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BACKGROUND OF THE INVENTION

1. Field of the Invention

-The present 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 commﬁn;cation device (i.e., a wvehicle-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



a place for tolling is, provided with another conmunication device (i.e., a
road-install ed device) for, when the vehicle passes through a comrunication
area determ ned by the road-installed device, comunicating with the
yehicle-installed device to 2 recogni ze that the vehicle having the

regi stered identificati on nunber has passed through the area and stores the
event, in order to enable the toll to be collected by other neans on the
basis of the data recorded. However, all such conventional systens
generally are designed for a single traffic |ane and therefore have sone
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of the data recorded. .

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 disglosed in, for example, Japanese
'Laia-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
commuﬁications 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 cqmmunication areas of the
aﬁtennas are sﬁiftéd from each other in the wvehicle traveling

_direction with respect to each lane, in order to increases the
occasions in which communication between the road device apd 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

congestion occurring at toll booths.



communi cations between a road-installed device and non-contact |C cards in
a check barrier. ~ In this system a road device provided in a check
barrier is connected to a plurality of antennas that are arranged so that
tshe conmuni cation areas of the antennas are shifted fromeach other in the
vehicle traveling direction with respect3 to each lane, in order to

I ncreases the occasions in which conmunicati on between the road device and
t he non-contact 1C cards of the vehicles is possible. This construction
elimnates the need for perform ng an automatic tolling procedure with the
i ndi vi dual | anes bei Hgwsegns atbetalusea thd | aboadrdesschiasi acenpesssodd ghway,
where tolling is needed, but perfornms the automatic tolling procedure for
the plural igysten reguiras thaly astesnas therapngeduetay a Hengadpoveice,
‘required and reducing the incidence of traffic congestion occurring at toll
boot hs. ¥ HoheveresseEnusbat hEhgh@péeaRasr PBedsébhde®edndin narrow

installation spaces. To avoid this, a construction that employs
a similaﬁ 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 provided
corresponding to indiwvidual 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 upits 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?e 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§truction 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 qantry'I is provided with two

antenna units 2. 3 that define communication areas 4, S,



systemrequires that antennas be arranged over a long distance, it is
Necessary that the antennas be usable even in narrow installation spaces.
To avoid this, a construction that enploys a simlar nmethod but allows the
antennas to be arranged over a reduced distance is as follows. In an
exanpl e construction, a plurality of antenna units are provided so that
communi cation areas are provided corresponding to individual |anes of a
road and so that the comunication area of each antenna unit overl aps .the
nei ghbori ng conmmuni cati on area, so that the comuni cation areas of the
antenna units cover fhe egtlre w dt h of the road comruni cati on
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vehi cl e-i nst evice and an antenna ufif may fair.
vehicle-installed device. The antenna units 2, 3 transmit pilot

signals and interrogation signals and unmodulated carrier waves
over thé communication areas 4, S ét different frequencies and
different transmission timings.

When the device 6 installed in the vehicle passing
though the communication area 4 6r 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 lnterference

However, since the vehicle-installed dev:.ce 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.tﬁeivehicle—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



An exanpl e construction where such a drawback occurs will be described with
feference to FIGS. 11 to 13. FIG 11 shows a gantry 1 that extends over the
wi dth of a road on which vehicles travel fromthe bottomto the top of the
sheet of the drawing. The gantry 1 is provided with two antenna units 2. 3
t hat define communication areas 4, 5- 5 4 respectively. The comuni cati on
areas 4, 5 have an overlap area Din comon. |If a device 6 installed in a
vehi cl e passes through a peripheral edge area of one of the comrunication
areas, at |east one _of the antenna units te with the
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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
receives a pilot signal 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 the
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 timing charts of
FIGS. iZA - 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 c#ée 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



the antenna unit 2, the vehicle-installed device 6 determ
unit 2 as a fixed comrunication party to continue further

and remai ns unresponsive to pilot signals fromthe other antenna unit

until the

conmuni cati ons end. Thi s constructi on thus avoi ds the

drawback that when the vehicle- instald egl -device 6 passes through the

overlap area D,

units 2, 3,

t hus experiencing radio interference. However, since the
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antenna unit 2 with a response signal when transmtting the responsivV

signal, thedmunsthesoNd tHawitare the signal

nes the antenna
communi cati ons
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the device 6 receives pilot signals fromboth the antenna

t he

fromthe vehicle-installed

device 6 can be received by the antenna unit 2, that is, the uplink area
4AU, is nmade smaller than the vehicle-installed device 6 can receive the
signal fromthe antenna unit 2, that is, the downlink area 4AD, by signal
energy attenuation. |If the veSiMARYi OBtTHE GHVENDIGN: 6 passes throuah a

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 operate 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



5 portion of the overlapping area 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
t:he uplink area 4AU of the antenna unit 2 when receiving a pilot sighal
fromthe antenna unit 2. In such a case,7conce the vehicle-installed device
6 receives a pilot signal fromthe antenna unit 2 (see FIGS. 12B and 13B),
the vehicle-installed device 6 transmts a pilot response signal and waits
for an interrogation signal fromthe antenna unit 2 (see FIGS. 12C and
13C). On the other hand, the antenna unit 2 cannot receive the pilot signal
transmtted fromthe vehicle-installed device 6 in response to the pil ot
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device 6 Cac.{?e%tcep%éprvmen 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



communi cati ons even though the device 6 should actually conmunicate with
fhe antenna unit 3 (see FIGS. 13C and 13D). Simlarly, if the

vehi cl e-install ed device 6 passes through a peripheral portion of the
communi cation area 4, there can be a case where a reduced | evel of an
interrogation signal fromthe antenna-usit 2 nakes it inpossible for the
vehicle- installed device 6 to continue receiving the signals therefrom
even if the vehicle-installed device 6 has once received an 6
interrogation signal fromthe antenna unit 2 and started conmuni cations
t herewi th. SUMVARY.OF THE ENVENTICN The present invention is intended to
sol ve the ab&PBErOLattor BRFRNERVAtidates, BRY e COMBRNLFREIIRENFIEN (that
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switches communications so that the vehicle-installed device can
communicate with other antenna units while the vehicle-installed
device is within the communication areas, thefeby 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 ; communication area and receives
a pilot signal, the vehicle-installed device transmits a pilot
feséonse 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 vehiclef.
installed device will communicate with one of the antenna units
even when the vehicle-installed device passes through an

overlaovina area.



of antenna units on a nmulti-lane road overlap and one of the antenna units.
A vehi cl e communi cation system according to a first aspect of the invention
includes a plurality of antenna units provided corresponding to a plurality
of communi cation areas for transmtting pilot signals at predeterm ned
timngs and for transmtting interrogatponA signals at the transm ssion
cycle for the pilot signal when receiving a pilot response signal; a road-
install ed device for setting different timng of transmtting pilot signals
or interrogation signals for at |east those of the plurality of antenna

uni ts whose conmmuni cation areas nei ghbor and overl ap each other to cause
those antenna units to operate in accordance with the different timng, and
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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
piiot 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.



7 unit, transmtting an interrogation response signal in response to the

I nterr.ogation signal received, to perform comuni cations; and comruni cati on
control unit provided in the vehicle-installed device for, when receiving a
pilot signal fromone of the antenna units after transmtting a pilot
response signal to the sanme antenna uniltQ performing control to invalidate
the communi cations wth the antenna unit and to accept a pilot signal from
anot her antenna unit. According to this aspect of the invention, when a
vehicl é-install ed device passes through an area where a plurality of

conmuni cation areas overlap and, therefore, receives gilot signals froma
plurality of antenna unj ER [DESCREPTION OFTHE DRAWINGS ce starts

comuni cations with the antepna .unit fromwhich the device first receives a
pi | ot signal and detpéﬁﬂ'itr’r€§aihe°b&rﬁ°é:ﬁnaa i 2443052995 eQc oMRINPEaERBA
party. If,_the pilot response signal . fromthe vehigle-instal devi ce can
be recei ve&nﬁﬁnFﬁ%tl aﬁfiﬁn%%ﬁmr% FRttita ?%Hﬁin‘%, fhoé“ vgﬁFclggﬁ'&ﬁg’ﬂ'aﬂ ed
device recgiyes; a9 ddUcsip098h A p2keRted LABSALALAL LhRULLESRIN 8002,

together with the accompanying drawings in which:

A

FIG. 1 is 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 frequencigs assigned té the
antenna elements and the reception frequencf characteristics of
a vehicle-installed device according to the first embodiment; -

FIG. 5 1is 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 present
invention; |

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

according to the sescond embodiment:



unit in response to the pilot response signal and perforns subsequent
conmmuni cati on processing. However, if the pilot response signal fromthe
vehicle-install ed device does not reach the antenna unit, the antenna unit
determines that there is no response and transmts a pilot signal over its
conmuni cation area again. As a resul t, ithe vehicle-install ed device
receives a pilot signal fromthe antenna unit again and, therefore, cannot
8 control unit then invalidates the comunications with that antenna unit
to allow the device to receive pilot signals fromother antenna units. The
comuni cati on contr LG &0/hud 0§ul bkustzakie: Ehe & tadmsunf ceamimuns.catibhat t he
vehi cl e-installed device can communjcate with other antenna units while the
vehi cl e- i nBebveeR Ehe/ivedicdenipftalied woindadc shroankerna untittsr diby the

achi eving unfailing communi cati ons between the vehicle-installed device and
one of theS8FPRA edjen when the vehicle-installed device

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 1l. 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



passes through an overl apping area. Further, the vehicle comunication
system may be constructed so that if the conmmunication control unit
receives no interrogation signal froman antenna unit within a
predetermned length of time after transmtting a response signal for a
pilot signal or an interrogation sigmllXromthe same antenna unit, the
comuni cation control unit invalidates the conmunications with the antenna
unit and accepts a pilot signal from another antenna unit. According to
this aspect of the invention, when the vehicle-instal]ed device enters a
comuni cat idiFegtéanafgoreEBeyESSREGi Vet agtgRas  urhes vihi ¢l kR | Fhatal thay
device transmts a pilot respon i gnal and E@its for an interrogation
n

signal to KOYFaORroReRingn Eﬁggﬁig.{ﬁHQ?SFPE nP¥ sPAFCT TRV i< -si gnal
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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 surface 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 suppqrted 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



9 After that, the antenna unit transmts an interrogation signal and, in
fesponse to this signal, the vehicle-installed device transnts a response
signal for further conmunications. However, the transm ssion of an
interrogation signal may fail, for exanple, when the vehicle-installed
devi ce is passing through a peripherat p3rtion of the conmunication area.
¥n such a case, the communication control unit enables the device to
receive pilot signals fromother antenna units since the conmuni cation
control unit invalidates the comunications with an antenna unit if no

i nt errogat i supginnshaifs 28¢ceived within a predetermned I ength of tine
while the vehicle-installed device is ready to transmt a response signal
in response to an i nfaer sgERmiradiiygarreanuida,i fl Sohdepari crethesanyles
devi ce goes out  of the conmuni cation area of the currently comunicating
ant enna uni 9 afhRe p&EGHBREIMaBPEEAGETONE | BR ERECRRAMBRERSRLDNR2aheR 2 t h,

t he vehicle-inst%}le deyi ce uigle starts communi cations with .
_ 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



anot her antenna unit. Conmuni cati ons between the vehicle- installed

devi ce 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
systens as described above and to provide a nethod for operating such a
vehicle- installed unit. O her objects ppd-features of the invention wll
appear in the course of the description thereof, which foll ows. - 10 -
BRI EF DESCRI PTI ON OF THE DRAW NGS Addi ti onal objects and advantages of the
present invention will be nore readily apparent fromthe follow ng detail ed

descri pti ogoQird¥¥fteeonpucidindioneitisoddipieel aws Eakerdcageingridvchh the
acconpanying drawings in which: FIG 1 is a block di'agramof a first

preferred eohadhdesticf dree.in¥entéxamplid, Geaznlsgannexamﬂanna.mﬂmmaaeglve
vi ew of the overal
22a, 22b is designed to cover substantlally the same area 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 micro-strip tyﬁe 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
érovided for transmission and reception. .

The antenné 31 reflects an unmodulated carrier wave
from thelantenna unit 16 while modulating the carrier Qave 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



construction of the first enbodinent; FIG 3 is a vertical cross-sectional
view of a road- installed device according to the first enbodinent; FIG 4
i ndi cates the frequencies assigned to the antenna el enents and the
reception frequency characteristics of a vehicle-installed device according

to the first enmbodiment; FIG 5 is adlwwhart illustrating the control
operation perfornmed by the vehicle-installed device upon signal reception
in the first enbodinment; FIG 6 illustrates positional relationships when

the vehicle-installed device passes through an overl apping area between two
ant enna L”ﬂgnwdrnsbhECéidiﬁtuéﬂb@ﬂjTHHMZinEﬁfIicé?AircﬂfkEgBEfbkngighéHE#h
Illustrating the status of communi cati ons between the vehicl e-i nst/al Ied
devi ce and date ahtbnam extigmnalndelécéirst enbodinent; FIG. 8 illustrates a
second enbodi nent of _the present invention, FIG 9 is a flowhart of a
timer interruption piddrash &fcshai erptaelt kdreethd2enbddbnerdvided for

the antenna elements 22a, 22b, a modulating circuit 37 modulates
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 f1 - £6 of the oscillators 38, as



FIGS. 10A - 10D illustrate the status of comunicati ons between the
vehicle-installed unit and the antenna units in the second enbodi nent; FIG
11 illustrates an overl apping antenna unit relationship according to the
prior art; FIGS. 12A - 12D illustrate a conmunication inpossiblity state
occurring according to the prior art;-ak@ +I1GS. 13A - 13D illustrate a
communi cation inpossiblity state occurring according to the prior art.
DETAI LED DESCRI PTI ON OF THE PRESENTLY PREFERRED EXEMPLARY EMBODI MENTS The
preferred enbodi nents of the present invention are hereinafter described
wi th ref er edescribachdageconpanyi ng drawi ngs. A first enbodi ment in which
the present invention is applied to a toll charging systemfor an express
hi ghway wi || be desciThigedhWsrepnatrustad tantesher emdest A 6F1-GS18 1rb@e iR
Referring first to FIG_ 2 which illustrates an overal

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 wvehicle passes through, for example, an area where the

communication areas 19, 20 overlap, the vehicle~installed 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 communication control 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 interrogation 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 received 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



view of the system a toll express road 11 (only | anes having one direction
-of travel are shown) has three |lanes 12, 13, 14. A predeterm ned tol
charging point is provided with a gantry 15 extending over the road 11.

The gantry 15 serves as a road- installed device. The gantry 15 has
‘antenna units 16 - 18 directed downwar d /corresponding to the respective

| anes 12 - 14 to determ ne conmuni cation areas 19 - 21. The communi cation
areas 19 - 21 are set in such a 12 - direction fromthe respective
antenna units 16 - 18 that they cover approaching traffic (represented by

nmot or vehicles 29). Accordi to this enbodi ppnt, the antenna unit 16 has
ant enna el er?@n?sg%%,mefﬂfyt Hgt HederdSing ¥ 11ES POBYP kAl by emegly .

S Tarly. PhdTheanat, Moo Eouk cfia SBPoraneb osapeovided "thathe
determne GQERURLCALIME 1Y §8Fic&0fy. 20b, respectively, that together
provi de the commruni cation area 58 as . ‘

Although not shown in the Eigures, the control circuit
42 is provided with a étarting circuit that starts the entire
device to switch from "sleep status™ 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 switcheé 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



a result. The antenna unit 18 has antenna el enents 24a, 24b that determ ne
communi cative areas 2la, 21b, respectively, that together provide the
communi cation area 21 as a result. As shown in FIG 3, each of the antenna
units 16 - 18 has a water-tight construction conprising (using antenna uni-t
16 as an exanple) a base 25 connected t¥B the | ower surface of the gantry
15, the antenna el enents 22a, 22b and a control circuit section 26 nounted
on the base 25, and a plastic cover 27 that is perneable to radi o waves.
The control circuit section 26 includes an electrical construction. as

descri bed belguet lyaly ooy T ebad NEuflbd Y| B9 Ghe! HR-ABLCNE AlamEALS 22a,, 220

for transmtti ng and recel ving operati ons. nna

are rotatabl yesuppayt 8d1by suRpaLt ghal t&@%&&ﬂﬁ@&&i&gxee%; gﬁésﬁ%rontg; the

radi ati on surface of each anténna el enent 22a, 22b can

Al though not rabeiwed sighalfsgiyiemtesacfomahonae %Ifeeﬁéltaniténﬁéiqmirt%‘ i‘ﬁa-b' y
supported with respect to a direction perpendicular to the support- Shaft 28

by a well-knobB $stemislie sdfttied dffdrmativd aldtermahatien mad %’éleﬁnﬂéag,f ace

can al so be adjusted with respect to directions perpendicular to the
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



- 13 - support shaft 28. The communi cative areas 19a, 19b depend on the
angl es of the radiation surfaces of the antenna el enents 22a, 22b,

respect.i vely, that together provide the conmunication area 19 as a result,
as descri bed above. The two communicative areas are defined to form an
overl apping area 19c. Thus, the commmilat+ ve areas 19a, 19b are conti guous
and | eave no space therebetween (simlarly, the other antenna el enents 23a,
23b, 24a, 24b produce overl apping areas 20c, 21c). The antenna el enents
22a, 22b output mcrowaves at frequencies different fromeach other for

comuni cation wi.th vehjcl e-inst aIIed deV|ces Each of the antenna el enents
22a, 22b, Zgéﬁreé’é'b e30RANGRE Zﬂbg’?% % KPcRESEPFMp AR ORRE ennBhen enent

pr oduced by form.ng elgh pat.ches a generall sguar e shape on one of the

si de surfaCEErTﬁV¥¥”pFPnt85 |983rtg%3a?d 2t TNt T IRFRE 25 AP RPesthEy
transm ssi o, Lings b ochhe fLedbng Ll Wolaln:cadil BELELEG,STLGHLL, Doard

used is formed 'n naterra

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
reception of the signal.
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



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 tenperature
expansion characteristic that the variation within the operating
tenperature range (for exanple, with the upper Iim.t being about [err]) is
a predetermned | evel or |ower (for exa@ple, 1%or lower). For exanple, a
BT resin material or a glass epoxy material has been used. Although a

typi cal array antenna conprising many patches exhibits side |obes, the
antenna el enments 22a, 22b reduce side | obes by adjusting the inpedance of
the transmi §9¢®ncfi ke vehicly-instelpedvéavieconnifiniardtadionmrdsei dakky
areas fromoccurring in the comunication area. For exanple, each of the
antenna el efBfits Xia, EBOPHTEPUES Fhichalo RSy efraubsicantskidletinstadredar ea
within a height range of abqut 1 to 2 meters; that is, the height range

t hrough whi 8AVtR? vehi cte- i R Red dEGF ce@BEFBEsseRLtThd Snpesecueai ches 29

traveling 08r£8§%§¥%¥h%%§aggggmgfity processing routine.

When the vehicle-installed device 30 receives the writs
- signal WDI1, 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 END1. 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 commﬁnication areas 19 - 21 of
Ehe :oad—installed.device 15 after it haé completad 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



have devices 30 (shown in FIG 2) installed close to their dash boards.
Each vehicle-installed device 30 has an antenna 31 for receiving pil ot
signal s and interrogation signals fromthe antenna units 16 - 18 as shown
i.n FIG 1. The antenna 31 is also a mcro-strip type antenna conprising two
pat ches of a generally square shape for2®d-on a printed cirtcuit board as
used for the antenna el enent 22a. The two patches are separate patches
provided for transm ssion and reception. The antenna 31 reflects an

unnodul at ed 5@{# ef5s Vet sl Qi A8t il &¥A PdRkhpi b: whid e dReilealhaggt he
carrier wavg a response Si gna or transm ssion of a response S|§nal.

That is, tthvgglpJe Installed device 30 transmts a response signal by
recei ving an unnodul ated carrier wave fromthe antenna units 16 - 18 within
the conmmuni cation ar @axy 18ctu®l apdlbypmekkeitgng the asshhiglesinsgelsignal
while receiving it. The electrical structure of the systemw || now be
descri bed wiehicefHr discdesdgheds to BecomBpdats ant B6 séndl| ardfrecopatsimd ed
antenna units 16 - 18 will be described by referrlng to the antenna unit 16
shown in FI Grhrdugin Wencepruséeatim 3T2rol b coite GRRERGR TMGadiledi deuics 32a,

32b prOV|ded respectlvely for - . -
30 writes in the IC card through an IC caxd interface 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. -

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 aresa 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



the antenna el enents 22a, 22b includes a control circuit 34, a - 15 -
power source circuit 35, and interface circuit 36 for exchanging data with
an external device. In each of the control circuits 32a, 32b provided for
the antenna el enents 22a, 22b, a nodulating circuit 37 nodul ates a carrier
wave, that is, an oscillation output frdéhan oscillator 38 .of a
predeterm ned frequency, with an interrogation signal or a pil ot

i nterrogation signal provided by the control circuit 34, and outputs it to
the antenna efgimntr 22a via a circulator 39. A reception circuit 40 for

si gnal processings, such as denodul ation, is connected to a m xer 41. The

m xer 41 receives an o0sgi lthat keRioUéPistalaRut Bevossi bb atke BNy
receives fromthe antenna’'el ement 22a a radi o wave signal correspon |ng to

a response sigiwlal Ph@lcarom ethevaneeand bt n#di ehwaventHodnalireql £ egpandi ng
to the response signal are m xed by the mixer 41 and then outputted to t he
reception cirstittchgd fres rideeptsleep 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
determlnatlon 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



circuit 40 denodul ates the conposite signal into a réesponse signal and

Out puts the signal to the control circuit 34. Each of the oscillators 38
provi ded respectively for the antenna el enments 22a - 24b outputs the
carrier wave in the form of quasi-m crowaves within a predeterm ned
frequency range assigned thereto, for &kanple, in the 2.45 GHz band. As
indicated in FIG 4, each oscillator 38 is assigned with one of the
frequencies f1 to f6 that are different narrow frequency ranges within the

aforenmentio 4 Q. a%Si gh equURRL Yirarn 1 Q3 LNE
ot her hand, Q:%gﬂélhég {J&ﬁ’s nsta I e %ﬁ/l iz %‘g | g%dég e gc?)to ?E%e‘{Vég;I "l the
signal s Co”engegﬂgb&%éﬁc@goo%é Egﬁéms Eﬁ@w@meacilm JcR8 & 5&“ nna
oscillators 3 16 - described later. The thus-constructed antenna

units 16 - 18 npacei ¥exbdNEosmed HEisndbh ¥eleC@ineePeRdi Ag-dkhd heikegpact i ve
antenna el ements 22a - 24b by a control device (not shown) connected

not transmit an intarrogation signal in response to the piiot
response signal RSP1, and switches to the status of waiting for
a pilot signal irom ancther antenna unit. If the vehicle-
installed device 30 receives 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 receive 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 " wvehicle-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) .

-

According to this embodiment, the vehicle-installed

s
h

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, the
control circuit 42 cancels the determination of the antenna unit

as a fixed communication party and validatss the communications



thereto by the interface circuit 36. The timng signals are determ ned
such that the neighboring antenna units 16, 17 and 17, 18 output pil ot .
interrogation signals and interrogation signals at timngs that are shifted
hal f an interrogation timng cycle fromeach other. Thereby, if the

vehi cl e-install ed device 30 of a noto+ xehicle passes through, for exanple,
an area where the comuni cation areas 19, 20 overlap, the vehicle-installed
device 30 will not sinultaneously receives pilot signals fromtwo antenna
units 16, 17,..In_the vehicle-insgalle dev%&g 30, a control circuit 42

const it ut i HgEPhE CREAMMEAPRoMTEErE r ol Afni FOPTEREREs “AUROFPARDTES REREL
According to a_pLe-stared or Lhe control | clreUif 42 outputs various
data, suchPa$ %f‘ gé%\} h'&c“l%g"‘s“ iggeaﬁ“trl}df'itecgfel%o i “c%léf'e ,"Jer'%gfésb% ‘S‘%‘ “t‘(5jt §e RR

signal or ag i %%(erso%%ﬁgh_sLcﬂ@%ve?'ﬂ&m?ﬁ% rélleacijﬁ,cuéé §2chgufongected to

the antenna 31 via a tranSmssion circult 43, and also via a réc%ﬁtF%%

circuit 44.,.h8e1LLaRSFA SEAPUICRUBD 4didan/ QlaBHPAY! Bld QduindE50L gance
with a response signal to nodulate thé unnmodul ated carrier wave received by

the antennga3tyl AinRhdadhd Ocdi@idrlcatibasS i Sal @he MM rbhe rRamphieR:-FoLcuit
44 denodul ates the radio

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 designéd 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. When the control circuit 42



wave received by the antenna 31 into an interrogation signal and supplies
the signal to the control circuit 42, thus formng a sem -doubl e
construction. The control circuit 42 is connected - 17 - to a data
nmenory 45, that is, a read/wite non-volatile nenory. A battery 46 supplies
power to the circuits provided in the v&hitle-installed device 30. Although
not shown in the Figures, the control circuit 42 is provided with a
starting circuit that starts the entire device to switch from "sleep
status" to "wake-up status" to operate for conmmunications and, when the

comuni cat i is & thneS Mok ch PEoL Y ddc sYEUECEs [ th the F8heePesbAiUSand 0
stand ready for reception of a signal fromfthe outside. This construction

minimzes tpge |k Ehechat teT ypd€avhe O FIHBECAL +ANS: A7 3§08, PRYSLOr Med.

The operation of this enbodinent will be described with reference to Fl GS.

5 - 7D. In ph@orcralkrodseidwerie i42i spassvsedthe 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 of the communication area 19 and



that notor vehicles travel separately in lanes 12 - 14, the antenna units
16 - 18 perform conmmuni cations with thé vehicle- installed devices 30 of
the notor vehicles traveling through their respective conmunication areas
19 - 21 to exchange tolling data without a failure as in the conventi onal
art. Wen the starting circuit swtche86the vehicle-installed device 30 to
"wake-up status", that is, the device is started, the control circuit 42
executes the programillustrated by the flowhart of FIG 5 for

comuni cations. In normal operation for communications, the vehicle-

i nstal | ed. devaxks meopw@t é@t&§r§§§35¢¢ REQIBaRoW. WHET 3&REein REONE - ofThehe

communi cation areas 19 - and receives a pilot signal PLT. First, when

t he cont rol Certxali €izguis %% ei?ratf&?]-tsotg? éjfettetrﬁ‘énﬂﬁbﬁﬁlé?ﬁ thReaBbARRD Uit cui t
42 detects and stores the |ocation qrn]g t he code nunber of
the gantry 16 pgcrudddern CORBUPLERT IR Eﬁ‘ﬂb{ LT, 10¥RL kdadgs the

determ nes g@n%ﬁ&rﬁca?t'lons with the antenna unit 16 (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 d.urihg the operation of the timer circuit 47, the
vehicle~installed :device 30 becomes able to receive a pilot
signal PLT2 from thel antenna unii: 17 and set the antenna unit 17
as a fixed commu_nicatioﬁ party for further communication
processing while .it_: is inside the communication area 20 (see
FIGS. 10A and 10‘D) . 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 connect:.on with the preferred embochment thereof with
reference to the accompanying drawmgs, it is to be noted that

various changes and modifications will become apparent to those



received signal originates fromany one of the antenna units 16 - 18 (step
S1). If the affirmative determ nati on has been nade, the control circuit 42
determ nes whet her the received signal is a pilot signal PLT (step S2). If
i.t is a pilot signal PLT, the control circuit 42 nakes an affirmative
determ nation and proceeds to step S3-t®7determ ne whether the pilot signal
PLT is the first pilot signal received fromthe antenna unit, in other
words, whether the pilot signal PLT is froman antenna unit fromwhich a

il ' I . al ' he | ' . S3) . f th
et or m nat | of SFeFEghE DB ' TRE: optrel | G s AB0s D0 LLGRT SPSAFY Hioh hey
t S5. | h | ;Cl |t 42 .deter.m th t | t
That has traiearEreerd nfe pBPLRS iRk rutd MR (Sone o Y oRr iRt

for the |at eaneﬁﬁ@l%%imne@n%_yfs%heuagaer%&@& U dithsf, €l egém{)%%gt%%%ucgls

PLT fromthe other antenna units i'f any ohe 1Is recelved.

the control ghhfyes #vd GRMFACAEi8nP FQL1dESPONSe signal in response to the
pilot signal PLT, and reflects the unnodul ated carrier wave continually

transmtted fromthe aristwad WH tuddhdoehd atimtd | divddift t4e ganeradmd-Jii | ot
response signal RSP thus transmtting the pilot

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 the auto park and
reducing manpower requirements.

In addition 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



response signal RSP. The pilot response signal RSP carries an
identification code that has been regi stered as a code specific to the
vehicle-install ed device. . 30. After that, the control circuit 42
sequentially receives interrogation signals RC, WC fromthe antenna unit
and - 19 - thereby exchanges signafs28to perform conmunicati ons.

When receiving an end signal END at the end of communi cations, the control
circuit 42 stops the conmunication operation and returns to the "sleep
status". Thelemerits meanl émpletevstructheesdetbeni tbant kbevebbrked@ocoibdde
driver registered on the basis of the vehicle-installed device 30 to go on
to toll col | BREFRNSHIURaES-ng. Wien the vehicle-installed device 30 \
comuni cates with, for exanple, the antenna unit 16, the antenna unit 16
transmts a vehicle-installed device data request signal RClL as an
interrogation signal followng the pilot signal PLT. The



vehi cle-install ed device data request signal RCL carries a code indicating
the |l ocation, the code nunber of the gantry, and the identification code
regi stered corresponding to the vehicle- installed device 30, thereby
causing only the vehicle-installed device 30 to performa conmuni cation
operation followi ng the reception of th&9ignal. Wien receiving the
vehicle-installed device data request signal RCl, the vehicle-installed
device 30 reads out data, such as data on account bal ance, to generate a
card read siweEmr FRDOtraZMEDtI®EN transnmits the signal to the antenna unit 16
in the mannér as described above. When the antenna unit 16 receives the
read signal RD1, the dnte@naehncle lIfonmarnisaitiont sys ben wirpdisingst al | ed
device 30 predeternmned data required for tolling data processing as a
wite signal Wo1. The @lbralstyd awpbengaunigsspaovided icosiresponding ade,

toll amount data, a |ocation code nunber. the qantry code nunber, the
i dentificati®Pluralify 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.

* [4 L M S * !



code of the vehicle-installed device 30, operation tinme data, etc. If the
response signal RSL fromthe vehicle-installed device 30 is abnormal,
the antenna wunit 16 execute a predeternm ned abnornality processing
r.outi ne. When the vehicle-installed device 30 receives the wite signal

WD1, t he vehi cl e-installed devi€e30 30 perforns predeterm ned
writing processing. The vehicle-installed device 30 then transmts a wite
end signal ENDL carrying a | ocation code signal, the gantry code nunber,

and the identification cedeefficibe IL.Gl e+ RSt ' . Ln the.
manner as described above. eUpg%Qr%ééngHrﬁ'r%ttlﬁé %%?%ngaﬁégogﬁdﬁgl k:%I\E){]a_L’;m‘the

antenna_uni L, 10hé£6N0 Balia aonARKk AARANLERER Bt ATAIG LN KeNCLe-

install ed device 30 to informof reception of the wite end signal

Upon recei viiagrébei vl mcknweredget 5o rslgnACErom Nen \W@iteang- hH§Eav|Jit[q{ji
device 30 determ nes that comuni cati ons have been conpleted. The s art | ng
circuit stopspredeterninedeldnyticeo8Otinet hetédsl eeansiitisig 4 hadspensd he
sanme status before the starting of communications. |If the vehicle-installed

devi ce 30 r&ighabsforpal pitlont signajatdmrensiigrtalrragat ot ns i drea I ofwaaitdad | on
areas 19 - 21 of '
same 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 communication signals;

response signal- 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 signa'l from a given ﬁransmitter, prohibiting sai
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



the road-installed device 15 after it has conpleted communication

pr ocessi ng,

the vehicle-installed device 30 ignores the signal with

reference to the data on comruni cation results stored, thereby avoiding

i.nterfering

wi th the communications by other. vehicle-installed devices.

This function prevents the vehicle- insBalt+ed device 30 fromrepeating

communi cations within the same communi cation area 19 or the comuni cati on
areas of the sane - 21 - gantry 15, thus elimnating the possibility of

et etprer St g Bl goskhne Bl bt g apans Seome,

i teo i n e A B 0, A onb B L 2L R i g

doubl e char
vehi cl e-ins
passi ng thr

to the anDunfrégndgﬂg&dtggn§ﬂ$gﬁgfgjng the toll anpbunt data transmtted

during the conmuni cations

specified by the wite

5. The communication unit of claim 4, wherein said
communication party fixing means is further for cancelling said

given transmitter as said fixed communication party after a

predetermined period of time to permit said response signal

transmitting means to respond to communication signals from other

transmitters.

6. The communication unit of claim 3, further
éomprising;

a wait time timer initiated responsive to transmission
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 transmitting 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 és 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.

L

rom the balance on the basis of various data



signal WD1l. Assurance of reliable communication processing wll be
described with reference to the case where a conmuni cation inpossibility
state may occur as described in the Description of Related Art above. It
i<s assuned that the vehicle 29 equi pped with the vehicle-installed device
30 passes a portion of the overlapping d2ea D close to the antenna unit 17
as illustrated in FIG 6. Mre specifically, it is assuned that- the
vehicle- installed device 30 passes through a portion of the overl apping
area D that is inside ghe dRantbmiumi@aibdARNGE be caBt/NBA WRLLe1H QQ{;d
outside the uplink area 19AU and that is inside the uplink area 20AU o
antenna unit cbimuAscabbom WmitFliG a7Behidle-anuened unit b o epeatedb¥ging
outputs pilot signals PLTL at tine tO - t7 in the transm ssion cycle ' T.” On
t he ot her hasgste®.shown in FIG 7A, the antenna unit 17 repeatedly outputs
pilot signals PLT2 in the same transm ssion cycle T as that of the

nei ghboring antenna unit 16 but at a tine shifted by T/2, that is, the half
t he transm'ssion

t he

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 signal 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



- 22 - cycle T. If the vehicle-installed device 30 receives a pilot signal
PLT1 fromthe antenna unit 16, the control circuit 42 is switched fromthe
"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 executes38teps Sl - S6 as described above to
transmt a pilot response signal RSPl in response to the pilot signal PLT1
(see FIG 7C). In this condition, the control circuit 42 has fixed its
comuni cation party to the antenna unit 16 for further comunications (step

S5). Ther ef cpmprisineresponse- signal | pronidyitien3tez8eCifrddS Hrrer aid
I nterrogation signal froman antenna unit other than the currently'%lxed
connunicatiﬁﬁﬁmknqgusignﬁliﬁxansmétahnenmeanﬂﬂﬂrah&mitbeaceegpéﬁséﬂgfgﬂéi 42
makes a negative determnation in step S7 to end the program However,
since the VERRIBSIYR(ER | RRFIRTIOSOY salidcaecdivingimmande fidditk Mrea 19AU
of the antenna 19 although it is_inside the conmunication area 19 of the
ant enna uni MR IFatdon signal from said given transmitter, pProhibiting

said response signal transmitting means from transmitting
subsequent response signals to said given transmitter 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 cancelling said given transmitter as said fixed
communication party whén 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 recept;on by said receiving means of said first
communication signal from said given transmitter, prohibiting
said response signal transmitting means - from transmitting
subseguent response signals to said giveg-trénsmitter when said
receiving means receives said secon& comﬁﬁnication signal from
said given transmitter.

-
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case, the pilot response signal RSP1 fromthe vehicle-installed device 30
does not reach the antenna unit 16. As a result, the antenna unit 16
transmts the pilot signal PLT1 again at the next transmi ssion timng. As
the vehicle-installed device 30 receives the pilot signal PLT1L fromthe
~antenna unit 16 again, the control umi 8442 nakes a negative determination
in step S3 followi ng steps S1 and S2. The control circuit then cancels
the fixation of the communication partner (step_ S8 and
invalidates the 143 cdheuscBBURLEEtIAT Mnife 0OAnCdaAB Bni vhaseintegidso)
‘The vehicle- installed device, 30 thus cancels the determ nation of the

ant enna 16 SMBHFECEEdOBoRm:Ri &8t} oTRELERBPURT #L &t ite 1BnReRRAL tERaE Tling not

transmit an_interrogation signal in response to the pilot response signal
RSP1, and sWitHs to the status of waiting for a pilot signal from another
antenna unit. If the vehicle- installed device 30 receives a pilot signal
PLT1 fromthe antenna

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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unit 16 later on, the control circuit 42 wll invalidate the comunications
therewith by making a negative determnation in step S3 as descri hed above.
Since the vehicle-installed device 30 is still passing through the

over |l apping area D, the vehicle-installed device 30 will receive a pilot
PLT2 fromthe antenna unit 17. “WBén-this  happens, t he

si gnal

vehicle-installed device 30 starts communications with the antenna unit
17 as described above. In this manner, the vehicle-installed device

cancel s

to communi cate with tphrevenhéngahtensmisaian ©L rdepaaise sdghadisi g tsaild

processing without a failure (see FIG 7D).

and qui ckly becones able

According to this enbodinent,

30

t hef defiet dosponge elghdk; antdnna unit 16 as a fixed communication
partner since the comuni cations are inpossible,

i f the vehiedmmurnigiadiiosd uaabi @éeIBOSBfl@cé’avéstam@l?%ﬁloﬁ §38PSBET from one of

the antenna units 16 - 18, transnits a pilot response signal RSP and then
receives a pilot signal PLT fromthe sane antenna unit again, the control

circuit 42 cancels the determ nation he aggenna n|t as a fixed
communi cation party afid valisd FhQ ti bjgther 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

A A



-. 24 - with other antenna units. The enbodi nent thus perforns tol
processing without a failure even if the vehicle-installed device 30 passes
t hrough the overlapping area D, as a result of the vehicle-installed device
30 quickly switching the conmuni cation party when the conmunications with
the current communication party becones3#énpossi ble and starting
comuni cations with another antenna. FIGS. 8 to 10D illustrate a second

ngui shi.ng the second

nbodi 16, 1NV ' he f disti
enbodi mont FPBMErA TR 88t SroRLre L iRt Gt D 81 end paeyeashag
rbodi ment TYR T~ SERRD, RS - wnq b
the vent ol et Tttt S, SF (EEShBRE, SAPRALY “Brrdots ¥ orice comgwatcnion
response t os apl Ple,y0uth e’ BBblS) S SIAANILL 16,800 then recei ves an

i nt errogati on”signa to start the conmunicatl on processing while

passi ng through the Queide3BRhBY SHiRP Dofifudidatibhat 4thdd ELG ¢S4 byl Lhe

vehi cl e- :
communication party responsive to reception of a 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,



install ed device 30 | eaves the communi cation area 19 of the antenna unit 16
before receiving an interrogation signal Wl follow ng .the response signal
RD1L fromthe vehicle-installed device 30. In this case, the
vehicle-install ed device 30 could al so pass through the comunication area
20 of the antenna unit 17 and pass ~—attoss the gantry 15 before
conpleting the comrunication processing. This enbodi nent is designed to
prevent such an undesired event. Referring to FIG 8, the vehicle-installed
device 30 has a circuit construction in which a control device 42 is

connect ed | . CI_HGUJ e q & ql & ' A = 25 3 |
starts t heég%ﬁ%#n% I gnl%p*r:%csgaglscli ﬁ\éﬁgg %%ﬁ}"@%t{er’s%l Béhbc%gdél eré'znltqn P ﬁes%o%t rol
circuit 42 tgghﬁ | JE jsreuiqt a | L MBin 3 contrQl.. circuit
42 oper at eg&@ﬁ%‘ [ ne"?ﬁb(%drgc%nt s ﬁ%&pgéﬁlzguﬁﬁtj télzng anl;gel\gtﬁ'o%gls%eqlgﬁl&ﬁal in
step S6 of the above-described program (see FIG 5) executed in accordance

with the pilot signa

-

| A 0



PLT1 from for exanple, the antenna unit 16 (see FIG 10B). The timer
circuit 47 counts tine starting at the tine of transm ssion of a response
signal for an interrogation signal and endi ng when a predeterm ned wait
ti me TWhas el apsed (see FIG 10C). Upon detecting elapse of the wait tine
TW the timer circuit 47 outputs an interruption signal to the control
circuit 42. Receiving the interruption fgijgnal fromthe tiner circuit 47,
the control circuit 42 executes a timer interruption programillustrated in
FIG 9. Until the tiner interruption occurs, the control circuit 42 fixes
the antenna unit 16 as a fixed comrunication party and cancels
interrogation signals fromother antenna units if any are received. - |If
the next interrogation signal is received fromthe fixed comrunication
partner, that is, the-antenna unig 16, during this period, the control
circuit 42 makes an affirmative .determnation in step S7 of the main

conmuni cati on program (see KT ~and pro o0 step S6. The tiner
circuit 47 is thereby started agarm. Oprtime other hand, if no interrogation
bef

signal is received fromthe'lant enng unijt 16 ore the timer circuit 47
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times out, the control circuit 42 determ nes that the vehicle- installed
devi ce 30 has gone out of the communication area 19 and - 26 - starts
the timer interruption programillustrated in FIG 9. The control circuit
42 cancel s the determ nation of the antenna unit 16 as a fixed

comuni cation party (step T1l), invalidates the conmmunications with the
antenna unit 16 (step T2), and ends thpgjprogramto return to the nain
comuni cation program (see FIG 5). Wth this construction, if the

vehi cl e-install ed device 30 does not receive the next interrogation signal
fromthe antenna unit 16 during the operation of the tinmer circuit 47, the
vehicle-install ed device 30 becones able to receive a pilot signal PLT2
fromthe antenna unit 17 and set the antenna unit 17 as a fix

comuni cation party for further conmunication processing whilglit is inside
the communi cation area 20 (see FIGS. 10A and 10D). .Thereby, e
comuni cati ons between the vehicle-installed device 30 and t antenna unit
17 and the toll

[
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processing will be conpleted by the tine the vehicle-installed device 30
‘has passed through the communi cation area 20. The vehgng_%ﬂEL@LLed_de¥+c
30 will thus conplete the comruni cati on processi ng before the

vehicle-installed device 30 reaches the gantry 15. The qgﬁsmﬂt
t hus achi eves substantially the sane advantages achi eved
enbodi ment and, in addition, will promply switch the co

to another antenna unit if reception of an interrogation alls after
the starting of communications. Although the present inventlon has been
fully described in connection with the preferred enbodi nent thereof with
reference to the acconpanying drawings, it is to be noted that various
changes and nodifications will beconme apparent to those - 27 - skilled
in the art. Such changes and nodi to be understood as being
included within the scope of the ngtﬁdE;angEFIOH as defined by the
appended cl ai ms. Exanpl es of such
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changes and nodi fications follow Instead of using the tiner circuit 47,
the control circuit 42 may be provided wth a software-inplenented tiner
function. Further, the vehicle-installed device my be equi pped with an
oscillator for transmtting response signals, rather than the passive
reflective nodul ati on arrangenent descri bed above. Besides toll collection
for express roads, the invention can aj/§Q be applied to parking fee
collection for auto parks. This application will allow an entrance/exit
design with a plurality of gates such that a plurality of vehicles can
simul taneously enter and elimnates the need to stop each vehicle at the
entrance and/or exit to performfee collecting operations, thus enabling
speedy entrance to and exit fromthe auto park and reduci ng nanpower
requirenents. In addition to toII/l.]t.“l:I rat ons, the invention may be
applied to various forns of data such as research on traffic.
For exanple, the invention nay be used for research on traffic volume for
t he purpose of preparation of trg SﬁAB. onmation, city traffic planning
and the |'i ke. Moreover, the inveny n pe applled not only to a road of
three | anes, but '
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al so to roads of two |
device may be left in
function of waking up
t he ant enna - 28 -
above-descri bed patch
vehi cl e comruni cati on

The vehicle-installed
i ncor porating the

nore than three | anes.
the tinme, instead of

anes or
operation all

on reception of a-pilot interrogation signal. Al so,
el ements may enpl oy structures other than the
structure. - 29 - WHAT IS CLAIMED IS 1. A

system conprising: &Afurality of antenna units

provi ded corresponding to a plurality of comrunication areas for
transmtting pilot signals at predetermned different timngs and for
transmtting interrogation signals in accordance with the transm ssion

cycle

FIG. 6
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for the pilot signals when receiving a pilot response signal; a
road-installed device for setting different timngs of transmtting at

| east one of pilot signals and interrogation signals for at |east those of
the plurality of antenna units whose conmunication areas nei ghbor and
overlap each other to cause those antenna units to operate in accordance
with said different timngs, and for igjgmtifying a vehicle passing through
one of said conmunication areas on the basis of a signal received; and a
vehicle-installed device provided in a vehicle for transmtting a pil ot
response signal when receiving a pilot signal fromone of the antéﬁba units

and for, when receiving an interrqggatipn signal fromthe sane antgdha unit,
transmitting an interragatfion fes _S.LQ.ELQJ_#ILL&&QQ_HS.Q_LQJJIQ ~
interrogation signal recgijed, [sojas tp perforjm comuni cati ¢ms; iBf ei n
said vehicle-installed ' ' udes corjmuni cati on contjrol freans for,
when receiving a pilot s ro ant enna |unit after transmtiting a
pil ot response signal to t me hna unit|, perfornming ¢dntrdl to
i nval i date the communi cad4jerns-y# Lant eRAg-dhi--and-to—-gdeept & pi | ot
si gnal &~
AN
Q.
S NN b _ Tol
(o ¥] e -
ShE
<
T e A\ sl Q>-——-——--—‘---'--3
L=
st - N8 ==
BN W [jua
1 -
=
S S B A S | s— N O SN B,
~J {=
N NN\ o [|[<2
g OKSS o
> =
- 1 e e = |
ST o T——F ANANN P =
s S5 £ U =
=ANG = ==3 Sg =
b~ 3 = e}
T Ee ] o8 fell |-
o wgt =
o n_ =
N T A\ N — [0S = L]
- <"~ | Q. - I‘—'
I S 3 = NN\ Y Il - do
b
- - -
~ Q =
= b =
= W2 >
== e SS—
=- =Z> L= =
<< << >S=0 =2m
§§,7,
Igw
Lo
>0a

F1G.7D



from anot her antenna unit. - 30 - 2. A vehicle conmunication system
according to claim1, wherein said comunication contn;hrgﬁgﬂijjijithgL
for, when it receives no interrogation signal from an na unit within a
predetermned length of tine after transmtting a respoRge shdeCms Bedn®eplaced
pilot signal or an interrogation signal fromthe sane ant

i nval i dating the comunications with t pgrant enna unit andﬂm I | ot
signal from another antenna unit. 3. A comrunication unit Si ng:

recei ving means for receiving communi cation signals; response signal
transmtting nmeans for transmtting response signals responsive to said
communi cation signals received by_.said receiving neans; and response signal
prohi bition nmeans for, after said]response signal transmtting neans

transmts a response signal -
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responsive to reception by said receiving neans of a first comunication
signal froma given transmtter, prohibiting said response signa
transmtting neans fromtransm tting subsequent response signals to said
given transm tter when said receiving neans receives a second conmuni cation
signal fromsaid given transmtter. 4. The comunication unit of claim
3, further conprising comunication noy fixing means for establishing
said given transmtter as a fixed conmunication party responsive to
reception of said first communication signal by said receiving - 31 -
means and preventing said response signal transmtting neans from
transmtting response signals responsive to conmuni cation signals from
~other transmitters. 5. The conmunication unit of claim4, wherein said
comuni cation party fixing nmeans is further for cancelling said given
transmtter as said fixed conmunication party after a

FIG. 9
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predeterm ned period of time to permt said response signal transmtting
means to respond to comunication signals fromother transmitters. 6. The
comruni cation unit of claim 3, further conprising: a wait time timer
i-nitiated responsive to transm ssion of said response signal to neasure a
wait tinme period; wherein said response signal prohibition neans is further
for preventing said response signal trgpgpitting nmeans fromtransmtting
response signals to said given transmtter when said wait tine ti

nmeasures said wait tinme period. 7. The conmmunication unit of c&im 6,
further conprising conmuni gati gn partyafixing ans for establishpyrg said
given transmtter as a fiLxed.c ' ion parfy respansive Legeption of
said first conmmunicationgag|gnall byl sai @ receivi ng. neans and |pfreventing said
response signal transmttg ans| from trfansnf t{f ng respongel sighal s
responsive to communi cat igh signalls frogmqtherjtypnsmtters.
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- 32 - 8 The communication unit of claim3, wherein said conmunication
Unit is a vehicle-mounted unit in a toll-charging system 9. A

comuni cation unit conprising: receiving neans for receiving comrunication
signal's; response signal transmitting nmeans for transmtting response
signals responsive to said conmuni cation signals received by said receiving
means; communi cation party fixing neaj§/{@r establishing a given
transmitter transmtting a first comrunication signal as a fixed

communi cation party responsive to reception of said comunication signal by
sai d receiving neans and preventing said response signal transmtting means
fromtransmtting response signals responsive to comrmunication signals
from other transmtters; and conmuni cation party cancellation neans for

cancel | i ng said given transnitteuﬁﬁé/jfgd Sngd communi cation party
responsjve to reception by said riecdi ] s of a second
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comuni cation signal fromsaid given transmtter. 10. The conmuni cation -
system of claim9, wherein said comuni cation party cancellation neans is
further for cancelling said given transmtter as said fixed comunication
party after a predeterm ned period of tine. 11. The conmuni cati on system
of claim9, further - 33 - conprising response signal prohibition neans
for, after said response signal transpjtfta ng neans transnits a response
signal responsive to reception by said receiving neans of said first
comuni cation signal fromsaid given transmtter, prohibiting said agsponse
signal transmtting means fromtransmtting subsequent response S|g als to
d

sai d given transnitter when|sai d r ekeiidng meand receives sapq sec _
comuni-cati on signal fromsg@dgrver HbﬂTTfG‘T?ﬁ? ~Tte-tgnmomiteat i on
i [(YaYaaaYa i : :
systemof claim9, further REPRR sng.
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await tine timer initiated responsive to transnission of said response
signals to neasure a wait tinme period; wherein said comrunication party
cancel lation nmeans is further for cancelling said given transmtter as said
fi xed communication party when said wait time timer neasures said wait tine
period. 13. The conmuni cation system of claim 12, further conprising
response signal prohibition nmeans for 2¢{per said response signal
transmtting neans transmts a response signal responsive to reception by
said receiving nmeans of said first conmunication signal fron1saE£ gi ven

transmtter, prohibiting sai fespagnse signal transmtting ﬁﬁﬁans from
transmtting subsequent-jr. nals-tolsal .g.i.A/.ED...T.LEfSﬂ’LLIET when
sai d receiving nmeans redeivek sai d second cpmfyni cation s|dnal |{fromsaid
given transmtter. - 14} THe communicgtion unit pff clgim9,
wherein said
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communi cation unit is a vehicle-nounted unit in a toll-charging system 15.
-A nmethod of conmmunicating with a conmunications unit, said nethod
conprising the steps of: receiving comuni cati on signal s from
“said comruni cations unit; transmtting response signals responsive to said
recei ved communi cation signals; and gdéegad¥ansnmtting a response signal ,
responsive to reception of a first comunication signal from said
comuni cations unit, prohibiting transm ssion of subsequent response
signals to said connunlcatlons uni t upon rece%tion of a second

communi cati on si gnal VEEZRLEa COMUNICATIN SXSTEN AND1METHORe netﬁod of

claim 15, further conprisi pgdRHINERIGH RESPORBINVIRYNY Sai-d-comaunications -
unit as a fixed conmunication party responsive to receptlon oéursay¢\_mLN ”

first communication signal; Tn&UHIERaH ERGILINENINIISI on of | r espongessicgnal s ||
responsive to conmmunication signals from other COﬁﬂunlcathﬂS‘ﬂﬁf%&u*—~-—__J

To enable communications between a vehicle-installed
device and an antenna unit even when the vehicle-installed device
passes through an area where neighboring-communication aréas
overlap each other, a toll collection point of a mnlt1p1e -lane
express road is provided with a gantry having antenna units
provided corresponding to the lanes. The antenna units are
controlled so that neighboring units alternately"transmit
signals. The antenna units transmit signals according to a
predetermined cycle and transmit én unmodulated carrier wave.
Upon receiving a siggal, a vehicle-installed device generates a
response signal by using a control circuit and transmits a signal
by reflection, fixes a communiéation party for fufther
communications and assumes a status of wéiting for an
interrogation signal. If the vehicle-installed device receives
pilot signals repeatedly from a single antenna unit, the device
determines that the communications have failed, and cancels the

- fixation of communication party and invalidates the party to
‘become able to communicate with other antenna units. The
vehicle-installed device will communicate with one of the antenna ///p\\\
units without a failure even if the device passes through an
overlapping. area, thus performing tolling processing without a o

failure.
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17. The method of claim 15, fur tirer: wmarrsr Ag=t-he;st pFE! ‘(ixf”

time period responsive to transm'ssion .= .85% Ofocga ispons a
preventing transmi ssion of respog#‘e si gnalig: S sai d cqpigini: caﬁa Lunlggéi
said wait tine period el apses alﬁrt7:IFﬁFF#5r
conprising the steps of: establishing said co nic tion ni flxed
conmmuni cation party responsive to reception% E?L#i 3 Jai la9
conmmuni cation signal; and preventi ng RBSIRAGT ssi on of response S|gnals
responsi ve to conmuni cation signals from ot her communi cations units. 19.

The communi cat i on veRIdLEOEQMURTERTEDNS \HEFHI AND MEHES PROGISRE! lﬁgmparty fixing

means is further for canceisSPoRSIVESY oMy RIPLE RS tRireS sal d i xed
conmuni cati on party after a

To enable communications between a vehicle-installed
device and an antenn; unit even when the vehicle;installed.device
passes through an area where neighboring communication areas
overlap each other, a toll collection point of a multiple-lane
express road is provided with a gantry haﬁing antenna units
provided corresponding to the lanes. The antenné units are
controlled so that neighboring units alternately transmit
signals. The antenna units transmit signals according to a
predetermined cycle and transmit an unmodulated carrier wave.
Upon recéiﬁing a signal, a vehicle-installed device generates a
résponse signal by using é control circuit and transmits a signal
by reprqt{on, fixes a communication pa;ty for further

'communications-'and assumes a status of waiting for an
interrogation signal. If the vehicle-installed device recéives
‘pilot signals repeatedly from a single antenna unif, the device
determines that the communications have féiled, and cancels the
fixation of communication party and invalidates the party to
become able to communicate with other antenna units. The
vehicle-installed device will communicate with one of the antenna
units withouf a failure even if the device passes through an
overlapping area, thus performing tolling processing without a

failure.

(Figure 5)
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predetern1ned period of tinme to pernmit said response sign Lw{fan$w1 ng;
means to respond to comuni cation signals fromother tran n1tters 20. A

net hod of communicating with a conmmunications unit, said ety ( [mgdng“ﬁ
the steps of: receiving comuni cati on S|gnals frbn}~~w aL e S
comuni cations unit; transmtting response I gnal s sai d
recei ved comuni cation signals; establ 16§ ng éﬂgﬂUEBWﬁbﬁP a 6H§'L%§E as a
fi xed conmuni cation party responsive to reception of a first. - 36 -

comuni cation signal fromsaid cggnmunications unit and preventing
transm ssion of response signals yesponsive to comunication signals from
ot her communi cations units; [@anad cpncelTrng sald gomuni cations unit as said

fixed conmuni cation party rgspo td eptiop of a second
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-

conmmuni cation signal from said conmunications unit. 21. The_.nethod of claim. .-
20, further conprising the steps of: after transm ssion of H BESDANSEENT SHERT ﬂ
signal responsive to reception of a first comunication sig a& fn&%_ |
said comuni cations unit, prohibiting transm ssion of subsequgﬂghum,pﬂasé“”m“ 4
signals to said comuni cations unit upon reception of said secend L

conmuni cation signal from said commung I on | e of .claim
20, further conprising the steps of: i srznpét i at ﬁ@%ﬁtﬁtééﬁgpésﬁé'voﬁ%

peri od responsive to transm ssion aj.d resRonse signals; and cancelling
sai d communications unit as said éfiigcggnnu Kcation party when said wait’
time period el apses. 23. The net hod 6of a 2, further conprising the
steps of: after transm ssion of a response signal resagﬂﬁive to reception

of a first conmunication signal from said co i cations unit,
prohi biting transm ssion of subsequent 25 26
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. 37 - response signals to said given transmitter upon r crep;jo ILOL. Saldy 1

second conmmuni cati on si gnal

from sai d comuni cati ons uni
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REPLACEMENT SHEET

ABSTRACT

VEHICLE COMMUNICATIONS SYSTEM AND METHOD PROVIDING HIGH
" * RESPONSIVITY TO MUTIPLE POLLING UNITS

R

To enable communications between a vehicle-installed device (30) and an antenna unit (16-
18) even when the vehicle-installed device (30) passes through an area where neighbouring
communication areas (19-21) overlap each other, a toll collection point of a multiple-lane
express road (11) is provided with a gantry (15) baving antenna units (16-18) are controlled so
that neighbouring units.(16-18) alternately transmit signals. The antenna units (16-18)
transmit signals according to & predetermined cycle and transmit an unmodulated carrier = -
wave. Upon réceiving a signal, a vehicle-installed device (30) generates a response signal by :
using a control circuit and transmits a signal by reflection, fixes a communication party for
further communications and assumes a status of waiting for an interrogation signal. If the .
~ vehicle-installed device (30) receives pilot signals repeatedly from a single antenna unit (16-
18),the device (30) determines that the communications have failed, and cancels the fixation
of commumcatlon party and invalidates the party to become able to communicate with other
antenna units (16-18). The vehicle-installed device.will.communicate with one of the antenna
units without a failure even if the device (30) passes through an overlappmg area, thus
performing tollmg processmg without a failure.- ' .

Fig2 =



