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VEEICLE COMMUNICATION SYSTEM AND METHOD

PROVIDING HIGH RESPONSIVITY

TO MULTIPLE POLLING UNITS

CROSS-REFERENCE TO RELATED APPLICATIONS

This application is related to and claims priority from
Japanese Patent.Application.No. Hei. 7-29248, incorpofated.herein

by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

-Thelprésent.invention relates to a vehicle communication
system including a road-installed device having a plurality'of
antenna units that set predetermined communication areas on a
road, and a vehicle-installed device provided in a wvehicle for
communicating with the road-installed device when the vehicle

passing through one of the communication areas.

2. Description of Related Art

In a typical conventional automatic tolling systém for
toll roads, such as express highways, a vehicle is provided with

a commun;cation device (i.e., a vehicle-installed device) that

"stores a pre-registered identification number or the like, and

a place for tolling is provided with another communication device
(i.e., a road-installed device) for, when the vehicle passes
through a communication area determined by the road-installed-

device, communicating with the vehic;e-installed dévice to
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racognize that the wvehicle having the registesred identification
number has passed th;ough the area and stores the event, in order
to enable the toll to be collected by other means on the basis
of the data récorded.

However, all such conventional‘systems generally are
designed for a single traffic lane and therefore héve some
difficulties in application to a typical road having a plurality
of lanes. A toll data communication system adapted to a road

with a plurality of lanes is disclosed in, for example, Japanese

‘Laid-Open Patent Publication No. Hei. 5-324967.

This road toll collecting system using hon-contact IC
cards is designed to improve the reliability in wireless
communications between a road-installed device and non-contact
IC cards in a check barrier. 1In this system, a :oad'device
provided in a check barrier is connected t';o a plurality of
antennas that are arranged so that the communication areas of the
aﬁtennas are sﬁiftéd from each other in the vehicle traveling-
direction with respect to each lane, in order to increases the
occasions in which communication between the road device and the
non-contact IC Cérds of the wvehicles is possible.

This construction eliminates the need for performing
an automatic tolling procedure with the individual lanes being
separated in a toll road, such as a express highway, where
tolling is needed, but performs the automatié tolling procedure
for the plurélity of lanes as they exist, thereby reducing the
manpower .required and reducing the incidence‘ of traffic

conqgstion occurring at toll booths.
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Howaver, because the above-described conventional
system requires that antennas be arranged over a loﬁg distance,
it is necessary that the antennas be usable even in narrow
installation spaces. To avoid this, a construction that employs
a similaf: method but allows the antennas to be arranged over a
reduced distance is as follows.

In an example construction, a plurality of antenna
units are provided so thgt communication areas are érovided
corresponding to individual l;nes of a road and so that the
communication area of each antenna unit overlaps the neighboring
communication area, so that the communication areas of the
antenna t;nits cover the entire width of the road without any
communication blind area. Different transmission timings are
determined for the antenna units whose communication areas
overlap each other, and different signal frequencies are
detérmines for the antennas within a range in which vehicle-
installed devices can recei;re the signals, thus enabling reliable
communications.

However, because of an expected drawback as described
below, this construction has a problem in that the communications
between a vehicle-installed device and an antenna unit may fail.
An example con_struction where such a drawback occurs will be
described with reference to FIGS. 11 to 13.

FIG. 11 shows a gantry 1 that extends over the width
of a road on which vehicles travel from the Sbttom to the top of
the sheet of the drawing. The gantry 1 is provided with two

antenna units 2. 3 that define communication areas 4, S,
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respectively. The communication areas 4, 5 have an overlap area
D in common. If a device 6 instalied in a venhicle passes through
a peripheral edge area of one of the communication areas, at
least one of the antenna units 2, 3 will communicate with the
vehiclé-installed device. The antenna units 2, 3 transmit pilot
signals and interrogation signals and unmodulated carrier waves
over thé communication areas 4, S é.t different frequencies and
different transmission timings.

When the device 6 installed in the vehicle passing
though the communication area 4 ;ar S receives a pilot signal from
the antenna unit 2, the vehicle-installed device 6 determines the
antenna unit 2 as a fixed communication party to continue further
communications and remains unresponsive to pilot signals from the
other antenna unit 3 until the communications end. This
construction thus avoids the drawback that when the vehicle-
iﬁstalled device 6 passes through the overlap area D, the device
6 receives pilot signals from both the antenna units 2, 3, thus
experiencing radio interference.

However, since the vehicle-installed device 6 modulates
the unmodulated carrier wave from the antenna unit 2 with a
response signal- when transmitting the responsive signal, the
transmission area where the signal from the vehicle-installed
device 6 can be received by the antenna unit 2, that is, the
uplink area 4AU, is made smaller than .tﬁe.,_ vehicle-installed
device 6 can receive the signal from the antenna unit 2, that is,
the downlink area 4AD, by signal energy attenuation.

If the wvshicle-installed device 6 vasses throuch a



portion of the overlapping arsa D that is close to the antenna
unit 3 as indicated in FIG. 11, there can be a case where the
vehicle-installed device 6 is within the downlink area 4AD of the
antenna unit 2 but outside the uplink arsa 4AU of the antenna
unit 2 when'receiving a pilot sighal from the antenna unit 2.

In such a case,'once the vehicle?installed device 6
raceives a pilot signa; from the antenna unit 2 (see FIGS. 12B
and 13B), the vehicle-installed device 6 transmits a pilot
response signal and waits for an interrogation signal from thé
antenna unit 2 (see FIGS. 12C aﬁd 13C). On the other hand, the
antenna unit 2 cannot receive the pilot signal tiansmitted from
the vehicle-installed device 6 in responée to the pilot signal,
and will transmit a pilot signal again after a predetermined
length of time. .

Then, the vehicle-installed device 6 will receive a
pilot'signal from the antenna unit 2 again and therefore cannot
starﬁ communications. Since the pilot signal from the antenna
unit 3 has been invalidated as indicated in the timiné charts of
FIGS. 12A - 12D, the vehicle-installed device 6 cannot perform
communications even tﬁough the device 6 should actually
communicate with the antenﬁa unit 3 (see FIGS. 13C and 13D).

Similarly, if the vehicle-installed device 6 passes

_ through a peripheral portion of the communication area 4, there
can be a case where a reduced level of an interrogation signal
from the antenna unit 2 makes it impossibie for the wvehicle-
installed device 6 to continue receiving the signals therefrom

even if the vehicle-installed device 6 has once received an
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" interrogation signal from the antenna unit 2 and started

communications therewith.

SUMMARY OF THE INVENTION

The present invention is intended to solve the above-
stated problems. .It is an object of the invention to provide a
vehicle - communication system that unfailingly enables
communications between a vehicle~installed device passing though
an overlapping area where the communication areas of a plurality
of antenna units on a mnlti—laﬁe road overlap and one of the
antenna units.

A vehicle communication system according to a first
aspect of the invention includes a plurality of antenna units
provided corresponding to a plurality of communication areas for
transmitting pilot signals at predetermined timings and for
transmitting interrogation signals at the transmission cycle for
the pilot signal when receiving a pilot response signal; a road-
installed device for.setting different timing of transmitting
pilot signals or interrogation signals for at least those of the
plurality of antenna units whose communication areas neighbor and
overlap each other to cause those antenna units to éperate in
accordance with the different timiné, and for identifying a
vehicle passing through one of the communication areas on the
basis of a signal received; a vehicle-ins;alied device provided
in a.vehidle for transmitting a pilot response signal when
receiving a pilot signal from one of the antenna units and for,

when receiving an interrogation signal from the same antenna



uniﬁ, transmitting an interrogation response signal in response
to the interrogation signal received, to perform communications;
and communication control unit provided in the vehicle-installed
device for, when receiving a pilot signal from one of the antenna
units aftér transmitting a pilot response signal to the same
' antenna‘ﬁnit, performing control to invalidate the communications
with the antenna unit and to acéept a pilot signal from another
antenna unit.

According to this aspect of the invention, when a
vehiclefinstalled.device passes through an area where a plurality
of communication areas overlap and, therefore, receives pilot
signals from a plurality of antenna units, the vehicle-installed
device starts communications with the antenna unit from which the
device first receives a pilot signal and determines the antenna
unit as a fixed communication party. If the pilot response
signal from the wvehicle-~installed devicé can be received by the
antenna unit without a failure, the vehicle-installed device
receives an interrogation signal transmitted from thé antenna
unit in response to the pilot respénse signal and performs
éubsequent communication processing. However, if the pilot
response signal from the vehicle-installed device does not reach
the antenna unit, the antenna unit determines that there is no
response and transmits a pilot signal over its communication area
again.

As a result, the vehicle-installed device receives a

pilot signal from the anténna unit again and, therefore, cannot
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control unit then invalidates the communications with that
antenna unit to allow the device to receive pilot signals from
other antenna units. The communication control unit thus quickly
switches communications so that the vehicle-installed device can
communicate with other antenna units while the vehicle-installed
device is within the communication areas, thereby achieving
unfailing communications between the vehic]_.e—installéd device and
one of the antenna units even when the vehicle-installed device
passes through an overlapping area.

Further, the vehicle communication system may be
constructed so that if the communication.control unit receives
no interrogation signal from an antenna unit within a
predetermined length of time after trgnsmitting'a response signal
for a pilot signal or an interrogation signal from the same
antenna unit, the communication control unit invalidates the
communications with the antenna unit and accepts a pilot signal
from another antenna unit.

According to this aspect of the invention, when the

vehicle-installed device enters a communication area and receives

a pilot signal, the vehicle-installed device transmits a pilot

response signal and waits for an interiogation signal to be
transmitted. An antenna unit transmits an interrogation signal _
immediately after receiving the pilot response signal in respoﬁse
to the pilot signal. It is thus assured that the vehicle-..
installed device will communicate with one of the antenna units
even when the vehicle-installed device passes through an

overlaovina area.



After that, the antenna unit transmits an interrogation
signal and, in response to this signal, the vehicle-installed
device transmits a response signal for further communications.
However, the transmission of an interrogation signal may fail,
for example, when the vehicle-installed device is passing through
‘a peripheral portion of the commuﬁication area. In such a case,
the communication control unit enables the device to receive
pilot signals from other antenna units since the communiéation
control unit invalidates the communications with an antenna unit
if no interrogation signal is received within a predetermined
length of time while the vehicle-instalied device is ready to
transmit a response signal in response to an intefrogation
signal. |

Thus, if the vehicle-installed device goes out of the
communication area of the currently communicating antenna unit
and becomes unable to continue the communications therewith, the
vehicle-installed device quickly starts communications with
another antenna unit. Comﬁunications between the vehicle-
installed device and one of the antenna units is thus assured.

It is also an object of the present invention to
provide a vehicle-installed unit for use in systems as described’
above and to provide a method for operating such a wvehicle-
installed unit.

Other objects and features of the invention will appear

in the course of the description thereof, which follows.
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BRIEF DESCRIPTION OF THE DRAWINGS

Additional objects and advantages of the present
invention will be more readily apparent from the foliowing
detailed description of preferred embodiments thereof when taken
together with the accompanying drawings in which:

FIG. 1 1is a block diagram of a first preferred
embodiment of thé invention;

FIG. 2 is an exterior perspective view of the overall
construction of the first embodiment;

FIG. 3 is a vertical.créss-sectional view of a road-
installed device according to the first embodiment;

FIG. 4 indicates the frequencies assigned té the
antenna elements and the reception frequencf characteristics of
a vehicle-installed device according to the first embodiment; -

FIG. 5 is a flowchart illustrating the control
operation performed by the vehicle-installed device upon signal
reception in the first embodiment;

~ FIG. 6 illustrates positional felationships when the
vehicle-installed device passes through an overlapping area
between two antenna units in the first embodiment;

FIGS. 7A - 7D are timing charts illustrating the status
of communications between the vehicle-installed device and the
antenna units in the first embodiment;

FIG. 8 illustrates a second'embodiment of the preseﬁt
invention; |

'FIG. 9 is a flowchart of a timer interruption program

according to the sescond embodiment:
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FIGS. 10A - 10D illustrate the status of communications
between the vghicle¥installed unit and the antenna units in the
second embodiment;

FIG. 11 1illustrates an overlapping antenna unit
relationship according to the prior art;

FIGS. 12A - 12D illustrate a communication impossiblity
state occurring according to the prior art; and

FIGS. 13A - 13D illustrate a communication impossiblity

state occurring according to the prior art.

DETAILED DESCRIPTION OF TEE

PRESENTLY PREFERRED EXEMPLARY EMBODIMENTS

The preferred embodiments of the present invehtion are
hereinafter described with reference to the accompanying
drawings. |

A first embodiment in which the present invenﬁion is
applied to a toll charging system for an express highway will be
described hereinafter with reference to FIGS. 1 to 7D.

Referring first to FIG. 2 which illustrates an overall
:view of the system, a toll express road 11 (only lanes having one
direction of travel are shown) has three lanes 12, 13, 14. A
predeterminéd toll-charging'point islprovided with a Qantry 15
extending over_the road 11. The gaﬁtry 15 serves as a road-
installed device. The gantry 15 has antenna units 16 - ‘18
directed downward corresponding to the respective lanes 12 - 14
to determine communication éreas 1% - 21.

The communication areas 19 - 21 are set in such a
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direction from the respective antenna units 16 - 18 that they
cover approaching'traffic (represented by motor wvenhicles 29).
According to this embodiment, the antenna unit 16 has antenna
elements 22a, 22b that determine communicative areas 19a, 19b,
respectively, that together provide the communication area 19 as
a result. Similarly, the antenna unit 17 has antenna elements
23a, 23b that determine communicative areas 20a, 20b,
respectively, that together provide the communication area 20 as
a result. The antenna unit 18 has antenna eleaments 24a, 24b that
determine communicative areasl 2la, 21b, respectively, that
together provide the communication area 21 as a result.

| As shbwn in FIG. 3, each of the antenna units 16 - 18
' hés a water-tight construction comprising (using antenna unit 16
as an example)'a base 25 connected to the lower surfage of the
gantry 15, the antenna elements 22a, 22b and a control circuit
section 26 mounted on the base 25, and a plastic cover 27 that
is permeable to radio waves. The control circuit section 26
includes an electrical construction. as described below that
control the driving of the antenna elements 22a, 22b for
transmitting and receiving operations. The antenna elements 22a,
22b are rotatably supported by support shafts 28 so that the
orientation of the radiation surface of each antenna element 22a,
22b caﬁ be adjusted. Although not shown in the figures, each
antenna element is also rotatably supported with respect to a
direction perpendicular to the support shaft 28 by a well-known
structure so that the orientation of the radiation surface can

also be adjusted with respect to directions perpendicular to the
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support shaft 28.

. The communicative. areas 19a, 190 depend on the angles
of the radiation éurfaces of the antenna elements 22a, 22b,
respectively, that together provide the communication area 19 as
a result, as described above. The two communicative areas are
defined to form an overlapping area 19c. Thus, the communicative
areas 19a, 19 are contiquous and leave no space therebetween
(similarly, the other antenna elements 23a, 23b, 24a, 24b produce

‘overlapping areas- 20c, 21c). The antenna elements 22a, 22b
output microwaves at frequencieé different from each other for
communication with vehicle-installed devices.

. Bach of the antenna elements 22a, 22b, 23a, 23b, 24a
and 24b is a micro-strip type array antenna element produced by
forming eight patches of a generally square shape on one of the
side surfaces of a printed circuit board and conﬁecting the
patches by transmission lines to the feeding terminal. The
printed circuit board used is formed of a resin material and

"printed on both sides (i.e., it is a two-side printed circuit
board). The resin material used has a dielectric constant having
such a temperature expansion characteristic that the wvariation
within the operating temperature range (for example, with the
upper limit being about 120°C) is a predetermined level or lower
(for example, 1% or lower). For example, a BT resin material or
a glass epoxy material has been used.

Although ‘a typical array antenna comprising many
patcﬁes exhibits side lobes, the antenna elements 22a,-22b redﬁce

side lobes by adjusting the impedance of the transmission lines
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to prevent communication impossiblity areas from occurring in the
communica;ion area. For.example, each of the antenné elemenﬁs
22a, 22b is designed to cover subééantially thé same érea'within
a height range of about 1 to 2 meters; that is, the height range
through thch the vehicle-installed device 30 passes.

The motor vehicles 29 traveling on the express road 11
have devices 30 (shown in FIG. 2) installed close to their dash
boards. Each vehicle-installed device 30 has an antenna 31 for
receiving pilot signals and interrogation sigﬁals from the
antenna units 16 - 18 as shown in:FIG. 1. The antenna 31 is also
a nmicro-strip type antenng comprising two patches of a generally
square shape formed on a printed circuit board as used for the
antenna element 22a. The two patches are separate patches
provided for transmission and reception. .

The antenné 31 reflects an unmodulated carrier wave

from the antenna unit 16 while modulating the carrier wave with

a response signal for transmission of a response signal. That

" is, the vehicle-installed device 30 transmits a response signal

by receiving an unmodulated carrier wave from the antenna units
16 - 18 within the communication areas 19 - 21 and by reflecting
it as a response signal while receiving itﬂ’

The electrical structure of the system will now be
described with reference to FIG. 1. First, the similarly .

constructed antenna units 16 - 18 will be described by referring

. to the antenna unit 16 shown in FIG. 1. A control section 33 for

controlling control circuits 32a, 32b provided respectively for

the antenna elements 22a, 22b includes a control circuit 34, a
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power source circuit 353, and interface circuit 36 for exehanging
data with an external device.

In each of the control circuits 32a, 32b provided for
the antenna elements 22a, 22b, a modulating circuit 37 nodulates
a carrier wave, that is, an oscillation output from an oscillator
38 of a predetermined frequency, with an interrogetion signal or
a pilot interrogation signal provided by the control circuit 34,
and outputs it to the antenna element 22a via a circulator 39.

A reception cireuit 40 for signal processings, such as
demodulation, is connected to a mixer 41. The mixer 41 receives
an oscillation output from the oscillator 38 and also receives
from the antenna element 22a a radio wave signal correspondin§
to a response signal. The carrier wave and the radio wave signal
corresponding to the response signal are mixed by the mixer 41
and then outputted to the reception circuit 40. The reception
circuit 40 demodulates the composite signal into a response
signal and outputs the signal to the control circuit 34.

Each of the oscillators 38 provided respectively for

‘the antenna elements 22a - 24b outputs the carrier wave in the

form of Quasi-microwaves within a predetermined frequency range
assigned thereto, for example, in the 2.45 GHz band. As
indicated in'FIG. 4, each oscillator 38 is assigned with one of
the frequencies f1 to £6 that are different narrow frequency
ranges within the aforementioned frequency band and output the
assigned frequency. On the other hand, the vehicle-installed
device 30.is designed to receive all the signals corresponding.

to the oscillating frequencies fl1 - £6 of the oscillators 38, as
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described later.

The thus-constructed antenna units 1§ -.18 raceaive
timing’ signals driven corresponding to the respective antenna
elements 22a - 24b by a control device (not shown) connected
thereto by the interface circuit 36. The timing signals are
determined such that the neighboring antenna units 16, 17 and 17,
18 output pilot interrogation signals and interrogation signals
at timings that are shifted half an interrogation timing cycle
from each other. Thereby, if the vehicle-installed device 30 of
a motor wehicle passes through,.for example, an area where the
comﬁunication areas 19, 20 overlap, the vehicle-instélled device
30 will not simultaneously receives pilot signals from_ two
antenna units 16, 17.

In the vehicle-installed device 30, a control circuit
42 constituting the commuhication contfol unit includes a ROM and
a RAM. According to a pre-stored program, the control circuit
42 outputs various data, such as the vehicle's identification
code, in response to a pilot signal or an interrogétion signal.
The control circuit 42 is connected to the antenna 31 via a
transmission circuit 43, and also via a reception circuit 44.

The transmission circuit 43 performs modulation in
accordance with a response signal to modulate the unmodulated
carrier wave received by the antenna 31 in order to perform
transmission, and the reception circuit 44 demodulates the radio
wave recéived by the antenna 31 into an interrogation signal and

supplies the signal to the control circuit 42, thus forming a

semi-double construction. The control circuit 42 is connected
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to a data memory 45, that is, a read/write non-volatile memory.
A battery 46 supplies power to the circuits provided iﬁ the
vehicle-installed device 30.

Although not shown in the Eigurés, the control circuit
42 is provided with a étarting circuit that starts the entire
device to switch from "sleep sta;us" to "wake-up status" to
operate for communications and, Qhen the communications end,
switches the entire device to the "sleep status” to stand ready
for reception of a signal from the outside. This construction
minimizes the load on the battefy 46 when communications are not
performed.

' The operation of this embodiment will be described with
reference to FIGS. 5 - 7D. 1In a'normal case where it is assumed
that motor vehicles'travel separately in laﬁes 12 - 14, the
antenna units 16 - 18 perform cpmmunications with the wvehicle-
installed devices 30 of the mofor vehicles traveling through
their respective communication areas 19 - 21 to exchange tolling
data without a failure as in the conventional art. When the
starting circuit switches the vehicle-installed device 30 to
"wake-up status", that is, the device is started, the control
circuit 42 executes the program illustrated by the flowchart of
FIG. 5 for communications.

In normal operation for communications, the vehicle-
installed device 30 operateé as described below when entering one
of the communication ‘areas 19 - 21 and receives a pilot signal
PLT. First, when the control circuit 42 islstarted to start the

program, the control circuit 42 detects and stores the location



- 18 -

code and the code number of the gantry 15 included in the
received pilot signal PLT, and then determines whether the
received signal originates from any one of the antenna units 1§ -

18 (step Sl). If the affirmative determination haé been made,
the control circuit 42 determines whether the received signal is
a pilot signal PLT (step S2). If it is a pilot signal PLT, the
control circuit 42 makes an affirmative .determination and
proceeds to step S3 to determine whether the pilot Signal PLT is
the first pilot signal received_from the antenna unit, in other
words, whether the pilot signal PLT is from an antenna ﬁnit ffom
which a pilot signal PLT was also received the last time (step
§3). If the determination is negative, the operation proceeds
ﬁo step S4 and then to step S35.

In stgp S5, the control circuit 42 determines the
antenna unit that has transmitted the pilot signal PLT as a fixed
communication party for the later communications, and set up a
status to reject pilot signals PLT from the other antenna units
if any one is recéived; ‘In this status, the control circuit 42
generates a pilot response signal in response to the pilot signal
PLT, and reflects the unmodulated carrier wave continually
transmitted from the antenna unit by modulating it with the
geﬁerated pilot reéponse signal RSP thus transmitting the pilot
response signal RSP. The piLot response signal RSP carries an
identification code that has been registered as a code specific
to the vehicle-installed device 30. _ |

After that, the control circuit 42 -sequentially

raceives interrocation siaonals RC, WC from the antenna unit and



thereby exchanges signals to perform ccmmunications. When

r,

raceiving an gnd signal END at the =2nd of communicatiens, the
control circuit 42 stops the comﬁunicat;on overation and ieturns
to the "sleep status”. The road-installed device then determines
the vehicle 29 or the driver registered on the basis of the
vehicle-installed device 30 té go on to toll collection
p;ocessing. |
When the vehicle-installed device 30 communicates with,
for example, the antenna unit 16, the antenna unit 16 transmits
a vehicle-installed device dafa request signal RCl1 as an
interrogation signal following the pilot signal PLT. The.
vehicle-installed device data request signal RC1l carries a code
indicating the location, the code number of the gantry, and the
identification code registerad corrssponding to the vehicle-
installed device 30, thereby causing only the vehicle-installed
device 30 to perform a communication operation following the
receptiﬁn of the signai.
When receiving .the vehicle-installed device data
' request signal RC1l, the vehicle-installed device 30 reads out
data, such as data on account balance, to gensrate a card read
signal RD1, and then transmits the signal to thé antenna unit 16
in the manner as described above. When the antenna unit 16
receives the read signal RDl, the antenna unit 16 transmits to
the vehicle-installed device 30 predetermined data requirasd for
tolling data processing.as a write signal WDl. The write signal
WDl carriers a toLl instruction code, toll amount data, a

locatinn code number., the qantrv code number., the identification



code of the vehicle-installed device 30, cgeration time data,
etc. If the response signal RSl Zrom the vehicle-installad
device 30 is apnormal, the antsnna unit 1§ exscute a
predetermined abnormality processing routine.

When the vehicle-installed device 30 receives the writs
signal WD1, the vehicle-installed device 30 performs
predetermined writing processing. The vehicle-installsd device
30 then transmits a write end signal ENDl carrying a location
code signal, the gantry code number, and the identifiéation code
of the vehicle-installed devicé 30 in the manner as described
above. -Upon-receiving the write end signal END 1, the antenna
unit 16 transmits an end acknowledge signal ACKl to the vehicle-
installed device 30 to inform of raception of the write end
signal END1l. Upon resceiving the end acknowledge signal ACKl, the
vehicle-installed device 30 determines that communications have
been completed. The starting circuit stops to switch the device
30 to the "sleep status”, that is, the same status before the
.starting of communications.

If the vehicle-installed device 30 receives a pilot
.interrogation signal again in_the communica;ion areas 19 - 21 of
Ehe :oad—installed.device 15 after it has completed communication
procéssing, the vehicle-installed device 30 ignores the signal
with refarence to the data on.communication reéults storad,
thersby avoiding interfering with the communications by other.
vehicle-installed devices. This function prevents the vehicle-
installed device 30 from repeating communications within the same

communication area 19 or the communication areas of the same



gantry 15, thus eliminating the possibility of double charging
of toll.

For actual toll processing, the wveshicle-installed
device 30 is designed to accommodate an IC caxd. After passing
through the communication area 16, the vehicle-installed device
30 writes in the IC card through an IC caxd intsrface the data
corresponding to the amount obtained- by subtracting the toll
amount data transmitted. during the communications from the
balance on the basis of various data specified by the write
signal WD1. | B

Assurance of reliable communication processing will be
described with reference to the case where a communication’
impdssibility state may occur as described in the Description of
Related Art above. It is assumed that the vehicle 29 equipped
with the vehicle-installed device 30 passes a portion of the
overlapping area D close to the antenna unit 17 as illustrated
in FIG. 6. Eore specifically, it is assumed that the vehicle-
installed device 30 passes through a portion of the overlapping
area D that is inside the downlink area 19AD of the antenna unit
16 but outside the uplink area 19AU and that is inside the uplink
area 20AU of the antenna unit 17.

As shown in FIG. 7B, the antenna unit 16 repeatedly
outputs pilot signals PLTI at time t0 - t7 in the transmission
cycle T. On the other hand, as shown in FIG. 7a, the antenna
unit 17 repeatedly _outputs pilot signals PLT2 in the same
transmission cycle T as that of the neighboring antenna unit 16 -

but at a time shifted by T/2, that is, the half the transmission
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cycle T.

If the vehicle-installed device 30 receives a pilot
signal PLT1 from the antenna un;ﬁ 16, the control circuit 42 is
switched from the "sleep status" to the "wake-up status" by
operation of the starting circuit and thus starts operating. The
control circuit 42 starts the program illustrated in FIG. 5 and
thus executes steps S1 - S6 as described above to transmit a
pilot response signal RSP1 in response to the pilot signal PLT1
(see FIG. 7C){ In this condition, the cont;ol circuit 42 has
fixed its communication party tolthe antenna unit 16 for further
communications (step S5). Therefore, if the vehicle-installed
device 30 receives an interrogation signal from an antenna unit
other than the gurrently fixed communication party, that is, the
antenna unit 16, the control circuit 42 makes a negative
deterﬁination in step S7 to end the program.

However, since the vehicle-installed unit 30 is located
outside the uplink area 19AU of the antenna 19 although it is
inside the communication area 19 of the antenna unit 19 in this
case, the pilot response sidnal RSP1 from the vehicle-installed _
device 30 does not reach the antenna unit 16. As a result, the
antenna unit 16 transmits the pilot signal PLT1 again at the next
transmission timing. |

As the vehicle-inétalled device 30 receives the pilot
signal PLT1 from the antenna unit 16 again, the control unit 42
makes a negative determination in step S3 following steps S1 and
S2. The control circuit then cancels the fixation of the

communication  partner (step  S8) and invalidates the



communications with the antenna unit 18 (step S9). The vehicle-
installed device 30 thus cancels the determination of the antenna
14 as a fized communication paritner since the antsnna unit did
not transmit an inte rrogation ignal in response to the piiot
response signal RSP1l, and switches to the status of waiting for
a pilot signal irom ancther antenna unit. If the vehicle-
installed device 30 raceives a pilot signal PLT1 from the antenna
unit 16 later on, the control circuit 42 will invalidate the
communications therewith by making a negative detérmination in
st=p S3 as described above. .

Since the vehicle-installed device 30 is still passing
through the overlapping area D, the wehicle-installed device 30
will raceive a piLot signal PLT2 from the antenna unit 17. When
this happehs, the vehicle-installed <device 30 starts
communications with the antenna unif 17 as described above. In
thié manner, thé " vehicle-installed device 30 cancels the
detarmination of the antsnna unit 16 as a fixed communicaticn
partner since the communications ars impossible, and quickly
becomés able to communicate with the other antenna unit 17,.
thereby performinq toll processing without a failure (see FIG.
D) . ‘ _

Accofainé-to this embodiment, if che vehicle-installed
device 30 receives a pilot signal PLT from one of the antenna
units 16 - 18, transmits a pilot rssponse signal RSP and then
receives a pilot signal PLT from the same antenna unit again, Ehe
control circuit 42 cancels the determination of the antenna unit

as a leﬂd communication party and validatss the communications



with other antenna units. The embodiment thus performs toll
processing without a failure eﬁen if the vehicle-installed device
30 passes through the overlapping area D, as a result of the
vehicle-installed device 30 quickly switching the communication
party wnen the communications with the current communication
party becomes impossible and starting communications with another
- antenna.

FIGS. 8 to 10D illustrate a second embodiment of the
invention. The features distinguishing the second embodiment
from the first embodiment will be described. The second
embodiment is designed for reliable communications even in the
caée'where the vehicle-installed de%ice 30 transmits a pilot
response signal in response to a pilot signal from the antenna
unit 16 and then rsceives an interrogation signal RC1 to start
the .communication processing while passing through the
overlapping area D as illustrated in FIG. 6, but the vehicle-
installed device 30 leaves the communication area 19 of the
antenna unit 16 before receiving an interrogation signal WClh
following.the response signal RD1 froﬁ the vehicle-installed
device 30. In this case, the wvehicle-installed device 30 could
also pass thréugh the communication area 20 of the antenna unit
17 and pass across  the gantry 15 before completing the
conmunniéation.processing. This embodiment is designed to prevent
such an undesired event.

Referring to FIG. 8, the wehicle-installed device 30
has a circuit construction in which a control device 42 is

connected to a timer circuit 47. Whenlthe control circuit 42
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starts the communication processing as in the first embcdiment,
the controi circuit 42 operates the timer circuit 47 as follows.
The control circuit 42 operates the timer circuit 47 upon
outputting a response signal in step S6 of the above-described
program (see FIG. 3) executed in accordance with the pilot signal
PLT1 from, for sxample, the antenna unit 16.(see FIG. 10B).

The timer circuit 47 couhts time starting at the time
of transmission of a response signal for an interrogation signal
and ending when a predetermined wait time TW has elapsed (see
FIG. 10C). Upon detecting elapsé of the wait time TW, the timer
circuit 47 outputs an interruption signal to the control circuit
42. Receiving the interruption signal from the timer circuit 47,
the control circuit 42 executes a timer interruption program.
illustrated in FIG. 9.

Until the timer interruption occurs, the control
circuit 42 fixes the antenna unit 16 as a fixed communication
party and cancels interrogétion signalé from other antenna units
if any are received. 'If the next interrogation signal is
redeived'from the fixed communication partner, that is, the
antanna uhit 16, during this period, the control circuit 42 makes
an affirmative deﬁerminatioﬁ in step §7 6f the main communication
program (see FIG. S) and proceeds to step $6. The timer circuit
47 is thereby started again.

On the other hand, if no interrogation signal is
received from the antenna unit 16 beféne the timer circuit 47
times out, the control circuit 42 detefﬁines that the vehicle-

installed device 30 has gone out Qf the communication area 19 ahd
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starts the timer inﬁerruption.program illustrated in FIG. 9. The
control circuit 42 cancels the determinaticn of the antenna unit
16 as a fixgd communication party (step Tl), invalidates the
communications with the antenna unit iG (step T2), and ends this
program to return to the main communication program (see FIG. §).

With this_construction, if the vehicle-installed device
30 does not receive the next interrogation signal from the
antenna unit 16 durihg the operation of the timer circuit 47, the
vehicle-installed:device.30 becomes able to receive a pilot
signal PLT2 from the.antenna unif 17 and set the antenna unit 17
as a fixed communicatioﬁ party for further communication
prgcessing while it is inside the communication area 20 ksee
FIGS. 10A and 10b). Thereby, the communications between the
vehicle-installed device 30 and the antenna unit 17 and the toll
processing will be completed by the time the vehicle-installed
dévice 30 has passed through the communication area 20. The
wehicle-installed device 30 will thus complete the communication
processiﬁg before the vehicle-installed device 30 reachés the
gantry 15. The second embodiment thus achieves substantially the
same advantages achieved by the first embodiment and, in
addition, will proﬁptly'switch'the communication party to another
antenna.unit if reception of an interrogation signal fails after
the starting of communications.

Althoug'h the present invention has been fully described
in connectlon with the preferred embod1ment thereof with
reference to the accompanying draw1ngs, it is to be noted that

various changes and modifications will become apparent to those
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skilled in the art. Such changes and modifications are to be
understood as_ being included within thé scope of the present
invention as defined by the appended claims. Examples of such
changes and modifications follow.

Instead of using the timer circuit 47, the control
circuit 42 may be provided with a software-implemented timer
function. Further, the vehicle-installea device may be equipped
with an oscillator for transmitting response signals, rather than
the passive refleétive modulation arrangement described above.

Besides toll collection for express roads, the
invention can also be applied to parking fee collection for auto
pafks. This application will allow an entrance/exitldesign‘with
a plurality of gates such that a plurality of vehicles can
simultaneously enter and eliminates the need to §top each vehicle
at the entrance and/or exit tp perform fee collecting operations,
thus enabling speedy en?rance to ahd exit from thg auto park and
reducing manpower requirements.

In a&dition to tolling operations, the invention méy
be applied to various forms of data exchanging such as research
on traffic. For example, the invention may be used for research
on traffic volume for the purpose of preparation of traffic
information, city traffic planning and the like. Moreover, the
invention can be applied not only to a road of three lanes, but
also to roads of two lanes or more than three lanes.

- The vehicle-installed device may be left in operation
all the time, instead.of incorporéting the function of waking up

on reception of a pilot interrogation signal. Also, the antenna
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elements may employ structures other than the above-described

patch structure.
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WHAT IS CLAIMED IS:

1. A vehicle communication system comprising:
a plurality of antenna units provided corresponding to
a plurality of communication areas for transmitting pilot signals
at predetermined different timings and for transmitting
interrogation signals in accordance with the transmission cycle
for thé pilot signals when receiving a pilot response signal;
a road-installed device for setting different timings
of transmitting at least one of pilot signals and interrogation
'signals for at least those of Ehé plurality of antenna units
whose communication areas neighbor and overlap each other tol
cause those antenna units to dperate in accordance with said
different timings, and for ideﬁtifying a vehicle passing through
one of said communication areas 6n the basis of. a signal
received; and |
a vehicle-installed device provided in a wvehicle for
transmitting a pilot response signal when receiving a bilot
signal from one of the antenna units.and for, when receiving an
interrogation signal from the same antenna unit, transmitting an
interrogation response signal in response to the interrogation
_signél received, so as to peffofm communications;
wherein said vehicle-installed device includes
communication control means for, when receiving a pilot sigﬁal
from an antenna unit after transmitting a pilot response signal
to the same antenna unit, performing control to invalidate.the
communications with the antenna unit and to accept a pilot signél

from another antenna_unit.
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2. A vehicle communication system according to claim
1, wherein sa;d communication control means is further for, when
it receives no interrogation signal from an antenna unit within
a predetermined length of time after transmitting a response
signal for a pilot signal or an interrogation signal from the
séme antenna unit, invalidating the communications with the
antenna unit and accepting a pilot. signal from another antenna

unit.

3. A communication uﬁit comprising:

receiving means for receiving ;ommunication signals;

response signai transmitting means for transmitting
response signals responsive to said communication signals
received by said receiving means; and

response signal prohibition means for, after said
response signal transmitting means transmits a response signal
responsive to reception by said receiving means of a first
communication signai from a given ﬁransmitter, prohibiting said
response signal transmitting means from transmitting subsequent
response signals to said given transmitter when said receiving

means receives a second communication signal from said given

transmitter.

4. The communication unit of claim 3, further
comprising communication party fixing means for establishing said
given transmitter as a fixed communication party responsive to

reception of said first communication signal by said receiving

) A



means and preventing said response signal transmitting means from
transmitting response signals responsive to communication s'ignals

from other transmitters.

5. The communication unit of claim 4, wherein said
communication party fixing means is further for cancelling said
given transmitter as said fixed -com:ﬁunic;tion party after a
predetermined period of time to permit éaid response signal
transmitting means to respond to conuﬁunication signals from other

transmitters.

6. The communication unit of claim 3, further
¢omprising:

a wait time timer initiated responsive to t.ransmission
of said response signal to measure a wait time period;

wherein said response signal 'prohibition means is
further for preventing said response signal transmitting means
from transmiﬁting response signals to said given transmitter when

said wait time timer measures said wait time period.

7. The communication unit _of claim 6, further
comprising communication party fixing means for establishing said
given transmitter é.s a fixed communication party responsive to
reception of said first communication signal by said receiving
means and preventing said response signal transmitting means from
transmitting response signals responsive to communication signals

from other transmitters.

N O L
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8. The communication unit of claim 3, wherein said
communication unit is a vehicle-mounted unit in a toll-charging

system.

9. A communication unit comprising:

receiving means fdr receiving communication signals;

response signal transmitting'means for transmitting
response signals _responsive to said communication signals
received by said receiving means;

communication party fixing means for establishing a
given transmitter transmitting a first communication signal as
a fixed communication pafty responsive to reception of said
communication signél by said receiving means and preventing said
response signal transmitting means from transmitting response
signals responsive to communication signals from other
transmitters; and

communication party cancellation means for cancelling
said given transmitter as said fixed communicatién party
responsive to.reception by said rece;ving means of a second

communication signal from said given transmitter.

10. The communication system of claim 9, wherein said
communication party cancellation means is further for cancelling
said given transmitter as said fixed communication party after

a predetermined period of time.

11. The communication system of claim 9, further

T



comprising response signal prohibition means for, after said
résponse signal transmitting means transmits a response signal
responsive to reception by said receiving means of said first
communication signal from said given transmitter, prohibiting
sald response signal transmitting means from transmitting
subsequent response signals to said given traﬁsmitter when said
receiving means receives said second communication signal from

said given transmitter.

12. The communication sjstem of claim 9, further
comprising:

a wait time timer initiated responsive to transmission
of said response sigﬁals to measure a wait time period;

wherein said communication party cancellation means is
further for cancelllng said given transmitter as said fixed
communlcatlon party when said wait time timer measures said wait

time period.

13. The communication system of claim 12, further
comprising response signal prohibition means for, after said
response signal transmitting means transmits a response signal
responsive to reception by said receiving means of said'first
communication signal from said given transmitter, prohibiting
said response signal transmitting means - from 'transmitting
subsequent response signals to said giveg-trénsmitter when said
receiving means receives said second comﬁﬁnication signal from
said given transmitter.

N —
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14. The communication unit of claim 9, whersin said
communication unit is a wehicle-mountad unit in a toll—charging

system.

15. A method of communicating with a communications
unit, said method comprising the steps of: |

receiving communicatiqn signals from said
communications unit;

transmitting response signals responsive to said
received communication signals; and

after transmitting a response signal responsive to
reception of a first communication signal from said
communications unit, prohibiting transmission of subsequent
response signals tolsaid communications unit upon reception of

a second communication signal from said communications unit.

16. The method of claim 15, further comprising the
steps“of:
| establishing said communica;ions unit as a ﬁixed
communication party responsive 'to- reception of said ﬁfirst
communication signal; and | '
preventing transmission of response signals responsive

to communication signals from other communications units.

17. The method of claim 15, further comprising the
steps of:
Eiming a wait time period responsive to transmission

————_-—__-_’___/_'__—-——
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of said response signal; and
preventing transmission of response signals to said

communication unit when said wait time period elapses.

18. The method of claiﬁ 17, further comprising the
steps of:

establishing said communications unit as a 'fixed
communication party fesponsive to reception of said first
communication signal; and ‘

preventing transmission of response signals responsive

to communication signals from other communications units.

19. The communication unit of claim 15, wherein said
communication party fixing means is further for cancelling said
given transmitter as said fixed communication party after a
predetermined period of time tofpermit said response siqnal
transmitting means to respond to communication signals from other

transmitters.

20. A method 6f communicating with a communications
unit, said method comprising the steps of:
receivigg communication signals from said
communications unit; . |
transmitting response signals responsive to said
received communication signals;
_ establishing said communications unit as a fixed

communication party responsive to reception of a first

(LTI
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communication signa} from said communications unit and preventing
transmission of response signals responsive to communication
signals from other communications units; and

cancelling said communications unit as said fixed
communication party responsive to reception of a3 sécond

communication signal from said communications unit.

21. The method of claim 20, further comprising the
steps of: .

after transmission of :a response signal responsive ‘to
reception of a first communication signal from said
communications unit, prohibiting transmission of subsequent
response signals to said communications unit upon reception of

said second communication signal from said communications unit.

22. The method of claim 20,‘further comprising the
steps of:

initiating timing of a wait time period responsive to
traﬁsmission of said respgnse signals; and

cancelling said communications unit as said fixed

communication party when said wait time period elapses.

23. The method of claim 22, further comprising the
steps of:

after transmission of a response signal respbnsive to
reception of a first communication .signal from said

communications unit, prohibiting transmission of subsequent

R,
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response signals t ' d qi
o said given tr i
ansmitter upon re .
Sk ception of sai
id

second communi i i '
unication signal from said communications unit
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