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DEVIOEﬁﬁif%IIATING A MOVI NG BODY HAVI NG A RESPONSE UNI T BACKGROUND OF THE
| NVENTION Field of the invention This invention relates to a device for
| ocating a noving body, such as a vehicle, a container or a hunan body,
whi ch has a response unit, and also to g device which, by conmmunicating
with a passing vehicle at a debiting station on a toll road, identifies a
paSS|ng\veh|cIe not .equi pped with a response unit. Description of the

Rel at ed™Art TheDEVECEf FORDLODEATUNGUAI MOVIRGSBODYNHAVING Al RESPONSES UNIT
steadi |y beconming nore wi despread. Mbile communications permt exchange of

i nformati on w thout any physical contact with a noving body, and its use
has been considered far the purpose of acquiring information about traffic

janms or the destinations of e i n Japanese Patent
Lai d- open No. Hei 6- 13933 (cﬁﬁ%ﬁkﬁgﬁgl bﬁxzﬁ& gﬁﬁ:ﬁ’iﬁﬁq dentifying device
I s di scl osed f |dent|f¥1(¥ the position of an unmanned transport vehicle.
In this deEFEé of, the: i P% tdomy| e response unit, known as a

This invention relates to a device for locating a moving
body, such as a vehiéle, a céntainer or a'human body, which
has a respohse unit, and a1s§ to a dévice whicﬁ. by
comﬁunicatiﬂg with a passing vehicle at a debiting station on

a toll road, identifies 'a passing véhicle not equipped with a

response unit.

Description of the Related Art

The use of moSilé.communications such as car telephones
is steadily becpminé more widespread. Mobile éommunications
pgrmit eichange of information without any physical contact
with a moving body, and its use has been considered for the
purpose of acguiriﬁg information about traffic jamé or the
destinations of vehicles, etc.

For exémple, in Japanese Patent Laid—open No. Hei 6-13933
(Conventional Example i). an identifying device is disclosed
for identifying the position 6f an unmannéd transport vehicle.

In this device, a relatively simﬁle'response unit, known as a.
tag unit is 1nsta11ed -on the moving body. and various

1nformation is exchanged with a flxed 1nterrogat10n unit.



tag.unit, is installed on the noving body, and various information is’
exchanged with a fixed interrogation unit. 2 This device conprises a
plurality of communications units in order to cover a w de conmuni cation
zone and deal simultaneously with a | arge nunber of- passing vehicl es. '
However, when a plurality of interrogation units are installed, their

comruni cat i

zones, overlap. The carrier waves of adjacent interrogation

units aPe TRESedSVeSH CARRIL 395 raRLuRakcremT reumpamtsatlans At Es plRvent
interference. In this way, the noving bodies can be separately -

di sti ngui siedd e iR RV ehc Hekdeycommpun ket ko £90s tdeahi ch can

comuni cate with the response units. In | EEE VIC ' 94 PROCEEDI NGS, Vol . 3,
pp. 1512- 15lim1GeEnesnis hnavi €xadpl€r g9 , numivet hofl psspinposelliehesei n t he
guestion unit has directionality in order to narrow the conmuni cati on zone,

and an ant%w*%¢@£!1ﬁhéﬁrécﬁiﬂﬁéiiﬁﬁaGT interrogation units are

installed, their communication zones overlap. The carrier
w;ves of adjacent 1ntérrqgation unips are theréfore arranged
to have_differént frequencies so as to preveﬁt interference.
In this way; the moving bodies can be separately distinguiéhed
from one another.by the-intérrogation units which can
communicate.with the response units.

In IEEE VTC,'94 PROCEEDINGS, Vol. 3, pp. 1512-1516

(Conventional Example 2), a method is proposed wherein the

'question unit has directionality in order to narrow the

communication zéne, and an antenna with a-directional beam
which has a narro% communication zone is used to cover a wide
communication zone. In fhis device, the position of the
response unit is the scanning position of the directional beam
wheﬁ communication is established, hence this method also
‘enables moying bodies to be individually distingu;shed.

These conventional systems are therefore able.to
individually recognize moving bodies énd communicate with-
them. The use of a mobile communications system has_been
prqposed for fee collectioh on toll roads. In such a system,

desired.1nformation_(vehlcle information, driver information,



whi ch has a narrow conmmuni cation zone is used to cover a w de conmuni ¢ati on
zone. In this device, the position of the response unit is the scanning
position of the directional beam when communication is established, hence
this method al so enabl es novi ng bodi es tf be individually distinguished.
These conveqtional systems are therefore able to individually recognize -
novi ng bodi es and comunicate with them: The use of- a nobile commnications
system lras been proposed for fee collection on toll roads. |In such

system defeesd ieHormitlioreXahanggdk Bhiredha itftvYest At ii'h?%"r"r%ﬁar‘b’ﬂ?“ 3
fees, etc.), is exchanged by radio between an interrogation unit that
functions amiz twhdt daretinnslded dold feated igmtallad ah@ L% bonse unit
nmounted on a vehicle. The fee may be collected by bank debit, for exanple,
when the veRj«alt dinshfd tdier @fensd haier hduiped oreed Yehiche. velhel fe¢o

stop. This saves tinme and trouble for both the driver and the road
may be collected by bank debit, for examp;e, when the vehicle
passes the gate,-there being no need .for the vehicle to stop.
This saves time and trpuble'for both thg driver and thé road
supervisor,zand prevents traffic.jams f;om.building up at toll
" stations.

However, in the afofesaid first conventional example, the
interrogation units have to simultaneously communicate with
and identify a large.number of response units. _ It is
therefore necessary that the interrogation units do not
interfere with one another, hence the overall syétem occupies |
a large frequency bandwidéh and é large-scale circuit is
'required to make suitable provision for this.

In thg aforesaid second conventional example, since there
is only one interrogation unit there'is no need for such a
wide ffequency bandwidth and the problem of interference ié
eliminated,.but the commuﬁication zone of the interrogation
unit is narrow.: This'means that data fransmission must be
performed at high speed so that it can.be completed while the
vehicle is 1in the-communication zone-of the interrogation |

unit. As a result the frequency bandwidth of the

interrogation unit has to be broader. Alternatively., if the



supervisor, and prevents traffic jams frombuilding up at toll stat’iors.
However, in the aforesaid first conventional exanple, the interrogation
units have to sinultaneously ¢omunicate with and identify a | arge nunber
of response units. It is therefore necessary that the interrogation unit’s
do not interfere with one another, hencefthe overall system occupies a

| arge frequency bandw dth and a l-arge-scale circuit is required to make
suitabl & provision for this. In the aforesaid second conventional exanple,
si nce t hed@tiss WRNFIY5S ion @hesghtisomamiiinaneased s Hhe mammypicatton alsi de
frequency bandw dth and the problemof interference is elimnated, but the
comuni camniodn compd edfed whiile ethreogadliiorieinid irs the roommii ca vkemszohet
data transm ssion nmust be perforned at high speed so that it can be

conpl et ed (ahighe et icd e | Scdudb 1 1a €IMRBH €281 Of's ZO8Gu Df ed héhere

interrogation unit. As a result the frequency bandw dth of the .

i nterrogaid hdilre Nawt {hE HEREcofd1fE NES | 458 Yot émi € of the
vehicle (response unit). ' |
| In particular, in the case of an automatic toll debiting
system, when groups of motorcyéles or 1arg¢ numbefs §f
vehicles pass the toll sfation simultaneouéiy,.a clear
distinction must be made between vehicles with which it is
possible to establish communication and unauthorized vehicles
with ﬁhich it is not possible to do so. In £he aforesaid

examples, however, it was difficult to identify unauthorized

vehicles carrying no or an inoperative response unit.

SUMMARY OF THE INVENTION

This invention, which was conceived in view of the
aforesaid problems, aims to locate vehicles carrying a
response unit without causing radio interference between
1nterrogétion units, and to identify unaﬁthorizéd vehicles
that pass by without éommunicating.

A device according.tb one aspect.of this invention
comprises an interrogation unit having a predetefmined
communicafion zone, said interrogation unit transmitting a

radio signal to said communication zone where a moylng body



4 data transm ssion speed is not increased, the comrunication is not
conpleted while the vehicle is in the comuni cation zone. In the latter
case, conplicated control i's required where scans are switched over _
according to the novenent of the vehicle (response unit). In particular, in
t he case of ,an automatic toll debiting 3ystem when groups of notorcycles
or large nunbers of vehicl es pass the toll station simltaneously, a clear
di stinction nust be made between vehicles with which it i.s possible to

est abl i sh _communi cati on and unaut hori zed vehi cl es th which it_is not

possi bl e tBHREL W?F?%%s%fﬁ?égafﬂre&%ﬁ%*%%?gh%%k€LF?d?P fhgnals PREERE t O
I dentify unaut horized vehicles carrying no or ‘an i noperative response unit.
SUMVARY OR Tr¢ce hwing| dev fee shavivesit £ oplunkl tty waf teqneéiving anmeaseatof the
aforesaid problens, ains to [ocate vehicles carrying a response unit

wi t hout caugds$t imdtl@elWl&tBEGeﬁéetbth\Gﬁnal ttavedogpaktANoEnkhsd fnadih@

|dent|fy unaut hori zed vehi-cl es
body so as to cover said communication zone, said device being
capable of receiving-distinguishably each signal form said
- plurality of receiving areas, and processor for determining
the positiop'qf said moving body ip §aid communication zone
based on a receptibn fesult of said receiving device.

When a moving body having the response unit enters the |
communication zone, the receiving device sehds a radio siénal
to the response unit, and when the respdnse unit receives this
signal from the inperrogation unit.

A receiving device receives.a response signal from a-
response unit. The recéiving device cdrrésponding to a
receiving area in which a response unit is located can receive
the résponse signal. The position of the moving body can
therefore ée identified. According to this aspect of the
invention, a whole travel pgth at least in the width direction
of the moving body is covered by one'communiéation zone and
the réceiving device can catch distinguishably each signal
from the plurality_of the receiving areas coverihg the
communication zone. This enables to determine the position of
the moving body without complicated control of scﬁnning in

accordance with the movement of the movlhg body.



that pass by without communicating. A device according to one aspect ‘of
this invention conprises an interrogation unit having a predeternined
comuni cation zone, said interrogation unit transmtting a radio signal to
sai d communi cati on zone where a novi ng body 5 having a response unit for
receiving said radio signal passes, a r&ceiving device having a plurality
of receiving areas at least in the width direction of a travel path of said
novi ng body so as to cover .said communication zone, said device being

capabl e of receiafgindll dgubt YRne et BiR RS A st 148b 14y Of

recei ving areas, and processor for determning the position of said noving

rocei vi ng ABFECE iR ARG SO Hilte (S YUl HED et FF cFucers

conmuni cation zone, the receiving device sends a radio signal to the
response urfilte COMPWHSGR RN rzoiponsdiengly rkeea tie t4hiRlurality of said

moving bodies in said communication zone based on a detection
result thereof and the recept;on result of said receiving
device, and or recogn;zing the existence of an unauthorized
moving body withouF a ﬁroper response unit based on the
detéction'result thereof and based on non-existence of the
reception result of said receiving device.

In the case using a device that detecté the position of a
moving body in at least two diﬁensions, for example a radar
device, imaging device or laser raﬁge fiﬁder, the-detepting
device, can.detect fhe moving body and its position when it
enters the communicétion zone. If-the position of the
detected moving body overlaps with the receiving area of the
'receiving device, and the moving body on which the response
unit is mounted is photographed in the communication area, it
is determined that the moving body,is_a moving body with which
communication has been established (cbmmunicating moving |
body). Conversely, a moving body which has péssed by without
being_identified.as a communicating moving body although

" detected by the detecting device, is determinéd to be an
unauthorized mojing body. In this way, unauthorized moﬁing

bodies can be identified from the data'output by the detecting



signal fromthe interrogation unit. A receiving device receives a response
signal froma response unit. The receiving device corresponding to a
receiving area in which a response unit is |ocated can receive the response
signal. The position of the noving body can therefore be identified.
According torthis aspect of the inventioh, a whole travel path at least in
the width direction of the noving body is covered by one communication zone
and the receiving device can catch distinguishably each signal fromthe
plurality ®Faltthe recei ving areas covering the conmuni cation zone. This
enables to determ ne the position of the noving body w thout conplicated
control of scanbf ng radaccdedhoecisi tbeld hasnbthendaeteotinbedawicrg bhey.

6 Anot her aspect of the invention further conprises a detecting device for

det ecting {fendRytber bodytulisnrallapnievscthgagosBLaseat agnthene, thereby

| ocating a plurality of said

' aforementioned interrogation unit, and the response device
responds to a signal transmitted by the radar device.'

'Anothef-aspect of the invention the interrogation unit
further'comppises a device of receiving a radio signal from
said moving-bodj. and on both processor deternines the
position of said moving body based on ooth the reception
result of said receining device and a. communication result i
said interrogafion unit.
A communication occurs between an interrogation unit and

a response unit when a moving body on which a response unit
capable of communication is‘mounted, enters the communication
zone of the intefrogation unit. For example, in the case of a
passive response unit wherein two-way data transmission is
performed using only a signal received fron the interrogation
unit, the interrogation unit repeatedly transnits a start-up
signal and a subsequent unmodulated_cw (Continuous Wave).
When the response unit receives the start-up signal from the
~interrogafion unit, it modulates the CW wave with 1ts'own
data, -and this is,reflected to the interrogation unit as a

start-up response signal. Communication between the

interrogation unit and reeponse unit is thereby established,



movi ng bodi es in said comunication zone based on a detection resul't” *

t hereof and the reception result of said receiving device, and or
recogni,zi ng the exi stence of an unauthorized novi ng body w thout a proper
response unit based on the detection result thereof and based on

non-exi stenge ‘of the reception result of.sai d receiving device. In the case
using a device that detects the position of a noving body in at |east two
di neénsi ons, for exanple a radar device, inmaging device or |aser range
finder, tigddgheat eREhHA¥eCRakedNpdataCheltteeliD\thR] iRady ragd titoh Redit i on
when it enters the communication zone. If the position of the detected
novi ng bo 0 ' the receiving area of the. receiving device, and
t he aningMgogsggﬁﬁaﬁrghﬁﬁﬁe response unit is nmounted i s photographed in

t he conmuni cation area, .it is determ ned that the noving bo IS a noving
body wi th whi CcBRERIATE O SHED BB oo N eSRARSE LN ARS AE YA ng
body). Conversely, a nmoving body which has passed by wi thout being

i dent i fi e§ragspicdimgnfamatemoriheg Bodpvdineh ARHY & (REPARPSShAni t:
detecting device, is determned to be an unauthorized noving body. In this
way, unauthaﬁiha& mecdeiyed a start-up signal from the interrogation
unit modulates its own carrier wave with'data. as in the
passive system. Also, as the response unit itself can emit
continuously transmit request sigﬂal even before entering the
communication zone, with two-way data communication taking
. place with the interrogation unit after the interrogation unit
receives this request signal when the response unit enters the
communication.'
Thé detecting méans constantly detects moving bodies that
enter thelcommunicafion.zone'of the interrogatiqn unit. If a
detected image overlaps with the receiving area of the
receiving device which'has received and demodulated data, and
a moving body in the receiving area on which the response unit
is mounted has been photographed, it is determined that the
moving body is a vehicle with which communication has been
establishedT Conversely,.a vehicle, which has passed by
without being identified as a communiéating vehicle, although
detected as an imége, is determined to be an unauthorized

vehicle. In this way. unauthorized vehicles can be identified

from the image data.



bodi es can be identified fromthe data output by the detecting 7 méans.
If a radar device is used as the detecting device, the transmtter of this
radar device nay be used as the aforenentioned interrogation unit, and the
response device responds to a signal trgpsnitted by the radar devi ce.

Anot her aspect of the invention the-interrogation unit further conprises a
device of receiving a radio signal fromsaid novihg body, and on both
processdr determ nes the position of said noving body based on both the

reception resul f4QlorSBing MRF @nd thk QR AT O TAVdetod) tlesul.t i said
‘interrogation unit. A communication occurs between an interrogation unit

o o Y WL SE U YU D Sk RGBS A g 0l o

interrogapu%$fﬁgtﬁog;¥ €ﬁ§”§¥§%eééhﬁf§%£§¥¥§é§ é%mparison circuit that
compares data received by thedreéeiving device with data
received by the iﬁterrogation-unit in order to locate the
receivingoarea where the response unit exists, and the
processing circuit that determines whether or not fhe moving
body 1is cagrying a proper.response unit based on a signal
oufput by thé cpmparator énd the image signallfrom the imaging

device.

The daté received by the receiving device is compared
with data recei;ed by the interrogaﬁién unit, a receiving area
is identified, and a moviné body ié identified. The moving
body can'therefére be idéntified with a high degree of
certainty.

According to_aﬁother aspect of the invention, the
receiving device comprises a plurality of receiving devices
respectively éorresponding to the aforésaid plurality of
receliving afeas. |

Receiving antennas are provided corresponding to a
plurality of receiving areas; The entry position of a moving

body can therefore be determined with a high degree of

certainty depending on the nature of the slignals received by

the antennas.



passi ve respgonse unit wherein two-way data transm ssion is performed using
only a signal received fromthe interrogation unit, the interrogation unit
repeatedly transnmits a start-up signal and a subsequent unnodul ated CW
(Conti nuous Wave). When the response unib receives the start-up signal from
the interrogation unit, it nodul ates the CWwave with its own data, and
this is reflected to the interrogation unit as a start-up response signal.
Conmuni Gati on between the interrogation unit and response unit is thereby

est abl i shed, gc@gpdgg%atgxggg??grtg§§§%gléﬁgtggtﬁgggn%ggninkﬁrrogation

unit and response unit. Tn an active Sy re-t response dfi t does
have a transnitii function, when a noving body, the response unit that
has recei vedL & Ygﬁg-ﬂﬁagﬁgﬁg?pffﬁﬁftﬁeb?ﬁ efPBYEPLOADGAPRE SR a PeT Mits
own carrier waye with data, as in the passive system Al so, as the response
unit itsel ftRhanoekeptation of a directional beam to be directed to each

receiving area.

A plurality of receiving areas can be covered by oﬁe
receiving devices using beam control. A small number of
antennas is therefore sufficient.

| According to another aspect of the invention, the
receiving area of the receiving antenna is afranged to be
wider at the entry.point of the'moving body than the
- communication zone of the transmitter or the interrogation
‘unit;

'Thg receiving area of a feceiving.device is arrangedito

be wider at theﬂeptry point of a moving body than the

- communication 2one‘of fhe interrogation unit. The area which
the moving body enters forming part pf the communication zone
of interrbgatioﬂ ﬁnit is covered by the receiving area.
Hence, the receiving device can definitelf catch communication
between the response ﬁnit and interrogafion unit even when the
speed of the.moving body is_very slow in the vicinity of the
front edge of the communication zone from which the moving
body enters (e.g. when the mpving bodyiis trapped in a traffic

Jam), and the position of the response unit can therefore be

identified.



continuously transmit request signal even before entering the conmuri ¢ation
zone, with two-way data conmmuni cation taking place with the interrogation
unit after the interrogation unit receives this request signal when the
response unit enters the connunication.&ﬁne detecting nmeans constantly
detects novi,nhg bodies that enter the co ni cati on-zone of the

interrogation unit. If a detected image overlaps with the receiving area of
t he receiving device which has received and denodul ated data, and a novi ng

body in the recgmngnn ' 0 ity | een
phot ogr aphed, |t%?ég1 %e?{g?’?nn%gg%y;{ﬁﬁvr}gmrm%&%ng%%ggglsites uzli\r/g;;\élmcﬁ%grg\;vi. éjv\,hi ch

communi catign has been established. Conversely, .a vehic]Je, which has passed
by wi t hout CBE‘PH@icﬁiﬁﬂ"r 200y the, SRGetiving ﬁ’év\}éﬁ cﬁeél,dsa@t HSHP o%‘t%'@ved_
as an image, is determned to be an unauthorized vehicle. 1In this way,
unaut hor i z&8 &% NesPonge palitgeand wherr the mesponsge Wweita.receives this

signal from the interrogétion unit.

A receiving dev;ce receives a responée sighal from a
rgsponse unit. The receiving devicg corresponding to a
receiving a?ea in which a response unit is located can receive
the respbnse signal. The position of the moving body can
therefore be idehtified. Aécording'to this aspgct_of’thé'
invention, a whole tré&el_path at least in the widtﬁ'direction
of the hoving body is covered by one commun%cation zone and
the receiving deviéb.can catch distinguishably each signal
from the plurélity of the receiving areas covering fhe
communication zone. This enablés to determine the position of
the mbving body withéut complica#ed control of scanning in
accordance with the mo&ement of the moving body.

Iﬁ the case using a device that detects the position of a
moving body .in at least two dimeﬁsions,.for example a radar
device, imaging device or lasgr range finder, the detecting
qevice, can detect the moving body and its posifioh when it
-enters the communication zone. If the position of the
detected moving body overlaps with the receiving area of the
receiving device, and the hovlng body on which the response

unit Is mounted is photographed in the communlcation area, it



.9 According to anot her.aspect of the invention, the detecting neans‘is an

I magi ng devi ce for photographing a noving body, the processor conprises
conparison circuit that conpares data received by the receiving device with
data received by the interrogation unit in order to |locate the receiving
area where the response unit exists, andjihe processing circuit that

det erm nes whether or not the noving body is carrying a proper response
unit based on a signal output by the conparator and the inage signal from

the imagi nps dge¥teeminbe ¢Rhe tReChyeUnBYbbA® 18CAI MbRANEEB0AS Wl tHO WA AL
wWith data received by the interrogation unit, a receiving area is

dent {11 eceorfin PeAPYbAINEIINebA bUEAbLTLANL TRRMARKLRACEAR s6RLher of o e

be identified with a high degree of certarnty. r t0 another aspect

o £ e ) MUGHRLDN, BORLRSEALLTY, HEAEE, FOAU: HFGEph it By MASEHNY,

areas. being identified as a communicating moving.body aithough '
detected by the detecting device, is determined to be an
unauthorized moving body. In this way, unauthorized moving
bodies can be identified from the data output by the detecting
means.

If a radar device is used as the detecting device. the
transmitter of this radar device may be used as the
aforementioned interrogation unit, and the response device.
responds to a signal transmittéd by the radar device.

A commﬁnication occurs between én interrogation unit and

- a response unit.when a moving body on which a response unit
capable of communication is mounted, enters the communication
zone of the interrogation unit. For ekample, in the case of-a
passive pesponse unit wherein tﬁo~way data transmission is
performed using only a signal received from the intérrogation
unit, the interrbgation unit repeatedly transmits a start-up
signal and a subsequent unmodulated CW (Continuous Wave).
-When.the response unit receives the start-up signal from the
Interrdgati;n unit, it modulates the CW wave with its own
data, and fhis is reflecfed to the interrogation ﬁnit as a

start-up response signal. Communication between the



Recei'ving antennas are provided corresponding to a plurality of recei'ving
areas. The entry position of a noving body can therefore be determned with
a high degree of certainty depending on the nature of the signals received
by the antennas. "10 According to angﬁper aspect of the invention, the
recei ving ngans conprises a beam contr antenna that permts the
orientation of a directional beamto be directed to each receiving area. A
. plurality of receiving ar eas can be covered by one receiving devices using

beam contyiple dn WHDE A ALERES diit Nes ebE eyl S EhBDE snégeor ding
o) the |nvent|on

to another aspec rece|V|ng area of e recel ving
he R e AR R E048h P PR st (P
and response unit.

In an active system where the response unit does have a
transmitting function, When a moving body, the response unit
that has received a start-up signal from the interrogation
unit modulates its own carrier wave with data, as in the
passive system. Aleo. as the response unit itseif can emit
continuously transmit request signal even before entering the
cemmunication éone, with fwo-way data conmunication taking
place with the interrogation unit after the interrogation unit
feceives this request signal when the response unit enters the
communication.

The detecting means constantly detects moving bodies that
enter the communication zone of the interrogation unit. If a
detected image overlaps with the receiving area of the
‘receiving device which hae feceived and demodulated data, and
a moving body in the receiving area on which the response unit'
is mounted has been photographed, it is determined that the
moving body is a vehicle with which communication has been
established. Conversely, a vehicle, which has passed by
without being i&entified as a communicating Vehicle..although
deﬁected as an image, is determined to be.an unauthorized

vehicle. In this way, unauthorized vehicles can be identified



unit. The receiving area of a receiving device is arranged to be wi der at
the entry point of a noving body than the comruni cation zone of the

i nterrogation unit. The "area which the noving body enters form ng part of

t he conmuni cation zone of interrogation unit is covered by the receiving
area. Hence, the receiving device can defthitely catch communication

bet ween the response unit and interrogation unit even when the speed of the
noving body is very slowin the vicinity of the front edge of the

comuni cafF8R #B8eiMa&® Wit t he noving body enters (e.g. when the noving
body is trapped in a traffic jan), and the position of the response unit
can therefore Ohe datta fiestived Wyerthe nmedely hmglyddalcergi s heompapedse uni t
enters the comuni cati on zone, the receiving device sends a radio signal to

the respopgghumdisita FeteR W3e IRS PGS rold t (S QlYEE, L4 Pedé Dghefapant he
i nterrogation unit. . ' _

is identified, and a moving body is identified. The' moving

body can therefore be identified.with a high degrée.of

certainty.

Receiving antennas are provided corresponding to ﬁ.

plurality of receiving areas. The éntry position of a mo#ing

| body can therefore be.determined with a high degree of
certaiﬁty depending on the nature of the signals received by
the antennas.

A plufality of.receiving areas can be.covered by one
receiving devices using beam control. A small number of

‘antennas is therefore sufficient.

The receiving area of é receiving device is arranged to
be.wider at the eﬂtry point of a movihg body than the
communication zone of the interrogation unit. The area which
the moving body enter;hforming part of the communication zone
of interrogétiop.unit.is'covered by the receiving area.

Hence, the receiving'device can definitely catech communication
between the response unit and interrogation unit even when the
speed of the.moving body is very slow in the vicinity of the
front edge of the communication éone from which the moQing

body enters (e.g. when the moving body is trapped In a traffic



A receiving device receives a response signal froma response unit. The
recei ving device corresponding to a receiving area in which a response unit
is located can receive the response signal. The position of the noving body
can therefore be identified. According to this aspect of the invention, a
whol e travel. path at least in the wi d&® direction of the moving body is

covered by one co i cation zone and the receiving, device _can gatch
G St ngdi Sy LR RORLF Lo Yhetht L spoyse Ukt FalokDPRGTarabe
covering the comuni cation zone. This enables to determ ne the position of

t he novi nddeyifledout conplicated control of scanning in accordance with
t he novenent of the noving body. In the case using a devi.ce that detects

t he position ofFar tineirmer&pdycedraingeost thuopdesensi spstefmohasiagplthea
radar device, imaging device or |aser range finder, the detecting.device,

can det eCtadife "BV DPEY 2HEatifgPRShbY O 88y, ! tAB! Bb8ikABn of the
communi cation zone. |If the position of the getected novi ng body over.l aps

o oo TEGELIARE. REP o' BB, PEGBHELI0BENHEreR"  HRSURASAE Do, o
area, 1t unauthorized vehicles can be identified, and a preferred fee
collection system for a toll road can bé obtained.
According to'thése aspects, complicated control such as
scanning of the communication zone in accordance with the
moving body is not required. Furthermore, an. unauthorized

moving body which-is not carrying a response unit is

determined by using a detecting device.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a plan Yiew.of compénent elements involved in
one example when a communication zone is covered by providing
-a plurality of receiving antennas respectively cOrresponﬁing
to receiving areas. | |
Fig. 2 'is a later;l view of the component elements
involved in one example when a communication zone is covered
by providing a plurality of receiving antennas respectively
corresponding té receiving areas.
Fig. 3(A) is a descriptive view showing how a

communicatlion zone is covered by receiving areas of a



12 is determined that the noving body is a noving body with which :
conmmuni cati on
a nmovi ng body
conmuni cat i ng
determ ned to
nmovi ng bodi es
means. |f a radar device is used as the detecting device, the transmtter
of this raddeidaviecanntanhe wsat afedd el Afy anBAtd Dovedi h Nties r ogaaven unit,
and t-he response device responds to a signal transmtted by the radar

devi ce. Aﬁ%@ﬁ“ﬂ&mlﬁg %?1%?%{%% e rgéacgéﬂgfﬁéo réél%%'g and a response

unit when a noving bo

i's mounted, en

exanpl e,

inth

has been established (conmuni cating noving body). Conversely,
whi ch has passed by without being identified as a '
nmovi ng body al though dejgcted by the detecting device, is

be an unaut hori zed noving body. In this way, unauthorized

can be identified fromthe data output by the detecting

_ a response unit capab ~comuni cation
S G P AT SEL T EPE Pl "SbRLSE RGRThon uni ¢ For

communication zone is covered by receiving areas of a

receiving antenna when there is a division in the travel

direction and there is overlap of receiving areas.

Fig. 3(C) is a'descriptive view showing how a

communication zone is covered by receiving areas of a

receiving antenna when there is no division in the travel

direction and there is no overlap of receiving areas.

when

Fig. 4 is a schematic view of a lane signal processor
a plurality of receiving antennas are used.

Fig. 5 1s a schematic view of a system when a plurality

of receiving antennas are used.

Fig. 6(A) is a timing chart showing a communication

protocol when there is passive'communication between an

~interrogation unit and a response unit.

Fig. 6(B) is a timing chart showing a communication

protocol when there is active communication between an

interrogation unit and a response unit.

Fig. 7 is a plan view of component elements in one

example when a beam control antenna, wherein the position of

the recelving area can be changed by controlling the

orlentation of a directional beam, s provided to cover the



passive response unit wherein two-way data transmission is performed using
only a signal received fromthe interrogation unit, the interrogation unit
repeatedly transmts a start-up signal and a subsequent unnodul ated CW :
(Conti nuous Wave). When the response uth receives the start-up signal from
‘the interrogation unit, it nodulates theé ' CWwave with its own data, and
this is reflected to the interrogation unit as a start-up response signal.
Communi cati on between the 13 interrogation unit and response unit is

t her eby es¢tadhushedtiandzdaea exchange takes place between the

Interrogation unit and response unit. In an active systemwhere the

response unit dpes hgveea,l LARRWall!'c T 1w Gl AN sy dieh INEY ISy, the
a Si gn ¥

response unit t has received a start-up alF fromthe interrogation

A'so, "5t RROPEChoRGECAIPS A PRR fspyeed. - | e passive system

Fig. 9 is é descriptive diagram showing how a

communication zone is covered by a receiving area of a
receiving antenna.
Fig. 10 is a schematic view of a lane signal processor

when a beam control receiving antenna is used.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
Some émbodiments of this invention will now be described
in more detail with reference to the drawings.

Embodiment 1

First, an embodiment will be described wherein this
invention-is applied to a device for identifying a vehi;le
travelihg in a vehicle léne (travel lane) as a predetermined
moving area. As shown in Fig. 1 and Fig. 2, aécording to the
first embodiment, a response unit 50 mounted on a vehicle 51
tﬁat'has enteréd the communication zone "a" of an
interrogation unit 10 disposed in the fixed part of .the
system, performs two-way data communication. The
interrogatian uﬁit 10 covers.at least one lane in the

direction of the lane width, and is so designed that it has a

communication zone "a" (shown by a solid line in the flgures)



continuously transmt request signal even before entering the communi cation
zone, with two-way data conmmunication taking place with the interrogation
unit after the interrogation unit receives this request signal when the
response unit enters the comuni cation.,Jhe detecting means constantly
detects novi ng bodies that -enter the commruni cati-on zone of the
interrogation unit. If a detected inmage overlaps with the receiving area of
t he receiving device which has received and denodul ated data, and a novi ng

body in tbe sachi ui 8BJzer ehadn twhi ol e el ¥2PARI@ sURen ind vTwdead as been
phot ographed, it is determ ned that the noving body is a vehicle with which

communi ca&mumaaeaﬁ%&y?%g%ies*i%qve@a\i%%%'mn /i 1@nethi ch has passed

by without being identified as a comunicating vehicle, although detected
e | BT RS,  T GT ldt S e

a narrow receiving area "b" (shown by a broken line in the.
figures) of such a size that two or more vehicles can not

enter it simultaneously in the width direction of the lane,

the comﬁunication zone "a" being covered by a combination of
these receiving areas "b". In thié embodiment, the.
communication zone "a" of the interrogafion unit 10 is covered
by the receiving area "b" of the two recéiving antennas 21,

22.

The receiving areas "b" may_be'combined according to any
one of three'arrangements, i.e. the communication zone "a" may
be covered by.dividing the receiving area into a pluraiity of
areas in the width diréctioﬁ which are respectivély arranged
so as to overlap the receiving areas "5" as in Fig. 3(A), or

" the communication zone "a" may be covered by further diviqing
it in the travel direction as in Fig.'S(B), or it may be
covered by arranging that the.plurality of receiving areas do
not overlap leaving gaps between them. Any of these
arrangemeénts may be used.

In any of these arrangements, it is desirable to set the
width of the receiv;ng area nét to exceed 1.5 m so that two or

more moving bodles can not occupy the area alongslde one



fromthe i nage data. The data received hy the receiving device is conpared
with data received by the interrogation unit, a receiving area is '
identified, and a noving body is identified. The novi ng body can therefore
be identified with a high degree of cer*ginty Recei ving antennas are
provided coarresponding to a plurality of receiving areas. The entry
p05|t|on of a noving body can therefore be determned with a high degree of
certalnty depending on the nature of the signals received by the antennas.
A plural it ¢nefthegcei Furghereadheasize odvdahed copmund qaddainizaneleiacexf
usi ng beamcontrol. A small nunber of antennas is therefore sufficient. The

recei vi ng &hea iaftex riogadii\ommmiayilde insS ther yehde lieo travweldali eictivn e ry
poi nt of a noving body than the comruni cation zone of the interrogation

uni t. The 3eeasthithiat Y110 RPPHEN RIS the) el QY & ddteer it.

comuni cation zone of interrogation unit.is -covered by the recelving area.

Hence, the receiny] ng QY E FAFHET Ig1d)E! YeoihiEl) GYTBH AHdL™ e which

cannot be covered by_the receiying areas "b" of the feceiving
antennas 21, 22, exist within the communication zone "a" of
the interrogation unit 10, the width of the.areas "e" being
set to be ﬁot more than 1.5 m.

Further, in any of the systems shown in Fig. 3(A), 3(B),
and 3(C), thé receiving area "b" of the receiving antennas
21. 22 is set to be wider than the_communication zone "a" of
the interroggtion unit 10 (before the vehicle enters tﬁe
communication zone "a").

Otherwise (that is, if fhe receiving area "b" is not set
to be wider), there is a possibility that the response unit
may be within the coﬁmunication zone, but it is still outside
the receiving area élb, 22b. In Such cése, the response
signal of fhe response unit is not received by the réceiving
antennas 21, 22, and thus the moving body cannot be located.

In general, the communication zones';a" and "b" of the
1n£erroga;ion unit 10 and receiving antennas 21, 22 depend on
changes §f antenna sensitivity due to temperature and voltage
vaflatioﬁs. and their magnitudes change accordingly.

Therefore, when the receiving areas are arranged to overlap as



between the response unit and interrogation unit even when the speed of the
noving body is very slowin the vicinity of the front edge of the

communi cation zone from which the noving body enters (e.g. when the noving
body Is trapped in a traffic 15 jam ,sand the position of the response
unit can therefore be identified. Furthg nore, according to the present
system havi ng the above device for Iocating a noving body, the. position of

the respopgepypi.t 3gan b%rprpq%erlaxsl)de%lfls%%lmernﬁxféﬂ G0 tURAULdWIdZ to
vehicles can be identified, and a preferred fee collection systemfor a

toll road b t gi r.di t thes ec 0 ﬁﬁ% opt r ol
such as sgégﬁfn%&?‘ an%glgm'?u%m cig'tiln%na St ﬁla%ng zfnctgo rm;tlj e&rrsgvﬁ]g
body is not gylred Furt hernore, -an unauthorlzed WDVqu mhlch i S not

carrying 5“?@§ BRed tadi condideansyisish &Ftﬁﬁﬂﬁf%ﬁQRﬁ%xﬁ en

gaps are left between receiving areas as in Fig. 3(C), the
setting is such that oVer;aps are not produced by changes in
the receiving areas.due to environmental conditions such as
temperature or voltage when they did not overlap ihitially}
| The imaging device 30, which functions as detectiﬁg
means, captures images of vehicles 51,_52 which have entered
. the communication zone "a", and it is provided with a CCD
(Charge Coupled Device) camera or tﬁe'like. The area set by
the imaging device 30 (imaging area "c") is such that all
vehiéles wifhin the communication zone "a" are captured 6n the
screen of the device. It is not necessary, however, to
accomplish this by using one iﬁagiﬁg.device, and it may be
achieved instead by a plurality of imaging devices.
The interrogation unit 10, receiving antennas 21, 22 and
. imaging device 30 in the fixed part of the system are
respectively connected to a controller 40 installed on the
road;
This controller 40 comprises lane signal ﬁroce;sbrs 401,
402,..., -40n (repreéented collectively hereihaftér as allané
signal processor 400) which process signals from devices in

the fixed parf of the system and control operations for each



BRI EF DESCRI PTI ON OF THE DRAWNGS Fig. 1 is a plan view of conponentf

el enents involved in one exanpl e when a communication zone is covered by
providing a plurality of receiving antennas respectively corresponding to
receiving areas. Fig. 2 is a lateral iMlOf t he conponent el enents

i nvol ved in, one exanple when a communi €4tion zone is covered by providing a
plurality of rece|V|ng ant ennas respectively corresponding to receiving
areas. Fig. s a descrlgtiVe viem/shomﬁngehOW/a conmuni cation zone is

cover ed ﬂ%ce&%ﬂn@nai€§§ro age comgrpddervipl ZhedngRoKiddRaties e is no
division in the travel direction and there is overlap of receiving areas.
Fig. 3(B)operatilessrbptiweenvithe dhoeisng The aocadwide dziviieeszdoer ieradover ed
by receiving areas of a receiving antenna when there is a division in the
trayel lane are connected to the lane signal processor 400.

_ fhe interrogation unit 10 is connected to an
interrogation unit controller 41, the imaging device 30 is
connected'to an'iﬁaging device controller 43, and the
receiving antennas 21, 22 are respectively connected to
correspondiﬁg_antenna controliérs 421, 422 on a receiving
antenna controller 42. The interrogation unit controller 41
is connected to the antenna controller 42, and the receiving
"antehnas 21, 22 are controlled so that they are in éynchronism

 with the iﬁterrogation unitllo.

The outpqts of the interrogation unit controller 41 and
antenna controliers 421, 422 are respectively fed tg a data
comparator 44. In this data comparator 44; data obtained by
thé interrogation unit controller 41 is compared with data
obtained by the antenna controilers 421, 422, and it is
determined wbether or not the data match.

The output of the daté comparator 44 is cénnected to an
image processor 45, and when the data obtained by the data
comparator .44 match. a matching signal 441 is supplied to the
image processor. According to this embodiment, a vehicle

detector 60 that detects the entry of a vehicle into the

communications area a is provldéd. a vehicle detector



direction and there is overlap of receiving areas. Fig. 3(C) is a
descriptive view showi ng how a comruni cati on zone is covered by receiving
areas of a receiving antenna when there is no division in the travel
direction and there is no overlap of recgjving areas. Fig. 4 is a schematic
view of a |l ane signal processor when a plurality of receiving antennas are
used. Fig. 5 is a schematic view of a systemwhen a plurality of receiving
antennas are used. Fig. 6(A) is a timng chart showing a comuni cation

ennasar 9. 6(A ing _ tion
R ¢ e L e A

protocol when there i.s active comruni cation tween an i nterrogation unit
and a respﬁhgﬁeuﬁWP.d?V89e§ Pgeacﬁpaﬁchgm/o?gﬁoﬁBBHgnPfePeﬁgﬁggaFn Sne

exanpl e when a beam control antenna, wherein the position of the receiving
area can beechanyeddbhycsher vehindet Hetectent gensnodies 4brecThgnSUtPIEM
I's provided to cover the : :

of the vehicle detector controller 46 is fed to the
interrogation unit controller 41; imaging device controller 43
and image processor 45, and is used as a control start timing
signal. As shown in.Fig. 2, a comparatively simple detector,
such as a device which detects the obstruction of light by an
object,.can be used as the vehicle detector 60. The vehicle
detector may also be an ultrasonic detector or a radio wave
detector.

When the vehicle detector 60 is not used, the
interroéation unit 10 alternately transmits a start-up signal
100 which is continuously transmitted even when no vehicle has
entered the communication ione ”é", and a CW 110 for receiving
a start-up response sigﬁal 130 from the response unit 50. The
receiving antenna controller 42, imaging device contrpller 43
and image procéssor 45 operate ;n.conjunction with each other.

The operation of the first embodiment will now be
described. Referring to Fig. 1, the caée.will be described
whefe a vehicle 51 carrying the response unit 50 enters the
commuﬁication area "a" of the interrogation unit, and has
entered the receiving area 21b of the receiving antenna 21.

The vehicle 51 is detected by the vehicle detector 60,



17 communi cation zone. Fig. 8 is a schematic view of a system when a beam
control receiving antenna is used. Fig. 9 is a descriptive diagram show ng
how a communi cation zone is covered by a receiving area of a receiving
antenna. Fig. 10, is a schematic view of_a | ane signal processor when a

beam control. receiving antenna is used. $ESCRI PTI ON OF THE PREFERRED
EMBODI MENTS Sone enbodi nents of this invention will now be described in

more defail with reference to the drawi ngs. Embodiment 1 First, an

embodi "edp M dh Hse FLELHADEHa s eRal NS bl¥paLi BY itheapphiiedet o a device
for identifying a vehicle traveling in a vehicle lane (travel lane) as a

oo E5pREETAef 4P, Ehfastopeibatund gpasemtan o he
41, imaging device controller 43 and image processor 45. The
interrogation unit 10 which has received the operation start
signal alternately transmits a start-up signal 100 to the
response unit 50 and a CW 110 for receiving a start-up
fesponse signal 130 from the response unit 50, as shown in
Fig. 6(A).

" The response unit 50 which has regeived the start-up
signal 100 modulates the CW 110 fadiated by the interrogation
unit 10 with its own data (identification code), and feflects
the signal back to the interrogation unit 10 as the start-up
response signal 130. The interrogation unit 10 which has
received the start-up responsé-signal 130 pas;es the received
signal to the interrogation unit controller 41 and demodulates
it, then transmits a command signal 120 followed by the CW 110
so as to exchange necessary data with the response unit ‘50.
Transmission is referred to as "downlink", and reception as
"uplink".

The start-up response signal 130 demodulated by the
interrogation unit controller 41 and a data signal 140 -are
output to the data comparator 44.

The receiving antenna 2i receives the start-up response

signél 130 and the data slgnal 140 both returned by the



that has entered the comunication zone "a" of an interrogation unit 10

di sposed in the fixed part of the system perfornms two-way data

communi cation. The interrogation unit 10 covers at |east one lane in the
direction of the lane wi dth, and is:u)c23|gned that it has a comuni cation
zone "a" (shown by a solid line in the gures) 18 of such a size that
two or nore vehicles can not enter it sinultaneously in the travel

direction of the Iane. Recei ving antennas 21, 22 are so designed that they

have a naresponseeiunity Sr.ecand "dgthodenticalbrivkethe idata rdemedylgteds) of
such a size that two or nore vehicles can not enter it simultaneously in

the wi dthpgi rdnd ioteafrddiet i ginaun { hecotFonl at4 DN g ddemddildeed gbgovkeed
by a conbi nati on of these receiving areas "b". In this enbodi nent, the

communi calrybrfieoftr 11410 11 5F T E e LWl e J&tén&@veaﬁeirbmpeu
receivi ng area the two recelvi ng ant ennas

The antenna controller 42 supplies an antenna code"421f and
the demodulated data signal to the data comparator 44. The
data comparator 44 compares the data signal transmitted by the
antenna controller 421 with a data signal transmitted by
interrogation unit controller 41. Both data signal contain at
1east information required to collect the toll fee, for
example the IQ codé for identifying'the Vehicle;.the vehicle
size which is required to determine the fee, and information
about the payer of the toll fee which is also required. In
this embodiment, it is recognized that the response unit is
within the communication zone when not all of the both data,
but a part of both data. This information is temporarily
stored in a memory, not shown, and transmitted to a CPU at a
suitable timing. The fee is collected by an appropriate
method such as bank debit_or deduction from a prepaid tariff.

The data qomparator 44 then transmits the matching signal
441 comprising the matching antenna code 421f to the image
processor 45.

The imaging device 30 is'controlled by the image device

controller 43, and when an operation start signal is supplied

by the vehlcle detector controller 46, It photographs an



22. The receiving areas "b" may be conbined according to any one of three
arrangenents, i.e. the communication zone "a" may be covered by dividing
the receiving area into a plurality of areas in the width direction which
are respectively arranged so as to overlggathe receiving areas "b" as in
Fig. 3(A), er the conmmunication zone " y be covered by further dividing
it inthe travel direction as in Fig. 3(B), or it may be covered by
arranging that the plurality of receiving areas do not overlap |eaving gaps

bet ween t hamagiy pégibrse. ar TREJPNOBOgrapieleinagd. dhbaany sénthese the
arrangenents, it is desirable to set the width of the receiving area not to

exceed 1.5 4p &0 ﬁP@éeE&GEOKSWES fRyY! i‘ﬂﬁEde@ﬁE?ncBHErB‘i‘iBPyﬂshe #hen

al ongsi de one 19 anot Furt her, € size of the communication zone

"a” of the ) nLer g9gt [ g 4Lt s10chlc! BEs"Ehkak al AYCL U P Ehi QN 1S

recorded in the image data. 1In the image processor 45, the
receiving areas 21b, 22b of the recei?ing antennas 21, 22 are
superposed on the image data for marking. When'the matching
signal 441 is input by the data comparator 44, the receiving
area 21b cofresponding to the antenna code 421f contained in
the matching signal 441 is marked out.

If communications data is received by the’receiving
antenna 21, this means that the vehicle 51 carrying the
response unit 50 should have at least been photographed in the
receiving area 21b. The vehicle 51 photographed in the marked
receiving area 21b is therefore also marked, and identified as
a vehicle with which communication was established.

This processing is performed by the image processor 45.
Identification of vehicles by the image processor 45.can also
be performed by relatively simple image processing such as the
detection of moving bodies of a predetermined size.

When the response unit 50 is in an overlapping area "d"
of the receiving areas 21b, 22b, data can be received by both
the receiving antennas 21, 22 . The matching signal 441
output by the data comparator 44 therefore comprises both

antenna codes 421f, 422f. In thls case, the overlapping area



set so thhat there is no roomfor two vehicles to enter it. In the case of
Fig. 3(C), conmmunication zones "e" which cannot be covered by .the receiving
areas "b" of the receiving antennas 21, 22, exist within the comrunication
zone "a" of the interrogation unit 10; 2 wi dt h.of the areas "e" being set
to be not nore than 1.5 m Further, in a § of the systens shown in Fig.
3(A), 3(B). and 3(C, the receiving area "b" of the receiving antennas 21,

22 15 sel tg«Deekflgl bhanviig SOTIUNLIRLT 9B 1 maRice Wi MLV AEANT N

unit 10 (before the ve ers he comriini ¢cation zo

(that is, ge recei r b" is not _set to b ea%ﬁﬁ m

p035| bi i t%itﬂ PtPﬁgan@B e%ﬁﬁl Brivdy 1l§ea\;msf’hfrﬁrtkﬁ§ etk g&t?dzcﬂ% a

but it is still outside the receiving area 21b, 22b. In such case, the

response sFemmundcatpagr ¥epded€-unit is not received by the receiving

antennas 21, 22, and thus the nDV|ng body cannot be | ocated. In general,

the communi cat | $henorche Tespande’ lwhicf S50hentrerer reo ganimm iwattick) zomke "e”

recei ving antennas 21, 22 depend on changes of antenna sensitivity due to

t enper at ur ghaieth M@ A€ covered by the receiving areas 21b, 22b arranged
as shown in Fig. 3(C), communication with the interrogation
unit 10 can still be established, but data cannot be received
by the receiving antennas 21, 22. Data from the receiving
antenna controller 42 and the antenna code "f" are therefore
not input to the data comparator 44, but only data received
from the interrogation unit controller 41 is input. The
output of the data controller 44 then qomprises a signal
corresponding to the communication zone "é" instead of the
antenna code "f" as the matching signal 441.

Hence, when the response unit 50 is within'the
. communication zone "e" of the interrogation unit 10 in the

case of the arrangement of Fig. 3(C), it is not covered by the
receiving areas 21b, 22b of the receiving antennas 21, 22.
From the fact that communication with the interrogation unit
10 has been established, however, it is certain that the
response unit 50 is inside the communication zone "e". The
communication zone "e" is set so that'it occurs at only one

location in one vehicle lane, and the width of the zone is set

to be no greater than 1.5 m so that a plurality of vehicles



variations, and their nmagnitudes change accordingly. Therefore, when fhe
receiving areas are arranged to overlap as 20 in Fig. 3(A, or Fig.
3(B), the setting nmust not allow gaps to-occur even if the receiving areas
change due to variations in environmental, conditions such as tenperature or
vol tage. When gaps are left between receiving areas as'in Fig. 3(C, the
setting is such that overlaps are not produced by changes in the receiving
areas due to environnmental conditions such as tenperature or voltage when

they did pgahnoterdrer it isAinul taloudIBOl NCrHe W egpaitse Wi th seneanons as
"~ detecting neans, captures inmages of vehicles 51, 52 which have entered the

cevice) cHHERAIR B QLAALIE, LU B EER AP PO P Mg

_ e area set e Imaging device 30 (1 maging
oo %) el B, B 8 o RISy BTSRRI AROSy Bond ©
"e" which is not covered by the receiving areas 21b, 22b.

As shown by Fig. 1, when an unauthorized vehicle 52 not
carrying a response unit enters the area, the iﬁterrogation
unit 10 and reqeiving,antennas 21, 22 cannot receive the
start-up reéponse signal 130.and data signal 140 from the
responsé unit 50. The data processor 45 therefore_ddes not
obtain the matching signal 441, and the receiving area is not
marked on the screen data. The unauthorized vehicle 52
therefore passes ﬁhrough the imaging area c without being
marked, aﬁd is identified as an unauthorized vehiéle which
remains ﬁnmarked on.the photographic image. -

When the two vehicles 51, 52 that have entered éne
communicatién zone both carry response units, separate antenna
codes are recognized due to signals from the two receiving
antennas 21, 22, and both vehicles ére marked.

Hence, even wﬁen the vehicle 51 carrying an ordinary
response unit 50 and an unauthorized vehicle 52 which does not
carry a response unit are simultaneously present in the

communication zone "a" of the interrogation unit 10, they can

be correctly identified as a communicating vehicle and an

unauthorlzed vehicle.



acconplish this by using one inmaging device, and it may be achi eved i rist ead
by a plurality of inmaging devices. The interrogation unit 10, receiving
antennas 21, 22 and inmaging device 30 in the fixed part of the systemare
fespectively connected to a controller 4Qiinstalled on the road. This
controller 40 conprises |ane signal procegsors 401, 402,...,40n
(represented collectively hereinafter as a | ane signal processor- 400) which
process signals fromdevices in the fixed part of the system and control
oper at i ons Emboddant 2 21 | ane, and an inter-lane controller 410 that

coordi nates operations between the | anes. The roadsi de devices for each

| ane are connectykt 0 4 Nfediif EMESImeHOCEESEHi1<0lhvdieiontwiIDgRéi on uni t

10 is connected to an interrogation unit controller 41, the inmaging device

30 is Conne(icésecdrfboe@.n impcgirgfvégetﬁfgtéﬂzgffmé@c, aﬂgetﬂfurality of
receiving antennas 21, 22 of Embodiment 1 are replaced by one
beam control receiving antenna 20 wherein the orientation of
the beam is electronically coﬂtrdlled. as shown in Fig. 7 and
Fig. 8.

As shown in Fig.'9, the communication zone "a" of the
interrogation unit 10 is covered by the-narrow receiving area
20b of the beam control receiving antenna 20 so as to leave no
gaps. In this case the receiving anfenna controller 42, in
addition to the data signal processor 423 which demodulates
the start-up response signal 130 and data signal 140 returned
frqm the response unit 50, comprises a beam controller 424
.that controls the antenna beam direction of the beam control
receiﬁing antenna 20, and controls the position of the
réceiving area 20b, as shown in Fig. 10.

The data signal processor 423 is interconnected with the
beam controller 424, both these units being connected to the
beam control receiving antenna 20.. The output of the data
signal processér 423 is also connected to the data comparatoy
44, The remaining features of the construétion are identical

to those of Embodimént 1.

The operation of Embodiment 2 will n6w be described,



recei ving antennas 21, 22 are respectively connected to corresponding’
antenna controllers 421, 422 on a receiving antenna controller 42. The
interrogation unit controller 41 is connected to the antenna controller 42,
and the receiving antennas 21, 22 are controlled so that they are in
synchronismwith the interrogation unit 49. The outputs of the
interrogation unit controller 41 and antenna controllers 421, 422 are

respectively fed, to a data co rator, 44. In this, data arator .44, data
obt ai ned HROFHESIRE A2 LBLY | sn"EﬁPﬁecsﬁ?FBrﬁérWEichsaESnémafﬁf‘?hfagkﬂa

obtai ned by the antenna controllers 421, 422, and it i s determ ned whet her
or not theéEmkodimenthl. Th¥hent he vehindedhlacnéapsr &bgr coRMUBicgtdofk ed to
an i mage processor 45, and when the data obtai ned by the data conparator 44
mat ch, a nedeéi Ng"sbgnsheddhitesrogpplioadundtt ho,i tagd spdetesded. bic ddredi ng
to this enbodinent, a vehicle detector 60 that detects the entry of a
vehicle i nggnibeeCABRURILER 6ONS aRHCENR WarRbUY PaetsA ofelhe @onairedller

40 are then activated. While the interrogation unit 10 is

transmitting the CW 110, the orientation of the beam of the

beam control reéeiving antenna 26 is changed in steps based 6n

the control signal from the beam controller 424 of the

receiving antenna controller 42. For example, in order that

the receiving érea 20b to move in steps so as to cover the

communication zone "a" without leaving ény gaps, the beém is

scanned.in the order (i) - (ii) - (iii) - (iv) - (v) - (vi) -

(vii).as shown in Fig. 9. When the receiving afea 20b is

‘controlled to a position which includes ?he response unit 50,

the beam control receiving antenna 20 receives the start-up

response signal 130 and déta signai 140 returned by the

response unit 50.

The data signal processor 423 demodulates the start-up
response siénal 130 and data signal 140. A beam position
signal "g" obtéined from the beam control signal is then input
from the beam controller 424 to the data signal processor 423,
and this is output together with the demodulated received

signal to the data comparator 44.

The data comparator 44 compares the two data lnput from



22 controller 46 is built into the | ane signal processor 400, and these two
devi ces are connected. The entry of a vehicle is recognized by the vehicle
detector controller 46. The output of the vehicle detector controller 46 is
fed to the interrogation unit controller @1, I magi ng device controller 43
and image processor 45, and is used as a3ntrol start timng signal. As
shown in Fig. 2, a conparatively sinple detector, such as a device which

det ect s 't lsheolisttierrioigart i ungHt dontawldisrect], agh treeisen&ARIRNRZI ¢l e
detector 60. The vehicle detector nay al so be an ultrasonic detector or a

radi 0 waveo@tireai@r 4femddeanahiddta dat ecd dredid is proddetsarnindd
interrogation unit 10 alternately transmts a start-up signal 100 which is

cont i nuouslo Jiaarti it et SHAHYIEN el A4 dKiip 1% B @0 diep &N cat i on

zone "a", "an _ for receiving a start-up response signal 130 from

S BT e TR R TR B I R

other. The imaging device 30 is controlled by the imaging device
controller 43, and photographs the 1magng area "c" on an
operation start-up signal. The resulting image data is
transmitted to the image processor 45 via the imaging device
controller 43. When a fehicle 51 has entered the area, the
vehicle 51 which has been phofographed on a marked receiving
area 20b is also marked, and the vehicle is identified as a
vehicle with which communication was established.

When a response unit 50 is present in an overlapping area
"d" of adjacent receiving areas 20b of the beam receiving
antenna, data can be received in both beam pogitions. The
matching signal 441 output by the data comparator 44’therefore
comprises a plurality of'signals "g" corresponding to adjacent
beam positions. In this case, the image processor 45 marks
the overlapping area "d" of the adjacent receiving areas 20b,
the vehicle 51 which has been photographed is also mafked on
this area, and the vehicle is identified as an authorized
vehicle.
In the case of én unauthorized vehicle 52 which is not

carrylng a response unit, the interrogation unit 10 and beam



The operation of the first enbodinent will now be described. Referring to
Fig. 1, the case wll be described where a vehicle 51 carrying the response
unit 50 enters the comruni cation area "a" of the interrogation unit, and
has entered the receiving area 21b of thglreceiving antenna 21. The vehicle
51 is detected by the vehicle detector 60; 23 and an operation start
signal is output by the vehicle detector controller 46 to the interrogation

t t j ' d troll
The i ntoncanoflant SRy "o S’#ﬁégcféséfvsﬁhe o ERErLiP O eBpaRERS R ehR1
alternatel tra ts a start - u gnal 100 to the response unit 50 and a
CW 110 for Rin% a stgpel b egﬁ%s‘éhglgﬁaponge Pflé‘mﬁe thepdmageuni t

50, as shomm in Fig. 6(A). The response unit 50 which has received the
start-up SrPeesdon 4ddohnnet ohtalny thié madching byghht H“Atleandgahieon

receiving area is not marked on the image data. The
unauthorized vehicle 52 therefore passes through the imaging
area fc" without being marked, i e. it is identified as an
unauthorized vehicle which remains on the photographic image
without being marked.
Hence, eveh when the vehicle 51 carrying an ordinary
response unit 50 and an unauthorized vehicle 52 which does not
. carry a response unit are simultaneously present in the
communicatioh zone "a" of the interrogatipn unit 10, they can

be correctly identified as a communicating vehicle and an

unauthorized vehicle.

Otﬁer Embodiments

The aforesaid Embodiment 1 and Embodiment 2 were
described assuming a passive moviug body identifying device
using a sigual emanating from the interrogation unit for data
communications with the response unit. In ths case of an
active system where the response unit is itself capable of
_emanating a signal as shown in Fig. 6(B), it is no longer
'necessary.to transmit the CW 110 whlcﬁ was transmitted by the

Interrogation unit In order to receive response data from the



unit 10 with its own data (identification code), and reflects the signal
back to the interrogation unit 10 as the start-up response signal 130. The
interrogation unit 10 which has received the start-up response signal 130
passes the received signal to the interr tion unit controller 41 and
denodul ates~it, then transmts a command signal 120 fol |l owed by the CW110
so as tQ exchange necessary data wth the response unit 50. Transm ssion is
referred to asesponsei wiit. a e { Oy 8S 4 & L oK rt-Hp ponse
signal 130 denodul ated by thgﬁ?%tg??%ga??oﬁeﬁﬁﬁéégo%%%%%?eisglagﬁddé% at a
signal 140 ar u 0 e nparator.44. . The ceiving antenna 21
recei ves the %%%ﬁ%?u%4ée%%€ngg€é?5§§? ﬁﬁ%ﬁgﬂﬁtFﬁg g%téﬁ%iﬁﬁﬁPgﬂﬁﬁ BB
returned by the 24 response unit 50, and data identical to the data
denodul at ed by*3IHEE i e eﬂ’gg rerresptiennundtt er This; showuewen) adegsbpothe

effect in any way the construction, operation or advantages

offered by this invention.



antenna control l er 421 of the receiving antenna control | er
control l er 42 suppH-es—an antéenna code 421f and the denpdulla ;
to the data conparat or. 4%{ c@d conpar ator 44 conpares the data signa

iR
transmtted by theT Eﬁg& | er 4§§tWith a data signal transmtted by
I nterrogation unit c ‘&m[“ﬁ Bot h a signal centatn-at—teast—

I nformation required

e toll fee, for exa f or
i dentifying the vehicle, the vehicle size whichis re ﬁ ‘ ﬁm Eﬂre
the fee, and information about the payer of the toll f

required. In this enbodinent, it is recognized that the response unit is
wi t hi n t he WBARuASc SLASNEDPoAS \when not all of the both data, but a part of
both data. This information is tenporarily stored in a nenory, not shown,
and transmitt edAt dexiCeUfar doatiialy & tmaviimg bOdy fheering eoltespatsdy an
appropriate nethod such as bank debit or deduction froma prepaid tariff.

The data copRaakanddevien doMpyliding:he matching signal 441 conprising
t he mat chi ng antenna code 421f to the 1 mage processor 45. The imagi ng

device 30 is COQ&TQH&%%#&&&H%%A'HH%%‘%%G%H% a predetermined
communicétion zone, sald interrogation.unit transmitting a
radio signal to said communication zone where a moving bod&
having a response unit for receiving said radio signal passes;
. a receiving device héving a plurality of receiving areas

at least in the width direction of a travel path of said

moving body so as to cover said. communication zone, said

device being capable of receiving distinguishably each signal

from said plurality of receiving areés; and

a processor for determining the position of said moving
body in said communication zone based on a reception result of

said receiving device.

2. A device as identified-in claim 1, further comprising

a detécting device that detects said moving body when it
enters said communication zone, thereby locating a plurality
of said moving bodies in said communication éone pased on a
deteétioﬁ result of said receiving device, and or recognizing
the ekisﬁence of an unauthorized moving body without a proper

response unit based on the detection result thereof and based



control l er 43, and when an operation start signal is—supptied by the

vehi cl e detector controller 46, it photographs an | ' apn C.
The phot ographed i mage data is sent to the inmge pro}ﬁgmmwmwmﬁ I mage
device controller 43. Wien there is a vephjcle 51 that +shas enterec the area,
this is recorded in the image data. Int | mage processor 45, the

recei ving areas 21b, 22b of the receiving antennas 21, 22 are superposed on

t he inaﬁe(HﬂEhéﬂ%xﬂ@tkﬁ@@-ofmﬁﬁetP@c@ﬁ%fbﬁn9e§h9@abf4§lihsrEEQ@ViB& t he
data conparator 44, the receiving area 21b corresponding to the antéenna

code 421f cpndpiged in the matching signal 441 is marked out. |f

communi cations data is received by the receiving antenna 21, this neans
that the vehicle .51 carrying the response unit 50 should have at |east been
phot ographed in the receiving area 21b. The vehicle 51 photographed in the

mar ked receiving area 21b is therefore also marked, and identified as
3. A device as defined in claim 1 wherein

said interrogation uqit_further comprises device for
pecei#ing a radio siénal from said moving body, and

said processor determines of.said moving body based on
both the reception reéult of said receiving device and a

communication result in said interrogation unit.

4. A device as defined in claim 2 wherein

said interrogation unit further comprises device for
recelving a radio signal from said moving body, and

said processor determines of said moving body.based on
both the reception result of said receiving device and a

.communication result in said interrogation unit.

5. A device as defined in claim 4 wherein

said detecting unit is an imaging device that photograpﬁs
said moving body, énd |

said processor comprises a comparator circuit that
compares receiving data of said receiving device and receiving
data of said interrogation unit' in order to locate a receiving

area where sald response unit exists, and an image processing



a vehicle with which comunication was established. This processing i’s
performed by the inmage processor 45. Identification of vehicles by the

i mage processor 45 can al so be perfornmed by relatively sinple inmge
processi ng such as the detection of noving bodies of a predeterm ned size.
When the response unit 50 is in an overl<apping area "d" of the receiving
areas 21b, 22b, data can be received by both the receiving antennas 21, 22
. The matching signal 441 output by the data conparator 44 therefore -
conpri ses Gbrhudht that determines, wherher| ort ho$ sadd, moNdngydodypdisng area
26 "d" of the receiving areas 21b, 22b is marked, and the vehicle 51

phot ogr aphedrirftihBecaapeapetr @lesponsekatiandasddnbnfl hedighad owtpwt Gt i ng
vehicle. Wien the response unit 50 enters a conmunication zone "e" which is

not cover egd, Dy EBﬁp%?S%b%‘%&d@%%@%m%%Q s%%Haif?%B&eéaﬁa 31 nigh ddvi:ce3( O
communi catl on mnt the interrogation
6. A device as defined 1n_c1aim 5 wherein
said interrogation unit transmits a CW signal, and said
interrogation unit and receiving device receive a modulated

wave of a CW signal reflected by said response unit.

7. A device as defined in claims 1 to 4 wherein:
said receiving device comprises a plurality of receiving
devices respectively corresponding to said plurality of

receiving areas.

8. A device as_defined in claims 1 to 4 wherein
said receiving device comprises a beam control antenna
that receives a signal from each receiving area by controlling

the orientation of a directional beam.

9. A device as defined in claims 1 to 7 wherein:
said receiving area of said receiving device is set to be
wider than said communication zone on a side thereof from

which said moving body enters said zone.
' > I
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: : - _!‘TISSHEEFHASBEEN
unit 10 can still be established, but data cannot be receijved bgegphACED
recei vi ng antenﬂ@§g@&;hggmﬂ h&mfronrthe recei ving antenn

and the antenna erefore not input to the data conparator 44,
but only data rei |nterr gation unit controller 41 is input.
The out put, of th er 44 t n conprises .a signal corresponding
to the comruni cation zone "e" instead of the antenna code "f" as the

natchrng sijgnal 0, i t t he
comuni catr% zéﬁisk"' " ofct?af%wr% rrogce%sr on un@% Oﬁs eﬂ(l:agée of the

' arrangenen f Fi C I s not. cavered he recer n eas 21b, 22b
of the recdl %ﬁ'ﬂ:é] %\% é'i r». v‘ﬁ?jo & h%rav%{{qgla?n nﬁg%%‘ﬁr A with the
i nterrogation unrt 10 has been established, however, it is certain that the

response UMATEOING 3 iy erde bermingAnne RN uhe, "eaid WevEeemuni cat i on
zone "e" is set so that it occurs at only one location in one vehicle |ane,

and the w dtampfisimgzone is set to be no greater than 1.5 mso that a
pIuraIrty of vehicles

an interrogation unit having a predetermined
communication zone, said interrogation unit transmitting a
radio signal to said communication zone where having a
response unit for receiving said radio signal passes;

a receiving device having a plurality of areas at least
in the width direction of said road so as to eover said
communication zone, said device being capable of receiving
distinguishably each signal from said plurality of receiving
afeas; and

a processor that for determining the position ef saild

vehicle is carrying the response unit based on the reception

result of said receiving device.

11. A system as defined in claim 10, wherein said device

further comprises

a detecting device that detects said vehicle when it

enters said communication zone.

12. A system as defined in claim 11 for

a fee collection system for a toll road, comprising sald

* c L M s *




27 cannot. enter it sinultaneously. The response unit 50 can therefore“be
identified on the i nage phot ographed by the image device 30 as belonging to
a vehicle in the comunicatjon zone "e" which is not covered by the
receiving areas 21b, 22b. As shown by Fi 1, when an unauthorized vehicle
52 not carrying a response unit enters the area, the interrogation unit 10
and receiving antennas 21, 22 cannot receive the start-up response signal
130 and data signal 140 fromt.he response unit 50. The data processor 45

t her ef or e iddes mea tdemiunitthe sedtd hieng isiigeldermiice armp itheP eSO N @RI ea
is not marked on the screen data. The unauthorized vehicle 52 therefore
passes thigaueh ddtedtBE "Ewircs, wheridnutini mg tiesrkethowndsasd i vetnt ¢feed
as an unaut hori zed vehi cl e which remai ns unmarked on the phot ographic

| mage. Wqn (G 40 &/ SFULC! &5 1t i 1) Hed s &I G Cth O e SOFELEN CAESRTE
zone both carry response units, separate antenna codes are recogni zed due

to signal%'fron1pﬂf t WO receiviP@ antennas 21, 22, and both vehicles are
nar ked rom salid response unit. ;

M



Hence, even when the vehicle 51 carrying an-ordinary response unit 50" and
an unaut hori zed vehicle 52 which does not carry a response unit are

si mul t aneously present .in the communi cation zone "a" of the interrogation
unit 10, they can be correctly identified as a comunicating vehicle and an
unaut hori zed vehi cl e. 28 Enbodi ment 28Next, a second enbodi ment of this
inventiqn w || BEVIEBCFOReDOCARINGJA oV enENBSpeLOdi nent, the plurality of
recei vi ng ant endadVING, A2RESPORSROgNEPNt 1 are repl aced by one beam control
recei ving antenna 20 wherein the orie ﬁ§@k8§$0f the beamis electronically
controlled, as shown in Fig. 7 and Fig. ; shown in Fig. 9, the

arow T cei vi ) SFELCSORob LPFRtLRENRBAYFBE PRdE IRAYUAREENa 20 So as to

| eave no an 1nterrqgation unit (10) for communicating with a
response unit (50) mounted on a vehicle (51) present in a lane
of a communication zone "a"; receiving antennas (21, 22)
having receiving areas "21b, 22b" divided in the width
dir?étion of the 1ane;‘ and a processor.(40) for determining
the position of the vehicle in the communication zone based on.
a reception reéult from the recgiving antennas. The device
may aléo include a détécting device such as an imaging device
(30) ha%ing'an imaging area "c¢" of a size equal to the'lane;
This makes it posSible,fo recognize an unauthorized vehicle
(52) not having a resgopse unit and thus passing through the
imaging area "c¢" without a radio signal to be received by the

receiving antennas (21, 22).

Fig. 1



gaps. In this case the receiving antenna controller 42, in addition to the
data 'si gnal processor 423 which denodul ates the start-up response signal
130: and data signal 140 returned fromthe response unit 50, conprises a
beamcontrol |l er 424 that controls the antenna beam direction of the beam
control' receiving antenna 20, and contral/g. the position of the receiving
area 20b, as shown in Fig. 10. The data signal processor 423 is '

i nterconnected with the beam controller 424, both these units being
connected to the beam control receiving antenna 20. The output of the data
signal processor. 423 is also connected to the data conparator 44. The
remai ni ng features of tthe construction are identigal to those of Enbodi nent
1. The operation of Emfjpodiment 2 will now be descrii bed, 29 focussing

mai nly on those featurgs which are different from|Enbodi nent 1. \Wen the
vehicle 51-enters the dommuni caipon

[
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zone "a" of the interrogation unit 10, it is detected by the vehicle
detector 60, and the various parts of the controller 40 are then activated.
While the interrogation unit. 10 is transmtting the CW 110, the orientation
of the beam of the beam control receiving antenna 20 is changed in steps
based on the control signal fromthe beagygontroller 424 of the receiving
antenna controller 42. For exanple, in order that the receiving area 20b to
nmove in’'steps so as to cover the communication zone "a" w thout |eaving any
gaps, the beamis scanned in the order (i) - (ii) - (iii) - (iv) - (v) -
(vi) (vii) as shown in Fig. 9. Wien the receiving area 20b is controlled to
a position which includes the response unit 50, the beam control receiving
antenna .20 receives the start-up response signal 130 ang data signal 140 )
returned by the response unit 50. The data signal proc=§>or 423- denodul at es
the start-up response signal 130 and datasignal 140. A\peam position

signal "g" obtained fromthe beamcontrol signal is thd®input fromthe
beam controller 424 to the data signal processor 423, AN this is out put
~together with the denodul ated received '




signal to the data conparator 44. The data .conparator 44 conpares the two
data input from 30 the interrogation unit controller 41 and receiving
antenna controller 42, and when data of at |east a predeterm ned | ength

mat ch, a matching signal 441 conprising the beam position signal "g" is
transmtted,to the i mage processor 45. TB¢i nagi ng device 30 is controlled .
by the inmagi ng device controller 43, and photographs the inmaging area "c"
on an operation start-up signal. The resulting inmage data is transnitted to
-the image processor 45 via thed magi ng device controller 43. Wen a vehicle
51 has entered the area, the vghicle 51 which has begn photographed on a

mar ked receiving area 20b is gl so p@rked, and thel veRicl e %F i dentified as

a vehicle with which con was est abl i shell. MEa [ esponse unit 50
I's present iffQ BT X iﬂf adj atePIACeeN Oy ! of
t he beam recerving ' 9 TRAVEL . ; o \'bTRAVEL
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antenna, data can be received in both beam positions. The matchi ng signal
441 output by the data conparator 44 therefore conprises a plurality of
signals "g" corresponding to adjacent beam positions. In this case, the

| mage processor 45 marks the overlapping area "d". of the adjacent receiving
areas 20b, the vehicle 51 which has beenphot ographed is al so marked on
this area, and the vehicle is identified as an:-authorized vehicle. In the
case of ‘an unaut horized vehicle 52 which is not carrying a response unit,
the interrogation unit 10 and beam 31 control -antenna 20 cannot receive
the start-up response signal 130 and data signal 140 fromthe response.
unit, so the inmage processor 45 cannot obtain the matching signal 441 and
the receiving area i s not marked on the i mage data. The unauthori zed

vehicle 52 thereforg _passes rouagh _the inmaging area "cg ~ being
marked, i.e. it iEii&?qLifi T ¢
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unaut hori zed vehicle which remai ns on the photographic i mage w t hout being
mar ked. Hence, even when the vehicle 51 carrying an ordinary response unit
50 and an unaut hori zed vehicle 52 which does not carry a response unit are
simul taneously present in the communication zone "a" of the interrogation
unit 10, thgy can be correctly .identifiedsm@s a communicating vehicle and an
unaut hori zed vehicl'e. O her Enbodi-nents The aforesaid Enbodi nent 1 and
Enbodi nent 2 were described assuning a passive noving body -identifying
device using a signal emanating fromthe interrogation unit for data
conmmuni catiions with the response unit. In the case of an active system
where the response unit is itself capable of emanating a signal as shown in
Fig. 6(B), it is no longer necessary to transmt the CW 110 which was
transmitted by the interrogation unit in order to receive response data
fromthe

~21
| RECEIVING
| ANTENNA1 |
20 _ . 22 \
CONTROLLER | RECEIVING
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32 response unit. The start-up response signal 130 and data signal 140 are
therefore transmtted by the response unit itself to the interrogation
unit. This, however, does not effect in any way the construction, operation
or advantages offered by this invention. 33 WHAT IS CLAIMED | S: 1. A
device for l,ocating a noving body havi n939 9! €sponse unit, and an

i nt errogat ion unit having a predeterm ned”Communi cation zone, said

mterrogatlon unit transmtti ng a radi o S|gnal to sai d communi cation zone

where a noving body having_a response unit for receivi g-ea-a-dT adi o si gnal
passes, wherein the ilnprovéngni co!w’prl ses : a receivi n? jdi cef having a
plurality of receivig @&reas é |l epst in the width dirdcli®|gn of a travel
path of said noving od= sq 4£5te Fover said conmuni catfi )rmz& P, . sai d
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~devi ce being capabl e of receiving distinguishably each Signal fromsaid

plurality of

recei ving areas; and a processor for determning th

€ position

of said noving body "in said comunication zone based on a reception result

of said receiving device. 2.

A device as identified in claiml1l

. further

conprising g detecting devi ce that detec¥m said noving body when it enters

said communi-cati on zone,

thereby locating a plurality of said noving bodies

in said tommuni cation zone based on a detection result of said receiving
and or recognizing the existence of an unauthorized novi ng body

devi ce,
w t hout
based

devi ce.
further

a proper .
34. on nonexi stence of the reception result of said receiving
3.
conpri ses

response unit based on the detection result the

A device as defined in claim1 wherein said interro
device for
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receiving a radio signal from'said noving body, and said processor

det erm nes of said noving body based on both the reception result of said
recei ving device and a comuni cation result in said interrogation unit. 4.
A device as defined in claim2 wherein said interrogation unit further
conprises dgvice for receiving a rad|C)sBA9naI from sai d noving body, and
sai d processor determ nes of sag@ noving body based on both the receptlon

result of sai d a conmuni cation_result in said
i nt.errogati on uniCONTROLIER celas defi ned in cl 20 4 wherein said

detecting uni} is an inmagi ng devi ge that o= gaikd novi ng body, and
sai'd processof conp t o+—e+H 4‘ PHCRCAE |-a es receiving data
of said receiping dE ;EEEFIV ng da W) At eqrogation unit in
order to |ocafe ar gm% fher e sai d respopsqunl exi sts, and an
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35 circuit that determ nes whether or not said noving body is carrying a
proper response unit based on a signal output by said conparator and an _
i'mage signal from said inaging device. 6. A device as defined in claim5b-
wherein said interrogation unit transmts a CWsignal, and said
interrogatiQn unit and receiving device oggeive a nodul ated wave of a CW
signal reflected by said response unit. 7. A device as defined in clains
1 to 4 wherein: said recei ving device conprises a-plurality of receiving
devi ces respectively corresponding to said plurality of receiving areas. 8.
A device as defined in clains 1 to 4 wherein said receiving device

conpri ses a beam control antenna that receives a signal fromeach receiving
area by controlling the orientation of a directional bgam 9. A devi ce as

defined in clains 1 to 7 t:g?ﬂ?'said receiving a ecei vi ng
device is set to be w der ¥ E@Egauj conmmuni cati on zoFe Q le t hereof-
from whi ch said noving body\gg__gg ' ) ' _
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36 10. A system having a device installed on a road for det|eREPhAGEMENESHEET |

a vehicle traveling on said road is carrying a predeterningf respPBSGEgmmﬂ
and an interrogation unit having a predeterm ned conmmuni cat

teZome;---said
interrogation unit transmtting a radiggsignal to said commumrcatron zone

where having a response unit for receiving said radio signal passes

wherein the inprovenent conprises : a receiving device having a plurality
of areas at least in the width direction of said ro

comuni cation zone, said device being capable of - aﬂ“mm “mlmmm\sﬁ:io?y
each S|gnﬁﬁA%r

g redity of receiving areas and ‘a protessor” t hat
for determning tﬁg posF‘tJ fé

i'on of said vehicle is carrying the response unit
based on the receQ't on esu said receivi

ice ocaLi a mov ng'%%é%ﬂﬁé§ing a response

unit, and an interrogation unit having a predetermined
communication zone, said interrogation unit transmitting a
radio signal to said communication zone where a moving body

having a response unit for receiving said radio signal passes.,

wherein the improvement gomprises-

a receiving device having a plurality of receiving areas
at least in the width direction of a travel path of said
moving body so as to cover said- communication zone, said

device being capable of feceiving distinguishably each signal

from said plurality of recelving areas; and

a processor for determining the position of said moving

body_in said cbmmunication zone based on a reception result of’

said receiving device.

2. A device as identified in claim 1. fufther comprising

a detecting device that detects said moving body when it

enters said communication zone, thereby locating a plurality

of saild moving bodies in said communication zone based on a
detection result of said receiving device, and or recognizing
the existence of an unauthorized moving body without a proper

response unit based on the detection result thereof and based



|

11. A syste _defined-in-claim10, wherein said device f(jr RRRYA NT SHEET

a. det ecti ng, deyi cts said vehicle when it entersl said2b FEB 1997

conmuni cat |iﬂ iumiu mﬁﬂllﬁﬁmﬁ emas defined in claimi1l forf| Hafge ——
N dst Ol road, co¥rising said

col l ection 37 intéerrogation
unit, said receiving device, said processor and said detecting device,
wher eby i nformation about said vehicle is obtained for collecting a fee
based on 1®e r8c&ysiten haying fa slavwigel inspmhieduonta road for

determining whether a vehicle traveling on said road is
carrying a predetermined response unit and an

interrogation unit having a predetermined communication

zone, said interrogation unit transmitting a radio signal

to said communication zone where having a response unit
for receiving said radio signal passes, wherein the

improvement comprises :

a receiving device having a plurality of afeas at least
in the width direction of said road so as to cover said
communication zone, said device being capable of receiving
distinguishably each signal from said piurality of receiving
areas; and |

a processor that for determining the position of said
vehicle is carrying the response unit based on the reception

result of said receiving device.

11. A system as defined in claim 10, wherein said device

further comprises

a detecting device that detects said vehicle when it

enters said communicatiph zone.

12. A system as defined in claim 11 for

a fee collection system for a toll road, comprising sald



