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Automated driving with onlﬁ on-board sensors cannot recognize objects
outside the sensor detection range (e.g., other vehicles or pedestrians at points with poor
visibility), but it is possible to improve safety by using wireless communications to share sensor
information from other vehicles and roadside units. In this research, information and communication
platform is constructed to aggregate and share sensor information obtained from each vehicle and
roadside equipment, and to control each vehicle. We implemented an application for cooperative
driving of multiple vehicles on this platform and verified its effectiveness. Specifically, the
platform uses network virtualization technology to efficiently combine multiple communication
methods, stream technology to process sensor information, and distributed processing using edge
computing in addition to cloud computing to improve reliability and reduce latency.

ITS V2X



ACC

V2V: Vehicle-to-Vehicle V2I: Vehicle-to-
Infrastructure V2N Vehicle-to-Network
V2X Vehicle-to-Everything
V2V
ACC
V2l
1 (1)
2 ()
Vv2v V2I
e R *ﬁ;%‘-éﬁiﬁwﬁ%
< =
o >
\
=
& N <4
G»  wEuE-2E < & S5 BEEOME
(1) EFHE Y& (2) EBMDOLIE - REDEE (3) ABHZEMDEREES
1
2
SAFESPOT Local Dynamic Map LDM

SIP-adus 3



BT
g
g o &2
RDD_ 8 =5
a D 57
11ERI1
BT 4 e —
’gag/ R

2
1/10
2.0 DM2.0
U3OF (T—4%H)
SR =
SAF2IHTIT (55E) < 4
I (il REHER)
R (RS v N\

HMEREZNR

TydH—

IyoH—n

‘bymﬁﬂ

o

Dynamic
~ Map —

. - o 42927 (TP »21%
CE o ZAN z
Ty ey W DM2.0 \
e L AN L A 2 L i (v'i“.ﬂ?s‘ﬁc\ }ﬁ’{%{iﬁ%‘%‘\ B (oY)
DB AT L DB RT L DBYRT L T B
I HIES RS — o, =
fu’v.aamic Wnaﬁiﬂ
0s 0s os Map_J ¥ Map_ >
N—FHx7 INSEDITR N—F9xp EREEE EEAEE
(v2vi#i{& DSRC) (V2Vili{E C-v2x)
) 'Y )
A 5—hok B IME(R (DSRC, +ILS 1)
3 2.0
/ /
1D
4 L3-02 05 1D
A A
B L2-02 ID



et

959 RY—N

4 ID
B
A B
ID
One-shot Query
DM2.0 Continuous Query

CRL

DM2.0

ERE (7T M)



DM2.0

MaaS

DM2.0

2025
RoAD to the L4

SIP

SIP

col

2.0



28 20 1 21

Yamamoto Kotaro Teng Rui Sato Kenya

Simulation Evaluation of Vehicle Movement Model Using Spatio-Temporal Grid Reservation for 2023
Automated Valet Parking
IEEE Open Journal of Intelligent Transportation Systems 261 266
DOl
10.1109/0J1TS.2023.3266556
J107-B
MPQUIC 2024
B 218 225
DOl
10.14923/transcomj .2023GWP0008
Sasaki Yudai Sato Kenya 13
Reducing Web Page Load Time by Using a Dynamic Scheduling Method Based on Network Environment 2024
IEICE Communications Express 122 125
DOl
10.23919/comex.2023XBL0176
Teng Rui Sato Kenya 14
A Fundamental Study of Reliable Vehicle-to-Cloud Communication Using Multiple Paths with 2024
Redundancy Mitigation
Applied Sciences 2841 2841

DOl
10.3390/app14072841




Nishikawa Sasuke Sato Kenya 13

Efficient Distribution of CRL with Grouping Method in V2X Communication 2024
IEICE Communications Express 134 137
DOl

10.23919/comex . 2024XBL0006

Kenya Sato 2023
Current Use and Future Developments of Mobility Data Use in the Field of ITS 2023
ITS Standardization Activities of 1S0/TC204, Society of Automotive Engineers of Japan 7-8
DOI
64
AR 2023
614 625
DOI

10.20729/00224279

75

2023

71 76

DOl
10.11188/seisankenkyu.75.71




Teng Rui Sato Kenya 12
Two-Level Sharing and Extraction of Sensing Information with Hybrid V2X Communications 2022
Applied Sciences 4603 4603
DOl
10.3390/app12094603
Hosono Kohei Maki Akihiko Watanabe Yosuke Takada Hiroaki Sato Kenya 23
Implementation and Evaluation of Load Balancing Mechanism With Multiple Edge Server Cooperation 2022
for Dynamic Map System
IEEE Transactions on Intelligent Transportation Systems 7270 7280
DOl
10.1109/TITS.2021.3067909
Okunishi Riki Teng Rui Sato Kenya 14
Reachability-Based Packet Scheduler of Multipath QUIC for Heterogeneous Mobile Networks 2022
Communications and Network 200 209
DOl
10.4236/cn.2022.144011
J106-B
Web HTTP 2023
B 126 133
DOl

10.14923/transcomj .2022GWP0002




Habibul lah Babakarkhail Teng Rui Sato Kenya

12

A Promising Distance-Based Gasoline Tax Charging System Based on Spatio-Temporal Grid 2022
Reservation in the Era of Zero-Emission Vehicles
Journal of Transportation Technologies 651 680
DOl
10.4236/jtts.2022.124038
Habibul lah Babakarkhail Teng Rui Sato Kenya 14
Highway Toll Collection Method for Connected Automated Vehicle Platooning Using Spatio-Temporal 2022
Grid Reservation
Communications and Network 171 199
DOl
10.4236/cn.2022.144010
75
2023
71 76
DOl
10.11188/seisankenkyu.75.71
Natsuki Uehara, Kenya Sato 63
Improving the Efficiency of V2X Communication by Guiding Vehicles in Consideration of 2023
Congestion around Base Stations
The Harris Science Review of Doshisha University 59 69

DOl
10.14988/00028928




62

2021
1261 1274
DOI
10.20729/00211095
Yamada Shunya Watanabe Yousuke Kanamori Ryo Sato Kenya Takada Hiroaki 20
Estimation Method of Parking Space Conditions Using Multiple 3D-LiDARs 2022
International Journal of Intelligent Transportation Systems Research 1-11
DOI
10.1007/s13177-022-00300-w
Hosono Kohei Maki Akihiko Watanabe Yousuke Takada Hiroaki Sato Kenya 20
Efficient Access Method for Multi-access Edge Servers in Dynamic Map Systems 2022
International Journal of Intelligent Transportation Systems Research 252 265
DOI
10.1007/s13177-021-00289-8
58
2.0 DM2.0 2021
133-139

DOl




75 (10)

2.0 2021
10-15
DOI
Ryota Hatayama, and Kenya Sato 62 (1)
Proposal of Alleviation Method of Car Sickness Caused by Working on a PC in a Driving Car 2021
The Harris Science Review of Doshisha University 27-33
DOI
10.14988/00028198
Ryo Nakagawa, and Kenya Sato 62 (1)
Indoor Location Estimation Considering Movable Obstruction by Using Multi-Hop Beacon 2021
Information
The Harris Science Review of Doshisha University 48-56
DOI
10.14988/00028200
Yuya Hirotsuji, and Kenya Sato 62 (1)
Communication Encryption Method for Drone Control Using Radio Strength 2021
The Harris Science Review of Doshisha University 57-63

DOl
10.14988/00028201




Higashiyama Koki Kimura Kenta Babakarkhail Habibullah Sato Kenya 1M

Safety and Efficiency of Intersections With Mix of Connected and Non-Connected Vehicles 2020
IEEE Open Journal of Intelligent Transportation Systems 29 34
DOl

10.1109/0J1TS.2020.2991464

Hosono Kohei Maki Akihiko Watanabe Yosuke Takada Hiroaki Sato Kenya 23

Implementation and Evaluation of Load Balancing Mechanism With Multiple Edge Server Cooperation 2021
for Dynamic Map System

IEEE Transactions on Intelligent Transportation Systems 1 11

DOl
10.1109/T1TS.2021.3067909

Kakushin Nishimura, Habibullah Babakarkhail, Kenya Sato 61 (1)

oad-Balancing Routing with Hybrid Network Considering Bandwidth Ratio 2020

The Harris Science Review of Doshisha University 14 21
DOI

10.14988/pa.2020.0000000087

124 (1228)

DM2.0 2020

1-6

DOl




60 16 8

V2X

2022

V2X

2022

ITS

ITS

2023

Kenya Sato and Rui Teng

Information & Communication Platform for Cooperative Automated Driving Using Edge Computing

IEEE 8th World Forum on Internet of Things

2022




2022

Babakarkhail Habibullah, and Kenya Sato

Micro-Road-Pricing for Highway Toll Collection with Reserving Spatio-Temporal Grid in the Era of Automated Vehicle

The 2022 1ARIA Annual Congress on Frontiers in Science, Technology, Services, and Applications

2022

Koichi Kambara, Ehsan Javanmardi, Jin Nakazato, Yousuke Watanabe, Kenya Sato, Hiroaki Takada, Manabu Tsukada,

Towards Cooperative Automated Driving: Geographic-Aware Network Analysis and Visualization Tool

Asian Internet Engineering Conference (AINTEC) 2022

2022

loT

(DICOMO02022)

2022




SDN QoS V2X

ITS 2022
2022
V2X
ITS 2022
2022
ITS 2022
2022
ITS 2022

2022




ITS 2022

2022
, Ehsan Javanmardi,
ITS
2023
85
2023
85

2023




MPQUIC

85

2023

85

2023

Yucheng Xu, Rui Teng, Kenya Sato,

Quality of Service prediction for V2X communication based on LSTNet

the 85th National Convention of IPSJ

2023

2023




2023

V2X CRL

2023

Habibullah Babakarkhail, and Kenya Sato

Novel Micro Road Pricing Method Based on Spatio-Temporal Grid Reservation for Collecting Gasoline Tax Revenue from Zero-
Emission Vehicle

The 27th International Conference on Parallel Distributed Processing Techniques Application

2021

ITS

2022




2022

ITS

ITS

2022

DM2.0

WIDE

2021

loT

loT

2021




2021

V2X

SIP

2021

3D-LiDAR

ITS

2021

ITS

2021




ITS

2021

ITS

2021

ITS

2021

AR

ITS

2021




ITS

2021

V2X

ITS

2021

2021

ITS

2021




V2X

84

2022

84

2022

Ryoga Takahashi, Masafumi Hashimoto, Kazuhiko Takahashi

LiDAR-Based Cooperative Scan Matching for Relative Pose Estimation of Multiple Vehicles in GNSS-Denied Environments

The Fifteenth International Conference on Sensor Technologies and Applications

2021

Naoki Murakami, Masafumi Hashimoto, Marino Matsuba, Kazuhiko Takahashi

Distributed People Tracking Using Networked Multiple Ground LiDARs

The 27th International Symposium on Artificial Life and Robotics

2022




Koki Higashiyama, Kenta Kimura, Habibullah Babakarkhail, Kenya Sato

Simulation Evaluation of Cooperative Intersection Traversing Method for Connected Vehicles

The Ninth International Conference on Advances in Vehicular Systems, Technologies and Applications

2020

Kohei Hosono, Akihiko Maki, Yosuke Watanabe, Hiroaki Takada, Kenya Sato

Implementation and Evaluation of Priority Processing by Controlling Transmission Interval Considering Traffic Environment in
a Dynamic Map

The Ninth International Conference on Advances in Vehicular Systems, Technologies and Applications

2020

2020

V2X

SIP

2020




2021

V2X

19

2020

19

2020

18

ITS

2020




, Habibullah Babakarkhail,

18 ITS
2020
2020
vav
83
2021
OpenFlow
83

2021




83

2021

LiDAR

2020

LiDAR

2020

Lidar

Interacting Multimodel

2020




2023

1086

IV 5.2

2020

206

4

https://ww.road-to-the-14.go.jp/activity/theme04/

2.0

http://www.nces.1.nagoya-u.ac.jp/ddm2/

https://www.nces.1.nagoya-u.ac.jp/admobi-dm2/

2020/4 2023/3

(HASHIMOTO Masafumi)

(10145815)

(34310)




(TAKADA Hiroaki)

(60216661) (13901)
(WATANABE Yosuke)
(80532944) (13901)

Connected Vehicle Trade
Association




