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Field of the Invention

The present invention relates to a road/vehicle

communication method and device, and in particular,

to a

road/vehicle communication method and device which can

transmit and receive information by radio communication

between a vehicle communication device which is installed in .

a vehicle and a road device_Which is provided on a roadside.

Description of the Related Art

Fee-charging facilities utilize some type of method for

receipt of fees for use of the facility For example, a

vehicle traveling on a toll road must pay a fee which

corresponds to the type of vehicle and to the distance the

vehicle has traveled on the toll road. A rggd/vehicle

communication method for automatically collecting tolls at

the entrance gate or the exit gate of a toll road is known

as a method of automatically collecting fees for use of a

fee-charging facility. In the road/vehicle communication

method, a communication device (hereinafter, "road device”)

is provided on a roadside. The road device serves as ‘an

interrogator which asks the vehicle for information,

a road antenna having a set communication area for

and has

transmitting and receiving (communicating) radio waves.



as a nethod of automatically collecting fees for use of a fee-charging
facility. In the road/vehicle comuni cation method, a communication device
(hereinafter, "road device") is provi-ded on a roadsi de. The road device .
serves as -an interrogator which asks the vehicle for information, and has
a road antenna having a set conmunication area for transmtting and
recei ving (communi cating) radi o waves.
- 2- Further,. a conmuni cati on device (herelnafter "vehicle device")
S prOV|ded at a vehicle. The vehicle device has an antenna, and serves.as
a responder for responding, within the comunication area, with regard to
the information which was inquired about by the road device. In this way,
in the rFatheah d ecoammicaolomawidodhérdimtadteron Twehiclamsm tted and
recei ved by radi o conmuni cati on between the vehicle device and the road
devi ce. devicely) iks vmtdvidedvat an wehisnke. f Sfhe orshitlaatdenics thas
an antenna, and serves as a responder for responding, within
the communication area, with regard to the information which
was inquired about by the road device. In this way, in the
road/vehicle communication method, information is
transmitted and received by radio communication between the
vehicle device and the road device.:
As is well known, an antenna for commﬁnicating via
radio waves has a communication area. Reliable information
must be transmitted and received between the vehicles
traveling through the respective lanes in a toll gate and
the respective road devices corresponding thereto.
Therefore, information is transmitted and received between
the vehicle devices and the road devices with a one-to-one
correspondence being provided between the vehicle devices
and the road devices. |
In order to minimize the receipt in a given
communicatiqn area of radio waves from vehiéles traveling in
adjacent ianes, it is necéssary to reduce_the radio wave
intensity of the communication radio waves or to reduce the
size of the communication area for each léne,
However, if the radio wave intensity 1is reduced or the

communication area is made smaller, communication is carried

out by radio waves having a weak radio wave intensity in a



radi o waves has a conmunication area. Reliable information nust be
transm-tted and recei ved between the vehicles traveling through the
respective lanes in a toll gate and the respective road devices
correspondi ng thereto. Therefore, information is transmtted and received
between the vehicle devices and the road devices with a one-to-one
correspondence bei ng provided between the vehicle devices and the road
devi ces. In order to mnimze the receipt in a given comunication
area of radio waves fromvehicles traveling in adjacent lanes, it is
necessary to reduce the radio wave intensity of the conmunication radio
waves or to reduce the size of the communi cation area for each | ane.
However, limitedradmpupdvetioneasietay i Thervdfovd,othehénfoomatibpoamd®yn area

is made smal | er, comunication is.carried out by radio waves having a weak
radi o mav@eiﬁgﬁﬁgigytiﬁug to the insufficient radio wave intengity,

m ted S 69 aB § ey o8 Th" Srahini b1 0E Bha el ving of
information deteriorate$. Further, in cases in which the
antenna is malfunctioning, there is unsatisfactory
comﬁunication, and the reliability of the transmission and
receipt of information deteriorates.

In order to solve the above drawbacks, Japanese Patent
Application Laid-Open No. 6-2433168 discloses radio
communication between vehicle dévices and road devices at a
multi-lane gate with the communicatioh areas of the
respectiVe antennas being set to overlap one another. In
accordance with this technology, a plurality of road
antennas are assigned to a singie vehicle device so as to
enable reiiable communication.

In conventional road/vehicle communication devices, a
plurality of road antennas are assigned to a single vehicle
device. However, when the vehicle device_detects that a
road antenna is malfunctioning, the vehicle device cannot
specify which of the road antennas is the road antenna which

is malfunctioning.

SUMMARY OF THE INVENTION
In view of the aforementioned, an object of the present

invention is to provide a road/vehicle communication method



"be deficient due to the insufficient radio wave intensity, and the
reliability of the transmtting and receiving of information deteriorates.
Further, in cases in which the antenna #s nalfunctioning, there is
unsatisfactory conmmunication, and the reliability of the transm ssion and
recei pt of information deteriorates. ' In order to solve the above

dr awbacks, Japanese Patent Application Laid-Qpen No. 6-243316 di scl oses
radi o communi cati on between vehicle devices and road devices at a
multi-lane gate with the comuni cation areas of the respective antennas
being set to overlap one another. In accordance with this technol ogy, a
plurality of road antennas are assigned to a single vehicle device so as
to enabl endldeabice ciomwinidatimformation |qarcdres ereliialdly riosdsmitdde
comuni cation devices, a plurality of road antennas are assigned to a
singl e velsind geafdwatk betwgarera vghdre tehecomstund e tdori devedee@and that a
road antenna is_ mal functioning, the vehicle device cannot specify which of
the road &feshsieyvice thie dotRs Wit mhAadfiune tianing masd iagienga. |

SUWARY OF THE | NVENTI ON ~In_view of the aforenentioned, an object of
the present irst -aspect of the present invention is a

road/vehicle bbmmunication method for communication between
a plurality of road devices, which are provided with a
plurality of road antenna devices at respective gates, and a
vehicle communication device, which is mounted to a vehicle
and transmits and receives information.to and from the
plurality of road devices by radio waves, comprising the
steps of: (a) when the vehicle passes through a first gate,
the vehicle communication device receiving gate infdrmation
which reiates to the first gate and which is transmitted
from a road antenna device_of fhe first gate, and the
vehicle communication dévice transmitting the received gate
information at a second gate; (b):the second gate receiving
gate information from a plurality of vehicle communication
devices, and computing a communication probability for each
antenna device of the first gate when a numbef of recéived
gate information correspondiﬁg to the first gate has reached
a predetermined number; and (c) comparing, for each road
antenna device, the communication probability with a
predetermined reference value, and detecting, as a
malfunctioning road antenna device, a road antenna device

for which a difference between the communicatlon probability



I nvention is to provide a road/vehicle comunication net hod

-4-

and device in which information can be reliably transmtted

recei ved between a vehicle communi cati.op -device and a road device by
detecting a mal functioning road ant enna. A first aspect of the

pr esent
bet ween

the vehicl e

to the fi AB8

and

invention is a road/vehicle comunication nethod for communi cati on

a plurality of road devices, which are provided with a pluralijity
of road antenna devices at respective gates, and a vehicle conmuni cation
device, which is nounted to a vehicle and transmits and receives

information to and fromthe plurality of road devices by radi o waves,:
conprising the steps of: (a) when the vehicle passes through a first gate,

the first t he i cl e comuni cation device transnmitting the
recei ved ag?gg’te%glqne% va‘i%%. |

A second aspect of the present invention is a
road/vehicle communication device for communication between

a plurality of road devices, which are provided with a

'plurality of road antenna devices at respective gates, and a

vehicle communication device, which is mounted to a vehicle
and transmits and receives information to and from the
plurality of road devices by radio waves, wherein the
vehicle communication device includes: storing means for
storing gate information which is received when the vehicle
passes through a.first gate and which is transmitted from a
road antenna device of the first gate and which relates to
the first gate; and transmitting.means for transmitting
stored gate information af a second gate, and the road
device includes: roadside receiving means for receiving, at
the second gate, gate information from a plurality of
vehicle communication devices; communication probability
computing means for computing a communication probability
for each road antenna device 6f the first gate when a number
of received gate information corresponding to the first gate
has reached a predeterminéd number; comparing means for
comparing, for each road antenna.device, the commnnication
probability with a predetermined feference.value; and

detecting means for deteéting, as a malfunctioning road

ate informati on which rel ates

oS . e\
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I nformation at a second gate; (b) the second gate receiving gate

i nformation froma plurality of vehicle conmunication devices, and
conputing a comunication probability fér-each antenna device of the first
gate when a nunber of received gate information correspondlng to the first
gate has reached a predeternined number; and (c) conparing, for each road
ant enna devi ce, the comuni cation probabllity wth a predeterm ned

ref erence value, and detecting, as a malfunctioning road antenna device, a
road antenna device for which a dlfference bet ween t he communi cati on
probability © -5- -and the
predeterm ned reference val ue exceeds a predetern1ned val ue. .

second asprebndl hBG1RECSENLRAVERELARal Bod: cEORMEVGHL CheaCRTFHLER bon

devi ce for comuni ca IOﬁ ween ura roa evi ces are

provi ded ¥Withedn PhU' 8bhh¥n?kakeed BPBSBBQlQ%y'Sﬁa eher§§eaekb¥ﬁlaéhes and
a vehicle.communi cati on device, whi is mounted to a vehicle

reference value exceeds a predetermined value.

In accordance with:the road/vehicle communication
method of the first aspect; when the vehicle passes through .
a first gate such as an entrance gate or a route point or
the like, the vehicle communication device receives gate
information which is transmitted from a road antenna device
of the first gate and which relates to the first gate. The
gate information may include information expressing the
position of the entrance gate or the route point, or a
predetermined gate number, or the year, month and date on.
which the vehicle passed through the gate or the point, or
the like. The vehicle communication device ﬁransmits the
received gate information to a second gate which is an exit
toll station or the like. In this way, the seeond gate can
receive all of the gate information received by vehicles
passing through fhe firsf gate. The second gate receives
gate information regarding the first gate from a plurality
of vehicle communication devices. Whenlthe number of-
‘received gate information corresponding to the first gate
reaches a predetermined number, a communication probability
is computed for each of the road antenna devices at the
first gate. More sbecificelly. the gate information

includes information expressing through which of the road



and transmts and receives information to and fromthe plurality of road
devi ces by radi o waves, wherein the vehicle conmunication device includes:
storing nmeans for storing gate informafion which is received when the
vehicle passes through a first gate and which is transmtted froma road
antenna device of the first gate and which relates to the first gate; and
transmtting nmeans for transmtting stored gate information at a second
"gate, and the road device includes: roadside receiving nmeans for
receiving, at the second gate, gate information froma plurality of
vehi cl e conmuni cati on devi ces; comuni cation probability - conmputing neans
for conputing a comunication probability for each road antenna device of

the first,gaLanaNaRyacBUTHE ¢ndl £A2CE £BE.02hE LBAOLTR! LBAnGATLERRBATI NO to

the first gate has reached a predeterm ned nunber; conparing neans for
CO"Dar'ngde@@éeGQBBmﬁﬁééa%@HeW@%hd%HbC?othQeQQBBU”'?ﬁbk@@or@rohﬁgh|'ty

with a predeterm ned reference val ue; and detecting neans for det ecti ng,

as a nual fytneétholbBg bPagate information received at the seconfi- gate
reaches a predetermined number, the number of times the
predetermined number of.vehicleé coﬁmunicated with the
respective road antenna devices of the first gate can be
obtained. Further, when one vehicle passes through the
first gate, there exist probabilities expressing the
possibility of communication of the vehicle communication
device of that vehicle with the respective road antennas of
the first gate. Accordingly, when the numbef of gate
information reaches the predetermined number, a
communication probability, which expresses the possibility
of communication at the time a predetermined number of
vehicles have passed through the first gate, can be
determined for each of the road antenna devices from ‘the
previously-mentioned probabilities and from thé number of
times of commﬁnication witb the respective road antenna
devices. When thefe is a road anfenna device at the first
gate which malfunctioned in this communication, the gate
information from the malfunctioning road ahtenna device is
inaccurate, and the detérmined éoﬁmunication probability
differs from the communication probability which is the
standard in a case in which the road de?ice is not

malfunctioning. The communication probability of a road



antenna device, a road antenna device for which a difference between the
comuni cation probability and the predeterm ned reference value exceeds a
pr edet er mi ned val ue. I n accordanc® -with the road/vehicle

communi cation nethod of the first aspect, when the vehicle passes through.
a first gate such as an entrance gate or a route point or the like, the
vehi cl e comuni cation device receives gate information which is
transmtted froma road antenna device of the first gate and which rel ates
to the first gate. The gate information nmay include information expressing
the position of the entrance gate or the route point, or a predeterm ned.
gate nunber, or the year, nonth and date on which the vehicle passed

through the, gale &ﬁé{@&‘ &Ri%ﬁ%@@ﬁ&ﬁkﬁ JPEp ¥L1Y CSr FOSTONG § ak b ON

device transmits t received gate information to a second gate which is

an exit {10l | s f44APD Combieiéakfon | Prébabiveyy. t NecSCE@NEE TR} Covan
receive-all of the gate information received by vehicles passing through

the firstigatwerd NEs S£ORATH @R E16LLEE VESad gath end odewd ¢onat etiae di ng t he
first gate froma plurality of vehicle comunication devices. Wen the
nunber offirecegaee, gthe determbhedncommuripahiiomgprobabblityst gate
expresses the respective conditions of the road antenna
device. In this wa&, the determined cqmmﬁnication
probability is compared with a predetermined reference value
for each of the road antenna devices. A road antenna
device, for which the difference between the determined
communication probability and the reference value exceeds a
predetermined value, can be detected as a malfunétioning
road antenna device.

The above-describedlroad/vehicle communication method
can be.realized by the road/vehicle communication device of
the second aspect. The vehicle communication device is
provided with a storing means for storing gate information
Which-is received when the vehicle passes through the first
gate and which is transmitted from a road antenna deviee of
the first gate and which relates to the first gate. The
stored gate information is trensmitted at the second gate by
the transmitting means. The road device is provided with a
roadside receiving means at the second gate, which means
receives gate information ffom a plurality of vehicle
communication devices. The communication probability

computing means computes the communication probability for



reaches a predeterm ned nunber, a comrunication probability 1is conputed
for each of the road antenna devices at the first gate. Mre specifically,
the gate information includes informatPon expressing through which of the
r oad -7- ant enna devi ces of the
first gate the vehicle comunication device comunicated with the road
devi ce. Therefore, when the nunber of gate information received at the
second gate reaches a predeterni ned nunber, the nunber of times the
predet er mi ned nunber of vehicles communicated with the respective road
antenna devices of the first gate can be obtained. Further, when one
vehi cl e passes through the first gate, there exist probabllltles

express! N di\rodP Sl fliad Yagl1 SO R A 0T cd 010 Wi Chife %ﬁﬂ%g&lwat'on

devi ce of e respective road ennas rst

gate. Ci*él?é%ed‘*@é‘té hn FORTRESE 1 M&sﬁ&ﬁ@iﬁ@tt&%ﬁéa@f‘ﬁﬁ tdete

predetern1ned nunber,
reaches a predetermlned_number. For each of the road

antenna devices, the'comparing means compares the
communication probability and a predetermined reference
value. The detecting means detects a fead antenna device,
for which the difference between the determined
cpmmunication probability and a predetermined reference
value exceeds a predetermined value, as a malfunctioning
road antenna device.

The road antenna device may include an antenna
installed at the road and an antenna control device which
controls the antenna.

In accordance with the above-described aspects of the
present invention, gate information transmitted from road
antennas at a first gate is transmitted from vehicle
communication devices at a second gate. A road device
computes a communication probability for each antenna-of the
first gate from the number of gate information. A road"
antenna device, for which the difference between the
communication probability and a reference value exceeds a
predetermined value, is detected as a malfunctioning
antenna. Therefore, a superior effect can be achieved in
that which of the.road antennas is a malfunctioning antenna

can be specified.



comuni cation probability, which expresses the possibility of

communi cation at the tine a predeterm ned nunber of vehicles have passed
through the first gate, can be determ n@d-for each of the road antenna
devices fromthe previously-nentioned probabilities and fromthe nunber of
times of communication with the respective road antenna devices. Wen
there is a road antenna device at the first gate which malfunctioned in
this comunication, the gate information fromthe mal functioning road
antenna device is inaccurate, and the determ ned comruni cati on probability
differs fromthe comruni cation probability which is the standard in a case
I n which the road device is not nmalfunctioning. The comruni cation
probability of a road : - 8- ' ant enna
device which is functioning properly corresponds to the standard

comuni cati on probabiHgkﬁgFmﬁﬁgbﬁfyﬁﬁva@@e%ﬁé'bRQMQN%SLS a mal functioning

road antenna device at t
Fig. 1 is a block diagram illustrating an automatic fee

collecting device to which the present invention may be
applied. |

Fig. 2 is a schematic perspective view illustrating an
exit gate of the automatic fee collecting device of Fig. 1.

Fig. 3 is a block diagfam illustrating a schematic
structure of main portions for detecting a malfunctioning
antenna at the exit gate;

Fié. 4 is a blbck diagram illustrating a vehicle dévice
of the present embodiment. |

Fig. 5 1s a block diagram illustrating an example of a
road device. |

Fig. 6 1s a process explanation diagram which summarily
illustrates transmissioﬁ and receipt (communication) of
basic signals of a handshake which takes ﬁlace between the
vehicle device and the road deviée at an entrance gate.

Fig. 7 is a process explanation diagram which summarily
illustrates transmission and receipt (communication) of
basic signals of a handshake which takes place between the
vehicle device and the road device at a route point;

Fig. BA is a proceés explanation diagram which_
summafily illustrates transmission and receipt |

(communication) of basic signals of a handshake which takes



first gate, the determ ned comuni cation probability expresses the
respective conditions of the road antenna device. In this way, the

det ermi ned communi cation probability rstlconpared with a predeterni ned
reference value for each of the road antenna devices. A road antenna
device, for which the difference between the determ ned comrunication
probability and the reference val ue exceeds a predeterm ned val ue, can be
detected as a nal functioning road antenna device. The _ ‘
above-descri bed road/ vehicle comuni cati on method can be realized by the
road/ vehi cl e communi cation device of the second aspect. The vehicle.
comuni cation device is provided wwth a storing neans for storing gate

i nfornmati gnacdidtvded eafd Wach tieh ddia aehind ecassRid tdewiah dthecd rst

gate and which is transmtted froma road antenna device of the first gate
and whi ch exdltatgestd.0 the first gate. The stored gate information is :
transmtted at the second gate by the transmtting neans. The road device
is provided witHig Shadsiaeorenssiekplamtian dlagrsmoidigat e, which
means receives gate information froma plurality of vehicle conmunication
devi ces. Fvamadninhihiidakusiir gfrasmh dinansmi sl and g ansdt conput es t he

communi cati on probability for
(communication) of basic signals of a handshake which takes

place between the vehicle device and the road device at the
exit gate.

Fig. 9A is a flowchart illustrating the flow of a
statistical processing routine for detecting a |
malfunctioning antenna at a road device.

'Fig. 9B is a flowchart illustrating the flow of a
statistical processing routine for detecting a
malfunctioning antenna at a road device.

Fig. 10A is an explanatory diagram for explaining the
relationship between an antenna and a communication
probability.

Fig. 10B is an explanatory diagram for explaining the
relationship between an antenna and a communication
probability.

Fig. 11 is a block diagram illustrating a schematic
structure of a vehicle device of a second embodiment.

Fig. 12 is a block diagram illustrating an example of a
structure of a vehicle device used in obtaining road

information.



-9- each road antenna device of the first gate when the nunber of
received gate information corresponding to the first gate reaches a
predet er mi ned nunber. For each of the +dad- antenna devices, the conparing
means conpares the conmunication probability and a predeterm ned reference
val ue. The detecting neans detects a road antenna device, for which the

di f ference between the determ ned. comrunication probability and a
predeterm ned reference value exceeds a predeterm ned value, as a

mal functioning road antenna device. The road antenna device may
i nclude an antenna installed at the road and an antenna control device
which controls the antenna. In accordance with the above-descri bed

anCennas at o fisDrgLRaPieeR ok et e e e EMBBDIERTR, i Catf on devi ces
at a Second_gah%re@nﬁg%@rqeﬁiQQrst embodiment of the present

invention will be described in detail with reference to the
drawings. In the firstiembodimént, the present invention is
applied to an automatic toll collecting device which, by
effecting radio communiéatioh between a vehicle device (to
be described in detail later) which is provided at a vehicle
and a road device which is installed in the ground at the
entrance. gate or thé exit-gate or the like of a toll road,
determines the vehicle type and the transit sectidns (route)
traveled by a vehicle, and automatically collects a toll
without the vehicle stopping at tﬁe entrance gate or the
exit gate. |

As illustrated in Fig. 1, a vehicle device 30 provided.
at a vehicle 90 is equipped with an ic card read/write
device 80 (see Fig. 4) as will be described later. An IC
card 62, on which information such as balance information
expressing the remaining bélance on the card or the 1ike is
stored, can be inserted into and removed from the IC card
read/write device 60. The vehicle device 30 is equipped
with a storaée circuit which stofes fixed data such as an ID
code (e.g., the vehicle registration number), vehicle type
information, and the like. "By using the IC card read/write
device 60, the vehicle device 30 reads the toll balance

information of the IC card 62 inserted in the device 60, and



conputes a conmuni cation probability for each antenna of the

first gate

fromthe nunber of gate information. A road antenna device, for which the
di fference between the conmunication pri@bability and a reference val ue
exceeds a predetermned value, is detected as a mal functioning antenna.
Therefore, a superior effect can be achieved in that which of the road

antennas is a malfunctioning antenna can be specified.

- 10 - BRI EF DESCRI PTI ON OF THE DRAW NGS Fig 1
is a block diagramillustrating an automatic fee collecting device to

whi ch the present invention may be applied. Fig. 2 is a schematic
perspective view illustrating an exit gate of the automatic fee collecting

devi ce of E?Qes toll bathgﬁorn r%a%ﬁ%%kdﬂt%g%ﬁ@'ﬁbl%ﬁgﬁakhng a schematic

etecting a mal functioning

structure mal n portions

As will be described later, road dev1ces, which serve

as ground equipment and which transmit and receive various

types of information to and from the vehicle device 30, are

provided respectively at an entrance gate 100 of a toll

road, a route poiht 200 such as immediately before or after

a branching point of the route, a service area, and an exit

gate 300.

A road device, which includes an entrance antenna 117

formed by a flat antenna and an entrance antenna control

device 132 connected to the entrance antenna 117, is

installéd at the entrance gate 100. Information regarding

the entrance gate 100 of the toll road can be transmitted to

the vehicle device 30 provided in the vehicle by the

entrance antenna control device 132 via the entrance

antenna

117, and signals from the vehicle device 30 can be received

by the entrance antenna control device 132 via the entrance

antenna 117. Further, a passage ticket issuing device 123,

which issues passage tickets as in a cqnventional manner, is

provided at the entrance gate 100 for vehicles which will

pay tolls by manual payment due to their inability to pay

tolls automatically.

A road device, which includes a route ascertaining

antenna 217 formed by a flat antenna and a route

ascertaining antenna control device 232 connected to the



antenna at the exit gate. Fig. 4 is a block diagramillustrating a
vehicl e device of the present enbodi nent. Fig. 5 i1s a block diagram
illustrating an exanple of a road devi d8.- Fig. 6 is a process
~expl anation di agramwhich summarily illustrates transm ssion and receipt
(comuni cation) of basic signals of a handshake which takes place between
the vehicle device and the road device at an entrance gate. ' Fig. 7
is a process explanation diagramwhich summarily illustrates transm ssion
and recei pt (communication) of basic signals of a handshake which takes
pl ace between the vehicle device and the road device at a route point.
Fig. 8A is a process explanation diagramwhich summarily illustrates
transm ssroutandscectaphingcantennaaidn) isf pbasidedi ghatbe ofoatbandshake
whi ch t akes
: point 200. Information which expresses which route the
vehicle took at a branch point or traveled route information
which exXpresses what route the vehicle traveled on the toll
road (e.g., Information such as the installed position of
the route ascertaining antenna control device) is
transmitted to the vehicle device 30 by the route
ascertaining antenna control device 232 via the route
ascertaining antenna 217.
Two types of antennas, an advance notice antenna 317
and a'toll station antenna 341 which are each formed by a
flat antenna, are provided at the exit gate 300 in order to
improve the reliability of the transmission and reception of
‘information by radio waves. An advance notice antenna
control device 331 is connected to the advance notice
antenna 317, and a toll station antenna control device 332
is connected to the toll station antenna 341. The advance
notice antenna control device 331 and the toll station
antenna control device 332 are connected to a local
controller 380. The advance notice antenna 317, the toll
station antenna 341, the advance notice antenna control
device 331, the toll station antenna control device 332, and
the local controller 380 serve as the exit gate road device

-to which the present invention is épplicable.' However,'the

advance notice antennaf317 and the advance notice antenna



pl ace between the vehicle device and the road device at the exit gate.

Fig. 8B is a process explanation diagramwhich sumarily illustrates
transm ssion and receipt (connunlcat16ﬁ) of basic signals of a handshake
which takes place between the vehicle device and the road device at the
exit gate. Fig. 9Ais a flowhart illustrating the flow of a
statistical processing routine for detecting a nmalfunctioning antenna at a
road devi ce. Fig. 9B is a flowhart illustrating the flow of a
statistical processing routine for detecting a malfunctioning antenna at a
road devi ce. Fig. 10A.is an explanatory diagramfor explaining the
rel ati onshi p between an antenna and a communication probability.

Fi g. 10Bcoontaolexeivirst @31 diaygbemomdrttedpl ai ning the relationship between

an antenna and a communi cation probability. Fig. 11 is a block
-dlagran1lllusﬁraBMGg1@ §bmmﬂnﬂﬂﬁ9Ct§m@U@W§¢@mo§68’véﬁi@P@“&Q@Té@e@f a second
enbodi nent . Fig. 12 is-a bIock di agram il Iustr%tln% i& examl.e of a
(o) manual

struct ur@%ﬁiéﬁlélﬁhélcéedé’ﬁqyé’gﬁm g e 1O
payment system 323 are provided at the exit gate 300. The

| vehicle type detecting system 360 detects the type of the
vehicle by image'processing or the like. A camera 352,
which photographs vehicles which bass through without
authorization such as vehicles which pass through without
paying the toll, is connected.to the unauthorized passing
vehicle photographing system 350. The toll manual payment
system 323 is provided for vehicles which cannot pay tolls
automatically. These respective systems are cohtrolled
collectively by thellocal controller 380 so as to provide
measures for cases in which a toll cannot be paid or the
like, and to automatically collect tolls corresponding to
the transit sections (route) traveled by the vehicle and the
type of the vehicle.

Next, an example of the schematic structure of the exit
gate 300 relating to the present embodiment will be _
described. As illustrated in Fig. 2, three lanes 302, 304,

- 306 are provided at the exit gate 300 of the.toll road. The
lane 302 is provided between a plot of ground 308 and a
median strip 310. The lane 304 is formed between the median
strip 310 and median strip 312, and the lane 306 is formed

between the median strip 312 and a plot of ground 314.



I nformati on. - 12 -

DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Hereinafter, a first

enbodi nent of the present. invention wl16 be described in detail wth
reference to the drawings. In the first enbodi ment, the present invention
is applied to an-automatic toll collecting device which, by effecting
radi o communi cation between a vehicle device (to be described in detai

| ater) which is provided at a vehicle and a road device which is installed
in the ground at the entrance gate or the exit gate or the |like of a tol
road, determ nes the vehicle type and the transit sections (route)
travel ed by a vehicle, and automatically collects a toll w thout the

vehi cl e st oppi g ardtheBleghtirsantiespyedesl dirdmhetheepltotgatfe.ground 38 to
illustrated in Fig. 1, a vehicle device 30 provided at a vehicle 90 is
equi pped vileh bt Ot gnpunh I ise as to straddle over the plurality

of lanes. Advancelnotice antennas 318, 320, 322 are mounted
on the arch 318. _The advance notice antenna 318 is
positioned above the lane 302, and transmits to vehicles
traveling in.the lane 302 advance notice information
informing the vehicleslthat toll payment and receipt is
forthcoming. In the same way, the advance notice antenna
320 is positioned above the lane 304 and transmits

information to vehicles traveling in the lane 304, whereas
the advance notice antenna 322 is positioned above the lane
306 and transmits Information to vehicles traveling in the
lane 306.

An exit gate control'center_330 is located at the plot
of ground 314. The-advance notice antenna control device
331 and the local controller 380 which will be discussed
later are disposed in the exit gate cohtrol center 330. The
advance notice antennas 318, 320, 322 are cohnected to.the
advance notice antenna control device 331.

An arch 340, which extends from the plot of ground 308

- to the plot of ground 314 so as to straddle over the
plurality of lanes, is provided at the downstream side, in
thé traveling direction of the vehicles, of the position at
which the arch 316 is disposed. Toll station anteﬁnas'342,

344, 346 are mounted on the arch 340. The toll station



device 60 (see Fig. 4) as will be described later. An IC card 62, on which
I nformati on such as bal ance information expressing the remining bal ance
on the card or the like is stored, canibe inserted into and renoved from
the-1C card read/wite device 60. The vehicle device 30 is equipped wth
a storage circuit which stores fixed data such as an ID code (e.g., the
vehicle registration nunber), vehicle type information, and the like. By
using the IC card read/wite device 60, the vehicle device 30 reads the
toll balance information of the I1C card 62 inserted in the device 60, and
--13 - wites toll balance information onto the 1C card 62. As
W Il be described | ater, road devices, which serve as ground equi pnent and
whi ch traastennand4Betsi pesytiioned abgpestbé LaherdBRi andt brangmitem t he
vehicle device 30, are provided respectively at an entrance gate 100 of a
toll roa@ndareesivegoinforuvationhrasatimediat thg belbrtooandf feem

vehicles traveling in the 1ane-302. The toll station
antenna 344 is positioned above the lane 304 and transmits
and receives information to and from vehicles traveling in
the lane 304. Similarly,'thé toll station antenna 346 is
positioned above the lane 306 and transmits and receives
information to and from vehicles traveling in the lane 3086.
Toll station antenna control devices 332A, 332B, 332C are
connected %o the toll statién antennas 342, 344, 346
respectively, and are connected to the local controller 380.

As shown in Fig. 3, the toll station antennas 342. 344,
346 are connected to the local controller 380 via the
respectively corresponding toll station antenna control
devices 332A, 332B, 332C. The local controller 380 is
connected to an output device'390.such as a printer device
or a modem device for connection to a telephone line or the
like. 1In the present embodiment, the toll station antennas,
the toll station antenna control devices, and the local
controller 380 function as a malfunctioning antenna
detection device, as will beldescribed in detail later.

The exit gate control center 330 of the eiit gate 300
is connected to an unillustréted central éomputer.' As will
be explained later, a malfunctioning antenna may be detected

at this central computer. Further, malfunctioning antennas



a branching point of the route, a service area, and an exit gate 300.

A road device, which includes an entrance antenna 117 fornmed by a fl at
ant enna .and an entrance antenna control 18devi ce 132 connected to the
entrance antenna 117, is installed at the entrance gate-100. Information
regarding the entrance gate 100 of the toll road can be transmitted to
the vehicle device 30 provided in the vehicle by the entrance antenna
control device 132 via the entrance antenna 117, and signals fromthe
vehi cl e device 30 can be received by the entrance antenna control device
132 via the entrance antenna 117. Further, a passage ticket issuing device
123, which issues passage tickets as in a conventional manner, is

provi ded alayt be eeitetes] Faire ebdh fodr thehitellds swatdlonwiantenmay comtro by

manual payment due to their inability to pay tolls automatically. A
road devi deyviweisclas mdlludéds aeseutibeslsdertteai.ni ng antenna 217 fornmed by a
flat antenna and a route ascertaining antenna control device 232 connected
to the Next, the structure of the vehjcle device 30 mounted to

the vehicle will be described. As illustrated in Fig..4,

the vehicle device'30lin¢1udes a receiving antenna 32 which

receives signals transmitted from a road device which will

be described iater. The receivihg antenna 32 is connected

to a detecting circuit 34 which detects modulated waves

received by the receiving antenna 32 so as to obtain data

signals. The detecting circuit 34 is connected via a data

signal receiving circuit 44 to a Signal processing circuit

48 which includes a microcomputer.

A storage circuit 48 and a transmitting circuit 50 are
connected to the signal processing circuit 468. Route
information, including the entrance gate number, the
entrance antenna number, the gate numbers of the route
points, and the antenna numbers at those gates, as well as

| data such as an ID code or vehicle type information or the
like are stored in the stofage circuit 48. The transmission
circuit 50 transmits, as a response signal, a data signal or
the like including the ID code. The transmission circuit 50
modulates an inquiry signal, which is an unmodulated carrier
wave received by a transmitting/receiving antenna 52, by

using a data signal from the signal processing circﬁit 46,

and transmits the modulated signal via the



route ascertaining antenna. 217, is provided at the route point 200.

I nformati on which expresses which route the vehicle took at a branch point
or traveled route information which ex@ esses what route the vehicle
traveled on the toll road (e.g., information such as the installed
position of the route ascertaining antenna control device) is transmitted
to the vehicle device 30 by the route ascertaining antenna control device
232 via the route ascertaining antenna 217. : Two types of antennas,

an advance notice antenna 317 and a toll station antenna 341 which are
each fornmed by a flat antenna, are provided at the exit gate 300 in order
to inprove the rellablllty of the transm ssion and reception of

i nf or mat it Qu i iy MEESE v iNE ARG B ce antenna control device 331
I's connected to the advance notice antenna 317, and a toll station antenna

control device 3Bapldy @Nnant ed ten Wy 158 larsd aidmrecrdderra tiel. The
advance notice antenna control device 331 and the toll station antenna

control cdgned IDawssiophneated t ate | diad  dicspitayolS4eri 3§ ruEte badvance
noti ce antenna 317, the toll station antenna 341, the advance notice
ant enna amniyC® or a CRT and displays the reachable range of the
emitted signal or the like. The ten key 58 is used to input
a signal such as a selection signal or the like to the
signal processing circuit 46. Further, the IC card _
read/wfite device 60, in which the IC card 62 can be
inserted and removed, is also conﬁected to the signal
processing circuit 48.
Electric power from fhe vehicle battery is constantly
supplled to the vehicle device when the ignition is on.
Next, a description will be given of a road device
which communicates with the vehicle device 30, by using a
road device provided et the.exit_gate 300 as an example.
For simplicity of explanation, the following description
will use the toll station antenna 342 and the toll station
antenna control device 332A which are assigned to the_
transmission and receipt of radio waves for vehicles
traveling in the lane 302;
As illustreted_in Fig. 5, the toll station antenna 342
assigned to the vehicles traveling in the lane 302 is formed
by a transmitting antenna 22 and a fransmitting/receiving

antenna 26. The toll station antenna control device 332A 1is

provided with a signal processing circuit 12 which 1ncludes



device 331, the toll station antenna control device 332, and the |ocal
controller 380 serve as the exit gate road device to which the present
invention is applicable. However, the 2mdvance notice antenna 317 and the
advance notice antenna - 15 - .

control device 331 nmay be om tted. A vehicle type detecting system
360, an unaut horized passing vehicle photographing system 350, and a toll
manual paynent system 323 are provided at the exit gate 300. The vehicle
type detecting.system 360 detects the type of the vehicle by inmage
processing or the like. A canera 352, - which photographs vehicles which
pass through without authorization such as vehicles which pass through

Wi thout Dayid¥bddifp bt i BhéOERd PhtScddei npast heuiger2 ppssing vehicle
phot ographi ng system 350. The toll manual paynment system 323 is provided

for vehi deamedted canmotrmeymioting ol oubt | TalwlyicH hesensmbpecdava

systens are controlled '
signals (communication request signals) including commands.
The transmitting circuit 14 is conhected to the transmitting
antenna 22 via a mixer 18. A carrier wave generating
circuit 20, which'generates carrier waves of a predefermined
frequency, is connected to the mixer 18. The mixer 18 mixes
a signal inputted from the transmitting circuit 14 and the
carrier wave inputted from the carrier wave generatihg
circuit 20, so as to modulate the carrier wave inputted from
the carrier.wave generating circuit 20 by the signal
inpﬁtted from the transmitting circuit 14. The modulated
wave is transmitted from the transmitting antenna 22 as a.
radio wave.

A transmitting/recéiving_6ircuit 24, which fetches the
data signal from the modulated wave which was mbdulated and
transmitted from the vehicle deviée 30 illustrated in Fig. 4
and received by the transmitting/receiving antenna 26, is
connected to the carrier wave generating circuit 20. The
transmitting/receiving circuit 24 is also connected to the
signal_processing circuit 12. .

Because the structure of the other antennas at the exit
gate 300 is the same as thé above-described structure,
description thereof will be omitted. Further, the

structures of the antennas and antenna control devices at



collectively by the local controller 380 so as to provide neasures for
cases in which a toll cannot be paid or the like, and to automatically
collect tolls corresponding to the trafsit sections (route) travel ed by
the vehicle and the type of the vehicle. Next, an exanple of the
schematic structure of the exit gate 300 relating to the present
“enbodiment will be described. As illustrated in Fig. 2, three |anes 302,
304, 306 are provided at the exit gate 300 of the toll road. The |ane 302
.is provided between a plot of ground 308 and a nmedian strip 310. The | ane
304 is fornmed between the nedian strip 310 and nedian strip 312, and the

| ane 306 is formed between the nmedian strip 312 and a plot of ground 314.

-16 - the entran¥e a¥zfe I isndlitdosed fe qroimts [@0Mt aofe grheurahnB08 t o

the plot of ground 314 so as to straddle over the plurality of |anes.

Advance gt ithe aiborerakestfib&aP Gtk wre, reantttderefore, description
thereof will be omitted. |

Next, processing of the présent embodiment will be
described. First, a summary of transmission/receipt
(communication) of basic signals of a handshake which takes
place between the vehicle device and the road device will be
described with reference to Figs. 6 through 8B, by
successive explanations of examples of the entrance gate
100, the route point 200, and the exit gate 300.

_In the.féllowing'description, when there is
unsatisfactory communication which is caused by the vehicle
device when the vehicle device and the road device are

- communicating, the vehicle device cannot store entrance
information and route informatiﬁn_which will be described
later. Therefore, it is judged that the vehicle device is
malfunctioning, and éOmmunication is initialized (i.e., set
to be implemenfed from the first process).

As illustrated in Fig. 6, at the entrance gate 100, an
inquiry signal which is a continuous wave is transmitted
from the road device (communication 1 transmitting process

" contents Inl) until a response signal from a vehicle devicé
is received.

When a vehicle device receives the inquiry signal, the

vehicle device generates a response signal 1 which gives an



on the arch 316. The advance notice antenna 318 is positioned above the

| ane 302, and transmts to vehicles traveling in the l'ane 302 advance
notice information informng-the vehircd%s that toll paynent and receipt is
forthcom ng. In the same way, the advance notice antenna 320 is positioned
above the lane 304 and transmts information to vehicles traveling in the
| ane 304, whereas the advance notice antenna 322 is positioned above the

| ane 306 and transmits information to vehicles traveling in the |ane 306.
An exit gate control center 330 is located at the plot of ground 314. The
advance notice antenna control device 331 and the | ocal controller 380
which will be discussed |ater are disposed in the exit gate conirol center
330. The autthemtkcabtonel aseryibag 248idepbif boation HRFNERLEHOR of Phe |
advance notice antenna control device 331. mhic$ ext ends

. An, ar ch g4€h

from t he BHoiabiregeemitbom bebresn Eﬁ%tv%ﬁiiﬁ%d%ﬁv§ii a0 %Y addl e
ravel i n ek ok Srrabie vt SEndShl oo e RdRRREF LR The Brch 316
s disposed., Tpl| o stall op ALENPES.RE2 esfifise 3PeRhE foUNted on the arch

(communication 2 transmitting process contents Tgl). The

transmission of the responsé signal 1 can be carried oﬁt by

transﬁitting as the response signal a modulated wave which

.1s the carrier wave (the received inquiry signal) which has

been modulated by an ID code (an identification code

specifying the wvehicle). |

When the road device receives the response signal 1
from the vehicle device, the road device generates a.
response signal inéluding a response to the authentication 1
transmitted from the vehicle device and evidence of the road
device which is carrying out the handshake, e.g., an '
authentication 2 which is formed by the antenna number.
Thereafter, the road device transmits the response signal
(communication 3 transmitting process contents In2).

When the vehicle device receives the response signal
(communication 3), the vehicle device judges whether the
authentication 2 included in this response signal matches
the transmitted authentication 1. When the authenticatibn 2
matchés;'the vehicle device generates a response signal 2 to
the éuthentication 2 transmitted from the road device, and

transmits this response signal (communication 4 transmitting



- 17 - ~antenna 342 is positioned above the lane 302 and transmts
and receives information relating to the toll to and from vehicles
~traveling in the lane 302. The toll stZ®Fon antenna 344 is positioned
above the lane 304 and transmts- and receives information to and from
vehicles traveling in the lane 304. Simlarly, the toll station-antenna.
346 is positioned above the lane 306 and transnmits and receives
information to and fromvehicles traveling in the lane 306. Toll station
antenna control devices 332A, 332B, 332C are connected to the toll station
antennas 342, 344, 346 respectively, and are connected to the | ocal
-control |l er 380. As shown in Fig. 3, the toll station antennas 342,

344, 34§ yePnct Stk orddpe. | aRfdn Y rUH 91 SE Wik tdies nRsPect i vely
corresponding toll station antenna control devices 332A, 332B, 332C. The

local contdodiwy B3 edponsosENiLl (comiurtidatitordes) ceedbreticdiars a

printer device or a nodemdevice for connection to a tel ephone Iine or the

like. | n devel qe esapdaesrbak teeids ) tthrearisa il ttsiieg itire ardsporess signal 1
a predetermined number of times (three times in the present
‘embodiment) after a_predetermihed time has passed or after a
predetermined time has passéd without receiving a response
signal. When no response signal is received although
transmission has been retried the predetermined number of
times, the above—descfibed processing is executed from the
beginning. Further, in a case in which the authentications
1.do not match and the judgment is negative, the above-
described processing is implemented in order to repeat
(retry) transmission a predetermined number of times.

When the road device receives a response signal from
the vehicle device, the road device judges whether the
authentication 2 included in the response signal matches the
transmitted authentication 2. When the authentications 2
match, it is judged that the vehicle device and the road
device récognize each other. At this point, the handshake
is realiied, and data 1 relating to the entrance gate is
transmitted (communication 5 transmitting process contents
In3). |

The data 1 transmitted by the road device of the
entrance gate includes gate infdrhation expressing that the

gaté is an entrance gate, a gate number for identifying the



the toll station antenna control devices, and the |local controller 380
function as a nmal functioning antenna detection device, as wll be
described in detail later. The exiZg gate control center 330 of the
exit gate 300 is connected to an unillustrated central conmputer. As w ||
be explained later, a malfunctioning antenna may be detected at this
central conputer. Further, mal functioning antennas '

- 18 - may be detected for each of the toll station antenna contro
devices as will be described | ater. Next, the structure of the -
vehicle device 30 mounted to. the vehicle will be described. As illustrated

in Fig. 4, the vehicle device 30 includes a receiving antenna 32 which

recei ves Sndialid QNN e Al diHen i 196,09 desMld calde described

| ater. The recelving antenn 2 1's connect to a ng circuit 34

whi ch det e¢las sty idee it , 'HREItRA yaa ok \Wate ,ahoian® so as
to obtain data . '
minute. '

AIncidentally. in the same way as the above-described
processing executed at the vehicle device,lsignal receipt
pfocessing at the road device may be repeated if
transmission of the signal after a predetermined period of
time has elapsed has been retried a predetermined number 6f
times (e.g., tﬁree times). In this way, at the road device
as well, the road device waits for a predetermined signal,
and processing is not intermittent.

At the vehicle devicé, the data 1 is received, and the
received data 1 is stored as entrance inforﬁation. The
vehicle device transmits data 2 relating to the vehicle
device (communicatibn 8 transmitting process contents Tg3).

_The'data.z transmitted from the vehicle devicé includes
an OK flag which expresses whether receipt of data 1 has
been completed properly (for example, a flag which is.set
when receipt is OK, i.e., has been completed properly, and
which is reset when receipt is NG, i.e., no good). Further,
data 2 may include vehiclelinformation expressing the |
vehicle registration number, the vehicle type, the number of
axles, and thé like. When transmission of data 2 has been
completed, the handshake ié dissolved.

When the data 2 is received by the road device (process



signals. The detecting circuit 34 is connected via a data signal receiving
circuit 44 to a signal processing circuit 46 which includes a

m croconput er. A storage circuit-4% and a transmtting circuit 50 are
connected to the signal processing circuit 46. Route information, '

i ncludi ng the entrance gate nunber, the _entrance antenna nunber, the gate
nunbers of the route points, and the antenna nunbers at those gates, as
well as data such as an ID code or vehicle type information or the |Iike
are stored in the storage circuit 48. The transmission circuit 50 o
transmts, as a response signal, a data signal or the like including the

I D code. The transm ssion circuit 50 nodulates an inquiry signal, which is

an unnmodul QRG] ) , W& 196 8 &/ &bl St dd AT tHd MHEIRike NG ant enna
52, by wusing a data signal fromthe signal processing circuit 46, and

transm ts dikgsomsld at ethstdPter] aHd®rocesses are executed again
S from process contents Inl.

There are cases in which the road device transmits data
1 but data 2 is not transmitted from the Vehicie device.
Therefore, in the same way as the above-described processing
executed af the vehicle device, transmission of the data 2
after a predetermined period of time has elapsed may be
retried a predetermined number of times.

Next, communication at a route point will be eXpiained
with reference to Fig. 7. Communication at the route point
is substantially similar to the communication at the
entrance gate described in Fig. 8, and therefore, detailed
description of the same portions will be omitted. As
illustrated in Fig. 7, an inquiry signal formed by a
continuous wave 1s transmitted from the road device
(communication 1 transmitting processlcontents Ckl) until
the road device receives a response signal from a vehicle
device. |

When the vehicie device recelves the inquiry signal,
the vehicle device generates a response signal 1, which
gives an authentication 1 serving as identification
information. Thereafter, the vehicle device transmits the
response signal 1 (communication 2 transmitting process

contents Tgl).



transmtting/receiving antenna 52. A display 54 and a ten key 56 are
connected to the signal processing circuit 46. The display 54 is forned
by an LCD or a CRT and displays the réfchabl e range of the enitted si gnal
or the like. The ten key 56 is used to input a signal such as a selection
signal or the |like to the signal processing circuit 46. Further, the IC
card read/wite device 60, in which the IC card 62 can be inserted and
renmoved, is also connected to the signal processing circuit 46.

El ectric. power fromthe vehicle battery is constantly supplied to the

vehi cl e- devi ce when the ignition is on. Next, a description will be
given of a road device "which comunicates with the vehicle device 30, by
using a roadWien chepnoddietbwiicd e oivesgaie IMponst) el a  For
sinplicity of explanation, the follow ng description wll use the toll
stati on dmoanitie3syzhdnd & evisld, dihat iroad aevdorea gemeratiesdeyi ce 332A whi ch
are assigned to the transmission and receipt of radio waves for vehi cl es
travel i ngesRonge 1sdg@adodncludingana irespomsgt d¢ itheFiagthentila ttigil Ist ati on

antenna 342 assigned to the vehicles traveling in the |ane 302 is forned
by -t akEARERLEG o fata e HeR1Sler AegiHoet PR eaddenosy o the road

device which is carrying out the handshake, e.g., an
authentication 2 formed by the antenna number. Thereafter,
the road device transmits the response signal 1
(communication 3 transmitting process contents Ck2)._

The vehicle device receives the response signal. When
the authentication 1 included in the response signal
matches, the vehicle device genefates a response signal 2 to
the authentication 2 transmitted from the road device, and
transmits the response signal 2 (communication 4
transmitting process contents Tg2).

The road device receives the response signal from the
vehicle device. When the authentication 2 included in the
response signal matches, it is_judged that the vehicle
device and the road device recognize each other. At this
point, the handshake is established, and data 1 relating to

- the route point is transmitted (communication 5 transmitting
process contents Ck3). |

The data 1 transmitted by the foad device at the route
boint inéludes gate information expressing that the road
device is at a route poinf, a gate number (route number or

the like) for identifyihg the route point, an antenna number



antenna 26. The toll station antenna control device 332A is provided with
a signal- processing circuit 12 which includes

- 20 - a mcroconputer. The sign®&f -processing circuit 12 is
connected to a transmtting circuit 14 which transmts data signals
(communi cati on request signals) including conmands. The transmitting.
circuit 14 is connected to the transmtting antenna 22 via a mxer 18. A
carrier wave generating circuit 20, which generates carrier waves of a
predeterm ned frequency, is connected to the mixer 18. The mi xer 18 mi xes
a signal inputted fromthe transmitting circuit 14 and the carrier wave

I nputted fromthé carrier. wave generating circuit 20, so-as to nodul ate

t he carrigsr wBdent Dpyihgdthe otrahfel Ceing edn teea getiee alamg wumbert 20 by

the signal inputted fromthe transmtting circuit 14. The nodul ated wave
i s transmand ethé rpeat hemdonthsmisate nghour eamd BPnatea radi o wave.

The vehicle device receives the data 1 and stores it as

route information. Further, the vehicle device transmits
‘data 2 rélating to the vehicle device (communication 6
transmitting process contents Tg3).

The data 2 transmitted from the vehicle device at the
route point includes an OK flag which exprésses whether
receipt of the data 1 this time has been completed properly
(for example, a flag which is set when receipt is OK.li.e.,
has been completed properly, and which is reset when receipt
is NG, i.e., not good), entrance information received at the
entrance gate, contents of data 1 received at other route
points, and the like.

| When data 2 is received'by the road deviée (process
contents Ck4), receipt is completed and the handshake is
dissolved. Thereafter, processing is executed again from
the process contents Ckl.

Next, communication at the exit gate 300 will be
explained with reference to'Figs. 8A and.8B. As
communication at the exit gate is substantially similar to
the above-described communication at the entrance gate and
the route point, detailed description of the same poftions
will be omitted. :

As illustrated in Figs. 8A and 8B, an inquiry signal



Atransmtting/receiving circuit 24, which fetches the data signal from

t he nodul at ed wave whi ch was nodul ated and transmtted fromthe vehicle
device 30 illustrated in Fig. 4 and re@8ived by the transnmitting/receiving
antenna 26, is connected to the carrier wave generating circuit 20. The
transmtting/receiving circuit 24 is also connected to the signal
processing circuit 12. Because the structure of the other antennas at
the exit gate 300 is the sane as the above-described structure,

- description thereof will be omtted. Further, the structures of the

ant ennas and antenna control devices at ' -

21 - the entrance gate 100 and the route points 200 are the same
as the abgwemédsFrioRed Tontdinticts ¥ade e ardnemidesd FRbomOthe! M@0l Wi | |
be om tted. Next, processing of the .present enbodinent will be

descri beddekliiket ata themexiyt @fate amthls shen/roadeidetvice receives a
| tesponSe signal from a vehicle device (communication 1
transmitting process contents Outl). | |

When the vehicle device receives the inquiry signal,
the vehicle-device_generates a reSponse signal 1 which'gives
an authentication 1 serving as identification information.
Thereafter, the vehicle device transmits the response signal
1 (communication 2 tranémitting process contgnts Tegl).

When the road device receives the response signal 1
from the vehicle device, the road device generates a
response signal which includes a response to the
authentication 1 transmitted from the vehicle device and
evidence of the road device carrying out the handshake,
e.g., an authentication 2 fotmed by the antenna number.
Thereafter, the road device transmits the response signal
(communication 3 transmitting process contents Out2).

The vehicle device receives the reSponse signal. Whgn
the authentication 1 included in the response signal
matches, the vehicle device generates a response signal 2 to
the authentication 2 transmitted from the road device, and
transmits the response signal 2 (communication 4
transmitting ptocess contents_TgZ).

The road device receives the response signal from the.

vehicle device. When the authentication 2 included in the



(communi cation) of basic signals of a handshake which takes place between

the vehicle device and the road device will be described wth reference to
Figs. 6 through 8B, by successive expl2dmati ons of exanples of the entrance
gate 100, the route point 200, and the exit gate 300. - In the

follow ng description, when there is wunsatisfactory conmmunication which is
caused by the vehicle device when the vehicle device and the road device
are communi cating, the vehicle device cannot store entrance infornmation
and route information which will be described l|ater. Therefore, it is
judged that the vehicle device is malfunctioning, and conmunication is
initialized (i.e., set to be inplenented fromthe first process). As

!||UStratﬁgsﬁgngégsiénaﬁtmﬁ@@h@gtr@ﬂcﬁsgﬁﬁéﬁégothﬂﬂ th8a¥ehycBegnal which
is a continuous wave is transmtted fromthe road device (conmunication 1

transni tt§&9i P& 08RESthEORbAA! ek Ndd HBEbEnBzECEAONSEtREPNAl Atr ONLS vehicle
device 1is received. When a vehicle device receives the inquiry
si gnal , thfmeyebhelBaﬂdyhakegEQeéateblashedpomne shgndhtd whrebagimegs an
S to the entrance gate is transmitted (communication 5

transmitting process contents 0ut3d).

The data 1 transmitted by the road device at the exit
gate includes gate information expressing that the gate is
an exit gate, a gate number fof identifying the exit gate,
an antenna number for identifying the transmitting antenna,
and the year; month, date, hour and minute.

The vehicle device recéiVes the data 1 and stores it as
exit information. Further, the vehicle device transmits
data 2 relating to the vehicle device (communication 8

' traqsmitting procéss contents.Tg3).

The data 2 transmitted from the vehicle device at the
exit gate includes an OK flag expressing that receipt of the
data 1 this time has been completed properly, entrance
information received at the entrénce gate, route infoymation
received at route points, vehicle information such as the

| vehicle registration number or the Vehicle typé or the
number of axles or the like, card information expressing the
type of card such as a cash card or a pre-paid card or the
like, andithe card number or the balance information of the
card.

The road device receives the data 2 and computes the



aut hentication 1 serving as identification information for mnutual
recogni ti on between the vehicle device and the road device for carrying
out a handshake. Thereafter, the vehi-cB®@ "device transmts the response
signal 1 (comunication 2 transmtting process contents Tgl). The
transm ssion of the response signal "1 can be carried out by transmtting
as the response signal a nodul ated wave which is the carrier wave (the
received inquiry signal) which has been nodul ated by an I D code (an
- identification.code specifying the vehicle). | When the road device
recei ves the response signal 1 fromthe vehicle device, the road device
generates a response signal including a response to the authentication 1
transm ttesllY r (prédesyebontentievoeed pnd RPurtieece tie tiead odelvidevi ce which
is carrying out the handshake, e.g., an authentication 2 which is forned
by the. amtehtatesintie . caftienemlieerwitihea r tabtacelise” twhibchi has theenesponse
- signal (conmunication 3 transmitting process contents In2). When t he
vehi cl e deeadked etrejydeante ardpomtehslisbs cqrdmumbensioh Grdshe vehicle
devi ce judges whet her the : :
which are being used without authorization or cards which
cannot pay. When a card number included in the data 2 is on
the blacklist, it may be difficult to collect payment for
the toll. Accordingly, as a different process, an operation
signal can be outputted for cooperation with the
unauthorized passing vehicle photographing system 350 and
the toll manual payment system 323.
When the process contents Out4 are completed and the
card information verifies that the card can automatically
pay the toll by radio communication, the road device
transmits data 3 (communication 7 transmitting process
contents Outs).
The data 3 transmitted by the exit gate road device
includes an OK flag expressing that receipt of data 2 this
time has been completed prdperly, the toll, and the results
of collation with the Blacklist (a flag expressing OK when
the card number is not included on the blacklist).
The vehicle device receives the data 3, and if a pre-
paid card is being used, the toll which was transmitted from
the road device is withdrawn from the pre-paid card.
Further. the vehicle device stores the data 3 as toll

information, and transmits data 4 expressing that the toll



authentication 2 included in this response signal matches the transmtted
aut hentication 1. Wen the authenticatiop,2 matches, the vehicle device
generates .a response signal 2 to the du?héntication 2 transmtted fromthe
road device, and transmts this response signal (comrunication 4
transmtting - 23 - process
contents Tg2). Wen the vehicle device does not receive a response signal
(comuni cation 3), the vehicle device repeats (retries) transmtting the
response signal 1 a predeterm ned nunber of tinmes (three tines in the '
present enbodinment) after a predeterm ned tinme has passed or after a

predeterm ned tine has passed w thout receivipng a response Sj | . When no
response StEHaresl ‘?’%E’é&@%‘ﬂna?‘f%%w {?%mwg@?%%a@_ B'é%?ﬁqdeﬁlf% t he

pr edet er m _ned nunbeén€%? tifeg t he above-descri bed processing is executed

fromthe HedFHAT ng°PEiPtRet®3 h a case in which the authentications 1 do

not match and tWﬁéﬁugggﬁp5aasdQ99@$i?@Eef&@%eﬁQW§;4 from the vehicle

device, as will be described later, the road device carries
out statistical processing and malfunctioning antenna
detection processing by using the entrance information and
the route information obtained in the communication 6
(process contents Qut6). Thereafter, the road device judges
whether there is a maifunctioning antenna (process contents
Out7).._When it is judged that there is a malfunctioning
antenna, thevroad_device either prints out or transmits, to
the gate at which the detected malfunctioning antenna is
set, the antenna number for identifying the antenna.

When receipt of data 3 is Qompieted, the handshake is
dissolved. Further, after the process contents Out7,
processing is implemented again from process contents Outl.

Next, the.statistical processing at the gate 300 for
malfunctioning antenna detection processing corresponding to
the process contents QOut7 will be descfibéd in detail wifh
reference to the flowchart in Figs. 9A and 9B. -

In the malfunctioning antenna detection processing of
the present embodiment, when the number of times vehicles
have passed through a gate reaches a predetermined numbef
(100 times in the bfesent embodiment), at the exit gate 300,

a communication probability for each antenna of that gate is



described processing is inplemented in order to repeat (retry)

transm ssion a predeterm ned nunber of tines. When the road device
receives a response signal from the vel8Zl-e device, the road device judges
whet her the authentication 2 included in the response signal matches the
transmtted authentication 2. Wien the authentications 2 match, it is
judged that the vehicle device and the road device recogni ze each other.
At this point, the handshake is realized, and data 1 relating to the
entrance gate is transmtted (comunication 5 transmtting process
contents 1n3). The data 1 transmtted by the road device of the
entrance gate includes gate informati on expressing that the gate is an
entrance gittermd st e andrinesl fure tidemitng yameritess are detected by

- 24 - “entrance gate, an antenna nunber for identifying the
transm tt iqep@nigrhathimdetrrpingd qummunicidilon muabandlity mitth a

predetermined communication probability.

In the following explanation, gate number n is a given
gate which may be the entrance gate, the exit gate, or any
gate therebetween (1=n<N, wherein N is the total number of
gates), antenna number m is an antenﬂa Sét at the gate
number n (1§m§Mﬁ, wherein M, is the n.umber of antennas at
gate number n), counter value C, is a counter value at gate
number n for computing the comQUnication probability, and
communication probability Pp, is the communication
probability for each antenna at gate number n (the
.communication probability of antenna number m at gate number
n).

The following table showing fhe communication
probabilities for the gate numbers and antenna numbers is

stored in the local controller 380 and read.

gate number
_1 _2 3 cee n ves TJ
Pu|Pa|Pa| +|Pa] = |Puw
Pis| Paa| Pas ve | Pas | Pus
Pis|Pas| Pas| | Pas| | Py

CO I ™NY

antenna number

m le P!m P!lm | Pan PNm




Incidentally, in the same way as the above-descri bed processing executed
at the vehicle device, signhal receipt processing at the road device may be
repeated if transm ssion of the signat 3 ter a predeterm ned period of
time has el apsed has been retried a predeterm ned nunber of tines (e.g.,
three tines). In this way, at the road device as well, the road device
waits for a predeterm ned signal, and processing is not intermttent.

At the vehicle device, the data 1.is received, and the received data 1 is
stored as entrance information. The vehicle device transmts data 2
relating to the vehicle device (comunication 6 transmtting process
contents Tg3). The data 2 transmtted fromthe vehicle device
includes an K flag which expresses whet her receipt of data 1 has been
conpl eted. properly (for exanple, a flag which is set when receipt is CK,

i .e., has beenTbenpbetddcpnspeiler 880 belgiials ither edattinttdicadecei pt is NG
i.e., no good). Further, data 2 may include vehicle information expressing
t he vehlErécﬁégﬂ§graﬂﬂ@ﬁtﬁéﬁﬁérlntﬁégﬁehﬁélénﬂyﬁg Whﬁ@ RURSESsdNeg axl es,
and the |like. Wen transm ssion of data 2 has been nmpl eted, the
handshake®P¥edi S8oitPedhne procﬁﬁéncPﬁéeﬂéﬁaOEtﬁsdFéEéFP@& BPO¥e road device

(process First, in step 100 of Fig. 9A, one gate number n and antenna

number m included in the entrance information and route
information obtained in communication 6 are read. In
subsequent step 102, the communication probabilities an of
all of the antennas at the read gate number n are read from
the table, and the counter value C is read. Note that the
initial value of the counter value Ch is set to 0. In step
104, the communication probability of each of the antennaé

at the gate n is computed by using following formula (1).

Pom = Ppm + 1

100
(1)

Pok = Pjg - 1 ._1

" J 100~ M, -1

(wherein k#m)

_The.sum of the communication probabilities of all of
the antennas at gate number n is 1 as is shown in fpllowing
formula (2). |
Ph1 * Ppa + Ppg * ... Ppp *+ ...+ Ppypy = 1 L (2)

Accordingly. given that formula (2) 1s the probabillty
computing formula which 1ls established when vehlcles have

- passed 100 tlmes through gate number n, computation may be



- 25 - contents I1n4), receipt is conpleted and the handshake is

di ssol ved. Thereafter, the processes are executed again from process
contents Inl. There are cases in $hi-ch the road device transnmts data
1 but data 2 is not transmtted fromthe vehicle device. Therefore, in the
same way as the above-described processing executed at the vehicle device,
transm ssion of the data 2 after a predeterm ned period of tine has

el apsed may be retried a predeterm ned nunmber of tines. Next ,

comuni cation at a route point will be explained with reference to Fig. 7.
Conmmuni cation at the route point is substantially simlar to the

communi cation at the entrance gate described in Fig. 6, and therefore,

"detai | ed o H€SOFd PPN Bép L1164 SAIEh PEHA L ONsadh [ L1008 HYdLshe Asasdés ustrated
in Fig. 7, an inquiry signal formed by a continuous wave is transmtted

f rom the tipashgeyide sHEMIMBII Fodmora (1Y AN tdongupi @esen cont ent s Ck1)
i probability of an antenna communicating with that vehicle
-increases by 1/100 and the communication probabilities of
the other anténnas respectively decrease by a value which is-
equal to 1/100 divided by the number of the other antennas.
Formula (2) corresponds to the determination of an average
value for each 100 fimes. |

In subsequent step 106, the counter number C, is
incremented. In step 108, by judging whether C, = 100, it
is judged whether the humber of times the-cpmmunication
probability has been computéd from the entrance infdrmation
or the route information from vehicles passing through gate
number n has reached 100. If computation has not been
performed 100 times, the process proceeds to step 126.

When C, = 100 and the answer tq the determination in
step 108 is affirmative, in step 110, the counter C, is
reset (Cn = 0) for the next computation for the gate n. In
subsequent step 112, initial values are set for the antenna
numbers m. (In the present eﬁbodiment, the antenna number
of the first antenna is m = 1;)

In step 114, a reference value S,, is set for the set
antenna number m. The reference value S,, may be a
predetermined, standard communication probability of the

antenna number m when 100 vehicles pass through the gate n,



the road device receives a response signal froma vehicle device.

When the vehicle device receives the inquiry signal, the vehicle device
generates a response signal 1, which gi%Pes an authentication 1 serving as
identification information. Thereafter, the vehicle device transmts the
response signal 1 (communication 2 transmtting process contents Tgl).

- 26 - When the road device receives the response signal 1
fromthe vehicle device, the road device generates a response signal
including a response to the authentication 1 transmtted fromthe vehicle
devi ce and evidence of the road device which is carrying out the
handshake, e.g., an authentication 2 fornmed by the antenna nunber.

Ther eaf t elor malye breo ddh ed @pmmanircatsnin nobabriddgonod dihgnantenna

(communi cation 3 transmtting process contents Ck2). The vehicle
devi ce reBdmbes mhefr ddsogsdesinglaterpimed by the previous processing

for 100 vehicles which had passed through. If the
communication probability determined_the previous time is
used as the reference value, malfuhctioning antenna
detection has already been carried out as will be described
hereinafter, and fherefore, repeat detection in the
processing this time is suppressed.

In step 116, the lower and upper limit values MINp..
MAX;n of the antenna number m, which are set by using.the

reference value, are computed by using following formuia'

(3).

MINw=8.m- [ 1- 120 ]

D - _ . ...(3)

MAXaa=Sum: 14— )

wherein D: the allowable number of times for one antenna.
Fig. 10A illustrates an example of the relationship
between the antenﬁés and the communication probabilities
which are the standard at a gate n equipped with five
antennas. As can be understood from the figure, the
reference value S,, of the set antenna number m is set, and

the lower and upper limit values MIN MAXnm of the antenna

nm’

m are set.



the authentication 1 included in the response signal matches, the vehicle
devi ce generates a response signal 2 to the authentication 2 transmtted
fromthe road device, and transnits thd response signal 2 (comunication 4
‘transmtting process contents Tg2). - The road device receives the
response signal fromthe vehicle device. Wen the authentication 2
I ncluded in the response signal matches, it is judged that the vehicle
device and the road device recogni ze each other. At this point, the
handshake is established, and data 1 relating to the route point is
transmtted (communication 5 transmtting process contents Ck3). - The
data 1 transmtted by the road device at the route point includes gate
i nformati on exjm asstgstémtlide byoathdgliong cérethert MIN UK RekMAX g, gat e
nunber (route nunber or the like) for identifying the route point, an
ant enna nuhties judged whether the computed communicgtion probability
Pym falls within the allowable range. When Ppp2MAXp, or
when as in the case illustrated in Fig. 10B in which

MIN,, = Py such that P, falls beneath the allowable range,
the determination in step 118 is negative, and in step 122,
an NG (no good) judgment is made. On the other hand, if the
communication probability P,, falls within the allowable
range, the determination in step 118 is affirmative, and an
OK judgment is made in step 120.

In subsequent step 124, by judging whether the counter
number is the largést antenna number of the gate n, it is
judged whether the above-described processing has been
completed for all of the antennas set at the gate n. When
the judgment is negative, the process returns to step 114,
and the above-described processing is repeated until
processing has beeh completed for all of the antennas. On
the other hand, if the judgment in step 124 is affirmative,
the process proceeds to step 1286.

In step 126, a judgmeht is made as to whether
computation has been completed for all of the gates by
judging whether other gate numbers n are included in the
entrance information and the route information obtained in

communication 8. In a case in which other gate numbers n

are included in the entrance information and the route



for identifying the transmtting antenna, the |ane nunber, and the year,
nont h, date, hour and m nute. The vehicle device receives the data 1
and stores it as route information. Fud’her, the vehicle device transmts
data 2 relating to the vehicle device (comrunication 6 transmtting-
process contents Tg3). The data 2 transmtted fromthe vehicle device
at the route point includes an OK flag which expresses whether receipt of
the data 1 this tinme has been conpleted properly (for exanple, a flag
which is set when receipt is OK, .i.e., has been conpl eted properly, and
-which is reset when receipt is NG i.e., not good), entrance information
received at the entrance gate, contents of data 1 received at other route

points, apdfbhmakibf, the juMbmendaia 2tep neeeivedeRutife.r ozHedevice
(process contents Ck4), receipt is conpleted and the handshake is

di ssol vedprdbessaretnrnpr toessepglngd,eanduthd abeve-fleenribhé process
contents Ckl. Next, communi cation at the exit gate 300 will be

expl ai nedewpchspebeptacEergakeds. 8n &hd eBhepshapdmmiifi therenane nhe exit
gate is substantially simlar to the above-described conmmunication at the
entrance 9bReragatet REmpgysenpoithe, JHAEBRNEJ1BeSERPPLRBNISf the same

“portions
P affirmative, and the routine ends.

In this way, for each antenna of each gate, a judgment
is made as to whether the antenna is malfunctioning.
Antennas of antenna nﬁmbers which were judged to be NG (no
good) can be detected as malfunctioning antennas. The
detected malfunctioning antennas are répdrted_by the output
device 390. This notification can be effected by 1nforming
an operator by printing by use.of a printer, or by
automatically informing the corresponding gafe or a managing
device of the gate by a modem device.

As describea above, in .the present embodiment,
malfunctioning.antennas of the road devices can be detected
periodicaily by statistical processing from the information
expressing the antennas of the road devices which
information is stored in the vehicle device. Therefore, the
conditions of the road defices can always be monitored. As
a result, inspection and repair of a malfunctioning antenna
can be carried out at an early stage, and satisfactory
communication can be maintained.

The stétistical processihg for detecting a

malfunctioning antenna can be realized by changing the



will be omtted. As illustrated in Figs. 8A and 8B, an inquiry signal
- 28 - formed froma continuous wave is transmtted fromthe road
device at the exit gate until the road-d®i-ce receives a response signa
froma vehicle device (communication 1 transmtting process contents
Qutl). When the vehicle device receives the inquiry signal, the"
vehi cl e devi ce generates a response signal 1 which gives an authentication
1 serving as identification information. Thereafter, the vehicle device
transmts the response signal 1 (communication 2 transmtting process
contents Tgl). When the road device receives the response signal 1
fromthe vehicle device, the road device generates a response signal which

(o5t e TETDO0SR S P r ULTRELLCOL! ok e o g el
are added to the vehicle device. Further, the above-
described processing can be realized by merely adding the
anfenna number to the information used in the communication
between the road device and the Véhicle device. As a
result, the structure of the device is not complex, and an
-1hexpensive structure can be realized by using conventional
devices. Moreover, because no deficiencies, defects, or the
like'in the information are caused by the addition of.this
algorithm, reliability does not deteriorate. |

Because a malfunctioning antenna can be detected by the
information received from the vehicle device, there is no
need for tours of inspections or periodic inspections of
each road device in order to detect malfunctioning antennas.
Therefore, work efficiency and operational efficiency can be
improved.

The above embodiment includes a description relating to
antennas. However, the present invention can similarly be
applied to antenna devices which include an antenna and an
antenna controi device which controls the antenna. Further,
one type of mélfunction is an inability to communicate. 1In
a case in which an antenna is unable to communicate, for
example, a lower limit value of the communication
probability for each antenna may be set in advance, and an

antenna having a value less than this lower limit value may



e.g., an authentication 2 fornmed by the antenna nunber. Thereafter, the
road device transmts the response signal (connunlcatlon 3 transnlttlng
process contents Qut2). The vehi-cB2 -devi ce receives the response
signal. Wien the authentication 1 included in the response S|gnal

mat ches, the vehicle device generates a response signal 2 to the
authentication 2 transmtted fromthe road device, and transmts the
response signal 2 (conmmunication 4 transmtting process contents Tg2).

The road device receives the response signal fromthe vehicle device. Wen
t he authentication 2 included in the ' -
29 - response signal matches, it is judged that the vehicle device

and the rgadygdeyi6ear 8608NnaEranchiohhas. aktenhas tine, the handshake is
establ i shed, and the data 1 relating to the entrance gate is transmtted

(COﬂﬂUﬂlCatlOnNéxttransﬁbbhdngmbbﬂ@méﬁtCwmlbnbe @es8ribed. Imhéhdata 1

transmtted by the road device at the exit
previously-described first embodiment, malfunctioning of
antennas installed at an entrance gate and at route points
is detected at the exit gate. However, in the second
embodiment, at any gate after the entrance gate,'
malfunctioning antennas at gates therebefore can be
detected. As the structure of the second embodiment is
substantially similar to that of the first embodiment, the
éame structures are denoted by the samé reference numerals,
and déscription thereof is omitted. Fﬁrther, in order to
simplify the description, explanatioh will be given of a
representative case in which the road device which |
communicates with the.vehiéle device 30 in the present
embodiment is a road device which is provided at the exit
gate 300 and is formed by the toll station antenna 342 and
the toll station antenna control device 332A which.are
assigned to the transmission and reception of radio waves to
and from vehicles traveling in the lane 302.

As illustrated in Fig. 11, the toll station antenna
.control device 332A connected to the toll station antenna
342 is equipped with the signal processing circuit 12 which
includes a microcomputer. A table memory 13, which is used

to store the table described in the first embodiment, is

connected to the signal processing circuit 12 of the present



gate includes gate informati on expressing that the gate is an exit gate, a
gate nunber for identifying the exit gate, an antenna nunber for
identifying the transmtting antenna, - 4dd the year, nonth, date, hour and
m nut e. The vehicle device receives the data 1 and stores it as exit
i nformation. Further, the vehicle device transmts data 2 relating to the
vehi cl e device (comrunication 6 transmtting process contents Tg3).

The data 2 transmitted fromthe vehicle device at the exit gate includes
an OK flag expressing that- receipt of the data 1 this tinme has been

conpl eted properly, entrance information received at the entrance gate,
route information received at route points, vehicle information such as

the vehicidagist / atFORcHaFPethOrod tisuty dd el & 139E ficl s Hunmber  of
axles or the like, card informati on expressing the type of card such as a

cash car prdmtemprdeice arral moddmelevide, fandddmrecaich ngorizer or t he
“bal ance information of the card. The road device receives the data 2
and conpuiedsenhane line or the like is directly connect3d -to the

signal proceséing ciréuit 12 of the present embodiment. A

program for implementing the malfunctioning antenna

detection processing (Figs. 9A and 9B) described in the

first embodiment is stored in the signal processing circuit

12.

The structure of the other antennas at the exit gate is
the same as the above-described structure, and therefore,
description fhereof is omitted. The structures of the
respective antennas and antenna control devices at the route
points 200 are also the same as the above-described
structure, and therefore, description-thereof will be
omitted as well. ‘

In the second embodiment, malfunctioning antenna
detection procesSing can be carried out for each antenna

.control device. Therefore, the information relating-to the
antenna and stored in the vehicle device is not held in:an
unuéed state until the exit gate, and can be utilized at an
antenna control device which is in charge of one antenna at
a route point or the exit gate through which the vehicle
passes. Accordingly, a malfunctioning antenna can be
detected at an early stage at a closer gate. Inspection and

repair of the malfunctioning antenna can be carried out at



toll (process contents Qut4). Further, the road device <collates the card
nunber with a "blacklist" which has been readied in advance and which
lists card nunbers of cards which are #ki-ng used wi t hout authorization or
cards which cannot pay. Wen a card nunber included in the data 2 is on
the blacklist, it may be difficult to collect paynment for the toll.
Accordingly, as a different process, an operation signal can be outputted
for cooperation with the unauthorized passing vehicle photographing system
350 and the toll manual paynment system 323. When t he process
contents Qut4 are conpleted and the card information verifies that the
card can automatically pay the toll by radio communication, the road
device t4dmnsdirls sbdged dndnvatisfacbory tommemicathonpeamele contents
Qutb). The data 3 transmitted by the exit gate road device includes
‘an K f| anpixxpabsed ng that receipt of data 2 this tinme has been conpl eted
properly, the toll, and the results of collation wth the_ blacklist (a
flag expressi nhexpupesssencOutfd duhbert theoexlhcEabe £B% ?h%wﬁlgﬂklist).

Fig. 8B can be used at the process Ck4 at a route point and
shown in Fig. 7 in order to detect, at a route po;nt, a
malfunctioning antenna.

In the above-described embodiments, the communication
brobabilities for all of the antennas at all of the gates
are stored as a table. However, in accordance with this
structure, the memory capacity becomes large, and.
consequently, the cost increases. Moreover, the computation
time increases. 1In order to suppress such an ihcrease in
memory capacity, the number of gates held as a table may be
decreased. For example, at a given gate having a gate
number n, it suffices to store only informatipn relating to
antennas set at a predetermined number of gatés, for
example, the nekt closest gates having gate numbers (n-1)
and (n+1). In this way,-the.memory_capacity'can be made
smallef, and the computatidn time can be shortened.
Further, because a detected malfunctioning antenna is at a
gate near the gate ﬁhich detected the malfunction,
inspection and repaif of the_malfunétioning antenna can be
effected at an early stage. .

In the above-described embodiments; by setting a

plurality of antennas to overlap over a single communication



The vehicle device receives the data 3, and if a pre- paid card is being
used, the toll which was transnmtted from the road device is wthdrawn
fromthe pre-paid card. Further, the -v8Ricle device stores the data 3 as
toll information, and transmts data 4 expressing that the tol

- 31 - - has been wi thdrawn properly (comrunication 8 transmtting
process contents Tg4). When the road device receives data 4 fromthe
vehicle device, as will be described |later, the road device carries out
“statistical processing and nmal functioni ng antenna detection processing by
using the entrance information and the route information obtained in the
comuni cation 6 (process contents Qut6). Thereafter, the road device

judges vhesherevbar eri $taigrlibysett@NtRgt abhENARLEMIOCESS contents Qut 7).
Wien it is judged that there is a malfunctioning antenna, the road device

ei ther prmaisumctionihgansommanitatibdheigahadatpossibléhieydthecotber

mal f uncti oning antenna i s '
antennas assigned to that communication area. Therefore,
even if inspection and reﬁair of a malfunctioning antenna
are being carried out, there is no need to close that
communication area (system down), and it can still be used.

Further, in the above-described embodiments, action

information, which expresses the actions of the vehicle, may
be included as data transmitted from the vehicle device to
the road device in order to learn that objects have fallen
in thé road or to ascertain the road conditions. The action
information may include information expressing changes in
steering, such as sudden operation of the steering wheel, or
information relating to the road surface, sﬁch as slipping
or the like. In this case, as illustrated in Fig. 12, the
structure of the vehicle device 30 is such that a G sensor
58A, which detects drops in the road 1éve1 and steering such
as sudden operation of the steering wheel, and an ABS '
coﬁtroller 58B, which detects the slip ratio, are connected
to the signal processing circuit 46. In the vehicle device,
the signal from the G sensor 58A'and the signal from the ABS
controller 58B are the action information and are stored
together with positional information which is the gate
number of the nearest gate passed.through or the gate

numbers of the gates at either side of the position. At the



set, the antenna nunber for identifying the antenna. When recei pt of
data 3 is conpleted, the handshake is dissolved. Further, after the
process contents Qut7, processing is rdﬁqénented again from process
contents Qut 1. Next, the statistical processing at the gate 300 for
mal f uncti oni ng antenna detection processing corresponding to the process
contents Qut7 will be described in detail with reference to the flowhart
in Figs. 9A and 9B. In the mal functioni hg antenna detection
processing of the present enbodi ment, when the nunber of tines vehicles
have passed through a gate reaches a predeterm ned nunber (100 tines in
the present enbodi nent), at the exit gate 300, a communication probability

for each ah@dddntdhandae iekit gate, the action information and - 32
determ ned, and mal functioning antennas are. detected by conparlng

t hi s det ertmnenwscidmumﬂcammwﬁhﬁbldnd yensirismizt t et edetdarta .nedrom

communi cati on probability.
the action information and the positional information
transmitféd from the vehicle device, the roéd device detects
sudden operation of the handle céused by avoiding a fallen
object, variations in G caused by drops in the road level,
variations in the slip ratio due to rain, snow or the like,
and the road device determiﬁes the position from the
positional information. In this way, the road device can
ascertain the road conditions, and appropriate measures or
notification can be made at an early stage.

Other action information may be obtained by detecting

the rate of change of the suspension, by detecting the
steering angle, the steering angle velocity and the steering

angle acceleration, or by detecting the yaw rate by a yaw

rate sensor.



the entr t gate, or any gate therebetween (1[err]n[err]N,
wherei n N*isct nber of gates?* antenna nunber mis an antenna
set at the gate rm *n (1[errlm[err] Merr], wherein Merr] is the
nunber of antennas at gate nunber n), counter value Cn is a counter val ue
at gate nunber n for conputing the conmuni cation probability, and

comuni cation probability Plerr] is the communication probability for each
~antenna at gate nunber n (the conmunication probability of antenna nunber

In the f @'ﬂxpl anation, gate nunber n is a given gate which may be

m at gate nunber n). The follow ng table show ng the conmuni cation
probabilities for the gate nunbers and antenna nunbers is stored in the
| ocal conWhait| s 83@imed risad. gat e nunber
1 2 3 ... n ... N 1 P[err] Plerr] Plerr]

Plerr] P [err] 2 Plerr] P[err]' Plerr] Plerr]
E%Z;;% 1. A road/vethlzrLoghgthatELg meggod foﬁ[%EELunicatlon

between a plurality of road devices, which are provided with
a plurality of rdad antenna devices at respective gates, and
a thicle communication device, which is mounted to a
vehicle and transmits and receives information to and from
the plurality oflroad devices by radio waves, comprising the
steps of: _

(a) when the vehicle.passes_through a first gate, the
vehicle communication device receiving gate information |
which relates to the first gate and which is transmitted
from a road antenna device of the first gate, and the
vehicle communication device transmitting the received gate
infarmation at a second gate;

(b) the second gate receiving gate information from a
plurality of vehicle communication devices, and computing a
communication probability for each antenna device of the
first gate When a number of received gate information-
corresbonding to the first gate has reached a predetermined
number; and

(¢) comparing, for each road antenna device, the
communication probability with a predetermined reference
value, and detecting, as a malfunctioning road antenna

device, a road antenna device for which a difference between



The |l ocal controller 380 begins the statistical processing illustrated in
Fi gs. Qﬁraﬁﬁ“gB'ﬁﬁgﬁuﬁFBEéssing noves on to the process contents Qut6

describ I““M“Ll n step 100 of 48 g. 9A one gate nunber n and
antennaTﬂlﬂMﬂ“‘““i d in the entrance information and route -

i nf or mat ion cobt-ai hed®i n" communi cation 6 are read. In subsequent step 102,
the comuni cation probabilities P[err] of all of the antennas at the read
gate nunber n are read from the table, and the counter value Cn is read.
Note that the initial value of the counter value Cn is set to 0. In step

104, the conmunication probability of each of the antennas at the gate n

I's conmputed by using followng formua (1). Plerr] = Pnm+ 1
100 the communication Erobability and the predetermined ---(_1)
Plerr] = Plerr] - 1 . 100 Merr]-1 (wherein k[err]

m TrereHehet vAeue0BRUBELASt hopredebabminédesadheal | of the antennas
at gate nunber nis 1 as is shown in followng forrmula (2).

2. A road/vehicle communication method according to claim '

1, wherein the gate ihformation includes first information

which specifies which road antenna device of the first gate

transmitted the gate information.

3. A road/vehicle communication method according to claim
2, wherein the first information is an antenna number, and
respectively different antenna numbers are given to each of

il

the road antenna devices of the first gate.

4, A road/vehicle communication method according to claim
1, wherein the reference value is a communication
probability set in advance for each of the road antenna

devices of the first gate.

5. A road/vehicle communication method according to claim
4, wherein the communication probabilities set in advéncé

are stored in table form.

6. A road/vehicle communication method according to claim
1, wherein the malfunctioning road antenna device is a road

‘antenna device for which cdmmunication is impossible and for



Plerr] + P[err] + P[err] + ... Plerr] + ... + Plerr] =1
. (2) ——Aceordinghy—gtven that fornmula (2) is the probability

conputln est abl i shed -wpgn vehlcles have passed 100 tines
t hr ough H W"ﬂ" utatlon may be
- 34 - * n step 104 such that, each time a vehicle passes

t hr ough, as shomn by fornula (1), the comrunication probability of an
antenna conmuni cating with that vehicle increases by 1/100 and the

comuni cation probabilities of the other antennas respectively decrease by
a value which is equal to 1/100 divided by the nunber of the other
antennas. Fornula (2) corresponds to the determ nation of an average

val ue for 1 t] ' n e e unt er nunber
Cnis |ﬂd§§%€%tgg ?ggéféﬁrT6§?hb§§F§ g?%ggmkéﬁﬁp i%?err?glﬁg it is
j udged whet her the nunber of tinmes the comunication probablllty has been

conputed fromthe entrance information
7. A road/vehicle communication method according to claim

1, wherein the road antenna device includes an antenna and

an antenna control device which controls the antenna.

8. A road/vehicle communication method according to claim
1, further comprising the step of:

(d) when a malfunctioning road antenna is detected in
said step (c), outputting information giving notice that a

malfunctioning road antenna has been detected.

9. | A'road/vehicle communication device for communication f
between a plurality of road devices, which are provided with_
a plurality of road antenna devices at respective gates, and
a vehicle communication device, which is mounfed to e
vehicle and transmits and receives information to and from
the plurality of road devices by radio waves, wherein
the vehicle communication device includes:

storing means for storing gate information which
is received when the vehicle passes.through a first gate and
which is transmitted from a road antenna device of the first
gate and which relates to the first gate; and

transmitting means for transmitting stored gate

information at a second gate, and



or the route information—+em vehicles passi ng through gate nunber n has
reached 100,"' has not been performed 100 tines, the process
proceeds to muﬂﬂ "ﬂ@lgﬂ’ en Cerr]- 47100 and the answer to the

determ natioh ifh Istep s affirmative, in step 110, the counter On is
reset (Cn = 0) for the next conputation for the gate n. In subsequent step
112, initial values are set for the antenna nunbers m (In the present -
enbodi ment, the antenna nunber. of the first antenna is m= 1.) ~In
step 114, a reference value S[err] 'is set for the set antenna nunber m
The reference value Snmmy be a predeterm ned, standard communi cation
probability of the antenna nunber m when 100 vehicl es pass through the
gate n, the road device includes: - 35 - or may be the
comuni cation probability of the antenna nunber mof the gate n determ ned
by the previous proceesidrgdef secedyinehmepas €hrcheradvpassedtt kheugh. |f

the comunication probability determned the previous tine is
second gate, gate information from a plurality of vehicle

communication devices;

COmmunication probability computing means for
computing a communication proﬁability'for each road antenna
device of the first.gate when a number of received gate
information corresponding to the first gate has reached a
predetermined number;

compafing means for comparing, for each road
antenna device, the communication probability with a
predetermined reference value; and

detecting means for detecting, as a malfunctioning
road antenna device, a road antenné device for which a
difference between the communication probability and the

predetermined reference value exceeds a predetermined value.

10. A road/vehicle communication device according to claim
9, wherein the road device further includes:

outputting means for, when said detecting means detects
a road antenna device as a malfunctioning road antenné
device, outputting information including information
expressing that the road antenna device has been detected as

a malfunctioning road antenna device.



used as the—reference value, malfunctioning antenna detection has already
been carrl W ll|l be described hereinafter, and therefore, repeat
det ection umw![[my lﬁmg this tine P8 suppressed. In step 116,

t he | ower alues MNerr], MXerr] of the antenna nunber
m which are set by using “the reference value, are conput ed by using
followng formula (3). [err] wherein D the all owabl e nunber of
times for one antenna. Fig. 10Aillustrates an exanple of the

relationship between the antennas and the comunication probabilities
which are the standard at a gate n equipped with five antennas. As can be
understood fromthe figure, the reference value Snm of the set antenna

number m i s . seh, r3ad/viehs ch@Vebmatd 1 dRREHN! umc\éaheear%%e%] ci¥iylerr]
of the antenna mare set.
- 9, wherein the road antenna device includes an antenna and

an antenna control device which controls the antenna.

12. A road/vehicle communication device according to claim
9, wherein the gate information includes first information
which specifies which road antenna device of thé first gate

transmitted the gate information.

13. A road/vehicle communication device according to claim
12, wherein the first information is an antenna number, and
respectively different antenna numbers are given to each of

the road antenna devices of the first gate.

14. A road/vehicle communication device according to claim
9, wherein the . road device further includes:

second storing means for storing the reference value,
and the reference value is a communication probability set
in advance for each of the road antenna devices of the first

gate.

15. A road/vehicle communicatioh device_according to claim
14, wherein the communication probabilities set in advance

are stored in table form in said second storing means.



- 36 - In_next step 118, by judging whether MNerr]< Plerr]<
MAX[ err] j udged whet her the conputed comuni cati on probability

| &’LEHLJ?Hlﬂlﬂllﬂﬂkllllﬂllﬂﬂilll red tn' B3 108 1n whi ch M iderr) Blerr) such

that Plerr]*fdll¢ b&nedth" the allowabie range, the deternination in step
118 is negative, and in step 122, an NG (no good) judgnent is nade. On the
ot her hand, if the comuni cat i on probability Plerr] falls wi.thin the

al | onabl e range, the determnation in step 118 is affirmative, and an K
jjudgnment is made in step 120. I n subsequent step 124, by judging

whet her the counter nunber is the |argest antenna nunber of the gate n, it
i's ]udgedehetderoddevebDyEe deshfiuRbeh I O €66V Ige hbccdeding coopéeatnl f or
all of the antennas set at the gate n. When the judgnent is negative, the
process r el urwisetoist tive lia] fumeti dinn g owad destente ddevbeesks gy read
repeated until processing has been conpleted for all of the antennas. On
t he ot her dmsrehna fdehice ufioperiichm commpunbeatbomfis rimposelble hangrberss

proceeds to step 126.
which the predetermined value is a lower limit value.

17. A road/vehicle communication device according to claim
16, wherein the road antenna device includes an antenna and

an antenna controi'device which controls the antenna.



In step 126, a judgnent is nade as to whether conputation has been
conpleted for all of the gates by judging whether other gate numbers n are
included in the entrance information angothe route lnLQLaaL+eH—ebf?|ned in

AR

communi cation 6. In a case in which other gate nunbews SHEEIr BAS BEENded in
the entrance information and the route REPLACED 1 -
37 - I nformation, the judgnent in step 126 ls—negattTve.—TNhe process

returns to step 100, and the above-descri bed U%Eocesses are repeated. On
“the other hand,.if theR@ARMEHILE QRWPN%T@M BPD AND PRWCE dgnent in step

126 is affirnatlve and the routine ends. In this way, for each
antenna of each gate, a judgnent 1is rmade as to whether the antenna is-

mal f uncti oni ng. Antennas of antenn Qﬁﬁg@?s whi ch were judged to be NG (no
good) can be detected as nalfunctlo Wle) ennas. The detected

”a'fU”Ct'O”'”gAQ”}SgﬂﬁéeﬁiéléeBS&&&H19¥ti8§ @MEtRE4 for communication
between a plurality of road.defices, which are provided with
a plurality of road antenna devices at respective gates, and
a Vehicle-communicatioﬁ device, which is mounted to a
vehicle and transmits and receives information to and from
the plurality of road devices by radio waves, includes the
steps of: when the vehicle passes through a first gate, the
vehicle communication device receiving gate information
which relates to the first gate and which 1s transmitted
from a road antenna device of the first gate, and the
vehicle communication device transmitting the received gate
information at a second gate; the second gate recelving gate
information from a plurality of vehicle communication
'devices, and computing a communication probability for each
antenna device of the first gate when a number ef receiﬁed
gate information corresponding to the first gate has reached
a predetermined number; and comparing, for each road antenna
device, the communication probability with a predetermined
reference value; and detecting, as a malfunctioning road
antenna device, a road antenna device for which.a difference
between the communication probability and the;predetermined
reference value exceeds a predetermined value. Accordingly,
at the second gate, a'malfunctioning road antenna device can

be detected among the road antenna devices of the first

is Sheet Has Been Re laced
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device 390. This notification can be effected by inform ng an operator by
printing by use of a printer, or by automatically informng the
correspondi ng gate or a managi ng devi cebbf-the gate by a nodem devi ce.

As described above, in the present enbodinent, malfunctioning antennas of

the road devices can be detected perlodlcally by 51 Ng
fromthe information expressing the antennas of thdHSEHEERHASeBER] ch
information is stored in the vehicle device. Therefiore, Haﬁﬂﬁbndltlgns of
‘the road devices can always be nonitored. As a re d

repair of a malfunctioning antenna can be carried out at an early stage,
and satisfactory communication can be maintai ned. The statisti cal

br ocessi ngef o¢ | Al #hEGuPes "BAK UDET EARLH e LN SPOGREEE 5 178! 1 zed by

changi ng t al gorit hm of
the road dgyifencdlShLAL" FoadOaRtdhh 0REY1EED
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are added to the vehicle device. Further, the above- described processing
can be realized by nerely adding the angenna nunber to the information
used in the conmunication between therbad device and the vehicl e device.
As a result, the structure of the device is not conplex, and an .

i nexpensive structure can be realized by using conventional devices.

Mor eover, because no deficiencies, defects, or the Ilike in the information
are caused by the addition of this algorithm reliability does not
deteriorate. Because a nalfunct'oang aptenna can be detected by the
information received fromthe vehiclgde® ce,jthere is no need for tours
of inspections ¢r periodic inspectio ogsﬂea:h road device in order to
detect mal functioni ng antennas— Ther efpEegg swrk efficiency and operati onal
efficiency can be inproveg - The pBdméE& pnbodi ment in
description relating to ae@tlenngs—Howeyers >t ent i nyept+eR dan
simlarly be applied to ennd devi ceg which include an tenna gnd an
antenna cortrol [device whi CN control s t pe—anteqna. Further | ~ome type of
nalfunctiogﬁ:s<N1inability to gomurRcpted In] a case in I ch an §nt-emra
i s unable communi cate, fqr éxanpl®,|aE&nerf limt val ue the ¢ ©O@©
conmuni cat {gn  probabi ity flor ¢ach abe@iazmy be set in agyance, ﬁ%ég#ﬁ
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antenna having a val ue less than this | ower limt value may ﬁxﬁﬁ%ﬁﬂﬁ‘ﬁxﬂ“

- 39 - be detected as a mal functioni ng ant ermma. Next, a second
enbodi ment will be described. In the previously-described first

enbodi nent, nal functioning of antennas installed at an entrance gate and.
at route points is detected at the exit gate. However, in the second ‘
enbodi nent, at any gate after the entrance gate, nmalfunctioning antennas
at gates therebefore can be detected. As the structure of the second
enbodi ment is substantially simlar to that of the first enbodi nent, the
same structures are denoted by the same reference nunerals, and
description thereof is omtted. Further, in order to sinplify the
description, explanation wi'll be given of a representative case in which
t he road device which comunicates with the vehicle device 30 in the
present enbodinment i.s a road device which is provided at the exit gate

300 and is formed by the toll statiot/hglsﬂii 342 and_




the toll station antenna control device 332A which are assigned to the
transm ssion and reception of radio waves to and fromvehicles traveling
in the | ane 302. As illustrated i-n3H g. 11, the toll station antenna
control device 332A connected to the toll station antenna 342 is equipped
with the signal processing circuit 12 which includes a mcroconputer. A
table nmenory 13, which is used to store the table described in the first
enbodi ment, is connected to the signal processing circuit 12 of the
present _ - 40 - enmbodi ment .
Further, the output device 390 such as a printer device or a nodem device
for connection to a telephone line or the like is directly connected to
the signal processing circuit 12 of the present enbodinent. A programfor
inplementing the mal functioning antenna detection processing (Figs. 9A and
9B) described in the first e [ is stored in the signal processing
circuit _ : nqu<§?55

' ' 380
342 {332A. | Q
390
3328 S
344 ¥
332C .
( _ .

341 332



12. The structure of the other antennas at the exit gate is the sane
as the above-described structure, and therefore, description thereof is
omitted. The structures of the respect4ve antennas and antenna contro
devices at the route points 200 are also the sane as the above-descri bed
structure, and therefore, description thereof will be omtted as well.

In the second enbodi ment, mal functioning antenna detection processing can
be carried out for each antenna control device. Therefore, the
information relating to the antenna and stored in the vehicle device is
not held in an wunused state until the exit gate, and can be utilized at an
antenna control device which is in charge of one antenna at a route point
or the exit gate through which the vehicle passes. Accordingly, a

mal functi oni ng antenna can be detected at an early stage at a cl oser gate.
| nspection and repakfy of the mal functioning antenna can be carried out at
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and satisfactory conmmuni cation can be maintained.
Fig. 8B-can be used

an early stage,
The processes Qut6, Qut7 at the exit gate and shown in
at the process Ck4 at a route point and- 5shown in Fig. 7 in order to
detect, at a route point, a malfunctioning antenna. In the
above-descri bed enbodi nents, the communication probabilities for all of
the antennas at all of the gates are stored as a table. However, in )

accordance with this structure, the nmenory capacity becones |arge, and
consequently, the cost increases. Mreover, the conputation tinme
increases. In order to suppress such an increase in nenory capacity, the
nunber of gates held as a table nmay be decreased. For exanple, at a given

gate having a.gate nunber n, it suffices to store only information

relating to antennas set at a predeterm ned nunber of gates, for exanple,-
and (n+l1). In this way,

t he next cl osest gates having gate nunbers (n-1)
he conputation tinme can be

the nmenory capacity can be ma smal l er, and
Furt her, because a \detected nmal func{i gning antenna is at a

short ened.
gate near the gate which detected the nal f ygcti
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I nspection and repair of the mal functioning antenna can be effected at an

early stage. In the above-descri bed enbodi nents, by setting a
plurality of antennas to overlap over a-sbngle conmunication
- 42 - area, even if it is detected that one antenna is

mal f uncti oni ng, communi cation is nade possible by the other antennas
assigned to that communication area. Therefore, even if inspection and
repair of a malfunctioning antenna are being carried out, there is no need
to close that conmunication area (systemdown), and it can still be used.
Further, in the above-descri bed enbo#i tﬁﬁgaction I nformati on, which
expresses the actions of the vehicl el Egs- I ncluded as data transmtted
fromthe vehicle device to the road device in order to |earn that objects
have fallen in the road or to ascertain the road conditions. The action

I nformati on may include information expressing changes in. steering, such
as sudden operation of the steering WHNERANGE GATE

ROAD DEVICE VEHICLE DEVICE
Tc=0

Ini
1

INQUIRY |
(1AM ENTRANCE AvTENNa| COMMUVICATION 1

NO. X. IS ANYONE Te=1 gt
LISTENING?) | RESPONSE
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STORES DATA 1

i COMMUNICATION 6
n4
? Tc=6

RECELPT
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information relating to the road surface, such as slipping or the like. In
this case, as illustrated in Fig. 12, the structure of the vehicle device
30 is such that a G sensor 58A, which defects drops in the road | evel and
steering such as sudden operation of the steering wheel, and an ABS
control |l er -58B, which detects the slip ratio, are connected to the signa
processing circuit 46. In the vehicIngqYSCeE the signal fromthe G sensor
58A and the signal fromthe ABS control™r &8B are the action information
and are stored together with positional information which is the gate
nunber of the nearest gate passed through or the gate nunbers of the gates
at either side of the position. At the ROUTE POINT

- 43- route pointéggﬂﬁgggggﬁxit gate, the actioggggéggﬂgggggnand
the positional informati snittedT%é_Qata.'Fr |
tr

i nformati on and the6ﬁ£sitional information “transmtted fromthe vehicle
devi ce, the road devi ? det ect s o
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sudden operation of the handl e caused by avoiding a fallen object,

variations in G caused by drops in the road level, variations in the slip

ratio due to rain, snow or the like, -ahd the road device deternines the

- position fromthe positional information. In this way, the road device can
ascertain the road conditions, and_approprjate neasures or notification

" can be nmade at an early stage. d%:ﬁgl&action I nformati on nmay be

obt ai ned by detecting the rate of change of the suspension, by detecting

the steering angle, the steering angle veIOC|ty and the steering angle

accel eration, or by detectlng t he yamE a yaw rate sensor.

What is clained I S: : A road/ vehic e connunlcatlon met hod for

communi cation between EOAD MEYICEY of road devices, VRHI(EE BEELGE ovi ded with
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a plurality of road antenna devices at respective gates, and a vehicle
comuni cation device, which is nmounted to a vehicle and transmts and
receives information to and from. the pBurality of road devices by radio
waves, conprising the . steps of: (a) when the vehicle passes through
a first gate, the vehicle comunication device receiving gate information
which relates to the first gate and which is transmtted froma road
antenna device of the first gate, .and the vehicle communication device
transmtting the received gate information at a second gate; : (b) the
second gate receiving gate information froma plurality of vehicle
comuni cati on devices, and conmputing a comunication probability for each
antenna device of the first gate when a nunber of received gate
information corresponding to the first gate has reached a predeterm ned
nunber; and (c) conparing, for each road antenna device, the
comyuni cation probability with a predeternmined reference value, and
detecting, as a mal functioning road antenna device, a road antenna device
for which a difference between _ :
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- 45- t he communi cation probability and the predeterm ned reference
val ue exceeds a predeterm ned val ue. 2. A road/ vehi cl e conmuni cati on
met hod according to claim 1, wherein-t¥e-gate information includes first

i nformati on which specifies which road antenna device of the first gate
transmtted the gate information. 3. A road/ vehicl e conmmruni cati on

nmet hod according to claim 2, wherein the first information is an antenna
nunber, and respectively differenf¢4@e@# nunbers are given to each of

t he road antenna devices of the first gate. 4. A road/vehicle

comuni cati on nethod according to claim 1, wherein the reference value is
a communi cation probability set in advance for each of the road antenna

devices of the first gate. _
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5. A road/ vehi cl e conmuni cati on nmethod according to claim 4, wherein the
conmuni cation probabilities set in advance are stored in table form 6.
A road/ vehi cl e comuni catiron method aceoridirng to claim 1, wherein the

mal f uncti oni ng road antenna device is a road antenna device for which
conmmuni cation is inpossible and for : whi ch the predeterm ned
value is a lower |imt value. 7. A road/vehicle communication method
according to claim 1, wherein tﬂﬁ|(9ag% tenna device includes an antenna
and an antenna control device which C ol s the antenna. 8. A

road/ vehi cl e communi cati on nethod according to claim 1, further conprising
the step of: " (d) when a malfunctioning road antenna is detected in
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said step (c), outputting information giving notice that a malfunctioning
road antenna has been detected. 9. A road/ vehi cl e conmuni cati on device
for communication between a plurality & Toad devices, which are provided
with a plurality of road antenna devices at respective gates, and a
vehi cl e communi cati on device, which is mounted to a vehicle and transmts
and receives information to and from the plurality of road devices by -
radi o waves, wherein t he vehicle comuni cation device includes:
storing neans for storing gate information which 1is received when the
vehi cl e passes through a first gate and which is transmtted froma road
antenna device of the first gate and which relates to the first gate; and
transmtting neans for transmtting d e information at a second
Gare. and FiGglionr '
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t he road device includes: roadsi de receiving nmeans for
receiving, at the second gate, gate information froma plurality of
vehicle comunication devices; - 13 - conmmuni cation probability
conputing neans for conputing a comunication probability for each road
antenna device of the first gate when a nunber of received gate
informati on corresponding to the first gate has reached a predeterm ned

nunber ; conparing neans for conparing, for each road antenna
device, the conmmunication probability with a predeterm ned reference
val ue; and detecting neans for detecting, as a mal functioning

road antenna device, a road antenna device for which a difference between
t he communi cation probability and the predeterm ned reference val ue
exceeds a predeterm ned val ue. 10. A road/vehicle commnication device
according to claim 9, wherein the road device further includes:

out putting neans for, when said detecting neans detects a road antenna
device as a nmal functioning road antenna device, outputting information
including information expressing that the road antenna device has been
detected as ' '
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a mal functioning road antenna devi ce. . 11. A road/vehicle
communi cati on device according to claim 9, wherein the road antenna device

i ncl udes an antenna and an antenna cont¥otl device which controls the

ant enna. 12. A road/vehicle comunication device according to claim 9,
wherein the gate information includes first information which specifies
whi ch road antenna device of the first gate transmtted the gate

i nformati on. 13. A road/vehicle comuni cation device according to claim
12, wherein the first information is an antenna nunber, and respectively
different antenna nunbers are given to each of the road antenna devi ces of
the first gate. 14. A road/vehicle conmuni cation device according to
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9, wherein the road device further includes: second stor?‘ﬁé*’ﬁé%n?’% or
storing the reference value, and the reference value is a comuni cation
probability set in advance for each of the road antenna devices of the

first ogate. 15. A road/ vehi cl e-comuni cati on device according to claim
14, wherein the communication probabilities set in advance are stored in
table formin said second storing neans. 16. A road/vehicle

conmuni cati on device according to claim 9, wherein:the mal functioning road
antenna device is a road antenna device for which communication is

i'npossi ble and for which the predetAB§TRACTI ue is a lower linmt val ue.
17. A road/veéhicle conmmunication device according to claim 16, mhereln { he
road antenna device includes an antenna and

One gate number and antenna number mcluded in entrance and
route infOrmaﬁon are read from a vehicle ;zommunication device. A
communication probability of that antenna is read from a table. By using
the fact that communication probabilities of respective antennas increase
or decrease by 1/100 each time a vehicle passes through, the
communication probability of an antenna at a gate is computed, and an
average value is determined. Re&ﬁnce values and allowable ranges of
the communication probabilities of each antenna are computed. When.
the communication probability of an antenna falls outside of the allowable
range, the antenna is judged to be malfunctioning. When the
communication probability falls within the allowable raﬁge, the anienna is
o judged to be functioning properly.l The above processings are repeated

 until processing of all antennas located at a gate and processing of all

gates are completed so as to detect malfunctioning antennas.
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&n _antenna control device which controls the antenna. <ros

. ABSTRACT

ROAD/ -VEHICLE COMMUNICATION METHOD AND DEVICE

One gate number and antenna. nun;ber included in entrance and
route information are read from 2 vehicle ;:ommunication device, A
communication probability of that antenna is read from a table. By using
the fact that communication probabilities of respective antennas increase
N ~ or decrease by 1/100 each time a vehicle passes through, the
| communication probebility of an antenna at a gate is computed and an

average value is determined. Reference values and allowable ranges of

the communication probabilities of each antenna ere computed. ’When. |
the communication probability of an antenna falls outside of the allowable
range, the antenna is judged to be malﬁmctioning. When the
communication probability falls within the allowable range, the entenna is

v judged to be functioning properly. The above processings are repeated

until processing of all antennas located at a gate and processing of all

gates are i:ompleted s0 as to detect malfunctioning antennas.
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