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DEVICE FOR LOCATING A MOVING BODY HAVING A RESPONSE. UNIT

BACKGROUND OF THE INVENTION
Field of the invention
This invention relates to a device fof 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 1nsga11ed-op the moving bod&f and various

information is eichanged with a fixed interrogation unit.
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'_This device comprises a plurality of communications units in

order to cover a wide communication zone and deal
simultaneously with‘a large number'of passing vehicles.
However, when a plurality of 1n£errogation 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

when communication is established, hence this method also

‘enables moving 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,



<

fees, etc.), Is exchanged by radio between an interrogation
unit that functions as a toll gate installed at a fixed
poéitioh, and a response unit mounted on a vehicle. The fee
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 trouble'for both the driver and the road

supervisor, and prevents traffic jams from 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 bandwidth and a 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 fhe frequency bandwidth of the

interrogation unit has to be broader. Alternatively., if the
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data transmiss;on speed is not increased, the communication is
not éompleted while the vehicle is in the communication 2zone.
In the latter case, complicated cdntrol-is required‘where
scans are switched over according'to the movemeﬁt 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
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having a response unit for receiving said radio signal passes,
a.receiving-device having a pluralit& of fecelving areas at
1éast in the width directioﬁ of a travel path of said moving
body so as to cover said communiéation zone, sald 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 said 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 fro@ 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.
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Another aspect of the invention further.comprises a

detecting device for detecting the moving body when it enters

the communication zone, thereby locating a plurality of said

moving bodies in séid 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 moving body. 1In this way, unauthorized moving

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

If a radar device is used as the detecting device, the
transmitter of this raoar denice may‘be used as the
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 fesponse unit

~capable of communication is mounted, enters the communication

zone of the interrogation unit. For example, in the case of a
passive response unit wherein two-way data transmission is
performed using only a signal received from 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

‘interrogation unit, it modulates the CW wave with its 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,
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and data exchange takes place between the interrogation Un;t
and response unit..

In an active system where the response unit does have a
trénsmitting function, when a moving body, the response unit-
that has received a start-up signal from the interrogation
uﬁit 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 vehiclé, although
detected as an imége, is determined to be an unauthorized

vehicle. In this way, unauthorized vehicles can be identified

from the image data.
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According to another aspect of the invention, the

detecting means is an imaging device for photographing a

“moving body, the processor comprises comparison circuit that

compares data received by thedreéeiving device with data
received by the iﬁterrogation-unit in order to locate tﬁe
receiving area where the response unit existé. and the
processing circuit that determines whether or not fhe moving’
body is carrying 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 corresponding to the aforesaid plurality of

recelving areas.

Receiving antennas are provided correspohding 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.
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According to aﬁother aspect of the invention, the
receiving means‘comprisés a beam control antenna that permits
the’orientation 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.

The receiving area of a receiving.device is arranged to

be wider at the entry point of a moving body than the

- communication zone of the 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.
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When a moving body having the response unit enters the
communication ione.'the receiving device sends a radio signal
to the response unit, and when fhe response unit receives this
signal from the interrogétion unit.

A receiving device receives a responée sighal from a
response unit. The receiving devicg corresponding to a
receiving area in which a response unit is located can receive
the response 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
éommunication 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
device, 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
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is determined that the moving body is a moving body with which
communication has been established (communicating moving
body). Conversely, a moving body which'has passed by without
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 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 interrogation unit. For ekample, in the case of-a
passive response 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

interrogation unit, it modulates the CW wave with its own
data, and this is reflected to the interrogation unit as a

start-up response signal. Communication between the
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interrogation unit and responsé unit is thereby established,
and data exchange takes place between‘tﬁe interrogation unit
and response unit. |

In an active system where the response unit does have a
transmittihg 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. Aléo. as the response unit itseif can emit
continuously transmit request signal even before entering the
cﬁmmunicatioﬁ éone, with fwo-way data communication taking
place with the interrogation unit after the ihtérrogation unit
feceives this request signal when the response unit enters the
communication. |

The detecting means constantly detects moving bodies that
enter the communication zoné of the interrogation unit. If a
detected image overlaps with the receiving area of the
‘receiving device which haé 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&entifiéd as a communicating Vehicle..although
deﬁected as an image, is determined to be.an unauthorized

vehicle. In this way, unauthorized vehicles can be identified



from the image data.

‘The data received by the recelving device is compared
with.data received by the interrogation ﬁnit. a receiving area
is identified, ahd 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 Ln a traffic
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- f 3am). and the position of the response unit can therefore be
identified.

Furthermore, according to the present sysfem having the

above device for locating a moving body, the position df the
response unit can be properly identified. Therefore, |

x
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

communicatlon zone Is covered by receiving areas of a
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receiving antenna when there is no division in the trgvel
direction and there is overiap of reqeiving areas.

Fig. 3(B) is a descriptive-view showing how a
communication zone is covered by receiving areas of a
receiving antenna when there is a'divisipn in the travel
direction and there is overlap of receiving areas.

Fig. 3(C) 1§ a'descriptive view showing how a
communication zoné 1s covered by receiving areas of a
recéiving antenna when there is no div;sion in the travel
direction and there is no overlap of receiving areas.

Fig. 4 is a schematic viéw of g lane signal processor
when a plurality of receiving antennas are used.

Fig. 5 is a schematic view of a system when a plurality
of receiving épten#as are used.

Fig. 6(A) is a timing chart showing a communication
protocol when there is passiveléommunication 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 receliving area can be changed by controlling the

orlentation of a directional beam, s provided to cover the
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communication zone.

Fig. 8 is a schematic view of a system when a beam
control receiving antenna is used.

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)
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of such a size that two or more vehicles can not enter it
simultaneousiy in the travel direction of the lane.

' Receiving antennas él, 22 are so designed that they have
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 diréction 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 receiving area nét to exceed 1.5 m so that two or

more moving bodles can not occupy the area alongslde one
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another. Further, the size of the communication zone "a" of
the interrogation unit 10 in the vehicle travel direction is
set so that there is no room for.two vehicles to enter it.

In the case of Fig. 3(C), communication zones "e" which
cannot be covered by_the recéiying 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
interrogation 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



20

~

in Fig;-S(A). or Fig. 3(B), the setting must not alléw gaps to
‘occur even if the receiving areas changé due to variatiqns in _
environmental conditions éuch as tempefature or voitage. When
gaps are left between receiving aréas 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 processors 401,
402,..., 40n (represented collectively hereinafter as a lane
signal processor 400) which process signals from devices in

the fixed parf of the system and control operations for each
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lane, and an inter-lané controller 410 that coordinates
operations between the lanes. The roadéide devices for each
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 whether or not the data match.

!

The output of the daté comparator 44 is connected 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 éO'that detects the entry of a vehicle into the

communications area a is provldéd. a vehicle detector
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controller 46 1s'bu11t into the lane signal processor 400, and
these two devices 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 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 tr#nsmits 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,



and an operation start signal is output by the vehicle
detector controller 46'£o the interrogation unit controller
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 passes 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 siénal 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
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response unit 50, and data identical to the data demodulated
- by the interrogation unit contfoller 41 isfdemodulated by the
antehna controller 421 of the receiving antenna controller 42.
The antenna controller 42 suppiies 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 comparator 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
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imaging region c¢. The photographed image data is sent to the
image processor 45 via the image device coﬂtroller 43. When
there is a vehicle 51 that has entered the area, this is
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
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"d" of the rebeiving areas 21b, 22b is marked, and the vehicle
51 photographed in the area is also marked and identified as a
communicating veh;cle.

When the response unit 50 enters a communication zone "e"
which is not covered by the receiving areas 21b, 22b arranged
as shown in Fig. 3(C), communication with the interfogation
unit 10 can still be estébliéhed. 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 qomﬁrises a signal
gorresponding to the communication zone "e" instead of the
antenna code "f" as the matching signal 441.

Hence, when.the résponse 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 recelving antennas.21, 22.
From the fact that communication with the interrogation unit
10 has béen established, howevef, it is gertain 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
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cannot enter it simultaneously. The response unit 50 can
therefore be identified on the image photographed by the image
device 30 as belonging to a vehicle in the communication zone
"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.
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Embodiment 2

Next, a second embodiment of this inventioﬁ will be
described. According to this embodiment, the plurality 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 contfoller-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 outgut 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,
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focussing mainly on those features which are differeht from
Embodiment 1. When the vehicle 51 enters the communication
zone "a" of the interrdgation 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
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 the response unit 50,
the beam control receiving antenna 20 receives the s£art-up
response signal 130 and déta signai 140 returned by the

response unit 50.

The data signal procéssqr 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
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the 1nﬁerrogation unit controiler 41 and receiving antenna
controller 42. and when data of at ledst a predetermiped
length match, a matching signal 441 comprising the beam
position signal "g" is transmitted to the image processor 45.

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 ;dentified 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
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control antenna 20 cannot receive the start-up response signal
130 and data signal 140 from the response unit, so the image
processor 45 cannot obtain the matching signal 441 and the
receiving area is not marked on the image data. The
unauthorized vehicle 52 therefore passes through the imaéing
area fc" without being marked,‘i.e. it is identifiéd 5s 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 moviﬁg body identifying device
using a sigﬁal emanating from the interrogation unit for data
communications with the response unit. In thé 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
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response unit. The start-up response signal 130 and data
signai 140 are therefore transmitted by the response unit
itself to the interrogation unit. This, however, does not
effect in any wa&'the construction, operation or advantages

offered by this invention.
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WHAT IS CLAIMED IS:
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1. A device for locating a moving body having a response
unit, said device comprising: |

‘an interrogation unit having 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
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on nonexistence of the reception result of said receiving

device.

3. A device as defined in claim 1 wherein

said interrogation unit 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 photographs
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
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circuit that determines whether or not said moving body is
carrying a proper response unit based on a signal output by

said comparator and an image signal from said imaging device.

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.
' > -
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10. A system having a device installed on a road for

36

determining whether a vehicle traveling on said road is
carrying a predetermined response unit, said device
comprising: |

an interrogation unit having a predetermined
communicgtion 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 éover 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 6f 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 *
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interrogation unit, éaid receiving device, said processor and
said detecting device, whereby information about said vehicle
is obtained for collecting a fee based on the reception result

from said response unit.
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