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OSSAIR STHM BoR LocaT NG TRANSPO\IDERS IN AN | NSTALLATI ON FOR

Y The invention relates to a

syst ﬁUE a§\ nsponder whi ch is novi ng along a road having
Such a systemis nDr vy} nt ended

for a I | ane nDtormay renote two paynent i S I S?Lﬁti SB

|ncludes a eanera based s curit ésten1mh|ch aut omatl ca I dentifies

vehicl es tha THREEMbEORa Pﬁ@TI G PRANGPENDBRS t BN hﬂnﬁE$TbLhB§§°BfF@%ch

vehi cl es t hageMietE pAYMEﬁ@ ORYMOTORWAY TOLLS that kind of renote payment
installation, vehi cl es traveilln on the nmotorway network are fitted

with respective tTRfishBRERFLOPER ?EF tPoEaF%ﬂtﬁEhFﬂé }gcatipawpndshi el d)
capabl e of ceranspendéngwnieh bsamoﬁSng alonguat eda@nhavgngt aycepeanhng the
road at @.tolldéﬁction. Each transponder may include a prepaid card
from whiTh eductions are made as the transponder passes beneath the
gantry as a resulSuch a systemcisomobet perhichdagly intesgeddforaad a

contr ol Ce“ﬁﬁﬁ}GP?QﬁétﬁQtBQwég reﬂoteb€98°ﬂggm?n5 1nsta%19t£gﬁn£hg

vehi cl es t hat ave a transponder
or those in ¥Wwetwdepea camesaraﬁéedsseﬁealtz syetemephighcar d has been

exhausted, |dutomatfcAELHSALKLLLiLACIERIBNES &ﬁaaseaaaerbfaeaﬂinaccur ately
as it passes peneath th antry,in order to_be aﬁ %2 OC|g£e it
with a v@hi @ictures of the,n FEcPlﬁFthEfuﬁVE t¥% F%EFotﬁ?via

system f@rp&pierally Iocating a transponder passing beneath a 30 tol

gantry for renote Ra¥$§ klh of r§¥3¥§nh%9@ﬁnt iag§£§?g¥gbﬂg the position

of the transponde i Ve € sl f oad.
To this end vehmclasehragalpLugldasthesystenwavrnetworkoaaeuﬁgtaed

transponder %i@ﬂeé%é?&c@%@QgtéaﬁgﬁgnSEré ggen8§£i§&“1$hgigd beRigystem

bei ng characteri
15 the windshield) capable of communicating with beacons

mounted on a gantry spanning the road at a toll section.
Each transponder may include a prepaid card from which
deductions are made as the transponder passes beneath the
gantry as a result of a transaction between the

20 transponaer and a control center connected to the
beacons.

To identify vehicles that fail to pay, e.g. those
that do not have a transponder or those in which the
balance stored in the prepaid card has been exhausted, it

25 is necessary to locate each transponder rather accurately
as it passes beneath the gantry in order to be able to
associate it with a vehicle. .

The object of the invention is to provide a system

for laterally locéting a transéonder passing beneath a

30 toll gantry for remote payment, i.e. a system for
determining the position of the transponder relative to
one of the sides of the road. .

To this end, the invention provides a syétem for
locating a transponder travelling along a road of a

35 certain width, the system being characterized in that it
cpmprises:
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2 +-03-83-1998 11383t of bpé‘ﬁ%%sm'ésgg I éw tabl e for communi cating with

‘t he transponder if it is located in a communications zone specific to
t he beacon under consideration and of a width that is snaller than the

Wi dth of the road, the 5 beacons bei ng,di stridau Ogl Nl i g ross the road
SO t hat. t he conmuni cati ons zones of the be sOuv rlog pairs
and together they cover the entire width of th a¥ #&n [err]

control means acti ng Lyel 'ﬂ?ﬂ; Yooty P SAEOEDID for Shimend

t $F¥§ﬁ -
transmt signals for esta g, 10, conmuni catl on between t] ems_e%oves and
a transpondéfith the&ransrepdRghlhtit dStlegatedsin dhEIMYNE ek

comuni cat i Gigne? WjRsai Fhé Cto CEMé NSdadBRNindiet asdnidfation RERE WE
beacons have establ i shed such :go ni cqél on V\n}nh t he transponder and
associ at e t M Y 1R FTHLST 150aq), Te #4dth £ Eﬂﬁﬁ?ﬁf;of e wi dth of

the roadd beddvhs Peimtg disteibwtead aln Nind i drads (e tredd e detiat
across the rqQad, said control neans_ aciivati neqa sai d beacons jn a
?]é %e b

sequence suct e HEAMTHECRF R Z AT o ST FYSARIR (10 pairs
si mul t aneousnd %igether thegatover stiom dmtdre hwisdthoost | thed ixovady sdedn | S

particularly sinple Lopl : lﬁgc t hat
are already in pl ac%é‘?%ir.g%e'??%‘?% %%{?ﬁot 1ica p%ﬁéelynt&%er abnes%%%?%ﬁ"[ss Its
accuracy i ncrausfesthgm hto transpihssignaLeHEeT 7S JotRin;d with

i ncreasigg ZZomulirdd St oh Beehded| tRehslved Al £ofraniganid&ns zones of
t he beacons. e |l oca |zat|ongfé/stem I S dESCI’I ed in greater

Th
detai| bel oR3IRARGE THEARTR AT mtedF bR higleast one of thge beacon " gp)y
di agr ammat i ccamslisieationg esohes 30which | chyreDtmedrsd addeedOnwiieh a

Flgure 2 i s EAY o doparmil: Boef LERShkEfed oot il eiut ol oo ed
i n accor danoet th tthe eransponder and agsosiate bdhe oistedted beacdn(gle 3
shows hoy pQridong O £28d YoftfoR 6 the width of the road

indicative of the lateral position of the transponder

across the road, said control means activating said

beacols in a sequence such that two adjacent beacons do

not transmit simultaneously.

20 It can be seen that this localization system is
particularly simple to implement. It makes use merely of
beacons that are already in place for performing remote
payment transactions. Its accufacy increases with
increasing number of beacons and with increasing

25 precision and localization of the communications zones of
the beacons.

The localization system is described in greater
detail below and is shown in the drawing.
Figure 1 is highly diagrammatic and shows a remote

30 toll payment installation for a multilane motorway and
using a localization system of the invention.

Figure 2 is highly diagrammatic and shows how a
transponder is located in accordance with the invention
by using beacons. T R T

35 Figure 3 shows how portions of road width are

associated- with the beacons.
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assoclated W th the beacons.

In Figure 1 a renote toll paynent installation on a mul til ane not orway
(i'e. 'having a plurality of lanes in paral l el) conprises a nmcrowave
comuni cati ons system based on beac®ns Bgand on transpgnders T
suitable for 5 communicating with one anoth @e@)t?g gl The
beacons B aré€ disposed on a gantry 1 spanni ng h aM el | anes al ong

whi ch vehicl es nole. FBguaw 1 a remefter ¢odd paymedt tmstadlagion aie 0nly,
B e nsord sl N el

Each vehicle trave ong-thetol [roa
transponder Pagpildrli)s comparigesy af miscrowave |gommuhidadivets cystamdshi el d,

as shown in Bh8dECch beacons B aRACRnl R2AMRPBNGErE TOTY; A g Anscei ver

[
and el ectronics faor controlling an el eCtronic prepaynent card 15 to

deduct a’cer FQMUBIRALLEG WHED-SPg a8otheEsyremetely . transaction being

per f or med. bet ween Thiae velariohizoBl@re dispaadl e Regaaitkyt e ganidihand a
contr ol centgk whi ch .i conpected_ to.the, transcei ver béacons.
t

h.is
The i nst al | atPSnPEFEFIRd:L3Res 2 yhdchaPehiclgs Bo¥eem BR3CW ncl udes
canmer as suchrefezepkacds masier ¢ama singfleolahlec ogdyt,r Yebriezdntati/ki cl e
travel directieo 0 p ' IS e f phot ographi ng the
back nunber bt Qh&l&?ggigfltﬁgﬁgéhgg g?kgaggﬁnagggﬁgégﬁ the gantry in
order t&%nmke it Pashi Nebicdeciraneldhingl edongatiitaitbliox28d paast bt her

caneras nmay getReavideR &0 tRAALPANARE thghic ifsrgt%he%rﬁ? Lges of the "

vehi cl es. Infrared, laser, or simlar détectors”such as 3 are
pl aced on t hBehind: fhe vebdede wipdshisddagasoshewn énefigurendd to | ocate

them Mre particghahl trahgondde! eCtenprdsdl adkeafisebir@ut gigat a
plurality of et%cton curtains %bgree curtains in Figure 1) extending

across the r83a§CtronicE, &Pz, FORTIRLLAGI: RBNPLESHEPPSFPESPARTERY 63 80t h
across 15 tbededadtaadcertagnt samr ¢28m the card as a result of a

transaction being performed between the transponder
passing beneath the gantry and a control center which is
connected to the transceiver beacons.
The installation also includes a picture-taking
20 system that includes cameras such as 2 placed upstream
from the gantry 1 in the wvehicle travel direction for the
purpose, in this case, of photographing the back number
plates of the vehicles passing beneath the gantry in
order to make it possible to catch vehicles that fail to
25 pay. Other cameras may be provided to photograph the
front number plates of the vehicles.
Infrared, laser, or similar detectors such as 3 are
placed on the gantry 1 to detect the passage 6£ vehicles
and to locate them. More particularly, these detectors 3
30 are distributed at a plurality of detector curtains
(three curtains in Figure 1) extending across the road,
thereby enabling them to perform localization both across
the road and along the road. '
According to the invention, the communications
35 system based on beacons B and transponders T is used for
laterally locating each transponder passing beneath the
gantry. Such lateral location is necessary in oxder to
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Accor dl ng to the |nvent|on t he conmuni cations 35 system based on beacons

‘B and transponders T is used for laterally locating each transponder
passi ng beneath the gantry. Such Iateral Iocatlon i S necessary in order
to 11 associ ate
a transponder with a vehicle (itself | ocat () gs saectors 3)
for the purpose of catching vehicles that fail to pay. |In general,
vehi'cl es o [l ladfolPyrd’s LABMIIASL 3710l d Wehice <1ﬁse#errl
transactlons are pertormed mnt t ransponders passi ng enea

gantry; 1°°ate<} é-ifr}ng\ %@e@?ﬁ%ﬁ'ﬂ%ﬁ i $h1 £9F gehe cﬁu%%‘éﬁet?ﬁnsponder is

| ocat ed; catchin Eéls opraet facal té rgd¥. of 1Rogdnd£81 Cl Pehiclds
vehi cl e tracks are

| ocat ed; i g transpo s an

associ at ed; that fail T%ﬁ??yvﬁﬁ c*g§“Y $a?? g%#&ﬁwsmhlch are associ at ed
with trahsponders ttitdnsiictDing ayrdarget fisttied ieltH Strahspohdyrs and

[err] vehicles gat fail %o £2Y and_that are not associated with
transponderspaeﬁ SR g%‘iﬁf%’r entially. The system for
laterally | ocati nYy axda@mép@admetﬁioal2@raekp¢ﬁrea¢mytnan$pemégnnﬂsrs T

com ng underlgé%wtry 1 in parallel thus nmakes use of the
comuni cati on that takes pl ace between the beacons and the
transponder(s). ° @ datedgeangtrical Brack of eaFR ¥eRich® {Fe beacons B
are 10 di sid¢dde@d across the road and they are regularly spaced 25

apart. Each beacpn has a_co ni cati o e, whose
t hr ee- di mensi onal s%?ﬁs?gngﬁﬁs% ?‘Fﬁlw 'ﬂ%hg Ja%eﬁrﬁﬁ’as aTe \which forns an
ellipse S orastét&:mmmﬂ Fi gure 2 shows six beacons Bl to B6

O s (o SRR EATESEHLE 6 bl Ghidnohrd "ekdaedaa e nuber
with transponders that do not pay are identified
15 directly; and
' * vehicles that fail to pay and that are not
associated with transponders are identified
differentially.
The system for laterally locating a transponder T or
20 a plurality of transponders T coming under the gantry 1
in parallel thus makes use of the communication that
takes place between the beacons and the transponder(s)-.
More particularly, in this system, the beacons B are
distributed across the road and they are regulaxrly spaced
25 apart. Each beacon B h#s a communications zone whose
three-dimensional shape is substantially egg~shaped and
which forms an ellipse S on the ground.
Figure 2 shows six beacons Bl to B6é which are
distributed across the width 1, of the road 4. The numher
30 of beacons is merely illustrative. Each beacon is
suitable for commuhicating with a transponder moving in
its own communications zone. The communications zones of
the beacons Bl to B6 are represented by ellipses Sl to
S6. It can be seen in Figure 2 that the communications
35 zones of the béacons are of small width Il that is smaller
than the width 1, of the road 4.
—_—
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_sui-t‘abrS ¥ o7 conmunt cat i ng Wth a transponder nmoving in - ~its own
*communi cations zone. The communi cations zones of the beacons Bl to B6
are-represented by ellipses Sl to S6. It can seen |n Figure 2 that
t he conmuni cations 35 zones of the beacBns are o 6&0 érr] t hat
is small er than the width [err] of the road 4.

5 ) =~ The beacons Bl to B6 are distributed across the r oad

in such a manner tTret Hermcores (B tto B araidistrimsted acrmme scHel doadS6 of

t he beacons r entire width
[err] of t he%rlg'ta{g siﬁ:rpfe nl&&éx?t-ﬂ-\%-{ Sﬂ.ﬁ %EL %S{O%ﬁ‘[rf:‘hqa{hﬁns

transacti on Zoneg é@e§%l%ﬁ:@ﬁ3é¥h€e@em@181tcarﬁﬁ aowala]mipandq:a:.ﬁhen

that transpongfy drud Gdkerd Q’:HEj étﬁ::‘!f@ wi%h 3L okf the roﬁgnﬂun' cation takes

pl ace between a transponder and beacons Bl and t hen the
transponder is inith&ld ithus s%t"r’éﬂ?%ﬁt‘i% tz*lﬁT‘é§-5SP dREnsACticn it s in
the ] subagies qimﬁlmtﬁdrz BeaddrgBE &c}]@w&d&rlfthen donl y
one beacon c¢ ni,cates W a. transpon t he ponder is
in the porti ondr T s&ﬂﬁfiﬁﬁc‘aﬁl?ﬁw? td qfh?tfé’ gc;b ChIS not
over | apped bycomrfhication dakes placee hﬂtwaaerada amanspmm and two It

S thereforeﬁﬁ%ﬁ%ﬁu% V'%AWE&‘A},J&J de s in. Iﬂae road 4 into

smal | portio correspon I'ngei r to a beacon
conmuni dft i oM tERReqtien of th% me%\ﬁn]r |ansh &2 b\ @ de} dlcerin Uﬂm:on

comuni cati o er )
@%@%iéﬁerﬁ‘éé@ 3 ﬂ?rﬁ#ré g ¢ Qﬁfrﬁéé&*’h&@%e transponder

conmuni cations zones of two adj acent beaco
| ocati ng syst%%@ﬁ%é’??%hﬁwumcat%’orﬂ#@? FEHANIPIRF/FctER®R 0 T he

beacons B%St a3t ?sﬁa;ns;rbnae% liﬁex.rbeﬁfé)rﬁoﬁ&’fdd G |ﬁh§<tdtﬁx;drﬂ.é‘a%!§§x§ hemto
transmt signal s st abl i C cat J ansponder
that i s about?F¥ 5 tqb%ﬁ’ ‘Q‘ g%h "%/ T’nt Ca'Vﬁ’ﬁl"’cer‘ii] about to
pass t hrldugh mmamsofqum Qﬁ)mmmdjacems beacorz-ones S1 to S6. The
control means is orgafd 24(bAdrd¥d 8dssible to subdivide the width L, of

the road 4 into small portions Pl, PLl/2, ..., P6 each

correé‘ponding either to a beacon communications zone that

is not overlapped by an adjacent beacon communications
20 zone, or else to a zone of intersection between the
communications zones of. two adjacent beacons.. -

In the transponder locating system of the invention,
control means U connected to the beacons Bl to B6 acts on
the beacons cyclically so as to cause them to transmit

25 signals for establishing communication with a transponder
that is about to pass beneath the gantry 1, i.e. which is
about to pass through at least one of the communications
zones S1 to S6. The control means is organized to detect
and identify those beacons which have established

30 communication with the transponder in order to associate
the detected beacon(s) with one of the lateral portions
Pl to P6 of the road 4. | |

By way of example, if the beacons B4 and B5 have
both established communication with a transponder, then

35 the transponder is situated in the intersection of
communications zones 54 and S5, i.e. in the portion P4/5
of the width of the road 4.
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and~Pdéﬁtﬂ?ﬁ3tn€335beacons mﬁ lrrr?ve establ i shed 30 comunication with the

“transponder in order to associate the detected beacon(s) with one of
t he lat'eral portions P1 to P6 of the road 4 By way of

“exanple, if the beacons B4 and B5 have conmuni cati on
wi th .a.transponder, then 35 the transponder he intersection
of " commuhi cations zones S4 and S5, i.e 4/ 5 of the

wi dth of the roadrfle control means U can be programmed to deli@er
The control neans U can be programed to delTvel a ghat ure |n t he

form of a bi fbgpativre H&vFH@ ﬁgrﬁaﬂ§ a bln%FYs“%Edth§Venﬁr§slHPEYaIIy
defined porthoes @ therkoade later¥ily aeizﬂea partbsnaoed tAdi eablng the

t wh t d t uat
ont ol moar€LER; 8 habteity BaatSEd LeftFaFLeS <he' PEEREPa LR vhigh
initiall§ bythaetbaaspoadet, i83situnatd&d, for andmphésequently by t he
b B2, B4, B :
nterfe ol %BEQgOXIﬁs?nﬁeacoﬁgéa%?égﬁgg? §¥§ngers gnﬁﬁat this

interference between acen

time nulb?pFEﬁhﬁ@loteéeéééﬁiBléﬁshYsﬁhGnbeéﬁﬂnﬁeBﬁodﬁﬁ»eand BS 1n
addi tion, thgngoghrehqiBARIyUngafnBCradathe8dB2O B4, ARAI B8M (bBeyResi tioni ng
of a transponder by selectlvel reactivating the beacon or beacons that

have estabI|§ﬂ§83155€oﬁﬁuﬁpc§Vpoﬁ RreRlens offRperierengechesre8Rt hemto
tranSﬂ1105|gﬂajécéﬂﬁlﬂeacons. It TERoREACHESURIEPEL8bA0thatUERUs! Bime =
AR RTINS M T R
si gnat ur es. In addition, the control means U can be adapted to
monitor the positioning of a transponder by selectively
reactivating the beacon or beacons that have established
15 communication with the transponder by causing them to
transmit signals again.

The beacons B can also be used to determine the
longiéudinal position of a transponder on the road if the
control means U is suitable for dating the lateral

20 positioning signatures.
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al ong. a sroad (4) of a certar n vm dt h, the system being characterized | n
that i't conprises: 5 [err] a set of beacons (Bl to B6) each
suitable for comuni cating with thestransponder (T) if it is |ocated

I n a communi cati ons zone (S) specific to the be

consideratiorFand of a width ([err]) that is srr%ﬁﬁr% t5ﬁ£ w dth
([err]) of theAxpeasl, the beacons being distribu | across the
road so that the comuni catlons zones of t he beacons (S1 to S6)
overlap in pdifr > T Tt rLIIFRVANG a2 trARsPonderntT ) ctrpvrhlingt he road;
and aland |a maounma(eareﬁn Nt | e | ¥y Hfeh haDRCONS

to cause thergl% ég‘%’{nt sr S feft estabJ i shing 15 communi cation

bet ween t henselves 384 %ﬁﬁ MPILR®Fhg through at | east at |east
one of ttHe beacon *a se:bmrﬁlrbemoms(abnm B&\J‘llﬁbl’ﬁ:(ﬁﬁiﬂbl@&ﬂﬁrdﬂ ect
whi ch V, u P, | cat wth
t he transponder .an assoc g'?leﬂt?h%éost% ec é &Iels Q%I ému\n %C%%?‘?al n
portion (P1 i @ )CHMUNCIFLRNS Fonde(S) spemc;rmcme \hsaamm hendext er al

position of td¥hsiderdtfiis RMIESs acWPESel her, r)Oi‘ﬂatsi‘ﬁdsﬁgﬁlité%;{cﬂ‘{i\f}\g§hgu)

activating said Rgacons Bl to B6) in a seq‘u ) ]
adj acent beadtERd Ivdt oFr Shenreadi ntiheahesgeny. being disgriputsdatnng

system aor difig tZrrdss e doadic tid¥ the chtmaisatBngd Oz&i@as aatfi the
transponder 30

onmuni ¢ m crowave freguenci es.
instal | ation C"r aééne‘fﬂ SR) (I9RLIM 1 PainF 309 SRESThRF |1H't‘5FX|d| ng
a locating syswen ams)rehmt;e ovidth @fithel xoad: and

' control means (U) acting cyclically on the beacons
to cause them to transmit signals for establishing
15 communication between themselves and a transponder

passing through at least at least one of the beacon
communications zones, which control means detect which
beacon or beacons have established such communication
with the transponder and associate the detected beacon(s)
20 with a certain portion (Pl to P6) of the width of the
road indicative of the lateral position of the
transponder across the road, said control means (U)
activating said beacons (Bl to B6) in a sequence such
that two adjacent beacons do not transmit simultaneocusly.
25
2/ A locating system according to claim 1, in which the
beacons (Bl to B6) and the transponder (T) communicate at
microwave fregquencies.

30 3/ An installation for remote payment of tolls on .a
multilane road including a locat:.ng system according to
claim 1 or 2.
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