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(57) There is provided an on-board communication
terminal that may notify a driver at appropriate timing of
vehicle drive information transmitted from a vehicle that
is dangerous to its own vehicle even though a number
of vehicles are around its own vehicle. A traffic informa-
tion communication system according to the present in-
vention includes an on-board communication device
equipped in a vehicle. The on-board communication de-
vice includes a navigation unit that obtains vehicle drive
information of the vehicle and a communication device

FIG.1

unit that broadcasts the vehicle drive information ob-
tained by the navigation unit at a predetermined frequen-
cy and outputs drive information received from the on-
board communication device of another vehicle or pe-
destrian information received from a mobile terminal to
the navigation unit. The navigation unit adds under-de-
tection-of-a-to-be-watched-vehicle information that de-
tects a vehicle ID of a to-be-watched vehicle as a to-be-
watched vehicle to the vehicle drive information of its own

vehicle.
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Description
BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] The present invention relates to a traffic infor-
mation communication system, and particularly to, tech-
nologies that perform radio communication between a
road and a vehicle, between vehicles, and between a
person and a vehicle using a radio communication device
installed on the road, a radio communication device
equipped in a vehicle, and a radio device equipped in a
mobile terminal.

2. Description of the Related Art

[0002] Currently, technologies for previously prevent-
ing possible vehicular accidents are being studied. These
technologies transmit and receive location information of
a pedestrian and information on driving conditions of a
vehicle by road-to-vehicle communication between a
roadside unit installed on a road and an on-board unit
(an on-board communication device) equipped in a ve-
hicle, inter-vehicle communication employing on-board
units equipped in a vehicle, and person-to-vehicle com-
munication between an on-board unit equipped in a ve-
hicle and a mobile terminal carried by a pedestrian to
notify pedestrians or drivers of warning information for
traffic safety. JP-A-H11(1999)-195196 or JP-A-
2004-220143 relate to the invention described above.
[0003] JP-A-H11(1990)-195196 discloses a technolo-
gy regarding an on-board information providing device
that obtains peripheral information of its own vehicle and
notifies the information to a driver by using an inter-ve-
hicle communication means".

[0004] Further, JP-A-2004-220143 discloses a tech-
nology regarding an on-board communication device de-
termining a degree of danger from the location informa-
tion of a specific vehicle and pedestrian GPS (Global
Positioning System) information received from a radio
communication device carried by a pedestrian using a
GPSreceiver to notify a driver of possible danger, where-
in the radio communication device also determines a de-
gree of danger from the location information of a specific
pedestrian and GPS information of a vehicle received
from the on-board communication device using the GPS
receiver to notify the pedestrian of possible danger.
[0005] The technology disclosed in JP-A-H11(1990)-
19519 transmits and receives vehicle drive information
including vehicle drive location information between its
own vehicle and other vehicles running around the vehi-
cle using an on-board communication device equipped
in a vehicle to notify location information of peripheral
vehicles to a driver. In a case where a number of vehicles
are existent in a communication area of the on-board unit
equipped in its own vehicle, however, the concentration
of traffic may cause a delay in a notifying process from
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a vehicle that is positioned at a location dangerous to its
own vehicle due to data coming from other vehicles. This
may result in a difficulty to notify the danger to the driver
at an appropriate timing.

[0006] Further, JP-A-2004-220143 is directed to a ra-
dio communication system that carries out direct radio
communication between an on-board communication
device equipped in a vehicle and a pedestrian portable
radio communication device carried by a pedestrian. The
pedestrian portable radio communication device calcu-
lates a relative distance between a vehicle and a pedes-
trian from GPS information of the pedestrian that is re-
ceived from a GPS unit equipped in the pedestrian port-
able radio communication device and GPS information
of the vehicle that is received from the vehicle and, if the
calculated result shows any danger, notifies it to the pe-
destrian. However, if a number of pedestrians exist
around the vehicle, determination of degree of danger
from the relative distance between a vehicle and a pe-
destrian may make unnecessary notifications to a pedes-
trian who need not be notified to, such as a pedestrian
moving behind the vehicle or in the direction of being far
away from the vehicle. This type of communication may
cause useless power consumption of the mobile terminal
or radio communication device.

SUMMARY OF THE INVENTION

[0007] An aspect of the present invention provides an
on-board unitthat may notify a driver atappropriate timing
of vehicle drive information from a vehicle dangerous to
its own vehicle even in a case where there are a number
of vehicles near its own vehicle within a radio communi-
cation system that performs radio communication of road
traffic information, vehicle drive information, and location
information of a pedestrian by using road-to-vehicle com-
munication, inter-vehicle communication, and person-to-
vehicle communication. The portable radio communica-
tion device used for radio communications between a
vehicle and a pedestrian notifies a pedestrian of only the
inevitable danger information, such as information on an
approaching vehicle, among the received vehicle drive
information, and this enables to provide an inter-vehicle
or person-to-vehicle communication system that may re-
duce processing loads of the portable radio device.

[0008] Thatis, the present invention provides a traffic
information communication system in which an on-board
communication device equipped in a vehicle and a mo-
bile terminal carried by a pedestrian perform radio com-
munication, wherein the on-board communication device
includes a navigation unit that obtains at least location
information of its own vehicle equipped with the on-board
communication device and vehicle drive information in-
cluding a vehicle 1D identifying the on-board communi-
cation device, and a communication device unit that
broadcasts the vehicle drive information obtained by the
navigation unit at a predetermined frequency and outputs
vehicle drive information received from n on-board com-
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munication device of another vehicle or pedestrian infor-
mation received from the mobile terminal to the naviga-
tion unit, and the navigation unit adds under-detection-
of-a-to-be-watched-vehicle information that detects a ve-
hicle ID of a to-be-watched vehicle as a to-be-watched
vehicle to vehicle drive information of its own vehicle and
transmits the information in the case of detecting a vehi-
cle that may affect the drive safety of its own vehicle from
the vehicle drive information received by the on-board
communication device or the pedestrian information.
[0009] In the trafficinformation communication system
according to the present invention, the navigation unit of
the on-board communication device adds information
that detects a vehicle ID of a to-be-watched vehicle as a
to-be-watched vehicle to the vehicle drive information of
its own vehicle and transmits the information in the case
of detecting the other vehicle approaching in a traveling
direction of its own vehicle from the vehicle drive infor-
mation received by the communication device unit of the
on-board communication device.

[0010] Inthe trafficinformation communication system
according to the present invention, an on-board commu-
nication device of the other vehicle or mobile terminal
that receives the under-detection-of-a-to-be-watched-
vehicle information performs at least one of operations
that a transmission frequency of the own-transmitted ve-
hicle drive information or pedestrian information increas-
es and transmission power of the vehicle drive informa-
tion or pedestrian information increases in a case where
the to-be-watched vehicle ID or to-be-watched terminal
ID included in the received under-detection-of-a-to-be-
watched-vehicle information is identical to its vehicle ID
or terminal ID.

[0011] Inthe traffic information communication system
according to the present invention, the on-board commu-
nication device of the other vehicle or mobile terminal
that receives the under-detection-of-a-to-be-watched-
vehicle information includes an output unit outputting in-
formation that it is a to-be-watched vehicle or to-be-
watched pedestrian and notifying a driver or pedestrian
in a case where the received to-be-watched vehicle ID
or to-be-watched terminal ID is identical to its vehicle ID
or terminal ID.

[0012] In the traffic information communication system
according to the presentinvention, the on-board commu-
nication device of the other vehicle or mobile terminal
that receives the under-detection-of-a-to-be-watched-
vehicle information reduces the transmission frequency
of the own-transmitted vehicle drive information or pe-
destrian information transmitted from the on-board com-
munication device in a case where the received to-be-
watched vehicle ID or to-be-watched terminal ID is not
identical to its vehicle ID or terminal ID.

[0013] The traffic information communication system
according to the present invention further includes a
roadside communication device on a road, wherein the
on-board communication device transmits information
that detects a to-be-watched vehicle to the roadside com-
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munication device in the case of detecting a vehicle or
pedestrian that may affect the drive safety of its own ve-
hicle from the drive information or pedestrian information
received by the on-board communication device while
receiving road information wirelessly transmitted from
the roadside communication device.

[0014] Inthe trafficinformation communication system
according to the present invention, the roadside commu-
nication that receives the under-detection-of-a-to-be-
watched-vehicle information decreases the transmission
frequency in a case where transmission priority of cur-
rently transmitted road information is lower than trans-
mission frequency of the under-detection-of-a-to-be-
watched-vehicle information.

[0015] The present invention also provides an on-
board communication device equipped in a vehicle to
broadcast vehicle drive information of the vehicle
equipped with the on-board communication device to an-
other vehicle driving around the vehicle. The on-board
communication device includes a navigation unit that ob-
tains at least location information of its own vehicle
equipped with the on-board communication device and
vehicle drive information including a vehicle ID specifying
the communication device, and a communication device
unit that broadcasts the vehicle drive information ob-
tained by the navigation unit at a predetermined frequen-
cy and outputs vehicle drive information received from
an on-board communication device of another vehicle to
the navigation unit, wherein the navigation unit adds un-
der-detection-of-a-to-be-watched-vehicle information
that detects a vehicle ID of a to-be-watched vehicle as a
to-be-watched vehicle to vehicle drive information of its
own vehicle and transmits the information in the case of
detecting a vehicle that may affect the drive safety of its
own vehicle from the vehicle drive information received
by the on-board communication device.

[0016] Inthe on-board communication device accord-
ing to the present invention, the navigation unit adds in-
formation that detects a vehicle ID of a to-be-watched
vehicle as a to-be-watched vehicle to the vehicle drive
information of its own vehicle and transmits the informa-
tion in the case of detecting the other vehicle approaching
in a drive direction of its own vehicle from the vehicle
drive information received by the communication device
unit.

[0017] Inthe on-board communication device accord-
ing to the present invention, an on-board communication
device of the other vehicle that receives the under-de-
tection-of-a-to-be-watched-vehicle information performs
at least one of operations that a transmission frequency
of the own-transmitted vehicle drive information increas-
es and transmission power of the vehicle drive informa-
tion increases in a case where the to-be-watched vehicle
ID included in the received under-detection-of-a-to-be-
watched-vehicle information is identical to its vehicle ID.
[0018] In the on-board communication device accord-
ing to the presentinvention, the on-board communication
device of the other vehicle that receives the under-de-



5 EP 2 101 305 A2 6

tection-of-a-to-be-watched-vehicle information includes
an output device outputting information that it is a to-be-
watched vehicle and notifying a driver in a case where
the received to-be-watched vehicle ID is identical to its
vehicle ID.

[0019] In the on-board communication device accord-
ing to the presentinvention, the on-board communication
device of the other vehicle that receives the under-de-
tection-of-a-to-be-watched-vehicle information reduces
the transmission frequency of the own-transmitted vehi-
cle drive information in a case where the received to-be-
watched vehicle ID is not identical to its vehicle ID.
[0020] The present invention also provides a mobile
terminal carried by a pedestrian to transmit pedestrian
information of the pedestrian to a vehicle driving around
the pedestrian. The mobile terminal includes a location
information obtaining unit that obtains pedestrian infor-
mation of the pedestrian carrying the mobile terminal; an
inter-vehicle radio communication unit that transmits the
pedestrian information obtained by the location informa-
tion obtaining unit at a predetermined transmission fre-
quency while vehicle drive information is received from
an on-board communication device equipped in a vehicle
and receives vehicle drive information from the on-board
communication device of the vehicle; and a vehicle in-
formation processing unitthatincreases the transmission
frequency of the pedestrian information in a case where
a terminal ID of a to-be-watched terminal included in the
received vehicle drive information is identical to the ter-
minal ID of the own mobile terminal.

[0021] The presentinvention may stop communication
of unnecessary information with respect to road-to-vehi-
cle, inter-vehicle, and person-to-vehicle communications
that notify warning information to a driver or pedestrian
for traffic safety in comparison with the prior art, and this
enables to provide an on-board communication device
and a portable communication device such as a mobile
terminal that notify the driver or pedestrian at appropriate
timing of danger at a appropriate timing. Furthermore,
the present invention may reduce power consumption of
the portable communication device such as a mobile ter-
minal carried by the pedestrian.

BRIEF DESCRIPTION OF THE DRAWINGS
[0022]

Fig. 1 is a block diagram illustrating a construction
of an on-board unit according to an exemplary em-
bodiment of the present invention;

Fig. 2 is a block diagram illustrating a construction
of navigation control unitincluded in an on-board unit
according to an exemplary embodiment of the
present invention;

Fig. 3 is a block diagram illustrating a construction
of a radio communication unit included in an on-
board unit according to an exemplary embodiment
of the present invention;
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Fig. 4 is a block diagram illustrating a construction
of a communication control unit included in an on-
board unit according to an exemplary embodiment
of the present invention;

Figs. 5A and 5B are views illustrating the content of
exemplary vehicle drive information that is transmit-
ted and received between vehicles according to an
exemplary embodiment of the present invention;
Fig. 6 depicts a vehicle arrangement for illustrating
an exemplary case where a vehicle performs radio
communication with the other vehicles according to
an exemplary embodiment of the present invention;
Fig. 7 is a flowchart illustrating an exemplary vehicle
drive process in a case where the navigation control
unit according to the present invention performs
transmission/reception of vehicle drive information
to/from another vehicle according to an exemplary
embodiment of the present invention;

Fig. 8 is a flowchart illustrating an exemplary detec-
tion process of detecting a to-be-watched vehicle
among vehicles driving around its own vehicle by a
navigation control unit according to an exemplary of
the present invention;

Fig. 9 is a flowchart illustrating an exemplary update
process of vehicle drive information in a vehicle drive
information process performed by the navigation
control unit 101 according to an exemplary embod-
iment of the present invention;

Fig. 10 is aflowchartillustrating an exemplary control
process performed by a communication processing
unit according to an exemplary embodiment of the
present invention;

Fig. 11 is a flowchart illustrating the details of an ex-
emplary data reception process according to an ex-
emplary embodiment of the present invention;

Fig. 12 is a flowchart illustrating transmission and
reception of vehicle drive information between its
own vehicle and a two-wheeled vehicle in an exem-
plary processing operation of the vehicle drive infor-
mation in a case where the two-wheeled vehicle is
detected as a to-be-watched vehicle by its own ve-
hicle according to an exemplary embodiment of the
present invention;

Fig. 13 is a view illustrating an exemplary display
screen displayed on an output unit of a navigation
unit according to an exemplary embodiment of the
present invention;

Fig. 14 is a view illustrating another exemplary dis-
play screen displayed on an output unit of a naviga-
tion unit according to an exemplary embodiment of
the present invention;

Fig. 15 is a view illustrating an exemplary embodi-
ment of accumulating vehicle drive information re-
ceived from each of the other vehicles in the other
vehicle drive information storing unit included in the
navigation control unit in a case where no to-be-
watched vehicles are detected according to an ex-
emplary embodiment of the present invention;
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Fig. 16 is a view illustrating an exemplary embodi-
ment of accumulating vehicle drive information re-
ceived from each of the other vehicles in other vehi-
cle drive information storing unit included in the nav-
igation control unit in a case where any to-be-
watched vehicle is detected according to an exem-
plary embodiment of the present invention;

Fig. 17 is a view illustrating an exemplary embodi-
ment of accumulating vehicle drive information re-
ceived from each of the other vehicles in the other
vehicle drive information storing unit included in the
navigation control unit in a case where no to-be-
watched vehicles are detected according to an ex-
emplary embodiment of the present invention;

Fig. 18 is a view illustrating an exemplary embodi-
ment of accumulating vehicle drive information re-
ceived from each of the other vehicles in the other
vehicle drive information storing unit included in the
navigation control unit in a case where any to-be-
watched vehicle is detected according to an exem-
plary embodiment of the present invention;

Fig. 19is aflowchartillustrating an exemplary vehicle
drive information process in a case where the navi-
gation control unit transmits and receives vehicle
drive information to/from another vehicle according
to an exemplary embodiment of the present inven-
tion;

Fig. 20 is a view illustrating an exemplary embodi-
ment of accumulating vehicle drive information re-
ceived from each of the other vehicles in the other
vehicle drive information storing unit included in the
navigation control unit in a case where any to-be-
watched vehicle is detected according to an exem-
plary embodiment of the present invention;

Fig. 21 is a view illustrating a case where an error
occurs upon accumulating vehicle drive information
received from each of the other vehicles in the other
vehicle drive information storing unit included in the
navigation control unit in a case where any to-be-
watched vehicle is detected according to an exem-
plary embodiment of the present invention;

Fig. 22 depicts a vehicle arrangement for illustrating
an exemplary case where its own vehicle performs
radio communication with the other vehicles accord-
ing to an exemplary embodiment of the present in-
vention;

Fig. 23 is aflowchartillustrating an exemplary vehicle
drive information process in a case where the navi-
gation control unit performs a transmission and re-
ception process of vehicle drive information with an-
other vehicle and a transmission and reception proc-
ess with a roadside unit according to an exemplary
embodiment of the present invention;

Fig. 24 is a flowchart illustrating an exemplary recep-
tion process of information from the roadside unit in
the vehicle drive information process by the naviga-
tion control unit according to an exemplary embod-
iment of the present invention;
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Fig. 25 is a block diagram illustrating an exemplary
on-board communication device according to an ex-
emplary embodiment of the present invention;

Fig. 26 is a block diagram illustrating an exemplary
construction of a navigation control unit included in
an on-board communication device according to an
exemplary embodiment of the present invention;
Figs. 27A and 27B are a view illustrating exemplary
content of vehicle drive information according to an
exemplary embodiment of the present invention;
Fig. 28 is a block diagram illustrating an exemplary
construction of a mobile terminal according to an ex-
emplary embodiment of the present invention;
Figs. 29A and 29B are views illustrating exemplary
content of pedestrian information according to an ex-
emplary embodiment of the present invention;

Fig. 30 depicts a vehicle-pedestrian arrangement for
illustrating the location of a moving vehicle and a
moving pedestrian after p seconds from the location
atthefirsttime, and acommunication area according
to an exemplary embodiment of the present inven-
tion;

Fig. 31 is a flowchart illustrating an exemplary case
where a mobile terminal carried by a pedestrian
transmits and receives vehicle drive information and
pedestrian information to/from a vehicle according
to an exemplary embodiment of the present inven-
tion;

Fig. 32 is aflowchartillustrating an exemplary vehicle
drive information process in a case where the navi-
gation control unit performs a transmission and re-
ception process of vehicle drive information with an-
other vehicle and a transmission and reception proc-
ess with a mobile terminal carried by a surrounding
pedestrian according to an exemplary embodiment
of the present invention;

Fig. 33 is a flowchart illustrating an exemplary recep-
tion process of pedestrian information from a mobile
terminal in a vehicle drive information process by the
navigation control unit according to an exemplary
embodiment of the present invention; and

Fig. 34 is a flowchart illustrating an exemplary inter-
vehicle communication process in the vehicle infor-
mation processing unit 505 included in the mobile
terminal A 500 according to an exemplary embodi-
ment of the present invention.

DETAILED DESCRIPTION OF THEILLUSTRATED EM-
BODIMENTS

[0023] Hereinafter, exemplary embodiments of the
present invention will be described in more detail with
reference to accompanying drawings. In addition, the
same reference numerals refer to the same constitutional
elements in the drawings, and therefore, repetitive de-
scriptions will be omitted.
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First Embodiment

[0024] In the first embodiment, in a case where there
is a vehicle that calls a driver’s attention around its own
vehicle, driver attention information is displayed on a nav-
igation device display unit, and the vehicle ID (Identifica-
tion) of the detected vehicle is added to its own vehicle
transmission information to be transmitted.

[0025] The traffic information communication system
according to the first embodiment of the presentinvention
will be described with reference to accompanying draw-
ings. Fig. 1 is a block diagram illustrating a construction
of an on-board unit in a traffic information communication
system according to an exemplary embodiment of the
present invention.

[0026] The reference numeral "400" refers to its own
vehicle, and "401" refers to a vehicle A.

[0027] In its own vehicle 400, the reference numeral
"100" refers to a navigation unit equipped with a naviga-
tion function that guides a driver to a destination, "101"
refers to a navigation control unit that performs a control
process of each unit included in the navigation unit 100,
"102" refers to an output unit, such as a speaker that
output voice information or a monitor that displays image
information, and "103" refers to an input unit that enables
the driver to perform an input operation, such as setup
of a destination, to the navigation unit 100. Further, the
reference numeral "200" refers to a communication de-
vice unit that wirelessly communicates vehicle driver in-
formation that represents a vehicle driving conditions with
the vehicle A401, "201" refers to a radio communication
unit that transmits vehicle drive information of its own
vehicle and receives vehicle drive information from the
vehicle A401 that runs around its own vehicle 400, "202"
refers to an antenna that is used for transmission and
reception of radio data from the radio communication unit
201, and "203" refers to a communication control unit
that performs transmission and reception of data be-
tween the communication device unit 200 and the navi-
gation unit 100. Further, the reference numeral "300" re-
fers to an on-board communication unit (an on-board
unit) that includes the navigation unit 100 and the com-
munication device unit 200.

[0028] Its own vehicle 400 is equipped with the on-
board communication unit 300. The vehicle A401, which
drives near its own vehicle 400, is equipped with the on-
board communication unit 300 to perform transmission
and reception of vehicle drive information. The vehicle
drive information that is communicated by the communi-
cation device unit 200 includes, for example, its own ve-
hicle ID, a drive location, a speed, a drive direction, a
brake, and an accelerator state. Detailed descriptions
will be given with reference to Figs. 5A and 5B.

[0029] In Fig. 1, the navigation control unit 101 per-
forms a process of guiding a driver to a designated des-
tination by input information inputted from the input unit
103. When the driver enters the destination through the
input unit 103, road information from the current location
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of its own vehicle 400 up to the destination is searched
to display path information of driving road on the output
unit 102.

[0030] The drive location of its own vehicle is pinpoint-
ed on the map displayed on the output unit 102 during
drive and driving guide information is outputted by a voice
through the output unit 102 to guide the driver up to the
destination. Vehicle drive information received from the
on-board communication unit 300 equipped in the other
vehicle A401 received via the communication control unit
203 is analyzed to display the analyzed information on
the output unit 102.

[0031] The output unit 102 may include a display that
displays various types of information such as map infor-
mation or traffic congestion information that is outputted
by the navigation control unit 101 or a speaker that au-
dibly outputs route guide information that is outputted by
the navigation control unit 101 under the control of the
navigation control unit 101. It should be noted that the
output unit 102 is not limited to a device or apparatus for
displaying images, or a device or apparatus for outputting
voice information, and may include other devices or ap-
paratuses that provide information to a driver, operator,
or manipulator. For example, the output unit 102 may
include a vibrating device or apparatus that makes a no-
tification of attention or warning information by vibration.
[0032] The input unit 103 is an operation unit for en-
tering predetermined processing operation requests or
various types of information necessary for the driver to
set up a destination, for which its own vehicle 400 is head-
ing, to the navigation unit 100 and this includes an input
operation panel (keyboards, touch panels, etc.). The var-
ious types of information entered by the driver through
the input unit 103 are outputted to the navigation control
unit 101. It should be noted that the input unit 103 is not
limited to a device or apparatus used as the input oper-
ation panel, or a device or apparatus of outputting voice
information, and may include other devices or appara-
tuses that are operated and inputted according to a driv-
er’s, an operator’s, or a manipulator’s intentions, opera-
tions, or variation of biological information. For example,
the input unit 103 may include a device or apparatus of
detecting the sightline, motions of an eye, a face, direc-
tion of a head, a slope, an angle, rotation, motion, bio-
logical information including a pulse, blood pressure, etc.
to perform an input process.

[0033] Fig. 2 is a block diagram illustrating an exem-
plary construction of the navigation control unit 101
shown in Fig. 1. The reference numeral "1011" refers to
an acceleration sensor that detect the vehicle speed,
"1012" refers to a GPS (Global Positioning System) that
obtains information on a place or location of a vehicle,
"1013" refers to a gyro that detects the traveling direction
of avehicle, "1014" refers to a map information recording
unit that records map information for displaying a current
place or destination, "1015" refers to a vehicle information
acquisition unit that acquires vehicle drive information on
a driving conditions, "1016" refers to other vehicle drive
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information storing unit that stores vehicle drive informa-
tion on a driving conditions that is received from other
vehicles, and "1017" refers to a control unit that controls
the navigation unit 100.

[0034] In Fig. 2, the acceleration sensor 1011 detects
the speed of its own vehicle 400 and simultaneously out-
puts an electrical signal representing the detected speed
to the control unit 1017.

[0035] The GPS 1012 obtains current location infor-
mation of its own vehicle 400 and simultaneously outputs
the obtained current location information of its own vehi-
cle 400 to the control unit 1017 by communicating with
plural GPS satellites.

[0036] The gyro 1013 detects the traveling direction of
its own vehicle 400 and simultaneously outputs the de-
tected traveling direction of its own vehicle 400 to the
control unit 1017.

[0037] The map information recording unit 1014
records map information for displaying the current loca-
tion or destination of its own vehicle 400 to the output
unit 102 under the control of the control unit 1017. The
map information recording unit 1014 outputs designated
map information in response to a request from the control
unit 1017.

[0038] The vehicle information acquisition unit 1015
obtains and outputs an operation state of its own vehicle
400 such as a drive speed, rotational number or torque
of an engine, brake, accelerator state, and the like in
response to a request from the control unit 1017.
[0039] The control unit 1017 performs each process
to be described later in response to a request or various
types of information inputted from the input unit 103. Dur-
ing drive, the control unit 1017 acquires a vehicular speed
detection signal from the acceleration sensor 1011, acur-
rent location information of its own vehicle 400 from the
GPS 1012, and traveling direction information of its own
vehicle 400 from the gyro 1013, reads map information
on surroundings of a drive position of its own vehicle
among the map information recorded in the map infor-
mation recording unit 1014, and displays a drive location
of its own vehicle on the output unit 102. Further, the
rotational number or torque of the engine may be adapted
to be obtained based on a control signal processed by a
control system of the engine or a detection signal detect-
ed upon control.

[0040] In a case where a driver inputs a destination
through the input unit 103 to perform setup of a navigation
drive request that guides the driver up to the destination,
the control unit 1017 calculates a drive path from the
current location up to the destination to perform a guiding
process up to the destination along the designated route
by output of a voice orimage. Further, the communication
device unit 200 (the communication control unit 203 and
the radio communication unit 201) analyzes vehicle drive
information received from other vehicles and outputs in-
formation on vehicles driving around to the output unit
102.

[0041] A specific example of drive information treated

10

15

20

25

30

35

40

45

50

55

by the control unit 1017 will be described later with ref-
erence to Figs. 5A and 5B.

[0042] Fig. 3 is a block diagram illustrating an exem-
plary construction of the radio communication unit 201
included in the on-board unit shown in Fig. 1. The refer-
ence numeral "2011" refers to a transmission unit that
performs a transmission process of data in response to
a request from a radio communication processing unit
2014, "2012" refers to a reception unit that receives data
from the antenna 202, "2013" refers to a switch that
switches between a transmission process and a recep-
tion process, and "2014" refers to the radio communica-
tion processing unit that performs a switching process of
the switch 2013 and input/output of data to the transmis-
sion unit 2011, the reception unit 2012, and the commu-
nication control unit 203.

[0043] In Fig. 3, the radio communication processing
unit 2014 checks a usage situation of surrounding radio
transmission channels upon receiving a data transmis-
sion request from the communication control unit 203,
and, if no channels are used, sets up transmission data
to the transmission unit 2011 so that the switch 2013
switches to the transmission unit 2011 side to perform
data transmission. If any channels are used, the radio
communication processing unit 2014 holds transmission
to avoid collisions of transmission data and performs a
transmission process only after it is confirmed that the
channels are not used any more.

[0044] This access control method for radio commu-
nications is called CSMA/CA (Carrier Sense Multiple Ac-
cess with Collision Avoidance) and has been standard-
izedin IEEE802.11 as an access control scheme for MAC
(Media Access Control) layers of wireless LANs (Local
Area Networks).

[0045] Upon completion of the transmission process,
the switch 2013 switches into the reception unit 2012
side. Further, in a case where data is received to the
reception unit 2012, the data is transmitted to the com-
munication control unit 203 through the radio communi-
cation processing unit 2014.

[0046] Fig. 4 is a block diagram illustrating an exem-
plary construction of the communication control unit 203
included in the on-board unit shown in Fig. 1. The refer-
ence numeral "2031" refers to a navigation interface unit
thatinputs and outputs data to/from the navigation control
unit 101 of the navigation unit 100, "2032" refers to a
communication control processing unit that performs an
input/output control process of data to each of the radio
communication unit 201 and the navigation unit 100,
"2033" refers to a transmission data storing unit that tem-
porarily stores transmission data in response to arequest
from the navigation unit 100, "2034" refers to a reception
data storing unit that temporarily stores reception data
received from the radio communication unit 201, and
"2035" refers to an inter-vehicle communication interface
unit that performs an input/output of data between the
communication control processing unit 2032 and the ra-
dio communication unit 201.
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[0047] Figs. 5A and 5B are views illustrating the con-
tent of exemplary vehicle drive information that is trans-
mitted and received between vehicles according to an
exemplary embodiment of the present invention. Fig. 5A
depicts a table that represents the content of vehicle drive
information that is transmitted and received between ve-
hicles and transmitted to a pedestrian. Further, Fig. 5B
depicts a data format of vehicle drive information trans-
mitted to the communication device unit 200.

[0048] Data items include its own vehicle ID that is a
number specifying its own vehicle, a kind of a vehicle that
represents the type of its own vehicle, a latitude, a lon-
gitude, and an altitude of identifying a place where its
own vehicle is driving, a vehicle speed that represents
the traveling speed of its own vehicle, acceleration that
represents traveling acceleration of its own vehicle, di-
rection that represents traveling orientation of its own ve-
hicle, BRAKE that represents a usage state of a brake,
ACCEL that represents a usage state of an accelerator,
and a to-be-watched vehicle ID that represents a vehicle
ID of a vehicle necessary to watch, which is detected
from vehicle drive information received from the other
vehicles. Data amount, unit, and other contents of each
data item have been represented in Fig. 5A. In addition,
even though the data amount of a to-be-watched vehicle
ID is adapted to have 2 bytes in Fig. 5B, data amount of
more than 2 bytes may be adopted to cope with plural
vehicles.

[0049] Moreover, even though the content of BRAKE
or ACCEL has been adapted to have "ON:OFF" in Fig.
5A, the present invention is not limited to the two-value
information, and may adopt such information that se-
quentially represents dataamountin response to a usage
state of the brake or accelerator.

[0050] When receiving the vehicle drive information,
the navigation control unit 101 converts the vehicle drive
information into the vehicle drive information data format
shown in Figs. 5A and 5B and then request a transmis-
sion to the communication device unit 200.

[0051] Fig. 6 depicts a vehicle arrangement for illus-
trating an exemplary case where its own vehicle 400 per-
forms radio communication with the other vehicles ac-
cording to an exemplary embodiment of the present in-
vention.

[0052] The reference numeral "402" refers to a two-
wheeled vehicle that is equipped with the on-board com-
munication unit 300 similarly to the vehicle A401 and
drives near its own vehicle 400, "403" refers to a vehicle
B that is equipped with the on-board communication unit
300 similarly to the vehicle A401 and drives near its own
vehicle 400, "404" refers to a vehicle C that is equipped
with the on-board communication unit 300 similarly to the
vehicle A401 and drives around its own vehicle 400, "405"
refers to a vehicle D that is equipped with the on-board
communication unit 300 similarly to the vehicle A401 and
drives around its own vehicle 400, "406" refers to a ve-
hicle E thatis equipped with the on-board communication
unit 300 similarly to the vehicle A401 and drives around
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its own vehicle 400, and "407" refers to a vehicle F that
is equipped with the on-board communication unit 300
similarly to the vehicle A401 and drives around its own
vehicle 400.

[0053] The reference numeral "800" refers to a com-
munication area A where communication may be done
between the radio communication unit 201 of the on-
board communication unit 300 equipped in its own vehi-
cle 400 and the radio communication unit 201 of the on-
board communication unit 300 equipped in each of the
two-wheeled vehicle 402, the vehicle B403, the vehicle
C404, the vehicle D405, the vehicle E406, and the vehicle
F407 that drive around its own vehicle 400, "810" to an
position"s" where its own vehicle 400 is driving, and "910"
to a position "t" where its own vehicle 400 is driving af-
terwards.

[0054] Fig. 7 is a flowchart illustrating an exemplary
vehicle drive process in a case where the navigation con-
trol unit 101 according to the present invention performs
transmission/reception of vehicle drive information to/
from another vehicle according to an exemplary embod-
iment of the present invention.

[0055] When the navigation control unit 101 starts
processing of vehicle drive information, it is determined
in the step S701 whether or not there is a vehicle drive
information reception notification. If not, the process pro-
ceeds to the step S708 and if any, the process proceeds
to the step S702.

[0056] In the step S702, it is determined whether or
not the to-be-watched vehicle ID of the received vehicle
drive information is identical to its own vehicle ID. If not
identical, the step S707 is performed, and if identical, the
step S703is performed. Thatis, itis confirmed in the step
S702 whether its own vehicle is detected by the other
vehicles as a to-be-watched vehicle.

[0057] Itis determined in the step S703 whether or not
its own vehicle drive information update period is set at
high speed. If not set at high speed, the step S704 is
performed and if set at high speed, the step S706 is per-
formed.

[0058] Inthe step S704, its own vehicle drive informa-
tion update period timer is set at high speed and then the
step S705 is carried out. In the step S705, a high-speed
setup request of the transmission period timer is made
to the communication control unit 203 and then the step
S706 is performed. Here, its own vehicle drive informa-
tion update timeris a period timer that updates the vehicle
drive information of its own vehicle 400. The navigation
control unit 101 obtains the vehicle drive information of
its own vehicle whenever the timer expires, and reacti-
vates the timer. In the meanwhile, the communication
control unit 203 performs a transmission process of the
vehicle drive information set by the navigation control
unit 101 when the transmission period timer expires and
reactivates the transmission period timer. Further, when
receiving a high-speed setup request, the communica-
tion control unit 203 sets the transmission period timer
at high speed, so that the transmission interval of sub-
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sequent its own vehicle drive information becomes short-
er. Detailed descriptions on process by the communica-
tion control unit 203 will be given later with reference to
the flowchart shown in Fig. 10.

[0059] In the step S706, a to-be-watched vehicle ID
detectiontimerrestarts, and then step S707 is performed.
Here, the to-be-watched vehicle ID detection timer is a
timer that determines whether its own vehicle set as a
to-be-watched vehicle is maintained as the to-be-
watched vehicle from the other vehicles. That is, in the
step S706, the timer is updated in the period when its
own vehicle remains as a to-be-watched vehicle, and the
high-speed setup of step S704 is maintained.

[0060] In the step S707, a to-be-watched vehicle de-
tection process is performed and then the step S708 is
performed. That is, it is determined in the step S707
whether or not there exists any to-be-watched vehicle
from data received from the other vehicles, for example,
as described later with reference to Fig. 8.

[0061] In the step S708, it is determined whether or
not its own vehicle drive information update timer is ex-
pires. If it is determined that the timer expires, the step
S709 is performed, and otherwise, the step S710 is per-
formed.

[0062] In the step S709, a vehicle drive information
update process is performed and then the step S710 is
performed. That is, a transmission process of its own
vehicle drive information is performed in the step S709,
for example, as described later with reference to Fig. 9.
[0063] In the step S710, it is determined whether or
not the to-be-watched vehicle information ID detection
timer expires. If it is determined that the timer expires,
the step S711 is performed, and otherwise, the process
shown in Fig. 7 (vehicle drive information process by the
navigation control unit 101) ends.

[0064] In the step S711, the drive information update
period timer of its own vehicle is set as a usual setup and
thenthe step S712is performed. Thatis, inthe step S711,
the timer update process set in the step S706 is not ex-
ecuted and its own vehicle is determined to be released
from setup as the to-be-watched vehicle, so that the setup
of the timer returns to the usual transmission period of
its own vehicle drive information.

[0065] Inthe step S712, the transmission period timer
of the communication control unit 203 is set as a usual
setup and then the process shown in Fig. 7 ends.
[0066] Fig. 8 is a flowchart illustrating an exemplary
detection process of detecting a to-be-watched vehicle
among vehicles driving around its own vehicle in the ve-
hicle drive information process by the navigation control
unit 101 according to an exemplary of the present inven-
tion. Although a left-turn drive support process is exem-
plified in the flowchart where the two-wheeled vehicle
402 approaching its own vehicle 400 at a left and rear
side is detected as a to-be-watched vehicle in Fig. 6 when
its own vehicle 400 is about to turn left at the front inter-
section in front thereof, other drive support processes
such as aright-turn drive support process or anti-collision
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support process may also be carried out.

[0067] Forexample, ato-be-watched vehicle detection
process is executed in the step S707 and then the step
S708 is performed. That is, it is determined in the step
S707 whether or not there is any to-be-watched vehicle
through data received from the other vehicles as de-
scribed in the exemplary embodiment shown in Fig. 8.
[0068] To begin with, the received vehicle drive infor-
mation is stored in the other vehicle drive information
storing unit 1016 in the step S801 and then the step S802
is performed.

[0069] In step 802, the distance and location from its
own vehicle are calculated from information on locations
and directions of its own vehicle and another vehicle in
the step S802 and then the step S803 is performed.
[0070] Itis determined in the step S803 whether or not
its own vehicle is approaching a left-turn intersection from
drive information, such as location of its own vehicle, and
map information. If approaching, the step S804 is per-
formed, and otherwise, the step S810 is performed.
[0071] In the step S804, it is determined whether or
not a two-wheeled vehicle is detected at the rear side of
its own vehicle. If detected, the step S805 is performed,
and otherwise, the step S810 is performed.

[0072] In the step S805, it is determined whether or
not any two-wheeled vehicle already displayed is detect-
ed. If detected, the step S808 is performed, and other-
wise, the step S806 is performed.

[0073] In the step S806, information shown in Fig. 13
is displayed on the output unit 102, notifying a two-
wheeled vehicle approaching at a rear side. The process
proceeds to the step 807.

[0074] In the step S807, the received vehicle ID is set
as a to-be-watched vehicle ID of its own vehicle trans-
mission information and then the process shown in Fig.
8 ends (or, the step S708 shown in Fig. 7 is performed).
[0075] In the step S808, it is determined whether or
not there is updated the data previously received. If up-
dated, the step S809 is executed to perform an update
of the position in which the approaching vehicle is indi-
cated, and otherwise, the process shown in Fig. 8 ends
(or, the step S708 shown in Fig. 7 is performed).
[0076] In the step S810, it is determined whether or
not such information that a two-wheeled vehicle is ap-
proaching at a rear side is displayed. If displayed, the
step S811 is performed, and otherwise, the process
shown in Fig. 8 ends (or, the step S708 shown in Fig. 7
is performed).

[0077] Inthe step S811, such information that the two-
wheeled vehicle is approaching at the rear side is paused
to be displayed and then the step S812 is performed.
[0078] In the step S812, the setup of the vehicle drive
information of its own vehicle as the to-be-watched ve-
hicle ID done in the step S807 is released, and then the
process shown in Fig. 8 ends (or, the step S708 shown
in Fig. 7 is performed).

[0079] Fig. 9 is a flowchart illustrating an exemplary
update process of vehicle drive information in a transmit-
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ted vehicle drive information process performed by the
navigation control unit 101 according to an exemplary
embodiment of the present invention.

[0080] Forexample, avehicle drive information update
process is performed in the step S709 of Fig. 7, and then
the step S710 is performed. That is, a drive information
update process of its own vehicle is performed in the step
S709 as described with reference to Fig. 9.

[0081] Firstly, its own vehicle drive information is ob-
tained in the step S901, and then the step S902 is per-
formed. Its own vehicle drive information includes, for
example, items or contents shown in Figs. 5A and 5B.
[0082] In the step S902, an update request of its own
vehicle drive information (transmission request of its own
vehicle drive information) is made to the communication
control unit 203, and then the step S903 is performed.
[0083] In the step S903, the drive information update
period timer of its own vehicle is restarted, and then the
process shown in Fig. 9 ends (or, the step S710 shown
in Fig. 7 is performed).

[0084] Fig. 10 is a flowchart illustrating an exemplary
control process performed by the communication control
unit 203 according to an exemplary embodiment of the
present invention. In the flowchart shown in Fig. 10, a
data reception process of data from the radio communi-
cation unit 201, an update request process of vehicle
drive information from the navigation unit 100, and a
transmission request process of vehicle drive information
are performed.

[0085] Inthe step S1001, itis determined by the radio
communication unit 201 whether or not data is received.
If received, the step S1002 is performed, and otherwise,
the step S1003 is performed.

[0086] In the step S1002, a data reception process is
performed by the communication control processing unit
2032, and then the step S1003 is performed. Detailed
descriptions on the exemplary embodiment will be given
later with reference to Fig. 11.

[0087] In the step S1003, it is determined whether or
not a vehicle drive information update request is received
from the navigation unit 100. If received, the step S1004
is performed, and otherwise, the step S1005 is per-
formed.

[0088] In the step S1004, a vehicle drive information
update process is performed, and then the step S1005
is performed.

[0089] In the step S1005, it is determined whether or
not a setup request of the vehicle drive information trans-
mission period timer is received from the navigation unit
100. If received, the step S1006 is performed, and oth-
erwise, the step S1007 is performed.

[0090] In the step S1006, an update process of the
transmission period timer setup is performed, and then
the step S1007 is performed. That is, a variation request
of the timer setup performed in the step S705 or step
S702 is received in the step S1006 to set a transmission
period.

[0091] In the step S1007, it is determined whether or
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not the transmission period timer of its own vehicle drive
information is ended. If ended, the step S1008 is per-
formed, and otherwise, the process shown in Fig. 10
ends.

[0092] In the step S1008, a transmission data setup
instruction is made to the radio communication unit 201,
and the step S1009 is performed.

[0093] Inthestep S1009, the transmission period timer
is restarted, and then the process shown in Fig. 10 ends.
[0094] Fig. 11 is a flowchart illustrating the detail of an
exemplary data reception process by the communication
control unit 203 according to an exemplary embodiment
of the present invention. Fig. 11 depicts, for example, a
data reception process performed by the communication
control processing unit 2032 in the step S1002 of Fig. 10.
[0095] In the step S1101, it is determined whether or
not there is reception data received in the reception data
storing unit 2034. Ifitis determined that there is reception
data, the step S1102 is performed, and otherwise, the
process shown in Fig. 11 ends, and then, for example,
the step S1003 shown in Fig. 10 is performed.

[0096] In the step S1102, it is determined whether or
not the reception data has been received. If received, the
step S1103 is performed, and otherwise, the step S1104
is performed.

[0097] In the step S1103, such data as already re-
ceived is discarded and then the process shown in Fig.
11 ends.

[0098] In the step S1104, data stored in the reception
data storing unit 2034 is outputted to the navigation unit
100, and then the process shown in Fig. 11 ends.
[0099] Fig. 12 is a flowchart illustrating transmission
and reception of vehicle drive information between its
own vehicle and a two-wheeled vehicle in an exemplary
processing operation of the vehicle drive information in
a case where the two-wheeled vehicle 402 is detected
as a to-be-watched vehicle by its own vehicle 400 ac-
cording to an exemplary embodiment of the present in-
vention. The direction of time lapsing is from top to down
in Fig. 12.

[0100] InFig. 12, its own vehicle 400 executes a trans-
mission process S1201 of vehicle drive information while
drive. In this case, its own vehicle 400 broadcasts vehicle
drive information S1202 at time mO0, and thereafter, con-
tinues to broadcast the vehicle drive information S1202
every time interval s[s] (times m1, m2, m3, m4, m5,
me, ...).

[0101] Inthe meanwhile, the two-wheeled vehicle 402
executes a transmission process S1203 of vehicle drive
information. In this case, the two-wheeled vehicle 402
receives the vehicle drive information transmitted from
its own vehicle 400 at time mO and transmits drive infor-
mation S1204 of its own vehicle (the two-wheeled vehicle
402) attime w1. Thereafter, the two-wheeled vehicle 402
continues to transmit the drive information S1204 every
time interval [s] (times w2, w3, and w4).

[0102] Itsownvehicle 400 designates the two-wheeled
vehicle 402 as a to-be-watched vehicle at time m2, and
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adds a to-be-watched vehicle ID to the vehicle drive in-
formation and transmits it (S1204). At this time, the two-
wheeled vehicle 402 receives the vehicle drive informa-
tion to which the to-be-watched vehicle ID is added and
recognizes that its own vehicle has been considered as
the to-be-watched vehicle. As its own vehicle becomes
considered as a to-be-watched vehicle, the two-wheeled
vehicle 402 changes the transmission frequency from
the time interval t[s] to the time interval u[s] (times w5,
w6, w7, w8, w9, w10) which is shorter than the time in-
terval t[s] correspondingly, and then transmits the drive
information of its own vehicle (S1205) (where, t>u).
[0103] Whenitis determined that the two-wheeled ve-
hicle 402 is not designated as the to-be-watched vehicle
any more at time m4, its own vehicle 400 transmits the
vehicle drive information without addition of the to-be-
watched vehicle ID (S1206). The two-wheeled vehicle
402 receives the vehicle drive information and then re-
turns the transmission frequency to the original frequency
based on information regarding release from designation
of its own vehicle as the to-be-watched vehicle (S1207).
That is, the two-wheeled vehicle 402 changes the trans-
mission interval setup of the vehicle drive information of
its own vehicle into the time interval t[s].

[0104] Thereafter, its own vehicle 400 broadcasts the
vehicle drive information S1202 at times m5 and m6, and
the two-wheeled vehicle 402 also transmits the vehicle
drive information S1204 at times w11, w12, w13, ...., at
the time interval {[s].

[0105] Fig. 13 is a view illustrating when detecting a
vehicle approaching its own vehicle by the navigation
control unit 101 of the navigation unit 100 receiving the
vehicle drive information from the other vehicles, an ex-
ample of displaying the contents thereof on the output
unit 102. The reference numeral "1301" refers to an in-
dication A when it is notified that there is a two-wheeled
vehicle approaching from a left and rear side.

[0106] Road map information and the approaching
two-wheeled vehicle are displayed on the output unit 102
of the navigation unit 100 equipped in its own vehicle 400
and simultaneously a telop saying, "A two-wheeled ve-
hicle is running at the left and rear side. Please watch
out.", is generated or such a voice is outputted from a
speaker (not shown) included in the output unit 102.
[0107] Fig. 14 is a view illustrating an exemplary
screen displaying it on the output unit 102 that its own
vehicle is detected by the other vehicles a to-be-watched
vehicle by the navigation control unit 101 of the navigation
unit 100 receiving the vehicle drive information from the
other vehicles. The reference numeral "1401" refers to
an indication B when it is notified to the driver that the
self two-wheeled vehicle is detected as a to-be-watched
vehicle by a left-turn signal of the vehicle located at the
right and front side.

[0108] Road map information and the approaching ve-
hicle are displayed on the output unit 102 of the naviga-
tion unit 100 equipped in the two-wheeled vehicle 402
and simultaneously a telop saying, "A vehicle is running
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at the right and front side. Please watch out.", is gener-
ated or such a voice is outputted from a speaker (not
shown) included in the output unit 102.

[0109] Fig. 15 is a view illustrating an exemplary em-
bodiment of accumulating vehicle drive information re-
ceived from each of the other vehicle the other vehicles
in the other vehicle drive information storing unit 1016
included in the navigation control unit 101 in a case where
no to-be-watched vehicles are detected in its own vehicle
400 according to an exemplary embodiment of the
present invention. Fig. 16 is a view illustrating an exem-
plary embodiment of accumulating vehicle drive informa-
tion received from each of the other vehicle the other
vehicles in the other vehicle drive information storing unit
1016 included in the navigation control unit 101 in a case
where any to-be-watched vehicle is detected in its own
vehicle 400 according to an exemplary embodiment of
the present invention.

[0110] When no to-be-watched vehicles are detected
with respect to the horizontal axis, time t, as shown in
Fig. 15, "vehicle A, vehicle B, vehicle C, vehicle D, vehicle
E, vehicle F, two-wheeled vehicle, vehicle A, vehicle B,
vehicle C, vehicle D, vehicle E, vehicle F, two-wheeled
vehicle, vehicle A, vehicle B, vehicle C, vehicle D, ..." and
drive information of the whole vehicles are stored in the
other vehicle drive information storing unit 1016 at the
same time interval. Accordingly, the drive information is
stored at the same time interval (time m) with respect to
all the vehicles including the two-wheeled vehicle 402.
[0111] When a to-be-watched vehicle is detected,
however, vehicle A, vehicle B, vehicle C, two-wheeled
vehicle, vehicle D, vehicle E, vehicle F, two-wheeled ve-
hicle, vehicle A, vehicle B, vehicle C, two-wheeled vehi-
cle, vehicle D, vehicle E, vehicle F, two-wheeled vehicle,
vehicle A, vehicle B,..." and drive information of the two-
wheeled vehicle 402 deemed as a to-be-watched vehicle
are transmitted at a shorten transmission period (time
interval n, where n<m). Therefore, only the drive infor-
mation from two-wheeled vehicle 402 is frequently re-
ceived and this raises receiving success rate of the drive
information of the two-wheeled vehicle 402.

[0112] Fig.17isaviewillustrating a state where vehicle
drive information is stored when a communication error
occurs while the vehicle drive information received from
each of the other vehicle the other vehicles is accumu-
lated in the other vehicle drive information storing unit
1016 included in the navigation control unit 101 in a case
where no to-be-watched vehicles are detected according
to an exemplary embodiment of the present invention.
[0113] Fig.18isaviewillustrating a state where vehicle
drive information is stored when a communication error
occurs while the vehicle drive information received from
each of the other vehicle the other vehicles is accumu-
lated in the other vehicle drive information storing unit
1016 included in the navigation control unit 101 in a case
where any to-be-watched vehicle is detected according
to an exemplary embodiment of the present invention.
[0114] It Fig. 17, when a reception error occurs upon
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reception of drive information of the two-wheeled vehicle
402, the interval (time p) from the reception time to when
the next drive information of the two-wheeled vehicle 402
is received is lengthened, and if no to-be-watched vehicle
is detected, it needed to be waited as much correspond-
ingly.

[0115] It is found, however, that in a case where any
to-be-watched vehicle is detected, the transmission in-
terval is shortened (time q, where q<p) when a reception
error occurs upon reception of drive information of the
two-wheeled vehicle 402 which is a to-be-watched vehi-
cle, and thus the interval from the reception time to when
the next drive information of the two-wheeled vehicle 402
is shortened, and the reception time or interval is re-
duced.

[0116] In addition, the two-wheeled vehicle 402 which
recognized that its own vehicle has been considered as
a to-be-watched vehicle increased the transmission fre-
quency of its drive information in the above exemplary
embodiment. However, transmission power alone or
both the transmission power and transmission frequency
may also be adapted to be increased as well as increase
of the transmission frequency.

[0117] Asdescribed above, its own vehicle obtains ve-
hicle drive information of a to-be-watched vehicle to en-
sure safety until its own vehicle drives at a safe location
upon finding the to-be-watched vehicle while driving ac-
cording to the first embodiment. In a case where the to-
be-watched vehicle exists within a caution region, its own
vehicle surely obtain the information on the to-be-
watched vehicle by increasing the transmission frequen-
cy for the to-be-watched vehicle.

[0118] Further, in a case where a number of vehicles
are located near its own vehicle or errors occur due to
deterioration of communication environments, its own
vehicle may improve delay in processing of data received
from the to-be-watched vehicle by increasing the trans-
mission frequency for the to-be-watched vehicle. Second
Embodiment

[0119] Inthe second embodiment, drive warning infor-
mation is displayed on the output unit 102 of the naviga-
tion unit 100 in a case where a vehicle is detected which
is necessary to notify the driver. Then, the detected to-
be-watched vehicle ID is added to the vehicle drive in-
formation of its own vehicle and the added information
is transmitted. Further, transmission frequency of the ve-
hicle drive information of its own vehicle is set low for the
other vehicles than the vehicle having the to-be-watched
vehicle ID among the other vehicles.

[0120] The traffic information communication system
according to the second embodiment of the present in-
vention will be described with reference to the drawings.
[0121] Fig. 19 is a flowchart illustrating an exemplary
vehicle drive information process in a case where the
navigation control unit 101 transmits and receives vehicle
drive information to/from another vehicle according to an
exemplary embodiment of the present invention.

[0122] The flowchart shown in Fig. 19 is the one where
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steps S1801, S1802, S1803, and S1804 are further add-
ed to the flowchart shown in Fig. 7. Here, the added steps
will be only described and the others will be excluded
from the descriptions.

[0123] In Fig. 19, it is determined by the navigation
control unit 101 in the step S701 whether or not there is
a vehicle drive information reception notification and if
not, the step S708 is performed, and if any, the step
S1801 is performed.

[0124] In the step S1801, it is determined whether or
not its own vehicle ID setup is included in designation of
a to-be-watched vehicle ID of the received vehicle drive
information. If included, the step S702 is performed, and
otherwise, the step S707 is performed. That is, in a case
where its own vehicle ID setup is included in the to-be-
watched vehicle ID, in the step S1801, the transmission
periodinterval is changed to be short (to have high-speed
transmission frequency) for the to-be-watched vehicle
and transmission period interval is changed to be long
(to have low-speed transmission speed) for the other ve-
hicles than the to-be-watched vehicle. Further, in a case
where there is no setup of the to-be-watched vehicle ID,
adetection process of the other vehicle the other vehicles
are performed.

[0125] In the step S702, it is determined whether or
not the received to-be-watched vehicle ID is identical to
its own vehicle ID. If not identical, the step S1802 is per-
formed, and if identical, the step S703 is performed. That
is, in the step S702, it is confirmed whether or not its own
vehicle has been detected as a to-be-watched vehicle
by the other vehicles.

[0126] In the step S1802, it is determined whether or
not its own vehicle drive information update period is set
to be long (to have low-speed transmission frequency).
If not, the step S1803 is performed, and if set to have
low-speed transmission frequency, the step S706 is per-
formed.

[0127] Instep S1803, the drive information update pe-
riod timer of its own vehicle is set to have a low speed,
and then the step S1804 is performed.

[0128] Inthe step S1804, the transmission period timer
in the communication control unit 203 is set to have a
low speed, and the S706 is performed.

[0129] The other steps are equal to those shown in
Fig. 7.
[0130] Fig. 20 is a view illustrating an exemplary em-

bodiment of accumulating vehicle drive information re-
ceived from each of the other vehicle the other vehicles
in other vehicle drive information storing unit 1016 includ-
ed in the navigation control unit 101 in a case where any
to-be-watched vehicle is detected according to an exem-
plary embodiment of the present invention.

[0131] Fig. 21 is a view illustrating a case where an
error occurs upon accumulating vehicle drive information
received from each of the other vehicle the other vehicles
in the other vehicle drive information storing unit 1016
included in the navigation control unit 101 in a case where
any to-be-watched vehicle is detected according to an
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exemplary embodiment of the present invention.

[0132] Fig. 20 depicts that reception frequency of ve-
hicle drive information of the to-be-watched two-wheeled
vehicle 402 is increased according to increase of the
transmission frequency of the two-wheeled vehicle 402
and thus decrease of the transmission frequency of the
vehicles other than the to-be-watched vehicle.

[0133] Fig. 21 depicts a situation where a communica-
tion error occursin the case of the transmission frequency
shown in Fig. 20. It can be seen that even though such
a communication errors occurs upon transmission of the
vehicle drive information of the two-wheeled vehicle 402,
the interval from the first reception of data (vehicle drive
information) from the two-wheeled vehicle 402 to the next
reception is shorten because the transmission interval is
short.

[0134] Asdescribed above, its own vehicle obtains ve-
hicle drive information of a to-be-watched vehicle to con-
firm its safety until driving at a safe location in a case
where its own vehicle detects existence of the to-be-
watched vehicle while driving according to the second
embodiment. In a case where the to-be-watched vehicle
is existent within a caution region, its own vehicle increas-
es the transmission frequency of the to-be-watched ve-
hicle to reduce the communication frequency of the other
vehicles than the to-be-watched vehicle, and this enables
its own vehicle to obtain the information on the to-be-
watched vehicle more surely.

[0135] Further, its own vehicle may improve delay in
processing data received from the to-be-watched vehicle
in a case where a number of vehicles exist around its
own vehicle or errors occur due to deterioration of com-
munication environments.

[0136] In addition, the vehicle which recognized that
its own vehicle has been considered as a to-be-watched
vehicle increased the transmission frequency of its drive
information in the above exemplary embodiment. How-
ever, transmission power alone or both the transmission
power and transmission frequency may also be adapted
to be increased as well as increase of the transmission
frequency.

Third Embodiment

[0137] Inthe third embodiment, drive warning informa-
tion is displayed on a navigation device display unit for
a driver in a case where a vehicle is detected which is
necessary to notify to the driver. Then, the detected to-
be-watched vehicle ID is added to the transmission in-
formation of its own vehicle and the added information
is transmitted. Transmission frequency is set to be low
for the other vehicles than the vehicle having the to-be-
watched vehicle ID among the other vehicles. Further, in
a case where a roadside unit is installed around, a re-
quest is made to lower the frequency of transmission of
information to the roadside unit.

[0138] The traffic information communication system
according to the third embodiment of the present inven-
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tion will be described with reference to Fig. 22, Fig. 23,
and Fig. 24.

[0139] Fig. 22 depicts a vehicle arrangement for illus-
trating an exemplary case where its own vehicle 400 per-
forms radio communication with the other vehicles and
a roadside unit 2201 installed at an intersection in the
traffic information communication system according to
an exemplary embodiment of the present invention. The
reference numeral "2201" refers to a roadside unit that
performs transmission and reception of traffic information
or disaster information to/from a vehicle by radio com-
munications. The other constitutional elements are equal
to those shown in Fig. 6.

[0140] Fig. 23 is a flowchart illustrating an exemplary
vehicle drive information process in a case where the
navigation control unit 101 performs a transmission and
reception process of vehicle drive information with an-
other vehicle and a transmission and reception process
with the roadside unit 2201 according to an exemplary
embodiment of the present invention.

[0141] Fig. 24 is a flowchart illustrating an exemplary
reception process of information from the roadside unit
2201 in the vehicle drive information process by the nav-
igation control unit 101 according to an exemplary em-
bodiment of the present invention.

[0142] The flowchart shown in Fig. 23 is the one where
steps S2301 and S2302 are further added to the flowchart
shown in Fig. 7. Here, the added steps will be only de-
scribed and the others will be excluded from the descrip-
tions.

[0143] When processing of vehicle drive information
is started by the navigation control unit 101, it is deter-
mined in the step S2301 whether or not there is a recep-
tion notification from the roadside unit 2201. If any, the
step S2302 is performed, and otherwise, the step S701
is performed.

[0144] Inthe step S2302, information is received from
the roadside unit 2201, and the step S701 is performed.
[0145] The step S701 is equal to that shown in Fig. 7.
[0146] The step S2302 will be described in more detail
with reference to Fig. 24.

[0147] In Fig. 24, it is firstly determined in the step
S2401 whether or not detection of any to-be-watched
vehicle is in progress. If not, the step S2402 is performed,
and if in progress, the step S2405 is performed.

[0148] In the step S2402, it is determined whether or
not a request is being made to the roadside unit 2201 to
lower the transmission frequency. If being requested, the
step S2403 is performed, and otherwise, the step S2404
is performed.

[0149] Inthestep S2403, arequestis madetotheroad-
side unit 2201 to normalize the transmission frequency
of traffic information or disaster information transmitted
from the roadside unit 2201, and then the step S2404 is
performed.

[0150] Inthe step S2404, such information as received
from the roadside unit 2201 is displayed and then the
process shownin Fig. 24 (the step S2302in Fig. 23) ends.
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[0151] Further, in the step S2405, a request is made
to the roadside unit 2201 to lower the transmission fre-
quency to reduce the transmission frequency of traffic
information or disaster information transmitted from the
roadside unit 2201, and then the process shown in Fig.
24 (the step S2302 in Fig. 23) ends.

[0152] Its own vehicle obtains vehicle drive information
of a to-be-watched vehicle to confirm its safety until driv-
ing at a safe location in a case where its own vehicle
detects existence of the to-be-watched vehicle while driv-
ing according to the above-described third embodiment.
In a case where the to-be-watched vehicle is existent
within a caution region, its own vehicle increases the
transmission frequency of the to-be-watched vehicle to
reduce the frequency of communication with the roadside
unit and the other vehicles than the to-be-watched vehi-
cle, and this enables its own vehicle to obtain the infor-
mation on the to-be-watched vehicle more surely.
[0153] Further, its own vehicle may improve delay in
processing data received from the to-be-watched vehicle
in a case where a number of vehicles exist around its
own vehicle or errors occur due to deterioration of com-
munication environments.

[0154] Furthermore, even though traffic information
communication system of the present invention is oper-
ated to reduce the transmission frequency of transmis-
sion to the roadside unit 2201 in the exemplary embod-
iment in a case where the on-board communication unit
300 is detecting any to-be-watched vehicle, a priority may
be set between the traffic information or disaster infor-
mation received from the roadside unit 2201 and the no-
tification processing information from the other vehicles
by inter-vehicle communications, so thatin a case where
the information received from the roadside unit 2201 has
a higher priority, no request of reducing the transmission
frequency is made to the roadside unit 2201 and a re-
quest of decreasing the transmission frequency of vehi-
cle drive information is made to the other vehicles com-
municated by the on-board communication unit 300.

Fourth Embodiment

[0155] In the fourth embodiment, when detecting a pe-
destrian approaching its own vehicle, its own vehicle
adds the detected terminal ID to the vehicle drive infor-
mation and transmits the added information. This ena-
bles the received mobile terminal to recognize the exist-
ence of any dangerous vehicle through the notification
from the vehicle. Further, there is no need of calculating
the distance between his/her location and the vehicle
thanks to the received vehicle information, and this en-
ables save consumption power for operating process.
[0156] The traffic information communication system
will be described with reference to Figs. 25 to 34 accord-
ing to the exemplary embodiment of the present inven-
tion.

[0157] Fig. 25 is a block diagram illustrating an exem-
plary on-board communication device (on-board unit) in
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the traffic information communication system according
to an exemplary embodiment of the present invention.
[0158] The reference numeral "400" refers to its own
vehicle, "401" refers to a vehicle A, "600" refers to a pe-
destrian A, and "500" refers to a mobile terminal A carried
by the pedestrian A.

[0159] In its own vehicle 400, the reference numeral
"1000" refers to a navigation unit equipped with a navi-
gation function that guides a driver to a destination,
"2501" to a navigation control unit that performs a control
process of each unit included in the navigation unit 1000,
"102" to an output unit, such as a speaker that outputs
voice information or monitor that displays image informa-
tion, and "103" to an input unit that enables the driver to
make an input, such as setup of a destination, to the
navigation unit 1000. Further, the communication device
unit 200 is equal to that shown in Fig. 1. The reference
numeral "3000" refers to an on-board communication de-
vice that includes the navigation unit 1000 and the com-
munication device unit 200.

[0160] Its own vehicle 400 is equipped with the on-
board communication device 3000. The vehicle A401
drives around its own vehicle 400 and is equipped with
the on-board communication unit 300 to perform trans-
mission and reception of vehicle drive information. The
vehicle drive information that is communicated by the
communication device unit 200 includes, for example, its
ownvehicle ID, adrive location, aspeed, adrive direction,
a brake, and an accelerator state. Detailed descriptions
will be given with reference to Figs. 27A and 27B.
[0161] Fig. 26 is a block diagram illustrating an exem-
plary inner construction of the navigation control unit
2501 according to an exemplary embodiment of the
present invention. The navigation control unit 2501
shown in Fig. 26 is the one where a pedestrian informa-
tion storing unit 2601 is added to the navigation control
unit 101 shown in Fig. 2 to store pedestrian information
received from the mobile terminal A 500 carried by the
pedestrian A600 that is located around. The other con-
structions are equal to those shown in Fig. 2.

[0162] Figs. 27A and 27B are views illustrating exem-
plary content of vehicle drive information transmitted from
its own vehicle 400 to a surrounding pedestrian according
to an exemplary embodiment of the present invention.
Fig. 27A depicts a table representing the content of ve-
hicle drive information that is transmitted and received
between vehicles and transmitted to the pedestrian. Fur-
ther, Fig. 27B depicts a data format of vehicle drive in-
formation transmitted to the communication device unit
200.

[0163] In Figs. 27A and 27B, a new data item "to-be-
watched terminal ID", which is an ID of a detected termi-
nal approaching its own vehicle, is added to the data
items shown in Figs. 5A and 5B, which represents the ID
of a to-be-watched terminal that is detected from the pe-
destrian information received from the mobile terminal
carried by the surrounding pedestrian. In addition, even
though the data amount of a to-be-watched vehicle ID is
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adapted to have 2 bytes in Fig. 27B, data amount of more
than 2 bytes may be adopted to cope with plural vehicles
and plural pedestrians. Moreover, even though the con-
tent of BRAKE or ACCEL has been adapted to have "ON:
OFF" in Fig. 27A, the present invention is not limited to
the two-value information, and may adopt such informa-
tion that sequentially represents dataamountinresponse
to a usage state of the brake or accelerator.

[0164] In Fig. 25, when receiving the vehicle drive in-
formation, the navigation control unit 2501 converts the
vehicle drive information into the vehicle drive information
data format shownin Fig. 27B and submits a transmission
request to the communication device unit 200.

[0165] Fig. 28 is a block diagram illustrating an exem-
plary construction of the mobile terminal A 500 according
to an exemplary embodiment of the present invention,
which receives drive information from the other vehicle
and transmits location information of the self terminal or
pedestrian information that represents the traveling di-
rection to the other vehicle the other vehicles.

[0166] The reference numeral "501" refers to an output
unit that outputs voice information or displays image in-
formation, "502" refers to an input unit that performs an
input operation such as voice input or start of data com-
munication, "503" refers to a mobile terminal radio com-
munication unit that performs radio communication with
a center device or voice call with another mobile terminal,
"504" refers to an inter-vehicle radio communication unit
that performs radio communication with the communica-
tion device unit 200 equipped in a vehicle driving around,
"505" refers to a vehicle information processing unit that
processes and analyzes vehicle drive information re-
ceived from a vehicle driving around to generate pedes-
trian information and performs transmission control,
"506" refers to a location information obtaining unit that
is equipped with a GPS to obtain the location information
(for example, latitude or longitude) and calculates the
traveling direction, and "507" refers to a mobile terminal
control unit that entirely controls the mobile terminal A
500.

[0167] In Fig. 28, when the pedestrian A600 performs
an input operation, such as a voice call or data commu-
nication connection start, through the input unit 502 of
the mobile terminal A 500, the mobile terminal control
unit 507 makes a radio communication connection
processing request to the mobile terminal radio commu-
nication unit 503 in response to the inputted content.
[0168] The mobile terminal radio communication unit
503 conducts radio communication connection with a re-
questing source in response to the connection request
made by the mobile terminal control unit 507 and then
outputs a radio communication connection completion
response to the mobile terminal control unit 507.

[0169] Upon receiving the radio communication con-
nection completion response from the mobile terminal
radio communication unit 503, the mobile terminal control
unit 507 controls the output unit 501 to execute a radio
communication connection notification indication. There-
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after, the mobile terminal control unit 507 carries out data
communication or voice call according to the content in-
putted by the pedestrian A600.

[0170] Further, the mobile terminal control unit 507
controls the output unit 501 to display reception so that
the pedestrian A600 notices the reception whenreceiving
a reception notification from the mobile terminal radio
communication unit 503. Then, the mobile terminal con-
trol unit 507 performs radio communication connection
in response to the content inputted by the pedestrian
AB600 through the input unit 502.

[0171] Figs. 29A and 29B are a view illustrating exem-
plary content of pedestrian information that is transmitted
from the mobile terminal A 500 to the other vehicle ac-
cording to an exemplary embodiment of the present in-
vention, which includes, for example, information on lo-
cation or traveling direction of a pedestrian. Fig. 29A de-
picts a table representing the content of pedestrian infor-
mation transmitted from the mobile terminal of the pe-
destrian. And, Fig. 29B depicts a data format when the
pedestrian information is transmitted to the communica-
tion device unit 200 of its own vehicle 400. Data items
include a portable ID that represents a number specifying
a self mobile terminal, a latitude and longitude that rep-
resent the location of the self mobile terminal, and a di-
rection that represents traveling direction of the pedes-
trian. Data amount, unit, and other contents are repre-
sented with respect to each data item in Fig. 29A.
[0172] In Fig. 28, the vehicle information processing
unit 505 obtains the pedestrian information such as place
and direction from the location information obtaining unit
506, converts the pedestrian information into the pedes-
trian information data format shown in Fig. 29B, and
makes a transmission request to the inter-vehicle radio
communication unit 504 at a predetermined timing.
[0173] Fig. 30 depicts a vehicle-pedestrian arrange-
ment for illustrating the location of the moving vehicle
400, the pedestrian A600 and another pedestrian B610
after p seconds from the location at the first time, and a
communication area according to an exemplary embod-
iment of the present invention. The reference numeral
"510" refers to a mobile terminal B that has the same
construction and functions as the mobile terminal A 500,
"610"to a pedestrian B carrying the mobile terminal B501,
and "900" to a communication area B where communi-
cation may be done by the radio communication unit 201
of the on-board communication device 3000 equipped in
its own vehicle 400 and the inter-vehicle radio commu-
nication unit 504 equipped in the mobile terminal A 500
and the mobile terminal B510. The reference numeral
"810" refers to a position s where its own vehicle 400 was
driving before p seconds, "820" to a position u where the
pedestrian A600 was walking before p seconds, "830" to
a position x where the pedestrian B610 was walking be-
fore p seconds, "910" to a position t where its own vehicle
400 is currently driving, "920" to a position v where the
pedestrian A600 is currently walking, and "930" to a po-
sition y where the pedestrian B601 is currently walking.
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[0174] Fig. 31 is a flowchart illustrating an exemplary
case where the mobile terminal A 500 transmits and re-
ceives vehicle drive information and pedestrian informa-
tion to/from its own vehicle 400 according to an exem-
plary embodiment of the present invention. The direction
of time lapsing is from top to down in Fig. 31.

[0175] InFig. 31, its own vehicle 400 executes a trans-
mission process S3101 of vehicle drive information while
driving. In this case, its own vehicle 400 broadcasts ve-
hicle drive information S3102 at time k0, and thereafter,
continues to broadcast the vehicle drive information
S3102 every time interval s[s] (times k1, k2, ...).

[0176] In the meanwhile, the mobile terminal A 500
receives the vehicle drive information transmitted from
its own vehicle 400 at time kO, and starts a transmission
process S3103 of the pedestrian information S3104 of
the pedestrian at time f1. Thereafter, the mobile terminal
A 500 continues to transmit the pedestrian information
every time interval {[s] (times f2...). For example, the mo-
bile terminal A 500 transmits the pedestrian information
S3105 at time f2.

[0177] In a case where a to-be-watched terminal ID is
added to the vehicle drive information S3106 transmitted
from the communication device unit 200 of its own vehicle
400 attime k3, and itis determined by the mobile terminal
A 500 receiving it that the to-be-watched terminal ID is
the self terminal ID, an attention indication is displayed
(S3107) on the output unit 501 of the mobile terminal A
500, and the pedestrianinformation S3108 is transmitted.
[0178] Thereafter, attimek®, if the navigation unit 1000
of its own vehicle 400 transmits the vehicle drive infor-
mation S3109 without addition of the to-be-watched ter-
minal ID, or the mobile terminal A 500 determines that
the added to-be-watched terminal ID is identical to the
self mobile terminal ID, the mobile terminal A 500 ends
displaying the attention indication on the output unit 501
(S3110).

[0179] Fig. 32 is a flowchart illustrating an exemplary
vehicle drive information process in a case where the
navigation control unit 2501 performs a transmission and
reception process of vehicle drive information with an-
other vehicle and a transmission and reception process
with the mobile terminal A 500 carried by the surrounding
pedestrian A600 according to an exemplary embodiment
of the present invention.

[0180] The flowchart shown in Fig. 32 is the one where
steps S3201 and S3202 are added to the flowchart shown
in Fig. 7. Accordingly, the other steps than the added
steps will be excluded from the descriptions.

[0181] When the navigation control unit 2501 starts
processing of vehicle drive information, it is determined
in the step S3201 whether or not there is any pedestrian
information reception notification. If any, the step S3202
is performed, and otherwise, the step S701 is performed.
[0182] In the step S3202, the received pedestrian in-
formation is subjected to a reception process and the
step S701 is performed.

[0183] The step S701 is equal to that shown in Fig. 7.
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[0184] Fig. 33 is a flowchart illustrating an exemplary
reception process of pedestrian information from the mo-
bile terminal A 500 in a vehicle drive information process
by the navigation control unit 2501 according to an ex-
emplary embodiment of the present invention.

[0185] In Fig. 33, when pedestrian information recep-
tion process starts, the received pedestrian information
is stored in the pedestrian information storing unit 2601
in the step S3301, and then the step S3302 is performed.
[0186] Inthe step S3302, distance from its own vehicle
is calculated from location or direction information, and
then the step S3303 is performed.

[0187] In the step S3303, it is determined whether or
not the distance from its own vehicle becomes shorter
than the previously obtained one. If shorter, the step
S3304 is performed, and otherwise, the step S3310 is
performed.

[0188] In the step S3304, it is determined whether or
not traveling direction of the pedestrian is one approach-
ing its own vehicle. If approaching, the step S3305 is
performed, and otherwise, the step S3310 is performed.
[0189] In the step S3305, the received reception ID of
the mobile terminal is set as an approaching detection
terminal ID, and then step S3306 is performed.

[0190] In the step S3306, it is determined whether or
not the set approaching detection terminal ID is the one
that has already been displayed. If already displayed, the
step S3308 is performed, and otherwise, the step S3307
is performed.

[0191] In the step S3307, a pedestrian approaching
indication is displayed on the output unit 102, and then
the pedestrian information reception process shown in
Fig. 33 ends.

[0192] In the step S3308, it is determined whether or
not the data previously received is updated. If updated,
the step S3309 is performed, and otherwise, the pedes-
trian information reception process shown in Fig. 33
ends.

[0193] In the step S3309, part of updated information
is displayed on the output unit 102, and then the pedes-
trian information reception process shown in Fig. 33
ends.

[0194] In the step S3310, it is determined whether or
not a pedestrian approaching indication is displayed. If
displayed, the step S3311 is performed, and otherwise,
the step S3312 is performed.

[0195] In the step S3311, the pedestrian approaching
indication ends to be displayed and then the step S3312
is performed.

[0196] In the step S3312, it is determined whether or
not the receiving mobile terminal ID is set as a to-be-
watched terminal ID. If set as the to-be-watched terminal
ID, the step S3313 is performed, and otherwise, the pe-
destrian information reception process shown in Fig. 33
ends.

[0197] In the step S3313, the setup as the to-be-
watched terminal ID is released (cleared), and then the
pedestrian information reception process shown in Fig.
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33 ends.

[0198] Fig. 34 is a flowchart illustrating an exemplary
inter-vehicle communication process in the vehicle infor-
mation processing unit 505 included in the mobile termi-
nal A 500 according to an exemplary embodiment of the
present invention.

[0199] In the step S3401, it is determined whether or
not data is received from the inter-vehicle radio commu-
nication unit 504. If received, the step S3402 is per-
formed, and otherwise, the step S3409 is performed.
[0200] In the step S3402, the inter-vehicle radio com-
munication unit 504 is set to be in communication, and
then the step S3403 is performed.

[0201] In the step S3403, it is determined whether or
not the data from the inter-vehicle radio communication
unit 504 is the one that has already been received. If
already received, the step S3404 is performed, and oth-
erwise, the step S3405 is performed.

[0202] In the step S3404, the data is discarded and
then the process shown in Fig. 34 ends.

[0203] In the step S3405, it is determined whether or
not the to-be-watched terminal ID is identical to the self
terminal ID. Ifidentical, the step S3406 is performed, and
otherwise, the step S3407 is performed.

[0204] In the step S3406, a vehicle approaching indi-
cation is displayed on the output unit 501 and then the
step S3407 is performed.

[0205] In the step S3407, it is determined whether or
not a pedestrian information transmission period timer
starts to be activated. If not activated, the step S3408 is
performed, and if activated, the step S3411 is performed.
[0206] In the step S3408, the pedestrian information
transmission period timer starts to be activated and then
the step S3411 is performed.

[0207] Also, itis determined inthe step S3409 whether
or not there is any reception for a predetermined period
of time. If no reception for the predetermined period of
time, the step S3410 is performed and otherwise the step
S3411 is performed.

[0208] If there is no data reception for the predeter-
mined period of time in the step S3410, the inter-vehicle
radio communication unit 504 is set to be in communica-
tion pause, and then the step S3411 is performed.
[0209] In the step S3411, it is determined whether or
not the pedestrian information transmission period timer
is complete to count. If complete, the step S3412 is per-
formed and otherwise the process shown in Fig. 34 ends.
[0210] In the step S3412, it is determined whether or
not the inter-vehicle radio communication unit 504 is in
communication. If in communication, the step S3413 is
performed and otherwise the process shown in Fig. 34
ends.

[0211] In the step S3413, the location information of
the pedestrian is obtained, and then the step S3414 is
performed.

[0212] In the step S3414, pedestrian information is
generated and transmitted, and then the step S3415 is
performed.
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[0213] In the step S3415, the pedestrian information
transmission period timer starts to be activated, and then
the process shown in Fig. 34 ends.

[0214] Thatis, the state of the inter-vehicle radio com-
munication unit 504 is set to be in communication to per-
form a pedestrian information transmission process eve-
ry predetermined period while the inter-vehicle radio
communication unit 504 receives data from the other ve-
hicles, and the state is set to be in communication pause
to stop the pedestrian information transmission process
when the inter-vehicle radio communication unit 504 re-
ceives no data for a predetermined period of time.
[0215] In addition, the pedestrian who recognized that
he/she has been considered as a to-be-watched pedes-
trian increased the transmission frequency of its drive
information in the fourth embodiment. However, trans-
mission power alone or both the transmission power and
transmission frequency may also be adapted to be in-
creased as well as increase of the transmission frequen-
cy.

[0216] Furthermore, a mobile terminal carried by the
pedestrian has been employed in the fourth embodiment.
However, in the fourth embodiment, the presentinvention
is not limited to the mobile terminal and may include any
portable communication device such as professional ra-
dio devices.

[0217] According to the above-described fourth em-
bodiment, the present invention may obtain vehicle drive
information of a to-be-watched vehicle until its own ve-
hicle drives at a safe location in the case of detecting
existence of a to-be-watched pedestrian during drive.
Further, the present invention makes it possible to notify
only the pedestrian who requires caution because the
detection of the to-be-watched pedestrian is performed
when the pedestrian is determined to approach its own
vehicle from checked operations of the pedestrian. Fur-
thermore, the present invention may alleviate processing
load for detection and save battery consumption for the
pedestrian (mobile terminal) because the detection of a
to-be-watched pedestrian is conducted on the vehicle
side.

Claims

1. Aftraffic information communication system in which
an on-board communication device equipped in a
vehicle and a mobile terminal carried by a pedestrian
perform radio communication,
wherein the on-board communication device in-
cludes:

a navigation unit that obtains at least location
information of its own vehicle equipped with the
on-board communication device and vehicle
drive information including a vehicle 1D specify-
ing the communication device; and a communi-
cation device unit that broadcasts the vehicle
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drive information obtained by the navigation unit
at a predetermined frequency and outputs vehi-
cle drive information received from a on-board
communication device of another vehicle or pe-
destrian information received from the mobile
terminal to the navigation unit, and

the navigation unit adds under-detection-of-a-
to-be-watched-vehicle information that detects
a vehicle ID of a to-be-watched vehicle as a to-
be-watched vehicle to vehicle drive information
of its own vehicle and transmits the information
in the case of detecting a vehicle that may affect
the drive safety of its own vehicle from the ve-
hicle drive information received by the on-board
communication device or the pedestrian infor-
mation.

The traffic information communication system ac-
cording to claim 1, wherein the navigation unit of the
communication device adds information that detects
a vehicle ID of a to-be-watched vehicle as a to-be-
watched vehicle to the vehicle drive information of
its own vehicle and transmits the information in the
case of detecting the other vehicle approaching in a
drive direction of its own vehicle from the vehicle
drive information received by the communication de-
vice unit of the on-board communication device.

The traffic information communication system ac-
cording to claim 1 or 2, wherein an on-board com-
munication device of the other vehicle or mobile ter-
minal that receives the under-detection-of-a-to-be-
watched-vehicle information performs at least one
of operations that a transmission frequency of the
own-transmitted vehicle drive information or pedes-
trian information increases and transmission power
of the vehicle drive information or pedestrian infor-
mation increases in a case where the to-be-watched
vehicle ID or to-be-watched terminal ID included in
the received under-detection-of-a-to-be-watched-
vehicle information is identical to its vehicle ID or
terminal ID.

The traffic information communication system ac-
cording to any one of claims 1 to 3, wherein the on-
board communication device of the other vehicle or
mobile terminal that receives the under-detection-of-
a-to-be-watched-vehicle information includes an
output unit outputting information that it is a to-be-
watched vehicle or to-be-watched pedestrian and
notifying a driver or pedestrian in a case where the
received to-be-watched vehicle ID or to-be-watched
terminal ID is identical to its vehicle ID or terminal ID.

The traffic information communication system ac-
cording to any one of claims 1 to 4, wherein the on-
board communication device of the other vehicle or
mobile terminal that receives the under-detection-of-
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a-to-be-watched-vehicle information reduces the
transmission frequency of the own-transmitted vehi-
cle drive information or pedestrian information trans-
mitted from the on-board communication device in
a case where the received to-be-watched vehicle ID
or to-be-watched terminal ID is not identical to its
vehicle ID or terminal ID.

The traffic information communication system ac-
cording to any one of claims 1 to 5, further compris-

ing:
a roadside communication device on a road,

wherein the on-board communication device trans-
mits information that detects a to-be-watched vehicle
to the roadside communication device in the case of
detecting a vehicle or pedestrian that may affect the
drive safety of its own vehicle from the drive infor-
mation or pedestrian information received by the on-
board communication device while receiving road in-
formation wirelessly transmitted from the roadside
communication device.

The traffic information communication system ac-
cording to claim 6, wherein the roadside communi-
cation that receives the under-detection-of-a-to-be-
watched-vehicle information decreases the trans-
mission frequency in a case where transmission pri-
ority of currently transmitted road information is lower
than transmission frequency of the under-detection-
of-a-to-be-watched-vehicle information.

An on-board communication device equipped in a
vehicle to broadcast vehicle drive information of the
vehicle equipped with the on-board communication
device to another vehicle driving around the vehicle,
the on-board communication device comprising a
navigation unit that obtains at least location informa-
tion of its own vehicle equipped with the on-board
communication device and vehicle drive information
including a vehicle ID specifying the communication
device; and a communication device unit that broad-
casts the vehicle drive information obtained by the
navigation unit at a predetermined frequency and
outputs vehicle drive information received from a on-
board communication device of another vehicle to
the navigation unit,

wherein the navigation unit adds under-detection-of-
a-to-be-watched-vehicle information that detects a
vehicle ID of a to-be-watched vehicle as a to-be-
watched vehicle to vehicle drive information of its
own vehicle and transmits the information in the case
of detecting a vehicle that may affect the drive safety
of its own vehicle from the vehicle drive information
received by the on-board communication device.

The on-board communication device according to
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claim 8, wherein the navigation unit adds information
that detects a vehicle ID of a to-be-watched vehicle
as a to-be-watched vehicle to the vehicle drive infor-
mation of its own vehicle and transmits the informa-
tion in the case of detecting the other vehicle ap-
proaching in a drive direction of its own vehicle from
the vehicle drive information received by the com-
munication device unit.

The on-board communication device according to
claim 8 or 9, wherein an on-board communication
device of the other vehicle that receives the under-
detection-of-a-to-be-watched-vehicle information
performs at least one of operations that a transmis-
sion frequency of the own-transmitted vehicle drive
information increases and transmission power of the
vehicle drive information increases in a case where
the to-be-watched vehicle ID included in the received
under-detection-of-a-to-be-watched-vehicle infor-
mation is identical to its vehicle ID.

The on-board communication device according to
any one of claims 8 to 10, wherein the on-board com-
munication device of the other vehicle that receives
the under-detection-of-a-to-be-watched-vehicle in-
formation includes an output device outputting infor-
mation thatitis a to-be-watched vehicle and notifying
adriver in a case where the received to-be-watched
vehicle ID is identical to its vehicle ID.

The on-board communication device according to
any one of claims 8 to 11, wherein the on-board com-
munication device of the other vehicle that receives
the under-detection-of-a-to-be-watched-vehicle in-
formation reduces the transmission frequency of the
own-transmitted vehicle drive information in a case
where the received to-be-watched vehicle ID is not
identical to its vehicle ID.

A mobile terminal carried by a pedestrian to transmit
pedestrian information of the pedestrian to a vehicle
driving around the pedestrian, the mobile terminal
comprising:

a location information obtaining unit that obtains
pedestrian information of the pedestrian carry-
ing the mobile terminal;

an inter-vehicle radio communication unit that
transmits the pedestrian information obtained by
the location information obtaining unit at a pre-
determined transmission frequency while vehi-
cle drive information is received from an on-
board communication device equipped in a ve-
hicle and receives vehicle drive information from
the on-board communication device of the ve-
hicle; and

a vehicle information processing unit that in-
creases the transmission frequency of the pe-
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destrian information in a case where a terminal
ID of a to-be-watched terminal included in the
received vehicle drive information is identical to
the terminal ID of the own mobile terminal.

14. The mobile terminal according to claim 13, further

comprising: an output unit that outputs an attention
indication to the pedestrian carrying the mobile ter-
minal in a case where the terminal ID of the to-be-
watched terminal included in the vehicle drive infor-
mation received by the vehicle information process-
ing unit is identical to the terminal ID of the own mo-
bile terminal.
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