DESCRIPTION

Title of Invention

COMMUNICATION SYSTEM, ON-BOARD UNIT, AND COMMUNICADN

METHOD

Technical Field
[0001]

The present invention relates to a communication
system, an on-board unit, and a communication metho
Background Art

[0002]

As a system in which an on-board unit mounted on a
vehicle transmits and receives information to and f
other devices, for example, PTL 1 (discloses a
communication system in which a server collects veh
information and the like acquired by an on-board un
transmits traffic information generated based on th
collected vehicle information or the like within a
predetermined time (for example, one hour) to the o
unit through an intermediate server.

The server in such a communication system can
generate highly accurate traffic information, based
vehicle information or the like collected from the

plurality of on-board units. However, since the se
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cannot generate the highly accurate traffic informa tion
unless a lot of pieces of vehicle information or th e like
are collected, the frequency of updating the traffi c
information becomes low.

On the other hand, a communication system is known
that performs transmission and reception of informa tion
requiring real-time property, using Vehicle to Vehi cle
(V2V) or the like performing short-range wireless
communication between on-board units located in the
vicinity. For example, in a communication system u sing
V2V, an on-board unit directly communicates with an other
on-board unit mounted on a vehicle traveling in the
vicinity, so it is possible to collect traveling
information in real time such as the approach of ve hicles
to each other and the existence of a vehicle that h as been
suddenly braked.
Citation List

Patent Literature

[0003]

[PTL 1] Japanese Unexamined Patent Application
Publication No. 2014-81872
Summary of Invention
Technical Problem

[0004]



In the known communication system as described abo
different communication methods are used in communi
between the on-board unit and the server and commun
between the on-board units. Therefore, the on-boar
needs to cope with a plurality of communication met
which is a factor of increasing the development cos
the on-board unit.

[0005]

The present invention has been made in view of suc
problems, and an object of the present invention is
provide a communication system, an on-board unit, a
communication method, capable of communicating betw
on-board unit and a server and between on-board uni
using a common communication method.

Solution to Problem

[0006]

According to a first aspect of the present inventi
a communication system (1) includes an on-board uni
that is mounted on a vehicle; a server (30) that ge
traffic information; and a broker (20) that mediate
communication between a plurality of the on-board u
and between the on-board unit and the server.

The on-board unit includes a travel target area
specifying unit (110) that specifies a travel targe

including at least one of a point at which the vehi
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traveling and a point at which the vehicle is sched

travel, among a plurality of areas obtained by divi
map into predetermined ranges; a traveling informat
generation unit (120) that generates traveling info
including the point at which the vehicle is traveli
message transmission unit (101) that among a plural
topics prepared in advance for each of the pluralit
areas, designates a topic indicating the travel tar
area, and transmits to the broker, the designated t
and a message including the traveling information i
association with each other; a message subscription
(102) that designates a topic indicating the travel

area and requests the broker to subscribe to a mess
associated with the topic; and a guidance informati
generation unit (130) that generates guidance infor

in the travel target area, based on a message deliv

from the broker.

The server includes a traveling information

acquisition wunit (302) that requests the broker to
subscribe to a message including the traveling info

of the on-board unit; a traffic information generat
unit (310) that generates traffic information for e
area, based on the traveling information; and a tra
information transmission unit (301) that transmits

broker, a message including the traffic information
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The broker includes a message delivery unit (202)
that delivers a message received from the on-board
and the server, to the on-board unit and the server
designate a topic associated with the message and r
subscription.

With such a configuration, it is possible to
transmit and receive messages associated with each
through the broker between the on-board unit and th
server and between the on-board units. Thus, the o
unit can transmit and receive messages using a comm
communication method, irrespective of whether the o
party that transmits and receives a message is a se
another on-board unit. Therefore, it is possible t
suppress an increase in development cost of the on-
unit by coping with a plurality of communication me

[0007]

According to a second aspect of the present

invention, in the communication system of the above
the traffic information generation unit of the serv
generates, as the traffic information, dangerous ar
information indicating a dangerous area which is pr
to have a risk of collision of the vehicle, based o
traveling information.

When the travel target area is included in the

dangerous area, the message subscription unit of th
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board unit designates a topic indicating the travel
area included in the dangerous area and requests th
broker to subscribe to a message associated with th
the guidance information generation unit of the on-
unit generates, as the guidance information, first
information indicating that a host vehicle is appro
the dangerous area, and the message transmission un
designates a topic indicating the travel target are
transmits to the broker, the designated topic and a
message including the first warning information in
association with each other.

With such a configuration, when it is determined
that the travel target area is included in the dang
area, the on-board unit requests the broker to subs
to the traveling information of another on-board un
traveling in the travel target area. Further, the
guidance information generation unit of the on-boar
generates first warning information indicating that
host vehicle is approaching the dangerous area, and
transmits a message including the first warning
information in association with the topic indicatin
travel target area, to the broker. Thus, the messa
associated with the topic is delivered to another v

present in the dangerous area, which makes it possi

reduce a risk that the vehicles collide with each o
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[0008]

According to a third aspect of the present inventi
in the communication system of the above-described
the on-board unit further includes a failure inform
generation unit (150) that generates failure inform
indicating that a failure is likely to occur in the
target area, based on at least one of the traveling
information generated by the traveling information
generation unit and the traveling information of an
on-board unit. Further, the message transmission u
the on-board unit designates a topic indicating the
target area where the failure occurs, and transmits
broker, the topic and a message including the failu
information in association with each other.

Since the server cannot generate highly accurate
traffic information unless a lot of pieces of trave
information are collected from the on-board unit, t
a possibility that the frequency of updating the tr
information becomes low. However, the on-board uni
according to the present aspect has the above-descr
configuration, so even when the server less frequen
updates traffic information, and messages including
traffic information are not delivered for a long pe
time, it is possible to detect in real time that a

is likely to occur in the travel target area.
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[0009]

According to a fourth aspect of the present

invention, in the communication system of the above
described aspect, the guidance information generati

of the on-board unit generates as the guidance info

second warning information indicating that a failur

likely to occur in the travel target area, based on

failure information generated by the failure inform
generation unit.

With such a configuration, the on-board unit can

generate in real time second warning information

indicating that a failure is likely to occur in the
target area, based on the failure information gener
the failure information generation unit, even when
server less frequently updates traffic information,
messages including traffic information are not deli
for a long period of time. Thus, the on-board unit
alert the driver or the like of the vehicle before
vehicle reaches an area where a failure is likely t
[0010]

According to a fifth aspect of the present inventi
in the communication system of the above-described
the traffic information generation unit of the serv

generates, as the traffic information, congestion
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information for each area, based on the traveling
information.

The guidance information generation unit of the on
board unit generates an alternative route including
point different from the point at which the vehicle
scheduled to travel as the guidance information, ba
at least one of the failure information, the danger
area information, and the congestion information.

With such a configuration, the guidance informatio
generation unit of the on-board unit can generate a
alternate route, based on the dangerous area inform
or congestion information generated by the server,

even in a state where the server less frequently up

the dangerous area information or the congestion

information, and a message including the dangerous
information or the congestion information is not de
for a long period of time, can generate an alternat
based on the failure information.
[0011]

According to a sixth aspect of the present inventi
the on-board unit mounted on the vehicle includes a
target area specifying unit that specifies a travel
area including at least one of a point at which the
vehicle is traveling and a point at which the vehic

scheduled to travel, among a plurality of areas obt
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by dividing map into predetermined ranges; a travel
information generation unit that generates travelin
information including the point at which the vehicl
traveling; a message transmission unit that among a
plurality of topics prepared in advance for each of
plurality of areas, desighates a topic indicating t
travel target area, and transmits the designated to
a message including the traveling information in
association with each other, to a broker which medi
communication between the server and another on-boa
unit; a message subscription unit that designates a
indicating the travel target area and requests the
to subscribe to a message associated with the topic
guidance information generation unit that generates
guidance information in the travel target area, bas
message delivered from the broker.

[0012]

According to a seventh aspect of the present
invention, there is provided a communication method
an on-board unit that is mounted on a vehicle, a se
that generates traffic information, and a broker th
mediates communication between a plurality of the o
units and between the on-board unit and the server,
communication method including a traveling target a

specifying step of specifying a traveling target ar
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including at least one of a point at which the vehi

traveling and a point at which the vehicle is sched

travel, among a plurality of areas obtained by divi

map into predetermined ranges, by the on-board unit
traveling information generation step of generating
traveling information including the point at which
vehicle is traveling, by the on-board unit; a messa
transmission step of, among a plurality of topics p

in advance for each of the plurality of areas, desi

a topic indicating the traveling target area, and
transmitting to the broker, the designated topic an
message including the traveling information in asso

with each other, by the on-board unit; a message
subscription step of designating a topic indicating
traveling target area and requesting the broker to
subscribe to a message associated with the topic, b
on-board unit; a guidance information generation st
generating guidance information in the traveling ta
area, based on a message delivered from the broker,
on-board unit; a traveling information acquisition

requesting the broker to subscribe to a message inc

the traveling information of the on-board unit, by
server; a traffic information generation step of
generating traffic information for each area, based

traveling information, by the server; a traffic
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information transmission step of transmitting to th
broker, a message including the traffic information
the server; and a message delivery step of deliveri
message received from the on-board unit and the ser
the on-board unit and the server that designate a t
associated with the message and request subscriptio
the broker.

Advantageous Effects of Invention

[0013]

According to the communication system, the on-boar
unit, and the communication method, described above
possible to perform communication between an on-boa
and a server and between on-board units, using a co
communication method.

Brief Description of Drawings

[0014]

Fig. 1 is a diagram showing an overall configurati
of a communication system according to a first embo
of the present invention.

Fig. 2 is a diagram illustrating a functional
configuration of an on-board unit according to the
embodiment of the present invention.

Fig. 3 is a diagram illustrating a functional
configuration of a server according to the first

embodiment of the present invention.
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Fig. 4 is a diagram illustrating a functional
configuration of a broker according to the first
embodiment of the present invention.

Fig. 5 is a diagram for explaining functions of a
communication system according to the first embodim
the present invention.

Fig. 6 is a first processing flow of the on-board
unit according to the first embodiment of the prese
invention.

Fig. 7 is a processing flow of the server accordin
to the first embodiment of the present invention.

Fig. 8 is a second processing flow of the on-board
unit according to the first embodiment of the prese
invention.

Fig. 9 is a diagram illustrating a functional
configuration of an on-board unit according to a se
embodiment of the present invention.

Fig. 10 is a first processing flow of the on-board
unit according to the second embodiment of the pres
invention.

Fig. 11 is a second processing flow of the on-boar
unit according to the second embodiment of the pres

invention.
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Fig. 12 is a diagram illustrating a functional
configuration of an on-board unit according to a th
embodiment of the present invention.

Fig. 13 is a diagram illustrating a functional
configuration of a server according to the third
embodiment of the present invention.

Fig. 14 is a processing flow of the on-board unit
according to the third embodiment of the present in

Fig. 15 is a processing flow of the server accordi
to the third embodiment of the present invention.

Fig. 16 shows a hardware configuration of the on-
board unit according to each embodiment of the pres
invention.

Description of Embodiments

[0015]

<First Embodiment>

A communication system 1 according to a first

embodiment of the present invention will be describ
below with reference to Figs. 1 to 8.

[0016]

(Overall configuration of communication system)

Fig. 1 is a diagram showing an overall configurati
of a communication system according to a first embo

of the present invention.
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In the present embodiment, the communication syste

1 is, for example, a Publish/subscribe type communi

system using protocol such as Message Queue Telemet

Transport (MQTT).

As shown in Fig. 1, the communication system 1

includes a plurality of on-board units 10a, 10b, 10
a broker 20, and a server 30.

[0017]

The on-board units 10a, 10b, 10c, ...
the vehicles Al, A2, A3, ..., respectively. In the
following description, the plurality of on-board un
10b, 10c, ... will also be collectively referred to a
on-board unit 10, and the plurality of vehicles A1,

... will also be collectively referred to as a vehicl

The on-board unit 10 acquires traveling informatio
on the vehicle A using a sensor (not shown), and tr
a message including the traveling information to th
broker 20. Details of the traveling information wi
described later.

[0018]

The broker 20 is connectable to the on-board unit
by wireless communication. Further, the broker 20
always connected to the server 30 by wired communic

The broker 20 mediates transmission and reception

messages between the on-board units 10 (the on-boar
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the on-board unit), and transmission and reception
messages between the on-board unit 10 and the serve
(the on-board unit-the server).

[0019]

The server 30 generates traffic information based
the traveling information acquired from the on-boar
10 through the broker 20 and transmits a message in
the traffic information to the broker 20. Details
traffic information will be described later.

[0020]

In the communication system 1 of the present
embodiment, the on-board unit 10 and the server 30
function as a publisher that transmits (issues) a m
to the broker 20, and a subscriber (client) that re
(subscribes) a message from the broker 20 as well.
the broker 20 mediates transmission and reception o
messages between the on-board unit 10 and the serve
by collecting messages from the on-board unit 10 an
server 30, and delivering the collected messages to
on-board unit 10 and the server 30 that request
subscription.

When transmitting the message to the broker 20 and
requesting the broker 20 to subscribe to the messag
on-board unit 10 and the server 30 designate a topi

make a request for transmission and subscription of
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message associated with the topic. The broker 20 ¢
the topic associated with the message with the topi
designated at the time of requesting the subscripti
the on-board unit 10 and the server 30, thereby spe
the on-board unit 10 and the server 30 as destinati
delivery of each message.

[0021]

A topic indicates attributes of information includ
in a message, and one topic is designated for each
For example, in the present embodiment, a plurality
topics are prepared in advance, for each of a plura
areas obtained by dividing the map into predetermin
ranges. Each of the plurality of areas may be obta
dividing the map into roads, with an area from the

point to the end point of each road as a predetermi

range, or may be obtained by dividing the map into

rectangles at every predetermined distance (for exa
km).

Further, for example, a topic indicating "all area
may be prepared as a topic of an upper level of top
indicating each area. When the server 30 designate
"all areas" topic for the broker 20 and requests
subscription, the broker 20 delivers all the messag
associated with the topic indicating any of the plu

of areas, to the server 30.
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Further, topics indicating those other than areas
may be prepared, for example, a topic indicating "a
board units" may be prepared as a topic for deliver

messages to all the on-board units 10.

The on-board unit 10 and the server 30 have map

information capable of specifying each area and a t
list in which previously prepared topics are record
designate a topic based on the map information and
topic list.

[0022]

(Functional Configuration of on-board unit)

Hereinafter, the on-board unit 10 according to a
first embodiment will be described with reference t
2.

Fig. 2 is a diagram illustrating a functional
configuration of the on-board unit according to the
embodiment of the present invention.

As shown in Fig. 2, the on-board unit 10 includes
on-board unit-side communication unit 100, a travel
area specifying wunit 110, a traveling information
generation unit 120, a guidance information generat
unit 130, a notification unit 140, and a storage me
160.

[0023]

-18 -

Il on-

ing

opic
ed, and

the

o Fig.

first

an

target

ion

dium



The on-board unit-side communication unit 100
transmits and receives a message to and from the br
through wireless communication. Further, the on-bo
unit-side  communication unit 100 functions as an MQ
function unit that implements a function using the
protocol.

The on-board unit-side communication unit 100
includes a message transmission unit 101 for transm
a message to the broker 20, and a message subscript
unit 102 for requesting the broker 20 to subscribe
message.

[0024]

The message transmission unit 101 designates the
travel target area (described later) of the vehicle
which the on-board unit 10 is mounted as a topic, a
transmits the topic and the message including the
traveling information of the vehicle A in associati
each other to the broker 20.

[0025]

The message subscription unit 102 designates the
travel target area of the vehicle A on which the on
unit 10 is mounted as a topic, and requests the bro
to subscribe to the message associated with the top

Further, the message subscription unit 102

designates a topic for which the on-board unit 10 r
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a subscription and requests the broker 20 to subscr
the message associated with the topic.

[0026]

The travel target area specifying unit 110 specifi
a travel target area indicating an area including a
one of a point at which the vehicle A provided with
on-board unit 10 is traveling and a point at which

vehicle A is scheduled to travel.

In the present embodiment, the travel target area

includes a "current traveling area" indicating an a
where the vehicle A is traveling and a "travel sche
area" indicating an area where the vehicle A is sch
to travel.

Specifically, the travel target area specifying un
110 acquires the current position (latitude, longit

and the like), which is the point where the vehicle

traveling, by a sensor (not shown). Then, the area

including the current position is extracted from th
information stored in advance in the storage medium
and specified as the "current traveling area".

Further, the travel target area specifying unit 11
extracts an area including a point at which the veh
is scheduled to travel after current traveling area
map information, and specifies it as "travel schedu

area", based on the traveling route indicating
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combination of roads passing from the current posit

the destination set in the on-board unit 10. Furth

travel target area specifying unit 110 may specify
plurality of "travel scheduled areas". When the
destination is not set, the travel target area spec

unit 110 further acquires the moving speed, the tra
direction, and the like of the vehicle A by a senso

shown). Then, the travel target area specifying un

may predict the area where the vehicle A travels ne

the current traveling area, based on the current po

the moving speed, and the traveling direction of th
vehicle A, and specify the area as the "traveling
scheduled area".

The travel target area specifying unit 110
sequentially updates the current traveling area and
traveling scheduled area, based on the information
the latest traveling information of the vehicle A,
destination, and the like.

[0027]

The traveling information generation unit 120
acquires information such as the current position,
speed, acceleration, and traveling direction of the
vehicle A at predetermined intervals (for example,
second) by a sensor (not shown). The traveling

information generation unit 120 generates traveling

-21-
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information including the acquired information. Th en, the

traveling information generation unit 120 designate S a
topic indicating the current traveling area (travel target
area) specified by the travel target area specifyin g unit
110, and transmits to the broker 20, a message incl uding
the generated traveling information and a topic ind icating

the current traveling area (travel target area) in
association with each other.
Further, in the present embodiment, an aspect has

been described in which the traveling information

generation unit 120 transmits to the broker 20, tra veling
information including the current position, moving speed,
acceleration, and traveling direction of the vehicl e A as
a single message, but the present invention is not limited

thereto. In another embodiment, the traveling info rmation
generation unit 120 may transmit each piece of info rmation
of the vehicle A as a different message to the brok er 20.
At this time, the traveling information generation unit

120 may hierarchize the topic as "current traveling

area/current position" and "current traveling area/ moving
speed”, and transmit the topic indicating the conte nts of
the current traveling area and the traveling inform ation,
and the message including the traveling information in

association with each other to the broker 20.

[0028]

-22 -



The guidance information generation unit 130
generates guidance information in the travel target
based on the message delivered from the broker 20.

In the present embodiment, guidance information
generation unit 130 includes an approach detection
131 and a warning information generation unit 132.

[0029]

The approach detection unit 131 determines whether
or not the travel target area is included in the da
area, based on the traffic information included in
message delivered from the broker 20. Then, the ap
detection unit 131 detects that the "current travel
area" is included in the dangerous area (the vehicl
traveling in the dangerous area), or the "travel sc
area" is included in the dangerous area (the vehicl
approaching the dangerous area).

[0030]

When the approach detection unit 131 detects that
the vehicle A (host vehicle) is approaching the dan
area or the vehicle A is traveling in the dangerous
the warning information generation unit 132 generat
warning information (first warning information) ind
that the vehicle A is approaching the dangerous are
the vehicle A is traveling in the dangerous area, a

guidance information.
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The warning information generation unit 132
transmits a message including the warning informati

the topic indicating the travel target area in asso

with each other to the broker 20.

The warning information generation unit 132 output
the warning information to the notification unit 14
guidance information. At this time, the guidance
information output to the notification unit 140 may
visual information such as a character string, an i
or the like, or audio information such as a buzzer
warning information.

Further, when receiving a message including warnin
information from another vehicle, the warning infor
generation unit 132 may generate guidance informati
indicating that another vehicle is approaching the
dangerous area or that the vehicle is traveling in
dangerous area and output it to the notification un

[0031]

The notification unit 140 notifies the driver or t
like of the wvehicle A of the guidance information
generated by the guidance information generation un

For example, the notification unit 140 has a displ
function such as a liquid crystal display (LCD) and

audio output function such as a speaker. The notif
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unit 140 outputs guidance information using at leas t one

of the display function and the audio output functi on.

In the present embodiment, the notification unit 1 40
notifies the driver or the like of the vehicle A th at the
host vehicle is approaching the dangerous area or t hat the
vehicle is traveling in a dangerous area, by output ting
guidance information including the warning informat ion
generated by the warning information generation uni t 132
using at least one of the display function and the audio

output function. Further, when receiving a message

including warning information from another vehicle, the
notification unit 140 may notify that another vehic le is
approaching the dangerous area or that the vehicle is

traveling in a dangerous area.

[0032]

The storage medium 160 stores traffic information
delivered from the broker 20, traveling information of
other vehicles, and the like.

The storage medium 160 also stores map information
capable of specifying each area, and a topic list t hat
records previously prepared topics.

[0033]

(Functional configuration of server)

Hereinafter, the server 30 according to the first

embodiment will be described with reference to Fig. 3.

-25-



Fig. 3 is a diagram illustrating a functional
configuration of the server according to the first
embodiment of the present invention.

As shown in Fig. 3, the server 30 includes a serve
side communication wunit 300, a traffic information
generation unit 310, and a storage medium 320.

[0034]

The server-side communication unit 300 transmits a
receives a message to and from the broker 20 throug

communication. Further, the server-side communicat

unit 300 functions as an MQTT function unit that

implements a function using the MQTT protocol.

[0035]

The server-side communication unit 300 includes a

traffic information transmission unit 301 that tran
message including traffic information to the broker

and a traveling information acquisition unit 302 th

requests the broker 20 to subscribe to the message

including traveling information of the on-board uni

[0036]

The traffic information transmission unit 301
transmits to the broker 20, a message including tra
information for each area generated by the traffic
information generation unit 310 described later.

[0037]
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The traveling information acquisition unit 302

designates a topic for which the server 30 requests a
subscription and requests the broker 20 to subscrib e to
the message associated with the topic. In the pres ent
embodiment, the traveling information acquisition u nit 302
designates a topic indicating "all areas" and reque sts the
broker 20 to subscribe to the message, thereby acqu iring a
message including traveling information of the on-b oard

unit 10 located in each area. Thus, the traveling

information acquisition unit 302 collects traveling

information of the on-board unit 10 in all the area S. In

addition, the traveling information acquisition uni t 302

may designate a topic indicating one of a plurality of

areas and request a message subscription for each a rea.
[0038]

The traffic information generation unit 310

generates traffic information, based on traveling

information collected from the plurality of on-boar d units
10 through the broker 20. In the present embodimen t, the
traffic information generation unit 310 generates a s
traffic information, dangerous area information ind icating
an area which is predicted to have a risk of collis ion of
the vehicle.
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The traffic information generation unit 310 includ
an abnormal travel detection unit 311 and a dangero
information generation unit 312.

[0039]

The abnormal travel detection unit 311 detects

abnormal travel of the vehicle A on which the on-bo

unit 10 is mounted, based on traveling information

collected from the plurality of on-board units 10 t
the broker 20. The abnormal travel indicates, for
that the vehicle A has performed an operation such
sudden braking or a sudden steering wheel operation
it is traveling.

Specifically, the abnormal travel detection unit 3

detects that the vehicle A associated with the trav

information travels abnormally, based on the curren

position, the moving speed, the acceleration, and t
traveling direction included in the traveling infor

and specifies the area where the abnormal travel
detected.

For example, when the acceleration (the accelerati
in the traveling direction) included in the traveli
information of the vehicle A is lower than the refe
value, the abnormal travel detection unit 311 detec
the vehicle A performs a sudden braking. Further,

example, when the traveling direction included in t
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traveling information of the vehicle A indicates a
direction different from the extending direction of
road where the vehicle A is located, or when the
acceleration (acceleration corresponding to the tur
motion) exceeds the reference value, the abnormal t
detection unit 311 detects that the vehicle A perfo
sudden steering wheel operation.
Upon detecting that the abnormal travel is perform
the abnormal travel detection unit 311 specifies th
in which the abnormal travel is detected, based on
topic designated in the message including the trave
information. Further, the abnormal travel detectio
311 may specify a point (latitude, longitude) at wh
abnormal travel is detected, based on the current p
included in the traveling information.
[0040]
The dangerous area information generation unit 312
specifies an area where the abnormal travel is perf
at a high frequency, based on the detection result
abnormal travel by the abnormal travel detection un
Specifically, the dangerous area information
generation wunit 312 determines whether or not the
frequency of abnormal travel in the area is high, b
the area in which the abnormal travel detection uni

has detected the abnormal travel within the predete
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collecting period and the number of cases in which
abnormal travel is detected within the predetermine
collecting period. When the number of abnormal tra

a certain area is equal to or more than a predeterm
number (for example, five), the dangerous area info
generation unit 312 determines that the frequency o
abnormal travel is high in the area. Then, the dan

area information generation unit 312 predicts that

is a risk of collision of the vehicle in an area wh

frequency of abnormal travel is high, and generates
dangerous area information indicating that the area

dangerous area, as traffic information.

When the abnormal travel is no longer detected in

the area for which the dangerous area information w

generated in the past, the dangerous area informati

generation unit 312 may (generate dangerous area

information indicating that the area is no longer a

dangerous area.

In this way, the dangerous area information

generation unit 312 generates and updates the dange
area information each time a predetermined collecti
period elapses. Then, the dangerous area informati
generation unit 312 designates a topic indicating "

board units" such that a message including dangerou

information is delivered to all the on-board units
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transmits a message including the generated dangero us area
information to the broker 20 through the traffic
information transmission unit 301.

[0041]

The storage medium 320 stores traveling informatio n
of a plurality of on-board units 10, delivered from the
broker 20.

The storage medium 320 also stores map information
capable of specifying each area, and a topic list t hat
records previously prepared topics.

[0042]

(Functional Configuration of Broker)

Hereinafter, the broker 20 according to the first
embodiment will be described with reference to Fig. 4.

Fig. 4 is a diagram illustrating a functional
configuration of the broker according to the first
embodiment of the present invention.

As shown in Fig. 4, the broker 20 includes an MQTT
function unit 200 and a storage medium 210.

[0043]

The MQTT function unit 200 transmits and receives
messages to and from the on-board unit 10 through w ireless
communication, and transmits and receives messages to and

from the server 30 through wired communication.
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The MQTT function unit 200 includes a subscription

information storage unit 201, a message delivery un
and a client connection monitoring unit 203.

[0044]

The subscription information storage unit 201 stor
subscription information in which the topic designa
the subscription request from the message subscript
unit 102 of the on-board unit 10 and the client ID
specifying the on-board unit 10 are associated with
other in the storage medium 210.

Further, the subscription information storage unit
201 stores subscription information in which the to
designated in the subscription request from the tra
information acquisition unit 302 of the server 30 a
client ID specifying the server 30 are associated w
each other in the storage medium 210.

In this manner, the subscription information stora
unit 201 stores topics requested to be subscribed f
each of the plurality of on-board units 10 and the
30, as subscription information, for each device.

[0045]

Based on the subscription information stored in th
storage medium 210, the message delivery unit 202 d
messages transmitted from the on-board unit 10 and

server 30, to the on-board unit 10 and the server 3

-32-

it 202,

es
ted in

ion

each

pic
veling
nd the

ith

ge
rom

server

elivers
the

0,



which are destinations requesting the subscription
message. The message delivery unit 202 searches fo
extracts the delivery destination requesting subscr

of each message, from the subscription information,
the topic designated in each message as a key. The
message delivery unit 202 delivers the message asso
with the topic to the extracted delivery destinatio

When wireless communication with the on-board unit
10 requesting subscription of the message is discon
the message delivery unit 202 stores and accumulate
message for the topic for which the on-board unit 1
requesting subscription, in the storage medium 210.
the wireless communication with the on-board unit 1
reconnected, the message delivery unit 202 reads ou
accumulated messages from the storage medium 210 an
delivers the messages in a batch.

[0046]

The client connection monitoring unit 203 monitors
whether communication with the on-board unit 10 and
server 30 is normally established or not. In the p
embodiment, since it is always connected with the s
30 by wired communication, the client connection
monitoring unit 203 may monitor only whether or not
wireless communication with the on-board unit 10 is

normally established.
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[0047]

In the storage medium 210, messages transmitted fr
the on-board unit 10 and the server 30 are stored,
subscription information for each device is stored.

[0048]

(Processing flow of communication system)

Hereinafter, the processing flow of
communication system 1 according to the first embod
of the present invention will be described with ref
to Figs. 5to 8.

Fig. 5 is a diagram for explaining functions of th
communication system according to the first embodim
the present invention.

In the example of Fig. 5, both the vehicle Al on
which the on-board unit 10a is mounted and the vehi
on which the on-board unit 10b is mounted travel on
road X. It is also assumed that there is an obstac
the road X, and a plurality of vehicles are traveli
as to avoid the obstacle B. A flow of the process
communication system 1 according to the present emb
will be described with such a situation as an examp

[0049]

Fig. 6 is a first processing flow of the on-board
unit according to the first embodiment of the prese

invention.
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Hereinafter, with reference to Fig. 6, a process i n
which the on-board unit 10 transmits traveling info rmation
will be described.

First, the travel target area specifying unit 110

detects a point at which the vehicle A provided wit h the
on-board unit 10 is traveling by a sensor (not show n).
Then, the travel target area specifying unit 110 sp ecifies
the "current traveling area" indicating the area in cluding
a point at which the vehicle is traveling, based on the
map information stored in the storage medium 160 (s tep
S111).

For example, the on-board unit 10a shown in Fig. 5

specifies "road X" which is an area including a poi nt at
which the vehicle is traveling as "current travelin g area".
[0050]
Next, the traveling information generation unit 12 0
acquires information such as the current position, moving

speed, acceleration, and traveling direction of the

vehicle A at predetermined intervals (for example, one
second) by a sensor (not shown). Then, the traveli ng
information generation wunit 120 generates traveling

information including each piece of acquired inform ation
(step S112).

[0051]

-35 -



Next, the traveling information generation unit 12
designates a topic indicating the current traveling
(road X) specified by the travel target area specif
unit 110, and transmits a topic indicating the trav
area and a message including the generated travelin
information in association with each other to the b
20 (step S113).

In this way, the on-board unit 10 repeatedly
executes the processing of steps S111 to S113 at
predetermined intervals.

[0052]

Fig. 7 is a processing flow of the server accordin
to the first embodiment of the present invention.

Hereinafter, a process in which the server 30
generates and transmits dangerous area information
traffic information will be described with referenc
Fig. 7.

First, the traveling information acquisition unit
302 designates a topic indicating "all areas", and
requests the broker 20 to subscribe messages relate
each area. Then, the traveling information acquisi
unit 302 collects traveling information of the on-b
unit 10 in each area, based on the message delivere
the broker 20 and the topic associated with the mes

(step S311).
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[0053]

Next, the abnormal travel detection unit 311 detec ts
abnormal travel of the vehicle A, based on the trav eling
information collected by the traveling information
acquisition unit 302 (step S312).

For example, as shown in Fig. 5, when there is an

obstacle B on the road X, the vehicle A2 traveling in the
vicinity of the obstacle B is supposed to decelerat e
(sudden braking) in front of the obstacle B and per form

operations such as changing the direction of travel

(sudden steering wheel) so as to avoid the obstacle B.
The abnormal travel detection unit 311 detects that a
sudden braking, a sudden steering wheel operation, or the
like has been performed, based on the current posit ion,
the moving speed, the acceleration, and the traveli ng

direction included in the traveling information.

Specifically, when the acceleration (the
acceleration in the traveling direction) exceeds th e
reference value, the abnormal travel detection unit 311
detects that a sudden braking (abnormal travel) has been
performed.

Further, when the traveling direction indicates a

direction different from the extending direction of the
road X, that is, when the angle between the imagina ry line
extending in the traveling direction of the vehicle and

-37-



the road X is equal to or larger than a predetermin
angle, the abnormal travel detection unit 311 detec

a sudden steering wheel operation (abnormal travel)
been performed. Further, when the acceleration (th
acceleration corresponding to the turning motion) e

the reference value, the abnormal travel detection

311 may detect that a sudden steering wheel operati
(abnormal travel) has been performed.

Further, the abnormal travel detection unit 311
specifies an area in which abnormal travel is detec
based on a topic associated with a message includin
traveling information. Further, the abnormal trave
detection wunit 311 may specify a point (latitude,
longitude) at which abnormal travel such as a sudde
braking, a sudden steering wheel operation, or the
detected, based on the current position of the vehi
included in the traveling information.

[0054]

Next, the dangerous area information generation un
312 determines whether or not a predetermined colle

period (for example, 30 minutes) has elapsed (step

When the collection period has not elapsed (step

S313: NO), the dangerous area information generatio

312 waits until the collection period has elapsed.
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Meanwhile, the server 30 returns to step S311 and r
the above process.

On the other hand, when the collection period has
elapsed (step S313: YES), the dangerous area inform
generation unit 312 proceeds to the next step S314.

[0055]

Next, the dangerous area information generation un
312 generates dangerous area information indicating
dangerous area having a high frequency of abnormal
based on the detection result of the abnormal trave
the abnormal travel detection unit 311 (step S314).

Specifically, when abnormal travel of more than a
predetermined number (for example, five) is detecte
certain area (road X), the dangerous area informati
generation unit 312 determines that the frequency o
abnormal travel of the road X is high. Then, the
dangerous area information generation unit 312 pred

that there is a risk of collision of the vehicle on

road X, and generates dangerous area information

indicating that the road X is a dangerous area as t
information.

In addition, the dangerous area information
generation unit 312 may further divide each area in
plurality of zones, and determine a zone of each ar

where the abnormal travel frequently occurs. For e
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the dangerous area information generation unit 312
specifies the zone in which the abnormal travel is
detected, based on the point where the abnormal tra
detection unit 311 detects the abnormal travel. Th
when the number of abnormal travels in at least one
among a plurality of zones is a predetermined numbe
more, the dangerous area information generation uni
may generate dangerous area information indicating

area including the zone is a dangerous area. In th

the dangerous area information generation unit 312
include information indicating a zone in which the
frequency of abnormal travel is high in the dangero
information.

[0056]

Next, when generating the dangerous area informati
indicating that the road X is a dangerous area, the
dangerous area information generation unit 312 desi
a topic indicating "all on-board units" and transmi
message including dangerous area information to the
20 through the traffic information transmission uni
(step S315).

In this manner, the server 30 repeatedly executes
the processing of the above-described steps S311 to
thereby generating (updating) and transmitting the

dangerous area information.
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[0057]

Fig. 8 is a second processing flow of the on-board

unit according to the first embodiment of the prese nt
invention.

Hereinafter, with reference to Fig. 8, a process i n
which the on-board unit 10 issues a warning of appr oaching
a dangerous area will be described. In the followi ng
example, when wireless communication with the broke r20is
established, in order to subscribe to messages issu ed for
all on-board unit 10, the message subscription unit 102 of
the on-board unit 10 designates the topic indicatin g "all
on-board units”, and requests the broker 20 to subs cribe
to the message associated with the topic of "all on -board
units". Then, it is assumed that a message includi ng the
dangerous area information generated by the server 30 is

delivered to each on-board unit 10 by the broker 20

First, the approach detection unit 131 determines
whether or not the current traveling area is includ ed in
the dangerous area, based on the dangerous area
information included in the message delivered from the
broker 20 (step S114).

When the information indicating that the current

traveling area is the dangerous area is not include din
the dangerous area information, the approach detect ion
unit 131 determines that the current traveling area is not

-41 -



included in the dangerous area (step S114: NO). In
case, the approach detection unit 131 returns to th
beginning of the process. When determining that th
current traveling area is not included in the dange
area, the approach detection unit 131 may wait unti
current traveling area or the dangerous area inform
is updated without performing the processing of ste

On the other hand, as in the examples of Figs. 5 a
7, when the dangerous area information indicating t
road X is a dangerous area is generated by the dang
area information generation unit 312 of the server
(steps S314 and S315 in Fig. 7), a message includin
dangerous area information is delivered to the on-b
unit 10. Therefore, the approach detection unit 13
determines that the current traveling area (road X)
included in the dangerous area, based on the danger
In this case, t

area information (step S114: YES).

approach detection unit 131 proceeds to the next st

In addition, the approach detection unit 131 may

determine whether the travel scheduled area is incl

the dangerous area, based on the dangerous
information.

[0058]

Next, when the approach detection unit

determines that the current traveling area is inclu
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the dangerous area (step S114: YES), the message
subscription unit 102 designates the current travel
area as a topic and requests the broker 20 to subsc
the message associated with the topic indicating th
current traveling area (step S115).
For example, in the example of Fig. 5, the approac
detection unit 131 determines that the road X that
current traveling area is included in the dangerous
Therefore, the message subscription unit 102 design
the road X which is the current travel area as a to
and requests the broker 20 to subscribe to the mess
associated with the road X.
When acquiring the dangerous area information
indicating that the road X which is the current tra
area is no longer a dangerous area, the message
subscription unit 102 requests the broker 20 to rel
the subscription of the message associated with the
[0059]
Next, the warning information generation unit 132
the on-board unit 10a generates warning information
warning information) indicating that the vehicle Al
vehicle) is approaching the dangerous area or that
vehicle A is traveling in the dangerous area. The
information generation unit 132 transmits a message

including the generated warning information and the
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indicating the travel target area in association wi th each
other to the broker 20, through the message transmi ssion
unit 101 (step S116).

[0060]

Next, the warning information generation unit 132 of

the on-board unit 10a outputs warning information

indicating that the host vehicle Al is approaching the
dangerous area or is traveling in the dangerous are ato
the notification unit 140 as the guidance informati on
(step S117). The notification unit 140 notifies th e
driver of the vehicle Al of the guidance informatio n so as

to warn that the host vehicle Al is approaching the
dangerous area or traveling in a dangerous area and that
attention is required for traveling.

Further, when receiving a message including warnin g
information from another vehicle A2, the warning
information generation unit 132 may generate guidan ce
information indicating that another vehicle A2 is
approaching the dangerous area or that the vehicle IS

traveling in a dangerous area and output it to the

notification unit 140. The notification unit 140 a Iso
notifies the driver of the vehicle Al of the guidan ce
information when receiving such guidance informatio n.
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Even in the on-board unit 10b, the above-described
processing is also executed, and a warning is issue
the driver or the like of the vehicle A2.

In this way, the on-board unit 10 repeatedly
executes the processing of the above-described step
to S117.

[0061]

(Function and Effect)

As described above, the communication system
according to the present embodiment includes an on-
unit 10 that is mounted on a vehicle A; a server 30
generates traffic information; and a broker 20 that
mediates communication between a plurality of the o
units 10, and between the on-board unit 10 and the
30.

The on-board unit 10 includes a travel target area
specifying unit 110 that specifies as a travel targ
at least one of a current traveling area including
at which the vehicle A is traveling and a travel sc
area including a point at which the vehicle is sche
to travel, among a plurality of areas obtained by d
a map into predetermined ranges; a traveling inform
generation unit 120 that generates traveling inform
including at least one of a current position of the

vehicle A (the point at which the vehicle A is trav
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a moving speed, an acceleration, and a traveling
direction; a message transmission unit 101 that des

a topic indicating the travel target area, and tran

to the broker 20, the topic and a message including
traveling information in association with each othe
message subscription unit 102 that designates a top
indicating the travel target area and requests the

20 to subscribe to a message associated with the to

and a guidance information generation unit 130 that
generates guidance information in the current trave
area, based the traveling information generated by
traveling information generation unit 120 and the m
subscribed by the message subscription unit 102.

The server 30 includes a traveling information
acquisition unit 302 that request the broker 20 to
subscribe to a message including the traveling
information; a traffic information generation unit
that generates dangerous area information, based on
traveling information; and a traffic  information
transmission unit 301 that transmits to the broker
message including the dangerous area information.

The broker 20 includes a message delivery unit 202
that delivers a message received from the on-board

and the server 30, to the on-board unit 10 and the
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30 that designate a topic associated with the messa
request subscription.

With such a configuration, it is possible to
transmit and receive messages associated with each
through the broker 20 between the on-board unit 10
server 30 or between the on-board units 10. Thus,
board unit 10 can transmit and receive messages usi
common communication method, irrespective of whethe
other party that transmits and receives a message i
server 30 or another on-board unit 10. Therefore,
possible to suppress an increase in development cos
the on-board unit 10 by coping with a plurality of
communication methods.

[0062]

In addition, the dangerous area information
generation unit 312 of the server 30 generates, as
information, dangerous area information indicating
dangerous area which is predicted to have a risk of
collision of the vehicle A, based on traveling info

When the current traveling area (the travel target
area) is included in the dangerous area, the messag
subscription unit 102 of the on-board unit 10 desig
topic indicating the current traveling area include
the dangerous area, and requests the broker 20 to

subscribe to a message associated with the topic.

- 47 -

ge and

area
and the
the on-
ng a
r the
s the
it is

t of

traffic

rmation.

nates a

d in

The



warning information generation unit 132 of the on-b
unit 10 generates as the guidance information, warn
information (first warning information) indicating

host vehicle is traveling in a dangerous area. Fur

the message transmission unit 101 of the on-board u
designates a topic indicating the travel target are

transmits to the broker 20, the designated topic an
message including the first warning information in
association with each other.

With such a configuration, when it is determined
that the current traveling area is included in the
dangerous area, the message subscription unit 102 a
(subscribes to) traveling information of another on
unit 10 traveling in the current traveling area thr
the broker 20. Further, the warning information
generation unit 132 generates first warning informa
indicating that the host vehicle is traveling in th
dangerous area, and transmits a message including t
first warning information in association with the t
indicating the current traveling area, to the broke
through the message transmission unit 101. Thus, t
message including the first warning information is
delivered to another vehicle present in the dangero
which makes it possible to reduce the risk that the

vehicles collide with each other. Further, the war
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information generation unit 132 notifies the driver

like of the wvehicle A of the guidance information
including the generated warning information through
notification unit 140, thereby causing the driver o

like to recognize that the vehicle is traveling in
dangerous area, which makes it possible to reduce t

that the vehicles A collide with each other.

[0063]

<Second Embodiment>

Hereinafter, a communication system 1 according to
second embodiment of the present invention will be
described with reference to Figs. 9 to 11.

Constituent elements common to those of the first
embodiment are denoted by the same reference numera
a detailed description thereof is omitted.

[0064]

(Functional Configuration of Vehicle-mounted devic

Fig. 9 is a diagram illustrating a functiona
configuration of an on-board unit according to a se
embodiment of the present invention.

As shown in Fig. 9, the on-board unit 10 according
to the present embodiment is different from the fir
embodiment in that it further includes a failure
information generation unit 150.

[0065]
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In the first embodiment, when the approach detecti on

unit 131 determines that the current traveling area is
included in the dangerous area, the message subscri ption
unit 102 of the on-board unit 10 designates the cur rent
traveling area as a topic and requests the broker 2 0 to
subscribe to the message associated with the topic (step
S115 in Fig. 8). However, regardless of whether th e
current traveling area is included in the dangerous area
or not, the message subscription unit 102 of the on -board
unit 10 according to the present embodiment designa tes

each of the current traveling area and the travel
scheduled area as a topic, and requests the broker 20 to

subscribe to messages associated with each topic.

Therefore, the message subscription unit 102 reques ts the
broker 20 to subscribe the message every time when the
communication between the on-board unit 10 and the broker
20 is established and when the travel target area i S
updated.

[0066]

The failure information generation unit 150
generates failure information indicating that a fai lure
has occurred in the travel target area, based on at least
one of the traveling information generated by the

traveling information generation unit 120 and the
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traveling information of another on-board unit 10 i
in the message delivered from the broker 20.

Incidentally, the failure indicates an event for
delaying the traveling of the vehicle A, and an eve
requiring an operation of a sudden braking, a sudde
steering wheel operation, or the like, and is, for
an obstacle on the road, congestion, an accident or
like.

[0067]

(Processing Flow of Vehicle-mounted device)

Fig. 10 is a first processing flow of the on-board
unit according to the second embodiment of the pres
invention.

Hereinafter, a process in which the failure
information generation unit 150 of the on-board uni
generates failure information based on the travelin
information generated by the traveling information
generation unit 120 will be described.

First, the traveling information generation unit 1
acquires the current position, moving speed, accele
and traveling direction of the vehicle A at predete
intervals (for example, one second) by a sensor (no
shown), and generates traveling information (step S

[0068]
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Next, the failure information generation unit 150

determines

whether a failure is likely to occur in

current traveling area, based on the latest traveli

information

generated by the traveling information

generation unit 120 (step S122).

Specifically, the failure information generation

unit 150 de

based on

termines whether a failure is likely to

the current position, the moving speed, th

acceleration, and the traveling direction included

traveling information. For example, when the accel

(the acceleration of the vehicle A in the traveling

direction) included in the traveling information is

than the
generation

sudden bra

reference value, the failure information
unit 150 determines that a failure requi

king is likely to occur. Further, for ex

when the traveling direction included in the travel

information

indicates a direction different from th

extending direction of the road where the vehicle A

located,
correspondi
value, the

determines

or when the acceleration (acceleration
ng to the turning motion) exceeds the re
failure information generation wunit 150

that a failure requiring a sudden steeri

wheel operation is likely to occur. Further, for e

when the

information

moving speed included in the traveling

is less than the predetermined congesti
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determining speed, the failure information generati on unit

150 determines that a failure such as congestion is likely

to occur in the current position of the vehicle A.

Further, the congestion determining speed is set in

advance for each road based on the limit speed or t he like,

in the map information stored in the storage medium 160.
When the failure information generation unit 150

determines that a failure is likely to occur in the

current traveling area (step S122: YES), the proces S

proceeds to the next step S123.

On the other hand, when the failure information

generation unit 150 determines that a failure is no t
likely to occur in the current traveling area (step S122:
NO), the on-board unit 10 returns to step S121 and repeats

the above-described processing.
[0069]

Next, when determining that a failure is likely to

occur in the current traveling area (step S122: YES ), the
failure information generation unit 150 generates f ailure
information indicating the possibility that a failu re

occurs in the current traveling area (step S123).

Further, the failure information generation unit 1 50
may further divide each area into a plurality of zo nes,
and specify zones where a failure is likely to occu r,
based on the current position included in the trave ling

-B3 -



information. Further, the failure information gene ration

unit 150 may specify the current position included in the
traveling information as a failure point where a fa ilure
is likely to occur. In this case, the failure info rmation
generation unit may include in the failure informat ion, a
zone or a failure point (latitude, longitude) where a

failure is likely to occur.
[0070]

Next, the message transmission unit 101 designates

the current traveling area as a topic, and transmit s the
topic and the message including the failure informa tion in
association with each other to the broker 20 (step S124).

In this way, the on-board unit 10 repeatedly

executes the processing of steps S121 to S124.

[0071]

Fig. 11 is a second processing flow of the on-boar d
unit according to the second embodiment of the pres ent
invention.

Hereinafter, with reference to Fig. 5 and Fig. 11, a
process in which the on-board unit 10 issues a fail ure
occurrence warning based on failure information wil | be
described.

First, the failure information generation unit 150

determines whether or not a message including trave ling
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information of the other on-board unit 10 has been
acquired through the broker 20 (step S131).

When acquiring the message including the traveling

information of the other on-board unit 10 (step S13 1: YES),
the failure information generation unit 150 proceed S to
the next step S132. On the other hand, when not ac quiring

the message including the traveling information of the

other on-board unit 10 (step S131: NO), the process
proceeds to step S133.
[0072]

Next, when acquiring the message including the

traveling information of the other on-board unit 10 (step
S131: YES), the failure information generation unit 150
specifies the current traveling area of the other o n-board

unit 10 from the topic associated with the message

including the acquired traveling information and

determines whether a failure is likely to occur in the
current traveling area of the other on-board unit 1 0 (step
S132).

For example, as shown in Fig. 5, it is assumed tha t
the failure information generation unit 150 of the on-
board unit 10a acquires a message associated with a topic
indicating the road X and including traveling infor mation
of the other on-board unit 10b. The failure inform ation
generation unit 150 of the on-board unit 10a determ ines

-55-



whether a failure requiring operations such as a su dden
braking or a sudden steering wheel operation or a f ailure
such as a congestion is likely to occur, based on t he
current  position, moving speed, acceleration, and

traveling direction of the other on-board unit 10b

included in the traveling information. Specificall y, when
the acceleration (the acceleration of the vehicle A 2 in

the traveling direction) included in the traveling

information of the on-board unit 10b is lower than the
reference value, the failure information generation unit
150 of the on-board unit 10a determines that a fail ure
requiring a sudden braking is likely to occur in th e
current position of the vehicle A2. Further, for e xample,
when the traveling direction included in the travel ing
information of the on-board unit 10b indicates a di rection
different from the extending direction of the road X where

the vehicle A2 is located, or when the acceleration
(acceleration corresponding to the turning motion) exceeds
the reference value, the failure information genera tion

unit 150 of the on-board unit 10a determines that a

failure requiring a sudden steering wheel operation is
likely to occur in the current position of the vehi cle A2.
Further, for example, when the moving speed include d in
the traveling information of the on-board unit 10b is less
than the predetermined congestion determining speed , the
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failure information generation unit 150 of the on-b
unit 10a determines that a failure such as congesti
likely to occur in the current position of the vehi

In this way, when the failure information generati

unit 150 of the on-board unit 10a determines that a

failure is likely to occur on the road X, based on
traveling information of the on-board unit 10b (ste

YES), the process proceeds to step S134.

On the other hand, when the failure information

generation unit 150 of the on-board unit 10a determ
that a failure is not likely to occur on the road X

on the traveling information of the other on-board
10b (step S132: NO), the process proceeds to step S

[0073]

Next, the failure information generation unit 150

determines whether or not a message including failu

information of the other on-board unit 10 has been

acquired through the broker 20 (step S133).

When acquiring a message including
information of the other on-board unit 10 (step S13
the failure information generation unit 150 specifi
travel target area indicated by the topic of the me
and determines that a failure is likely to occur in

travel target area, and the process proceeds to ste
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On the other hand, when not acquiring a message
including failure information of the other on-board unit
10 (step S133: NO), the process returns to step S13 1 to
repeat the above-described process.

[0074]

Next, when it is determined that there is a

possibility that a failure has occurred in the curr ent
traveling area of the other on-board unit 10 (step S132:
YES or step S133: YES), the failure information gen eration
unit 150 generates failure information indicating t he
possibility that a failure has occurred in the curr ent
traveling area of the other on-board unit 10 (step S134).
Further, the failure information generation unit 1 50
may further divide each area into a plurality of zo nes,
and specify zones where a failure is likely to occu r,
based on the current position included in the trave ling
information of the other on-board unit 10. Further , the
failure information generation unit 150 may specify the
current position included in the traveling informat ion of
the other on-board unit 10 as a failure point where a
failure may occur. In this case, the failure infor mation
generation unit may include in the failure informat ion, a
zone or a failure point (latitude, longitude) where a

failure is likely to occur.
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Further, the message transmission unit 101 may
transmit to the broker 20, the failure information
generated by the failure information generation uni
based on the traveling information of the other on-
unit 10.

[0075]

Next, when the failure information generation unit
150 generates failure information, the warning info
generation unit 132 generates warning information (
warning information) indicating that a failure is |
to occur in the travel target area (the current tra
area or the travel scheduled area), based on the fa
information (step S135). Then, the warning informa
generation unit 132 outputs the generated warning
information to the notification unit 140 as guidanc
information. By outputting the guidance informatio
notification unit 140 makes a notification and issu
warning to the driver or the like of the on-board u
that a failure is likely to occur in the travel tar
area.

In this way, the on-board unit 10 repeatedly
executes the processing of the above-described step
to S135.

Note that the processing flow of Fig. 11 is an

example, and the order of processing and the like m
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changed. For example, the failure information gene
unit 150 may execute step S133 first, or step S131
step S133 in parallel.

[0076]

(Function and Effect)

As described above, the on-board unit 10 according
to the present embodiment further includes the fail
information generation unit 150 that generates fail
information indicating that a failure is likely to
in the travel target area, based on at least one of
traveling information generated by the traveling
information generation unit 120 and the traveling
information of the other on-board unit 10 included
message delivered from the broker 20.

Further, when the failure information generation
unit 150 generates failure information, the message
transmission unit 101 designates a topic indicating
travel target area where a failure is likely to occ
transmits to the broker 20, the topic and a message
including the failure information in association wi
other.

Since the server 30 cannot generate highly accurat
traffic information unless a lot of pieces of trave
information are collected from the on-board unit 10

is a possibility that the frequency of updating the
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traffic information becomes low. However, since th e on-

board unit 10 according to the present embodiment h as the
above-described configuration, the failure informat ion
generation unit 150 can detect the occurrence of a failure

in the travel target area, based on the traveling

information generated by the traveling information

generation unit 120. Further, the failure informat ion
generation unit 150 transmits the message including the
failure information to the broker 20 through the me ssage
transmission unit 101, thereby notifying the other on-

board wunit 10 that a failure is likely to occur.
Therefore, even in a situation where the server 30 less
frequently updates traffic information, and traffic
information cannot be acquired for a long period of time,

the on-board unit 10 can detect in real time that a

failure occurs in the travel target area, based on the
failure information acquired from the other on-boar d unit
10.

[0077]

Further, the warning information generation unit 1 32
generates as the guidance information, warning info rmation
(second warning information) indicating that a fall ure
occurs in the travel target area, based on the falil ure

information  generated by the failure information

generation unit 150. Then, the warning information
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generation unit 132 notifies the driver or the like
on-board unit 10 of the generated warning informati
through the notification unit 140 to warn.

With such a configuration, the warning information
generation unit 132 can generate in real time warni
information (second warning information) indicating
failure is likely to occur in the travel target are
based on the failure information generated by the f
information generation unit 150, even in a situatio
the server 30 less frequently updates traffic infor
and traffic information cannot be acquired for a lo
period of time. Further, the warning information
generation unit 132 notifies the driver or the like
vehicle A of the generated warning information thro
notification unit 140 to alert the driver or the i
the vehicle A before the vehicle A reaches an area
failure is likely to occur, so it is possible to re
risk of collision of the vehicle A with an obstacle
another vehicle A, or the like.

[0078]

In addition, in the above-described example, an
aspect in which the failure information generation
150 of the on-board unit 10a generates the failure
information based on the traveling information of o

board unit (on-board unit 10b) has been described,
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present invention is not limited to thereto. The f ailure
information generation unit 150 of the on-board uni t 10a

may generate the failure information, based on the

traveling information of each of a plurality of oth er on-
board units 10b, 10c, ... . In this case, for exam ple,
the failure information generation unit 150 may det ermine
that a failure occurs on the road X, when the numbe r of
other on-board units 10b, 10c, ... that are determi ned to
abnormally travel on the road X is equal to or more than a
predetermined number (for example, five). In this way,
the failure information generation unit 150 can imp rove
the accuracy of determination as to whether or not a

failure occurs.

[0079]

When acquiring a message including failure
information from a plurality of on-board units 10 i n a
certain area through the broker 20 within a predete rmined
collection period, the dangerous area information
generation unit 312 of the server 30 may generate

dangerous area information, based on the failure

information. In this case, the abnormal travel det ection
unit 311 may be omitted. Thus, the configuration a nd
processing of the traffic information generation un it 310

of the server 30 can be simplified.

[0080]
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<Third Embodiment>

Hereinafter, a communication system 1 according to
third embodiment of the present invention will be
described with reference to Figs. 12 to 15.

Constituent elements common to those of the first
and second embodiments are denoted by the same refe
numerals, and a detailed description thereof is omi

[0081]

(Functional Configuration of Vehicle-mounted devic

Fig. 12 is a diagram illustrating a functional
configuration of an on-board unit according to a th
embodiment of the present invention.

As shown in Fig. 12, the on-board unit 10 accordin

to the present embodiment is different from the fir

second embodiments in that the guidance information

generation unit 130 further includes an alternative
generation unit 133.

An aspect has been described in which the failure
information generation unit 150 according to the se
embodiment generates failure information indicating
failure has occurred in the travel target area, bas
at least one of the traveling information generated
traveling information generation unit 120 and the
traveling information of another on-board unit 10 i

in the message delivered from the broker 20. Howev
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failure information generation unit 150 of the pres

embodiment is different from the above-described

embodiment in that it acquires a message including
dangerous area information generated by the dangero
information generation unit 312 of the server 30 or
congestion information (described later) generated
congestion information generation unit 313 of the s
30 through the broker 20, and further generates fai
information, based on the dangerous area informatio
the congestion information.

[0082]

The alternative route generation unit 133 generate
an alternative route including a point different fr
point at which the vehicle is scheduled to travel,
guidance information, based on at least one of mess
including the failure information generated by the
on-board unit 10, the dangerous area information ge
by the dangerous area information generation unit 3
the server 30, and the congestion information (desc
later) generated by the congestion information gene
unit 313 of the server 30, among messages associate
the topic indicating the travel target area deliver
the broker 20.

[0083]

(Functional configuration of server)
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Fig. 13 is a diagram illustrating a functional
configuration of the server according to the third

embodiment of the present invention.

As shown in Fig. 13, the server 30 according to th e
present embodiment is different from the first and second
embodiments in that the traffic information generat ion

unit 310 further includes a congestion information
generation unit 313.
[0084]

The congestion information generation unit 313

determines whether or not congestion has occurred i n each
area, based on a message including traveling inform ation
generated by the traveling information generation u nit 120

of the on-board unit 10, among the messages deliver ed from
the broker 20. Specifically, the congestion inform ation
generation unit 313 analyzes the plurality of piece s of

traveling information acquired in a predetermined

collection period (for example, one hour) for each area,
and calculates the average moving speed by area fro m the
moving speed included in the traveling information. When
the average moving speed of a certain area is less than

the congestion determining speed, the congestion
information generation unit 313 determines that con gestion

occurs in the area.
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When determining that congestion occurs in a certa
area, the congestion information generation unit 31
generates congestion information of the area.

In addition, the congestion information generation
unit 313 designates a topic associated with the are
the congestion occurs, and transmits a message incl
the generated congestion information to the broker
the traffic information transmission unit 301.

[0085]

(Processing Flow of Vehicle-mounted device)

Fig. 14 is a processing flow of the on-board unit
according to the third embodiment of the present in

Hereinafter, a process of generating the alternati
route by the on-board unit 10 will be described.

First, based on a message including dangerous area
information or congestion information delivered fro
broker 20, the failure information generation unit
determines whether or not the travel target area is
included in at least one of the dangerous area and
area where congestion has occurred (step S141).

For example, when acquiring the dangerous area
information indicating that at least one of the tra
target areas is a dangerous area, the failure infor
generation unit 150 determines that the travel targ

is included in the dangerous area (step S141: YES).
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addition, when acquiring a message including conges tion

information, which is associated with a topic indic ating
at least one area (for example, road X) in the trav eling
target areas, the failure information generation un it 150
determines that the area (road X) is included in th e
congestion occurrence area where congestion occurs (step
S141: YES). When determining that at least one of the
travel target areas is included in at least one of the
dangerous area and the congestion occurrence area, the
failure information generation unit 150 proceeds to step
S145.

On the other hand, when determining that neither o f
the travel target areas is included in the dangerou S area
or the congestion occurrence area (step S141: NO), the
failure information generation unit 150 proceeds to step
S142.

[0086]

Next, when determining that none of the travel

target areas is included in the dangerous area or t he area
where congestion has occurred (step S141: NO), the failure

information generation unit 150 determines whether or not
a message including the traveling information or fa ilure

information of the other on-board unit 10 has been

acquired through the broker 20 (step S142).
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When acquiring the message including the traveling
information or failure information of the other on- board

unit 10 (step S142: YES), the failure information

generation unit 150 proceeds to the next step S143. On
the other hand, when not acquiring a message includ ing
traveling information of the other on-board unit 10 (step
S142: NO), the process returns to step S141 to repe at the

above-described process.
[0087]

Next, when acquiring the message including the

traveling information or the failure information of the
other on-board unit 10 (step S142: YES), the failur e
information generation unit 150 determines whether or not
a failure is likely to occur in the travel target a rea,
based on the acquired traveling information or fall ure

information (step S143).

The process of determining whether or not a failur e
is likely to occur, based on the traveling informat ion or
the failure information of the other on-board unit 10 by
the failure information generation unit 150 is the same as

the process of steps S132 and S133 of the second
embodiment (Fig. 11).

When determining that a failure is likely to occur
in the travel target area (step S143: YES), the fai lure

information generation unit 150 proceeds to step S1 44.
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On the other hand, when determining that a failure
is not likely to occur in the travel target area (s
S143: NO), the failure information generation unit
returns to step S141 and repeats the above-describe
processing.

[0088]

Next, when determining that a failure is likely to
occur in the travel target area, based on the trave
information or the failure information of the other
board unit 10 (YES in step S143), the failure infor
generation unit 150 generates failure information
indicating that a failure is likely to occur in the
target area (step S144). In addition, when it is
determined that failures are likely to occur in a
plurality of travel target areas, the failure infor
generation unit 150 may generate a plurality of pie
failure information for travel target areas, respec

[0089]

Next, the alternative route generation unit 133
determines whether or not there is an alternative r
avoiding at least one of a dangerous area, a conges
occurrence area, and an area where a failure is lik
occur, based on at least one of the dangerous area
information, the congestion information, and the fa

information (step S145).
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Specifically, when at least one of the travel targ
areas is included in at least one of the dangerous
and the congestion occurrence area (step S141: YES)
alternative route generation unit 133 sets an area
included in at least one of the dangerous area and
congestion occurrence area as an avoidance target a
When the plurality of travel target areas are inclu
at least one of the dangerous area and the congesti
occurrence area, the alternative route generation u
may set a plurality of avoidance target areas.

In addition, the alternative route generation unit
133 sets an area in which a failure is likely to oc
the avoidance target area, based on the failure
information generated by the failure information
generation unit 150. When the failure information
generation unit 150 generates a plurality of pieces
failure information, that is, a failure occurs in a
plurality of areas, the alternative route generatio
133 may set a plurality of avoidance target areas.

Then, the alternative route generation unit 133
determines whether there is an alternative route to
the avoidance target area (the avoidance target are
not used). When a plurality of avoidance target ar

set, the alternative route generation unit 133 dete
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whether there is an alternative route to avoid at |
one avoidance target area.

For example, when the failure information generati
unit 150 determines that a failure occurs on the ro
based on the dangerous area information, the altern
route generation unit 133 searches for alternative
to avoid the road X, including other roads differen
the road X, among the roads (points) included in th
travel scheduled area. When the alternative route
avoiding the road X can be searched (step S145: YES
alternative route generation unit 133 proceeds to t

step S146.

On the other hand, when the alternative route

avoiding the road X cannot be searched (step S145:
the alternative route generation unit 133 returns t

S141 and repeats the above process. In addition, w
alternative route generation unit 133 cannot search
alternative route to avoid the road X, the warning
information generation unit 132 may generate warnin
information indicating that a failure has occurred

road X, and make notification of the warning inform
through the notification unit 140. The process of
generating and making notification of warning infor

is the same as the process of step S135 in the seco

embodiment (Fig. 11).
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[0090]

Next, when the alternative route avoiding the trav
target area (road X) where the failure occurs can b
searched (step S145: YES), the alternative route
generation unit 133 generates the alternative route
guidance information (step S146). Further, the
alternative route generation unit 133 presents the
generated alternative route to the driver or the li
the vehicle A through the notification unit 140 so
urge the driver to travel while avoiding the area w
the obstacle has occurred.

In this way, the on-board unit 10 repeatedly
executes the processing of the above-described step
to S146.

[0091]

(Processing Flow of Server)

Fig. 15 is a processing flow of the server accordi
to the third embodiment of the present invention.

Hereinafter, a process of generating congestion
information by the server 30 will be described.

First, the traveling information acquisition unit
302 designates a topic indicating "all areas", and
requests the broker 20 to subscribe messages relate
each area. Then, the traveling information acquisi

unit 302 collects traveling information of the on-b
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unit 10 in each area, based on the message delivere

the broker 20 and the topic associated with the mes

(step S321).

determines whether

[0092]

Next, the congestion information generation unit 3

or

not a predetermined collectio

period (for example, one hour) has elapsed (step S3

When the collection period has not elapsed (step

S322: NO), the congestion information generation un

waits until the collection period has elapsed. Mea

the server 30 returns to step S321 and repeats the

described process.

On the other hand, when the collection period has

elapsed (step S322: YES), the congestion

informatio

generation unit 313 proceeds to the next step S323.

[0093]

Next, the congestion information generation unit 3

generates congestion information for each area, bas

the traveling information collected in step S321 (s

S323).

For example, the congestion information generation

unit 313 acquires a plurality of pieces of travelin

information of the on-board unit 10 associated with

road X, and calculates the average moving speed fro

moving speed included in each traveling information
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the average moving speed is less than the congestio
determining speed, the congestion information gener

unit 313 determines that congestion occurs in the r

and generates congestion information.

Further, in the map information stored in the
storage medium 320, the congestion determining spee
set in advance for each road based on the limit spe
the like. Further, a plurality of congestion deter
speeds may be set for each road to determine the de
congestion (heavy congestion, little congestion, or
like). For example, in a case where the first cong
determining speed of the road X is 40 km/h and the
congestion determining speed is 20 km/h, the conges
information generation unit 313 may make a determin
as "little congestion" when the average moving spee
less than the first congestion determining speed, a
"heavy congestion” when it is less than the second
congestion determining speed.

In addition, the congestion information generation
unit 313 may generate congestion information linkin
area where congestion occurs with the degree of con
Further, the congestion information generation unit
may further divide each area into a plurality of zo
determine the degree of congestion for each area.

case, the congestion information generation unit 31
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generate congestion information linking the area wh
congestion occurs with the degree of congestion in
zone.

When generating congestion information for each ar
the congestion information generation unit 313 proc
the next step S324.

[0094]

Next, the congestion information generation unit 3
designates a topic indicating an area where congest
occurred, and transmits the topic and a message inc
the generated congestion information in association
each other, through the traffic information transmi

unit 301 to the broker 20 (step S324).

In this way, the server 30 repeatedly executes the

processing of the above-described steps S321 to S32
[0095]

(Function and Effect)

As described above, in the communication system 1

according to the present embodiment, the congestion

information generation unit 313 of the server 30 ge
congestion information for each area as the traffic
information, based on the traveling information acq
from the on-board unit 10 through the broker 20.

Further, the alternative route generation unit 133

of the on-board unit 10 generates as guidance infor
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a traveling route including a point different from

at which the vehicle is scheduled to travel, based
least one of the failure information, the dangerous
information, and the congestion information.

With such a configuration, the alternative route
generation unit 133 can generate an alternative rou
based on the traffic information (dangerous area
information or congestion information) generated by
server 30, and even in a state where the server 30
frequently updates the dangerous area information o
congestion information, and a message including the
dangerous area information or the congestion inform
is not delivered for a long period of time, can gen
the failure information, based on the traveling
information acquired from another on-board unit 10,
generate an alternative route to failure, based on
failure information.

[0096]

In addition, in the present embodiment, an aspect
which the congestion information generation unit 31
the server 30 generates congestion information for
area, based on the message including the traveling
information of the on-board unit 10 has been descri
but the present invention is not limited to thereto

example, the congestion information generation unit
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may generate congestion information, based on a mes sage

including failure information generated by the falil ure
information generation unit 150 of the on-board uni t 10.
In this case, the traveling information acquisition unit
302 further requests the broker 20 to subscribe to the
message including the failure information generated by the
failure information generation unit 150 of the on-b oard
unit 10.

In this way, by generating congestion information,
based on the failure information generated by the o n-board
unit 10, it is possible to simplify the processing in the
congestion information generation unit 313.

[0097]

(Hardware Configuration of Vehicle-mounted device)

Fig. 16 shows the hardware configuration of the on -
board unit according to each embodiment of the pres ent
invention.

Hereinafter, with reference to Fig. 16, a hardware
configuration of the on-board unit 10 according to each of
the above-described embodiments will be described.

[0098]

A computer 900 includes a CPU 901, a main storage
device 902, an auxiliary storage device 903, an
input/output interface 904, and a communication int erface

905.
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The above-described on-board unit 10 is mounted on
the computer 900. The operations of the respective
processing units of the above-described on-board un
are stored in the auxiliary storage device 903 of e
computer 900 in the form of a program. The CPU 901
the program from the auxiliary storage device 903,
develops the program into the main storage device 9
executes the above process according to the program
CPU 901 of the on-board unit 10 secures a storage a
corresponding to the storage medium 160 in the main
storage device 902 in accordance with the program.

CPU 901 secures a storage area for storing data und
processing in the auxiliary storage device 903 in
accordance with the program. Further, the computer
connected to the external storage device 910 throug
input and output interface 904, and the storage are
corresponding to the storage medium 160 of the on-b
unit 10 may be secured in the external storage devi

Further, the computer 900 is connected to the exter
storage device 920 through the communication interf

and the storage area corresponding to the storage m
160 of the on-board unit 10 may be secured in the e
storage device 920.

[0099]
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In at least one embodiment, the auxiliary storage

device 903 is an example of a non-transitory tangib le
medium. Other examples of non-transitory tangible medium
include magnetic disks, magneto-optical disks, CD-R OMs,
DVD-ROMs, semiconductor memories, and the like conn ected
through the input and output interface 904. Furthe r, when

this program is delivered to the computer 900 throu gh a

communication line, the computer 900 receiving the
delivery may develop the program in the main storag e
device 902 and execute the above process.

[0100]

Further, the program may be used to realize a part
of the above-described functions. Further, the pro gram
may be a so-called differential file (differential
program) which realizes the above-described functio n in
combination with other programs already stored in t he

auxiliary storage device 903.

[0101]

Although the embodiment of the present invention h as
been described in detail above, the present inventi on is
not limited to these as long as it does not deviate from
the technical idea of the present invention, and so me

design change and the like are also possible.
For example, in the above-described embodiment, an

aspect in which the communication system 1 includes one
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server 30, but the present invention is not limited
thereto. In another embodiment, the communication
1 may include a plurality of servers.

In addition, the plurality of servers may have the
respective functional units of the server 30 in the
described embodiment in a dispersed manner.

Industrial Applicability

[0102]

According to the communication system, the on-boar
unit, and the communication method, described above
possible to perform communication between an on-boa
and a server and between on-board units, using a co
communication method.

Reference Signs List

[0103]

1 communication system

10 on-board unit

100 on-board unit-side communication unit

101 message transmission unit

102 message subscription unit

110 travel target area specifying unit

120 traveling information generation unit

130 guidance information generation unit

131 approach detection unit

132 warning information generation unit
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133 alternative route generation unit

140 notification unit

150 failure information generation unit

160 storage medium

20 broker

200 MQTT function unit

201 subscription information storage unit
202 message delivery unit

203 client connection monitoring unit

210 storage medium

30 server

300 server-side communication unit

301 traffic information transmission unit
302 traveling information acquisition unit
310 traffic information generation unit

311 abnormal travel detection unit

312 dangerous area information generation unit
313 congestion information generation unit
320 storage medium

A vehicle
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Claims

[Claim 1]
A communication system comprising:
an on-board unit that is mounted on a vehicle;
a server that generates traffic information; and
a broker that mediates communication between a
plurality of the on-board units and between the on- board
unit and the server,
wherein the on-board unit includes
a travel target area specifying unit that
specifies a travel target area including at least o ne of a
point at which the vehicle is traveling and a point at
which the vehicle is scheduled to travel, among a
plurality of areas obtained by dividing map into
predetermined ranges;
a traveling information generation unit that
generates traveling information including the point at
which the vehicle is traveling;

a message transmission unit that among a

plurality of topics prepared in advance for each of the
plurality of areas, designates a topic indicating t he
travel target area, and transmits to the broker, th e
designated topic and a message including the travel ing

information in association with each other;
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a message subscription unit that designates a
topic indicating the travel target area and request
broker to subscribe to a message associated with th
topic; and

a qguidance information generation unit that
generates guidance information in the travel target
based on a message delivered from the broker,

wherein the server includes

a traveling information acquisition unit that
requests the broker to subscribe to a message inclu
the traveling information of the on-board unit;

a traffic information generation unit that
generates traffic information for each area, based
traveling information; and

a traffic information transmission unit that
transmits to the broker, a message including the tr
information, and

wherein the broker includes

a message delivery unit that delivers a message
received from the on-board unit and the server to t
board unit and the server that designate a topic

associated with the message and request subscriptio

[Claim 2]

The communication system according to claim 1,
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wherein the traffic information generation unit of
the server generates, as the traffic information,
dangerous area information indicating a dangerous a
which is predicted to have a risk of collision of t
vehicle, based on the traveling information, and

wherein when the travel target area is included in

the dangerous area,

the message subscription unit of the on-board

unit designates a topic indicating the travel targe
included in the dangerous area and requests the bro
subscribe to a message associated with the topic,

the guidance information generation unit of the
on-board unit generates, as the guidance informatio
first warning information indicating that a host ve
is approaching the dangerous area, and

the message transmission unit designates
topic indicating the travel target area, and transm
the broker, the designated topic and a message incl
the first warning information in association with e

other.

[Claim 3]
The communication system according to claim 2,
wherein the on-board unit further includes a failu

information generation unit that generates failure
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information indicating that a failure is likely to

in the travel target area, based on at least one of
traveling information generated by the traveling
information generation unit and the traveling infor

of another on-board unit, and

wherein the message transmission unit of the on-

board unit designates a topic indicating the travel
area where the failure is likely to occur, and tran
to the broker, the topic and a message including th

failure information in association with each other.

[Claim 4]
The communication system according to claim 3,
wherein the guidance information generation unit o
the on-board unit generates as the guidance informa
second warning information indicating that a failur
likely to occur in the travel target area, based on
failure information generated by the failure inform

generation unit.

[Claim 5]
The communication system according to claim 3 or 4
wherein the traffic information generation unit of

the server generates congestion information for eac
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as the traffic information, based on the traveling
information, and

wherein the guidance information generation unit o
the on-board unit generates an alternative route in
a point different from a point at which the vehicle
scheduled to travel as the guidance information, ba
at least one of the failure information, the danger

area information, and the congestion information.

[Claim 6]

A on-board unit that is mounted on a vehicle,

comprising:

a travel target area specifying unit that specifie
a travel target area including at least one of a po
which the vehicle is traveling and a point at which
vehicle is scheduled to travel, among a plurality o
obtained by dividing map into predetermined ranges;

a traveling information generation unit that
generates traveling information including the point
which the vehicle is traveling;

a message transmission unit that among a plurality
of topics prepared in advance for each of the plura
areas, designates a topic indicating the travel tar
area, and transmits the designated topic and a mess

including the traveling information in association
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each other, to a broker which mediates communicatio
between the server and another on-board unit;

a message subscription unit that designates a topi
indicating the travel target area and requests the
to subscribe to a message associated with the topic

a guidance information generation unit that
generates guidance information in the travel target

based on a message delivered from the broker.

[Claim 7]

A communication method using an on-board unit that
is mounted on a vehicle, a server that generates tr
information, and a broker that mediates communicati
between a plurality of the on-board units and betwe
on-board unit and the server, the communication met
comprising:

a travel target area specifying step of specifying
travel target area including at least one of a poin
which the vehicle is traveling and a point at which
vehicle is scheduled to travel, among a plurality o
obtained by dividing map into predetermined ranges,
on-board unit;

a traveling information generation step  of

generating traveling information including the poin

which the vehicle is traveling, by the on-board uni
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a message transmission step of, among a plurality of

topics prepared in advance for each of the pluralit y of
areas, designating a topic indicating the travel ta rget
area, and transmitting to the broker, the designate d topic
and a message including the traveling information i n

association with each other, by the on-board unit;

a message subscription step of designating a topic
indicating the travel target area and requesting th e
broker to subscribe to a message associated with th e topic,

by the on-board unit;

a guidance information generation step of generati ng
guidance information in the travel target area, bas ed on a
message delivered from the broker, by the on-board unit;

a traveling information acquisition step of

requesting the broker to subscribe to a message inc luding
the traveling information of the on-board unit, by the
server;

a traffic information generation step of generatin g
traffic information for each area, based on the tra veling

information, by the server;

a traffic information transmission step  of
transmitting to the broker, a message including the
traffic information, by the server; and

a message delivery step of delivering a message

received from the on-board unit and the server to t he on-
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board unit and the server that desighate a
associated with the message and request subscriptio

the broker.
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