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ROAD/VEHICLE COMMUNICATION METHOD AND DEVICE

Field of the Invention
The present 1nventioﬁ 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'ﬁethod fof

receipt of fees for use of the faciiit&. 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 collécting 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’én
interrogator which asks the vehicle for information, and has
a road antenna having a set communication area for

transmitting and receiving (communicating) radio waves.



Further, a communication device (hefeinafter, "vehicle
device") is provided at a vehicle. The vehicle device has
an antenna, and serves as a responder for reSponéing, 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 commﬁnicatinglvia
radio waves has a communication area. Reliable information
must be transmitted and received between the vehicles
traveling through the respectivé lanes in a toll gate and
the respective road devices corresponding thereto.
Therefore, information is transmitted and recéived 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
communication area of radio waves from vehicles 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 wa#e intensity is redﬁced or the
communication area is made smaller, communication is carried

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



limited communication_area. Therefore, the information may
be deficient due to the insufficient radio wave intensity,
.and the reliability'of the transmitting and receiving 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



and device in which information can be reliably transmitted
and received between a vehicle communication device and a
road device by detecting a maifunctioning road antenna.

A first 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



and the predetermined reference value exceeds a
predetermined value.

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



antenna device, a road antenna device for which a difference
between the communication probability and the predetermined
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 seéond 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 devicés. 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 sbecificélly. the gate information

includes information expressing through which of the road
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antenna devices of the first gate the vehicle commﬁnication
device communicafed with the road device. Therefore, when
the number of gate information received at the second 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 which is functioning properly corresponde.to
| the standard communication probability. Accordingly, even
if there is a malfunctioning road antenna device at the
first gate, the determined communication probability
expresses the respective conditions of the road antenna
device. In this wa&, the determined cemmdnication
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 malfunctioning
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



each road antenna device of the first gate when the number
of received gate information corresponding to the first gate
reaches a predetermined number. For each ef 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.



-10 -

BRIEF DESCRIPTION OF THE DRAWINGS

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 bésic signals of a handshake which takes
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place between fhe vehicle device and the road device at the
exit gate. |

Fig. 8B is a procesé explanation diagram which
summarily illustrates transmissidﬁ_and receipt
(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.
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DESCRIPTION OF THE PREFERRED EMBODIMENTS .

_ Hereinafter, a first 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
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.writes toll balance infbrmation onto the IC card 62.

As will be described later, road devices, which serve
as ground equipment and which traﬁsmit’ahd receive various
types of information to and from the vehicle device 30, are
provided respectively af an entrance gate 100 of a toll
road, a route poiht 200 suéh 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. Infdrmation regarding
the entrance gate 100 of the toli 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 conventional 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 rdute ascertaining
antenna 217 formed by a flat antenna and a route

ascertaining antenna control device 232 connected to the

i



- 14 -

route ascertaining.antenna 217, is provided at the route
point 200. Information which expresses which route the
vehicle took at a branch point or traveled route inforﬁation
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 aﬂtenna 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 nétice antenna
contfol device 331 is connected to the advance notice
antenna 317, and a toll stafion 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
statiqn antenna 341, the advance notice antenna control
device 331, the toll station antenna control device 332, ana_
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
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control device 331 may be omitted.

A vehicle type detecting system 360, an unauthorized
passing vehicle photbgraphing system 350, and a toll manﬁal
payment system 323 are provided at the exit gate 360. 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.
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An arch 3186 is disposed from the plot of ground 308 tb
the plot of ground 314 so 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
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antenna 342 is positioned above the lane 302 and transmits
and receives information relating to the toll to and from
vehicles traveling in the 1ane-302. The toli 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
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may be detected for each of the tqll station antenna control
devices as will be described later.

Next, the structure of:the fehicle'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
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transmitting/receiving antenna 52.

A display 54 and a ten key 56 are connected to the
signal processing circuit 46. The display 54 is formed by
an LCD 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
supplied to the vehicle device when the ignition is on.

| Next, a description will be given of a foad device
which communicates with the vehicle device 30, by ﬁsing a
road device provided at 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 illustréted_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 includes
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a microcomputer. The signal processing circuit 12 ;s
connected to a transmitting gircuit 14 which transmits data
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
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the entrance gate 100 and the route points 200 are the same
~as the above—déscribed structure, ahd therefore, description
thereof will be omitted.

Next, processing of the present 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

Sind
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authentication 1 serving as identification information for
- mutual récognition between the vehicle device and the road
device for carrying out a handshake. Thereafter, the
vehicle device transmits the response signal 1
(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
is 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 i
from the vehicle device, the road device generates a
response signal including a response to the authentiéation 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 authentication 2 transmitted from the road device, and

transmits this response signal (communication 4 transmitting
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-process contents Tg2). When the vehicle devicé does not
receive a response.signal (communication 3), the vehicle
device repeats (retries) transmitting the response 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
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entrance gate, an antenna number for identifying the
transmitting antenna, and the year, mtnth; date, hour and
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
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contents.In4). receipt is completed and the handshake is
dissolved. Thereafter, the processes are executed again
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).
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When the road device receivés the response signal 1
from the vehicle device, the road device generates a
response signal including 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 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 road device at the route

point includes gate information expressing that the road
device is at a route point, a gate number (route number or

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

Ry
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for identifying fhe trahsmitting'antenna, the 1ahe number,
and the year, month, date, hour and minﬁte.

The vehicle device receives the data 1 and stores it as
route information. Further, the vehicle device transmits
‘data 2 relating 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, i.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
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formed from a continuous wave is transmitted from the road
device at the exit gate until thé road device 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 formed 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
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response signal matches, it is judged that the vehicle
device and thé road device fecognize each other. At this
time, the handshake is established, and the data 1 relating
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
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toll (process contents Out4). Further, the road device
collates the card number-with a "blacklist"” which has been
readied in advance and which lists card numbers of cards
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 fbr
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 Out5).

The data 3 transmitted by the exit gate road device
includes an OK flag expfessing that receipt Qf data 2 this
time has been.completed prdperly, the toll, and the results
| of collation with the Blacklist (a flag expfessing 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.l
Further. the vehicle device stofes the data 3 as toll

information, and transmits data 4 expressing that the toll
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has béen withdrawn properly (communication 8 transmitting
process contents Tg4).

When the road device receives data'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
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détermined, and malfunctioning antennas are detected by
comparing this determined communication probability with 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 set at the gate
number n (1§m§M., 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 21 3 coe n vee TJ
Pul|Pa|Pau| = |Par| | Pu
Pis| Paa| Pas| | Pas| | Py
Pis| Pas| Pas| | Pas| | Pus

CO I ™NY

antenna number

m le P!m P!lm | Pan PNm
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.The local controller 380 begins the statistical
processing illustrated in Figs. 9A and 9B when processiﬁg
‘moves on to the process contents Outé described above.
First, in step 100 bf Fig. 9A, one gate number n and antenna
number m included in the entrance information and route
information.obtained in communication 6 are read. 1In
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 coﬁnter value Cn 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).

an=an+__l___

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
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effected in step 104 such that, each.time a vehicle passes
through, as shown by formula (1), the communication |
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,
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or may be.the communication probability of the antenna
number m of the gate n determined 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).

.MINnm=Snm'[1_ 1130 ]
MAX S . {1+ D ] . . ...(3)
nm nm 100

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.
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In next step 118, by judging whether MINnm<:Pnﬁ<:MAXnm,
it is judged whether the computed communication probabiiity
P,y falls within the allowable range. When Ppm 2 MAX,, 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 stép 122,
an NG (no good) judgment is made. On the other haﬁd, if the
communication probability Pp, falis 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
nuﬁber 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 been 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



- 37 -

information, the judgment in step 126 is negative. The
process returns to step 100, and the above-described
processes are repeated. On fhe other hand, if there are no
other'gate numbers n, the judgment in step 126 is.
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
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algofithm of the road device. Therefore, no new algorithms
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
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‘be detected as a malfunctioning antenna.

Next, a second embodimenf will be described. In the
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 t§ the toll station antenna
342 is equipped with the signal processing circﬁit 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
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embodiment. Further, the output device 390 such as a
printer device or a modem device for connection to a
telephone line or the like is difectly connected 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
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an early stage, and satisfactory communication can be
maintainéd.

The processes Outé, Out7 at the exit.gate and shown in
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 point, 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 éomputation
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 gates, 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
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area, even if it is detected that one antenna is
malfunctioning, communication’is_made possible by the other
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
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route ﬁoinfs and the exif gate, the action information and
the positional information are transmitted as data. From
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 acceleratioﬁ, or by detecting the yaw rate by a yaw

rate sensor.

taunk
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What is claimed is:

1. A road/vehicle communication method for communication
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
infdrmation 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
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the communication probability and the predetermined

reference value exceeds a predetermined value.

2. A road/vehicle communication method according to claim '
1, wherein the gate information 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
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which the predetermined value is a lower limit value.

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 é
vehicle and transmits and receives information to and from
the plurality of road devices by radio waves, wheréin
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
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the road device includes:

roadside feceiving means for receiving, at the
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.
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~11. A road/vehicle communication device according to claim
- 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.
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186. A.road/vehicle communication device according to claim
9, wherein the malfunctioning road antenna device is a road
antenna device for which communication is impossible and for

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.

prey



