WD 2006/ 005906 PCT/ GB2005/ 002637 SYSTEM AND METHOD FOR GEOGRAPHI CALLY
LOCATI NG A CELLULAR DEVICE 5 TECHNI CAL FIELD This invention relates to
systens and net hods for geographically locating cellular devices; and in
particul ar wobdifsstge of such systens and nethods for |pspEi@syRcles in a
traffic information system The invention has application wth all types of
devi ces which communicate wth wireless netwrks, for exanple, but not
exclusively, GSM GPRS, EDGE, CDVA and 10 Wde band CDVA based networks.
BACKGROUND Det ermining the geographical location of a cellular device, such
as a nobile phone, is wuseful in a variety of applications, including
applications in the field ofSYSJEaMAND MESHOBHORces. 15 In traffic

i nformati on syst efGROGRAPHISALIY LOCATIDGRAICEILULARDEVICGE nay be

determ ned based on the |ocations of drivers' cellular devices, in order to
forman inmage of traffic conditions. The |location of a cellular device or

simlar wreless device can be ] ed on data acquired fromthe
cel | 3l ar network itself. In par Wgﬁﬁgﬂﬁocat ion of a device can be
speci fi ed i nThietinventicf relates toreistams lkindmkthodsronvgroghphibutlydedatitig evlluldevi ce is

| ocated, as defined by a cell-identifier, 20 possibly in addjtion to other
dat a sudfvISes: %"dltl}l%"-uﬁ e us ??‘5 ﬁyséﬁmtsé‘miﬁ’f’&@% %PE ﬁw@l}@eﬂeﬁm Wi anpl i ng
data at jgofidtidh b)}é%rﬂlﬁ The WvieRiYeH hak agﬁliaﬁio_nwﬁﬂmrtypee of @5/4des ?@jchh.@mm iSfte

stations)rsuch_as_the-Abis-inter-face in GSM networks; -for-exanpl e- using

power nwdthuvizalessnetwerks, for exgmpld, hufaiot exchusively HOSMoGPRBIEDGE EMdemd The
techllai qlﬁ?ﬁe@ﬁﬁﬁﬂ)m asOf Sk s at low levels in the network are troubl esone

and expensive to 1 nplenment. rtain 25 alternative techniques applied in
traffic nonitoring rely on recordi ng handover patterns by driving routes

repetitively and storing the pat ;@5@? 'kw;tt abase for use in subsequent
route determ nations based on p ﬁ I ng. None of these alternative

tﬁchni ques (ﬁDfeﬁfrﬁilnﬁlgQl%;geogfa?hiﬁilfl({iﬁafiﬁﬂ@f‘;&ﬁnﬂﬁraieei%%%ﬁ&]ﬂis@tﬁoﬁinrphorﬁ?iser m ni Eg
t he geogr Il cal .l ocatlign of cgell ular eVl CegsS. e present I nventlon seeks
to 30 Wdviing veRely B%Qﬁ?%H%il%fﬂ@é@a@Ph%B%rWiﬁ?@ tecaersbasadsrreiess | ocati on

of c@l | ¢ BhrdeMbRBSion dystems, for example, the locations of vehicles may be determined based
on the locations of drivers’ cellular devices, in order to form an image of traffic conditions. The
location of a cellular device or similar wireless device can be determined based on data acquired
from the cellular network itself. In particular, the location of a device can be specified in terms
of the network cell in which the cellular device is located, as defined by a cell-identifier,
20  possibly in addition to other data such as a time-advance.
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
~ oninterfaces at low levels in the network are troublesome and expensive to implement. Certain
25  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

30 provide improvéd techniques for determining the geographical location of cellular devices.



WD 20061005906 PCTI GB20051002637 SUMMARY According to an aspect of the
present invention, there is provided a nethod for geographically locating a
cellul ar device, the nethod conprising determ ning an effective cell- area
for each % 34{?}05535 cell and a second cell in a cellul a:rcmﬁimvulgzssand 5
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 the second cell, wherein the determi nation 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 ogical relationship between the first cell and the

second cell. 10 Accordi ng to anot h8UMAMAREt of the present

i nvention-th rovi de net hod- for | | ting a cellular
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over  from @ﬂ%{# cells to a second cell. The determ nation of the
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cel lul ar VI ce a del kel -y-to-be-located: - he-detenninati orrofthe livid
over ar &% FOPE B f ective cell-area for each of the plurality of cells is
basad on a topologlcal relationship between said plurality of cells.
According to an aspecf of the present invention there is prow ded a net hod
for 25 geographi catPidingte au9they aaveetetpﬁthq esepidpyeagion thee-ingrovisled amethefsi ng

det er i ﬁir%goéﬁb}ﬂail?gchﬂﬁg £&llEr 3VER, homeBRE Borﬁﬁnsglg{/dggé&uﬁ@ad %ataﬁv eft second

cell in acellular” network and determnln in which the
cel | ul anrea@thinewvhich thi kellujar devipreis lisely teke Mkmd‘dmnﬁhmellular dévicedehdndedar devi ce
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t he bandovér area
15 the effective cell-area for is preferably made based on a topological relationship between the

plurality of cells involved. In CDMA based networks this determination may involve the
plurality of cells in the active set.
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-
20  area for a plurality of cells in a cellular network and determining a handover area within which
_the cellular device.is.likely-to-be-located— The-determination of the hanidover 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
25  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

30 relationship between the first cell and the second cell.



effective cell-area for each of the first cell and the second cell are nade
based on a topological 30 relationship between the first cell and the
second cell. 2 1': WD 2006/ 005906 PCT/ GB2005/ 002637 According to anot her
aspect of twe26ee068 | nvention, there is prOV|ded a etled0s/002637
geographically locating a ceIIuIar device in a cellular network conprising a
first antenna for a first cell and a second antenna for a second cell, the
met hod conprising (i) determning an effective radius R for each of a set
of i different topol ogical relationships between the first cell 5 and the
second cell, (ii) determining an angle a for which, when the first antenna
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when control of the cellular device is transferred 20 fromthe first cell to
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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, and (vii) determining a handover area within
which the cellular device is likely to be located when control of the cellular device is transferred
20  from the first cell to the second cell, the determination of the handover area being based on at
----- least a subset of the effective-radii-Riy-the angle. o; the first extension-width-E;-the-second-- -~ -~
extension width Ej, the first penumbra width Wi, and the second penumbra width W5,
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 involving a
25  first cell or set of cells and a further cell occurs, the method comptising modeling at least a
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

30 geographically locating a cellular device by determining the area in which handover from a first




25 first cell or set of cells and a further cell occurs, the nethod
conprising nodeling at |east a portion of a cell reception area of said
first cell or set of cells and said further cell, and defining a handover
area conprising overlapping portions of said first cell or set of cells and
said further rea(s). According to another aspect, ent

I nventi on, Pﬁgqﬁgm#ggprow ded a nethod of 30 geographi calqﬁmfiggszﬂa?(ﬁz a

cel lul ar device by determ ning the area in which handover froma first 3 WO
2006/ 005906 PCT/ GB2005/ 002637 cell to a second cell occurs, the nethod
conprising nodeling at |least a portion of a cell reception area of said
first cell and said second cell and defining a handover area conprising
overl ap [ [ I ﬁ‘ﬁ%

anot her e‘gls]%eacstg w(i)lP cgﬂgcﬁséggr# ﬂfoﬁ\?gl%?l om, Iﬁgﬁ"mgaﬁg&pr glgglfﬁ&qr%gtg %g@& 5 of
noni t or awgofm finsteell| apd saig seporndealliangd d@ﬁlmg:écmdowaﬂe@canpmug aerlapppigur al i ty
of cell nsd(ﬁ%élﬁ stah&’?e% c?ce'll'lre% plurality of vehicles, the method

conpris ng repeat eter monation of the location of at |east some of the
plurality of cel|lAdcardimpeioianether affricsofdiet freshiiatention,itkerplspr@niddd aymdthodreans of

sanpling,.t he, |ocat e at |east .s e.cel.lular devices to

det elr; ﬁg manioring grﬁ i%gf°8‘fo‘fﬁf éetergqnuggrs%ccfels%vef PB%OMI‘F#] Rlyraity of °?]E’? LA g t he

| ocat i ofpcafed & eclﬂhiautyadfvdlﬁweg%@ﬁethmompuaﬁg tetpyathgteﬁﬂimidn&ﬁ&ed&saﬁamw ng the
area in WhICh handover froma first ce or set of cells to a father cell
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or set 0 I's and said secon over-area to
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determne a present picture of traffic flow The step of determning the
| ocati on of Acceedingtoanotheraspect of the presest invetiopythere isgyeyidedsranetied & ni ni ng t he
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of ac eldcatlcé tegplimality 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

20 comprises determining the area in which handover from a first cell or set of cells to a further cell

. occurs, the handover determination-being-based-on-modeling atleasta portici of & cell Teception
area of said first cell or set of cells, and said further cell and defining the handover area to
comprise overlapping portions of said first and further cell areas.
According to another aspect of the present invention, there is provided a method of

25 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

30  comprises determining the area in which handover from a first cell to a second cell occurs, the



area of said first cell or set of cells, and said further cell and defining
t he handover area to conprise overl apping portions of said first and
further cell areas. According to another aspect of the present invention,

there is ppRiiefsse et hod of 25 nonitoring traffic flgwEKdesRésn ni ng
successive locations of a plurality of cellular devices located in a

plurality of vehicles, the nmethod conprising repeat determ nation of the
| ocation of at |east sone of the plurality of cellular devices. This
determnation is preferably by means of sanpling the |ocations of the at

| east sone, of the cellular devices to determ ne a present picture of
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determ nation of the handover area an ective ce ar ea r each of
10 tihe thierfigst celbind thestcomdbeallogomadachabdd aradopreizicabsedatinghip betvesachofist al

rel ationghi et n.fhe first cell and the second cell. According to

anot her ce?aﬂs]abngé es'g'\f,\&[%ﬁ’(‘;iﬁ'present I nvention, there is provided apparatus for
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According to another aspect of the present invention, there is provided apparatus for
monitoring traffic flow by determining successive locations of a plurality of cellular devices
20 located in 2 plurality of vehicles. The apparatus comprises (i) a handover area module for
. defining a handover.area comprising.overlapping portions-ef-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 (ii) 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
25 * 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 |

30 geographically locating a cellular device, the method comprising:



nonitoring traffic flow by determ ning successive locations of a plurality
of cellular devices 20 located in a plurality of vehicles. The apparatus
conprises (i) a handover area nodul e for defining.

a. handover g1,8R5cxekdak | Si ng- over | appi ng porti ons- of - a- modgdedrfHddo2637
reception-area-ofat- |least a portion of each of a first cell and a second
cell of a cellular network, and (ii) a sanpler nodule for sanplings set of
repeated | ocation determ nations of at |east some of the plurality of
cellular devices, to determne a present picture of traffic flow, wherein
each such location 25 ' determnatjon is based at |east in part on the
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t he handover area conprises nodeling based on a 5 topological relationship

between a pl Aeedrdihy toof anCepdes of the blGend fiventRnShére iv)F6ABSH Giethed Airan aspect of

the present invention, there is provided a method for geographically
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t her e i sopolapidabtetitionshipiptweeh aphirality ofiéellgeogr aphi cal |y | ocating a cel lul ar
devi ce, the apparatus conprising: an effective cell-area nodule for
determning an effective cell-area for each of a plurality of cells in an
active set ORcéRdihStombineespedl of Bk plek@id irfvantiol hef®Ripk&ida\eh GBparstud@pdover

area nodul e for determ ning a_handover area wi thin which the cellular device
15  geographically locating a cellular device, the apparatus comprising:

an effective cell-area module for determining an effective cell-area for each of a plurality
of cells in an active set of cells defined in relation to the mobile device;
a handover area module for determining a handover area within which the cellular device
is likely to be located when a control function of the network performs a handover involving
20  addition of a cell to the active set of cells, |
_ whereiu the determination of the handover area and-the effective-cell-area-for-each of the—~ - i

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
25  geographically locating a celhular device by determining the area in which handover from aéﬁrst
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 cellsi and
said further cell; and
defining a handover area comprising overlapping portions of said first cell or groups of

30 cells and said further cell.



is likely to be |ocated when a control function of the network perforns a
handover involving 20 addition of a cell to the active set of cells,

wherei n. t hedeterm nati on of the_handover area and-the

effective- V?SMO @é S for-each-of the- plurality of cell @Cwﬁ;ymgmizaﬂsed on a

t opol ogi cd f ronshi p between said plurality of cells. According to

anot her aspect of the present invention, there is provided a nethod of 25
geographically locating a cellular devi ce by determ ning the area in which
handover froma''first <cell or groups of cells to a further cell occurs,
the nethod conprising: nodeling at |east a portion of a cell reception area
of said first cell or groups of cells and said further cell; and defining a
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the 10 plur fROE, Q I p

bet ween sai dm;‘) r%%{g‘f-g c%e%%*rﬁté%rf? gg%?greg%‘fﬂaé g@%’%‘ ﬁglr;&gésméec# %}w;h ? ?fg pr esent
i nvet i pluralihefcells is npudebasdé dn atqpatogmdl m]‘atlmlnptbemmg s4id ph]falny &1 calls. by

determ ni ng successive |ocations of a plurality of cellular devices |ocated
in a plurality of vehicles, the nethod conprising: 15 repeatedly determ ning

the | ocati onAgfordig imsﬂlers@ﬁm@fthé prsdt inveltioh hat isgebiidédd me@yd £s; and
sampling the locations of the at |east some of the cellul ar devices to

det er ni ﬁ@miormggfagﬁceﬂovbby flgterpryipipg pycgegsive locations of a plurality of cellular devices
located in a plurality of vehicles, the method comprising:

15 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 determine a picture
of traffic flow;
wherein determining the location of a cellular device of the plurality comprises
20  determining the area in which handover occurs, the handover determination being based on:
__mogdeling at least.a.portion of a cell reception area-of 2 first cell or group-of cells aid a’
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.
25
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

30  said first cell or groups of cells and said further cell; and



wherein determining the |ocation of a cellular device of the plurality
conprises 20 determ ning the area in which handover occurs, the handover
determ nati on being based on: nodeling-at.|easta-portion of a cell
reception ‘ﬁég‘ﬁ’_ﬁ§]59& first cell or-group-of cells "and- actidHbdd@o2eel | ; and
defining t SRuover area to conprise overlapping portions of said first
cell area or groups of cell areas and said further cell area. 25 According
to an aspect of the present invention, there is provided apparatus for
geographically locating a cellular device by determ ning the area in which
handover froma first cell or group of cell to a further cell occurs, the
appar at us coajmndevangreaauodaleffordeafnmgadiahdovecmeameiprieinf overldpgial ptgiomd ofl east a
portion_of a cell .reception ar of . 30 id first cell or groups of cells
and sai H‘efaﬁ?atoﬁé?bggﬁ%f’?qp?fr%wp %é%%%écﬁ F&B2005/ 002637 a handover
area nodul e for defining a handover area conprising overl apping portions of
the area of said first cell or group of cells and the further cel| area.
Accor di ng to‘i‘é‘i?ﬁ%?oaag CHPet °g'il?€l’fﬁs‘é§ iyyentio hsse jserovidadian apRATEEOT ded an
appagat § O 4Bk | W GEEH | ocati ons
of aBpI H’r%gtﬁn%ugf c_elvlpg?g_r dé%ia%fg%&e%sﬁggcg%migﬁkgﬁﬁ%ﬁﬁc&gﬁof vgﬁsiecles, t he
appar at lpsated ins plutakity: of yehigles) dveappares comptising: f or def i ni ng a handover area

conpri sing o | i "Hﬁ§ i 3 F;R . ' a_ of. at

| east a por t%/%[nndg{egé‘%g h™ o Ieaf8 @P&s}[ng(? e gfgl ﬁ%ocﬁég{péf ﬁlg éﬁ#@bﬁlﬁ%f}éﬁo?s&ft her
cel | of amodelkd callbrecepbomarek pf atiehstlOporticeofiehdhrofadidsticell bogrospofrkellsgnda set of
repeat e ocat,i Qn ermnations of at |east sone of the plurality of

cel I ul ag“{?ﬁﬁebé’g?cglﬁhﬂé{%’yﬁﬁéa a present.picture-of traffic flaw

whergi n- eachg sampler nsodald foP@aiplifga s bEfepbdiadllbdtioh SetbiafiRiond off £ RAlt sbile PArt on
t he handover area defined by the handover area nodule for a given cellular

devi ce Abe plyraditr ofcssHular devices to determine presgpt nictuiget Gatlicflomi-wherelyreacttur ther

cel | of s&éﬂqoc%ﬁééﬂ ?Qtél’ﬁliﬁhﬁbﬂ@#ﬂﬁsed]a? 1e§£‘tllﬁz arfor} HOHAHALEGRAI RHER HtRe kKnown for

determning t ocation of a cellu devi ce _
handover area module for a given cellular device moving between a given first cell or group of

cells a and further cell of the celiular network.

15
Thus, although techniques are known for determining the location of a cellular device
based on the network cell in which the device is located, the accuracy of such techniques is
limited by the latge geographical area covered by each cell. Other techniqués are known in
which a specific machine is used to actively monitor the location of given handsets by request.
20 However, such techniques load the network, and are therefore costly and limited in capacity.

.. ... .Additional advantages and novel-features-of the-invention will-beset forth if part i the ~
description which follows, and in part will become apparent to those skilied in the art upon
examination of the following and the accompanying drawings; or may be learned by practice of
the invention.

28

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

30  drawings, in which:




based on the network cell in which the device is |ocated, the accuracy of
such techniques is |limted by the | arge geographical area covered by each
cell. Qher techniques are known in which a specific machine is used to
actively rW{]izﬁogfo %Qﬁe | ocation of given handsets by requesige2désdossaever, such
t echni ques 'oa ? e network, and are therefore costly and limted in
capacity. Additional- advantages and-novel -features-of the-invention
will-be set ford- iiiparf in thie description which follows, and in part
wi || becone apparent to those skilled in the art upon exam nation of the
followi ng and the acconpanying draw ngs; or nmay be |earned by practice of

t he inventi ofig. 2sher fst dsermpvelsnt arelipHE nomodl egratennasi etatedrat the
U“deFSt%Qxﬂb@&nﬁné&&d&ﬁ%ﬁﬁﬁfﬁ&aﬁ% eﬂ{bfﬂﬁe’lﬁv QomNOW how the same may be
carried 1Tnto effect, reference w now be nade,” by way of exanple only, to
t he acconpan¥ig g sh@es fikstanidrsgend icellswifi b céitul nti®ol) G NSRIGsRnthrds20051002637

[ ocat ea R OBleRER R g TG e ol Rt b er Rl

I nverd i qQhe inkéi@ion2 shows first and second cells of a cellular network, the
cells having_antennas, | ocated at different points, and oriented to face
each ot her, Fi# ééEW%@'ﬁwd\ﬁF‘qudéﬁlséﬁﬁﬁﬂ{“%é Aetwerk, the cellehqvingamteneas, Fig. 3

shows f ilﬁ&a&ed%@difﬁf%ﬁpﬁtgmfﬁ,?inh%aﬂﬁg ool thﬂldagm n adcBRiaf@ Wit favi ng

antennas |ocated at different points, an avi ng sectors that do not
over | ap embadimeprfdbmioeentionh an  enbodi ment of the invention; Fig. 4 shows

first and se I t cell s. havi antennas 10

| ocat ed at dﬁgl grs eﬁé %Sf%}dge&\%hféh%? ggeg%ﬁ%oggﬁ}eecggsnﬁ VSRR ot her, and
whost sdodatednt differehbymints, whielc fior stan eentenrigle ta Bachritoed) ame wthosd setthi overiapnt | on
Fig. 5 shows an effective cell ég{nea wi .t h extensions of a sector when one

ant enna i 8SCoRNse LA qbadipaent oLthg MYERNOLL, ot har cel |, near one of its
limting |ingg, §khovacmtitaiveoeiMatdd vith exRARGH ol e Béctdifwieh Oné Mtk iON;

contained in the sector of another cell, near one of its limiting lines, in accordance with an

=

embodiment of the invention;

15 Fig. 6A shows an effective cell-area with extensions of a sector when a second antenna is
outside the limits of the sector of a first antenna, and when an inner-angle criterion is satisfied
for two edges of the sector, in accordance with an embodiment of the invention;

Fig. 6B shows an effective cell-area with extensions of a sector when a second antenna is
outside the limits of the sector of a first antenna, and when an inner-angle criterion is satisfied

20 for one edge of the sector, in accordance with an embodiment of the invention;

_FPig. Zillustrates the-determination of-a-penumbra-area around-tie linsof equal intensity
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
25 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;



15 Fig. 6A shows an effective cell-area with extensions of a sector when a
second antenna is outside the limts of the sector of a first antenna, and
when an inner-angle criterion is satisfied for two edges of the sector, in
accordancqvwi @Igm ol£Mbodi nent of the invention; Fig. 6Bcahmiosmreffective
cel | -area W EH extensi ons of a sector when a second antenna is outside the
limts of the sector of a first antenna, and when an inner-angle criterion
is satisfied 20 for one edge of the sector, in accordance with an enbodi nent
of the invention; _ Fig..2. illustrates the-determ nation of a penunbra
area around the tine of equal intensity  between two antennas, in the case
i n whi ch twoFigelQ Rlubieates thedaterndsmtion 684 lesidever roe for aliecapoinWhich dlinedECor dance

with an enhodi nent of t Lnvention; Fig., 8 illustrat t he determ nation of
a penunﬁﬂgﬁgﬁ%ﬁgsd‘ﬂ Heﬁlﬁ%ﬁﬂe}éﬂg aB?W@&E&@“#ﬂ%%‘QWﬂ%@ﬁ&WHM ant ennas,
in the case Fig Whilelvsbwagaetthbs whthes @ed Rhcie! 1he estingfledlocsioh s 8fulapPOi Nt s,

and are orjiented tg face each other, in accordance with an enbodi nent of the

i nvent i GRVICEWhen apefiplar gty e trae aivense dtadin perordmeewih Av embodient 8 f or ¢ he
case g N giinGdptibyyo cell's have antennas located at different points, and are

oriented to face each other, in accordance with an enbodi nent of the

i nvention; 9Fig02isedlwhsinzenrei wHio ddiroetessystem e patiofiwhichsanr at es t he
determ ' f : the,. e in which a line of equal

I nt ensi P@H’&S}H‘ﬁ@‘t“"@m‘%{ﬁﬁgﬂ%?ﬁ%‘ﬁf‘ﬁﬁn‘;‘%@o@‘gﬂaﬁ‘?‘ﬁ wi th an enbodi nent of the

i nvention; FFig. 13lik abivwhsliagran: nfposapparatus fontvcating cellulaedbvicss,imaebrduie est i mat ed
| ocation.of a cel.l ul ale devi ce when a cellular network uses tinme advance
dat a, ir‘fmg‘ca&fp'ég et Qf e WYedO8odi ment of 5 the invention, Fig. 12 is a
bl ocfg di agramof a traffic information system as part of which an

enbodi nent according to the invention may be used; and Fig. 13 is a block
di agram of an apparatus for IBEX&WP@S&E—FPQFQ%W ces, in accordance wth
an enbodi rent of the invention. 10 DETAI LED DESCRI PTI ON Cel | ul ar networ ks
operate using a network of antennas, each of which conmmuni cates

Cellular networks operate using a network of antennas, each of which communicates
messages to and from cellular devices located in a given area, called a cell. Cell areas from
15  different antennas overlap, so that the domain of operation of the cellular network is completely
covered, At any given time, a cellular device is under the control of a single cell of the network.
The controlling cell is usually the one whose reception intensity is the strongest at the location of
the cellular device. When a cellular device is in motion, it fraverses from cell to cell, and its

control is “handed over” from one cell to another,

20 Oberation and management of cellular networks require monitoring many events-that-
occur with respect to cellular devices. Such events are related for example to the calls it is
making, like call initiation and cail termination, and its mobility, like location update and
handovers. We use in the following descriptioﬁ certain GSM technology tefminology, but

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

25 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 cut of
handover events, but this can be done for other évents that are recorded and can be connected to

concurrent control of more than one cell.

10




messages to and fromcellular devices located in a given area, called a
cell. Cell areas from 15 different antennas overlap, so that the donain of
operation of the cellular network is conpletely covered. At any given tineg,
a ceIIuIar gM)@@w&§ under the control of a single cel lpcofcB2603/0088Mm0r k.  The
controlllﬁﬁ PHPE usual Iy the one whose reception intensity is the
strongest at the location of the cellular device. Wien a cellular device is
in motion, it traverses fromcell to cell, and its control is "handed over"
fromone cell to another. 20 Operation and nanagenent of cellul ar networks
require nonitoring nmany events-that- occur with respect to cellular devices.
Such events #hile thel preferted embaditaentd disciased hxaein atel desdribed svith mespecatn a fypkef cal |

nandover @ 0 ol s ECtor Bl nd i sbe P s reinleasiPeneiatlly © 7

t er ni nolp@stionilto applyeo softhandeweds x@l dombma@bﬂs of kel afd eifﬁf&na@cismn s al | el
terns in ot he net (ta_%gqr}.glﬂ |es he usg%e of all or sone of those
event s, o8 ?‘Héfhah‘l‘sé dnd 2Gispgems andimpaydiet ace” (or
the ' parr@ga}ceh Mieﬁ%ﬁbﬁbé‘wﬂl@b\ﬁﬂﬁﬁ p&@@éaslelreafe@éh ﬁlaﬁpaﬂe%@ﬁ tritnshfiidr afid f €CLIT Ve
met hod to Iocate a cellular device.  In the | owm ng we describe a way to
do ext r aroeiverand|feegnqncy paip i angther MMQ%tterea;aé mcswemwngatﬂ:ﬁ‘emmﬁdqeempne for

ot her rrent .control
of mor o PP ot hee ik FEfl? y G B o Ben BB AR e e
pr ef er r dereforb adédsion top dhesmhostidn bereit is canrecidé scthe bther thistibrepadabsta anl a t ype
of hard g%cpd overs applying for exanple in GSM based networks, the

pri nci pI]:l %t benefits of the invention also apply to soft handovers and
conbi nati ons of hard and soft handovers. In this context, the nost basic

f or fPof handdwvkilled gersomawill appreciate thasin CBM3, drcthdig Wﬁﬁl\éhsbacﬁsmlyls,b@ 5

regar ded.as eéogn&ae%qgjsé:v%ra‘ivbﬁs%sﬂd ls'&mﬁlﬁn&ﬁlag ﬂlﬁ e? Sh ee?ll fromone
cell transm recerver requency A 8

t ransm trieamitersl inr renge inerone signg uaing aﬁ&éﬂi&r@bexf&réﬂmamf bamtamom thé eathinal

i nt t Ll 1f t o , b
tat | on Baitesietde EFgmprIstETY b P oAt B S 0o AR AORS PR 1t o ¢ 0
the ot heyhed thefe dr$sovagEbade thatichs dn {hd belive SRR &emﬂaﬁl &roﬁkbﬁé STtheBSlosddaW | |

appr eciate that in CDVA includi ng WCDVA-, based systens, the
15 new one or adds a new one without dropping an existing base station from the active set. In W-

CDMA there is a special case called “softer handover” where several connections in the active
set point to the same base station. A softer handover happens when one of these connections is
dropped for another from the same base station. There are also inter-system handovers where a
connection is transferred from one access technology to another, e.g. a call being transferred

20 from GSM to W-CDMA. The principles and advantages of the present invention apply in respect
0T all ot the atorementioned fypes of handover, and the terms of the ¢laim 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.

Aecordingly, at eny given time, a cellular device is under control of one (in GSM
25 networks) or more cells of the network. The controlling cell ot 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

30 cells. This means, that by drawing the area where all said cells have approximately equal
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user can be connected-to-several baase stations sinultaneously, conbining
the data fromall transmtters in range into one signal using a RAKE
receiver. The set of base stations the termnal is connected to
conterrporﬁg%{]%}oysgbﬁs referred to as the "active set". Actaaiboshangover”
happens nthere are several base stations in the active set and the
termnal drops one of these to add a 15 new one or adds a new one w t hout
droppi ng an existing base station fromthe active set. In W CDVA there is a
speci al case called "softer handover"™ where several connections in the
active set point to the sane base station. A softer handover happens when
one of teseptionciberndetestimated with Hizhppabdbitityrthetnlet definlaf phane islecaaneitihaes st at i on.
There are al so inter-system handovers where a connection is transferred
from on&%%ccess t echnol ogy to another, e.g. a call being transferred 20 from
GSM t o W CDNFur clﬁﬁw,]lfl‘[ei ﬁonb\pihgsxmnﬂhrgdmwﬁimaﬁsefaﬁfté h&sgbﬁaﬁmm ﬂradh\gﬁﬂt i on appl ]Y
in respect or an . of the ato nti opned types of hapdover, and the terns o
the. o1 AP FoI o SIS GEVERAR . Va1 G S e e it te exss

i mpl e ghérk infofe Bl two &Ylls aktibidllved e blampldit g be %ﬁrﬁ@df@%a\é%eysef dFcef§iHOr Ways
which will be appreciated by a skil | ed person. Accordingly, at any given

tinme, a2E&OMAgbaedasivasle tyappliag theqsineiplss aest methed gteps desmibedbelewioalks) or nore
cell's ofothanpetwork. The controlling cell or cells are the ones whose
reception 1s deened suitable for purpose and the event of giving control to
(or addi ng) Qftenpwhemioiver eventrieGEM wetivarks dnslrths likecisvolviag dell/Amhd célliR odvarsdover
event points, [ re nonent any situati.on t he act_ ti of which is
i ncl udegh?"na ‘fﬁiltéua aé\gkgevg?e IP%‘%(%%&T %aéera g hiéﬁeeth%@%nﬂ a?ftﬁ%%ﬁ??fr S A cont rol of
t wo10r améma dehipliser thahahat ioBthe velbB ampitaptol affatea vsherOHaintangieet thodglanfrefisi ty of

the said 30,cells. Thi ans, that- dr aw th rea where all said cells
have apg'ﬁ??u ﬁéﬁ*@%ﬂ %g@?r%ﬁt%aq#%eﬁéﬂw SF’%’?@QWW%ZGW"

recepti eleoret'i(sanz@amﬁ@wsamlmmrwi& dbsSed alfrR RRBdal-InvenkiPdigddier e bbt| ar phone
is located within this area. For clarity, the follow ng exenplary

enbodi neglls. Heweyes, in sealit Shedapdoversioes rat opgus gxactly on pheredpalrintensdly diae.ibgt  as

rel evan w@{l I g € 2 ' ' es 5

wher e rr%}ﬁeept an a%%@%@?@?%”%%@g ved?‘{l%yrﬁ%glil n%}%@}h%%y&géﬁrg%gﬁﬁed to an
act i9e efthe pinumbtd ared deperds OBVt padmagswiociding yheaplptive pagitiohing pf thaci pl es and

met hod éetll‘g ?@oﬂ%&%ﬂn&?ﬂ dgfgl-n%\%& l% tﬁL location and orientation of the antennas,

In an embodiment according to the invention, there is disclosed a technique for

geographically locating a cellular device with high confidence at the moment that handover
occurs, by determining the “handover area,” which is the area in which handover from cell A to

20 cell B might occur at high probability. Because the handover areas are found to be smaller than

cell areas, on average,.this technique.offers better accuracy-than techmiques that useonlythe ceil =
area to locate a device. Additionally, handover events are recorded by the cellular network
management system, and are therefore available at no additional cost, so that the technique is
relatively inexpensive.

25 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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those cells. Oten, a handover event in GSM networks and the |ike involving
cell A and cell B occurs when a cellular device noves froman area where
the intensity of the signal fromthe cell A 10 antenna is higher than that
of the cell B antenna, to an area where the intensity of the signal from
the cell B antenna is higher than that of the cell. A %ﬁm . bs"the
handover e¥@AP06/083%6 =t heoretical | y occurs when the ce uf’sg)roa-dgevi ce
crosses a line of equal-intensity signals fromboth cells. However, in
reality, the handover does not occur exactly on the equal-intensity line,
but rather within a certain penunbra area around the equal-intensity |ine.
The form and di nensi on 15 of the penunbra area depends on vari ous

paranet ers, iqaeidddingGinkfIfying habhyfontRatetd AN HOrelpt i d, which
i s deternined by the .I_oﬁgg{qi %n.ang or I ent at ?tlon lg? ptt]}g)te]%g% g%hgssf. Sﬁjro}éﬁ

embodi methe aatenneetiwiintiayverseaelptinndn thealistanch fom theanténpe) wisledhacedlelahdavizae f or
geogr aphi . ' | 1.4h high confidepce at.the nonent
Phat. hardoquet WBEThE R, e tetts AR dlredtlin et SEuR 1ot he - ar ea
i n whi chthb amtelaere ignowd,ceth askhd exadGzmmith ofBherargérina cthe effeca bl taflgifions; atiabi | i ty.

cor - &r obe St AR pait e St b e o Pk Bt o fmled and the fctors ofen

accur acystitistienllyotibdtioge asothdrat ruse-only-"the cell area to |locate a device.
Addi tional | y, handover ig}\f/ients are recorded by the cellul ar network
management syedird simplilying asswpetionmeadg isdhat A reception intepgity frpm the anteama | so

that theghGedib Gt ksssi%;ﬁg%agﬁyw V6RleY thaf GEREBOCintefisty Whtfi B8 %edi, | TP EMTENE @

preferred enmbodi ment, a gon 1s be construct to represent the handover
area. |n or ddhefortcinplifyingassugiptipn made inthatibe hagovarfenaone osll teanoflier st , t he

aron)® TR RIRYEh RS B 0T pO R0l Cop Bl B SR e

see, f orbehkant@ines atwaadl diiterk@t¥, centered around antenna 100 of the enbodi nent
of Fig. 1. 1 2006/ 005906, PCT/ GR2005/ 002637 Second, the sinplifying
assunpt i on eq FFﬁtasﬁuﬁ@“P’ége@‘b%?%mi‘W a5rerdng tBFhes‘P‘é‘?‘FHP%mFtF"&)‘WOHQg%\nt enna

grows i NeelllivesepBon Ab@dd DitcloPwith @ fiditeiaais.cREyopAHaPAJAIR! BEUPHon B b&but,he
cellular device is located within the sector. O her factors that influence

the receftitdnsignifieantly mpalsr thangepsptionrwitin the Feivin dyon thetrage Tegions eliveskuch as
the gxaclafbitlydn@ine 1R TiRR BPthe bdbor Sl 96 the Afeatehih® &l sfRiina, MWe

opposite direction from the sector. In some cases, control over a cellular device can be handed

.over within these weak reception areas. An embodiment according to the invention therefore
extends the cell reception area, initially modeled as a sector, into these weak reception areas, in
certain circumstancés. 'Once the effect of such circumstances has been considered, and the cell
20  sector area possibly extended (or not), the resulting model of the cell’s reception is here termed
the effective cell area- As will be-seenfurther-below; whethertc exteéfid a cell sector area can be
determined based on the relative positions 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 Fig. 5);
25  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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5 the effect of nulti-pathing; because the influence of such factors is
limted, and the factors often statistically offset one another. The third
sinplifying assunption nade is that the reception intensity fromthe antenna
outside t is significantly | ower than the recapii@sobdnosnsi ty

W t hin t'hr;%ggg@g’r%.%érhe fourth sinplifying assunption nade is that the
handover fromone cell to another 10 occurs within a reasonabl e di stance
froma point where the cellular device receives a signal from both antennas
at equal intensity. Based on these assunptions, an enbodi nent according to
the invention initially nodels a cell's reception area as a sector wth a

finite radi uBy tBeyosmdh tfiedts infCiodSiderftRMEH dntbodRABaR6dHy to thlhventiod S
significantly weaker than reception within the radius. Al so, there are

regi ons GRSUpELR PTQEP%FB’&F?W:‘%G%H@PVFWW qutpt 2 sraphination offwa sieassBdkor ; and in
the areqybel fad of iR ARERRNRIL-abdds b \Re tyRIRRAShdRod WIRGH the Bﬂixﬂaﬂ%&i!ikﬁs sector. In
sone cases, control over a cellular device can be handed .over w thin these
weak r eceqying Andid)dbespennpmbenrasesrcrrotmd theagud rinkensity dive betweemthe mitemnas ofibe ef or e
ext ends el o ' ralh il oGk ECLOl: e | t hese
veak o ocREr As RABE R TAIE, it ORS 608 20 BBLiiPlish R i

ci r cunstintieabtehaisatimef tiesa braeemdgnddinge trb easeein wiich the pbrainbad &8 90SSi bl y

ext ended (or.not)., .the sul.tin del of the cell's reception is here

t er ned ’?‘ﬁgisg‘??tgﬁf@ea%({e&?reé’%%‘ﬂy%& VF_Fel BELIS br t her - bel ow, ~whet her to
extend a oblFig: CihfdughugHustiteifoldossitdd RpobFied rdlabRGoSMols T th8bs]iHe
positions and orientatjons of the two antennas between which a  device is

| C
novi ng. aFsrdance itk an eahedigent of thednyentian. JaFie- lusdirsisigl 10k pnd asegondeosth 203 s
Situgte Wl Ll \ sector's
i mp? (glsav%\%\&gfﬁﬁ% lg%%ﬁt%hsta&gp l)llgl? (Iﬁﬁ% ?fg.z%kétﬁr St\\/%ﬁlgﬁog Igagcgfj?yé?%rﬁt enna is
si t uat edmisuna203ds etigntadith face askdond celLAWoproduced hiea sdcond enderink G0l tons (as i n

t he enbodi t Fi, o . e.c he effective.cell .area includes
ext ensi (g%iéi‘%a&ggﬁ%ma{z E’gatgae%ﬁdéﬁera&%%?gf Q%eaz%t:&ﬁggac é’gl?%'syno lg'ﬁﬁgﬁg%‘é@or can be
ext ende@0d andli secordsdell 302 havesmienngs898 and 30ddsatbdan differentipsintg mne tet ween t he
antennas of the two.cell,s;, the resulting.,radius is here terned the

ef f ect | VESPHAP et Frldm g $oWs a0 AEpIsBYdssHRCt BE RS dRslasieb a7 By taki ng
suchzef fofebsrids BF Pigs. Aol 81 th&Bby RPre QARRLUINRR: teHofddiddi fest i thid@adeNvent i on
constructs a polygon representing the handover area out of a conbination of
two ar edstennas 40%and 404 are located at different sites, are facing at an acute angle to each other, and

the sectors 401 and 402 overlap.

In an embodiment according to the invention, a method for geographically locating a

cellular device includes three steps: first, determining the effective cell-area of each cell; second,
20  determining the penumbra area around the equal-intensity line; and third, combining the areas
determined-in-the-first-and second-steps-to determine the handover area.

A first step of an embodiment according to the invention comprises determining the
effective cell-area of each ceil. In order to do s, there is first determined an effective radius of
the cell-sector. The existence of such a radius is premised on the second simplifying assumption

25  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 fhe
embodiments of Figs. 2 through 4, the effective radius is equal to R;*D, where D is the distance

30 between the antennas, and R; is a constant factor, different for each topological case (i.e. for
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overlap part of the effective cell-areas of the two cells between which the
cellular device is noving; and 2) the penunbra area around the

equal -intensity line between the antennas of the 5 two cells. As will be
seen bel o tzg& ohfb@t i ve positioning of the two cells pa@y@pRosiiosnrfi cant
role in the ern1nat|on of these two areas; and there are cases in which
the penunbra area is inpossible to define, and therefore only the effective
cell area is used. Figs. | through 4 illustrate four possible topol ogical
relative positions of two cells, in accordance with an enbodi nent of the
invention. In Fig. 1, a first cell 101 and a second cel | 102 10 have

ant ennasFigs Sdbreugted, ehipdexdme, ﬁodndt4).lﬁ£hccd;rﬂari€é @ith2n embbdifeht oféld invifiorpr oduced
by a fir 03 is.oriepted to.face.a second cell 0 duced by a
second- a %eéﬁlhgm%g‘” piREmiping an@ﬂlf‘i%ge MAYDERRRGs N B’Lgé’@eéfneﬁ! E?éi“ent

poi nts, Rtk @rlﬂcréaed digtaﬁc&diet\mﬂ&re antefindsit@an Beredsell bffddtive fldiys, 301 and a second
cell 302 hav ant D3 atgqlefgéﬁg | ocated at different points, and their

sectors do n ‘%f?rm Vitadiys @@ﬁﬁqneseﬁh’ﬁdhﬁ %@BV‘?ﬂﬁll'ﬂantlsl nto the
t opol 0gi SetdrmiRd 6 ?Eﬂ%ﬁ’ﬁgat‘he eéll fek@P beybnd ﬁ&%@@ oﬁmefs&g:g o BB LA N0 al |
e 4

ot her topol ogical cases; in this case, nnas are located at
differe et%mtnés the gidelines of g e’éfﬁctan celbarce Heixtsnsion eﬁm cdt-am beyamuthet he

sectors 53? t|on a
met hod f(‘;d% geogr agﬁf%ﬁ ocat | ngpgermggﬁggﬁzﬂ%gw & ﬂﬂ%fsﬁaﬁb‘é ® steps:
first, cetterofithe otjertdel, \ef)f wat oneeofdte lilnithipdimes s wHbbe 1u&§tiated8ﬁﬁﬁﬁﬁrence?tﬁ
determn h roundthee al.-ntensity |ine; hird,
conbi ni ntb %ﬁ% @P%ﬁé’gggtg 2@3 $001¢ ARtepnads g‘éﬁﬁe &'@éﬁfﬁ?}' oﬁ%hegaelﬁ tﬁ‘?n ne-t he
handqy erinfer@agle Betivieérbthe Hinttihgdine and Bigtiae bdm&lhngﬁﬁmraﬁteﬂ&st@ Jﬂ:@f thalVEgot i on
conpri se deterwgfi%\@?the effective cell-area of each ._In order to do

so, therdByeEs,faf wratrdyah rsierears todhe.qrabadipanipof Fies. @%énd:@l -sector. The

exi stence of rsueihirg eﬁﬁﬂslaﬁcaba sRSAIn RSerfddintkat émgrbdﬂélaﬁa'e ip ¥03nHar@SSUPLi ON
25 above, i.e. that the reception intensity of thé antenha W thin the sector

grows i rfompeddiyghe M';ﬂl Hobetyveen thetwe apfpres Hleand 567 an encefi the limitinpdinex 96ni ng t he
effectiv t opol ogy
of the chiiiatiBntERIRNIAR i Seb ARAARLE, sOL NS okl el d BB DE° O
si t et5100]eterinined ff the anglewrthldlwlnch an aRtenndl 902 is sufficiédtlyatdse to the finlithgilmabok ases,
shown in the enbodi nents, of ,Fi t he ve .l dIUS S
caual t 0o R A FRPRATE or3ne Sl ey e NS SRR o o5l o Wt B iele BRI i s a
const antthimbe, ey sectdi fkeeesded dndy toams Bide,dROthe gide 806 haSe ndalr tthe §e@bnd dflenna

502. A relatively small rectangular extension 508, which has a width dimension Ey, 507, is

added to the side 506 of the sector.

20 In the second extension case, described first with reference to the embodiment of Fig. 6A,

- . . asecond-antenna 602-is outside-the-limits-of the sector 603-of a first antenna 601, Ti such a case,
it is determined whether the inner angle, i.e. the angle that contains the first sector 603 iiself, and
that is formed between an edge 607 or 608 of the sector 603 and the line 609 between the two
antennas 601 and 602, is greater than 180 degrees. If so, an extension is made fo the sector edge

25 607 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

30 extended by a rectangular extension 611. In the second extension case of Figs. 6A and 6B, the
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WD 20061005906 PCTI GB2005/ 002637 Figs. 2 through 4, the index i = 2, 3, and
4). I n accordance with an enbodi nent of the invention, other nethods for
determ ning an effective radius nmay be used; including other nethods that
relate an ‘*"P%ﬂ%@?ﬁgﬁ di stance between the antennas to arpdrigssesask:ef fective
radi us. er determning the effective radius of the cell-sector, the
effective cell-area is 5 determ ned by extending the cell sector beyond t he
edges of the sector, in certain cases. This determ nes the sidelines of the
effective cell-area. The extension of the cell-area beyond the edges of the
sector is required in for exanple two cases: 1) when one antenna is

cont ai ne;dctanguldnexteﬁsemismucbas dxtemsiohhEI0 and ol 1, hwa/reraﬁaélymii@r&fidth% gigmting

| i nes, a with refere enbodl ment of Fig. 5;

and 2) v&ﬁ%"r% Eﬁﬂ’eéﬁzg%%rﬁﬁng\ﬂa'ee"t“}?@%@%‘grg o‘?ls BB ALY | and the 10
i nner angbtengubi- eReRkidri€o h pived idatbrlak aﬂm%ﬂﬁnélaﬂ 610 86 ANRGELLADIDAL h ant ennas
is greater. than 180 degrees, as will be illustrated wth reference to the

enbodi medditiopgl trigngular 675&3’&% 6dpis made al‘ the bagkrofantennachdd by sornssting thtvovarfat n t he
embody MeRineRf 62Biatld 624 of 16 re%ﬁﬁélﬂar(e%tensﬁ% hahe twd exftﬁﬁlgﬁsfiar%p?f 0 Gmhd B 505

bet ween the two antennas 501 and one of t I'ng T nes of
the fir sl dieshowd beingtel St Wharens bragreeteuemeram mald tasgrker 663 bédse afiterna

redeter t.he an | e.w.t h an
gnt enna f&tﬁ egtb1§ ‘hﬁm‘]s %F ﬁ’ 1'(go'sf) g%tgﬂl}g]ﬁg?fﬁn%ﬁle gap 8"%’6%011 isgat\‘\%f"i\)ant an
ext ensi ohe mfvafsdﬂﬁ noeﬂldcessméla tlteeomanmr mbeﬂﬁﬂmr Ofhalt h;?m&ﬁnﬁbﬁb@, se¥ibegoatifl angl e 3
to one sid ii.e. the side 506

is | ess E ‘ﬁ'g)e sector i exteng n .

that is 1k tﬂ“‘f’ 2R eiEnson g}‘?ﬁ‘é"‘m pe, brequse anteipa 601 !§ﬁ’ﬂﬂ1m eetor 8%ty ul ar
ext esi on 508 he WhbedimbASf FigV6B sHowll 1Bihet &amble.of 2 dxtedsfon 0?%%900519 tfpB&nSi de
506 of the sector. 20 In the second extension case, described first with

r ef er encehiehonly encsegs af aeqsior isrextanded with.a lazgesaicasion, dnstead a&tv@02n pasticular; -

out si de-1 gl &19 it 57Sfd Eﬁaeseﬁ&%%rofﬁﬁémﬁfshfna&éve?%e%ﬂﬂ& Qgﬁz% bddwsdch a case,
it is determned‘v\ﬁ ﬁ e I nner an at contains the

first seettoredg®8li an;hhé linea6P is exnatly eqiual‘torlﬁﬁdegm\(weﬂmhmfomdgmt@f&tenﬂmﬁ% of

t he sect 603 and th Q9 bet nnas 6 1 nd 602, is
greater @hgﬁgri%c’ S‘ §%§xtexfs]mn l%mag%m@g%e é%? | P{ cpgtrq,?ggl@ 1P ¢ ct or edge 25
607 15 GidBvdenkectdticde mwndcﬂmmetsamm gréutet alian IR0 debredspitierefond]ih exterdionsiiger edge
607 of Bg,%’lsectnﬁ 603. e I n r angl e between edge 607 and the line 609 is
angl e 608MeHREP t%eléﬁ'éﬂeec’g‘é%e greater than 180 degrees. Accordingly,
edge 607 is emiRBdeRrhiMedthe @EEANE béiRireR£h BISdnfddRddAt by RitéFiridfd ah consi dering

edge 608 of the sector 603, the inner angle between edge 608 and the |ine
~effective radius and, in some cases, extending the edges of the sector), the second step is to

determine the penumbra area around the line of equal intensity between the two antennas, as

20  illustrated with reference to the embodiments of Figs. 7 and 8. In this example, the penumbra

— area around the line of equal intensity is- modeled-as-am asymmetrical réctangtlar stFip around the

line of equal intensity. The width W, of the rectangular strip between the line of equal intensity
and the strip limit on the side of the cell into. which the cellular device is moving, is longer than
the width W> on the side of the cell out of which the cellular device is moving. For example,

25  with reference to the embodiment of Fig. 7, the penumbra area around the line of equal intensity
710 is formed by two rectangular strips 706 and 707, for which the width W, 708 of the strij:n
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 ceilular device is
moving. Each strip is formed between the line of equal intensity 710 and a strip limit 711 and

30 712. Similarly, with reference to the embodiment of Fig. 8, the penumbra area around the line of
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609 is angle 606; and that angle 606 is greater than 180 degrees.
Accordingly, edge 608 is 30 extended by a rectangul ar extension 611. In the
second extension case of Figs. 6A and 6B, the 15 WD 2006/ 005906
PCTIGBZOOﬁﬁgg&gﬁﬁﬂmgectangular extensi ons, such as ext g @swodpbissand 611,
have a relatively larger wwdth E2, 613 than the width E1, 507 of the
rectangul ar extension of Fig. 5. Also, when there are two rectangular
extensions to a given sector, as with extensions 610 and 611 on sector 603,
an additional triangular extension 612 is made at the back of antenna 601
by connecting the two far 5 conmers 623 and 624 of the rectangul ar

ext ensi omal interpity 1568 is/fiornesd: byrfwio ovptanguler striipst®06 amdb$ny, fr ekihiich ikPwidit Welg0al d be

noted th . i . are.made to sector, 603, because antenna
602 is o%i‘%ﬁ%? Ee |t|h$ngl? é"o@@% ?%g)rggi?g’rﬁg{ﬂi@ﬁf@ﬁmﬁgﬂie ’Pé’??d‘qgh'é?‘?nﬁ?fer-angl e
cri teri ofa the 9ddth S5 81) gn the bide otiesesmor 84 d0bE WRICREBRENLLY debiRe Qmﬁgpr t he

ot her sector hl'hat S, in thigrﬁcase, sector 604 will not be extended by an

ext ensi on of 1 ARCIZLRIRE theRopymbrp area glound the equabingepatty line,aqeardingdeat or 604. 10

The egTbogibdaiMenObf the HiveldBnSi RVFrsiHR P toWRMRLE R To@RuEH RS kAt e
second type, in which only one edge of a sector is extended

wi t h- al digewhich gariss dppendingon the tepologigs! case plithg fist tapologicalcenew&the15 i s out si de
t he sect ; tie ot [ ; sect or
ARG £ ARl EDIRSI g 16 SUEIMGORY IndRACIIIREND

edge 617 an I'ine gha ees erefore is
not gr eaafdéhe qelsinzinkgls W3 gnd 283 (whidh anfaaste fromeld lecetion 701 of thedeerinas)eBghe 617. By

cont r ast K pnar, _angl. between sector £d 18 and . the l.ine 620 is
gr eat er ieﬁ%lﬁ%fggmgem r é&c?al ? ‘ﬁésr getf%(")ereen,lslc\@ e@%togh@'oim’g%&ec?ﬂ“ ngné&é M5t ype is
nmadeld o @pppeinttdy thdeenirg pelptwticularestht lite @hhetihg iR 166 khte@faaFdricRarple,Sn _
The. edgdbbds Wi cGaspgnds o P eominsdmleast ol e STl ininin e hBopeishr a ar oa
ar ound  t fghchiBaB0896 tid!link BY S BtinboinD RS BntbitRs BOCaAHON GdkRe fR 20
illustrated with reference to the enbodinents of Figs. 7 and 8. In this

exanpl e, toptiesiond pseuf the cmbedimenionf Kig. #the ¢quakinighsity points arp difliowdiite define. nodel e d-
as- an @XWSEE}%ﬂ&&%%Sg? aﬁ&ﬁh&sgﬁt%Hﬂg t he line of equal intensity.

The wi d e rect strip between the line of equal intensity
and tthe st ri plavingidetenminedthe sffeltive fell-drea andlthe pentiobraharaalarduind thedink of equaldevi ce

[ [ .S | t t.,he. wi_ df h t i,d f t | t of which
e ool riiienti B Slop ot il b Sinkisf b o Al Bihai e Plsp Pt i e
enbodi maspoleficaFefies ckcepthiieat pLie BiabadineR af PigO4) fick dréucin Whivh eath @flu@l intensity

potentially able to perform a handover is formed, for each cell, by the intersection of its effective

cell-area and the penumbra area around the line of equal intensity. The cell A to cell B handover

20  area, as it i8 in this case, is then found as the union of the areas in which the two cells are

. . potentially able.to-perform-a-handover—For example; with referencerto theeinbodiment of Fig. ~
9, the handover area for a cellular device traveling from cell A, 901 to cell B, 902 is determined
by first intersecting the effective area of cell A with the rectangular strip 903 of the penumbra
area around the equal intensity line 904; then intersecting the effective area of cell B with the

25  rectangular strip 903; and then forming union of these two areas, which is represented as the
shaded area 905. The embodiment of Fig. 9 illustrates the determination of the celi 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

30 the two effective cell-areas, each of which may include extensions of either the first or second
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710 is fornmed 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 cellul ar
device is noving, is longer than the width W2, 709 of the strip 707 on the
si de of th@oszg@st“@g 90f 05 out of which the cellular devi cepdsepihyéngs Each
strip is formed between the line of equal intensity 710 and a strip limt
711 and 30 712. Simlarly, wth reference to the enbodinent of Fig. 8, the
penunbra area around the line of 16 WD 2006/ 005906 PCT/ GB2005/ 002637 equal
intensity 808 is forned by two rectangular strips 806 and 807, for which the
width W,, 809 of the strip 806 on the side of the sector 805 into which the
cel | ul ar tysleddsembed gbonsy IFayexampld, Urigecmbammtbfﬁgvﬁﬂdtﬁe emctn&beli-efeabﬁe si de of

t he sectgr d [ er m ni ng
the ponusPh 1 it lahdcd 015 o5fRnni flte oF i s e she v olins

enbodi rredsﬁsectﬁr 1002 hagheemexta«dedby ektsnsionk soomemﬁsaﬁrmos of iR lsedonll BPe.t he | ocation
of theeual tensit | ine, whjch varies ndi ng._oQn the topol ogi cal
case. ?‘ﬁﬂsef platp %‘W@)F'ﬁs&ls‘ E)%?t#ﬁ’@emgﬁ%{a’am%ﬁg&rthﬁw oYet afgRi ch i s
al so § heﬁ&ﬁ%@u 1001 b el 1003 Ei&uBIHY Me ihiBEsEtvh b¥tweb @eit 8wd BifecBl SE&OLRLas,/ 10  Of

the cells' azinmuths 702 and 703 fv\/mch emanate fromthe location 701 of the

ant ennasYyhich i shepn asshadeddrardd0T t shpuldsotrgithad thecmbediffefencahetwseh e gélhdnt s of
Figs. 2 I 1 tral
per pendi B uP tahRFEEEHE md BLANS dell A Bihabies Ml WIS kbl 1 -
8, whi chpenombrspramdsnd thetdqealtinpaity (j;me;adrhicmammrpfn the g:pﬁlogichllecascs of the

equalLi nt ensi .t ne-1Ls-ihe-eentral - perpendicular-808 to the Iine 803
connectl?@’ Hﬁ ﬁ/@ﬁﬁttﬁ’ﬁ%@ 01 and 802. In the fourth topological case of
t he embodi memds dah bEbs@n fbm thé emBétiabntion FigN K, me m@dmlsaraa FO0didefetrfitéd int O

defi ne, a strip sim/lar to those of Fig and, 8 does not exist. 15
Havi ng d@fgs%m%a% o gmbpdiment P\féhfe‘Banﬁ%‘%@éel&dw%s%ﬁhﬁ%ﬂﬁméﬁé@%a@%d t he

line of gquadell sbdtér8N601 ahd 1803, hmfé cﬁiﬁ@ra@é alnfbiiRdABRRERE R Un dufboliftherldrer M ne

t he handover area. For each of the topol ogi cal cases except that of the
enbodi nethe inyentjongwhigh deteramingsdhe handeyer erna, dermere eequrate in logating acelhlardeviest e t o
perform he intersection of its
effectlvglalb gﬁzércgglﬁ%ér? ﬁ%ygé%aﬁp&ﬂ%&élrsgﬁﬂ% the |line of equal
intemsity. Th”en mjioklnﬁbnt ancon'iliztg 1B thecinvhmtion al@Oinprevas aeracy, onwveragd, ivhen thase, is

then foun s _the.uni f Lch th C s are
pot ent i a‘feﬂﬂla ar pahyvork §P g%lsgt? lﬂﬁﬂg%%]flpar é%fceé’ﬁlﬁﬁgfngmﬁvﬂ“l“ﬁ date, in addition to
refer enC@ﬂtlabnhﬂerldamegj i1 MetidwsQf ridg-@ctor BLO]I\hIﬁcmﬁmﬁJaMG imodetle Esiaitdcel | ul ar

device traveling fromcell A 901 to cell B, 902 is term ned
location of & celtular device in such a case, In accordance with an embo iment of the mventmn

The additional time advance data restricts the location of the handset to a ring sector 1101

20  between two given radii 1102 and 1103 from an antenna 1104, It will be appreciated that use of

- time-advanee data; or-other-possible-data-specified by-a-cellularnetwork; which 1Ay Ao w the

modeled cell area, can be used consistently with embodiments herein — for example by
modifying the model for determining effective cell area. Thus, for example, in the embodiment
of Fig. 11, the cell area may be modeled as a ring sector, which is possibly extended to createan

25 effective cell area in a similar fashion 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

30 above,
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by first intersecting the effective area of cell Awth the rectangul ar

strip 903 of the penunbra area around the equal intensity |line 904; then
intersecting the effective area of cell Bwth the 25 rectangular strip 903;

and then f ' j-on of these two areas, which is rep he

shaded areghggﬁgm#ﬂg enbodi ment of Fig. 9 illustrates tkgﬁﬁg?@gﬁgﬁgéion of

the cell Ato cell B handover area for the topological case of the ;
enbodi ment of Fig. 2, in which the rectangular strip 903 is well defined. 1
In the topol ogi cal case of the enbodinment of Fig. 4, for which a simlar i
rectangul ar strip is not defined, the cell Ato cell B handover area is

found as t he Thoteafskilitih the aetfwill @pproeiat it 4k bevkdlived fRkhetak SRbtioRaehovef Whi ch

may include extensio feither_the first qr second 17 | W 2006/ 005906
PCT/ GB35 BEFPet=t o Bodhs B B Mie b, R pARErned emelroRboRont  of
Fi g. 10, calibated bl Gield tmals CRorlex@hF18, t8dts mBEd REfokdlin RARnRSRM BkBRAGTPY an

extension 1002 of the first tg e, and the effective cell-area of sector
1003 hasteBelandevicenrg kaowns se fhabths petHal laggtiens cambmempirierlly oogchof against thec ond

type. b S S t . enbodi ment
of V%, R0 [Ipineriod 0013t (68 pufitesy b bbby Ypchal 205 e
i nt er secdatigiicallp besed on thesimpinioabreaflfscandimay be dinprovedrasest restiiscind iothesdutadie as

shaded area 07..1t. shoul d _be noted {hat only.di.fference between a cell

A to ceﬂcf’“@ﬁ%g%%l‘(’)evépea%?p%rﬁ@etgr15‘@( ‘t’e ge@.&huﬁgqr,a%lq?h%g% ®rea, derives

f r om t hexf@epethed paimétier cpaplerhy dfeemtdbaAiRientindy e Red aWhbRemsit y |1 ne,
enbodi nents of Figs. 1 through

whi ch occurs in the topol ogi cal cases of the

3. 10 ASYEERS fgenian G fp‘@ﬁ?%ﬁ@ %&wﬁ@dﬂﬁé’ﬁiedﬁﬁlhﬂwﬁf@@ﬁa ephedimsHEBYEE area 1007
det efgri Ngshifidd foAGHRHEASIEIW thOha RBRREH iFRREelePds ol dMBerbit shiHelof Bt ?gxel n,

i snuch. snal ler than'the . effective-areas- of the cell sectors 1001 and
1003, . Tishapes arisivg/Bemm dhe arngamenbef ageipriti avgjve st.an enbodi nent of the . -

i nvention, L NG . ; ea, | e Jl.n locating
a cellular \c,i\@{l/i&%ggﬁ{’%an pr ?e(glirﬂaglrnik ﬁ?@@%ﬁ’&%@?&%&%’?&f@mﬁsﬁ(E;O?té ef#ﬁogno nly the
cel | seaebular deSicsmenboabedepartofadrafficigfotroationaystemw,enth arhatldsseribeddnoves

accur ac er, he .cellul ar t rk spegifies the |ocation of a
o Un o 5 e N B3R st Db o 6 st Mo ier R v B shevvn it © (o
dat a5 Fiemboaiineﬁf@m%azr [@is39aE0) théré Bsldeterhined the SoddB@tbofieacH B urhiftg o£ St | Mat ed

| ocation.-qf a cellular device in such a case, in accordance with an
enbodi memabilgpensprs in yrhigiesitiveling on a road network 12, which has been analyzed to form an

oriented road section network 14. Other sources of traffic information may or may not be used
to complement the mobile sensing. Position data 62 is collected over time from the mobile
sensors, and sampled periodically by a sampler 1 for passage to a normalized travel time

20 calculator 2. Based on the sampled data, the travel time calculator 2 determines a mean

- normalized-travel time-value-for-each-oriented road-section of the-network H4—A-fusion-and =~

current picture generator 3 then uses the caloulated normalized travel tites, as well as data
obtained from other sensors, to generate a current picture of traffic conditions on the road
network. A predictor 4 can then use the current picture, as well as rules from a patterns and rules

25  generator 6, to predict traffic conditions or provide other information to a service engine 5,
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

30 technique of locating cellular devices, described herein, can be used to generate traffic data using

19



The additional tine advance data restricts the location of the handset to a
ring sector 1101 20 between two given radii 1102 and 1103 from an antenna
1104. It will be appreciated that use of tine-advance data; or-other

possi bl e- dat a- speci fi ed by-a"cel |l ul ar-network; which nmay narrow t he nodel ed

cel | area, yw@hphBosded consistently with enbodi ment s heli,%fljbmo[{s@(mg.)(arrpl e by
nodi fyi ng the nodel for determning effective cell area or “exanpl e,

in the enbodinent of Fig. 11, the cell area may be nodeled as a ring
sector, which is possibly extended to create an 25 effective cell area in a
simlar fashion to the techni ques described herein. O her shapes for cell
areas may al so be used in accordance with an enbodi nent of the invention.
Regar dl eselluldr deviee los#tiope frofn demeseih fetd¢lesy For elample, ehsn & Bﬁiﬂlﬁifﬂm is n

accor dan . n ent i on on av e, inprove the

accur acyﬁgtfﬁxﬁﬂé%da@ %‘ge“a"egl&f{“fg véﬁe %I%%&E eﬂé?aﬂd'sgf the g??g’i{:}’ ‘FB*? of Fig. 11,

for ex amableespmcﬁ‘igrtb tmrhanddver arba therhag béedlefefimiaéd as APktiRAteVT IR 16QHoR ST AVheEN
above. 18 WO 2006/’005906 PCT/ GBZOOS/ 002637

full sectars-are used a aw?
Those of vellflem bﬁe t?ff]fﬂ vice 358 losated aidhe Hire thahhandayes ewant oecyrted rarret ers
mentig ”e@a@a%&ﬁ%e(@éiﬁﬂ'hgq%sﬂﬁﬁ BREhERE &meor aﬁ%%e fidnberds subh véHiclesTand é@kﬁ 2 arml e

may be determ ned enpirically and calibrated by field trials.
t est s na{romeotlss souseeseaingrmalizad dravel dimeaplchlgioni a mﬂleotrafﬁe systeng edrhpenet, @evi ces

are kno e. mat ched_agai nst
the 5 ceRrmeiled Pfug tieaic UlidoREBE b OB st BBLE K Beedlor BB e et e
may be ea'afﬁmbmcutlorst & orst angmbiiment) a seetinique mtaa:oednpcer wn:lathosea&s&:rﬂ:&d heai fomy be

i mproved as t results a dat ar e cunul ated, gver .time. O her
par anet eﬁecf%%? 1’0@’8%?%%[@5&”56 e Heg'ﬁd P¥ spjpler ‘Q‘P‘Bﬁ%ﬁ@ﬂﬁ‘%ned

par anet eembédinentpl Bigely. ’Dlhefsfaﬁp&ﬂhmmﬂé e pesitivR\aRS2UwEdh mé afcudeel | Ul ar
systens ot her than GSM are_used, CDVA- based cel | ul ar syst ens,

enbodi neffeamigs data relating fo @L’é@%@—é&%‘ﬁﬁ‘seﬁ%éﬁ?l{%ﬂmw rEifPositien daft.ea i s
nodel ed g {ﬂicﬁtfd@rfﬁﬁéxaﬁﬁ?eogelﬂﬁexﬁﬁbr S tirRNAPESe 8dth B gl deligm Ea?x?eraz[] shqefigenent

of cells in the active sét. In accordance with an e odi nent
i nventi ons v@@qu@wndﬁaﬁrmmwwmf othscmobilersensior sapedel, shelr as#RA dﬁ%ornﬂy:r be used

=5 P st Y80t oyl o3 b AR BRBURRIHT, U
s hovvr15 i nsduinee id Sanepidablg}i itseown aﬂjustédgamﬂéh submttlhﬁe$msi3adédaﬁ1sazﬁjslemﬁod1ﬂe Hef®g.m ned
the loc aﬁi rbhﬁ&plg ga(l:nra]plgrfsug nPodu{es may Xlsc? {se used for processing different types of data from
the same mobile sensor source. For example, separate sampler sub-modules niay be used for
processing cellular handover data and cellular location server data.
Fig. 13 is a block diagram of an apparatus for locating cellular devices, in accordance
20  with an embodiment of the invention. This may be used, for example, in the traffic information
«w - - gystemrof the-embediment-of Fig: 12. - As-summarized-in-the block-diagram- of the-embodiment-
of Fig. 13, such an apparatus 1305 for locating cellular devices may include an effective cell-
area module 1301 for determining cell-areas; a penumbra area module 1302 for determining the
penumbra area around the line of equal intensity; and a handover area module 1303 for
25  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

30  transmits a resulting calculated handover area to a location-based application 1304; for example,
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nobil e sensors in vehicles traveling on a road network 12, which has been
analyzed to forman oriented road section network 14. O her sources of
traffic information may or may not be used to conplenent the nobile
sensing. P 'iﬁ&mﬁg@ta 62 is collected over tine fron1tp@”§§gh#&n6 ensors,
and sanpl ed periodically by a sanpler 1 for passage to a nornmalized trave
time 20 cal culator 2. Based on the sanpled data, the travel tine calcul ator
2 determnes a nmean normalized travel tune-val ue-for-each-oriented
road-section ofthe-networlc 1-4-trfasion-and- - - current picture generator
3 then uses gggﬁalculated n?rnalized‘travel tinmes, as well as data

i3 Bpation seyeme of thg epbpdimgutot Kige 13. - Yarioug methed steps desetitted iinc

obt ai ned e EH
condi t i Opmb&imérACheralA thay M iPleiontéd B rBhtiret B nﬁ]?ﬁj prent
pi cture, as \;vell as rulags flﬁglm.gmpaﬁre_r ryss apcgﬂipgﬁagggogﬁ&géebﬁgra og%g,a to
predi ct cemamtargrosesen 1308ney 28 eqyiydent speciglitadicircyitsdoindatd pmcessing servi ce engi ne
5, which may r | . Of ' ' f yskon,and current

pi cture gener%?%raﬁépﬁg%%cgéﬁm%e{?gp r%@één\?gﬁhépyz%ﬁms%ﬁé8@%’? i ncl udi ng the
nor mabi z euplemenixe in therfornt of the kmbatimant of Fiaf 13, Fod axamfle, owo pbdsithdwggnsor s 60,
traffic dat.a fromtyaffic reports. Q4 nd traffic data fro t her, . sources
56, | ' aURURREIBE S ERes fetsEhr ol ess afpl frith ool o pa U1 o

i mpl ementd £t dxempB0a éetichap oftecetliilat Qe infag b6 VdiMbtio 8 §stentiocodfpds ihped
herein, can be used to generate traffic data using 19 WO 2006/ 005906

PCT/ GB2085FB926Biiscate andpver et r plb pessiblsrrombingtionscf neigbbaring pellsicen bs.  For
exanpl e, iB&fina, B3RIMIRE cARR nlep, in%toﬁflfﬂe??dée&%d%o‘f%n?ﬁial:aﬂ%s@% %gsm}lge’ a
traffic system can use the geographical area corresponding to fhe handover
ar ea 10 haby hastepeaspording de thedaventiors Whencosthilamdata steam$imtd the systenn tlefsystemvehi cl e
I n which | . t ' h andover event
occurr ed?‘é"g%5@2@%@%@’%&2@?@%1&%g@%‘?’? 8%&;1 GQ&F% {rlree%gli(t(@aféé AV ge nunber
of such tsidbedr eesnt @rntultcthé datateed dor skample asing i [Sakup exbic) and thevebpbbrziathet r avel

time calcylator 2, or other .traffic system. conponent, can enerate a

L rur e VAR Bhmdoxeont oGt R it S RO S ipbrrred 43 1 ar

predi ct i pEfoHpeDSHE-ifle, ahd adth 13000 Bibistqueiths prbdessed SnkiEbpith Rénce f theChni que in
accordance with those descrjbed herein for geographically |locating a

cel | 4F ar hendoyes datp grepted piflinaiemode 130d. By pntest, prerendexamplercellgnapibodi ment
of Fig. ﬁ@t-avﬁﬂﬁle?f‘ﬁ'ﬂ}s?eén 5068 f th eSneRlor? A8didadOthe SRt Reeivilthen may include

stream ng data relating_to cellular handover events, froma cellular
net wor k. geogibphicy) paiatietsrs afdhecells Brvolyad ini sach hudovef event andipdlenlatesghd | denti fi er

and ti neh&l%g‘%? QI%asdo%tIiﬁe Lﬁs@ﬁ%ﬁl th%%a!a%r@a{m, %@iﬁé,'fgrr é_xax%ﬁle\,'\ﬁlle Iembodiment of Fig. 13.

The modules 1301-1303 of the embodiment of Fig. 13 need not be mapped directly onto

20  different software modules; insfead, the software may have a different or more complex
_ _  architecture implementing equivalent functionality, as-will be appreciated by those of gkill in the-
art.

It will be appreciated that the embodiments admit of a wide range of modifications
without departing from the inventive concepts. For example a skilled person will readily
25  appreciate how the principles and benefits of the invention apply with various current and future
frequency division multiple access (FDAMA) and/or code division multiple access (CDMA)
networks, or other networks using time division multiple access (TDMA) in combination with
FDMA and CDM4 principles. Another, less frequnetly mentioned altemative is polarisation
division multiple access (PDMA).

30
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as vehicle position data froma variety of other nobile sensor sources, such
as GPS data or other Floating Vehicle Data. Vehicle position data 62 from
each different type of nobile sensor 15 source is sanpled by its own

adj ust ed SWO@B%O% -nodul e (included in sanpler nmodul epdr/@h20bd/dh263712) -
Mul ti pl e sanpl'er sub-nodul es may al so be used for processing different types
of data from the sane nobile sensor source. For exanple, separate sanpler
sub- nmodul es nmay be used for processing cellular handover data and cel | ul ar

| ocation server data. Fig. 13 is a block diagram of an apparatus for

| ocating cellular devices, in accordance 20 with an embodi ment of the

i nvention. Thhskilledrepder wélbalso fipprecistethpl, whil¢ the faregoingrfak idescrihédowheiisi on

syst ent of dns di agr.am of
he: enbotfrheed BRLEAL gihe bldlynele slpReohidUBict F8E " boRTRBRBELORRN, 7,
devi ces tmynuemi:dnmleuldnoﬂfeflemtad\tesmiﬂcapmm configiretichs 04 methiod skelbser m ni ng
cell -areas;, a,pepu or determn he enunbra ar ea
ar ound tﬁ%ﬂf’ﬁeﬂg"@f r%acﬁ? o %{tgogfek?re% ‘{i p, Mﬁmake%hﬁ% $1303 for 25
det er gi nbﬁﬂocﬁxha;tmﬂa@yeﬁr targecagrapmlmmm@tawselm Fetioy,” 1t WA bE agr&mtddul ar
devices ma a variery of different forns har dwar e, as

will be H é@?sé?ﬂn S(hﬁuﬁ 5 §%nSHT-‘e‘£lP\"P‘FqIY forfefef prt oglytio mebile ecligbar nbeneher Afeghni ques
di scl os ey |yeh€ b aldoCfor emsmé %o oﬂaaqn@&ﬁ&@wcmn&&%ﬁom gﬂmaﬂn%ﬁv@k GRaput er

processor or speciallized gnal processing circult, recelves data 1300
on cell uhsvehh@ﬁWuéproémlwaS and spetialist conguter anitciehich ctgmnwnw@mtby a cellular

net wor k; r I al £yl rea to a

| ocat i on- as ﬁggp{)kl ?[213% |%‘E11§e?§%§3 %*-tgrﬁ ﬁé&éh‘%ﬁ%&e t% ﬂ%ﬁ“‘é@ggﬂg §36%aadrange

PCT/ wzoeﬁ@ﬁ&ﬁaﬂs, pﬁrﬁaﬂiﬂﬂfoﬁatmnlbﬂsfempﬁlﬁdauﬁm afy sdreiveso Fot bangild) edbsdiméntof Fi 9.
12. Varlous Ste &gscrlgg t? epbodi Q%f hEFEIS may . be i Ienented
as routi AEede B iR jatestion, grogmeiialy. logameageliRacdlovien gl e P it 8ior - 1305,
or as eqiiried mbpmﬁsﬂsainbmﬂl @bt @b [r8itddQb); hotniHalRssids, gehérsify; uﬁﬂic
apparatus according to an enbodi ment of the invention needgnot be 5

i npl enenindermation sysiems; far energonsy PHIPGIFSuph asdn locating acgliulagdevice has was usedo
possi bl & \ia}$n Bherg wg &Hfd}g.-s anmﬂgeanm;?ecﬁn [ Giteifgeh, hlm/ﬁmsﬁdﬂese
exanples are not I'nt to be ting) |rst exanple, a cell-nmap
of a1gel Hefeme applications. nay be avallable to a systemaccording to the
invention. In this case, handover areas for all possible conbinations of
nei ghboring cells can be determ ned, based on the cellular map, in an

of f-1ine process, and stored in a database accessible
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10 by a system according to the invention. Wen cellular data streans into
the system the system uses the cell identifiers and/or tine advance data,
or other cellular network data for a given handover event to consult the
dat abase (for exanple, using a | ookup table) and thereby obtain the

rel evant handover area. Thus, in the first exanple, the functions of

appar at WhatigeBimgdis: per f ormed of f-1ine, and data 1300 is subsequently
processed online with reference to the 15 handover data created offline by
nodul e 1303. By contrast, in a second exanple, a cell-map is not avail able
to a syptem QeaMidl 08 gbspriphcal PSRt R cellilst Rfke, thE eIVt &MprRGRY: Ves the

, geogr aphi cal paraneters of the cells involved in each handover event, and
cal cul at es tdetermiingl aw effeciive &sll-ardaifoecdsh o d fiont celhendiasecond celhim 2 eadlubag, f or

exanpl e, the enbodi nent of Fig. 13. ..The dul es 1301- 1303 of t epbodi ment
PR R et o B v T e L g e
inSteadcelltalﬂﬁa%@éc}n%ﬁ?enﬂ??fﬁl@‘é&cﬁd%ﬁfﬁ{dent or nore conplex architecture

i npl enmenti ng equi val ent functronality, as-will be appreciated by those

of -ski || i n ddremising a hhhdonet hreb evithppwhich sheadllihatetibeisdikbhdo e ddcateddni t of a

wi de range of npdifications  w_.thout departi ng, fromthe inventive concepts.
For exawhinecontrekel the gelhdarddsnionis ransteasd pm thedpprostitathe geandd: pri nci pl es

and benefits_pf 1 L, nvent j.on I it h _var.i qus re d.future
Frequency o har e emDhitsh BORE oot akEs S IR e ARG et e o
access {GERMYof tRetMPEHISandGhe SchRd clpt Wwor ks using time division multiple
access (TDMA) in conbination with FDMA and CDVA principles. Another, |ess
frequnetly nmentioned alternative is polarisation division nultiple access
(PDWA) .. 30 2% \/\%@%)6/ 005906 qué 005/ 002637 A skilled reader will also
appreciate thae el TR SAMBEERE' bed what is considered to be

the best modg g e enaRRa 0N Al IR of THAIn@hs RS AEHBIPLARAA feeNt i On,

t he invention shou e limted to speci appdratus configurations or
met hod Sise@dl anditheseasadicdlh this description of the preferred enbodi nent. For
exanpl e, while various 5 enbodinents herein refer to geographically |ocating
a "cellular device," it will be appreciated that this term should be

anoset s, out st Rebit g el el Pt G A RARRRR b AT o

cel | ul ageliN@HWRY decoit'édN is determined from amongst a set of topological cases comprising:

a first topological case in which the first antenna and the second antenna are located at
a common location; |
a second topological case in which the first antenna and the second antenna are
located at different locations, and in which the first cell and the second cell are criented to t
face each other; ‘
a third topological case in which the first antenna and the second antenna are located
at different locations, and in which the first cell and the second cell do not overlap; and |
a fourth topological case in which none of the first, second, and third topological cases

are satisfied.

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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as vehicl e-bound probes, |aptops and specialist conputer units which
communicate with a cellular network. Those skilled in the art will also
recogni ze that the invention has a broad range 10 of applications,
particularly | ocation base applications and services. For exanple,

enbodi nents according to the invention for geographically

| ocati ng_asel lul ar device.may he used in a-w de- variety of applications;
including (but not limted to): |ocation-based services, generally; traffic
i nfor i on : L ene rposes. such as in locating a cellular
devi ce That %Zeaﬁgﬁcgﬁén%tglcﬁaq%n%éﬁ@r 65;901?}8%8%‘; for escape planning;. and
for securit ydetdritfiihy h GRAGRI paftdtificHab @Rk akd bl @hteRsQiIARRE bEAKHIvVORSE-akd What 1S
claimed is: 1. A nethod for geographically locating a cellular device, the
met hod @fdhehifss pelhwith dlee penpinbragreain ef fective cell-area for each of a first

cell and a second .cell in.a cel]ul.ar, network based qn rel at.ive gr aphi cal
posi tions an‘ﬁe%%mné‘ﬁg aspend cSﬁ pg%eflilglg’tanﬁ(ﬂ’teémﬁ_bgfnt?ﬁ%‘%ﬂgrtg‘? gftf??évf’ gglﬂ'd a
second apf 6asQbnl B8 $ARINIp&RIHbra AeE gt er m ning a handover area wi thin
which the cellular device is likely to be |located when control of the

cel I ul ar devdetemising thershdove drdarfontradséer of cardtrod ef thetoslltlaedsemdndfonring;
wher ei n_t he, determnnation of, igﬁl handover area is_derived fromthe effective
cel | - ar'®g uniogof diclisoelknatentie} Bandewsnarcarndipgesesapderl] Rtential bandgverareod
according to claim1l1, further conprising: determ ning a penunbra area around
a line of equal intensity of reception between the first cell and the

second gel | . A method@icb@ithp@atdish N Gurtier eb@pizidg: Wherein a topol ogi cal
rel ati onship between the first cell and the second cell is determ ned from

anongst a sedetgminiggthedipndaver ergader sansirios congrol af thercsulangoliesycal case in
whi ch the first dth d t | t ed
ocati oerssclbe dRatEam Gl SACERT Rl MBS BeRvs SOFaRE ofths e e

second @mt enna are |ocated at different |ocations, and in which the first

cell and the second cell are oriented to face each other; a third

t opol ogi cal case in which the first antenna and the second antenna are

| ocat ed ) . . . . .
7. A method according to claim 3, further comprising, when the topological relationship

is determined to be the fourth topological case, determining the handover area for transfer of

control of the cellular device by intersecting the effective cell-area of the first cell with the

effective cell-area of the second cell.

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

using cell identifier data.

9. A method according to claim 1, wherein deterrnining the effective cell-area comprises

using time advance data.

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 the first antenna of the first cell and

the second antenna of 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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at different |locations, and in which the first cell and the second cell do
not overlap; and a fourth topol ogi cal case in which none of the first,
second, and third topol ogical cases are satisfied. 4. A nethod according to
claim3, further conprising, when the topological relationship is

determ ned to be one of the first, second, or third topol ogi cal cases,
determning a penunbra area around a |line of equal intensity of reception

between 4 he first cell .and the econd. cel,l . .1 3 111 5. t hod
accor i Rt o aiho el torcifen F SR Peh i tral s pLofTiige
pot ent i @k sétdRdaiehinAéfBe Beohd tal @bt RPatkd 8t £EJBRbh YR a6, thAEBRtiveT the
first cell with the penunbra area; determ ning a second cell potenti al

handov etadizs eeddygrminadasshe piodyctiafe diftdnse between did firstantennafand e wewwhnd cel |
with the $enun§)ra area;. and determ ning the handover area for transfer of
cont r ol A$IARRd A CPRSIPNE fadiety i ce by forming the union of the first cell
potential handover area and the second cell potential handover area. 6. A
met hod according to claim1, further conprising: determ ning the handover

ar ea f of3.t r asiehoddccodivg tolclai i0heherid ddterminiay itleeefiyctivé adlbmse firiteg t he
effective cell-area of the first cell with the effective cell-area of the
second copyrises extendingamedgenf asedrieaped eali m 3, further conprising, when the
topol ogical relationship is determned to be the fourth topol ogi cal case,
determ ning the handover area for transfer of control of the cellular

device by i nAekeRst dcasrdimeoifiRct3, wherd éxtaidd @ cfeof the Séctdaihhpadidell t he
effective cell-area of the second cell. 8. A nmethod according to claiml,

wher ei reogenrisesyivilien dhe fiwst arftennataflee Gust ¢ellis eontaivap mithisthe sedong celdlandi dent i fi er
data. 9.. A neth ccording.to claim 1. wherein determ njng the effective
col - ar b ganefich B B ine heasio dhctrslifeha nd Fieielord afernd o1 e

second cell and a sector limit line of the second cell, is less than a predetermined angle o,

extending the second cell beyond the sector limit line.

15. A method accoi‘ding to claim 14, wherein the second cell is extended by a'rectangular

extension beyond the sector limit line.

16. A method according to claim 13, wherein extending the edge of the sector shaped cell
comprises, when the first antenna of 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 the second antenna of 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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10. A nmethod according to claim1, wherein determning the effective
cell-area conprises determining an effective radius of the first cell and
the second cell. 11. A nethod according to claim 10, wherein, when the first
antenna of the first cell and the second antenna of the second cell are

| ocated at a common | ocation, the effective radius is determned as a

radi us & a é@ﬁ@d@hm to@laim 184 whetein the Sewndﬁﬁlh@fdexé@ﬁ@ﬁwﬁ‘got 0 cI al m 10,

wher ei n irst ?ntenna of t t enna of

e o s ar X enfioRS and HERAR aRimERGy RirhR! oGased rtendifiE dRrgaT, 20 o s

is det %ﬂﬂﬁﬁgﬂ&réﬁ%sﬁfn%ﬂﬁéctﬁkt@eﬁlo%é‘tﬁﬁgﬂﬂﬁ%(mgﬁﬁ he first antenna and the
second "antenna and a constant factor. 13. A nethod according to claim 10,

wherein determining the effective cell-area further conprises extending an

edge of sect or- shaped., cel | t hod ,according to claim 13, wherein

extendi A ¢ Ha M@é@%ﬁ%ﬁhgﬁwr%ﬂ? termmig g BEVUTHRR AR he fi r st

antennaw;l)ﬁop dpe fi rst cell is contained within the second cell, and when an
0 r

angl e med by a |line between the first antenna and the second antenna of
the second dotdrinising tie Iseationrofkhelite dfieqeal dhitehdiey; amtond cell, is less than a
predeterm ned angle a, extending the second cell beyond the sector limt
line. 15. A GETAWRNGEFestangvlr s6incraynd the lingpteqphintgnsitéecond cel | s
extended by a rectangul ar extension beyond the sector limt line. 16. A
met hod according to claim 13, wherein extending the edge of the sector

shaped zel | AaeARSd &R6rdind1@E14iMmeE2(, mlgfeuaﬂﬁt@fﬁnﬁmgfthet IRBatfdn Ttth&eRhd of dygialout si de
the second cell, and when an inner angle fornmed between a sector limt line

of the m@@&mdcmriseawdlea th¢ ﬁ@t hestnvecof thdBrsf catkand thesesond astanna ¢dfdhsecond
ant enna of ond ,cel |, reater an .18 egr extendi ng t he
acond wtond BT AR SEn pompmop MeRoR deletBhing the ﬂ@?ﬁgaq%ea?%etﬁgs ol ai m
16, wh &gl beyond
the SocysicRrfinSFACTnEEty A Srs EHARDAGE: I et ELATE AN oFEUAR Firf, 1O

second webdnd ¢edl. ext ended beyond two sector limt lines.

22. A method according to claim 20, wherein determining the line of equal intensity
comprises forming a central perpendicular to a line connecting the first antenna of the first

cell and the second antenna of the second cell.

23. A method according to claim 20, wherein the rectangular strip is of asymmetrical

width about the line of equal intensity.

24, A method according to claim 23, 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 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.
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25 19. A nethod according to claim 18, wherein the second cell is extended
by two rectangul ar extensions, and wherein the nmethod further conprises
extending the second cell by a triangular extension connecting the two
rect angul ar extensions. 20. A nethod according to claim2 or 4, wherein
determ ning the penunbra area  conprises: determ ning the |ocation of the
| i ne of2tequah methasdascesdingtadlaimedSe frthst eemprisiegit angul ar strip around the

line of equal intensity..2L.. A neth accordin o claim 20, wherein

et or mi i g PREIRE AR e G i TRl oRaf S8 AUl P bE bR ERE "when « e
first antenna of the first cell and the second antenna of the second cell
are |l ocated at a common | ocation, determning the line of equal intensity as

the biZkct ok nofthahacaonling toalam® ) urthef compriszd:nut h for the first cell and a
second azimuth for the second ce]l. 22. A nethod according to claim 20,
wher ei n det e%ampﬁﬁlagelﬂlﬁlé nosiiign Ptaeg&li%ﬂ walétﬁg‘f @{}%f%ﬁﬁg%‘@égnspbﬁ%]fﬁij & central
per pend] |0 ecting the first antenna of the first cell and
t he seg%ﬁ%gllage{ltp%ﬁ?}gm%fﬁ 1%&’22%.00“ cell. 23. A nethod according to claim 20,
wherein the rectangular strip is of asymetrical w dth about the |ine of
equal intensity. 24. A method according to claim23, wherein a wdth W of a

first réktanguahodacepisingfotoldmyy, futher pemprisiegjual i ntensity and a first
strip limt proxinal a.cell into whi.ch, the | lular device.is noving, is
onger t han S BrevRoRift st ol cGlnt il <SFpd B RBE RIS T e o
equal iasasd:thgand a second strip limt proximal to a cell out of which the

cellular device is noving. 25. A nethod according to claim1, further
conpri si ng: @asdting theglatebasectoaletermirfeithe batdavérasedwhdn daastre¢aivaddrdm e t he

handover area. 26 26, A nethod according to c]aim?25, further conprising:
sanpl i gy etpoloringrte G HRdRYeE Wﬁ?raﬂlerf@%t\ﬁsh jeng Hleorsﬁ@}drﬁeﬂe the handover
area. 27. A method according to claim 26, further conpri sing:
29. A method according to claim 25, further comprising:
determining the handover area using an online sampler which responds to streaming

data received from the cellular network.

30. A method according to claim 1, wherein the first and second cells comprise part of a
cellular network operating principles on one or more of: Frequency Division Multiple Access
(FDMA), Time Division Multiple Access (TDMA), Polarisation Division Multiple Access
(PDMA), and Code Division Multiple Access (CDMA).

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 according to claim 5, wherein determining the effective cell-area

comprises:
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sanpling vehicle position data froma plurality of different nobile sensor
sources to generate the vehicle traffic data. 28. A nethod according to
claim 25, further conprising: storing a pre-determ ned handover area for the
first cell and the second cell in a database; and consulting the database
to determ ne the handover area when _data is received fromthe cellular

net wor k rel ati ng determiniag apgeectiysmrotivhRi fos caghrafia sebef i diffgrephiepeleeisad cel | .

29. A ad i | & further. conprising: determning the
handpvglgfag%ﬁgn%‘géegﬁh%ﬁﬁ?ﬁgﬂ gllécﬁtglFé?co\Rﬂicel?‘f responds to streamng data
recei ved from t hejet@iinih@an BREIRAITKr wBRh, WhetEhb gkt ageah st @ntathed vattm 1,

wherein the first and second cells conprise part of a cellular network

oper at i thg sgzond c¢lhlasd vdhenenengle Priormedipy Fhiegbatwesn e firgtiantenMuhnd thee Access
(FDVR), Ti i vision MJltiple Access (T . Polarisation Division Miultiple
hocess' setementand Bstoribitdn o et e his b e fientle s textheithod

accor di | 24 sk ng consideration of a third cell, the
first sée?%ov?ll %nﬁtﬁﬁgé%gﬁre@%gﬁp@%ﬁ% part of a CDVA or WCDMVA cel | ul ar

network. 32. A neddiachisingarfastregtdnsion vadtn Bllof o finst feetangyaipextaisivg added to
consideration of .a fourth cell, the first second, third and fourth cells

conpri st $f§tosAimit lne of thewasond celyshen thejangle &ris Jest thepithe amgle A net hod accor di ng

to claimb5, wherej 2f.er m_ni t . [ el | - c rises. 27
determ ning an ef eg%rﬁxﬁ%@é rg] agéloglg eﬁl{%%?lgrflf‘@%%‘@%ffcaa eé%’%frggta?gug?l%fxge?lglﬁp

t opol ogidaad to 4 fctiriliiteihdsf e tWRAA cINQht fhetfirs@intendf & SiQdSBRABEEREIL,
determ ning an angle a for which, when the first antenna is contained within
t he secanddvlmsldn inserdngledornaed betgtan d sebior het line of the sesotxbealbmw alire fir st

ant enna_and tTBe szecond ar&fﬁnna and a sector Iigit éd(ne of the second cell
i's | essPHNESR WALl ARIcENaand the seopd Aptenie fS e16pte thi 1RO de858fst beyond the

et ot RS Sl SRR, MO0 S 0L 2 IS
the angle R is | edgeriiaing bifestgegluaba, width W1 of a first rectangular strip between a

line of equal intensity of signal reception from the first antenna and the second antenna, and a

first strip limit proximal to a cell into which the cellular device is moving;

determining a second penumbra width W2 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; and
wherein determination of the handover area is based on at least a subset of the

effective radii Ri, the angle o, the first extension width E1, the second extension width E2,

the first penumbra width W1 and the seéon:d penumbra width W2.

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 based on relative geographical positions and
orientations of a first antenna of the first cell and a second antenna of thé second cell; and
a handover arca 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 ning a second extension width E2 of a second rectangul ar extension
added to a sector Iimt line of the second cell when the first antenna is
outside the second cell, and when an inner angle formed between a sector
limt line of the second cell and a line between the first antenna and the
second antenna, s greater than 180 degrees; wherein determning. fhe
penunbra ar e¥heeiRthy @%%‘?mﬂgf%‘r%t&ﬁ h@gﬁavqri apeyis gerrsdrom fhegstieetire ell-ares i r st
rectan i ML i equal intensity of signal reception
fron1t%§}%#ﬁgﬁﬁgﬂ?gﬁ%% an&ﬁ?ﬁ%bgggggd antenna, and a first strip limt
proximal to a cell into which the cellular device is noving;, determning a
second ﬁfnunbra width W2 of a second rectangular strip between the |Iine of
equal iHtensht gppasusaccerbngitostlaim34, fwther gpBRISIAL: to a cel | out of which the

cellular devjce is._ nmoving; erein determnation of,the handover area is
based on at 1 Eurbe B B0, S Ebg aR-ThRb Ao Tiq 4 15 AERERL" e
first exiensis Mrevdpiibh bbhweeh AR HRCQMhn@thERSbRca, dth E2,  the first penumbra
width W1 and the second penunbra width W2. 34. An apparatus for

geographically locating a cellular device, the apparatus conprising: an

effecti cell-area nodul e for determning an effective cell-area for each
MABHE (MR R0 M S S R QU AR GEM RS A o A el

geogr ancall ARSI 4R0R Mlfhs dBlehAHEA ioRAnSucta LGP Lol anna,Rl he first

cell and a second antenna of t second c ver area nodul e for
det er m squnfi@isinghandover area within which the cellular device is likely to
be | ocated when contraqgl of the cellular device is transferred fromthe first
cel | to the 3&&siepaiegisal caw ippvareh) the find aplepes sdhe senond antepea Hadersedr ar ea

is deri r .effective cell-area for each of the first cell and the
second %gﬁg;ﬂ"%@l%%ﬁmglppar atus according to claim 34, further conprising: a

penunbra ar egsedbilifopolo@ical@lse iwhich SheafilReisiih ana tigfscabliiflermalatre of equal
intensity of reception between the first cell and the second cell. 36. An

appar at locatedafalitienant locativingi amd 34 whivlcthe first aelt apbthe gécoatl celebrgtdrisnisditp bet ween
t he fi(ﬁrst cell, and the second cell is determ ned from anongst a set of

t opol ogiEFech QLKL

a third topological case in which the first antenna and the second antenna are located
at different locations, and in which the first cell and the second cell do not overlap; and
a fourth topological case in which none of the first, second, and third topological cases

are satisfied.

37.  An apparatus according to claim 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;

determining a second cell potential handover area by intersecting the effective cell-

area of the second cell with the penumbra area; and
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conprising: a first topological case in which the first antenna and the

second antenna are |ocated at a common |ocation; a second topol ogi cal case
in which the first antenna and the second antenna are |ocated at different
| ocations, and in which the first cell and the second cell are oriented to

face each other; .a third topol ogl cal case _in which the first antenna and the
second ant erfiieriining hediagdoves pregifer ignstar of epndrol 6531@ cgldlar devigs Bnformimer i r st

cell a I case in
whi ch e G SRS CE po bR P o U BbRUAT S GRE BERr §8 1 e
37. An apparatus according to claim36, wherein the penunbra area nodul e
conprises nmeans for, when the topological relationship is determned to be
one of 1he fARgpparaiuEensardiag to qlaim 3, fv‘gmﬂllegiedﬁnd@&s area npestuder oAntiTisgs a

penunbr a_ar ne ,of e i nt ens tion between the
Prrot ol dft Rittend siuRBefie S or TR Y b e BB AR Bt i m a5 or
37, WheihRkddchMEhRNHAKRY celilBéh cmﬁélhfst cEPHRA HRESFIBOSI . fa of B ]EINAI NT 2
first cell potential handover area by intersecting the effective cell-area
of the dellrst cell with the penunbra area; determining a second cell
potential handover area by intersecting the effective cell- area of the
second cell with the penunbra area; and 29 determ ning the handover area for
t r ansf e of | t he
first ce p%?g a?%t}lgiac{r?{ﬁ\l/%% Jlédh?% q‘g% (I\Igth?glg%%%‘%gﬁ% i l%ggitﬁlen{l §| gandover

ar ea. ﬁ@ansm mpmﬂfettupolagmﬂnélaﬁgngl@ Bldaiemiddd to\betteifutih®pbRatiavelsear ea
nodul e corrprl ses neans for determning the handover area for transfer of

cont r ol dermimag ghel hapfeyer @aﬂalferetrwfer iohearend of the gellvplar davicechyi intsersseting heea of
the f ff t f t 1. 40. A
apgar :31{ Eiecég q]l\é\%ar%%of@e %{[Ce §% g&%ﬁtﬁg% %ﬁg,? ﬁ}f FCa %H?rgdul e COITDII:]I ses

means for, when the topol ogical relationship is determ ned to be the fourth

t opol ogi cal case,
41.  Anapparatus accord:mg to claim 34, wherein the effective cell-area module comprises

means for using cell identifier data.

42.  An apparatus according to claim 34, wherein the effective cell-area module comprises

means for using time advance data.

43.  Anapparatus 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 the first antenna of the first cell and the second antenna of 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 the first antenna of the first cell and the second antenna of the second cell
are not located at a common location, determining the effective radius as the product of a

distance between the first antenna and the second antenna and a constant factor.
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determ ning the handover area for transfer of control of the cellular device
by intersecting the effective cell-area of the first cell with the
effective cell-area of the second cell. 41. An apparatus according to claim
34, wherein the effective cell-area nodule conprises neans for using cel
identifier data. 42. An apparatus according to claim 34, wherein the
effective cell-area nodul e conprises neans for using time advance data. 43.
An app tus 4 t dul e
conpr | o2 PARGEAEALO b RifE Bl dhiiCss, HBKE) ool @R EmEBlk bR L G
t he secneghsded deterddnind\an appadion vbarbedyeodh vectéroshaped ¢8l43, wherein the
effective cell-area nodule conprises neans for, when the first antenna of
the first cell and the second antenna of the second cell are Iocated at a
conmon cat termn ef fegtive,radius as.a radi a_.sector-
shaped Lor 1 ARaroRfbEAdLRlRec Il Mgt o ek Rt ol Be RomBrREC Ve
cel | - argaaniTeideferiMiRE b 8tendIBRBBar Qlge o‘f"@%ébtélhﬁlaf)éd&tll whtenna of the first
cell and the second antenna of the second cel are not" | ocated at a conmon
| ocati on, dedetermiiming ghether theffasttantemna aﬂfhﬂferS)Bﬂ ixecomtadakdcwithih the sedomst ance

he “%Ja%éﬁqi‘a@éﬁgf‘?pf”deciPaaim@é‘t%%&%@ S e Tioh B Terengl | oy
modul e PR sellERIRI Xﬁa 2Q84EF LAY ofth %&cﬁ‘{a%eﬁnls%ss?%neadge of a

sector-s ape cell n appar at us accor |ng wherein the
effectipiedemhhnarz&glermdmﬁgfe@rrprl ses means for determnmining an extension of
an edge of a sector-shaped cell . determ ning whether the first antenna
of the fi rstexé@dllngtbeé‘%ﬁﬁ’ﬂéﬁﬁébex&ﬁﬂﬂlﬁhﬂrﬁe@ﬁéhgﬁfc@m cell, and whether an angle
(3 formed by a line between the first antenna and the second antenna of the
second cell and a sector |imt line of the second cell, is less than a

pr edet e4gn nefly apsHrfuRaccdftfing tdf clfith 4B XHRAG 1H &R&l&e&ﬂ%eé?ﬁbhuﬁ Q¥@pHsdshe
sector limt |ine. 48. An apparatus according to claim47, wherein the

ef f ect | meanséb exterelingthe s¢ewnd oalh by 3ea:tangahnsxt&nmorek&)endmhegse‘cﬂoelmmdmd cell by
a rectangul ar extension beyond the sector limt line. 49. An apparatus
according to claim46, wherein the effective cell-area nodul e conprises

49.  An apparatus according to claim 46, wherein the effective cell-area module comprises
means for determining an extension of an edge of a sector-shaped cell by:

determining whether the first antenna of 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 the second antenna of 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.  Anapparatus 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 determ ning an extension of an edge of a sector-shaped cell by:

determ ning whether the first antenna of the first cell, is outside the
second cell, and whether an inner angle formed between a sector limt |ine
of the second cell and a line between the first antenna and the second
antenna_of the second cell, is greater than 180 degrees; and, if so,

ext endi ¥g t han sppasius aesprdipgtiponan he verinthe|effertivel delearesmodwln camprisest us
according tao claim49, wherei he.effective cell-area nodul e conpri ses
means. P the el s buf it riBedin e Re e B Ba 8iond ¢ he
sect or dyidfstonki Nne.  51. An apparatus according to claim49, wherein the
effective cell-area nodule conprises neans for extending the second cell by
rectangul ar extensi ons beyond two sector limt lines. 31 52. An apparatus
accordi to,claimb5l, wherein the effective, cell-area nodul e conprises
means foF exfRARRASHUE ?‘f‘époﬁ‘g%ml%@ ?5 o5 7 WheETelth IPSF“IE&‘@@H%% ’Bﬂd‘ﬁ%nnecti ng two
rectangly rise@ﬁ%ﬁ%%ﬂns' 53. An apparatus according to claim35 or 37,

wherei n the penunbra area nodul e conprises neans for: determning the

| ocati on of degmining tiefloenisalofith leiesifieynaldensigyei®l M ni ng a rectangul ar
strip around the line of equal intensity. 54. An apparatus according to

clai m 53, whisiamininga regiangylar sirippsewndihe ling of ¢asal ivtessiton  of the |ine of
equal intensity conprises neans for, when the first antenna of the first
cell and the second antenna of the second cell are |ocated at a common
llocatiogy deAguppRtIPadcBrlihd Reclaiff 53 GHRleih tHeGRGING YoraRtdreniRs BRAG@KIORT an
angle fornmed by a first azinmuth for the first cell and a second azinuth for
t he secditbie bnd 0f eqhibl infemsitppamerises meersiodi whpntthe Gishameti®y ofwhefisst celt &rel means

for determ ni agpt he ltltBe of ilﬁér%lgﬁl ntensity conplrl ses neans f o1rthe1t‘lorm ng a

cent r al thHEFGRBAANETRR! the sepop 463 cpmamontlpationgdgterapning the line ¢ ' s¢
|1 : J di
Co i ai ShejR EARRTLAA GRAGC BRI G5 first imufil ol BRAGH WB BEROTE T

t he |i n&codd efath fonthenrsidnd.ceB7/. An apparatus according to claimb56, wherein
awdth WL of a first rectangular strip

55.  Anapparatus according to claim 53, wherein the means for determining the line of

equal intensity comprises means for forming a central perpendicular to a line connecting the

first antenna of the first cell and the second antenna of the second cell.

56.  An apparatus according to claim 53, wherein the rectangular strip is of asymmetrical

width about the line of equal intensity.

57.  Anapparatus 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 W; of a second rectangular strip between the
line of equal intensity é,nd 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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between the line of equal intensity and a first strip limt proximal to a
cell into which the cellular device is noving, is longer than a width W of
a second rectangular strip between the I|ine of equal intensity and a second
strip limt proximal to a cell out of which the cellular device is noving.
58. An gfparatus according to claim34, further conprising: a sanpler

nodul e ¥ a AeAprarduy peepiding fordamma. ivdgredy thespmples maggle campaispss at us

accordi . aim58,.. wherein the sanpl.er. modul e ,conprise . urality of
e erDgiB FaAPBlT P HUBHE Ryt oRRE P BB B TR £ By Bl o £y o
di ff er efiffef@RPMbBISRASS sofiRdE CeSs. 60. An apparatus according to cl aim58,
further conprising: a database for storing the handover area, wherein the

handover area is pre-determ ned such that the database is capabl e of being
consul ted based on streanj.ng dat.a m.the cellular network. 61. A nethod
of moni ¥bri n‘gn?PIE‘F?tP%aWPgiAP&P “3%‘9’6%&%1?%‘3%‘8%@%& ve locations of a
plurality kR, i t i : i L - the
met hod conp?% %#ﬁdgalsyrdgﬁtec’g%éﬁ‘iﬁ éth gé?rrfa]? %T wge%hﬂejdh?g%gﬁvérngfg Ysgé}bl é%grpmégma of
t he pl wuah iliay thefdacsbhselik aipabiteof re@igy; coandicd dapdd srgstichmitgodadd fromshotelluhe at

| east sonme of the cellular devices to determne a picture of traffic flow
wher ei M i nj ng the location of a cellular device of the plurality
conprises determning the area in which handover occurs, the handover
determ nati on being based on: nodeling at |east a portion of a cell

recepti@n argandhodof théfitori@lthaffe 8K W RleRImARhd Sicadidive 18dakibResT LfilitaliBased on
rel ati ve geographical positions and ofientations of a first antenna of the

first cefldelular deviees lafatedah laplemlityaf velicles, thmtmethod cofmprikimgf urt her cel | ; and

defining the handgver area t onpri s ver | appi ortion f said first
cel | area orrepifﬁﬁﬁbgetﬁmléggltﬁ%ﬁ’ég&%?@t SO rocfﬁlg‘?lg)l&@ﬁlity %f‘i?ﬁ?ﬂaéz. A net hod
accordimiéeg &ai m 61, further conprising predicting future traffic

condi tions based on the picture of traffic flow.

sampling the locations of the at least some of the cellular devices to determine a
picture of traffic flow;

wherein determining the location of a cellular device of the plurality comprises
determining the area in which handover occurs, the handover determination being based on:

modeling at least a portion of a cell reception area of a first cell or group of cells and a
further cell based on relative geographical positions and orientations of a first antenna of the

- first cell or group of cells and a second antenna of the 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.

62. A method according to claim 61, further comprising predicting future traffic

conditions based on the picture of traffic flow.
63. A method according to claim 61, wherein the handover determination is made by

consulting a database of pre-determined handover areas for cell pairs and cell sets, using

handover data from a cellular network.
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63. A nethod according to claim6l, wherein the handover determi nation is
made by consulting a database of pre-determ ned handover areas for cell
pairs and cell sets, using handover data froma cellular network. 33 64. A
met hod according to claim®61, wherein the handover determ nation is nade
using stream ng handover data froma cellular network. 65. A nethod

accor diffy t oA areihad asgordingsa claymele wherekethp Aariayer ddenminginggs made usiag |
i dentif ] t . t cording to claim®63 or 64, wherein the
handovegrtr%érgﬂ.‘%h%g{rilr‘%?elrg@&ﬁ%ﬁg%e@@ya%eg‘go%at a. 67. An apparatus for nonitoring

traffic fl ow by determ ning successive |ocations of a plurality of cellular
devices located in a plurality of vehicles, the apparatus conprising: a
handovedS. ar eh nathi ascomdingefclamnrtg e Gdawlereisythe hamdovongats simprissy eell appi ng
porti ons qf gtm)del ed cell reception area of at |east a portion of each of
a first“Eer 83y oup of cells and a further cell of a cellular network
based on rel ative geographical positions and orientations of a first
antenna of the first cell or group of cells and a second antenna of the
furtheréécel | A naatishdoacsamiirioeto chainiud3eorfédr whensinl the bamloset davd coreprisat éichel ocat i on
determ nations of at |east sone of the plurality of cellular devices, to
det er mi #aBge ent picture of traffic flow, wherein each such |ocation
determ nation is based at least in part on the handover area defined by the
handover area nodule for a given cellular device noving between a given

first &ell AQhapf@ais o ne@lidosing naffit fldw b aéteiningQiucdsive Richtidmrofaet wor k.
68. An apparatus according to claim®67, further conprising: a predictor

modul e ploralipr efdieBelandeviess doeatadrinpiileraliyedivehioles, thasprarains comprisingsent picture
RIRIGUSCRIT VIR W IR T LW A
pai rs offa mBddleF&Brecetfion area of at least a portion of each of a first cell or group of cells

and a further cell of a cellular network based on relative geographical positions and

orientations of a first antenna of the first cell or group of cells and a second antenna of the

further cell; 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.

68.  An apparatus according to claim 67, further comprising:
a predictor module for predicting future traffic conditions based on the present picture

of traffic flow.
69.  An apparatus according to claim 67, further comprising:

a handover area database comprising pre-determined handover areas for cell pairs or

cell sets.
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70. An apparatus according to claim69, wherein the handover area nodule is
capabl e of consulting the handover area database using stream ng handover
data fromthe cellular network. 71. An apparatus according to claim®67,
wherein the handover area nodule is capable of determ ning the handover

area online based on stream ng handover data fromthe cellular network. 72.
An appaftt usAnepearafin accoeding b elinD6% whereintherhandoveh ercaametiwets capabde efonpri ses

e hantBobling B oBisr BR8Pl e B teai s ufa i Mo opger ™ "7 "

geogr apidt&ail y 1 ocating a cellular device, the nethod substantially as

herein described wth reference to any enbodi nent shown. in the acconpanying

drawi ngs. 75. An apparatus for geographically locating a cellul ar device,
substanti a escribed with reference to any

th t | ], h ind !
en‘gogipﬁ@? S BRAPATAUS ﬁ@%&%&?@éme@wq@%w%@ngwr apea s SrP4RPT or i ng

traffic 4 i N i Tl i cel [ ul ar
devi cos iR oRANEUN G D, GHGE BASIKER orRERhE MRy BB MRS IR | 2
“herei n ndgesdki bed with reference to any enbodi mrent shown in the acconpanyi ng
drawi ngs. 77.. An apparatus for nonitoring traffic flow by determ ning
successive locations of a plurality of cellular devices located in a

eforents ¢ o SRPENES arsreRr Rt Mot kot bR dhRa e oz o

identifier data.

73.  An apparatus according to claim 70 or 71, wherein the handover data comprises time

advance data.

74. A method for geographically locating a cellular device, the method substantiaily as

herein described with reference to any embodiment shown in the accompanying drawimgs..

75. Anapparatus for .geographically focating a cellular device, the apjnaram substantially
as herein described with reference to any embodiment shown in the accompanying -

drawings.

76. A method of monitoring tmfﬁc flow by determining successive locations of a plurality
d_f..;eli_i;ﬂar devices located in a plurality of vehicles, the method substantially as herein

described with reference to any embodiment shown in the accompanying deawings:
*?7. An aﬁp-aratus for monitoring traffic flow by determining successive locations of a

plura'lityi of cellular devices located in a plurality of vehicles, the apparatus substantially as

herein described with reference to any embodiment shown in the accompanying drawings.
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