DESCRIPTION
TITLE OF INVENTION: WIRELESS COMMUNICATION DEVICE

CROSS REFERENCE TO RELATED APPLICATION

[0001]

The present application is based on Japanese Patent Application No.
2015-138056 filed on July 9, 2015, the disclosure of which is incorporated herein by

reference.

TECHNICAL FIELD
[0002]
The present disclosure relates to a wireless communication device and, in

particular, to a technology in which a wireless communication device transfers data.

BACKGROUND ART

[0003]

There is known a wireless communication device that transfers data that was
received from an outside source. Patent Literature 1 describes a wireless
communication device, which is in a host vehicle and which receives data from
another vehicle and transfers the received data in a multi-hop mode together with
data of the host vehicle. Transferring data helps prevent a device needing data from
failing to receive the data. Transferring data may be referred to as a hop; the
number of times of transferring the data may be referred to as a hop count. Patent
literature 1 sets an upper limit of a hop count, suppressing the data volume in

vehicle-to-vehicle communication from increasing continuously.

PRIOR ART LITERATURES
PATENT LITERATURE
[0004]
Patent literature 1: WO 2011/152023 A1




SUMMARY OF INVENTION

[0005]

Setting such an upper limit of a hop count may still cause unnecessary data to
be transferred; this cannot fully reduce the unnecessary data transfer or the loss in
the communication resources.

[0006]

The present disclosure is achieved based on such situation. It is an object of
the present disclosure to provide a wireless communication device that transfers data
to suppress a device needing such data from failing to receive the data while reducing
losses in communication resources.

[0007]

To achieve the above object, according to an aspect of the present disclosure,
a wireless communication device is provided to include a wireless receiver receiving a
transfer target data and a wireless transmitter transmitting the transfer target data
received by the wireless receiver. The wireless communication device further
includes a metrics calculating section, a table update section, and a transfer control
section. The metrics calculation section calculates successively a metrics value that
is metrics as an index indicating a communication success rate with a different
wireless communication device different from the wireless communication device
based on an electric wave received by the wireless receiver from the different wireless
communication device. The table update section updates a metrics value, which
corresponds to the different wireless communication device transmitting the electric
wave received by the wireless receiver, into a metrics value calculated by the metrics
calculation section in a metrics table in which the metrics values are associated with
the different wireless communication devices, based on that the metrics calculation
section calculates the metrics value. The transfer control section determines a
metrics count indicating how many metrics values in the metrics table are within a
fulfilled communication range indicating a communication success rate being high
when the wireless receiver receives a transfer target data. The transfer control
section transmits the transfer target data from the wireless transmitter based on that

the metrics count is within a transfer performable range predetermined, whereas not
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transmitting the transfer target data from the wireless transmitter based on that the
metrics count is outside of the transfer performable range.

[0008]

According to the above aspect, the metrics calculation section calculates a
metrics value successively as an index indicating a communication success rate with a
different wireless communication device based on the electric wave received by the
wireless receiver from the different wireless communication device. The table
update section updates a metrics table in which different wireless communication
devices are associated with respective metrics values. When the wireless receiver
receives a transfer target data, the transfer control section determines whether the
metric values in the metrics table are each within a fulfiled communication range
indicating a communication success rate being high. The number of the metrics
values within the fulfilled communication range indicates how many different wireless
communication devices this wireless communication device can communicate with.

[0009]

If the number of the metrics values within the fulfilled communication range is
within a transfer performable number, the transfer target data is transmitted from this
wireless transmitter. This helps prevent a device needing a transfer target data from
failing to receive the transfer target data.

[0010]

In contrast, the transfer control section does not transmit the transfer target
data from the wireless transmitter if the number of the metrics values within the
fulfilled communication range is outside of the transfer performable number. When a
transfer target data cannot be transferred efficiently, the transfer target data is thus

not transferred. This can also reduce losses in the communication resources.

BRIEF DESCRIPTION OF DRAWINGS

[0011]

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:
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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 a roadside unit;

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

FIG. 4 is a diagram illustrating an example of a configuration of a
roadside-unit data according to the first embodiment;

FIG. 5 is a block diagram illustrating a configuration of an in- vehicle unit in
FIG. 1;

FIG. 6 is a flowchart illustrating a process executed by a control circuit in FIG.
5;

FIG. 7 is a diagram for explaining a metrics table;

FIG. 8 is a flowchart illustrating in detail a hop determination at S600 in FIG.
6;

FIG. 9 is a diagram illustrating an example of a configuration of a
roadside-unit data according to a second embodiment;

FIG. 10 is a flowchart illustrating a process executed as substitute for FIG. 6,
according to the second embodiment; and

FIG. 11 is a flowchart illustrating in detail a hop determination at S600A in FIG.
10.

EMBODIMENTS FOR CARRYING OUT INVENTION

[0012]

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 a roadside unit 2 and a plurality of in-vehicle units 4A
to 4C. The in-vehicle units 4 are each equivalent to a wireless communication
device.

[0013]

[Brief configuration of wireless communication system 1]

FIG. 1 illustrates one roadside unit 2; however, a plurality of roadside units
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may be included. FIG. 1 also illustrates three in-vehicle units 4A to 4C. Three
in-vehicle units 4A to 4C each have the same configuration. When three in-vehicle
units 4A to 4C are not differentiated from each other, these are represented by the
in-vehicle unit(s) 4. Furthermore, the number of the in-vehicle units 4 is two or more,
but not limited to a specific number.

[0014]

In the wireless communication system 1, the roadside unit 2 communicates
with the in-vehicle units 4 using a road-to-vehicle communication: the in-vehicle units
4 communicate with each other using a vehicle-to-vehicle communication, which may
be used to transfer a data transmitted from the roadside unit 2.

[0015]

The frequency channel of the road-to-vehicle communication and the
frequency channel of the vehicle-to-vehicle communication may be the same or
different from each other. The present embodiment exemplifies the frequency
channel of the road-to-vehicle communication and the frequency channel of
vehicle-to-vehicle communication each belonging to 5.8 GHz band or 5.9 GHz band.

[0016]

The in-vehicle units 4A to 4C are mounted in respective vehicles 5. The
vehicles 5 include various types of vehicles running roads such as a passenger car, a
bus, a truck. FIG. 1 illustrates four-wheel vehicles; however, the vehicles 5 may be
two-wheel vehicles. The two-wheel vehicle may include a bicycle.

[0017]

The vehicles 5 mounted with the respective in-vehicle units 4A to 4C may be
each referred to a host vehicle.

[0018]

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. Further, "data" is used also as one data or a plurality
of data. One data is equivalent to one data item; a plurality of data are equivalent to

a plurality of data items.




[0019]

[Configuration of roadside unit 2]

The roadside unit 2 may be movable or fixed in a roadside. The roadside unit
2 executes the road-to-vehicle communication with an in-vehicle unit 4 that is present
in a wireless communication area formed by the roadside unit 2, transmitting various
information to the in-vehicle unit 4, receiving various information from the in-vehicle
unit 4, and thereby executing a predetermined service.

[0020]

The roadside unit 2 is installed in a position suitable for a service provided by
the roadside unit 2. For example, the 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.

[0021]

The 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.

[0022]

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 roadside unit 2. The roadside communication circuit 21
demodulates a signal received from the in-vehicle unit 4 and output it to the roadside
control circuit 22, while modulating a data inputted from the roadside control circuit
22, converting to the electric waves to transmit.

[0023]

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.

[0024]

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
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control circuit 22. The roadside memory 22M stores data and program modules for
executing the various processes, and terminal IDs assigned to the roadside unit 2, etc.
In addition, the roadside memory 22M further stores the information for generating
the data that the roadside unit 2 transmits.

[0025]

The roadside control circuit 22 includes a roadside communication control unit
221 and a service processing unit 222 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.

[0026]

The roadside communication control unit 221 generates the data that the
roadside communication circuit 21 transmits, and transmits the generated data from
the roadside communication circuit 21 in a broadcasting mode, for example. 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 222.

[0027]

The service processing unit 222 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.

[0028]

FIG. 4 illustrates a configuration of a data (a roadside-unit data, hereinafter)
that the roadside communication control unit 221 generates and transmits from the
roadside communication circuit 21. The roadside-unit data includes a header, a hop
flag, a remaining hop count, a kind, and a payload, as in FIG. 4.

[0029]

The header describes the information for an in-vehicle unit 4 that is a
receiving end to recognize the telecommunications standard, etc. The information
may further contain: the information for recognizing the kind of a data; the
information for distinguishing a roadside-unit data from a data transmitted in the
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vehicle-to-vehicle communication; and the information for distinguishing the kind of a
roadside-unit data when several kinds of a roadside-unit data are transmitted as the
roadside-unit data.

[0030]

The hop flag is a flag indicating either a hop necessity or a hop unnecessity.
The hop necessity is represented by a hop flag having a value indicating validity; the
hop unnecessity is represented by a hop flag having a value indicating invalidity.

[0031]

The remaining hop count indicates how many hops the data is still allowed to
undergo; the remaining hop count is represented using a subtracting manner. This
remaining hop count is updated when an in-vehicle unit 4 transfers the roadside-unit
data. The roadside communication control unit 221 sets an initial value to the
remaining hop count. This initial value can be set to vary depending on the kinds of
the payloads.

[0032]

The kind of a data is the information indicating that an originating source unit
that transmits the data for the first time is either a roadside unit 2 or an in-vehicle unit
4. If the originating source unit of the data is a roadside unit 2, this kind remains
unchanged in the information indicating the roadside unit 2 even when the in-vehicle
unit 4 transfers the roadside-unit data. That is, the kind is the data indicating
whether or not this data is a roadside-unit data.

[0033]

The payload is the information necessary for an in-vehicle unit 4 receiving the
roadside-unit data to execute services. The services include a plurality of kinds of
services; a payload is provided to be depending on each of the plurality of kinds of
services.

[0034]

As in FIG. 6 to be mentioned later, a control circuit 41 of an in-vehicle unit 4
executes a hop transfer based on that the data received by the wireless
communication circuit 42 is a roadside-unit data, and the hop flag indicates a hop
necessity. When the data is a roadside-unit data and the hop flag indicates a hop
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necessity, the payload is recognized as a transfer target data.

[0035]

[Configuration of in-vehicle unit 4]

The following explains a configuration of an in-vehicle unit 4. As in FIG. 5,
the in-vehicle unit 4 includes a control circuit 41, a wireless communication circuit 42,
a GNSS receiver 43, an acceleration sensor 44, and a gyro sensor 45. The control
circuit 41 is connected to perform a two-way communication with each of the wireless
communication circuit 42, the GNSS receiver 43, the acceleration sensor 44, and the
gyro sensor 45.

[0036]

The wireless communication circuit 42 performs a wireless communication
with a roadside communication circuit 21 or a wireless communication circuit 42
included in a different in-vehicle unit 4 other than the in-vehicle unit 4. Note that a
different in-vehicle unit 4 is equivalent to a different wireless device (or a different
wireless communication device). In contrast, an in-vehicle unit 4 itself performing a
wireless communication with a different wireless communication device is referred to
as a subject in-vehicle unit 4 or a subject wireless communication device. The
wireless communication circuit 42 includes: a wireless receiver 42A that demodulates
a signal received via an antenna and outputs to the control circuit 41; and a wireless
transmitter 42B that modulates the data inputted from the control circuit 41 and
converts into the electric waves to transmit to surroundings.

[0037]

The GNSS receiver 43 receives the electric waves from the satellites used by
GNSS (Global Navigation Satellite System), and acquires a current position of the
GNSS receiver 43. The current position acquired by the GNSS receiver 43 indicates a
latitude and longitude, for example. The current position acquired by the GNSS
receiver 43 is provided to the control circuit 41 successively (e.g., each 100
milliseconds).

[0038]

The acceleration sensor 44 detects an acceleration acting on the
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 44 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 44 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.

[0039]

The gyro sensor 45 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 44 and the gyro sensor 45 are used for
determining an assumed position of the in-vehicle unit 4.

[0040]

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.

[0041]

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 program modules and data for executing the various processes, a terminal
ID assigned to the in-vehicle unit 4, a metrics table to be mentioned later, etc.

[0042]

The control circuit 41 executes the program module to thereby execute a
process for executing a predetermined service based on a roadside-unit data received
by the wireless communication circuit 42.

[0043]

In addition, the control circuit 41 transmits the data to a different in-vehicle
unit 4 successively with the vehicle-to-vehicle communication. The data transmitted
with the vehicle-to-vehicle communication includes the information indicating the
current position of this in-vehicle unit 4 and the in-vehicle unit ID of this in-vehicle unit
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[0044]

In addition, the control circuit 41 executes a process in FIG. 6 when receiving
the data from the wireless communication circuit 42 (i.e., when the wireless
communication circuit 42 receives the electric waves transmitted by a roadside unit 2
or a different in-vehicle unit 4). All or part of the functions executed by the control
Circuit 41 may be configured as hardware components such as one or more ICs.

[0045]

[Process by control circuit 41]

It is further noted that the described flowchart includes sections (also referred
to as steps), which are represented, for instance, as S100. Further, each section can
be divided into several sections while several sections can be combined into a single
section. Each section may be referred to as a device or a specific name, or with a
structure modification; for instance, a table rewriting section may be also referred to
as a table rewriting device or a table rewriter. Further, as explained above, each
section can be achieved not only (i) as a software section in combination with a
hardware unit (e.g., computer), but also (ii) as a hardware section (e.g., integrated
circuit, hard-wired logic circuit), including or not including a function of a related
apparatus. Further, the hardware section may be inside of a microcomputer.

[0046]

In FIG. 6, at S100, it is determined whether a data received by the wireless
communication circuit 42 is from a roadside unit 2. This determination is made from
the information stored in the header of the received data. Alternatively, it may be
made from the information other than the header (for example, from the kind). If
the determination at S100 is made YES, the sequence proceeds to S500; if NO, it
proceeds to S200.

[0047]

At S200 equivalent to a metrics calculation section, a metrics M is calculated.
The metrics M in the present embodiment is an index indicating a probability of
success in the vehicle-to-vehicle communication with a different in-vehicle unit 4.

Calculating the metrics M uses three factors of a post-reception elapsed time mt, an

11




electric wave strength mr, and a communication distance md. A metrics M may be
also referred to as a metrics value.

[0048]

The post-reception elapsed time mt is a period of time from the last reception
time (i.e., the clock time when the data from a different in-vehicle unit 4 is received)
to the present clock time. The electric wave strength mr is a reception strength of the
electric wave received most recently from a different in-vehicle unit 4. The
communication distance md is a distance between (i) the current position of the
in-vehicle unit 4 (hereinafter, a subject in-vehicle unit 4) which executes this process
in FIG. 6 and (ii) the current position, if present, included in the data from the
different in-vehicle unit 4. The current position of the subject in-vehicle unit 4 is
either a current position acquired by the GNSS receiver 43 or an assumed position
determined based on the signals of the acceleration sensor 44 and the gyro sensor 45.

[0049]

The metrics M is calculated with a formula 1 using the post-reception elapsed
time mt, the electric wave strength mr, and the communication distance md. Further,
the formula 1 uses weighting factors wt, wr, and wd that are previously set to the
post-reception elapsed time mt, the radio field intensity mr, and the communication
distance md, respectively. In addition, ID is a sign identifying an in-vehicle unit 4
that transmits the electric wave.

[0050]

(Formula 1) M(ID) = mtxwt + mrxwr + mdxwd

At S300 equivalent to a table update section or a table rewriting section, the
metrics table is updated or rewritten. FIG. 7 is a diagram for explaining a metrics
table. Asin FIG. 7, the metrics table is a table where the metrics M is described
according to each in-vehicle unit ID. That is, a plurality of metrics values are
respectively described for a plurality of in-vehicle unit IDs.

[0051]

Suppose that the in-vehicle unit ID of an in-vehicle unit 4 having received the
data at the present time is contained in the metrics table. In such a case, the
described metrics M corresponding to the in-vehicle unit ID is updated into the metrics
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M calculated at previous S200.

[0052]

Suppose that the in-vehicle unit ID of an in-vehicle unit 4 having received the
data at the present time is not contained in the metrics table. In such a case, this
in-vehicle unit ID is added to the metrics table, and the metrics M calculated at
previous S200 is added as the metrics M corresponding to the in-vehicle unit ID.

[0053]

At S400, it is determined whether the kind of the received data is a
roadside-unit data or a data other than the roadside-unit data. Note that S400 is
executed when the determination of S100 is made NO. When the determination at
5100 is made NO, the data is determined to be received from an in-vehicle unit 4.
However, the in-vehicle unit 4 may transfer a roadside-unit data at a hop
determination at S600 to be mentioned later. In contrast, an in-vehicle unit 4 may
transmit a data other than a roadside-unit data. Thus, the kind of the data needs to
be determined at S400.

[0054]

The kind of the data is determined from the kind contained in the data.
When the kind contained in the received data is a roadside unit 2, it is determined that
the kind of the data is a roadside-unit data. When the kind is not contained in the
received data or when the kind of the data is an in-vehicle unit 4, it is determined that
the kind of the data is other than a roadside-unit data.

[0055]

When it is determined that the kind of the data is a roadside-unit data, the
sequence proceeds to S500; when it is determined that the kind of the data is other
than a roadside-unit data, the process in FIG. 6 is ended. In addition, also when the
determination at S100 is made YES, the sequence proceeds to S500.

[0056]

At S500, it is determined whether the hop flag is valid or invalid. When the
hop flag is invalid, the process in FIG. 6 is ended. When the hop flag is valid, the
sequence proceeds to S600.

[0057]
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At S600, a hop determination is performed. This hop determination
determines whether or not to transfer the data received this time, and is equivalent to
a transfer control section. The hop determination is illustrated in FIG. 8 in detail.

[0058]

In FIG. 8, at S602, it is determined whether a remaining hop count contained
in the data received this time is one (1) or more (>1). When this determination is
made NO, the remaining hop count is zero (0). If the determination at S602 is made
NO, the hop determination is ended. When the remaining hop count is zero, the
roadside-unit data received this time is not transferred. If the determination at S602
is made YES, the sequence proceeds to S604.

[0059]

At 5604, the metrics table is acquired. At S606, it is determined whether the
i-th metrics Mi in the metrics table is smaller than a fulfilled communication threshold
value THm set previously. The initial value of "i" is 1.

[0060]

In the present embodiment, as the metrics M is smaller, the communication
success rate is higher. The determination at S606 thus determines whether the i-th
metrics Mi in the metrics table has a value signifying that the communication success
rate is high. Furthermore, the determination at S606 resultingly determines whether
the communication with an in-vehicle unit 4 having the in-vehicle unit ID
corresponding to the metrics Mi indicates a high probability.

[0061]

Note that a fulfilled communication threshold value THm, which is set
previously based on experiments, is a positive value. The range of the positive value
smaller than the fulfilled communication threshold value THm corresponds to a
fulfilled communication range.

[0062]

If the determination at S606 is made YES, the sequence proceeds to S608.
At S608, a metrics count Cm is incremented by one. The metrics count Cm
represents the number of different in-vehicle units 4 each having a high probability in

success of the communication. The initial value of the metrics count Cmis 0. If
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S608 is executed, the sequence proceeds to S610. In contrast, when the
determination at S606 is made NO, the sequence proceeds to S610 without executing
S608.

[0063]

At S610, i is incremented by one. At S612, it is determined whether i is
greater than N. This N is a total data number in the metrics table. If the
determination at S612 is made NO, the sequence returns to S606; then, the
processing at S606 and subsequent is executed for the i-th metrics Mi updated at
S610.

[0064]

If the determination at S612 is made YES, the sequence proceeds to S614.
At 5614, it is determined whether the metrics count Cm is greater than a lower limit
value THcl of a transfer performable range, and smaller than an upper limit value
THcu of the transfer performable range. As above-mentioned, the metrics count Cm
indicates the number of different in-vehicle units 4 each having a high probability in
success of the communication. At S614, it is thus determined that the number of
different in-vehicle units 4 with a high probability in success of the communication is
in between the lower limit value THcl of the transfer performable range and the upper
limit value THcu of the transfer performable range.

[0065]

The lower limit value THcl of the transfer performable range is set to an
integer from 5 to 10, for example; the upper limit value THcu of the transfer
performable range is set to a value significantly greater than the lower limit value THcl.
The reason for setting the lower limit value THcl of the transfer performable range to
such a value is as follows. Suppose that the number of different in-vehicle units 4
with a high communication success rate is too small. In such case, the
communication resources cannot be used efficiently even if they are used to transfer
the roadside-unit data; the losses of the communication resources cannot be reduced
fully.

[0066]

In addition, the reason for setting the upper limit value THcu of the transfer
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performable range is as follows. When the metrics count Cm exceeds the upper limit
value THcu of the transfer performable range, a great number of different in-vehicle
units 4 with a high communication success rate are present. If the upper limit value
THcu of the transfer performable range is not provided, a great number of different
in-vehicle units 4 each execute the process in FIG. 8 to thereby execute a great
number of hop transfers, causing the losses in the communication resources.

[0067]

If the determination at S614 is made NO, the hop determination in FIG. 8 is
ended. When the determination at S614 is made YES, the sequence proceeds to
S616. At S616, the remaining hop count contained in the received roadside-unit
data is decremented by one. At S618, the hop transfer is executed. That is, the
roadside-unit data whose remaining hop count is updated at S616 is transmitted from
the wireless communication circuit 42. This transmission is made in a broadcasting
mode. A roadside-unit data transmitted from the wireless communication circuit 42
may be attached with the information indicating that this roadside-unit data is a data
transferred from an in-vehicle unit 4.

[0068]

<Summary of first embodiment>

The above-mentioned first embodiment is provided as follows. Based on the
electric wave received from a different in-vehicle unit 4, the metrics M that is an index
indicating a success rate in the communication with the different in-vehicle unit 4 is
calculated successively (S200); the metrics table is updated with the calculated
metrics M (S300).

[0069]

In addition, when the hop flag of the roadside-unit data received by the
wireless communication circuit 42 is valid, it is determined whether each metrics M
contained in the metrics table is in a fulfilled communication range (5606). When
the metrics count Cm indicating the number of the metrics M(s) in the fulfilled
communication range is within the transfer performable range (S614: YES), the
roadside-unit data is transmitted from the wireless communication circuit 42 (5616).

[0070]
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The roadside-unit data is thus transferred if the number of different in-vehicle
units 4 with a high probability in success of the communication is within the transfer
performable range. This helps prevent an in-vehicle unit 4 needing a roadside-unit
data from failing to receive the roadside-unit data.

[0071]

Further, if the number of different in-vehicle units 4 with a high probability in
success of the communication is outside of the transfer performable range (S614: NO),
the roadside-unit data is not transmitted from the transmitter of the wireless
communication circuit 42. When a transfer target data cannot be transferred
efficiently, the transfer target data is thus not transferred. This can also reduce
losses in the communication resources.

[0072]

<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 that of the
first embodiment previously explained.

[0073]

FIG. 9 illustrates a configuration of a roadside-unit data transmitted by the
roadside unit 2 in the second embodiment. As in FIG. 9, in the second embodiment,
a roadside-unit data includes a header, a hop flag, a remaining hop count, a kind, and
a payload, all of which are identical to those in the first embodiment. Furthermore,
the roadside-unit data in the second embodiment further includes a sequence number,
a pre-total metrics, and a current position.

[0074]

The sequence number, which is assigned to each roadside-unit data, is
equivalent to the data-specifying information.

[0075]

The pre-total metrics, which is also referred to as a pre-total metrics value, is
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a value estimating a total value of the metrics M(s) relative to a data transfer route
reaching the in-vehicle unit 4 having received a roadside-unit data that has been
transferred. The originating source of the data transfer route is a roadside unit 2; at
the time when this roadside unit 2 transmits the data, the pre-total metrics is still zero.

[0076]

The current position is a position at which a unit having transmitted the
roadside-unit data. When the roadside unit 2 transmits the data, this current
position is unnecessary; when an in-vehicle unit 4 transfers the roadside-unit data,
the current position of the in-vehicle unit 4 is described as this current position.

[0077]

FIG. 10 is a flowchart illustrating a process executed as substitute for FIG. 6 in
the first embodiment, according to the second embodiment. FIG. 10 is different
from FIG. 6 in S510, S700, S800, S900, and S1000, all of which are added, and in
S600A, which is substituted for S600.

[0078]

At S500, when it is determined that the hop flag is valid, the sequence
proceeds to S510. S510 is equivalent to a pre-total metrics update section or
rewriting section. At S510, a pre-total metrics is updated or rewritten. In detall,
the greatest metrics M is selected from among the metrics M(s) smaller than a fulfilled
communication threshold value THm out of all the metrics M(s) in the metrics table;
then, the selected greatest metrics M is added to the pre-total metrics contained in
the roadside-unit data.

[0079]

Adding the metrics M contained in the metrics table to the pre-total metrics
contained in the roadside-unit data allows an estimation of a total of metrics M(s)
when a different in-vehicle unit 4 receives the roadside-unit data that is transferred at
5630 to be mentioned later.

[0080]

As above, the greatest metrics M selected from among the metrics M(s)
smaller than a fulfilled communication threshold value THm out of all the metrics M in

the metrics table is added. The reason for such an addition of the greatest metrics is
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because the roadside-unit data, which is transmitted in broadcasting at S630, may be
received by a plurality of different in-vehicle units 4. When the roadside-unit data is
received by a plurality of different in-vehicle units 4, the total value of the metrics M(s)
relative to the data transfer route also changes depending on an in-vehicle unit 4 that
receives the roadside-unit data.

[0081]

The value added to the pre-total metrics in the roadside-unit data is the
greatest value from among the values smaller than a fulfilled communication
threshold value THm out of all the metrics M in the metrics table. Such adding the
greatest value allows the estimation of a total value of the metrics M signifying a
reception state of the roadside-unit data received in the most unfulfilled state.

[0082]

The pre-total metrics updated as in the above is used for determination at
S626 in FIG. 11 to be explained later. This allows the determination whether a
roadside-unit data is able to be transferred under a total value of metrics (i.e., the
pre-total metrics) smaller than that when the roadside-unit data was transferred in
the past.

[0083]

If S510 is executed, the sequence proceeds to S600A. At S600A, a hop
determination is performed. The details of the process at S600A are illustrated in
FIG. 11. 1In FIG. 11, the processing up to S614 is the same as those in FIG. 8; S602
to S612 are omitted in FIG. 11.

[0084]

In the hop determination in the second embodiment, even if the
determination at S614 is made YES, the determinations at S620, S622, S624, and
5626 are performed whether to execute a hop transfer.

[0085]

When the determination at S614 is made YES, the sequence proceeds to S620.
At S620, it is determined whether the different in-vehicle unit 4 being a transmitting
source is present ahead in the heading direction of the vehicle 5 (i.e., host vehicle)
mounted with the in-vehicle unit 4 executing the process in FIG. 11. The heading
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direction of the host vehicle is determined from the locus of the current position.
The current position of a different in-vehicle unit 4 is included in a roadside-unit data
when the different in-vehicle unit 4 transmits the roadside-unit data, as illustrated in
FIG. 9. When the direction of the different in-vehicle unit 4, which is determined
from the current position of the different in-vehicle unit 4 and the current position of
the host vehicle, is within a predetermined range against the heading direction of the
host vehicle, the different in-vehicle unit 4 being a transmitting source is determined
to be present ahead in the heading direction.

[0086]

When the determination at S620 is made NO, the present process in FIG. 11 is
ended. Therefore, in the second embodiment, even if the metrics count Cm is within
the transfer performable range, the roadside-unit data is not transferred when the
different in-vehicle unit 4 having transmitted the roadside-unit data is not present
ahead in the heading direction of the host vehicle. This limits the destination to
which the roadside-unit data is transferred to an area rearward of the vehicle 5
running a road. The roadside-unit data is often unnecessary in an area lateral to or
area ahead of the host vehicle running in the heading direction other than an area
rearward of the host vehicle running in the heading direction. The roadside-unit data
is thus limited to be transferred to an area rearward of the host vehicle running in the
heading direction. This can further suppress unnecessary data from being
transmitted.

[0087]

If the determination at S620 is made YES, the sequence proceeds to S622.
At 5622, it is determined whether the sequence number contained in the
roadside-unit data received this time is a sequence number that has been transferred
already.

[0088]

At the present embodiment, as explained at S800 and subsequent to be
mentioned later, when the hop transfer is executed, the sequence number, the
remaining hop count, and the pre-total metrics, all of which are contained in the
transferred roadside-unit data, are stored in the memory 41M. Thus, at $622, it is
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determined whether the sequence number that has been transferred already and
stored in the memory 41M accords with the sequence number contained in the
roadside-unit data received this time. In the second embodiment, the memory 41M
is equivalent to a storage.

[0089]

When the sequence number that has been transferred already and stored in
the memory 41M does not accord with the sequence number contained in the
roadside-~unit data received this time, the determination at S622 is made NO. When
the sequence number contained in the roadside-unit data received this time is not
stored in the memory 41M, the determination at S622 is also NO. When the
determination at S622 is made NO, the sequence proceeds to S628 and S630. At
S630, the hop transfer is executed. When the roadside-unit data received this time
has not been transferred yet, the hop transfer is determined to be executed without
any determinations at S624 and S626.

[0090]

When the determination at S622 is made YES, the sequence proceeds to 5624.
At S624, it is determined whether the remaining hop count contained in the
roadside-~unit data received this time is larger than the remaining hop count in the
same roadside-unit data stored in the memory 41M. If this determination is made
NO, the sequence proceeds to 5626; if YES, it proceeds to S628. When the
sequence proceeds to $628, the hop transfer is executed at S630.

[0091]

Therefore, in the present embodiment, even if the same roadside-unit data is
transferred in the past, the roadside-unit data is transferred only when the remaining
hop count is greater than that in the past. In other words, when the hop count is
smaller than that in the past, the roadside-unit data is transferred. When the hop
count is smaller than that in the past, the data quality at present time is estimated to
be better than that in the past.

[0092]

At S626, it is determined whether the pre-total metrics determined at S510 is

smaller than the pre-total metrics in the same roadside-unit data currently stored in
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the memory 41M. When this determination is made NO, the process in FIG. 11 is
ended; when it is made YES, the sequence proceeds to S628. When the sequence
proceeds to S628, the hop transfer is executed at S630.

[0093]

Therefore, when the pre-total metrics is smaller than the pre-total metrics
currently recorded in the memory 41M, the roadside-unit data is transferred again
even if being transferred in the past.

[0094]

At S628, the remaining hop count, the pre-total metrics, and the current
position are updated in the roadside-unit data. The remaining hop count contained
in the received roadside-unit data is decremented by one (1) and used for updating.
The pre-total metrics determined at S510 is used for updating. The current position
of the host vehicle is used for updating.

[0095]

At S630, the roadside-unit data updated at S628 is transmitted in a
broadcasting mode from the wireless communication circuit 42. A roadside-unit data
transmitted from the wireless communication circuit 42 may be attached with the
information indicating that this roadside-unit data is a data transferred from an
in-vehicle unit 4.

[0096]

The explanation is returned to FIG. 10. At S700, it is determined at S600A
whether the hop transfer is executed. When this determination is made NO, the
process in FIG. 10 is ended; when it is made YES, the sequence proceeds to S800.

[0097]

At S800 to S1000, the hop management information stored in the memory
41M is updated. In detail, the hop management information includes the sequence
number, the pre-total metrics, and the remaining hop count; the pre-total metrics and
the remaining hop count are stored in the memory 41M to be associated with the
sequence number.

[0098]

At S800, the sequence number that is contained in the roadside-unit data
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transferred in the hop transfer is stored (recorded) in the memory 41M. When this
sequence number is already stored, nothing is executed at S800. This S800 is
equivalent to a transfer data storage processing section or a transfer data record
section.

[0099]

At S900, the pre-total metrics determined at S510 is stored (recorded) in the
memory 41M to be associated with the sequence number. When the pre-total
metrics associated with the sequence number is already stored, the pre-total metrics
already stored is changed to the pre-total metrics updated at S510. This S900 is
equivalent to a pre-total metrics storage processing section or a pre-total metrics
record section.

[0100]

At S1000, the remaining hop count determined at S628 is stored (recorded) in
the memory 41M to be associated with the sequence number. When the remaining
hop count associated with the sequence number is already stored, the remaining hop
count already stored is updated to the remaining hop count determined at S628.
This S1000 is equivalent to a hop count storage processing section or a hop count
record section.

[0101]

[Summary of second embodiment]

According to the above second embodiment, whether the roadside-unit data
received by the wireless communication circuit 42 has been transferred already is
determined based on whether the sequence number of the roadside-unit data
received this time is stored in the memory 41M (S622). Based on this determination
result, it is determined whether the hop transfer is executed or not; this suppresses
an unnecessary transfer.

[0102]

In addition, even if it is determined that the roadside-unit data has been
transferred already (S622: YES), the hop transfer is executed when the remaining hop
count is greater than the remaining hop count of the same roadside-unit data stored
in the memory 41M (5624: YES). This allows the transfer of the roadside-unit data
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whose data quality may be better than the roadside-unit data transferred in the past.

[0103]

In addition, even if it is determined that the roadside-unit data has been
transferred already (5622: YES), the hop transfer is executed also when the pre-total
metrics is smaller than the pre-total metrics of the same roadside-unit data stored in
the memory 41M (S626: YES). This allows the transfer of the roadside-unit data
whose communication success rate is higher than that of the roadside-unit data
transferred in the past.

[0104]

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 embodiment is also included in the technical scope of the present
disclosure; furthermore, other than the following is also included in the technical
scope of the present disclosure as long as not deviating from a technical subject
matter.

[0105]

<First modification>

In the second embodiment, even if it is determined that the roadside-unit data
has been transferred already (S622: YES), the hop transfer is executed when the
determination at S624 is made YES or when the determination at S626 is made YES.
However, when it is determined that the roadside-unit data has been transferred
already, it may be determined that the hop transfer is unexecuted without performing
any determination at S624 or S626.

[0106]

<Second modification>

In addition, any one among the determinations at S620, S622, S624, and
S626, may be performed, or any two or any three may be performed alternatively.

[0107]

<Third modification>

In addition, in the second embodiment, when either the determination at
S624 or the determination at S626 is made YES, the hop transfer is executed. In
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contrast, when both the determination at S624 and the determination at S626 are YES,
the hop transfer may be executed.

[0108]

<Fourth modification>

In the above-mentioned embodiments, when the roadside-unit data is
received, the metrics table is always updated. In contrast, suppose a case that it is
determined whether a roadside-unit data is transmitted from an in-vehicle unit 4
which is ahead of a host vehicle running in the heading direction, and it is then
determined that the in-vehicle unit 4 is not ahead of the host vehicle in the heading
direction. In such a case, the metrics table using the roadside-unit data may not be
updated. Note that the determination of being ahead of the host vehicle in the
heading direction may be the same as S620.

[0109]

This signifies that the metrics table resulting indicates the communication
success rate with an in-vehicle unit 4 mounted in a vehicle 5 whose heading direction
is the same as that of the host vehicle. Since an in-vehicle unit 4 is mounted in and
used by a host vehicle 5, the roadside-unit data from a vehicle whose heading
direction is different from the host vehicle 5 is low in necessity. The second
modification thus suppresses unnecessary roadside-unit data from being transferred.

[0110]

<Fifth modification>

In the above-mentioned embodiments, although the sequence number is the
data-identifying information, the payload itself may be employed as the
data-identifying information.

[0111]

<Sixth modification>

In the above-mentioned embodiments, in the update of the pre-total metrics,
the greatest metrics M is selected from among the metrics M(s) smaller than a fulfilled
communication threshold value THm out of all the metrics M in the metrics table; then,
the selected greatest metrics M is added to the pre-total metrics contained in the
roadside-unit data. However, instead of the greatest metrics, any metrics M may be
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selected from among the metrics M(s) smaller than a fulfilled communication
threshold value THm out of all the metrics M in the metrics table.

[0112]

<Seventh modification>

In the above-mentioned embodiments, the metrics M is a smaller value as the
communication success rate is higher; by contrast, the metrics M may be a larger
value as the communication success rate is higher. In this case, a value equal to or
greater than a certain threshold value becomes a fulfilled communication range.

[0113]

<Eighth modification>

The wireless communication device of the present disclosure may be used in a
mobile object other than a vehicle 5. In addition, the wireless communication device
may be a fixed type.

[0114]

<Ninth modification>

In the above-mentioned embodiments, although the lower limit value THcl of
the transfer performable range is set to be an integer between 5 and 10, this lower
limit value may be just a value equal to or greater than two (2).

[0115]

<Tenth modification>

In the above-mentioned embodiments, although the transfer performable
range is assigned with the lower limit value THcl and the upper limit value THcu, at
least either the lower limit value THcl or the upper limit value THcu may be assigned.

[0116]

<Eleventh modification>

In the above-mentioned embodiments, the metrics M is calculated using the
post-reception elapsed time mt, the electric wave strength mr, and the communication
distance md. However, the metrics M may be calculated using any one or two of the
post-reception elapsed time mt, the electric wave strength mr, and the
communications distances md. In addition, another parameter may be used for
calculating the metrics M as substitute of or addition to the post-reception elapsed
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time mt, the electric wave strength mr, and the communication distance md.

[0117]

<Twelfth modification>

In the above-mentioned embodiments, a roadside unit 2 and an in-vehicle unit
4 communicate using the frequency channel of 5.8 GHz band or 5.9 GHz band.
However, a roadside unit 2 and an in-vehicle unit 4 may communicate using the
frequency channel belonging to the 2.4GHz band, or the frequency channel belonging
to another frequency band.

[0118]

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 including a wireless receiver receiving a
transfer target data and a wireless transmitter transmitting the transfer target data
received by the wireless receiver, the wireless communication device communicating
with a plurality of different wireless communication devices identical to the wireless
communication device in function,

the wireless communication device comprising:

a metrics calculation section that calculates successively a metrics value that is
metrics as an index indicating a communication success rate with one of the different
wireless communication devices based on an electric wave received by the wireless
receiver from the one of the different wireless communication devices;

a table update section that updates a metrics value, which corresponds to the
one of the different wireless communication devices transmitting the electric wave
received by the wireless receiver, into a metrics value calculated by the metrics
calculation section in a metrics table in which metrics values are associated with the
respective different wireless communication devices, based on that the metrics
calculation section calculates the metrics value; and

a transfer control section that determines a metrics count indicating how
many metrics values in the metrics table are within a fulfilled communication range
indicating a communication success rate being high when the wireless receiver
receives a transfer target data,

the transfer control section transmitting the transfer target
data from the wireless transmitter based on that the metrics count is within a transfer
performable range predetermined, whereas not transmitting the transfer target data
from the wireless transmitter based on that the metrics count is outside of the transfer
performable range,

wherein the transfer performable range is assigned with an upper limit value.

2. The wireless communication device according to claim 1, wherein
the transfer performable range is assigned with a lower limit value being equal

to or greater than two.
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3. The wireless communication device according to claim 1 or claim 2,
wherein

the transfer target data is one of a plurality of transfer target data that are
different mutually,

the wireless communication device further comprising:

a transfer-data storage processing section that stores, in a storage,
data-identifying information that identifies the transfer target data transmitted by the
transfer control section from the wireless transmitter,

wherein

the transfer control section determines whether the transfer target data
received by the wireless receiver is to be transmitted from the wireless transmitter
based on whether the data-identifying information corresponding to the transfer

target data received by the wireless receiver is stored in the storage.

4. The wireless communication device according to claim 3,, further
comprising:

a pre-total metrics update section updates a pre-total metrics value that is
attached to a transfer target data from the different wireless communication device
and received by the wireless receiver based on the metrics value in the metrics table
and the pre-total metrics value received by the wireless receiver,

the pre-total metrics value being a value estimating a total of
the metrics values relative to a data transfer route through which the transfer target
data passes to reach the wireless communication device from when the transfer
target data was transferred to when the transferred transfer target data reaches the
wireless communication device; and

a pre-total metrics storage processing section that stores the pre-total metrics
value updated by the pre-total metrics update section in the storage to be associated
with the data-identifying information, each time the transfer control section transmits
the transfer target data from the wireless transmitter,

wherein in cases that the data-identifying information corresponding to the
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transfer target data received by the wireless receiver is stored in the storage, the
transfer control section transmits the transfer target data from the wireless
transmitter based on that the pre-total metrics value updated by the pre-total metrics
update section is a value indicating the communication success rate being higher than
a value of the pre-total metrics value stored in the storage before the pre-total metrics

value is updated.

5. A wireless communication device including a wireless receiver receiving a
transfer target data and a wireless transmitter transmitting the transfer target data
received by the wireless receiver, the wireless communication device communicating
with a plurality of different wireless communication devices identical to the wireless
communication device in function,

the wireless communication device comprising:

a metrics calculation section that calculates successively a metrics value that is
metrics as an index indicating a communication success rate with one of the different
wireless communication devices based on an electric wave received by the wireless
receiver from the one of the different wireless communication devices;

a table update section that updates a metrics value, which corresponds to the
one of the different wireless communication devices transmitting the electric wave
received by the wireless receiver, into a metrics value calculated by the metrics
calculation section in a metrics table in which metrics values are associated with the
respective different wireless communication devices, based on that the metrics
calculation section calculates the metrics value; and

a transfer control section that determines a metrics count indicating how
many metrics values in the metrics table are within a fulfilled communication range
indicating a communication success rate being high when the wireless receiver
receives a transfer target data,

the transfer control section transmitting the transfer target
data from the wireless transmitter based on that the metrics count is within a transfer
performable range predetermined, whereas not transmitting the transfer target data
from the wireless transmitter based on that the metrics count is outside of the transfer
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performable range,

wherein the transfer target data is one of a plurality of transfer target data
that are different mutually,

the wireless communication device further comprising:

a transfer-data storage processing section that stores, in a storage,
data-identifying information that identifies the transfer target data transmitted by the
transfer control section from the wireless transmitter, wherein the transfer control
section determines whether the transfer target data received by the wireless receiver
is to be transmitted from the wireless transmitter based on whether the
data-identifying information corresponding to the transfer target data received by the
wireless receiver is stored in the storage;

a pre-total metrics update section updates a pre-total metrics value that is
attached to a transfer target data from the different wireless communication device
and received by the wireless receiver based on the metrics value in the metrics table
and the pre-total metrics value received by the wireless receiver,

the pre-total metrics value being a value estimating a total of
the metrics values relative to a data transfer route through which the transfer target
data passes to reach the wireless communication device from when the transfer
target data was transferred to when the transferred transfer target data reaches the
wireless communication device; and

a pre-total metrics storage processing section that stores the pre-total metrics
value updated by the pre-total metrics update section in the storage to be associated
with the data-identifying information, each time the transfer control section transmits
the transfer target data from the wireless transmitter,

wherein in cases that the data-identifying information corresponding to the
transfer target data received by the wireless receiver is stored in the storage, the
transfer control section transmits the transfer target data from the wireless
transmitter based on that the pre-total metrics value updated by the pre-total metrics
update section is a value indicating the communication success rate being higher than
a value of the pre-total metrics value stored in the storage before the pre-total metrics

value is updated.
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6. The wireless communication device according to claim 5, wherein
the transfer performable range is assigned with a lower limit value being equal

to or greater than two.

7. The wireless communication device according to claim 5 or claim 6,
wherein
the transfer performable range is assigned with an upper limit value.

8. The wireless communication device according to any one of claims 4 to 7,
wherein

the pre-total metrics update section updates the pre-total metrics value
received by the wireless receiver based on (i) the pre-total metrics value received by
the wireless receiver and (ii) the metrics value that indicates the communication
success rate being lowest among the metrics values that are included in the metrics

table and within the fuifilled communication range.

9. The wireless communication device according to any one of claims 3 to 8,
further comprising:

a hop count storage processing section, wherein in cases that a hop count
attached to the transfer target data from the different wireless communication device
is received by the wireless receiver along with the transfer target data and the transfer
target data is transmitted by the transfer control section from the wireless transmitter,
the hop count storage processing section is configured to

update the hop count received by the wireless receiver and
store the updated hop count in the storage to be associated
with the data-identifying information,
the hop count indicating how many times the
transfer target data transferred from the different wireless communication device is
transferred,
wherein in cases that the data-identifying information corresponding to the
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transfer target data received by the wireless receiver is stored in the storage, the
transfer control section transmits the transfer target data from the wireless
transmitter based on that the hop count updated by the hop count storage processing
section is smaller than the hop count stored in the storage before the hop count is

updated.

10. The wireless communication device according to claim 3, wherein:

in cases that the data-identifying information corresponding to the transfer
target data received by the wireless receiver is stored in the storage, the transfer
control section does not transmit the transfer target data from the wireless
transmitter; and

in cases that the data-identifying information corresponding to the transfer
target data received by the wireless receiver is not stored in the storage, the transfer

control section transmits the transfer target data from the wireless transmitter.

11. The wireless communication device according to any one of claims 1 to
10, wherein:

the wireless communication device and the different wireless communication
devices are used in respective vehicles that are mutually different;

when the wireless receiver receives the transfer target data from the different
wireless communication device, the transfer control section determines whether the
different wireless communication device is present ahead in a heading direction of the
wireless communication device; and

when the different wireless communication device is determined not to be
present ahead in the heading direction of the wireless communication device, the
transfer control section does not transmit the transfer target data from the wireless

transmitter.

12. The wireless communication device according to any one of claims 1 to
10, wherein:

the wireless communication device and the different wireless communication
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devices are used in respective vehicles that are mutually different;

when the wireless receiver receives the transfer target data from the different
wireless communication device, the table update section determines whether the
different wireless communication device is present ahead in a heading direction of the
wireless communication device; and

when the different wireless communication device is determined not to be
present ahead in the heading direction of the wireless communication device, the
table update section does not update the metrics table based on the transfer target

data received from the different wireless communication device.

13. The wireless communication device according to any one of claims 1 to
12, wherein

the metrics calculation section calculates the metrics value using at least one
of (i) a distance between the wireless communication and the different wireless
communication device, (ii) a last reception time of an electric wave received from the
different wireless communication device, and (iii) a strength of the electric wave

received from the different wireless communication device.

14. The wireless communication device according to claim 13, wherein
the metrics calculation section calculates the metrics value using the last
reception time of the electric wave received from the different wireless

communication device.

15. A wireless communication device including a wireless receiver receiving
a transfer target data and a wireless transmitter transmitting the transfer target data
received by the wireless receiver, the wireless communication device communicating
with a plurality of different wireless communication devices identical to the wireless
communication device in function,

the wireless communication device comprising:

a metrics calculation section that calculates successively a metrics value that is

metrics as an index indicating a communication success rate with one of the different
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wireless communication devices based on an electric wave received by the wireless
receiver from the one of the different wireless communication devices;

a table update section that updates a metrics value, which corresponds to the
one of the different wireless communication devices transmitting the electric wave
received by the wireless receiver, into a metrics value calculated by the metrics
calculation section in a metrics table in which metrics values are associated with the
respective different wireless communication devices, based on that the metrics
calculation section calculates the metrics value; and

a transfer control section that determines a metrics count indicating how
many metrics values in the metrics table are within a fulfilled communication range
indicating a communication success rate being high when the wireless receiver
receives a transfer target data,

the transfer control section transmitting the transfer target
data from the wireless transmitter based on that the metrics count is within a transfer
performable range predetermined, whereas not transmitting the transfer target data
from the wireless transmitter based on that the metrics count is outside of the transfer
performable range,

wherein

the metrics calculation section calculates the metrics value using a last
reception time of an electric wave received from the different wireless communication

device.
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