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TRAVEL ASSISTANCE DEVICE, TRAVEL
ASSISTANCE SYSTEM, AND TRAVEL
ASSISTANCE METHOD

TECHNICAL FIELD

[0001] The present invention relates to a travel assistance
device, a travel assistance system, and a travel assistance
method for assisting traveling of a subsequent vehicle fol-
lowing a vehicle group in the form of vehicle platooning in
the last vehicle of a plurality of vehicles included in the
vehicle group.

BACKGROUND ART

[0002] In related art, systems for achieving vehicle pla-
tooning of a vehicle group including one leading vehicle that
travels by being driven by a human and one or more
following vehicles that follow the leading vehicle by so-
called “automatic operation” have been developed.

[0003] Patent Literature 1 teaches a turn signal controller
that turns on a turn signal of a following vehicle in response
to an operation of a turn signal switch made by the driver of
a leading vehicle. This can let the driver of a subsequent
vehicle know that the vehicle group in the form of vehicle
platooning will turn right or left at the timing when the
driver of the leading vehicle turns on the turn signal of the
leading vehicle. This also enables the driver of the subse-
quent vehicle to predict that the following vehicle will
decelerate to turn right or left. Thus, the turn signal control-
ler of Patent Literature 1 assists traveling of a subsequent
vehicle following a vehicle group in the form of vehicle
platooning.

CITATION LIST

Patent Literatures

[0004] Patent Literature 1: JP 2000-293791 A
SUMMARY OF INVENTION
Technical Problem
[0005] In recent years, with the technological advance-

ment in automatic operation, systems for achieving vehicle
platooning in which all of vehicles including a leading
vehicle, intermediate vehicles, and a last vehicle travel by
automatic operation have been developed. In addition, sys-
tems for achieving vehicle platooning in which different
departure places are set for different vehicles and which
vehicles can freely join at branching points on travel routes
have also been developed. Furthermore, systems for achiev-
ing vehicle platooning in which different destinations are set
for different vehicles and which vehicles can freely leave at
branching points on travel routes have also been developed.
Thus, such a situation in which, when a vehicle group in the
form of vehicle platooning passes an intersection, the
vehicles included in the group individually turn right, turn
left or go straight ahead at the intersection occurs.

[0006] For example, such a situation in which, after a
leading vehicle has gone straight ahead at an intersection, an
intermediate vehicle turns right or left at the intersection,
and a last vehicle goes straight ahead at the intersection
occurs. In such situations, the turn signal of the last vehicle
is not turned on although the last vehicle will decelerate
because of the intermediate vehicle turning right or left. In
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addition, because the turn signal of the leading vehicle is not
turned on, the turn signal of the last vehicle is not turned on
even when the turn signal controller of Patent Literature 1 is
used. Thus, there have been problems in that it is not
possible to let the driver of the subsequent vehicle know that
the intermediate vehicle will turn right or left, and in that it
is not possible to enable the driver of the subsequent vehicle
to predict that the last vehicle will decelerate because of the
intermediate vehicle turning right or left.

[0007] The present invention has been made to solve such
problems as described above, and an object thereof is to
provide a travel assistance device, a travel assistance system,
and a travel assistance method which, in the vehicle pla-
tooning of vehicles which each vehicle can freely leave at
branching points on a travel route, enable a driver of a
subsequent vehicle to predict that the last vehicle of a
plurality of vehicles included in a group of the vehicles in
the form of vehicle platooning will decelerate because of at
least one vehicle turning right or left.

Solution to Problem

[0008] A travel assistance device according to the present
invention is a travel assistance device for assisting traveling
of a subsequent vehicle following a vehicle group in the
form of vehicle platooning in a last vehicle of a plurality of
vehicles included in the vehicle group, the travel assistance
device including an information acquiring unit for acquiring
information indicating right-or-left turning vehicles that turn
right or left at an intersection among the vehicles and
information indicating deceleration timing of a forefront
right-or-left turning vehicle from front among the right-or-
left turning vehicles, and a direction indicator controlling
unit for turning on a direction indicator of the last vehicle at
the deceleration timing of the forefront right-or-left turning
vehicle.

Advantageous Effects of Invention

[0009] According to the present invention, the configura-
tion as described above allows, in the vehicle platooning of
vehicles which each vehicle can freely leave at branching
points on a travel route, a driver of a subsequent vehicle to
predict that the last vehicle of a plurality of vehicles included
in a group of the vehicles in the form of vehicle platooning
will decelerate because of at least one vehicle turning right
or left.

BRIEF DESCRIPTION OF DRAWINGS

[0010] FIG. 1 is an explanatory diagram illustrating posi-
tional relations of an intersection, a plurality of vehicles
included in a vehicle group in the form of vehicle platoon-
ing, and a subsequent vehicle following the vehicle group in
a state in which the vehicle group has approached the
intersection that the vehicles are going to enter.

[0011] FIG. 2 is a block diagram illustrating main parts of
an vehicle platooning controlling system and a travel assis-
tance system according to a first embodiment of the present
invention.

[0012] FIG. 3Ais a block diagram illustrating a hardware
configuration of the travel assistance device according to the
first embodiment of the present invention. FIG. 3B is a block
diagram illustrating another hardware configuration of the
travel assistance device according to the first embodiment of
the present invention.
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[0013] FIG. 4 is a flowchart illustrating operation of the
travel assistance device according to the first embodiment of
the present invention.

[0014] FIG. 5 is a flowchart illustrating detailed processes
of first control performed by the travel assistance device
according to the first embodiment of the present invention.
[0015] FIG. 6 is a block diagram illustrating main parts of
an vehicle platooning controlling system and a travel assis-
tance system according to a second embodiment of the
present invention.

[0016] FIG. 7 is a flowchart illustrating operation of the
travel assistance device according to the second embodiment
of the present invention.

[0017] FIG. 8 is a flowchart illustrating detailed processes
of second control performed by the travel assistance device
according to the second embodiment of the present inven-
tion.

[0018] FIG. 9 is an explanatory diagram illustrating posi-
tional relations of an intersection, a plurality of vehicles
included in a vehicle group in the form of vehicle platoon-
ing, and a vehicle that is to join the vehicle group in a state
in which the vehicle group has approached the intersection
that the vehicles are going to enter.

[0019] FIG. 10 is an explanation diagram illustrating
positional relations of an intersection and a plurality of
vehicles included in a vehicle group in the form of vehicle
platooning in a case where a new vehicle is assumed to join
the vehicle group immediately before the vehicle group
enters the intersection.

[0020] FIG. 11 is a block diagram illustrating main parts
of an vehicle platooning controlling system and a travel
assistance system according to a third embodiment of the
present invention.

[0021] FIG. 12A is a flowchart illustrating operation of a
travel assistance device according to the third embodiment
of the present invention.

[0022] FIG. 12B is a flowchart illustrating other operation
of'the travel assistance device according to the third embodi-
ment of the present invention.

[0023] FIG. 13 is a flowchart illustrating detailed pro-
cesses of third control performed by the travel assistance
device according to the third embodiment of the present
invention.

DESCRIPTION OF EMBODIMENTS

[0024] Embodiments for carrying out the invention will
now be described with reference to accompanying drawings
for more detailed explanation of the invention.

First Embodiment.

[0025] FIG. 1 is an explanatory diagram illustrating posi-
tional relations of an intersection, a plurality of vehicles
included in a vehicle group in the form of vehicle platoon-
ing, and a subsequent vehicle following the vehicle group in
a state in which the vehicle group has approached the
intersection that the vehicles are going to enter. FIG. 2 is a
block diagram illustrating main parts of an vehicle platoon-
ing controlling system and a travel assistance system accord-
ing to a first embodiment. FIG. 3A is a block diagram
illustrating a hardware configuration of the travel assistance
device according to the first embodiment. FIG. 3B is a block
diagram illustrating another hardware configuration of the
travel assistance device according to the first embodiment.
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An vehicle platooning controlling system 100 and a travel
assistance system 200 according to the first embodiment will
be described with reference to FIGS. 1 to 3.

[0026] As illustrated in FIG. 1, a vehicle group VG
including a leading vehicle V|, intermediate vehicles V, to
Va1, and a last vehicle V,, is in the form of vehicle
platooning The number N of vehicles V| to V,, included in
the vehicle group VG may be any value not smaller than 2,
and is a value not smaller than 4 in the example illustrated
in FIG. 1. Each of the vehicles V| to V, is traveling by
automatic operation, and will individually turn right, turn
left, or go straight ahead at an intersection I.

[0027] When the vehicle group VG approaches the inter-
section I that the vehicles are going to enter, a subsequent
vehicle V, following the vehicle group VG may be traveling
behind the last vehicle V. The subsequent vehicle V is a
vehicle that is traveling by being driven by a human and
subjected to travel assistance performed by the travel assis-
tance system 200.

[0028] As illustrated in FIG. 2, the vehicles V, to V,,
include radio communication devices 1, to 1,, respectively,
and are capable of communicating with each other by
so-called “V2X”. Specifically, the communication between
the radio communication devices 1, to 1, may be any of
vehicle-to-vehicle communication, road-to-vehicle commu-
nication, and pedestrian-to-vehicle communication and may
be performed via any network 2.

[0029] In addition, the vehicles V, to V,, include vehicle
platooning controllers 3, to 3,, respectively. The vehicle
platooning controllers 3, to 3, share information on the
vehicles V, to V,, through radio communication using the
radio communication devices 1, to 1.

[0030] More specifically, the vehicle platooning control-
lers 3, to 3, share information representing departure places,
places on the routes, destinations, and travel routes of the
respective vehicles V, to V. The vehicle platooning con-
trollers 3, to 3, also share information representing the
positions, the speeds, and the like at which the respective
vehicles V, to V,, are traveling.

[0031] Hereinafter, the information shared by the vehicle
platooning controllers 3, to 3, will be collectively referred
to as “shared information”. The vehicle platooning control-
lers 3, to 3,, control vehicle platooning of the vehicle group
VG by controlling automatic operation of the respective
vehicles V| to V,, on the basis of the shared information.

[0032] The radio communication devices 1, to 1,, each
include a receiver, a transmitter, an antenna, and the like for
V2X, for example. The vehicle platooning controllers 3, to
3, each include an electronic control unit (ECU), an on-
board information device, and the like, for example. The
radio communication devices 1, to 1,, the network 2, and
the vehicle platooning controllers 3, to 3, constitute the
main part of the vehicle platooning controlling system 100.
[0033] Note that the vehicle platooning controlling system
100 supports vehicle platooning in which different destina-
tions are set for different vehicles V, to V,, that is, vehicle
platooning which the vehicles may freely leave at branching
points on the travel routes. Thus, each of the vehicles V| to
V will individually turn right, turn left, or go straight ahead
at the intersection I.

[0034] In addition, the last vehicle V,, includes a travel
assistance device 4. The vehicle platooning controller 3,
provided in the last vehicle V,, has a function of outputting
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information described below to the travel assistance device
4 on the basis of the shared information.

[0035] Specifically, the shared information indicates the
travel routes of the respective vehicles V| to V. The vehicle
platooning controller 3,, generates information (hereinafter
referred to as “straight-going vehicle information™) indicat-
ing vehicles (hereinafter referred to as “straight-going
vehicles”) that will go straight ahead at the intersection I
among the vehicles V| to V,, and information (hereinafter
referred to as “right/left turning vehicle information™) indi-
cating vehicles (hereinafter referred to as “right/left turning
vehicles”) that will turn right or left at the intersection I
among the vehicles V| to V,, on the basis of the travel routes
of the respective vehicles V,; to V. The vehicle platooning
controller 3, outputs the straight-going vehicle information
and the right/left turning vehicle information to the travel
assistance device 4.

[0036] The vehicle platooning controller 3,,also generates
information indicating the right/left turning direction, at the
intersection I, of the forefront right/left turning vehicle from
among the right/left turning vehicles and information indi-
cating the right/left turning directions, at the intersection I,
of the respective right/left turning vehicles other than the
forefront right/left turning vehicle (hereinafter collectively
referred to as “first right/left turning direction information™)
on the basis of the travel routes of the respective vehicles V,
to V. The vehicle platooning controller 3,, outputs the first
right/left turning direction information to the travel assis-
tance device 4.

[0037] The shared information also indicates the positions,
the speeds, and the like at which the respective vehicles V,;
to V,, are traveling. The vehicle platooning controller 3,
generates information (hereinafter referred to as “decelera-
tion timing information™) indicating the timing (hereinafter
referred to as “deceleration timing”) at which the forefront
right/left turning vehicle from among the right/left turning
vehicles will decelerate to turn right or left at the intersection
I on the basis of the positions, the speeds and the like at
which the respective vehicles V| to V,, are traveling. The
vehicle platooning controller 3,, outputs the deceleration
timing information to the travel assistance device 4.

[0038] The vehicle platooning controller 3, also generates
information (hereinafter referred to as “lighting-up timing
information”) indicating the timing (hereinafter referred to
as “lighting-up timing”) at which the respective right/left
turning vehicles except the forefront right/left turning
vehicle should light up the direction indicators of the
vehicles for turning right or left at the intersection I (spe-
cifically, the timing at which the distance between each of
the corresponding vehicles and the intersection I becomes a
value equal to or smaller than 30 meters, for example) on the
basis of the positions, the speeds, and the like at which the
respective vehicles V, to V,, are traveling. The vehicle
platooning controller 3, outputs the lighting-up timing
information to the travel assistance device 4.

[0039] The vehicle platooning controller 3, also generates
information (hereinafter referred to as “right/left turning
timing information™) indicating the timing (hereinafter
referred to as “right/left turning timing”) at which the
rearmost right/left turning vehicle from among the right/left
turning vehicles will turn right or left at the intersection I on
the basis of the positions, the speeds, and the like of the
respective vehicles V, to V. The vehicle platooning con-
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troller 3, outputs the right/left turning timing information to
the travel assistance device 4.

[0040] Hereinafter, the information that the vehicle pla-
tooning controller 3,; outputs to the travel assistance device
4 will be collectively referred to as “first control informa-
tion”.

[0041] An information acquiring unit 5 acquires the first
control information output by the vehicle platooning con-
troller 3. A direction indicator controlling unit 6 performs
control to turn on or off a direction indicator 7 of the last
vehicle V,, as follows by using the first control information
acquired by the information acquiring unit 5.

[0042] First, when the forefront right/left turning vehicle
from among the right/left turning vehicles approaches the
intersection I, the direction indicator controlling unit 6
performs control to turn on the direction indicator 7 of the
last vehicle V,, depending on the right/left turning direction
of the forefront right/left turning vehicle at the deceleration
timing of the forefront right/left turning vehicle. For this
control, the right/left turning vehicle information, the first
right/left turning direction information, and the deceleration
timing information in the first control information are used.
[0043] Subsequently, when each of the right/left turning
vehicles except the forefront right/left turning vehicle
approaches the intersection I, the direction indicator con-
trolling unit 6 performs control to turn on the direction
indicator 7 of the last vehicle V,, depending on the right/left
turning direction of the corresponding vehicle at the light-
ing-up timing of the direction indicator of the corresponding
vehicle. For this control, the right/left turning vehicle infor-
mation, the first right/left turning direction information, and
the lighting-up timing information in the first control infor-
mation are used.

[0044] Subsequently, in a case where the last vehicle V,,
is a straight-going vehicle, the direction indicator controlling
unit 6 performs control to turn off the direction indicator 7
of the last vehicle V,, at the right/left turning timing of the
rearmost right/left turning vehicle among the right/left turn-
ing vehicles. For this control, the straight-going vehicle
information, the right/left turning vehicle information, and
the right/left turning timing information in the first control
information are used.

[0045] Hereinafter, the control performed by the direction
indicator controlling unit 6 will be collectively referred to as
“first control”.

[0046] Assume, for example, that the vehicle group VG
includes eight vehicles V, to Vg, among which the leading
vehicle V, will go straight ahead at the intersection I, the
intermediate vehicle V, will turn right at the intersection I,
the intermediate vehicle V; will go straight ahead at the
intersection I, the intermediate vehicle V, will turn left at the
intersection I, the intermediate vehicle V5 will turn right at
the intersection I, the intermediate vehicle Vg will turn left
at the intersection I, and the intermediate vehicle V., and the
last vehicle V, will go straight ahead at the intersection I.
[0047] In this case, the direction indicator controlling unit
6 first turns on the direction indicator 7 of the last vehicle Vg
in the right turning direction depending on the right/left
turning direction of the intermediate vehicle V, at the
deceleration timing of the intermediate vehicle V.

[0048] Subsequently, the direction indicator controlling
unit 6 turns on the direction indicator 7 of the last vehicle Vg
in the left turning direction depending on the right/left
turning direction of the intermediate vehicle V, at the
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lighting-up timing of the direction indicator of the interme-
diate vehicle V,. In other words, the direction indicator
controlling unit 6 switches the direction indicator 7 from the
lighted state in the right turning direction to the lighted state
in the left turning direction.

[0049] Subsequently, the direction indicator controlling
unit 6 turns on the direction indicator 7 of the last vehicle Vg
in the right turning direction depending on the right/left
turning direction of the intermediate vehicle V5 at the
lighting-up timing of the direction indicator of the interme-
diate vehicle V. In other words, the direction indicator
controlling unit 6 switches the direction indicator 7 from the
lighted state in the left turning direction to the lighted state
in the right turning direction.

[0050] Subsequently, the direction indicator controlling
unit 6 turns on the direction indicator 7 of the last vehicle V,
in the left turning direction depending on the right/left
turning direction of the intermediate vehicle V at the
lighting-up timing of the direction indicator of the interme-
diate vehicle V. In other words, the direction indicator
controlling unit 6 switches the direction indicator 7 from the
lighted state in the right turning direction to the lighted state
in the left turning direction.

[0051] Thereafter, the direction indicator controlling unit
6 turns off the direction indicator 7 of the last vehicle Vg at
the timing when the intermediate vehicle V turns left at the
intersection 1.

[0052] The information acquiring unit 5 and the direction
indicator controlling unit 6 constitute the main part of the
travel assistance device 4. The travel assistance device 4 and
the direction indicator 7 constitute the main part of the travel
assistance system 200.

[0053] FIG. 3 illustrates hardware configurations of the
main part of the travel assistance device 4. As illustrated in
FIG. 3A, the travel assistance device 4 is constituted by a
computer, and includes a processor 11 and a memory 12. The
memory 12 stores programs for causing the computer to
function as the information acquiring unit 5 and the direction
indicator controlling unit 6 illustrated in FIG. 2. The func-
tions of the information acquiring unit 5 and the direction
indicator controlling unit 6 are implemented by the proces-
sor 11 by reading and executing the programs stored in the
memory 12.

[0054] The processor 11 is constituted by a central pro-
cessing unit (CPU), a graphics processing unit (GPU), a
microprocessor, a microcontroller or a digital signal proces-
sor (DSP), for example. The memory 12 is constituted by a
semiconductor memory such as a random access memory
(RAM), a read-only memory (ROM), a flash memory, an
erasable programmable read-only memory (EFPROM) or an
electrically erasable programmable read-only memory), a
magnetic disk, an optical disc, or a magneto-optical disc, for
example.

[0055] Alternatively, as illustrated in FIG. 3B, the func-
tions of the information acquiring unit 5 and the direction
indicator controlling unit 6 may be implemented by a
dedicated processing circuit 13. The processing circuit 13 is
an application specific integrated circuit (ASIC), a program-
mable logic device (PLD), a field-programmable gate array
(FPGA), a system-on-a-chip (SoC), a system large-scale
integration (LSI), or a combination thereof, for example.
[0056] Note that the individual functions of the informa-
tion acquiring unit 5 and the direction indicator controlling
unit 6 may be respectively implemented by the processing
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circuits 13 or the functions of the information acquiring unit
5 and the direction indicator controlling unit 6 may be
collectively implemented by the processing circuit 13. Alter-
natively, some of the functions of the information acquiring
unit 5 and the direction indicator controlling unit 6 may be
implemented by the processor 11 and the memory 12
illustrated in FIG. 3A, and others may be implemented by
the processing circuit 13 illustrated in FIG. 3B.

[0057] Next, operation of the travel assistance device 4
will be explained with reference to a flowchart in FIG. 4.
[0058] First, in step ST1, the information acquiring unit 5
acquires the first control information output by the vehicle
platooning controller 3,. The information acquiring unit 5
outputs the acquired first control information to the direction
indicator controlling unit 6.

[0059] Subsequently, in step ST2, the direction indicator
controlling unit 6 performs the first control by using the first
control information input from the information acquiring
unit 5 in step ST1.

[0060] Next, detailed processes of the first control in step
ST2 will be explained with reference to a flowchart in FIG.
5. In the explanation of the first control below, the forefront
vehicle from among the right/left turning vehicles will be
referred to as a “first right/left turning vehicle”, each of the
right/left turning vehicles except the forefront right/left
turning vehicle will be referred to as a “next right/left
turning vehicle”, and the rearmost vehicle from among the
right/left turning vehicles will be referred to as a “rearmost
right/left turning vehicle”.

[0061] First, in step ST11, the direction indicator control-
ling unit 6 determines whether or not at least one right/left
turning vehicle is present, that is, whether or not at least one
of the vehicles V, to V,, will turn right or left at the
intersection [ by referring to the right/left turning vehicle
information.

[0062] If no right/left turning vehicle is present, that is, if
all of the vehicles V,; to V,, will go straight ahead at the
intersection I (step ST11 “NO”), the processing of the
direction indicator controlling unit 6 is terminated.

[0063] In contrast, if at least one right/left turning vehicle
is present, that is, at least one of the vehicles V| to V,, will
turn right or left at the intersection I (step ST11 “YES”), the
direction indicator controlling unit 6 refers to the decelera-
tion timing information and waits for the deceleration timing
of the first right/left turning vehicle. The direction indicator
controlling unit 6 turns on the direction indicator 7 of the last
vehicle V,, depending on the right/left turning direction of
the first right/left turning vehicle at the deceleration timing
of the first right/left turning vehicle by referring to the first
right/left turning direction information (step ST12).

[0064] Subsequently, in step ST13, the direction indicator
controlling unit 6 determines whether or not a next right/left
turning vehicle is present by referring to the right/left
turning vehicle information.

[0065] If a next right/left turning vehicle is present (step
ST13 “YES”), the direction indicator controlling unit 6
refers to the lighting-up timing information and waits for the
lighting-up timing of the direction indicator of the next
right/left turning vehicle. The direction indicator controlling
unit 6 turns on the direction indicator 7 of the last vehicle V,,
depending on the right/left turning direction of the next
right/left turning vehicle at the lighting-up timing of the
direction indicator of the next right/left turning vehicle by
referring to the first right/left turning direction information
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(step ST14). Subsequently, the processing of the direction
indicator controlling unit 6 returns to step ST13, in which
the direction indicator controlling unit 6 further determines
whether or not a next right/left turning vehicle after the next
right/left turning vehicle is present.

[0066] If no next right/left turning vehicle is present (step
ST13 “NO”), the direction indicator controlling unit 6
determines whether the last vehicle V,, is a straight-going
vehicle or a right/left turning vehicle by referring to the
straight-going vehicle information and the right/left turning
vehicle information in step ST15.

[0067] If the last vehicle V,, is a straight-going vehicle
(step ST15 “YES”), the direction indicator controlling unit
6 refers to the right/left turning timing information and waits
for the right/left turning timing of the rearmost right/left
turning vehicle. The direction indicator controlling unit 6
turns off the direction indicator 7 of the last vehicle V,, at the
right/left turning timing of the rearmost right/left turning
vehicle (step ST16).

[0068] If the last vehicle V, is a right/left turning vehicle,
the last vehicle V,, is definitely the rearmost right/left
turning vehicle, and the direction indicator 7 is thus turned
on depending on the right/left tuning direction of the last
vehicle V,, in the final process of step ST14. Thereafter,
when the last vehicle V, has turned right or left, the direction
indicator 7 is turned off with returning of the steering wheel.
Thus, the control for turning off the direction indicator by
the direction indicator controlling unit 6 is unnecessary, and
the process of step ST16 is skipped (step ST15 “NO”).
[0069] The first control can let the driver of the subsequent
vehicle V, know that at least one of the vehicles V| to V,,
that is, at least one right/left turning vehicle will turn right
or left at the intersection 1. In addition, the first control
enables the driver of the subsequent vehicle V, to predict
that the last vehicle V,, will decelerate because of a right/left
turning vehicle turning right or left at the deceleration timing
of the foremost vehicle from among the right/left turning
vehicles. Furthermore, these effects are produced even when
the leading vehicle V| goes straight ahead at the intersection
L

[0070] Note that the first control information is not limited
to the straight-going vehicle information, the right/left turn-
ing vehicle information, the first right/left turning direction
information, the deceleration timing information, the light-
ing-up timing information, and the right/left turning timing
information. The first control information may include some
of the information above, or include other information
different from the information above. Thus, the first control
information may indicate anything that enables the travel
assistance device 4 to perform control corresponding to the
first control.

[0071] In addition, the vehicle platooning controlling sys-
tem 100 is not limited to the system configuration illustrated
in FIG. 2, and may have any system configuration. For
example, the radio communication devices 1, to 1, may be
capable of communicating with a server device via the
network 2, and the vehicle platooning controllers 3, to 3,
and the server device may cooperate with each other to
control the vehicle platooning of the vehicle group VG.
Alternatively, a personal digital assistant such as a smart-
phone or a portable navigation device (PND) may be
brought into at least one of the vehicles V, to V,, and the
vehicle platooning controllers 3, to 3, and the personal
digital assistant may cooperate with each other to control the
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vehicle platooning of the vehicle group VG. Alternatively,
the vehicle platooning controllers 3, to 3, the server device,
and the personal digital assistant may cooperate with each
other to control the vehicle platooning of the vehicle group
VG.

[0072] Furthermore, the vehicle platooning controlling
system 100 may support vehicle platooning which the
vehicles may feely leave at branching points on the travel
routes and which vehicles may freely join at the branching
points. Note that leaving or joining of a vehicle can lead to
a case where the vehicle V| changes from the leading vehicle
to an intermediate vehicle or the last vehicle in the vehicle
group VG, a case where one of the vehicles V, to V,_,
changes from an intermediate vehicle to the leading vehicle
or the last vehicle in the vehicle group VG, or a case where
the vehicle V,, changes from the last vehicle to the leading
vehicle or an intermediate vehicle in the vehicle group VG.
Thus, the travel assistance system 200 for the subsequent
vehicle V, is preferably provided in each of all the vehicles
that can be included in the vehicle group VG. In FIG. 2, the
travel assistance systems 200 provided in the individual
vehicles V, to V., except the vehicle V,, are not illustrated.

[0073] In addition, vehicle platooning controlled by the
vehicle platooning controlling system 100 may be provided
in any manner in which the intermediate vehicles V, to V.,
and the last vehicle V,, travel by automatic operation. Thus,
the leading vehicle V, may travel by being driven by a
human.

[0074] As described above, the travel assistance device 4
of the first embodiment is a travel assistance device 4 that
assists traveling of a subsequent vehicle V,, following a
vehicle group VG in the form of vehicle platooning by the
last vehicle V,, among a plurality of vehicles V, to V,,
included in the vehicle group VG, and includes an informa-
tion acquiring unit 5 that acquires information indicating
right/left turning vehicles that will turn right or left at an
intersection | among the vehicles V| to V,, and information
indicating the deceleration timing of the foremost right/left
turning vehicle from among the right/left turning vehicles,
and a direction indicator controlling unit 6 that turns on the
direction indicator 7 of the last vehicle V,, at the deceleration
timing of the foremost right/left turning vehicle. This can let
the driver of the subsequent vehicle V, know that at least
one of the vehicles V, to V,, that is, at least one right/left
turning vehicle will turn right or left at the intersection I. In
addition, it is possible to let the driver of the subsequent
vehicle V, predict that last vehicle V,, will decelerate
because of a right/left turning vehicle turning right or left at
the deceleration timing of the foremost vehicle from among
the right/left turning vehicles. Furthermore, these effects are
produced even when the leading vehicle V, goes straight
ahead at the intersection 1.

[0075] In addition, the information acquiring unit 5
acquires information indicating the right/left turning direc-
tion of the foremost right/left turning vehicle from among
the right/left turning vehicles, and the direction indicator
controlling unit 6 turns on the direction indicator 7 of the last
vehicle V,, depending on the right/left turning direction of
the foremost right/left turning vehicle at the deceleration
timing of the foremost right/left turning vehicle. The process
in step ST12 can let the driver of the subsequent vehicle V,
know the right/left turning direction of the foremost right/
left turning vehicle.
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[0076] In addition, the information acquiring unit 5
acquires information indicating lighting-up timing of the
direction indicator of each of the right/left turning vehicles
except the foremost right/left turning vehicle and informa-
tion indicating the right/left turning direction of each of the
right/left turning vehicles except the foremost right/left
turning vehicle, and the direction indicator controlling unit
6 turns on the direction indicator 7 of the last vehicle V,,
depending on the right/left turning direction of each of the
right/left turning vehicles except the foremost right/left
turning vehicle at the lighting-up timing of the direction
indicator of each of the right/let turning vehicles except the
foremost right/left turning vehicle. The process in step ST14
can let the driver of the subsequent vehicle V, know the
right/left turning direction of each of the right/left turning
vehicles except the foremost right/left turning vehicle.
[0077] In addition, the information acquiring unit 5
acquires information indicating straight-going vehicles that
will go straight ahead at the intersection I among a plurality
of'vehicles V, to V,,and information indicating the right/left
turning timing of the rearmost right/left turning vehicle
among the right/left turning vehicles, and when the last
vehicle V, is a straight-going vehicle, the direction indicator
controlling unit 6 turns off the direction indicator 7 of the
last vehicle V,, at the right/left turning timing of the rearmost
right/left turning vehicle among the right/left turning
vehicles. The process in step ST16 enables the lighted
direction indicator 7 to be turned off at appropriate timing
when the last vehicle V,, will go straight ahead at the
intersection 1.

Second Embodiment

[0078] FIG. 6 is a block diagram illustrating main parts of
an vehicle platooning controlling system and a travel assis-
tance system according to a second embodiment. An vehicle
platooning controlling system 100a and a travel assistance
system 200a according to the second embodiment will be
described with reference to FIG. 6.

[0079] Note that, in FIG. 6, blocks that are similar to those
illustrated in FIG. 2 are designated by the same reference
numerals, and the description thereof will not be repeated.
The hardware configurations of a travel assistance device 4a
are similar to those explained with reference to FIG. 3 in the
first embodiment, and the illustration and the description
thereof will not be repeated. The positional relations of the
intersection I, the vehicles V| to V,, included in the vehicle
group VG, and the subsequent vehicle V, following the
vehicle group VG are similar to those illustrated in FIG. 1,
and will thus be explained with reference to FIG. 1.
[0080] Vehicle platooning controllers 3, to 3, of the
vehicle platooning controlling system 100a share informa-
tion on the vehicles V, to V, in a manner similar to the
vehicle platooning controllers 3, to 3, of the vehicle pla-
tooning controlling system 100 of the first embodiment. The
vehicle platooning controller 3, provided in the last vehicle
V has a function of outputting information described below
to the travel assistance device 4a on the basis of the shared
information.

[0081] Specifically, the shared information indicates the
travel routes of the respective vehicles V| to V. The vehicle
platooning controller 3,, generates information indicating
straight-going vehicle that will go straight ahead at the
intersection | among the vehicles V, to V,, that is, straight-
going vehicle information, and information indicating right/
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left turning vehicles that will turn right or left at the
intersection I among the vehicles V, to V,, that is, right/left
turning vehicle information on the basis of the travel routes
of the respective vehicles V, to V. The vehicle platooning
controller 3, outputs the straight-going vehicle information
and the right/left turning vehicle information to the travel
assistance device 4a.

[0082] The vehicle platooning controller 3,,also generates
information (hereinafter referred to as “second right/left
turning direction information”) indicating the right/left turn-
ing direction, at the intersection 1, of the rearmost right/left
turning vehicle among the right/left turning vehicles on the
basis of the travel routes of the respective vehicles V, to V.
The vehicle platooning controller 3, outputs the second
right/left turning direction information to the travel assis-
tance device 4a.

[0083] The shared information also indicates the positions,
the speeds, and the like at which the respective vehicles V,
to V,, are traveling. The vehicle platooning controller 3,
generates information indicating deceleration timing of the
foremost right/left turning vehicle from among the right/left
turning vehicles, that is, deceleration timing information on
the basis of the positions, the speeds, and the like at which
the respective vehicles V, to V,, are traveling. The vehicle
platooning controller 3, outputs the deceleration timing
information to the travel assistance device 4a.

[0084] The vehicle platooning controller 3,,also generates
information indicating right/left turning timing of the rear-
most right/left turning vehicle among the right/left turning
vehicles, that is, right/left turning timing information on the
basis of the positions, the speeds, and the like at which the
respective vehicles V| to V,, are traveling. The vehicle
platooning controller 3, outputs the right/left turning timing
information to the travel assistance device 4a.

[0085] Hereinafter, the information that the vehicle pla-
tooning controller 3,; outputs to the travel assistance device
4a will be collectively referred to as “second control infor-
mation”.

[0086] An information acquiring unit 5a¢ acquires the
second control information output by the vehicle platooning
controller 3,. A direction indicator controlling unit 6a
performs control to turn a direction indicator 7 of the last
vehicle V,; on or off as follows by using the second control
information acquired by the information acquiring unit 5a.
[0087] First, when the foremost right/left turning vehicle
from among the right/left turning vehicles approaches the
intersection I, the direction indicator controlling unit 6a
performs control to turn on the direction indicator 7 of the
last vehicle V,, depending on the right/left turning direction
of the rearmost right/left turning vehicle among the right/left
turning vehicles at the deceleration timing of the foremost
right/left turning vehicle. For this control, the right/left
turning vehicle information, the second right/left turning
direction information, and the deceleration timing informa-
tion in the second control information are used.

[0088] Subsequently, in a case where the last vehicle V,,
is a straight-going vehicle, the direction indicator controlling
unit 6a performs control to turn off the direction indicator 7
of the last vehicle V,, at the right/left turning timing of the
rearmost right/left turning vehicle among the right/left turn-
ing vehicles. For this control, the straight-going vehicle
information, the right/left turning vehicle information, and
the right/left turning timing information in the second con-
trol information are used.
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[0089] Hereinafter, the control performed by the direction
indicator controlling unit 6a will be collectively referred to
as “second control”.

[0090] Assume, for example, that the vehicle group VG
includes eight vehicles V, to Vg, among which the leading
vehicle V, will go straight ahead at the intersection I, the
intermediate vehicle V, will turn right at the intersection I,
the intermediate vehicle V; will go straight ahead at the
intersection I, the intermediate vehicle V,, will turn left at the
intersection I, the intermediate vehicle V5 will turn right at
the intersection I, the intermediate vehicle Vg will turn left
at the intersection I, and the intermediate vehicle V., and the
last vehicle Vg will go straight ahead at the intersection 1.
[0091] In this case, the direction indicator controlling unit
64 turns on the direction indicator 7 of the last vehicle Vg in
the left turning direction depending on the right/left turning
direction of the intermediate vehicle V at the deceleration
timing of the intermediate vehicle V,. Thereafter, the direc-
tion indicator controlling unit 6a turns off the direction
indicator 7 of the last vehicle Vg at the timing when the
intermediate vehicle V turns left at the intersection 1.
[0092] The information acquiring unit 5a and the direction
indicator controlling unit 6a constitute the main part of the
travel assistance device 4a. The travel assistance device 4a
and the direction indicator 7 constitute the main part of the
travel assistance system 200a.

[0093] Next, operation of the travel assistance device 4a
will be explained with reference to a flowchart in FIG. 7.
[0094] First, in step ST21, the information acquiring unit
5a acquires the second control information output by the
vehicle platooning controller 3,. The information acquiring
unit Sa outputs the acquired second control information to
the direction indicator controlling unit 6a.

[0095] Subsequently, in step ST22, the direction indicator
controlling unit 6a performs the second control by using the
second control information input from the information
acquiring unit 5a in step ST21.

[0096] Next, detailed processes of the second control in
step ST22 will be explained with reference to a flowchart in
FIG. 8. In the explanation of the second control below, the
foremost vehicle from among the right/left turning vehicles
will be referred to as a “first right/left turning vehicle”, and
the rearmost vehicle among the right/left turning vehicles
will be referred to as a “rearmost right/left turning vehicle”.
[0097] First, in step ST31, the direction indicator control-
ling unit 6a determines whether or not at least one right/left
turning vehicle is present, that is whether or not at least one
of the vehicles V, to V,, will turn right or left at the
intersection [ by referring to the right/left turning vehicle
information.

[0098] If no right/left turning vehicle is present, that is, if
all of the vehicles V, to V,, will go straight ahead at the
intersection I (step ST31 “NO”), the processing of the
direction indicator controlling unit 6« is terminated.

[0099] In contrast, if at least one right/left turning vehicle
is present, that is, at least one of the vehicles V| to V,, will
turn right or left at the intersection I (step ST31 “YES”), the
direction indicator controlling unit 6a refers to the decel-
eration timing information and waits for the deceleration
timing of the first right/left turning vehicle. The direction
indicator controlling unit 6a turns on the direction indicator
7 of the last vehicle V,, depending on the right/left turning
direction of the rearmost right/left turning vehicle at the
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deceleration timing of the first right/left turning vehicle by
referring to the second right/left turning direction informa-
tion (step ST32).

[0100] Subsequently, in step ST33, the direction indicator
controlling unit 6a determines whether the last vehicle V, is
a straight-going vehicle or a right/left turning vehicle by
referring to the straight-going vehicle information and the
right/left turning vehicle information.

[0101] If the last vehicle V,, is a straight-going vehicle
(step ST33 “YES”), the direction indicator controlling unit
6a refers to the right/left turning timing information and
waits for the right/left turning timing of the rearmost right/
left turning vehicle. The direction indicator controlling unit
6a turns off the direction indicator 7 of the last vehicle V,,
at the right/left turning timing of the rearmost right/left
turning vehicle (step ST34).

[0102] If the last vehicle V, is a right/left turning vehicle,
the last vehicle V,, is definitely the rearmost right/left
turning vehicle, and the direction indicator 7 is thus turned
on depending on the right/left tuning direction of the last
vehicle V,, in the process of step ST32. Thereafter, when the
last vehicle V, has turned right or left, the direction indicator
7 is turned off with returning of the steering wheel. Thus, the
control for turning off the direction indicator by the direction
indicator controlling unit 6« is unnecessary, and the process
of step ST34 is skipped (step ST33 “NO”).

[0103] The second control can let the driver of the sub-
sequent vehicle V , know that at least one of the vehicles V,
to V,, that is, at least one right/left turning vehicle will turn
right or left at the intersection 1. In addition, it is possible to
let the driver of the subsequent vehicle V , predict that last
vehicle V,, will decelerate because of a right/left turning
vehicle turning right or left at the deceleration timing of the
foremost vehicle from among the right/left turning vehicles.
Furthermore, these effects are produced even when the
leading vehicle V| goes straight ahead at the intersection 1.
[0104] Note that the second control information is not
limited to the straight-going vehicle information, the right/
left turning vehicle information, the second right/left turning
direction information, the deceleration timing information,
and the right/left turning timing information. The second
control information may include some of the information
above, or include other information different from the infor-
mation above. Thus, the second control information may
indicate anything that enables the travel assistance device 4a
to perform control corresponding to the second control.
[0105] In addition, the vehicle platooning controlling sys-
tem 1004a can employ various modifications similar to those
of the vehicle platooning controlling system 100 according
to the first embodiment.

[0106] As described above, the travel assistance device 4a
of the second embodiment is a travel assistance device 4a
that assists traveling of a subsequent vehicle V, following a
vehicle group VG in the form of vehicle platooning by the
last vehicle V,, among a plurality of vehicles V, to V,,
included in the vehicle group VG, and includes an informa-
tion acquiring unit Sa that acquires information indicating
right/left turning vehicles that will turn right or left at an
intersection | among the vehicles V| to V,, and information
indicating the deceleration timing of the foremost right/left
turning vehicle from among the right/left turning vehicles,
and a direction indicator controlling unit 6« that turns on the
direction indicator 7 of the last vehicle V,, at the deceleration
timing of the foremost right/left turning vehicle. This can let



US 2020/0094732 Al

the driver of the subsequent vehicle V, know that at least
one of the vehicles V,; to V,, that is, at least one right/left
turning vehicle will turn right or left at the intersection I. In
addition, this enables the driver of the subsequent vehicle
V, to predict that last vehicle V,, will decelerate because of
a right/left turning vehicle turning right or left at the decel-
eration timing of the foremost vehicle from among the
right/left turning vehicles. Furthermore, these effects are
produced even when the leading vehicle V| goes straight
ahead at the intersection 1.

[0107] In addition, the information acquiring unit 5a
acquires information indicating the right/left turning direc-
tion of the rearmost right/left turning vehicle among the
right/left turning vehicles, and the direction indicator con-
trolling unit 6a turns on the direction indicator 7 of the last
vehicle V,, depending on the right/left turning direction of
the rearmost right/left turning vehicle at the deceleration
timing of the foremost right/left turning vehicle. The process
in step ST32 can let the driver of the subsequent vehicle V,
know the right/left turning direction of the rearmost right/
left turning vehicle among the right/left turning vehicles.
[0108] In addition, the information acquiring unit 5a
acquires information indicating straight-going vehicles that
will go straight ahead at the intersection I among a plurality
ofvehicles V, to V,,and information indicating the right/left
turning timing of the rearmost right/left turning vehicle
among the right/left turning vehicles, and when the last
vehicle V, is a straight-going vehicle, the direction indicator
controlling unit 6a turns off the direction indicator 7 of the
last vehicle V,, at the right/left turning timing of the rearmost
right/left turning vehicle among the right/left turning
vehicles. The process in step ST34 enables the lighted
direction indicator 7 to be turned off at appropriate timing
when the last vehicle V,, will go straight ahead at the
intersection 1.

Third Embodiment

[0109] FIG. 9 is an explanatory diagram illustrating posi-
tional relations of an intersection, a plurality of vehicles
included in a vehicle group in the form of vehicle platoon-
ing, and a vehicle that is to join the vehicle group in a state
in which the vehicle group has approached the intersection
which the vehicles are going to enter. FIG. 10 is an expla-
nation diagram illustrating positional relations of an inter-
section and a plurality of vehicles included in a vehicle
group in the form of vehicle platooning in a case where a
new vehicle is assumed to join the vehicle group immedi-
ately before the vehicle group enters the intersection. FIG.
11 is a block diagram illustrating main parts of an vehicle
platooning controlling system and a travel assistance system
according to a third embodiment. An vehicle platooning
controlling system 1005 and a travel assistance system 2005
according to the third embodiment will be described with
reference to FIGS. 9 to 11.

[0110] Note that, in FIG. 11, blocks that are similar to
those illustrated in FIG. 2 are designated by the same
reference numerals, and the description thereof will not be
repeated. The hardware configurations of the travel assis-
tance device 4b are similar to those explained with reference
to FIG. 3 in the first embodiment, and the illustration and the
description thereof will not be repeated.

[0111] The vehicle platooning controlling system 1005
supports vehicle platooning which vehicles may freely leave
while traveling and which vehicles may freely join while
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traveling. Thus, as illustrated in FIG. 9, a newly joining
vehicle V,,, to join the vehicle group VG may be traveling
behind the last vehicle V,, when the vehicle group VG
approaches the intersection I that the vehicles are going to
enter. The newly joining vehicle V,,,, is a vehicle that is
traveling by automatic operation and that is to join the
vehicle group VG in the near future (for example, immedi-
ately before the vehicle group VG enters the intersection I or
immediately after the vehicle group VG exits the intersec-
tion I).

[0112] If the vehicle V,,, joins the vehicle group VG
immediately before the vehicle group VG enters the inter-
section I, the vehicle group VG includes (N+1) vehicles V,
to V, ;, and the vehicle V,, | becomes the last vehicle of the
vehicle group VG, as illustrated in FIG. 10. As a result of the
joining of the vehicle V., ;, the vehicle V,, changes from the
last vehicle to an intermediate vehicle in the vehicle group
VG. The explanation below will be based on a state in which
the vehicle V,,, has not joined the vehicle group VG, that
is, the state illustrated in FIG. 9.

[0113] As illustrated in FIG. 11, the newly joining vehicle
V. has not joined the vehicle group VG, but includes a
radio communication device 1,;,, and an vehicle platooning
controller 3, ,. Thus, the vehicle platooning controllers 3,
to 3, provided in the vehicles V, to V,, are capable of
sharing information on the newly joining vehicle V,,,, in
addition to the information on the vehicles V| to V.
[0114] More specifically, the vehicle platooning control-
lers 3, to 3, share information representing the departure
place, places on the routes, the destination, and the travel
route of the newly joining vehicle V. The vehicle pla-
tooning controllers 3, to 3, also share information repre-
senting the position, the speed, and the like at which the
newly joining vehicle V,, , is traveling.

[0115] The vehicle platooning controller 3, provided in
the last vehicle V,, has a function of outputting information
described below to the travel assistance device 4b on the
basis of the shared information.

[0116] Specifically, the shared information indicates the
positions at which the respective vehicles V, to V,, are
traveling, and the position at which the newly joining
vehicle V., is traveling. The vehicle platooning controller
3, generates information indicating whether or not the
newly joining vehicle V,,, is traveling behind the last
vehicle V,, on the basis of the position at which the last
vehicle V,, is traveling and the position at which the newly
joining vehicle V,,, is traveling. When the newly joining
vehicle V,,, is traveling behind the last vehicle V,, the
vehicle platooning controller 3,, generates information indi-
cating the distance between the last vehicle V,, and the
newly joining vehicle V,,, on the basis of the position at
which the last vehicle V,, is traveling and the position at
which the newly joining vehicle V,,, is traveling.

[0117] Hereinafter, the information indicating whether or
not the newly joining vehicle V,,,, is traveling behind the
last vehicle V,, and the information indicating the distance
between the last vehicle V,, and the newly joining vehicle
Va will collectively be referred to as “newly joining
vehicle information”. The vehicle platooning controller 3,
outputs the newly joining vehicle information to the travel
assistance device 4b.

[0118] The vehicle platooning controller 3, also generates
first control information similar to that explained in the first
embodiment, and outputs the generated first control infor-
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mation to the travel assistance device 4b. Alternatively, the
vehicle platooning controller 3, generates second control
information similar to that explained in the second embodi-
ment, and outputs the generated second control information
to the travel assistance device 4b.

[0119] The shared information also indicates the travel
routes of the respective vehicles V, to V,,, and also indicates
the positions, the speeds, and the like at which the respective
vehicles V, to V,, are traveling. The vehicle platooning
controller 3,, generates information indicating whether the
last vehicle V,, is a right/left turning vehicle or a straight-
going vehicle on the basis of the travel route of the last
vehicle V,. When the last vehicle V,, is a right/left turning
vehicle, the vehicle platooning controller 3,, generates infor-
mation indicating the right/left turning direction, at the
intersection I, of the last vehicle V,, on the basis of the travel
route of the last vehicle V,, and generates information
indicating the timing (that is, lighting-up timing) at which
the direction indicator 7 should be turned on because the last
vehicle V,, will turn right or left at the intersection I
(specifically, the timing at which the distance between the
last vehicle V,, and the intersection I becomes a value equal
to or smaller than 30 meters, for example) on the basis of the
position, the speed, and the like at which the last vehicle V,,
is traveling.

[0120] Hereinafter, the information indicating whether the
last vehicle V, is a right/left turning vehicle or a straight-
going vehicle, the information indicating the right/left turn-
ing direction, at the intersection I, of the last vehicle V,, and
the information indicating the timing at which the direction
indicator 7 should be turned on because the last vehicle V,,
will turn right or left at the intersection [ will be collectively
referred to as “third control information”. The vehicle pla-
tooning controller 3, outputs the third control information to
the travel assistance device 4b.

[0121] An information acquiring unit 56 acquires the
newly joining vehicle information, the first control informa-
tion or the second control information, and the third control
information output by the vehicle platooning controller 3.
[0122] A direction indicator controlling unit 65 determines
whether or not the newly joining vehicle V,,,, is traveling
behind the last vehicle V,, when the vehicle group VG
approaches the intersection I by using the newly joining
vehicle information acquired by the information acquiring
unit 55, and when the newly joining vehicle V,,,, is trav-
eling behind the last vehicle V,, determines whether or not
the distance between the last vehicle V,, and the newly
joining vehicle V,,,, is a value smaller than a threshold.
[0123] Note that the threshold may be set to be a variable
value depending on the traveling speed of the last vehicle V,,
(a value that becomes gradually larger as the traveling speed
is higher and becomes smaller as the traveling speed is
lower, for example), or a constant value (30 meters, for
example) independent of the traveling speed. In a case where
the threshold is set to be a variable value, the information
acquiring unit 56 may acquire information indicating the
traveling speed of the last vehicle V,, from the vehicle
platooning controller 3,, and output the acquired informa-
tion to the direction indicator controlling unit 65.

[0124] When the newly joining vehicle V,,, | is not trav-
eling behind the last vehicle V,,, or when the newly joining
vehicle V,,,, is traveling behind the last vehicle V,, and the
distance between the last vehicle V,, and the newly joining
vehicle V,, | is a value equal to or larger than the threshold,
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the direction indicator controlling unit 65 performs the first
control by using the first control information acquired by the
information acquiring unit 55 or performs the second control
by using the second control information acquired by the
information acquiring unit 5.

[0125] When the newly joining vehicle V,,, is traveling
behind the last vehicle V,, and the distance between the last
vehicle V,, and the newly joining vehicle V,,,, is a value
smaller than the threshold, the direction indicator controlling
unit 65 performs control to turn on the direction indicator 7
of the last vehicle V,, as follows by using the third control
information acquired by the information acquiring unit 54.
Specifically, when the last vehicle V,, is a right/left turning
vehicle, the direction indicator controlling unit 65 performs
control (hereinafter referred to as “third control” to turn on
the direction indicator 7 depending on the right/left turning
direction, at the intersection I, of the last vehicle V,, at the
timing at which the direction indicator 7 should be turned on
because the last vehicle V,, will turn right or left at the
intersection 1.

[0126] The information acquiring unit 56 and the direction
indicator controlling unit 65 constitute the main part of the
travel assistance device 4b. The travel assistance device 44
and the direction indicator 7 constitute the main part of the
travel assistance system 20054.

[0127] Next, operation of the travel assistance device 4b
will be explained with reference to a flowchart in FIG. 12.
[0128] First, in step ST41, the information acquiring unit
5b acquires the newly joining vehicle information output by
the vehicle platooning controller 3,. The information
acquiring unit 556 outputs the acquired newly joining vehicle
information to the direction indicator controlling unit 6b.
[0129] Subsequently, in step ST42, the direction indicator
controlling unit 65 determines whether or not the newly
joining vehicle V,,, is traveling behind the last vehicle V,,
by referring to the newly joining vehicle information input
from the information acquiring unit 55 in step ST41. When
the newly joining vehicle V,,,, is traveling behind the last
vehicle V,, (step ST42 “YES”), the direction indicator con-
trolling unit 65 determines, in step ST43, whether or not the
distance between the last vehicle V,; and the newly joining
vehicle V,., is a value smaller than the threshold by
referring to the newly joining vehicle information input from
the information acquiring unit 56 in step ST41.

[0130] When the newly joining vehicle V,,, is not trav-
eling behind the last vehicle V,, (step ST42 “NO”), or when
the newly joining vehicle V,,, is traveling behind the last
vehicle V,,and the distance between the last vehicle V,, and
the newly joining vehicle V,,, is a value equal to or larger
than the threshold (step ST42 “YES” and step ST43 “NO”),
the processing of the travel assistance device 4b proceeds to
step ST44a illustrated in FIG. 12A or to step ST44b illus-
trated in FIG. 12B. Specifically, the information acquiring
unit 556 acquires the first control information and the direc-
tion indicator controlling unit 656 performs the first control
(steps ST44a and ST45a), or the information acquiring unit
5b acquires the second control information and the direction
indicator controlling unit 65 performs the second control
(steps ST44b and ST45b).

[0131] Note that the detailed processes of the first control
are similar to those explained with reference to the flowchart
of FIG. 5 in the first embodiment, the illustration and the
explanation thereof will thus not be repeated. In addition, the
detailed processes of the second control are similar to those
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explained with reference to the flowchart of FIG. 8 in the
second embodiment, and the illustration and the explanation
thereof will thus not be repeated.

[0132] When the newly joining vehicle V,,,, is traveling
behind the last vehicle V,, and the distance between the last
vehicle V,, and the newly joining vehicle V,,,, is a value
smaller than the threshold (step ST42 “YES” and step ST43
“YES”), the information acquiring unit 56 acquires, in step
ST46, the third control information output by the vehicle
platooning controller 3,. The information acquiring unit 5b
outputs the acquired third control information to the direc-
tion indicator controlling unit 65.

[0133] Subsequently, in step ST47, the direction indicator
controlling unit 65 performs the third control by using the
third control information input from the information acquir-
ing unit 56 in step ST46.

[0134] Next, detailed processes of the third control in step
ST47 will be explained with reference to a flowchart in FIG.
13.

[0135] First, in step ST51, the direction indicator control-
ling unit 65 determines whether the last vehicle V,, is a
right/left turning vehicle or a straight-going vehicle by
referring to the third control information.

[0136] When the last vehicle V,, is a straight-going vehicle
(step ST51 “NO”), the processing of the direction indicator
controlling unit 65 is terminated.

[0137] When the last vehicle V, is a right/left turning
vehicle (step ST51 “YES”), the direction indicator control-
ling unit 65 refers to the third control information, and waits
for the timing at which the direction indicator 7 should be
turned on because the last vehicle V,, will turn right or left
at the intersection 1. At this timing, the direction indicator
controlling unit 65 refers to the third control information,
and turns on the direction indicator 7 depending on the
right/left turning direction, at the intersection I of the last
vehicle V,, (step ST52).

[0138] Note that, when the last vehicle V,, has turned right
or left after the direction indicator 7 is turned on in the
process of step ST52, the direction indicator 7 is turned off
with returning of the steering wheel. Thus, the control for
turning off the direction indicator by the direction indicator
controlling unit 65 is unnecessary.

[0139] The vehicle V,,, is traveling by automatic opera-
tion, and travel assistance thereof by the travel assistance
system 2006 is therefore unnecessary. Thus, when the
vehicle V,,, is traveling behind the vehicle V,, and the
distance between the vehicle V,, and the vehicle V,,, is a
value smaller than the threshold, it is highly probable that no
subsequent vehicle V, subjected to the travel assistance
performed by the travel assistance system 2005 is traveling
behind the vehicle V,, regardless of whether the vehicle
V.1 has not joined or has joined the vehicle group VG.
Thus, the first control or the second control for travel
assistance performed by the vehicle V,, is canceled, and the
direction indicator 7 is turned on depending on the right/left
turning direction of the vehicle V,, which enables unnec-
essary control for travel assistance to be avoided.

[0140] A subsequent vehicle V,, which is not illustrated,
may, however, be traveling behind the newly joining vehicle
V., In a state in which the vehicle group VG has
approached the intersection 1 as illustrated in FIG. 9. Thus,
the vehicle platooning controller 3, , provided in the newly
joining vehicle V,,, , may share similar information with the
vehicle platooning controllers 3, to 3, provided in the
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vehicles V, to V,, and the travel assistance system 2005,
which is not illustrated, provided in the newly joining
vehicle V,,, may perform the first control or the second
control.

[0141] Note that the newly joining vehicle information
may indicate anything that relates to the newly joining
vehicle V,,, and enables the determination processes in
steps ST42 and ST43 performed by the direction indicator
controlling unit 65.

[0142] In addition, the first control information may indi-
cate anything that enables the travel assistance device 45 to
perform control corresponding to the first control.

[0143] In addition, the second control information may
indicate anything that enables the travel assistance device 4b
to perform control corresponding to the second control.
[0144] In addition, the third control information may
indicate anything that enables the travel assistance device 4b
to perform control corresponding to the third control.
[0145] In addition, the vehicle platooning controlling sys-
tem 1005 can employ various modifications similar to those
of the vehicle platooning controlling systems 100 and 100a
according to the first and second embodiments.

[0146] As described above, the information acquiring unit
5b acquires information on a newly joining vehicle V,,, to
join the vehicle group VG, and when the newly joining
vehicle V,,,, is traveling behind the last vehicle V,, and the
distance between the last vehicle V,; and the newly joining
vehicle V,,, is a value smaller than the threshold, the
direction indicator controlling unit 65 turns on the direction
indicator 7 of the last vehicle V,, depending on the right/left
turning direction, at the intersection I, of the last vehicle V.
This enables the last vehicle V,, to avoid unnecessary control
for travel assistance.

[0147] Note that the embodiments of the present invention
can be freely combined, any components in the embodi-
ments can be modified, and any components in the embodi-
ments can be omitted within the scope of the invention.

INDUSTRIAL APPLICABILITY

[0148] A travel assistance device, a travel assistance sys-
tem, and a travel assistance method according to the present
invention can be used for travel assistance of a subsequent
vehicle following a vehicle group in the form of vehicle
platooning.

REFERENCE SIGNS LIST

[0149] 1, to 1,, 1,,,: radio communication device, 2:
network, 3, to 3,, 3. ,: vehicle platooning controller, 4, 4a,
4b: travel assistance device, 5, Sa, 5b: information acquiring
unit, 6, 6a, 6b: direction indicator controlling unit, 7: direc-
tion indicator, 11: processor, 12: memory, 13: processing
circuit, 100, 100a, 1005: vehicle platooning controlling
system, 200, 200q, 2005: travel assistance system

1. A travel assistance device for assisting traveling of a
subsequent vehicle following a vehicle group in a form of
vehicle platooning in a last vehicle of a plurality of vehicles
included in the vehicle group, the travel assistance device
comprising:

processing circuity to

acquire information indicating right-or-left turning

vehicles that turn right or left at an intersection among
the vehicles and information indicating deceleration
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timing of a forefront right-or-left turning vehicle from
front among the right-or-left turning vehicles; and

turn on a direction indicator of the last vehicle at the
deceleration timing of the forefront right-or-left turning
vehicle.

2. The travel assistance device according to claim 1,

wherein the processing circuitry acquires information
indicating a right-or-left turning direction of the fore-
front right-or-left turning vehicle, and

the processing circuitry turns on the direction indicator of
the last vehicle depending on the right-or-left turning
direction of the forefront right-or-left turning vehicle at
the deceleration timing of the forefront right-or-left
turning vehicle.

3. The travel assistance device according to claim 2,

wherein the processing circuitry acquires information
indicating lighting-up timing of a direction indicator of
each of the right-or-left turning vehicles except the
forefront right-or-left turning vehicle and information
indicating a right-or-left turning direction of each of the
right-or-left turning vehicles except the forefront right-
or-left turning vehicle, and

the processing circuitry turns on the direction indicator of
the last vehicle depending on the right-or-left turning
direction of each of the right-or-left turning vehicles
except the forefront right-or-left turning vehicle at the
lighting-up timing of the direction indicator of each of
the right-or-left turning vehicles except the forefront
right-or-left turning vehicle.

4. The travel assistance device according to claim 1,

wherein the processing circuitry acquires information
indicating a right-or-left turning direction of a rearmost
right-or-left turning vehicle among the right-or-left
turning vehicles, and

the processing circuitry turns on the direction indicator of
the last vehicle depending on the right-or-left turning
direction of the rearmost right-or-left turning vehicle
among the right-or-left turning vehicles at the decel-
eration timing of the forefront right-or-left turning
vehicle among the right-or-left turning vehicles.

5. The travel assistance device according to claim 2,

wherein the processing circuitry acquires information
indicating straight-going vehicles that go straight ahead
at the intersection among the vehicles and information
indicating right-or-left turning timing of a rearmost
right-or-left turning vehicle among the right-or-left
turning vehicles, and

when the last vehicle is a straight-going vehicle, the
processing circuitry turns off the direction indicator of
the last vehicle at the right-or-left turning timing of the
rearmost right-or-left turning vehicle among the right-
or-left turning vehicles.

6. The travel assistance device according to claim 2,

wherein the processing circuitry acquires information on
a newly joining vehicle to join the vehicle group, and

when the newly joining vehicle is traveling behind the last
vehicle and a distance between the last vehicle and the
newly joining vehicle is a value smaller than a thresh-
old, the processing circuitry turns on the direction
indicator of the last vehicle depending on a right-or-left
turning direction of the last vehicle at the intersection.

7. A travel assistance system for assisting traveling of a

subsequent vehicle following a vehicle group in a form of
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vehicle platooning in a last vehicle of a plurality of vehicles
included in the vehicle group, the travel assistance system
comprising:
processing circuitry to
acquire information indicating right-or-left turning
vehicles that turn right or left at an intersection among
the vehicles and information indicating deceleration
timing of a forefront right-or-left turning vehicle from
front among the right-or-left turning vehicles; and

turn on a direction indicator of the last vehicle at the
deceleration timing of the forefront right-or-left turning
vehicle.
8. A travel assistance method for assisting traveling of a
subsequent vehicle following a vehicle group in a form of
vehicle platooning in a last vehicle of a plurality of vehicles
included in the vehicle group, the travel assistance device
comprising:
acquiring information indicating right-or-left turning
vehicles that turn right or left at an intersection among
the vehicles and information indicating deceleration
timing of a forefront right-or-left turning vehicle from
front among the right-or-left turning vehicles; and

turning on a direction indicator of the last vehicle at the
deceleration timing of the forefront right-or-left turning
vehicle.

9. The travel assistance device according to claim 3,

wherein the processing circuity acquires information indi-

cating straight-going vehicles that go straight ahead at
the intersection among the vehicles and information
indicating right-or-left turning timing of a rearmost
right-or-left turning vehicle among the right-or-left
turning vehicles, and

when the last vehicle is a straight-going vehicle, the

processing circuity turns off the direction indicator of
the last vehicle at the right-or-left turning timing of the
rearmost right-or-left turning vehicle among the right-
or-left turning vehicles.

10. The travel assistance device according to claim 4,

wherein the processing circuity acquires information indi-

cating straight-going vehicles that go straight ahead at
the intersection among the vehicles and information
indicating right-or-left turning timing of a rearmost
right-or-left turning vehicle among the right-or-left
turning vehicles, and

when the last vehicle is a straight-going vehicle, the

processing circuity turns off the direction indicator of
the last vehicle at the right-or-left turning timing of the
rearmost right-or-left turning vehicle among the right-
or-left turning vehicles.

11. The travel assistance device according to claim 3,

wherein the processing circuity acquires information on a

newly joining vehicle to join the vehicle group, and
when the newly joining vehicle is traveling behind the last
vehicle and a distance between the last vehicle and the
newly joining vehicle is a value smaller than a thresh-
old, the processing circuity turns on the direction
indicator of the last vehicle depending on a right-or-left
turning direction of the last vehicle at the intersection.

12. The travel assistance device according to claim 4,

wherein the processing circuity acquires information on a

newly joining vehicle to join the vehicle group, and
when the newly joining vehicle is traveling behind the last

vehicle and a distance between the last vehicle and the

newly joining vehicle is a value smaller than a thresh-



US 2020/0094732 Al
12

old, the processing circuity turns on the direction
indicator of the last vehicle depending on a right-or-left
turning direction of the last vehicle at the intersection.

#* #* #* #* #*
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