﬁ%nsr}ﬁ"‘ &f'and
. a c&l lular device is in notion, it traverses Trom el
rece1ver and frequengy, gair fosanogher eel] transmittexané teceiver Usidg odifferat frequency
air wigtRht ink@nRRk RRS call YAk agement of cellul ar
P et wor ks rrq% ir ec.allm) ni e?%frnl%ﬁ%lacrqrg S 3‘% 2(7 g’ﬂ P%q‘;%aﬁlatf’ gee b?se\ﬁﬁaﬁﬁn and
thereforergede to drop thel donhention ewhien ¢iSs cBineite®MARE Sthaf Bid 8 k&afifdd as a hard
Jopr exanple to the calls it is neking, like call
handover,. , =" : , . i
initiation and call termnation, and its nobility,
| i ke |ocation update and handovers. W use in the
f1A0$141]_(1ﬁ/d I?ﬂgsoéié’sl&lr‘dtppteblate thatrih QDMMbhﬁ?igﬂgb%MXA- lfaased syLstems, the
. hut wherever used we. intend-to refer .also-- -- -
user cah BE B RL BN, 1oy B SR Rr R aBuib cRmPESHE P dgadiom ol
transmifths insage imabd oad bighdl usRER FAKE ROSR L BRLS: | i
. thodse events that are rggcorded at et.he %%-%fﬁ’ta%fs?%@ék%etemmal
1s conngqied fogentemppraneeusly is fefewed tgia3 thectaativeset e dhifsoft gndxspr” happens
when tHRFOME d8%ra LEOSE LY o locare a cellul ar
device. In the ?tgjlan %&%é@%’e}% ég%grt%l%tgn'ﬁ"\?g‘%of’%mlfd’f the to add a
new one@x 3dgs @ newernk vdthoirbdropping af existinbass ste¥ENrsm etV OES. Tn W-
e done for er events that are recorded and can
CDMA g%'q% %nansg)gflgldc af%cag%: c Eﬁi%é ﬁfm‘@éi Fit reiereeveral eonnpgtions fnsthe active
set point &l the Wih¢ Bast Beitiph.&f S6fic@ AaRIth Qi apBEs Syifdl ilBions i
d dg{?e described with respect to a? ype OP%E%\?E&%%%%H%CUOHSIS
ropped,op prothas from the sawe basestasion. Thereshd disosiatbr-spstew hisdoveiavhere a
connectRnl i§ Ghi¥r& e ddin ' | pvention al appl y 10
sof t handover & gﬁﬂg%ggr%?%%? %ogﬁgé% ﬁf? reog'_grfaﬁg’@lnﬁ tralsfeorred
from G$ el N-6ID8VIA| Fihe priireiplesdrebeidyaritiyes 6PSie pRAGHIGn TR kiBh Qﬁpc}y in respect

ver |.s that used jn nost . | G and 2G systens an
or alt otﬁlgegﬂgree en{lonedepes o%gan over, and the terms of the cla>i/m should be construed

accordingly, although the precise implementation and / or actual benefit in each case may vary in

minor ways which will be appreciated by a skilled person.

Accordingly, at any given time, a cellular device is under control of one (in GSM
networks) or more cells of the network. The controlling cell or cells are the ones whose reception
is deemed suitable for purpose and the event of giving control to (or adding) a new cell is
referred to herein as "handover". The handover event points therefore to a momentary situation
(the exact time of which is included in the event record) where the cellular phone is under
control of two or more cells, that is in an approximately equal reception intensity of the said

cells. This means, that by drawing the area where all said cells have approximately equal

11
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regarded as where a device with a call in progress is
redirected fromone cell transmtter and receiver and
wo e@guesrey pair to another cell transm tter anPCT/GB2005/002637
receiver using a different frequency pair wthout
interrupting the call. If the term nal can only be
connected to one base station and therefore needs to
drop the connection when it is connected to the other
i.s is regarded as .a hard handover. A skilled person
fe"eP“Wil 1if Caéeﬁ’ﬁreé% g withatigh probainlity that cheuetlinkgr WIBHIAS 1doated evithin this
area. Systens, the user can be connected to several base
stations sinultaneously, conbining the data from al
Fon plgriTy, ther f9llpwing Rreraplaryt emtmdén it geteds tols icf@ o BT transfer

t th |
betwech SELUE, 15 BT D R0 PARGuES Py e ametmpthadioanbeismming o cases
where thexettharetveedells afs insslidd, Fardample it rﬁ%pp@ﬂ?ph\é@gp rLatE‘?irvg s@'oPcells in

ever base statjons in the active set
aCD %‘ REHAF &F‘&é’é’ apRyingrthe pringiplesandduethochsiepsatescritied deidsy ta all

those cag\_/v one w thout dropping an existing base station from
the active set. In WCDVA there is a special case
Odtencthandoyeraverttam GSMenétwatiarad seMiledhvdl@ing eélt A%a ki B occurs

when atcgﬁ\%lﬁ'c& W& d%s\;gp ﬁ@ga:?ea%ga &E@gﬁ Sl}yﬁtegggte qu]ge;té& frear the gell A

antenna i higheptheﬁl tHa0 bf 8 0¢INBanfeh@dNtd AEarR A WRRARE
here are al o i nter-system handover s mﬁe?@aﬁﬁ&gp&emgmﬂﬁ”m

the cell & ieniihiahe il thees i anteurie Thusebshardoheratvagy. - -
theoretlﬁﬂlé%ﬁﬁe&hethgcelﬁl ﬁéxllcéo%b&gva El?@ Stt gqrurg g{c{?ré%bf.lggag‘%{’mm both

he principles an age

cells. Howezen, iroreakifypthg haludavelS(mes hotodccad dxactly éhe equal-intensity line, but
and the terms of the

d
raher Wb £0GRY PR BRE PR Rt i vy lnal Thodam aadimension

of the pgudxtirs @reh mebaﬁe Bh ﬂéﬂl(ﬁi@ pafatheter® rin(ﬂ‘iﬁﬁﬁ?{he gcgglz\%’ roesiélﬁg{iggyl? the

vary in nminor ways which
cells 1m6)$veg glﬁ}cpp%getggpgqgl,by the E@p@ry@dwrlematlgm of the astentdsne, a
‘Pr?hﬂ LhBEdiReN! deBortifh lf? ﬁ1§ o\?e%phﬁ Yherdls Is di &c?os%:ﬂ & tec teG%mque for

net wor ks) or nore € ne
geograpbigally tsllcaﬂlrrgga c@lular devicewits higheohfidenoa eisthyhRsfnt BaeRhiorer

oceurs, B ASGEIR g T, ERAcT e .5 WHEAD 1 Biiereasin il radotes Hom ool A to
cell B miiyght @tdurashigh prebavigity. B&B&ehﬁé‘%ﬂ@%r%ﬁﬁg brePBhi  be sma%ler than

therefore to a nonentary situation (the exact ti
cell areagsan-ayerage; this| tecbaique affets dedgrageuraectbaniieckvioues thdtase only thé cell

area to l&ﬁtlté Hi&ic UQJIﬁtldn%IIg r}fzﬁﬁ({v%f) B ar«? Feféliéo ggy the ‘ieﬁt‘%ﬁgﬁ‘twfk

IS 1n an approxi na equa
managemd&nttsjﬁemaandl are therefore avallable at no additional cost, so that the technique is

relatively inexpensive.

In order to implement a preferred embodiment, a polygon is be constructed to represent
the handover area. In order to do so, four simplifying assumptions are made.

First, the simplifying assumption is made that the control area of an antenna (a cell area)
is a sector, generally of 120 degrees, whose center is the antenna; see, for example, sector 101,

centered around antenna 100 of the embodiment of Fig. 1.
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cells. This means, that by drawi ng the area where al

said cells have approxi mately equal reception, it can
wheooedviopmt ed with hi gh probability that the ceCT/GBa05/002637

phone is |located within this area. For clarity, the

foll owi ng exenpl ary enbodi nent refers to a case of

control transfer between two cells, as relevant to GSM

net wor ks, but the sane nmethod can be inplied to cases

where nore than two cells are involved, for exanple it

mgcond, hppinpifying asswmgtion weds Esttha:rfthez:rebéymolnﬁntansﬁy of signals from

the principles
o B S LG P 5P B Bt drc
is locaBéd wnhmahehmdﬂv ©thee ¥&0irs that @%ﬁ&&ﬁ@fe’é&t%ﬁqn&&‘?ﬁyl dof l§f~:énals from

nvol vi.n Il A and cell B occurs when a cel
the anfenpa rg 1 % speho3h the exackarimpdod thqﬁ;ltermw,eths effect of refleetions, and
the ef®tTRulfifpaitd)®
*he cel Ilpg : %‘eﬁﬁaglgétthéngﬂkg%(gslu ere élﬂq h%qdﬁb g’FtorS often

statisticplly efifyphane M%hﬁrt he cell B antenna is higher than that

Th handqver event
?;lééo Irag }HH@ %é:sgr S%Welﬂ ‘feH% thcaéfeheﬁ POFPUOR AieNsity. fromifhe antenna
outside tHei seﬁonfs segpifidantlP RS kHayt tBd @Bt iRl lithis Me! sSctor.
jn reality, the handover does not occur

Hgléec%l“?h StRlHyng &ﬁ:%lrnpilﬂlﬁ eade isyhatitheehandaverfeomhene celltthiamother
SAyidtfh h e LM.ens
ocoursy it Theo%ﬁﬁgﬂl;agc glﬁ G@F}eQﬁ egegfeﬁz% devies gercgng a signal from
bmhaﬂ@@@ﬁ@éﬂnwluﬁmmmus paraneters including the rel ative

e b MR8l Bt RSt PRAS heviBvemaen il anodels

cell’s mtaé;mdn aatas aGeab iy a Figité RdidsN BRYSAPRat thlRE Sededtion does occur,
scl_ose aphically locating a

a technique for ge
but it ig é‘gp‘@lc%ﬁtijd akeethgp ¢ WGWW’%B 316@@@@@ Alsot thererapgresgions of weak
L ndover
el Sy ORI UGS SL DI BRIk RO LA o g
opposﬁeghr@guq)n Bomithhisectnrc scmte daseg;hcqntmb averlai cejlulaBés/adésan bl Banded

N LR TN T

extendaﬂewemc&epﬂﬂanarbze Giﬂﬁhl@WﬁSdélé’tﬁés d&@‘fo@ Nhib thdye wek l‘ec@ﬁtﬁfi\ areas, in
| ocate a _device. Additionally, handover events are

°ertamr°ér8k5‘Pﬁ%%PeEry Opfisthe &ffetod rucheirgmptanags éig-‘éb@mcoss;@tr@hﬁnd the cell
sector @f@’%}@"sﬁl}; BeEflea g(?r rﬂ)Y)a{He??sluﬁl tx?&fél BEAL LLY ?J:ceﬁt?cﬁ'nt iy Parg termed

he technique 1's re I NneXpensi ve
the-effactive mﬂ a;nenzﬁs anlpbemrrrfmﬂleehﬁom whether 18 eR@hy aobll k&sid?8rea can be

determl%%{i] hded %lge re?atlrvg Ff)osﬁS ions and orientations of the two antennas between which a
device is moving. For example, extensions can be made when one cell’s antenna is situated
within the other cell’s sector, but very close to the sector’s limit (as in the embodiment of F ig. 5);
or when one cell’s antenna is situated outside the other cell’s sector in specific configurations (as
in the embodiment of Fig. 6). In these cases, the effective cell area includes extensions beyond
the sector limits. Also, the radius of the sector can be extended or diminished, in some cases,
based on the distance between the antennas of the two cells; the resulting radius is here termed

the effective radius of the cell.
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t he handover area. In order to do so, four sinplifying
assunptions are nmade. First, the sinplifying
was@dopioneon i s nade that the control area of aPCHOBeEM02637
(a cell area) is a sector, generally of 120 degrees,
whose center is the antenna; see, for exanple, sector
101, centered around antenna 100 of the enbodi nent of
Fig. 1.Second, the sinplifying assunption made is that
the reception intensity of signals fromthe antenna
gPpiekingsuchoBecteintetasidention ahlembddmimhﬁt&:ofcﬁﬁg'fﬁotthémventlon
t lar device.is |l.qcated wit
constr £ B on RbteFirlehE e i ot 4 Somidiation of b pierssd) the
overlap ptue ofiht pffotivel cgllakéas bf b SclBeBidda wifi&h ihg '391‘119% device is

n:;l s the exact azinmuth of the antenna, the
movingyand 2y FhecrenBmera axprarpynd the pqual-insensity |11t11= betavepn thy; antennas of the
tw h§ Cﬁblﬁ@ll b e

e T act o? geeg?) Ieiedrg‘est at %&ﬁ‘g&lﬁf(fnﬁ% f\%on%a'llgﬁ 4 %%Flgngicam role
in the dﬁi@rrrnmﬂtxod of thept thyatm@, amdsﬁhamtareacasmdevhldu thb pminlitea area is

C m the.ant enna outsjde the

lmposssﬂglc?(%eﬁle %n%gtﬁ?rF ¥°5%R?IV q‘g%@?vet ‘F?ﬁr?“iah‘é ufeé]cept i on
| Fige N shioyight ilRiskrale TBurSRBivle topblsidaP 4t e HobBbhd cyﬂtfé/g cells, in

assunption made is that the handover from one cel

accordaRas Ry angphadimeptiof the iavansar olidiisel, @ifisstant d 0f pudn second cell 102

I [ nal
e oA AR LRSS W YIS, LU oy 00
antenna@@.msmienwé to fage. emmnid melhEOZapnmluf:bdig/ 4 secbiariténng 204ahe two -
cels b apleings R SR E nai AT £ AP ACBQUher cBelier b Frstcel
301 and@@éecond el 30Dhdvel dntenfiasSI(BMnl BORRchdd WeRKSBfent Sithks, and their

reception within the radius. Also, there are regions
sectorsglo ngeaveriagc - fohowegamplrwhichilessmgt fir mecstmﬂonoﬂmgwal
na,; i.n th

categoﬁc%(btgg:i%s ?E}‘ch)%églt §| gﬁer@ﬁ%?l%ﬁ I['IH @gﬁe hgﬁ fa1 cases, Fthis case,
antenn@SO‘WB rapdl 464 ere lacate 4t diffaremnd extes«;: grefarindst ahaaﬁte @ngle & each other, and

ak reception areas. An enbodi nent
the sec@&s {)Hl Il%?éw%l\ﬁaé) i nvention therefore extends the cell
fIﬁE Gxeahb&ﬂmaﬁtﬁa%coﬂdﬁigttb el iMverieR| afetBS] for %@ﬁr%hlcéllg}tl&atmg a
e weak reception areas, in certain Circunstances

CGHUIard?é’@eﬂfPFéu@F fhreg steps: S reiarminingsthe affeetive aslarearof each cell; second,
s I e BB 1758 DO Sa o
determingd- hﬁheﬁ’tseambshcb%stelﬁs‘te(dbﬁelmme&iel haadear ada. Wi | |
een therblow whet.her to.extend cel]|
A3 A oSty af D o he e SR pomeisesuletgrining the
effective@8ll-bie@dS eahtell! T€BidRE foQUdS 0 theleREfitsV\ et B A REEVES Bius of

whi ch a
the cell-sector. The existence of such a radius is premised on the second simplifying assumption

z—»

above, i.e. that the reception intensity of the antenna within the sector grows in inverse relation
to the distance from the antenna. Determining the effective radius depends on the topological
case involved: in the topology of the embodiment of Fig. 1, in which the antennas are located at
the same site 100, the effective radius is Ry, 103. In all other topological cases, shown in the
embodiments of Figs. 2 through 4, the effective radius is equal to R;*D, where D is the distance

between the antennas, and R; is a constant factor, different for each topological case (i.e. for
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device is noving. For exanple, extensions can be made
when one cell's antenna is situated within the other
W@ edob/oss9sect or, but very close to the sector' sPCT/GBR005/002637
(as in the enbodi ment of Fig. 5); or when one cell's
antenna is situated outside the other cell's sector in
specific configurations (as in the enbodi nent of Fig.
6). In these cases, the effective cell area includes
. extensions beyond the sector limts. Also, the radius
Figs. Zthryek 45 g@tlﬁﬁiexda‘nz Be arddle dd eecondandé withias kedbpdiniens ofke invention,
bet yeen t he nten as o
other 8868, &P 8o F e B bl AREEs PlE Tl PR EheaurThos the
relate afi fwmasaxbdlstmhew@tvwefentﬂwmainhs RByantindreargd §ﬂ€d11v€fr£cﬁ€st S

d h
RSP REBhE IRk ot BT Pynpthonseseewor, e elstive celarc
deterntiBEION Efterifyothe 11 fto b@ﬁ&'tﬁ‘@édg@@o% y&?ora{nec%?ta,tnlgdses This

t.he overlap part of the ‘effective ce areas o
determings thepidelings pivbe sifagtivelsetltaecac dihe gktansicevf the célb-arvavbeygid the
und t ual -intensity
cdges Bl et REMUT R B S EPIAKD e F P receeage i of g in the
sector 9éthe otfer owl], Vbtyenelaebraat ofis lﬁmﬁhﬁ lifgsl, fxow il bélhﬁstﬁa‘f&f&?ﬁ beSerence to

| he d
the emByhizpRotify and Alherson ke T oyidR hsestes Qe atberacel and the
inner a&?&%ehﬁee‘n%@ﬁrﬁitfﬁ%‘?ln% Andlffe lﬁl‘é coﬁﬂb@hﬁélﬁ&tﬁ faﬂfeﬁ%agié gregt!gr than 180

fective cell area is used. Fi
degreep, gs il bailkusirated Withastetinge tooqbglemgpmems@tfatgsym and 6B.
.danc
o ngfé%ﬁgpé)itél{s%otx%%sec gl'ﬁ(&/v%}] in tg% E% nfglelét 0 flg 3 Y]-ﬁeraggle([}eﬁB that is

formedl Byl tha hide 05 bawadl theltwo ARRnMu3\661 and S0D)asd bm&ttﬁéﬂhﬁtunghﬁles 506
a first cell 201 produce

of the §3 SR8 fost i - Sesdimiaid el fo b4t Ghe peedeiatmisebngle o is pre-
determ@lﬁJld lag G anBleGAUSES Gl/h'R‘Yl oA aRfhid) gO?ﬁ%?{fﬁ?ena? osd tbetilgvhﬁntglg line 506

| s have antennas | ocated eren
to warrgpteanfgxéqnaign @4 d1e celltatsa, beyond:‘tihg edges oﬁth‘emeetbr Cthn 46 hngle @ is less

S SEOR 65T L RS R B e

ent ol n
502. AFnegztlvdlyshralllBecaahgabaaBﬂbﬁmMMﬂ;lwtﬁﬁﬂfhaﬂ@bvuﬂthﬁhméﬁsﬁmt]fl%w is

t f Fi 1th h 3, t b
added ?3@?%@%5@%@?5 Og': Ih:? ?opo: gZI cal c;ggg in thle;e d
IRHR seHIRRASi off Oade 2N M fﬁ'ﬁtemltlpfe?érﬁfé:e% 1:h%I B{bﬁﬁ%ﬁlt of Fig. 6A,

sites, are facing at an acute angle to ea
a secoqdw@teg@@ 6% is ont;miegthﬂjhmggobthe séchqr. GOB wf afire ahtetih /&1L Ih such a case,

T T NN AL N ———

that is fohn&Ebesweynsan ddigé 607 ordsIses M Web®r 6OLarRl the fihd ¥® between the two

cell-a of each cell:. second
antennas éOl ané 88‘2 is greater than 180 degrees. If so, an extension is made to the sector edge

607 or 608 for which that condition is satisfied. For example, consider edge 607 of the sector
603. The inner angle between edge 607 and the line 609 is angle 605; and that angle 605 is
greater than 180 degrees. Accordingly, edge 607 is extended by a rectangular extension 610.
Similarly, considering edge 608 of the sector 603, the inner angle between edge 608 and the line
609 is angle 606; and that angle 606 is greater than 180 degrees. Accordingly, edge 608 is

extended by a rectangular extension 611. In the second extension case of Figs. 6A and 6B, the

15



10

15

20

25

30

determ ning the penunbra area around the
equal -intensity line; and third, conbining the areas
waledoeonddned-i n the-first and second-steps o  PCT/GB2005/002637

det erm nert he handover area. A first step of an

enbodi nent according to the invention conprises

determning the effective cell-area of each cell. In

order to do so, there is first determ ned an effective

radi us of the cell-sector. The existence of such a
rectangular exdensionsy Bigh gextensions 61 endatl, baved iclajively larger width Ey, 613
than tl"fbsﬁ PE], 307 @Pﬁl\é%ct&{gﬁlar {'-:Qt"él{lsmn gt}%g;e p,%f g,ﬂ\vlée‘rﬁtg oto Ia}eytwgf

he anténna Wt h e sec
rectang@laaextmlcme te hgiven s¢ctorces Witloartbieons Bl € BAR6 1 108 Kbk BH3In

ctive ra e on the topol ogi cal case
additidrlf sl sl G103 M0 Fofe BHRE o RSO DYSPIOGRE the two fr
corners B23Bhd604 dRtherdcRAB@ar Xidhs]oas: aatn@(#heat(v %}Eem?];af{?ar% Lk ﬁle same width

100, the effective radius is
E. It F}Eﬂﬁ‘gﬁ nQted thap gihsreas lﬁm\exltwsmmé al@nhmlﬁltam‘cmr 608 b&@&: ardenna
t dj ual
602is fs?*sgﬁ’e frmieh BEWENERG JrABhBEBI b e Hisandle g iy satified)

the reviesseds mtnmbaﬂarll,f/ ﬂ[etdal*se fod tHfef @l RECtH0 rTHRARNIN!RR %é&gééf:ﬁﬁ 604 will
2 through 4, the i ndex i

not be Siﬁﬁngﬁ(dl Byj4p ‘3@ 1ol 2546 S thpe Bhaseeh anéamna 6] srmlthln sector 604.
| TheadhibddimerR R €lg. GBtsH&g§arfo%er gﬁe{rﬁﬁlg‘of‘ %ct%{;lo Cet sle}:/c?nd type, in

radi us may be used; including ot
which palyzong edee ofrcsesion iscexttindedawith. abaagwe:etmmdre imBtenéd Dﬂﬁ&) 118 particular; -

di det I ng
antenn 818 R IREME SLAGTHG G ph Bt €1y MElevpieSoasa S Bef bopoon

sector c,dgel GIaraﬂd theﬁhr[éeme ligexaedly Byhabiot B0iep@ed PAd GRYdFoREE A& areater than
es. of the sector, in certain cases. ﬁ?

h
180 deg3HS 1 A FETSIC0dt AR oGrer ALY APy Gatiaglethediner an@aGZl
betwee]ih@ct@%éc%@%‘l 2an®helling 6§@ kd gr@a[t@ﬂh?{; ngcg:g}é%g e@&g@f v\ﬁ g)lg]tensmn 619

sector is required in for exanple two-ca
of the sgpendiipeisrimadedo edget@iBned in the sector of the ot her

5o MR 0 L el L RS i

effectl\& ra@usj aigt), imérene eases, axtbxﬁﬁﬁ@thle%dglé.stcﬁ' ititsetidn), he ‘éé&hd %p is to
ot her . cel | bet ween t he

d élh ? I nner e
ctermind g PORG b e QR R 0 h PR g baseen i snmetenias, a
illustra@l SAHEfriRB td 88 ABYHBRAs AT 1é’¥‘ b 'la_n(pg ix%tkﬁse&éﬂ B]Edth\éngrpumbra

ref erence to the enbodi nents of
area arqug the ling ofequalristensitydamedelstrasum asynﬂﬂesa'lcatrtﬁatihgiﬂﬁﬂ stigp around the

ine of Gyl infenctl T B 90 kel Pl Bt o el mtensiy

and thetstrip ]hmmohlt]ngmﬂe oftBe EABint whibk tHel deBlilaB&SARN s moFink S Fonger than
h dﬁﬁ@p gfre qyggrn1ned an le a, 504. The predetern1ne§

the width, Wp gn thessidg ol fhe eslhewi ofw: @htt#eceéln@r devipa inovig. dor axample
with rei%%b‘éx@@fbﬂh@ Bhbb&imH JrrgE e peiliifh afQ & dlfid hdidd or}%qual intensity
710 is formed by two rectangular strips 706 and 707, for which the width W, 708 of the strip

706 on the side of the sector 704 into which the cellular device is moving, is longer than the
width W5, 709 of the strip 707 on the side of the sector 705 out of which the cellular device is
moving. Each strip is formed between the line of equal intensity 710 and a strip limit 711 and

712. Similarly, with reference to the embodiment of Fig. 8, the penumbra area around the line of
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to warrant an extension of the cell-area beyond the
edges of the sector. Wien the angle b is less than a,
w0 b@esesoveor i s extended only to one side, i.e.PCHEB20d®02637

506 that is near to the second antenna 502. A

relatively small rectangul ar extension 508, which has

a wdth dinension Ei, 507, is added to the side 506 of

the sector. In the second extension case, described

first §6%h eference to the enbodi nent of Fig. 6A - a
equal iensiy; S0 s farmed oo rsctenguir giips RBS andi$QTs farfwltitethe width W), 809
of the $@#pt806 BB Qfle @f tfhb E&Ito%t.i SROIHEQ tﬁe #:éll-[l? ev1%? %3%%% ds longer

is determ ned whet her the i nner
than th%‘&ldﬂme &li0rpn they elde of the Semmt&@ﬂ oﬁf)&' wllilsleﬂfe ceBiler dVade it Moving.

607 608 of th t 603
o Jer R B s B e nd ot ipisiins o accardintozn
embodlmegrcﬁ‘ diecinvérnion, it B0AEGCa8Sy td ﬁet&%m@fhe\?\ﬁaﬁﬁé bﬁﬁﬁe e&ual intensity

. eto &e ector edge 607 or 8 for
line, whighraries,feneadiag o g teaologiéal caseaip ts, ﬁrstdnmld@calwd@eofﬁw
t T
embod’j’lt%eﬁt ke F%e |q n\gﬁlcﬁ ng?lgo Q{E c%ié%rhg g,sga'? glhg e 5}! gg% 5319? hisector 710

of the gﬁlba@@muﬂﬁ qn2 &8@7@3egvfedsemaﬁwatedi‘(ﬂm gl lyc;atleﬁl ge1 6Pthe lafitennas). In the

t I t 610. Simlarl
seconcfg%lr(]igﬁlgg g%ggz&&cga% a ? gl{’l'ﬁ enSI I*ﬂlg@g anpﬁﬂe {Heﬁg{ézﬂ){ntensﬁy line is

approximngiely thetewanpagerli Gl tand linB %orluie é@lg W6 aftBHaE, ﬁglﬁexample in
and that angle 606 is greater than degr ees.
Fig. 8 ‘3\’%@“’%’1 e temipgiosl egse ehbigd2,he equabmtemxmuhm is-the-central- -

perpenﬁ?‘chﬁ? §0$3fb fid ?]me By &J}xﬁefﬁ%%ﬁ)&% € asogbg a%gz " i ind Tourth

erect angu ensit ons

t0p010gml®n® ertlse ﬁmochmdntfbff;g Hathe equal &itaisity pbivitsl ¢ @Eficul 16 ldBfine,
1, 507 .of the rectangul ar

and a SF Séﬁlé Fr tﬁ’ ?se ?glg%&j ang 58 oSS RREFither e are two

ffﬁﬁf‘i@r@tﬁrﬁﬁneanh@émc@m célPar@a SR pSRAAI are@Sr ;
extensj ons 610 and 6 11 on sector - 603, aﬁreagdwnh%elne(’fequal

1nten51§yr ? Higatepr ofdhis embpdiment s to determee the haidevbizarka. dF or each of the
topolo%ézgl SRR Rt Yt mﬂé]?rgfra&fé@?ﬁt%? F (ﬁq\/\Q 8 algg (1315] nﬁ{c &ede is

_ of the'rectangu ensi
potentialkt ahis foqresfoama }mhdd\hmssfamdmfod ehchi211, byt the hﬁﬂﬂsélctfbﬁ of its effective

cell-ard Fo B rap e B o up b SR Bhvia) JHORRE A 196l B handover
area, asat istifl éhiS et Ok tieh f&iﬁdee@,rﬂli’e §fddn &ﬁﬂga&mn'v&ma{ h@'™Ib Sells are

criterion is satisfied the reverse 1s not
potentigilyeablesigrerfprmp peapdoyerticar extraplo wid referencorto tHBreatbodlimeni bt Fig.
9, e t
e e EAEF o3 e AR REPALSIG Y Bt

by first \Imeﬂseo’ulngeb& effec6iOéared bfcetind @(iillhﬂli?a"\ﬁ”ect@ﬁ%1 1biri ﬁéﬁmﬂ@penumbra
e secon

e s U SR Ay B Sk e b eon S it e
rectanghi@f @fp 93,0t forhg LRRH oP thel o Arlis, WRlch llsclléln%'éented as the
shaded area 905. The embodiment of Fig. 9 illustrates the determination of the cell A to cell B
handover area for the topological case of the embodiment of Fig. 2, in which the rectangular strip
903 is well defined. In the topological case of the embodiment of Fig. 4, for which a similar

rectangular strip is not defined, the cell A to cell B handover area is found as the intersection of

the two effective cell-areas, each of which may include extensions of either the first or second
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antenna 615 is outside the sector 616 of antenna 614.
However, the inner angle 622 between sector edge 617
war@eti®os i ne 620 is exactly equal to 180 degrPE€BGBa4/002637
therefore is not greater than 180 degrees), so that no
extension is made to edge 617. By contrast, the inner
angl e 621 between sector edge 618 and the line 620 is
greater than 180 degrees; therefore, an extension 619

d t de_to edge 618,
e usrlob e F oo b 7 (e coupRIGREar TErI O R dbocnebane of

o 0 g4 B f -
s:.actorext o8 ds?fnei t ttgﬁ%egrbg?noe‘f?&e{n%léﬁ s]] gg.ftj%fr{?e AR tGyp% nan%iqg? 1?90?1%@ gell-area

of sectop 19Q3% s enaextmieé éﬁ gntsnsiomny kﬁ)@4,a}0@ﬁmj1dt 1066 lof the seéond type.

Becauf s b IR RRE SRR 0 % o B EbEBRR i 4o themapover ara

from G211d061 & cellri 00H nssecpxlamheemtetrdwu@ﬁwuwwnahaf 8o @ﬂfé&ﬁng célh@reas,
i nt.ensi ty s nodel as an as¥mTetr|ca

:
thhr‘%gl%é{’l%@ﬁ Sgardaéﬁﬁa 100, I Shenld Rengtes @abﬂle ofbadiifereneqistwgen a cell A
to cellﬁ‘ﬁan‘@b@érlﬁréé’ afa EéTleB rt(?&tl]ﬁﬂ ﬂHxlxcﬁ)'i/exs%réd B?ﬁ@s\?foﬁgth%qu Fﬁy of the

equal infensity and e strip
penuntbh?eal‘eieaﬂoundlth@ evmal ditendity line) Whiklapcatesvindlee fopolopichin@sesi of the

nger dth W2 on the side of the cell out
emboc{lﬁ?l I\?\Cg‘)f lg? W&r ar device is noving. For exanpl e,

WAS Banr &fseéreﬁﬁm th®@erhbediBRAFTFEND, 8¢ hinddverfared 17 determmed in
<f enunpra area_around the I|ne of equal intensity 710
accordance; WithaHerphodinignt ol élieaﬁwuafl gieH, frmughemaligr the thefeffective areas -
f the ¥4l &BrokMBOMaHY R 8o
orthe of t hg sect g r 4 78%( [ E}z‘% Hé%hazﬁ%ﬂgp? Z€%r£ %/dq%leaﬁ&%lmem of
the invieptiom gfhlqhsiete@mgws thd’hmdd)m agaCis movi@accufage inflodatieg atcsliylar device
th f the sect 705 ou of whi ch the
than p17 qrptFChm é:\g;lkh@gre %0 ‘i’rg‘{?f“i’fbg "%é the el B5St0T s £ or med
b&ﬁ wRBsdiinbet dctorgingfto @@Lialentioh eR6 hrh%ro?és%c@ﬁlﬁcya o‘ﬁta'i/élﬁge when the
mt 7 11 and 712.  Simlarly, reference to th
cellulaé Re AT e theilepatign of h@elbéqas @%p@usam&@ma pdande data, in addition to

~cell 1déritf@i@r &he ql”i@l 11 oGRS rﬁr)g %ﬁ% gg)%f %g:?lq \/\E del the ﬁt]lmated

rectangul ar strips 80
locatiogiof a geif:lwfdeyice ussuchp BgS5 imarcotdencsi with of emlbmhmaatocﬁtheaﬁﬁennon.

i.nt o which the IuIa Vi n S Ion
The adioRal e Ghvipts i reifiglefi prooiof hegendiib o Srindfedignd o1
betweeltivo @lvewadiil fohenael O3ifrah evicaa i B4 Dbe dppreciated that use of
determ ning_the penunbra area around the equa

- time-advgnesdatas gr pihposaibletad sgcifisd hraentdainesrerkowhichigay narrow the -

modeleidrb\éﬁ 'aféao&m He édsctfrfs{sfetntlg %ﬁ%ﬁﬁ)ro}ﬁlrﬁegtsqﬁ%ﬁﬁ f&‘eextaglgle by

ocatioh of the equa tensit
modifydaﬂam tiodel fondett¢rm1nmg offegiveatll ems.e Thisy fdrleramplesin the embodiment

o Y08 09554 o895 kgl SERELI S Bh il il Gt
effectiveltR1l Rtea88 b 8Fmilat ashion to the techniques described herein. Other shapes for cell
areas may also be used in accordance with an embodiment of the invention. Regardless of the
shape of the effective cell area, techniques in accordance with an embodiment of the invention,
on average, improve the accuracy of locating a cellular device. Using the ring sector of Fig. 11,
for example, a similar rate of reduction in area may be obtained as when full sectors.are used as

above.
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of the cells' azimuths 702 and 703 (which emanate from
the location 701 of the antennas). In the second and
wao bdosaoioopol ogi cal cases of the enbodi ments of PET/G82002/002637
and 3, the equal intensity line is approximtely the
central perpendicular to the |line connecting the two
antennas. For exanple, in Fig. 8, which corresponds to
t he topol ogi cal .case.of _Fig 2, the
e aIJntenshX | i ne-is-the-eentral perpendicul ar 808 to
s¢ phakilgipghe a Néléﬁpmgcmﬂqéhatm genetelizrdpagaeters a:neatmned above
opol Cc
(such ak%afag‘%tér E lie}, R P@;I (g ?%1 hg §1§<% ﬁf é'ﬁﬂi? %?@%?ﬂn rlcally and
cahbratbelfbyrﬁgld triadb. d? os txdngpls,itedts may be)pttrlﬁﬂﬁxed af wElcb&ctuZl Iafmhoﬂs of test
not e term ned the effective

cetlafiieet e T 0oL BB AScal oA g rm Rl rafeli ogeinst the
cell m?qu dbteling Pedpel valdestibi the pafagRiced. THY ;ﬁnﬁﬁé@&@ 'nﬁ?'ye ebtfmt8d

term ne the handover area. For each of th

statistigadlydiagasl euthe empisisalarstdiss andinay losf intmeved b bt welﬂts apfl other data are
' C t I
accumpfd ofer i, GHHEFdrntie By BEGL Fidneh S BRLAR ATy
aforembntidried paninetes ec tompiet@fy dlffereﬁf If&a]mtme m’.@l HeaedaWaed cteﬂﬁar
a aro I|ne ual inten The
system§ gfhet g 5L Fre 6 e Azaged ceySE sty Empod Gopts Y, be
modifiéd o BRI Wi tASt thd Randlvearef 1stn'ﬂcﬁiel%ﬁ%§§ differ¥ftishdpeldn Set of
two cell's are potentially
shapesablsl@g fionpitie pupracmenboidsiie miheagtivexetmpl e; - wi t h
r .

GBSy SRS It o b OB DR BB o

cellulaﬂéédlceBma?(bE usad abqtaetrafianedfibinfdrimation systear, Sech dsnatidaribed in

U.S. P s St s M bned Shiled st Do Saged o Mtih ishvn in he
embodirhéh@ 091% 14. @Rhis By KM ecﬁ&ﬂensgdettaﬁm@édftﬁ@tdcmrﬁdﬁacmfacpﬁhllahty of

h the rectangular strip 903; and then form ng
mobﬂe@nna@rs igfvehigles Erayshng anaaoad ndiverk 12 whishrhes bmnea@ab@ed tedform an

oriente Ee ce tZJrn%?ert]xg olﬁ“g?h%@g&gémﬁfﬁé 1n’f_'drg1lat1§1 #a% ggél;?hgtsbe used

to compllemanﬁ‘ the niohile L‘dmpmgo Pogitidbn das 62 ixfcollbeedoten dhﬁEﬁ‘tﬁn tiie mobile
whi.ch the rectangul ar strip 903 is well
Sensors, @?4 wgaﬂecf Wﬂeﬂ@a%gw SRS %agassage tPﬁé"’é‘H?o‘E?&fi fhavel tigpe
calcula%r@ B%seci & th\é’@érﬁﬁﬁle@dﬁh Nthé ﬁrhvél ﬁﬁfe@aguiaafr 2siefénﬁ1de§ a ﬁfétan
defined, the cell Ato cell B handover area is found
normaliged ttthveelutme_e\faé@cﬂ)r eashofientné rqaﬂ@e@m@@ themstwarki4adefsionand ~ —
ea

cmentfglétgﬁe%ngiHQg 2 rt}l%@ﬁsésntgge g%ﬁﬂgl)ég ﬁ&%ﬁa‘fl%d @veﬂntngse F w%ﬁ as data
obtameﬂffﬁ)ne otherlsensuts, to fgeﬂ%lra;je a tOgrerit Ipﬁ:tt&é bénafific eomﬁ’udmsamehe m‘ad

tor 1001 has been, ext ended xte n 1002 of
network h& redigtor ¢ gaguthen use the, gurgan Blemréyféls &elljas gy %‘aig agpattergs and rules

general%p @310 g?e?ituﬁ Sﬁﬁiecgéghgﬁtgﬁéjo@{“oﬁ& 8ihet RARtmMA8o al2RRee &Bthe 5,
S
which may serve a variety of applications 7. The fusion and current picture generator 3 may fuse

data from a variety of sources, including the normalized travel time calculator 2, traffic data from
fixed sensors 60, traffic data from traffic reports 64, and traffic data from other sources 66.
In accordance with an embodiment of the invention, an apparatus for implementing the

technique of locating cellular devices, described herein, can be used to generate traffic data using
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Because this is a topological case simlar to that of
t he enbodi nent of Fig. 4, the handover area from cell
wa®E/oozocel | 1003 is equal to the intersecti oPChEBMWHSH002637

their two effective cell-areas, which is shown as

shaded area 1007. It should be noted that the only

di fference between a cell A to cell B handover area,

and a cell Bto cell A handover area, derives fromthe

asynmetry . of the penunbra, area around the e
Gelluquﬁ%‘élﬁ‘é,h"?“‘?qsrf@m devices iprehigles. iHor exanplevhes g Cl@afiov,eagt@é is

f

detemﬂé%&nﬁf ?{c%))rgn;qt9 ﬂ(lle e%?&g? r?eﬁ%fﬁgfys&lﬁ Mrp&ég l?h%geeoﬁéﬁ over ar ea
corresm))ﬁﬂngjietthcr haimﬂexderiamaethatchadhmeiewmhledmsan’@stdnate wf theflocation of a

veticlg i wh S PR et Bl O B P16 10 1 66t ooourred

Based UAUBe refiiltiay p6aG6h and tikd 404 fo2 atQEe hidgbér@f siichersaRds @ traffic data
of the inventiaon, which determ nes the handover area,

from qtherpitges @ agraalzed Fayed dmeicaloulates @) piather telis Bistemnegmponent, can
gener'ﬂé %1 ?fct\ﬁé br L Qbﬁ’di §n DS virhyY ofifkel, %dn?%fo? ?l-e)ﬂlétilﬁg gﬁcommg

sector. di nent - accor Iig to nvent
trafﬁcatbﬁdxtmmm rlowes embodlmnty a te@hmquemaageqrdam rwithhtbosealebaeribed herein for

ecifi e. Ioc:at f eIIuI ar
geosrfiiohy ocnBri belflar e S il tbaRi 8 i Hribfm e £ St tme
embodifh@ft dffFie 20 athe sarfpler mdduls D@ d positiogdse 62,05hidH ky include
which is used to nodel the estimted | ocati on of

a
streamieg date relating\ip celluler handoveneveaisefroms cellular peterk. Whetposition data.

62 magglgcquen%te%(%}rﬂg h&ll'l@%ﬁ?ﬁ%ﬁ% tim§ Evabl dak rmmu aldelflar catrréer as well

ance estri ocation of handset
as vehéclé positiaredit-ofroth Bo/Aribgtofeter tmbllgsensm snamtes, sdchOR GRfddata or other

Floati%égfglgfpfe%%tz? Egalaglg gﬁgg(}% q %6%&1'01& ??8]? Hﬁf‘;g«%?bipg 0 m%%ilc—t: Ige%tsor
sourcéi@fsﬁnﬁe& 6| itk dnAMueNe kitiplar fBLHETHe (inoMidedhin mpleﬁhbm 1 of Fig.
nodel ed cell area, can be used consjistently

12). l\é\qlbplm sgples sm-]efn@ﬁ\qles mpy plse }ggﬁiﬂdgowo%apg g}f%em ﬁ}épes of data from

‘the Salll]ig % bflg %nsgle{cﬁ& I%Jop %&aﬁn&ﬁ@ g%#a\{%: Qﬁlllﬂlelaguﬁ nodll §na Ilfe%;used for

1, the ce
procesmhg obﬁulanhmxldevbralataamd celnladatation sememta S pOSSI bl y

eIe ed to.create an effective n.a si
bR eS8 SRS 15 P g el
with aﬁ féﬁi%&rﬁeﬁaf ok inveAERS THYmay 5Ouded, faf ethniple, 36 GREERCH formation
wi th an enbodi nent of the invention. Regardless of the

* sytems e cobotimentafie: By soermaseedin thebloek diggeem of the cmbodiment-

ormgZEE SNl 30 SR PG BUEREA B et
area nfibdvieds01 i detprinhting ¢ehlgarsasca penunfbraarga mbﬂlule 1302 for determining the
penumbra area around the line of equal intensity; and a handover area module 1303 for
determining the handover area. The apparatus 1305 for locating cellular devices may be
implemented in a variety of different forms of hardware, as will be apparent to those of skill in
the art upon reading the techniques disclosed herein. For example, the apparatus 1305 may
comprise a computer processor or specialized signal processing circuit, which receives data 1300

on cellular handover events, or other cellular data, generated by a cellular network; and which

transmits a resulting calculated handover area to a location-based application 1304; for example,
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for exanple, a simlar rate of reduction in area my
be obtained as when full sectors are used as
w@b@emosPbose of skill in the art will appreci ap€r/GBai05/002637
the generalized paraneters nentioned above (such as
paraneters R, R2, R3, R4, a, E, E2, W, and W), may
be determ ned enpirically and calibrated by field
trials. For exanple, tests may be performed in which
es ar nown, v e
the B8 R LRT oo EbafiRat STk 3” R B Rebe escribed n
emboclmtentls ddreagmay be imhplemented agmptihe ial €d@putcioffa@P&de running on a
al ues for1 b paraneters. The par aneters may be
compYEh FrAgestR 13D &F PRAYAISRShecaiZeh o s Ehpslata Whpessing.
r a%dal ilﬁapp@fh@lsr%}éoﬂﬁlg t9Rh @Mﬁgdlﬁr%ntt &ﬁﬁe S Sttdnthedd HotGJeh er

data are accunul ate over tine. her paraneter be
implepgriad inpthe forey of the embedimentrofFigs rh%t Fer exaoplaytwo p@ssdndie ways of

e TR e T —

In a fisst gxan(ﬂDMﬁ cohswap afel deuhaf casleteapbe Satlgsle RN byEtmY a&@rdmg to the
dified for fyi npl e S%Jch t hat the hand over area is
inventifgdp S gise ey aias TRl pessfle enbigstians ehaeizhbaringiglls can be
deternhih &I bA38 of ﬁlﬁ@é@lﬁfﬁ? MapOfn &Jef-Bnd ﬁo&é@? anégioké{ﬁnsa%atabll& accessible
accordance wi th an enbodi nent of the invention,

by a sysjene a¢pordiag teethe gty enigon. | When ¢ediulap flate sirpamssintabe symmn rthg/system
uses tl%ecep %Ee%tlgélg%rﬂ?{%)r ﬂne%d%x%f fd ,[ (|>rno];qgerr n%lﬁ\ggrgrle%\%irﬁc%} f?)ll"l g Eiven
handofelestenitito ednsalt the datsbasaioexampkusin@glcdkupiabld) afd thefeby obtain the

|nthe rrbodl t of Fig . In this syste
rolevat g doveE atr S, LIS cRupEes b Fitienka! soparatus 108 are
perforRled Bﬁilinfe}’aﬂ?{f da'iﬁ)fB dOels &ﬁiﬂécﬁ{eﬁtlyl' ﬂro&%gécﬁl)rﬁﬁle Wlﬁlvrgi“e'ré}fle W'nd

road network 12, has been anal yzed to form an
handomrudemcmtqdosfﬂlr@éxytm@ﬂulm £310%0 By ®4tra&tllh ersesmdrezamplef a cell-map is
not av!iﬁa% ftjo% k%}]él?l a@?&rdglgltgﬁge elﬁ\éelnﬁal){ %%ea% %lz)%sya%fnaregﬁv?s the

geographichlepah&ﬁieta‘s of thei dells fnvolved hﬁeaﬂb haddevecsvent, snd @¢hlates the

odjcally b I 1f to
handofi gt PGt e\ o YA ERpD P Eofor SXarRle e Brbedient of Fig. 13,

The mé @& Bd143bH3 of %H%%n{bro@i‘fﬁént 193513 féaﬁe%ﬂ hat &rmgp ﬂtd%gﬂ

a nean normalized travel tine val ue-for - 0Ori nted
differentspfitwaeccmpdifess finstdad, the sofdwire Imag haveta ﬂnﬂ&remm oamdrecomplex

r t hen 585, he. l,cylated . ...
st 5, BB b G b Hondi M 3G R BB o n e
art. other sensors, to generate a current picture of
traffic conditions on the road network. A predictor 4
olawilt b\eaippmamwdlmamhe emibbdipiefis wdfit ofa wikkd tangs of mbéifications

fr zﬁtterns and rul es
without departlng om the inventive concepts. For example a skilled person will readily

appreciate how the principles and benefits of the invention apply with various current and future
frequency division multiple access (FDMA) and/or code division multiple access (CDMA)
networks, or other networks using time division multiple access (TDMA) in combination with
FDMA and CDMA principles. Another, less frequnetly mentioned alternative is polarisation
division multiple access (PDMA).
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15

generator 6, to predict traffic conditions or provide

other information to a service engine 5, which may
waersmoovari ety of applications 7. The fusi onP@maB2005/002637

current picture generator 3 may fuse data froma

variety of sources, including the normalized travel

time calculator 2, traffic data fromfixed sensors 60,

traffic data fromtraffic reports 64, and traffic data

fr her In r wi th an

c ARG AL HSS pRREriE( SR ‘i G oins 128 described what i

consideidd ®MRMd gt tb&e ARTHREE Hﬁpr@fmelt@glﬁr:ﬂ Iﬁgde% %Ifgé‘tlf@ﬁmn the invention,
devi ces, descri bed herein, can be used ener at %

the inysngion skowichnet bedinpigrdelp specafic anpeiatis cbm&amtms of nethod steps
d1sclog§i\’13(fﬁ§ dés@rléggl* 81} tﬁ§ rel%é}fe e])fr?b%ﬁ nfent V\por examg Eﬁ% {l%r?oru%a

etermn ven ce ar device

mbo@mntsmemanretﬁaeo gbt%ragﬁmgtﬂlgl fpdtiacing a S¢etiala deviegPRRE]IDY apgreciated
hat ¢ ag %%gr arFa%Lhat has een d?ternlned as an
tha héss*Ff‘Prﬁ Quidspe eapstricsbroad)y t‘b‘Fe of ngbeply fempbile pallufar phepes or other
handsét€) Bu higé, f@ﬁé&aﬁﬁ)lé/\@@ othecab&flesth cBﬁlﬁlu'hicgﬁoﬁ Qfﬁfl a3, r?éiwork such
event occurred. Based on the resul ting position an
as vehiglenbok pyobasy laﬁtopaﬁlgbsmglﬁb%rcomputsumhtswdhclttcumnummie with a

cellul%r n%{v]\‘/drgl g’ﬁé Sf(ﬁl%gllr? fid %{‘t ﬁwﬁ ?ofgglge g‘g;n’ﬁg:ﬁzlg g‘ﬁ-tﬁ{_’) ﬁ%ﬁﬁ broad range
of app(ham@e,r}ﬁrtaiumrby Ipéation rbeseozfppt1éafoﬁ$ sndcendids] @ Bﬁe)faﬂ{pléi embodiments

¥ar|eL% US%§ |nc&ﬁq ng for predlctlng upcomni n
accorqipe foy InG, INVERRAT Toh BROBIANRIEHE losating - salivlar daviee BRy, b us_ech ip a-wide-
varietp6CapHadt s HhilldihD P58 nG?Fﬁﬁftécpt%Q l&eclﬁgh Badel's crv1ces generally; traffic

geographlcally l ocating a cellular device
informagiph eypanese dorieynergrmncy awppiosss, swehas i locating tarwellmalbdmmw was used

to call%%’eﬁ{m%eg%nmggeq Po?@%’éaﬁé ?glg’ﬁg,ﬁana 5(51?35%112} 1}qﬁglgte8ce an(i national

defenseeppliatib@ndover eyentS fr oma cellular network.. The
position data. 62 may include, for exanple, cel
identifier and tinme advance data froma cellul ar
carrier; as well as vehicle position data from a
vari ety of other nobile sensor sources, such as GPS
data or other Floating Vehicle Data. Vehicle position
data 62 fromeach different type of nobile sensor
source is sanpled by its own adjusted sanpler
sub-nodul e (included in sanpler nodule 1 of Fig. 12).
Mul ti pl e sanpl er sub-nodul es may al so be used for
processing different types of data fromthe sane
nobi | e sensor source. For exanple, separate sanpler
sub- nodul es nay be used for processing cellular
handover data and cellular |ocation server data. Fig.
13 is a block diagram of an apparatus for |ocating
cellul ar devices, in accordance with an enbodi nent of
the invention. This may be used, for exanple, in the
traffic information
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system of the enbodi nent-of Fig- 1-2-.-As-summarized
in the bl ock-di agram of the enbodinentr of Fig. 13,

W@ e@h/oedr0@ppar at us 1305 for | ocating cellul ar PEVGBe®S/002637
may i nclude an effective cellarea nodule 1301 for
determining cell-areas; a penunbra area nodule 1302
for determ ning the penunbra area around the |ine of
equal intensity; and a handover area nodul e 1303 for

deternmni ng the handover area. The apparatus 1305 for
Whatisclaimefldsicel | ul ar devices may be inplemented in a
1. A Mtho8dr Rbg ﬁFﬁlﬁﬁ[ﬁBEatfn%rareéllﬁfar H‘ﬁf &V‘@r{e%etﬁéd Wnllaﬂ
the art din

apparent t0 those of upon re "t he
t determiginesandifisetiesee-anen for nachrdn fostanibed a s¢vend cell in a cellular

netwodiPRgpat us 1305 may conprise a conputer processor or
spgeclal i zed signal processing circuit, which receives

d drtiarr?.lﬁﬁ(gdamand@\lelr atea Mlﬁ?ﬂd]ﬁibﬁl’theeﬁﬂﬂllaﬁ devite @ﬂﬂk@l’y to bg located when
ul ar. da ener at e el | ul ar network
contrd it 1 B IuRed eSS RRsETad im et st ol é?iﬂ}?aﬁﬁ%%\?léﬁuar e
t G\/hérehpﬁq@tdbt@ﬂmlﬂ@ﬁ&ﬁoﬁﬁ@hérﬁl%%r‘%ﬁ’%a];hg‘{ ct1€%( @éf?éu%a kd¥®ach of the

traffic information system of
first cglband e isenpsd gell trgdnasie é)p@ddeahoptbieglcalrrelanmthpimthen the first cell
andﬂﬁ%&ﬁhﬁcgﬁy be inplemented as routines in conputer
gram code runni ng on a conputer processor 1305, or
as eqU| val ent specialized circuits for data

ssin ppar atys according to an
2. A*E‘Fﬁ%@ m%ﬁ‘o‘ﬁ E\’/’g?ﬂri‘:@ﬂpﬂ%‘% not be inplenented in
t H&eﬁlﬂﬁﬁg%fpehﬁ}ﬁbﬁ'g%ddr%ﬂita ®e deQual :h?’tensﬁg of ?&@gl}?érlebetween the

two possibl'e ways of 1 nplenenting techni ques rern

first cel} ancitbe sesondegll. (t hese exanpl es are not intended to be
limting). In a first exanple, a cell-map of a
cellular carrier my be available to a system

3. A acthod ﬁﬂobghﬁg)totdlﬁmi NweRidinthe cklulihietwekOmplisddhOMEf antenna for the

area for possi pl e conbi nati ons of nei ghboring . .
frst eglLijeia segpndan f‘d’é‘f‘ b sgongselband Whe thelopalogioalitionship is

deternfiBePfréim |ahfbﬁ%§i RQEETTopAbHcal ke @orh?rlﬁn at abase
accessi b a SySt em accordi n e i nvention.

vweﬁrstdepqlegleal ceigtin whiqhetherbirst nntgnnaweldglysaeemd anitenng st lepated at a
e cell identifiers and/or tinme advance data; or
commg]?ﬁéraﬁ%él lular network data for a gi ven handover event

t ®seondtdpblogivel chiad mbwisieh (HedIrstextiph end the sé@nad ahtedkdbie located at
| e) and thereby ohtain the rel evant handover area.

differetfqéla-l atiqng;-gnddn-hichithes gﬁﬁqlgandt the secgpdesilpie ogenteghtesfacs eash othery
1§ﬁ§rd§5ﬁol@%ﬁézﬁ Q428 wiidh thé ﬁ?st aﬁ%adﬁﬁ @l%e]s%g&d a%tenna 2 are located at

___ subsequentTy processed online wth erence
dlfferehalmm;s ardtim whichghefirsp ¢4l andeth@;ecnmﬂcﬁllledom:everﬁgp and

S Rone oS 858 BhicRERRF of s Bl b Mo Gppotogicat cases

are satisfisead, the systemreceives the

4. A method according to claim 3, further comprising, when the topological relationship is
determined to be one of the first, second, or third topological cases, determining a penumbra area

around a line of equal intensity of reception between the first cell and the second cell.
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geogr aphi cal paraneters of the cells involved in each

handover event, and cal cul ates the handover areas
wopndosnesdbased on the data stream using, for eRENBBe)05/002637

t he enbodi nent of Fig. 13. The nodul es 1301-1303 of

t he enbodi nent of Fig. 13 need not be mapped directly

onto different software nodul es; instead, the software

may have a different or nore conplex architecture

i npl enent j.ng equi val ent. functionality, as-will be
3. A‘%%E‘PCE )F?QIWC?S‘E ‘Qitﬁ‘rg}?F PPOPES e art. It will be
a&%ﬁﬁmﬁg 8dirdtRAM pbiRALAMBAIIVEEAES bR fHdriecBhg theWfflBtiveAddlirea of
frcations w thout departing fron1t%e i nventive

ﬂwfﬁﬁ@n@@@héhepﬁwnéan$%e a skilled person will readily

.a@e%m}(ﬁ]ing% 9 asg%\[ﬂ)(/ltc\%ﬁ Pﬁ{ehﬁl‘ﬁ !hQchﬁ)%elae{}ga %?&g‘%%?t ﬁ ug Ehretee?i%ctive cell-area

i nven vari ous curre
oftheﬁefoeﬁdjeﬂbwltﬂithdlﬁinmnbmﬁred phé& access (FDVA) and/or code

di vi si.,on nul ti Ie acc
neRiSIBYNAS (s lﬁ‘ﬁ PYFErait A ta%mrai“%rtgﬁ Sﬂg‘ia @?W\S’y foyming the
union Sf)t'ﬁp FRALLR Bot‘éhttlﬁ hkddePida SdMhe BEdoRE bR SstentHNRILMBYer area.
 ess frequnetly nentioned alternative i's polarisation
di vision multiple access (PDVA). A skilled reader wll
a |at a 1e .foregoi ng has
6. A naeeﬂz%d a‘%&éﬁvﬁfo C?al}snmémh:%g g(l?rg%r‘iﬁltﬁgg be the best nopde and
Witértnigpg tafitandber ateh dor tramsifes of)cfonper Sfatherceltpldr hlevice by intersecting
i nventjon, the jnvention sh be |inmted
the efferiBgict @reaﬁgéleeaﬁﬁgce&bwf? @Gregtg?tb"r‘?§e r%aqfﬁ%eeﬁegse@p@—“—-
di sclosed in this description of the preferred

enbodi ment. For exanple, while various enbodi nents
7. A meshed accorsting tOthalgle’ﬁ‘o grrtheh ceraprising, sdan thegopologie! irelptignship is

deterrréléecf t8 Eng tt]i;eu%o Opg OQ%/caa? ggsrge e?er&%g{lg ?)ln |h32}H‘¥°§'e;h%rB)i‘{rF°Z %Héfgr of

controC 6f the! bél[ul:ﬂ’fﬁéﬂﬁzs berinteisbing el feetise cddbdreabBihe fitsweell with the
exa t o ot her n?dules in comunication with a
eﬁ@“%%FQEWﬁ?Oﬁ@?ﬁﬁﬁwdcghch as vehicl e-bound probes,
| apt ops and specialist conputer units which
communi cate with a cellular network. Those skilled in )
8. A mdthodsaccoxding toaflaim I, shergini determhining theeefieptivaiel loeaeompgises using
range of applications, particularly Iocation
ceuldﬂgggmgﬁﬁ1lcatlons and services. For exanple,
enbodi ments according to the invention for
geographically | ocati ng, c elrula EEVICG he used
9. A method sgeanding toeaimol Wé‘ﬁ”ﬁm "FB’H&g thegddegrdy sl %ﬂc"HB’F ises using:- -
Umea&¢g% gdato): location-based services, generally,
fIC ‘informati on systems; for emergency purposes,
such as in locating a cellular device that was used

10. A method according to claim 1, wherein determining the effective cell-area comprises

determining an effective radius of the first cell and the second cell.

11. A method according to claim 10, wherein, when a first antenna for the first cell and a second

antenna for the second cell are located at a common location, the effective radius is determined

as a radius of a sector-shaped cell.
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to call an energency nunber; for escape planning; and

for security, intelligence, and national defense
wa@ppbioexvé ons. What is clained is: 1. A nethod PGI/GB2005/002637

geographically locating a cellular device, the nethod

conprising: determning an effective cell-area for

each of a first cell and a second cell in a cellular

networ k; and determ ning a handover area w thin which

the cellular device is likely to_be |ocated when
12. AcnpihodAceardn o cum 1) ahergdy Woen f Srst ARRRIAOF the Hrptgeflenda second

antentta fosthe S€dond!clll "aﬁeno;ﬁ E5caRrd 2f LLIMmYN IR dh, tRCefrective radius is

eterm nation of the handover area and the effective

deterngined asghe arofdoet afachistaricetbioveen thstfirsteintenamand the second aatenna and a
I b . l ogi.cal ' '
conste%lgka\xg)g ﬁgﬁeﬁg)%%he %?)8@)&%%1 rgehaélgﬁﬁ%g)ol%t\%gen JB% glfﬁtt 'cglg ;I;HA&C second cell.

f1rs secon
nmet hod according tp_clajml, further conpri sing:

o AT R S eSS e e
compx?%gggtg {ﬁg#lcmeége & TRLBRhPEEXINI Ng to claim 1, wherein

ar network conprises a first antenna for the
first cell and a second antenna for the second cell

an erein the.t.o ogical rel.ationship . r 40
e SRS FRed QabBPEY S5 ol BERR ik AR P R L
compfiseh SWhdnQPRlsOfit€rla foethe firsd cohisebntained hiithi thaséndaelgadd when an
the second antenna are | ocated at a cqQmpn | gcation; a
anele §dormied tvgpliediptvean thadist pricqaiage 2 perRon aptepna, i isscdndgellanda
| | ocati ons”
seatol e B Ol Ao o P o BT B g R, T e e
oextemtieglthecedadeeh deyondithesectoa limifi ling. t opol ogi cal case

in which the first antenna and the second antenna are
| ocated at different |ocations, and in which the first

15. AGRéthod@astotdif ®astaindl 4 elhkreitntha sécond edll Bexteadet] by 4 matahpular
t opol ogi cal case in which none of the first, second,

extengipribeyRnd hersepfor Hgitdie: cases are satisfied. 4. A nethod
according to claim3, further conprising, when the

topol ogical relationship is
16. A method according to claim 13, wherein extending the edge of the sector shaped cell

comprises, when a first antenna, for the first cell, is outside the second cell, and when an inner
angle formed between a sector limit line of the second cell and a line between the first antenna
and-a-second-antenna-for-the second-cell; is-greater-than-180-degrees;-

extending the second cell beyond the sector limit line.

17. A method according to claim 16, wherein the second cell is extended by a rectangular

extension beyond the sector limit line.

18. A method according to claim 16, wherein the second cell is extended beyond two sector

limit lines.
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determ ned to be one of the first, second, or third
t opol ogi cal cases, determ ning a penunbra area around
wa@2dobnesood equal intensity of reception betweePCT/B82005/002637

first cell and the second cell.5. A nethod according
toclaim2 or 4, further conprising: determning a
first cell potential handover area by intersecting the
effective cell-area of the first cell with the

nunpra area; determning a second cell potenti al

19. AW&Fﬁ’éRS\PéPOTQFn@éO slpimd8ewberein thgsched esfllfis extendedds! tvoaeeangular
t LA Wi theGfi
X EmgjentseEJr}lmW;hl%ng th ﬁandovef d é\br%leIR {%P ‘{“%“%‘f‘ grs °S oflg 081 W%fnangular
extensggfn doneectio thﬁltmo rdetengdarleytehsioms. ng t he uni on of the
first cell potential handover area and the second cell
potential handover area. 6. A nethod according to

20. A @hedhodd abcortlibipttd Qlait QiR 14, $h8@in &%ﬁ[ﬁﬂlé‘ih@@)eﬁﬁﬁbﬁaa?éﬁ%\bﬁ{pnses
area for transfer of control of the cell'ul ar device by

i drtermining thedoeation of thedinews equsl intensisys 20l the first cel |
nd cell. 7.

A tdrhose Seehrhlar g Ep i AR & b I BRIE s o,
vvhen t he topol ogi cal reI ationship is determ ned to be
case deIer t he handover

21. A o ordingg 18 Rlafilsh GiER deteiingigdhe oHdemet Heunger gopal

intensitésMipiRes, when bifRsteint@nh freh St cellafa a%tec&n'aeanfénﬁé ?or G Aecond
wth the effective cell-area of the second cel

. _cell aredocpied ataceasprapmh lpcptdons dafermining iheelins of egealememmyrag thehlasector ofan - -

angle %g%ngtfﬁ}}gé/ ﬁf&‘f Qil{-nﬁﬂ{ fof t}feoﬁgtr éeﬁeafld Q§+£gd gi? utﬁ gen%nhel sfelcc?nrd cell.

od accor di ng
determ ning the effective eell-area- conprlses u5|ng- -

ti advanc 0.. A et hod, acc to claiml,
2. A g e RS e it g D WAt eGP ecat [Pk P oapmprises
fonnm@%tc%ﬁﬁfdl %bgﬂnéieulﬁf {oeacﬁﬂeV&nﬁ&@hg'ﬁ fiedt ahfaBnd for Be 681 éellaaﬁg a second
he secon . A net hod according to claim1l

antennmrtbffwco%@ﬂ a fi rst antenna for the first cell and a
second antenna for the second cell are |ocated at a
common | ocation, the effective radius is determ ned as

23. A mettadiaveordihg o slent 80.-slitagie theaedthnghifar séipnieofieymmetrical width

b ttF}C or%ier(llg t.0 cl mlO wherein, when a first antenna
about th¢y eqfiplitengiff-| and a second antenna for the second

cell are not Iocat ed at a common | ocation, the

effective radius is
24.--A-method-according to-claim 23, wherein-a width Wj of a first rectangular-strip between thé

line of equal intensity and a first strip limit proximal to a cell into which the cellular device is
moving, is longer than a width W of a second rectangular strip between the line of equal

intensity and a second strip limit proximal to a cell out of which the cellular device is moving.

25. A method according to claim 1, further comprising:

generating vehicle traffic data based at least in part on the handover area.

26. A method according to claim 25, further comprising:

sampling data received from the cellular network to determine the handover area.
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determ ned as the product of a distance between the
first antenna and the second antenna and a const ant
wo awbo059b@sed on the topol ogi cal rel ati onshi p PET/GB0V5/002637
the first cell and the second cell. 13. A nethod
according to claim 10, wherein determning the
effective cell-area further conprises extending an
edge of a sector-shaped cell. 14. A nethod according
to claim13, wherein extending the edge of the
sector-shaped cel |l conprises, when a first antenna for
27. Ahﬁh@h(fd'dcé&rd , n the second cell,
when aﬁ%latgg %9@2%%%%& ne between the first
aﬁﬁr@hﬁﬁ veliiele position deta dironenplardlity of differestemobitt eabdr samdes to
genera?et?xg‘?z{el%clelt}a?ﬂ' dd é.ne of the se_cond cell, is less than a
predetermn angl e a, extending the second cell
beyond the sector limt line. 15. A nmethod according
to claln1é4 wherein the second cell is extended by a
28. Amethodaceprdingdq cloHe 2onfupByemprinassect or 1init |ine.
Mforiry dangg{egffe%tnggfeg hehdiel gﬁgomaﬁrgrceME AL ESHED i database;
and first antenna, for the first cell, is outside the

S c n_an n r.angle f d betwe
s%%%g ngthe. ﬁme .data ase té)l\,g? elinhlge ﬂ%ovgg?rrza ﬁan atp I1snr§ce1vc~:d f%om the
ceuulabamzeﬂmtdmeg fi a aan@neﬂmae@rtﬂe firs6 @210 tROEeRBREcelf, OF
the second-cell t is-greater- than-180-degrees, -
extendi ng the second cell beyond the sector [imt
29. A lefipd aéc?ordrﬁg E@El@ﬂﬁiﬁ‘%ﬁﬁ% cBfiplifing! @ M 16, wherein the
second cel |l “i s extended by arrec ‘angul ar ext ensi on
bbye@nmm&@e bendayer arazmmng amenling8amplenwhichdespondyidistigaming data
in the second cell is extended
recelvegq:mm gw Ceﬁglgre%? 8P inmit lines.19. A method accor di ng
t o claim18, wherein the second cell is extended by

V\g cLect angul ar .extensi ons, and wherein the method ‘
30. A mefheqyse le%tlléwm%f'lmén@,&cewace&lélcpmwseapart of a cellular

network ob&9GHY ﬁt‘inc@ﬁi&se&?b&rbr BEE! 1'71@ ngtl\y}Q 4 %}Igﬂg %cgéss (FDMA),

ext ensi ons. accor to ef
Time Dijpigion |Mu1dpk6e°cq¢cssl (H‘@Mzh)g Pplamsatimnd)lmsma Multiplei A@sss (PDMA), and

et er |:0 { he | n of the |line of equal
COdtejVIFIé’ ?I@)}?l%éﬁﬁcgeﬁé?mgi ng a rectangul ar strip around

the line of equal intensity.

!-f-

31.. A method according to claim 1, further comprising-consideration-of-a-third-cell, the first

second and third cells comprising part of a CDMA or WCDMA cellular network.

32. A method according to claim 31, further comprising consideration of a fourth cell, the first
second, third and fourth cells comprising part of a CDMA or WCDMA cellular network.

33. A method for geographically locating a cellular device in a cellular network comprising a
first antenna for a first cell and a second antenna for a second cell, the method comprising:
determining an effective radius R; for each of a set of / different topological relationships

between the first cell and the second cell;
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21. A nmethod according to claim 20, wherein
determning the |ocation of the |line of equal
WO ndoefsidney conpri ses, when a first antenna forP€HE&B2005/002637
first cell and a second antenna for the second cell
are | ocated at a common | ocation, determ ning thedine.
of equal intensity as the bisector-of-an angle forned
by a first azirruth for the first cell and a second
a th.for th d.ce 22. A nethod according to
?ew e 3 OEI gvgéc,hnyv Fhie fkg antepaa ’é‘fCO@fqmad within the second

cell, andtweias Iah ﬁngile ll!mSﬂn&SﬂS)yf iy HéGWéanEJ‘ﬁlrs%m LY Bflﬁ gﬁe slél dI an?enna and
a line connecting a first antenna f he T1rst
a Sect%mamé lige ebthg S%ﬁ?lng A isrless thanethe engied, tbe kécon@3ell mlm baehded

beyonaQEé)§e‘2to@%ﬁ1911rfé aim 20, wherein the rectangular strip
is of asymmetrical w dth about the |line of equal
| d@tgmntng a ﬁmj; extehsmmmuh?%] at @@Trdlrétgaﬁglﬁllaﬁi E)t?{'eml&gac%ded to a sector
f a rstrectangu arstrip between
llmltllﬁ f?hesgc%q <& L}Jg}ent ?%é&ﬁ gstqdhaé]th?a@geg; rip limt
Pr detériffthing @ sacon@ |ekteh§ib@wm11 EF of zh?ecﬁ?& tdla éulgxedégt&%mn added to a

noving, IS Ionger han a w d a se
sector ligyt ]éli*F‘g‘Rﬁ the saepnd eellywhancthe firsh enuemmes ofitsiele thad secmmsﬂ; 4nd when an

[
nr i RSB BLE 1 R ETnlfe5  n o
antennacandltlth sra:goncbarmdnaarls grealfeuﬂiaheso dedieést Si ng: generating
hicle tr ed at | east in part on the

h i atust Pe‘%‘énabrﬂ\ hYuokatisk wcisgeulerstiipbeteen a line of equal
t 61 di@tal EQRBPHINSHAIA theSRERInk
i enSﬂt}u [ u a?r ng?[v\ork to e%nrﬁﬁ%% @eﬁgﬁ gé@'grgmggfgéﬁég%tﬂ“p limit
PYOXUTF?M%‘(‘)EE b’é‘é‘bwbhché}letfﬁlléllaadqus mfoumgher conprl si ng
o] froma ur
ng‘%gg%ﬁ{j Eesensr%k’%slgﬁ?zco & 8°néierﬁ “Zartsﬂ etween the line
of equademendls' andafsteanddatpplimi2 roxfmaad Bedll aﬁWvﬂhﬂgthE Qelhlia dBvice is
further conprising: storing a pre-determ ned
movmﬁaﬁ‘f&over area for the first cell and the second cell

| dRtedméah @B AsRIlov A e LRMSH vat}h&&hé @ﬁl(}ﬁi%ﬁ'tdé%é & ﬁl&-ly to(};e flocated when

det ernm ne t he handover area tai's recei've
controk ¢fdheqliuar devipeisraniderred ﬁomrﬂge first celltanikoseeondoetiythen

determiddBod | gf‘ fik hﬁﬁ&&v Iaz[}rgﬁl g%gg ?&ﬁsr Rlé Pt e!%slrtrﬁ st ehgt\: tﬁeectatl%&%ve radii R;, the

according to C
angle a, the first extension width E|, the second extension width Ey, the first penumbra width

Wr;-and-the second penumbra-width-W,—

34. An apparatus for geographically locating a cellular device, the apparatus comprising:

an effective cell-area module for determining an effective cell-area for each of a first cell
and a second cell in a cellular network; and

a handover area module for determining a handover area within which the cellular device
is likely to be located when control of the cellular device is transferred from the first cell to the

second cell;
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determ ni ng the handover area using an online sanpler
whi ch responds to stream ng data received fromthe
wa@ edobob3ne net wor k. 30. A nmethod accordi ng to cPei/GB1005/002637
wherein the first and second cells conprise part of a
cel lul ar network operating principles on one or nore
of : Frequency Division Miultiple Access (FDWA), Tine
Division Miultiple Access (TDMVA), Polarisation Division
L}t i pl e Access (P and Code Division Miultiple
AVBEEd th %ﬁ)‘ﬁmmn%tlon of the Fndelves ersoradil thy affsctiveagett-akea for each of the

t.hi.r d, cel
first ceflll"{ﬂéi?ﬁés seé(;cgfrfl@ Eélfssgg gl}]aﬁggﬂeg %Fl %tt%‘go?rpégaq relatloﬁlgpltp% #Wegn %ﬁ\ﬁ;{ﬁ cell
and thepecombil.cel | ul ar network. 32. A nethod according to
claim 31, further conprising consideration of a fourth
cell, the first second, third and fourth cells
35. Amappritsd agofid toaflaid 3GDMher cohgeel | ul ar net wor k.
33. A mat hod faor %eoc?r aphically locating a cellular
deRgnEmbrarga pedilg|tar detsmiginga perarhrs areg arpunil ndine of equal intensity
ofrece%HBI?Bsga/ Iﬁheéhrt'c!eﬁtanﬁﬁl lse@d cgpsecond antenna for a
second cel I, the net od conprising: determ ning an
effective radius R for each of a set of/ different

t opol cal frelationshi bet he fi rst cell and
36. A} R oy Sl RRcrBahe Sl papsik SR cs g ot
for thetfim ckil aBdl a 36d0RA AAtehSa BOMHeaLORE Wil L HidRwicREn ﬁt%(%%t&i @ ;
I'rs

d when an angle b forned by a [ine between
relationghin i Mstoame Homsemensat auvt ehienclesigakrasescooprisingi t | i ne

0 l;

o8 AR ERRA B by 2l M0 RG-Sl eocsodat
commdn'lnmtiodeterm’ ning a first extension width E of a f| rst

recta ten3|o ed to a sector limt |ine of

e o R oo e gt npacindlbesochme appa e located at

differemi18¢Bions, ade e wHIchItROGB: SRGRAR %ees?éﬁ:@rﬁﬁéegrhré’\bﬁérﬁecﬁg f&fe e@ch other;
second rect angul ar extension added to a sector |im

|2 thigd tppolagical ease i whish the firsianiénaa hind tre saprmdnteniasare located at
: er.an
oty SHELE RN e A B RS BIS g
arfourth topolegivel vase im whieh ﬁorresdf tanfist) Becond taridhikird poldical cases
antenna, is greater than 180 degrees; deteraiining a
are Sat‘?f?d:t penunbra .width W of a rstrectangular-strip
between a line of equal intensity of signal reception

fromthe first antenna and the second antenna, and a
37. Anfqppglptugtapcpqumgm glaim 36, wherein the-penumbra area” module- comprises means

for, when the topological relationship is determined to be one of the first, second, or third
topological cases, determining a penumbra area around a line of equal intensity of reception

between the first cell and the second cell.

38. An apparatus according to claim 35 or 37, wherein the handover area module comprises

means for;

determining a first cell potential handover area by intersecting the effective cell-area of

the first cell with the penumbra area;
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proximal to a cell into which the cellular device is
novi ng; determ ning a second penunbra width W2 of a

W@ ewo/nasoect angul ar strip between the |ine of POU&B2005/002637
intensity and a second strip limt proximal to a cel
out of which the cellular device is noving; and
determ ning a handover area within which the cellular
device is likely to be | ocated when control of the
cellular device is transferred fromthe first cell to
t frtergunina @ seeand,cell meteaml apndovar arembyy interrsting teefleetive cell-area

eggt a subset of the effective
of the ?%cglﬁcll Q%l Réh ‘?ﬁ’éﬁe%uf},

the first extension width Ej,

t Meme'mug dheehandmr areavﬁ)ldrdmsﬁr of ¢dmérof ofithe c¢lbrarrdeviae by forming the

. Ldt h. W d-t d -wi dt h- W- 34
union 83 hestef PRieh i RGRAT Bt Ry P sl golLpatantial hadover area
devi ce, the appar at us conprising: an effective

cell -area nodul e for deternining an effective
39. Ageppargpeaccpelingtocthainy 34 wheteiy the Ban

[0 t X .
sl SR PSR D8 BRSO
effectidevelbaren of thelabtycell ovithethe eff@tieel celbrerea obthe sedondicell.he

cellular device is transferred fromthe first cell to
t he second cell ;wherein the determ nati on of the

40. ARapshemes a@bﬁﬁng’%ctlatlﬁ%e%&%m € h&Rloberdr&@Pmb@ile 6@fHise means
the first cell and the second cell are nade based on a

for, wluqmm tagielogical wlationehir ki dstapaingd énbe e fourthstopelegicalpase.-
detemﬁﬁﬁg il‘gefl?aﬂgo&e? lhbea f3PrariRr 3PORLAL rrgistaél Saﬁﬁgldaguft gy ﬁl(‘g?rké&ing the

er conprising: a penu area no
effectiste tei-atea ofithedirgenll Mithathaeffavtiae oelhakea of thaseahd eejlial
intensity of reception between the first cell and the
second cell. 36. An apparatus according to clai m 34,

41. Ai'i\"aﬁﬁa@étﬁs adasr&@g !otdleaﬁl FSHABYeH 15O BIEHLSE Selfafeh hidduRHoRipHides

or the first cell and a second antenna for the second
memdbtmﬂngﬂﬂﬂIWﬁéﬂErdm@he topol ogical relationship is
determ ned from.anongst a set of topological cases
conprising-: a first topological case in which the
42, Ah hp@t“atamcennﬁn@mctlmﬁnems ehearih thetfeutize aclbales arideld campeises

conmon | oc aé
means for using time a vance data.

43: An apparatus according to claim-34, wherein-the-effective cell-area module comprises-

means for determining an effective radius of the first cell and the second cell.

44, An apparatus according to claim 43, wherein the effective cell-area module comprises
means for, when a first antenna for the first cell and a second antenna for the second cell are

located at a common location, determining the effective radius as a radius of a sector-shaped

cell.

45. An apparatus according to claim 43, wherein the effective cell-area module comprises

means for, when a first antenna for the first cell and a second antenna for the second cell are not

30
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a second topol ogical case in which the first antenna
and the second antenna are |ocated at different
wo ewandns, and in which the first cell and t heCEHEBRVE/002637

cell are oriented to face each other; a third

topol ogi cal case in which the first antenna and the

second antenna are |l ocated at different |ocations, and

in which the first cell and the second cell do not

v?rla ; and g fourth topological case in which none
1°Cateafﬂ ?ﬁ%‘gPPP E‘tc,a“%‘é@sﬁﬁmlwh@ pifeciive s3sbisagithaprodes @f a diseance
etweSA tHeSfr! 3 Ife]] laiirr36, .
b nid ancdfhe 38R0 Shitns A LR Q0 e 54 P topologica
relatiqpgkin betveeen gedfitsigietlaind it setorsneti p is deternined to be

one of the first, second, or third topol ogi cal cases,

determ ning a penunbra area around a |ine of equa
46. Annapparatub yocofdin@ reagii0es, hakwaethe biBctfyelcth-afl ho M dniiRises

S c8nd cell. 38. An apparatus according to claim 35 or
mean%’é’,r HFIHRNR ap GRIeAsiR Bl edge eha mstitshapsdrpelli ses means

for: determining a first cell potential handover area

by intersecting the effective cell-area of the first
47. Ap@bpargiins sccoriingerolaiinr46, avhemirdhb effedtive Rell-area Sesdk: doRprises

i al. handover. argea iptersecting the effective
means?éf ?‘{%éar?nel%mgfn £ ﬁtgnsé%tb%f?d‘ e%é? PPW‘{CFPr’tS wedeall Bi a ar ea:

adedergiitiag WhoihePa e ahendrsLihe MR ell & cohfadbalvhithi® he second cell
control of the cellular device by formng the union or ’

- and whetherpn angle Bdformedfvemlinebetwegndhe G7st anternaznd atsheord@otena forthe - -

secon® &1l anRAtsERbS ﬁilnrt hag gg%‘,ﬁrse nﬁ%ell,%? hegﬁﬁlgﬁg plaerdalé{egﬁglgd angle o; and, if

according to clarm erern Ve
$0, nodul e conprises nmeans for determ ning the handover

area for.transfer. of coptrol of the cellular device by
iRy %eéo?%%e“elfefy%‘? fhgseate llm-“éﬂg%( of the first cell
with the effective cell-area of the second cell. 40.

An apparatus_according to claim 36, wherein the
48. A, appagiiesracserdingdp glaim 4d owharpiadke effastive ¢ddi-avammodule comprises

‘means ?@d QRALRG tﬁﬁaéecoﬁc%efl‘it Bf%@aﬂ@%ﬂé&{eﬁgiﬂh ggfcﬁfg(%ﬁ%%&g)v? Ziplit line.

ourt h topol ogi ca ase, _ rmnin
area for transfer of control of the cellular device by

0. A SR B35 R o S b b

means A6t RRPAINRLE AEGBI0HI0TEn blucCdfal sBttddshapbled By t he
effective cell-area nodule conprises
- - determining-whether a first antenna; for the first cell; is-outside the second cell, and
whether an inner angle formed between a sector limit line of the second cell and a line between
the first antenna and a second antenna for the second cell, is greater than 180 degrees; and, if so,

extending the second cell beyond the sector limit line.

50. An apparatus according to claim 49, wherein the effective cell-area module comprises

means for extending the second cell by a rectangular extension beyond the sector limit line.

51. An apparatus according to claim 49, wherein the effective cell-area module comprises

means for extending the second cell by rectangular extensions beyond two sector limit lines.
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means for using cell identifier data. 42. An apparatus
according to claim 34, wherein the effective cell-area
woreadloesseonpri ses means for using tine advancePCHGB2005/002637
43; An apparatus according to claim 34, wherein the
effective cell-area nodul e conprises neans for
determ ning an effective radius of the first cell and
the second cell. 44. An apparatus according to claim
43, wherein the effective cell-area nodul e conprises
means for, when a first antenna for the first cell and
52. Afa '&ﬁéjacféﬂltdﬁlg't@ d h at at  a
coprﬁ%?)n | ocati on, d@?e%lm%gﬁl% ﬁ 1#1 gg%lfelég?%éle Fllf Coqpnges
meansfargxiendise the second eelkhiap @ftﬁngellat extekﬁlon/noanapag avolfectangular
extensfm€Ording to claim43, wherein the effective cell-area
nmodul e conprises neans for, when a first antenna for
the first cell and a second antenna for the second
53 ASE Iléa?re notloctat,e %t a_conmon | ocation, determ ning
¥ ARPALASASE ORI e §fau 3307 B eWhnTeia dag Pespmiradires madwe comprises
meanshiet ween the first antenna and the second antenna and a
constant factor based on the topol ogical relationship
tf@t%éhngthéwqaflgm otk lingpflequabingsmsigndndel | . 46. An

i,m.43, wherein the effective
29: -ar a?e%%%%h{g%rn‘é%oglggtwgﬁ’@ff% li&‘é?néft}’n ni ng an
extensi on of an edge of a sector-shaped cell. 47. An
tus .COI‘dI cl aim46, wherein the effective
54. Angipatagys e ’alﬁlt%c’ggﬂé?1 wWhereifghamgesns forgisiesmiring thg legation of the
line of 82 R¥érRity 0bmprise8 AenOfor AwHGGL
dég{ erm nlnsr,19 W est her 21 folrr s?&gdn%%%g@l E g?orft ﬁé hlfspgel{angeal sIecond
antenng £or gherreaonaslivice located htr smwoonlocatidn, danmlndngtmnneaﬁ equal
bet enteflrs a and
mtensngrhg(lteconofI Cgo:ﬁ{(‘;g%%gly%lgﬁqr{nﬁg by 30'3/\%(?21(%‘1 foy S'é"é’ a second
azimuth forithe decorel @fl. t he second cell, is Iess than a
predeterm ned angle a; and, if so, extending the
second cell beyond the sector limt line. 48. An
55. An&a@»?%ﬁl% lal§co?&iﬁ§ FFL1BEh 59 vl nea }qgforr %Efgnﬁ%ﬁlﬁecﬁ% ﬁﬁé L& equal

| -area nodul e corrprl ses neans I exten
intensity sewatises apdanpipr fordng anepttah perpsitdiavdir oma biny O(Iﬁﬂlet:ﬂl‘% a first antenna

forthe BREL ol Nebord i K GERBRTET) 2 Tocul e compri ses |

. 56.. An apparatus according to claim 53, wherein the rectangular stripis-of asymmetrical width™ -

about the line of equal intensity.

57. An apparatus according to claim 56, wherein a width W, of a first rectangular strip between
the line of equal intensity and a first strip limit proximal to a cell into which the cellular device is
moving, is longer than a width W5 of a second rectangular strip between the line of equal

intensity and a second strip limit proximal to a cell out of which the cellular device is moving.

58. An apparatus according to claim 34, further comprising:

a sampler module of a vehicle traffic information system.
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means for determ ning an extension of an edge of a
sector-shaped cell by: - -- determ ning- whether a

w0 eospozand enna-, for the first cell, is outsideCT/E82005/002637
second cell, and whether an inner angle forned between
a sector Iimt line of the second cell and a line
between the first antenna and a second antenna for the
second cell, is greater than 180 degrees; and, if so,
extendi ng the second cell beyond the sector limt
line. 50. An apparatus according to claim49, wherein

59. Anhppefatueatdovding &) élalﬁrm\m@f% f far ,
ond cel | ae‘rge afnglg %E@@gﬁ Hif8 i purality of

1ext Endl‘{lﬁ tth se
SampEyh & topeampling |Vﬁlillﬁlelploﬁé10n 8atd frofa plppditydfdifferent mobile
senso@@gﬂ,@gl ng to claim49, wherein the effective cell-area
nodul e conpri ses neans for extending the second cell
by rect angul ar ext ensi ons beyond two sector |imt

panat ording.to claimb51, wherein
60. Al h@%%?t? P ve Cllal @a%ﬂh?@%@ﬁﬁl ses means for
ea(dzeaiﬂtsm Q)r tstoging Ql@dlﬂﬂd@\@r larddywRerbinl tfi’@%dgxréer %%%qp Sre-({étermined

ting two rectangul ar extensions
such ﬂsz B’z?rd%{aﬂ??%dé edaglerny being epmsultedbased of Ftreanking dita filohethe cellular
netwofkenunbra area nodul e conpri ses neans for: determ ning
the location of the Iine of equal intensity; and
determining a rectangular strip around the |ine of

l; ient ensi rafus according to claim
61._A B o bR eaihf 2 BB St by delermpiningdhe itomirofhich-
handovteh o dlﬂrsﬂéelﬁ@la&bcdrﬂtcgngb&,ys QI%’&HEt?mé dﬂ@%f&f or, when

afd@h ntennafor the first cel
%atf 835t £ partivn ob a gelt taceptionar¢acafatiddirsttced aﬁ@ Bai®Becond cell;

| ocation, determning the line of equal intensity as
t he bisector of an angle fornmed by a first azinuth for
dpBnihg p dendnyier aram domplmig)dSeralzplﬁglpdihlf)@J oftshR1 iﬁ'?tca‘i’lﬁgecond cell
areas. cell. 55. An apparatus according to claim53,

the nmeans for determning the line of equal |nten3|ty
conprises neans for formng a central perpendicular to

e connecting a first antenna for the first cell

62. A ’gﬂgl ‘ga@éff’(%?ﬁjtoaﬁhl@rﬁaﬁffﬁ\er edeprissond cel | . 56.
53, .wh
&étb@ﬂ%@@@ﬂé&e?%@&gidr@ 5691 r%c 2 1{5‘{1 gica b\%‘,e opprg{?&rmlqeﬁgrltena

rectangul ar strip |
line of equal intensity.

and

63. A method according to claim 62, wherein the predetermined criteria comprise criferia based

on a relative orientation of the first cell and the second cell.

64. A method according to claim 62, wherein the predetermined criteria comprise criteria based

on relative positions of the first cell and the second cell.

65. A method according to claim 61, wherein modeling the at least a portion of the cell
reception area of the first cell and the second cell comprises using a pre-defined shape as an
initial model of at least a portion of the cell reception area of at least one of the first cell and the

second cell.
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57. An apparatus according to claimb56, wherein a
wdth W of a first rectangular strip between the |ine
wo@Rooeqesabe i ntensity and a first strip limt prPXI/GBRO0SH02637
a cell into which the cellular device is noving, is
| onger than a width W2 of a second rectangular strip
between the line of equal intensity and a second strip
limt proximal to a cell out of which the cellular
device is noving. 58. An apparatus according to claim
65 Af4, further conprising: a sanpler nodule of a vehicle
. Atmethéd sccorfiny @ed1AiNN6S WakR accor di
5 A S R

to claimb58, wherein the sarrp
plurality of sanpler sub-nodules for sanpling vehicle

67. ARfGhdd RBoRBE fdieem erent rmbile
sensor sour cg:té’ 6 whg%%zf?éa%ﬁs e&%s% F\(jOIPB“%’P‘ airipg-sector.
58, further corrprl si ng: a database for storing the

%%81 in the handover area is
68. Apr e- (g_‘(r)rm1 &38 %@Iﬁt Hhgrein ﬁﬂ‘élgélﬁﬁa@’é‘dp‘!éer@mwbmrlsﬁs forming a
polygdrerepigsending el igldbas @rbaOn stream ng data fromthe

cellular network. 61. A method of geographically

| ocating a cellular device by-determ ning-the area in
69. A'h¥iod Eé’d}aﬁ’x a,second cel |

occur sa th &% Ciﬁlhgr@l aWFlérél% dﬁ mnmg}apﬂ%veégrepga@pngs forming a
penumptsrartacThapd s line eﬁﬁmi lﬁfenﬁwreéepﬁ% Botivebrdthe Gdtlcell and the

second®id said second cell; and defining a handover area

conpri sing overlapping portions of said first and
second cell areas, 62. A nethod according to claim®61,

0. Afurtger corrprl sing: determ ning whether to extend the
msihe Ia%(i?é ng ¢mclaye A9 yeheeain the penedbharda shegk @impriéd Bpolygon.
63. A nethod according to claim62, wherein the

- Aprﬁggterm ned criteria conprise~crifena based on a
methad pecording enclaim 0} wiierdilh the fpefinihbré @lda sBayt do é”s(}ﬁﬁ
cell. 64. A nethod according to claim 625&\/\#1 ri§n t gtangle'
predetermned criteria conprise criteria based on

72. A medhadl oi@ofiestidg iFhc AbwibhRefethBin uesﬁgglocgﬁon? 2}%% r1])ijurality of

rfjg . 65. A method according to
cellular fsyices logated i apluradiay of vehsdast the medfodtdompcleilng

repeatedly determining the location of at least some of the plurality of cellular devices;

and

.. sampling the locations.of the at least-some-of the cellular devices to determiiie d present
picture of traffic flow;
wherein determining the location of a cellular device of the plurality comprises
determining the area in which handover from a first cell to a second cell occurs, the handover

determination being based on:

modeling at least a portion of a cell reception area of said first cell and said second cell;

and

defining the handover area to comprise overlapping portions of said first and second cell

areas.
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reception area of the first cell and the second cel
conprises using a pre-defined shape as an initia
wore@eloohe at | east a portion of the cell recepPCDGBaI0S8M02637
of at |east one of the first cell and the second
cell .W66. A nmethod according to claim65, wherein the
pre-defined shape conprises a sector. 67. A nethod
accordi ng to clain165 wherei n the pre-defined shape
c rlses 68. A nethod according to
73. KRERb 88 rfint 1 LR Hrine g CoPRF i R RTSietin g fusere o ffisr dondisions
basedfonrt]npt@s@tpmh;t@aﬂtrﬁﬁﬂarﬂ%@ent| ng the handover area. 69.
A net hod according to claim®6l, wherein defining the
handover area conprises formng a penunbra area shape
74. Aﬁﬁ@ﬁ e cepti.on, between
ok N B o er PR A4GR figeds by consting
a databese of pierdptermindddiant 6@y avaefoeell pehﬁ mmﬂav&rd@a ﬁd}ﬁl%euular
nﬂmm@gnprlses a polygon. 71. A method according to cl
wherei n the penunbra area shape conprises a

rectangle. 72. A method of nonitoring traffic flow by
ni ng successive locations of a plurality of

det%dn

75. Adngthad ageorgiing t@éialmJ@aWb@remﬁhathiduvalcﬁeteymmﬁtlmeismdcﬁ%nhne using
streamﬁ?ha‘ﬁ%\l/‘lé?%?{éq{mﬁﬁ b b ar 4P ?t edly determ ning the

ocation o east sonme of the plurality of cellular

deV| ces; and sanplingLhe | ocations of the at
of t ar, devi ces to detenni ne

St so [
76. A El}ogsa&:(? “‘&.tet"[}f”é%gtor ? p-aherein thediyndayss dash gomprises cell-identifier- - -
data. determ ning the location of a cellular device of the
plurality conprises determ ning the area in which
handover froma first cell to a second cell occurs,
bei based nodellng
77 AR oRALEREE 1 Eh 71 0E Vel IR rae e it TRe® Pive ggvance
data. cel|l and said second cell; and defining the handover

area to conprise overlapping portions of said first
and second cell areas.73. A nethod according to claim

78. An/apparfatilstfbeseosiphich Ry MatigbHlfitial Hevitd by cfetéﬂ:mmng the area in which

condi ti ons
handover from a first cell to a second cell occurs, the apparatus comprising:

an effective cell-area module for modeling at least a portion of a cell reception area of
said first cell and said second cell; and
- ahandover area module for defining a handover area comprising overlapping portions of

said first and second cell areas.

79. An apparatus according to claim 78, wherein the effective cell-area module comprises

means for determining whether to extend the cell reception area based on predetermined criteria.

80. An apparatus according to claim 79, wherein the predetermined criteria comprise criteria

based on a relative orientation of the first cell and the second cell.
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based on the present picture of traffic flow 74. A
nmet hod according to claim 72, wherein the handover
wa@ledoendon@t i on i s made by consulting a dat abaseCDEB2005/002637

pre-determ ned handover areas for cell pairs, using

handover data froma cellular network. 75. A nethod

according to claim72, wherein the handover

deternmination is made online using streanm ng handover

C e rk..76. A nethod.according . .

S1. ARG B b NI Bied BB GPE oo ertri
based qorepative pssitietd of thelBrst ¢dli middind secondlcellA net hod accor di ng

to claim74 or 75, wherein the handover data conprises

ti me advance data. 78. An apparatus for geographically
82. Ah @satdtitacBord®gl tblcRim I8V & RYhIGHREVE Biighel gﬁ)gg{ef‘c%mbﬁses

whi ch handover froma first cell to a secon
means deranedsling Hie a4 fysaireapaton ofthe cell regeption ardafod thd finst cell and the second
Ll -ar e far i i ngeat, | east .a tion of a
cel s preEfne A s R RER4T D1 FeosEE Pl 8P iicRl fion area of
at leastc@lelof tlenfitstacelland dwerecardellnodul e for defining a
handover area conprising overl appi ng portions of said
first and second cell areas. 79. An apparatus
83. ARSSardst@cdingltdcmind 82, WRSER KL fiRecBhdBGhpY bs
nodul e corrpringes nmeans f or 1det eérm' ﬁi ng \/\A%%tﬁog?&ésgsgg&%r'
extend the cell reception area based on predeterm ned

i ia. . atus .accordi,ng to,claim 79, )
4. A fehfil dop Hing 10 ARR R0 AbiReif RN O nindiintites ¢ rng-sector.
based on a relative orientation of the first cell and
t he second g,ell 81, An apparatus according to claim

85. Anzappaipfisageqrding o plairy &8-eyhreia dheciapdoser area gpgilessomprises means for
formin§ b bRicbRrdAsestiRNhé il Merfosi tions of the first cell
ormm%n(]i) tﬁyﬁe gegcondn%gl . 82. An&appar atus according to

claim 78, wherein the effective cell-area nodul e

C ' ans f.or del i ng .t he at | east ortion of
6. AFQRELRSE.ERRS, LRim PRI e 635 2P s o
forming e pomantee hiea YbdpeGraundradindf eqed iR offcaitionMetwedh the first cell
nodel OE at least a portion of the cell reception area
and thegecopd qellast one of the first cell and the second cell .
83. An apparatus according to claim82, wherein the

pre-defined shape conprises a sector.
87. An apparatus according to claim 86, wherein the penumbra area shape comprises a polygon.

88. An apparatus according to claim 87, wherein the penumbra area shape comprises a

rectangle.

89. An apparatus for monitoring traffic flow by determining successive locations of a plurality
of cellular devices located in a plurality of vehicles, the apparatus comprising:

a handover area module for defining a handover area comprising overlapping portions of
a modeled cell reception area of at least a portion of each of a first cell and a second cell of a

cellular network; and
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84. An apparatus according to claim82, wherein the

pre-defined shape conprises a ring-sector. 85. An
wa@ppaeions according to claim78, wherein the PENGB@S/002637

area nodul e conprises neans for form ng a pol ygon

representing the handover area. 86. An apparatus

according to claim 78, wherein the handover area

nodul e conpri ses means for formng a penurrbra area

t ti
ST Lol S ad RS Bt 5505 A st some
of the Iﬂmahtymflmllakar:dn‘vﬂhes,gotdeteﬁhﬁb ApB&en tgdi&[u%l of tlabfRe MGRURIRE&n each
pol ygon. par at us

hi i% onprlsqg q
suc °§%tb°6’r t‘ﬁg‘ R35Op S Ba3pdkat e%@r}f@rtrmth%hWﬁW%a defised by thee
handoveP ek iRslefof £5&veR Qélﬁllar%%vwé‘ﬁlo@ﬂ%q;e%ééﬁ a &‘Nen% deehf %econd
traffic flow by determ ning successive | {ions of a
cell of thegelplpt yetyprkeel | ul ar devices located in a plurality
of vehicles, the apparatus conprising: a handover area
nodul e for defining a handover area conpri sing

90. Anam@mhawmbagdm@nébhnﬁsgﬁhﬁhanﬁﬁ@ﬁgn ell reception area
| east a portjon of each of a first cell and a

éé’é‘iff\ﬁ%@f’fiuleffowr‘adé?tm fyfurewaife crnditiensdasesgn the prasenipicture of
traffic fig. sanpling a set of repeated |ocation determ nations

of at |l east sone of the plurality of cellular devices,

to determne a present picture of traffic flow,

n determnation is based at
o1 Afﬁ“@%f“ﬁ‘%%ﬁ 3 e S A SR B e e by the
haandover args daalbﬁsél wbripiiighig PreQieteamined hhvdoder £8M Bfcell pairs.
novi ng between a given first cell and second cell of
the cellular network. 90. An apparatus accordlng to

92. Ancipﬁélﬂhg%ccd‘r&ﬁﬁ% 'E@élal?rp W REPih Ehaf?&cﬁféi' %ljgg {epg % aé)afs)le of

redicting future tra flc con |t|ons
consultmgéh@hﬂndpvmamaaiam%axer@irfg strefihong ha8doveAdata ﬁpmrm déllular network.

according to claim@89, further conprising: a handover

area dat abase conprising pre-determ ned handover areas

93. Anfappargfk hequading to Q2im #9) vaR hk bin@FEP4ireh RBILIR 1§3éa%h151b of

91, wherein the handover area nodul e is capabl e
deteﬂmewﬂém handgvereearpabine hased anéﬁempabw@vmdatﬁgﬁ@nﬁmm@r

networflandover data fromthe cellular network.

94.. An apparatus according to claim 92 or 93, wherein-the handover-data comprises-cell

identifier data.

95. An apparatus according to claim 92 or 93, wherein the handover data comprises time

advance data.

96. A method for geographically locating a cellular device, the method comprising:
using an algorithm to determine a handover area within which a cellular device is likely
to be located when a control finction of the network performs a handover involving addition of a

cell to an active set of cells,
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93. An apparatus according to claim89, wherein the

handover area nodule is capable of determ ning the
whanwdov®oe ar ea onl i ne based on stream ng handoR€T/GBai08/002637

fromthe cellular network. 94. An apparatus according

to claim92 or 93, wherein-the handover data

conprises-cell identifier data. 95. An apparat us

according to cl ai m 92 or 93, V\,herei n the handover dat a

C at.a. A net hod f
HBLAR ab b RRYA e SRSy i spmiBues e define bired noa
topologizaielasionghip bietwegl apluadlgPof deNBid Be detwrrsai.ne a handover
area within which a cellular device is likely to be
| ocated when a control function of the network
97. ARARGH dBordidpAB AN 8061 RYREN i@ﬁg!“ on of a cell to an
active set of cells, V\hereln ﬁe eterm nation of the
heéateranring allpéﬁlffl@ﬁ'prqaslﬁwndmdb ikeioff gqltazhml?;msﬁlyl oﬂrece;]ztlon alnfong the
. ical relationship between a plurality of cells
plurahhg&o({wﬁgactlve set. 97. A nmethod according to cl ai m 96,
further conprising: determ ning a penunbra area around

of equal iintensity of reception anong the
98. A,Hrﬁh(% acpQrdgie te lajie 96 gwhergin the qelylan neiwodt eanprises hmintenna for

each c&ﬁ ’anm&%'lrpthte @@po‘f 1&\’:&[11J Lt onSi ﬁ@sr (#%t rﬁ)ed f?o ar%gngas?% Sy

for each ereln
topologigalzasas ﬁidhn@mtcs a@emarthn hea:tldns and aimregfahoﬂ o8 €4ch@hid antennae.
t opol ogi cal cases taking into account the |ocations
and or orientation of each said antennae. 99. A nethod

99. A ardoddcagding t@bﬁirﬂpg@urtﬁéﬂcbﬁﬁﬁsﬁ%n”pr| sing: determ ning
a first potential handover area i ntersecting the

életerpminga Sgyt potspiisl handovpreareq bssmtqy%qctmw}newfﬁeweve cell-area of the

first ceRSRHIRE BeRBFa oFGL €r M ning one or nore further
potential handover areas by intersecting the effective

cd@telrmgm@onﬁf ortege further potentiat Bhrddowibrtdreaa bydntelsesting the effective

er m n| t he del ed handover
cell- are% ggheo d#gwﬁﬁgﬁhﬁeﬁﬂe T4 8e4:i3REt cel | potenti al
hlafedﬁiﬂﬁ{g e eiddared hiktvey ar8 A folinshEE umeh 6Pfhk Hrst cell potential

handover areas.
handover area and the or each further potential handover areas.

100. A method according to claim 96, further comprising:
. determining the handover area of the.cellular device by intersecting a plurality of

effective cell-areas of cells in the active set.

101. A method according to claim 96, wherein determining the effective cell-area comprises

using cell identifier data.

102. A method according to claim 96, wherein determining the effective cell-area comprises

using time advance data.
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100. A nethod according to claim96, further
conprising: determning the handover area of the
w@ edobab3ane devi ce by intersecting a plurality oPCT/GB2005/002637
effective cell-areas of cells in the active set. 101
A met hod according to claim96, wherein determ ning
the effective cell-area conprises using cell
identifier data. 102. A nethod according to claim 96,

wherei,n determ nin he effective cell-area conprise
103. G de e S R EY abielon doimmiaingdee elbton eeben comprises
determéding 8 Sectib 4R thél 6t SR &gt}fe!})?urglfitgggcéﬂ’serﬁgﬁ%é ﬁ;gglge%ctive set.

conprises determ ning an effective radius t
cell on the plurality of cells making up the active
N Q.cl.aim 103, erein the |
104. /EfethodAdbordinlTES DAt SRS Mt Sl e Rty dgferyfied of afadius of
a sectogeleaped cglhaped cell. 105. A method according to claim
103, wherein, the effective radius is determ ned as
the product of a distance between the first antenna

105. Aaiethbd Gccoedifg th SRhe IR wABR iR tHepRLAYY raﬁﬁg gs‘)&ei%@%%g ad'the

t he topol ogical rel ationship between cel
produchpf thdistaneeckeivieandhe first antoia antl éresienortdemtdnan dnd e comstaafactor
' r Al n-aplurality of effective cell
based délft gg@?kgwgg%g%g%%‘gg E&We’g%ﬁ%fé' effective cell areas is

nodel ed as extended by at | east one rectangul ar
ions, 107, A nmethod according to claim 96,

t
106. Aghed Ao Rlinhglaim VeV ticheadavst e euioametddsed ona
pluralith F efFb e 6. Area® il SRR HBd i)insguf %cﬂ@{%@zrsﬁ% gl%g?led as

conprises: determining the [ocation o
extendesfyaat l§at eneseetgngudmdxtiesiensri ni ng a at | east one

portion around the line of equal intensity. 108. A

nmet hod according to claim 107, wherein the portion is
107. Aasgthoadcbatilg @htaiin d6hehtiemaheharfiavélaréd s @8@thied 822 ofa

nmet hod according to claim 96, further conprising:
penumbsg ﬁ@?aatq%ﬁ%te\‘i‘é‘m‘%g epeaymire ApacaMPESSd at | east in part

aaeﬁqihﬁ@dﬂé/%a@anﬁﬁtﬁeeﬁﬁdﬁeqeﬂiiﬁ)f@nsi 18,q A met hod
according to claim 109, further cofprising:
determining a at least one portion around the line of equal intensity.

108. A method according to claim 107, wherein the portion is asymmetrical about the line of

equal intensity.

109. A method according to claim 96, further comprising:

generating vehicle traffic data based at least in part on a handover area determination.

110. A method according to claim 109, further comprising:

sampling data received from the cellular network to determine the handover area.

111. A method according to claim 109, further comprising:
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sanpling data received fromthe cellular network to
determ ne the handover area. 111. A nethod according
wo oo0osloadons 109, further conprising: sanpling vehPCT/6B2005/002637
position data froma plurality of different nobile
sensor sources to generate the vehicle traffic data.
112. A nethod according to claim 109, further
conprising: storing a pre-determ ned handover area for
e;. _and accessing the

a plurality of cells in a database; ]

o%ﬁ’é’ﬁﬁ% é‘etl‘gle FesEPA{pta Tiomea plyrdiby efrdifferent mekitrsensoreources to
generatatha velgeleitvefk d4tpm t he cel lul ar network relating to a

handover between the first cell and the second cell.

113. A nethod according to claim 109, further
2. £ HSEQYd: | hi he handover area using an
H on H?g%g%grr%lflg?& %@:Ebér]glggbeﬁa%m?%sl%&'r eam ng data
rebqigwentefdeermined hawmloved @ea foeh Whirkity bk dellsAR 2 ARABARL M

for ?ieo%a hical |y | ocating a cellular device, the
J5pErae 35 ©idstrrmigy the handeysy areaapIponsivatordstsescived from

the celfuldr ndS¥Rk I’@l&ﬁﬂégzlo AhaRAdVRE bt EerC b i d rcgl?ar(cglilf: Egcg)lﬂfl :3%%3

plurality of cells in an active set of C e
inrelation to the nobile device; a handover area

. erm.nj a.,handover area within which
H3. Afnﬂgﬁ{é(z %Cngégg g)ec\r}imgQ e TP HEEPRMETENES | ocat ed when a
alotetmmling tha bandoveodred iind '@t Wk sRRHIEOH AR FespBARAY Sfreaming data
. |3%/ol\ﬂ\%g Elddltlon of a cell to the active Set of
receiveddiqnythe cpllylar netwark. get er ni nati on of the handover area
and the effective cell-area for each of the plurality

of cells is nmade based on a topol ogical relationship

114. Apeppgsatys &xiggopaphigalist lpcasingaatellslar delvice, e appatuatetfprising:
enu

' | ai m, 114, further c risipg: anp mhra
A Ao A AR et g s sl i ctoboh of puraliy
of cells|in ae actfveaee cell Nl iy relitioh &6 BiRthdbilc B MEEN t he

plurality of éel |s. 116, An apparatus according to
éhandavenFea [edvlsifer dotramining o handorenanen witlo nyvi¢hstbe celiular device
is likel Pt RNOdIONh EALEES! humcBih ' ogycal. = . .
* 1. ?}?el ationship is élet ei;wrnncned %ﬁg%ﬂﬁgﬁoﬁygéﬁgya involving
additiopplaiesdldp iheastive spof ogliscal cases. 34. An appar at us

AR O ek BB RS s A1 SSB0Y i or each ofthe

plurality ef @dls évahderbaised cles erpBlopral fetutibfsHNBetRbiNRid pludility of cells.
second, or third topol ogical cases, determ ning &

penunbra area around a |ine of equal
115. An apparatus according to claim 114, further comprising:

a penumbra area module for determining a penumbra area around a line of equal intensity

of reception between the plurality of cells.

116. An apparatus according to claim 114, wherein the cellular network comprises an antenna
for each cell, and wherein the topological relationship is determined from amongst a set of
predetermined topological cases. 34. An apparatus according to claim 33, wherein the penumbra

area module comprises means for, when the topological relationship is determined to be one of
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intensity of reception between the first cell and the

second cell. 117. An apparatus according to claim 114,
woL@smire he handover area nodul e conpri ses NeRCEGBI05/002637

determining a first potential cell handover area by

intersecting the effective cell-area of a first cell

of the plurality of cells with the penunbra area,;

deternmining at |east one further potential cell

the fi and%\@er ﬁﬁa b i.ntlersecti ng the effective cell-area
e hirgtesecond, pr third topologigal cases, c{epﬁémwm@r@qpa areynd a line of equal
intensitebierefapfibA Getiwaen NRTHAVRI 288 BR s%’[ogfd%%\fgj ng the union of

the potential handover areas. appar at us
according to claim 114, wherein the handover area

' Qr, determ ning the handover |
117. APEafSURERES0 PRART AL Stnh fieTiamibfy otaF midge sgmprises means
forr first cell with the effective cell-area of a further

cell..119. _An aéo ar at &JS according to claim 114,
Lrining ¢ frstpetential Gell Badoverrasep Broaisrasciingibe iefeetivemattarea of a
first cllQF thesp@li§ R flcel SR bifd 120. An appar at us
acco}%j}?_ng 1?2& ccleai m 114,&\51\}#@?%%%1’ he effective
dstermayiegatiesduone foshgrposesianetmandaver ush by iftérS&cting the effective

. c 121, An apparatus according to claim

cell ar%‘io)’f"'t‘ﬂe gg%f%ntvﬁe.tgfpeé%wga’@& af‘n.-dar ea nodul e conprises

rdeenaininy the dieionemirebpror@ideaRs invien bRgE ?éteﬁ{ial%afl&;v%f- areas.

cell and a further cell. 122. An apparatus according

to claim114, wherein the effective cell-area nodul e
118. AGFPALES ScdBRARS td Qhinf P14 Wik L ¥§uik adh us

a?ﬁ”ﬁ radi us ofga sect or - shaperg&gé%ﬁog%ff%?a Jﬁégtgﬁﬁg?‘ﬁ?ifgmeans
for detgziing thedhandover atiearby Rersevtiop diereffebibvesdclleed ofea first cell with the

: -are Tﬁgﬁ“ e conprises neans for determ ning the
effecn‘%?clfeielg?%avogara ieﬁgelg‘s the product of a distance between

a at least a firstantenna of a first cell and a

further antepna of .a further cell and a constant

119. Ap sppagpiup acsaeiingtor ki dopbegeindhe efficaive eelk-aicp nvslleemprises

means fk ubif@edll {dB&iddrygha, cel | and the further cell. 124. An

apparatus according to claim 114, wherein the
effective cell-area nodul e conpri ses neans for

rmonin n extensign cel). 125. An arat us )
120. AShE LA GBI wfihaithe Fiikerdlibin moduls comprises
means foPosih@time aPvans€gatieans

121. An apparatus according to claim 114, wherein the effective cell-area module comprises

means for determining an effective radius of a first cell and a further cell.

122. An apparatus according to claim 114, wherein the effective cell-area module comprises

means for determining the effective radius as a radius of a sector-shaped cell.

123, An apparatus according to claim 122, wherein the effective cell-area module comprises

means for determining the effective radius as the product of a distance between a at least a first
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for: determning the location of the |line of equa

intensity; and determ ning a portion around the |ine
wWo@Rooeqesabe i ntensity which is to formpart of tPEI/GB2005/002637

penunbra area. 126. An apparatus according to claim

125, wherein the portion is asymetrical about the

line of equal intensity. 127. An apparatus according

to claim 114, further conprising: a sanpler nodule of

a vehi cl tra ormati gn_system_ 128. An
antenn§ b £t o) S piferaBnE DL eS| T opsigfaptpshasg on th
topological %l&hﬁﬁﬁrpﬂﬁfw&h@f leRd thmEONEI and tBAfrth¥h\&iei n t he

handover area is pre-determ ned such that the database

i s capabl e of being consulted based on streani ng data

f
124. Ag eaggéxgﬁhﬁ Iagcgnlrrlhﬁé F’c{)c(::lglt‘ﬁ% lr’]‘féf gvhgrée?r?tll}re 'ggfgﬁé}é%gll %Eea module comprises
means ﬂvetdetennnwnggamdanameaelrl n whi ch handover froma first

cell or groups of cells to a further cell occurs, the

met hod conprising: nodeling at |east a portion of a

125. Aael H)arﬁﬁﬁ edordifg & @ainDf 155 @ihereld the beiBhtra Qfea%d&ﬁ&scoﬂf rises means
s and said further cell; and defi ni ng a handover

for: area conpri sing overl appi ng portions of said first

Qletm ingGhOMRS B of (6L fie m%ggr%gnél fiper cell.130. A

|ng toc er conpri si ng:
deﬂennmnngr an}g)mbrembemd the liax beerphatl ineensiey vhichdetot fofi pat 6Athe
one or nore of said cells based on predeterm ned
pﬂ“”“@???@rra 13 1. A nmethod according to claim 130,
V\herel n the predetermned criteria conprise criteria
ased on a relative orientations of the first cell or
126. Agraamsgtu@)ﬁc@edm&toaﬂ@nr RS, whereingthe perttion isjggmmyktnigal dlwsart the line of

eqmﬂug&%ggdrng to claim 130, wherein the predetermned
criteria conprise criteria based on relative positions
of the first cell or group of cells and the further

133. t | 129, wh
127, Af ot st e e R riedt e 11 p st cet |

a sampler module of a vehicle traffic information system.

128. An apparatus according to claim 114, further comprising:
a database for storing handover areas, wherein the handover area is pre-determined such

that the database is capable of being consulted based on streaming data from the-cellular-

network.

129. A method of geographically locating a cellular device by determining the area in which
handover from a first cell or groups of cells to a further cell occurs, the method comprising:
modeling at least a portion of a cell reception area of said first cell or groups of cells and
said further cell; and
defining a handover area comprising overlapping portions of said first cell or groups of

cells and said further cell.
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or groups of cells and the further cell conprises
using a pre-defined shape as an initial nodel of at
wo e@somoporti on of the cell reception area of PEl/GBe@S002637
one of the first cell or groups of cells and the
second cell. 134. A nmethod according to cl aim 133,
wherein the pre-defined shape conprises a sector. 135.
A net hod according to claim 133, wherein the
f : . [ ri.ng-.sector. 136. A
130'Aﬁ@?ﬁ%ﬁa%%%%?%?ﬁgngﬂgﬁgkﬁgﬁﬁﬁPWWﬁ ‘ein defining the
hiereatimirdng avhetherctoratend de detl rédeP@orfarP® by @RMvbrmefRé 65&d £l based
éhe handover area.. 137. A nethod according to claim
on pregejgmi ¥R def i ni ng the handover area conprises
form ng a penunbra area shape around a |line of equa
intensity of reception between the first cell and the
131. Asmethad aeqording igdainnl Hh whereimibe orafietegmined ctitzriacaBtise criteria

s LTSS GROMRGR ALPIShIRG L 35747 BShte.

determ ni ng successive locations of a plurality of
cel lul ar devices Jocated in plurality of vehicles,
132. A REALAFRIIBBIRGIFET hih MOBH: BaPyaierErE Ritsga cpgprie criteri
based drPeBkiv O Potfiolor IRAGEt GAME offup!dPeeil dHaahd ﬁmhelf cefie! I ul ar
devi ces; and sanpling the locations of the at | east
some of the cellular devices to determ ne a picture of
t fihc flaw reidy determ ni the locati.on of
133. AfBG Socorll st OGRT| 4D, SBbEITPI e Sksn IEERHER aibhoBitg st oot
or groupbef eslBand theduithér datROMYGes VTR aPre-HEfned 3RERVSB fan initial model of
dete[niqg%ioq bei ng based on: no eIin% at | east a
at leastgporiighholghe gelbrepeption aesstaf ghleast one of the Tirst el opgoppsf cells and
the secOiPsup of cells and a further cell; and defining the
handover area to conprise overl apping portions of said
first cell area or groups of cell areas and said

further cel.l area. 0. . A nethod ording to claim
134. AEOF hechline BAm L0 ynB LB SRR Hhe? ppprised  Setor
condi ti ons based on the picture of traffic flow 141 .
thod according tq claim 139, wherein the handover

A
135. Ad’ggtg?qﬁl(ﬁ:gfql%toi daipglfs. Wyerein the pre-defined shape comprises a ring-sector.

136. A method according to claim 129, wherein defining the handover area comprises forming a

polygon representing the handover area..

137. A method according to claim 129, wherein defining the handover area comprises forming a
penumbra area shape around a line of equal intensity of reception between the first cell and the

second cell.
138. A method according to claim 137, wherein the penumbra area shape comprises a polygon.

139. A method of monitoring traffic flow by determining successive locations of a plurality of

cellular devices located in a plurality of vehicles, the method comprising:
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consul ting a database of pre-determ ned handover areas

for cell pairs and cell sets, using handover data from
w@2@elobieh@r network. 142. A nethod accordi ng tPBPCTGBR95/002637

139, wherein the handover determ nation is nmade using

stream ng handover data froma cellular network. 143.

A nmet hod according to claim 141 or 142, wherein the

handover data conprises cell identifier data. 144. A

i ng .t lL.ai m.141 or 142, wherein th )
TERARLr e S hig o uBn T Rotaf bohtar e sty gf Splar devices
and apparatus for geographically locating a cellular
devi ce % determ ning the area_ in which handover from
saripling tHedpgatighs pitbiift 1645t eag of e aelilar diveicesieidstermine a picture
of traf@CAMKS, the apparatus conprising:an effective
cell-area nodule for nodeling at | east a portion of a

cehierein detepmindng the agathdn ofz allfifar devicedflthoplumpligu@snmises

nd .sai,d .further cell:. and.a handover .area
deterfif A0S 5 ot RH O 06, e e BB e ieing based on
an&deliagp pt 1Bast A@Potticans akll Eé&ﬂtﬁfrﬁa&e@éf Sfdstledil o m.%ﬁiﬂceﬁ’s" and a

group of cells and the further cell area. 146.
fu”heréﬁlg?aar“ét us according to claim145, wherein the

[ < : . r
R er o ParE AR AR TR bt ol aren or
groupsiofiseltiarsas prdedist @rtherrvetl avmi t eri a. 147. An appar at us
according to claim 146, wherein the predetern ned
Criteria conprise criteria based on a relative

140. Aométod asdoadingto élkien 139 Girthetdmising odic®is Bflrt Faftonditions
the further cell. 148. An apparatus according to claim
based opghe pighee &f wakisdlopk edet er mi ned criteria conprise
criteria based on relative positions of the first cell
or group of cells and the second cell. 149. An
141. Aapegthodacmrding tr daimgl 39pwheraimnthd Asdowkretetarmirtakion is made by

effecti,ve cel |l -area. ule conprises. neans for .
consufig SN FEpidB{oBRinpR By fERs g ceHbaaRnd el vne
handovaf &fa @bnd eelfuldr abtwoek.! or groups of cells and the

second cell using a pre-defined shape as an initial

nodel of at l|east a portion of the cell reception area

142, A%%ﬁ%%é&%ﬁﬁn g)ecézgfn] f3@egg%r%%ﬁchgﬁélido%r RHPRHE (il?e{dgsusing

e seco 1 appar at us accor |]r§g
streamigg Aamdovd9datafremei aellulhengwerkdef i ned shape conprises a
sector. 151. An apparatus according to claim 149,
wherein the pre-defined shape conprises a ringsector.
143. A method according to claim 141 or 142, wherein the handover data comprises cell

identifier data.

144. A method according to claim 141 or 142, wherein the handover data comprises time

advance data.

145. An apparatus for geographically locating a cellular device by determining the area in which

handover from a first cell or group of cell to a further cell occurs, the apparatus comprising:
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152. An apparatus according to claim 145, wherein the
handover area nodul e conprises neans for formng a

W@ I0gmHaire epr esent i ng t he handover area. 153. BOT/GB2005/002637
apparatus according to claim 145, wherein the handover
area nodul e conprises nmeans for form ng a penunbra
area shape around a line of equal intensity of
recepti on between the first cell or groups of cells

and the furnther cell. 154, ~An apparatus,according to
TSt us LA uRfute o panding ADRE BBt s ihpveeBten apea of
said fipotalpergrodsof céils adpaidatiMBerfcelt; 4mani toring traffic flow
Q% det erm ni ng successive |locations of a plurality of
chandosr ageamedide fo dghieing piardoypuaras penyprising eserlgpring portions of
the ardal? AR REH S £RUP b &IRYnA PheFARAQVEN 4Rea Modul e for
defining a handover area conprising overl apping
portions of a nodeled cell reception area of at | east
rtion aof each of irst .cell or group of cells )
146. zg’h %%g%aftlbsr%%%rldlnggtp lc%gpqgg,. V%]ilelr‘f}f] i?e eifg‘lcﬂg‘? ’ -agﬁadmagule Cf)mpnses
meansSanget@mining whethboto S RfR ihe@lldecetioRhreh 8RRALAPrddRieithinRa criteria.
determi nations of at |east sone of the plurality of
cellular devices, to determ ne a present picture of
147. Ad Afphtdtus’dcQ8kdimphe L el | RERLd OB RS EL I AL ion Lo
L gl O ol 188 ARG e AT B (0o oritra
based drya rdigivieanmidotation af the fimbdell er gronp af gilly and thelflithercell.
devi ce noving between a given first cell or group of
cells a and further cell of the cellular network. 156.
148. AW appRR@Isalcbs iR ao Elind 944, Qvitekéth Melpdetdribiddd@Fiteria comprise criteria
conprising: a predictor nmodule for predicting future
based gy efative PedHeRs AT dhrstinsbecdlpr grovptef cp¥eansithe prcendiall. of
traffic flow 157. An apparatus according to claim
155, further conprising: a handover area dat abase
149. Agmappriagisngepriag de tleinmil 45 dvhieeril theeffeativeas]lhureaanbdul pedmiprises
aratus accaqrdi

means f‘?rﬁ%eﬁ% tie g Z%%téﬁsw‘i%ﬁgi ?Qﬂa 64 Eieechtion aFra g the H1st ftceﬁwa graups of

-cells artf the e&RHl tEINGsihd £ pRADGAYE Ehadb 8RardRliH) &RRelUsHaP hast 2 portion of the

stream ng_handover data fromthe cellul ar network.
cell recepigon atga ghpsdeast ens o dheokingt ¢edl ar@revipaofiredBend fiteeseednd cele
handover area nodul e is capabl e of

150. An apparatus according to claim 149, wherein the pre-defined shape comprises a sector.

151. An apparatus according to claim 149, wherein the pre-defined shape comprises a ring-

sector.

152. An apparatus according to claim 145, wherein the handover area module comprises means

for forming a polygon representing the handover area.
153. An apparatus according to claim 145, wherein the handover area module comprises means

for forming a penumbra area shape around a line of equal intensity of reception between the first

cell or groups of cells and the further cell.
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determ ning the handover area online based on
stream ng handover data fromthe cellul ar network. 160.
w@\ooappEn@t us according to claim158 or 159, wWheT/6BRr005/002637
t he handover data conprises cell identifier data. 161.
An apparatus according to claim 158 or 159, wherein
t he handover data conprises tine advance data. 162.
According to a an aspect of the present invention,
there is provided a nmethod for geographically |ocating
a cellular device, the nethod conprising: using an
154. /s gyperatisractardolgtte chaim é S Bynwlat«ia thei fehinnbratiirashapcednpisas a
device is likely to be |l ocated when a control function
Poly8dacords an event which can be connected to concurrent
control of nore than one cell, wherein the
determ nation of the area conprises nodeline based on
155. An apppstusdpeapnifaingtirasiie Apy bwgminirzg fycenseive topatddns of a plurality

of cellfift dices located in a plurality of vehicles, the apparatus comprising:

a handover area module for defining a handover area comprising overlapping portions of
a modeled cell reception area of at least a portion of each of a first cell or group of cells and a
further cell of a cellular network; and

a sampler module for sampling a set of repeated location determinations of at least some
of the plurality of cellular devices, to determine a present picture of traffic flow, wherein each
such location determination is based at least in part on the handover area defined by the
handover area module for a given cellular device moving between a given first cell or group of

cells a and further cell of the cellular network.

156. An apparatus according to claim 155, further comprising:

a predictor module for predicting future traffic conditions based on the present picture of

traffic flow.

157. An apparatus according to claim 155, further comprising:

a handover area database comprising pre-determined handover areas_for.cell pairs.or cell ...

sets.

158. An apparatus according to claim 157, wherein the handover area module is capable of

consulting the handover area database using streaming handover data from the cellular network.
159. An apparatus according to claim 155, wherein the handover area module is capable of

determining the handover area online based on streaming handover data from the cellular

network.
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160. An apparatus according to claim 158 or 159, wherein the handover data comprises cell

identifier data.

161. An apparatus according to claim 158 or 159, wherein the handover data comprises time

advance data.

162. According to a an aspect of the present invention, there is provided a method for
geographically locating a cellular device, the method comprising:

using an algorithm to determine an area within which a cellular device is likely to be
located when a control function records an event which can be connected to concurrent control
of more than one cell, wherein the determination of the area comprises modeline based on a

topological relationship between a plurality of cells.
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