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MOVEMENT CONTROL METHOD, AND MOVING BODY

(57)  The purpose of the present invention is to pro-
vide a coordination device, a roadside unit, a movement
control system, a program, and a movement control
method with which it is possible to safely support a
moving body using a simple configuration and process.
The roadside unit 1 comprises: a positional information-
acquiring unit 112 that acquires positional information
that indicates a position of a moving body 3; and a signal
output processing unit 130 that compares the positional
information and prohibited sector information that indi-
cates a prohibited sector A in which movement of the
moving body 3 is prohibited, and, on the basis of the
compared result, outputs a prohibition signal P that pro-
hibits movement of the moving body 3 in the prohibited
sector A. The signal output processing unit 130 deter-
mines, on the basis of the compared result, whether or
not the moving body 3 is present in the prohibited sector
A, and outputs the prohibition signal when it has been
determined that the moving body 3 is present in the
prohibited sector A.

PROCESSING UN]T110

MOVING BODY INFORMATION
ACQUISITION UNIT

TDENTIFICATION INFORWATION ' 1
ACQUISITION UNIT
POSITIONAL INFORWATION] ' '2
'ACQUISITION UNIT
TRAVEL INFORMATION],-!
ACQUISITION UNIT

13
PROMBIED SECTIN |20
neomiToncasoww |~

SIGNAL OUTPUT PROCESSING
UNIT
MODE SWITCHING SIGNAL |3
OUTPUT PROCESSING UNIT]
PROHIBITION SIGNAL ], 32
'OUTPUT PROCESSING UNIT]

ALARM SIGNAL OUTPUT |33
PROCESSING UNIT

10

ROADSIDE
UNIT

COMMUINLCATION

13

COORDINATION DEVICE, ROADSIDE UNIT, MOVEMENT CONTROL SYSTEM, PROGRAM,

FIG. 3

2
[ TRAFFIC CONTROL|
SERVER

WIRELESS
COMMUNICATION UNT| 3

MOVING BODY]

Processed by Luminess, 75001 PARIS (FR)



1 EP 4 535 331 A1 2

Description
TECHNICAL FIELD

[0001] The presentinvention relates to a traffic control
device, a roadside unit, a movement control system, a
program, a movement control method, and a moving
body.

BACKGROUND ART

[0002] Conventionally, a device for controlling the
movement of a moving body has been known. Patent
document 1 is an example of this type of technology.
Patent document 1 describes a device including: an
acquisition means for acquiring automatic travel informa-
tion which is information relating to a host vehicle and a
state around the host vehicle; an automatic travel means
for performing automatic travel by controlling a traveling
direction and a speed of the host vehicle based on the
automatic travel information; a determination means for
determining whether or not a problem related to the
automatic travel information has occurred; and a change
means for changing, in the case of a problem occurring, a
traveling state of the host vehicle or a traveling state of
another vehicle in accordance with the content of the
problem.

Citation List
Patent Document

[0003] Patent Document 1: Japanese Unexamined
Patent Application, Publication No. 2016-181031

DISCLOSURE OF THE INVENTION
Problems to be Solved by the Invention

[0004] However, the device described in Patent docu-
ment 1 requires a high-performance and expensive de-
vice capable of appropriately determining an abnormal
state of a moving body. Therefore, in a case where a high-
performance control device cannot be installed on a
moving body due to cost constraints, the abnormal state
of the moving body cannot be appropriately determined
due to insufficient redundancy or insufficient calculation
capability of the control device, and there is a possibility
that the moving body cannot be safely moved.

[0005] Inview of these circumstances, an object of the
present invention is to provide a traffic control device, a
roadside unit, a movement control system, a program,
and a movement control method that can support safe
movement of a moving body with a simpler configuration
and processing. Further, itis another object of the present
invention to provide a moving body that is managed and
controlled by the traffic control device.
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Means for Solving the Problems
[0006]

(1) A traffic control device includes: a positional
information acquisition unit that acquires positional
information indicating a position of a moving body;
and a signal output processing unit that compares
the positional information with prohibited section
information indicating a prohibited section in which
a movement of the moving body is prohibited, and
outputs, based on a result of the comparison, a
prohibition signal that prohibits the movement of
the moving body in the prohibited section, in which
the signal output processing unit determines
whether the moving body exists in the prohibited
section based on the result of the comparison, and
when it is determined that the moving body exists in
the prohibited section, outputs the prohibition signal.
(2) In the traffic control device as described in (1), the
prohibited section information includes information
indicating an alarm area set around the prohibited
section, and the signal output processing unit deter-
mines whether the moving body exists in the alarm
areabased on aresult of the comparison, and wheniit
is determined that the moving body exists in the
alarm area, outputs an alarm signal that causes
the moving body to execute processing of generating
an alarm.

(3) Inthe traffic control device as described in (1), the
moving body is a moving body that is configured to
move autonomously.

(4) A roadside unit includes each component of the
traffic control device as described in any one of (1) to
(3) above, and the roadside unit is installed on a road
on which the moving body moves or on a roadside of
the road.

(5) A movement control system is configured to
wirelessly communicate with a moving body, and
the movement control system includes: a plurality
of first traffic control devices each installed in a
different area; and a second traffic control device
that is communicably connected to the plurality of
first traffic control devices, in which the second traffic
control device includes a prohibited section informa-
tion management unit that generates prohibited sec-
tion information indicating a prohibited section in
which a movement of the moving body is prohibited,
and transmits the prohibited section information to
each of the plurality of first traffic control devices, the
first traffic control device includes a positional infor-
mation acquisition unit that acquires positional in-
formation indicating a position of the moving body,
and a signal output processing unit that compares
the positional information with the prohibited section
information received from the second traffic control
device, and outputs, based on a result of the com-
parison, a prohibition signal that prohibits the move-
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ment of the moving body in the prohibited section,
and the signal output processing unit determines
whether the moving body exists in the prohibited
section based on the result of the comparison, and
when it is determined that the moving body exists in
the prohibited section, outputs the prohibition signal.
(6) In the movement control system as described in
(5), the prohibited section information includes in-
formation indicating an alarm area set around the
prohibited section, and the signal output processing
unit of the first traffic control device determines
whether the moving body exists in the alarm area
based on the result of the comparison, and whenitis
determined that the moving body exists in the alarm
area, outputs an alarm signal that causes the moving
body to execute processing of generating an alarm.
(7) In the movement control system as described in
(6), the prohibited section information management
unit of the second traffic control device generates the
prohibited section information which varies depend-
ing on a time period.

(8) In the movement control system as described in
any one of (5) to (7), the moving body is a moving
body that is configured to move autonomously.

(9) In the movement control system as described in
(8), the moving body has driving modes including an
autonomous driving mode for traveling autono-
mously along a set traveling route, and a remote
driving mode for traveling based on a remote opera-
tion signal for remotely operating the moving body,
and the second traffic control device further includes
a mode switching signal output processing unit that,
when the signal output processing unit outputs the
prohibition signal, outputs a driving mode switching
signal that switches the driving mode of the moving
body to the remote driving mode.

(10) A program causes a computer included in a
traffic control device to execute: a positional informa-
tion acquisition function that acquires positional in-
formation indicating a position of a moving body; and
a signal output processing function that compares
the positional information with prohibited section
information indicating a prohibited section in which
a movement of the moving body is prohibited, and
outputs, based on a result of the comparison, a
prohibition signal that prohibits the movement of
the moving body in the prohibited section, in which
the signal output processing function determines
whether the moving body exists in the prohibited
section based on the result of the comparison, and
when it is determined that the moving body exists in
the prohibited section, outputs the prohibition signal.
(11) A movement control method executed by a
traffic control device includes: a positional informa-
tion acquisition step of acquiring positional informa-
tion indicating a position of a moving body; and a
signal output processing step of comparing the posi-
tional information with prohibited section information
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indicating a prohibited section in which a movement
of the moving body is prohibited, and outputs, based
onaresultof the comparison, a prohibition signal that
prohibits the movement of the moving body in the
prohibited section, in which the signal output proces-
sing step further includes determining whether the
moving body exists in the prohibited section based
on the result of the comparison, and when it is
determined that the moving body exists in the pro-
hibited section, outputting the prohibition signal.
(12) A moving body includes: a wireless communi-
cation unit that performs communication with the
traffic control device as described in any one of (1)
to (4) above; a self-position estimation unit that es-
timate a self-position; a driving unit; and a movement
control unit that performs control of driving of the
driving unit, in which the self-position estimation unit
transmits estimated self-position information to the
traffic control device using the wireless communica-
tion unit, and when the wireless communication unit
receives a prohibition signal transmitted from the
traffic control device, the movement control unit con-
trols the driving unit to perform operation corre-
sponding to the prohibition signal.

(13) In the moving body as described in (12) above,
the wireless communication unit receives a plurality
of prohibition signals relating to restriction of move-
ment into a same prohibited section from different
traffic control devices.

(14) In the moving body as described in (13), when
the wireless communication unit receives a prede-
termined number of prohibition signals, the move-
ment control unit controls the driving unit to perform
operation corresponding to the prohibition signals.

Effects of the Invention

[0007] Accordingtothe presentinvention, itis possible
to support safe movement of a moving body with a
simpler configuration and processing.

BRIEF DESCRIPTION OF THE DRAWINGS
[0008]

FIG. 1is a schematic diagram showing a movement
control system according to an embodiment of the
present invention and an example of a road to which
the movement control system is applied, and is a
diagram showing a state in which a moving body
moves outside a prohibited section;

FIG. 2 is a schematic diagram showing a movement
control system according to an embodiment of the
present invention and an example of a road to which
the movement control system is applied, and is a
diagram showing a state in which a moving body is
located in a prohibited section;

FIG. 3 is a block diagram showing a configuration of
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hardware and functional blocks of a roadside unit
according to an embodiment of the present inven-
tion;

FIG. 4Ais a schematic diagram showing a positional
relationship between a prohibited section and a con-
trol target area in the movement control system
according to an embodiment of the present inven-
tion;

FIG. 4B is a schematic diagram showing a positional
relationship between a prohibited section and a con-
trol target area in the movement control system
according to an embodiment of the present inven-
tion;

FIG. 5 is a block diagram showing a configuration of
hardware and functional blocks of a traffic control
server according to an embodiment of the present
invention;

FIG. 6 is a block diagram showing a configuration of
hardware and functional blocks of a moving body in
the movement control system according to an em-
bodiment of the present invention; FIG. 7 is a flow-
chart showing an example of movement control exe-
cuted by a roadside unit 1 according to one embodi-
ment of the present invention;

FIG. 8 is a flowchart showing an example of move-
ment control executed by the roadside unit 1 accord-
ing to one embodiment of the present invention;
FIG. 9 is a flowchart showing an example of move-
ment control executed by a traffic control server 2
according to one embodiment of the present inven-
tion;

FIG. 10 is a flowchart showing an example of move-
ment control executed by a moving body 3;

FIG. 11 is a flowchart showing an example of move-
ment control executed by the moving body 3;

FIG. 12is a schematic diagram showing a movement
control system according to a modification of the
present invention and an example of a flight path
of an unmanned flying object to which this movement
control system is applied; and

FIG. 13 is a schematic diagram illustrating a move-
ment control system according to a modification of
the present invention and an example of a road to
which this movement control system is applied.

PREFERRED MODE FOR CARRYING OUT THE IN-
VENTION

[0009] Hereinafter, a movement control system S ac-
cording to an embodiment of the present invention will be
described. The present invention is not limited to the
following embodiments. In addition, the drawings re-
ferred toin the following description merely schematically
show shapes, sizes, and positional relationships so that
the contents of the present disclosure can be understood.
Thatis, the present invention is not limited to the shapes,
sizes, and positional relationships illustrated in the draw-
ings.
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<Configuration and Operation of Movement Control
System S>

[0010] An overall configuration of a movement control
system S according to one embodiment of the present
invention will be described with reference to FIG. 1. FIG. 1
is a schematic diagram illustrating an example of aroad 4
to which the movement control system S according to the
present embodiment is applied.

[0011] Themovementcontrol system Sis asystemthat
controls a moving body 3 so that the moving body 3 does
not move within a defined section on the road 4. The
movement control system S is capable of performing
wireless communication with the moving body 3, which
isavehicletravelingontheroad 4, and includes a plurality
of roadside units 1 installed on the road 4 or on the
roadside of the road 4, and a traffic control server 2
communicably connected to each of the plurality of road-
side units 1 viaa communication network NW. Each of the
plurality of roadside units 1 includes a processing unit 10
(traffic control device, first traffic control device) de-
scribed later, and the traffic control server 2 includes a
processing unit 20 (traffic control device, second traffic
control device) described later. That is, the movement
control system S includes a plurality of processing units
10 capable of performing wireless communication with
the plurality of moving bodies 3, and a processing unit 20
communicably connected to the plurality of processing
units 10. As shown in FIG. 1, in the present embodiment,
a system for controlling autonomous driving of a vehicle
will be described as an example.

[0012] Themovingbody 3is, forexample, a self-driving
vehicle that can move autonomously. The moving body 3
has a driving mode including an autonomous driving
mode in which the vehicle autonomously travels along
a travel route set based on positional information of a
destination or the like, and a remote driving mode in
which the vehicle travels based on a remote operation
signal for remotely operating the moving body 3. In the
autonomous driving mode, the moving body 3 performs
autonomous driving to a predetermined place based on
estimated positional information of itself and map infor-
mation of surroundings of where the moving body 3
exists, which change from moment to moment. The pre-
determined place refers to a destination setin advance or
a place on a route to the destination set in advance. The
moving body 3 is configured to be wirelessly communic-
able with the roadside unit 1.

[0013] The communication network NW may be a wide
area network (WAN) including a private network and the
Internet. In the former private network, for example, a
PON access system formed by an OLT (optical line
terminal), a plurality of ONUs (optical network units)
connected to the OLT via an optical line, or the like, a
layer 2 switch, a layer 3 switch, or the like can be used. On
the other hand, in the example of the WAN, an MPLS
(Multiprotocol Label Switching) network or the like is
used.
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[0014] Theroadside unit1isalso called aroad side unit
(RSU) or the like. The plurality of roadside units 1 are
installed in different areas around the road 4 (roadside) or
the like. The area indicates a range in which each road-
side unit 1 is in charge of communication with each
moving body 3, and indicates, for example, a geographi-
cal range set along the road 4. In the example illustrated
in FIG. 1, the plurality of roadside units 1 are installed
along the road 4 at predetermined intervals.

[0015] The roadside unit 1 provides a V2X (Vehicle-to-
everything) communication service by performing wire-
less communication with the moving body 3 traveling on
the road 4 or various devices present around the road 4.
Further, the roadside unit 1 transmits, to the traffic control
server 2 via the communication network NW, data ac-
quired by wireless communication with the moving body
3 traveling in an area where wireless communication is
possible (hereinafter, referred to as a communicable
area) and various devices in the area. The processing
unit 10 included in the roadside unit 1 executes move-
ment control of the moving body 3 by outputting various
control signals to the moving body 3. The various control
signals are outputted based on the prohibited section
information stored in each roadside unit 1. The prohibited
section information refers to information related to a
prohibited section A indicating a predetermined section
onthe road 4 as shown in FIG. 1. Details of the prohibited
section information will be described later.

[0016] The traffic control server 2 is communicably
connected to the plurality of roadside units 1 via the
communication network NW. The traffic control server
2 according to the present embodiment generates pro-
hibited section information stored in each of the plurality
of roadside units 1, and manages the timing of transmit-
ting the generated prohibited section information to the
roadside units 1. The configuration of the traffic control
server 2 and the prohibited section information will be
described in detail later.

<Configuration and Operation of Roadside Unit 1>

[0017] Next, a functional configuration of the roadside
unit 1in the movement control will be described. FIG. 2 is
a schematic diagram illustrating the movement control
system S and an example of the road 4 to which the
movement control system S is applied, and is a diagram
illustrating a situation in which the moving body 3 is
located outside the prohibited section A. FIG. 3 is a block
diagramiillustrating a configuration of hardware and func-
tional blocks of the roadside unit 1.

[0018] As illustrated in FIG. 3, the roadside unit 1
includes a processing unit 10, a storage unit 11, a com-
munication I/F 12, and a wireless communication unit 13.
[0019] The processing unit 10 is an arithmetic device
configured by a processor such as a CPU, reads and
executes various programs and data from the storage
unit 11 described later to realize a movement control
function. In the present embodiment, the processing unit
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10 executes data processing of each functional unit of a
moving body information acquisition unit 110, a prohib-
ited section information acquisition unit 120, and a signal
output processing unit 130. The operation of each func-
tional unit will be described later. The operation of each
functional unit will be described later. The function of the
movement control of the processing unit 10 may be
realized by hardware or may be realized by software.
[0020] The storage unit 11 is a storage area for various
programs and various data for causing the hardware
group to function as the roadside unit 1, and can be
configured by ROM, RAM, flash memory, a semiconduc-
tor drive (SSD), hard disk drive (HDD), or the like. Spe-
cifically, the storage unit 11 stores a program for causing
the processing unit 10 to execute each function of the
present embodiment, a control program of the roadside
unit 1, various parameters, data used for movement
control of the moving body 3, identification information
such asan IP address and a MAC address of the roadside
unit 1, information related to geographical map informa-
tion including a communicable area, prohibited section
information in the communicable area to be described
later, and information indicating a position of an area to be
the target of a controlled mode to be described later.
[0021] The communication I/F 12 is aninterface for the
roadside unit 1 to communicate via the communication
network NW. The roadside unit 1 is communicably con-
nected to the traffic control server 2 via the communica-
tion I/F 12.

[0022] The wireless communication unit 13 executes
processing for the roadside unit 1 to perform V2X com-
munication with surrounding devices wirelessly. The
wireless communication unit 13 performs wireless com-
munication with moving body 3 traveling in the commu-
nicable area of the roadside unit 1. The wireless com-
munication unit 13 receives, for example, identification
information for identifying the moving body 3, positional
information indicating the position of the moving body 3,
travel information of the moving body 3, and the like.
[0023] Next, a functional configuration for the proces-
sing unit 10 to execute the movement control of the
moving body 3 will be described.

[0024] The moving body information acquisition unit
110 executes processing of acquiring information relating
to the moving body 3 traveling in the communicable area
of the roadside unit 1. The moving body information
acquisition unit 110 includes the identification information
acquisition unit 111, the positional information acquisition
unit 112, and the travel information acquisition unit 113.
[0025] The identification information acquisition unit
111 executes processing of acquiring the identification
information of the moving body 3 received via the wire-
less communication unit 13. The identification informa-
tion acquired by the identification information acquisition
unit 111 may include, for example, a size of the moving
body 3, an identification ID of an on-board device
mounted on the moving body 3, a MAC address, and
an |IPv6 address of an on-board terminal device or the like
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connected to the on-board device, and number plate
information.

[0026] The positional information acquisition unit 112
executes processing of acquiring the positional informa-
tion of the moving body 3 received via the wireless com-
munication unit 13. Examples of the positional informa-
tion include latitude, longitude, and altitude of a position
where the moving body 3 exists. In the present embodi-
ment, the positional information acquisition unit 112 ac-
quires at least latitude and longitude information as the
positional information.

[0027] The travel information acquisition unit 113 exe-
cutes processing of acquiring the travel information of the
moving body 3 received via the wireless communication
unit 13. The travel information includes, for example,
information relating to a travel speed, a travel direction,
and the like of the moving body 3. The moving body
information acquisition unit 110 associates the acquired
identification information, the positional information, and
the travel information of the moving body 3 with one
another, and stores them as the moving body informa-
tion.

[0028] The prohibited section information acquisition
unit 120 executes processing of acquiring the prohibited
section information. The prohibited section information is
information indicating the position of the prohibited sec-
tion A provided in the communicable area of the roadside
unit 1as shownin FIGS. 1 and 2. The prohibited section A
refers to a geographical range on the road 4 in which the
movement of the moving body 3 in the controlled mode
described later in detail is prohibited. The prohibited
section information is indicated by, for example, latitude,
longitude, altitude, and the like. In FIGS. 1 and 2, the
prohibited section A indicated by the prohibited section
information of the roadside unit 1A is indicated by a
broken line. In the example of FIGS. 1 and 2, the pro-
hibited section A of the roadside unit 1 is formed in
regions on both sides of the road 4 (regions on the road
side and the periphery thereof). In FIGS. 1 and 2, the
prohibited section A on the lower side of the drawing
shows the positional relationship of the prohibited section
A on the road 4, and the prohibited section A and the
moving body 3 on the upper side of the drawing virtually
show the contents of the comparison processing of the
positional information of the moving body 3 and the
prohibited section A by the processing unit 10 described
later.

[0029] Further, the prohibited section information in-
cludes information indicating an alarm area B set around
the prohibited section A. That is, the alarm area B is an
area in which there is a high possibility that the moving
body 3 will move out of the prohibited section A when the
moving body 3 continues to move. In the present embo-
diment, the alarm area B is provided so as to surround the
prohibited section A in a plan view.

[0030] The prohibited section information acquisition
unit 120 executes processing of acquiring prohibited
section information from the traffic control server 2 or
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the storage unit 11. In the present embodiment, when the
prohibited section information is received from the traffic
control server 2, the prohibited section information ac-
quisition unit 120 updates the prohibited section informa-
tion stored in the storage unit 11 to the received prohibited
section information.

[0031] The signal output processing unit 130 executes
processing of outputting various signals for controlling
the moving body 3 based on the positional information of
the moving body 3 and the like. The signal output proces-
sing unit 130 includes a mode switching signal output
processing unit 131, a prohibition signal output proces-
sing unit 132, and an alarm signal output processing unit
133.

[0032] The mode switching signal output processing
unit 131 executes processing of outputting the first mode
switching signal based on the positional information of
the moving body 3 and the prohibited section information.
The first mode switching signal is a control signal includ-
ing an instruction to perform mode switching for switching
the mode in which the moving body 3 moves to the
controlled mode or the non-controlled mode. The con-
trolled mode refers to a mode in which the operation of the
moving body 3 is controlled in accordance with a control
signal such as a prohibition signal P or an alarm signal
transmitted from the roadside unit 1. The non-controlled
mode is a mode in which the operation of the moving body
3 is not controlled by a control signal such as the prohibi-
tion signal P or the alarm signal transmitted from the
roadside unit 1.

[0033] Here, arelationship between an area subject to
the controlled mode (hereinafter, referred to as a control
target area C) and the prohibited section A will be de-
scribed. FIGS. 4A and 4B are diagrams for explaining the
relationship between the control target area C and the
prohibited section A. In FIGS. 4A and 4B, the prohibited
section A is indicated by a one-dot chain line, and the
control target area C is indicated by a broken line. As
shown in FIG. 4A, the control target area C is set to be
outside the entrance and the exit of the prohibited section
A in the traveling direction of the moving body 3 on the
road 4 and to be wider than the widths of the two pro-
hibited sections A. Further, as shown in FIG. 3B, the
control target area C may be set to be at the same place
as the entrance and the exit of the alarm area B existing
around the prohibited section A and to be wider than the
widths of the two prohibited sections A.

[0034] For example, when it is determined that the
moving body 3 has entered the control target area C
based on the positional information of the moving body
3, the mode switching signal output processing unit 131
outputs a first mode switching signal for performing mode
switching from the non-controlled mode to the controlled
mode. In addition, when it is determined that the moving
body 3 has exited the control target area C based on the
positional information of the moving body 3, the mode
switching signal output processing unit 131 outputs the
first mode switching signal for executing mode switching
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from the controlled mode to the non-controlled mode.
[0035] The prohibition signal output processing unit
132 executes processing of outputting the prohibition
signal P for prohibiting the movement of the moving body
3 in the controlled mode. The prohibition signal output
processing unit 132 compares the positional information
of the moving body 3 with the prohibited section informa-
tion, and outputs the prohibition signal P based on the
comparison result. Specifically, the prohibition signal out-
put processing unit 132 determines whether or not the
moving body 3 exists in the prohibited section Abased on
the comparison result between the positional information
of the moving body 3 and the prohibited section informa-
tion, and outputs the prohibition signal P when it is
determined that the moving body 3 exists in the prohibited
section A. For example, the prohibition signal output
processing unit 132 may determine that the moving body
3 exists in the prohibited section A only when the entire
moving body 3 is located in the prohibited section A by
using the information relating to the size of the moving
body 3, which is the identification information. For exam-
ple, the prohibition signal output processing unit 132 may
determine that the moving body exists in the prohibited
section A when at least a part of the moving body 3 is
located in the prohibited section A. Further, when the
center of the vehicle body of the moving body 3 is located
in the prohibited section A, it may be determined that the
moving body 3 exists in the prohibited section A. For
example, the moving body 3 receives control for restrict-
ing the continuous travel when the prohibition signal P is
received in the controlled mode, and is allowed to perform
the continuous travel when the prohibition signal P is not
received.

[0036] The alarm signal output processing unit 133
executes processing of outputting an alarm signal based
on the positional information of the moving body 3 and the
prohibited section information. The alarm signal refers to
a control signal including an instruction to cause the
moving body 3 to perform processing of generating an
alarm that alerts the operator of the moving body 3. The
alarm signal output processing unit 133 compares the
positional information with the information indicating the
alarm area B included in the prohibited section informa-
tion, and determines whether or not the moving body 3
exists in the alarm area B based on the comparison
result. When it is determined that the moving body 3
exists in the alarm area B, the alarm signal output pro-
cessing unit 133 outputs an alarm signal indicating that
the moving body 3 existsin the alarm area B to the moving
body 3.

<Configuration and Operation of Traffic control server
2>

[0037] Next, a functional configuration of the traffic
control server 2 in the movement control will be de-
scribed. FIG. 5 is a block diagram illustrating a config-
uration of hardware and functional blocks of the traffic
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control server 2.

[0038] AsillustratedinFIG.5, the traffic control server 2
includes a processing unit 20, a storage unit 21, and a
communication I/F 22.

[0039] The processing unit 20 is an arithmetic device
configured by a processor such as a CPU, and reads and
executes various programs and data from the storage
unit 21 described later to realize a function of movement
control. In the present embodiment, the processing unit
20 executes data processing of each functional unit of a
roadside unit information acquisition unit 210, a map
information management unit 220, a prohibited section
information management unit 230, and a mode switching
signal output processing unit 240. The operation of each
functional unit will be described later. The function of the
movement control of the processing unit 20 may be
realized by hardware or software.

[0040] The storage unit21 is a storage area for various
programs for causing a hardware group to function as the
traffic control server 2, various data, and the like, and can
be configured by ROM, RAM, flash memory, a semicon-
ductor drive (SSD), hardware (HDD), or the like. Speci-
fically, the storage unit 21 stores a program for causing
the processing unit 20 to execute each function of the
present embodiment, a control program of the traffic
control server 2, various parameters, data used formove-
ment control of the moving body 3, identification informa-
tion such as IP addresses and MAC addresses of a
plurality of roadside units 1 communicably connected
to the traffic control server 2, geographical map informa-
tion including communicable areas of the plurality of
roadside units 1, and prohibited section information in
each communicable area of the plurality of roadside units
1.

[0041] The communication I/F 22 is an interface for the
traffic control server 2 to communicate via the commu-
nication network NW. The traffic control server 2 is com-
municably connected to the plurality of roadside units 1
and other communication devices via the communication
I/F 22.

[0042] Next, a functional configuration for the proces-
sing unit 20 to execute the movement control of the
moving body 3 will be described.

[0043] The roadside unit information acquisition unit
210 (positional information acquisition unit) executes
processing of acquiring roadside unit information trans-
mitted from each of the plurality of roadside units 1.
Examples of the roadside unitinformation include moving
body information acquired by each of the plurality of
roadside units 1, information relating to an event occur-
ring on the road 4, and information relating to an output
state of various control signals by the roadside unit 1.
Examples of the information relating to the event include
a traffic accident, traffic congestion, a breakdown of a
vehicle, traveling of an emergency vehicle, a road sur-
face abnormality, a fire, traveling of a maintenance ve-
hicle on the road 4, and the like. That is, the roadside unit
information acquisition unit 210 acquires information
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such as identification information, positional information,
and travel information of the moving body 3 traveling in
the communicable area of each roadside unit 1, informa-
tion relating to the occurrence situation of a traffic acci-
denton the road 4, and the like. Examples of the informa-
tion relating to the output status of the various control
signals include the presence or absence of the output of
the first mode switching signal, the alarm signal, the
prohibition signal P, and the like.

[0044] The map information management unit 220
generates map information based on information ac-
quired from the outside and updates the map information
as needed. The map information may be, for example, a
dynamic map. The dynamic map is a combination of
static information such as road surface information, lane
information, and structures, and dynamic information
such as traffic regulations, construction, congestion, ve-
hicles, pedestrians, and signals, and is a three-dimen-
sional digital map having latitude, longitude, and altitude
information. The map information management unit 220
updates the dynamic map as needed based on informa-
tion acquired from the outside, and transmits the dynamic
map to each of the plurality of roadside units 1. The map
information transmitted to each roadside unit 1 is trans-
mitted from the roadside unit 1 to the moving body 3 while
traveling.

[0045] The prohibited section information manage-
ment unit 230 executes processing of generating and
managing prohibited section information for each of the
plurality of roadside units 1. Specifically, the prohibited
section information management unit 230 generates
prohibited section information for each of the plurality
of roadside units 1 based on information acquired via the
communication network NW or a predetermined program
stored in the storage unit21. Then, the prohibited section
information management unit 230 transmits the gener-
ated prohibited section information to the corresponding
roadside unit 1. The prohibited section information man-
agement unit 230 may generate different prohibited sec-
tion information depending on, for example, a time per-
iod. Forexample, the prohibited section information man-
agementunit 230 may provide the prohibited section Aon
the road side of the road 4, and may set the size of the
prohibited section A in a time period such as the morning
orevening when children go (back) to school (hereinafter,
referred to as a school time period) to be larger than other
time periods. Further, for example, the prohibited section
information management unit 230 may provide the pro-
hibited section A only in the school time period. The
prohibited section information management unit 230
may generate different prohibited section information
based on information acquired from the outside. For
example, the prohibited section information manage-
ment unit 230 may change the prohibited section infor-
mation based on the information relating to the event
acquired from the roadside unit 1. More specifically, when
acquiring the information relating to the occurrence of the
traffic accident on the road 4, the prohibited section
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information management unit 230 may generate the
prohibited section information indicating the prohibited
section A provided at and around the accident occur-
rence location. Further, for example, when acquiring
information indicating that a maintenance vehicle is tra-
veling on an expressway, the prohibited section informa-
tion management unit 230 may generate the prohibited
section information for the maintenance vehicle to move.
[0046] The mode switching signal output processing
unit 240 executes processing of outputting a second
mode switching signal (operation mode switching signal).
The second mode switching signal refers to a control
signal including a command to execute driving mode
switching for switching the driving mode of the moving
body 3 to the autonomous driving mode or the remote
driving mode. The mode switching signal output proces-
sing unit 240 may output the second mode switching
signal based on the output state of the prohibition signal
P by the signal output processing unit 130 of the roadside
unit 1, for example. Specifically, in a case where it is
determined that the prohibition signal P is outputted from
the roadside unit 1, the mode switching signal output
processing unit 240 may output the second mode switch-
ing signal to execute driving mode switching for switching
the driving mode of the moving body 3 from the auton-
omous driving mode to the remote driving mode. In
addition, when it is determined that the positional infor-
mation of the moving body 3 is outside the prohibited
section A after a predetermined time elapses from the
output of the prohibition signal P, the mode switching
signal output processing unit 240 may output the second
mode switching signal to execute driving mode switching
for switching the driving mode of the moving body 3 from
the remote driving mode to the autonomous driving
mode, for example.

<Configuration and Operation of Moving Body 3>

[0047] Next, a functional configuration of the moving
body 3 will be described. FIG. 6 is a block diagram
illustrating the configuration of hardware and functional
blocks of the moving body 3.

[0048] As illustrated in FIG. 6, the moving body 3
includes the processing unit 30, the storage unit 31,
the wireless communication unit 32, the sensor unit 33,
the GNSS unit 34, and the driving unit 35.

[0049] The processing unit 30 is an arithmetic device
configured by a processor such as a CPU, and reads and
executes various programs and data from the storage
unit 31 described later to realize a function of movement
control. In the present embodiment, the processing unit
30 executes data processing of each functional unit of a
self-position estimation unit 310, a signal acquisition unit
320, a mode switching unit 330, a movement control unit
340, and an alarm control unit 350. The operation of each
functional unit will be described later.

[0050] The storage unit 31 is a storage area for various
programs and various data for causing a hardware group
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to function as the moving body 3, and can be configured
by ROM, RAM, flash memory, a semiconductor drive
(SSD), hardware (HDD), or the like. Specifically, the
storage unit 31 stores a program (a control program of
the moving body 3) for causing the processing unit 30 to
execute each function of the present embodiment, var-
ious parameters, data used for movement control of the
moving body 3, identification information such as an
identification ID and an IP address of the moving body
3, map information, and the like. Examples of the map
information include a dynamic map.

[0051] The wireless communication unit 32 executes
processing for the moving body 3 to wirelessly commu-
nicate with the roadside unit 1. The wireless communica-
tion unit 32 transmits, for example, identification informa-
tion for identifying the moving body 3, positional informa-
tion indicating the position of the moving body 3, travel
information of the moving body 3, and the like to the
roadside unit 1, and receives various control signals such
as the firstmode switching signal, the prohibition signal P,
and the alarm signal, the map information generated by
the traffic control server 2, and the like from the roadside
unit 1. The wireless communication unit 32 communi-
cates with the processing unit 10 via the wireless com-
munication unit 13 of the roadside unit 1.

[0052] The sensor unit 33 is a device for detecting
information relating to the surroundings of the moving
body 3 itself. The sensor unit 33 may be, for example,
radar or LIDAR (light detection and ranging) that detects
adistance, adirection, arelative speed, or the like relative
toan object presentaround the moving body 3 basedona
transmission wave transmitted to the periphery of the
moving body 3 and areflected received wave, ormay be a
camera or the like. In the present embodiment, as the
sensor unit 33, LIDAR is used which irradiates laser light
around the moving body 3 and detects a surrounding
object as point cloud data. According to LIDAR, it is
possible to detect the position, the shape, and the like
of the surrounding object with high accuracy. The sensor
unit 33 transmits the detected point cloud data to the
processing unit 30.

[0053] The GNSS (Global Navigation Satellite Sys-
tem) unit 34 includes an antenna and receives a GNSS
signal and the like. The GNSS signal is transmitted from a
navigation satellite or the like that make up a GNSS such
as GPS (Global Positioning System) or a quasi-zenith
satellite system. The GNSS unit 34 transmits the re-
ceived GNSS signal to the processing unit 30.

[0054] The driving unit 35 is a part related to driving of
the moving body 3, such as an engine, a motor, or a
brake.

[0055] Next, a functional configuration for the proces-
sing unit 30 to execute movement control of the moving
body 3 will be described.

[0056] The self-position estimation unit 310 executes
processing of estimating positional information indicating
the position of the moving body 3 itself. For example, the
self-position estimation unit 310 may estimate the posi-
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tional information of the moving body 3 based on the map
information received from the traffic control server 2, the
point cloud data around the moving body 3 received from
the sensor unit 33, the GNSS signal received from the
GNSS unit 34, and the like. More specifically, the self-
position estimation unit 310 may estimate the positional
information of the moving body 3 by collating the map
information with the point cloud data around the moving
body 3. The positional information estimated by the self-
position estimation unit 310 is transmitted to the roadside
unit 1 via the wireless communication unit 32.

[0057] The signal acquisition unit 320 executes pro-
cessing of acquiring various control signals such as the
first mode switching signal, the second mode switching
signal, the prohibition signal P, and the alarm signal from
the roadside unit 1 via the wireless communication unit
32.

[0058] Whenthe firstmode switching signalis acquired
by the signal acquisition unit 320, the mode switching unit
330 switches the movement mode of the moving body 3.
Specifically, when the first mode switching signal for
executing mode switching from the non-controlled mode
to the controlled mode is acquired in a state where the
movement mode of the moving body 3 is the non-con-
trolled mode, the mode switching unit 330 switches the
movement mode to the controlled mode. On the other
hand, when the first mode switching signal for performing
mode switching from the controlled mode to the non-
controlled mode is acquired in a state where the move-
ment mode of the moving body 3 is the controlled mode,
the mode switching unit 330 switches the movement
mode from the controlled mode to the non-controlled
mode.

[0059] When the second mode switching signal is ac-
quired by the signal acquisition unit 320, the mode switch-
ing unit 330 switches the operation mode of the moving
body 3. Specifically, when the second mode switching
signal is acquired in a state where the driving mode of the
moving body 3 is the autonomous driving mode, the
mode switching unit 330 switches the driving mode to
the remote driving mode. Conversely, when the second
mode switching signal is acquired in a state where the
driving mode of the moving body 3 is the remote driving
mode, the mode switching unit 330 switches the driving
mode from the remote driving mode to the autonomous
driving mode.

[0060] When the driving mode of the moving body 3 is
the autonomous driving mode, the movement control unit
340 executes processing of controlling the movement of
the moving body 3 based on the positional information,
etc. estimated by the self-position estimation unit 310.
Specifically, the movement control unit 340 controls the
movement to the set destination by controlling the driving
of the driving unit 35 based on the positional information
and the travel information of the moving body 3, the map
information stored in the storage unit 31, and the like.
[0061] When the driving mode of the moving body 3 is
the remote driving mode, the movement control unit 340
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stops the autonomous driving and executes processing
of controlling the movement of the moving body 3 based
on the remote operation signal. For example, the remote
control signal may be transmitted to the moving body 3
via the communication network NW from a facility such as
a traffic control center having, for example, the traffic
control server 2. The remote control signal may be gen-
erated as a signal such that the moving body 3 moves to
the outside of the prohibited section A based on, for
example, the positional information of the moving body
3 or the map information acquired via the traffic control
server 2, the prohibited section information, the image
captured by the moving body 3 or the roadside unit 1, or
the like.

[0062] When the movement mode of the moving body
3 is the controlled mode, the movement control unit 340
executes processing of controlling the driving of the
moving body 3 based on the acquisition status of the
prohibition signal P by the signal acquisition unit 320.
When the prohibition signal P transmitted from the pro-
cessing unit 10 of the roadside unit 1 is received by the
wireless communication unit 32, the movement control
unit 340 controls the driving unit 35 to perform an opera-
tion corresponding to the prohibition signal P. The opera-
tion corresponding to the prohibition signal P refers to, for
example, an operation of stopping the driving of the
moving body 3 or an operation for the moving body 3
to leave from the prohibited section A. When the prohibi-
tion signal P is acquired by the signal acquisition unit 320,
the movement control unit 340 may execute control for
stopping the moving body 3, and may control the moving
body 3 so that the moving body 3 in the prohibited section
Aleaves the prohibited section A. The control for stopping
the moving body 3 may be, for example, control for
stopping the moving body 3 after decelerating to a pre-
determined speed. In addition, for example, when the
prohibition signal P is acquired a predetermined number
of times or more within the determination period, the
movement control unit 340 may execute control for stop-
ping the moving body 3 or control for leaving the prohib-
ited section A.

[0063] When the movement mode of the moving body
3 is the controlled mode and the alarm signal is acquired
by the signal acquisition unit 320, the alarm control unit
350 executes processing for generating an alarm. The
alarm may be audio information, textual information, or
the like to inform the operator of the moving body 3 of the
possibility of entering the prohibited section A. For ex-
ample, the alarm control unit 350 may display an alarmon
a liquid crystal display or a mirror disposed in the moving
body 3 or may generate audio information from a speaker
disposed in the moving body 3.

[0064] Next, an example of movement control on the
road 4 by the movement control system S will be de-
scribed with reference to FIGS. 1 and 2.

[0065] In the situation shown in FIG. 1, the moving
body 3 is traveling between two prohibited sections A
on the road 4. As shown in FIG. 1, in the comparison
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result by the prohibition signal output processing unit 132
of the roadside unit 1, the moving body 3 is located
outside the prohibited section A, and thus the prohibition
signal P is not outputted. Therefore, the moving body 3 is
continuously running.

[0066] On the other hand, in a case of the situation
shown in FIG. 2, in the comparison result by the prohibi-
tion signal output processing unit 132 of the roadside unit
1,the moving body 3 is located in the prohibited section A,
and thus the prohibition signal P is transmitted to the
moving body 3. As a result, the moving body 3 decele-
rates and stops as shown in FIG. 2, for example.
[0067] Next, a flow of the movement control of the
moving body 3 by the movement control system S ac-
cording to the present embodiment will be described. Itis
to be noted that the contents of the processing in the
following operation description are merely examples, and
various types of processing capable of obtaining similar
results can be adopted as appropriate.

[0068] First, the flow of processing of the movement
control executed by the roadside unit 1 will be described
with reference to FIGS. 7 and 8. FIG. 7 is a flowchart
showing an example of processing up to the output of the
first mode switching signal in the movement control exe-
cuted by the processing unit 10 of the roadside unit 1, and
FIG. 8 is a flowchart showing an example of processing
for controlling the moving body 3 in the controlled mode.
The processing unit 10 executes the processing of FIGS.
7 and 8 based on, for example, a program stored in the
storage unit 11 or the like. The flows of the processing
exemplified in FIGS. 7 and 8 each start the processing
when the installed roadside unit 1 is activated, and then
continue the processing during the operation of the road-
side unit 1.

[0069] As illustrated in FIG. 7, in step S11, the posi-
tional information acquisition unit 112 acquires the posi-
tional information of the moving body 3 received via the
wireless communication unit 13.

[0070] In step S12, the mode switching signal output
processing unit 131 compares the positional information
acquired in step S11 with the information indicating the
position of the control target area C stored in the storage
unit 11, and determines whether the moving body 3 has
entered the control target area C. When it is determined
thatthe moving body 3 has entered the control target area
C (step S12; YES), the mode switching signal output
processing unit 131 proceeds to step S13. On the other
hand, when it is determined that the moving body 3 is
located outside the control target area C (step S12; NO),
the mode switching signal output processing unit 131
repeats the processing of step S11.

[0071] In step S13, the mode switching signal output
processing unit 131 outputs the first mode switching
signal for switching the moving body 3 to the controlled
mode. Then, the first mode switching signal is transmitted
to the moving body 3 by the wireless communication unit
13.

[0072] Asillustrated in FIG. 8, in step S21, the prohib-



19 EP 4 535 331 A1 20

ited section information acquisition unit 120 extracts the
prohibited section information from the storage unit 11.
[0073] In step S22, the positional information acquisi-
tion unit 112 acquires the positional information of the
moving body 3 received via the wireless communication
unit 13.

[0074] In step S23, the prohibition signal output pro-
cessing unit 132 compares the prohibited section infor-
mation acquired in step S21 with the positional informa-
tion acquired in step S22, and determines whether or not
the moving body 3 is located within the prohibited section
A. When the prohibition signal output processing unit 132
determines that the moving body 3 is located within the
prohibited section A (step S23; YES), the processing
proceeds to step S24. On the other hand, when the
prohibition signal output processing unit 132 determines
that the moving body 3 is located outside the prohibited
section A (step S23; NO), the processing of step S22 is
repeated.

[0075] In step S24, the prohibition signal output pro-
cessing unit 132 outputs the prohibition signal P for
prohibiting the movement of the moving body 3 in the
prohibited section A. Then, the prohibition signal P is
transmitted to the moving body 3 by the wireless com-
munication unit 13. Thereafter, the processing unit 10
returns the processing to step S22.

[0076] Next, a flow of processing of the movement
control executed by the traffic control server 2 will be
described with reference to FIG. 9. FIG. 9 is a flowchart
illustrating an example of processing of the movement
control executed by the processing unit 20 of the traffic
control server 2. The processing unit 20 executes the
processing of FIG. 9 based on, for example, a program
stored in the storage unit 21 or the like. The flow of
processing illustrated in FIG. 9 starts the processing
when the traffic control server 2 installed is activated,
and then continues the processing while the traffic control
server 2 is operating.

[0077] AsillustratedinFIG.9,instep S31, the roadside
unit information acquisition unit 210 acquires roadside
unit information that is transmitted from each of the
plurality of roadside units 1, and includes the output
status of the prohibition signal P by each of the roadside
units 1 and the positional information of the moving body
3.

[0078] In step S32, the mode switching signal output
processing unit 240 determines whether or not the pro-
hibition signal P is outputted by the roadside unit 1 based
on the roadside unit information acquired in step S31.
When it is determined that the prohibition signal P is
outputted by the roadside unit 1 (step S32; YES), the
mode switching signal output processing unit 240 causes
the processing to proceed to step S33. On the other hand,
when it is determined that the prohibition signal P is not
outputted by the roadside unit 1 (step S32; NO), the mode
switching signal output processing unit 240 returns the
processing to step S31.

[0079] In step S33, the mode switching signal output
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processing unit 240 outputs the second mode switching
signal. Then, the second mode switching signal is trans-
mitted to the moving body 3 via the roadside unit 1 and the
wireless communication unit 13 which outputted the pro-
hibition signal P.

[0080] Next, a flow of processing of the movement
control executed by the moving body 3 will be described
with reference to FIGS. 10 and 11. FIG. 10 is a flowchart
showing an example of processing executed by the
moving body 3 until the movement mode is switched to
the controlled mode, and FIG. 11 is a flowchart showing
an example of processing executed by the moving body 3
in the controlled mode. It is to be noted that the moving
body 3 at the start of the flow of FIG. 10 assumes that the
movement mode is the non-controlled mode and the
driving mode is the autonomous driving mode.

[0081] As illustrated in FIG. 10, in step S41, the self-
position estimation unit 310 estimates the positional in-
formation indicating the position of the moving body 3
itself. The self-position estimation unit 310 estimates the
positional information of the moving body 3 itself based
on, for example, the map information received from the
traffic control server 2 via the roadside unit 1 and point
cloud data received from the sensor unit 33.

[0082] Instep S42,the wireless communication unit 32
transmits the positional information of the moving body 3
estimated in step S41 to the roadside unit 1.

[0083] In step S43, the mode switching unit 330 de-
termines whether or not the first mode switching signal
has been received from the roadside unit 1. When it is
determined that the first mode switching signal has been
acquired by the signal acquisition unit 320 (step S43;
YES), the mode switching unit 330 causes the proces-
sing to proceed to step S44. On the other hand, when itis
determined that the signal acquisition unit 320 has not
acquired the first mode switching signal (step S43; NO),
the mode switching unit 330 returns the processing to
step S31.

[0084] In step S44, the mode switching unit 330
switches the movement mode of the moving body 3 to
the controlled mode.

[0085] As illustrated in FIG. 11, in step S51, the self-
position estimation unit 310 estimates the positional in-
formation indicating the position of the moving body 3
itself. The self-position estimation unit 310 estimates the
positional information of the moving body 3 itself based
on, for example, the map information received from the
traffic control server 2 via the roadside unit 1 and point
cloud data received from the sensor unit 33.

[0086] Instep S52,the wireless communication unit 32
transmits the positional information of the moving body 3
estimated in step S51 to the roadside unit 1.

[0087] In step S53, the movement control unit 340
determines whether or not the signal acquisition unit
320 has received the prohibition signal P. When it is
determined that the prohibition signal P is acquired by
the signal acquisition unit 320 (step S53; YES), the move-
ment control unit 340 causes the processing to proceed
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to step S54. On the other hand, when itis determined that
the signal acquisition unit 320 has not acquired the
prohibition signal P (step S53; NO), the movement con-
trol unit 340 returns the processing to step S51.

[0088] In step S54, the movement control unit 340
controls the driving unit 35 to stop the movement of the
moving body 3.

[0089] Instep S55, the processing unit 30 receives the
second mode switching signal from the traffic control
server 2. Then, the mode switching unit 330 switches
the driving mode of the moving body 3 from the auton-
omous driving mode to the remote driving mode.
[0090] Accordingtothe embodimentdescribed above,
the following advantageous effects are obtained.
[0091] The processing unit 10 according to the present
embodiment includes the positional information acquisi-
tion unit 112 that acquires positional information indicat-
ing the position of the moving body 3, and the signal
output processing unit 130 that compares the positional
information with the prohibited section information indi-
cating the prohibited section A in which the movement of
the moving body 3 is prohibited, and outputs the prohibi-
tion signal P that prohibits the movement of the moving
body 3 in the prohibited section A based on the result of
the comparison. The signal output processing unit 130
determines whether the moving body 3 exists in the
prohibited section A based on the result of the compar-
ison, and when it is determined that the moving body 3
exists in the prohibited section A, outputs the prohibition
signal P. With such a configuration, it is possible to move
the moving body 3 in a determined area by the simple
processing of comparing the position of the moving body
3 with the prohibited section A. For example, by providing
the prohibited section A in an area including the oncom-
ing lane, the road side, and the sidewalk of the road 7, itis
possible to prevent the moving body 3 from entering the
area and causing an accident if an abnormality occurs in
the control of the self-driving vehicle or if an elderly driver
erroneously performs a driving operation. Therefore, itis
possible to assist in the safe movement of the moving
body 3 with a simple configuration and processing.
[0092] In addition, in the processing unit 10 according
to the present embodiment, the prohibited section infor-
mation includes information indicating the alarm area B
set around the prohibited section A, and the signal output
processing unit 130 determines whether the moving body
3 exists in the alarm area B based on a result of the
comparison, and when it is determined that the moving
body 3 exists in the alarm area B, outputs an alarm signal
for causing the moving body 3 to execute the processing
whereby the moving body 3 generates an alarm. With
such a configuration, since an alarm is generated when
the moving body 3 approaches the prohibited section A,
the operator or the like of the moving body 3 can grasp the
possibility of entry of the moving body 3 into the prohibited
section A. Therefore, it is easy to avoid entry of the
moving body 3 into the prohibited section A.

[0093] Further, in the processing unit 10 according to
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the present embodiment, the moving body 3 is the mov-
ing body 3 which is configured to move autonomously.
With such a configuration, even if an abnormality occurs
in the traveling of the self-driving vehicle, it is possible to
suppress the traveling of the self-driving vehicle in the
prohibited section A.

[0094] The roadside unit 1 according to the present
embodiment is the roadside unit 1 which includes each
constituent element of the processing unit 10, and is
installed on the road 4 on which the moving body 3 moves
oratthe roadside of the road 4. With such a configuration,
itis possible to assist in the safe movement of the moving
body 3 traveling on the road 4 by a simple configuration
and processing.

[0095] The movement control system S according to
the present embodiment is configured to be able to per-
form wireless communication with the moving body 3,
and includes the plurality of roadside units 1 each in-
stalled in a different area, and the traffic control server 2
communicably connected to the plurality of roadside
units 1. The traffic control server 2 includes the prohibited
section information management unit 230 that generates
the prohibited section information indicating the prohib-
ited section A in which the movement of the moving body
3 is prohibited and transmits the prohibited section in-
formation to each of the plurality of roadside units 1. The
roadside unit 1 includes the positional information acqui-
sition unit 112 that acquires positional information indi-
cating the position of the moving body 3 and the signal
output processing unit 130 that compares the positional
information with the prohibited section information re-
ceived from the traffic control server 2 and outputs the
prohibition signal P that prohibits the movement of the
moving body 3 in the prohibited section A based on a
result of the comparison. The signal output processing
unit 130 determines whether the moving body 3 exists in
the prohibited section A based on the result of the com-
parison, and wheniitis determined that the moving body 3
exists in the prohibited section A, outputs the prohibition
signal P. With such a configuration, it is possible to pre-
vent the moving body 3 from moving in an area where
there is arisk of danger, by simple processing of compar-
ing the position of the moving body 3 with the prohibited
section A. For example, by providing the prohibited sec-
tion A in an area including the oncoming lane, the road
side, and the sidewalk of the road 7, it is possible to
prevent the moving body 3 from entering the area and
causing an accident if an abnormality occurs in the con-
trol of the self-driving vehicle or if an elderly driver erro-
neously performs a driving operation. Therefore, it is
possible to assist in the safe movement of the moving
body 3 with a simple configuration and processing.
[0096] In addition, in the movement control system S
according to the present embodiment, the prohibited
section information includes information indicating the
alarm area B set around the prohibited section A, and the
signal output processing unit 130 of the roadside unit 1
determines whetherthe moving body 3 existsinthe alarm
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area B based on the result of the comparison, and when it
is determined that the moving body 3 exists in the alarm
area B, outputs an alarm signal for causing the moving
body 3 to perform processing of generating an alarm.
With such a configuration, since an alarm is generated
when the moving body 3 approaches the prohibited
section A, the operator or the like of the moving body 3
can grasp the possibility of entry of the moving body 3 into
the prohibited section A. Therefore, it is easy to avoid
entry of the moving body 3 into the prohibited section A.
[0097] In addition, in the movement control system S
according to the present embodiment, the prohibited
section information management unit 230 of the traffic
control server 2 generates the prohibited section infor-
mation which varies depending on a time period. With
such a configuration, since the position, size, and the like
of the prohibited section A can be changed in considera-
tion of traffic conditions and the like that vary according to
the time period, it is possible to move the moving body 3
more safely.

[0098] In the movement control system S according to
the present embodiment, the moving body 3 is a moving
body 3 that is configured to move autonomously. With
such a configuration, even if an abnormality occurs in the
traveling of the self-driving vehicle, it is possible to sup-
press the traveling of the self-driving vehicle in the pro-
hibited section A.

[0099] Further, in the movement control system S ac-
cording to the present embodiment, the moving body 3
has driving modes including the autonomous driving
mode in which the vehicle autonomously travels along
a set travel route and the remote driving mode in which
the vehicle travels based on a remote operation signal for
remotely operating the moving body 3. The traffic control
server 2 further includes the mode switching signal out-
put processing unit 240 that outputs a driving mode
switching signal for switching the driving mode of the
moving body 3 to the remote driving mode when the
prohibition signal P is outputted by the signal output
processing unit 130. With such a configuration, even
when the moving body 3 enters the prohibited section
A, itis possible to return the moving body 3 to outside of
the prohibited section A by, for example, remote control,
and it is possible to continue the safe movement of the
moving body 3. Therefore, it is possible to move the
moving body 3 safely without interfering with the move-
ment of another moving body 3.

[0100] The program according to the present embodi-
ment causes a computerincluded in the roadside unit 1 to
execute: a positional information acquisition function of
acquiring positional information indicating a position of
the moving body 3; and a signal output processing func-
tion of comparing the positional information with prohib-
ited section information indicating the prohibited section
A in which the movement of moving body 3 is prohibited,
and outputting the prohibition signal P for prohibiting the
movement of moving body 3 in the prohibited section A
based on a result of the comparison. The signal output
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processing function determines whether the moving
body 3 exists in the prohibited section A based on the
result of the comparison and, when it is determined that
the moving body 3 exists in the prohibited section A,
outputs the prohibition signal P. With such a configura-
tion, it is possible to prevent the moving body 3 from
moving in an area where there is a risk of danger by
simple processing of comparing the position of the mov-
ing body 3 with the prohibited section A. For example, by
providing the prohibited section Ain an area including the
oncoming lane, the road side, and the sidewalk of the
road 7, it is possible to prevent the moving body 3 from
entering the area and causing an accident if an abnorm-
ality occursin the control of the self-driving vehicle orif the
elderly driver erroneously performs the driving operation.
Therefore, it is possible to assist the safe movement of
the moving body 3 with a simple configuration and pro-
cessing.

[0101] A movement control method according to the
present embodiment is a movement control method exe-
cuted by a roadside unit 1, and the method includes: a
positional information acquisition step of acquiring posi-
tional information indicating a position of the moving body
3; and a signal output processing step of comparing the
positional information with prohibited section information
indicating the prohibited section A in which the movement
of moving body 3 is prohibited, and outputting the prohi-
bition signal P for prohibiting the movement of the moving
body 3 based on a result of the comparison. The signal
output processing step determines whether the moving
body 3 exists in the prohibited section A based on the
result of the comparison, and when it is determined that
the moving body 3 exists in the prohibited section A, the
signal output processing step outputs the prohibition
signal P. With such a configuration, it is possible to pre-
vent the moving body 3 from moving in an area where
there is a risk of danger by simple processing of compar-
ing the position of the moving body 3 with the prohibited
section A. For example, by providing the prohibited sec-
tion A in an area including the oncoming lane, the road
side, and the sidewalk of the road 7, it is possible to
prevent the moving body 3 from entering the area and
causing an accident if an abnormality occurs in the con-
trol of the self-driving vehicle or if an elderly driver erro-
neously performs a driving operation. Therefore, it is
possible to assist in the safe movement of the moving
body 3 with a simple configuration and processing.
[0102] The moving body 3 according to the present
embodiment includes the wireless communication unit
32 that communicates with the processing unit 10, the
self-position estimation unit 310 that estimates a self-
position, the driving unit 35, and the movement control
unit 340 that controls driving of the driving unit 35. The
self-position estimation unit 310 transmits the estimated
self-positional information to the processing unit 10 using
the wireless communication unit 32. The movement con-
trol unit 340 controls the driving unit 35 to perform opera-
tion corresponding to the prohibition signal P when the
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movement control unit 340 receives the prohibition signal
P transmitted from the processing unit 10 using the
wireless communication unit 32. With such a configura-
tion, it is possible to provide the moving body 3 which is
managed and controlled by the roadside unit 1 including
the processing unit 10. Therefore, itis possible to assistin
the safe movement of the moving body 3 with a simple
configuration and processing.

[0103] Although embodiments of the presentinvention
have been described above, the present invention is not
limited to the above-described embodiments, and can be
appropriately modified.

[0104] Although the moving body 3 in the above em-
bodiment is a self-driving vehicle, it may be a vehicle that
does not have an autonomous driving function. Further,
the vehicle may be a four-wheeled motor vehicle or a two-
wheeled motor vehicle. Also, the moving body 3 is not
limited to vehicles and may be an unmanned flying object,
such as a drone. In particular, in a case of an unmanned
flying object, 3D map information made mainly using
latitude, longitude, and altitude information is used.
[0105] Here, the configuration of a movement control
system S in a case in which the moving body 3 is an
unmanned flying object will be described. FIG. 12 is a
schematic diagram illustrating an example of a flight path
of an unmanned flying object to which the movement
control system S according to a modification of the pre-
sent embodiment is applied.

[0106] The unmanned flying object is used for check-
ing the state of electric wires 51 suspended by a steel
tower 50, checking the state of aroad orawall surfaceina
tunnel, checking the state of a structure bridging over a
river, a canal, arailway line, aroad, or the like, checking a
building, monitoring a river, a cliff, or a sea, and the like
during a disaster. In the example shown in FIG. 12, the
state of the electric wires 51 of the steel tower 50 is
inspected using an autonomously movable unmanned
flying object.

[0107] The prohibited section Ainwhich the unmanned
flying object can fly is defined by latitude, longitude, and
altitude. In addition, in the example illustrated in FIG. 12,
the shape of the prohibited section A is a prismatic shape,
but is not limited to this shape, and various shapes such
as a cylindrical shape can be considered. In the example
shown in FIG. 12, the prohibited section A is set so as to
surround the steel tower 50 and the electric wires 51.
[0108] In the example illustrated in FIG. 12, roadside
units 1D, 1E, and 1F manage the prohibited section A.
Each of the roadside units 1D, 1E, and 1F acquires the
positional information from the unmanned flying object,
compares the prohibited section information indicating
the prohibited section A stored therein with the positional
information of the unmanned flying object, and transmits
the prohibition signal P to the unmanned flying objectin a
case in which the unmanned flying object is flying in the
prohibited section A. In addition, when the unmanned
flying object enters the prohibited section A, a drone
autonomous evacuation program for landing outside
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the prohibited section A on a safe route may be operated,
oran emergency landing on the side opposite to the steel
tower 50 may be performed. This makes it possible to
prevent the unmanned flying object from coming into
contact with the steel tower 50 and the electric wires
51 during inspection of the electric wires 51.

[0109] The movingbody 3 may also be aworking robot.
In this case, a prohibited section as an entry prohibited
section may be set using 3D map information including
information of latitude, longitude, and altitude. With such
a configuration, for example, when the working robot
enters the prohibited section, it is possible to perform
safety assist to stop the operation of the robot. Further,
the moving body 3 can seta V2X communication terminal
of a pedestrian or worker, also called V2P (Vehicle-to-
Pedestrian) as its target. In this case, for example, when
the worker enters the prohibited section set as a danger-
ous area, an alarm can be issued to the worker from the
V2X communication terminal.

[0110] Inthe above embodiment, each of the roadside
units 1 includes the signal output processing unit 130, but
the traffic control server 2 may acquire the positional
information of the moving body 3 via each of the roadside
units 1, and output the first mode switching signal, the
prohibition signal P, and the alarm signal based on the
comparison between the positional information and the
prohibited section information.

[0111] In the above embodiment, the traffic control
server 2 outputs the second mode switching signal for
switching the operation mode of the moving body 3, but
each of the roadside units 1 may output the mode switch-
ing signal for switching the operation mode of the moving
body 3 between the autonomous driving mode and the
remote driving mode.

[0112] The movement control system S is not limited to
the above-described configuration, and may have an-
other configuration. FIG. 13 is a schematic diagram
illustrating a movement control system S according to
a modification of the present embodiment and an exam-
ple of a road 4 to which the movement control system S is
applied. The movement control system S includes a
plurality of roadside units 1 including roadside units 1G
and 1H which are installed on the road 4, or around or in
the vicinity of the road 4 such as at the roadside of the
road 4, and are capable of performing wireless commu-
nication with the moving body 3, which is a vehicle
traveling on the road 4, and a traffic control server 2
communicably connected to each of the plurality of road-
side units 1 via a communication network NW. The road-
side units 1G and the roadside units 1H have the same
configuration. The plurality of roadside units 1G are dis-
posed at predetermined intervals along the road 4. Each
ofthe roadside units 1H is disposed at a position opposite
to a corresponding one of the roadside unit 1G across the
road 4. Further, the plurality of roadside units 1G and the
plurality of roadside units 1H may be disposed along the
road 4 so as to cover the entire length of the prohibited
section A, orone or a plurality of roadside units 1Gand 1H
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may be disposed along the road 4 only at a specific place.
The specific place refers to, for example, any place
designated by the operator, such as a construction site.
In the above description, the prohibited section A of each
of the plurality of roadside units 1 is setin such a manner
that the entire prohibited sections A are overlapped with
each other, but the present invention is not limited there-
to, and the prohibited section A of each of the plurality of
roadside units 1 is setin such amannerthat the prohibited
sections A are partially overlapped with each other. With
such a configuration, when the moving body 3 is located
in the overlapping prohibited sections A, the moving body
3 receives a plurality of prohibition signals P.

[0113] The wireless communication unit 32 of the mov-
ing body 3 receives a plurality of prohibition signals P
relating to movement into the same prohibited section A
from different roadside units 1. In the example illustrated
in FIG. 13, the moving body 3 transmits the positional
information to each of the roadside units 1G and the
roadside units 1H. The roadside unit 1G transmits the
positional information received from the moving body 3 to
the traffic control server 2. Further, the roadside unit 1H
transmits the positional information received from the
moving body 3 to the traffic control server 2.

[0114] The traffic control server 2 generates a prohibi-
tion signal PG if the moving body 3 exists in the prohibited
section A based on the positional information received
from the roadside unit 1G, and transmits the generated
prohibition signal PG to the roadside unit 1G. Then, the
roadside unit 1G transmits the prohibition signal PG to the
moving body 3. In addition, the traffic control server 2
generates a prohibition signal PH if the moving body 3
exists in the prohibited section A based on the positional
information received from the roadside unit 1H, and
transmits the generated prohibition signal PH to the road-
side unit 1H. Then, the roadside unit 1H transmits the
prohibition signal PH to the moving body 3.

[0115] The wireless communication unit 32 of the mov-
ing body 3 receives the plurality of prohibition signals P
related to restriction of movement into the same prohib-
ited section A from different processing units 10. In the
example illustrated in FIG. 13, the wireless communica-
tion unit 32 receives, from the roadside unit 1G and the
roadside unit 1H, the prohibition signals P related to
restriction of movement into the same prohibited section
A. The prohibition signal P may be generated by the
roadside unit 1. In this configuration, the traffic control
server 2 transmits, to each roadside unit 1 at a prede-
termined timing, information of the latest prohibited sec-
tion A adapted to the place where each roadside unit 1 is
disposed. Based on the positional information received
from the moving body 3, the roadside unit 1G and the
roadside unit 1H each generate the prohibition signal P if
the moving body 3 exists in the prohibited section A, and
transmit the generated prohibition signal P to the moving
body 3.

[0116] When the wireless communication unit 32 re-
ceives a predetermined number of prohibition signals P,
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the movement control unit 340 of the moving body 3 may
control the driving unit 35 to perform operation corre-
sponding to the prohibition signals P. Specifically, when
the predetermined number is "1", the movement control
unit 340 of the moving body 3 controls the driving unit 35
to be driven when the prohibition signal PG or the prohi-
bition signal PH is received. When the predetermined
number is "2", the movement control unit 340 of the
moving body 3 may control the driving unit 35 to be driven
when the prohibition signal PG and the prohibition signal
PH are received. In this way, with such a configuration in
which each of the roadside units 1 is disposed at a
position opposite to a corresponding one of the roadside
unit 1 across the road 4, even when, for example, the
moving body 3 runs in parallel with a large-sized moving
body (for example, a truck or the like), it is possible for the
movement control system S to reliably acquire the posi-
tional information of the moving body 3, which is the
target, by the roadside unit 1 disposed on one side,
and achieve a blind spot countermeasure. In addition,
since the plurality of roadside units 1 are disposed at
different positions with respect to the same prohibited
section A, even when any one of the roadside units 1 fails,
it is still possible for the movement control system S to
reliably acquire the positional information of the target
moving body 3 by another roadside unit 1, and achieve a
countermeasure against the failure of the device.

EXPLANATION OF REFERENCE NUMERALS
[0117]

1 Roadside unit

2 Traffic control server

3 Moving body

10 Processing unit (traffic control device, first traffic
control device)

20 Processing unit (traffic control device, second
traffic control device)

32 Wireless communication unit

35 Driving unit

112 Positional information acquisition unit

130 Signal output processing unit

230 Prohibited section information management unit
310 Self-position estimation unit

340 Movement control unit

A Prohibited section

P Prohibition signal

S Movement control system

Claims
1. A traffic control device comprising:
a positional information acquisition unit that ac-

quires positional information indicating a posi-
tion of a moving body; and
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a signal output processing unit that compares
the positional information with prohibited section
information indicating a prohibited section in
which a movement of the moving body is pro-
hibited, and outputs, based on a result of the
comparison, a prohibition signal that prohibits
the movement of the moving body in the pro-
hibited section,

wherein the signal output processing unit deter-
mines whether the moving body exists in the
prohibited section based on the result of the
comparison, and when it is determined that
the moving body exists in the prohibited section,
outputs the prohibition signal.

2. The traffic control device according to claim 1,

wherein

the prohibited section information includes in-
formation indicating an alarm area set around
the prohibited section, and

the signal output processing unit determines
whether the moving body exists in the alarm
area based on the result of the comparison,
and when it is determined that the moving body
exists in the alarm area, outputs an alarm signal
that causes the moving body to execute proces-
sing of generating an alarm.

The traffic control device according to claim 1,
wherein the moving body is a moving body that is
configured to move autonomously.

A roadside unit comprising each component of the
traffic control device according to any one of claims 1
to 3, the roadside unit being installed on a road on
which the moving body moves or on a roadside of the
road.

A movement control system that is configured to
wirelessly communicate with a moving body, the
movement control system comprising:

a plurality of first traffic control devices each
installed in a different area; and

a second traffic control device that is commu-
nicably connected to the plurality of first traffic
control devices,

wherein the second traffic control device in-
cludes a prohibited section information manage-
ment unit that generates prohibited section in-
formation indicating a prohibited section in
which a movement of the moving body is pro-
hibited, and transmits the prohibited section in-
formation to each of the plurality of first traffic
control devices,

the first traffic control device includes:
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a positional information acquisition unit that
acquires positional information indicating a
position of the moving body, and

a signal output processing unit that com-
pares the positional information with the
prohibited section information received
from the second traffic control device, and
outputs, based on a result of the compar-
ison, a prohibition signal that prohibits the
movement of the moving body in the pro-
hibited section, and

the signal output processing unit deter-
mines whether the moving body exists in
the prohibited section based on the result of
the comparison, and when it is determined
thatthe moving body exists in the prohibited
section, outputs the prohibition signal.

6. The movement control system according to claim 5,

wherein

the prohibited section information includes in-
formation indicating an alarm area set around
the prohibited section, and

the signal output processing unit of the first traffic
control device determines whether the moving
body exists in the alarm area based on the result
of the comparison, and when it is determined
that the moving body exists in the alarm area,
outputs an alarm signal that causes the moving
body to execute processing of generating an
alarm.

The movement control system according to claim 6,
wherein the prohibited section information manage-
ment unit of the second traffic control device gener-
ates the prohibited section information which varies
depending on a time period.

The movement control system according to any one
of claims 5to 7, wherein the moving body is a moving
body that is configured to move autonomously.

The movement control system according to claim 8,
wherein

the moving body has driving modes including an
autonomous driving mode for traveling autono-
mously along a set traveling route, and a remote
driving mode for traveling based on a remote
operation signal for remotely operating the mov-
ing body, and

the second traffic control device further includes
a mode switching signal output processing unit
that, when the signal output processing unit out-
puts the prohibition signal, outputs a driving
mode switching signal that switches the driving
mode of the moving body to the remote driving
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mode. nication unit, and
when the wireless communication unit receives
10. A program that causes a computer included in a a prohibition signal transmitted from the traffic
traffic control device to execute: control device, the movement control unit con-
5 trols the driving unit to perform operation corre-
a positional information acquisition function that sponding to the prohibition signal.
acquires positional information indicating a po-
sition of a moving body; and 13. The moving body according to claim 12, wherein the
a signal output processing function that com- wireless communication unit receives a plurality of
pares the positional information with prohibited 70 prohibition signals relating to restriction of movement
section information indicating a prohibited sec- into a same prohibited section from different traffic
tion in which a movement of the moving body is control devices.
prohibited, and outputs, based on a result of the
comparison, a prohibition signal that prohibits 14. The moving body according to claim 13, wherein,
the movement of the moving body in the pro- 15 when the wireless communication unit receives a
hibited section, predetermined number of prohibition signals, the
wherein the signal output processing function movement control unit controls the driving unit to
determines whether the moving body exists in perform operation corresponding to the prohibition
the prohibited section based on the result of the signals.

comparison, and when it is determined that the 20
moving body exists in the prohibited section,
outputs the prohibition signal.

11. A movement control method executed by a traffic
control device, the method comprising: 25

a positional information acquisition step of ac-
quiring positional information indicating a posi-
tion of a moving body; and
asignal output processing step of comparingthe 30
positional information with prohibited section
information indicating a prohibited section in
which a movement of the moving body is pro-
hibited, and outputs, based on a result of the
comparison, a prohibition signal that prohibits 35
the movement of the moving body in the pro-
hibited section,
wherein the signal output processing step
further includes determining whether the mov-
ing body exists in the prohibited section based 40
on the result of the comparison, and when it is
determined that the moving body exists in the
prohibited section, outputting the prohibition sig-
nal.

45

12. A moving body comprising:

a wireless communication unit that performs
communication with the traffic control device
according to claim 1; 50
a self-position estimation unit that estimates a
self-position;

a driving unit; and

a movement control unit that performs control of
driving of the driving unit, 55
wherein the self-position estimation unit trans-
mits estimated self-position information to the
traffic control device using the wireless commu-

17
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