DESCRIPTION
TITLE OF INVENTION: WIRELESS COMMUNICATION DEVICE FOR VEHICLES AND
WIRELESS COMMUNICATION SYSTEM

CROSS REFERENCE TO RELATED APPLICATION

[0001]

The present application is based on Japanese Patent Application No.
2015-138787 filed on July 10, 2015, the disclosure of which is incorporated herein by

reference.

TECHNICAL FIELD

[0002]

The present disclosure relates to a wireless communication device for vehicles
which is used in a vehicle, and a wireless communication system including the

wireless communication device for vehicles.

BACKGROUND ART

[0003]

There is known WAVE (Wireless Access in Vehicular Environments) as a
telecommunication standard used for an intelligent transport system as disclosed in
Patent literature 1.

[0004]

WAVE uses two kinds of channels of a control channel and a service channel
for a vehicular wireless communication device and a roadside unit to communicate
with each other. The service channel is a channel used to transmit or receive the
information for executing a service (i.e., service execution information, hereinafter).
The service is provided as one of a plurality of kinds of services; the service channel is
provided as one of a plurality of channels having mutually different frequencies.
Each of the services is correspondingly associated with one of the service channels.

[0005]

The control channel is a channel used for a roadside unit to transmit the



various information (i.e., service announcement information, hereinafter) for
announcement in order to perform communication with a vehicular wireless
communication device via a service channel. To start the communication via a
service channel, a reception channel that the vehicular wireless communication device
uses for reception needs to be set to any one of the service channels. The service
announcement information thus includes the information (channel information,
hereinafter) for identifying a service channel designated as the reception channel.
PRIOR ART LITERATURES
PATENT LITERATURE

[0006]

Patent literature 1: US 8761676 B2

SUMMARY OF INVENTION

[0007]

When the service channel is designated as the reception channel, any service
announcement information cannot be received. If not receiving any service
announcement information, the vehicular wireless communication device cannot
designate, as the reception channel, a service channel identified from the channel
information included in the service announcement information.

[0008]

The present disclosure is made in consideration of the above situation. Itis
an object of the present disclosure to provide a wireless communication device for
vehicles and a wireless communication system which can suppress a reception
channel from failing to be set to a service channel identified from channel information.

[0009]

To achieve the above object, according to a first aspect of the present
disclosure, a wireless communication device for vehicles is provided to receive
information using a plurality of service channels and a control channel, the service
channels and the control channel which are assigned with a plurality of mutually
different frequency channels. The wireless communication device includes a first



wireless receiver, a second wireless receiver, and a reception control unit. The first
wireless receiver designates, as a reception channel, a service channel identified from
the plurality of service channels based on a kind of a service, and receives service
execution information used to execute the service. The second wireless receiver
designates, as a reception channel, the control channel, and receives service
announcement information including channel information identifying the service
channel. The reception control unit causes the first wireless receiver to set the
reception channel based on the channel information included in the service
announcement information received by the second wireless receiver.

[0010]

The wireless communication device according to the first aspect includes two
wireless receivers of a first wireless receiver and a second wireless receiver. The
second wireless receiver, which designates the control channel as the reception
channel, receives the service announcement information. The reception control unit
causes the first wireless receiver to designate the reception channel based on the
channel information included in the service announcement information received by
the second wireless receiver.

[0011]

Even if the first wireless receiver designates the service channel as the
reception channel, the wireless communication device can thus receive the service
announcement information via the control channel, and causes the first wireless
receiver to designate the service channel identified from the channel information
included in the service announcement information as the reception channel. This
helps prevent the communication channel of the first wireless receiver from failing to
be set to the service channel identified from the channel information.

[0012]

In addition, according to a second aspect of the present disclosure, a wireless
communication system is provided to include (i) the wireless communication device
for vehicles according to the first aspect and (ii) an announcement roadside unit that
transmits the service announcement information as well as the service execution

information.



BRIEF DESCRIPTION OF DRAWINGS

[0013]

The above and other objects, features and advantages of the present
disclosure will become more apparent from the following detailed description made
with reference to the accompanying drawings. In the drawings:

FIG. 1 is a diagram for explaining an overall configuration of a wireless
communication system according to a first embodiment;

FIG. 2 is a diagram illustrating a configuration of an announcement roadside
unit;

FIG. 3 is a block diagram illustrating functions of a roadside control circuit in
FIG. 2;

FIG. 4 is a schematic diagram illustrating an example of a sequence of
communication executed by an announcement roadside unit;

FIG. 5 is a diagram illustrating an example of a configuration of WSA;

FIG. 6 is a diagram illustrating a configuration of a non-announcement
roadside unit;

FIG. 7 is a block diagram illustrating functions of a roadside control circuit in
FIG. 6;

FIG. 8 is a block diagram illustrating a configuration of an in-vehicle unit;

FIG. 9 is a diagram illustrating frequency channels designated by a first
wireless communicator and a second wireless communicator according to the first
embodiment;

FIG. 10 is a block diagram illustrating functions of a control circuit in FIG. 8;

FIG. 11 is a flowchart illustrating a process executed by a control circuit in FIG.

FIG. 12 is a flowchart illustrating in detail a process at S22 in FIG. 11;

FIG. 13 is a flowchart illustrating in detail a process at S44 in FIG. 12;

FIG. 14 is a flowchart illustrating in detail a process executed in response to
YES at the determination at S2 in FIG. 11;

FIG. 15 is a flowchart illustrating a process executed by a control circuit in FIG.
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8 in addition to the processes in FIGs. 11 to 14;

FIG. 16 is a diagram illustrating a time variation of communication channels of
a first wireless communicator and a second wireless communicator according to the
first embodiment;

FIG. 17 is a diagram illustrating a time variation of communication channels of
a first wireless communicator and a second wireless communicator according to the
first embodiment;

FIG. 18 is a diagram illustrating frequency channels designated by a first
wireless communicator and a second wireless communicator according to a second
embodiment;

FIG. 19 is a flowchart illustrating a process executed as substitute for FIG. 11,
according to a second embodiment;

FIG. 20 is a flowchart illustrating a process executed as substitute for FIG. 13,
according to the second embodiment;

FIG. 21 is a diagram illustrating a time variation of communication channels of
a first wireless communicator and a second wireless communicator according to the
second embodiment; and

FIG. 22 is a diagram illustrating a time variation of communication channels of
a first wireless communicator and a second wireless communicator according to the

second embodiment.

EMBODIMENTS FOR CARRYING OUT INVENTION

[0014]

<First embodiment>

The following describes embodiments of the present disclosure with reference
to drawings. As illustrated in FIG. 1, a wireless communication system 1 according
to a first embodiment includes an announcement roadside unit 2, a
non-announcement roadside unit 3, and an in-vehicle unit 4. The in-vehicle unit 4 is
equivalent to a vehicular wireless communication device (i.e., a wireless
communication device for vehicles).

[0015]



[Brief configuration of wireless communication system 1]

FIG. 1 illustrates a single announcement roadside unit 2; however, a plurality
of announcement roadside units 2 may be included. In addition, FIG. 1 illustrates a
single non-announcement roadside unit 3 and a single in-vehicle unit 4; however, a
plurality of non-announcement roadside unit 3 or a plurality of in-vehicle unit 4 may
be included. The announcement roadside unit 2, the non-announcement roadside
unit 3, and the in-vehicle unit 4 each communicate in compliance with the standard of
WAVE.

[0016]

The wireless communication system 1 in compliance with the standard of
WAVE is to specify communication channels including a single control channel and a
plurality of service channels. Each of the control channel and the service channels is
specified correspondingly with one of the predetermined frequency channels that are
mutually different.

[0017]

The announcement roadside unit 2 announces WSA (Wave Service
Announcement) via the control channel. This WSA, which is equivalent to the service
announcement information, includes the channel information or the information on
service channel being a frequency channel that transmits the service execution
information for executing a service. In addition, the announcement roadside unit 2
transmits the service execution information via the service channel announced with
WSA. Note that "information," which may be used not only as an uncountable noun
but also a countable noun, is equivalent to an information item. One information is
equivalent to one information item; a plurality of informations are equivalent to a
plurality of information items.

[0018]

In contrast, the non-announcement roadside unit 3 does not transmit WSA
(i.e., the service channel); the non-announcement roadside unit 3 transmits the
service execution information via a service channel designated previously. Each of
the announcement roadside unit 2 and the non-announcement roadside unit 3 may
be movable or fixed to a roadside.



[0019]

The in-vehicle unit 4, which is mounted in a vehicle 5, receives a WSA and the
service execution information. The in-vehicle unit 4 also performs vehicle-to-vehicle
communication with another in-vehicle unit 4. Note that the vehicle 5 may be one of
various types of vehicles running roads such as a passenger car, a bus, a truck. FIG.
1 illustrates a four-wheel vehicle; however, the vehicle 5 may be two-wheel vehicle.
The two-wheel vehicle may include a bicycle.

[0020]

[Configuration of announcement roadside unit 2]

The announcement roadside unit 2, which executes a road-to-vehicle
communication with an in-vehicle unit 4 that is present in a wireless communication
area formed by the announcement roadside unit 2, executes a predetermined service
by transmitting various information to the in-vehicle unit 4 and acquiring the various
information from the in-vehicle unit 4.

[0021]

The announcement roadside unit 2 is installed in a position suitable for a
service provided by the announcement roadside unit 2. For example, the
announcement roadside unit 2 is provided in an intersection, a middle point between
intersections connecting each other, a gateway to a specific facility (for example, a
parking lot, a shop, a toll road), etc. The announcement roadside unit 2 provides a
wireless communication area (i.e., an output of the electric wave transmitted by the
announcement roadside unit 2) that is formed depending on a service provided by the
announcement roadside unit 2. The wireless communication area, which is formed
to be wider, may overlap with another wireless communication area by another
announcement roadside unit 2 or a non-announcement roadside unit 3.

[0022]

The announcement roadside unit 2 includes a roadside communication circuit
21 and a roadside control circuit 22 as in FIG. 2. The roadside communication circuit
21 and the roadside control circuit 22 are connected to communicate with each other.

[0023]

The roadside communication circuit 21 executes a road-to-vehicle



communication with an in-vehicle unit 4 that is present in a wireless communication
area formed by the announcement roadside unit 2. The roadside communication
circuit 21 demodulates a signal received from the in-vehicle unit 4 and outputs it to
the roadside control circuit 22, while modulating a data inputted from the roadside
control circuit 22 and converting to the electric waves to transmit.

[0024]

The roadside communication circuit 21 is provided with two operation modes
of a mode for communication using the control channel and a mode for
communication using the service channel. That is, both the communication using
the control channel and the communication using the service channel with the
in-vehicle unit 4 are performed via the roadside communication circuit 21,

[0025]

The roadside control circuit 22 is configured to be a usual computer including
known components: a CPU; nonvolatile memory such as ROM and flash memory;
volatile memory such as a RAM; an I/O; and a bus line that connects the foregoing
components.

[0026]

The roadside memory 22M included in the roadside control circuit 22 is a
nonvolatile storage media, for example, a flash memory or ROM in the roadside
control circuit 22. The roadside memory 22M stores data and program modules for
executing the various processes, and the terminal ID assigned to the announcement
roadside unit 2, etc. In addition, the roadside memory 22M further stores the
information for generating a WSA.

[0027]

The roadside control circuit 22 includes a roadside communication control unit
221 and a service processing unit 224 as functional blocks realized by executing the
above-mentioned program modules, as in FIG. 3. All or part of the functions
executed by the roadside control circuit 22 may be configured as hardware
components such as one or more ICs.

[0028]

The roadside communication control unit 221 controls an operation of the
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roadside communication circuit 21, and performs switching between the
communication via the control channel and the communication via the service channel.
The roadside communication control unit 221 generates the information to be
transmitted from the roadside communication circuit 21 according to the operation
mode of the roadside communication circuit 21, and transmits the generated
information from the roadside communication circuit 21. In addition, the roadside
communication control unit 221 acquires a data that the roadside communication
circuit 21 receives, and provides the data to the service processing unit 224.

[0029]

The roadside communication control unit 221 includes functional blocks of a
CCH communication processing unit 222 and an SCH communication processing unit
223. Note that CCH signifies Control CHannel; SCH signifies Service CHannel.

[0030]

The CCH communication processing unit 222 controls the communication
using the control channel. The CCH communication processing unit 222 generates a
WSA, designates the control channel as the transmission channel of the roadside
communication circuit 21, and transmits the generated WSA to the roadside
communication circuit 21 in a broadcasting mode. In addition, the CCH
communication processing unit 222 acquires the data received by the roadside
communication circuit 21 in the communication using the control channel, and
provides the acquired data to the service processing unit 224.

[0031]

The SCH communication processing unit 223 controls the communication
using a predetermined service channel. The SCH communication processing unit
223 generates the service execution information, designates, as the transmission
channel of the roadside communication circuit 21, a service channel identified
depending on the kind of a service, and transmits the generated service execution
information via the roadside communication circuit 21. The transmission mode may
be selected from among broadcast, unicast, and multicast depending on the kind of
the service. In addition, the SCH communication processing unit 223 acquires the

data received by the roadside communication circuit 21 in the communication using
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the service channel, and provides the acquired data to the service processing unit
224,

[0032]

The service processing unit 224 provides a predetermined service to an
in-vehicle unit 4 present in a wireless communication area based on the data provided
from the roadside communication control unit 221. The services include an
automatic fee collection service during running a toll road, an automatic parking fee
collection service at parking, a traffic information distribution service, a position
information report service, and an advertisement distribution service.

[0033]

FIG. 4 is a schematic diagram illustrating an example of a sequence of a
communication executed by the announcement roadside unit 2. In the example
illustrated in FIG. 4, the announcement roadside unit 2 executes alternately the
communication using the control channel and the communication using the service
channel, which are switched from each other each time a predetermined time (for
example, 50 milliseconds) elapses.

[0034]

The time Tc for continuing the communication using the control channel and
the time Ts for continuing the communication using the service channel may be
suitably designed, without being limited to the examples in FIG. 4. In addition, each
of the time Tc or the time Ts may be changed dynamically if needed. Furthermore,
another configuration may be provided which maintains the communication using the
control channel until receiving, from the in-vehicle unit 4, a response to the WSA
transmitted successively using the control channel.

[0035]

As in FIG. 5, a WSA includes the header, the service information, and the
channel information. The header is the information for an in-vehicle unit 4 serving as
a receiving end to recognize that the received data is a WSA. The header includes (i)
the information indicating the version of the WAVE standard, and (ii) the information
for distinguishing the WSA from other information including the service execution
information.
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[0036]

The service information is the information indicating the kind of a service
provided by the announcement roadside unit 2. The service information indicates
the kind of the service with a service ID previously assigned to each kind of the
service. In addition, the priority of the service is also included. The in-vehicle unit 4
having received a WSA refers to the service information included in the WSA, thereby
identifying the kind of the service corresponding to the WSA, i.e., the kind of the
service provided by the announcement roadside unit 2 serving as a transmitting
source of the WSA.

[0037]

The channel information is the information containing a channel number of
one of a plurality of service channels used by the announcement roadside unit 2 for
providing a service. The service channel may be determined depending on a service
that is provided; an identical service channel may be assigned to a plurality of services.
The in-vehicle unit 4 refers to this channel information, thereby identifying the service
channel used for the announcement roadside unit 2 to provide a service.

[0038]

[Configuration of non-announcement roadside unit 3]

The non-announcement roadside unit 3 is different from the announcement
roadside unit 2 in not transmitting a WSA being the service announcement
information, while being the same as the announcement roadside unit 2 in other
portions. Therefore, the non-announcement roadside unit 3 includes a roadside
communication circuit 31 and a roadside control circuit 32, as illustrated in FIG. 6,
similar to the announcement roadside unit 2. In addition, the roadside control circuit
32 includes a roadside memory 32M.

[0039]

However, the non-announcement roadside unit 3 does not transmit any WSA;
the roadside communication circuit 31 is provided with a mode for communication
using the service channel without a mode for communication using the control
channel.

[0040]
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FIG. 7 illustrates the functional blocks achieved by the roadside control circuit
32 executing the program module stored in the roadside memory 32M. As in FIG. 7,
the roadside control circuit 32 includes a roadside communication control unit 321 and
a service processing unit 324.

[0041]

The roadside communication control unit 321 includes an SCH communication
processing unit 323, but does not include any CCH communication processing unit
since the non-announcement roadside unit 3 does not transmit any WSA. The
function of the SCH communication processing unit 323 is the same as that of the SCH
communication processing unit 223 included in the announcement roadside unit 2.
Further, the function of the service processing unit 324 is the same as that of the
service processing unit 224 included in the announcement roadside unit 2.

[0042]

[Configuration of in-vehicle unit 4]

The following explains a configuration of an in-vehicle unit 4. As in FIG. 8,
the in-vehicle unit 4 includes a control circuit 41, a first wireless communicator 42, a
second wireless communicator 43, a GNSS receiver 44, an acceleration sensor 45, and
a gyro sensor 46. The control circuit 41 is connected to perform a two-way
communication with each of the first wireless communicator 42, the second wireless
communicator 43, the GNSS receiver 44, the acceleration sensor 45, and the gyro
sensor 46.

[0043]

The first wireless communicator 42 is equivalent to a first wireless receiver;
the second wireless communicator 43 is equivalent to a second wireless receiver.
The first wireless communicator 42 designates, as the communication channel, one
frequency channel selected by switching a plurality of frequency channels. The
communication channel is a channel which performs reception and transmission.
That is, the communication channel signifies a reception channel and a transmission
channel.

[0044]

The second wireless communicator 43 designates, as the communication
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channel, one frequency channel selected by switching a plurality of frequency
channels. FIG. 9 illustrates frequency channels designated by the first wireless
communicator 42 or the second wireless communicator 43 in the first embodiment.

[0045]

The first wireless communicator 42 and the second wireless communicator 43
each demodulate a signal received via an antenna and output it to the control circuit
41, while modulating a data inputted from the control circuit 41 and converting to the
electric waves to transmit.

[0046]

In FIG. 9, CCH signifies Control CHannel; SCH signifies Service CHannel.
These channels each belong to 5.8 GHz band or 5.9 GHz band in the present
embodiment. In addition, RF 1 represents the first wireless communicator 42; RF 2
represents the second wireless communicator 43. In the present embodiment, the
service channels are provided as four channels SCH1 to SCH4. These four service
channels are all the service channels used in the wireless communication system 1 in
the present embodiment.

[0047]

In FIG. 9, circle marks each signify a communication channel that can be
designated by the first wireless communicator 42 or the second wireless
communicator 43. Thus, the first wireless communicator 42 can designate three
communication channels of the control channel, the first service channel SCH1, and
the second service channel SCH2. In contrast, the second wireless communicator 43
can designate three communication channels of the control channel, the third service
channel SCH3, and the fourth service channel SCH4.

[0048]

The GNSS receiver 44 receives the electric waves from the satellites used by
GNSS (Global Navigation Satellite System), and acquires a data indicating a current
position of the GNSS receiver 44. The current position information acquired by the
GNSS receiver 44 indicates a latitude and longitude, for example. The current
position information acquired by the GNSS receiver 44 is provided to the control circuit
41 successively (e.g., each 100 milliseconds). In addition, the electric wave received
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by the GNSS receiver 44 is used further for the amendment of a clock (unshown)
included in the in-vehicle unit 4.

[0049]

The acceleration sensor 45 detects an acceleration in a forth-and-back
direction of a host vehicle. The in-vehicle unit 4 is attached to the host vehicle with a
predetermined posture such that the detecting direction of the acceleration by the
acceleration sensor 45 accords with the forth-and-back direction of the host vehicle.
This host vehicle refers to a vehicle in which the in-vehicle unit 4 is mounted. In
addition, the acceleration sensor 45 may be a three-axial acceleration sensor that
detects accelerations which act on three axial directions mutually orthogonal such as
the forth-and-back direction, the left-and-right direction, and the up-and-down
direction of the host vehicle.

[0050]

The gyro sensor 46 detects an angular rate about the vertical axis of the host
vehicle under the state where the in-vehicle unit 4 is attached with a predetermined
posture. The acceleration sensor 45 and the gyro sensor 46 are used for
determining an assumed position of the in-vehicle unit 4.

[0051]

The control circuit 41 is configured to be a usual computer including known
components (none shown): a CPU; nonvolatile memory such as ROM and flash
memory; volatile memory such as a RAM; an I/O; and a bus line that connects the
foregoing components.

[0052]

The memory 41M included in the control circuit 41 is a nonvolatile storage
media, for example, a flash memory or ROM in the control circuit 41. The memory
41M stores data and program modules for executing the various processes, and the
terminal ID assigned to the in-vehicle unit 4, etc.

[0053]

In addition, the memory 41M includes a first queue 41M1 and a second queue
41M2 as examples of a storage. The first queue 41M1 is a queue storing a WSA
containing the channel number corresponding to the service channel which can be
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designated by the first wireless communicator 42. The second queue 41M2 is a
queue storing a WSA containing the channel number corresponding to the service
channel which can be designated by the second wireless communicator 43.

[0054]

As in FIG. 10, the control circuit 41 includes a first communication control unit
411, a first storage control unit 412, a second communication control unit 413, and a
second storage control unit 414 as functional blocks realized by executing the
above-mentioned program modules. The first communication control unit 411 is
equivalent to a first reception control unit; the second communication control unit 413
is equivalent to a second reception control unit. All or part of the functions executed
by the control circuit 41 may be configured as hardware components such as one or
more ICs.

[0055]

The first communication control unit 411 controls operations of the first
wireless communicator 42. In detail, either the control channel or the service
channel is designated as the communication channel, via which the communication is
performed, of the first wireless communicator 42. When not designating the service
channel as the communication channel of the first wireless communicator 42, the
control channel is thus designated as the communication channel. The processes
executed by the first communication control unit 411 will be explained with the
flowcharts in FIG. 11 to FIG. 14.

[0056]

When either the first wireless communicator 42 or the second wireless
communicator 43 receives a WSA, the first storage control unit 412 determines
whether to store the received WSA in the first queue 41M1. In addition, the first
storage control unit 412 determines successively whether to hold or erase the WSA
stored in the first queue 41M1. The processes executed by the first storage control
unit 412 will be explained with the flowcharts in FIG. 11 to FIG. 15.

[0057]

The second communication control unit 413 controls operations of the second

wireless communicator 43. The control contents executed by the second
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communication control unit 413 is the same as those executed by the first
communication control unit 411 for the first wireless communicator 42.

[0058]

The second storage control unit 414 determines whether to store a WSA in the
second queue 41M2, while determining successively whether to hold or erase the
WSA stored in the second queue 41M2. The processes performed by the second
storage control unit 414 for the second queue 41M2 is the same as the processes
performed by the first storage control unit 412 for the first queue 41M1.

[0059]

[Process by control circuit 41]

The first communication control unit 411 and the first storage control unit 412
control the first wireless communicator 42, while executing the processes in FIG. 11 to
FIG. 15 periodically to update the memory content in the first queue 41M1. The
second communication control unit 413 and the second storage control unit 414
control the second wireless communicator 43, while executing the processes in FIG.
11 to FIG. 15 periodically to update the memory content in the second queue 41M2.

[0060]

Among the processes in FIG. 11 to FIG. 14, S4, S12, S14, S16, S18, 520, S54,
S56, S58, S60, S72, and S78 are performed by the first storage control unit 412 and
the second storage control unit 414, whereas the others are performed by the first
communication control unit 411 and the second communication control unit 413.

[0061]

In FIG. 11, at S2, it is determined whether an SCH fixation condition is
satisfied. This SCH fixation condition is a condition to fix the communication channel
of the second wireless communicator 43 to a single service channel. The reason for
determining such SCH fixation condition is as follows. The wireless communication
system 1 according to the present embodiment includes a non-announcement
roadside unit 3 that does not transmit a WSA. The in-vehicle unit 4 communicating
with the non-announcement roadside unit 3 may be thus desirable to fix the
communication channel to the service channel via which the non-announcement

roadside unit 3 communicates.
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[0062]

The SCH fixation condition is previously specified. The SCH fixation condition
is satisfied when the in-vehicle unit 4 is located in a predetermined SCH fixed area, or
when the in-vehicle unit 4 is during a period of time from when it is powered on to
when a WSA becomes stored in the first queue 41M1 corresponding to the first
wireless communicator 42.

[0063]

When the SCH fixation condition is satisfied, the determination at S2 is made
YES, advancing the sequence to the SCH fixed service execution process in FIG. 14.
This SCH fixed service execution process is mentioned later. When the SCH fixation
condition is not satisfied, the sequence proceeds to S4.

[0064]

At S4, it is determined whether a WSA is stored in a self queue. This self
queue is the first queue 41M1 for the first communication control unit 411 controlling
the first wireless communicator 42; the self queue is the second queue 41M2 for the
second communication control unit 413 controlling the second wireless communicator
43. The process, which stores a WSA in the first queue 41M1 or the second queue
41M2, is performed at S16 in FIG. 11 or in the CCH reception process in FIG. 13. If
the determination at S4 is made NO, the sequence proceeds to S6.

[0065]

At S6, the communication channel of a wireless communicator being a control
target is set to the control channel. This control-target wireless communicator is
either the first wireless communicator 42 for the first communication control unit 411
or the second wireless communicator 43 for the second communication control unit
413.

[0066]

At S8, it is determined whether the control-target wireless communicator
receives a WSA. When this determination is made NO, S8 is repeatedly performed.
When the determination at S8 is made YES, the sequence proceeds to S10.

[0067]

At S10, it is determined whether the WSA received by the control-target
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wireless communicator is a self-use WSA. As in FIG. 9, the first wireless
communicator 42 can designate the service channels SCH1 and SCH2 as the
communication channel. For the first communication control unit 411 controlling the
first wireless communicator 42, a WSA whose channel information is the service
channel SCH1 or the service channel SCH2 is a self-use WSA. For the second
communication control unit 413 controlling the second wireless communicator 43, a
WSA whose channel information is the service channel SCH3 or the service channel
SCH4 is a self-use WSA. When the determination at S10 is made YES, the sequence
proceeds to S22; when NO, it proceeds to S12.

[0068]

At S12, it is determined whether an opponent party is executing some service.
For the first communication control unit 411, an opponent party is the second
communication control unit 413; for the second communication control unit 413, an
opponent party is the first communication control unit 411. When the
opponent-party communication control unit 411, 413 is executing either a service
execution process at S22 or the SCH fixed service execution process in FIG. 14, the
determination at S12 is made YES, advancing the sequence to S14.

[0069]

At S14, it is determined whether the opponent party is executing the same
service as a service identified from the service ID of the WSA that is determined to be
received at S8. This determination is performed by determining which channel is
designated as the communication channel of the control-target wireless
communicator 42, 43 of the opponent-party communication control unit 411, 413.
When the determination at S14 is made NO, the sequence proceeds to S16.

[0070]

At S16, the WSA that is determined to be received at S8 is stored in the
second queue 41M2 (i.e., an opponent-party queue for the first communication
control unit 411), or the first queue 41M1 (i.e., an opponent-party queue for the
second communication control unit 413). This allows the first communication control
unit 411 controlling the first wireless communicator 42 to acquire the WSA from the
first queue 41M1 and start the process for executing a new service, even if the first
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wireless communicator 42 cannot receive the WSA.

[0071]

In contrast, when the determination at S14 is made YES or when the
determination at S12 is made NO, the sequence proceeds to S18. At S18, the WSA
received this time is deleted. When the determination at S12 is made NO, the
opponent party is not executing any service; thus, the opponent-party wireless
communicator 42, 43 is designating the control channel CCH as the communication
channel and should have received the WSA. In addition, when the opponent party is
executing the same service as the service identified from the service ID of the WSA
received this time, the WSA received this time is unnecessary. When the
determination at S14 is made YES, or when the determination at S12 is made NO, the
WSA received this time is thus deleted.

[0072]

When S16 or S18 is completed, the process in FIG. 11 is ended. If the
process in FIG. 11 is ended, the process starts again from S2 after a fixed time lapse.

[0073]

When the determination at S4 is made YES, i.e., the WSA is determined to be
stored in the self-use queue, the sequence proceeds to S20. At S20, the WSA is
acquired from the self-use queue. The WSA acquired is deleted from the queue.
When a plurality of WSA(s) are stored in the self-use queue, the WSA having an oldest
reception clock time is acquired in the present embodiment. After acquiring the WSA,
the sequence proceeds to S22.

[0074]

At S22, the service execution process is performed. This service execution
process is to receive the service execution information transmitted by the
announcement roadside unit 2 or the non-announcement roadside unit 3 and thereby
execute a predetermined service. This service execution process is illustrated in FIG.
12 in detail.

[0075]

In FIG. 12, at S30, it is determined whether the service is an SCH fixed service.
In detail, it is determined whether the service ID included in the WSA is the service ID
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of a service specified as an SCH fixed service. When the determination at S30 is
made YES, the sequence proceeds to FIG. 14. When the determination at S30 is
made NO, the sequence proceeds to 532.

[0076]

When proceeding to S32, the communication is made with the announcement
roadside unit 2. At S32, it is determined whether it is the clock time for opening the
service channel. This "opening" signifies designating the communication channel.
The clock time for opening the service channel is determined from the WSA. The
WSA includes the information requiring an immediate opening of the service channel,
if such an immediate opening is necessary. When the information requiring the
immediate opening of the service channel is included in the WSA, the determination at
S32 is promptly made YES. In addition, when the information requiring the
immediate opening of the service channel is not included in the WSA, the WSA
includes a clock time for opening the service channel. When a clock time for opening
the service channel is included in the WSA, it is determined at S32 whether such a
clock time comes.

[0077]

When the determination at S32 is made NO, S32 is repeatedly performed.
When the determination at S32 is made YES, the sequence proceeds to S34.

[0078]

At S34, the communication channel of the control-target wireless
communicator 42, 43 is set to the service channel identified from the channel
information included in the WSA. At S36, the service execution information process
is performed. The service execution information process is to execute the service
identified from the service execution information when this service execution
information is received by the control-target wireless communicator 42, 43.

[0079]

When the service is completed, the service execution information received by
the control-target wireless communicator 42, 43 includes the information indicating
completion of the service. At S38, it is determined whether the service is completed

or not. This determination is to determine whether the service execution information
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“includes the information indicating the completion of the service. When the
determination at S38 is made YES, the service execution process in FIG. 12 is ended.
After the service execution process is completed, the process in FIG. 11 is also ended.

[0080]

When the determination at S38 is made NO, the sequence proceeds to S40.
At S40, it is determined whether it is a clock time for opening the control channel.
The clock time for opening the control channel is determined from the WSA. The
WSA may sometime include the information indicating a period of time for which the
service channel is opened. When the WSA includes the information indicating a
period of time for which the service channel is opened, it is determined that the clock
time for opening the control channel will come after a period of time determined from
the information included in the WSA. By contrast, when the WSA does not include
the information indicating a period of time for which the service channel is opened, it
is determined that the clock time for opening the control channel will come when the
time Ts in FIG. 4 elapses since the opening of the service channel. This is because
the communication channel is switched to synchronize with the announcement
roadside unit 2.

[0081]

When the determination at S40 is made NO, the sequence returns to S36 to
continue the service execution information process. When the determination at 540
is made YES, the sequence proceeds to S42. At S42, the communication channel of
the control-target wireless communicator 42, 43 is set to the control channel.

[0082]

At S44, the CCH reception process is executed. The CCH reception process is
to be executed during a period of time for which the communication channel is set to
the control channel. The details of the CCH reception process is illustrated in FIG.
13.

[0083]

In FIG. 13, S50, S52, S54, S56, S58, and S60 are the same processes as S8,
S10, S12, S14, S16, and S18 in FIG. 11, respectively. Thus, a WSA is received and
then stored in the queue 41M1, 41M2 when all the following conditions are
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simultaneously fulfilled: the received WSA is not a self use; the received WSA is not
received by the opponent party; and the opponent party is not executing the service
identified from the received WSA.

[0084]

When the determination at S52 is made YES (i.e., when the WSA received by
the control-target wireless communicator 42, 43 is a self use), the sequence proceeds
to S62. At S62, it is determined whether the service represented by the service ID
included in the received WSA is the same as the service currently executed, and is the
same as the WSA stored in the self-use queue. When it is determined that the
service represented by the service ID included in the received WSA is the same as the
service currently executed, or is the same as the WSA stored in the self-use queue,
the determination at S62 is made YES. When the determination at S62 is made YES,
the sequence proceeds to S64. At S64, the WSA received this time is deleted.

[0085]

When the determination at S62 is made NO, the sequence proceeds to S66.
At S66, the WSA received this time is stored in the self-use queue. When a WSA is
already stored in the self-use queue, this WSA stored already is maintained to be
stored and the WSA is stored anew in the self-use queue.

[0086]

When any one of S58, S60, S64, and S66 is executed, the sequence proceeds
to S68. At S68, it is determined whether to open the service channel. This
determination is made YES when the period of time for which the control channel is
opened elapses. In addition, when a clock time for opening the service channel is
included in the WSA received this time and such a clock time comes, the
determination at S68 is made YES. Furthermore, also when the information
requiring the immediate opening of the service channel is included in the WSA
received this time, the determination at S68 is made YES. Further, when the
information requiring the immediate opening of the service channel is included in the
WSA received this time, the service channel may be opened without executing S66.

[0087]

When the determination at S68 is made NO, the sequence returns to S50;
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when YES, the process in FIG. 13 is ended. When the process in FIG. 13 is ended,
the sequence proceeds to S34 in FIG. 12.

[0088]

The following explains the case when the determination at S2 in FIG. 11 is
made YES, i.e., when the SCH fixation condition is satisfied. When the SCH fixation
condition is satisfied, the SCH fixed service execution process in FIG. 14 is executed.

[0089]

In FIG. 14, as S70, the service channel previously designated for executing
the SCH fixed service is opened. At S72, it is determined whether a WSA is stored in
the self-use queue. If this determination is made NO, the sequence proceeds to S74.

[0090]

At S74, the service execution information process is performed. This process
is the same as that at S36. At S76, it is determined whether the service is completed
or not. This process is the same as that at S38. When the determination at S76 is
made YES, i.e., when the completion of the service is determined, the process in FIG.
14 is ended. In this case, the process starts again from S2 after a fixed time lapse.

[0091]

When the determination at S76 is made NO, the sequence returns to S72.
When the determination at S72 is made YES, the sequence proceeds to S78. At S78,
the WSA is acquired from the self-use queue. The WSA that is acquired at this time
is deleted from the queue. When a plurality of WSA(s) are stored in the self-use
queue, the WSA having an oldest reception clock time is acquired. When the WSA is
acquired, the sequence proceeds to the service execution process in FIG. 12.
Therefore, for example, even if the communication channel of the first wireless
communicator 42 is fixed to the service channel, the sequence can proceed to the
next service using the first wireless communicator 42.

[0092]

In addition, the first storage control unit 412 and the second storage control
unit 414 also execute periodically the queue update process in FIG. 15. However,
either the first storage control unit 412 or the second storage control unit 414 may
execute the queue update process in FIG. 15 to each of the first queue 41M1 and the
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second queue 41M2.

[0093]

In FIG. 15, at S80, a reception clock time and a service ID of the WSA stored
in the self-use queue are acquired. At S82, a deleting time being a period of time for
deleting the WSA stored in the self-use queue is determined using (i) the service ID
acquired at S80 and (ii) the predetermined relation specifying the deletion time based
on the service ID. This relation is predetermined such that as the service is more
important, the deletion time is longer.

[0094]

At S84, the retention time being a period of time for which the WSA is stored
in the queue is determined, with respect to each WSA, from the difference between
the present clock time and the reception clock time acquired at S80.

[0095]

S86 deletes (i.e., from the queue) the WSA whose retention time determined
at S84 exceeds the deletion time determined at S82.

[0096]

[Time variation of communication channels in first embodiment]

Each of FIG. 16 and FIG. 17 is a diagram illustrating a time variation of
communication channels of the first wireless communicator 42 and the second
wireless communicator 43 according to the first embodiment. In FIGs. 16 and 17,
RF1 and RF2 signify the first wireless communicator 42 and the second wireless
communicator 43, respectively; CCH signifies the control channel and SCH signifies
the service channel. In addition, the clock time t0 is the time of being powered on.

[0097]

First, an example in FIG. 16 will be explained. At the clock time t0, the
communication channel of each of the first wireless communicator 42 and the second
wireless communicator 43 is set to the control channel. At the clock time t1, a WSA
is transmitted from the announcement roadside unit 2. Both the first wireless
communicator 42 and the second wireless communicator 43 receive the WSA since
the communication channel of each of the first wireless communicator 42 and the
second wireless communicator 43 is set to the control channel at the clock time t1.
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[0098]

This WSA includes the service channel SCH1 as the channel information. The
service channel SCH1 is a channel which can be designated by the first wireless
communicator 42. In addition, in this example of FIG. 16, the first service channel
SCH1 is a service channel which performs an SCH fixed service. The first wireless
communicator 42 thus designates, as the communication channel, the first service
channel SCH1 from the clock time t2 when S32 in FIG. 12 is made YES. In contrast,
the second wireless communicator 43 does not change the communication channel at
the clock time t1, even if receiving the WSA.

[0099]

At the clock time t3, a WSA including the second service channel SCH2 as the
channel information is transmitted from a different announcement roadside unit 2
different from the announcement roadside unit 2 which transmits the WSA at the
clock time t1. Such a situation takes place when the wireless communication areas
of two announcement roadside units 2 overlap with each other.

[0100]

Since the first wireless communicator 42 fixes the communication channel to
the first service channel SCH1, the first wireless communicator 42 cannot receive the
WSA transmitted at the clock time t3. By contrast, since the second wireless
communicator 43 designates, as the communication channel, the control channel, the
second wireless communicator 43 can receive the WSA transmitted at the clock time
t3. This WSA including the second service channel SCH2 as the channel information;
the second service channel SCH2 is not a communication channel designated by the
second wireless communicator 43 but is a communication channel designated by the
first wireless communicator 42. This WSA is thus stored in the first queue 41M1.

[0101]

The communication by the first wireless communicator 42 designating, as the
communication channel, the first service channel SCH1 is ended at the clock time t4.
At this time, the WSA including the second service channel SCH2 as the channel
information is stored in the first queue 41M1. The first communication control unit
411 thus acquires the WSA from the first queue 41M1 at the clock time t4, and
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designates, as the communication channel, the second service channel SCH2.

[0102]

Therefore, even if the first wireless communicator 42 cannot receive the WSA
at the clock time t3, the in-vehicle unit 4 can designate, as the communication
channel of the first wireless communicator 42, the second service channel SCH2
represented by the WSA transmitted from the announcement roadside unit 2 at the
clock time t3. The service using the second service channel SCH2 is supposed not to
be an SCH fixed service. Thus, the first wireless communicator 42 designates, as the
communication channel, alternately either the second service channel SCH2 or the
control channel after the clock time t4.

[0103]

The following explains a process in FIG. 17. In the example of FIG. 17, the
SCH fixation condition fixing the communication channel of the first wireless
communicator 42 to the first service channel SCH1 is supposed to be satisfied at the
time of being powered on. Therefore, the first wireless communicator 42 has been
fixed the communication channel to the first service channel SCH1 since the clock
time t0 of being powered on. In contrast, the second wireless communicator 43 is
designating, as the communication channel, the control channel.

[0104]

At the clock time t11, the WSA including the third service channel SCH3 as the
channel information is transmitted from the announcement roadside unit 2. This
WSA is received by the second wireless communicator 43. Thereby, the second
wireless communicator 43 receives the service reception information via the third
service channel SCH3 from the time t12, while switching the communication channel
alternately between the third service channel SCH3 and the control channel.

[0105]

At the clock time t13, a WSA including the second service channel SCH2 as the
channel information is transmitted from a different announcement roadside unit 2
different from the announcement roadside unit 2 which transmits the WSA at the
clock time t11. Since the first wireless communicator 42 fixes the communication

channel to the first service channel SCH1, the first wireless communicator 42 cannot
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receive the WSA. In contrast, since the second wireless communicator 43
designates, as the communication channel, the control channel at the clock time t13,
the second wireless communicator 43 receives the WSA at the clock time t13.

[0106]

As also explained in FIG. 16, this WSA is thus stored in the first queue 41M1.
At this time, the first communication control unit 411 performs the SCH fixed service
execution process as in FIG. 14. Even in this SCH fixed service execution process,
the WSA is determined whether to be stored in the self-use queue at S72. Therefore,
when a WSA is stored in the first queue 41M1 at the clock time t13, the WSA will be
acquired by the first communication control unit 411.

[0107]

Thereby, even if the first wireless communicator 42 does not receive a WSA,
the first communication control unit 411 can cause the first wireless communicator 42
to designate, as the communication channel, the second service channel SCH2 from
the clock time t14. The clock time t14 is the time of completing the communication
by the first wireless communicator 42 designating, as the communication channel, the
first service channel SCH1.

[0108]

[Summary of first embodiment]

As mentioned above, the in-vehicle unit 4 according to the first embodiment is
provided with two wireless communicators of the first wireless communicator 42 and
the second wireless communicator 43. The second wireless receiver 43, which
designates the control channel as the communication channel, receives the WSA.
The first communication control unit 411 causes the first wireless communicator 42 to
se the communication channel based on the WSA received by the second wireless
communicator 43.

[0109]

Therefore, even if the first wireless communicator 42 is designating, as the
communication channel, the service channel, the in-vehicle unit 4 can receive a WSA
transmitted via the control channel and designate the service channel identified from
the WSA as the communication channel of the first wireless communicator 42. This
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helps prevent the communication channel of the first wireless communicator 42 from
failing to be set to the service channel identified from the WSA.

[0110]

In addition, according to the present embodiment, when the determination at
S10 in FIG. 11 is made NO and the determination at S12 is made YES, and the
determination at S14 is made NO, enqueueing is executed at S16. In addition, the
same process is executed also in FIG. 13. Thus, in the present embodiment,
suppose that the first communication control unit 411 or the second communication
control unit 413 determines that a WSA received by the control-target wireless
communicator of either the first wireless communicator 42 or the second wireless
communicator 43 is not a self-use WSA (i.e., determines that the received WSA is a
WSA for the opponent party) and, simultaneously, determines that the opponent party
is not executing the service identified from the received WSA. In such a case, the
first communication control unit 411 or the second communication control unit 413
enqgueues the received WSA. This can suppress the unnecessary WSA from being
stored in the queue 41M1, 41M2,

[0111]

In addition, in the present embodiment, the second communication control
unit 413 can designate, as the communication channel, the service channel as well as
the control channel. This allows the in-vehicle unit 4 according to the present
embodiment to execute two services simultaneously.

[0112]

Further, both the first communication control unit 411 and the second
communication control unit 413 execute FIG. 11. Even when the control-target
wireless communicator 42, 43 receives a WSA, each of the first communication
control unit 411 and the second communication control unit 413 thus enqueues the
received WSA based on that the received WSA is a WSA for the opponent party. This
can suppress the communication channels of the first wireless communicator 42 and
the second wireless communicator 43 from not being set to the service channel
identified from the WSA when either the first wireless communicator 42 or the second

wireless communicator 43 cannot receive the WSA.
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[0113]

In addition, in the present embodiment, when it is determined that the service
is completed, FIG. 11 is executed again. Then, when it is determined at S4 that the
self-use queue stores a WSA, the WSA is acquired from the queue. Therefore, after
the communication for executing a certain service is completed, another service
corresponding to the WSA stored in the queue can be executed promptly while
performing the communication for executing the certain service.

[0114]

In addition, in the present embodiment, when the retention time of a WSA
exceeds the deletion time in the queue update process in FIG. 15, this WSA is deleted.
There may be a case that because a time elapses since reception of a WSA, the
service identified from the WSA becomes unnecessary. The above configuration
suppresses such occurrence of executing the service that already becomes
unnecessary.

[0115]

In addition, the queue update process determines the deletion time
depending on the service ID, i.e., depending on every kind of service. In detail, the
deletion time is longer as the service represented with the service ID is more
important. This suppresses an important service from failing to be executed while
suppressing an unnecessary service from being executed.

[0116]

<Second embodiment>

The following explains a second embodiment. In the explanation of the
second embodiment, an element may be assigned with the reference number
identical to that of the element explained in the first embodiment unless otherwise
specifically described. When only part of the configuration of the second
embodiment is explained, the other part of the configuration may adopt those of the
first embodiment previously explained.

[0117]

In the first embodiment, the service channel which the first wireless

communicator 42 can designate as the communication channel is not overlapped with
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the service channel which the second wireless communicator 43 can designate as the
communication channel. In the second embodiment, as illustrated in FIG. 18, the
service channels designated by the first wireless communicator 42 as the
communication channel are the same as those in the first embodiment. In contrast,
the second wireless communicator 43 can designate all the service channels SCH1 to
SCH4 as the communication channel. In the second embodiment, the service
channel which the first wireless communicator 42 can thus designate as the
communication channel can be also designated by the second wireless communicator
43 as the communication channel.

[0118]

FIG. 19 illustrates a process executed in the second embodiment as substitute
for FIG. 11 in the first embodiment. The processes omitted in FIG. 17 are the same
processes as FIG. 11. The difference between FIG. 19 and FIG. 11 is of two points.
The first point is that FIG. 19 executes S10A as substitute of S10 in FIG. 11. The
second point is that FIG. 19 includes S15. The other processes in FIG. 19 are the
same as FIG. 11.

[0119]

The following explains such two points of the difference from FIG. 11. When
it is determined at S8 that a WSA is received, S10A is executed which determines
whether the WSA is dedicated for itself. As in FIG. 18, the third service channel
SCH3 and the fourth service channel SCH4 each are a communication channel that
only the second wireless communicator 43 is enabled to designate. That s, the third
service channel SCH3 and the fourth service channel SCH4 each are a dedicated
channel for only the second wireless communicator 43. In contrast, in the present
embodiment, the first wireless communicator 42 has no dedicated channel.

[0120]

Suppose that the second communication control unit 413 executes the
process in FIG. 19, while the channel information of a WSA received by the second
wireless communicator 43 includes the third service channel SCH3 or the fourth
service channel SCH4. In such a case only, the determination at S10A is made YES;
in other cases, the determination at S10A is made NO. When the determination at
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S10A is made YES, the sequence proceeds to S22; when NO, it proceeds to S12.

[0121]

The determination at S12 is made YES, and then the determination at S14 is
made NO. This determines that the opponent party is not executing the same
service as a service identified from the service ID of the WSA that is determined to be
received at S8, thereby advancing the processing to S15.

[0122]

At S15, it is determined whether the WSA determined to be received at S8 is
dedicated for only the opponent party. When this determination is made YES, the
processing proceeds to S16, where the WSA determined to be received at S8 is stored
in the queue for the opponent party.

[0123]

When the determination at S15 is made NO, the sequence proceeds to S22.
When executing S15, the communication channel, which is fixed to the control
channel, is in a state of not executing any service execution process. In addition, the
WSA received is not a WSA dedicated for only the opponent party; the service
identified from the WSA can be executed. Then, also when the determination at S15
is made NO, the sequence proceeds to S22, where the service execution process is
executed by itself.

[0124]

The following explains FIG. 20. FIG. 20 illustrates a process executed in the
second embodiment as substitute for FIG. 13 in the first embodiment. The
difference between FIG. 20 and FIG. 13 is of three points. The first point is that in
FIG. 20, S52A is executed as substitute for S52 in FIG. 13. The second point is that
FIG. 20 includes S57. The third point is that FIG. 20 includes S57A. The other
processes in FIG. 20 is the same as FIG. 13.

[0125]

The following explains such three points as the difference from FIG. 13. At
S52A, it is determined whether the WSA determined to be received at S50 is
dedicated for itself. This processing at S52A is similar to the processing at S10A in
FIG. 19.

31



[0126]

At S57, it is determined whether the WSA determined to be received at S50 is
dedicated for only the opponent party. This processing at S57 is the same as the
processing at S15 in FIG. 19.

[0127]

When the determination at S57 is made YES, the sequence proceeds to S58.
When the determination at S57 is made NO, the sequence proceeds to S57A.

[0128]

The CCH reception process in FIG. 20 is a part of the service execution process
in FIG. 12. That s, in the state of executing FIG. 20, the first communication control
unit 411 or the second communication control unit 413 that is executing this FIG. 20
also performs the service execution process.

[0129]

Thus, at S57A, it is determined whether the priority included in the service
information of the WSA is higher than the priority of the service currently executed.
When this determination is made NO, the sequence proceeds to S58. In contrast,
when the determination at S57A is made YES, the sequence proceeds to S22. At S22
following the determination at S57A being made YES, the service indicated by the
WSA determined to be received at S50 is executed without waiting for the completion
of the service under execution.

[0130]

[Time variation of communication channels in second embodiment]

Each of FIG. 21 and FIG. 22 is a diagram illustrating a time variation of
communication channels of the first wireless communicator 42 and the second
wireless communicator 43 according to the second embodiment. In FIG. 21 and FIG.
22, the meanings of RF1, RF2, CCH, and SCH are the same as FIG. 16 and FIG. 17.
In addition, the clock time t0 is the time of being powered on.

[0131]

In the example of FIG. 21, the time variation up to the clock time t3 is the
same as the example of FIG. 16. At the clock time t3, the second wireless
communicator 43 receives a WSA including the second service channel SCH2 as the
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channel information. In the second embodiment, the second wireless communicator
43 can also designate the second service channel SCH2 as the communication
channel. Therefore, in the example of FIG. 21, at the clock time t5 the second
communication control unit 413 causes the second wireless communicator 43 to
designate, as the communication channel, the second service channel SCH2.

[0132]

In the example in FIG. 21, differently from the example in FIG. 16, the
communication designating, as the communication channel, the second service
channel SCH2 can be started without waiting for the completion of the communication
designating, as the communication channel, the first service channel SCH1. Thus, the
clock time t5 is earlier than the clock time t4 in FIG. 16. That is, the service identified
from the WSA received at the clock time t3 can be executed promptly.

[0133]

The following explains an example in FIG. 22. In the example in FIG. 22, the
time variation up to the clock time t13 is the same as the example of FIG. 17. At the
clock time t13, the second wireless communicator 43 receives a WSA including the
second service channel SCH2 as the channel information. In the second
embodiment, the second wireless communicator 43 can also designate the second
service channel SCH2 as the communication channel. In addition, suppose that the
service performed using the second service channel SCH2 has a priority higher than
that of the service performed using the third service channel SCH3. In such a case,
at the clock time t13, the determination at S57A in FIG. 20 is made YES. Thereby, at
the clock time t15, even though still executing the service using the third service
channel SCH3, the second communication control unit 413 causes the second wireless
communicator 43 to designate, as the communication channel, the second service
channel SCH2. That is, the service identified from the WSA received at the clock
time t13 can be executed promptly.

[0134]

[Summary of second embodiment]

The second embodiment provides the following. The second communication
control unit 413 may receive a WSA (S8: YES) while continuing designating the
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control channel as the communication channel of the second wireless communicator
43 without executing any service execution process. In such a case, it is determined
whether the first wireless communicator 42 designates a different service channel
that is different from the service channel identified from the WSA (514).

[0135]

In the second embodiment, the second wireless communicator 43 can
designate all the service channels as the communication channel. Therefore, the
determination at S15, which is executed when the determination at S14 is made NO,
is made YES, and the service execution process is performed. When the first
wireless communicator 42 is opening a certain service channel, the in-vehicle unit 4
may receive a WSA needing to open a different service channel which can be opened
by the first wireless communicator 42. In such a case, the communication channel of
the second wireless communicator 43 may be set to such a different service channel,
allowing the service execution process to be performed. That is, the service
identified from the WSA can be executed promptly.

[0136]

Furthermore, even while executing the service execution process, the second
communication control unit 413 may receive a WSA (S50: YES) when designating, as
the communication channel of the second wireless communicator 43, the control
channel. Insuch a case, it is determined whether the first wireless communicator 42
designates a different service channel that is different from the service channel
identified from the WSA (556).

[0137]

As explained above, in the second embodiment, the second wireless
communicator 43 can designate all the service channels as the communication
channel. When the determination at S56 is made NO, the determination at S57 is
made YES and the determination at S57A is performed. When the priority included
in the service information of the WSA is higher than the priority of the service
executed currently (S57 A: YES), the service execution process is performed in order
to execute the service indicated by the WSA (S22).

[0138]
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This allows the service identified from a WSA to be executed promptly when
the second wireless communicator 43 receives the WSA indicating the service with a
high priority even in cases that the first communication control unit 411 is executing
some service and the second communication control unit 413 is also executing some
service,

[0139]

The embodiment of the present disclosure is described in the above; however,
the present disclosure is not limited to the above embodiment. The following
modification is also included in the technical scope of the present disclosure;
furthermore, another modification other than the following is also included in the
technical scope of the present disclosure as long as not deviating from the technical
subject matter.

[0140]

<First modification>

For example, in the above-mentioned embodiments, when a WSA is acquired
from the queue 41M1 and 41M2 and a plurality of WSAs are stored in the queue 41M1
and 41M2, the WSA having the oldest reception clock time is acquired. However,
without being limited to this, the WSA with the highest priority among a plurality of
WSAs stored in the queue 41M1 and 41M2 may be acquired. Although this priority is
included in the WSA in the above-mentioned embodiments, the relation specifying the
priority from the service ID may be stored in the memory 41M of the in-vehicle unit 4
and the priority may be determined from the service ID included in WSA and the
relation,

[0141]

<Second modification>

In the above-mentioned embodiments, the first wireless communicator 42
and the second wireless communicator 43 can designate the control channel as the
communication channel. However, either the first wireless communicator 42 or the
second wireless communicator 43 may be enabled to designate a plurality of service
channels as the communication channel, and be disabled to designate the control

channel as the communication channel.
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[0142]

<Third modification>

The service ID corresponds to the service channel. When the in-vehicle unit
4 stores the correspondence relation from which the service channel is identified from
the service ID, the service ID included in the WSA may be used as the channel
information.

[0143]

<Fourth modification>

In the second embodiment, the second wireless communicator 43 can
designate, as the communication channel, all the service channels which the first
wireless communicator 42 can designate as the communication channel. However,
the second wireless communicator 43 may designate, as the communication channel,
only part of all the service channels which the first wireless communicator 42 can
designate as the communication channel.

[0144]

<Fifth modification>

At the second embodiment, S57A in FIG. 20 compares the priority of the
service under execution with the priority of the service indicated by the WSA. When
the priority of the service indicated by the WSA is higher, the service execution
process is executed. However, an additional comparison may be made between the
priority of the service indicated by the WSA and a priority threshold value specified
previously. When the priority of the service indicated by the WSA is higher than the
priority threshold value, the service execution process may be executed. This
enables only an important service to be selected as the service that is started by
daring to interrupt the service under execution.

[0145]

<Sixth modification>

In the above-mentioned embodiments, whenever the determination at S14 or
S56 is made NO, the received WSA is stored always in the queue. However, when
the information which indicates an immediate opening of the service channel is

included in the received WSA, the service channel indicated by the WSA may be
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immediately opened, without storing the WSA in the queue.

[0146]

<Seventh modification>

In the above-mentioned embodiments, although the deletion time is
determined depending on each service, the deletion time may be a uniform time
regardless of the service.

[0147]

<Eighth modification>
In the above-mentioned embodiments, the service channel and the control channel
are 5.8 GHz band or 5.9 GHz band.

However, those channels may be achieved using the frequency belonging to 2.4GHz
band, or the frequency belonging to other frequency band.

[0148]

<Ninth modification>

Although the wireless communication system 1 is provided with the
announcement roadside unit 2, the non-announcement roadside unit 3, and the
in-vehicle unit 4, the wireless communication system may be configured not to include
any non-announcement roadside unit 3.

[0149]

Although the present disclosure is described based on the embodiment, it is
understood that the present disclosure does not need to be limited to the embodiment
or its configuration. The present disclosure also includes various modification
examples and modifications within a scope of an equivalent. In addition, various
combinations or embodiments, and other combinations or embodiments which
contain only a single element, more than one element, or less than it may be included

within a scope or concept of the present disclosure.
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CLAIMS

1. A wireless communication device for vehicles, the wireless communication
device receiving information using a plurality of service channels and a control
channel, the service channels and the control channel which are assigned with a
plurality of mutually different frequency channels,

the wireless communication device comprising:

a first wireless receiver (42) that designates, as a reception channel, a service
channel identified from the plurality of service channels based on a kind of a service,
and receives service execution information to execute the service;

a second wireless receiver (43) that designates, as a reception channel, the
control channel, and receives service announcement information including channel
information identifying the service channel; and

a reception control unit (411) that causes the first wireless receiver to set the
reception channel based on the channel information included in the service

announcement information received by the second wireless receiver.

2. The wireless communication device for vehicles according to claim 1,
further comprising:

a storage (41M1) that stores the service announcement information received
by the second wireless receiver,

wherein

the reception control unit acquires the channel information included in the
service announcement information, from the storage, and causes the first wireless

receiver to set the reception channel based on the acquired channel information.

3. The wireless communication device for vehicles according to claim 1 or
claim 2, wherein:

the first wireless receiver is enabled to designate also the control channel as
the reception channel; and

the reception control unit causes the first wireless receiver to designate the

control channel as the reception channel, when any service channel is not designated
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as the reception channel of the first wireless receiver.

4. The wireless communication device for vehicles according to claim 2,
further comprising:
a storage control unit (414) that stores the service announcement information
in the storage,
based on
(i) that the service channel identified from the channel information
included in the service announcement information received by the second wireless
receiver is enabled to be designated by the first wireless receiver as the reception
channel, and simultaneously
(ii) that the first wireless receiver is designating a different service
channel that is different from the service channel identified from the channel
information included in the service announcement information when the second

wireless receiver receives the service announcement information.

5. The wireless communication device for vehicles according to any one of
claims 1 to 4, further comprising:

a first reception control unit (411) that serves as the reception control unit;
and

a second reception control unit (413) that controls the reception channel of
the second wireless receiver,

wherein:

the second wireless receiver is enabled to designate at least one service
channel among the plurality of service channels in addition to the control channel, as
the reception channel; and

the second reception control unit causes the second wireless receiver to
designate the service channel identified from the channel information as the reception
channel,

based on that the service channel identified from the channel information

included in the service announcement information received by the second wireless
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receiver is enabled to be designated by the second wireless receiver as the reception

channel.

6. The wireless communication device for vehicles according to claim 5,
wherein:
the second wireless receiver is enabled to designate at least one of the
plurality of service channels enabled to be designated by the first wireless receiver as
the reception channel of the second wireless receiver; and
the second reception control unit causes the second wireless receiver to
designate, as the reception channel, the service channel identified from the channel
information included in the service announcement information received by the second
wireless receiver when the second wireless receiver is designating the control channel
as the reception channel,
based on
(i) that that the first wireless receiver is designating a different service
channel that is different from the service channel identified from the channel
information included in the service announcement information, and simultaneously
(i) that the service channel identified from the channel information
included in the service announcement information is enabled to be designated as the
reception channel by each of the first wireless receiver and the second wireless

receiver.

7. The wireless communication device for vehicles according to claim 6,
wherein:

the second wireless receiver is enabled to designate as the reception channel,
in addition to the control channel, two or more service channels that contain at least
one of the plurality of service channels that are enabled to be designated by the first
wireless receiver;

the second reception control unit causes the second wireless receiver to
designate, as the reception channel, alternately (i) the control channel and (ii) one

service channel of the two or more service channels; and

40



the second wireless receiver receives the service execution information when
the second wireless receiver is designating the one service channel as the reception
channel;

the second wireless receiver receives the service announcement information
when the second wireless receiver is designating the control channel as the reception
channel;

the first wireless receiver is designating a different service channel that is
different from the service channel identified from the channel information included in
the service announcement information received by the second wireless receiver;

the second wireless receiver is enabled to designate, as the reception channel,
the service channel included in the service announcement information received by the
second wireless receiver; and

based on that a priority of a service identified from the channel information
included in the service announcement information received by the second wireless
receiver when the second wireless receiver is designating, as the reception channel,
the control channel is higher than a priority of a service identified from the service
execution information received by the second wireless receiver when the second
wireless receiver is designating, as the reception channel, the one service channel of
the two or more service channels,

the second reception control unit causes the second wireless receiver to
designate, as the reception channel, the service channel identified from the channel
information included in the service announcement information received by the second
wireless receiver when the second wireless receiver is designating the control channel

as the reception channel.

8. The wireless communication device for vehicles according to claim 4,
wherein:

the reception control unit acquires the service announcement information
from the storage after the first wireless receiver receives the service execution
information indicating completion of the service based on the service announcement
information being stored in the storage; and
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the storage control unit deletes the service announcement information from
the storage based on that a period of time for which the service announcement

information is stored in the storage exceeds a deletion time.

9. The wireless communication device for vehicles according to claim 8,
wherein:

in addition to the channel information, the service announcement information
includes information identifying a kind of a service; and

the storage control unit specifies the deletion time that is specified depending
on the kind of the service identified from the service announcement information.

10. The wireless communication device for vehicles according to any one of
claim 4, claim 8, and claim 9,
wherein:
the service announcement information includes the channel information,
information identifying a kind of a service, and information specifying a priority of the
service;
based on
(i) that the service announcement information is stored in the storage,
and simultaneously
(ii) that a service identified from the service announcement
information received by the second wireless receiver is different from a service
identified from the service announcement information stored in the storage,
the storage control unit stores the service announcement information received
by the second wireless receiver in the storage while the storage control unit continues
storing the service announcement information already stored in the storage; and
when a plurality of service announcement informations are stored in the
storage, the reception control unit causes the first wireless receiver to designate, as
the reception channel, the service channel identified from the service announcement

information having a highest priority.
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11. A wireless communication system comprising:

a wireless communication device (4) for vehicles according to any one of
claims 1 to 10; and

an announcement roadside unit (2) that transmits the service announcement

information, in addition to the service execution information.

12. The wireless communication system according to claim 11, further
comprising:
a non-announcement roadside unit (3) that transmits the service execution

information, without transmitting the service announcement information.
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