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Nine Years of Building Up Various Cooperations

As I finish my major role as program director (PD) for the first and second phases of the SIP-adus 

(Cross-ministerial Strategic Innovation Promotion Program; Automated Driving for Universal 

Services), I would like to express my sincere gratitude for the support and cooperation of everyone 

involved over the past nine years.

When I started working on this project nine years ago, I had no experience in automated driving 

development. I had heard rumors that a project would be launched within the new framework of the 

SIP, but I thought it was something that I had nothing to do with. It was then that I was assigned to it 

by the previous Program Director Watanabe, who told me that automated driving is being developed 

for safety. It was the first time for me to participate in a national project, and I had no idea of which 

way was up, so I repeated a process of trial and error while asking for everyone's guidance. The SIP is 

an industry-academia-government collaboration project, and I was able to work with a wide range of 

people, including experts in academia, government ministries and agencies, and people from 

industries with which I had no previous relationship. Every day was stimulating and presented an 

invaluable opportunity to learn much.

Based on the belief that both competition and cooperation are indispensable for the realization of 

automated driving, I have been planning in the FOTs (Field Operational Tests) in the Tokyo waterfront 

area and other R&D projects with the participation of a wide range of organizations, including the 

Japan Automobile Manufacturers Association, universities, venture companies, overseas OEMs, and 

suppliers, under the concept of "competition and cooperation." It was a great pleasure for me to be 

able to be a part of the process of industry-academia-government collaboration, inter-industry 

collaboration, inter-academia collaboration, and international cooperation, where the number of my 

colleagues increased day by day and I interacted with them in various settings.

We have compiled the results and experiences of the SIP-adus over the past nine years in the "Final 

Results Report" with the hope that the collaboration will continue to reach new heights even after the 

completion of the SIP-adus program. We hope that this report will be helpful for your future research 

and development projects.

 SIP-adus Program Director

 Seigo Kuzumaki 
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The Cross-ministerial Strategic Innovation Promotion Program (SIP) aims to create new value, spur 
economic growth, and solve social issues by realizing Society 5.0, which is, achieving a high-level fusion 
of cyberspace and physical space. Led by the Council for Science, Technology and Innovation, it focuses 
on promoting research and development technologies at a basic research level as well as practical use 
and commercialization based on the technologies, by involving multiple government agencies and field. 
The automated driving involves recognizing in cyberspace, massive and diverse data sets (big data) 
collected from roadside infrastructures and vehicle-mounted sensors, as well as processing the data and 
making decisions using  AI. This data is then used to control and operate vehicles in the real world. 
Through this process, the program has helped pave the way for Society 5.0. As one of 12 SIP topics, SIP 
Automated Driving for Universal Services (SIP-adus) has contributed to research and development on 
common issues (in cooperative areas) concerning automated driving that require collaboration of 
organizations across government, industry, and academia.

As part of these efforts, the leadership of PD (Program Director) and SPD (Sub Program Director) 
have spearheaded cooperation among relevant ministries and agencies, industry organizations, and 
academic institutions, among others, making steady achievements in cooperative areas in which 
stakeholders across industries and disciplines should engage. These include the distribution of road 
traffic environment data necessary for automated driving, as well as data usage, safety assurance, and 
cybersecurity.

In addition, as part of a research and development program aimed at developing practical 
applications for and commercializing automated driving technologies, I am very pleased with the 
achievements that the SIP-adus has led to the social implementation of technologies, two major 
examples being the commercialization of technologies related to the Dynamic Map in the first phase 
of SIP-adus, and the commercialization of technologies related to a safety assurance platform in 
virtual environments in the second phase of SIP-adus.

The Sixth Science, Technology, and Innovation Basic Plan (March 2021) articulates the country's 
intention to solve social problems by effectively utilizing a "convergence of knowledge," which includes 
both knowledge from the humanities and social sciences. From an early stage, the SIP-adus has seen 
research done through an approach based on a convergence of knowledge that makes use of knowledge 
from even the social sciences, which includes analyzing the effectiveness of technologies in reducing 
traffic fatalities.

Automated driving initiatives that have been ongoing since the first phase of SIP-adus have led to 
the formulation of a framework for Level 3 automated driving and will conclude in the second phase 
of SIP-adus after having contributed in many ways to getting this technology onto the international 
stage, which includes paving the way to the sale of vehicles equipped with Level 3 technology. It is my 
hope that the achievements of the SIP-adus will be broadly used and help to usher in, as soon as 
possible, driving support and automated driving technologies that use the road traffic environment 
data, which has been a central focus of the program.

The Construction of  Smart mobility Platform is currently being considered as a topic for the next 
phase of the SIP. In this context, I hope that the Cabinet Office will work with all stakeholders to 
develop new approaches to  promoting initiatives such as MaaS that will provide people with an 
integrated combination of different transportation modes, with a view to utilize the achievements of 
SIP-adus program.

 Deputy Director General for Science, Technology and Innovation, Cabinet Office
 Takafumi Kakudo

Toward Solving Social Issues Through Automated Driving, 
and Achieving a Mobility Society for the Future
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Under the Council for Science, Technology and Innovation, we at NEDO continuously performed 

three activities as a management agency ((1) Operations management, (2) Creating places for 

discussions, (3) Information transmission support) from 2017 for the first phase of the SIP-adus 

(Cross-ministerial Strategic Innovation Promotion Program (SIP) Automated Driving for Universal 

Services) that began in 2014 and from the start of the second phase of the SIP-adus that began in 2018.

Under the instruction of PD Kuzumaki and along with affiliated government agencies, including 

the Cabinet Secretariat, experts on various committees, companies, universities, and organizations, 

we proceeded with 57 initiatives for the social implementation of automated driving, such as 

international cooperation, shaping public opinion through PR activities, and FOTs (Field Operational 

Tests) for social implementation, in addition to basic technology development for practical application 

of automated driving. As we shifted activities to remote formats following the COVID-19 pandemic 

and the declaration of national emergency, we continued to find a way forward through trial and 

error. Despite this, we were able to complete the activities for the second phase thanks to the support 

and passion of everyone related to this project. We would like to take this opportunity to express our 

gratitude for these efforts.

We have taken efforts for technology development, testing, infrastructure building, and 

systemization to improve convenience for the realization of automated driving in Japan. In phase two 

of this project, we engaged in two activities to realize safe and secure automated driving services. One, 

on the development/testing side, we conducted cybersecurity technology development and built a 

safety assurance environment (DIVP®) for automated driving in a virtual environment and Dynamic 

Map, as well as conducted FOTs. Two, in order to realize a rich society through linking surrounding 

businesses and services centered on automated driving, we established the portal site MD communet® 

to promote utilization and linkage of geographic data and standardization activities, implemented 

services in regions, and executed PR and collaboration activities in and outside Japan. These activities 

produced many results. We are happy to be able to publish these results in the form of the final report.

Aiming for the realization of automated driving technology in Society 5.0 and an automated 

driving society shown in Public-Private ITS Initiative/Roadmaps, we hope that this final report and 

the outcomes of the phase two will be fully utilized and lead to the next action for the realization and 

expansion of safe and secure mobility-related services. We ask for the continued assistance of all 

persons related to the SIP and those organizations that did not participate.

 Executive Director, New Energy and Industrial Technology Development Organization (NEDO)

 Tomoyasu Nishimura

Role as Management Agency and Results
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Last year, SIP 2nd Phase: Automated Driving for Universal Services—Mid-Term Results Report 

(2018–2020) summarizing all initiatives in the second phase of SIP-adus (Cross-ministerial Strategic 

Innovation Promotion Program; Automated Driving for Universal Services) was issued. Thankfully, 

many people responded to this report positively. We would like to thank the readers.

This final results report summarizes the overall activities of the second phase of SIP-adus, centered 

on the activities after the publishing of the mid-term results report. While including the opinions of 

the readers of the mid-term results report as much as possible, we aimed for a report that would be 

easy to understand and useful.

We hope that this report and the mid-term results report serve as an entrance for all readers, 

including automated driving researchers in and outside Japan, to deepen their knowledge of the 

initiatives of the SIP-adus program. Contact information is also available for each article. Please feel 

free to reach out regarding the use of the research results from the SIP-adus.

Through the support of many affiliated persons and groups, the SIP-adus produced many results 

in the nine-year period, including the first phase, of this project. We have published this report with 

the hope that it will lead to research and development and infrastructure building related to automated 

driving in the future.

 December 2022

 SIP-adus Final Results Report Editional Committee

Editorial Committee Members
(Affiliation and title is as of October 1, 2022; honorifics omitted)

[Program Director (PD)/Sub-PD]
Fellow, Advanced R&D and Engineering Company, Toyota Motor Corporation Seigo Kuzumaki
Visitng Professor, National Graduate Institute for Policy Studies / 
Principal Fellow, Center for Research and Development Strategy at the Japan Science and 
Technology Agency

Tateo Arimoto

Executive Chief Engineer, Head of Computer Science Domain, 
Innovative Research Excellence/Software Defined Mobility Development Supervisory Unit, 
Business Development Operations, Honda R&D Co., Ltd./ Honda Motor Co., Ltd.

Yoichi Sugimoto

General Manager in Charge, Regulation and Homologation Department, Nissan Motor Co., Ltd. Haruhiko Kondo
[Experts, etc.]
President, ITS Japan Akio Yamamoto
Prime Senior Researcher, Digital Architecture Research Center, National Institute of 
Advanced Industrial Science and Technology Shin Kato

Chair, Automated Driving Subcommittee, Safety Technology and Policy Committee, 
Japan Automobile Manufacturers Association / 
Executive Chief Engineer, Software Defined Mobility Development Supervisory Unit, 
Business Development Operations, Honda Motor Co., Ltd.

Kunimichi 
Hatano

Director General, Institute for ACV standardization / 
Managing Director for Research Affairs on Automated Driving Technology Director, 
Automotive Safety Research Department National Traffic Safety and Environment Laboratory, 
National Agency for Automobile and Land Transport Technology

Terunao Kawai

Researcher, Smart Region Division, Mitsubishi Research Institute Yurie Toyama
Professor, Graduate School of Media and Governance, Keio University Manabu Omae
[Secretariat]

Hiroaki Kimura, Yuichi Araki, Kotaro Sugiyama (Cabinet Office), Takahiro Tanaka, Megumi Funahashi, Shuichi Ajiki, 
Michihiko Katsuragi (NEDO)

For Publication of Final Results Report
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Chapter 1  The Second Phase of SIP-Automated Driving for Universal Services (Overview)
Chapter 1 describes the policy positioning of SIP and 

promotion framework and the main achievements in the second 
phase of SIP-adus, and summarizes the efforts of each ministry 
and agency.

The Japanese government has set forth the goal of the realization 
of Society 5.0 (Fig.1) in the Fifth Science and Technology Basic Plan, 
and the Cross-ministerial Strategic Innovation Promotion Program 
(SIP) is positioned as a core program for the realization of Society 5.0.

Society 5.0 is defined as "a human-centered society that 
achieves both economic development and solutions to social 
issues through a system that achieves a high level of integration 
of cyberspace (virtual environment) and physical space (real 
space)." In this context, automated driving is considered an 
important theme for the realization of Society 5.0 because it is 
expected to contribute to economic development through the 
creation of new data industries such as those for road traffic 
environment data and the expansion of the sensor market, and 
to solving social issues such as ensuring safe and secure means 
of transportation. Following the first phase of SIP, the automated 

driving was adopted as one of the subjects.
In the SIP-adus, taking advantage of its characteristics as an 

industry-academia-government collaboration project, research 
and development has focused on issues that should be addressed 
in coordinated industry efforts, such as the construction of digital 
infrastructure, technological development to ensure safety, 
standardization, and fostering public acceptance. (Fig.2)

We believe that we can contribute to the early realization of 
an automated driving society by cooperating as an industry and 
competing in vehicle development.

Please refer to Chapter 1 "The Second Phase of SIP-
Automated Driving for Universal Services" for the efforts of the 
National Police Agency, the Digital Agency, the Ministry of 
Internal Affairs and Communications, the Ministry of Economy, 
Trade and Industry, the Road Bureau of the Ministry of Land, 
Infrastructure, Transport and Tourism, and the Automobile 
Bureau of the Ministry of Land, Infrastructure, Transport and 
Tourism, which are the members of the Steering Committee of 
the SIP-adus program.

The Second Phase of SIP - Automated Driving 
for Universal Services Final Results Report:

Introduction

The five-year efforts of the second phase of the SIP-adus (2018-2022) are summarized in the Final Results 
Report. The structure and content of the chapters of this report are described below, and together with 
the Mid-Term Results Report (SIP 2nd Phase: Automated Driving for Universal Services—Mid-Term 
Results Report 2018–2020) published in 2021, we hope that this report will be of assistance to you in your 
future research and development efforts.
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Chapter 2 Establishment and Utilization of Traffic Environment Data
In order to realize advanced automated driving, it is 

necessary to build and utilize a framework for road traffic 
environment data, including high definition 3D map data for 
"localization" and route planning, traffic regulation information, 
accident information, traffic congestion information, and 
traffic signal information.

We call this database of road traffic environment data necessary 
for automated driving a "Dynamic Map" and have organized it into 
a concept stratified by four layers, as shown in Fig.3.

In the first phase of SIP-adus, we worked on the construction 
and distribution of high definition 3D maps. Based on the results 
of this research, Dynamic Map Platform Co., Ltd. (DMP) was 
established in 2017 and began distributing approximately 30,000 
km of high definition 3D maps of exclusive motorway nationwide 
in 2018. Subsequently, the world's first automated vehicle 
equipped with these maps was launched, and the maps are also 
being used by several automobile companies for their Advanced 
Driving Assistant System.

In the second phase of SIP-adus, we worked on the 
establishment of a mechanism for utilizing dynamic road traffic 
environment data associated with these high definition 3D 
maps. Based on the results of interviews with participants in 
the FOTs (Field Operational Tests) in the Tokyo waterfront 
area, it was found that traffic signal information, merging lane 
assistance information, lane-level traffic congestion tail 
information, emergency vehicle information, and rainfall 
information were given high priority, so it was decided to 
generate and distribute such information in conjunction with 
high definition 3D maps for verification purposes. (Fig.4)

The Tokyo waterfront area was selected to coincide with the 

7SIP 2nd Phase: Automated Driving for Universal Services - Final Results Report (2018-2022)

The Second Phase of SIP-Automated Driving for Universal Services Final Results Report <Introduction>

Fig.2: Technologies and issues in the cooperative area
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Tokyo 2020 Olympic and Paralympic Games, and SIP-adus 
prepared and distributed the equipment to receive this 
information in order to create the experiment environment and 
to invite a wide range of participants. As a result, a total of 29 
organizations, including domestic and foreign automobile 
companies, suppliers, startup companies, and universities, 
participated in the experiment. They evaluated the effectiveness, 
accuracy, and format of the dynamic data and validated the 
safety of the automated vehicles developed by each organization.

V2I (Vehicle to Infrastructure) and V2N (Vehicle to 
Network) were selected as the communication methods, 
depending on the data to be distributed. The experiment 
showed that V2I is on track for practical application in traffic 
signal information distribution, and that V2N has big potential 
for road traffic environment data distribution. These results will 
be applied to the Ministry of Economy, Trade and Industry and 
Ministry of Land, Infrastructure and Transport project RoAD 
to the L4, and the V2I facilities for SPaT (Signal Phase and 
Timing) information distribution in Odaiba will be used for 
"Construction of smart mobility platform" for the next-phase 
SIP.

The details of The FOTs in the Tokyo waterfront area and 
the efforts made to build a road traffic environment data 
framework are summarized in Chapter 2 (1) "Technological 
Development Concerning the Generation of Traffic 
Environment Data". (Fig.5)

Based on the results of the FOTs in the Tokyo waterfront 

area, the automotive and telecommunications industries jointly 
discussed new communication methods for the future, and 
worked on the creation of a Roadmap of V2X Communication 
Methods for Cooperative Driving Automation. In addition, 
research was conducted to solve issues that will arise when V2N 
becomes widely used in the future, such as communications 
traffic.

These studies on communication methods for cooperative 
automated driving are summarized in Chapter 2 (2) 
"Technological Development Concerning the Transmission of 
Traffic Environment Data".

Chapter 3 Ensuring the Safety of Automated Driving
The biggest challenge in automated driving is ensuring 

safety. To mitigate anxiety and fears associated with a system 
being in charge of automated driving, and to clarify 
responsibility in the event of accidents, it is necessary to prove 
safety. The SIP-adus regards FOTs on public roads as an 
important means of verifying safety, and has thus promoted the 
FOTs in the Tokyo waterfront area.

On the other hand, safety verification requires evaluation 
under hazardous conditions that simulate accidents, and it is 
not possible to cover all of these issues with FOTs on public 
roads alone. For this reason, in the second phase of SIP-adus, an 
all-Japan team worked to construct a simulation environment 
that is highly consistent with the real environment and that 
enables the evaluation of sensor performance, which is 

important for automated vehicles. (Fig.6)
The simulation platform developed by the DIVPⓇ 

(Driving Intelligence Validation Platform) Consortium has 
been commercialized, and V-Drive Technologies (a wholly 
owned subsidiary of BIPROGY) began sales to the public in 
September 2022.

DIVP is also working to improve the accuracy and usability 
as a safety assurance tool in collaboration with the AD-URBAN 
project by Kanazawa University and others, as well as with the 
safety assurance project SAKURA by the Ministry of Economy, 
Trade and Industry to develop safety assurance methods. These 
efforts of DIVP and AD-URBAN are described in Chapter 3, 
"Ensuring the Safety of Automated Driving."

Cyberattacks are another critical safety threat to automated 
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Fig.5: The FOTs in the Tokyo waterfront area
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vehicles, which obtain the road traffic environment data via 
external communications while driving. Cyberattack methods 
are becoming more sophisticated year by year, and it is 
necessary to respond to their evolution.

In the second phase of SIP-adus, we worked on the research 
and development of measures against new cyberattack methods 
that are discovered after the vehicles are put on the market.

We worked on the "Formulation of Evaluation Guidelines 
for Intrusion Detection Systems (IDS)" in collaboration with 
JASPAR and on "Research on the Collection and Sharing of 
Threat Information for Connected Car" in collaboration with 

J-Auto-ISAC. The results were transferred to the respective 
organizations.

To ensure safety, it is necessary to supplement not only the 
hardware but also the soft aspects, including safety education 
for users and communication with traffic participants. These 
issues have been addressed through industry-academia 
collaboration, in conjunction with FOTs of mobility services in 
rural areas.

These safety-related efforts are also described in Chapter 3, 
"Ensuring the Safety of Automated Driving."

Chapter 4 A Society with Automated Driving
SIP-adus is a program that aims to solve social issues by 

engaging in everything "from basic research to practical 
application and commercialization."

In depopulated areas in Japan, public transportation 
systems are being phased out due to declining profitability, and 
the elderly and other residents are facing an urgent need to 
secure means of transportation. As a consequence, it is 
important to achieve mobility services with automated driving 
as soon as possible.

For this reason, in the second phase of SIP-adus, we 
partnered with several local promotional organizations and 
municipalities to conduct long-term FOTs using a vehicle that 
has been modified from a golf cart using electromagnetic guide 
wires. As a result, services that meet local needs began at four 
Michi-no-Eki roadside stations (Kamikoani Village, Akita 
Prefecture; Higashiomi City, Shiga Prefecture; Iinan Town, 
Shimane Prefecture; and Miyama City, Fukuoka Prefecture), 
and are still being operated continuously. (Fig.7) Furthermore, 
based on the operational know-how from these areas, an 
implementation manual has been prepared and efforts are 
being made to expand the service to other areas.

These efforts are introduced in Chapter 4 (1), "Automated 
Driving Mobility Services in Regional Communities"

In order to promote the widespread use of automated driving, 
we believe it is necessary to promote a correct understanding of 
automated driving, to present concrete advantages and 
disadvantages, and to quantify various impacts (influences).

For this reason, in the second phase of SIP-adus, a large-
scale questionnaire survey was conducted every year as a means 
of gaining a fixed-point observation of public acceptance. 
Efforts were made to develop methods for estimating the 

accident reduction effects and social and economic impacts of 
automated driving.

In addition, a long-term strategy was formulated to foster 
public acceptance, and information was actively disseminated 
to various stakeholders. These efforts are summarized in 
Chapter 4 (2) "Public Acceptance of Automated Driving."

Chapter 5 Data Connection and Use to Achieve Society 5.0
As shown above, the SIP-adus has been working on the 

construction and utilization of geographic data, including 
Dynamic Maps. At the same time, Society 5.0 aims to realize a 
cyber-physical space that includes not only automated driving 
but also data coordination with other fields.

In the second phase of SIP-adus, "MD communetⓇ" was 
launched in the spring of 2021 to promote the coordination and 
utilization of various geographic data held by the government 
and companies, and to establish a searchable portal site that 
gives a catalog showing the location and format of data and 
provides matching opportunities. (Fig.8) The number of 

companies that have agreed with the mission and become 
members has increased, and NTT DATA plans to continue to 
operate this project after the completion of the second phase of 
SIP-adus. This initiative and an app contest to promote data 
utilization are showcased in Chapter 5, "Data Connection and 
Use to Achieve Society 5.0".
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Akita Prefecture

SIP通し.indb   9SIP通し.indb   9 2023/03/01   16:462023/03/01   16:46



Chapter 6 Promoting International Cooperation
The SIP-adus has focused on international collaboration 

since its inception in the first phase. Since the second phase, we 
have strengthened cooperation with standardization 
organizations in Japan, and we have also actively built a network 
focusing on Japanese-German and Japanese-EU cooperation 
by appointing an "International Cooperation Coordinator" as a 
contact point for international cooperation.

In addition, Dynamic Maps, human factors, safety 

assurance, connected vehicles, cybersecurity, socio-economic 
impact, and the promotion of service implementation have 
been designated as priority themes for international 
cooperation, and the theme leaders have taken the lead in 
promoting international cooperation activities, including the 
SIP-adus1 Workshop. These activities are summarized in 
Chapter 6, "Promotion of International Cooperation."

Chapter 7 Other Achievements and Activities
As explained so far, the SIP-adus has tackled a wide range of 

themes, and measures not included in this Final Results Report 
or themes included only in the Mid-Term Report are introduced 
in Chapter 7, "Other Achievements and Activities" due to space 
limitations. As described Chapter 4 "Public Acceptance of 
Automated Driving", we  conducted a wide range of activities 

for PR, creating a website and another as SIIP-café (a web 
community for thinking about an automated driving society). 
How the contents of these websites will be remained after the 
second phase of SIP-adus conclusion is also mentioned in 
Chapter 7 "Other Achievements and Activities".

Chapter 8 Conclusion and Outcomes through SIP-adus to be Inherited
When we include the first phase, the SIP-adus has been in 

operation for nine years, and in this time various collaborations 
in the area of automated driving have seen progress. The 
following is a review of the management innovations that have 
been developed through trial and error during this period. On 
the other hand, there is still a long way to go toward the 
realization of automated driving, and research and development 
will continue in the future. We would like to share with you 
messages from representatives of the RoAD to the L4 project by 
the Ministry of Economy, Trade and Industry and the Ministry 
of Land, Infrastructure, Transport and Tourism, which is 
ongoing with the goal of Level 4 automated driving, the next 
step in automated driving, while continuing to build upon the 
achievements of the SIP-adus program, and from the next SIP 
Secretariat, which will start in FY2023. A summary by the 

program director is also given in Chapter 8, "Conclusion and 
Outcomes through SIP-adus to be Inherited".

1  SIP-adus is an acronym for SIP Automated Driving for Universal  Services
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Interest in automated driving is increasing day by day, 
and automobile manufacturers and parts manufacturers are 
actively investing in research and development, and at the 
national level, active efforts are underway to attract research 
and development projects and Field Operational Tests 
(FOTs). In addition, steady progress is being made in 
developing legislation and improving the environment for 
practical use, mainly in Japan, the United States, and 
Europe.

Driving these developments, in addition to solving social 
issues such as reducing traffic accidents, reducing traffic 
congestion, and ensuring mobility for the elderly and 
vulnerable road users, there are great expectations for the 
social changes to be brought about by automated driving, 
such as the creation of new services and businesses related 
to logistics and transportation.

Currently, the automobile industry is facing a wave of 
innovation including automated driving, electrification, 
connected vehicles, and vehicle sharing, so much so that it 
is said that we are in a once-in-a-century era of major 
change. Winning this competition for development will not 
only maintain and strengthen the competitiveness of the 
automobile industry, which is currently a core industry in 
Japan and has a broad base, but it will also have ripple 
e f fec t s  on  re lated  indust r ies  such  as  t he  d ig it a l 
infrastructure, sensors, and communications required for 
automated driving. We can also expect the creation of new 
industries and services, and there is a strong possibility that 
it will contribute to the future economic development of 
Japan.

Under these circumstances,  at  the Counci l  on 

Investments for the Future (March 2018), the then Prime 
Minister Abe said, "We will realize automated driving at the 
Tokyo 2020 Olympic and Paralympic Games. We will 
transmit traffic signal information to vehicles and develop a 
testing site in the Tokyo waterfront area where vehicles can 
operate more safely, thereby further accelerating our efforts 
with a view to developing a variety of businesses." With this 
suggestion in mind, Public-Private ITS Initiative/Roadmaps 
2021 (June 2021)(1) stated that by 2030, ''We will lead the 
world in realizing a safe and highly convenient digital 
transportation society that supports the prosperous lives of 
the people." Furthermore, the Integrated Innovation 
Strategy 2022 (June 2022), as part of the development of 
data coordination foundations for Society 5.0, calls for the 
development of inter-field data coordination foundations, 
the development of a data coordination platform for each 
field, and the construction of an architecture.

SIP is an effort to realize "Society 5.0" set forth in the 
Fifth Science and Technology Basic Plan (January 2016). 
The Sixth Science, Technology, and Innovation Basic Plan 
(March 2021) calls for research, development and social 
implementation to solve various social issues and for the 
utilization of the convergence of knowledge to create a 
sustainable and resilient society that ensures the safety and 
security of the people, one in which the diverse well-being 
of each and every person can be realized.

When we look at the world, we see that many have 
awakened from the overly ambitious dream of fully 
automated driving as defined by the Society of Engineers 
(SAE), or SAE Level 5TM, and have shifted to more practical 

The Second Phase of SIP-Automated 
Driving for Universal Services (Overview)

1 The Second Phase of SIP-Automated Driving for Universal Services

Kotaro Sugiyama, Hiroaki Kimura (Cabinet Office)

Background and Policy Position1

Overseas Trends2
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efforts. Meanwhile, discussions on safety, reliability, and 
ethical issues are deepening. Pilot test project of automated 
driving are being conducted all over the world, and 
discussions are progressing on the formulation of common 
evaluation methods for sharing knowledge and common 
formats for collected data. Due to the spread of infections of 
the novel coronavirus, which has spread rapidly around the 
world since the beginning of 2020, the flow of people and 
things has been greatly affected both globally and locally. 
Even in this circumstance, research and development on 
automated driving has been actively pursued, although there 
have been delays.

In the United States, in January 2020, the White House 
and the Department of Transportation jointly issued 
Automated Vehicle 4.0 (AV4.0) with the stated purpose of 
ensuring the United States' leadership in automated driving 
technology. AV4.0 establishes federal guidance for the 
development and integration of autonomous vehicles in 
three core areas: prioritizing safety and cybersecurity, 
promoting innovation, and ensuring a consistent regulatory 
approach. Although it was before the transition to the new 
government inaugurated in January 2021, based on the 
principles of AV4.0, the Automated Vehicles Comprehensive 
Plan was released. The plan defines three goals to achieve 
the U.S. Department of Transportation's vision for 
automated driving systems: promote cooperation and 
transparency, modernize the regulatory system, and prepare 
transportation systems.

In Europe as well, research projects related to automated 
driving are being pushed forward in various countries, such 
as Germany's PEGASUS and VIVALDI, and the UK's 
DRIVEN and Human Drive. Furthermore, in the EU, many 
research projects related to connected and automated 
driving are underway under the European Commission's 
Horizon 2020. Regarding the implementation of Horizon 
Europe, the successor program to Horizon 2020, an 
agreement was reached in December 2020, positioning 
climate, energy and mobility as one of the six clusters under 
the pillar of solving social issues. 

In Japan, the first phase of SIP-adus, which started in 
2014, has played the central role, with the Tokyo 2020 
Olympic and Paralympic Games etc. being set as a 
milestone. Research and development in the cooperative 
area of automated driving have progressed through 
industr y-academia-government col laboration and 
collaboration among ministries and government agencies.

In FY2017, large-scale FOTs were begun, progress was 
made on verifying the effectiveness of dynamic maps and 
formulating unified specifications, and results such as the 
establishment of map platform creation systems were 

achieved. Based on these results, from the end of 2018, 
Dynamic Map Platform Co., Ltd. started the commercial 
distribution of high precision 3D maps covering about 
30,000 kilometers of motorways nationwide.

Meanwhile, on the institutional side, the "Outline on 
improvement of legal system and environment for 
automated driving system" (April 2018, IT Comprehensive 
Strategy Headquarters) was formulated, and studies have 
taken place in each relevant ministry. In May 2019, revisions 
to the Road Transport Vehicle Act and Road Traffic Act 
were passed, and both revisions came into force in April 
2020, making it institutionally possible to drive automated 
vehicles corresponding to SAE Level 3 on public roads. In 
November 2020, in accordance with the Road Transport 
Vehicle Act, the world's first type designation was carried 
out for an automated vehicles (SAE Level 3) equipped with 
an automated driving system. In March 2021, commercial 
sales of that automated vehicle, which was a first in the 
world. In addition, the high precision 3D maps from 
Dynamic Map Platform Co., Ltd. have been adopted for 
multiple vehicles, including that automated vehicle.

In addition, in May 2020, a partial revision of the Road 
Act was passed concerning the development of facilities on 
roads to assist in automated driving operations, and went 
into force in November of the same year. This is an example 
of the steady progress that has been made in institutional 
reforms toward the social implementation of mobility 
services using automated driving technology.

In March 2018, the Council for Science, Technology and 
Innovation decided on an implementation policy for the 
second phase of SIP-adus. In response to this, in July of the 
same year, the Cabinet Office formulated the "Cross-
ministerial Strategic Innovation Promotion Program (SIP) 
Automated Driving for Universal Services R&D Plan". For 
the social implementation of automated driving, it is 
necessary to overcome three barriers: technology, the legal 
system, and public acceptance. In response to these issues, 
the SIP-adus has sought to promote cooperation with the 
Digital Agency (formerly the Cabinet Secretariat’s IT 
Comprehensive Strategy Office), the National Police Agency, 
the Ministry of Internal Affairs and Communications, the 
Ministry of Economy, Trade and Industry, and the Ministry 
of Land, Infrastructure and Transport, and to gain 
participation from industry and universities. It advances 
research, development, and FOTs through inter-ministry 
collaboration and collaboration among industry, academia, 
and government.

The following four pillars, namely
I) Development and verification of automated driving 
systems (FOTs)

Initiatives in the First Phase of SIP-
adus and Major Achievements to Date3

Launch of the Second Phase of SIP-adus 
and Details of Research and Development4
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II) Development of platform technologies for the practical 
application of automated driving
III) Fostering public acceptance of automated driving
IV) Enhancement of international cooperation
make up research and development.

The main content of research and development is 
organized as follows.
I) FOTs (Field Operational Tests)
  (1) The FOTs in the Tokyo waterfront area
  (2)  Social implementation of mobility and logistics services 

in regional areas, etc.
II) Development of platform technologies
  (1) Utilization technology for road traffic environment data
  (2) Technologies for safety assurance
  (3) Cybersecurity
  (4) Construction of architecture related to geographic data
III) Fostering public acceptance
  (1)  Disseminate information to citizens and promote 

understanding
  (2)  Investigative research for solving social issues   

(clarification of socioeconomic impact)
IV) Enhancement of international cooperation
  (1)  Disseminating information internationally by holding 

international workshops, etc.
  (2) Joint research and such with overseas research institutes

Among those, the following are key themes:
(1)  Building and distribution of a road traffic environment 

data framework
(2)  Building of safety assurance environments in virtual 

environments
(3) Establishment of cybersecurity evaluation methods
(4) Building of distribution portal for geographic data

These four themes were positioned as important themes 
in the second phase of SIP-adus, we made active efforts 
toward practical application and commercialization. In 
addition, we cooperated with the Digital Agency so that 
technological development and the development of legal 
and other systems could proceed together, and coordinated 
efforts related to system development pursued by each 

ministry.
As shown in Fig.1, there are currently two approaches to 

automated driving development:  one that pursues 
automated driving in a limited space and time (A), and one 
that pursues application in more diverse environments (B). 
In the SIP-adus, we believe that both approaches are 
necessary in order to contribute to achieving these goals 
more quickly by utilizing the technology of automated 
driving.

5.1. The FOTs in the Tokyo waterfront area
On prefectural and municipal roads where the traffic 

environment is complex, vehicles intersect and pedestrians 
and bicycles come and go. Given these circumstances, it is 
difficult to realize advanced automated driving with only the 
information available from the sensors installed on the 
vehicle. As one of the solutions to this problem, we studied 
the utilization of traffic signal information with automobile 
manufacturers and installed ITS roadside units (RSU) that 
provide signal information through short-range wireless 
communication (V2I) in the Tokyo waterfront area. In 
addition, the development of road traffic infrastructure was 
advanced with such measures as installing ETC 2.0 roadside 
wireless devices used to provide information on vehicles 
traveling on the main line and information on opening and 
closing of ETC gates, with the aim of supporting safe and 
smooth merging from prefectural and municipal roads to 
expressways and the passing through of ETC gates by 
automated vehicles.

With the participation of domestic and foreign 
automobile manufacturers, in the Tokyo Waterfront City 
area of the Tokyo waterfront area, in the Haneda Airport 
area, and along the Metropolitan Expressway that connects 
Haneda Airport and Waterfront City area, etc., in October 
2019, we began FOTs of vehicle-infrastructure cooperative 
driving automation system under the real  traf f ic 

Fig.1: Overall initiatives of automated driving (Research and Development Plan) (2)
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environment of public roads, and conducted technical 
verification as well as verification of the effectiveness of 
providing traffic signal information to automated vehicles. 
Although it was temporarily suspended due to the impact of 
the novel coronavirus, it was completed by the end of 
FY2020. In response to requests from experiment 
participants to continue, it was decided to add a new road 
traffic environment data and extend for one year until 
March 2022.

Beginning in November 2021, in addition to V2I traffic 
signal information distribution, with a public long range 
network (V2N) we built an experimental environment that 
could distr ibute broader and diverse road traf f ic 
environment data to vehicles. We conducted FOTs on the 
effectiveness of that data and on issues for social 
implementation.

In addition to the distribution of traff ic signal 
information, emergency vehicle information, and rainfall 
information by V2N, we used real-time collection and 
statistical processing of private-sector probe information 
possessed by car/navigation system manufacturers, which 
enabled us to generate and distribute more detailed and 
accurate congestion tail information at the lane level than 
conventional lane level information. We conducted 
verification of the effectiveness of that information and 
necessary requirements.

5.2. Development of Platform Technologies
As described in Section 5.1, in the second phase of SIP-

adus, we worked on building and distributing dynamic road 
traffic environment data frameworks linked to the high 
precision 3D maps that served as the platform for the 
dynamic maps that we worked on in the first phase. We 
verified these in the FOTs in the Tokyo waterfront area.

In order to realize automated driving, ensuring safety is 
the most important issue. It is necessary to verify safety not 
only by FOTs on public roads, but also by combining 
reproduction tests with actual vehicles on test courses and 
evaluations by simulations. It is particularly important to 
evaluate the sensors that serve as the "eyes" of automated 
veh i c l e s ,  but  t he re  are  no  s i mu l at i ons  t hat  c an 
simultaneously evaluate cameras, radar, and LiDAR. We 
therefore have no choice but to rely on evaluations based on 
FOTs on public roads, which is time-consuming. For this 
reason, in the second phase of SIP-adus, we worked on the 
development of a simulation platform that is highly 
consistent with actual phenomena that can be evaluated 
under critical conditions in various traffic environments.

In addition, the risk of cyberattacks will increase if we 
drive while using communications to obtain road traffic 
environment data in the future. In the second phase of SIP-
adus, we worked on building guidelines for evaluating the 
performance of IDS (intrusion detection systems), which 
are expected to spread in the future, and building methods 
for collecting and analyzing threat information on 

cyberattacks.
To achieve Society 5.0, in addition to applying traffic 

environment data and other data for automated driving to 
other fields, it is necessary to utilize data collected in other 
fields, and thereby the build road traffic environment data 
f rameworks .  In  the  SIP-adus ,  we  worked on the 
construction of the portal site "MD communet®" on the web 
network with the aim of promoting data coordination and 
distribution through the organization and structuring of 
information held by businesses in various fields. This portal 
site catalogs government data related to disaster prevention 
and geographical spaces, as well as mobility data from 
multiple private companies, and has been open to the public 
since April 2021. Since going public, we have increased the 
value of the portal site by recruiting many companies and 
organizations.

5.3. Fostering Public Acceptance
In addition to trying to quantify the benefits and utility 

obtained from automated driving, we have promoted the 
implementation of citizen-participatory events that ensured 
interactivity, and the creation and dissemination of 
information content that promotes a correct understanding 
of automated driving. In March 2021, which has been a 
milestone since the beginning, we held an midterm results 
presentation event on the SIP-adus, where we exhibited the 
latest research results for the practical application of 
automated driving in an easy-to-understand manner. We 
are planning to hold a final results presentation event in 
March 2023.

Also, in April and October 2021, we held test-ride events 
for the mass media in the Tokyo Waterfront City area. 
Because they were able to test-ride multiple automated 
vehicles at the same time, the media praised us for 
deepening their understanding of the technology and 
concepts. A similar test-ride event was held in September 
2022, the final year of the second phase of SIP-adus.

5.4. Promotion of International Cooperation
In order to continue to maintain the international 

competitiveness of automobiles and related industries in 
Japan, it is necessary for Japan to take the initiative in 
standardization and scaling activities for automated driving, 
which is an important future technology, and to strive for 
international accord in the field.

As for international standardization activities, we 
strengthened cooperation with standardization bodies at the 
start of the second phase of SIP-adus. In addition to the 
Japan Automobile Manufacturers Association (JAMA) and 
the Society of Automotive Engineers of Japan (JSAE), we are 
cooperating with the Japan Auto Parts Industries 
Association, the Japan Electronics and Information 
Technology Industries Association (JEITA), the UTMS 
Society of Japan, the Association of Radio Industries and 
Businesses (ARIB), the ITS Info-communications Forum 
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(ITS Forum), and others. In doing so, we have gone forward 
with standardization with both de jure standards such as 
ISO, IEC, and ITU, and de facto standards via cooperation 
with internationally influential industry standardization 
organizations.

In addition, with the aim of cultivating human resources 
who can serve as leaders in research topics on an 
international stage, we held an international conference 
called the "SIP-adus Workshop" every year to share 
information and issues related to automated driving and 
discuss efforts to solve them. In addition to being a forum 
for disseminating information, it was also used as a forum 
for discussion through the exchanges among experts from 
Japan and overseas. International recognition increased 
after the first event was held in 2014. The SIP-adus 
Workshop 2021 was held online in November 2021 due to 
COVID-19, and saw more than 1,000 participants from 
Japan and overseas.

In the SIP-adus, we proceeded our initiatives according 
to the stated achievement years of Public-Private ITS 
Initiative/Roadmaps 2021 described below as specific 
timings for the realization of the practical application and 
spread of automated driving.

・ Mobility services: Realization of unmanned automated 
driving transportation services with remote monitoring 
only (SAE Level 4) in limited areas around FY2022

・ Logistics services: Realize fully automated truck driving 
(SAE Level 4) on expressways after 2025

・ Privately owned vehicles: Realize fully automated driving 
(SAE Level 4) on expressways by around 2025

・ Privately owned vehicles: Further advancement of driving 
support technology on prefectural and municipal roads 
(SAE Level 2 or higher)

In addition to trying to establish the technologies in the 
cooperative areas necessary to achieve the goals, we worked 
to confirm the effectiveness of the technologies and services 
through FOTs involving various local business operators, 
local governments, and others. By creating multiple 
examples of practical application, we aimed to have 
prospects for social implementation by the end of the 
second phase of SIP-adus.

For the social  implementation of research and 
development, it is necessary to integrate the efforts of 
various stakeholders, which encompasses not only 
technological development in cooperative areas but also 
technological development in competitive areas such as 
vehicle development. As a result, the Tokyo 2020 Olympic 
and Paralympic Games were set as milestones. Due to the 

impact of the novel coronavirus, the joint test ride event 
with the Japan Automobile Manufacturers Association, 
which was part of efforts to foster public acceptance, was 
postponed, but with regard to technological development, 
advancements were completed on schedule.

With program director (hereinafter referred to as "PD") 
Seigo Kuzumaki as chairman, representatives from the 
Digital Agency, the National Police Agency, the Ministry of 
Internal Affairs and Communications, the Ministry of 
Economy, Trade and Industry, the Road Bureau and the 
Road Transport  Bureau of  the Ministr y  of  Land, 
Infrastructure, Transport and Tourism, experts, related 
industries, industry groups, etc. formed the SIP-adus 
Steering Committee, which conducted discussions of basic 
research and development policy and project achievement 
m i l e s t on e s  v i a  i n du s t r y - a c a d e m i a - g ov e r n m e nt 
collaboration. Under the Steering Committee, the System 
Implementation Working Group, Business Promotion 
Working Group, and International Cooperation Working 
Group were established. In addition, respective task forces 
were set up to build road traffic environment data 
frameworks, conduct FOTs in the Tokyo waterfront area, 
and study communication methods for cooperative 
automated driving, and discussions were facilitated. The 
New Energy and Industrial Technology Development 
Organization (NEDO), which is the management agency, 
was made responsible for the promotion of the SIP-adus. 
NEDO flexibly implemented measures when necessary and 
performed appropriate management and related duties.
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Main Initiatives of the second phase of 
SIP-adus1

During the second phase of SIP-adus (Cross-ministerial 
Strategic Innnovation Promotion Program (SIP) Automated 
Driving for Universal Services), the National Police Agency 
worked on "Research and Development on Advanced Traffic 
Signal Information Provision Technology for Automated 
Driving," "Research and Development on Provision of Traffic 
Signal Information using Cloud Technology," "Research and 
Development on Traffic Signal Control using GNSS (location 
information)," and "Research and Studies on Improvement of 
Data Accuracy of Traffic Regulation Information."

1.1.  Research and Development on Advanced Traffic 
Signal Information Provision Technology for 
Automated Driving

To achieve the practical use of automated driving systems, it 
is required for vehicles to recognize traffic signals in real time 
and controls themselves appropriately. Therefore, it is 
meaningful to improve the recognition reliability of traffic 
signals by using traffic signal information as a complement to 
the on-board camera that recognizes signal light colors.

We therefore conducted research and development on an 
ITS roadside unit that provides traffic signal information to 
vehicles using the 700 MHz band. (Fig.1)

The primary results of this project are as follows: the 
domestic and international survey on the provision of traffic 
signal information from roadside infrastructure conducted in 
FY2018, the study of detailed functional and technical 
requirements, and the development of a prototype ITS roadside 
unit in FY2019. In addition to these, in FY2020, we prepared 
the specifications for ITS roadside units based on the results of 
the prototype test, and we made some alternations in the 
prototype considering the study on providing traffic signal 
information specifically to automated vehicles and the 
reexamination of the details of the functional and technical 
requirements for it.

1.2.  Research and Development on Provision of 
Traffic Signal Information using Cloud Tech-
nology

This project is aimed at realizing the provision of SPaT  
information to automated vehicles by means other than vehicle-
to-infrastructure (V2I) communication using ITS roadside 
units.

To realize this, we studied a method to provide SPaT 
information from traffic signal controllers to vehicles via the 
Traffic Control Center of each Prefectural Police Headquarters, 
the SPaT Information Aggregation System of the National 
Police Agency, the SPaT Information Center, and the 
Distribution Centers of businesses or other entities. (Fig.2) 

In FY2018, we conducted domestic and overseas case studies 
on methods that enable the provision of SPaT information 

Check signal light 
color with 
on-board camera

Receive tra�c signal 
information from 
roadside unit Roadside unit

Fig.1: Provision of traffic signal information by ITS Roadside unit (RSU)
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other than V2I communication. In FY2019, we examined in 
detail functional and technical requirements, prepared draft 
specifications for a model system for providing SPaT 
information of Prefectural Police Headquarters, and studied 
specifications for the SPaT Information Aggregation System. In 
FY2020, we constructed a SPaT Information Provision Model 
System in Saitama Prefecture, measured the time accuracy of 
each device, recognition errors and delay times of SPaT 
information, and obtained comparative test results of three 
information provision methods. In FY2021, we studied what 
the SPaT Information Center should look like that receives 
nationwide SPaT information from the SPaT Information 
Aggregation System and transmits it to the Distribution Centers 
of businesses. In FY2022, we constructed the SPaT Information 
Aggregation System and the SPaT Information Provision 
System in Nara Prefecture as part of the Field Operational Tests 
(FOTs).

1.3.  Research and Development on Traffic Signal 
Control using GNSS (location information)

The police are promoting the deployment of Public 
Transportation Priority Systems (PTPS) in which Traffic 
Control Centers prioritize traffic signal control, such as 
extending green light timing and shortening red light timing, so 
that public vehicles can pass through intersections smoothly. 
Currently, infrared beacons are used to detect public vehicles to 
implement priority signal control in PTPS. However, because of 

its fixed-point detection, PTPS is unable to respond to changes 
in traffic conditions immediately after detection, or to provide 
service in locations where infrared beacons have not been 
installed.

This project, therefore, aims to enable traffic signals to be 
controlled with priority in a timely manner over a wide area by 
linking the Prefectural Police Traffic Control Systems with 
automated buses and other public vehicles using GNSS location 
information and cellular networks. (Fig.3)

In FY2020, we studied the technical requirements, cost-
effectiveness, and model system specifications for traffic signal 
control using GNSS and cellular networks, and in FY2021 we 
conducted FOTs in Shizuoka City and the Tokyo waterfront 
area.

1.4.  Research and Studies on Improvement of Data 
Accuracy of Traffic Regulation Information

In this project, we conducted research and studies that 
contribute to the appropriate provision and management of 
traffic regulation information required by automated vehicles.

In FY2021, to reduce the workload of registering traffic 
regulation information and road sign and marking information, 
we studied image recognition technology to easily collect and 
extract location information on sign and marking from videos 
and still images collected from sources such as dashboard 
cameras. We also developed a model system to improve the 
accuracy of data on traffic regulation information by collating it 
with road sign information, and conducted FOTs in Kanagawa 
Prefecture. (Fig.4)

In addition, we reviewed the standard format for traffic 
regulation information data developed in the first phase of SIP-
adus and developed an extended version of the standard format 
to unitarily manage traffic regulation information and road sign 
and marking information corresponding to it. In FY2022, we 
developed a prototype system using the technologies we have 
researched and the extended version of the standard format, 
and conducted FOTs in Chiba Prefecture.

Prefectural Police Tra�c
Regulation Information
Management System

Automatic collection of 
signs and markings

Revised 
RegistrationExtraction of 

location 
information, etc.

Collation

Stop [discrepancy] 
Stop line
Maximum speed 
[discrepancy]
Pedestrian crossing 
(marking)
Pedestrian crossing (sign)

Tra�c
regulation

information

Collation

Fig.4: Improvement to traffic regulation information precision
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Conclusion2

In the second phase of SIP-adus, the National Police Agency 
engaged in various studies toward the realization of automated 
driving. Because of the wide range of technologies required for 
automated driving, many organizations, groups, and businesses 
are currently collaborating to promote research and 
development, FOTs, and other activities. With recognition of 
their potential to reduce traffic accidents and congestion, the 
Police will continue to actively support the development of 
automated driving technologies designed for the road traffic 
environment in Japan, allowing them to be put to practical use 
in an early timing.
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In this article, we will introduce the "Establishment of 
environment for promoting the utilization of mobility-
related data," which National Strategy Office of IT, Cabinet 
Secretariat, the predecessor of the Digital Agency, worked 
on in the second phase of SIP-adus (Cross-ministerial 
Strategic Innovation Promotion Program (SIP) Automated 
Driving for Universal Services), and the "Vision of Mobility 
and Society 2022," built based on the "Public-Private ITS 
Initiative/Roadmaps."

In order to promote the social implementation of a data 

co ordinat ion mechanism for  the  d is t r ibut ion of 
transportation-related data, it is important to develop an 
environment in which various stakeholders inside and 
outside the mobility field can collaborate with each other. 
To this end, in service areas where use cases have not yet 
been established, we need to develop rules and standardize 
data specifications that are necessary for sharing functions 
and data common among stakeholders, as well as data 
distribution mechanisms for social implementation. In the 
future, it will be necessary to proceed with further studies 
among the parties concerned and to construct the system 
step by step.(1) Based on the awareness of these problems, we 
conducted a survey to find out what kind of environmental 
improvements are necessary to promote the utilization of 
mobility-related data.

Three use cases of data utilization were defined and 
discussed, and about the extracted issues, interviews were 
conducted with actually related entities, and the issues were 
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further explored.
As a result, we found that "data handling" and "public-

private partnership for data distribution" were issues 
regarding data coordination and utilization. We considered 
countermeasures, such as procedures to promote public-
private data coordination. In the procedure shown in Fig.1, 
it is not possible to foresee the business feasibility of data 
utilization, and data distribution does not progress. 
Therefore, this shows an approach that aims to begin from 
official data utilization and then involving private parties.

This section will introduce Vision of Mobility and 

Society 2022, which was decided in August 2022 at the 

Director-Generals'  Meeting for the Digital Society 

developed based on Public-Private ITS Initiative/Roadmaps, 

including initiatives related to the second phase of SIP-adus.
The "Public-Private ITS Initiative/Roadmaps", which is a 

government-wide strategy related to ITS and automated 
driving, was formulated in 2014, and related ministries and 
agencies, private companies, and other public-private efforts 
have promoted it. Initiatives that comprise the roadmap are 
proceeding steadily, including commercialization of the 
world's first a Level 3 automated driving vehicle passenger 
car and driverless automated driving transport services by 
2021, and the revision of the Road Traffic Act leading to the 
establishment of a system for Level 4 automated driving in 
2022.

On the other hand, when we look at the status of 
implementation of the technologies in local areas, there are 
many issues, such as the fact that there are many cases 
interrupted after FOTs (Field Operational Tests), and in the 
future it is necessary to aim for further development of the 
roadmap for full-scale social implementation.

For  th is  reason,  the  "Study Group on Dig ita l 
Transportation Society"(4) was established to study how 
society and lifestyles should be from the perspective of each 
individual citizen as the digital transportation society 
progresses. Backcasting from this to identify how mobility 
should be, we proceeded with the study while receiving 
opinions from a wide range of perspectives.

3.1. Issue

In Japan, social problems in various fields such as 
transportation, medical care, and education are becoming 

more serious as the population declines at an accelerated 
pace. In addition, as we move from the industrial society 
and information society to the new society, the economic 
model is undergoing major changes.

As the population declines, there is a shift from an 
economy in which demand meets supply (for example, 
passengers waiting for buses at bus stops) to an economy in 
which supply meets demand (service vehicles pick up 
passengers). The style of transportation services is also 
being forced to shift to a model that develops services 
starting from the demand side (perspective of each person's 
lifestyle) while utilizing digital technology.

In addition, technologies related to transportation 
services have progressed remarkably, and various means 
using digital technology have emerged. It is also necessary 
to have the perspective of reducing the marginal cost (the 
additional cost incurred when adding one unit of service 
supply) by aiming for overall optimization.

3.2. Service design from the perspective of citizen's life

Based on the recognition of the issues, we will organize 
examples of initiatives that have been implemented in Japan 
and overseas based on the perspective of each citizen's life 
and the actual methods used at that time, and the points 
that  have been seen f rom the examples  of  socia l 
implementation are presented as 11 viewpoints, including 
"Each region decies its own vision for the future."

3.3.  Technologies and systems for  provision of services

From the perspective of realizing technologies and 
mechanisms that support service design from the angle of 
lifestyle, we will build a social implementation plan for the 
technology and promote its realization and dissemination in 
line with efforts toward implementation of services from the 
perspective of lifestyle.

The current public and private sector efforts were 
categorized by means (transport mode) in Vision of 
Mobility and Society 2022. The scope has been expanded 
from the framework centered on ITS/automated driving 
that has been dealt with in Public-Private ITS Initiative/
Roadmaps to "from walking to flying," and "Automated 
driving and Driver Assistance," "road space," and "mobility 
service and MaaS," "drones," and "flying cars," we added a 
category called "mobility field cooperative Domain" as a 
cooperative area, and organized the efforts for each.

3.4. For realization

"Vision of Mobility and Society 2022" is just a snapshot 
of the current situation, and we will continue to update it in 
the future.

Vision of Mobility and Society 2022(3)3
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The Ministry of Internal Affairs and Communications 
(MIC) is progressing initiatives regarding ITS (Intelligent 
Transport Systems) to realize V2X (vehicle to everything) 
communication that connects people, roads, and vehicles 
using information and communications technology, with 
the aim of achieving the safe and comfortable movement of 
people and things. V2X communication is a general term 
that refers to communication forms between vehicles and 
various other things, such as vehicle to infrastructure (V2I) 
communication, vehicle to vehicle (V2V) communication, 
and vehicle to network (V2N) communication.Regarding 
communication systems which use radio, such as VICS 
(Vehicle Information and Communication System), ETC 
(Electronic Toll Collection System), in-vehicle radar system, 
and ITS Connect (700 MHz Intelligent Transport Systems), 
until now MIC has allocated frequencies and developed 
technical standards while taking the status of radio wave use 
and interference with other wireless communication 
systems into consideration, and also promoted the adoption 

of these systems.
As an initiative towards the realization of an automated 

driving society, in recent years we have collaborated with 
related ministries and agencies to progress initiatives related 
to cooperative automated driving (automated driving 
realized by connecting vehicles and various other things 
through communication) using V2X communication. 
(Fig.1)

Through the uptake of vehicles that are connected to 
various things (connected cars), more advanced automated 
driving will be realized and cars will become a space where 
various social and economic activities can be performed 
instead of just a means of transportation, and it is expected 
that everyone will be able to enjoy safe and convenient 
mobility services.

Regarding "Automated Driving for Universal Services", 
as a project of the second phase of SIP: Cross-ministerial 
Strategic Innovation Promotion Program, MIC has 
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progressed research and development in cooperation with 
ITS-related ministries and agencies that is aimed towards 
the realization of cooperative automated driving, mainly 
from the perspective of wireless communication systems.

From  F Y 2 0 1 9  t o  F Y 2 0 2 1 ,  t h e  " R e s e arc h  an d 
development related to the collection, integration, and 
distribution of small-scale network and mid-scale network 
information" project conducted research and development 
into technology that continuously recognizes dynamic 
information obtained from various information sources and 
collects the necessary information from a small-scale 
network area, which is about the size of a general 
intersection, or a mid-scale network area which is about the 
size of a municipality, integrates it in real time and 
distributes it to vehicles, so that a bird's-eye view of 
surrounding traffic conditions can be ascertained in order 
to realize safe and secure automated driving.The results of 
this research were partially applied to the FOTs (Field 
Operational Tests) in the Tokyo waterfront area that was 
also conducted during the second phase of SIP-adus, and all 
of the target values were achieved within the scope of the 
use cases and prerequisites defined in the research project, 
and we were able to confirm the usefulness of the examined 
system architecture, although it depends on the application 
and conditions.(1)

In addition, From FY2019 to FY2021, we defined use 
cases that use communication as a base, clarified the 
communication requirements, and studied communication 
methods that satisfy the communication requirements, for 
the purpose of "Research for V2X Communication for 
Cooperative Driving Automation."

First, in FY2019, we defined 25 use cases where wireless 
communication systems are expected to be used in 
cooperative automated driving (SIP use cases for 
Cooperative Driving Automation) and clarified their 
communication requirements.The Japan Automobile 
Manufacturers Association, experts, and related ministries 
and agencies participated in the discussions to formulate the 
use cases, and we also received cooperation from many 
related organizations such as the ITS Info-communications 
Forum during the study of the communication methods.

From FY2020 to FY2021, we conducted a technical 
examination of the requirements of communication at each 
frequency band and for communication method, related to 
new communication technology in use cases that require 
communication for automated driving, with the aim of 
realizing a safe and comfortable automated driving society 
through vehicle-infrastructure cooperative driving 
automation technology that uti l izes traf f ic  signal 
information from traffic infrastructure installed on 
prefectural and municipal roads and merging lane assistance 
in for mat ion  on  expressways .  We t hen  cre ate d  a 
communication method roadmap that realizes the use cases 
for cooperative driving automation using more advanced 
V2X communication, based on the implementation period 
of the communication and the adoption rate of automated 
vehicles. (Fig.2) This roadmap shows that the introduction 

of a new communication method will be necessary from 
around 2030 in order for there to be a 30% adoption rate of 
cooperative automated vehicles by around 2040.(1)

In FY2022, we investigated and analyzed the latest 
trends regarding the institutionalization and standardization 
of 5.9GHz band V2X communication in areas such as 
Europe, the United States and China, and examined the 
communication requirements of a 5.9GHz band V2X 
system, based on the results of the examination in the 
previous fiscal year and taking into consideration the 
connection with the existing 700 MHz band safe driving 
support system.Then, based on the evaluation results of the 
c o m m u n i c a t i o n  s i m u l a t i o n ,  w e  d e s i g n e d  t h e 
communication protocol of this system, and devised the 
specifications of the wireless equipment necessary for the 
development and manufacturing of on-board equipment 
and roadside unit.

In order to realize automated driving, securing a new 
frequency band is an urgent matter in order to introduce a 
new V2X system that can handle the rapid increase in 
communication traffic.MIC has conducted technical 
examination work targeting the 5.9 GHz band, which is a 
frequency band that is being studied and commercialized 
for V2X systems internationally.

In FY2020, we started to study the technical conditions 
related to frequency sharing with existing wireless systems, 
which will be necessary when introducing a V2X system.In 
FY2021, in addition to demonstrations aimed at examining 
the sharing with existing wireless systems that use the 5.9 
GHz band and adjacent frequencies (ETC, Wi-Fi, wireless 
systems of broadcasting businesses, etc.), we conducted a 
survey of the actual operation of the existing wireless 
systems and considered introduction measures in response.
The results were carried over to the examination under the 
second phase of SIP-adus and accelerated the problem 
resolution and examination regarding 5.9 GHz band V2X 
communication.

In order to realize ITS and automated driving, it will be 
essent ia l  to  develop information communicat ion 
infrastructure since it is expected that a large amount of 
real-time data transfer and exchange will be required.
Furthermore,  research and operational tests are being 
conducted in various countries toward the realization of 
automated driving systems that utilize not only ITS but also 
LTE and 5G, so the advancement of 5G and other 
information communication infrastructure is also necessary 
in order to respond to the needs of automated driving and 

MIC Study of 5.9GHz Band V2X 
Communication3

Conclusion4
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connected cars.
In the future, in addition to progressing with initiatives 

aimed at the adoption and deployment of 5G, we are 
planning to study specific frequency use policies for when 
systems are introduced, based on the results of studies 
through SIP and other activities related to the 5.9GHz band 
V2X communication system, while considering the existing 
wireless systems on the same frequency band.If the service 
providers of this system are defined and the system is 
introduced into the above mentioned frequency band, we 
p l a n  t o  a s s i g n  a  f r e q u e n c y  a l l o c a t i o n  t o  V 2 X 
communication after securing the necessary frequency 
bandwidth by migrating the existing wireless systems.
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Fig.2: Roadmap for V2X Communication for Cooperative Driving Automation (2)
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1.1.  Research on recognition technology, required 
 for automated driving technology (Level 3, 4)

In this research, three universities of Kanazawa 
University, Chubu University, and Meiji University aimed to  
find out the level of support by infrastructure needed and 
the recognition determination technology level by AI in 
automated driving. Therefore, researchers developed testing 
vehicles with level 3 and 4 automated driving technology 
and conducted FOTs (Field Operational Tests) for 
infrastructure-vehicle cooperative driving that used V2I and 
V2N, such as installing signal devices that can receive signal 
information (lights) wirelessly, on the public roads of the 
Tokyo waterfront area.

In the five years of the second phase of SIP-adus, the 
early period of 2018-2020 was spent developing signal 
devices and object recognition technology and studying 
basic infrastructure conditions for infrastructure-vehicle 
cooperative driving that used V2I. In the later period of 
2021 and 2022, researchers constructed an environment to 
evaluate automated driving systems by simulators in order 
to execute safety assurance of automated driving technology 
using simulation technology and infrastructure-vehicle 
cooperative driving with V2N, which provides traffic signal 
information and emergency vehicle information.

In  addit ion,  researchers  provided test -r id ing 
opportunities for testing vehicles in the Tokyo waterfront 
area, etc. and conducted activities to deepen understanding 
of automated driving technology and communicate results 

of R&D.
Based on the knowledge gained from these FOTs, we 

published the data sets  of  infrastructure support 
information needed for automated driving on prefectural 
and municipal roads. We are planning to utilize these results 
in the "Project on Research, Development, Demonstration 
and Deployment (RDD&D) of Autonomous Driving toward 
the Level 4 and its Enhanced Mobility Services" (RoAD to 
the L4) promoted by the Ministry of Economy, Trade and 
Industry and Ministry of Land, Infrastructure, Transport 
and Tourism.

2.1. RoAD to the L4

Until now, the Ministry of Economy, Trade and Industry 
took efforts with the Ministry of Land, Infrastructure, 
Transport and Tourism to realize driverless platooning 
driving technology on expressways and driverless automated 
driving services limited only to certain regions. However, 
these efforts were constrained to limited technology, 
services, and regions. Further activities are needed for the 
full development of automated driving services. In order to 
fully propagate driverless automated driving services, it is 
important to link services with a business based on 
comprehensive initiatives to enhance technological 
development, traffic environment, and social acceptance.

Based on this background, from fiscal 2021, aiming for 
the realization and propagation of driverless automated 
driving services, the government started a new project 

Overview of Activities of the Ministry 
of Economy, Trade and Industry

Shigekazu Fukunaga  (Ministry of Economy, Trade and Industry)

1 The Second Phase of SIP-Automated Driving for Universal Services

Main Activities of the second phase of 
SIP-adus1

Major activities for automated driving by the 
Ministry of Economy, Trade and Industry2
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RoAD to the L4 (Fig.1) with related agencies to take 
comprehensive efforts from R&D to FOTs and social 
implementation.  (Refer to Section 8 3) "SIP-adus 
Achievement as Heritage and Next Step" for more details).

In the future, based on automated driving mobility 
services shifting to social implementation phases, the 
following goal was stated at the 2022 Automated Driving 
Business Symposium held in March 2022: "In order to 
realize automated driving mobility services designed to lead 
resolution of social issues such as: secured mobility amid 
depopulation and aging society, dissolution of traffic 
accidents and congestion, and contribution to carbon 
neutrality, we are going to work on primarily 4 issues, 
namely technological development, improvement of 
transport environment, enhancement of social acceptance, 
as well as acceleration of business implementation, under 
Road to the L4. The outcomes of this project will be 
developed and shared nationwide then advanced toward 
steady social application of the technologies always watching 
international trend."

Under this circumstance, the Road Traffic Act was 
revised in April 2022 and we had some good prospect for 
realizing level 4 driverless automated driving mobility 
services in Eiheiji-cho, Fukui Prefecture. On the other hand, 
scenes where automated driving is actually needed are 
expected to include  multiple types of traffic participants, 
such as pedestrians, bicycles, motorcycles, and large 
vehicles. Therefore, efforts are needed in incorporating the 
technologies gained until now to realize automated driving 

mobility services that fit diverse traffic environments.
This project aims to fully spread the services in around 

fiscal 2030 in promoting these activities, then implementing 
such automated driving mobility services at 40 locations by 
2025 to build up models for cost reductions and business 
implementation with know-how and outcomes which will 
have been resulted from these activities and will contribute 
to enhance technological development, traffic environment 
and social acceptance.

2.2. SAKURA Project

To achieve practical use of automated vehicles, we must 
develop new safety assurance methods for driving by 
automated driving systems, in addition to the conventional 
recognition of safety with driving by human drivers. 
However, there are no such established international 
methods. Each country is actively participating in the 
development of international regulations (WP29) and 
standards (ISO) related to safety assurance.

Until now, the Ministry of Economy, Trade and Industry 
has worked with the Ministry of Land, Infrastructure, 
Transport and Tourism on the SAKURA (Safety Assurance 
KUdos for Reliable Autonomous Vehicles) Project (Fig.2) to 
gather traffic data required to construct the safety assurance 
platform of automated vehicles and establish safety 
assurance scenarios. The outcome of this project was led to 
the development of the "Automated driving safety assurance 
framework Ver. 2.0" by the Japan Automobile Manufacturers 
Associat ion in  2021,  which was  proposed to  the 
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Fig.1: Overview of RoAD to the L4
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 Aiming for the realization and spread of driverless automated driving services, we are promoting “Project on Research, Development, Demonstration and Deployment 
(RDD&D) of Autonomous Driving toward the Level 4 and its Enhanced Mobility Services (RoAD to the L4)” along with relevant agencies.

 Aiming to realize driverless automated driving services in 40 locations in 2025, to practical use of level 4 trucks on the expressway, we are planning on 
further expanding services to spaces where pedestrians and other vehicles mix, such as cities.

(Concept) Eiheiji-cho: Remote 
automated driving system

・In order to realize driverless automated driving 
services in at least 40 locations by �scal 2025, we 
study for expanding the driving environment 
and improving business feasibility.

・Speci�cally, we conduct testing to install automated driving 
system in medium-sized buses, etc. and establish prototypical use 
cases.

(Concept) 
Automated bus

・We aim to realize platoon driving that 
utilizes level 4 automated driving trucks on 
expressways by 2025.

・Recently, we identi�ed use cases and areas to prioritize. 
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main line logistics systems, including vehicles.

・In order to expand level 4 automated driving services in mixed 
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Initiatives for realization of automated driving (FOTs projects)

We aim to realize automated driving 
services (level 4) only by remote monitor-
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We also aim to establish system where one person monitors 
four vehicles at the same time in order to enhance business 
feasibility.

Expand area/vehicles
M

ixed space support
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international regulations (WP29) and standards (ISO). 
Under the leadership of Japan, a safety assurance framework 
which is based on scenarios targeting highways was issued 
as an international standard, namely ISO 34502.

Succeeding the R&D results of the DIVP® (Driving 
Intelligence Validation Platform), we will develop and apply 
an infrastructure platform and persuasive real data that are 
both fair and transparent as we aim to make the safety 
assurance methods of Japan  international de facto standards 
in cooperating with other countries. Specifically, we will 
conduct analyses and research for next international 
proposals, such as deploying safety assurance methods 
developed for expressways on prefectural and municipal 
roads, and contribute to establishing safety assurance 
mechanisms shared across the globe, including traffic on 
prefectural and municipal roads and level 4 automated 
driving.

The spread of automated driving will secure  means of 
mobility in regions where aging society and population 
decline are worsening and lead to support for labor 
shortages in the logistics field. It can also be expected to 
reduce accidents and congestion and contribute to carbon 
neutrality by improving traffic flows. On the other hand, for 
the spread and popularization of the technologies, other 
than technological development by an individual company, 
it is important for industry, academic, and government to 
work together in cooperative areas to improve traffic 
environment including revisions of relevant lows, establish 
standardized safety assurance methods,  construct 
sustainable business model, and foster social acceptance.

Based on this perspective, we must proceed with the 
initiatives in the RoAD to the L4 project and accelerate 
efforts targeting the construction of driverless automated 

driving services and advanced trunk line logistics systems. 
In addition, we must organize the topics and issues that are 
to be taken over from the second phase of SIP-adus to 
RoAD to the L4, construct a structure that allows affiliated 
agencies to work together closely, and aim for collaboration 
in the "Construction of smart mobility platform," for the 
next phase of SIP.

[Contacts] 
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Fig.2: Overview of SAKURA Project
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The realization of automated driving requires not only 
vehicle technology but also appropriate support from road 
infrastructure with consideration of status of development 
and spread of automated vehicles. Looking at the situation 
overseas, such efforts in the arena of road-vehicle 
coordination are accelerating; in Europe C-ROADS, an 
implementation project related to such developments as 
automated driving, is being deployed on roads in 43 cities, 
while in Las Vegas, USA, infrastructure has been established 
to provide information from cameras and sensors.

In Japan, the population is declining and increasing in 
age. In addition to the shortage of workers, such as drivers, 
it is becoming difficult to maintain public transportation 

services, especially in rural areas. The development and 
popularization of automated driving is expected to solve 
problems such as securing the flow of people and goods 
while ensuring safe and smooth road traffic. With this in 
mind,  the Road Bureau of  the Ministr y  of  Land, 
Infrastructure, Transport and Tourism is undertaking 
numerous initiatives to support road infrastructure.

Automated driving technology development can be 
broadly divided into two types: "privately owned vehicles" 
and "logistics/mobility services." (Fig.1) The former runs on 
the nationwide road network, while the latter runs in a 
limited area. As such, there are differences in purpose of 
use, suitable areas and speed, meaning the required 
technology to support automated driving and the scenarios 
for development and spread are also different. In the 
following, we outline our undertakings for each scenario.

Overview of Activities of the Road 
Bureau, Ministry of Land, Infrastructure, 
Transport and Tourism

Masamitsu Waga
(Road Bureau, Ministry of Land, Infrastructure, Transport and Tourism)
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Fig.1: Scenario for privately owned vehicles and logistics/mobility services
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2.1.  Field Operational Tests of automated driving services 
based at such locations as Michi-no-Eki (Roadside 
Stations) in rural areas

There are rural areas where public transportation routes 
are shrinking due to population decline and driver shortage. 
In response to these issues, the introduction of automated 
driving is expected to maintain and secure regional traffic. 
The SIP-adus (Cross-ministerial Strategic Innnovation 
Promotion Program (SIP) Automated Driving for Universal 
Services) conducted short-term to long-term FOTs (Field 
Operational Tests) for automated driving services at 18 
locations nationwide, based at such locations as Michi-no-
Eki in rural areas.

Among the issues identified during the FOTs, regarding 
the problem of identifying the position of the automated 
vehicles, we confirmed the effect of the supporting 
infrastructure for automated driving such as electromagnetic 
induction lines. In order to avoid collisions with other 
vehicles and pedestrians, we also devised various measures 
according to the road conditions and traffic characteristics 
of the region, such as clearly indicating the driving position 

and creating exclusive lanes, and then confirmed these 
effects too. Based on the test results, full-scale introduction 
has started at four locations nationwide. (Fig.2)

2.2.  Deployment of automated driving services from 
rural areas into "machinaka" (town areas)

In order to realize safe and smooth automated driving in 
a more complex road traffic environment, the Road Bureau 
of the Ministry of Land, Infrastructure, Transport and 
Tourism is conducting FOTs of Vehicle-to-Infrastructure 
cooperative systems in multiple towns with the aim of 
realizing automated driving in Machinaka, town areas. We 
are studying a mechanism to generate necessary information 
relying on AI analysis of road surveillance cameras and 
traffic safety measures. (Fig.3)

3.1. Merging assistance

We are also researching merging assistance to realize 
safe and smooth automated driving on expressways. By 
providing main lane traffic information (vehicle position, 
speed, inter-vehicle distance, etc.) in advance to merging 
vehicles, it is possible to achieve safe and smooth merging. 
(Fig.4)

The Japan Automobile Manufacturers Association 
(JAMA) envisions four phases of merging support, in 
accordance with how much implemented automated 

Activities in logistics and mobility 
services2

Undertakings for privately owned 
vehicles3
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Fig.3: Investigation of traffic safety measures and information provision from the roadside
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Fig.4: Concept for merging assistance
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vehicles are. We mainly studied on 2 systems: Day 1 system, 
assuming as early phase of implementation, combining spot 
measurement of main lane traffic and provision of main 
lane inter-vehicle gap forecast information, and Day 2 as 
implement at ion  phas e  combining  are a-cover ing 
measurement of main lane traffic and continuous provision 
of inter-vehicle gap information on main lane. Specifically, 
FOTs for the Day 1 system were conducted in the Tokyo 
waterfront area, while the Day 2 system was tested through 
simulation.

As a result of these studies, we confirmed that safer and 
more efficient merging could be realized in free-flow to 
slightly dense traffic flows by distributing the movement of 
main lane vehicles to merging automated vehicles and 
having them adjust their speed accordingly.

3.2. Traffic prediction support information provision

Automated vehicles can be driven safely even under 
various conditions when using on-board sensors to detect 
and analyze such data as vehicle position, road conditions, 
and obstacles. On the other hand, especially during high-
speed movement, data on more distant traffic is also 
required, but is difficult to detect with just on-board sensors. 
(Fig.5)

If the traffic conditions further ahead in each lane can be 
obtained in advance, early deceleration can be performed 

and lane changes can be made with well prepared manner, 
enabling safer and smoother driving. In order to deal with 
these issues, we conducted tests in the Tokyo waterfront 
area.

The FOTs involved the creation of a system to aggregate 
probe vehicle data collected by the private-sector, and the 
generation of lane-level congestion tail positions from this 
aggregated data. The tests revealed the effectiveness of the 
system, but issues were also identified, such as the age and 
volume of available probe data having a large impact on the 
error in the generated congestion tail position (the deviation 
from the actual congestion tail position). In order to 
improve this accuracy, it is necessary to secure an 
appropriate volume of recent probe data, improve the 
processing logic, and supplement the data. (Fig.6)

In addition, the Road Bureau of the Ministry of Land, 
Infrastructure, Transport and Tourism launched their " Joint 
Research for Collaboration with Roads to promote 
widespread use of automated driving" in 2021, in order to 
proceed with the study of safe and smooth automated 
driving on expressways. We plan to continue to study for 
support from the road toward the realization of automated 
driving, including research on predictive information.

[Contacts] 
ITS Policy and Program Office, Road Bureau, Ministry of Land, 
Infrastructure, Transport and Tourism, 2-1-3 Kasumigaseki, Chiyoda-ku, 
Tokyo 100-8918, 03-5253-8111

Fig.5: Conceptual Fig.for traffic prediction support information provision

Position and lane of falling object

Merging information Construction regulation information Falling objects information
To provide main lane tra�c data (lane-level vehicle 
position, speed, etc.) to merging vehicles

To provide location of construction 
regulations, blocked lanes, etc.

To provide information on falling objects 
on the road as obtained by on-board 
sensors and road administrators

Generate
Provide

Collect

Roadside processing unit

Vehicle to infrastructure (V2I) communication

Vehicle detection sensor
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Fig.6: Conceptual Fig.for acquisition of lane-level road traffic information

Solutions for 
the needs

No Information 

With Information provision

Autonomous (non-cooperative automated) driving relying on information 
only from front view of the vehicle detected through its on-board sensor.

In case of sudden deceleration of leading vehicles, the following cannot avoid to 
do likewise or might not be able to smoothly change lane.

Automated vehicle Lane regulation

By obtaining lane-level information beforehand, the 
vehicle can change lanes with well prepared manner

Vehicles need to know:
-- Which lane is better to drive?
-- When is the better timing to change lane?
→Lane-level road tra�c information is needed to 
make determination for the above.

E�cient information generation with combined di�erent information sources: 
○ Probe vehicle information Area-covering and detailed information 
○ Information provided by Road and tra�c administrators Information 

related to incidents impossible to detect by vehicle-itself. 
○ Other information (emergency call and others) Urgent information 

grasped with high immediacy
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The public and private sectors are working together to 
develop and disseminate automated driving technology. In 
particular, we recognize that the framework of SIP-adus 
(Cross-ministerial Strategic Innovation Promotion Program 
(SIP) Automated Driving for Universal Services) has further 
strengthened the cooperation system among related 
ministries and agencies, and has accelerated technological 

development.
The Road Transport Bureau of the Ministry of Land, 

Infrastructure, Transport and Tourism is promoting the 
establishment of systems, such as the formulation of safety 
standards, in accordance with the progress of automated 
driving technology. (Fig.1)

Vehicle safety measures are being implemented step by 
step in accordance with the status of technological progress 
and technological spread. (Table 1) For example, during the 
technology development stage, the direction of development 
is discussed with the participation of industry, academia, 
and government, with the aim of creating an environment 
in which it is easy for automobile manufacturers and others 
to introduce new technologies into the market, and we are 
promoting efforts such as formulating technical guidelines.

The international harmonization of standards is also 
absolutely vital because automobiles are internationally 

Overview of Activities of the Road Transport Bureau, 
Ministry of Land, Infrastructure, Transport and Tourism

Yoshitaka Tada 
(Road Transport Bureau, Ministry of Land, infrastructure, Transport and Tourism)

1 The Second Phase of SIP-Automated Driving for Universal Services

Overview of the Activities by Ministry of 
Land, Infrastructure, Transport and Tourism1

Basic approach to vehicle safety 
measures2
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Fig.1: Undertakings by the Ministry of Land, Infrastructure, 
Transport and Tourism

2020 Nov World's �rst Level 3 automated vehicle type designation

Outline of Honda Legend automated driving system *Provided by Honda Motor Co., Ltd.

By relaxing standards, on the condition that safe alternative 
measures are taken, it becomes possible for remote-con-
trolled automated vehicles to run on public roads.

�e safety requirements that level 3 and 4 automated 
vehicles should meet are summarized as guidelines, 
allowing for continued development and practical 
application of automated driving vehicles prior to the 
thorough establishment of safety standards.

Added level 3 and 4 automated driving systems with the 
function of substituting all of the abilities related to 
recognition, prediction, judgment, and operation normally 
associated with a driver, to the list of equipment subject to 
safety standards.

2017 Feb Establishment of certi�cation system for relaxing 
 of standards for automated driving FOTs.

2018 Sep  Formulation of safety technology guidelines for automated vehicles.

2019 May Revision of the Road Transport Vehicle Act

2020 Mar Establishment of safety standards for automated vehicles 
 ahead of the rest of the world.
2020 Jun Establishment of international standards equivalent to 
 domestic standards
<Summary of safety standards for automated driving on expressways, etc.>
● Operates in tra�c jams of 60 km/h or less on expressways, etc.
● Limited to lane keeping

Phase Purpose of measures Measures

(1) Technology 
development

Developing an environment that 
facilitates the introduction of 
new technologies into the market

Formulation of ASV promotion 
plan and technical guidelines

(2) 
Technological 
competition

P r o m o t i n g  t e c h n o l o g i c a l 
competition in the market

Vehicle assessment (comparison 
and publication of performance 
between vehicle models)

(3) 
Popularization

E x p a n s i o n  o f  i n s t a l l a t i o n 
through incentives ASV subsidy, ASV tax system

N a t i o n a l  c e r t i f i c a t i o n  o f 
performance Performance certification system

(4) Standard 
installation

Installed in all vehicles, ensuring 
at least minimum performance

Formulation of (compulsory) 
safety standards

Table 1: Approach to safety measures
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distributed products. For this reason, the World Forum for 
Harmonization of Vehicle Regulations (WP29) was 
organized under the United Nations Economic Commission 
for Europe (UNECE) to discuss international standards. 
From the viewpoint of ensuring the international 
competitiveness of Japanese manufacturers, it is important 
for Japan to lead this international discussion.

Based on these basic approaches, we are also proceeding 
with the establishment of systems related to automated 
driving technology.

The year 2018 was a milestone year for the realization of 
automated driving. The "Outline on improvement of legal 
system and environment for automated driving system" 
(April 2018) was formulated, and the direction of the entire 
government regarding the review of the legal system related 
to automated driving was summarized. As a result, Japan 
h a s  a c c e l e r a t e d  i t s  e f f o r t s  t o w a r d  t h e  e a r l y 
commercialization of Level 3 and Level 4 automated 
vehicles.

For the practical application of automated vehicles, it is 
necessary to establish new safety standards and evaluation 
methods that correspond to the operation of the vehicle by 
the system. International discussion on this topic is 
proceeding with the WP29, in which the Ministry of Land, 
Infrastructure, Transport and Tourism is participating.

The Ministry of Land, Infrastructure, Transport and 
Tourism, taking into account such developments as such as 
the formulation of a Japanese system development outline, 
seeks to promote the practical application of automated 
driving even before the international standards are 
formulated. Guidelines have therefore been created in 
regard to the safety requirements that Level 3 and 4 
automated vehicles should satisfy. We believe that this has 
created an environment that facilitates development by 
automobile manufacturers and others, and that we have 
established a framework that allows us to reflect Japanese 
ideas in international discussions.

At the Ministry of Land, Infrastructure, Transport and 
Tourism, and based on the Road Transport Vehicle Act, 
safety is ensured in an integrated manner from the design 

and manufacturing stages of vehicles through to the stage of 
use on public roads. Specifically, we are working on 
formulating safety standards and measures for type 
certification, service and maintenance, inspections, and 
recalls and others.

On the other hand, this law was created in 1951, and at 
that time it was not considered that some non-human 
system would also operate vehicles.

For this reason, the law was revised in May 2019 to 
accommodate automated vehicles (Level 3 and Level 4). The 
main revisions are the following four points.
(1)  When used under the conditions (driving environment 

condit ions)  attached by the  Minister  of  L and, 
Infrastructure, Transport and Tourism, automated 
driving systems are defined as having the function of 
substituting all of the abilities related to recognition, 
prediction, judgment, and operation related to the 
operation of the driver, and said systems are now also 
made subject to safety standards.

(2)  Approval from the Minister of Land, Infrastructure, 
Transport and Tourism is compulsory when performing 
wireless software updates for vehicles that are already 
running on public roads.

(3)  Maintenance and remodeling of automated driving 
systems etc. will be designated as "specific maintenance." 
In order to carry out it, certification from the director of 
the District Transport Bureau will be required, and 
automobile manufacturers will be duty-bound to provide 
the technical information necessary for maintenance.

(4)  Establishment of an environment in which inspection 
agencies nationwide can utilize the information necessary 
for electronic inspection of vehicles (OBD inspection).

The revisions to the Road Transport Vehicle Act made 
automated driving systems subject to safety standards. 
Based on this change, in March 2020, safety standards for 
automated vehicles were formulated for the first time in the 
world, based on the safety requirements of the safety 
technology guidelines for automated vehicles. In June of the 
same year, international standards were established by the 
WP29.

In order to realize more advanced automated driving 
technology, subsequent discussions on international 
standards were promoted by the WP29, and in November 
2021, a revision was made to expand the applicable vehicle 
types to all passenger cars, buses, and trucks. Furthermore, 

Formulation of safety technology 
guidelines for automated vehicles3

Revision of the Road Transport 
Vehicle Act4

Formulation of safety standards5
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in June 2022, it was agreed to raise the upper speed limit to 
130km/h and to implement a lane change function only for 
passenger cars. (Fig.2)

The Ministry of Land, Infrastructure, Transport and 
Tourism will continue to lead discussions on international 
standards. 

Fig.2: Study on international standards

[United Nations Regulations enacted in June 2020]
Lane keeping at 60km/h or less on expressways (level 3, passenger cars only)

Automated driving (level 3) 
starts in congestion

Only lane maintenance in the same lane 
→ Lane change is also possible (limited to passenger cars, etc.)

[Revised in November 2021]
Expansion of applicable vehicle types: Passenger cars only ⇒ All passenger cars, buses and trucks

[Overview of revisions agreed in June 2022]

Automated driving ends when congestion 
is cleared or exit is approached

Following the vehicle 
ahead in the same lane

(1) Raised upper limit speed

(2) Addition of lane change function
60km/h or less ⇒ 130km/h or less

In the future, in order to realize automated driving in a 
more complex driving environment, it is important to take 
comprehensive measures to further develop vehicle 
technology, improve the driving environment, and improve 
public acceptance. (Fig.3)  Specifically, it is the responsibility 
of the operator to appropriately build, maintain, and manage 
the driving environment, and to review it as necessary. 
Therefore, it is important for the public and private sectors 
to work together to study measures to reduce the risk of all 
dangerous events that can occur on roads, with the 
automated vehicles strictly adhering to all traffic rules and 

driving manners along the route taken.
The Ministry of Land, Infrastructure, Transport and 

Tourism will continue studies toward the realization of 
advanced automated driving.

[Contacts] 

Ministry of Land, Infrastructure, Transport and Tourism Road Transport 
Bureau Engineering and Environmental  Policy Division,  2-1-3 
Kasumigaseki, Chiyoda-ku, Tokyo 100-8918, 03-5253-8111

Issues for future activities6
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Fig.3 Toward the realization of automated driving

Infrastructure support 
Pedestrian separation, etc.

(1) Vehicle technology development

(2) Improving social acceptability (3) Maintenance and management of driving environment

Technological development 
of software, sensors, etc.

Local understanding and cooperation 
Clarification of responsibilities of stakeholders
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Automated vehicles use information collected by 
multiple types of on-board sensors in an integrated manner 
to recognize, judge, and operate the vehicle on behalf of the 
driver. However, the information collected by such sensors 
is limited to a range of approximately 200 meters around the 
vehicle, and only real objects can be recognized as physical 
phenomena. Therefore, if the road traffic environment data 
p r o v i d e d  b y  i n f r a s t r u c t u r e  t h r o u g h  w i r e l e s s 
communication, etc. can be utilized, it is possible to realize 
safe and smooth operation in more complex road traffic 
environments. (Fig.1)

Road traffic environment data includes various factors, 
ranging from static information such as high precision 3D 
map data to dynamic information such as SPaT (Signal 

Phase and Timing) information that changes every second. 
In the SIP-adus (Cross-ministerial Strategic Innovation 
Promotion Program (SIP) Automated Driving for Universal 
Services), linking rules are established according to the 
location, time, and unique ID of each piece of information, 
which is organized based on the concept of a dynamic map. 
(Fig.2)

Establishment and Utilization of Traffic Environment Data and 
the Tokyo Waterfront Area Field Operational Tests (Overview)

Satoshi Hiyama (Honda Motor Co., Ltd.), 
Masato Minakata (TOYOTA MOTOR CORPORATION)

(1) (1) Technological Development Concerning the Generation of Traffic Environment DataTechnological Development Concerning the Generation of Traffic Environment Data

2 Establishment and Utilization of Traffic Environment Data

Need for road traffic environment 
data1

(1) Technological Development Concerning the Generation of Traffic Environment Data
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Fig.1: Utilization of road traffic environment data in automated driving
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Fig.2: Concept of dynamic map
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Base Road surface data, lane data, 3D 
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schedule data, wide-area weather forecast data, etc.
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In  the  f i rst  phase  of  SIP-adus ,  we  worked on the 
establishment of a static information platform , and in 2019, 
based on the results of the R&D, a project to provide high 
precision 3D map information for approximately 30,000 km of 
expressways and motorways  nationwide was launched, and the 
information was adopted by advanced driving support systems 
and the world's first vehicles equipped with automatic driving 
level 3 systems that have acquired certification. In the second 
phase of SIP-adus, the "Road Traffic Environment Data 
Roadmap" (Fig.3) was formulated to promote research and 
development for the establishment of a system for utilizing 
dynamic road traffic environment data that is linked to high 
precision 3D map information, and standardization and practical 
use were tackled through FOTs (Field Operational Tests) in the 
Tokyo waterfront area.

In addition, we worked on the National Police Agency's 
policy: Improvement of Data Accuracy of Traffic Regulation 
Information [See Section 2 (1) 5) for more details], and also the 
construction of a geographic data search portal (MD commune®) 
[See Section 5 (1) 1) for more detarils] to create new services by 
utilizing this road traffic environment data in other fields.

3.1. Positioning of the FOTs

In the development of a cooperative automatic driving 

system that enables safer and smoother automatic driving 
control by providing various road traffic environment data 
provided by  the  inf rast ructure  through wire less 
communication, etc. and information owned by the vehicle, 
as well as the road-to-vehicle and vehicle-to-vehicle 
communication, it is necessary to synchronize vehicle 
development with infrastructure development and to 
integrate various technologies. For this reason, the plan was 
centered on FOTs under actual traffic conditions to establish 
a system for utilizing road traffic environment information.
(1)  Determination of technical specifications and promotion 

of standardization in the cooperative area
(2)  Accelerated development of automated vehicles and 

infrastructure
(3)  Fostering public acceptance of automated driving 

through information dissemination and use in events
In  c o l l ab or at i on  w i t h  t h e  Jap an  Autom o bi l e 

Manufacturers Association (JAMA), we worked on the 
development of an internationally open FOTs environment 
for the purpose of the items noted below:

In selecting the location, the following factors were 
taken into account:
(1)  Moderate traffic volume and road traffic environment 

suitable for public road experiments
(2)  Convenience of transportation for domestic and 

international participants in the FOTs
(3)  Appeal for the technologies using the opportunity of the 

Tokyo 2020 Olympic and Paralympic Games.
The Tokyo Waterfront City area was selected from the 

viewpoint of the above reasons. Specifically, we conducted 
FOTs in three distinctive areas: the Tokyo Waterfront City 
area for automated driving on prefectural and municipal 

Activities to utilize road traffic 
environment data2

Overview of the FOTs in the Tokyo 
waterfront area3
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(1) Technological Development Concerning the Generation of Traffic Environment Data

2 Establishment and Utilization of Traffic Environment Data

Fig.3: Road Traffic Environment Data Roadmap
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roads, the Metropolitan Expressway for automated driving 
on expressways, and the Haneda Airport area for automated 
driving services on public transportation (buses and ART) 
on prefectural and municipal roads. (Fig.4)

3.2. 2019-2020 FOTs

In consultation with JAMA, we decided to set a 
milestone of a test drive event at the Tokyo 2020 Olympic 
and Paralympic Games to clarify the effectiveness and 
technical requirements of V2I (short-range wireless 
communicat ion:  Vehicle  to  Infrastructure)  SPaT 
information and merging lane assistance information on 
expressways, etc. The FOTs were conducted using the 
matching fund method, which aims to stimulate private-
sector investment in automated driving and research and 
development. The SIP-adus set up and operated the road 
traffic environment data provision equipment and prepared 
the on-board equipment to receive such information, while 
the participants in the FOTs paid for the preparation of their 
test vehicles and the costs associated with the test driving, 
including the personnel. Participants were called globally 
from organizations promoting automated driving R&D. As 
a result, a total of 29 organizations, including domestic and 
foreign automakers, suppliers, venture companies, and 
university research institutes, participated in the FOTs. 
(Fig.5)

As an FOTs environment using V2I, ITS wireless 
roadside units were installed at 33 signalized intersections 
in the Odaiba area and 7 on roads around Haneda Airport, 
and signal data was transmitted using V2I (760 MHz band). 
(Fig.6)

At the Airport West IC of the Metropolitan Expressway, 
an ETC gate/merging lane assistance information system 
consisting of main line vehicle detection sensors, merging 
lane assistance information generation servers, and V2I (5.8 
GHz band) wireless systems were installed to collect and 
provide information on the operation of the ETC gate and 
vehicles traveling on the main line. (Fig.7)

Fig.7: ETC gate/merging lane assistance information system

Vehicle sensor 
processing unit

Antenna before entrance
 (ETC gate passage assistance information)

Antenna a�er entrance
 (merging assistance information)

Airport West Entrance

Passage closed

Test vehicle Test vehicle

Gate 
information

Gate information 
provision server Passage of test vehicle + 

radio wave command

Mainline 
vehicles

Main line vehicle information

As previously reported in "SIP 2nd Phase: Automated 
Driving for Universal Services—Mid-Term Results Report 
(2018–2020),"(1)(2)(3) the SPaT information provision FOTs 
using V2I demonstrated that signal light color information 
can be provided stably under various environments, and the 

Fig.6: Intersection with ITS wireless roadside units (Odaiba)

Source: Geospatial Information Authority of Japan map (GSI Web)
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Establishment and Utilization of Traffic Environment Data and the Tokyo Waterfront Area Field Operational Tests (Overview)

(1) Technological Development Concerning the Generation of Traffic Environment Data

2 Establishment and Utilization of Traffic Environment Data

Fig.4: FOTs area (Digital Topographic Map, GSI Map)

Kawasaki Ward

Ota Ward

Minato Ward

Chuo Ward

Koto Ward

Tokyo Waterfront City area

Metropolitan Expressway

Haneda Airport area Fig.5: FOTs participating organizations (FY2019-2020)
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participants in the tests confirmed and agreed the 
effectiveness and practicality of its use in automated vehicles 
with specifications compliant with ISO/TS 19091 while 
maintaining compatibility with DSSS (Driving Safety 
Support System), a service that is already in practical use.

The FOTs have provided a technical prospect for the 
practical use of SPaT information in automated driving, but 
the  par t ic ipants  commented that  the  pr ior ity  of 
infrastructure installation was not determined by the 
locational  condit ions of  the intersection,  such as 
backlighting due to the westering sun, and that "providing 
area-covering" was essential. These results will be developed 
to the RoAD to the L4 project for the realization of Level 4 
automated driving services and will continue to be studied 
for implementation. In addition, there were many requests 
from FOTs participants to continue to utilize the Odaiba 
area equipped with the whole area covering network as test 
environment as a development base for automated driving 
FOTs. In response to these requests, it was decided to utilize 
the area for research and development for the next step in 
"Construction of smart mobility platform " as the next phase 
of SIP.

On the other hand, as previously reported in the "SIP 
2nd Phase: Automated Driving for Universal Services—
Mid-Term Results Report (2018–2020),"(1) as a result of the 
FOTs of the merging lane assistance information provision 
using V2I, it was found that spot information provision is 
not sufficient to provide accurate merging lane assistance 
information even when the traffic flow changes, and a more 
advanced information provision system using continuous 
main line vehicle detection and continuous mainline vehicle 
detection and continuous communication technology is 
needed. Therefore, we conducted a simulation based on data 
collected from actual traffic flow observations to confirm 
the feasibility of a merging lane assistance information 
provision’ system that can respond to various traffic flow 
fluctuations and to derive the system requirements. [See  
Section 2 (1) 4) for more details]

3.3. FOTs in FY2021

Due to the spread of COVID-19 starting in 2020, the 
Tokyo 2020 Olympic and Paralympic Games were 
postponed to FY2021, and the large-scale automated vehicle 
test-ride event that was originally planned in collaboration 
with the Japan Automobile Manufacturers Association was 
also cancelled. There was also no small impact on vehicle 
development for each manufacturer, who requested to 
extend the FOTs schedule in the Tokyo waterfront area, 
hence the FOTs were continued for FY2021. And reviewing 
the results of the FY2019-2020 FOTs, there was a high 

demand for the provision of road traffic environment data 
with network covering the whole area.  That is why that, in 
the FY2021 FOTs, in addition to the provision of SPaT 
information using V2I, we also worked on the provision of 
road traffic environment data using V2N (public long range 
network (V2N)). (Fig.8)

In addition to the need for utilization in automated 
driving revealed through interviews, we also considered the 
effectiveness of providing information to drivers, and 
decided to work on the generation and provision of the 
following four types of data as highly prioritized in road 
traffic environment data.
[Prefectural and municipal roads] SPaT information
[Expressways] Lane-level traffic flow information
[Common] Emergency vehicle information, rainfall 
information

As with the 2019-2020 FOTs,  a  broad ca l l  for 
participants resulted in the participation of 22 institutions. 
(Fig.9)

For the V2N FOTs, an information generation and 
provision network environment was constructed with an 
architecture for assumed social implementation, and 
information was provided to test vehicles via public long 
range network communications (4G/LTE). (Fig.10)

For SPaT information, a V2N information provision 
environment was prepared for 33 signal intersections in 
Odaiba where ITS Roadside Units (RSU) were installed, 

Fig.9: FOTs participating institutions (FY2021)
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enabling comparative verification of V2I/V2N.

In the utilization of V2N information, transmission 
delay via networks is expected to be an issue. For SPaT 
information, which requires particularly high temporal 
information accuracy, we developed technologies for 
generating signal cycle time schedule information for each 
signal control system method, studied the provision system, 
and verified it in the Tokyo waterfront area FOTs after 
confirming the functionality with a model system. (Fig.11) 
[See Section 2 (1) 2) for more details]

As a result of the FOTs, it was confirmed that a 
mechanism for efficiently distributing information on 
scheduled signal cycles at necessary intersections along a 
route f rom the network to each vehicle  could be 
implemented for use in automated driving vehicles. 
Participants in the FOTs also commented that V2N can be 
expected to contribute to CO2 reduction through optimal 
route planning, green wave, etc. by utilizing traffic signal 
information that is unique to V2N.

On the other hand, there are issues in the accuracy of 
the generated signal cycle time schedule information and 
the realization of a fail-safe feature, hence further research 
and development are required for practical application. 
Stakeholders will continue to discuss these issues in the 
technical committee established by the UTMS Association.

For lane-by-lane traffic flow information, we statistically 
processed  private-sector probe data with road-way level 
accuracy that is now possible to be collected from moving 
vehicles as the spread of connected cars, and generated lane-

level traffic congestion tail information. Although there is a 
delay in the provision of information depending on the 
processing interval due to the statistical processing after a 
certain amount of probe vehicle data is collected and 
accumulated, we confirmed that the system can generate 
and provision information that is superior to the roadway-
level traffic congestion information of existing services in 
terms of its precision. (Fig.12) The accuracy of the generated 
information is expected   the further spread of connected 
cars and the evolution of information collected from 
vehicles equipped with advanced driver assistance systems 
and automated vehicles. [See Section 2 (1) 3) for more 
details]

As for the utilization of information on emergency 
vehicles, a V2V alert service has been put to practical use, 
but it has not yet been widely adopted because it requires 
dedicated radio equipment to be installed in both 
emergency vehicles and vehicles that use the information.

In the FOTs in the Tokyo waterfront area, information 
on emergency vehicles was generated and provided on a 
simulated basis. Although there was a transmission delay of 
two to three seconds, participants in the FOTs noted that 
the system was effective in detecting the relative position 
and relative speed of the vehicle and in determining whether 
to avoid the vehicle when an emergency vehicle approached. 
Some participants also suggested that the system would be 
particularly effective for remote monitoring type automated 
driving. (Fig.13)

Although not the FOTs in the Tokyo waterfront area, 
one of the use cases of information utilization with V2N:  to 
collect information on the approach of public transportation 
(buses, etc.) and emergency vehicles to traffic signal 
intersections, then to use this information for signal priority 
control, the possibility of this case was also verified. As a 
result of the FOTs in rural area, it was confirmed that 
vehicles that should be given priority can smoothly pass 
through signalized intersections. [See Section 2 (1) 6) for 
more details]

For rainfal l  information,  the High-Resolut ion 

Fig.10: V2N information provision network architecture
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Fig.12: Lane-level Traffic flow information provision  using probe information

Fig.11: SPaT information provision through V2N
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Precipitation Nowcast service provided by the Japan 
Meteorological Business Support Center was linked to a 
high precision 3D map and provided to the vehicles in the 
FOTs. The ability to select an area and utilize the 
information,  including forecast  information,  was 
demonstrated, showing that V2N enabled to utilize a wide 
variety of road traffic environment data. (Fig.14)

3.4. Activities for information utilization through V2N

As described above, the provision of road traffic 
environment data via V2N has potential for  utilization of 
wider variety of information and is promising. On the other 
hand, there are many issues that need to be resolved before 
practical application.

In the FOTs in the Tokyo waterfront area, we specifically 
discussed  how to use the road traffic environment data to 
be provided in the context of increasing communication 
traffic, and verified the information provision method with 
the participants.

Information provision methods can be broadly classified 
into the PULL method, which is suitable for high-volume, 
low-frequency updates, and the PUSH method, which is 
suitable for low-volume, high-frequency updates. (Fig.15) 
Through the provision of road traffic environment data in 
the FOTs, it was found that communication traffic can be 
reduced by properly using both methods. In addition, 
network and server load measurements and simulations for 
social implementation were conducted, and the following 
was identif ied as issues that should be taken into 
consideration by business entities for a large-scale social 

implementation before practical use.
・�Realization of a system for efficient selection and use of 

necessary information
・�Minimize information processing/transmission delays via 

network and check impact
・�Server capacity forecast and reduction of communication 

data volume commensurate with the implementation of 
the target service scale
[See Section 2 (2) 3) for more details]

In addition to these issues, the Task Force (TF) on V2X 
communication for Cooperative Driving Automation has 
discussed to find other issues in cooperation with academic 
experts, relevant ministries and agencies, and members of 
industry organizations (automobile, electronics, etc.), and 
has clarified issues to be addressed, such as the formulation 
of cybersecurity and privacy measures. [See Section 2 (2) 1) 
for more details] We sincerely hope that industry, academia, 
and government will share the roles of research and 
development, and deepen cross-industry discussion and 
collaboration to realize the utilization of road traffic 
environment data via V2N in the future.

3.5.  Study  of the system of information utilization 
through V2N

The establishment of a system is also an important issue 
for the utilization of road traffic environment data through 
V2N. The European Commission has mandated the 
establishment of National Access Points (NAPs) in each 
country to collect and utilize mobility-related data through 
networks, as well as a system to provide data using NAPs.  
In Japan, it is necessary to continuously study particular 
cases of mobility data utilization as well as its advantages 
and disadvantages related to automated driving and 
Advanced Driving Assistance System of which the practical 
use will be accelerated. In the second phase of SIP-adus, we 
studied the ideal  system for uti l izing road traff ic 
environment data via V2N in Japan through R&D and 
FOTs.

In the process of studies conducted through the second 
phase of SIP-adus, V2N SPaT information needs to be as 
accurate as highly required for provided information and 
also to be implemented with  a system allowing to give 

Distribute data for that area as 
calculated by the server 

(PUSH)

PULL system PUSH system
Server Server

Specify distribution 
area from vehicle

Event occurrence

Receive information on the 
speci�ed area from the server 

(PULL)
Periodic uplink of own 

vehicle position

Fig.15: Information provision method via V2N
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Fig.13: Emergency vehicle information provision through V2N
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Automated driving will be turned 
o� due to heavy rain.

Fig.14: Provision of rainfall information via V2N
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nationwide service under unified interface conditions, we 
received such opinions and others through questionnaires 
and interviews with experts, related companies, and others,. 
We plan to examine these opinions and propose the 
necessity of establishing a centralized SPaT information 
center that will serve as the implementation entity, as well as 
the requirements and conditions that the organization 
should have. [See Section 2 (1) 2) for more details]

On the other hand, weather information, such as rainfall 
data, is considered as an area where the information 
provision business is expected to evolve and expand as a 
competitive area based on the needs and use cases of 
informat ion ut i l i zat ion,  including  non-mobi l i ty 
applications, and it is desirable to develop it without 
establishing a unified information distribution system. 
Based on the results of these studies, we plan to propose a 
system for utilizing road traffic environment data through 
V2N. [See Section 2 (1) 3) for more details]

3.6. Activities in fostering public acceptance

Information on the activities of industry, academia, and 
government toward the realization of automated driving in 
the FOTs in the Tokyo waterfront area was actively 
disseminated through SIP-café, the Status Report Meeting, 
and other opportunities for public relations activities. In 
addition, at a test-ride event aimed at fostering public 
acceptance, a public road demonstration and test-ride of 
Level 4-equivalent automated driving test vehicles was 
conducted as a result of the research and development of 
each company through the FOTs in the Tokyo waterfront 
area , and publicized the current status of the research and 
development progress of automated driving technology and 
some of the results of the SIP-adus program R&D. (Fig.16) 
[See Section 4 (2) 3) for more details]

In the second phase of SIP-adus, through research and 

development on the utilization of road traffic environment 
data and the FOTs in the Tokyo waterfront area, we worked 
to clarify the requirements for road traffic environment data 
necessary for the realization of automated driving and to 
establish a system for information generation and provision. 
We have now  the technical prospect of practical application 
of SPaT information provision through V2I, which is 
necessary for the introduction of automated driving on 
prefectural and municipal roads, and have developed this 
prospect to the RoAD to the L4 project aiming for the 
realization of Level 4 automated driving services. We will 
continue to study for the implementation of the system in 
the future. In addition, the FOTs environment in the Odaiba 
area will be passed on to and used for the next step of 
research in the next phase of SIP as the legacy we leave . In 
order to meet future needs for the transmission of 
information from area-covering network ,  we also 
conducted research, development, and FOTs on the use of 
various types of traffic environment information using V2N. 
We demonstrated the effectiveness of the system and the 
potential for utilizing the information provided, identified 
the requirements and issues for realizing the system, and 
made proposals for the construction of the system. We hope 
that the results of the efforts in the second phase of SIP-adus 
will be utilized to continue to promote efforts toward the 
practical application of the system for utilizing road traffic 
environment data.
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Operational Tests

(1) Technological Development Concerning the Generation of Traffic Environment Data

Establishment and Utilization of Traffic Environment Data2

Overview of the FOTs

1.1. Objectives of the FOTs
As part of the FOTs in the Tokyo Waterfront area, an 

information delivery system that uses V2N communication 
was set up and used to perform verification testing of rainfall 
information, lane-specific road traffic information, mock 
emergency vehicle information for vehicles on emergency calls, 
and predictive SPaT information with the aim of promoting 
greater use of traffic environment information.

1.2. FOTs area
Fig.1 shows the testing area used in the FOTs. Tests of mock 

emergency vehicle information for vehicles on emergency calls 

and predictive SPaT information were performed in the 
Waterfront City area (1). Lane-specific road traffic information 
testing was performed in the Metropolitan Expressway area (2). 
In order to evaluate rainfall information as long-range 
information, testing was performed in areas (1) and (2) and 
also in the Joban Expressway to Shin-Tomei Expressway area 
(3).

1.3. Test system
The FOTs system was created while envisioning the 

architecture that might be used in future real-world deployment. 
In conjunction with participants to the second phase of SIP-
adus (Cross-ministerial Strategic Innovation Promotion 
Program (SIP) Automated Driving for Universal Services) 
project, a test system was created, consisting of a data generation 
and aggregation section, a data management and delivery 
section, and a data conversion and vehicle control output 
section, as shown in Fig.2.

Each type of traffic environment information was aggregated 
in a data aggregation server and linked with a high-accuracy 3D 
map before being delivered to test vehicles via a short-range 
and medium-range area server and LTE communications 
network. On the vehicle side, the traffic environment 
information that was received and the vehicle location 
information was processed by on-board test equipment and 
output via a LAN or CAN interface to automated driving/
driving assistant system (prepared by the test participants). 
Analysis software was also prepared, as was a dynamic map 
viewer for displaying received information in real time.

1

(Abstract) From FY2021 to FY2022, as part of the Field Operation Tests (FOTs) in the Tokyo Waterfront area, an information 
delivery system that uses a public long range network (V2N) was set up and used to perform verification testing for four 
types of traffic environment information: rainfall information, lane-specific road traffic information, mock emergency 
vehicle information for vehicles on emergency calls, and predictive SPaT (Signal Phase and Timing)  information. A total 
of 22 organizations from Japan and abroad participated in these FOTs. These included motor vehicle manufacturers, 
suppliers, venture companies, and universities. The participants evaluated the effectiveness of delivering traffic 
environment information via V2N and identified the issues that were involved. PUSH and PULL methods of information 
delivery were set up, to be used as appropriate given the characteristics of the information to be delivered. Participants 
evaluated the impact of increased communications traffic volume and the impact of delays caused by the network, 
looking towards future practical implementation. The results of the tests were evaluated and verified by test participants 
in FOTs working group meetings, and information regarding the effectiveness of traffic environment information and the 
issues involved were summarized.

Keywords: V2N, field operation tests, rainfall information, lane-specific road traffic information, mock emergency vehicle informa-
tion for vehicles on emergency calls, predictive SPaT information

Fig.1: FOTs Area

Fig. 1

0

Source: 
Geospatial Information Authority of 
Japan map (acquired on September 
28, 2021)

(2) Metropolitan Expressway
(Expressway routes connecting Haneda Airport and 
the Waterfront City area, etc.)

(3) Joban Expressway (Yatabe 
Interchange) to Shin-Tomei Expressway 
(Shimizu Ihara Interchange)

* Created using Geospatial Information Authority of Japan 
light color map

https://maps.gsi.go.jp/#12/35.632884/139.810982/&base=pale
&ls=pale&disp=1&vs=c0j0h0k0l0u0t0z0r0s0m0f0

(1) Waterfront City area
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1.4. Testing schedule
The FOT period extends from November 15, 2021, to 

December 23, 2022. (Fig.3) Rainfall information and predictive 
SPaT information testing are being performed over the entire 
period. Due to information delivery period limitations, 
multiple, short tests are being performed for lane-specific road 
traffic information tests and tests of mock emergency vehicle 
information for vehicles on emergency calls. Test participants 
are holding FOTs working group meetings each month to verify 
test results and discuss them with other participants.

Creation and evaluation of the V2N 
information delivery system

Delivering traffic environment information via V2N enables 
the use of more diverse information over a wider area, so 
methods of efficiently extracting information from the cloud 
and delivering that information were created with an eye toward 
future practical implementation. The amount of communication 
traffic and transmission delays due to network factors are being 
evaluated through testing.

2.1. PUSH/PULL-based information delivery system
When delivering information via V2N, it is important to use 

delivery mechanisms that take into consideration data volume 
and transmission delay based on the characteristics of the 

information involved. This is why the information delivery 
system was designed to use two delivery methods, PUSH and 
PULL, as shown in Fig.4. PUSH delivery is well-suited to low 
volume information that is frequently updated, while PULL 
delivery is well-sui  ted to high volume information that is 
infrequently updated. In the FOTs, the method used to deliver 
information was selected based on the characteristics of each 
type of traffic environmental information.

PUSH 
Method

PULL 
Method

Fig.4: PUSH method and PULL method

When using the PUSH method, vehicles periodically 
uploaded their location to a short-range and medium-range 
area server in the data management and delivery section. When 
an event occurred, information was delivered from the short-
range and medium-range area server to the vehicle based on the 
vehicle's location.

When using the PULL method, on the other hand, vehicles 
indicated the areas they wanted data for, and they periodically 
acquired the information from the short-range and medium-
range area server in the data management and delivery section.

2.2. Traffic Traffic environmental information re-
ception characteristics

2.2.1 Characteristics of rainfall information
Table 1 shows an overview of the rainfall information 

delivered during the FOTs. The High-resolution Precipitation 
Nowcast information provided by the Japan Meteorological 
Business Support Center is updated every 5 minutes, making it 
low frequency data, so the PULL method was used. Fig.5 shows 
what is displayed in the dynamic map viewer when rainfall 
information is received by the vehicle. Fig.6 shows a rainfall 
information output example (including forecast information). 
Rainfall information contains precipitation information for the 
following 30 minutes from the current time, so it can be used 
for handover between automated driving and manual driving 
and to provide caution information to the driver.

Fig.3: FOTs schedule

Fig. 3
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Fig.2: Test system structure
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*1:Handled by “Implementation of FOTs in the Tokyo Waterfront Area” contractors (author of this report)
*2:Handled by "Examination and Evaluation of Automated Driving Control Technologies that Use Lane-specific 
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Table 1: Overview of rainfall information

Information source Japan Meteorological Business Support Center

Provided 
information

"High-resolution Precipitation Nowcasts" or "High-resolution 
Precipitation Nowcasts" (5-minute precipitation amount) 
(cumulative rainfall over a 5-minute period in a grid square 
measuring 250 m x 250 m, current condition analysis and 30 
minute forecasts issued every 5 minutes, binary data)

Provision scope
SIP Phase 1 and Phase 2 high-accuracy 3D map range (Waterfront 
City + Metropolitan Expressway, Joban Expressway, Tomei, 
Shin-Tomei)

Delivery method PULL method

2.2.2. Characteristics of lane-specific road traffic 
information

Table 2 shows an overview of lane-specific road traffic 
information. Lane-specific road traffic information includes 
information such as coordinate and lane information regarding 
traffic congestion tail ends, impediments, and the like. This 
information is generated from probe information provided by 
vehicles driving on expressways and is sent to other vehicles. 
When this information is provided, it must be linked to the 
high-accuracy map data in the vehicle's own system, so the 
linkage delivery function, shown in Fig.2, is used to provide the 
vehicle with the location of the information, converted into 
either the distance between the information and a common 
reference point (CRP) on the high-accuracy map, or the 
coordinates of the location (in accordance with ISO17572-4). 
Lane-specific road traffic information is updated infrequently, 
once per minute, so it is delivered using the PULL method. The 
characteristics of received lane-specific road traffic information 
is shown in Fig.7.

In Fig.7, a test vehicle encounters the tail end of traffic 
congestion affecting all lanes. As the Fig. shows, it slows down 
and continues driving, and then when the traffic congestion 
dissipates it speeds back up

2.2.3. Characteristics of mock emergency vehicle 
information for vehicles on emergency calls

Table 3 shows an overview of mock emergency vehicle 
information for vehicles on emergency calls and Fig.8 shows 
the reception characteristics of this information. The mock 
emergency vehicle information for vehicles on emergency calls 
is frequently updated, with vehicle location history information 

Fig.5: Dynamic map viewer screen when rainfall information is received

4

Fig. 5
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Fig.6: Rainfall information output example (including forecast information)
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Table 3: Overview of mock emergency vehicle information for vehicles on 
emergency calls

Information source Mock emergency vehicle (rental vehicle)

Provided 
information

Location information for emergency vehicle updated every 100 ms, 
distributed every 2 seconds (1 location per 100 ms x 2 s = 20 items of 
GNSS information sent at a time)

Provision scope General roads in the Waterfront City area

Delivery method PUSH method

Table 2: Overview of lane-specific road information
Information source Probe information (OEM/car navigation equipment manufacturer)

Provided 
information

Traffic congestion tail end location information, impediment location 
information (1 minute intervals, (1) start time, (2) alleviation time, (3) 
occurrence location, (4) route name, (5) lane number, (6) occurrence 
location accuracy, (7) traffic congestion accuracy)

Provision scope Metropolitan Expressway Haneda Route and Bayshore Route

Delivery method PULL method
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in 100 ms increments being updated every 2 seconds, so the 
PUSH method was used.

Fig.8 shows an image taken from the front of the vehicle 
when the mock emergency vehicle passed and the dynamic 
map viewer screen showing the relationship between the 
locations of the test vehicle and the mock emergency vehicle. 
Fig.9 shows the distance between the test vehicle and the mock 
emergency vehicle on an emergency call that passed each other, 
together with their speed characteristics. Through these tests, 
we were able to deliberate regarding use cases for emergency 
vehicle information for vehicles on emergency calls and vehicle 
behavior in preparation for future real-world deployment.

2.2.4. Characteristics of traffic signal prediction 
information

Traffic color information for each traffic signal was generated 
by the predictive SPaT generation server 3 seconds before the 
light turned green and provided to test vehicles via the data 
generation and aggregation section and the data management 
and delivery section. Table 4 shows an overview of predictive 
SPaT information.

Table 4: Overview of predictive SPaT information

Information source Metropolitan Police Department

Provided 
information

Traffic signal color prediction information when traffic signal cycle is 
confirmed
In these tests, predictive SPaT information was generated and provided 
3 seconds before the start of the cycle (the time when the major road's 
traffic signal turned green), and the provided predictive SPaT 
information contained the cycle start time and light color information 
for two cycles for each exit direction of each entry route

Provision scope Traffic signals in Waterfront City area

Delivery method PUSH method, PULL method, and specified intersection PUSH 
method.

predictive SPaT information could be used in various ways 
in future real-world deployment, so we used three delivery 
methods, as shown in Table 5.

Table 5: predictive SPaT information delivery methods

Method Characteristic

PUSH method
The test vehicle provided its location information to the data management 
and delivery section short-range and medium-range area server in 1 second 
intervals and received traffic signal information for int º¡ ersections in the 
designated radius around the vehicle's position in 1 second intervals

PULL method
SPaT information for intersections in the designated rectangular area in the 
direction of travel of the test vehicle was requested by and provided to the 
vehicle in 1 minute intervals

Specified 
intersection 

PUSH method

Traffic signal ID information requested for the intersection or intersections 
along driving routes was provided by the short-range and medium-range 
area server in the data management and delivery section in predictive SPaT 
information update  intervals.

Output method 
to vehicle 

control output 
section

In the case of the PUSH method and the PULL method, among the received 
predictive SPaT information, the predictive SPaT information for 
intersections in the vehicle traveling direction is output in 100 msec intervals.
In the case of the specified intersection PUSH method, the predictive SPaT 
information for specified intersection is output in 100 msec intervals.

Fig.10 shows the characteristics of predictive SPaT 
information. This example shows the specified intersection 
PUSH method.

Fig.10 shows (1) predictive SPaT information requested for 
the three intersections in front of the Central Odaiba No. 1 
(North) intersection on route 1 and (2) predictive SPaT 
information requested for the four intersections in front of the 
Daiba intersection on route 2. This shows that SPaT information 
for multiple intersections along the driving routes could be 
received at the same time, which would make it possible to 
avoid stopping at intersections and would be effective for 
selecting the optimal driving route.

Fig.9: Speeds and location relationships of test vehicle and mock emergency vehicle
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Fig.10: shows the characteristics of predictive SPaT information. This 
example shows the specified intersection PUSH method.
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2.3. Delivery system evaluation
2.3.1. Time synchronization characteristics

In order to evaluate the impact of delays resulting from 
network transmission, we synchronized the times of the data 
generation and aggregation section, the data management and 
delivery section, and the data conversion and vehicle control 
output section, as shown in Fig.2, and then evaluated the 
delivery system's delay times. We found that the maximum 
time deviation between each device could be kept to ±20 ms, 
and we built a test system that enabled us to evaluate network 
delays in the transmission of information.

2.3.2. Delivery delay characteristics
In the FOTs, information delivery methods varied depending 

on the information, so Fig.11(1) shows the transmission 
transactions and delay times for each method.

(1) Delivery delay characteristics of rainfall information
For rainfall information, we used the PULL method shown 

in Fig.11 There was a rainfall information delivery delay time of 
between 10 and 130 seconds when outputting the information 
from the data generation and aggregation section to the test 
vehicle on-board equipment (BOX-PC) in the data conversion 
and output to vehicle control section (test-vehicle side) as 
shown in Fig.2. Japan Meteorological Business Support Center 
data is delivered in 5 minute intervals, so this does not appear 
to present a problem. However, if data requests were sent in 
intervals of 1 minute or less, this would cause an increase in 
transmitted data, so it would be preferable to keep the 
transmission settings as they currently are.

(2) Delivery delay characteristics of lane-specific road traffic 
information

As with rainfall information, the PULL method was used to 
deliver lane-specific road traffic information, so for lane-
specific road traffic information there was also a delay time of 
up to 66 seconds when outputting the information to the test 
vehicle on-board equipment (BOX-PC) in the data conversion 
and output to vehicle control section (test-vehicle side). This is 
roughly equivalent to the information source delivery cycle 
length, so this does not present a problem. Lane-specific road 
traffic information is updated infrequently, once per minute, so 
it would be preferable to keep the transmission settings as they 
currently are.

(3) Delivery delay characteristics of mock emergency vehicle 
information for vehicles on emergency calls

For mock emergency vehicle information for vehicles on 
emergency calls, we used the PUSH method shown in Fig.11 
There was a delivery delay time of up to 1.3 seconds when 
outputting the information from the data generation and 
aggregation section to the test vehicle on-board equipment 
(BOX-PC) in the data conversion and output to vehicle control 
section (test-vehicle side) as shown in Fig.2. In these tests, mock 
emergency vehicle information for vehicles on emergency calls 
was supplied in 2 second cycles, so delivery times had no 
impact. If the cycle length of emergency vehicle information for 
vehicles on emergency calls is reduced 1 second in the future, it 
will be important to deliberate about how to reduce the delay 
time to 1 second or below. However, if vehicles learn in advance 
that an emergency vehicle is approaching, this delivery delay is 
not expected to have an impact. It will be important to deliberate 
more deeply regarding the methods of using emergency vehicle 
information, including these issues, and regarding potential use 
cases, etc.

(4)  Delivery delay characteristics of predictive SPaT information
For predictive SPaT information, we measured the delay 

time for the three methods shown in Fig.11 when outputting 
the information from the short-range and medium-range area 
server in the data management and delivery section to the test 
vehicle on-board equipment (BOX-PC) in the data conversion 
and output to vehicle control section (test-vehicle side) as 
shown in Fig.2. With the PUSH method, the information was 
sent from the short-range and medium-range area server to the 
test vehicle on-board equipment in 1 second intervals, so there 
was a delay of roughly 1 second. With the PULL method, the 
test vehicle requested information from the short-range and 
medium-range area server in 1 minute intervals, so there was a 
delay of 60 seconds or longer. For the specified intersection 
PUSH method, on the other hand, the vehicle side issued 
requests for information for intersections for which it wished to 
receive data (using the MQTT protocol). The latest predictive 
SPaT information for the intersections was provided in response 
to these requests. This made it possible to keep the transmission 
load down and to keep delay times to roughly 100 ms, the 
shortest delay time of any of the three methods. Predictive 
information was finalized 3 seconds in advance, and the delay 
time was roughly 100 ms, so vehicles could use SPaT information 
sufficiently far in advance of the starts of traffic signal cycles. 
For predictive SPaT information, it would be best to use the 
specified intersection PUSH method.

PUSH 
method

PULL 
method

Specified 
intersection 

PUSH 
method

Fig.11: Transmission transactions and delay times for each method (specified 
distance PUSH method, PULL method, and specified intersection PUSH method)
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Effectiveness of traffic environment 
information

Through the FOTs and deliberations in Tokyo Waterfront 
City FOTs working group meetings, which involved the 
participation of all test participants, test environment providers, 
the Cabinet Office, related government agencies, NEDO, and 
the like, we confirmed the effectiveness of the four types of 
traffic environment information

3.1. Effectiveness of rainfall information
The rainfall information delivered during the FOTs is 

envisioned for use in a wide range of applications, including 
switching from automated driving to manual driving, providing 
drivers with caution information, predicting travel times, 
adjusting vehicle speeds, and adjusting following distances. 
Also, we confirmed that when rainfall information is used by 
drive assist or automated driving systems, the systems would be 
able to respond to sudden weather changes if the amount of 
time taken from generating to delivering information were 
shortened. Rainfall information use cases should be clarified 
and fleshed out in preparation for practical implementation, 
and ongoing deliberation should be conducted regarding 
systems for delivering information based on these use cases.

3.2. Effectiveness of lane-specific road traffic information
Lane-specific road traffic information appears to have 

tremendous potential when there is traffic congestion (including 
traffic congestion extending from exits to side strips), when 
making vehicle control decisions (following/lane changes), and 
when providing drivers with caution information 
recommending making lane changes or driving route changes 
far in advance in the event of driving impediments (such as 
accidents or fallen objects). In situations such as this, the 
information is envisioned as being used in the issuing of 
requests to handover from automated driving to manual 
driving, in preliminary deceleration, in making lane changes, in 
making route changes, and more. Furthermore, with regard to 
the content of the messages sent in the FOTs, there were 
requests to add information regarding information reliability, 
traffic congestion likelihood based on statistical information, 
information regarding whether traffic congestion areas are 
growing longer or shorter, the average vehicle speeds at the tail 
ends of traffic congestion, and the linking of tail end information 
and start point information. We strove to share this information 
with the FOTs participants responsible for generating lane-
specific road traffic information.

3.3. Effectiveness of mock emergency vehicle infor-
mation for vehicles on emergency calls

Mock emergency vehicle location information would be 
effective for driving assistance and vehicle control because it 
would enable vehicles to learn in advance about approaching 
emergency vehicles. Use cases for this information would 
include providing sufficient advance notice to take necessary 
action when an emergency vehicle is approaching (such as 
decelerating, stopping, pulling off to the side of the road, 
switching from automated driving to manual driving, alerting 

the driver, etc.), using the information together with high-
accuracy map data to confirm if an approaching emergency 
vehicle would directly affect one's own vehicle, and determining 
if an approaching emergency vehicle detected by one's own 
vehicle's cameras is on an emergency call or not. In preparation 
for real-world deployment, additional discussion is needed 
within the industry regarding use cases and information 
utilization with respect to how autonomous vehicles are to 
behave when an emergency vehicle is approaching.

3.4. Effectiveness of predictive SPaT information
The FOTs confirmed that traffic signal prediction 

information (V2N) could be used in use cases such as situations 
involving impediments to traffic signal color identification or 
deviations in traversal decision-making,(2) for which short 
range communication (V2I) was also effective.  Information 
can be received not only for the area immediately surrounding 
a vehicle, but also for a large area, so it could be applied to 
driving route plans to reduce the number of vehicle stops and 
shorten the amount of time required, thereby contributing to 
the achievement of carbon neutrality.  Even in suburban and 
rural areas where traffic signals are far apart, the information 
could assist in setting cruising speeds and providing driving 
assistance, so laterally expanding the area for which V2N 
predictive SPaT information is provided has the potential to 
assist with the expansion of areas where automated driving is 
possible.  Ongoing deliberation is recommended in preparation 
for real-world deployment.

Conclusion

An information transmission system that used a public long 
range network (V2N) was set up in the Waterfront City area. 
Information delivery testing was performed for rainfall 
information, lane-specific road traffic information, mock 
emergency vehicle information for vehicles on emergency calls 
vehicle information, predictive SPaT information, and the like. 
The results of these tests were discussed in FOTs working group 
meetings, and we evaluated the delivery system and how the 
information could be used. We organized information regarding 
the issues involved in this utilization, and verified the 
effectiveness of the information.  Based on the issues identified 
through these FOTs and the results of the effectiveness 
evaluation, use cases should be clarified, discussions should be 
held regarding situations where delivered traffic environmental 
information can be utilized, and progress should be made in the 
real-world deployment of this information.
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Vehicles Connected to Infrastructures (V2N)

(1) Technological Development Concerning the Generation of Traffic Environment Data

Establishment and Utilization of Traffic Environment Data2

Purpose of the Study

Automated vehicles recognize SPaT light colors using on-
board cameras, but there are some issues, such as the inability to 
recognize signal light colors with a single camera, and reduced 
recognition accuracy due to backlighting. As a measure to address 
these, there is a need to provide SPaT information from the 
infrastructure. V2I systems have already been developed, but there 

have been issues in terms of maintenance costs. Therefore, research 
and development was begun in FY2018 to establish a new SPaT 
information provision method that utilizes cloud computing and 
other means with the aim of reducing costs. (Table 1)

The method of providing SPaT information is based on a 
system configuration in which SPaT information generated at 
traffic control centers and SPaT controllers (hereinafter referred 
to as "signal controllers") is first aggregated in the National Police 
Agency's SPaT information aggregation system via LTE and 
other lines, and then sent to a distribution center. We determined 
that the control center-based method, the centralized control-
based method, and the controller-based method would be the 
most applicable methods. Fig.1 shows the three methods.

Study of the socio-functional requirements 
of the SPaT Information Center

The social implementation model studied in this project is 
shown in Fig.2. In this model, in addition to the direct users of 
SPaT information, companies promoting automated driving, 
local governments operating automated driving buses, and 
others, they bear the cost in course of the service operation.

We asked the opinions of experts, related companies, and 
others through interviews and questionnaires about the SPaT 

1

2

(Abstract) From the viewpoint of improving reliability and availability, three requirements for SPaT (Signal Phase and Timing) 

information for automated driving were identified: (1) the error between SPaT information and actual light color should be less 

than ±300ms, (2) errors in SPaT information should be detected and the vehicle should be notified of the errors, and (3) the 

provision of SPaT information in various signal control systems should be achieved. First, for the V2I system, the technical 

specifications for SPaT information provision infrastructure using V2I were decided on by FY2020. Next, from the viewpoint of 

reducing maintenance costs, etc., we started studying the V2N system using mobile lines in FY2019, and by FY2021, through 

FOTs (Field Operational Tests) in Saitama Prefecture, we worked on the establishment of SPaT information provision technology 

using the V2N method. We also studied the social functional requirements of the SPaT Information Center, which constitutes 

the core of the social implementation model envisioned in the study of the V2N method. Based on these studies, in FY2022, 

we conducted FOTs integrating a series of components from SPaTs at 17 locations to simulated on-board devices, and 

verified the effectiveness of the three SPaT information provision methods and of the overall system configuration.

Keywords: V2N, SPaT information provision, SPaT Information Center, MQTT
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Table 1: Overall research and development plan

FY 
2018

Case study and examination of issues with highly feasible methods
・ Case study of methods other than V2I communication to provide SPaT information
・ Sorting out of SPaT information provision methods other than V2I communication
・ Study of measures to address issues with a view to realization of methods with high feasibility

FY 
2019

Verification using a simulated system and preparation of draft specifications for a model system
・ Detailed functional and technical requirements for traffic signal information provision methods
・Verification of three SPaT provision method proposals with a simulated system
・Draft specifications for the model system to be built in the FY2020 project

FY 
2020

Model system test in a single prefecture and specification study of a SPaT information aggregation system
・ Development and verification of a model system for provision of SPaT information by individual prefectural police 

forces
・ Study of specifications for the Police Agency's SPaT information aggregation system

FY 
2021

Study of the SPaT Information Center for social implementation
・Study of SPaT Information Center requirements
・Study on coordination and integration with other information
・Verification to improve the accuracy of SPaT information

FY 
2022

Construction and verification of the prefectural police system and the National Police Agency SPaT information 
aggregation system
・ Establishment and effectiveness verification of a SPaT information provision system at prefectural police departments
・ Establishment of a SPaT information aggregation system for the National Police Agency
・Verification of effectiveness
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Information Center, which exists between the non-competitive 
areas (police area + cooperative area) and the competitive 
areas on the route from the prefectural police that manages 
SPaTs to vehicles, because it plays a decisive role in the success 
or failure of social implementation.

The results of the study included a variety of issues, such 
as the need to accurately identify needs, consideration of 
local needs, the utilization of the human resources and 
expertise of agencies that have been providing transportation 
information, and the need for careful consideration of the 
initial and maintenance cost burden. Table 2 shows the 
necessary social functional requirements. There were several 
comments on the need for various types of human resources. 
There were also opinions that it is necessary to provide the 
same level of service under nationally standardized interface 
conditions and to ensure a nationwide system that can 
operate 24 hours a day.

The conditions for the implementing entities are shown 
in Fig.3.

Methods of providing SPaT Information

3.1. Overview of the Control Center-based Method

The control center-based method is a method in which 
SPaT information is generated by a SPaT information 
distributor installed in the Traffic Control Center for centrally 
controlled SPaT controllers.

Centralized control is control in which the Traffic Control 

Table 2: Necessary social functional requirements

Item Necessary social requirements Issues

Operation of 
organizational 
bodies

・ Management planning functions
・ Functions to secure financing

・ Securing human resources (finance 
experience, including experience securing 
beneficiary contributions)
・ Facilitation of communication with relevant 

agencies

Relaying SPaT 
information

・ Relay-related operational functions
・ Recovery functions in case of an 

event

・ Securing human resources (operations 
experience)
・Experience in similar work

Development, 
maintenance and 
management of SPaT 
Information Center 
facilities

・ SPaT Information Center Facility 
planning, design and related 
ordering functions
・ Cybersecurity management 

functions
・ Routine fault handling
・ Customer support

・ Human resources (field engineering 
functions)
・Experience in similar work

Technical 
connections to 
customers

・ Installation of equipment for 
connections, etc. (including 
construction work on SPaT 
Information Center facilities) and 
other implementation functions

・ Securing human resources (technical 
management abilities)
・Experience in similar work

Procedural 
connections to 
customers

・ Receipt (confirmation of 
conditions) functions
・ Cost (beneficiary's portion) 

collection functions

・ Securing human resources (customer service 
experience)
・Experience in similar work

Technical support to 
customers

・ Technical support to confirm 
specifications, standards, etc.

∙  Securing human resources (knowledge of 
newly developed SPaT information provision 
technology)

*  Red font shows personnel who must be secured by the SPaT Information Center. Operations 
and facilities can be externally dependent. 

• Limits to number
• Utilization of existing 

organizations 
• Participation of 

experienced 
organizations

Relationship 
with the Road 

Tra�c Act

�e tra�c signal information must satisfy at least Article 38-7, Paragraph 2 of 
the Enforcement Regulations of the Road Tra�c Act from the viewpoint that it 
is more important than conventional tra�c information.

�e purpose of this article is to contribute to the safety and smoothness of tra�c on roads by providing 
information on road tra�c. [...] �ere are the necessary and appropriate organization, facilities and 
capacity to conduct the a�airs pertaining to the provision of tra�c information prescribed in Paragraph 1 
of said article" (Article 38-7, Paragraph 2 of the Enforcement Regulations of the Road Tra�c Act).

Ful�llment of 
social 

requirements

Factors to 
consider

Necessary social requirements (Slide 7) must be ful�lled 
• Of the functional requirements, items for which it is appropriate to seek 

technical solutions, such as facility construction, technical support, etc., 
can depend on other organizations.

• Because of the nature of operations, which entail relaying between the police and competitive 
areas, in consideration of the burden on the police and the necessity to maintain cybersecurity, 
it is important for the organizations responsible for the Tra�c Signal Information Center to be 
as few in number as possible (if no particular problem exists, then just one organization). 

• Due to the nature of supporting automated driving, which is expected to develop permanently, 
it is important to have certainty of management to ensure sustainability, and one way to 
achieve this is by expanding the operations of an existing organization that has a certain track 
record. 

• Due to the necessity of securing the human resources necessary for planning, management 
decisions, etc., the participation of experienced organizations is necessary.

Fig.3: Conditions for Implementing Entities
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SPaT Information 
Center

Distribution 
Center

Prefectural police

National Police 
Agency

Cost burden
•Companies involved in 

promoting automated 
driving, etc.

•Local governments, etc.

Cost burden 
Beneficiary

Traffic signal information, etc.

Traffic signal information center 
facilities

Traffic signal information aggregation 
system

Economic burden
Traffic signal information distributor

Non-competitive area Competitive area

Fig.2: Schematic of a social implementation model
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SPaT Information 
Center

Traffic Control Center Metropolitan Police 
Department SPaT 

information aggregation 
system

�e control center-based method

The centralized control-based method

Predicted SPaT 
inform

ation

LTE line

SPaT Information 
Center

Traffic Control Center
Metropolitan Police 
Department SPaT 

information aggregation 
system

The controller-based method

Distribution Center

Distribution Center

Distribution Center

Note: “Distribution Center” is a tentative name.

Method where predicted SPaT information is 
created at the Traffic Control Center

Method in which predicted SPaT information is created at 
SPaT controllers 
★This method applies to SPaT control that is remotely 

controlled from the Traffic Control Center.

Method to create current light color information and 
predicted SPaT information at SPaT controllers at each 
intersection 
★This method is applicable to signal controllers operating 

independently.

(e.g., private business servers)Dedicated line

Fig.1: SPaT information provision methods

SIP通し.indb   48SIP通し.indb   48 2023/03/01   16:462023/03/01   16:46



Center determines signal control parameters, such as cycle 
length, split, and offset, using sensor information, etc., and 
dictates them to the signal controller before the signal cycle 
begins. SPaT information may differ from cycle to cycle.

With the  control center-based method, SPaT information 
is predicted using the control history of the previous cycle of 
the signal controller and the signal control parameters 
dictated to the signal controller. With this method, the 
accuracy of the time stamp added to the control history is 
important.

In the FOTs in Saitama Prefecture (FY2020), the target SPaT 
information accuracy was not achieved due to the low time 
accuracy of the signal controller at that time. Therefore, in 
FY2021, we tested the latest specification of the signal controller 
with the addition of time synchronization by GPS, and verified 
that the target performance could be achieved through in-
factory verification.

In the course of the study in FY2021, it was recognized that, 
as a new issue, although signal controllers have a function to 
determine the split when tracking offsets, the method of 
processing fractions of seconds of less than 100 milliseconds 
differs from manufacturer to manufacturer, resulting in a 
maximum error of about 200 milliseconds. Among the companies 
contracted for this project, we verified that no error occurred 
with the SPaT controller of one company as it generates SPaT 
information in accordance with the method for processing 
fractions. (Fig.4) We are investigating possible countermeasures 
for signal controllers manufactured by other companies.

The main functions of the SPaT information distributor are 
shown in Table 3. In addition to SPaT information generation, 
distribution, and data storage functions, the system has 

functions for intersection management information for 
managing SPaT information, a predicted SPaT information 
verification function for constantly monitoring the accuracy of 
SPaT information, and other functions. The device also has an 
MQTT broker function and uses the MQTT protocol to 
communicate with external devices such as SPaT information 
aggregation systems and SPaT information roadside units.

The MQTT protocol is used because it is advantageous in 
distributing SPaT information with low latency since new 
information can be sent in a push fashion. Communication 
messages are created based on a common draft standard that 
is referenced by each device that generates or uses signaling 
information.

3.2. Overview of the Centralized Control-based Method

The centralized control-based method, like the control 
center-based method, is applicable to centralized controllers. 
Unlike the control center-based method, SPaT information is 
generated on the signal controller side, enabling immediate 
processing, such as sensitivity control, which cannot be achieved 
with the control center-based method.

In the SIP project, formally titled "Research and Development 
of Advanced SPaT Information Provision Technologies for 
Automated Driving" (completed in FY2020), a SPaT information 
generation method for SPaT controllers had already been 
established, so in realizing the centralized control-based method, 
compliance with that method was a prerequisite.

3.3. Outline of the Controller-based Method
The controller-based method is for non-centrally controlled 

SPaT controllers that do not have communication functions. Two 
methods were considered: one was to add SPaT information 
roadside units to the currently operated signal controllers (roadside 
device method), and the other was to add signal controllers capable 
of generating SPaT information and wireless devices.

In the roadside device method, SPaT information is generated 
by detecting the on/off of light signals with a CT sensor. Since 
SPaTs are controlled according to the day of the week and time of 
day in non-centrally controlled SPaTs, the SPaT information can 
be easily predicted. However, because offset tracking is performed 
when the signal pattern changes, it is difficult to predict with an 
error of 300 milliseconds or less, and during a FOT in Saitama 
Prefecture in FY2020, a decline in accuracy was observed. As a 
result, in FY2021, measures were taken to address this by learning 
the offset tracking behavior in 100 millisecond increments.

Verification by Prefectural Police Model System

4.1. Outline of the Prefectural Police Model System

Fig.5 shows an overview of the prefectural police model 
system configuration.
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Table 3: Main functions of SPaT information distributors

Function name Function overview

Information gathering Information used for SPaT information generation is collected from the signal 
controller via the terminal control block.

SPaT information generation and 
distribution

SPaT information of the control system is generated and distributed via MQTT 
brokers.

SPaT information conversion and 
distribution

Converts the SPaT information from the Centralized method and distributes it via 
MQTT brokers.

Data accumulation Various information updated by the MQTT broker is stored in the database.

SPaT information monitoring Monitors whether the distribution of SPaT information has been stopped.

SPaT information verification Verifies the accuracy of the SPaT information from the control method.

MQTT broker Receives connections from SPaT information aggregation systems, SPaT information 
roadside units, etc., and distributes information.

- ＋
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Fig.4: Error model and validation results of the control center-based method
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4.2. Purpose of Verification

The purpose of this verification is to demonstrate that SPaT 
information at a wide variety of intersections can be provided 
accurately and in a cost-effective manner using equipment in 
operation. To this end, the verification was conducted at the 
intersections shown in Table 4.

4.3. Verification items

Table 5 shows the main verification items using the 
prefectural police model system.

4.4. Verification Method

As in the Saitama FOTs in FY2020, the accuracy of the 
SPaT information was verified by taking video of the signal 
lights and the simulated in-vehicle devices and by calculating 
the error in the number of remaining seconds of the SPaT 
information when the signal light color changes. Fig.6 shows 
the verification from the Saitama FOTs in FY2020. In addition 
to capturing video, the information stored in each device was 
compared to calculate the delay time and verify the consistency 
between the data.

SPaT Information Aggregation Systems 
and SPaT Information Centers

5.1. Overview of Functions

A schematic diagram of the SPaT information provision 
service is shown in Fig.7.

The SPaT information aggregation system collects and 
consolidates SPaT information from SPaT information distributors 
installed in the 47 prefectures. The collected SPaT information is in 
the same format and can be handled in the same way regardless of 
the method used. At the same time, the SPaT Information Center 
distributes the received SPaT information to each private SPaT 
Information Distribution Center. In order to realize social 
functions, the SPaT Information Center also manages the 
distribution history, aggregates operational results, and provides 
operational support functions such as format verification of SPaT 
information.

Traffic control systems in prefectural police departments generate 
predicted SPaT information using either the controller-based method, 
the centralized control-based method, or the controller-based method, 
and distribute it via SPaT information distributors. Next, the SPaT 
information aggregation system installed in the National Police 
Agency aggregates the predicted SPaT information distributed by the 
SPaT information distributors nationwide and distributes it to the 
SPaT Information Center. Finally, the SPaT Information Center 
distributes the predicted SPaT information to distribution centers 
operated by private operators. Ultimately, the predicted SPaT 
information is distributed to automated vehicles via the distribution 

Table 4: Verified intersections and signal control status by method

　　Item
Methods

Number of 
intersections

Number of 
recall controls

Number of 
right-turn 
sensitive 
controls

System
Number of 

controls

Nighttime
Number of 

flashes

The control 
center-based 
method

9 Note 6 0 9 0

Centralized 
method 6 Note 3 3 4 0

Controller-based 
method 5 1 0 4 4

Note:  Both the Controller-based method and Centralized method are implemented at three 
intersections.

Table 5: Main verification items using the prefectural police model system

Perspective Verification items

Verification of SPaT 
information 
generation

Improvement of accuracy of Controller-based method and Controller-based 
method
Confirmation of compliance with each signal control such as recalls and 
right turn sensitivities

Verification of SPaT 
information 
distribution

Verification of communication interface standardization
Verification of intersection definition information
Verification of communication delay time
Verification of Δt acquisition in a simulated on-board unit

Verification focusing 
on actual 

environment and 
operations

Verification of connection to SPaT information aggregation system
Verification of the effects of actual line performance, GPS reception 
environment, etc. on the accuracy of SPaT information
Verification of the long-term operation of SPaT information provision
Verification of monitoring of SPaT information provision status
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Fig.6: Capturing of video

Fig.5: Overview of the system configuration of the prefectural police model system
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centers.
Considering the social requirements of the SPaT Information 

Center, the functions of each system were examined from the 
standpoint of the SPaT information aggregation system and the 
SPaT Information Center, and the functions were organized so 
that the SPaT Information Center would ensure the consistency 
of SPaT information rules and manage the information provided, 
while the aggregation system would only amalgamate routes and 
monitor communications.

5.2.  Evaluation of Communication Time Up to SPaT 
Information Reception in an Integrated Environment

The SPaT Information Center distributes SPaT information 
for more than several thousand intersections nationwide and is 
also considering a data storage function, but there is concern 
that the processing delay time will increase. The system 
configuration shown in Fig.8 was constructed by utilizing the 
MQTT protocol as a common platform to create a 
communication load verification environment where SPaT 
information is streamlined from simulated signal controllers to 
simulated on-board devices.

The performance of the SPaT Information Center system 
was measured and examinations were conducted for faster 
SPaT information transmission. However, the area from the 
SPaT Information Center to the on-board device is a 
competitive area, and this is only a reference example of 
implementation.

SPaT information must reach the on-board device Δt 
seconds before the light color turns yellow (Δt is about 5 
seconds). Therefore, a simple simulation system was 
constructed and the communication delay time was 

measured.
A low bandwidth (12.5 Mbps) environment was established 

between the SPaT information aggregator and the SPaT Information 
Distribution Center by designing on paper the required bandwidth 
at 2,048 intersections (four-prefecture connection). (The bandwidth 
between A and B in Fig.8) In addition, between the SPaT 
Information Distribution Center and the simulated on-board 
device a permanent communication call was established via one-
second interval MQTT-PING communication.

Fig.9 shows the average daily results of delay time including 
communication time for each section in Fig.8.

The predicted SPaT information was measured using 585 
bytes of data, assuming a complex intersection.

We were able to demonstrate that data transmission from 
a roadside SPaT to a simulated on-board device is possible in 
about one second. Although it was under limited conditions in 
a simulated environment, it is very significant that we were 
able to demonstrate that this service can be established via 
devices that are equivalent to those in the real environment.

5.3. FY2022 Verification Environment

In FY2022, the prefectural governments and the National 
Police Agency prepared a verification environment consisting of 
a SPaT information distributor and a SPaT information 

Traffic signal 
information 
distributor

SPaT information 
aggregator

Prefectural 
police

National Police 
Agency

Private companies 
etc.

Database
A B C D

MVNO environment

Simulated on-board terminal

Z

E

SPaT Information 
Distribution Center

On-board device 
(Android device)

SPaT Information 
Center

Fig.8: Streamlined test environment
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Fig.7: Overview of functions of SPaT information aggregation systems
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aggregation system developed based on the specifications, as well 
as simulated devices set up from the SPaT Information Center to 
the on-board devices, and conducted verification. (Fig.10)

As for the circuit network, the evaluation was conducted 
on a closed network in line with other SIP-adus FOTs 
environments.

The purpose of the verification environment using 
simulated devices from the SPaT Information Center to the 
on-board devices is to provide an environment that is 
assumed to be more similar to that of social implementation.

Examination of the Linkage Between SPaT 
Information and High Precision 3D Maps

In the FOTs in the Tokyo waterfront area conducted from 
FY2019 to FY2020 as part of the second phase of SIP-adus 
project, SPaT information linked with a high precision 3D map 
is provided, utilizing the results of the "Research and Development 
of Advanced SPaT Information Provision Technologies for 
Automated Driving". We conducted a survey on the method and 
summarized the information necessary for linking SPaT 
information and high precision 3D maps as follows.

·  Intersection information: Intersection ID and 
intersection location

·  Information to identify which intersection is pointed 
to on the map

·  Signal light information: Light ID and location 
information

·  Travel route: Combination of in-flow and out-flow 
routes

·  Reference light information: Reference lights for each 
travel route

·  Stop line information: Location information

·  Information that links lights on the map with the 
direction of SPaT information

As for information necessary to link with high precision 3D 
maps, Table 6 shows a proposed functional arrangement for 
providing SPaT information by V2N.

In the FOTs in the Tokyo waterfront area, the SPaT information 
correspondence table was managed by the simulated on-board 
devices, but for social implementation, this information should not 
be managed by each operator but by the cooperative area.

Conclusion

7.1. Outcomes of the Project

The introduction of absolute time and new specifications for 
SPaTs (e.g., synchronization of time by GPS and a change from 
control in 1-second increments to control in 0.1-second 
increments) have enabled the V2N SPaT information technology 
to meet the technical requirements for providing SPaT 
information required for automated driving, including an error 
margin of ±300ms or less between SPaT information and actual 
light colors. This is a significant step forward in terms of satisfying 

6

7

2) Technological Development to Provide Traffic Signal Information to Automated Vehicles Connected to Infrastructures (V2N)

(1) Technological Development Concerning the Generation of Traffic Environment Data

2.Establishment and Utilization of Traffic Environment Data

52

2

Simulated on-board device: 
Laptop PC or Android device

GNSS

Simulated SPaT 
Information 

Center Device

For veri�cation

L2SW

Veri�cation 
device

Tra�c Control Center 
(Prefectural police 

headquarters)

National Police Agency SPaT 
Information Aggregation System

(NPA)
SPaT Information Center

Predicted SPaT information

LTE

L2SW

M2M Router
Simulated SPaT Information 
Distribution Center Device

SPaT information 
aggregator

Tra�c 
signal 
information 
distributor

In the Tra�c Control Center

FW

Router

FW

Router

FW

Router

FW

Router

LAN for veri�cation

Pseudo-SPaT Information Distribution Center

SPaT information/aggregator

Simulated SPaT Information Center

Building a new NW 
environment

Distribution Center 
(businesses, etc.)

Competitive areas

Fig.10: Testing environment for FY2022

Table 6: Proposed layout of functions linked to high precision 3D map

Prefectural and Metropolitan Police 
(including National Police Agency)

Cooperative areas in providing SPaT 
information (SPaT information 

centers, map vendors, etc.)

Competitive area 
(automakers, automated 

driving business 
operators, etc.)

Provides the following information
・ Intersection ID to identify information 

and location information to identify the 
location on the map
・ Direction ID and information to 

identify the location on the map

・ Management of SPaT information 
correspondence table to link SPaT 
information (intersection ID, 
direction) with high precision 3D 
maps (stop line [direction], lights)
・ Linking high precision 3D maps and 

SPaT information

Distribution of SPaT 
information to vehicles
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the technical requirements for the provision of SPaT information 
required for automated driving.

At the same time, regarding the technical functional 
requirements for the SPaT Information Center, which occupies 
the core position of the social implementation model assumed 
in this research and development, we proposed 58 functions, 14 
screens and 5 forms. Based on the functional requirements of 
the proposed SPaT Information Center, we also studied the 
functions that can be reduced from the proposed specifications 
of the SPaT information aggregation system studied in FY2020.

For cybersecurity, we proposed 15 countermeasure 
requirements from the perspective of availability, continuity, 
and scalability.

7.2. Future Technical Issues and Responses

Technical issues remain, such as fail-safe operations, offset 
tracking, and the delay in the notification of anomalies due to 
the communication time. Therefore, it will be necessary to 
continue technical examinations.

In FY2022, we implemented a SPaT information distributor 
for prefectural police and a SPaT information aggregation system 
for the National Police Agency. We also constructed a verification 
environment consisting of a simulated SPaT information center 
and distribution center, and conducted various verifications 
using the MQTT protocol. This enabled us to identify phenomena 
that could not be experienced in the simulated verification 
environment available until FY2021, and which would occur 
only in a real environment.

The remaining issues mentioned above and those identified 
in FY2022 will continue to be studied in FY2023 and beyond 
as part of independent research.

7.3. Differentiating Methods

For the V2N method, we studied the control center-based 
method, the centralized control-based method, and controller-
based method, but the control center-based method, which we 
particularly focused on, is an especially promising technology to 
promote the process of social implementation because it can 
utilize existing traffic safety facilities. However, it is undeniable 
that the V2N method is not as good as the V2I method in terms 
of delay, fail-safe operations, and other technical aspects. In 
addition, methods other than the control center-based method 
studied for the V2N method have their own technical merits. 
Therefore, it is necessary to differentiate among the methods 
according to the traffic conditions at each intersection, the 
characteristics of signal control, the details of use cases, and 
other factors.

7.4. Efforts at Social Implementation

In addition, we will continue to study issues other than 
technical aspects that are necessary for social implementation, 
such as commercialization, and will continue our activities 
toward the realization of social implementation of automated 

driving at Level 4 or higher.
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3)  Technological Development for Lane-level 
Road Traffic Information Using Probes 
Vehicle Data

(1) Technological Development Concerning the Generation of Traffic Environment Data

Establishment and Utilization of Traffic Environment Data2

Purpose and Outline

In order to realize completely automated driving and a 
higher level of safe driving support, various types of road traffic 
environment data, including lane-level road traffic data, are 
expected to be utilized to anticipate conditions that lie beyond 
the range of on-board sensors. As roadside sensors can only 
make fixed-point observations, it is therefore necessary to 
develop a system to generate and provide road traffic data using 
probe vehicle data, allowing for monitoring of road traffic 
conditions of surrounding areas.

The creation of just such a system is the purpose of this 
project. We formed a study group of public and private 
stakeholders to develop a system for providing road traffic data 
from probe vehicle data. During the FOTs in the Tokyo 
waterfront area, probe data obtained from cars on the market   
was collected from probe operators and used in FOTs to create 
and distribute road traffic data, such as lane-level traffic 
congestion tail information for the Tokyo Metropolitan 
Expressway, proving the effectiveness of this data while also 
helping to highlight further issues.

Our Future Visions

2.1.  The requirement for lane-level road traffic infor-
mation

As shown in Fig.1, the on-board sensors in an automated 
vehicle can only collect information in a limited frontal area. If 
obstructions such as traffic congestion at the lane-level could be 
anticipated in advance, safer and smoother automated driving 
would become possible. Such information would also be 
beneficial for human drivers.

One possible source of such data is probe vehicle data 
obtained from increasingly popular connected vehicles. In 

1 2

(Abstract) Autonomous automated vehicles operate based on a limited range of information. If there is an accident or 
other traffic congestion ahead then they may need to decelerate suddenly, and if there is heavy traffic then they may 
be unable to change lanes smoothly. At such times, allowing the traffic situation ahead to be known in advance for 
each lane (anticipatory information) would make it possible for automated vehicles to drive more safely and smoothly; 
for example, by decelerating earlier or changing lanes in a more prepared and relaxed way. With the spread of 
connected vehicles, a data acquisition environment for generating such anticipatory information is becoming available, 
but not in a format that enables direct lane-by-lane understanding of traffic conditions. This project aims to develop 
technology for lane-level traffic information, which would be considered highly useful for the safe and smooth driving 
of automated vehicles. As an element of this goal, the project established an FOT (Field Operational Tests) environment 
to confirm the level of lane-by-land data that can be generated from the probe information from vehicles currently on 
the market and then offer centralized aggregation and distribution of the generated data together with other road 
traffic environment data.

Keywords:  probe vehicle data, Lane level road traffic information, traffic congestion tail, traffic congestion tail, turn signal information, FOTs
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Fig.1: Requirement for lane-level road traffic information and its sources
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addition, vehicles with emergency notification services in the 
event of an accident are becoming increasingly widespread; 
such information can also be expected to help immediately 
determine the location of obstructions caused by accidents.

2.2. Scope of project

As shown in Fig.2, the decision-making and operations 
performed by an automated vehicle in response to a road traffic 
event in front of it vary in accordance with the distance from 
the event. This project targets the use of this information in 
path planning, focusing on lane changes. The immediacy of the 
required information can be as short as a few minutes, meaning 
there is potential for generating the required information even 
from currently available probe data.

Study of each component technology

The overall flow of the provision of lane-level road traffic 
information is assumed to be the collection of data from probe 
operators, followed by the provision of the generated 
information to individual vehicles via the same probe operators. 
(Fig.3)

Therefore, the component technologies that need to be 
considered for the cooperative area of lane-level road traffic 
information generation can be broadly classified into the 
following five areas: (1) data aggregation from probe operators, 

(2) integration of data from multiple information sources, (3) 
generation of lane-level road traffic information, (4) conversion 
to data capable of representing a location, and (5) data 
distribution.

3.1. Study of data sharing (aggregation) functions

Here, we examined the data sharing specifications between 
centers when aggregating probe data from probe operator 
servers. The probe data obtained from probe operators is shown 
in Table 1. The aggregation time unit of the probe data was set 
to 5 minutes, based on such considerations as the current state 
of data collection.

In addition, it is assumed that a certain percentage of probe 
data is uplinked from the vehicle to the probe data provider 
center's server with a delay, and that the number of samples 
may not be sufficient by taking only the most recent 5 minutes 
of data. Therefore, in the data sharing (aggregation) phase, we 
considered the following points (1) and (2), and made it possible 
to use up to 30 minutes old data retroactively. (Fig.4)

Fig.2: Scope of project
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Table 1: Used probe data

Aggregate link 
unit Data item

DRM link unit Speed by direction at 
junction (5 min)

Speed by direction at link 
prior to junction

DRM link 
100m division 

unit

Link speed
(5 min)

Average speed

Number of vehicles by 
speed classification Note 1)

Number of vehicle 
events
(5 min)

Number of braking 
occurrences

Number of turn signal 
occurrences

Number of steering 
occurrences

Note 1)  Image of data 
format for number 
of vehicles by speed 
classification

Speed Classification Number of 
vehicles

0＜V≦10km/h

10＜V≦20km/h

:

110＜V≦120km/h

120 < V
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Layer 6 Layer 5 Layer 4 Layer 3
10

Layer 2
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Layer 1
4
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Layer 1 is 
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At the next generation 
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is also added

Fig.4: Data collection method giving consideration to uplink delay
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Fig.3: Scope of this study
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(1)  The data is collected in 5-minute increments (called "layers"), 
based on the travel time of the probe vehicle and including 
uplinked data that comes in late, with data collecting going 
back a maximum of 30 minutes in the past.

(2)  Each segment also aggregates data from the previous 
information generation time collected up to that point. 
Layer 1 aggregates the most recent 5-minute data, while 
Layer 6 aggregates all levels of 5-minute data from the 
previous 30 minutes.
When estimating average speed with a certain accuracy 

from sample data, an error of ±10 km/h (95% confidence level) 
is considered to be acceptable when 5 or more vehicles are 
acquired, and so the base level for minimum number of samples 
was set at 6.

We also studied data items and data definitions collected 
from probe operators and subsequently defined a unified data 
format (JSON format). Using this format, we collected probe 
information from probe operators and conducted the FOTs 
(field operational tests) as reported in Section 4.

3.2.  Study of functions to integrate data from multi-
ple sources

Here, we examined the specifications for processing the 
integration of probe data collected from multiple providers. 
When integrating probe statistics from multiple probe providers 
into single link unit data, the travel speed and travel speed by 
direction took the form of averages weighted by the number of 
samples from each probe provider. In addition, quantitative 
data such as speed tier data and other vehicle information 
(number of activation of turn indicator, etc.) used the sum of 
the values counted by each probe operator.

3.3.  Study of function for generating lane-level road 
traffic information

Here, we examined the technical specifications for 
generating lane-level road traffic information from the lane-
specific probe data as integrated in the previous section. First, 
the location seeing a speed reduction in the direction of travel 
are identified based on the number of vehicles by speed 

classification (speed distribution) in 100-meter link units. If the 
distribution of the number of vehicles by speed layer straddles 
the line between low speed and high speed, it is assumed that 
some lanes are congested. In this case, at the junction, the lane 
corresponding to the direction of the junction is determined to 
be congested based on the speed by direction (in DRM link 
units); in other locations, the direction of the obstructed lane 
(left/right) is determined based on turn signal information (in 
100m link units). (Fig.5)

3.4.  Study of function for conversion to represent-
able data

Here, we examined the specifications for converting lane-
level traffic information generated on the Metropolitan 
Expressway into a location-representable data format for 
superimposition onto a high precision 3D map. In this project, 
the probe data is collected from the probe operators in link 
format, with the DRM links divided into 100-meter segments to 
improve the resolution of the direction of travel, and during the 
creation of lane-level information lane numbers were generated 
to display alert information at the upstream end of the link. For 
the lane representable data format we adopted an expanded 
DRM-DB specification(1), which is compatible with the data 
collected from sources such as OEMs. Use of a high precision 
3D map then allows for the creation of a node-link map 
expressing the number of lanes in each 100-meter section, and 
makes it possible to represent warning information for each 
lane.

3.5. Study of data sharing (distribution) functions

Here, we examined the required data sharing specifications 
between centers when distributing the generated information 
to servers that relay the information to participants in the 
testing. Specifically, the representation of the lane-by-lane 
information for each 100-meter link segment by sending the 
latitude and longitude information of the node in question and 
the lane number in which the alert information is displayed. 
The distribution specifications were based on the Vehicle 
Information Shared API Specifications from(2) Japan Automotive 
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Fig.5: Basic concept of generating lane-level information from probe information tied to road links
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Software Platform and Architecture (JASPAR), with alert 
information content used to distribute the information.

Outline of Lane-Level Road Traffic Informa-
tion Distribution Field Operational Tests

In order to evaluate each component technology, we 
constructed a FOT system for two routes on the Metropolitan 
Expressway. The system was connected online with probe 
information providers and capable of delivering information 
processed in real time.

4.1. Overall schedule

The first FOT was conducted in the winter of FY2020. A 
total of four FOTs were ultimately conducted, seeking to 
improve information accuracy while implementing various 
enhancements based on the PDCA cycle. (Fig.6)

4.2.  Overall configuration of the field operational tests

The test system constructed for the FOTs was as shown in 

Fig.7. The system was connected online to probe providers and 
the own system of the Consortium for the FOTs in the Tokyo 
waterfront area, enabling the distribution of information to 
vehicles participating in the tests. In addition, starting with 
FOTs in FY2021, various types of road traffic environment data 
(rainfall information, V2N traffic signal information, etc.) that 
could be used for appropriate decision-making and control of 
automated vehicles was collated with lane-level road traffic 
information and distributed to vehicles participating in the 
tests.

Here, collection of road traffic environment data was 
performed according to the distribution specifications of the 
information source. On the other hand, the information was 
distributed to the OEM data center or equivalent in accordance 
with specifications based on the characteristics of the 
information. The data format for distribution was based on 
JASPAR (Dynamic vehicle information sharing specification), 
but when high real time performance was required, the data 
format of the information source was used without modification, 
taking into consideration the data volume after conversion with 
JASPAR specification (Table 2).
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Fig.6: Overall schedule for FOTs
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4.3.  Sections of road used for information genera-
tion and primary testing points

During the FOTs, information distribution was conducted 
for two Metropolitan Expressway routes. (Fig.8) On the 
inbound Haneda Line, traffic congestion is a regular occurrence 
during mornings and evenings on weekdays, leading from the 
Hamasakibashi JCT. With congestion in the direction of 
Shinjuku overflowing into the left lane of the Haneda Line, 
causing lane-specific congestion depending on the time of day, 
we positioned this as the primary testing point for evaluating 
lane-level information. The eastbound Bayshore Route also has 
a high probability of encountering congestion on weekday 
mornings and evenings, starting from the Tokai JCT and caused 
by vehicles merging from the Bayshore Branch Route, and so 
this was also positioned as a primary testing site.

4.4.  Overview of information generation in the tar-
get use cases

[A-1: Congestion tail (junction-entering support)] is 
intended to be provided at a branch. In the case of a lane-by-
lane congestion, the system estimates the congested lanes based 
on the speed information in each direction at the junction and 
provides information on the congestion tail. [A-2: Congestion 
tail (passing support)] is intended to be provided at a merging 
point. In the case of lane-by-lane congestions, the system 
estimates the congested lane based on turn signal information 
and provides information on the congestion tail. Furthermore, 
at the head of the congestion, the system uses turn signal 
information to estimate the lane of the obstruction and provides 
information on the location of the obstruction. [B: Accidents, 
falling objects, etc.] is intended to be provided for all segments. 
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Table 2: Collection and distribution methods for various types of road traffic environment data

By information type
Gathering information from sources Information distribution to OEM center

Information source Data representation format Communication 
system Collection cycle Data representation format Communication 

system
Distribution 

cycle

(1)  Lane-level road traffic information Lane-level road traffic information 
server

JASPAR: JSON format
Content：attention HTTP 1 minute cycle JASPAR: JSON format

Content：attention HTTP 1 minute cycle

(2)  Rainfall information The Japan Meteorological Business 
Support Center (JMBSC) GRIB2 *1 SFTP 5-minute cycle JASPAR: JSON format

Content: Environment HTTP 1 minute cycle

(3)  Simulated emergency vehicle location 
information Distributor A Proprietary binary format UDP As required Proprietary binary format Web Socket As required

(4)  Traffic signal schedule information Distributor B Proprietary binary format UDP As required Proprietary binary format Web Socket As required

*1 GRIB2 format: WMO Maual on Code I.2 FM92 GRIB General regularly distributed information in binary form

Fig.8: Sections of road used for information generation during FOTs
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The information generation and provision logic is the same as 
that of [A-1: Congestion tail (passing support)], but when there 
is little information and congestion does not occur, the system 
uses turn signal information to estimate the lane of the 
obstruction and provides information as the location of the 
obstruction. Furthermore, the position of the congestion tail 
(obstruction) is distributed in 100-meter section and five-
minute cycles as alert information. If the congestion is estimated 
to be in the left lane only, the alert information is displayed in 
all lanes except the rightmost lane, and if all lanes are congested 
(cross-sectional congestion), the alert information is displayed 
in all lanes. (Fig.9)

4.5. Status of acquisition of probe information

The number of sample vehicles collected online from the 
four probe service providers during the FOT period (spring 
FY2022) averaged 5.2 vehicles per 5 minutes in Layer 1 (the 
most recent 5 minutes) across the Metropolitan Expressway 
Haneda Line (Kuko West IC to Shiodome IC) FOT information 
generation section. (Fig.10) In addition, looking at the actual 
distribution of the number of vehicles sampled (Fig.11), only 
40% of the sections and time periods in Layer 1 were able to 
obtain six or more vehicles, and for the remaining 60% of the 
sections and time periods, information was generated using 
samples from Layer 2 (last 5 to 10 minutes) or other levels.

4.6. Verification of accuracy of generated information

Fig.12 shows the distribution of the number of information 
items by distance for the deviation distance between the 
congestion tail information provided during the FOT (spring 
FY2022) and the actual congestion tail position observed by the 
test vehicles. According to the results, 24% of the information 
items were provided within 200m of the actual congestion tail 
location, and 36% were provided within 400m of the actual 
congestion tail location. The directional accuracy rate--the 
percentage of cases where congestion was actually observed--
topped out at only 51% of the total number of provided 
information on congestion. In those cases in which the direction 
was accurate, the lane directional accuracy rate--the percentage 
of cases where the direction of the congested lane was correct--
was 63%. Some of these factors require medium-term 
improvement, such as shortening the current 5-minute cycle 
and increasing the amount of acquired turn signal information. 
On the other hand, FOTs will be conducted in the fall of FY2022 
to confirm the improvements that can be made using current 
methods of determination, with those that prove effective being 
reflected in the technical specifications.

Future Direction and Issues

In the second phase of SIP-adus, we have been working to 
clarify the business structure and establish a business model in 
parallel with technical studies for the generation and provision 
of lane-level road traffic information through technical testing. 
Issues to be considered for practical application include 
clarification of the division of functions and roles, establishment 

Fig.10: Average number of probe vehicle samples per 5 minutes
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Fig.12: Distribution of deviation distances from the observed congestion 
tail position

Note 1) Period for the spring testing (May 2022): 2022/5/10 - 5/31

【Direction-of-travel accuracy Note 3) 】51%

【Lane direction accuracy Note 4) 】63%

N=100

Deviation distance from observed congestion tail

Composition ratio of information by number of cases
Cumulative ratio of information by number of cases

Note 1)

False 
report

Note 2)

Note 2) False report: When congestion tail information was displayed but the corresponding congestion tail was not 
observed, such as the test vehicle failing to encounter congestion. 

Note 3) Direction-of-travel accuracy: Percentage of cases in which congestion actually occurred after the provision of 
information on a congestion tail.

Note 4) Lane direction accuracy: Percentage of the information on the congestion tail that is correct for the direction of travel 
and correct for the direction of the lane in which the congestion occurs.
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of a sustainable operating system, establishment of a data 
infrastructure development and maintenance system, and 
clarification of a roadmap for service expansion.

Conclusion

We actually collected real probe information from multiple 
probe operators via cars on the market, and examined and 
tested the generation of lane-level road traffic information and 
methods for its representation. Although the amount of probe 
data was limited, we conducted FOTs on two Metropolitan 
Expressway routes to investigate the usefulness of the 
information and to identify any further issues. As a result, we 
were able to obtain results regarding the amount of information 
that can be collected and the possibility of generating lane-level 
road traffic information using probe data, with a view toward 
practical application.
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4)  Technological Development and 
Establishment of Simulation Environment 
for Lane Merging Assistance

(1) Technological Development Concerning the Generation of Traffic Environment Data

Establishment and Utilization of Traffic Environment Data2

Background and Purpose of the study

To realize automated driving on expressways, merging 
points are one location that require sophisticated driving 
maneuvers. The merging vehicle must merge into a gap 
between other vehicles on the main lane after accelerating to 
the target speed. On the expressways in urban arears, many 
roads with shorter merging lanes, where it is also hard to 
scan the main lane for merging beforehand, make driving 
maneuvers more difficult.

We believe smooth merging of vehicles would be possible 
by providing information on vehicles in the main lane to the 
merging vehicle via a merging assistance system and 
providing navigation for cooperative action to the main lane 
vehicles on the expressway. 

1.1. Concept of Merging Assistance System
From the perspective of technological feasibility, the Japan 

Automobile Manufacturers Association, Inc (hereinafter called 
"JAMA") defines four steps as Day 1 to Day 4 systems for 

merging assistance systems. (Fig.1)
Day 1 and Day 2 systems presume scenarios from free traffic 

flow to slightly tight traffic. The Day 1 system delivers a traffic 
forecast based on sensing from a main lane traffic cross-section, 
(merging assistance to adjust speed on merging lane). Then the 
system assists in merging at the same speed as the main lane 
traffic, in the case that the traffic is less busy, after assessing the 
necessity for handover based on main lane conditions. The Day 
2 system performs entire-area sensing and communicates 
information continuously (merging assistance to select and 
enter inter-vehicle gap on the main lane). Knowing the traffic 
flow on the main lane beforehand from continuously delivered 
information allows a vehicle to smoothly enter the flow with 
speed being suitably adjusted beforehand when targeting an 
inter-vehicle gap on the main lane.

In the Day 3 system, based in a scenario in which more than 
30% of traffic is automated and equipped with on-board 
equipment, and when additionally the traffic is tightly packed, 
merging assistance navigation to main lane vehicles provided by 
roadside infrastructure is added to the Day 2 system (cooperative 
assistance for main lane vehicles with roadside infrastructure). 
This assistance seeks to control the speed of merging vehicles by 

1

(Abstract) Merging on expressways is one particular use case in which automated vehicle controls are difficult to 
achieve, as the vehicle must merge by selecting and moving into a space between other vehicles that are being driven 
at high speeds on the main lane. In particular, expressways in urban areas, including the Tokyo Metropolitan 
Expressway, provide little distance to merge. As such, vehicles must merge into gaps between other vehicles on the 
main lane after accelerating to their speed in just a short merging area. We believed that smooth merging in this area 
could be realized by using a vehicle to infrastructure (V2I) communication system to share vehicle location information 
with automated vehicles to assist with their automated driving. In this study, we built concepts and evaluated system 
feasibility by using a simulator to test a "lane merging assistance system," assisting merging using a V2I communication 
system. Specifically, we acquired tracking data for actual traffic patterns based on the outbound Higashi Ikebukuro 
Entrance of the Metropolitan Expressway Route No. 5 Ikebukuro Line, and then developed a traffic flow simulator that 
recreated it. Using this simulator, we compared and analyzed the impact of changing merging assistance system 
factors such as communication and sensing area on the main lane traffic flow and merging vehicle behavior, both with 
and without assistance.

Keywords:  Merging assistance, service feasibility, merging assistance system to select and enter inter-vehicle gap on the main lane 
(Day 2 system), cooperative assistance system for main lane vehicles (Day 3 system)
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watching main lane traffic so as not to compete with main lane 
vehicles, and also to adjust the inter-vehicle gap of main lane 
vehicles or to change lanes to allow for easier merging.

In the Day 4 system, assistance scenarios consider heavy 
traffic patterns in which 50% or more of vehicles are automated 
driving with on-board equipment. Based on the Day 3 system, 
the further system aims to provide automated merging 
assistance by negotiations via vehicle to vehicle (V2V) 
communication during heavy traffic (merging assistance in 
heavy traffic with negotiation by inter-vehicle communication).

1.2. Purpose of the Study
The SIP-adus (Cross-ministerial Strategic Innovation 

Promotion Program (SIP) Automated Driving for Universal 
Services) aims to achieve early realization of a lane merging 
assistance system. As the first step, a system which can be 
promptly implemented, the Day 1 system, was considered by 
combining existing technologies. For the second step, we are 
now studying a system which will be realized in the future, 
the Day 2 system.

During the SIP-adus, we applied the Day 1 system at the 
Airport West IC on the Haneda Line of the Metropolitan 
Expressway during FY 2019 and 2020 as part of the FOTs in 
the Tokyo Waterfront area, in order to conduct test driving 
and evaluate the system. As a result, despite comments from 
drivers of the Human Machine Interface evaluation test that 
the system has potential, the Day 1 system using the method 
to estimate merging timing by cross-section sensing was 
unable to provide sufficient accuracy in heavy traffic. 
Therefore, we concluded that the Day 2 system using entire-
area sensing and providing the data for the main lane is more 
suitable. Expecting the prompt realization of the merging 
assistance system, in order to clarify issues for service 

availability and social implementation, we decided to test the 
Day 2 and Day 3 systems via simulation during our FY   2021 
and 2022 activities.

We therefore carried out during this study simulation 
tests for the Day 2 system, based on which proceeded the 
detailed study for Day 2 and discussed concepts for the Day 
3 system while studying its feasibility.

Selection of Area for the Simulation

In order to select an area for the simulation, we 
investigated alignment of roadways around merging areas of 
the interchanges on the Metropolitan Expressway, then 
clarified the length of the merging lanes as well as traffic 
volume of each area.

Fig.2 shows that the outbound Higashi Ikebukuro 
entrance on the Ikebukuro Line has a merging area with 
extremely short merging lane length. We also found that 
there were two peaks in the distribution of the Metropolitan 
Expressway merging lane lengths, one for ICs using the old 

2

Fig.2: "Distance between hard nose and taper edge" and "main lane traffic volume" 

in the Metropolitan Expressway merging area
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standard and the other for those using the new. (Fig.3)
Areas with short merging lane lengths (old standard), 

including the Higashi Ikebukuro entrance, provide little time 
between starting and completing the merge. This means there 
are many potential cases in which merging assistance could be 
helpful. Areas with comparatively long merging lane lengths 
(new standard) make it possible to merge via autonomous 
driving:  that is automated driving without human assistance.

On the other hand, the Ministry of Economy, Trade and 
Industry’s SAKURA Project (Safety Assurance KUdos for 
Reliable Autonomous vehicles) prepared vehicle tracking 
data for the Higashi Ikebukuro entrance. JAMA also has a 
simulation that recreates merging behavior at the Higashi 
Ikebukuro entrance. Therefore, for the FY 2021 and 2022 
initiatives, we decided to carry out a simulation using the 
outbound Higashi Ikebukuro entrance on the Metropolitan 
Expressway Route No.5 Ikebukuro Line.

Study of Day 2 System Feasibility

3.1. Definition of Merging Quality
In order to test the feasibility of merging assistance systems, it 

is necessary to evaluate the degree of improvement in merging 
behavior via the service by first defining what is better or worse 
regarding merging.

As an indicator to determine the quality of merging 
behavior, we defined and introduced evaluation scores 
calculated using inter-vehicle time and relative speed. The 
vehicle subject to calculation of the score is the vehicle in the 

main lane nearest to the merging vehicle while merging.
The relationship between the score used in this analysis and 

inter-vehicle time/relative speed is shown in Fig.4. Smaller 
relative speed and larger inter-vehicle time gaps showed safer 
and more efficient merging with higher scores. Considering the 
danger of collisions, areas where easier merging is possible were 
evaluated with 100 points. The father away from that area, the 
lower the evaluation score, and area with less than 0 points were 
defined as those with no margin and unsuitable for merging.

3.2. Simulation Environment Construction
As the basis for the simulation environment, we used a 

simulation model that recreated the merging behavior at the 
Higashi Ikebukuro entrance to Metropolitan Expressway No 
5. (hereafter called the "Higashi Ikebukuro Model"). The 
simulation model is owned by Kozo Keikaku Engineering. 
The traffic flow data applied in the Higashi Ikebukuro Model 
is the real traffic data acquired by the SAKURA Project 
excluding data during traffic congestion.

In order to conduct effectiveness verification simulations of 
the Day 2 system, we added a function to simulate the Day 2 
system, as well as behavior rules for merging vehicles assisted by 
the Day 2 system to the Higashi Ikebukuro Model. The former 
is to consecutively deliver data of main lane vehicles acquired 
from main lanes sensing areas toward merging vehicles in the 
communication area. The latter is merging vehicles to accelerate 
and decelerate so as improve the merging evaluation scores.

The following parameters were introduced into the 
simulation as physical conditions of this system in order to 
test requirements of the Day 2 system. (Fig.5)

•Length of sensing area
•Length of communication area
•Information delivery delay by vehicle detection sensor
• Positioning error for delivered information by vehicle 
detection sensors

• Velocity error for delivered information by vehicle detection 
sensors

3.3. Verification of the Day 2 System's Effectiveness
We conducted simulations for scenarios with and without 

the Day 2 system's assistance and compared the scores for 
each. The ideal physical conditions for the Day 2 system were 
that the sensing area and communication area were 
sufficiently long and that there was no information delivery 
delay or transmission information errors. Specifically, the 
parameters were set as follows: the length of sensing area at a 
maximum of 200 meters, starting from the point where the 

3

Fig.5: Road alignment for the simulation
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Fig.3: Percentage of "Hard nose-Taper edge length" in whole merging area
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merging is possible toward direction of upper flow of traffic; 
the communication area is 120 meters from the point where 
a driver makes a merging decision toward the direction of 
the upper flow.

The results of comparing the scores in scenarios with and 
without assistance with 20% of automated vehicles in traffic 
are shown in Fig.6. Considering the decrease of the number of 
merging vehicles with less than 0 points, applying the Day 2 
system could increase the number of merging with sufficient 
gaps or decrease the number of merging without enough gaps, 
thereby improving the overall evaluation score. Overall, the 
system improved the scores. As a result, under ideal physical 
conditions in the Day 2 system, we concluded that the Day 2 
system is effective in achieving better and safer merging.

For the vehicles that scored less than 0 points, meaning 
they were not in a situation suitable for merging even in the 
scenario with assistance, we checked the simulation videos to 
clarify the cause. This verification revealed that when the 
main lane is busy the inter-vehicle gap on the lane cannot be 
sufficiently  secured for effective assistance by the Day 2 
system. Under such circumstances, we believe it necessary to 
consider assistance via the Day 3 system or beyond, including 
assistance vehicles on the main lane, to improve merging 
maneuvers.

Furthermore, we tested the impact upon surrounding 
traffic flow by merging assistance, but no impact was 
confirmed.

3.4. Verification of the Day 2 System's Physical Conditions

We conducted a simulation changing the Day 2 system's 
physical conditions as a parameter and verified the impact of 
condition changes on assistance effectiveness. The impact of 
each physical condition is shown in Table 1. The verification 
scope for the sensing and communication areas was calculated 
from the driving distance necessary to adjust speed of the 
vehicle receiving the Day 2 system's assistance. The verification 
scope of information delivery delay, error (location) of vehicle 
detection sensor and error (speed) were decided by referencing 
existing research.(2)(3)

Detailed Verification of the Day 2 System

In section 3, we verified the effectiveness of the Day 2 
system. In this section, we further developed this, estimating 
the effectiveness of the Day 2 system over combinations of 
various physical condition parameters in order to verify the 
Day 2 system requirements.

Changes in traffic volume are also expected to greatly impact 
assistance effectiveness, especially during congestion on the 
main lane. Therefore, in this section, we will evaluate the impact 
of traffic volume on the Day 2 system assistance effectiveness,  
allowing us to further test the Day 2 system.

4.1. Improvement of Simulation Environment
We identified three issues in the simulation environment 

used in Section 3 and earlier, and therefore revamped the 
simulation environment prior to this detailed verification to 
address each of them. The issues and their solutions are as 
shown below.
(1) Revision of the evaluation score map

When using the evaluation score map for analysis in  
Section 3, we found a non-negligible amount of cases in 
which scores were not directly linked to the behavior of 
vehicles in the simulation. For the detailed study in this 
section, we revised the map to realize an evaluation more 
closely based in reality. With the applied formula to calculate 
boundaries, it is possible to evaluate based on the inter-
vehicle gap while accounting for  the response delay of 
trailing vehicle maneuvers. Table 2 shows the formula for 
boundaries calculation at scores of 0 and 100 in the evaluation 
score map.

A merging and a main lane vehicle getting closer together, 
and the two same vehicles moving apart create two situations 
that are almost completely different in terms of the difficult 
of the merging maneuver. As such, in order to correctly 
distinguish these situations to evaluate, the scores for the 
relative velocity in negative field are also revised. The final 
version of the relative score map is shown in Fig.7.

Merging evaluation score (automated vehicles only)
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43
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Table 1: Day 2 system physical conditions parameters verification scope and 

impact on assistance effectiveness

Physical conditions
parameters Verification scope of parameters Impact on assistance effect

Length of
sensing area

Maximum 200m-Minimum 140m to the upper flow direction 
from the point where the merging is possible Mostly no impact

Length of
communication area

Maximum 120m-minimum 40m from the start point of 
decision-making for merging behavior toward the upper flow 
direction

The shorter the length, the 
greater the negative impact

Information delivery
delay

Mean value of 0-1.3 seconds, normal distribution of 0.2 seconds 
standard deviation

Larger the latency, the more the 
negative impact

Delivered information
positioning error Uniform distribution of -1m to +1m Mostly no impact

Delivered information 
velocity error

-6km/h to 6km/h,
-12km/h to +12km/h,
Normal distribution with -12km/h to 0km/h in 95% percentile

Negative impact only when 
speed error distribution is overly 
negative
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(2) Construction of main lane vehicle behavior model prior 
to entering the merging area

As we did not have the real trajectory data of main lane 
vehicles prior to entering the merging area during testing,  
uniform linear velocity was applied to the vehicles. Therefore, 
lane changes, speed changes, and others maneuvers were not 
correctly reflected in the model. We recognized this as a 
remaining issue.

Vehicle behavior, such as lane changes and speed changes 
in the sensing area, is considered to be a factor that changes 
the main lane situation and is expected to greatly impact on 
the effectiveness of the Day 2 system assistance. Therefore, for 
further evaluation of the Day 2 system, we plan to construct 
the behavior model of main lane vehicles in the upper stream 
traffic flow, improving the simulation in the sensing area. We 
intend to acquire additional data of real trajectory of vehicles 
in the main lane upper stream for these purposes.
(3) Revision of automated vehicle behavior model

In the Higashi Ikebukuro Model, the non-automated 
vehicles (hereafter called "standard vehicles") are programmed 
to keep the desired gap according to the distribution of the inter-
vehicle gap captured from real trajectories. The standard vehicles 
keep the desired gap as programmed for traffic flow, and there 
are not a few vehicles that have a time between vehicles of less 
than 1 sec. On the other hand, it is more common to recognize 
that an automated vehicle keeps the gap longer. Hence the 
automated vehicles are programmed to basically keep the inter-
vehicle time gap at 2 seconds.

4.2. Verification of the Day 2 System Requirements
The simulation is carried out changing the Day 2 system 

physical conditions as parameters to evaluate the impact on 

the assistance effectiveness by this parameter change. It is 
expected that assistance effectiveness will be enhanced when 
the simulation area is larger and the delay and errors are 
smaller. The system requirements will be verified by 
investigating physical conditions that make assistance more 
effective compared with circumstances without said 
assistance.

4.3.  Evaluation of Impact of Changing Traffic Volume on 
Day 2 System Assistance Effectiveness

If there is light traffic volume in the main lane, it is 
possible to merge smoothly even without merging assistance. 
On the other hand, if there is heavy traffic volume, it is 
difficult to merge smoothly even using Day 2 system  
assistance because the gap between vehicles in the main lane 
is narrow. The assistance effectiveness of Day 2 systems 
differs based on the changes in main lane traffic volume. The 
system is most effective under the conditions when the main 
lane traffic volume is at optimal levels, and below maximum 
traffic capacity of the road.

In order to evaluate the impact of main lane traffic 
volume, we estimated the effectiveness of Day 2 system 
assistance in the four traffic volume areas shown in Fig.8, 
using the simulation. The traffic counter data in the simulated 
area was provided by Metropolitan Expressway Company 
Limited. By comparing the assistance effectiveness in the 
four traffic volume areas, we investigated the traffic volume 
that is more effective for Day 2 system assistance and less for 
Day 3.

In the case of congestion, V2V communication and 
cooperation in the merging area are necessary. As long as the 
situation is out of scope of Day 2 and Day 3 systems, we 
excluded the case from this study.
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Table 2: Formula for 0 and 100 point threshold in the evaluation score map

Item 0 points 100 points

(1) Inter-vehicle gap after decelerating
Time margin [m] 15 25

(2) Reaction delay
Time [seconds] 1.0 1.5

(3) Deceleration speed [G] 0.3 0.2

A (x: Relative speed) x2

──
0.6G

＋1.0x＋15
x2

──
0.4G

＋1.5x＋25
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Concept Planning and Feasibility 
Verification of the Day 3 System

5.1. Concept Planning of the Day 3 System
The Day 3 system gives merging assistance for both the 

merging vehicle and the main lane vehicle. However, if the 
main lane vehicle is not an automated vehicle but rather a 
standard vehicle, the system cannot provide it with merging 
assistance. Furthermore, if the gap between the trailing car 
and the leading car in the main lane is sufficiently wide, then 
the merging vehicle can merge smoothly without assistance 
for the vehicles in the main lane. Hence what is provided by 
Day 3 system assistance must differ depending on types of 
situation of vehicles around the merging point during the 
maneuver. This program was therefore designed to determine 
whether to assist the merging vehicle and main lane vehicles 
based on two factors: whether the three main lane vehicles (a 
vehicle considered as leading by the merging vehicle, its 
trailing vehicle, and another following vehicle) are automated 
vehicles or not, and as second, the inter-vehicle time between 
each main lane vehicle.

5.2. Verification of Day 3 System's Effectiveness

It can be expected that assistance effectiveness would be 
improved by implementing the Day 3 system in situations 
when the effectiveness of Day 2 system assistance fell due to 
high traffic volume. In planning the concept for the Day 3 
system and verify effectiveness, we apply traffic volume in 
which assistance effectiveness was lower during the detailed 
verification of the Day 2 system. The traffic flow volume for 
the verification will also be estimated by simulation. The 
physical conditions for the Day 3 system are equivalent to the 
ideal physical conditions and the Day 2 system requirements.

Expectations of Technological 
Outcomes in Fiscal 2022

In FY 2022, we plan to construct the vehicle behavior 
model for the main lane traffic stream and revise the automated 
vehicle behavior model. Further, we will analyze the effects of 
Day 2 system assistance, systems requirements, and Day 3 
system effectiveness. The following are expected as results.
•   Day 2 system effectiveness and system requirements using 

simulations where vehicle behavior reproducibility is 
improved in the sensing area

•  Evaluation results on impact of traffic volume on Day 2 system
•   Day 3 system assistance effectiveness in traffic flow where 

Day 2 system assistance effectiveness is reduced
•  Estimated one-day assistance effectiveness of Day 2 system 

and Day 3

Conclusion

7.1. Considerations for this Study

The study of this project was carried out in a limited 
model, applied to the Higashi Ikebukuro entrance and using 
standardized vehicles (non-large-sized) alone.

7.2. Recommendations for Future Development and 
Analysis

In this project, we built a simulation environment to 
evaluate the assistance effectiveness of Day 2 and Day 3 
systems, and evaluated these around the Higashi Ikebukuro 
entrance. Based on the results of this project, we are 
conducting discussions with related parties participating in 
the meetings about merging assistance systems simulations 
to continue discussions after the conclusion of the second 
phase of SIP-adus, hopefully leading to the realization of 
merging assistance systems.

As noted in 7.1, this study is limited in terms of road alignment 
and type of vehicles. The assistance effectiveness and system 
requirements for Day 2 and Day 3 systems are thought to differ 
based on the road alignment in the merging area. Therefore, 
using the simulation built for this project, it would be preferable 
to also evaluate the assistance effectiveness of Day2 and Day 3 
systems in merging areas besides the Higashi Ikebukuro entrance.

In addition, it is possible to consider further development 
of the previously mentioned simulation environment for 
large-size vehicles as a future expectation. When doing so, it 
will be  necessary to take into account for the acceleration 
and deceleration range of the vehicle, which is smaller than 
standard-sized cars.
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5)  Improvement of Data Accuracy of Traffic 
Regulation Information

(1) Technological Development Concerning the Generation of Traffic Environment Data

Establishment and Utilization of Traffic Environment Data2

Purpose and Overview of Research

A vehicle can capture high-precise data of road signs and 
markings on the road with on-board camera and mobile 
mapping system (MMS). However, it is difficult to produce 
traffic regulation information from this data. Therefore, we 
conducted research related to improving traffic regulation 
information data precision for the utilization of safe driving 
support information in order for automated vehicles to drive 
safely and in accordance with traffic regulations by improving 
precision of data derived from traffic regulation information 
that is held and released by the police department.

1.1.  Techniques to Improve Traffic Regulation 
Information Data Precision

We aimed to improve traffic regulation information data 
precision by comparing road signs and markings on the road 
against the traffic regulation information held by the police 
department. We used two methods for collecting road signs/
markings data. As Method-1, we extracted and collected road 
signs/ markings data using image recognition technology 
from imagery data of an onboard dashboard cameras. As 
Method-2, we collected road signs/ marking data using 
smartphone web applications (the field-research application).

The collected road signs and markings data were registered 

into the road signs/marking position prediction system used 
in FOT, in which the data was automatically compared with 
the traffic regulation information, then this was followed by a 
consistency check in which it was categorized as matching or 
not matching, aiming for improving the precision of the traffic 
regulation information. For signs and markings recognized as 
unmatched without consistency, a field research was conducted 
as Method-2 to verify again the consistency of data, then we 
verified improvement of the data precision, as well as worked 
to find an optimal method which can improve the traffic 
regulation information precision.

As for the image recognition system, we studied how to 
support production of traffic regulation information from 
collected road signs and markings.

Additionally, the standard format of the traffic regulation 
information we had used contained structural issues. Therefore we 
prepared a new version as the expanded standard format (proposal) 
that can unify the management of traffic regulation information for 
the purpose of solving the issues and improving the data precision 
of traffic regulation information, along with a user manual.

1.2. Outline of the FOTs
In fiscal 2020, we prepared a requirements definition 

(proposal) for model system development. In fiscal 2021, we 
constructed a model system (the field-research application 
and the road sign position prediction system) and conducted 
FOTs in the target area of Kanagawa Prefecture.

1

(Abstract) Held over three years from fiscal year 2020, this research aims to improve the precision of traffic 
regulation information data managed by the police department that is required to establish a traffic environment 
in which automated vehicles are able to drive safely and securely. In order to enhance traffic regulation 
information precision, we deliberated issues and improvement plans for the standard format of existing traffic 
regulation information and prepared a new expanded standard format and its manual. Through the FOTs (Field 
Operational Tests), based on the model system requirements definition (proposal) prepared in fiscal 2020, we 
developed and tested a model system to confirm consistency between the traffic regulation information and the 
information conveyed with traffic signs and marks and to link these information, and also the image recognition 
technology was evaluated, In fiscal 2022, we used the technology and expanded standard format developed the 
previous year to construct a prototype system, conduct FOTs related to improving traffic regulation information 
data precision and effects verification, and organized a requirement definition (proposal) for the system 
implementation.

Keywords:  Traffic regulation information, traffic signs and road markings information, image recognition technology,  
data precision improvement, expanded standard format, high-precision 3D map
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In order to improve the precision of data effectively, we 
conducted a study to automatically recognize road signs and 
markings data recorded by a dashboard cameras using image 
recognition technology. In fiscal 2022, we constructed a 
prototype system using technology developed in fiscal 2021 
and the expanded standard format, conducted FOTs and effect 
verification, and prepared a systems requirement definition 
(proposal) to add functions into the traffic regulation 
information management systems of the National Police 
Agency and prefectural police.

Construction of Model System

2.1. The field-research application
The field-research app supports field research of road 

signs and marking with smartphones. The application has 
the function to collect road signs and markings data and to 
display traffic regulation information.

The field-research application is used in a web browser on a 
smartphone device. It compares traffic regulation data displayed 
on the smartphone with road signs placed on the road and can 
record or revise data if there are any insufficiencies or errors. 
Information that can be recorded include road sign administrative 
information, road sign board types, state of deterioration, and 
photo images. It is possible to link pieces of information manually 
as with the road sign position prediction system.

By using this, it is possible to tentatively link signs that 
could not be automatically linked to traffic regulation 
information with road sign position prediction system.

2.2. Road Sign Position Prediction System
The road sign position prediction system is a system that 

supports linking of data to verify consistency of traffic 
regulation data and road sign data, as well as identifying 
erroneously recorded data in the system. First, importing 
traffic regulation data controlled by the prefectural polices, 
the system predicts position of road sign corresponding to 
each regulation data, then check if targeted road sign exists 
inside predicted area to automatically make tentative linkage 
of the regulation data with the sign data. The results of the 
automatic tentative linking were confirmed on the road sign 
position prediction system map screen and list screen. For 
data that could not be linked, the operator can manually link 
data on the prediction system. For the position prediction, 
we applied a best candidate method for each traffic regulation 
type out of multiple prediction methods. Also, we created a 
system that can adjust parameters because registration of 
coordinate data and linking of traffic regulation data with 
traffic signs data, these are conducted with various ways in 
each prefectural police.

2.3. FOTs with the Model System
The fiscal 2021 FOTs were conducted for regional traffic 

regulation information covering district held by some police 
departments in Kanagawa prefecture.
The procedures for these tests were as follows. (Fig.1)
· The standard format data and road sign data of the target 
area are registered in the road sign position prediction 
system, then are made tentative linkage.

· Following verification of the tentative linkage result, field 
research is carried out for areas of low precision using the field 
research app, then pieces of the data are linked again as tentative.
· The tentative linkage is compared with the traffic regulation 
linkage data which has been made in the prefectural police 
system, then verified eventual linkage.

· The position prediction methods are reconsidered based on 
the result of linkage to find more optimal one, which is 
tested then used to make another tentative linkage.

As for verification of effectiveness, we calculated 
"tentative linkage rate" and "precision" of the collected traffic 
regulation data in accordance with the flow chart in Fig.2. As 
a result of 5 times of revising position prediction method, the 
tentative linkage rate was 91.5% and the precision was 93.5%.

The 27 items of traffic regulation data that could not be linked 
were all able to be linked through the field research with the 
application.
[Tentative linkage rate] The percentage of the number of 
tentatively linked traffic regulation data against the number 
of traffic regulation data subject to the testing
[Precision] The percentage of the number of correctly linked 
regulation data against the number of data of tentatively linked 
regulations which are also made linkage in the prefectural 
police system

2.4.  Study and Evaluation of Image Recognition Technology
As for the image recognition technology, we studied 

method to collect and extract with easier way information 
such as road signs and marking location from image data 
collected through the prefectural polices’ duties including 
installation and inspection of such road signage, in the flow as 

2

Fig.1: FOTs flow chart
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shown Fig.3.

2.4.1. Research and Evaluation of the Technology
We performed studies from perspectives shown in Table 

1 for the technologies of extraction, recognition, and position 
estimation required to construct the systems.

For the technological evaluation, methods for extraction 
and recognition are categorized into two types, one is the 
template matching based and another is the machine learning 
based. The template matching based can be realized by 
creating specialized matching algorithms, but requires massive 
amount of development to catch irregular cases. In contrast, 
the machine learning based does not require all patterns to 
develop. Collecting necessary data to additionally learn then 
securing time to learn this data, it is possible to handle 

irregular cases.
Therefore, we developed a prototype of evaluation 

software using machine learning method and performed 
evaluations.
(a) Extraction

As for evaluation of extraction method, we used 200 
images including images of poor conditions such as rainy 
weather and deteriorated sign boards (containing 297 of 
road signs, 131 of supplementary signs as target), and 34 
minutes of driving video (containing 219 road signs and 112 
supplementary signs as target). As a result shown in Table 2, 
each of the outputs indicated more than 95% extraction.

We also conducted evaluation of stop lines, crossing 
sidewalks, direction arrows, and speed limits on road marks 
and confirmed results in 95% on average.

(b) Recognition
As for evaluation of the recognition method, we used 297 

images of extracted road signs.

Table 2: Extraction results

Road sign type, etc. Number of 
signs

Number of 
extractions

Extraction 
rate

Still images of principal signs 297 281 95％
Still images of supplementary 
signs 131 129 98％

Video of principal signs 219 214 98％
Video of supplementary signs 112 111 99％
Road markings 261 248 95％
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Table 1: Planned process

Process Explanation Illustration of Process

Extraction
Process to detect area 
containing sign or marking in 
still image or video, then to 
extract image from the area

By TOSCO CORPORATION

Identify areas and extract images

Recognition

Process to determine whether 
the detected signs or markings 
is correct or not in the 
extracted area image, then to 
identify the type of regulation.

By TOSCO CORPORATION

407: 
Crosswalk

203: 
Stop line

Recognize by regulation type

Position 
estimates

Process to calculate latitude and 
longitude using distance and 
angle estimated from data of 
position where objects (signs or 
markings) contained in video 
and still image are recorded

By TOSCO CORPORATION

Distance 3 m 
Angle -30 degrees

Distance 3 m 
Angle 0 degrees

●Angle

3m

Left 30 degrees

●Distance
Estimate distance and angle

Fig.2: Evaluation flow in FOTs
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Fig.3: Flow from data collection to extraction
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As a result, there were cases in which the designated 
direction only signs lane usage signs (Fig.4) were falsely 
recognized as the one-way street signs. (Fig.5) Though, the 
recognition rate could be by relearning the learning data of 
the designated direction only signs. Recognition results are 
as in Table 3.

(c) Position Estimation
As for evaluation of the position estimation, we used 1,600 

images with distance data between 2m to 10m measured 
beforehand, and applied the depth estimation algorithm and the 
regression model.

As a result, among 1,600 images, approximately 96% can 
be used for position estimation with error of within 2 meters. 
(Table 4)

2.5. Expanded standard format
The current standard format was a data format about the 

traffic regulation information, which had been organized 
through research study related to a project "advancement of 
driving support by utilizing traffic regulation information", as 
part of SIP, the Cross-ministerial Strategic Innovation 
Promotion Program. But in order to address issues clarified in 
this research study, we deliberated and created the expanded 
standard format.

2.5.1. Expanded standard format
In order to enhance traffic regulation information data 

precision, we prepared an expanded standard format 
complying with traffic regulation standards, which are 
standards that prefectural police departments apply to traffic 

regulations. This expanded standard format aims to reduce the 
input work by the prefectural police by covering insufficient 
codes needed to accurately display regulations and difference 
updates, eliminating similar items, and clarifying input 
definitions. This format can centrally manage three types of 
information: traffic regulation information, corresponding 
traffic signs information, and road markings information.

The overall structure of the expanded standard format is 
shown in Fig.6.

Prototype System

3.1. The road signs/marks/display position prediction 
system and the field research application

In order to confirm the relationship between road signs 
actually on the ground and traffic regulations determined by the 
prefectural police, we built up a new prototype system (Fig.7) 
with additional functions as below, based on the system that had 
been established and used for the FOTs in 2021 for making 
linkage between the traffic regulation data and the road signs 
data.

-  Input/output of the expanded standard format (traffic 
regulation data, Road signs/marks data, linking)

-  Prediction of road marking position from traffic 
regulation data

- Prediction of traffic regulation position from road 
signs

- Registration of supplementary signs
- Loading of image files
Further, we added the function as below to the field 

research application (Fig.8) prepared for supporting the 
road signs and markings position prediction system and 
linking the traffic regulation data and road signs/ marks 
data.

-  Input/output of the expanded standard format (traffic 

Table 3: Recognition results

Class Number of 
signs

Number of 
extractions

Extraction 
rate

Parking prohibited 106 106 100％
Maximum speed 40km 15 15 100％
Crosswalk/bicycle crossing 14 14 100％
Designated direction only 13 13 100％
Direction specific lane usage
*Result after relearning shown in ( ) 11 3

(11)
27％

(100％)
Maximum speed 50km 11 11 100％
(Omitted)
Total 297 274 92.3％

Table 4: Distance measurement results  

(error between actual distance and estimated distance)

Error range Number of images
(1,600 images) Percentage

2 meters or less 1,539 96.2％
More than 2 meters - within 4 meters 59 3.7％
More than 4 meters 2 0.1％

What is the expanded standard format?

*Revied version of current standard format *New information to verify linkages for the purpose of improving traffic regulation 
information precision (the linkage with traffic regulation information is controlled in the 
signs/markings information side.)

Interim open data target
Tra�c regulation information Road signs information Road markings

Fig.6: Structure of expanded standard format
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regulation data, Road signs/marks data, linking)
- Registration of supplementary signs
- Registration of road signs/ marking board direction

3.2. Image recognition system
As for the data recognition system which aimed for 

comprehensive collection of road signs/markings information 
on wide area and effective data organization, we established a 
prototype system. (Fig.9) This prototype system has the 
functions, extracting the road signs/markings information 
such as regulation type, position information and direction, 
transporting the extraction output to the prediction system.

3.3.  FOTs and evaluation of effectiveness using the 
prototype system

In fiscal 2022 FOTs, we used regional traffic regulation data 
and road signs/markings data held by some police departments 
in Chiba prefecture. We improved the precision of traffic 
regulation data by loading road signs/markings data acquired 
by using the field research application and the image recognition 
system into the road signs/markings position prediction system.

As for the image recognition system, we studied to 
acquire information such as signs/marking position, 
regulation type, direction of photographing the sign, using 
image data acquired by the field research app as well as by 

dashboard cameras and others. This was associated with the 
study to acquire data of supplementary road signs.

For the effectiveness evaluation of the prototype system, 
we sought the tentative linkage rate and the precision like in 
fiscal 2021. In fiscal 2021, we used the standard format data 
and the road sign data for the evaluation. In fiscal 2022, it is 
the expanded standard format including traffic regulation 
data and road signs/markings data in accordance with the 
evaluation flow shown in Fig.11 to calculate the tentative 
linkage rate and the precision.

The detailed procedures are as follows. First, we carry out 
prediction of road signs/markings position with the position 
prediction system for the expanded standard format data, 
checking position of traffic regulation data and categories of 
regulation, then tentatively link the road sighs/markings data 
which is inside the predicted position area. This is followed by 

(2) Data registration

(3) Photo registration

(1) Acquire position by GPS

Fig.8: Image of registering road signs/markings on smartphone device

(1) All data

*Regulation with 
position information
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to evaluation
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linkage in the police 

system
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police system
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system
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police system

(2) Tentatively 
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Tentative linkage 
evaluation Precision evaluation

(4) Correct linkage

(5) Incorrect linkage
(3) Not tentatively 
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Automatic tentative 
linkage Precision 

evaluation

Success

Failure

Correct

Incorrect

Fig.11: Evaluation flow of the prototype system
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adjustment of the predicted position area based on the tentative 
linkage output to find out optimal position as prediction. The 
regulation data unable to be linked is recognized as unmatched 
data at the end of the process. For this unmatched data, we 
collect the road signs/markings data actually on the road using 
the field research app and the image recognition system. The 
collected data is subjected to the prediction again through the 
prediction system for another tentative linkage to seek the final 
tentative linkage rate and precision. If there is traffic regulation 
data of which the linkage is impossible or false, causes are 
analyzed to improve the data precision.

3.4. Preparation of expanded standard format manual
Based on results of hearings of prefectural police, FOTs 

carried out with the expanded standard format, and expert 
meetings, we narrowed down the regulation categories to 74 
items for the expanded standard format (proposal) studied 
in fiscal 2021. We also reviewed 224 traffic regulation 
information categories in the proposal format. In particular, 
the traffic regulation information was defined basically with 
categories consisting of "regulation type", "regulation 
location", "regulation target", and "date related to the 
regulation" based on the traffic regulation standards, then 
verified data to eliminate similar categories. Further, in order 
for registrants to register the traffic regulation data correctly 
in the expanded format, also for users to understand the 
format, we prepared a manual.

The manual is comprised of the main manual and 
supplementary documents. We included data overviews and 
file specifications in the main manual, and format, code list, 
as well as input definition and registration examples for each 
regulation category in the supplementary documents.

3.5. System operation manual
In order to improve data precision of traffic regulation 

information, we prepared a system operation manual for the 
prototype system constructed taking into account the future 
social implementation. The system operation manual is 
comprised of the main volume describing the purpose and 
overall structure, the operating manual for each tool (road 
signs/markings position prediction system, the field research 
application, the image recognition system), and the operating 
volume that includes operation techniques.

Cooperation with high precision 3D 
map

As utilization of the high-precision 3D map (Fig.12) is 
expected for automated driving on public road, we carried 
out as below:
- Research on High precision 3D map data

- Study of traffic regulation information provision methods
-  Organizing issues related to traffic regulation information 

provision

The traffic regulation information generated through this 
study and the road signs/markings information made from 
the high precision 3D measurement with the mobile 
matching system (MMS), both are utilized to verify 
technology to incorporate such data into the high precision 
3D map.

Conclusion

5.1. Concept of future operation
We are considering implementing the expanded standard 

format into traffic regulation information management 
systems of the prefectural police in accordance with Fig.13.

The National Police Agency must be able to receive data in 
both the standard format and the expanded standard format 
until the prefectural police can support the expanded standard 
format. Operations related to improving traffic regulation 

information data must be handled in the prefectural police. 
Therefore, it is preferred that operations are conducted with 
lesser workload.

[Contacts] 

The Japan Road Traffic Information Center, Research Department, 102-0072, 
Iidabashi, Chiyoda Ward, Tokyo 1-5-10, 03-3261-7672, Contact: Moto Baba

4

Provide

Tra�c regulation 
information

Fig.12: Image of high precision 3D map
(Source) Dynamic Map Platform Co., Ltd.
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Fig.13: Concept of future operation
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Kenji Sumi (KOITO ELECTRIC INDUSTRIES, LTD.)

6)  Technological Development for Traffic Signal Control 
and Emergency Vehicles Information Using GNSS 
(Location Information) and Other Technologies

(1) Technological Development Concerning the Generation of Traffic Environment Data

Establishment and Utilization of Traffic Environment Data2

Overview of Research and Development

1.1. Background

Among the new traffic management systems (UTMS: 
Universal Traffic Management Systems) currently in wide usage, 
there are two subsystems that implement traffic signal priority 
control for road traffic signals: Public Transportation Priority 
Systems (PTPS) (since 1995) for route buses, and the Field 
Ambulance Support System (FAST) (since 2003) for emergency 

vehicle operation.(1)

These systems use near-infrared light to communicate with 
optical beacons installed on the road to detect approaching 
vehicles and determine whether or not they are operating in an 
emergency, and then implement traffic signal priority control 
(extended green signal time, shortened red signal time) for 
necessary vehicles.

As shown in Fig.1, the conventional traffic signal priority 
control system uses optical beacons installed in front of 
intersections to detect the approach of public vehicles (buses) 
and emergency vehicles (fire trucks, police cars, etc.) in order 

1

(Abstract) Currently, traffic signal priority control for public transit buses and emergency vehicles is mainly provided by 

a system using optical beacons installed on the roadside, however we have developed a system using GNSS (location 

information) and mobile phone communication networks. The GNSS enables the service to be provided even in 

locations where optical beacons are not installed. In FOTs (Field Operational Tests) of traffic signal priority control, it 

was demonstrated that the non-passage rate of buses during extended green signal periods was reduced by 88.9% 

compared to that of optical beacons by continuously obtaining location information and travel speed using GNSS, and 

that finer traffic signal priority control was possible. In addition, FOTs were conducted in the Tokyo waterfront area 

using the mechanism developed in this technology development to distribute information on emergency vehicles 

(simulated) to automated vehicles. By providing the location information of emergency vehicles such as ambulances to 

the automated vehicle, it is possible to recognize their presence from a greater distance. We expect that the results of 

this technological development will be implemented in society as soon as possible with the goal of realizing "practical 

application of advanced automated driving with infrastructure cooperative system" as indicated in the SIP Roadmap of 

V2X Communication Methods for Cooperative Driving Automation.

Keywords:  GNSS, signal control, location information, emergency vehicles, public transportation

73SIP 2nd Phase: Automated Driving for Universal Services - Final Results Report (2018-2022)

Fig.1: Comparison of conventional and GNSS traffic signal priority control
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Issue: Because the system uses fixed-point sensing, the service cannot respond to changes in traffic conditions 
(e.g., traffic congestion), and service is only available at the location where the optical beacon is installed.

Mobile telephone network
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to determine their locations, and the cost of installing optical 
beacons has been an issue.

In addition, because the optical beacon is a fixed-point 
sensor, it cannot respond to changes in the traffic environment 
(e.g., traffic congestion before an intersection) after the optical 
beacon has been passed, causing stopping at red lights, which 
would result in wasted green signal time for traffic in the crossing 
direction.

The location information that is being considered for use 
in this technology development to determine the location of 
vehicles is based on GPS (Global Positioning System: a satellite 
positioning system operated by the United States of America), 
a type of GNSS (Global Navigation Satellite System) which has 
been widely used as a satellite-based positioning system in 
Japan, but generally has a position error of 10 to 20 meters.

To solve this problem, Japan's own GNSS, QZSS (Quasi-
Zenith Satellite System (MICHIBIKI)), began operating four 
satellites in November 2018 to complement GPS. RTK and 
DGPS positioning methods have improved positional errors 
and are expected to provide more accurate positioning.

1.2. Purpose

The purpose of traffic signal priority control in the 
technology development for traffic signal control and emergency 
vehicle information using GNSS (location information), etc. 
(hereinafter referred to as "this technology development") is to 
enable service deployment even where optical beacons are not 
installed by changing the means of determining the location of 
buses and other vehicles from optical beacons to the more 
common GNSS. The purpose is to reduce the error in the 
estimated arrival time at intersections by continuously obtaining 
the location information of buses and other vehicles closer to 
intersections compared to optical beacons, in other words, to 
improve the effectiveness of priority signaling control.

1.3. Overview

This technology development was carried out in cooperation 
with UTMS Society of Japan after deliberations by the National 
Police Agency, prefectural police, vehicle manufacturers, traffic 
infrastructure manufacturers, and experts with GNSS knowledge.

In addition, the system for collecting location information 
on emergency vehicle operation was used to generate and 
provide simulated emergency vehicle information in the 
FOTs in the Tokyo waterfront area.

In the specification development phase, the draft 
specifications (1) through (6) shown in Fig.2 were developed. 
In the effectiveness verification phase, traffic signal priority 
control FOTs were conducted in Shizuoka City, Shizuoka 
Prefecture, based on the draft specifications and verification 
plan.

Traffic signal priority control in this 
technology development

2.1. Current traffic signal priority control

As shown in Fig.3, the current traffic signal priority control 
system uses an optical beacon (fixed point) installed in front of 
the intersection to detect an approaching bus and extend the 
green light time or shorten the red light time for the number of 
seconds it takes the bus to reach the intersection at a 
predetermined, fixed, calculated speed, and is effective when 
the calculated speed and actual speed are almost the same.

2.2. Current issues

When there is a change in traffic conditions, such as traffic 
congestion before an intersection, the difference between 
calculated and actual speeds increases, as shown in Fig.4, and 
there are cases where drivers may not be able to pass through an 
intersection with a green light.

2

Fig.3: Comparison of conventional method with and without traffic signal 

priority control
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Fig.4: Conventional traffic signal priority control issues
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Fig.2: Technological development overall process
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2.3.  Traffic signal priority control in this technological 
development

In this technological development, the final location-
determination point is set closer to the intersection than the optical 
beacon using GNSS, as shown in Fig.5. By determining the arrival 
time based on the actual speed at the final location-determination 
point, the error in the intersection arrival time can be minimized.

Detailing functional and technical 
requirements

Using location information, etc., we detailed functional 
and technical requirements to improve the accuracy of 
estimated arrival times at intersections for buses and other 
vehicles.

3.1. Position error target performance

The position error was assumed for a driving speed of 50 
km/h. Because the time setting of the signal controller 
shortening/extending time is in units of 1 second, it is 
desirable to set the position error so that the expected arrival 
time error at the intersection is less than 1 second. Therefore, 
the performance requirement for the position error was set 
to 10 m or less, which results in an arrival time error of 0.8 
seconds at a travel speed of 50 km/h.

3.2. Measurement cycle target performance

The measurement cycle was set to 2 seconds, taking into 
account the expected communication delay of several hundred 
milliseconds to 1 second, including fluctuations caused by the 
cellular phone network, the processing load of the operation 
monitoring unit, and the volume of data communication.

3.3. Positioning method

For the positioning method, RTK, which uses a reference 
station and its correction information via a cellular phone 
network, or DGPS, which increases positioning accuracy by 
receiving reinforcement signals delivered from a satellite with a 
GNSS receiver, shall be adopted from among widely used 
methods, depending on the external environment of the 
operation route. One or more of the two methods can coexist in 

the same system.

3.4. Position correction method

The position correction method when GNSS positioning 
accuracy degrades was optional in consideration of the 
introduction of new technology in the future.

Traffic signal priority control FOTs

4.1. FOTs outline

Verification of the operation and control effectiveness of 
GNSS traffic signal priority control was conducted based on 
the Prefectural Police Model System Verification Plan. An 
outline of the FOTs is shown in Table 1.

The FOTs routes were selected from the existing routes 
shown in Fig.6 to compare with the existing optical beacon-
based traffic signal priority control (PTPS and FAST) in 
Shizuoka City, Shizuoka Prefecture.

Because verification was conducted by connecting to the 
existing route (public road) and existing control system, it was 
conducted in a configuration that minimized impact on the 
existing control system.

Specifically, as shown in Fig.7, the system configuration 
consists of a control system with operation monitoring unit, 
etc., and buses and ambulances with newly installed 

Fig.5: Traffic signal priority control based on this technology development
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Table 1: FOTs outline

Item Contents

Verification area Shizuoka City, Shizuoka Prefecture

Implementation 
policy

Verify the operation and control effects of GNSS traffic signal priority 
control in a model system.
The verification route shall be an existing route in order to compare with the 
existing traffic signal priority control (PTPS and FAST) using optical 
beacons. Because verification is conducted by connecting to existing routes 
(public roads) and existing control systems, sufficient consideration should 
be given to ensuring safety, and the configuration should be designed to 
minimize the impact on existing systems. From the Prefectural Police Model 
System Verification Plan.

Target intersection

PTPS FAST

2 directions, 4 intersections
(including 1 new intersection)
Inbound: Kagoue, Zaimokucho, 
Abecho, Nakacho (new)
Outbound: Abecho

11 intersections (including 2 new 
intersections)
Yuzuki, Gokoku Jinja Minami, Gokoku 
Jinja Iriguchi, Tokiwacho 2-chome, 
Kuroganecho Nishi, Aikawa Koen Kita, 
Aikawa Koen Minami, Ikama Jinja Kita, 
Ikama Jinja Nishi, Egawacho (new), 
Nakacho (new)

Verification period

Optical beacon:
November 29 - December 3, 
January 18 - 21: 9 days
(The period is adjusted to the 
number of days for GNSS control 
verification (9 days))

Optical beacon:
November 27 - December 3, January 17 
- 21: 12 days

GNSS:
December 15 - 21, January 11 - 14: 
9 days
(Not including weekends or 
national holidays)

GNSS:
December 15 - 21, January 10 - 14: 12 
days
(including weekends and national 
holidays)

Verification day time 
slot

Monday - Friday (weekdays) 9:00 
a.m. - 4:00 p.m.
(The project is conducted during 
daytime hours when there is less 
impact on area traffic.)

24 hours including weekends and 
national holidays

Number of vehicles 
verified Buses: 3 + FOTs vehicle: 1 Ambulances: 3
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(additional) on-board GNSS-compatible instrumentation.
The existing control system was notified at the timing 

determined by the operation monitoring unit, and traffic signal 
priority control of traffic signals was executed (operated) by 
existing equipment. For comparison, the number of seconds for 
setting the PTPS and FAST devices using optical beacons and 
the position of the optical beacons were implemented under the 
condition that the existing system was not changed.

PTPS evaluation was conducted from 9:00 a.m. to 4:00 
p.m. outside morning and evening rush hour times while the 
system was in operation so as not to affect current traffic. This 
was done to confirm that the results of PTPS and FAST using 
optical beacons are equivalent to or better than the standard.

The validation period was one month long, and the optical 
beacon traffic signal priority control and GNSS traffic signal 
priority control were conducted alternately twice each week in 
order to minimize the difference in traffic volume during the 
validation period and to average the effects of each day of the 
week.

For the PTPS, only weekdays were used for the FOTs in 
accordance with the current operational status.

4.2. FOTs results

The basic operation, position error, delay time, etc. were 
confirmed, and the control effect was confirmed to be equivalent 
or superior to that of optical beacon control, as shown in Table 2.

The following table shows each verification item, its purpose, 
evaluation values, and results. For details, please refer to the report(2).

GNSS accuracy was confirmed to meet the target position 
error of 10 m or less within the PTPS verification route as 
shown in Table 3.
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Fig.6 FOTs routes and intersections
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Fig.7: FOTs system configuration
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Table 2: Verification items and results

No. Verification items Objective/evaluation Results

1 Priority control operation

Confirmation of basic operations: green light 
time extension and red light time shortening

Priority control (green light time 
extension and red light time 
shortening)
Reduction of differences in passing 
through stop lines
 Average -74.7 sec.
Reduction of non-passage rate 
during green light time extension  
-88.9%

Basic operation: Equivalent to or better than 
optical beacon control

2 Control effects

Confirmation of travel time reduction effect in 
priority control implementation
Impact on cross-directional traffic
Confirmation

Intersection vehicle passenger time 
reduction  Average 2.1 sec.
Reduced route travel time  Average 
8.1 sec.
Reduction of wasteful green light 
extension time
 Average 2.1 seconds

Control effectiveness: Equivalent to or better 
than optical beacon control

3 GNSS accuracy

Confirmation of position error for selected 
routes

Shizuoka City: 10 m or less
Tokyo waterfront area: 10 m or 
more in multipath propagation 
environment in some casesPosition error: 10 m or less

4 Extension time

Validation against the measurement cycle

281 ms (max. 960 ms)Communication and processing delay time 
from on-board unit to traffic signals: less than 1 
second

5
Bus priority control 
operation when multiple 
buses pass

Operation confirmation on continuous bus 
approach Maximum deceleration at bus stop 

0.83 m/s2 (0.09 G)
Deceleration at stop: 1.96 m/s2 (0.2 G) or less

6 Priority control conditions

Operation confirmation at time of crossing 
direction congestion extension to a bus route

Priority control release is executed 
when the set value is exceeded
(Release is confirmed at 100 m or 
more compared to the set value of 
100 m)

Priority control is released when the congestion 
length in the crossing direction exceeds the set 
value
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The area near Shizuoka Station was excluded from the 
validation route because of multipath propagation (reflected 
radio waves from buildings, etc.). As a reference, Table 4 shows 
the results of position error verification outside the validation 
route.

The results of function verification specific to this 
technology development are shown below.

(1)  Additional operating functions for traffic signal priority 
control

The current optical beacon system detects the location of a 
bus only when it passes directly under an optical beacon 
installed on the roadside, so the location of the bus is 

indeterminate after it passes the optical beacon.
For example, if there is a bus stop after passing the optical 

beacon and the bus stops, it may not be possible to pass even 
if the green light time is extended.

On the other hand, the GNSS-based traffic signal priority 
control system can continuously monitor the bus position so 
that even when a bus stops at a bus stop triggering a red light, 
the system can implement additional traffic signal priority 
control to shorten the red light time. Fig.8 shows an example 
of how this function allows a bus to pass through an 
intersection quickly.

(2) Traffic signal priority control release operation 
function

With the current optical beacon system, the position of 
the emergency vehicle after it passes the beacon is 
indeterminate, as is the case with buses. The GNSS-based 
traffic signal priority control system can continuously 
determine the position of the emergency vehicle, allowing 
the traffic signal priority control system to be released 
immediately after it passes through an intersection.

Fig.9 shows a case in which traffic signal priority control 
using GNSS reduced the amount of wasted green light time, 
whereas a conventional optical beacon would have continued 
to extend the green light time even after an emergency 
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Fig.8: Example of a function unique to this technological development (addition of priority control)
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Table 4: Position error verification results outside the verification route
 Unit: m

Evaluation site In front of the Japan Red Cross 
Hospital From Japan Red Cross Hospital to Egawacho Egawacho

Mean value 2.59 3.19 3.23

Maximum value 9.71 11.57 20.00

Minimum value 0.42 1.44 0.50

Table 3: Position error verification results within the verification route
 Unit:  m

Evaluation site Abecho Kagoue Zaimokucho Nakacho

Mean value 1.58 2.74 2.39 2.49

Maximum value 4.95 5.12 4.84 4.89

Minimum value 0.16 0.99 0.63 0.63

Fig.9: Example of a function unique to this technological development (cancellation of priority control)
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vehicle passed through the intersection.
By reducing wasted green light time, the impact on the 

flow of traffic in the crossing direction can be reduced.

Simulated emergency vehicle 
information transmission FOTs

5.1. FOTs outline

We conducted emergency vehicle information (simulation) 
distribution and GNSS position error FOTs using an on-board 
device with simple and minimum performance requirements, 
which was developed for GNSS traffic signal priority control 
in this technology development, for 10 days from January 10 
to 14 and 17 to 21, 2022, from 10:00 a.m. to 4:00 p.m.

A mechanism has been developed in which location 
information from an on-board unit is controlled by the 
operation monitoring system and utilized for traffic signal 
priority control. Functionality has been added for sending 
location information to the operation management system in 
the form of an information collection and distribution server.

Location information was collected from the on-board 
unit installed in the simulated emergency vehicle via the 
cellular phone network LTE (closed network) and was 
distributed through other servers via the business Ethernet 
(closed network) to the automated vehicles participating in 
the FOTs in the Tokyo waterfront area.

Fig.10 shows the FOTs configuration and Table 5 shows 
the distributed information specifications.

In the FOTs, two passenger cars simulating emergency 
vehicles were prepared, and stickers were attached to the cars 
bodies to serve as identification markers so that the participants 
could check them with drive recorders, etc. A colored box was 
mounted on the roof rack.

Fig.11 shows the appearance of the simulated emergency 
vehicle that was actually driven in the Tokyo waterfront area 
for location information distribution testing, and Fig.12 
shows the five different routes it traveled.

5.2. FOTs results

The fact that the location information was distributed to and 
utilized on the participants' automated vehicles was checked on 
a confirmation screen (Dynamic Map viewer) associated with a 
high precision 3D map installed in the automated vehicles.

Position error was calculated by installing 2 cameras on 
the simulated emergency vehicle, obtaining the evaluation 
site passing time from 19 locations in images from the front 
rear, and above, then comparing the true value with the 
position information (latitude and longitude) obtained from 
the GNSS receiver at the same time.

The evaluation sites in the Tokyo waterfront area are 
shown in Fig.13.

The results of the position error evaluation are shown in 
Table 6.

The PTPS FOTs verification route measured during the 
traffic signal priority control FOTs was in an open sky 
environment, and as expected, the maximum position error 

5

Fig.10: Test configuration in the FOTs in the Tokyo waterfront area
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Table 5 Distribution information specifications

Item Standard

Communication control procedure UDP

Transmission cycle Every 2 seconds

Number of GNSS information units stored Max. 20 (100 ms)

Fig.13: Evaluation sites
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was less than 10 m at 5.12 m.
On the other hand, in the Tokyo waterfront area, there 

are many environments where radio waves from satellites are 
blocked, such as at points where multipath propagation is a 
concern due to adjacent buildings and under the Yurikamome 
Line elevated railway tracks.

Although the average value was less than 10 m, the 
maximum value exceeded 10 m in some cases, and there 
were many locations where there was a significant difference 
between the minimum and maximum values.

In addition, because two simulated emergency vehicles 
were used to distribute location information, the error 
evaluation of the on-board unit was conducted in the L-S 
section where the two vehicles traveled the same route.

The evaluation results for Vehicle 1 and Vehicle 2 are 
shown in Tables 7 and 8, respectively.

A significant difference occurred only at evaluation site 
N, but the analysis revealed that it was due to the effect of 
position error fluctuations during vehicle stops.

No significant errors were found in the results.

Conclusion

In this technology development, the impact on the 
current control system was minimized and a configuration 
was used that can be implemented in society at an early stage. 
The results of the two-year project are as follows.

In FY2020, the functional and technical requirements 
were detailed, and the following 6 specifications (drafts) and 
other documents were developed.

(1)  GNSS Traffic signal priority control Technical 
Requirements Document

(2) Location Information Collection Method Guidelines
(3)  Operation Monitoring unit Communication 

Application Standard (Draft)
(4)  On-board unit Communication Application Standard 

(Draft)
(5) Prefectural Police Model System Specifications (Draft)
(6) Prefectural Police Model System Verification Plan
In FY2021, traffic signal priority control FOTs were 

conducted in Shizuoka City. We confirmed that the 
effectiveness of traffic signal priority control has been 
improved compared with conventional optical beacons.

In addition, with the realization of practical application 
of advanced automated driving with infrastructure 
cooperative system in mind, we conducted FOTs of simulated 
emergency vehicle information distribution in the Tokyo 
waterfront area, and confirmed that the information 
distributed from the infrastructure was effective.

We will promote standardization as social infrastructure 
equipment for early social implementation.
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Table 6: Evaluation results (Part 1) Unit: m

Evaluation site A B C D E

Mean value 2.41 2.07 2.49 2.90 1.98

Maximum value 4.73 3.51 3.87 5.30 4.67

Minimum value 0.59 0.57 0.38 0.97 0.16

Evaluation results (Part 2) Unit: m

Evaluation site F G H I J

Mean value 2.14 3.22 5.29 8.37 5.09

Maximum value 4.60 5.27 9.92 17.67 14.10

Minimum value 0.16 0.19 1.41 1.12 0.92

Evaluation results (Part 3) Unit: m

Evaluation site K L M N O

Mean value 2.35 1.27 2.18 3.20 2.41

Maximum value 5.23 2.19 3.62 20.81 5.36

Minimum value 0.82 0.34 0.50 0.45 0.70

Evaluation results (Part 4) Unit: m

Evaluation site P Q R S

Mean value 2.55 2.23 2.56 1.92

Maximum value 8.28 3.47 3.79 2.19

Minimum value 0.25 0.39 0.13 1.56
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Table 7: Evaluation results by vehicle: Vehicle 1 (Part 1) Unit: m

Evaluation site L M N O

Mean value 1.13 2.32 1.90 2.75

Maximum value 1.96 3.56 2.97 5.36

Minimum value 0.63 1.56 0.85 0.70

Evaluation results by vehicle: Vehicle 1 (Part 2) Unit: m

Evaluation site P Q R S

Mean value 2.39 3.47 3.79 1.91

Maximum value 6.97 3.47 3.79 1.91

Minimum value 0.28 3.47 3.79 1.91

Table 8: Evaluation results by vehicle: Vehicle 2 (Part 1) Unit: m

Evaluation site L M N O

Mean value 1.41 2.04 4.47 1.99

Maximum value 2.19 3.62 20.81 4.89

Minimum value 0.34 0.50 0.45 0.77

Evaluation results by vehicle: Vehicle 2 (Part 2) Unit: m

Evaluation site P Q R S

Mean value 2.79 0.99 1.33 1.94

Maximum value 8.28 2.08 2.19 2.19

Minimum value 0.25 0.39 0.13 1.56
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Introduction

As various efforts are being made by industry, 
government, and academia to develop the technology and 
legislation to realize an automated driving society, 
expectation is being placed upon "cooperative automated 
driving," in which vehicles and road traffic infrastructure 
cooperate with each other in order to realize safer and more 
comfortable automated driving. However, there is yet to be a 
unified view on the communication method required for the 
adoption of cooperative automated driving.

In Japan, ARIB-STD T109(1) (hereinafter referred to as 
"700 MHz Band ITS"), which utilizes radio waves in the 
700 MHz band, has been specified as an ITS radio to support 
safe driving, and the service is already in actual use. Therefore, 
it is thought that the expansion of the 700 MHz Band ITS will 
contribute most to the early adoption of communications for 
cooperative automated driving. On the other hand, there are 
concerns that the bandwidth will not be sufficient with only 
the frequencies that are currently allocated, and that Japan, 
which uses the 700 MHz band, will fall behind the global 
standard when compared to Europe and the United States, 
where the 5.9 GHz band has been allocated.

A conclusion has not come into sight because there are 
also opinions that, although from a global perspective many 
regions and countries have allocated the 5.9 GHz band as a 
frequency for ITS, the radio waves in the 5 GHz band, 
including the 5.9 GHz band, have strong linearity and may 
not be suitable for ITS, which needs to detect conditions 
beyond the visible range. There are also opinions that the 
applications and locations may be limited due to it causing 
interference with ETC and other systems and suffering 

interference from wireless LAN frequency extension, and 
most of all, that it might not be appropriate for the situation 
of Japan’s frequency use since the 5.9 GHz band is still being 
used by broadcasters as FPUs (Field Pickup Units), and 
frequency migration work across industries will be necessary. 

As industry, academia, and the government have 
established a system to work together toward the adoption of 
automated driving in SIP, in light of this background the "Task 
Force (TF) on V2X communication for Cooperative Driving 
Automation" (hereinafter the "TF") was established in FY2019 
to study future communication methods under a three-year 
plan. The following sections describe the efforts of the TF.

Outline of Activities

2.1.  Definition, Purpose, and Goals of Cooperative 
Automated Driving

The activities of the TF started with defining the 
cooperative automated driving system that the TF would 
handle and setting its goals. Clarifying this is very important 
to facilitate the TF’s discussions.

The TF defined cooperative automated driving as "a 
system that is based on an autonomous automated driving 
system and which enables safer and smoother automated 
driving control by obtaining information from outside the 
detection range of on-board sensors, providing information 
which the vehicle possesses, and vehicle-to-vehicle and 
vehicle-to-infrastructure mutual communication."

The purpose of establishing the TF was "to draw a 
roadmap towards the adoption of the ideal cooperative 
automated driving, and to establish a policy for the optimal 
communication system for ‘all-Japan’, while taking into 
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account international standards." In order to achieve this 
purpose, the goals were to (1) propose an appropriate 
communication system for cooperative automated driving, 
and (2) establish a roadmap that specifies the communication 
system required for cooperative automated driving and the 
timing when that communication system will be required.

2.2. Phases of the Study
In order to achieve the goals stated in section 2.1, the TF 

conducted the study by dividing the tasks to be performed 
into three phases.
Phase I:  Sorting the use cases to be used as the basis of the 

study
Phase II:  Clarify the communication requirements for each 

use case
Phase III:  Study communication schemes that meet the 

communication requirements and develop the 
roadmap

In addition, the structure of the study was enhanced by the 
participation of ITS-related ministries and agencies in the 
capacity of committee members who proactively promoted 
the study, and by the broad participation in the study by people 
with knowledge of communications from Phase II onwards.

These activities are described in Section 3. The members 
of the TF and the overall schedule are shown in Fig.1.

Study of communication methods

3.1. Selection of Use Cases
Many use cases have been proposed for the utilization of 

communications for cooperative automated driving, both in 
Japan and overseas. However, there are many use cases in 
which communication is clearly the objective, such as using 
communication instead of on-board sensors, or that appear 
difficult to realize only through the application of 
communication due to significant issues with the elemental 
technologies other than communication being visible at this 
point in time. The TF considered it unrealistic to implement 
all of these use cases, so it decided to define use cases that are 
expected to be realized in the future. However, the TF did 
not consider all of the use cases anew, but adopted a method 

of collating and sorting use cases that have been proposed 
around the world and selecting the use cases that should be 
dealt with the TF. For the actual use cases, proposals from the 
Japan Automobile Manufacturers Association (JAMA) and 
the results of the "Study of utilization of new communication 
technologies including V2X technology to automated driving 
system",(2) a research study conducted in FY2018 as SIP-adus 
project. JAMA’s proposals were use cases that are considered 
essential for automated vehicles to be able to drive, such as 
the distribution of SPaT information, merging assistance, 
and emergency vehicle notification. In addition, the FY 2018 
research study collected the use cases used in cooperative 
automated driving and driving safety support projects in 
Europe, the U.S., and Asia, including Japan. 

The TF selected use cases based on the above, with focus 
placed upon the following three points during the selection 
process.
(1) All traffic participants basically comply with the law
(2)  It is not feasible by autonomous automated driving system.
(3)  Compatibility with the use cases defined in the 

definition of a cooperative automated driving system for 
the purposes of (1) obtaining information beyond the 
detection of on-board sensors, (2) providing 
information possessed by the vehicle, and (3) vehicle-to-
vehicle/ vehicle-to-infrastructure communication
Through this, the use cases that have been proposed 

globally were sorted and 25 use cases to be handled by the TF 
(hereafter referred to as "SIP-UC") were selected. The details 
of SIP-UC were published in September 2020.(3) Fig.2 shows, 
as an example of a use case, a use case of cooperative merging 
assistance for mainline vehicles via roadside infrastructure 
network.

3.2. Clarification of Communication Requirements
In Phase II, with the cooperation of the ITS Info-

communications Forum (hereinafter referred to as the "ITS 
Forum"), which has abundant knowledge and experience in the 
standards and standardization of ITS wireless communications, 
the communication requirements were sorted under the lead by 
the ITS Forum. In addition, because it is necessary to specify the 
details of each service in order to define the communication 
requirements, interviews were also conducted with research 
groups that are conducting technical studies and field 
operational tests) similar to those for SIP-UC. Table 1 shows the 
communication requirements for the cooperative merging 
assistance for mainline vehicles via roadside infrastructure 
network, as an example of the communication requirements 
that were defined by the ITS Forum based on the information 
collected from various organizations.(4)

Fig.1: TF Study Members and Overall Schedule

Development of roadmap

Study of communication methods

Clari�cation of communication requirements

Selection of Use Cases

Phase I

FY2019Q3    
Q4

FY2020Q
1   Q2

FY2020Q
3   Q4

FY2021Q
1   Q2

FY2021Q
3   Q4

National Police Agency, Ministry of Internal A�airs 
and Communications, Ministry of Economy, Trade 
and Industry, Ministry of Land, Infrastructure, 
Transport and Tourism, Cabinet O�ce (SIP), JAMA, 
Data communication experts from universities

Phase I members plus UTMS 
Society of Japan, National 
Institute for Land and 
Infrastructure Management, 
ITS-Forum, JEITA

Study MembersSchedule

Phase II

Phase III

3

81SIP 2nd Phase: Automated Driving for Universal Services - Final Results Report (2018-2022)

Research for V2X Communication for Cooperative Driving Automation (Overview)

(2) Technological Development Concerning the Transmission of Traffic Environment Data

2 Establishment and Utilization of Traffic Environment Data

SIP通し.indb   81SIP通し.indb   81 2023/03/01   16:462023/03/01   16:46



3.3. Technical Testing of Communication Systems
The feasibility of the use cases were evaluated from the 

perspective of the feasibility of communication by applying the 
communication requirements defined in Section 3.2 to the SIP-
UC selected in Section 3.1. In the evaluation, the applicability of 
the following two communication methods to twenty of the 
SIP-UC use cases was studied, excluding the five use cases for 
which information distribution over a wide area by V2N 
(Vehicle to Network) communication is clearly suitable.
(1) Expansion of 700 MHz Band ITS
(2)  Application of C-V2X(*) as an example of a new \

communication method
      * Adopted as an example of utilization of the 5.9 GHz 

band frequency 
C-V2X (Cellular V2X: X stands for ‘everything’)

The actual evaluation was conducted by Kyocera 
Corporation (hereinafter referred to as "Kyocera") and NEC 
Corporation (hereinafter referred to as "NEC"), who were 
entrusted with this task. Of these, Kyocera was responsible 
for the evaluation of the 700 MHz Band ITS, while NEC was 
responsible for the evaluation, roadmap development, and 
overall summary of the new method based on C-V2X.

Regarding these evaluations conducted by Kyocera and 
NEC, please refer to the details in Section 2 (2) 1) "Research 
on Communication Methods to Realize Cooperative 
Automated Driving Use Cases" that follows this section. This 
section briefly describes the results of the testing.

In the evaluation of 700 MHz Band ITS, Kyocera 
evaluated the feasibility of adding all twenty SIP-UC to the 
existing ITS services that support safe driving. As a result, 
among the V2I (Vehicle to Infrastructure) communications 
between vehicles and the roadside infrastructure, information 
distribution from the roadside infrastructure to vehicles was 
feasible in all cases. On the other hand, some of the 
requirements for information distribution from vehicles to 
the roadside infrastructure could not be met. As for V2V 
(Vehicle to Vehicle) communication, eight of the eleven use 
cases in SIP-UC that assumed V2V communication could 
not meet the requirements.

The use cases that failed to meet the requirements were 
characterized by the need for a function (called "negotiation") 
in which the vehicle that is the source of information 
identifies the vehicle to be communicated with and exchanges 
individual information with it. The negotiation function is a 
mechanism that does not exist in the 700 MHz Band ITS, 
which is based on broadcasting, and this evaluation 
confirmed that a new communication method, as well as a 
new communication bandwidth in some instances, are 
required to realize such use cases.

On the other hand, NEC’s evaluation using C-V2X 
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Fig.2: Use case example: merging assistance
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measurement) of main lane traffic and navigate 
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Request for inter-vehicle gap 
keep/expansion or for lane change

Request for inter-vehicle gap 
keep/expansion or for lane change

Speed adjustment

Functional classi�cation

Name of the use case

Target areas Expressways + prefectural and municipal roads

a. Merging/lane change assistance

a-1-3. Cooperative merging assistance for mainline vehicles with roadside infrastructure network

Providing merging vehicles with area-covering information including mainline vehicles location and speeds through infrastructure, the 
system navigates mainline vehicles to adjust inter-vehicle gap as merging assistance.

Privately owned vehiclesTarget vehicles

Overview

Communication

Rem
arks 

(com
m

unication 
requirem

ents, 
etc.)

Topology

Control Usage Speed adjustment, vehicle distance adjustment

Required

V2I

One-to-many

Responsiveness

Message

D
ata category 

/ content of 
inform

ation

Sensor data

Rich content -

Small

Arrival time at the merge point (main line vehicle), 
request for adjustment of inter-vehicle gap

Speed, position

Data amount

Functional 
classification a. Merging/lane change assistance

Use cases Cooperative merging assistance for mainline vehicles with roadside infrastructure 
network

No. a-1-3

Message name Location 
information Control request Negotiation request

Update request
Negotiation response

Update response
Communication 

method V2I (I to V) V2I (V to I) V2I (I to V) V2I (V to I)

Message 
destination Non-specific vehicles Roadside 

infrastructure Specific vehicle Specific vehicle

Target area 
(minimum 

range)

From 6 seconds 
before the start of 
merging until the 

merging point

Within the control 
request range

Within the control 
request range

Within the control 
request range

Number of 
transmission 

vehicles per area
1 vehicle 1 vehicle

1 vehicle (x number 
of controlled 

vehicles)

48 vehicles (number 
of control vehicles, 
during congestion)

Required 
communication 

distance

Connecting road: 
66.7 - 116.7 m
Main line: 111.1 - 
266.7 m

66.7 - 116.7 m
Connecting road: 
66.7 - 116.7 m
Main line: 111.1 - 
266.7 m

Connecting road: 
66.7 - 116.7 m
Main line: 111.1 - 
266.7 m

Maximum 
relative velocity

Connecting road: 20 
- 70 km/h
Main line: 20 - 120 
km/h

Connecting road: 20 
- 70 km/h
Main line: 20 - 120 
km/h

Connecting road: 20 
- 70 km/h
Main line: 20 - 120 
km/h

Connecting road: 20 
- 70 km/h
Main line: 20 - 120 
km/h

Maximum data 
size

5,236 bytes (4,986 + 
250)

Estimated number of 
vehicles: 184

287 bytes
(2)

273 bytes
(2)

287 bytes
(2)

Periodic/
Aperiodic Periodic Aperiodic Aperiodic Aperiodic

Transmission 
interval 100ms not specified

PAR per packet PAR ≥ 99% 
(tentative)

PAR ≥ 99% 
(tentative)

PAR ≥ 99% 
(tentative)

PAR ≥ 99% 
(tentative)

Maximum 
acceptable delay 

in radio area
Not specified Assumed 100ms Assumed 100ms Assumed 100ms

Table 1: Example of communication requirements
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focused on the evaluation of packet arrival rate (PAR), 
reception level, and the impact of shadowing, based on 
merging assistance through negotiation and services around 
intersections, which could not be realized in the evaluation 
of the 700 MHz Band ITS. As a result, it was confirmed that 
there were cases in which the requirements could not be met, 
such as sudden deterioration of communication conditions 
due to shadowing and a drop in packet arrival rate due to 
road reflection and other effects.
The results of the technical testing are summarized below.
·  For infrastructure-to-vehicle communications under V2I, all 
use cases can be met by expanding the 700 MHz Band ITS.

·  Some of the vehicle-to-infrastructure communication use 
cases under V2I and all of the V2V communication use 
cases did not meet the requirements

·  A review of the detailed conditions for each individual use 
case scenario and the application of new communication 
methods are necessary

·  For use cases that require advanced communication, such 
as negotiation between vehicles, the requirements were not 
met even in the C-V2X evaluation.

From these results, it was found that it will be difficult to 
realize all of the SIP-UC simply by adding new methods, and 
it was concluded that "further study is needed".

Development of roadmap

The SIP-UC defined by the TF are classified into two 
categories: those that are essential for driving automated 
vehicles and those that support safer and more comfortable 
driving. The timing of their realization varies, including those 
that can be realized through the extension of safe driving 
support, those that require advanced mechanisms, and those 
that have already been positioned as national policies by ITS-
related ministries and the national government. Therefore, in 
Phase III, the deployment timeframe for each of the SIP-UC 
use cases was arranged and defined using a timespan of 
approximately five years, based on information from the 
various related parties. In addition, because the realization of 
the use cases requires a wide range of issues to be solved, not 
only technological but also including the legal system, business 
models, and clarification of the roles and responsibilities 
among service providers, at the same time the TF identified 
the necessary issues to realize the SIP-UC and included them 
in the deployment plan.

In the deployment plan, the use cases that can be extended 
from safe driving support to automated driving and the use 
cases that are essential for the driving of automated vehicles 
are expected to be realized around 2025, and the 700 MHz 
Band ITS can be utilized. The use cases for safer and more 

comfortable automated driving, which are expected to be 
realized from 2030 onwards, will require advanced 
communications such as the negotiation that is described 
above, and will require the introduction of new communication 
methods and the securing of frequency bandwidth. Based on 
these considerations, the TF developed the roadmap shown in 
Fig.3 and reached the following conclusions.
·  It is assumed that new communication methods for 

negotiation, etc. will be required around 2040
·  If we anticipate, for example, 30% adoption of cooperative 

automated vehicles around 2040, introduction of the new 
communication methods will be required from around 2030

·  The 700 MHz Band ITS can be utilized for use cases that 
will commence earlier, before 2030

Further, in order to realize each use case, it is very 
important to have timelines to address the many other issues, 
not only the results of the TF’s study of communication 
methods.

Regarding the deployment plan and roadmap, please 
refer to the details in Section 2 (2) 1) "Research on 
Communication Methods to Realize Cooperative Automated 
Driving Use Cases" that follows this section.

Conclusion

The TF defined 25 use cases to realize cooperative 
automated driving that utilizes communication. It then 
conducted a study of the communication methods that 
should be applied to these use cases and compiled them 
together with the timeframe for realization of each use case 
and issues that need to be solved in a roadmap.

In order for the early adoption of automated driving, it is 
necessary to continuously study the application of use cases 
that utilize the 700 MHz Band ITS and the new 
communication methods needed to realize the use cases that 
require advanced communication in the future.

We hope that the study will be progressed steadily in the 
future according to the roadmap that has been defined on 
this occasion.
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Fig.3: Roadmap for V2X Communication for Cooperative Driving Automation
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(if necessary)

Study of channel and 
bandwidth allocation

Communication protocol draft study Communication 
standard formulation

Communication 
standard issuance

Study of application specifications

Study of OBU common specifications

Study of RSU common specifications

Product development

Test operation

Equipping of 5.9 GHz OBU

Deployment of 5.9 GHz RSU

Adoption 
rate 30%

Adoption 
rate 50%

OBU draft study

Issuance of RSU common specifications

Issuance of OBU common specifications

Issuance of application specifications (and subsequently, issuance in 
order according to the timing of application deployment)

700 MHz band ITS

New communication technology (5.9 GHz)

Study of security and 
privacy policy

Study of specifications for 
security and privacy measures Issuance of specifications for security and privacy measures

Study of policies for generational change of 
communication systems

Study of policies for sharing in-vehicle devices

JNCAP *1 Additional new item study, survey research, study of testing and evaluation methods
*1 Driving support technology, including V2X, becomes subject 

of automobile assessment

Preliminary testing

Frequency reorganization action plan +30 MHz for next-generation mobility

Study on how to establish a business model

Study of measures to ensure communication quality

Organization of concept of division of responsibility

Security scheme study Security scheme formation

V2I (broadcast)
V2V (broadcast: continuous)

V2V (broadcast: urgent)
V2I

(mediation)
V2V

(Negotiation)

ITS-G5 Acceleration of RSU implementation (C-Roads)

OBU connectivity confirmation scheme 
formulation

SIP通し.indb   84SIP通し.indb   84 2023/03/01   16:462023/03/01   16:46

https://itsforum.gr.jp/Public/E3Schedule/p40/ITS_FORUM_RC-017eng_v10s.pdf
https://www.sip-adus.go.jp/rd/rddata/usecase.pdf


Satoshi Kimura, Takeshi Nunomoto (NEC Corporation), Masato Ogawa, Tomoaki Konishi (KYOCERA Corporation)

1)  Research on Communication Methods to 
Realize Cooperative Automated Driving 
Use-cases

(2) Technological Development Concerning the Transmission of Traffic Environment Data

Establishment and Utilization of Traffic Environment Data2

A Study on V2X communication for 
achieving use-cases of cooperative driv-
ing automation (cellular V2X system)

1.1. Overview
Based on the SIP use-cases for cooperative driving 

automation (hereafter "SIP-UC")(1) formulated by the Task Force 
on V2X communication for cooperative driving automation 
(hereafter "TF"), the technical and communication requirements 
for SIP-UC were studied jointly with Radio System Technology 
Task Group of advanced ITS info-communication system 
committee in ITS Info-communication Forum (hereafter "TG"). 
We verified the suitability of the cellular V2X system, one of the 

available wireless communication systems, to meet with these 
communication requirements, formulated measures to solve 
any problems that arose, and verified their effectiveness. (V2X: 
Vehicle to X, V2I: Vehicle to Infrastructure, V2V: Vehicle to 
Vehicle, V2N: Vehicle to Network)

1.2. Study of communication requirements
Through discussions with the TG and organizations and 

companies involved in each SIP-UC, the technical requirements 
(function sharing between road and vehicles, communication 
functions, etc.) and communication requirements 
(communication sequences, message content, communication 
performance, etc.) required to realize the use case were defined for 

1

(Abstract) This project was conducted to formulate the roadmap for the timing of social implementation of communication 

technologies necessary for the realization of an automated driving society, based on the study, verification, and field tests 

of the technical feasibility of wireless communication, including specific requirements for wireless communication 

technologies, for the use-cases for cooperative driving automation utilizing the V2X as formulated by the Task Force on 

V2X communication for cooperative driving automation, system implementation working group. Specifically, we examined 

the communication requirements for use-cases; verified whether the wireless communication cellular V2X system could 

be used, formulated measures to solve any problems that arose, and then verified their effectiveness; verified whether 

the existing wireless 700 MHz band Intelligent Transport Systems could be used, formulated measures to solve any 

problems that arose, and verified their effectiveness; and developed the roadmap of communication requirements for 

cooperative automated driving as necessary for the realization of an automated driving society.

Keywords: cooperative automated driving, V2X, cellular V2X (C-V2X), 700 MHz band ITS
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Table 1: Examples of communication requirements
Functional classification a. Merging/lane change assistance

Use-cases Merging assistance by preliminary acceleration 
and deceleration

Merging assistance by targeting 
the gap on the main lane Cooperative merging assistance with vehicles on the main lane by roadside control

No. a-1-1 a-1-2 a-1-3
Message name Location information Location information Location information Control request Negotiation request/update request Negotiation response/update response

Communication method V2I (I → V) V2I (I → V) V2I (I → V) V2I (V → I) V2I (I → V) V2I (V → I)

Message destination Non-specific vehicles Non-specific vehicles Non-specific vehicles Roadside 
infrastructure Specific vehicle Specific vehicle

Target area (minimum range)
From 6 seconds before the merging point to the 
center between the 6 seconds before the merging 

point and the merging point

From 6 seconds before the start of 
merging until the merging point

From 6 seconds before 
the start of merging until 

the merging point

Within the control 
request range Within the control request range Within the control request range

Number of transmission 
vehicles per area 1 vehicle 1 vehicle 1 vehicle 1 vehicle 1 vehicle (xnumber of controls) 48 vehicles (number of control 

vehicles, during congestion)

Required communication 
distance

33.9 to 59.3 m
(National Research Institute Specifications: 95 m) 67.8 to 118.6m

Connecting road: 67.8 to 
118.6 m

Main lane: 112.5 to 
270.0 m

67.8 to 118.6m Connecting road: 67.8 to 118.6 m
Main lane: 112.5 to 270.0 m

Connecting road: 67.8 to 118.6 m
Main lane: 112.5 to 270.0 m

Maximum relative velocity Connecting road: 20 to 70 km/h Connecting road: 20 to 70 km/h

Connecting road: 20 to 
70 km/h

Main lane: 20 to 
120 km/h

Connecting road: 
20 to 70 km/h

Main lane: 20 to 
120 km/h

Connecting road: 20 to 70 km/h
Main lane: 20 to 120 km/h

Connecting road: 20 to 70 km/h
Main lane: 20 to 120 km/h

Maximum data size 1510byte estimate: 46 vehicles 2752byte estimate: 92 vehicles 5236byte estimate: 184 
vehicles 287byte 369bytes 287byte

Periodic/Aperiodic Periodic Periodic Periodic Aperiodic Aperiodic Aperiodic
Transmission interval 100ms 100ms 100ms not specified

PAR per packet PAR ≥ 99% (tentative) PAR ≥ 99% (tentative) PAR ≥ 99% (tentative) PAR ≥ 99% 
(tentative) PAR ≥ 99% (tentative) PAR ≥ 99% (tentative)

Maximum acceptable delay in 
radio area Not specified Not specified Not specified Assumed 100ms Assumed 100ms Assumed 100ms

PAR: Packet Arrival Rate
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SIP-UC in cooperation with the TG. Examples of communication 
requirements for use-cases related to merging and lane change 
support are shown in Table 1.

The results of the study were developed by the TG as a 
Study report on communication scenarios and requirements 
for "SIP Use-cases for Cooperative Driving Automation".(2)

1.3. Consideration of wide area network
For each SIP-UC using a wide-area network (d. Lookahead 

information: trajectory change, f. information collection/ 
distribution by infrastructure, etc.), we organized the issues 
facing the realization of communication requirements and 
theoretically studied measures to deal with these issues. Fig. 1 

shows the issues in realizing the communication requirements, 
and Table 2 shows proposed countermeasures for each issue.

1.4. Study of Short range communication
For each use case that utilizes short range (road-to-vehicle 

and vehicle-to-vehicle) communication, we identified issues in 
realizing communication requirements, verified communication 
performance through cellular V2X communication simulations 
(5.9GHz band and 10 MHz bandwidths), and proposed 
theoretical measures to address these issues. Two major use-
cases (1) cooperative merging assistance and (2) intersection 
area were taken up for testing. Fig.2 shows an example of the 
communication model used in the simulation of cooperative 
merging assistance communication.

Through communication simulations, issues in achieving 
the communication requirements were clarified, and are-
assessment including countermeasures was then conducted. 
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2.Establishment and Utilization of Traffic Environment Data
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Fig.1: Issues in realizing communication requirements
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Fig.2: Communication model for merging assistance

Use Case a-1-3 (cooperative merging assistance) 
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Fig.3: Example of communication simulation results
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Table 2: Proposed measures to address each issue
Issues Item to study Policy Outline

Issue 1: Communication delay 
during teleoperation

—Reduced 
communication 
delay
 (V ⇔ N)

—Priority control of wireless 
communications
—Securing of dedicated frequency 
bandwidth
—Securing of end-to-end dedicated 
bandwidth (e.g. slicing)

Issue 2: Communication volume 
during remote monitoring and 
operation (Peripheral Images, etc.)

—Reduced 
communication 
delay
 (V to N)

—Priority control of wireless 
communications
— Securing uplink (V to N) communication 

capacity
—Securing of dedicated frequency 
bandwidth
— Securing of end-to-end dedicated 

bandwidth (e.g. slicing)
Issue 3: Frequency of 
communication of location 
information to determine the 
vehicle sending the information

—Reduction of 
communication 
frequency
 (V to N)

—Feasibility study for each transmission 
method
(Unicast, multicast, broadcast)

Issue 4: Feasibility of transmission 
schemes according to use-cases, 
acceptable number of vehicles 
according to transmission 
schemes, and communication 
frequency feasibility

—Reduction of 
communication 
volume
 (N to V)

V: Vehicle, N: Network
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Fig.3 shows, as an example, the results of the initial simulation 
(packet arrival rate (PAR) depending on the distance) and that 
of the simulation after taking countermeasures (to aggregate 
messages to be transmitted, to reduce impact of shadowing loss 
due to vehicles) against assumed factors causing declining of 
packet arrival rate, such as reception error on roadside unit by 
conflict of transmission/reception timing, as well as packet 
conflict at timing of data transmission to vehicle due to hidden 
node.

In addition, we conducted a communication performance 
evaluation test using vehicles and cellular V2X communicators 
on a test course to verify the effects of elements such as 
shadowing and communication congestion, which require 
verification in the field for wireless communication. From the 
perspective of communication performance, we evaluated (1) 
the impact of shadowing by vehicles and (2) the impact of 
communication congestion depending on the communication 
volume. Fig.4 shows the result the field operational tests (FOTs) 
of the impact of shadowing by a vehicle, as an example.

As a study of short range communication, the following 
were confirmed from the results of communication simulations 
and FOTs.
1)  In order to realize a single use case, communications with 

various requirements are mixed and mutual influence occurs.
2)  In order to realize multiple use-cases in the same location, 

communications with various requirements are mixed 
and mutual influence occurs.
In actual operation, the wireless communication 

environment (shadowing, multipath, etc.) and the driving 
environment (number of vehicles, inter-vehicle gap, etc.) 
cannot be uniquely specified or limited. Communication 
taking place in an unexpected environment can lead to 
communication congestion and subsequent communication 
delay or failure. It is therefore necessary to consider measures 
to prevent such problems. Specifically, the following 
measures should be considered: 1) reducing the impact of 
communication congestion by controlling communication 
congestion at not only the communication layer but also the 
application level, in accordance with the wireless 
communication environment and the driving environment; 
2) reducing the impact of communication congestion by 
allocating communication channels according to the 

communication area (by lanes, by direction of traffic, etc.) 
and the content of communication.

A Study on V2X communication for 
achieving use-cases of cooperative driv-
ing automation (700MHz band ITS)

2.1. Overview
As in Section 1, among the SIP-UC formulated by the TF, 20 

use-cases (see Table 3, with specific use-cases hereafter referred 
to by those designations), targeting V2I and V2V were 
considered. Based on study report on communication scenarios 
and requirements for "SIP Use-cases for Cooperative Driving 
Automation",(2) we verified whether the use-cases can be 
supported by 700 MHz band Intelligent Transport Systems 
(hereafter "700 MHz band ITS") and developed countermeasures 
to solve relevant issues through desk study and simulations.

2.2. Desk study
Desk study evaluated communication quality from the 

perspective of linked budgets, transmission time constraints, 
roadside unit installation constraints, and message sets.

In the evaluation of communication quality and 
transmission time constraints, SIP-UC a-1-3, a-1-4, a-2, and 
a-3, in which interaction is required, did not meet the 
transmission time constraint due to the number of transmitting 
vehicles per area. In the use case of unmanned platooning of 
following vehicles by electronic towbar (g-1), the 
communication requirement specifies a transmission cycle of 
20 ms in the case of emergency, but the 700 MHz band ITS 
standard ARIB STD-T109 specifies a communication cycle of 
100 ms, so the communication requirement was not met. In 
other use-cases, the transmission requirement was met.

In the roadside unit installation constraint evaluation, we 
examined the allocation of wireless transmission slots 
(hereafter "slot") for roadside units, and found possible to 
allocate the four slots required for SIP-UC. We therefore 
confirmed that the slot allocation for roadside-vehicle 
communication and inter-roadside communication is 
feasible even if SIP-UC is added to the 700 MHz band ITS 
service.

2

1) Research on Communication Methods to Realize Cooperative Automated Driving Use-cases

(2) Technological Development Concerning the Transmission of Traffic Environment Data

2.Establishment and Utilization of Traffic Environment Data

87SIP 2nd Phase: Automated Driving for Universal Services - Final Results Report (2018-2022)

Fig.4: Example of test results on shadowing impact by a vehicle
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In the message set evaluation, we examined the possibility 
of adding SIP-UC message sets to 700 MHz band ITS 
messages, and confirmed that SIP-UC onboard unit message 
sets can be added by utilizing the free field (optional area) of 
ITS Connect TD-001.(3)

2.3. Simulations
To confirm whether SIP-UC is compatible with the 700 MHz 

band ITS, we constructed a simulation environment in which 
radio waves transmitted from multiple roadside units and onboard 
units interfere with each other. Fig.5 shows the SIP-UC study 
model. The road model is a 300m-plane layout, which has the 
highest density of roadside units in the existing model simulation(4), 
and includes the main lane and connecting routes of the expressway.
Table 3 shows the simulation results.

SIP-UC infrastructure-vehicle communication (a-1-1, a-1-2, 
a-1-3, b-1-1, c-2-2, d-1 to d-5) and some SIP-UC vehicle-
infrastructure communication (d-1 to d-4, f-2) were met the 
communication requirements of the TG. SIP-UC inter vehicle 
communication (a-1-4, a-2, a-3, c-1, c-2-1, c-3, e-1, g-1, g-2) and 
some SIP-UC vehicle-infrastructure communication (a-1-3) could 
not be met the communication requirements of the TG. The 
reason for this is considered that under CSMA/CA, the radio 

system for 700 MHz band ITS, when onboard unit A and B are 
located outside the carrier sense range and do not know each 
other’s transmission timing, if both transmit at the same timing, 
their messages will collide at the position where each transmission 
arrives (hidden terminal problem).

2.4. Issues and future actions
Based on the results of Sections 2.2 and 2.3, we identified 

issues and proposed future actions for the use-cases that did not 
meet the communication requirements of the TG.

The communication requirements of the TG are more 
stringent than the service requirements because the details of the 
service requirements have not yet been finalized. This shows that 
in confirming these communication requirements in detail, it will 
be necessary to further organize the service requirements for 
automated driving, such as the applicable scenarios and means of 
collecting information for each SIP-UC. One future action is to 
work with related organizations that have studied each use case to 
further specify the service requirements and define practical and 
optimal communication requirements.

For SIP-UC a-1-3, a-1-4, a-2, a-3 that require interaction, 
since the current 700 MHz band ITS specification is a broadcast 
protocol, supporting interaction is difficult. We therefore 
propose the following possible two countermeasures.
Proposal 1: New communication method only

A new communication method will be used that includes 
recognition of the surrounding situation (e.g., position and 
speed information). In such cases, it is necessary to study 
bandwidth and transmission (propagation). In addition, 
relationships with existing safe driving support services need 
to be considered (in the case of coexistence, the impact of cost 
and installation is significant. Deployment and dissemination 
of vehicles and quality assurance are issues when transitioning 
to a new system).
Proposal 2: 700 MHz band ITS + new communication method

This proposal is for the concept of "Basic Message (BM) + 
Advanced Message," in which basic recognition of the 
surrounding situation (position, speed information, etc.) is 
performed by the 700 MHz band ITS, and the subsequent 
interactive sequence is performed by new communication 
methods.
The above requires further discussion in the future.

The challenges for practical application of the system 
include standardization of message sets, slot allocation 
placement rules, and cybersecurity requirements. Future 
actions to address this issue include formulating guidelines 
and promoting standardization in consultation with related 
organizations.

In the use case g-1, the issue is the 20 ms cycle transmission 
during emergency braking. As a future action, the ARIB 
STD-T109 standard should be revised, or the requirements should 
be modified by further digging down into use case requirements.

Table 3: Simulation results

SIP-UC Name Compatible or not with 
700 MHz band ITS

a-1-1. Merging assistance for accelerating/decelerating on merging lane ✓
a-1-2. Merging assistance for aiming inter-vehicle gap on main lane ✓
b-1-1. Driving assistance by providing SPaT information (V2I) ✓
c-1. Collision avoidance assistance for sudden stop or sudden deceleration in front –
c-2-1. Driving assistance by providing intersection information (V2V) –
c-2-2. Driving assistance by providing intersection information (V2I) ✓
c-3. Collision avoidance assistance by providing hazard warning information –
d-1. Driving assistance by providing notification of abnormal vehicles ✓
d-2. Driving assistance by providing notification of wrong-way driving ✓
d-3. Driving assistance by providing congestion information ✓
d-4. Assistance for congestion at highway junction and exit point ✓
d-5. Driving assistance by providing hazard warning information ✓
e-1. Driving assistance by providing information on emergency vehicles –
f-2. Information collection for traffic flow optimization ✓
a-1-3. Cooperative merging assistance for mainline vehicles with roadside 
infrastructure network

–
(V2I is ✓)

a-1-4. Merging assistance with inter-vehicle negotiation –
a-2. Lane change assistance during congestion –
a-3. Assistance for entering to priority road from non-priority roads during congestion –
g-1. Electrified platoon without drivers –
g-2. Adaptive cruise control (ACC) driving and platoon with driver using vehicles 
equipped with ACC –

Fig.5: SIP-UC study model

1KYOCERA Corporation

: Roadside unit at key intersection
: Roadside unit at intersection
: SIP-UC (Expressway) Roadside unit
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2.5. Future prospects
2.5.1.  Promote verification testing and social imple-

mentation of 700 MHz band ITS, which can be 
utilized over the long term

In this R&D project, we verified the applicability of SIP-UC 
to the 700 MHz band ITS through theoretical studies and 
simulations. Excepting SIP-UC a-1-3, a-1-4, a-2, and a-3, which 
require interaction, most of the use-cases handle the same basic 
information—such as vehicle position, speed, and direction—as 
the 700 MHz band ITS services currently in use. In addition, the 
700 MHz band wave ability to reach far and travel around 
obstacles is said to be very advantageous for Japanese road 
conditions, which face issues such as poor visibility, and for 
vehicle antenna design. It is therefore important to maximize 
the use of the 700 MHz band ITS for cooperative automated 
driving, while taking into account international trends. For this 
purpose, it is important to define more detailed service 
requirements and communication requirements for each SIP-
UC, taking into account various conditions such as road 
conditions; to prioritize essential services for driving automated 
vehicles according to the use case roadmap; and to steadily 
implement these services in society. In addition, more advanced 
communication is also required.

2.5.2.  Consideration of a new communication meth-
od, assuming the period for realization of SIP-
UC that requires mutual communication

SIP-UC a-1-3, a-1-4, a-2, and a-3, which require mutual 
communication, are difficult to support using a broadcast system 
designed for information distribution such as the 700 MHz band 
ITS. A new communication method that enables bidirectional 
communication will be necessary for such communication. 
However, further study is needed to investigate the 
communication requirements and new communication 
methods. As we continue to study this issue, it is important to 
discuss new communication methods, including a proposal that 
incorporates the concept of "basic message + advanced message."

Establish a roadmap for the timing of social 
implementation of communication tech-
nologies necessary for the realization of an 
automated driving society

3.1. Overview
In developing the roadmap, based on the plans already 

developed by the relevant ministries, agencies, and organizations, as 
well as case studies of their efforts, we established a timeline for the 
realization of each SIP-UC, and organized a use case deployment 
plan that lists the realization timeline in chronological order. Then, 
considering the issues in realizing the communication requirements 
of the use-cases described in Sections 1 and 2, we organized the 
items necessary for the realization of the deployment plan. Based on 
the above, we have compiled a roadmap in chronological order of 

the items to be implemented to realize the deployment plan.

3.2. Considerations of use case deployment plans
In considering the use case deployment plan, the 

communication methods (V2I, V2V, and V2N) applicable to 
each use case were assumed and studied through the TF 
discussions. Fundamentally, the use-cases are to be realized as 
cooperative automated driving, but since some of them may be 
initially used first for driving safety support, they are divided 
into cooperative automated driving and driving safety support 
in the deployment plan. Based on the above, we have established 
a timeline for the realization of each use case and organized a 
use case deployment plan that lists the realization timeline in 
chronological order, based on plans already established by 
related government agencies and organizations, as well as 
examples of initiatives being taken by various organizations. 
Fig.6-8 show the use case deployment plans for each 
communication method.

3.3.  Implementation items for realization of use case 
deployment plans

Based on the issues in realizing the communication 
requirements of the use-cases described in Sections 1 and 2, we 
have organized the items necessary to realize the deployment 
plans. In realizing the use case deployment plans, we have 
organized the items to be implemented into the following two 
categories.
(A)  Clarification of the direction of various issues through 

examination and discussion among the entities 
concerned (details shown in Fig.9).

(B)  Practical application of new communication methods (e.g., 
application of 5.9GHz band) (details shown in Fig.10)
For the compilation of A), Issue Survey Report of 

Advanced ITS and Automated Driving Using Cellular 
Communications Technologies by ITS Info-communications 
Forum Cellular System the TG(5) were referred to.

3.4. Development of the roadmap
Based upon study results up to this point, we can conclude 

that in order to realize all 25 SIP-UC: new communication 
methods for V2I and V2V are needed around 2040; new 
communication methods need to be in place around 2030 
(when the automated driving begin to be adopted) so as to be 
installed in 30% of cooperative automated vehicles by the 
assumed plan target of 2040; and the 700 MHz band ITS, an 
existing ITS wireless communication system, is expected to be 
utilized for the use-cases that are starting relatively sooner. 
Taking these points into account, the items required for the 
realization of the plan to expand the use-cases were broken 
down and a roadmap of communication requirements for 
cooperative automated driving necessary for the realization of 
an automated driving society was developed. The roadmap is 
shown in Fig.11.
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Fig.6: Use case deployment plan (V2I)
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each communication method: V2I
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FY2025"

▼ Assuming that b-1-1 and c-2-2 are necessary to realize automated driving mobility services in limited areas, and that the service will start around 2025 (assumed 
by project participants)

c-2-2. Driving assistance based on intersection information (V2I)

Merging/lane change assistance 
(V2I)
a-1-1, a-1-2

▼ Public-Private ITS Initiative/Roadmap "Realization of Level 4 Automated Trucks on Expressways Around FY2025"
▼ Assumed to aim to realize the service of main line merging assistance to realize the goals of public-private ITS Initiative/Roadmaps (contractor assumption).

▼: Assumptions regarding use case start date
●: Assumption of the development plan for related infrastructure, etc.
(Bold = assumed from the descriptions in the roadmap by the relevant ministries and 
agencies, etc.; normal = assumed by project participants)

●Adaptation of automated vehicles 
(L3 and above) reaches about 30%
(Assumed by project participants)

b-1-1. Driving assistance by using traffic signal information (V2I)

Some of the use cases are already in service through ITS connect (red light alert, guidance for preparing to start waiting at a traffic light).

c-2-2. Driving assistance based on intersection information (V2I)

Some of the use cases are already in service through ITS connect (turn right alert)

▼ Assumed from existing service offerings (assumed by project participants)

2

Deployment of each use case and expected communication requirements for 
each communication method: V2V

2025- 2030- 2035- 2040-
D

riving Safety Support and C
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riving

D
riving Safety Support

C
ooperative autom

ated driving

▼Assumed from existing service offerings (assumed 
by project participants)

Merging/lane change 
assistance
(V2V)
a-1-4, a-2, a-3

▼ Merging support Day 4 system
Automated driving adaptation rate of 
around 50% (JAMA document based)

▼ Similar services have already been tested in FOTs Assumed that the service is implemented as soon as 
possible basically after deployment of FOTs output or verification of technology (assumed by project 
participants)

Platooning/adaptive cruise control (V2V)
g-1. g-2

● Addition of priority lane on 
certain areas of 
Osaka-Tokyo major expressways
(Assumed by project participants)

● Addition of priority lanes on the 
Osaka-Tokyo major expressways
(Assumed by project participants)

● Expansion of priority lanes on 
major expressways in Honshu
(Assumed by project participants)

▼ Commercialization of platooning technology (envisioned in METI’s "RoAD to the L4")
▼ Public-Private Roadmap: "Realization of Level 4 Automated Trucks on Expressways Around

FY2025"

c-1. Collision avoidance assistance when a vehicle ahead stops or decelerates suddenly

c-3. Collision avoidance assistance by using hazard 
information

c-2-1. Driving assistance based on intersection information (V2V)

e-1(1). Driving assistance based on emergency vehicle information

▼ Assumed from existing service offerings for driving safety (assumed by project participants)

● Adaptation of automated 
vehicles (L3 and above) 
reaches about 50%
(Assumed by project 
participants)

c-2-1. Driving assistance based on intersection information (V2V)
Some of the use cases are already in service through ITS connect (turn right alert)

e-1(1). Driving assistance based on emergency vehicle information
Some of the use cases are already in service through ITS connect (emergency vehicle notification)

▼ Assumed from existing service offerings (assumed by project participants)

c-1. Collision avoidance assistance when a vehicle ahead stops or decelerates suddenly

c-3. Collision avoidance assistance by using hazard 
information

▼ Public-Private ITS Initiative/Roadmaps: "Goal for 2030: Realize a safe and convenient digital transport society that supports 
enriched quality of life of citizens, getting ahead of the rest of the world."

▼ Assumed that c-1 services will be realized to achieve the goals of the public-private ITS roadmap (assumed by project participants)

▼ Assumed to be realized later than c-1 because lane change assistance is also
included in the plan (assumed by project participants)

▼: Assumptions regarding use case start date
●: Assumption of the development plan for related infrastructure, etc.
(Bold = assumed from the descriptions in the roadmap by the relevant ministries and 
agencies, etc.; normal = assumed by project participants)

Fig.7: Use case deployment plan (V2V)
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Deployment of each use case and expected communication requirements for 
each communication method: V2N

2025- 2030- 2035- 2040-

D
riving Safety Support and C

ooperative A
utom

ated D
riving

D
riving Safety Support

C
ooperative autom

ated driving

h-1. Operation and management of mobility service cars

f-3. Update and automatic generation of maps

f-2. Collection of information to optimize the traffic flow

f-4. Distribution of dynamic map information

e-1(2). Driving assistance based on emergency vehicle information

b-1-2. Driving assistance by using traffic signal information (V2N)

b-1-2. Driving assistance by using traffic signal information (V2N)

Lookahead information: trajectory change (V2N) 
d-1, d-2, d-3, d-4, d-5

▼ Assumption that services will begin in 2025, as rapid and widespread deployment can be expected, and early start-up is expected to 
be effective (assumed by project participants).

▼ Assumed to be realized as early as possibly based on SIP R&D trend (assumed by project participants)

▼ Assumed from existing service offerings (assumed by project participants)

▼ Assumed to be realized later than other use cases due to the need for technical verification for
realization (assumed by project participants)

● 100 locations where mobility services are 
deployed assumed by project participants)

● 40 locations where mobility services 
are deployed

▼ Practical application of mobility services vehicles using remote monitoring (envisioned in METI’s "RoAD to the L4")
▼ Public-Private ITS Initiative/Roadmaps: "Deployment of Automated Driving Mobility Services in Limited Areas to More Than 40 Locations by FY2025"
▼ Field operational tests of similar services
▼ Assumed to implement the services as early as possible basically after deployment of FOTs output or verification of the services (assumed by project 

participants)

▼Need to verify technology 
through field operational 
tests for f-3.

f-3. Update and automatic generation of maps

f-2. Collection of information to optimize the traffic flow

f-4. Distribution of dynamic map information

f-1. Request for rescue (e-Call)

e-1(2). Driving assistance based on emergency vehicle information

Lookahead information: trajectory change 
(V2N) d-1, d-2, d-3, d-4, d-5

▼ Assumed that automated vehicles will 
take time to become widely available 
and that services will be provided to support driving safety for the time being

Assumed to start around 2025 based on SIP R&D trends (assumed by project participants)

▼ Start of service through OEM telematics service (collection of vehicle and driving information)

▼On-going study under SIP for providing SPaT information to automated vehicles via V2N

▼ Assumed to start around 2025 based on SIP R&D trends (assumed by project participants)

▼ Assumed by project participants (discussion needed on when to start use cases for automated driving)

▼FOTs conducted under SIP

f-1. Request for rescue (e-Call)

Some of the use cases have already in service through Help Net

▼ Assumed from existing service offerings (assumed by project participants)

▼: Assumptions regarding use case start date
●: Assumption of the development plan for related infrastructure, etc.
(Bold = assumed from the descriptions in the roadmap by the relevant ministries and agencies, 
etc.; normal = assumed by project participants)

Fig.8: Use case deployment plan (V2N)

Fig.9: Undertakings toward practical application of use-cases

© NEC Corporation 20221

A) Activities toward practical application of use cases B) Activities toward the practical application of new 
communication methods

• In regard to practical use cases for V2I/V2V/V2N,
the ITS Information and Telecommunication Systems Promotion Council 
and the study the TF have pointed out various issues (discussion points) 
via the study the TF

• These stakeholders need to cover a wide range of issues (discussion points)
through examination and discussion among the concerned entities,
making clear the direction that should be taken.

• Negotiation use cases are expected to begin after 2040, when automated 
vehicles will be in full use.

• It is difficult to realize negotiation use cases with the current 700 MHz 
band ITS.

• On the other hand, the 5.9 GHz band is mainstream internationally.
New communication methods need to be put to practical use.

A-1) Formulation of security and privacy measures
A-2) Establishment of policy on shared use of onboard unit
A-3) Formulation of policy on generational changes in 

communication methods
A-4) Establishment of business model
A-5) Secure communication quality
A-6) Clarification of division of responsibilities

B-1) Frequency utilization study
B-2) Standardization and specifications
B-3) Equipment development and commercialization
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A) Activities toward practical application of use cases B) Activities toward the practical application of new 
communication methods

• In regard to practical use cases for V2I/V2V/V2N,
the ITS Information and Telecommunication Systems Promotion Council 
and the study the TF have pointed out various issues (discussion points) 
via the study the TF

• These stakeholders need to cover a wide range of issues (discussion points)
through examination and discussion among the concerned entities,
making clear the direction that should be taken.

• Negotiation use cases are expected to begin after 2040, when automated 
vehicles will be in full use.

• It is difficult to realize negotiation use cases with the current 700 MHz 
band ITS.

• On the other hand, the 5.9 GHz band is mainstream internationally.
New communication methods need to be put to practical use.

A-1) Formulation of security and privacy measures
A-2) Establishment of policy on shared use of onboard unit
A-3) Formulation of policy on generational changes in 

communication methods
A-4) Establishment of business model
A-5) Secure communication quality
A-6) Clarification of division of responsibilities

B-1) Frequency utilization study
B-2) Standardization and specifications
B-3) Equipment development and commercialization
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A
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Fig.10: Activities toward practical application of new communication 

methods
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Conclusion

Through the verification of the compatibility of the 
existing wireless communication cellular V2X system, and 
the planning and verification of measures to solve any issues 
that arose, a direction has been determined for the realization 
of the issues facing SIP-UC.

Through the verification of the compatibility of the 
existing wireless communication 700MHz band ITS, and the 

planning and verification of measures to solve any issues that 
arose, it has been shown that the long-term utilization of the 
700 MHz band ITS is an effective means to realize SIP-UC.

The roadmap formulated based on the above was compiled 
based on discussions among academic experts, relevant ministries 
and agencies, and members of industry associations (automotive 
industry, electronics industry) in the TF, as well as technological 
development trends and practical application trends in 
communications as of October 2021 to March 2022. The practical 
application of new communication methods (e.g., application of 
5.9GHz band) necessary to realize cooperative automated driving 
is assumed to take place around 2030, and efforts for frequency 
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B-1) Frequency 
utilization

B-2) Standardization, 
speci�cation

B-3) Equipment 
development and 
practical application

Formulation of IEEE 802.11bd
(IEEE)

R2R communication network construction using RSUs
V2X becomes a 

subject of 
assessment
(EuroNCAP)

Transition from 5.9 GHz band DSRC
to C-V2X completed

Change in allocation of 5.9 GHz frequency/technology
(Disputing reduction of V2X bandwidth and transition from DSRC to C -V2X)

Start of deployment of V2N services in 5G (DG MOVE)

Fully automated driving realized 
on all roads a�er 2040

(DG MOVE)

Study of protocols

(EuroNCAP)

Development of V2X 
safety evaluation criteria

(EuroNCAP) Start of mediation use case 
deployment
(DG MOVE)Study of advancement of ITS -G5

(C2CCC)

Formulation of 3GPP Release 18
(3GPP)

(FCC)

(China Society of Automotive Engineering)

Intelligent connected vehicle (ICV) adoption

PA/CA: 50 % of all automobile sales
HA level automobile market introduction
Percentage of new vehicles equipped
with C-V2 terminals : 50 %

PA/CA: 70% of all automobile sales
HA: 20% of all automobile sales

Achievement of basic adoption of vehicles 
equipped with C -V2X terminals PA: Partially automated driving (equivalent to L2)

CA: Conditional automated driving (equivalent to L3)
HA: Highly automated driving (equivalent to L4)

(Czech implementation plan in C -Roads)

Frequency utilization
(if necessary)

Study of channel and 
bandwidth allocation

Communication protocol dra� study Communication 
standard formulation

Communication 
standard issuance

Study of application speci�cations

Study of OBU common speci�cations

Study of RSU common speci�cations

Product development

Test operation

Equipping of new 5.9 GHz OBU

Deployment of new 5.9 GHz RSU

Adoption 
rate 30%

Adoption 
rate 50%

OBU dra� study

Issuance of RSU common speci�cations

Issuance of OBU common speci�cations

Issuance of application speci�cations (and subsequently, issuance in 
order according to the timing of application deployment)

700 MHz band ITS

New communication technology (application of 5.9 GHz, for example)

Study of security and 
privacy policy

Study of speci�cations for 
security and privacy measures Issuance of speci�cations for security and privacy measures

Study of policies for generational change of 
communication systems

Study of policies for sharing in -vehicle devices

JNCAP *1 Additional new item study, survey research, study of testing and evaluation methods
*1 Driving support technology, including V2X, becomes subject 

of automobile assessment

Preliminary testing

Frequency reorganization action plan +30 MHz for next -generation mobility

Study on how to establish a business model

Study of measures to ensure communication quality

Organization of concept of division of responsibility

Security scheme study Security scheme formation

V2I (broadcast)
V2V (broadcast: continuous)

V2V (broadcast: urgent)
V2I

(mediation)
V2V

(Negotiation)

ITS -G5 Acceleration of RSU implementation (C -Roads)

OBU connectivity con�rmation scheme 
formulation

Fig.11: Proposed Roadmap
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utilization, standardization and specifications, and equipment 
development and practical application should be made toward 
the practical application of these new methods. In addition, for 
the practical application of the use-cases themselves, it is 
necessary to discuss and clarify the direction of various related 
issues, such as cybersecurity and privacy measures for the 
provided services, policies for the shared use of onboard unit, 
policies for the generational changes of equipment, business 
models, ensuring communication quality, and sharing of 
responsibility.

It is expected that, starting from the roadmap and use-
cases, each of the parties concerned, including vehicles and 
infrastructure as well as telecommunication, will play their 
respective roles in the study, and that deepening discussion 
and cooperation across industries will promote efforts 
toward the realization of cooperative automated driving.
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Kinya Asano, Shoichi Nakabayashi (Oki Electric Industry Co., Ltd.), Satoshi Kimura, Masahiro Ohtsuka (NEC Corporation)

2)  Development of New Technologies, V2X 
and Others, for Communication

(2) Technological Development Concerning the Transmission of Traffic Environment Data

Establishment and Utilization of Traffic Environment Data2

Scope of Study

1.1. General Concept

We have studied feasibility of communication technologies 
such as requirements for wireless communication technology 
applied to the cooperative automated driving use cases(1) 
(hereafter the Use cases) through the R&D project named as 
"Research on Communication Methods to Realize Cooperative 
Automated Driving Use Cases" as part of the 2nd phase of SIP-
adus. As a result of this study, including expectation to 
communication technologies to be developed for the future, 
the project proposed the use cases and the road map (hereafter 
the Roadmap) defining requirements for each wireless 
communication technology.

In this study, based on output from the above mentioned 
feasibility study and the Roadmap development, the wireless 
device specification was prepared mentioning communication 
protocols required for the implementation of V2X system with 
radio wave in 5.9 GHz band (hereafter V2X system in 5.9 GHz 
band) in order to advance solving related issues and study. (V2X: 
Vehicle to X, V2I: Vehicle to Infrastructure, V2V: Vehicle to 
Vehicle)

1.2. Actions and Objectives
The activities shown in Figure 1 were carried out with 

medium and long term perspectives in mind.
a) International standardization trends research

We researched and analyzed standardization and 
institutionalization trends related to the V2X system in 5.9 
GHz band communication protocol, message sets, as well as 
relevant communication specifications in countries and 

regions including the U.S., Europe and China.
b)  Research aimed at developing communication protocol 

proposals
The V2X system with 5.9 GHz band communication 

requirements for the technological research of 
communication protocols was studied based on the 
communication requirements and message sets discussed 
through ITS Info-communication Forum, as well as on the 
result of the Roadmap development.(2)

c) Designing communication protocol proposals
Based on the evaluation results of the communication 

simulation, we designed the communication protocol for the 
V2X system in the 5.9 GHz band, which was concluded as 
communication protocol proposal mentioning communication 
procedures and protocol stack, along with message sets.
d) Proposing wireless device specifications

Taking into account functions required for practical 
implementation and cooperation with existing wireless systems, 
we developed a specification for on-board unit and roadside 

1

(Abstract) In this study, based on the road map , which describes specific requirements for wireless communication 
technologies applied to the cooperative automated driving use cases developed through R&Ds in the 2nd phase of 
SIP-adus, we proposed a specification of wireless devices including communication protocol requirements for 
implementation of the V2X system with radio wave in 5.9GHz band, in order to accelerate to solve relevant issues and 
to proceed study for the realization of cooperative automated driving.

 Keywords: cooperative automated driving , V2X,  cellular V2X (C-V2X), DSRC, communication protocol
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protocol proposals
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standardization 
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Summary of communication speci�cations

Analysis and research of standardization and institutionalization trends in 
countries and regions

Organization of operation methods

Preliminary research of communication requirements

Examination of communication requirements via simulation

Developing a communication protocol proposal

Developing a message set proposal

Simulation-based communication performance assessment

Examination of wireless device speci�cations

FOTs on test courses, etc.

Clari�cation of issues and its solutions for implementation

Stakeholder 
m
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Fig.1: Activities for study
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unit using V2X system in 5.9 GHz band then clarified issues for 
implementation and counter measures to solve the issues.

Further, we carried out verification and discussions 
concerning evaluation results and issues at the meeting 
structure as shown in Fig.2 with stakeholders when necessary 
to appropriately apply these results to the study.

International standardization trends 
research

For the Use cases,(1) we prepared the Roadmap defining 
specific action items related to the wireless communication 
technologies. The result of this process was utilized to research 
and analyze the latest and consistent trend of standardization 
and institutionalization in terms of V2X system in 5.9 GHz 
band communication protocol (communication procedures 
and stacks etc.) adapted to traffic circumstances in foreign 
countries and regions including the US, Europe, and China, 
also message sets and relevant communication specifications 
are involved. The output of the range of these efforts was 
applied to the studies described in Chapter 3, 4, and 5. Please 
see Fig.3 for specifications of standardization organizations in 
regions subject to the study.

Research aimed at developing 
communication protocol proposals

The communication requirements for the V2X system in 
the 5.9 GHz band required for technological study of 
communication protocol were studied as shown below, taking 
into account cooperation with the driving safety support system 
in 700 MHz band. This was conducted based on the results of 
the International standardization trends research, the study 
report on communication scenarios and requirements 
developed by the Radio System Technology Task Group of 
Advanced ITS Info-communication System Committee in ITS 
info-communication Forum (hereafter Radio System TG (2)), 
and the result of the Roadmap development. The results of this 
research was used for studies described in Chapter 4 and 5.

(1) Communication channel allocation
The Use cases were broken up to groups based on 

communication medias (V2I, V2V) applied in the Use cases 
and communication contents (broadcasting, negotiation), 
then the channel allocation proposal for each group was 
developed following the estimation of communication 
volumes based on case studies under specific circumstances. 
The grouping criteria for the Use cases is in Fig.4.

(2)  Communication congestion control methods at upper 
layers
Based on the results of study on specifications in SAE, 

ETSI and other organizations and the communication 
channel allocation proposal, the study of communication 
congestion control methods at upper layers was conducted.

Overview of communication congestion control methods 
at upper layers are shown in Fig.5.

(3) Traffic flow simulation-based effectiveness evaluation
Based on the results of research for (1) and (2), we ran 

Fig.2: Stakeholder meeting structure
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Fig.3: Standardization organization specifications, etc. in regions subject to study
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Fig.5: Communication congestion control methods for upper layers

Application requirements (transmission 
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etc.)

Radio communication environment 
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congestion reduction

traffic flow simulation to evaluate the effectiveness of the 
V2X system in 5.9 GHz for the Use cases, including both 
situations where the intelligent transportation systems in 700 
MHz band was and was not being used.

This traffic flow simulation re-creates the Use cases based on 
case studies under specific conditions and evaluates differences 
in vehicle behavior (deceleration, etc.) due to differences among 
communication specifications (communication timing, etc.). A 
model showing vehicle behaviors during traffic flow simulation 
is shown in Fig. 6.

Designing communication protocol 
proposals

In response to the results of the research described in 
Chapters 2 and 3, we developed a communication protocol 
for the V2X system in the 5.9 GHz band shown below based 
on status of institutionalization in Japan related to traffic 
environment and frequency allocation, etc.
(1) Developing communication protocol proposals

Based on the results of research described in Chapters 2 
and 3, and on the results of simulation-based communication 
performance evaluations described below, we researched 
communication content, procedures, layer configuration, 
requirements, etc. for each Use case and developed 
communication protocol proposals. Table 1 shows examples 
of communication protocols for reference standards.

(2) Developing a message set proposal
A message set proposal was prepared considering status of 

standardization and its studies in and outside Japan,(2) the 
communication requirements and the communication channel 
allocation mentioned in Chapter 3 etc. For this, possibilities of 
reuse/ communalization of messages were also included in the 
consideration as another perspective.
(3) Simulation-based communication performance evaluation

Through a system-level communication performance 
evaluation conducted using a computer simulation, we 
studied the impact of deploying V2X systems when the 
communication protocol proposal and message set proposal 
we developed as described in (1), (2) above were implemented.

Based on the expectations and assumptions used for the 
communication channel allocation and others in Chapter 3, 
we defined an evaluation scenario, such as combination of 
use cases, traffic road models (road scale, installation of 
intersections etc.) and traffic flow models (driving speed, 
inter-vehicle gap etc.) to study radio propagation models and 
congestion/interference models, then built up an evaluation 
model. Fig.7 shows examples of radio propagation models.

4

Fig.6: Model of vehicle behaviors during traffic flow simulation
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Fig.4: Use case grouping criteria

V2I V2V

Vehicle receives broadcast from roadside units
a-1-1. Merging assistance by preliminary acceleration and deceleration
a-1-2. Merging assistance by targeting the gap on the main lane
b-1-1. Driving assistance by using tra�c signal information 

(V2I)
c-2-2. Driving assistance based on intersection information (V2I)

Automated vehicle negotiates for merging with 
using V2I communication
a-1-3. Cooperative merging assistance with vehicles on the main lane 

by roadside control

Vehicle broadcasts every time position, speed, etc.

c-2-1. Driving assistance based on intersection information (V2V)
e-1. Driving assistance based on emergency vehicle information

Vehicle broadcasts alert warning when taking sudden hard breaking
c-1. Collision avoidance assistance when a vehicle ahead stops or 

decelerates suddenly
c-3. Collision avoidance assistance by using hazard information

Automated vehicle negotiates for merging using V2V 
communication

a-1-4. Merging assistance based on negotiations between vehicles
a-2. Lane change assistance when the tra�c is heavy
a-3. Entry assistance from non-priority roads to priority roads during tra�c congestion

Broadcast

C
ontinuous

Em
ergency
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Proposing wireless device specifications

We examined wireless device (on-board devices and 
roadside units) specifications for the V2X system in the 5.9 
GHz and developed a proposal for wireless device 
specifications. Based on the results of studies described in 
Chapters 2, 3, and 4 concerning specifications and functions 
for each communication layer, we conducted the study 
taking into account the possible cooperation with existing 
wireless systems. Examples of items to study for wireless 
device specifications are shown in Table 2.

Further, we carried out the FOTs (Field Operational 
Tests) on test courses under the condition that multiple use 
cases co-exist, then analyzed the result of this communication 
performance evaluation with multiple channels in comparing 
with the result of evaluation with simulation in Chapter 4.

Conclusion

For the realization of cooperative automated driving, we 
defined a wireless devices specification including communication 
protocols to be required for implementation of the V2X system 
in the 5.9 GHz band, as we need to accelerate to study and solve 
issues for this implementation.

Studies aimed at developing communication protocols 
involved examining communication requirements for the V2X 
system in the 5.9 GHz band (communication content, 
communication channels, communication congestion control, 
etc.) based on international trends (related institutions and 
standards). In designing a communication protocol proposal 
and wireless device specifications proposal, based on 
communication simulation evaluation results that took into 
account radio propagation characteristics and the impact of 
interference between communication channels, among other 
factors, we studied communication protocol proposal including 
communication procedures and protocol stacks, and also 

5 6
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Fig.7: Examples of radio propagation models for communication performance evaluation systems

Category Overview Study model
Metric property Attenuation due to communications range ITU-R P.1411 (assuming urban environment)
Shadowing Fading due to surrounding 

environment changes
Log-normal distribution
Standard deviation at 5.9 GHz: 3.68 dB

Multipath fading Fading by symbol 3GPP Extended Vehicular A model (EVA)
Shadowing loss Attenuation when there are 

large vehicles between 
transmitter and receiver

・ 3GPP TR 38.901 Blockage model B
(Model using knife-edge di�raction)

・ Attenuation is a �xed value based on blockage by one 
adjacent large vehicle
(One second of space between vehicles at 40 km/h and 5.9 
GHz: 10 dB)

Roadside unit (transmitter) Blocking vehicle Vehicle (receiver) *Occurs in situations where the number of adjacent vehicles, 
buildings, etc. changes

Table 1: Examples of communication protocols for reference standards

Layer

Communication control flow Protocol stack

U.S. Europe U.S. Europe

DSRC C-V2X DSRC C-V2X DSRC C-V2X DSRC C-V2X

Application Request message generation upon event detection EEBL, FCW, etc. (DSRC: SAE J2945/1, etc., C-V2X: SAE 
J3161/1, etc.)

Co-operative Awareness, Road Hazard Warning, etc. (ETSI 
TS 102-637-1, etc.)

Corresponds to 
upper layers 
(layers 5-7)

・  Collect required data, generate message
・ Congestion control (bandwidth control (*1))

Communication services: BSM Exchange, etc. (DSRC: SAE 
J2945/1, etc., C-V2X: SAE J3161/1, etc.), Message: BSM, etc. 

(SAE J2735, etc.)

Communication services: CA Basic Service, DEN Basic 
Service, etc. (ETSI TS 102-894-1, etc.), Message: CAM, 

DENM ,etc. (ETSI TS 102-894-2, etc.)

Transport layer 
(layer 4) Adds data that specifies upper layer services WSMP Transport Protocols (IEEE 1609.3) Basic Transport Protocol (ETSI EN 302 636-5)

Network layer
(Layer 3)

No substantial 
functions

Adds data that specifies 
network addresses WSMP Networking Protocols (IEEE 1609.3) GeoNetworking (ETSI EN 302 636-4)

Data link layer 
(layer 2)

Adds data that specifies upper layer protocols LLC (IEEE 1609.3) PDCP (ETSI TS 136 323) LLC (ISO/IEC 8802-2) PDCP (ETSI TS 136 323)

Splits packets - RLC (ETSI TS 136 322) - RLC (ETSI TS 136 322)

Performs switching when multiple channels exist Channel Coordination
(IEEE 1609.4) - - -

・ Adds data that specifies sender link
・ Send timing control
・ Congestion control (priority control (*2))

MAC (IEEE 802.11) MAC (ETSI TS 136 321) MAC (IEEE 802.11) MAC (ETSI TS 136 321)

Physical layer 
(layer 1) Sends after encoding and modulating PHY (IEEE 802.11) PHY (ETSI TS 136 201) PHY (IEEE 802.11) PHY (ETSI TS 136 201)

Cybersecurity 
layer

Adds data (signature) to guarantee sender 
authenticity and message integrity

Electronic signature
(IEEE 1609.2)

(*1) Output control available through U.S. DSRC (*2) Bandwidth control and output control available through Europe DSRC
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message set proposal such as communalization and expandability 
when coexisting multiple use cases.

With the wireless device specification including 
communication protocol developed in this study, it is expected 
that all relevant research institutes and companies align and 
work together for the realization of cooperative automated 
driving.
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Table 2: Examples of items to study for wireless device specifications

V2X communication function, characteristics, and 
interface details

G
eneral requirem

ents and technical requirem
ents for w

ireless device

General 
requirem

ents

Data rate

Coding Rate

Channel

Modulation method

Transm
itter characteristics

Antenna power

Antenna power permissible deviation

Transmit spectrum mask

Leakage power during carrier off

Transmitter spurious

Frequency permissible deviation

Modulation accuracy

Transmission timing accuracy

Receiver 
characteristics

Receiver sensitivity

Adjacent channel rejection

Non-adjacent channel rejection

Secondary emitted radio wave strength

Receiving maximum input power

CCA requirements

A
ntenna

Antenna structure

Antenna gain

Antenna polarization

Antenna installation

V2X communication function, characteristics, and interface details

Com
m

unication control section functions, characteristics, interface

Layer 1 functions

Overview - -

Layer 1
Service interface Service primitive

Functions

Parameters

Layer 1 communication control
Protocol data unit Data format

Transmit/receive procedure -

: : : :

Layer 7 functions

Overview - -

Layer 7
Service interface

Service primitive
Functions

Parameters

Security primitive
Functions

Parameters

Layer 7 communication control
Protocol data unit Data format

Transmit/receive procedure -

Layer management
Entity functions

Layer management
Service interface

Layer 1
Functions

Management information base 
(MIB)

: :

Layer 7
Functions

Management information base 
(MIB)

Security layer functions

Other functions Transmission requirements

Use cases
a-1-1

Communication sequence

Interface of
service in use

Transmission parameters

: :

Use cases
g-2

Communication sequence

Interface of
service in use

Transmission parameters

Congestion control -

Between antenna section and 
transmission/receiving section Physical interface - -

Between transmission/receiving section 
and communication control section Physical interface - -

Between application and layer 7
Physical interface - -

Logical interface - -

SIP通し.indb   98SIP通し.indb   98 2023/03/01   16:462023/03/01   16:46



Tomohiko Saito, Shota Taki (NTT Communications Corporation)

3)  Research and Development Concerning the Collection 
and Transmission of Mid-Scale Network Information

(2) Technological Development Concerning the Transmission of Traffic Environment Data(2) Technological Development Concerning the Transmission of Traffic Environment Data

Establishment and Utilization of Traffic Environment Data2

Overview of this Research and 
Development1

There are a number of issues that will need to be addressed 
in order to put automated driving into practical use in the 
future. One of these is the fact that automated vehicles cannot 
themselves perform adequate sensing in complex environments 
such as intersections, forcing these vehicles to stop or slow 
down in front of intersections in order to safely proceed through 
intersections, potentially interrupting the flow of traffic.

In this study, as shown in Fig.1, to resolve these issues, we 
have established use cases for assisting easier entrance to 
intersections, avoiding cars parked on streets, and assisting to 

change route to avoid upcoming intersections. Based on the use 
cases, the target information in blind spots from multiple 
information sources was collected and integrated, and 
distributed to the small-scale network area surrounding an 
intersection around which the information was collected and to 
mid-scale network area which covers multiple intersections 
blocks or municipal(s). These are the research and development 
we have carried out since fiscal 2019 to contribute to passage 
assistance at intersections and lane-change assistance before 
entering to intersections.  In fiscal 2019, preliminary research 
was done for core technologies to efficiently collect, integrate, 
and distribute multiple object data from roadside infrastructure, 
and others. Then the Field Operational Tests (FOTs) were 
conducted in fiscal 2020. Based on these results, specifications 
for a common interface, as well as data distribution methods, 
integration methods, and edge server installation standards 
were established in the interest of building a "system to assist 
automated vehicles."

These efforts shed light on the fact that practical application 
of these technologies would require addressing a broad range of 
data encompassing more than just object data to support 
automated driving, as well as identifying issues for different use 
cases.(1)

Fig.1: Vision and goals for this R&D

Safely enter and pass 
through intersection

Avoid vehicles parked on 
roads (lane changing)

Bypass upcoming intersections 
(route changing)

(Abstract) There are a number of issues that will need to be addressed in order to make automated driving ubiquitous 
in the future. One of these is the fact that automated vehicles cannot themselves perform adequate sensing in 
complex environments such as intersections, forcing these vehicles to stop or slow down in front of intersections in 
order to safely proceed through intersections, potentially interrupting the flow of traffic. As part of research and 
development conducted in fiscal 2019 and fiscal 2020, preliminary research and field tests were conducted involving 
core technologies concerning the collection of data on objects such as vehicles and pedestrians from sensors, etc. 
in the vicinity of intersections, as well as data distribution control technologies for automated vehicles. In fiscal 2021, 
steps were taken to support a broader range of data such as emergency vehicle data and traffic signal schedule 
information, as well as steps to support information distribution in mid-scale network for a variety of use cases. 
Meanwhile, tests were run to gauge server load in mid-scale network area and data transmission efficiency, in addition 
to assessing the usefulness of information distribution system in mid-scale network, with the goal of practical 
application of these technologies. The results of this research and tests led to the creation of the Mid-Scale Network 
Server Implementation Guidelines for business operators considering V2N information distribution in mid-scale 
network.

Keywords:  V2N, V2X, Information distribution system in mid-scale network, emergency vehicle information, SPaT information, 
PULL/PUSH data delivery
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Fiscal 2021 R&D activities and 
results2

As part of fiscal 2021 R&D activities aimed at solving 
problems with a view to implement the above technologies in 
societies, research was conducted with respect to the expansion 
and application of technologies concerning the distribution of 
data to automated vehicle at mid-scale network area. In 
addition, through FOTs with user participation conducted in 
coordination with the large scale FOTs carried out in the Tokyo 
waterfront area, a more detailed research was performed with 
the goal of practical use of the technologies, while examining 
the adaptability of the whole system of mid-scale network  
information distribution system.

2.1.  Research into the expansion and application of 
distribution-related technologies

With respect to information distribution in mid-scale 
network, it is necessary to examine the need for immediacy and 
the effective distribution area for each kind of information 
based on the use cases, and then to formulate distribution 
methods. In light of this and given the characteristics of 
distribution systems (PULL/PUSH), these FOTs have centered 
on distribution systems, communications protocols, 
distribution areas, and distribution frequencies for each 
information to be distributed.

(1) Research concerning distribution methods for use cases
With regard to information to be distributed as part of these 

R&D efforts, the use cases we assumed and the immediacy that 
will be required for each of the use cases are presented in Table 
1. Also the adequate distribution method in light of the 
distribution system characteristics was examined as shown in 
Table 2.

For lane-level road data and rainfall information, because of 
the low update frequency, the PULL system was deemed to be 
the most suitable as  a vehicle can acquire information when 
they need it. The PUSH system, on the other hand, was deemed 
to be the most suitable for emergency vehicle information and 
SPaT (Signal Phasing and Timing) information as the 
information can be distributed from the server to the vehicle, 
satisfying the need for immediate information processing.

Due to the likelihood of data volume increasing with the 
PUSH system as information is sent to individual vehicles at a 
higher frequency, this R&D focused on studying emergency 
vehicle data and SPaT information, which was distributed by 
two methods: distance-based and intersection-based.

(2)  Communications protocols used for information distribu-
tion in mid-scale network
MQTT was selected as the communications protocol used  

for distribution in mid-scale network. The MQTT protocol, 
which uses a Publish/Subscribe model and is simple, lightweight, 
and fast, with an extensive library, was made to send and receive 
short messages frequently among numerous devices. It is also 
easy to sort transmissions differently depending on the Topic, 
and has seen extensive use in connection with IoT devices. 
These and other factors give MQTT more advantages than other 
protocols. MQTT was selected as it was deemed the best fit for 
these FOTs. Its QoS controls the assurance of message delivery 
between client and broker depending on its level setting. Fig.2 
shows a system configuration diagram for mid-scale network 
servers using MQTT, while Fig.3 shows a software chart.

(3)  Mid-scale network server application configuration 
examination

For PUSH distribution system, based on the location 

Fig.2: Mid-scale network server system configuration diagram
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Fig.3: Mid-scale network server software configuration diagram

V2X system application
Mid-scale network server application Mid-scale network server application Externally linked application

Spring Framework Spring Framework Spring Framework

OS: Ubuntu 18.04.2 LTS

VM:
Amazon Corretto 8  8.262.10.1

DB:
MemSQL

6.8.17

～

MQTT client:
Eclipse Paho 1.0.2

MQTT
broker:
EMQX

4.1.2

Table 1: Use cases and other conditions for distributed information

Information Assumed UC Needs for real-time 
distribution

Rainfall 
information

Handover to manual driving & underpass 
avoidance (route changing) Low

Lane-level road 
traffic 
information

Avoid medium and wide range congestion/
restrictions (route/path changing)/detect jam 
endpoints and slow down in advance

Low

Emergency 
vehicle 
information

Detect emergency vehicles approaching and 
slow down/stop High

SPaT 
information

Dilemma avoidance/assistance when traffic 
lights are at blind angles/ adjust to best route/
speed

Medium/high

Table 2: Characteristics of data suited to distribution via each system

Distribution system Best information use case Best information 
type

Needs to be distributed 
in real-time

PULL system
Distribute information 
based on user request

When the receiver chooses 
and uses needed data from 
broad ranging and profuse 
data

Static data
Semi-static data
Semi-dynamic 

data

Low

PUSH system
Distribute information 
to target vehicle from 
distribution source

When wanting to 
distribute information 
upon event occurrence or 
in short intervals

Dynamic 
data High

(2) Technological Development Concerning the Transmission of Traffic Environment Data
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information of a vehicle, we implemented a server in mid-scale 
network to distribute information narrowed down to that of 
vicinity of the vehicle. As required and searched information 
differs for each vehicle, we had an application launch for each 
vehicle. Using this configuration, in order to reduce the delay 
between information update and distribution, information was 
distributed from the server every second (parameters can be 
changed) and MQTT Topics were given unique values for each 
vehicle. Application installation was performed using Java’s 
Spring Framework.
(a) Emergency vehicle information

Emergency vehicles require responding in real time when 
they approach from behind or from out of view, but do not 
affect vehicle travel when they are far away. We consequently 
studied using PUSH distributions for emergency vehicle 
information within a certain radius around the vehicle, as 
shown in Fig.4.

Fig.4: Emergency vehicle information distribution frequency and 
distribution area

Information-
receiving vehicles

300m

Transmission area

➢ Distribution frequency : 1-second interval
➢ Distribution radius: 300m

[Emergency vehicle information]

(b) SPaT information (distance-based method)
Drivers sometimes cannot make out a traffic light color due 

to sunlight or obstruction, for example. For such situations, we 
considered having vehicles receive SPaT information in advance 
as a means to support dilemma avoidance at intersections, plan 
routes efficiently, and achieve green waves. To reduce 
communications traffic using the distance-based system, SPaT 
information is transmitted within a rectangle around the 
direction of the distributing vehicle’s travel. This is shown in 
Fig.5.

Fig.5: SPaT information distribution method (distance-based method)

Information-
receiving vehicles

1km

1km

➢ Distribution frequency: 1-second interval
➢ Distribution radius: 1 square kilometer (parameters can be changed)

[SPaT information]

Transmission area

(c) SPaT information (intersection-based system)
The intersection-based system sends out PUSH 

transmissions every time SPaT information is updated at an 

intersection. As shown in Fig.6, vehicles designate intersections 
on their own travel routes and divergent routes and continuously 
receive SPaT information.

When a vehicle designates a new intersection, the updated 
version of the SPaT information it has received. It also stops 
receiving unneeded data about previous intersections.

This system was achieved as follows. For SPaT information 
distributed to a server in mid-scale network from a data source 
server, an intersection ID that identifies each intersection is 
published as a Topic. When a vehicle first subscribes, it 
immediately distributes up-to-date information through 
MQTT’s retain function. As long as a vehicle is subscribed, it 
receives data every time data is updated.

Under this system, while vehicles need to designate the 
intersections for which they require data, server load can be 
reduced as working servers do not have to process information 
for every vehicle. Moreover, as data is only transmitted upon 
subscription and SPaT information update, distribution 
frequency and communications traffic can be decreased.

2.2.  Examination of system configuration feasibility 
at the time of social implementation

As a step toward practical application of an information 
distribution system in mid-scale network, we measured server 
load in mid-scale network area and communications traffic, 
and assessed the effectiveness of an information distribution 
system in mid-scale network.

(1) Measuring server load for PUSH distributions
Using the configuration in Table 3, we measured the load 

imposed on a server in mid-scale network when simulated 
emergency vehicle information and SPaT information were 
sent to vehicles, based on the number of information-receiving 
vehicles.

Fig.6: SPaT information distribution method (intersection-based system)

Information-
receiving vehicles

➢ Distribution frequency: Whenever SPaT information is updated
[SPaT information]

Table 3: Test server specifications

Server name vCPU core count Memory (GB)

DB server 4 16

Externally linked server 2 8

Mid-scale network application server 8 56

MQTT server 4 16

(2) Technological Development Concerning the Transmission of Traffic Environment Data

2.Establishment and Utilization of Traffic Environment Data
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As described in Section 2.1 (3), when using the distance-
based method for emergency vehicle information and the SPaT 
information, one server application was launched for each 
vehicle. However, under intense resource usage, it was not 
possible to launch more than 70 server applications due to a 
lack of enough CPU resources. Likely reasons for this are that 
one application was launched for each vehicle, the Spring 
Framework was running for each application, and transmissions 
were processed every second for each application.

By contrast, the intersection-based method for SPaT 
information has none of these issues, with a server load lower 
than that of the distance-based method. There was  also no 
increased MQTT server load with the intersection-based 
method. Table 4 shows CPU and memory usage when 
distributing information to 70 vehicles.

also no increased MQTT server load with the intersection-
based method. Table 4 shows CPU and memory usage when 
distributing information to 70 vehicles.

Table 4: CPU/ memory usage for information distribution from server in 
mid-scale network

Load test delay 
verification
(Average)

Server in 
mid-scale 
network 

CPU max 
usage

Server in 
mid-scale 
network 
memory 

max usage

MQTT 
server CPU 
max usage

MQTT 
server 

memory 
max usage

Distribute to 70 vehicles simultaneously

[D
ist

rib
ut

io
n 

m
et

ho
ds

]

Simulated 
emergency vehicle 

location 
information/

Distance-based 
method

46.58% 58.14% 2.75% 2.42%

SPaT information/
Distance-based 

method
50.19% 58.02% 8.77% 2.47%

SPaT information/
Distance-based 

method
3.23% 2.38%

(2)  Measuring communications traffic for PUSH distributions
We conducted a theoretical measurement of communica-

tions traffic discrepancies between the two methods when data 
was distributed via the PUSH methods from a server in mid-
scale network. We looked at SPaT information for which both 
the distance-based and intersection-based methods were avail-
able.

As shown in Table 5, when the data distributing intersection 
count was the same, the distance-based method distributed 
with a higher frequency as data updating experienced no delay. 
With the intersection-based method, distribution data volume 
was reduced to less than 1/100 as data was only transmitted 
when SPaT information was updated. Consequently, from the 
perspective of communications traffic, the intersection-based 
method has the advantage.

Table 5: Results of theoretical measurement of communications traffic for 
SPaT information

Mi
d-s

cal
e n

etw
ork

 ar
ea 

ser
ver

↓

Ve
hic

le

Distribution 
method

Number of 
intersection 

per area
Distribution 
frequency

Data-
receiving 
vehicles

Communications 
per hour

Data distributed 
per hour

SPaT information
(Distance-based)

12
(1km2） 1 second

258 (*)
928,800 Approx. 2.79 GB

SPaT information
(Intersection-based) 12 120 seconds

(Signal cycle length) 7,740 Approx. 9.68 MB

*Average Vehicles per kilometer in Tokyo (fiscal 2022)

(3) Examination of distribution system feasibility
As a step toward practical use of an information distribution 

system in mid-scale network, we calculated costs of server in 
mid-scale network that would be incurred to transmit a larger 
amount of dada then examined feasibility of the system.

Based on calculations performed in Section 2.2.(1), we 
calculated what the cost would be if they were to hypothetically 
distribute information to vehicles using a Microsoft Azure 
server. As shown in Table 6, we found that when using the 
intersection-based method the cost of using the distance-based 
method per distributing vehicle could be kept to less than 
1/100.

cost of using the distance-based method.

Table 6: Number of supportable vehicles and per-server cost calculation

Information
Azure D96ads v5

Supportable vehicles under 
one configuration (one server)

Server cost per vehicle

Emergency vehicle 
information
SPaT information 
(distance-based)

For Approx. 840 vehicles 188 yen/month

SPaT information
(Intersection-based) For Approx. 88,800 vehicles 1.78 yen/month

2.3.  Examination of functions needed for practical 
use

This section looks at functions and issues to be examined 
when considering the social implementation of technologies 
for distributing data to large areas, with a view to deploying 
such technologies nationwide.

(1) Re-examination of requirements
Further reducing costs per information-receiving vehicle 

will require re-examining requirements aimed at achieving 
more efficient information distribution (distribution methods, 
function allocation, etc.). The server load tests have shown that, 
for every type of data, distribution control per information-
receiving vehicle places considerable load on the server. As a 
result, distribution methods need to undergo a re-examination 
that also factors in use cases. For example, this could mean  to 
apply the intersection-based method for SPaT information, or 
to distribute emergency vehicle information not to information-
receiving vehicles as shown in Fig.7 but to vehicles passing 
within a certain size of area centered on an emergency vehicle.

Fig.7: Proposal method of information distribution to vehicles passing 
within a certain size of area centered on an emergency vehicle

[Emergency vehicle location information]

300m
Transmission area

➢
➢

Distribution frequency: Whenever information source data is updated
Distribution radius: 300 m (needs review) Distribution radius cannot be 

set per vehicle, so is fixed Information is not distributed to vehicles with 
no emergency vehicles in the vicinity
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(2)  Creation of a system with a view to practical implementation
Creating an information distribution system in mid-scale 

network area with a view to at-scale deployment will require 
consideration of overall system architecture. Further research 
into availability and scalability is needed, including, for 
example, the addition of functions for specifying available 
servers from multiple distributing servers as shown in Fig.8, 
further boosting efficiency through application optimization, 
and implementing non-functional requirements such as 
redundancy and security.

(3)  Establishment of server in mid-scale network implementa-
tion guidelines
Based on the results of this research and development, we 

identified areas requiring consideration ahead of creating and 
studying server in mid-scale networks, and established 
implementation guidelines for business entities who are 
considering to distribute information in mid-scale network to 
vehicles through V2N system. Such business entities may 
include OEM and content providers.

Conclusion3

As part of research and development efforts in fiscal 2021 
aimed at promoting the use and expansion of distribution 
system in mid-scale network nationwide, we examined the 
feasibility of expanding and applying distribution-related 
technologies and conducted verifications by way of a large-scale 
field operational tests.

In the future, we plan to accelerate efforts to put the results 
of this R&D into practical use and apply the knowledge gained 
from these activities toward a range of fields through guidelines, 
among other things.
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Background and Significance

Ensuring safety and reliability is the most important issue 
in the practical implementation and deployment of 
automated vehicles, and there is an urgent need to establish a 
safety assurance method for automated vehicles. In addition, 
communication between automated vehicles and other 
traffic participants must be conducted flawlessly. Therefore, 
SIP-adus (Cross-ministerial Strategic Innovation Promotion 
Program (SIP) Automated Driving for Universal Services)
decided to address the following three issues for technological 
development for enhanced safety.(1)

(i) Building of safety assurance environments in virtual environments
(ii)  Sustainable and effective measures against cyberattacks on 

connected cars (cybersecurity)
(iii)  Establishment and dissemination of appropriate 

methods for communicating the intentions of automated 
vehicles to people, and effective education and awareness 
methods for people using automated vehicles and 
automated driving services (safety education)

Currently, addressing the building of a safety assurance 
method for automated driving is also the matter of greatest 
interest globally, and various initiatives are in progress. SIP-
adus is also conducting safety assurance on public roads, 
such as the FOTs (Field Operational Tests) in the Tokyo 
waterfront area, and these driving tests on public roads and 
testing of actual cars at testing sites are also important, but 
evaluation via simulations that are reproduceable and that 
can also generate critical conditions are essential as well.
Therefore, SIP-adus is particularly focusing on the evaluation 
of sensor performance, with the aim of building simulation 
models which are highly consistent with real environments and 

can be an alternative to test evaluations in real environments, 
and has commenced the development of a safety assurance 
simulation platform in a virtual environment that can perform 
evaluations under various conditions based on the relevant 
models.

Regarding cybersecurity, in the first phase of SIP-adus, 
the establishment of a method for evaluating the level of 
cybersecurity protection against cyberattacks from outside 
the vehicle was addressed, and an evaluation method for 
during the development phase was developed. On the other 
hand, because cyberattack technology continues to evolve, a 
system to detect and monitor cyberattacks during vehicle 
operation after a vehicle is on the market is also necessary.

Currently, Intrusion Detection Systems (IDS) for 
cyberattacks against vehicles by third parties in bad-faith are 
garnering attention as countermeasures against this issue. 
The development of a method to evaluate the performance of 
IDSs was addressed in the second phase of SIP-adus.

In addition, as a human-machine interface (HMI) issue, 
research and development was conducted on the appropriate 
indication and education methods to avoid communication 
errors when automated vehicles encounter other vehicles, 
pedestrians, etc. in mixed traffic.

The research and development of all three of these issues were 
progressed in cooperation with the German Federal Ministry of 
Education and Research (BMBF) under the Japanese-German 
cooperation framework. [See Section 6 2) for more details]

Building of safety assurance 
environments in virtual environments

Because the current evaluation method, which is centered 
around FOTs using actual vehicles on public roads, does not 

1
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allow for the intentional setting of the necessary driving 
environment conditions, which makes it difficult to 
determine whether or not an automated vehicle meets the 
required safety and to evaluate all of the various events that 
occur on public roads using actual vehicles, there was an 
urgent need to develop a method to assure the safety of 
automated vehicles under specific driving environment 
conditions. In addition, it is considered necessary to develop 
simulation tools that focus on sensor performance evaluation 
in order to improve the efficiency of safety assurance using 
actual vehicles, which takes an enormous amount of time in 
the current development of automated vehicles.

Therefore, SIP-adus program to develop simulation 
models which are highly consistent with real phenomena 
and can be an alternative to test evaluations in real 
environments, in order to conduct safety assurance with 
high reproducibility under various traffic environments. 
(Fig.1)

A consortium consisting of three universities (Kanagawa 
Institute of Technology, Ritsumeikan University, and Toyota 
Technological Institute) and ten companies (Hitachi Astemo, 
Sony Semiconductor Solutions, Denso, Toyota Technical 
Development, Pioneer, Biprogy, Mitsubishi Precision, Soken, 
Solize, and Yushin), led by Professor Hideo Inoue of the 
Kanagawa Institute of Technology, and the all-Japan 
organization commenced the building of the Driving 
Intelligence Validation Platform (DIVP®), a safety assurance 
environment platform in a virtual environment. This "virtual 
environment model" is a model that enables the safety 
assurance of an automated driving systems by modeling the 
geometric information and reflectance and spatial 
propagation properties of objects under traffic environment 
scenarios, and detecting them with a refined sensor model 
(Fig.2); by changing the various environmental factors such 
as time of day, the weather, vehicles, and infrastructure, it is 
possible to evaluate a system under any conditions.

In this model, in order to accurately simulate the sensor 
outputs, the detection principles of each sensor and physical 
phenomena in the electromagnetic wave band used are 

modeled based on the principle of reflectance properties, 
and consistency is verified by comparing the results with 
those of actual vehicle tests. In addition, there are "virtual 
environment models" which correspond to cameras, radar, 
and LiDAR respectively to make the simultaneous evaluation 
of these sensors possible. (Fig.2)

From FY2021, we have cooperated with the AD-URBAN 
(FOT project of Automated Driving system Under Real city 
environment Based on Academic researcher’s Neutral 
knowledge) step being undertaken by the Kanazawa 
University consortium to share scenarios where there was 
recognition failure in FOTs of LiDAR and cameras, evaluate 
the reproducibility in a virtual environment, verify the 
differences in recognition between the real environment and 
virtual environment, and improve the accuracy of the model. 
[See Section 3 2) for more details]

In addition, in order to ascertain the future needs of 
customers and to identify issues regarding the continuous 
operation of the DIVP data platform, a scenario package was 
prepared that stimulated sensor weakness scenarios in the 
Tokyo Waterfront City area, invited participants from 
automobile manufacturers and sensor manufacturers, and 
conducted a monitoring evaluation in two separate steps.

The results of the monitoring evaluation were generally 

Fig.2: Virtual environment model and sensor model
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Fig.1: Consistency verification of DIVP’s sensor model
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favorable, and the simulation experience conducted in STEP-
1 was rated higher than other simulators in terms of the 
reliability of the simulation and the adequacy of the assets. In 
STEP-2, several companies from among the participants in 
STEP-1 were selected and a detailed evaluation verification 
was conducted on the connectivity of the system with various 
existing simulation environments, the output of simulation 
results when the scenario environment was arranged based 
on the virtual environment that had been prepared, and the 
connectivity of the system with the participants’ various 
models and systems. (Fig.3)

Automated vehicles utilize a complex combination of 
sensors such as cameras, radar, and LiDAR, and it is essential 
to evaluate them via sensor fusion. In this case, evaluation of 
combinations of various sensors is necessary, and 
standardization of the interfaces is important to realize this 
in a simulation. For this reason, the standards of the German-
based standardization organization Association for 
Standardization of Automation and Measuring Systems 
(ASAM) were used to ensure compatibility with existing 
simulations.

In addition, SIP-adus started a cooperative project called 
the VIrtual Validation methodology for Intelligent Driving 
systems (VIVID) with the German research project VIVALDI 
in October 2020, and the standardization of safety assurance 
systems and simulation interfaces for automated driving by 
organizations such as the International Organization for 
Standardization (ISO) and ASAM while strengthening 
international cooperation efforts was promoted through 
these activities. [See Section 6 5) for more details]

On the other hand, the establishment of safety assurance 
methods for automated vehicles requires verification of the 
validity of scenario definitions and evaluation criteria. To 
accelerate the practical implementation of safety assurance 
technology, DIVP has cooperated with the Safety Assurance 
KUdos for Reliable Autonomous Vehicles (SAKURA) Project 
being conducted by the Ministry of Economy, Trade and 
Industry and the Ministry of Land, Infrastructure and 
Transport, based on a proposal by the Safety Assurance 
Subcommittee of the Japan Automobile Manufacturers 
Association (JAMA), and established a working task force and 

steering committee to jointly promote the project in FY2021.
As a result of the DIVP activities over the past four years, 

the practical implementation of a platform that enables 
streamlined scenario generation, recognition performance 
evaluation, and vehicle control verification is in sight, and 
V-Drive Technologies, a new company (100% owned by 
Biprogy) that provides DIVP’s research results as a tool chain, 
was established in July and started general sales in September.

Cybersecurity

Automated vehicles need to acquire road traffic 
environment data such as high precision 3D maps and traffic 
signal information via communications. Cyberattacks are a 
major threat to automated vehicles and other vehicles with 
communication functions, and it is extremely important to 
take cybersecurity measures in anticipation of cyberattacks.
Several cases of cyberattacks on vehicles have already been 
reported at international conferences, and Intrusion 
Detection Systems (IDS) are attracting attention as a 
countermeasure against cyberattack methods, which 
continue to evolve even after vehicles are put on the market.

On the other hand, since IDS is a countermeasure against 
unknown cyberattacks, it is difficult to evaluate its 
performance. Therefore, SIP-adus has worked on an 
evaluation guideline for IDSs. In this project, in addition to 
examining IDS in cooperation with an industry organization 
(JASPAR), IDS performance evaluation was conducted using 
a testbed and actual vehicles, IDS evaluation methods were 
established, and the formulation of IDS Evaluation 
Methodology and Guidelines was completed. The results of 
this research were transferred to JASPAR in August 2022 and 
are planned to be used as industry guidelines in the future.

Although the number of vehicles with communication 
functions is increasing each year, there have not been many 
hacking incidents that concerned safety because they have 
been used mainly for entertainment purposes. However, the 
number of such incidents is anticipated to increase as 
automated driving commences in the future and information 

3

106

 

Technological Development and Education for Enhanced Safety (Overview)

 

3 Ensuring the Safety of Automated Driving

Fig.3: Connectivity between customer environment and DIVP
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obtained from communications is used for control.
Therefore, the active collection of threat information 

from cyberattacks on connected cars was attempted, and the 
development of observation, collection, analysis, and storage 
methods, as well as the definition of basic specifications for a 
threat information sharing system to support initial response 
activities was conducted.

The basic specifications of this threat information sharing 
system will be transferred to an industry organization 
(J-Auto-ISAC) at the end of FY2022, and the future 
improvement and utilization is also planned. (Fig.4)

Regarding this project, based on the cooperation 
framework between SIP-adus and BMBF, a cooperation 
project called SAVE (Securing Automated Vehicles) was 
commenced in October 2020 with the German research 
project SecForCARs (Security For Connected, Autonomous 
Cars), and international cooperation was promoted through 
studies, etc. of threat information sharing systems. [See Section 
6 7) for more details]

Safety education

Road safety is ensured by the three complementary 
elements of people, vehicles, and the traffic environment, and 
it is difficult to ensure safety through vehicles alone. Currently, 
various driving safety support systems such as Autonomous 
Emergency Braking (AEB) are widely used and are steadily 
contributing to the reduction of accidents, but conversely, 
accidents caused by overconfidence are sometimes seen. It is 
therefore necessary for all traffic participants to have a correct 
understanding of automated driving. Regarding this issue, 
SIP-adus investigated the ideal HMI, including appropriate 
indication and education methods, while taking international 
trends into consideration, and conducted studies toward the 
development of the necessary technology and creation of 

guidelines. The initiatives focused on the following three 
details as the cooperative area related to HMI.
(1)  Assuming movement and logistics services that use 

automated vehicles equivalent to SAE Level 4TM, smooth 
communication methods that ensure the safety of 
automated vehicles and surrounding traffic participants 
(pedestrians, bicycles, drivers of other vehicles, etc.) and 
that allow them to clearly understand each other’s 
intentions were derived. [See Section 3 5) for more 
details]

(2)  An HMI was developed for the appropriate taking over of 
driving when the driving environment conditions deviate 
or when the function of the automated driving system 
deteriorates, and education methods for drivers were 
derived. [See Section 3 6) for more details]

(3)  As a preliminary step before the introduction and spread 
of vehicles with automated driving at SAE level 3TM or 
higher, the knowledge that drivers, pedestrians, etc. 
should acquire regarding driver assistance systems 
equivalent to SAE level 2TM and effective education 
methods for them were derived. [See Section 3 4) for 
more  details]
Regarding this project, cooperation with a German 

research project was commenced in July 2019, based on the 
cooperation framework between SIP-adus and BMBF, and 
the setting of research topics and verification of the validity 
of the research methods for the three issues mentioned above 
was progressed. In addition, the results were widely 
disseminated worldwide, and international standardization 
was conducted while strengthening international cooperation 
efforts. [See section 6 4) for more details]
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1)  Development of Driving Intelligence 
Validation Platform (DIVP®) for 
Automated Driving Safety Assurance

Ensuring the Safety of Automated Driving3

Project Background and Overview

The National Highway Traffic Safety Administration 
(NHTSA) of  U.S. Department of Transportation has investigated 
accidents involving self-driving vehicles and reported cases in 
which the sensors failed to detect objects and detected objects 
were not properly recognized.(1)(2) Currently, a variety of different 
approaches to safety assurance are being tried in countries 
around the world. As a typical example, the PEGASUS project, 
founded by Germany's Bundesministerium für Wirtschaft und 
Energie (BMWi) and its successor, the SET Level project, 
propose validation and verification methodologies based on 
driving scenarios.(3)(4) 

Through these activities, it is essential to utilize a simulation 
evaluation environment to evaluate the safety of automated 
vehicles under weather conditions that are difficult to reproduce 
and accident/near-miss conditions that are dangerous to 
reproduce. In particular, whether sensors can correctly perceive 
and recognize objects is important point and a simulation 
infrastructure equipped with sensor models that are highly 
consistent with real phenomena supporting these processes, is 
needed. However, so far, there has been no full-scale research 
and development of  a simulation with high fidelity on sensors’ 
performance. As part of the second phase of SIP-adus, the 
Driving Intelligence Validation Platform ("DIVP®") project, a 
research and development project undertaken by a consortium 
of collaborating sensor manufacturers, software firms, 

universities, and other organizations, was launched at the end 
of 2018. (Fig.1) The project aims to build a simulation platform 
for automated driving safety evaluation in a virtual space 
focusing on sensor models that are highly consistent with actual 
phenomena. 

In this project, above-mentioned 13 organizations in 
industry-academia collaboration (Fig.2), by connecting with 
each other by utilizing their respective expertise, work on the 
construction of interface specifications for the safety evaluation 
platform including automated driving control models in 
addition to a series of virtual space models of "driving 
environment-spatial propagation-sensors", with the aim of 
contributing to global standardization.

Highly consistent sensor modeling 
with real phenomena

External recognition sensors differ from standard vehicle 
component models and play a dynamic role in connecting 
driving environment models with automated driving control. 
Conventional simulators put an emphasis on evaluating 
whether or not system control functions properly, and sensor 
models based on true value (normal function) are often used. 
As mentioned above, automated vehicle safety assurance 
requires identifying the strengths and weaknesses (limits) of 
peripheral surveillance sensors and making improvements to 
system design, sensors, and sensory perception algorithms. 

1

2

(Abstract) As automated driving systems become more complex, there is a need to ensure the safety of countless 
driving environments. However, safety validation on current automated vehicle relies on comprehensive results 
evaluations in real driving environments and are quite costly in terms of people, material, money, and time. It is also 
difficult to test the physical perception and recognition performance limits of camera, radar, LiDAR, and other such 
external sensors with respect to physical phenomena that occur in the real world. In other words, there is the issue of 
how far to go in constructing systems to guarantee safety (How safe is safe enough?) Against this backdrop, this 
research project will build an assessment platform for virtual simulations that can achieve "highly consistent modeling 
of driving environments, spatial propagation, and sensors" with real phenomena, as is needed to conduct automated 
driving safety assurance. The goal is to enable detailed and efficient safety assurance for automated driving systems 
under a large number of scenarios. 

Keywords:  automated driving, virtual environment, external sensor, virtual simulation, safety assurance
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However, with true value-based sensor models, it is difficult to 
incorporate electromagnetic wave spatial propagation 
validation results into models. This presents problems for 
incorporating into models the kinds of scenarios that sensors 
struggle with. This project is taking the reflectance properties 
(retro, diffusion, specular reflection, etc.) and transmission 
properties of millimeter wave radar waves, visible light used in 
cameras, and near infrared light used in LiDAR, and is building 
a physical model and designing a spatial propagation model for 
ray tracing and other applications. Additionally, using 

sophisticated experimentation and measuring technologies, we 
are building a physical model for real phenomena that changes 
based on peripheral environment effects such as rain, fog, and 
peripheral illumination such as sunlight. This project's focus on 
incorporating spatial propagation properties as seen through 
sensors into a model consisting of driving environments, spatial 
propagation, and sensors based on electromagnetic principles 
sets the project apart from other DIVP simulation platforms. 
(Fig.3) Specific examples of each model are given below.

1) Development of Driving Intelligence Validation Platform (DIVP®) for Automated Driving Safety Assurance
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図1 実現象と一致性の高いセンサモデルの必要性

Source : Kanagawa Institute of technology, MITSUBISHI PRECISION CO.,LTD., DENSO Corporation, Pioneer Smart Sensing Innovations Corporation, Hitachi Automotive Systems, Ltd.
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Fig.1: Necessity of sensor models highly consistent with real phenomena

*1 Ritsumeikan finished Feb-2021, DENSO finished June-2021, Hitachi finished Sept-2021

*2 TTDC, U-shin, Toyoda-univ joined Mar-2021

図2 DIVP® プロジェクトの構成

Platform with standard I / F

Database
Sensing weakness
scenario database 

construction 

Sensing 
weakness DB

Sensing weakness 
scenario

search algorithm
(AI)

Camera modeling

Radar modeling

Risk prediction model

Vehicle
Motion control

Test data 
generating tool

Visible light

Path/Ray tracing

Millimeter-wave
Ray tracing

Infrared light
Ray tracing

Fusion

Driving
Path planning

Camera modeling

Perception Recognition

LiDAR modeling

Perception Recognition

Radar modeling

Perception Recognition

Sony Semiconductor 
Solutions Corporation

O
pe

n 
D

R
IV

E
O

pe
n 

SC
EN

AR
IO 5

4

3

2

1

Vi
rt

ua
l e

nv
iro

nm
en

t

Real Physics
Based Virtualization

R
ea

l
en

vi
ro

nm
en

t

Environment
Sensor Automated 

control

Vehicle

Measurement & validation Measurement & validation

Environment model

Perception
Automated 

driving modelEnvironment Test data Generator

Sensor model
Space design Recognition

Environmental
conditions

Moving object

Temporal 
modifications

Road furniture 
and rules

Road shape

Performance Validation
 Intended performance
 Performance limits
 Sensing weakness
 Traffic disturbance
 Human errors

Vehicle 
maneuver *1

*2

*2

*1

*2

*1

Fig.2: DIVP project structure

O
utput

Input

ISP*/recognition sectionImage sensor

Photoelectric conversion
Photoelectric conversion

Raw signal processing
Raw Signal Processing 

LensWindshield

Precisely modelized sensor internals for more detailed perception output

In-sensor 
model

Virtual 
environment 
model seen 

through 
sensors

Targets

Road surface

Peripheral structures
Rain, fog, snow, etc.

Space

LiDARCamera Radar

Ray tracing 

Light source

Fig.3: Sensor model for replicating spatial propagation (camera example)

SIP通し.indb   109SIP通し.indb   109 2023/03/01   16:472023/03/01   16:47



2.1. Camera model

Rather than the RGB workflow which can show images to 
humans, the camera model in the DIVP simulates spectral 
properties that are input into CMOS and other semiconductors. 
Moreover, sunlight has been formulated as a sky model, 
allowing precise sunlight sources to be simulated by inputting 
the time of day, latitude, and longitude. As shown below, objects 
are given defined reflection properties and highly realistic 
simulation images are achieved. (Fig.4)

This allows for replicating the darkness of a tunnel or the 
strong sunlight backlighting seen when exiting a tunnel, 
scenarios where obtaining visible light is problematic, and for 
validating that high dynamic range ("HDR") camera models 
have sufficient visibility to discern objects. (Fig.5)

2.2. Millimeter wave radar model

Millimeter wave radar is the sensor for which it is most 
difficult to create a model. We have defined three reflection 
models according to the behavior of radio waves on illuminated 
objects, and use them for each object accordingly. The physical 
optics approach is used as a setting model for small objects such 
as vehicles and people, while the geometric optics approach is 
used as a reflection model for roads and other large objects. The 
radar cross-section ("RCS") model uses predefined objects for 
purposes such as shortening analysis time. Each model is used 
for different scenario objects. (Fig.6)

The output of millimeter wave data is replicated well, 
including in the form of maps showing reflection intensity via 
X-Y coordinates (heat maps), as well as X-Y reflection point 
maps that show locations of strong reflection as target object 
reflection points. (Fig.7)

2.3. LiDAR model

Near infrared light, which is used in LiDAR, is a sensor that 
is relatively easy to model due to its directivity properties. The 
LiDAR model shown below can assess background light and 
other environmental disturbances by performing 360° scans. By 
creating a model for scanning the near infrared light emitted by 
LiDAR and precisely replicating things like object footprint 
based on near-infrared light spread and the effects of sunlight 
and other background light, this project has made it possible to 
conduct simulations that are highly consistent with real 
phenomena, even for LiDAR. (Fig.8)

Fig.8: LiDAR model

2.4. Sensor output consistency validation

For the inputs and outputs of each sensor model, this project 
conducts quantitative consistency validations for simulation 
models by comparing test results in real environment. (Fig.9)

Fig.4: Impact from presence or absence of object reflection properties

図4 物標の反射特性の有無の影響

4
Source :  MITSUBISHI PRECISION CO.,LTD.

No Property With Property

Flat, no color, no texture Precise & real reflection duplication

Fig.5: Sample image of Verification for HDR camera performance

図5 HDRカメラの効果検証例

Source ： Sony Semicondtor Solutions Corporion

High Dynamic Range (HDR) CameraNormal (NML) Camera

図9 現象実験ベースの一致性検証の取組み
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Source : DENSO Corporation, SOKEN, INC, MITSUBISHI PRECISION CO.,LTD.
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Fig.7: Examples of millimeter wave radar model output

図6 精緻な反射を再現する3つのモデル（ミリ波レーダ）
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Fig.6: Three models for replicating precise reflection (millimeter wave radar)
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2.3. LiDAR model

Near infrared light, which is used in LiDAR, is a sensor that 
is relatively easy to model due to its directivity properties. The 
LiDAR model shown below can assess background light and 
other environmental disturbances by performing 360° scans. By 
creating a model for scanning the near infrared light emitted by 
LiDAR and precisely replicating things like object footprint 
based on near-infrared light spread and the effects of sunlight 
and other background light, this project has made it possible to 
conduct simulations that are highly consistent with real 
phenomena, even for LiDAR. (Fig.8)

Fig.8: LiDAR model

2.4. Sensor output consistency validation

For the inputs and outputs of each sensor model, this project 
conducts quantitative consistency validations for simulation 
models by comparing test results in real environment. (Fig.9)

図9 現象実験ベースの一致性検証の取組み

9
Source : DENSO Corporation, SOKEN, INC, MITSUBISHI PRECISION CO.,LTD.
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Fig.9:  Efforts involving test-based consistency validation

Results show a high consistency with light source-related 
scenarios in which sensor use is problematic, including 
nighttime and back lighting such as from sunlight, as well as 
conditions such as rainwater deposited on glass surfaces. For 
falling snow scenarios and other phenomena difficult to 
replicate, we are validating consistency with models based on 
electromagnetic wave reflection and propagation analyses via 
test measurement.

Building a virtual environment model 
to address sensor detection weaknesses

3.1. Defining a virtual environment model

The European PEGASUS project defines six levels of driving 
environment scenarios and provides a high precision 3D map 
used for automated driving. These have defined driving 
environment data useful for automated driving control (self-
location, traffic flow, routes, etc.), but there are few virtual 
environment models for which physical properties such as 
reflex, transmission, etc. from the perspective of external 
sensors have been defined. As virtual environment architecture 
as it relates to things such as sensor reflection properties, this 
project defines the following five areas and aims to build a 
virtual environment model that incorporates properties such as 
electromagnetic wave reflection, transmission, and attenuation. 

(Fig.10)
(1) Traffic participants and other objects
(2) Peripheral structures
(3) Road surfaces
(4) Surrounding environment such as sunlight source, rain, fog
(5)  Interface between sensor and environment (windshield, 

Radar snow and ice deposits, etc.)

3.2. Environment model development process

Fig.11 shows the main components of the DIVP simulator 
structure. In addition to the OpenSCENARIO® and OpenDrive® 
data reading for scenarios defined in Germany's ASAM 
standard activities, there are seven characteristics of the 
structure: (1) a file defining the physical properties of materials 
validated based on reflection principles (commonly known as 
DIVP materials), (2) SDMG® (Space Designed Model 
Generator), (3) database of events with sensing weakness 
scenario and tools for compiling those events and generating a 
virtual environment model, (4) environment and space design 
model, (5) sensor perception model and recognition algorithm, 
(6) standardization of interfaces connecting inputs and outputs 
for each model, and (7) 3D model for objects and other assets.

Measurement and validation of reflection principles 
involves compiling a physical properties file (DIVP materials) 
as a simulation model consisting of reflex properties that are 
highly consistent with real phenomena. This is achieved by 
devising measurement systems for visible light, near-infrared 
light, and millimeter waves, and accurately measuring physical 
properties. (Fig.12)

3

Fig.10: Virtual environment from the perspective of sensors
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figure10 DIVP®’s virtual world model overview
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Fig.11:  Structure of process from sensing weakness scenario description to virtual environment models generation 
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3.3.  Development process for space models for prop-
agation, attenuation, etc.

Replicating sensor detection with precision requires  
accurately replicating physical phenomena such as sunlight 
sources, rain, and fog. With cameras, for example, visible light 
emitted from light sources it propagates space and reaches 
object surfaces. After being reflected off of or passing through 
surfaces, propagates space and reaches the camera lens. Light 
passing through the lens undergoes photoelectric conversion, 
becomes electrical signals, and gets subjected to different kinds 
of control. (Fig.3)

Light diffusion, attenuation, etc. Events which occur at this 
time, such as light diffusion and attenuation, can have significant 
effects on the light input into cameras and therefore require 
precise replication. This is the case with millimeter-waveband 
radio waves in the case of millimeter wave radar, and with near 
infrared light in the case of LiDAR. This project is also defined 
by a development process for highly realistic propagation, 
attenuation, and other space models, with a focus on five areas: 
(1) analyzing phenomena and studying theoretical formulas, 
(2) defining phenomena for modeling, (3) replicating and 
measuring phenomena, (4) designing detailed models based on 
theoretical formulas, and (5) implementing models. (Fig.13)

3.4.  Examples of nighttime road surface reflection 
models (cameras）

Precisely replicating road surface reflection properties for 
headlight light sources at night is important for camera and 
LiDAR models. As light sources hit surfaces at a low incidence 
angle when emitted from one's vehicle headlights, we optimized 

reflectance as a retroreflective model based on test values. This 
enabled camera simulation imaging highly consistent with real 
environments. (Fig.14)

3.5.  Examples of falling rain space models for LiDAR

This project is developing weather-related space models for 
such things as backlight, rain, and fog, which are difficult to 
replicate and evaluate using real vehicles. For a space model for 
falling rain, we are replicating and validating as a simulation 
model the effects on LiDAR signals by fake points caused by 
raindrop reflection according to real phenomena based on 
rainfall, as well as fake images caused by specular reflection on 
wet road surfaces. (Fig.15)

3.6.  Building on 3D asset models for virtual environ-
ments

As mentioned above, this project is partly focused on 
models for virtual environment from the perspective of sensors, 
as well as sensor models to support those models. Through this 
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Fig.13: Space model development process

figure13 Space design model development process

Source : SOKEN, INC
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Fig.12: Millimeter wave measurement instruments
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project, we will gradually measure the reflection properties of 
objects needed for various kinds of evaluation environments, 
and will conduct comparative evaluations of real test values and 
simulation values while expanding our scope to include DIVP 
materials. For the 3D assets for the environmental models that 
will support these efforts, we are expanding these assets into a 
library that includes objects, roads, and peripheral structures. 
Being expended upon are assessment scenarios from things like 
the NCAP (New Car Assessment Programme), and high-
priority asset models and space models for modeling of sensing 
weakness scenarios with, i.e., the Odaiba region and C1: the 
inner circular route of the Metropolitan Expressway, where the 
automated vehicle field operational tests (FOTs) are being 
conducted. (Fig.16)

Application of DIVP simulator towards 
automated driving safety assurance

Just how many safety assurance scenarios can be planned 
for remains a question to be answered, but assessment efficiency 
can be greatly improved by establishing high-consistency 
conditions in a virtual environment. For this reason, this project 

has established to build up evaluation scenarios—(1) NCAP 
and other such assessment, and (2) evaluations conducted via 
modeling communities of the FOTs at Odaiba and C1 
Metropolitan expressway (to be focused on sensing weakness 
scenarios) —and work to create models consisting of driving 
environments, space propagation, and sensor perception and 
recognition. To create scenarios, it is important to establish 
virtual environment units as package scenarios in line with 
objectives, and conduct a series of reliable safety assurance 
using these package scenario units. (Fig.17)
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Fig.16: Replicable assets / space model expansion

図18 DIVP®シナリオパッケージのロードマップ
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Source : DENSO Corporation, SOKEN, INC, MITSUBISHI PRECISION CO.,LTD.
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Fig.17: DIVP package scenario roadmap

Fig.15: Effects of rainfall on LiDAR sensors (test)

図16 雨がLiDARセンサに与える影響
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4.1. Application toward NCAP assessment

As with advanced safety systems that have automated 
driving control such as AEB (Automated Emergency Break), 
ACC (Adaptive Cruise Control), and ALKS (Automated Lane 
Keeping System), assessment protocols are defined in detail 
under projects such as Euro-NCAP and J-NCAP. Although 
there is a small amount of variation with regard to traffic 
accident circumstances among countries, it is important to 
have protocols that incorporate accident information, including 
with respect to pedestrians, vehicles, and turning left or right at 
intersections, as well as scenarios such as cutting in and cutting 
out with automated driving ALKS. It is safe to say that this 
simulation can effectively replicate conditions such as when 
pedestrians suddenly step out into the street at night, a scenario 
where real vehicles are affected by peripheral light sources. This 
project is gradually creating models from NCAP scenarios, and 
30 scenarios for existing Euro-NCAP protocols have been made 
into models. (Fig.18)

Shown below is an example of a simulation that incorporates 
a sensor model for a scenario where a pedestrian steps out from 
the shadow of a parked car. (Fig.19) Data can be output to 
cameras, Radar, and LiDAR simultaneously for one assessment 
scenario, enabling dynamic assessment.

4.2.  Application toward real-world environment 
(Odaiba and C1 the Metropolitan Expressway) 
assessments

For the following package scenarios, we worked on building 
an environment model for Odaiba and the C1 Metropolitan 
Expressway, where the FOTs are being conducted. (Fig.20)

As virtual environments that provide a comprehensive 
combination of real world environmental factors (driving 
environment, roads, geographical features, dynamic objects, 
weather, etc.), these locations are useful in assessing scenarios 
that sensors struggle with. In coordination with other FOT 
projects that are part of SIP-adus, sensing weakness condition 
data (e.g., places, images, recognition output) generated in 
these real-world environments can be relayed to DIVP 
simulators, and can be sublimated to virtual environments that 
are assessed by a greater number of users as Virtual Community 
Grounds. The following shows examples of assessments 
conducted in virtual environments.

Scenario of Pedestrian Emerging 
from behind Vehicle Camera Simulation

図20 NCAP車両陰からの歩行者飛出しシナリオ時のシミュレーション

20

Fig.19: Simulation of a scenario involving a pedestrian stepping out from the 
shadow of a NCAP vehicle

Fig.20: Odaiba driving environment model (camera simulation)
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Fig.18: NCAP evaluation environment modeling
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4.2.1.  Applying toward white line detection weak-
ness evaluation on road surfaces coated with 
heat resistant paint (LiDAR)

As part of automated driving field operational tests, our 
research has identified a phenomenon whereby LiDAR 
struggles to detect white lines on road surfaces coated with heat 
resistant paint in front of the Odaiba Telecom Center (data 
measured as part of "the 2nd phase of SIP-adus Research on the 
recognition technology required for automated driving 
technology (levels 3 and 4)" Kanazawa University (5). We 
determined that this is due to road surfaces coated with heat 
resistant paint tending to have stronger retroreflection 
components, and therefore approaching the reflection 
properties of white lines, and incorporated these findings into 
the simulation model. Fig.21 shows simulation results. While 
LiDAR can detect white lines on normal road surfaces (red 
lines in the Fig.), the simulation clearly shows that white lines 
are not being detected on road surfaces coated with heat 
resistant paint.

4.2.2.  Applying toward signal recognition limit eval-
uation (identifying rainfall conditions)

Using the DIVP simulator for Kanazawa University's 
automated driving system ("AD-URBAN System," part of the 
AD-URBAN Project), we evaluated recognition limits based on 
the rainfall levels of a signal recognition algorithm. We 
replicated severe rainfall conditions that are not easily replicated 
in real-world vehicle evaluation by making modifications to 
these conditions as simulation parameters. We then derived 
evaluation conditions that arrive at signal recognition limits. In 
so doing, we were able to efficiently evaluate other algorithm 
and improvement conditions with good reproducibility, and 
were able to demonstrate the effectiveness of the DIVP 
simulator. (Fig.22) 

Fig.21: LiDAR simulation (area in front of Odaiba Station)

23

図23 LiDARシミュレーション（台場駅前付近）

Thermal shielding paint (white line un-detectable)

Normal road surface (white line → detectable(red line))

■ Evaluation of signal recognition using real vehicles
→ Unclear recognition limits due to failure to encounter 

heavy rainfall

■ Evaluation of signal recognition by DIVP simulator
→ Evaluation of recognition limits by varying rainfall 

according to parameters

Signal recognition failure 
due to raindrops 
confirmed

Fig.22: Signal recognition limit validation via DIVP simulator
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Fig.23: Validating LiDAR recognition limits at the road surface wetness level
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4.2.3.  Applying toward crosswalk recognition limit 
evaluation (identifying road surface wetness 
conditions)

As described in the previous section, we used a DIVP 
simulator to evaluate the recognition limits of an algorithm for 
matching locations of sidewalks and other features through 
LiDAR based on road surface wetness conditions in the AD-
URBAN system with points on an ortho map. We were able to 
replicate wet road surfaces based on LiDAR output generated 
via the DIVP and validate recognition limits according to 
different contrast levels. (Fig.23 Lv.1.9)

4.2.4.  Applying toward evaluation of self-location 
estimation algorithm robustness

The AD-URBAN system uses a self-location estimation 
algorithm that conducts map matching using LiDAR. For this 
robustness verification, we created a virtual environment model 
for LiDAR output in the DIVP simulator that modeled a severe 
condition wherein there were numerous parked cars lined up 
along the road so as to obscure the road surface. As a result of 
the assessment, we validated that AD-URBAN's self-location 
estimation algorithm is always highly consistent with correct 
values and has high robustness. (Fig.24) Consequently, as DIVP 
can be configured with conditions that are difficult to replicate 
in real-world spaces, it can contribute to system assessment.

It is therefore safe to say that SIP-adus is uniquely effective 

for how it can coordinate with other automated driving projects.

4.2.5.  Evaluating safety when automated vehicles 
turn right at intersections

As another effort related to coordination with AD-URBAN, 
we are working to replicate traffic conditions via DIVP 
simulations from data obtained when real-world vehicles turn 
right at intersections, as well as replicate the ways in which 
cameras, millimeter wave radar, and LiDAR perceive and 
process the world. This will lead to our developing performance 
indicators for such things as recognition performance and 
safety margin with respect to oncoming vehicles and other 
objects. As ours will be a synchronized simulation platform, it 
should be able to handle safety assurance for both perception 
capability and safety margin at intersections in a range of traffic 
environments. (Fig.25) In the future, we will contribute to 
building intersection evaluation scenarios and developing 
algorithms for automated vehicles.

Results of the FOTs in the Tokyo 
waterfront area

5.1. Objectives and background

In preparation for commercializing DIVP and in order to 
evaluate the feasibility of using the technology in the business 

5

Fig.25: Safety evaluation conducted via DIVP simulation for when vehicles turn right at intersections
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of OEMs and suppliers while encouraging its use in customer 
environments, we executed Step 1: Simulation trial in November 
2021 then Step 2: Simulation evaluation in January 2022 as part 
of the FOTs in the Tokyo waterfront area.

5.2.  STEP1: Simulation trial as FOTs in the Tokyo 
waterfront area

As shown in Fig.26, we conducted a trial use of a simulation 
model that replicated in a virtual space, the environment of the 
Tokyo waterfront city area, a field in the Tokyo waterfront area 
FOTs. The usability of model and the results of our simulations 
were evaluated. 81 people from 56 companies, including OEM 
companies, took part in  this simulation trial.

To conduct the trial, we set up a special portal site where we 
mainly provided technical data concerning DIVP characteristics, 
particularly its consistency with real-world environments, and 
videos showing simulation results. Many participants were 
made aware of our model through our efforts to notify the high 
consistency of DIVP using data from consistency evaluation 
that measured to replicate physical phenomena.

The portal site also provided information through webinars. 
Through a questionnaire conducted at the end of the webinar, 
participants ask questions about the feasibility of using the 
DIVP simulator in their business. The results are shown in 
Fig.27. SDMG®, a tool for generating environment models and 
scenarios, shows promise for use in not just research but vehicle 
development and design, with the possibility for expanding the 

use of simulations in product development operations. We also 
confirmed the ability for SDMG to be used in real operations. 
Simulation platforms also show similar promise for use in 
research and vehicle development and design. In addition, we 
learned that, for research applications, simulation platforms 
could be used in processes ranging from evaluation to 
adaptation in new system and algorithm research and 
development, as well as  vehicle development and design.

For the write-in questions, some questionnaire respondents 
said that the simulators had "been shown to be consistent and 
extremely useful," while others said things like "simulators were 
tool for quickly achieving what I want to do" and "I expect to get 
a lot of feedback from the users' point of view," these answers 
suggesting the potential for further development of simulators.

The questionnaire results also highlighted the fact that 
promoting the use of simulators for safety evaluation would need 
to be an area of focus going forward. Feedback shows good result 
the use of physical simulators to sensing weakness evaluation, so 
we will continue to coordinate with efforts such as the research of 
evaluation indicators while clearly communicating how this 
simulation platform can benefit safety assurance.

5.3.  STEP2: Simulation evaluation as FOTs in the 
Tokyo waterfront area

In order to prepare DIVP for participating companies' work 
environments, in Step 2 we deployed DIVP into these 
environments and validated their  connectivity. Using scenarios 
and environments that we modified based on prepared virtual 
environments, we attempted to link the outcomes of conducting 
DIVP simulations with participating companies' various 
models and systems. Furthermore, to promote further adoption 
in participating companies, we are also working to ensure 
connectivity among multiple existing simulation environments.

Eight companies participated in Step 2, and we conducted 
DIVP evaluation in line with their individual needs. Specifically, 
we validated the viability of data generation for machine 
learning, conducted comparative validation with real 
environment test results using the companies' own recognition 
models, and  software coordination with Simulink®. (Fig.28)
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Through these activities, we ascertained the needs of clients 
such as OEMs, suppliers, and universities for different types of 
systems with regard to the usage of DIVP virtual environments 
and space rendering outputs. We have also conducted different 
types of validations aimed at achieving automated driving 
safety validations for DIVP virtual environments. Certain 
validations are still being done based on requests from 
participating companies.

International cooperation and 
standardization

Different countries are trying different approaches to safety 
evaluation. It is a rivalry among powerful players: there is the 
PEGASUS project completed in 2019 and SET Level project 
that followed on, both funded by BMWi, and there have also 
been IEEE and ISO standardization and other developments by 
the U.S.'s Mobileye and Germany's BMW based on SaFAD. 
China is also planning its own safety assurance framework. 
(Fig.29) 

Meanwhile, due to a number of automated vehicle accidents 
that have occurred in the U.S., the country's American 

Automobile Association (AAA) needs to conduct proper, 
objective safety evaluation that satisfy consumers, through 
measures that include reducing accidents by deploying 
automated driving technologies, and is disrupting the previously 
system-based, system builder-oriented approach to safety 
assurance.

While these efforts are happening overseas, DIVP project as 
part of SIP-adus makes efforts for joint research on safety 
evaluation through Japanese-Germany cooperation, while 
taking part to ASAM (Association for Standardization of 
Automation and Measuring Systems) for standardization 
activities based on the outcome of this cooperation.

6.1. Japanese-German cooperation VIVID project

DIVP and Germany's VIVALDI project are being jointly 
conducted as an International cooperation project known as 
VIVID, which aims to contribute to safety assurance for 
automated driving based on sensor modeling. The project, 
launched in October 2020 with support from SIP-adus and 
Germany's Bundesministerium für Bildung und Forschung 
(BMBF), is currently developing a standardized automated 
driving safety evaluation system and interface. (Fig.30)

At a joint meeting between Japan and Germany held in 
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Berlin in June 2022, automated driving project stakeholders in 
both countries were informed that the project had made major 
achievements, including having had an impact on the 
importance of sensors and environment models. (Fig.31)

6.2.  Participation in the international standardiza-
tion organization ASAM (Germany)

In response to ASAM, through which a broad range of 
standardization efforts are being made with regard to automated 
driving, DIVP project stakeholders are participating in major 
working groups for technologies such as OpenDRIVE/
OpenSCENARIO and OSI® (Open Simulation Interface). In 
these working groups, we are issuing proposals for 
standardization of such technologies linked to sensing weakness 

scenario description, reflective properties for different 
environment models, as well as I/F connecting different models 
such as sensors, which are included as property in DIVP. As for 
I/F related to camera input, our involvement to the organization 
was ended up with standardizing the technology as OSI ver.3.0.

This represents an epoc-making achievement that largely 
owes to the groundbreaking nature of DIVP and the winning of 
supporters through the VIVID project. Further efforts will be 
made toward research, development, and international 
standardization with the goal of standardizing AD safety 
evaluation. (Fig.32)
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Conclusion

As a part of SIP-adus, this project has seen research and 
development efforts made through industry-academia-
government collaboration. Our goal is to capitalize on the 
newness of models consisting of driving environments, space 
propagation, and sensor, ensure connectivity with other 
simulators, and develop core technologies for the efficient and 
widespread execution of increasingly complex automated 
driving safety validation. All DIVP project members fervently 
hope that virtual environment simulation technologies that can 
create detailed digital twins of real environments will make 
consumers more confident about automated driving safety, and 
promote more automated driving in the society.
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 2)  Research on the Recognition Technology Required 
for Automated Driving Technology (Levels 3 and 4)

Ensuring the Safety of Automated Driving3

Preface1

Automated driving equivalent to Level 4 in urban areas 
requires advanced and autonomous recognition functions 
using on-board AI, as well as road facilities, communication 
facilities, and other infrastructure to support these functions. 
However, since massive budgets are required to install road and 
communication facilities throughout Japan, it is necessary to 
study the minimum necessary infrastructure and the 
recognition technologies required under that infrastructure. In 
this project, we collaborated with universities that are already 
testing automated driving on public roads and with universities 
that are conducting cutting-edge research on related elemental 
technologies to develop the recognition technologies required 
for an automated driving system equivalent to Level 4 in 
complex urban traffic environments with a mixture of ordinary 
traffic participants and other automated vehicles. In addition, 
we evaluated the marginal performance of various recognition 
technologies as well as the effectiveness of infrastructure-
cooperative driving.

Overview and Results of the FOTs 
(Field Operational Tests)2

2.1. Summary of the FOTs

This project aims to develop and verify recognition 
technologies for automated driving systems and technologies to 
link with infrastructure information such as V2I/V2N. We built 
a test vehicle equipped with multiple LiDAR units, millimeter 
wave radar, cameras, and other sensors for the recognition of 
the surrounding environment, GNSS/INS and other localization 
sensors, and V2X on-board terminals, and then conducted 
FOTs. Fig.1 (a) shows an overview of the test vehicle.

In July 2019, we began FOTs in the central part of Kanazawa 
City, Ishikawa Prefecture, and in September 2019 we also began 
FOTs in the Tokyo waterfront area. In the Tokyo waterfront 
area, the vehicle ran for 182 days over a three-year period 
through FY2021, covering approximately 3,212.8 km in 
automated driving mode. Fig.1(b) shows the automated driving 
in the Tokyo waterfront area.

Among the data collected in the FOTs, the driving data 
under adverse conditions that tend to cause recognition failures 
are considered to be useful data for general researchers who 
study recognition algorithms, irrespective of the implementers 
of this project. For this reason, from the sensor data collected in 

(Abstract) Automated driving equivalent to Level 4 in urban areas requires advanced and autonomous recognition 
functions using on-board AI, as well as road facilities, communication facilities, and other infrastructure to support 
these functions. At the same time, the installation of road and communication facilities throughout Japan requires 
massive budgets, so it is necessary to study the minimum necessary infrastructure and recognition technologies. 
Therefore, in this project, for the purpose of advancing discussions of future cooperative areas, we conducted 
research and investigations on the recognition technologies and infrastructure that will be essential for automated 
driving systems through public road tests of automated vehicles, chiefly through universities and other organizations 
that are capable of publishing a certain amount of acquired data and the technologies used to acquire that data. 
Based on the knowledge gained from the public road tests, we investigated the factors and issues that cause 
recognition failures in (non-cooperative) automated driving systems, and evaluated the effectiveness of road traffic 
environment data provided by the infrastructure.

Keywords:  traffic light recognition, object recognition, Global Navigation Satellite System, localization, emergency vehicle recognition, virtual 
environment, recognition limits
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the various areas in this project, a dataset (AD-URBAN Open 
Image Dataset v1) that includes sensor data under adverse 
conditions such as backlighting, background assimilation, 
concealment, nighttime, rainy weather, etc., which tend to 
cause recognition errors, was constructed. It was made available 
beginning at the end of March 2022 to domestic institutions for 
the limited purpose of research activities.(1)

2.2.  Evaluation of the Effectiveness of V2I/V2N Road 
Traffic Environment Data

In the FOTs in the Tokyo waterfront area, it was possible to 
acquire road traffic environment data provided by wireless 
communications from infrastructure such as V2I (Vehicle to 
Infrastructure) and V2N (Vehicle to Network). Therefore, in 
addition to evaluating automated driving functions, we also 
conducted and evaluated infrastructure-cooperative driving 
using V2I/V2N.

V2I/V2N provide various types of road traffic environment 
data. In this project, we specifically evaluated the traffic light 
information provided by V2I/V2N and the emergency vehicle 
location information provided by V2N.

Fig.2(a) shows the comparison of traffic recognition 
distance between V2I, V2N and camera based recognition. The 
results show that the distance at which the traffic light can be 
recognized (the recognition distance) is approximately 150m 
when the autonomous recognition technology using the on-
board camera is used. At the same time, the traffic light 

information transmitted by wireless communication based on 
V2I and V2N makes it possible to recognize the traffic light 
state from a greater distance. However, in the examination in 
this project, it was assumed that the traffic light recognition 
distance required to pass through an intersection is 
approximately 120m, and it was found that both methods have 
sufficient recognition distance. On the other hand, in situations 
where traffic lights are not physically visible, recognition using 
an on-board camera becomes difficult, and V2I/V2N are 
considered effective in such situations.

In this project, we also developed a technology to facilitate 
intersection entry by utilizing information on the remaining 
time at traffic lights transmitted from V2I, and verified the 
effectiveness of this technology. Specifically, as shown in 
Fig.2(b), in the so-called "dilemma zone" where the traffic light 
color changes from green to yellow/red just before entering an 
intersection and sudden deceleration is unavoidable, we 
confirmed that the system can start deceleration before the 
actual traffic light color changes, enabling smooth deceleration 
and stopping before the intersection. Since sudden deceleration 
in a dilemma zone always occurs regardless of whether driving 
in automated or manual modes when the decision to enter an 
intersection is based solely on the current traffic light 
information, the number of remaining seconds via wireless 
communication is considered to be a useful piece of information 
for safe entry into an intersection.

Fig.2: Results of evaluation of V2I/V2N traffic light information
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Fig.1: Overview of the automated vehicle developed in this project
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Next, we show the results of an evaluation of the emergency 
vehicle location information provided by V2N. In this 
evaluation, simulated emergency vehicle locations were 
distributed by V2N via a server, and their usefulness was 
evaluated based on the information received by the vehicle. 
Fig.3 shows an example of receiving the location of a simulated 
emergency vehicle in the Tokyo waterfront area. The results 
show that the location of the simulated emergency vehicle can 
be determined smoothly at the most cases. At the same time, we 
observed that an error of about 20m occurs in some 
environments, making it difficult to determine the location of 
the simulated emergency vehicle in detail. Therefore, if we 
assume that an automated vehicle must autonomously take 
evasive action when approached by a simulated emergency 
vehicle, it may be necessary to combine autonomous recognition 
technology with on-board sensors to determine the detailed 
location of the emergency vehicle. On the other hand, when 
using on-board sensors, we can assume that it is difficult to 
confirm the approach of an emergency vehicle at a distance or 
outside the visible range, and therefore, V2N simulated 
emergency vehicle location information may be particularly 
useful in such situations.

Evaluation of Recognition 
Technologies3

In the development of automated driving systems and the 
evaluation of their safety, it is important to confirm whether 
automated driving functions operate correctly under actual 
traffic conditions by driving automated vehicles on actual roads, 
as was done in this project. On the other hand, evaluations in 
actual road environments have limitations in terms of time, 
cost, and efficiency. In addition, it is difficult to evaluate the 
marginal performance of automated driving functions in real 
environments. For this reason, this project also evaluated 
recognition technologies using virtual environments such as 
DIVP® (Driving Intelligence Validation Platform), which was 
implemented as another project. In this section, we present an 
overview of the various recognition technologies developed in 
this project, as well as the results of the marginal performance 
evaluation using the virtual environments.

3.1.  Development of Traffic Light Recognition Technolo-
gies and Examination of Conditions That Make Recog-
nition Difficult

Accurate recognition of traffic light state is important for 
smooth intersection crossing in automated driving. In this 
project, we developed a state-of-the-art recognition algorithm 
that maximizes the performance of traffic light recognition by 
conducting technological development combining conventional 
pattern recognition technology and the latest AI technology in 
utilizing the latest cameras developed for on-board applications. 
In addition, we also evaluated marginal performance in failure 
scenarios as found in the FOTs using the virtual environment 
developed in the DIVP project to look at situations where 
recognition proved difficult in the FOTs.

(1)  Development of Traffic Light Recognition Technologies
The development of an algorithm for recognizing traffic 

lights by image recognition using an on-board camera was 
conducted from the viewpoint of the use of digital maps and the 
development of several types of image recognition algorithms. 
When a digital map is used, it is possible to limit the recognition 
range in the image, and thus false positives can be suppressed 
and high-speed processing can be expected. For the multiple 
image recognition algorithm, we considered a method of 
pattern recognition that focuses on features such as brightness 
and the circular shape of lighted areas in the input image, and a 
method of semantic segmentation that uses deep learning. The 
AI technology is expected to enable recognition that takes into 
account not only the local brightness information but also the 
surrounding objects. We evaluated the performance of the 
algorithm developed in this way on driving data from the Tokyo 
waterfront area. Fig.4 shows an example of recognition results 
of traffic lights using the developed algorithm.

(2) Issues Identified in the Tokyo Waterfront FOTs
Next, given the results of the FOTs in the Tokyo waterfront 

area, we analyzed the technical issues in the recognition of 
traffic lights, which are mainly caused by environmental factors, 
and evaluated the algorithm. As a result, as shown in Fig.5, we 
confirmed that the recognition performance temporarily 
degraded under the following environmental conditions: 
backlighting, forward lighting, concealment, background 
assimilation, and nighttime. On the other hand, in many 
situations, the influence on the decision of whether to enter an 
intersection is considered to be limited because the effects are 

Fig.3: Example of V2N simulated emergency vehicle location 
information acquisition data

Displacement of 
approx. 20m

Taken from Google maps

Position 
information 
accuracy 
degradation

Actual driving 

trajectory
Behaves like 

making 
a le� turn

Fig.4: Example of traffic light recognition results

2) Research on the Recognition Technology Required for Automated Driving Technology (Levels 3 and 4)

 

3.Ensuring the Safety of Automated Driving

123SIP 2nd Phase: Automated Driving for Universal Services - Final Results Report (2018-2022)

SIP通し.indb   123SIP通し.indb   123 2023/03/01   16:472023/03/01   16:47



mainly temporary when approaching an intersection. At the 
same time, due to the effects of backlighting, there are moments 
when objects cannot be seen due to image saturation, which 
may prevent appropriate decisions on whether to enter when an 
event occurs at the start of an intersection. However, it was also 
verified that the effects of such failures are limited in the image 
when using an on-board grade camera, and therefore, it is 
desirable to use information from other traffic lights when there 
are multiple traffic lights at the intersection, or to use V2I/V2N 
information when there is only a single traffic light at the 
intersection to assist in the decision. In the evaluation of 
recognition performance through FOTs, we demonstrated that 
the system can recognize green, red, and arrow traffic lights 
within 120m, which is the target performance, more than 99% 
of the time by introducing a strategy of determining intersection 
entry based on the status of multiple traffic lights.(2)

(3)  Evaluation of Marginal Performance in a Virtual 
Environment
We worked to reproduce in a virtual environment the 

problems that we have encountered in our FOTs. We reproduced 
in a virtual environment situations such as the aforementioned 
failure caused by backlighting and the rare situation shown in 
Fig.6, in which sunlight reflecting off a building makes it 
difficult to recognize a traffic light, and evaluated the consistency 
of the reproduced images as well as the marginal performance 
of the system. As a result, it was confirmed from the evaluation 
results in the virtual environment that traffic light recognition 
in rainy conditions, which did not cause recognition failures in 
the actual FOTs due to only light rain, can fail under heavy 
rainfall of several tens of mm/h (so-called downpour) (Fig.7). 

3.2.  Development of AI Technology Necessary for 
Long-Distance Object Detection

For safe and smooth automated driving, it is important to 
reliably detect vehicles, motorcycles, pedestrians, and other 
objects in the vicinity of the vehicle. For this reason, in this 
project we examined ways to improve the detection performance 
of distant moving objects, which is an issue in moving object 
detection.

(1)  Development of Long-Distance Object Recognition 
Technology
Based on the experience of the FOTs conducted to date, it is 

necessary to recognize automobiles within 200m and 
pedestrians within 70m in urban traffic environments, 
depending on the situation. Therefore, we developed a 
recognition algorithm to satisfy these requirements. First, since 
the blurring of distant objects due to the on-board camera 
being out of focus is a problem in image recognition using an 
on-board camera, we developed an object recognition algorithm 
that can deal with blurring, enabling more accurate detection of 
distant objects with small pixel counts. In addition, since the 
situations where long-distance recognition is required are 
limited, such as at intersections to be passed, we also verified 
that stable recognition is possible by using a digital map to limit 
the recognition area in the image.

In LiDAR recognition, an object must be detected as a 3D 
rectangular BOX from a group of observed points, but it is not 
easy to stably recognize an object from a sparse group of distant 
points. Therefore, we verified that sensor fusion with the 
recognition results of camera images is effective in compensating 
for the sparse groups of points in the distance. Using such 
sensor fusion, we created a recognition algorithm that achieved 
the target performance of 90% detection of automobiles within 
200m and pedestrians within 70m in a normal environment.

(2) Issues identified in the Tokyo Waterfront Area FOTs
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(a) Actual environment (b) Virtual environment

Fig.6: Example of reproduction of reflected light from a building  
in a virtual environment

(c) Nighttime (c) Backlight

(a) Concealment (b) Background assimilation

Fig.5: Examples of scenarios in which traffic light recognition becomes 
difficult, as confirmed by field operational tests in the Tokyo waterfront area

(a) Actual environment (light rain) (b) Virtual environment (heavy rain)

Fig.7: Evaluation of marginal performance  
in wet weather using a virtual environment
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Because object recognition by LiDAR and cameras 
recognizes objects based on the overall image features of the 
object based on the observed sensor information, recognition 
can be difficult due to changes in environmental conditions 
such as the arrangement of surrounding objects, degree of 
concealment, and weather conditions. Other issues include 
background assimilation when an object is near a median strip 
or a pole, and in the case of a camera, the effects of sunlight 
conditions. In the case of causes of failures specific to certain 
sensors, we can deal with them with the aforementioned sensor 
fusion strategy, but in concealment scenarios, which are an 
issue for both sensor types, recognition is inherently difficult 
with on-board sensors. In the FOTs, we confirmed that the 
failure scenarios in which concealment is a major factor 
occurred during the judgment of approaching oncoming traffic 
at right-turns at intersections. It is important to evaluate the 
marginal performance of the system in such situations because 
the system must recognize vehicles farther away when passing 
through intersections with many lanes.

(3)  Results of Blind Spot Evaluation in a Virtual Environment
In the FOTs, object recognition under the influence of 

concealment has been identified as an issue. However, because 
such scenarios are encountered only momentarily while 
driving, it is difficult to create a large amount of driving data 

under different conditions. Therefore, an evaluation of marginal 
performance affected by blind spots was conducted using the 
virtual environment being developed in the DIVP project. As 
shown in Fig.8, the data generated is of a scenario in which the 
vehicle is turning right at an intersection and an oncoming 
vehicle is approaching straight ahead in an environment in 
which there is also an oncoming truck waiting to turn right. 
LiDAR and image data with different shielding rates were 
generated by changing the relative position of each vehicle.

The detection results of objects from the LiDAR and camera 
sensor data for the intersection scenario generated in this way 
were confirmed, and the marginal performance of each sensor 
and sensor fusion was evaluated for different shielding rates as 
shown in Fig.9(a), (b), and (d). Fig.9(c) shows the distribution 
of the shielding rates of LiDAR and camera in the same frames. 
From these results, we verified that the recognition performance 
by sensor fusion will likely improve with different installation 
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Fig.9: Object detection results by sensor fusion in a blind spot environment

Fig.8: Recognition of oncoming vehicles at intersections  
in a blind spot environment
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positions and observation methods for the sensors.

3.3.  Development of Localization Technology Using 
MICHIBIKI

In this project, while we used signals from GNSS (Global 
Navigation Satellite System) satellites such as MICHIBIKI and 
INS (Inertial Navigation System), we also developed GNSS/INS 
technology that can estimate positions applicable to automated 
driving systems. In actual environments where automated 
driving is used, there is a high possibility that the accuracy of 
GNSS/INS will deteriorate because signals from GNSS cannot 
be received. Therefore, we also examined the conditions under 
which automated driving systems using GNSS/INS can operate 
stably.

(1)  Study and Evaluation of GNSS/INS Applied to Automated 
Driving
In the development of GNSS/INS, we set two targets for the 

absolute positioning accuracy required for automated driving: a 
position estimation accuracy of 1.5m, which enables the 
determination of the travel lane, and a position estimation 
accuracy of 0.3m, which makes possible the operation of an 
automated driving system using only GNSS/INS. We also aimed 
to achieve these goals by utilizing the quasi-zenith satellite 
MICHIBIKI. First, to achieve a positioning accuracy of 1.5m, as 
a stable estimation method while still using a general-purpose 
GNSS, we studied a method that maximizes the effectiveness of 
GNSS Doppler. In addition, we developed a technique to 
determine the achievement of 0.3m accuracy by utilizing 
vehicle motion with a particular focus on the height direction. 
In addition, to maintain highly accurate position estimation 
even at locations where GNSS cannot be received, we conducted 
a study to improve the accuracy of dead reckoning (DR).

First, in the absolute positioning evaluation test using 

multi-GNSS, it was confirmed that a range of 30 
cm@77%/1.5m@90% and 30 cm@57%/1.5m@92% could be 
achieved in Odaiba and Shinjuku, Tokyo, respectively. A 
summary of the results is shown in Fig.10, which shows the 
positioning method using vehicle trajectories as Conventional 
1, and the method using Doppler to predict the initial RTK 
search position as Conventional 2.

Next, we focused on determining locations that have 
achieved a positioning accuracy of 0.3m or less, and confirmed 
the possibility of achieving a positioning accuracy of 0.3m or 
less at 99% in the same evaluation locations. At the same time, 
we examined the possibility of determining a positioning 
accuracy of 0.3m, which is sufficient for automated driving, by 
utilizing the Centimeter Level Augmentation Service (CLAS), 
which provides correction information broadcast from the 
quasi-zenith satellite MICHIBIKI. As a result, we were able to 
confirm a positioning accuracy of 0.3m in 99% of the cases on a 
course set in Odaiba, Tokyo.(3) A summary of the results is 
shown in Fig.11.

In addition, we improved the accuracy of DR, which is 
important for interpolating between points where highly 
accurate position estimation is possible. First, we looked at the 
errors in the DR sections and the factors causing them, and 
confirmed that the initial azimuth angle has an effect in the case 
of a 10-second DR. Next, to improve the performance of the 
initial azimuth angle, we proposed a method to optimize the 
angle by using the FIX solutions for the past several tens of 
seconds. In the evaluation test, we confirmed the effectiveness 
of the proposed method by achieving an error rate of 0.3m or 
less 87.7% of the time after 10 seconds of DR on an evaluation 
course in an urban area (Fig.12).
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(2) GNSS/INS Issues and Responses to Them
The results of this project showed that absolute positioning 

performance required for automated driving can be obtained in 
environments where GNSS such as MICHIBIKI can be received, 
and that a reliability determination of 30 cm can be made at 95% 
or better in Tokyo waterfront areas such as Odaiba. However, 
even if CLAS could be received during the evaluation, the 
positioning performance degraded at locations where the 
number of satellites decreases. For such locations, it is expected 
that complementary technologies such as map-matching using 
road infrastructure will be required to maintain positioning 
accuracy.

In this project, we investigated a technology that can predict 
positioning errors at arbitrary points using a virtual environment 
by collecting high precision 3D map data and GNSS signal 
errors as double differences. The developed technology is 
expected to make it possible to predict where positioning 
performance will deteriorate. Based on the above results, we 
believe that safer operations of automated driving will be 
possible by prioritizing the building of road infrastructure 
necessary for location estimation in locations where positioning 
performance is expected to deteriorate.

3.4. Development of Map-Matching Technology

Automated driving systems that use high precision maps 
must be able to continuously estimate their own location with 
high accuracy. For this reason, we have developed a localization 
technology based on map matching.

(1) Outline of the Developed Technology
As shown in Fig.13 , the localization technology developed 

in this project is realized by continuously estimating the 
position by DR and map matching.(4) DR is capable of calculating 
self-position at a high frequency by integrating velocity vectors 
obtained from sensors, but it is not suitable for long-term 
localization due to cumulative errors. To solve this problem, we 
developed a method for robustly estimating accurate self-
positions by compensating for the cumulative errors in DR 
through image matching (template matching) using road 
surface pattern images obtained in real time from LiDAR and 
reference map images created by acquiring road surface patterns 
in advance. 

(2) Issues Identified in the Tokyo Waterfront FOTs
At the same time, the FOTs in the Tokyo waterfront area 

revealed that the contrast between the white lines and the 
asphalt deteriorates on thermal shielding-coated road surfaces 
and during rainfall, resulting in a loss of accuracy in matching. 
As a countermeasure, we developed a method to correct the 
reflectance from the angle of incidence of the laser using the 
Lambert model, which is a model of diffuse reflection of light 
(Fig.14). We have also confirmed that localization accuracy of 
0.1m can be achieved by introducing a contrast correction 
process that matches the entire LiDAR image to the contrast of 
the map image.

(3)  Evaluation of Marginal Performance in a Virtual 
Environment
On the other hand, depending on the road surface material 

and the wetness of the road surface, the contrast between the 
white lines and the asphalt may be significantly reduced, 
resulting in incorrect localization. For this reason, we evaluated 
the marginal performance of self-localization by reproducing 
scenarios that caused localization problems identified in the 
FOTs using the virtual environment being developed in the 
DIVP project.

In this evaluation, as shown in Fig.15, we changed the 
wetness of a normal asphalt road surface and a thermal 
shielding-coated road surface, and compared the matching 
results to obtain performance limits. In the DIVP virtual 
environment, the wetness of the road surfaces was defined in 
five levels: Level 0 is a dry road, Level 1 is a road where raindrops 
have begun to seep in, Level 2 is a road where water has fully 
seeped in and saturated the road surface, and Levels 3 and 4 are 
a thin water film of 1-2 mm and a thick water film of several mm 
or more, respectively. The results of the evaluation confirmed 
that localization is possible even at the maximum wetness of 
Level 4 for a normal asphalt road surface. On the other hand, for 
a road surface with a thermal shielding coating, a wetness level 
of 1.9 was confirmed to be the performance limit.
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3.5.  Development of Emergency Vehicle Recogni-
tion Technology

As stipulated in Article 40 of the Road Traffic Act, when an 
emergency vehicle approaches, it is necessary to take evasive 
action so as not to obstruct its path. For this reason, we 
developed a technology for recognizing emergency vehicles 
using on-board sensors.

(1) Recognition of Emergency Vehicles by Camera
For the image-based recognition of emergency vehicles, we 

recognized the vehicles themselves, such as police cars and 
ambulances, and detected the flashing of their emergency 
lights. In this project, YOLO v4 was used as the recognition 
algorithm for emergency vehicles. First, YOLO v4 was trained 
using a dataset for object detection collected in the Tokyo 
waterfront area. The Tokyo waterfront area dataset contains 
seven classes of objects for detection, including general vehicles, 
pedestrians, bicycles, and different states of traffic lights. After 
training on the Tokyo waterfront dataset, we added classes for 
emergency vehicles, and conducted additional training nine 
classes. In training the first seven classes, the system acquires 
features suitable for object detection using video acquired from 
a camera mounted on the vehicle as input. Then, by training 
additional classes, features suitable for emergency vehicles can 
be additionally acquired. Fig.16 shows an example of emergency 
vehicle detection results. At the same time, it may be difficult to 
detect an approaching emergency vehicle using only image 
recognition based methods when the vehicle is far away or in an 
environment where it is physically difficult to see the vehicle 
due to blind spots or other reasons. For this reason, a method to 

detect the siren sound of an emergency vehicle using 
microphones mounted on the test vehicle shown in Fig.1 was 
also studied.

(2) Recognition of Emergency Vehicles by Microphone
For emergency vehicle recognition by microphone, in 

addition to determining the presence or absence of an 
emergency vehicle, it is necessary to determine the location of 
the vehicle. For this reason, in this project we developed a siren 
sound recognition technology and a sound source localization 
technology. For siren sound recognition, features were extracted 
from the sound data of the on-board microphones, and the 
siren sound is identified by machine learning. In this project, 
SVM (Support Vector Machine) was used as the recognition 
algorithm, and in addition to the test vehicle driving data, data 
from ESC-50, which is a publicly available environmental 
sound dataset, and voice data scraped online were also used as 
the training dataset. Table 1 shows the evaluation results of the 
ambulance siren sound detection technology developed in this 
project. The Precision index indicates a value closer to 1 when 
there are fewer false positives, and the Recall index indicates a 
value closer to 1 when there are fewer false negatives. Table 1 
shows that the sirens were identified with an accuracy of more 
than 90%.

In addition, we studied the phenomenon of the recognition 
rate decreasing due to attenuation of the siren sound, increase 
in noise, and the Doppler effect depending on the distance to 
the emergency vehicle and the vehicle's speed. Fig.17 shows a 
graph of the recognition accuracy as a function of vehicle speed 
and distance to the emergency vehicle. The figure shows that 

Table 1: Recognition rate of ambulance siren sound

Precision Recall
Recognition rate 0.964 0.965

Fig.15:  Map-matching results near the performance limit during rainfall 
on a thermal shielding-coated road surface

LiDAR image
(A�er contrast 

correction)

LiDAR image Matching correlation 
distribution

LiDAR image Matching correlation 
distribution

Lv 1.8

Lv. 1 Lv. 2

Lv 1.9 Lv 2

Performance limits for 
localization between the 
two conditions

Correlation peaks in 
correct position

Peak of correlation 
cannot be obtained

Matching correlation 
distribution

High

Low

C
orrelation value

Fig.16: Example of emergency vehicle detection

(a) Ambulance (b) Patrol car

Fig.17: Recognition accuracy based on own vehicle speed and distance

0 50 100 150 200 300 400250

0 km/h 20 km/h 40 km/h 60 km/h

350

0.2

Re
co

gn
iti

on
 ra

te

Distance [m]

0

0.4

0.5

0.8

1

1.2

2) Research on the Recognition Technology Required for Automated Driving Technology (Levels 3 and 4)

 

3.Ensuring the Safety of Automated Driving

128

SIP通し.indb   128SIP通し.indb   128 2023/03/01   16:472023/03/01   16:47



the recognition accuracy is 90% when the distance to the 
emergency vehicle is within 120m, but the recognition accuracy 
decreases significantly when the distance to the emergency 
vehicle is farther away. It can also be confirmed that the 
recognition accuracy generally decreases as the speed increases.

The test vehicle was equipped with four microphones for 
sound source localization (Fig.1). Using these on-board 
microphones, we developed a technique for estimating the 
direction and distance of a sound source by calculating the time 
difference of sound arrival between the microphones.

To confirm the principle, the distance to the emergency 
vehicle was fixed at 100m, the azimuth angle was varied while 
both vehicles were stationary, and the accuracy of the source 
azimuth estimation by the two microphones was evaluated. As 
shown in Table 2, it was confirmed that an azimuth estimation 
with an error of about 10 degrees was possible under each 
condition.

Postscript4    
In this project, through universities as neutral research 

institutes, we developed the recognition technologies required 
for a Level 4-equivalent automated driving system in complex 
urban traffic environments with a mixture of ordinary traffic 
participants and other automated vehicles. We also evaluated 
the effectiveness of infrastructure-cooperative driving using 
wireless infrastructure such as V2I/V2N through FOTs in the 
Tokyo waterfront area. In addition, we reproduced in a virtual 
environment the problems of autonomous recognition 
technologies based on on-board sensors that emerged in the 
FOTs in the Tokyo waterfront area, and evaluated the marginal 
performance of these recognition technologies.

In the future, for the introduction of automated driving 
technology to society in various environments, including 
prefectural and municipal roads, it will be important to evaluate 
not only advancements in recognition and decision-making 
technologies in automated driving systems, such as those 
developed in this project, but also their safety. At the same time, 
evaluations in actual road environments are limited in terms of 
time, cost, and efficiency. For this reason, it will be important to 
construct frameworks for efficient and comprehensive safety 
assurances using virtual environments, as was done in this 
project.
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True value [deg] Estimated position 
[deg] Error [deg]

−36.2 −45.7 −9.5
9.4 1.9 −7.5

48.6 37.7 −10.9

Table 2: Accuracy of sound source azimuth estimation  
with two microphones

2) Research on the Recognition Technology Required for Automated Driving Technology (Levels 3 and 4)

 

3.Ensuring the Safety of Automated Driving

129SIP 2nd Phase: Automated Driving for Universal Services - Final Results Report (2018-2022)

SIP通し.indb   129SIP通し.indb   129 2023/03/01   16:472023/03/01   16:47

https://github.com/AdmoreKanazawa/open_data


Ken Okuyama, Naohide Waguri, Shinichi Kan, Yuki Imagawa (PwC Consulting LLC)

3)  Research of New Cyberattack Techniques 
and Countermeasure Technologies

Ensuring the Safety of Automated Driving3

In accordance with the research and development plan, 
objectives and goals of the second phase of SIP-adus (Cross-
ministerial Strategic Innovation Promotion Program (SIP) 
Automated Driving for Universal Services): Research of New 
Cyberattack Techniques and Countermeasure Technologies, 
the "Formulation of IDS Evaluation Methodology and 
Guidelines" and "Research study on Threat Information and 
Initial Response Support for Connected Cars" are being 
conducted from August 2020 to February 2023.

As shown in Fig.1, our objective with this topic is to 
contribute to post-shipment cybersecurity measures. We hope 
to achieve this by creating IDS evaluation guidelines and then 
providing them to industry organizations as a baseline for 
OEMs when selecting, verifying, and operating IDS. The main 
target audience is OEMs that have just started considering the 
introduction of on-board IDS with the intent of raising the level 
of post-shipment cybersecurity of their vehicles.

2.1. Derivation of basic test cases

In order to organize the points to be evaluated in the 
selection and testing phases of on-board IDS, we analyzed 
previous published cases of attacks and derived the cybersecurity 
events from them. Among the cybersecurity events, we selected 

(Abstract) As connected cars and automated driving systems develop and spread, a lot of information of advanced 
maps and the vehicles, people, and infrastructure facilities mapped onto them is transmitted to vehicles via external 
networks. This situation causes cybersecurity issues. Furthermore, since the introduction of UN-R155/R156 to the 
safety standards for road vehicles—agreed-upon regulations for cybersecurity and software updates—it is also 
necessary to take countermeasures against cyberattacks from a legal perspective. To solve these issues, this study 
focused on intrusion detection systems (IDS) as a new countermeasure technology against cyberattacks after 
shipment, and developed IDS evaluation guidelines to serve as a baseline for evaluation and testing when introducing 
IDS. During the current fiscal year, we are studying methods of collecting and accumulating threat information on 
connected cars and conducting collection experiments using methods such as honeypots, seeking to create a 
mechanism to support an initial response when an incident actually occurs.

Keywords:  IDS (Intrusion Detection System), Honeypot, Threat Information, STIX/TAXII, S-BOM
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Fig.2: Derivation of basic test cases

WP29 UN-R155 cyberattacks must be detected and 
responded to, and it is necessary to explain that the 
company's vehicles can detect and respond to such 
attacks.

Focusing on on-board IDS, we will investigate evaluation methods for evaluating the ability of IDS to detect attacks 
and subsequently recover the vehicle and organize them into IDS evaluation guidelines to contribute to post-ship-
ment cybersecurity measures in the automotive industry as a whole.

There are no existing laws, regulations, or guidelines 
that specify what types of attacks should be detected and 
to what extent, making it necessary for each company to 
define its own requirements.
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those that an IDS should detect at a minimum, and summarized 
them as basic test cases. (Fig.2)

2.2. Basic test case testing environment

Based on the basic test cases, three types of testing 
environment were considered, as shown in Fig.3. In light of the 
incurred costs, this study examined a test procedure based on 
the assumption that testing would be conducted in either a 
simulation environment (Fig.4) or a testbed environment. 
(Fig.5)

2.3. Testing of test cases using actual IDS equipment

The purpose of actual IDS equipment testing is to verify the 
validity of the test method of the basic test case (whether the 
test can be performed using the predefined test method).

For this purpose, one OEM (hereinafter referred to as "OEM 
A") provided the communication data and ECU for the on-
board network necessary for testing a basic test case. In addition, 
we asked ETAS Corporation and Arilou Information Security 
Technologies Ltd. to provide IDS adapted from their respective 
companies for the specific vehicle model of OEM A. We 
conducted testing according to the test procedures of the basic 
test cases, and confirmed whether the test results matched the 
expected values.

2.4. Results of testing

The procedures shown in the test method for all test 
perspectives tested were performed for the IDS of the two 
companies under the simulation and testbed environments. It 
was confirmed that there were no errors in the procedures and 
that the IDS performed as expected.

2.5. Activities for social implementation

A technical review meeting was held with JASPAR (Japan 
Automotive Software Platform and Architecture), the future 
recipient of the IDS evaluation guidelines, in preparation for 
the transfer of the IDS evaluation guidelines. The IDS evaluation 
guidelines were finalized by responding to feedback from the 
recipient right up until the transfer, which—including 
administrative procedures—was then completed in August 
2022.

Our goals with this topic have been to define basic 
specifications for methods of collecting and accumulating 
threat information on connected cars and for initial response 
support using threat intelligence, and to transfer our outputs to 
industry organizations in 2023. "Threat intelligence" is 
information collected, analyzed, and accumulated to support 
responses to cyberattacks and other threat. In some industries, 
there are threat intelligence sharing activities.(1)

Sharing threat intelligence is expected to be effective in 
preventing chain-reaction damage caused by similar 
cyberattacks, but the currently shared threat intelligence comes 
mainly from the IT domain.

Research Study on Threat 
Information and Initial Response 
Support for Connected Cars
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3.1.  Examination of basic specifications for informa-
tion collection and storage

In order for organizations in the automotive industry to 
obtain threat information more efficiently and proactively, we 
conducted PoC (Proof of Concept) on collection methods other 
than public information collection, referring to examples of 
implementation in the IT domain. During this activity, we 
focused on honeypots*1 and playgrounds (one� format� of�
CTF*2), and examined whether these methods can be applied to 
the automotive domain.

3.1.1. Honeypot PoC

We created an automotive version of a honeypot used in the 
IT field and conducted PoC. Specifically, we investigated 
aftermarket products that can be detected via wide-area 
scanning, developed a honeypot prototype using the 
corresponding products, and began cyberattack observation 
experiments in late January 2021. Fig.6 shows an overview of 
the automotive honeypot.

As a result of the current observation, we observed many 
activities that match the characteristics of IoT malware (Mirai 
etc.) as seen in IoT products, sending IDs and weak passwords 
to telnet. This is considered an automated attack from a device 
infected with malware and not an attack based on recognizing 
the honeypot as an on-board device.

As part of the honeypot PoC, we have also been concurrently 
studying efficient equipment search methodologies, and have 
proposed two approaches: keyword search using an Internet 
search engine to search websites for on-board unit products, 
and a direct search using Censys*3 for keywords related to on-
board unit.

The scope of the honeypot PoC up to FY2021 was honeypots 
that imitated aftermarket products among on-board unit, but in 
FY2022, we are also studying the methodology for collecting 
threat information using honeypots that imitate connected 
systems as a whole.

3.1.2. Playground experiments

Playground experiments were conducted to investigate 
cyberattack methods targeting vehicles in connected systems, 
as well as attacker's behavior and logs to determine if an attack 
was targeted at a vehicle. These playgrounds were conducted as 
hacking contests in which participants report vulnerabilities 
with the goal of exploiting the system, without the setting of any 
specific flags.

For the playgrounds, we prepared an environment that 
imitates a general connected system as shown in Fig.7. Although 
there are various attack surfaces in a connected system, the 
attack surface in this playground is a user application or a web 
portal site open to the public.

Fig.6: Overview of automotive honeypots

honeypot honeypot

Collected
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responsesCloud Mobile

NW
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telnet Device
decovery
System
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Fig.7: Playground environment
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*1   Equipment for observing attacks. A method to collect and observe access information and attack methods of attackers by disclosing a system on the Internet with 
the intention of it being attacked.

*2   A method in which white hat hackers intentionally launch attacks against an environment that simulates a system to collect information on the availability of attacks 
and their methods. A widely known method is to set a target (flag) for the attack and compete for points.

*3   Censys is an IoT search engine. It can search for devices that are open to the public on the Internet.
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3.2.  Methods of describing and sharing threat infor-
mation

In order to collect and share threat information efficiently, 
the threat information must have a certain level of structure and 
a method for sharing it must be formulated. As shown in Fig.8, 
as vehicles become more connected and automated, there will 
be more opportunities to adopt  technologies used in IT 
domain. We are conducting research focusing on STIX/TAXII,*4 
which is the most popular protocol in the IT field and is capable 
of describing many types of information.

3.3.  Utilization of threat information for initial re-
sponse

In order to manage threat information and utilize it for an 
initial response, it is necessary to determine whether the data 
discovered and reported daily is relevant to the vehicles or 
systems that will be managed. In particular, when open source 
software (hereinafter referred to as "OSS") is used, a large 
amount of vulnerability data is reported and frequent updates 
are performed. In turn, this makes it necessary to constantly 
update the relevant information and keep track of the version, 
increasing the difficulty in determining the relevance. Using 
Software Bill of Material (S-BOM) to manage the components 
included in software has been attracting attention as a solution 
to these issues. Although the S-BOM can be created in-house 
and used for vulnerability management, it can be used 
throughout the supply chain for a more comprehensive and 
efficient initial response. By creating an S-BOM and linking it 
to other information sources, such as information sharing 
systems, it is possible not only to determine whether or not the 

company's vehicles and systems are vulnerable, but also to 
smoothly access the relevant vulnerabilities and information 
necessary for an initial response in the event of an incident. 
(Fig.9)

3.4. Activities for social implementation

Our goals for this topic consist of two deliverables: basic 
specifications for an information sharing system that 
accumulates threat information in the automotive domain and 
can be used to support initial response to cybersecurity 
incidents, and an information collection guide that compiles 
knowledge on attack methods and technologies for connected 
systems as obtained from the honeypot and playground. 
Technical review meetings with J-Automotive-ISAC, to which 
the deliverables will be transferred, are being held on an ongoing 
basis and approval has been received for the transfer of the 
deliverables.

In order to cope with cyberattacks in the automotive domain, 
it is important to take cybersecurity measures not only for 
individual companies but also for the entire supply chain. In 
order to make the deliverables easier to deploy in practice, 
meetings were held as necessary with J-Auto-ISAC, the final 
recipient, in order to exchange opinions with the teams 
conducting testing and research at the field level.

After the transfer, which is scheduled for December 2022, we 
will continue discussions with J-Auto-ISAC for practical 
deployment and additional activities.

4.1. Development of IDS evaluation guidelines

For this topic, IDS evaluation guidelines were developed 
mainly to contribute to accelerating the start-up of on-board 
IDS development by OEMs/suppliers who are facing difficulties.

Regarding the basic test cases, test case procedures and 
expected values were confirmed using actual equipment 
through the collaboration of two companies, one OEM and one 
IDS vendor, validating their suitability. The transfer of the test 
cases to JASPAR has also been completed.

IDS for on-board units will be a typical technology and 
product that provides detection functions to cope with new 
cyberattacks in the future, but we found through interviews 
with some OEMs that this technology is not being studied at 
the same level in the automotive industry as a whole. The target 
of our evaluation was an off-the-shelf network monitoring IDS 
using CAN communication as the target protocol. The main 
content of this project is testing and evaluation methods 
focusing on detection functions, which is the main function of 

Fig.8: Integration of automotive and IT domains
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Fig.9: Use of S-BOM for initial response
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*4   STIX is a standardized language developed to describe threat information, while TAXII is a specified procedure for sharing threat information.
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IDS. It is expected that OEMs/suppliers will introduce 
appropriate IDS by referring to these IDS evaluation guidelines.

4.2.  Research study on threat information and initial 
response support for connected cars

This topic aims to prevent cybersecurity incidents and 
minimize damage in the event of an attack on connected cars 
and automated driving systems, which are technology that have 
seen remarkable development in recent years. The basic 
specifications for an information sharing system and an 
information gathering guide for proactive threat information 
gathering are being prepared.

The deliverables for this topic will promote information 
sharing activities in the automotive industry, where connected 
cars are widely used and new cyberattack methods are 
continuously reported, and will contribute to enhancing first 
response capabilities. We hope that the proposed specifications 
will be used to develop and implement information sharing 
systems, and that the guidance will be used as a reference for 
proactive information gathering in addition to publicly available 
information. We also expect that these sharing systems and 
information collection efforts will continue to be improved and 
adapted to the automotive industry through continuous 
operation and review.

4.3. Conclusion

Since ensuring automotive cybersecurity may have an 
impact on automotive safety, it is appropriate to ensure that 
minimum cybersecurity standards are met and that the 
common threats faced as a whole must be made a cooperative 
area for the entire Japanese industry, or at least actively shared, 
in order to improve the development and operational efficiency 
of connected services and help Japanese companies to maintain 
their international competitiveness. It is also important to 
strategically approach standardization organizations so that the 
cybersecurity measures and information sharing mechanisms 
that have been established can be used to the advantage of 
Japanese companies, allowing Japan to make recommendations 
for future international standards and the development of 
automotive cybersecurity.

The final results of this project also lead into our further 
research and areas of focus. For the IDS evaluation guidelines, 
it will be possible to create guidelines for the evaluation of IDS 
other than off-the-shelf products, other protocols such as 
Ethernet, testing and evaluation methods for non-functional 
requirements such as performance that cannot be generalized 
at this time, and guidelines relating to IPSs (Intrusion 
Prevention Systems).

With regard to the basic specifications for information 
sharing systems and the information collection guidelines, it is 
necessary to catch up with and utilize methodologies and new 

technologies from overseas and other industries, and to 
continue research not only on information gathering, but also 
on methods of analyzing collected information and improving 
its accuracy and precision. In addition, cybersecurity on the 
side of connected services (such as servers and platforms), 
which has been investigated and handled independently by 
OEMs/suppliers, may become a new area of cooperative area, 
and is therefore considered to be an area of future research and 
focus.

Based on the above, data cybersecurity activities have an 
important role in the development of automated driving 
systems, and are expected to contribute to the development of 
cybersecurity activities in the industry.
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4)  Research of Education Methods for 
Advanced Automated Driving Systems

Ensuring the Safety of Automated Driving3

In order for the user to safely utilize an automated 
driving system, the user must be able to make appropriate 
judgments and take appropriate actions according to the 
system functions, the role of the user (driver), and the 
situation in which he or she is placed. The human-machine 
interface (HMI) installed in the vehicle should support the 
user's judgment, and ideally, the HMI should support the 
user in making appropriate judgments intuitively, regardless 
of the user's knowledge. However, unfortunately, an ideal 
HMI that can guarantee the user's appropriate judgment 
and execution of actions has not yet been realized, and even 
if it were technically feasible, it may not be possible to use 
an ideal HMI due to cost constraints.

Therefore, it is necessary to consider how education and 
training should be conducted to provide users with the 
necessary knowledge and skills.  This research and 
development is an effort to educate users on the safe use of 
automated driving.

In order to conduct education efficiently, it is necessary 

to appropriately take into account the characteristics of the 
recipient of education, such as learning styles. In this 
research and development, in addition to learning styles, we 
focused on resilience characteristics, one of the individual 
difference variables of personality characteristics, and 
examined the effects on knowledge acquisition when 
transitioning from Level 3 automated driving to manual 
driving, taking into account the fact that automated driving 
is a new learning experience.

Specifically, we analyzed the results of a survey of 3,240 
participants conducted via the Internet during the first 
phase of SIP-adus in relation to personality characteristics 
and knowledge acquisition. Three types of educational 
materials (leaflets, quizzes, and videos) were used, and the 
effect of knowledge acquisition after learning with each 
material was compared.(1) A logistic regression analysis was 
conducted using the binary variable of the ascending and 
non-ascending groups as the dependent variable, and a 
group of variables that were assumed to influence the 
dependent variable as the independent variable, using 
propensity score matching. As a result, it was confirmed that 
the absorption effect of resilience characteristics differed 
depending on the format of the teaching materials, and that 
the video teaching materials had the greatest potential to 
absorb resilience characteristics.

In addition, a method that can absorb individual 
characteristics and be effective in educating a large number 
of trainees was investigated, as well as a method that can 

(Abstract) This paper outlines the activities of "Research and Development of Knowledge that Drivers and Pedestrians 
Should Acquire and Effective Educational Methods (Task C)" of the second phase of SIP-adus (Cross-ministerial 
Strategic Innovation Promotion Program (SIP) Automated Driving for Universal Services). In Task C, based on the 
main research objectives, we have set three research themes for further developing educational methods: (1) proposal 
of an educational method based on individual characteristics, (2) proposal of a motivational method, and (3) 
development of complete educational materials that can be modularized with partial education in mind. In addition, 
using prototype teaching materials, we verified the effectiveness of providing general knowledge about automated 
driving in advance using a driving simulator.

Keywords:  education, training, motivation, knowledge, experience
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easily identify characteristics. As a result, we were able to 
develop a shortened version of the learning style and career 
resilience scale.(2) (3) Furthermore, we found that effective 
teaching materials can differ depending on differences in 
learning styles and career resilience. These results suggest 
that adaptive learning is feasible if thre is enough time in a 
education, where learning styles and career resilience can be 
easily examined using a shortened version of the scale, and 
learners are provided with more appropriate learning 
materials according to the results of the examination.

The target audience for safety education is  a l l 
transportation users, and is diverse and wide-ranging in 
terms of age groups, backgrounds, and learning styles. Many 
of them are not interested in automated vehicles. Driver 
education may include a course at the time of license 
renewal, but it is necessary to devise ways to increase 
learning effectiveness in a limited amount of time. 
Therefore, in addition to teaching materials, a method to 
arouse interest in the learning content was studied. In this 
study, we developed two types of motivational videos for 
safety education ("Narrative" videos that focus on stories 
that are expected to be emotionally moving, and "Fact-
based" videos that focus on objective facts), using the 
motivational ARCS model. The results of formative 
evaluation suggested that the two types of videos were able 
to motivate at the same level.

In addition, in order to examine motivational methods 
for automated driving education, we used two types of 
motivational videos we developed and examined the 
effectiveness of motivational videos considering the 
influence of individual characteristics from a web-based 
survey of 2,790 participants.(4) Propensity score matching 
results verified the possibility that motivational videos 
utilizing the narrative method can absorb individual 
resilience factors compared to fact-based videos, and that 
after the fact scores increase with lower levels of resilience. 
In addition, the use of narrative-based motivational videos 
may be more effective when the individual's learning style is 
taken into account. It was also suggested that the use of 
narrative-based motivation may be able to absorb 
differences in individual attributes such as gender, age, 
marital status, and whether or not they have children.

In addition, the methodology of group training to 
increase motivation was also examined. We designed and 
implemented an online training course, and found that the 
training improved knowledge about automated driving 

systems and promoted attitude change.

One of the objectives of this project is to develop and 
accumulate a variety of educational material modules that 
can be combined with each other so that users can learn 
using educational materials  that match their own 
characteristics and learning styles. For the research, we 
developed four modules including two types of motivational 
videos as described in Section 3, and quiz materials and 
video materials for acquiring general knowledge about 
automated driving. By developing a variety of teaching 
materials as short, micro-learning-enabled modules, it is 
possible to learn each of them independently, or to combine 
them according to learning goals or actual objectives. In 
addition, a simple driving simulation system that enables 
users to experience a driving takeover situation was 
developed as a web-based remote learning material. The 
effectiveness of these teaching materials has been confirmed 
through web-based surveys and verification experiments 
using the simulator described in Section 5.

In addition, among the materials developed for the 
research, the motivational videos and general knowledge 
videos will be published as sample teaching materials for 
actual use.

5.1. Educational opportunities

In this research project, we examined educational 
opportunities for automated driving with a view to social 
i mpl e me nt at i on .  T he re  are  v ar i ous  e du c at i ona l 
opportunities, including mass media and websites, to 
provide the knowledge necessary to use automated driving 
or to interact with automated vehicles. Since the time and 
resources available for each of these opportunities are 
limited, it is important to select the appropriate level of 
specificity and granularity in line with the characteristics of 
each opportunity.

Opportunities to convey knowledge and information 
about specific systems to actual users may include 
opportunities for explanations at dealerships and car rental 
offices and at the time of delivery, as well as the ability to 
convey knowledge through in-vehicle systems. However, 

Proposal on motivation methods3

Development of complete educational 
materials that can be modularized with 
partial education 

4

Experiments to verify educational 
effectiveness for educational 
opportunities

5

4) Research of Education Methods for Advanced Automated Driving Systems

 

3.Ensuring the Safety of Automated Driving

136

SIP通し.indb   136SIP通し.indb   136 2023/03/01   16:472023/03/01   16:47



according to the ongoing research conducted to date in this 
project,(5) it is believed that some people generally have 
almost no knowledge of automated driving at all, and 
therefore it is necessary for them to have general knowledge 
to be able to understand the explanations of individual 
systems. Therefore, in this project, we decided to verify the 
effectiveness of communicating general knowledge about 
automated driving in advance.

5.2.  Simulator-based verification experiment on general 
knowledge

First, we decided to verify the effectiveness of the general 
knowledge provision as a trial before the prototype teaching 
materials in Section 2. (Experiment 1) Based on the 
instructional materials used in the knowledge provision 
study conducted in the first phase of SIP-adus, we organized 
the general knowledge about automated driving, created an 
explanatory video, and had the participants watch it. 
Approximately one month later, an experiment on the 
handover from automatic to manual driving was conducted 
using a driving simulator. To test whether general 
knowledge is useful for several specific systems, two types of 
experiments were conducted: one that provided Level 
3-equivalent functions only at low-speed following, and the 
other that provided Level 3-equivalent functions with no 
speed limit (between-subjects factor). Neither of the two 
types provides a function for changing lanes.

Fig.1 shows an example of the experiment results.(6) This 
is a scene in which a broken-down car is stopped in front of 
the driver's lane and the driver needs to change lanes to 
avoid it. Since the automated driving system in this 
experiment does not have a lane change function, the driver 
must take over in order to continue driving. Fig.1 shows the 
ratio of the number of people involved in a collision to the 
number of vehicles involved in a breakdown. As shown in 
Fig.1, the results suggest that if general knowledge about 
automated driving is provided in advance, the driver may be 

able to perform an appropriate takeover when RtI is 
presented by the system in a situation where doing so is 
necessary.

Next, a verification experiment was conducted using the 
video materials developed in Section 4, which were 
shortened to the time expected to be spent on actual 
education. (Experiment 2) In this experiment,  an 
explanation of the system used in the experiment, along 
with general knowledge, was given approximately one 
month before the simulator experiment was conducted. As 
a result, many participants were observed to be unaware 
that they were being asked to take over driving in the first 
half of the experiment, even though the RtI was presented 
to them. The difference is that in Experiment 1, the 
explanation of the actual system was provided on the day of 
the experiment, whereas in Experiment 2, it was provided 
one month before the experiment. Although the usefulness 
of providing general knowledge was confirmed in 
Experiment 1, it is necessary to promote understanding of 
the provided knowledge in order to enable truly safe use of 
the system.

In order to promote understanding and retention, we 
reorganized the teaching materials so that necessary 
explanations are given in a timely manner, and we 
confirmed that in many cases, the participants were able to 
respond appropriately to driving takeover. In addition, we 
also examined the two points of including a specific system 
in the general explanation, and of providing even a 
simplified experience of the driving takeover, and confirmed 
that better results were obtained in the verification 
experiment when a specific system was included as a case 
study. The results also indicated that the effect of the 
experience of switching drivers may work in a more positive 
direction, although the effect was not statistically significant.

5.3.  Verification experiment on how education and 
training should be conducted when actually using the 
system

Even if the same automated driving system is used in the 
sense of Level 3, the functions, their limitations, and 
situations in which driving takeover is required differ 
depending on the type of vehicle and system, such as 
whether there is a speed limit or not. Therefore, when 
actually using a particular system, it is necessary to have 
knowledge specific to that system and acquire the skills to 
respond appropriately in situations where driving takeover 
is required.

One of the important issues here is how effective the 
experience is. From the first phase of SIP-adus results,(7)(8) 
we discovered that various experiments gradually allow the 
driver to respond more skillfully. On the other hand, when 
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the driver suddenly encountered a serious situation such as 
loss of sensor function, there was a delay in intervention. In 
addition, it was confirmed that experience with functional 
failure, which is considered to be one of the most severe 
situations requiring driver handover, is effective when 
encountering actual situations, and that such an experience 
may be effective over a long period of time.(9) From the 
above, it is considered important to have the trainees 
experience specific driving takeover situations in advance. 
However, it is not always possible to devote enough time to 
the test-drive experience in the midst of complicated 
procedures such as contracting when buying or selling a 
vehicle. Rather, it would be effective to provide users with 
an opportunity to freely learn on their own in their spare 
time. Therefore, we conducted an experiment to verify the 
effectiveness of using the web-based system developed in 
Section 4 to allow users to experience a possible driving 
takeover situation using the same HMI as the vehicle they 
will actually use at a later date. As a result, it was found that 
the participants were able to take quicker action during the 
actual driving takeover by experiencing such a situation in 
advance.

In the web-based learning, there were some cases in 
which the learners skipped watching the video materials 
that they should have viewed, and as a result, there were 
some cases in which their understanding was considered 
insufficient.

Instead of simply summarizing the results of this research 
and development in this report, they should be utilized for 
social implementation. For those who plan education, etc., 
this report is a manual that summarizes the knowledge that 
contributes to planning and development of teaching 
materials. In addition, as described in Section 4, we are 
preparing to release motivational videos and general 
knowledge video materials as samples. We hope you will 
find the manual and other materials useful.

Since this manual was compiled, we have continued to 
analyze data obtained as a result of our research and 
development activities, and as further findings are obtained, 
we hope to take the opportunity to revise it as necessary.
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To ensure mobility for vulnerable road users in rural, or 
depopulated areas, and to alleviate a shortage of drivers for 
transportation and logistics services, research is being done 
into the deployment and usage of transportation and logistics 
services that make use of automated vehicles. At this early stage, 
research is proceeding with the expectation that these services 
will be used for low-speed travel in general road environments 
and traffic situations where there are pedestrians, drivers, and 
other traffic participants. In some areas, including those where 
FOTs are being done, human attendants who can manually 
intervene are needed for safety reasons in automated 
transportation or logistics service vehicles traveling at low 
speed. However, technological advances should pave the way to 
a means of vehicle operation capable of handling situations and 
limitations in areas of automated service vehicle deployment, 
including means of operation where no human attendants, or 
their intervention, are needed. On the other hand, conventional 
driver communication, such as gestures and eye contact, for the 
purpose of ensuring safety and traffic facilitation for participants 
in surrounding traffic, facilitates their understanding of the 

vehicle's intentions and status and their own judgment of their 
own actions, and improves their sense of security. However, 
there is unlikely to be any active communication from human 
crew member when automated service vehicles are being 
operated without involvement by such crew member. These 
research and development efforts(1) have focused on developing 
and proposing design recommendations to support and achieve 
safe and seamless communication between automated service 
vehicles and traffic participants. Through cooperation with 
"automated service vehicle FOTs in areas primarily around 
Michi-no-Eki (Roadside Stations) in rural regions,"(2)  ("Michi-
no-Eki FOTs"), we analyzed drive recorder video and identified 
typical unsafe and inefficient means of communication between 
automated service vehicles and traffic participants(3), shown in 
Fig.1. For these typical cases, a focus was placed on methods 
that included means of communication between traffic 
participants and automated golf carts (6-passenger capacity) 
traveling at up to 12 km/h along only electromagnetic induction 
line, especially external human machine interfaces ("eHMI"). 
We conducted experiments in a virtual reality environment 
(VR experiments) using a head mounted display, experiments 
using a driving simulator, and road experiments using an 
experimental vehicle on campus and in other locations, 
researching and proposing means of communication for each 

Tatsuru Daimon, Masahiro Taima, Jieun Lee, Tomoyuki Furutani (Keio University)

5)  Research on Communication between Low-Speed 
Automated Transportation and Logistics Services 
Vehicles and Surrounding Traffic Participants
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(Abstract) Aimed at addressing societal problems such as facilitating mobility for vulnerable road users, alleviating a 
lack of drivers for transportation and logistics services, and reducing costs, technologies are currently being developed 
for low-speed automated transportation and logistics service vehicles, and FOTs (Field Operational Tests) are being 
done in rural regions. In contrast to traditional driver-operated vehicles, low-speed automated service vehicles need 
to see a number of issues addressed, including safety, security, and traffic efficiency, through better communication 
with traffic participants, including pedestrians and other drivers. In order to achieve safe and reliable communication 
between low-speed automated service vehicles and traffic participants, we analyzed communication characteristics 
observed during the FOTs, and conducted experimental studies concerning communication methods (vehicle 
behaviour, external HMI (eHMI), etc.) for relaying to traffic participants the intent and status of automated service 
vehicles. Furthermore, through the field operational tests, we tested communication methods through eHMI identified 
based on experimental studies, and confirmed the effectiveness of design recommendations for communication 
methods.
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case. In cooperation with Michi-no-Eki FOTs, we also 
conducted FOTs relating to means of communication involving 
eHMI, and evaluated the effectiveness of these means.

For approach and avoidance situations, we researched 
communication methods through VR experiments that focused 
on eHMI, for example, that included visually or auditorily 
conveying vehicles' intent to pedestrians in situations where 
automated service vehicles approach pedestrians from behind.

2.1. eHMI specifications

For eHMI used for approach and avoidance situations, as 
shown in Fig.2, we developed the phrases "now moving" to 
indicate vehicle intent and "please clear the way" as a request for 
pedestrians, adding auditory cues to the existing visual cues.

2.2. Experiment method

We built road environments modeled after non-intersection 
segments in areas surrounding Michi-no-Eki (Roadside 
Stations) and had experimental participants—posing as 
pedestrians—look back and confirm the state of an automated 
service vehicle approaching from or stopping behind them as 
the pedestrians walked down the left side of a non-intersection 
segment. We then studied those pedestrians' understanding, 

avoidance behavior, etc. when the eHMI gave them visual or 
auditory information about the intent of the vehicles, or 
requests to avoid the vehicles.

2.3. Results of the Experiment

Concerning avoidance behavior after a pedestrian notices an 
automated service vehicle approaching from behind, we 
observed numerous cases of inadequate avoidance by 
pedestrians, including them not getting off the roadway or 
moving over a little bit to the road shoulder when no eHMI was 
deployed. However, when the pedestrians were given 
information from an eHMI, many practiced proper avoidance.

We also analyzed how much time it took for experimental 
participants who conducted proper avoidance and moved 
completely off the roadway after noticing an automated service 
vehicle to complete the avoidance process. Those given any sort 
of auditory cues took roughly 5 seconds to complete the 
avoidance process, whereas those given visual cues tended to 
take longer, although there was considerable individual 
variation. In a retrospective report released after the experiment 
was completed, many experimental participants did not know 
that automated service vehicles could not drive themselves 
automatically separated from electromagnetic induction line. 

When no eHMI was used and an automated service vehicle 

had stopped before the experimental participants turned 

around and noticed them, many said that they didn't know 

what they're being told about. Even when the eHMI was used, 

people told us, for example, that "I thought I just needed to 

move over to the shoulder a little and the automated service 

vehicle would correct a little and avoid me," "‘Now moving’ is 

not enough to prompt me to avoid vehicles," "(‘Please clear the 

way’) makes me feel like I am being forced to take action, like 

I'm being admonished in front of others" (Visual cues) are 

always shown, but I'm not used to looking for them and so I 

don't notice them right away."

Fig.1: Categories for communication with traffic participants

(a) Approach/avoid (b) Cross (c) Overtake

Fig.2: eHMI specifications

No eHMI eHMI (visual)
 "Now moving"

eHMI (visual)
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eHMI (auditory)
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"Now moving" "Please clear 
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Fig.3: Pedestrian avoidance behavior upon first notice
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To summarize the results of the above, we expect that, in 
approach and avoidance situations, the recommended 
communication methods will convey avoidance requests to 
pedestrians using eHMI that provide either both auditory and 
visual cues or only auditory cues.

For street crossing situations, regarding automated service 
vehicle behavior and eHMI-based communication methods 
identified through VR experiments focused on non-intersection 
segments and parking areas, we studied communication 
methods through on-premises road experiments that involved 
both the presence and absence of human crew members.

3.1.  Specifications for test vehicles, deceleration be-
havior, and eHMI

The experimental vehicle was a golf cart capable of automated 
driving, as shown in Fig.4. As with the Michi-no-Eki FOTs, this 
vehicle was capable of automated driving along electromagnetic 
induction line buried under the street. For the eHMI, we 
installed LED panels on the dashboard under the windshield. 
We created three types of information communicated to 
pedestrians by the experimental vehicle: "After you" (request to 
pedestrians), "Vehicle will stop" (vehicle intent), and "Vehicle is 
in automated driving mode" (vehicle control state). We also 
established three types of deceleration behavior for street 
crossing situations based on experimental vehicle deceleration 
start point and stop point when traveling at 12 km/h (as shown 
in Fig.5): normal deceleration, early deceleration, and early 

stop.

3.2. Experiment method

To simulate the residential roads with few sidewalks in areas 
around Michi-no-Eki (Roadside Stations), we set up 
comparatively narrow on-premises roads. We had experimental 
participants, as they waited on the road shoulder to cross the 
road, observe the behavior of automated service vehicles, 
eHMI, and the presence or absence of human crew member, as 
the vehicle approached at 12 km/h from up the right side of the 
pedestrians. We then examined whether the experimental 
participants perceived that the automated vehicle had given 
way to them or not, and also whether they could judge to cross 
the street safely.

3.3. Results of the Experiment

The following are the results of tests involving the presence 
of human crew member under the same driving condition as 
was present in the Michi-no-Eki FOTs. Fig.6 shows the timing 
with which pedestrians decided to start crossing as the 
experimental vehicle approached. When no eHMI was present, 
pedestrians made the decision to start crossing several seconds 
after the vehicle stopped. When an eHMI was used, pedestrians 
made the decision to start crossing at about the same time or 
even before the experimental vehicle stopped. Some participants 
made the decision to cross even earlier when the vehicle 
conducted early deceleration, and participants tended to start 
crossing after the vehicle started decelerating but before it 
stopped when given the "After you" cue.

When no eHMI was used, participants' anxiety when 
deciding whether to start crossing, was high when vehicles 
decelerated or stopped in earlier timing, and conversely was 
low when the vehicle conducted normal deceleration. When an 
eHMI was used, participants' anxiety was lessened when the 
vehicle performed an early stop.

To summarize the results of the above, we expect that, in 
street crossing situations, the recommended communication 
methods will be to conduct with deceleration behavior such as 

Fig.4: Experimental vehicle and eHMI specifications
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・ Vehicle will stop
・ Vehicle is in automated driving mode
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Fig.5: Deceleration behavior types
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with early stop and normal stop, and supplementally to convey 
the vehicle's intention to stop or give way to them. 

As a communication method to reduce unsafe behavior by 
drivers approaching from behind an automated service vehicle 
and overtaking it, we conducted DS experiment to study the 
impact that had on such drivers' understanding and overtaking 
behavior when they are provided with vehicle state, type, and 
caution information when they overtake the automated vehicle, 
rather than directly conveying vehicles' intent to stop or yield. 

4.1.  Road environment and eHMI specifications

As shown Table 1, road environments were constructed 
according to different types of centerlines. As shown in Fig.7, 
we established three types of specifications for eHMI used for 
overtaking situations, indicating them on the rear of the 
automated service vehicles. These are "Low-speed travel / 
Automated vehicle" (alternately displayed in one-second 
intervals) to indicate vehicle state and type, "Be careful when 
overtaking" to alert drivers when passing vehicles, and "Beware 
of surroundings / Please proceed" (alternately displayed in one-
second intervals), which includes intent to yield as a comparison.

 
Table 1: Studying communication according to centerline types

Road 
environment

Goal of communications from 
golf cart to following vehicle Golf cart vehicle state/behavior

Yellow 
centerline

・ Restrict overtaking
・  Efficiently corresponding to 

following traffic

・Maintain travel/driving state
・ Stop after decelerating

White 
centerline

・ Alert when overtaking
・  Efficiently corresponding to 

following traffic
・ Maintain travel/driving state

4.2. Experiment method

After building a road environment modeled after non-
intersection segments in areas around Michi-no-Eki, we had 
experimental participants approach and overtake automated 
service vehicles traveling along roads in the area. We studied 
the impact that was had on drivers' understanding, overtaking 
behavior, etc., by automated service vehicle behavior, lighting 
system operation (direction or hazard indicator lamp, stop 
lamp) and the presence or absence of eHMI. We set up 
contactless eye tracking systems on the DS, measured the 
participants' gazes as they drove, and analyzed where they 
looked from the time they approached the automated service 
vehicle to when they started and completed their overtaking.

Fig.7: eHMI specifications

↑↓↑↓ Be careful when overtaking
Please proceed

Beware of surroundings

Automated vehicle

Low-speed travel

(a) Low-speed travel
 / Automated vehicle

(b) Be careful when 
overtaking

 (c) Beware of surroundings
 / Please proceed

4.3. Results of the Experiment

The following is a summary of the results of experiment 
focused on white centerlines. Fig.8 shows time spent looking at 
surroundings, starting from when participants approached the 
automated service vehicle to when they started to overtake it. 
Participants looked at their surroundings for about five seconds 
when no eHMI was used, for around eight seconds when issued 
a "Be careful when overtaking" alert by the eHMI, and about 
five seconds when issued a "Low-speed travel / Automated 
vehicle" alert. When issued a "Beware of surroundings / Please 
proceed" alert, participants spent relatively less time looking at 
their surroundings. 

Fig.8: Time spent looking at surroundings, 
from start of approach to start of overtaking
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Regarding participants' recognition of receiving the right-
of-way from automated service vehicles, recognition was low 
when no eHMI was used. Recognition was highest when the 
eHMI issued the "Beware of surroundings / Please proceed" 
alert. Although "Low-speed travel / Automated vehicle" and "Be 
careful when overtaking" do not explicitly express vehicles' 
intent to yield both alerts yielded greater such recognition when 
compared to situations where no eHMI was used. Compared to 
when not using an eHMI, participants receiving eHMI alerts 
felt less irritation from the time they approached the automated 
service vehicle to when they started overtaking it. 

To summarize the results of the above, we expect the 
recommended communication methods will use eHMI to give 
drivers information on vehicle state, type, when they overtake 
an automated service vehicle.

In conjunction with Michi-no-Eki FOTs and with a focus on 
methods of communication between an automated service 
vehicle and traffic participants that were identified through VR, 
DS, and on premises road experiments, we used actual traffic 
environments to verify communication methods for crossing 
and overtaking situations.

FOTs to verify communication 
methods using eHMI5

Communication methods for 
overtaking situations4
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5.1. Experimental vehicle and eHMI specifications
As shown in Fig.9, we installed an LED panel to serve as 

a rear eHMI on the rear cargo bed of an automated golf cart 
experimental vehicle used in the on-premises road 
experiments. Activation and deactivation of front and rear 
lighting on the eHMI were manually controlled by human 
crew members. We configured the front eHMI to display 
"After you" and "Vehicle will stop" for crossing situations, 
and configured the rear eHMI to display "Low-speed travel / 
Automated vehicle" (alternately displayed) and "Be careful 
when overtaking" for overtaking situations. We configured 
the front eHMI to display these messages roughly 
concurrently with deceleration start, and for the rear eHMI 
to display the messages constantly. We also mounted several 
drive recorders and cameras on the experimental vehicle to 
capture traffic participants' expressions and behaviors. The 
eHMI and messages were used in each FOT location after 
application was filed and approved for a relaxation of 
regulations. 

Fig.9: Experimental vehicle and eHMI used in the FOTs

eHMI (front) eHMI (rear)

5.2.  Characteristics of the FOTs area and road traffic 
conditions

With support from the Road Bureau of the Ministry of 
Land, Infrastructure, Transport and Tourism, Highway 
Industry Development Organization, local government 
organizations, and local transportation service providers, we 
conducted FOTs around Akagi-Kogen Michi-no-Eki (Iinan, 
Iishi District, Shimane Prefecture, hereinafter "Akagi-
Kogen") and the Yamakawa region of Miyama (Miyama 
City, Fukuoka Prefecture, hereinafter "Miyama"). The Akagi-
Kogen service route has many residential roads and little 
vehicle traffic. The Miyama travel route has national 
highways and considerable vehicle traffic, including large 
vehicle traffic, and there is a considerable speed difference 
between these vehicles and automated service vehicles. In 
all of the FOTs areas, parking areas existed at the start/end 
points and along the routes, and pedestrians could 
encounter situations where they crossed the path of the 
automated golf carts in the parking lots.

5.3. Experiment method

Under the guidance of local government organizations and 
service managers, the experimental vehicle was run for 10 days 
during daytime hours in each FOT area. To ensure traffic safety, 
we followed the guidance we were given and had the 
experimental vehicle slow down and pull over to the left when 
the human crew members detected the approach of following 
vehicles so that following drivers could overtake the 
experimental vehicle safely. Using drive recorders and cameras 
mounted on the experimental vehicles, we recorded video data 
of traffic participants' expressions and behavior while the 
vehicle was in operation. We chose eHMI message types based 
on the number of observations to be made and vehicle operation 
state, including displaying no message at all.

5.4. Results of the Experiment

To ensure that applicable instances of communication were 
missed, we recorded all traffic participants that were present 
within a certain radius from the test vehicles. In Akagi-Kogen, 
this was 33 pedestrians and 114 vehicles (four-wheel vehicles 
and large vehicles), and in Miyama this was 13 pedestrians and 
525 vehicles. We established the road crossing situations as 
those where pedestrians noticed the test vehicle and crossed the 
road. For vehicle passing situations, due to the large number of 
incidents recorded, we selected and analyzed incidents at 
random.

For crossing situations, this paper analyzes observations 
made in Akagi-Kogen. We calculated the time it took for 
pedestrians to start crossing after noticing the experimental 
vehicle or after the experimental vehicle stopped. These results 
are shown in Fig.10. Although the number of observations is 
insufficient, when pedestrians were provided with no cues from 
an eHMI, they took at least five seconds to start crossing. When 
cues from an eHMI were provided, they took within two 
seconds.

For overtaking situations, this paper conducts analyses of 
observations made in Miyama. The analyses, which look at 
situations where following vehicles approach and overtake the 
experimental vehicle from behind, examine the traveling state 
of the following vehicles just before attempting to overtake the 
experimental vehicle. These analyses also take into account 

Fig.10: Pedestrian crossing timing in Akagi-Kogen
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whether or not there were oncoming vehicles. These results are 
shown in Fig.11. Most of the service routes in Miyama are 
national highways, with vehicles traveling at speeds much 
higher than the 12 km/h or slower of the experimental vehicle. 
Although the number of observations was low when there were 
oncoming vehicles, we observed following cars decelerating 
before overtaking the experimental vehicle when provided with 
cues from the eHMI, suggesting these cues encourage slowing 
down before overtaking.

We also observed a small number of cases where, even when 
the eHMI provides cues, oncoming vehicles and following 
vehicles interfere with each other. This could be due to the road 
environment or to experimental vehicle stop timing or 
positioning when yielding to following vehicles. A more in-
depth investigation is needed with regard to communication 
methods that take into account possible interference between 
traffic participants.

Aimed at achieving safe and efficient communication 
between an automated service vehicle traveling at low speed 
and traffic participants, this paper reports on the results of 
various experiments conducted to evaluate the effectiveness of 
communication methods and eHMI design recommendations, 
among other things, for different traffic situations. We observed 
instances of unsafe or inefficient communication that is difficult 
to collect data on through VR, DS, and on-premises road 
experiments and that relies on actual road environments and 
traffic conditions. Furthermore, we were unable to conduct an 
adequate number of observations due to FOT time limitations. 
Further FOTs and other studies will need to be done in order to 
observe communication situations and evaluate the effectiveness 
of communication methods.
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6)  Research of HMI for Advanced Automated 
Driving Systems

Ensuring the Safety of Automated Driving3

When using automated driving, the driving mode may 
switch from automated driving to manual driving due to 
causes such as reaching a system functional limit or the 
boundary of the system’s operational design domain (ODD). 
Here, we addressed the human factor issue by classifying 
takeovers into two categories: system-initiated takeovers, in 
which the automated driving system announces the takeover 
to the driver, and driver-initiated takeovers, in which the 
driver takes over driving based on his/her own judgment 
while the automated driving system is in use.

In system-init iated driver takeovers,  when the 
automated driving system is at Level 2, the driver needs to 
monitor the system’s operat ing status as  wel l  the 
surrounding situation. Yet because it is not always the case 
that the driver maintains a state of monitoring, it is essential 
the system detects the state of the driver during automated 
driving, and knows whether it is possible to switch driving 
over to the driver. The first phase of SIP-adus addressed 
different driver states, such as looking aside (not facing 
forward),(1)(2) attention directed elsewhere (facing forward 
but thinking about something other than driving and not 
paying attention to the information necessary to drive),(1)(3) 

and dozing (decreased alertness).(1)(4)(5) The study was 
conducted for evaluation indices for each state as well as the 
effects of these states on driving performance during driver 
takeovers.(6) Based on these findings, we also examined 
methods for predicting performance after a driver takeover 
based on the driver's eyeball movements.(7) Furthermore, in 
addition to estimating the driver's state during automated 
driving and analyzing the effects on driving performance, 
we also studied measures to prevent the driver's alertness 
level from decreasing during automated driving.(8)(9)

Efforts in the second phase related to system-initiated 
driver takeovers focused on Level 3 use of an automated 
driving system. We investigated a method for quantitatively 
evaluating the state in which the driver is ready for the 
driving task, i.e., the state in which the driver is aware of the 
surrounding situation, in order to appropriately carry out 
driver takeovers while the driver is performing non-driving 
related activities (NDRA) during automated driving at Level 3.

For driver-initiated takeovers, we investigated a method 
to evaluate the state in which the driver can appropriately 
understand the system’s functional limits at Level 2 
automated driving and respond appropriately. In addition, 
we experimentally studied the requirements for HMI that 
enables the driver to appropriately understand the 
functional limits of the system and respond appropriately.

(Abs t rac t )  Th i s  paper  ou t l i nes  the  e f fo r t s  i n  "Deve lopment  o f  eva lua t ion  methods  o f  d r i ve r ’ s 
OEDR (Object and Event Detection and Response) and HMI for enhancing driver’ takeover in a transition from 
automated to manual driving (Task B)" in the second phase of SIP-adus (Cross-ministerial Strategic Innovation 
Promotion Program (SIP) Automated Driving for Universal Services). In Task B, we considered evaluation indices for the 
driver's peripheral monitoring status before a takeover from automated to manual driving, and the effects of HMI on the 
driver's understanding of the system. We conducted driving simulator experiments to study a method for the 
quantitative evaluation of the driver's OEDR in preparation for driving in a system-initiated driver takeover from Level 3 
automated driving. From the experiment results, we identified an evaluation index for the driver's OEDR and determined 
the time required for appropriate OEDR. In driver-initiated driver takeover situations from Level 2 automated driving, we 
found that eye tracking are effective in evaluating the driver's attention state during Level 2 use. We also clarified the 
HMI requirements so that the driver can understand the functional limits of the system appropriately and respond 
appropriately before the functional limits are reached.

Keywords:  human factors, driver takeover,evaluation methods, HMI ( human-machine interface) , driving simulator

Takeovers From Automated to 
Manual Driving1
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2.1. Overview of Issues Addressed

In Level 3 automated driving, in order to properly 
perform a driver takeover while the driver is doing 
something other than driving during automated driving, it 
is necessary to appropriately shift the driver's attention from 
the non-driving related activity to the driving task. To this 
purpose, an effective way to prepare for the driver takeover 
is by having the driver recognize the surrounding situation, 
such as the speed of his/her own vehicle, the movement of 
other vehicles around him/her, and the state of the road 
environment, before performing the driving task manually. 
The key issue here is how to evaluate whether the driver is 
appropriately aware of the surrounding situation. Based on 
this awareness of issues, for this topic, we addressed the 
following issues. (Fig.1)
・�Methods for evaluating the driver's awareness of the 

surroundings prior to a change of driving
・Time required for proper OEDR
・ Validity of evaluation methods for OEDR by driver 

(comparison with standard evaluation methods for 
peripheral awareness)

・HMI requirements to promote proper OEDR

2.2. Experiment Scenarios

Each of the four issues above was examined in driving 
simulator experiments. The road traffic scenarios were the 
same for all experiments and were as follows
-  The vehicle traveled at approximately 60 km/h in the 

center lane of a motorway with three lanes in each 
direction in automated driving mode.

-  During the automated driving, participants in the 
experiment played a game (Tetris) using a tablet PC.

-  A few minutes after the start of automated driving, we 
initiated a driver takeover, and a lane change was 
performed by manual driving within a specific section.

-  We measured the driver's eye movement and head 
movements during automated driving. Driving behavior 
after switching to manual driving was also measured, and 
the lane change success rate was calculated.

2.3.  Study of Methods for Evaluating Driver’s OEDR 
Before a Driver Takeover

(1) Experiment conditions
In this experiment, in which 30 drivers participated, the 

following conditions were set: a condition in which the 
driver is given a one-minute warning before the takeover, a 
condition in which the driver stops playing Tetris and 
becomes aware of his/her surroundings one minute before 
the takeover, and a condition in which the driver changes 
without such a warning and without becoming aware of his/
her surroundings in advance.
(2)  Results of the experiments: Driving performance after 

driver takeover
The percentage of drivers who were able to change lanes 

within a specific section without colliding with other 
vehicles after the takeover was calculated, and the 
percentage was significantly higher in the condition in 
which the driver became aware of his/her surroundings 
before the takeover than in the condition in which the 
driver did not become aware of his/her surroundings. The 
results suggest that, in Level 3 automated driving, the driver 
can perform a takeover more appropriately when switching 
from a state in which the driver is doing something other 
than driving to manual driving by creating a preparatory 
state for the takeover by becoming aware of the surrounding 
situation.
(3)  Results of the experiments: Evaluation index of driver's 

OEDR
An analysis of the forward fixation rate after the start of 

peripheral awareness based on the driver's visual behavior 
as detected by an eye camera showed that the forward 
fixation rate tended to increase for 20 seconds after the start 
of peripheral awareness, and stabilized at a higher value 
from 30 seconds after the start of peripheral recognition to 

Fig.1: System-initiated driver takeover efforts and results

System
Automated driving Level 3

Transition from automated driving Level 3 to manual driving
-Planned driver takeover

Driver NDRA: Non-Driving Related Activities

Providing information on the "monitoring of peripheral conditions”

Results obtained 
from the project's 
experiments

Evaluation index: driver's eye movement, head movement

Attentiveness: state of readiness
How to evaluate?

Driver takeover request (RtI: Request to Intervene)

Driver takeover mode automated driving OFF (Level 0)

Manual drivingPreparation for driver takeover
(Non-Driving Related Activities)

�e process of increasing situational awareness by paying 
more attention to either the front or the periphery (mirrors).

➡

Stable percentage of eye �xation to front and periph-
ery (mirror) = state of being able to recognize both
➡If the driving is taken over at this point, the lane change 

success rate is the same as that of manual driving.

・�e point of a takeover (start of manual driving) can be determined.
・Assuming the posture for driving operations

E�ective HMI requirements
If a takeover is performed at this point, the 
lane change success rate is lower than that a�er 
a more stable percentage of eye �xation to the 
front and periphery.

System-Initiated Driver Takeovers2
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the point at which the driver takeover was performed. 
Furthermore, the forward fixation rate remained stable after 
the driver takeover. The eye movement other than forward 
fixation were directed at side mirrors, rearview mirror, and 
instruments.

This result suggests that the forward fixation rate after 
the start of OEDR can be an effective evaluation index of the 
driver's peripheral monitoring, and that the driver can be 
judged to be aware of the surrounding traffic situation when 
the low forward fixation rate increases immediately after the 
start of awareness and then remains stable.

2.4. Examination of the Time Required for Proper OEDR

(1) Experiment conditions
The experiment conditions consisted of the times taken 

for the driver to become aware of his/her surroundings 
before taking over driving. There were four experiment 
conditions set at 5, 10, 20, and 55 seconds, and a 0-second 
condition (taking over driving from the state of playing a 
game), plus a manual driving condition rather than an 
automated driving condition. There were 30 participants in 
the experiment.
(2) Results of the Experiment

The rates of forward and mirror gazing were calculated 
for the four conditions in which OEDR was studied, and the 
changes from the start of peripheral awareness were 
compared. The results showed that the changes from the 
start of peripheral awareness were the same in all 
conditions, and that the rate of forward fixation increased 
until 20 seconds from the start, after which it tended to 
stabilize. Put differently, no such stable shift was observed in 
the 5-, 10-, and 20-second conditions. The results of the 
driving performance after the takeover showed that the lane 
change success rate in the 55-second condition was higher 
than that in the 0-, 5-, 10- and 20-second conditions, and 
was as high as that in the manual driving condition.

This result indicates that high performance was observed 
in the driver takeover after the stable shift in the forward 
fixation rate, which supports the results in 2.3.

2.5.  Study of Validity of Evaluation Methods for Driver 
OEDR (Comparison With Standard Evaluation 
Methods for OEDR)

(1) Experiment conditions
The time for the driver to become aware of his/her 

surroundings before the driving takeover was set to 55 
seconds, and the verbal thinking method was used to obtain 
utterances of what the driver was thinking during that time. 
In the DS experiment with 20 drivers, we obtained 
utterances related to awareness of the surrounding situation, 
such as, "The flow of cars in the right lane is faster than my 
car."
(2) Results of the Experiment

From the obtained utterances, we tabulated the number 

of utterances related to the situation in front and the 
number of utterances related to the situation in the 
peripheral area. The number of forward/periphery-related 
utterances from the start of the driver's peripheral awareness 
and the change in the rate of gaze to the front/mirrors over 
the same time period were compared. The number of 
forward/periphery-related utterances and the rate of eye 
fixation to the front/mirrors showed nearly the same 
change.

This result indicates that the change in the eye fixation 
rate is large in the sections where the change in the number 
of utterances is large. Conversely, the change in the number 
of utterances is stable in the sections where the change in 
the eye fixation rate is stable. Assuming that the number of 
utterances indicates the degree of awareness of the situation, 
the result suggests that the change in eye fixation rate may 
correspond to the degree of awareness of the situation.

2.6. HMI Requirements to Promote Proper OEDR

(1) Experiment conditions
In order to examine HMI requirements for promoting 

OEDR when asking drivers to become aware of their 
surroundings before driver takeovers, we set the following 
conditions: a condition in which the driver is informed of 
the takeover timing by being told "Takeover after x seconds," 
a condition in which a countdown is given in addition to 
clearly stating the takeover timing, a condition in which the 
driver takes hold of the steering wheel and assumes the 
driving posture while becoming aware of his/her periphery, 
and a condition in which an alarm is sounded if the driver 
does not become aware of his/her periphery. A total of 120 
drivers (20 per condition) participated in the experiment.
(2) Results of the Experiment

Comparisons of the times it took to complete lane 
changes and of the collision rate showed that the results of 
the condition in which the driver is given a countdown in 
addition to being informed of the takeover timing and the 
condition in which the driver assumes the driving posture 
and takes the steering wheel during OEDR were better than 
those of the other conditions. At the same time, the 
condition in which an alarm was sounded when the driver 
failed to become aware of his/her periphery had no effect on 
improving driving performance.

These results suggest that knowing the time of a driver 
takeover and assuming a posture for driving operations are 
effective in improving driving performance after the 
takeover.

Level 2 driver assistance requires the driver to be aware 
of the surrounding situation and of the system status during 

Driver-Initiated Driver Takeovers3
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automated driving, and to take over driving when the 
system reaches functional limits. In this study, we 
investigated a method for evaluating whether the driver 
understands the system status appropriately. We also studied 
HMIs that facilitate the driver's understanding of the system 
to ensure that the driver can take over driving without fail.

3.1.  Method for Evaluating the Driver's Understanding of 
the System

We interpreted a driver state equivalent to manual 
driving as the state in which the driver is able to coexist with 
the system, i.e., he/she understands the system state. We 
analyzed the differences in driver behavior during manual 
driving and Level 2 driver assistance to investigate a method 
for evaluating the state of system understanding.

A driving simulator experiment was conducted with 10 
experiment participants,(10) driving in the second lane of a 
road with three lanes in each direction by manual driving or 
Level 2 driver assistance. We set up potential risk situations 
in which the participants should pay attention to their 
surroundings while driving. The participants '  eye 
movements while driving were measured using a non-
contact eye camera. Significant differences were observed in 
the duration of eye fixation in several areas, with a tendency 
for the participants to spend less time looking at the front 
and instruments and more time looking at the periphery 
and mirrors during Level 2 driver assistance than during 
manual driving.

3.2. HMI to Facilitate System Understanding

Candidates for HMIs that would help drivers understand 
system detection failures and false detections were selected 
and operated in a driving simulator environment. An HMI 
that displays the recognition results of the traffic situation in 
real time was used in a driving experiment with 18 
participants.(11) (12) The results of a questionnaire showed 
that, when the HMI display was present, drivers understood 
that the automated driving system may not be able to 
recognize objects other than vehicles, suggesting that the 
HMI may promote driver understanding of the system.

3.3.  HMI for Preventing Vehicle-to-Vehicle Accidents at 
Signalized Intersections

The purpose of this experiment was to investigate the 
requirements for an HMI to prevent vehicle-to-vehicle 
accidents near signalized intersections through appropriate 
driver intervention during driving by Level 2 driver 
assistance. Two types of HMIs were proposed: one that 
presents static environmental information based on map 
information for the purpose of clearly indicating dangerous 
locations (static HMI), and one that presents object 
recognition information based on on-board sensor 
information for the purpose of confirming the Level 2 
driving support mechanism (sensor HMI). We evaluated 

the effectiveness of these HMIs through experiments using 
a driving simulator. The HMIs proposed in this study 
display the presented information on a heads-up display 
fixed to the dashboard of the driving simulator.

The road environment used in the experiment simulated 
a Japanese national highway, with two lanes in each 
direct ion and an addit ional  r ight-turn lane near 
intersections, resulting in three lanes. In the straight-ahead 
scenario, the vehicle followed another vehicle ahead of it in 
the second lane at 60 km/h using the Level 2 driver 
assistance system. The driver did not need to perform any 
dynamic driving tasks such as acceleration/deceleration or 
steering operations when the driver assistance system was 
in operation. In the risk scenario, another vehicle appeared 
in the right-turn lane of the oncoming lane at a signalized 
intersection, and when the driver's vehicle entered the 
intersection, the other vehicle suddenly started to turn right. 
The situation was such that if the driver did not intervene in 
driving, a collision would have occurred. The Level 2 driver 
assistance system did not request any driver intervention, 
and the driver had to detect the hazardous event or anomaly 
on his/her own and take the initiative to avoid the collision. 
The four experiment conditions were a combination of the 
presence and absence of static HMIs and sensor HMIs. An 
analys is  of  the  exper iment  data  showed that  the 
combination of a static HMI and sensor HMI resulted in the 
driver intervention with the largest margin between vehicles 
and significantly increased the driver's sense of driving 
safety compared to driving without HMIs.(13) (14)

In the right-turn scenario, the vehicle makes a right turn 
at a signalized intersection in Level 2 driving. In the risk 
scenario, a motorcycle slips out from the oncoming lane 
while the vehicle is turning right, and the driver must 
intervene to avoid a collision with the motorcycle. The 
driver intervention time and the collision margin time upon 
intervention were analyzed. The driver intervention time 
tended to be shorter and the collision margin time tended 
to increase when the static HMI and the sensor HMI were 
used together.

3.4.  HMI for Accident Prevention During Traffic Signal 
Changes at Signalized Intersections

During Level 2 driver assistance, in which control by 
signal recognition is not performed, the driver is required to 
perform driver-initiated intervention to stop the vehicle 
when the signal turns yellow on approach to a signalized 
intersection when engaging follow control by adaptive 
cruise control. The purpose of this experiment was to 
investigate HMI requirements to support safe travel at a 
signalized intersection when the signal light color changes 
just before the vehicle enters the intersection during Level 2 
driver assistance.

We proposed a stat ic  HMI that presents stat ic 
environmental information based on map information and 
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a dynamic HMI that presents dynamic environmental 
information based on infrastructure information in addition 
to static environmental information. The dynamic HMI 
presented information such as the predicted color of the 
traffic light ahead when the vehicle reaches a signalized 
intersection. The information was displayed on a heads-up 
display fixed to the dashboard of the driving simulator, and 
an audible notification was made when the information was 
displayed. The effectiveness of the system was evaluated 
using a driving simulator experiment.

The road environment used in the experiment simulated 
a Japanese national highway, with two lanes in each 
direct ion and an addit ional  r ight-turn lane near 
intersections, resulting in three lanes. In the straight-ahead 
scenario, the vehicle followed another vehicle ahead of it in 
the second lane at 60 km/h using a Level 2 driver assistance 
system. When the vehicle and the vehicle ahead of it 
approach the signalized intersection where the risk scenario 
occurs, the light changes to yellow. The vehicle ahead passes 
through the intersection without stopping, but if the vehicle 
following it continues to drive with the driver assistance 
system, the traffic light turns red near the stop line. We 
analyzed the responses under three conditions: no HMI, 
static HMI, and dynamic HMI. It was shown that when 
dynamic HMI was used, the vehicle decelerated slowly and 
stopped with a margin of safety.

This is thought to be because traffic prediction support 
information on the traffic signal enabled the vehicle to 
prepare for deceleration and to stop with a margin of safety. (15) (16)

In the left-turn scenario, the vehicle turns left at a 
signalized intersection by driving at Level 2. In this risk 
scenario, the traffic signal changes to yellow as the vehicle 
and the vehicle ahead of it approach the intersection. The 
preceding vehicle passes through the signal intersection 
without stopping, but before this vehicle enters the 
intersection, the light turns red. If the driver does not 
intervene, he or she will run the red light. Analysis of the 
stopping situation at  the stop l ine and the driver 
intervention time after the signal change showed that the 
use of dynamic HMI increased the number of times the 
driver could stop in front of the stop line. In addition, the 
time required for the driver to intervene tended to decrease.
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Social Issues in Rural Areas and the Significance 
of Automated Driving Transportation Services

Japan's population is declining and aging, and rural areas 
in particular are facing financial pressures and a lack of 
skilled personnel. Public transportation services have been 
particularly hit hard by these social conditions. The number 
of people transported by bus services has been on a significant 
downward trend across the board, with particularly severe 
declines in rural areas. (Fig.1)(1) This trend is expected to 
continue in the future, making it difficult to maintain public 
transportation services. Therefore, in rural areas, especially 
in rural areas, where people are increasingly dependent on 
automobiles, these services may not be able to adequately 
meet the mobility demands of the elderly after they relinquish 
their driver's licenses.

In the future, it is desirable to build a society in which 
people who want to travel can travel to their destinations 
when they want to and by the means of transportation they 
want to use. Particularly in rural areas, it is also desirable to 

create a society in which people can travel stress-free without 
relying on private vehicles. Automated driving transportation 
services are expected to have a significant effect toward the 
realization of such a society.

Results and Challenges Obtained from the FOTs 
(Field Operational Tests) in Rural Areas

2.1. Outline of the FOTs in Rural Areas
In order to respond to the challenges of an aging 

population in rural areas and nationwide, a project called 
"FOTs of Automated Transportation Services Based on 
Michi-no-Eki in Rural Areas" has been conducted since 
September 2017, with the aim of introducing automated 
transportation services using automated driving technology 
and ensuring the flow of people and things in rural areas. As 
of July 2022, automated vehicles have been driven on public 
roads at 18 locations throughout Japan as part of the FOTs. 
Based on the results of FOTs with regard to the technical 
aspects and business models, in November 2019, Michi-no-
Eki "Kamikoani" (Akita Prefecture) became the first roadside 
station in Japan to provide a regular automated driving 
transportation services to users under a system operated by 
the local government and other local entities, and has 
achieved safe operations to date.

In addition, automated driving transportation services were 
introduced in earnest at Michi-no-Eki "Okueigenji Keiryu no 
Sato" (Shiga Prefecture) in April 2021, at the Miyama City Hall 
Yamakawa Branch Office (Fukuoka Prefecture) in July of the 
same year, and at Michi-no-Eki "Akagi Kogen" (Shimane 
Prefecture) in October of the same year. (Fig.2)

2.2. Activities in each test field
For the FOTs of automated driving transportation services 

based at Michi-no-Eki roadside stations, short-term FOTs 

1

Fig.1: Number of people transported by bus (with the year 2000 as 100)(1)
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Fig.2: FOTs areas for automated driving transportation services based at such locations as Michi-no-Eki (roadside stations)

Ashikitamachi, Ashikita-gun, Kumamo-ken
(Michi-no-Eki "Ashikita Dekopon")

Tatehata-cho, Higashiomi-shi, Shiga-ken
(Michi-no-Eki "Okueigenji Keiryu no Sato")

Nishikatamachi, Tochigi-shi, Tochigi-ken
(Michi-no-Eki "Nishikata")

Kamikoani-mura, Kita Akita-gun, Akita-ken
(Michi-no-Eki "Kamikoani")

Taiki-cho, Hiroo-gun, Hokkaido
(Michi-no-Eki "Cosmall Taiki")

Takahatamachi, Higashiokitama-gun, Yamagata-ken
(Michi-no-Eki "Takahata")

Hitachiota-shi, Ibaraki-ken
(Michi-no-Eki "Hitachiota" and
Takakura Community Center)

Nanto-shi, Toyama-ken
(Michi-no-Eki "Taira")

Ina-shi, Nagano-ken
(Michi-no-Eki "Southern Alps Mura Hase")

Niimi-shi, Okayama-ken
(Michi-no-Eki "Koigakubo")

Miyoshi-shi, Tokushima-ken
(Michi-no-Eki "Nishiiya Kazurabashi Yumebutai")

Miyama-shi, Fukuoka-ken
(Miyama City Hall Yamakawa Branch)

Nagaoka-shi, Nagaoka-ken
(Orataru Yamakoshi Restoration Exchange Center)

Gujo-shi, Gifu-ken
(Michi-no-Eki "Meiho")

Toyota-shi, Aichi-ken
(Michi-no-Eki "Donguri no Sato Inabu")

Otsu-shi, Shiga-ken
(Michi-no-Eki "Imoko no Sato")

Ube-shi, Yamaguchi-ken
(Kusu Komorebi no Sato)

Implementation period: November 2 - December 21, 2018 
Vehicle used: Yamaha

Implementation period: November 5 - November 29, 2019 
Vehicle used: Advanced Smart Mobility

Implementation period: December 9, 2018 - February 8, 2019 
Vehicle used: Yamaha

Implementation period: October 11 - November 12, 2021 
Vehicle used: Yamaha

Implementation period: January 27- March 15, 2019 
Vehicle used: Yamaha

Implementation period: June 23 - July 21, 2019 
Vehicle used: Yamaha

Implementation period: May 21 - June 21, 2019 
Vehicle used: Advanced Smart Mobility

from FY2018 : 9 locations

frm FY2017-FY2018 : 18 locations

(Short-term FOTs)

(Long-term FOTs)

(Social implementation)

from FY2019 : 4 locations

Implementation period: November 15- December 20, 2019 
Vehicle used: Yamaha

[Social implementation] Started November 30, 2019

Implementation period: September 1- October 10, 2020 
Vehicle used: Yamaha

(*Including long-term FOTs and social implementation locations)

(*Including social implementation locations)

[Social implementation] Started April 23, 2021

[Social implementation] Started October 4, 2021

[Social implementation] Started July 19, 2021

Fig.4: Efforts by the regions to improve acceptance of automated driving transportation services

□Christmas Illumination (Kamikoani). 
�e illumination (LED) is set up along the automated driving course and surrounding facilities. 
Events are being planned, studied, and tried for people to enjoy facilities even in winter.

□Delivery lectures for the elderly (Miyama). 
With the purpose of improving public 
acceptance of automated driving services, 
we gave lectures to the elderly, and also 
explained how to use smartphones.

□Cooperation with facilities along the route, information 
disseminated with social media (Okueigenji). 

Proposal of a model course that ties up facilities along the route (�sh farms, cafes) 
and automated driving services. Disseminate information via social media, etc.

□Publicity by streamers, publication of Kawaraban, regional version of Jidoroku (Akagi Plateau).
Publicity by streamers designed by the Michi-no-Eki roadside station chief, 
information dissemination in cooperation with tourist associations and roadside 
stations, creation of Jidoroku with the original design of the roadside station chief.

*�DMO:�Destination�Management/Marketing�Organization

〇 Tourism
Attracting tourists in 
cooperation with 
tourism DMO*, and 
responding to 
inspection tours

〇 Welfare
Cooperation with a 
medical clinic attached 
to a Michi-no-Eki 
roadside station

〇 Logistics
Utilized for 
transportation to 
Michi-no-Eki roadside 
stations (transportation 
of shipments)

〇 Transportation of 
elementary school students

Educational program for elementary 
school students. Implementation of 
measures to improve the acceptance 
among elementary school students

(In front of the clinic in the 
Michi-no-Eki roadside station)

Fig.3: Future plans for multi-purpose use of automated driving transportation services
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lasting approximately one week were conducted at 18 locations 
nationwide to verify the following five items: (1) roads and 
traffic, (2) local environment, (3) cost, (4) public acceptance, 
and (5) regional effects. In addition, with the aim of socially 
implementing automated driving transportation services, we 
conducted long-term FOTs of approximately one month at 
nine locations nationwide to verify the technical aspects 
(securing of driving space, driving management system) and 
business model aspects (business implementation system, 
collaboration with other businesses for multipurpose use, 
business profitability, etc.). Based on the results of the FOTs, 
social implementation has been carried out where the various 
aspects have been proven ready.

In the four regions where the system has been socially 
implemented, efforts are being made to implement multi-
purpose use (Fig.3) for the purpose of improving business 
continuity and to implement automated driving transportation 
services (Fig.4) for the purpose of improving public acceptance. 
In addition, studies are being conducted to contribute to the 
application to other areas throughout the country.

During the short-term FOTs, types of automated vehicles 
other than the cart type were also used, but because of their high 
cost burden and the difficulty of driving them in narrow sections, 
in areas where the system was socially implemented, cart type 
(electromagnetic induction line type) vehicles were used.

2.3. Results and Issues from the FOTs
In areas where the system was socially implemented, stable 

operations of automated driving transportation services over a 
long period of time were confirmed. In addition, by 
implementing the services as public transportation services 
within the framework of private paid passenger transportation, 
it was confirmed that even automated vehicles can provide 
sustainable services within community-run operation systems 
centered on the local governments.

At the same time, as shown in Table 1, in order to continue 
providing public transportation services using automated 
vehicles after the completion of this project, it is necessary to 
examine business continuity, respond to system problems 
and accidents, and build facilities that need to be handed 
over to the local communities, and to otherwise ensure that 
the services are reliably handed over to the operators in areas 
where social implementation is to take place. Because 
automated vehicle transportation services are operated 
throughout the year in the socially implemented areas, there 
were cases where automated driving became difficult, 
especially during the winter season, and this became an issue 
for the continuous provision of the services. (Fig.5)

Future Efforts to Expand Social Implementation 
of Automated Driving Transportation Services

Many local governments and private companies that are 
considering the introduction of automated driving 
transportation services are interested in such services, but 
lack the know-how to proceed with such projects. We believe 
that we can support local governments and private businesses 
that are considering the introduction of automated driving 
transportation services by making use of the knowledge we 
have accumulated through our FOTs to date. To this end, we 
have established "Jidosapo" a contact point for inquiries 
aimed at municipalities and private businesses that are 
considering the introduction of automated driving 
transportation services. (Fig.6) Jidosapo portal site provides 
an implementation manual for automated driving 
transportation services and information on business flow, 
etc. on the Web.

So far, Jidosapo has received inquiries from several local 
governments and private companies about automated 
driving transportation services, and in some cases, meetings 

Sensor collides with frozen snow on the 
road surface. Sensor is disconnected 
and automated driving is disabled

Electromagnetic induction line broken 
due to snow removal work, etc. 
Automated driving services suspended

▲ State of disconnection of electromagnetic induction line (Kamikoani)

▲ Snow coverage on the automated driving route (Okueigenji)

▲ Snow coverage on the automated driving route (Akagi Plateau)

No snow removal system 
has been established.

Section where 
snowplows cannot enter

Side of vehicle in 
contact with 

deposited snow

Narrow section (between Yuzurihao entrance and Yuzurihao) In front of garage (before snow removal)

Fig.5: Challenges in winter driving

3
Table 1: Things that need to be passed on to the operating entity in the social 

implementation area
Number Items for study State of progress Future issues

(1)
Study of multitasking 
and business continuity 
of automated driving 
services

Examination and 
implementation of 
initiatives for 
multitasking in each 
region

Exploration of the possibility of 
further multitasking
Study of measures to increase the 
number of users
Evaluation of ripple effects on the local 
economy

(2)

Ordering of the items 
that must be addressed 
when operating 
automated driving 
services.

Create manuals for 
automated driving 
services (vehicle 
operation manuals) to 
be referred to by 
service providers and 
specialized companies

Conduct workshops for local operating 
entities and specialized companies
Updated based on opinions of 
operators

(3)
How to respond when 
a problem occurs in an 
automated vehicle

Clarify the response 
flow in the event of a 
failure, assuming the 
case of a malfunction 
of the automated 
vehicle

Coordinate with automated vehicle 
manufacturers and local specialist 
companies on how to respond 
Consideration and establishment of a 
maintenance system
The results of repairs and such are 
reflected in the vehicle operation 
manual

(4)

Methods of responding 
to accidents that occur 
during operation of 
automated driving 
services

Assuming that an 
accident has occurred, 
the parties involved 
and the boundary 
points of responsibility 
for automated driving 
services are clarified

Verify the appropriateness of the 
response flow by interviewing experts, 
insurance companies, etc.
Clarify how to respond when an 
accident occurs and reflect it in the 
vehicle operation manual

(5)

Clarify facilities, etc. 
that need to be handed 
over to the community 
for the operation of 
automated driving 
services.

Creation of road 
ledgers (listing of 
locations of 
infrastructure facilities)
Clarify goods and 
facilities currently in 
use.

Surveying is carried out in each area 
and a ledger is prepared showing the 
locations of the automated driving 
support facilities
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have been held to exchange opinions. In order to expand 
social implementation of automated driving transportation 
services, we at Jido Support plan to continue receiving 
inquiries and updating the contents of the Jidosapo website. 
This includes updating the implementation manual and 
information on available subsidy programs.

Conclusion

In order to address the challenges of an aging of society 
nationwide, including in rural areas, a study titled "Field 
Operational Tests of Automated Driving Transportation 
Services Based on Michi-no-Eki and Other Facilities in Rural 
Areas" was conducted from September 2017. Short-term 
FOTs were conducted at 18 sites nationwide, while long-term 
tests were conducted at nine sites. Based on the results of 
these FOTs, automated driving transportation services were 
socially implemented in four areas nationwide.

In the socially implemented areas, it was confirmed that 
it is possible to sustain the operation of the automated driving 
transportation services within the operational system of the 
local government and other such local entities. On the other 
hand, it became clear that there are things that need to be 
handed over to the operating entities in order to continue 
providing the service after the project is complete. It is 
necessary to ensure that the things required for service 
provision are handed over to the local operators during the 
remaining period of the project.

To utilize the knowledge we have accumulated to date, a 
point of contact for inquiries regarding automated driving 
transportation services has been established. This contact 
point will continue to be used to implement the 
implementation of automated driving transportation services 
in society.
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1)  Establishing the Environment for the 
Deployment of Transportation Services 
Relying on Automated Driving

(1) Automated Driving Mobility Services in Regional Communities

A Society with Automated Driving4

Purpose of introducing automated 
driving mobility services

The objective of this project is to implement automated 
driving mobility services, started in limited regions, in 
multiple regions throughout Japan in view of its permanent 
implementation. In addition, the sustainability of the project 
will be studied by solving local social issues in social 
implementation and by horizontally developing measures to 
secure driving space, which was considered a common issue 
during the FOTs. Furthermore, we will update the manuals 
on automated driving mobility services that we have 
developed, and contribute to the expansion of examples of 
practical applications of mobility services with automated 
driving, which is our ultimate goal.

For the social implementation of mobility services with 
automated driving, we will first consider rural areas with 
minimal other traffic as areas where such services can be 
introduced on prefectural and municipal roads at the current 
technological level, with the aim of commercializing mobility 
services with automated driving and logistics services, and 
solve problems in social implementation such as securing 
road space and operation management. In addition, 
guidelines for the introduction of automated driving services 
in rural areas and standards for road space for automated 
vehicles will be developed for horizontal deployment 
throughout Japan. To this end, in cooperation with local 
governments and related businesses, the project will conduct 

verification and the necessary studies and research to 
establish a business model that will enable the continuous 
operation of mobility services with automated driving.

Definition of target areas for practical 
application, vehicles to be used, and 
requirements for social implementation

2.1. Areas selected for the tests
In this study, four sites for social implementation using 

electromagnetic guide wires and one site from the long-term 
FOTs sites as an example of a magnetic marker were selected 
for study from among the sites with FOTs conducted in 
FY2017 and later, based on the selection policy described 
below. (Fig.1, Table 1)
[Social implementation]
•  In implementing this project, a highly feasible business plan 

can be developed to create a sustainable business model.
•  In the region, there are entities that are expected to be the 

future providers of mobility services and can form a 
partnership as one of the central implementers of this project.

•  Even with the current level of automated driving technology, 
the driving environment is one in which social implementation 
of automated driving mobility services is considered possible.

•  We can work with local governments and other 
organizations to implement this project.

1

2

(Abstract) This project aims for social implementation of automated driving services, which have been started in limited areas, 
in multiple areas throughout Japan for the purpose of permanent implementation of automated driving mobility services, by 
examining the sustainability of the project, updating the manual on automated driving mobility services as needed, and 
contributing to the expansion of examples of social implementation of mobility services with automated driving. First, we will 
address issues related to social implementation, such as securing road space and operation management, in rural areas where 
there is little other traffic, as areas where automated driving mobility services can be introduced on prefectural and municipal 
roads at the current technological level. Four areas that have been socially implemented and one experimental area where a 
long-term field operational tests (FOTs) was conducted were selected as the target areas for verification. These target areas will 
sequentially begin offering automated driving mobility services from November 2019, and are implementing measures such as 
collaboration with other businesses and improving the acceptance of local residents that will contribute to the sustainability of 
the business. This paper outlines the purpose of introducing automated driving mobility services, the areas selected for studies 
for practical application, the vehicles to be used, the definition of requirements for social implementation, and the initiatives 
being taken in each of the social implementation sites and long-term FOTs sites.

Keywords: public transportation, mobility services, social implementation, selected for studies
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[Long-term FOTs]
•  The project should introduce new technologies that will 

lead to the solution of social implementation issues 
according to the region.

•  Although not a prerequisite, there are places where 
automated driving FOTs have been conducted in the past 
and data from these tests can be utilized.

2.2. Vehicles used

In this project, we used a cart-type vehicle that travels 
along a predetermined route (equivalent to Level 2 automated 
driving) by sensing the magnetic force from electromagnetic 
guide wires buried in the road surface. (Fig.2) In addition, at 
the long-term FOTs site (Michi-no-Eki "Takahata"), a vehicle 
that uses a magnetic marker to identify its own location was 
used instead of the electromagnetic guide wire method to 
evaluate the feasibility of driving.

In conducting the FOTs, we are making necessary 
improvements in cooperation with the vehicle manufacturer, 
such as measures for user comfort, including measures to 
prevent cold and heat stroke, and the addition of functions 
that contribute to management and operation.

2.3. Definition of requirements for social implementation

In order to contribute to the resolution of issues and the 
identification of measures for the practical and permanent 
introduction of automated driving mobility services, we are 
studying the requirements that should be defined for the 
FOTs environment. Specifically, the items required for the 
introduction of mobility services with automated driving in 
rural areas are categorized into "items required for permanent 
installation" and "items related to securing driving space for 
automated vehicles." In addition, in order to comprehensively 
verify the categorized issues, we have clarified the issues to be 
verified in FOTs in each region. The results of defining the 
requirements for social implementation are shown in Tables 
2 and 3.
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Fig.1: Locations where FOTs were conducted

Iinan-cho, Iishi-gun, Shimane-ken 
(Michi-no-Eki "Akagi Kogen")

Kamikoani-mura, 
Kita Akita-gun, Akita-ken 

(Michi-no-Eki "Kamikoani")

Takahata-cho, Yamagata-ken 
(around Takahata Town Hall)

Higashiomi-shi, Shiga-ken 
(Michi-no-Eki "Okueigenji Keiryu no Sato")

Implementation period: Started October 4, 2021 
Vehicle used: cart type

Miyama-shi, Fukuoka-ken 
(Michi-no-Eki "Miyama")

Implementation period: Started July 19, 2021
Vehicle used: Cart type

Implementation start date: Started November 30, 2019 
Vehicle used: cart type

Implementation period: Started April 23, 2021
Vehicle used: Cart type

Period: October 11 - November 12, 2021
Vehicle used: Cart type (magnetic marker)

: Long-term FOTs sites
: Veri�cation of social 
implementation (including planned)

Table 1: Status of implementation of FOT locations

Test site
Features of long-term experiments/social 

implementation tests
Operating 

entity

(1)  Kamikoani

・ Development of organizational structures with 
management by local NPOs, Michi-no-Eki 
(roadside stations), and local companies

・ Support for procedures for transfer of infrastructure 
facilities to municipalities, etc.

・ Securing users by providing services in each of the 
four seasons

・ Kamikoani 
Mobility 
Service 
Association 
(NPO)

(2)  Okueigenji 
Keiryu no 
Sato

・ Study of modes of operation that meet the needs of 
local residents, tourists, cargo transport, etc.

・ Establishment of a management structure that 
involves various stakeholders within the community

・ Study of measures to improve profitability through 
appropriate operational settings

・�Higashiomi 
City

(3)  Akagi Kogen

・ Building a sustainable management structure with 
existing organizations and local volunteers

・ Securing of stable income and consideration of 
services that are easy for residents to use

・ Verification of service models to meet diverse 
mobility demands

・Iinan Town

(4) Miyama

・ Transportation service to and from service locations 
and a service to meet and greet senior citizens
・ Home delivery service to assist people with shopping 

difficulties and shopping behavior under COVID-19 
pandemic
・ Study of an energy management system utilizing 

power generation at a biomass center

・Miyama City

(5) Takahata

・ Securing means of transportation to support daily 
outings for the elderly
・ Development of mobility services linked to existing 

transportation that promote tourism and the 
economy
・ Building mechanisms for mobility and service 

linkages to promote local industry and economy

・ No 
verification of 
the 
operational 
structure will 
be conducted.

Fig.2 Vehicles used
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Status of efforts by region

3.1.  Social implementation of automated driving mobility 

services at Michi-no-Eki "Kamikoani"

(1) Overview of the Project
Michi-no-Eki "Kamikoani" has been implementing the 

service socially since November 2019 to revitalize local 
communities and provide mobility support mainly for the 
elderly through automated driving. The service operates on a 
route that connects the Michi-no-Eki, medical clinic, and 
other locations with three villages, using Michi-no-Eki 
"Kamikoani" as a base. (Fig.3) (As of July 2022, the service has 
been in operation without accident for more than two years.

(2) Status of other business collaborations
In anticipation of the transfer of automated driving mobility 

services to local communities, the possibility of collaboration 
with tourism businesses and new collaborative projects are 
being studied to improve business continuity when the service 
is transferred to a local operator. In addition, based on local 
transportation needs, the project is transporting foodstuffs from 
the Michi-no-Eki to the meal service center and collaborating 
with convenience stores along the operation route. (Fig.4)

3
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Table 2: Items required in permanent automated driving mobility services

Verification items Specific verification details

(1)  Establish routes, 
diagrams, transit 
methods, etc. based on 
the needs of users, such 
as cooperation with 
public transportation 
and other vehicles.

1.  Improve the overall environment for public transportation in 
the village by reviewing its secondary transportation system

2.  Transit support based on shared roles with key transit systems 
(community bus)

3.  Consider adding shortcut routes to improve convenience and 
usage promotion

4.  Mobility services linked to community buses, mobility support 
in disaster areas

5.  Coordination with existing JR and other means of 
transportation, dispersion of demand for existing transportation

(2)  Diversified fee 
collection methods

1.  Verification of the possibility of diversifying revenues such as 
publicity income by setting up a monthly or child fee, small 
volume freight transportation, etc.

2.  Increase revenues through setting appropriate freight rates and 
revenues from freight transportation, etc.

3.  Investigate introduction of cashless services and linkage with 
local currencies

(3)  Examine and verify the 
stable operation of a 
management system 
and a system for 
monitoring operation 
status and making 
reservations, etc.

•  Simplify reservation and operation methods and establish an 
operation manual in cooperation with the architecture project

(4)  Studies of sustainable 
business feasibility

1.  Investigation of an operation plan with future operators, and the 
use of the system for self-paid use, etc.

2.  Reduce operating costs with service every other day, taking into 
account the season, etc., and by using a reservation system, etc.

3.  Operate about 4 days a week, focusing on holidays when 
tourism demand is expected to be high

4.  Add shortcut routes to promote convenience and usage
5. Home delivery service to residents along the route

(5)  Compliance with 
various laws and 
regulations

•  Establish manuals for guide wires and vehicle maintenance, and 
provide education and training to local companies, etc.

Table 3 Items related to securing driving space for automated vehicles

Verification items Specific verification details

(1)  Measures to secure 
driving space using 
vehicle-toinfrastructure 
cooperation technology, 
etc.

1.  Securing permanent dedicated space in farm road sections 
(consideration of operation by making the space free of people, etc.)

2.  Check and study solutions for car and infrastructure issues such as 
magnetic marker control, etc.

3.  Separation structure considering the speed difference from the 
national highway, installation study of entrance/exit breakers

(2)  Measures to ensure 
traffic safety in areas 
where non-cooperated 
automated driving is 
difficult

1.  Installation of road markings, signboards and vehicle alerting 
signboard using vehicle-to-infrastructure cooperation system

2.  Consideration of a separate structure and dedicated space for 
pedestrians and bicycles

3. Consideration of installing a waiting area for passing and overtaking
4.  Study on the installation of measures to guide ordinary cars to 

bypass and to control the speed
(3)  Appropriate division of 

roles between car and 
road for implementation

•  Based on the results of (2) above, we are planning to compile a plan 
for the road environment, roadside environment, etc.

(4)  Effective communication 
methods (HMI) to 
harmonize with 
surrounding traffic

1.  Penetration of services to diverse generations in cooperation with 
educational institutions (fostering understanding and awareness of 
automated driving services to multiple generations through 
educational programs for children)

2.  Consideration of providing information (sound and light) on alerts 
from the car through collaboration with SIP-adus (HMI Team), etc.

(5)  Evaluation of the driving 
environment

1.  Study of operational conditions based on regional characteristics, 
season, climate, etc.

2.  Study on the impact of laying guide wires, RFID, etc. on pavement

Fig.3: Operational route at Michi-no-Eki "Kamikoani" (Map source: NTT Spatial Information)
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(3) Efforts to improve social acceptability
The project is implementing both programs for residents 

along the route and for tourists. Specifically, the project is 
soliciting nicknames for automated vehicles, holding 
agricultural experience tours in cooperation with residents 
along the route, and holding a photo exhibition of automated 
vehicles.

3.2.  Social implem entation of automated driving mobility 

services at Michi-no-Eki "Okueigenji Keiryu no Sato"

(1) Overview of the Project
Michi-no-Eki "Okueigenji Keiryu no Sato" has been 

implementing the service socially since April 2021, with the 
objectives of (1) regional revitalization and mobility support 
mainly for the elderly via automated driving, and (2) service 
utilization by tourists (visitors to the Michi-no-Eki, mountain 
climbers, and campers). The service is based at Michi-no-Eki 
Okueigenji Keiryu no Sato," and operates over a distance of 4.4 
km (approximately 30 minutes) between the Michi-no-Eki 
and the entrance to Choshigaguchi. (Fig.5) The automated 
driving mobility service is operated by Higashiomi City and 

Eigenji Taxi, a transportation company, as the operator and 
manager, respectively, under the "Private Paid Passenger 
Transport Service with the Cooperation of Transportation 
Companies" system.
(2) Status of other business collaborations

In anticipation of the transfer of automated driving 
mobility services to the region, and in order to improve the 
continuity of the business, measures are being implemented 
to promote use, such as publicizing model courses in 
cooperation with restaurants along the route, transporting 
shipments to morning markets (mountain village markets) 
held at Michi-no-Eki, and supporting transportation for 
residents to COVID-19 vaccination sites (clinics). (Fig.6)

(3) Efforts to improve public acceptance
The project is implementing initiatives targeting both 

local residents and tourists. Specifically, the project is 
planning automated driving tours in collaboration with 
restaurants along the automated driving route, collaborating 
with traveling clinics for COVID-19 vaccinations, and 
collaborating with a salon held at a Michi-no-Eki.

3.3.  Social implementation of automated driving mobility services 

at the Yamakawa Branch Office of the Miyama City Hall

(1) Overview of the Project
The Yamakawa Branch Office of the Miyama City Hall has 

been implementing the service socially since July 2021 with 
the objectives of (1) creating a base for people to gather 
(LeFranc, etc.) and revitalizing human flow through a 
transportation service, and (2) building a safe, secure, and 
sustainable regional public transportation system in the future. 
The service is based at the Yamakawa Branch Office of the 
Miyama City Office and the Biomass Center LeFranc, and 
operates on a route connecting the A-Coop Yamakawa store 
and the Biomass Center LeFranc. (Fig.7) This location is 
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Fig.4: Examples of initiatives linked to automated driving services

▲ Receipt of foodstu�s at 
Michi-no-Eki

▲ Delivery of foodstu�s at the food 
service center

▲ Delivery of products 
purchased at Michi-no-Eki

▲ Coming home with items purchased at a convenience store▲ Automated vehicle arrives at a convenience store

Fig.5: Operational route at Michi-no-Eki "Okueigenji Keiryu no Sato" (Map source: NTT Spatial Information)
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operated under the "Private Paid Passenger Transport Service 
with the Cooperation of Transportation Companies" system, 
with Miyama City acting as the operator and the transportation 
operator (Setaka Taxi, which is commissioned to operate the 
community bus) acting as the operator of the service.

(2) Status of other business collaborations
At this location, a system called "Mobisuke" has been 

introduced to comprehensively support automated driving 
mobility services by performing various analyses such as fare 
collection, operation management, and boarding/exiting data. 
Miyama City's automated driving mobility services are 
operated as one of the community bus services, and since 
there are transfers to and from the community buses, the 
entire community needs to have a bird's eye view of the 
operation management. Therefore, "Mobisuke" was introduced 
to the community bus service, and a system was constructed 
to check the operation status on a map. An overview of the 
operation management system is shown in Fig.8.

(3) Efforts to improve public acceptance
In order to operate automated driving services 

sustainably, it is important to create momentum for the 
acceptance of automated driving in the community as a 
whole and to improve the public acceptance of automated 
driving among local residents. In order to improve social 
acceptance, it is necessary to make automatic driving known 
not only to the elderly in the community but also to the 
community as a whole. Therefore, as a program to promote 
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Fig.6: Status of other business collaboration efforts

○ Transportation support for events such as local meetings 
・Meetings at salons at the Michi-no-Eki and meeting places in the villages along the route (Yuzurio, Kiwada) 
○ Transportation support for shopping at the Michi-no-Eki and using the clinic 
・Promotion of shopping at the Michi-no-eEki and use of the on-site clinic (�rst and third Wednesdays) 
○ Transportation support for visiting friends' houses and facilities on the route 
・Short trips between friends’ houses and visiting facilities along the route (e.g., �sh farms, shrines, etc.)

○Holding meetings (salons) at community 
associations and Michi-no-Eki
・Planning to start around July when vaccination 

is underway (at meeting places in each village 
and roadside stations), although it has been 
suspended due to the COVID-19 pandemic

○Promoting movement of Michi-no-Eki 
and on-site clinics
・Cooperation with shopping use at Michi-no-Eki 

(Consider discount for purchase of a certain amount, etc.)
・Promote use through support for 

vaccinations at clinics, etc.

○Promote transportation to roadside 
facilities, friends' homes, etc.

・Travel to friends' homes and roadside 
facilities using this service as an 
opportunity for local residents to get out 
and about (support for short trips)

Salon for residents during long-term FOTs (held at a Michi-no-Eki) Use of on-site clinics (at time of vaccination) Visits to �sh farms by local residents, etc.

Fig.7: Operational route at the Yamakawa branch office of the Miyama City 

Hall (Map source: NTT Spatial Information)
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Fig.8: Overview of the operation management system
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understanding of automated driving mobility services, we 
held an on-site lecture on the mechanism of automated 
driving for fifth graders on June 30, 2021, and for sixth 
graders on November 16, 2021, at Oubukan Elementary 
School along the route. (Fig.9)

3.4.  Social implementation of automated driving mobility 

services at Michi-no-Eki "Akagi Kogen"

(1) Overview of the Project
Michi-no-Eki "Akagi Kogen" has been implementing the 

service socially since October 2021 with the following 
objectives: (1) to build a sustainable management system 
centered in Iinan Town with existing organizations and local 
volunteers, (2) to secure stable income such as commuter 
passes, and to brush up the service (operation format) for easy 
use by residents. The service operates along the Akana-juku 
route, which is based at Michi-no-Eki "Akagi Kogen," and 
circles the Michi-no-Eki, Iinan Town Hall, and other locations. 
(Fig.10) In addition, a shortcut (branch) is provided in the 
center of the route, and three routes are used: the northern 
route, the southern route, and the all-around route. This 
location is operated under the "Private Paid Passenger 

Transport" system, with Iinan Town acting as the operator of 
automated driving mobility service.

(2) Status of other business collaborations
For publicity and promotion of automated driving 

services, the local community actively conducts its own 
publicity in cooperation with Michi-no-Eki and tourist 
associations. The means of publicity include posters, flyers, 
banners, social media, and handwritten publications, etc. 
(Fig.11) In order to avoid one-way information transmission, 
the company is working on publicity that takes into 
consideration the interests and concerns of everyone from 
children to the elderly by creating a coloring corner and a 
board game with the route as a motif.
(3) Efforts to improve public acceptance

In order to improve public acceptance of automated 
driving mobility services among local residents, the project 
is fostering affection for the vehicle by publicly soliciting 
nicknames, and is also promoting user guidance, trial rides, 
and even registration of users at salons where elderly people 
gather to facilitate their use when shopping and participating 
in community activities.

Fig.9: Onsite lecture
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Fig.10: Route operated at Michi-no-Eki "Akagi Kogen" (Map source: NTT InfraNet)

Fig.11: Diverse public relations activities
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3.5.  Long-term automated driving mobility service FOTs 

at Michi-no-Eki "Takahata"

(1) Overview of the Project
Long-term FOTs were conducted at Michi-no-Eki 

"Takahata" for 33 days from October 11 to November 12, 
2021, to (1) confirm adaptability and operability as a means 
of public transportation, (2) confirm the effectiveness and 
acceptability of short-distance mobility services and identify 
issues in building a business model, and (3) verify the 
technology behind automated driving support. The route 
started and ended at the Takahata Public Hospital, with the 
Takahata Town Hall as the base. (Fig.12)

At this location, FOTs were conducted using an automated 
vehicle with a magnetic marker system instead of the 
conventional electromagnetic guide wire system. The vehicle's 
position is determined by repeated estimation and correcting 
the estimated value using the magnetic marker. In addition, 
the vehicle's travel route is set in advance, and the target 
steering angle and speed are determined according to the 
vehicle's travel position by associating the vehicle's speed and 
stop commands. Fig.13 shows an image of the vehicle's own 
vehicle location determination method and traveling method.

(2) Technical verification of automated driving support
At this location, we conducted FOTs using an automated 

vehicle with a magnetic marker system and analyzed the 
occurrence of manual intervention. (Fig.14) The number of 
occurrences of switching to manual operation and pauses due 
to manual operation of the brake and steering wheel during 
automated driving was 137 (0.57 times per trip, 0.76 times/km 
over a total automated driving distance of 180 km) for a total 
of 240 trip. Of these, 18 were due to stoppages caused by the 
automated driving system (GPS and magnetic sensors).

In the aisles of facilities and parking lots, manual 
interventions such as stopping to ensure safety and overtaking 
off the path occurred due to the erratic behavior of other 
vehicles and pedestrians. On the other hand, no emergency 
intervention to avoid collisions occurred.

(3) Efforts to improve public acceptance
On October 30, 2021 (Saturday), a seminar on automated 

driving and a trial ride were held along the route of the 
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Fig.12 Experiment route at Michi-no-Eki "Takahata" (Map source: NTT Spatial Information)
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Fig.14: Manual intervention locations and main reasons (Map source: NTT InfraNet)
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automated driving FOTs with 78 elementary and junior high 
school students and their guardians participating. (Fig.15) 
The results of the questionnaire confirmed positive opinions 
such as "I felt safe at low speeds," "I want to tell my family 
about it," and "It would be good if it could be used at school 
and in other places around me."

Conclusion

In this project, we verified the practical application of the 
automated driving mobility services at four social 
implementation sites and one long-term FOTs site, with the 
aim of implementing the service, which had already been 
started in limited areas, in multiple areas throughout Japan 
on a permanent basis.

The first social implementation of automated driving 
mobility services in Japan began at the Michi-no-Eki 
"Kamikoani" in November 2019, followed by Michi-no-Eki 
"Okueigenji Keiryu no Sato" in April 2021, the Yamakawa 
Branch Office of the Miyama City Office in July of the same 
year, and Michi-no-Eki "Akagi Kogen" in October of the 
same year. The above four areas use electromagnetic guide 
wire automated vehicles, but at the long-term FOTs site 
(Michi-no-Eki "Takahata"), we conducted FOTs using a 
vehicle that uses a magnetic marker to locate its own position.

In social implementation at four locations nationwide 
and the long-term FOTs at one location, various efforts are 
being made to improve the sustainability of the project, 
including collaboration with other projects and increasing 
the acceptability of the project among local residents. In 
addition, the long-term FOTs confirmed the feasibility of a 
new type of automated vehicle. In the future, it will be 
necessary to organize the items to be handed over to the local 
operating entities in order to continue providing automated 
driving mobility services after the project is completed. In 
addition, we will continue to work on horizontal development 
utilizing the know-how cultivated through this project in 
order to expand the number of cases of automated driving 
mobility services.

[Contacts] 
Highway Industry Development Organization, ITS and New Road Creation 
Division, Plaza Edogawabashi Bldg. 2F, 1-23-6 Sekiguchi, Bunkyo-ku, Tokyo 
112-0014, 03-5843-2917, Contact: Yoshiyuki KATO

Fig.15: Automated driving seminar and trial ride

▲ Venue and test ride course ▲ Jidoroku: Takahata version▲ Information lea�et

▲ Exhibition description ▲ Automated driving board game▲ Status of trial ride
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In order for the public at large to accept the new 
innovation of automated driving and use it with confidence, 
it is necessary to promote a correct understanding of 
automated driving, present quantified benefits, raise 
awareness, and develop supporting systems such as 
insurance. The SIP-adus (Cross-ministerial Strategic 
Innovation Promotion Program (SIP) Automated Driving 
for Universal Services) has focused mainly on the 
dissemination of information and the quantification of 
effects, while also promoting initiatives aimed at a wide 
range of targets based on a long-term plan.

In terms of information dissemination, test-ride events 
were held in conjunction with the FOTs (Field Operational 
Tests) in the Tokyo waterfront area, and online events were 
held in conjunction with FOTs of an automated driving 
mobility services in rural areas. Furthermore, while 
clarifying the target audience communication has been 
strengthened through interactive information dissemination.

On the other hand, we have also worked on quantifying 
the effects of automated driving on society in order to 
provide a more complete explanation of the impact of this 
technology. We have developed a method for estimating the 
social and economic impact of the spread of automated 
driving, and also developed a method for measuring the 
effect of activities to foster public acceptance itself.

We have had a Website since the first phase of SIP-adus, 
which has disseminated information primarily on research 
results and the SIP-adus Workshop, as international 
conference. It was pointed out, however, that the website is 
for specialists and somewhat difficult for the general public 
to understand.

From the perspective of fostering public acceptance, we 
therefore opened the SIP-café, a community for considering 
an automated driving society (Fig.1), in October 2019, in 
conjunction with the start of the FOTs in the Tokyo 
waterfront area and to disseminate information and 
promote understanding among the general public and 
others. Under the responsible editorial supervision of Kazuo 
Shimizu,  an internat ional  automotive  journal ist , 
information on automated driving was actively and 

Initiatives for Fostering Public 
Acceptance (Overview)

Yuichi Araki, Hiroaki Kimura (Cabinet Office)

(2) Public Acceptance of Automated Driving

4 A Society with Automated Driving

Background and Overall Strategy1 Information dissemination via the 
Internet, social media etc.2

(2) Public Acceptance of Automated Driving

162

Fig.1: SIP-café internet website top page (1)
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continuously distributed through content relating to 
automated driving, focused on the medium of video but 
also including other easy-to-understand information on 
automated driving for the general public in the form of 
articles and editorials by experts who are well versed in 
automated driving. Since its establishment, the website has 
consistently published an average of more than 10 articles 
per month on automated driving related efforts by related 
ministries and agencies, including the SIP-adus, as well as 
articles by columnists and other experts on automated 
driving, and information on efforts for automated driving 
technology development by private companies.

We have also created other video content. This includes 
videos on the future vision for society through the 
realization of automated driving and the details of the 

testing conducted by the participants in the FOTs in the 
Tokyo waterfront area. We have also disseminated 
information in conjunction with each of the SIP-adus 
projects, including other information on the FOTs in the 
Tokyo waterfront area and rural areas, a portal site for 
geographic data architecture (MD Communet®), an app 
contest (KYOTO Raku Mobi Contest), and virtual safety 
validation technology (DIVP®).

Interactive communication has also been promoted by 
linking with social media such as Twitter and Facebook.

On the other hand, for the website for specialists, we 
tried to disseminate the research results of the first and 
second phases of SIP-adus in English in a timely manner, 
with an awareness toward international cooperation. (Fig.2)

3.1. Events for media & automated driving professionals

The SIP-adus has conducted various events for the 
media and automated driving professionals, both in real life 
and online, as shown in Table 1.

In November 2020, our results were reported at the 
Tokyo International Forum with the participation of policy 
implementers in order to promote collaboration among the 
various projects of the SIP-adus. The session was held as 
part of the SIP-adus Workshop 2020, and was broadcast 
onl ine  with  Eng l ish  mater ia ls  and s imultaneous 
interpretation to more than 1,000 people in Japan and 
abroad.

In addition, a total of six webinars were held from 
October 2020 on the following themes: "Automated Driving 

Table 1 : List of Events
Date Event Name

October 2020 Webinar "Automated Driving Related Laws"

November 2020 Status Report Meeting, SIP-adus Workshop 2020

March 2021
Webinar "Automated Driving Level 3 Law Revision and Technical 
Standards"
Interim Results Presentation Event

April 2021 Test-ride event

June 2021 Webinar "Liability Issues in Automated Driving"

October 2021 Test-ride event

December 2021 Webinar "HMI and Driver Overconfidence"

January 2022 Webinar "Software Updates and Cybersecurity"

March 2022
Webinar "Cooperative Areas of Mobility Data Utilization and Data 
Provision"

From May 2022 Automated Driving Live News (10 times in total)

September 2022 Test-ride event

March 2023 Final Results Presentation Event

Media /Public Events3
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Related Laws" in October 2020; "Automated Driving Level 3 
Law Revision and Technical Standards" in March 2021; 
"Liability Issues in Automated Driving" in June 2021; "HMI 
and Driver Overconfidence" in December 2021; "Software 
Updates and Cybersecurity" in Januar y 2022; and 
"Cooperative Areas of Mobility Data Utilization and Data 
Provision" in March 2022.

In conjunction with the Tokyo 2020 Olympic and 
Paralympic Games, a test-ride event for the general public 
and an exhibition of the results of FOTs were scheduled to 
be held in the Tokyo waterfront area in cooperation with the 
Japan Automobile Manufacturers Association, but these 
were cancelled due to the spread of COVID-19. As a 
replacement, the Automated Driving Showcase to Change 
the Future was held in March 2021 in collaboration with the 
Ministry of Economy, Trade and Industry and the Ministry 
of Land, Infrastructure, Transport and Tourism, combining 
a symposium-style event and the presentation of interim 
results in a hybrid format of a real and virtual venue.

This interim results presentation event was intended 
mainly for operators and engineers involved in automated 
driving services, but sought to provide the interim results of 
the SIP-adus in a form that was also understandable to as 
many people as possible, including the general public. The 
exhibition featured exhibits of the results of technological 
development related to the building and distribution of 
traffic environment information, including SPaT (Signal 
Phase and Timing) information, merging lane assistance 
information, and road traffic information using vehicle 
probes. It also exhibited the vehicles used in the FOTs in the 
Tokyo waterfront area and rural areas, actual equipment and 
video clips related to the construction of a geographic data 
distribution portal, a safety evaluation environment in a 
virtual environment, and other related topics. In addition, 
online guided tours and virtual exhibits using a 3D walk-
through were also used, creating an event that responded to 
the "new normal" of living with COVID-19. [See Section 4 
(2) 3) for more details]

Furthermore, in April 2021, a media test-ride event was 
held in the Tokyo waterfront city area, staged with the 
cooperation of approximately twenty vehicles provided by 
nine companies who participated in the FOTs in the Tokyo 
waterfront area. The event was well-received by the media, 
who commented that they were able to deepen their 
understanding of the technology and concept due to being 
able to test-ride multiple automated vehicles at the same 
time. With that in mind, we held another test-ride event in 
the Tokyo waterfront city area in October 2021, again with 
the cooperation of approximately twenty vehicles provided 
by nine companies who participated in the FOTs in the 

Tokyo waterfront area, while expanding the range of the 
target media. The introduction of the vehicles on YouTube 
by a female journalist and tagging the content with "Work & 
Life" helped to expand dissemination of information on 
automated driving to a diverse range of people, including 
not only car enthusiasts but also people of child-rearing age 
and others. 

In September 2022, a test-ride event was held again in 
the Tokyo waterfront city area under the theme of "Japan 
leads the world in traffic safety for the future Cohesive 
Society that respects diversity." It was targeted at media, 
Generation Z students, and local citizens, with the 
cooperation of vehicles provided by the participants in the 
FOTs in the Tokyo waterfront area. The final results of the 
five years of the SIP-adus will be presented to the general 
public during the Final results presentation  event in March 
2023.

3.2. Citizen dialogue

Symposiums and citizen dialogues have been held as 
interactive events with citizens, local government officials, 
and related businesses, as shown in Table 2.

In particular, during the second phase of SIP-adus one 
primary theme has been to solve local social issues, and so 
these dialogues were held not only in Tokyo but also in the 
regional areas where the aim is to solve social issues through 
automated driving.

"A Plan for the Future of Japan: Shodoshima, Mobility 
Services Tailored to Each Region" was held in December 
2018 in Shodoshima-cho, Shodo-gun, Kagawa Prefecture. 
"The Role of Automated Driving in Supporting the Future of 
People, Towns, and Lifestyles: Toward the Realization of a 
Town Where People Want to Live Forever" was held in 
August 2019 in Ina City, Nagano Prefecture, where FOTs 
had also been conducted by the SIP-adus. "Ideal Cities and 
Automated Driving" was held in January 2021 in Maebashi 
City, Gunma Prefecture. "Traffic and Mobility Required in 
Urban Transportation: Toward Social Implementation of 
Automated Driving" was held in June 2021, in Yokohama 
City, Kanagawa Prefecture. "Toward the Construction of 
Sustainable Mobility Services that Respond to Local 

Table 2 : List of Events
Date Event Name

December 2018 Citizen Dialogue: Shodoshima-cho, Shodo-gun, Kagawa

August 2019 Citizen Dialogue: Ina City, Nagano

January 2021 Citizen Dialogue: Maebashi City, Gunma

March 2021 Regional Automated Driving Summit

June 2021 Citizen Dialogue: Yokohama City, Kanagawa

April 2022 Citizen Dialogue: Tochigi

From May 2022 Automated Driving Live News (total of 10 times)
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Conditions: The Challenge of All Tochigi" was held in April 
2022, in Tochigi Prefecture.

At the Regional Automated Driving Summit in March 
2021, the leaders of Iinan Town, Shimane Prefecture; Eiheiji 
Town, Fukui Prefecture; Kamikoani Village, Akita 
Prefecture; Chatan Town, Okinawa Prefecture; and 
Higashiomi City, Shiga Prefecture spoke about their local 
governments' initiatives and thoughts on automated driving. 
This was followed by a two-part panel discussion on 
"Solutions to Local Issues" and "Next Generation Public 
Transportation Systems and Operators' Efforts," featuring 
stakeholders involved in automated driving in local 
communities, public transportation operators, and 
automated driving venture companies. The format of 
connecting various local stakeholders via the internet was 
an event that could only be held online.

In addition, from FY2022, in order to reach a wider 
range of people, including the members of Generation Z 
who will be the future leaders of the new mobile society, 
since May we have been released ten episodes of Automated 
Driving Live News, with a mix of real discussion on a 
variety of topics from the perspective of users and the 
younger generation and distributed live via Zoom and 
YouTube.

We have organized and quantified the impact of 
automated driving in order to provide material for open 
discussion of the benefits and potential risks of such 
technology, based on factors such as the technology level 
and penetration of automated driving.

Specifically, economists have compiled quantitative 
evaluation methods for the social and economic impact of 
reducing traffic accidents and traffic congestion, improved 
the accuracy of simulations developed during the first phase 
of SIP-adus to estimate the effect of reducing traffic 
accidents, and compiled them into a method for calculating 
the overall impact. In addition, we held a contest for 
students to propose their visions for the future automated 
driving society, aiming to disseminate information from the 
leaders of the automated driving society themselves based 
on the results of this research. [See Section 4 (2) 2) for more 
details]

We also studied research as a medical-engineering 
collaboration on the evaluation of the effectiveness of 
driving support technology for people with visual field loss, 
and clarified the effectiveness of advanced driving support 

systems in reducing accidents involving people with visual 
field loss to the same level or less as normal drivers, making 
clear the importance of the field of vision in driving. We 
held a number of webinars on the relationship between 
visual field loss and driving, which is not widely known, and 
the role of automated driving and advanced driving 
assistance systems in this area; in July 2021, "The 
Intersection of Visual Field Loss and Automated Driving"; 
in September 2021, "Driving Licenses and Visual Field Loss 
- Considering Driving and Employment"; and in January 
2022, "Visual Field Loss and Automated Driving Systems."

We also started to develop a method for measuring the 
effectiveness of public acceptance activities themselves, and 
conducted nationwide questionnaire surveys of 10,000 
people in January 2020, January 2021, and January 2022 (in 
cooperation with the Ministry of Economy, Trade and 
Industry and the Ministry of Land, Infrastructure, Transport 
and Tourism). By continuously conducting the same scale 
questionnaire survey every year, we evaluated changes over 
time and analyzed the questionnaire results to quantify the 
current status of public acceptance factors (lifestyle changes, 
learning, costs, inherent characteristics/technological 
limitations, response to accidents, etc.). In addition, KPI/
KGI indices were developed based on the past questionnaire 
surveys. The survey results will be used to evaluate efforts to 
foster public acceptance and provide feedback on such 
efforts in the future. [See Section 4 (2) 1) for more details]

In addition to this, opinions about buses were collected 
from passengers such as wheelchair users and people with 
poor eyesight, and then compiled and proposed to the Japan 
Automobile Manufacturers Association (JAMA). The hope 
is to make such vehicles kinder on people with disabilities 
or reduced mobility and orientation who have high 
expectations for automated driving. [See Section 4 (2) 4) for 
more details]
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1)  Research and Evaluations for Fostering 
Public Acceptance

(2) Public Acceptance of Automated Driving

Society with Automated Driving4

1.1. Background and objectives

In conjunction with the author's participation as an expert 
committee member in a METI/MITI project since 2016, the 
Dai-ichi Life Research Institute has conducted questionnaire 
surveys on automated driving for the purpose of understanding 
consumers. Based on these surveys, time-series data on 
consumer behavior and awareness have been collected as a 
METI/MITI project from the January 2019 (FY2018) survey 
and as a joint survey by the two ministries and the Cabinet 
Office SIP from the 2020 (FY2019) survey. Based on this data, 
proposals have been made regarding the KPI/KGI evaluation 
indices and processes for actions to foster public acceptance as 
an SIP-adus (Cross-ministerial Strategic Innnovation 
Promotion Program (SIP) Automated Driving for Universal 
Services).

Various factors are behind the use of automated driving 
technology in Japan, but the focal point is the aging society, 
which is said to be "era of 100-year-life". The baby boomer 
generation, which experienced the rapid increase in dependence 
on private cars, are now elderly, and whether or not they can 
continue driving from a safety perspective (e.g., the surrendering 

of driver's license) and securing the means of transportation to 
maintain their lifestyles have become social issues. In many 
regions, public transportation is being reduced and drivers are 
in short supply and are aging themselves, making the securing 
of sustainable means of transportation an urgent issue.

In addition, even if public transportation is offered as an 
alternative to people and communities that have long been 
dependent on private cars, there may be circumstances where it 
is not easy for their lifestyles to change, including it being 
difficult to get to a train station or bus stop.

Two possible solutions to these issues using automated 
driving technology are "extending driving life expectancy" in 
the sense of increasing the safety of travel using private cars, 
and the "creation of alternative transportation" that allows 
people to continue living in their community without using 
their own cars. (Fig.1)

Fig.1: Two solutions aimed at mobility in the era of the 100-year-life using 
automated driving technology

Creation of 
alternative transportation

A society where people can travel freely 
and safely even if they do not have access 

to a private vehicle

Extension of 
driving life expectancy

A society where people can continue 
driving even if their life is 100 years

Improvement of driving support 
functions in private cars so that the 
surrendering of driver's licenses can 
be postponed to a certain extent even 
if physical functions deteriorate due 
to aging = automated driving of 
privately owned vehicles
Introduction of automated vehicles 
as public transportation that enables 
travel within and between 
communities without the use of 
private vehicles = Automated driving 
of service vehicles

(Abstract) In the social implementation of automated driving technology, it is essential to foster public acceptance in 
addition to the development of the technology and regulatory system. A correct understanding and a flexible and 
appropriate response by consumers will promote the early and effective use of the technology and ensure the safety 
of the new road traffic system. The author, in cooperation with related ministries and agencies, has conducted 
consumer awareness surveys on automated driving for several years, following up on the changes in awareness and 
exploring what information in which areas, and how to provide it, will lead to the fostering of public acceptance. 
Based on the focus on ADAS in the interim report, this paper looks closely at automated driving as a passenger 
transport service vehicle in local communities, and examines the relationship between the degree of acceptance of 
"lifestyle change," "learning," "cost," and "inherent characteristics and technological limitations," which are considered 
to constitute public acceptance, and awareness within the community. This paper then discusses action evaluation 
in fostering public acceptance and presents hints for fostering public acceptance of automated driving and the 
importance of a co-creation system.

Keywords:  Public acceptance, consumer awareness, community mobility, social impact, visualization of effects

Project Execution Flow and Survey 
Contents1

166

SIP通し.indb   166SIP通し.indb   166 2023/03/01   16:472023/03/01   16:47



As "SIP 2nd Phase: Automated Driving for Universal Services 
— Mid-Term Results Report (2018–2020) "focused on the 
“extending driving life  expectancy" part, this paper focuses on 
the "creation of alternative transportation" and discusses the 
"Questionnaire Survey on Vehicles and Automated Driving" 
that has been conducted four times. The second phase of SIP-
adus.

1.2. Summary of the Fourth Questionnaire Survey

The survey was conducted as a Cabinet Office SIP survey 
(late January to early February 2022), which re-surveyed 20,631 
people as a sample of the men and women aged 18-69 from 
across Japan who participated in the internet survey by the 
Ministry of Economy, Trade and Industry and the Ministry of 
Land, Infrastructure, Transport and Tourism, and 10,357 
responses were received and merged into one survey. In 
preparing the questionnaire, in addition to collecting opinions 
from the National Police Agency, there was collaboration with 
other contractors such as the University of Tsukuba and the 
University of Tokyo.

2.1. Mobility Issues in the Community

The local transportation environment and issues play a major 
role in the use of automated driving technology as alternative 
transportation. Regarding attitudes toward mobility in old age, a 
look at changes in survey results since 2019 shows that while the 
number of people who say that they "want to continue living in 
their current area in old age" has increased, the number of 
people who say that they "are concerned about transportation 
means in old age in their current area," that they "cannot live 
without a private car in their current area," that "moving in old 
age using buses or trains is inconvenient in their current area," 
and that they "want to move to another area if they do not have 
the means to move freely in their old age" has an increasing 
trend. In addition, the percentage of respondents who "think 
about the time when the means of transportation I currently use 
may not be available in the future", which is data that has been 
acquired since 2020, is also increasing, indicating that more 
people are aware of mobility issues in their old age. (Fig.2)

The hurdles to using public transportation as an alternative 
to private cars are not insignificant for people and communities 
that are highly dependent on private cars. However, when we 
think about the future, we must also assume a gradual shift to 
such a lifestyle, and a public consensus is gradually emerging on 
this issue. Under these circumstances, automated driving 

service vehicles are expected to be one solution to solve the 
driver shortage and bring mobility to communities, even if 
their speed is slow.

2.2. Organizing Public Acceptance

In the area of automated driving, in addition to the 
perspective of technological safety and the development of laws 
and rules, another major challenge to be addressed is how to 
make automated driving accepted and used effectively in society 
from the perspective of public acceptance.

Regarding the public acceptance of automated driving, the 
author created and analyzed composite scores consisting of the 
following four categories: (1) Lifestyle changes: acceptance of 
changes in lifestyle due to the spread of automated driving, (2) 
Learning: acceptance of the burden of learning for the spread of 
automated driving, (3) Cost: acceptance of various cost burdens 
in the spread of automated driving, and (4) Uniqueness/
technical limits: acceptance of the characteristics and techniccal 
limits and risks particular to automated driving. (Fig.3)

Fig.3: Four elements for public acceptance

(1) Lifestyle Changes (2) Learning

(3) Cost

Can the various lifestyle 
changes due to the spread 
of automated driving be 
accepted?

Can the burden of 
various learning involved 
in the widespread use of 
automated driving be 
accepted?

Can the various cost bur-
dens due to the spread of 
automated driving be 
accepted?

Can the particular charac-
teristics and the technolog-
ical limitations and risks of 
automated driving be 
accepted?

(4) Uniqueness/technical limits

Recognition of Mobility Issues in the 
Community and Public Acceptance of 
Automated Driving
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2.3.  Public Acceptance Scores and Community 
Awareness: Results of the Survey

Regarding the four acceptance factors, looking at their 
relationship with the characteristics of the community reveals 
that there is a relationship between people's community 
awareness and the acceptance.

In city planning, the concept of "civic pride" is considered 
important. Civic pride refers to the pride that citizens have in 
their city, but it is not merely a feeling of affection or attachment 
to their own community; according to Professor Kaori Ito from 
the Tokyo University of Science (representative of the Civic 
Pride Study Group), it is "a sense of pride based on a kind of 
party awareness in which one is involve in wanting to improve 
the community".

In the third and fourth surveys, respondents were also asked 
about their thoughts and ideas about their community, and 
these items are similar to the civic pride mentioned above.

In this analysis, the mean values of each acceptance score 
were compared for the four questions of "I like/am attached to 
the community I am living in," "I want to make the community 
I am living in a better place," "I am aware of the issues in the 
community I am living in," and "I want to live in the community 
I am living in for a long time," for affirmative ("applies" and 
"somewhat applies") and negative ("does not apply" and "does 
not apply at all") responses and it was confirmed that when 
overall awareness of the community was high then acceptance 
scores were also high. (Figures 4-7)

Tentatively assuming these items to be civic pride, it can be 
said that in communities with high awareness, a relatively high 
percentage of people will accept the changes in their lifestyle 
that will be brought about by the social implementation of the 
new technologies and mechanisms for automated driving, 
accept the learning required for such changes, bear the 
necessary costs, and accept the inherent characteristics and 
technological limitations of automated driving.

In other words, it can be said that in pioneering the 
implementation of automated driving, it will be effective as a 
strategy to introduce it first in areas with high civic pride and to 
"foster it as a local mechanism".

3.1.  Arousing People’s Action Through Two Steps of 
Understanding and Acceptance

In the social implementation of new mechanisms and 
technologies such as automated driving, in addition to the 
understanding of users, consumers, and residents, it is essential 
to foster their awareness of "effective and safe use".  It is tempting 
to take a passive stance when introducing technology, assuming 
that the technology will cover all safety issues.

However, as Goal 12 of the SDGs 'responsible consumption 
and production' says, consumers of the future are expected to 

How to express automated driving 
technology as a solution3
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contribute to the sustainability of society by being involved in 
"responsible consumption" in the form of effective use while 
securing safety. In addition, 100% safe technology is practically 
impossible. There are significant risks even with existing 
vehicles, and users are expected to ensure greater safety in the 
form of obeying the rules when using them. It is also necessary 
to form a similar consensus for the introduction of automated 
driving. Regarding automated driving, which tends to be 
expected to be a completed technology, it is important to 
understand its characteristics and limitations, and consider 
what methods of use will compensate for its technological 
shortcomings and issues.

Further, as shown in Fig.8, it is also necessary to take into 
account the fact that "understanding" and "acceptance" are 
different. First, as Phase 1, action is required to increase the 
amount of information about automated driving for consumers 
and to raise their level of awareness and understanding. 
However, the level of acceptance does not necessarily increase 
as the level of awareness and understanding increases. Some 
people judge "non-acceptance" as a result of an increase in the 
level of understanding of automated driving. Accordingly, what 
is required as Phase 2 is a process that seeks a path to solving 
problems by identifying specific issues from those who are 
"non-accepting" due to some issues or risks, finds parts that can 
be complemented not only in terms of technology, but also by 
concessions and cooperation among people in terms of the 
establishment of usage methods and rules, and stimulating 
consumers to take action themselves.

In this process, it is necessary to understand the background 
and issues of "why automated driving technology is being used 
in our community". In addition, it is necessary to correctly 
understand the current status of what can and cannot be done 
with automated driving technology. Only when there is an 
understanding that automated driving technology can be a 
promising solution to local problems can people face the 
challenge of how to implement this technology.

However, although there is a tendency to consider the 'How' 
of "how to implement it" first, initially there should be a process 
of first ascertaining the local issues (the 'Why') and then 
considering how automated driving technology can be used to 
solve those issues (the 'What'), including the points of what 
kind of technology will be used to drive what kind of vehicle 
and in what manner will be used to drive the vehicle. (Fig.9)

In practice, it seems that such a process and approach is 
being taken in communities where social implementation and 
FOTs (Field Operational Tests) are successful.

3.2.  Visualization of the value and effect - social im-
pact assessment

In order to promote understanding and acceptance, when 
selecting the solution of "automated driving" as a result of 
considering the ‘Why’ and the ‘What’, it is necessary to visualize 
the value and effect of mobility and automated driving. In 
particular, in the formation of a consensus on the investment of 
public funds, it is essential to consider from the perspective of 
what degree of investment effect can be expected. From this 
point of view, regional public transportation basically operates 
at a loss, and even if it were replaced by automated driving, it 
cannot be expected to be profitable, at least in terms of fare 
revenue, and is unlikely to become profitable in the short term.

Also, it is more than a theory that if people give up their 
private cars, they can apply the cost of purchasing and 
maintaining them to public transportation. Private cars do not 
demonstrate their value simply through transportation only; 
their value as an object of desire and preference is also great, in 
addition to the convenience and psychological security of being 
able to drive it at any time.

In this way, while costs should not be taken in a narrow 
sense, they are not always measurable quantitatively, so it is 
necessary to take the social impact into account when 
visualizing them.

Fig.8: Two phases of understanding and acceptance
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For example, in addition to the economic benefits of 
improved community accessibility, the invigoration of mobility 
can prevent frailty and extend the healthy life expectancy of the 
elderly, thereby reducing medical and nursing care costs and 
manpower (mainly for family members). Many people also 
enjoy seeing and photographing mobility. If mobility becomes a 
community icon, it will not only increase the flow of people 
from outside the community, but also improve commitment to 
the community. Thus, the enhancement of mobility will 
improve the quality of life of community residents and citizens.

In order to put the effects of the introduction of automated 
driving technology, including the impact assessment, into the 
context of fostering public acceptance, it is necessary to visualize 
the effects financially from a multifaceted and long-term 
perspective, from both the perspective of "enlivening" in the 

sense of protecting the sustainability of people's lives by 
maintaining and sustaining mobility in the community, and the 
perspective of "utilizing" in the sense of creating various 
spillover effects through the use of mobility. (Table 1)

It is the consumers themselves who will benefit greatly from 
the spread of automated driving. In light of this point, it is 
thought that increasing the number of opportunities for 
consumers themselves to be proactively involved and consider 
how to incorporate and use the technology in their daily lives 
and how safe and effective social implementation can be 
achieved (the ‘How’), and fostering an awareness of the issues as 
being their own issues, will lead to the creation of prompt and 
safe mobility, and the realization of a sustainable society.

This process is summarized in the action evaluation sheet in 
Table 2. The purpose of this project was to establish and evaluate 
what points should be kept in mind and what benchmarks 
should be set in the process of fostering public acceptance of 
automated driving. As part of this effort, a consumer survey was 
conducted, and interviews and workshops have also been held.

The entire process has been classified into ten processes, and 
items to be considered for each process have been set as 
checkpoints.

Viewpoint Actions Keywords

Viewpoint of "enlivening" 
com

m
unity m

obility  
M

aintaining its existence

V
iew

point of "utilizing" 
com

m
unity m

obility
 U

tilizing it

● Sustainability

● Maintain daily life

● Safety and security

● Acceptance of inconvenience

● Create and maintain means of transportation that �t the community
environment and needs

● Development of mobility infrastructure that enables people to 
continue moving a�er they have surrendered their driver's license or
have lost physical functions due to aging, illness, disability, etc.

● Ensure safety during movement

● Fostering
awareness of the use of diverse mobility by a diverse range of people

● Recognition and visualization of the impact 
(�nancial and non-�nancial value) of mobility

(1)Economic e�ects (direct and indirect)
Examples: Fare revenue, improved accessibility, 
community revitalization, reduced social security costs

(2)Health Bene�ts
Examples: Disease prevention, maintenance and improvement of 
mental health, extension of healthy life expectancy

(3)Creating connections and fun
Examples: Creation of opportunities for face-to-face contact and 
communication, vehicles as objects of preference

● Economic E�ects

● Extension of 
healthy life expectancy

● Wellbeing

● Improvement of quality 
of life

● Pleasant, fun, 
happy experiences

● Awareness of inconvenience

Table 1: Ensuring sustainability and visualizing the effects of community mobility

Steps for public acceptance - setting 
KPIs and KGIs4
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Table 2: Action evaluation sheet

1. Has an annual activity plan been formulated a�er devising a comprehensive medium to long-term 
strategy based on the existing information, situation, and the previous �scal year’s outputs?

2. Has a process with clear goals been formulated for each project?

3. Are projects cooperating so there is no waste or duplication?

1. Has su�cient information (culture, characteristics, issues, etc.) collection and understanding been 
conducted in advance about the targets (society, community, people, etc.) in which public acceptance 
will be fostered?

1. Has the selection of appropriate information for the target audience been considered for information transmission?
2. Has appropriate information suited to the target audience been edited and processed for transmission?

1. Have the most appropriate means, media, and venues been used for information transmission to the 
targets?

2. Was the Society 5.0 perspective (fusion of the physical and virtual) considered?

1. Was an opportunity created for the target to personalize the issues through a realistic customer 
experience in accordance with local issues and needs?

1. Could the impact of information transmission be veri�ed through the response of the targets and 
interaction with them?

2. Were areas for improvement of the content and methods of information transmission discovered and 
new ideas gained through the response of the targets and interaction with them?

1. Did the activities and information transmission lead to the di�usion of relevant information through 
mass media, social media, etc.?

2. Did it create the e�ect of communicating information between people?
3. Were you able to elicit a derivative e�ect by improving the degree of satisfaction of existing users?

1. Veri�cation of whether consumers' understanding (‘What’) of automated driving and ADAS functions has improved
2. Veri�cation of understanding (‘Why’) about the background of introducing automated driving and 

ADAS functions into society
3. Were consumers' intrinsic behavior to understand automated driving and ADAS functions aroused?

1. Did the consumers understand the social issues and their own situation, and do they show willingness 
to adopt technology e�ectively and safely in their own lives?

2. Do the consumers show willingness to think about how they should act in order to e�ectively and 
safely adopt technology into their own lives (‘How’)?

1. Do consumers appear to be receptive to each of the factors that may arise from the introduction of 
automated driving technology? (1) Lifestyle changes (2) Learning (3) Costs (4) Characteristics and 
technological limitations

    (comprehensiveness, appropriate target selection, etc.)

Creation and coordination of the 
overall framework and strategies for 
the individual projects
(Frame & Strategy)

Information collection and understanding 
of the targets and circumstances
(Target Grasp)
Selection, editing, and processing of 
transmitted information
(Adaptation)

Means, media, and venues for 
information transmission
(Means)

Experience Opportunity Creation/UX
(Experience)

Feedback and bidirectionality
(Communication)

Information di�usion and social 
interest
(Expansion)

Consumer understanding
(Understanding)

Consumption and use behavior
(Use)

Social acceptance among consumers
(Acceptance)

1

2

3

4

5

6

7

8

9

10

Step Checklist (2022 updated version)Activity item
G

oals
R

eception and di�usion
Transm

ission
Foundation study

Phase 1
Why: Background/needs
What: Instillation of 

mechanisms and rules

Phase 2
How
* How to implement it in a 
   form that suits the community
* How consumers will be 
   involved and act to achieve this
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4.1. The process for Phase 1

Steps 1 through 7 correspond to the "Phase 1" referred to in 
Figures 8 and 9.

Steps 1 and 2 are defined as the "foundation study" for the 
"creation and coordination of the overall framework and 
strategies for the individual projects". Step 1 is to conduct the 
management, such as ascertaining the overall picture of the SIP 
until now and considering the strategy, and allocating the 
necessary resources to the necessary sections while watching 
over each project. Step 2 is "information collection and 
understanding of the targets and circumstances," which refers 
to information collection and understanding of the targets 
(society, communities, people, etc.) in which public acceptance 
is to be fostered. Until now, the author has attempted to gain an 
overall understanding by collecting quantitative data through 
nationwide surveys, but it will be more important in the future 
to collect detailed information for each community.

Steps 3 through 5 are "transmission," which questions 
whether the information content and appropriate media were 
selected to match the target audience, and whether real 
experience value was provided so that the target audience could 
personalize the issues.

Steps 6 and 7 are "reception and diffusion," which measures 
the impact and level of understanding of the information 
through two-way communication with the target audience, and 
furthermore, asks whether communication among the target 
audience has been created as a derivative effect.

4.2. The process for Phase 2

Steps 8 to 10 correspond to "Phase 2" in Figures 8 and 9 and 
indicate, based on consumers’ understanding, that consumers 
are proactively involved in utilizing it effectively and safely 
themselves, and accepting the associated lifestyle changes, 
learning, costs, inherent characteristics and technological 
limitations.

5.1.  Information transmission tailored to communi-
ties and targets

In regional areas, awareness of mobility issues is particularly 
high, and the social implementation of automated driving 
services vehicles as one of the solutions requires that the 
significance of this issue be transmitted through a variety of 
means.

To this end, it is necessary to first understand the awareness, 

culture, and history of the people living in the community, and 
then to recognize what specific issues they are facing. Since 
local media such as regional newspapers have significant 
influence in regional areas, collaborating with such media to 
effectively communicate the ‘Why’ and ‘What’ aspects should 
be effective. In addition, since the media with high affinity 
differs depending on the attributes and community, it is also 
important to select the most appropriate media and process the 
information into the most appropriate form. It is important to 
create a system that uses a variety of media to effectively spread 
information while creating connections among people and 
communities.

There are some cases in which regional automated driving 
events attract only those who are involved in or interested in 
automated driving, such as business operators and related 
parties, so ingenuity is required so that information reaches a 
diverse range of people and arouses their interest, such as by 
holding joint events with other fields.

5.2. Sharing information and case studies

In recent years, many FOTs of automated driving service 
vehicles have been conducted throughout Japan, and some of 
them have progressed to social implementation, so it is also 
important to systematically share such cases. Since the needs 
and backgrounds of each community differ, it is natural that a 
large part is tailored to the community in the implementation 
of automated driving services, but there are many cases where 
examples from other communities can be used as references. It 
goes without saying that successful examples should be shared, 
but also sharing cases that did not go well will add significant 
value to the FOTs overall. Furthermore, the value of the FOTs 
will be maximized by aggregating this information in a 
centralized manner and deploying it in a cross-cutting manner.

5.3.  Consensus building for co-creation and comple-
mentation between people and technology

In the transmission of information regarding technology, it 
is necessary to share not only "what can be done," but also the 
technological limitations and specific risks to obtain a social 
consensus. Just as human error is inevitable, system error is also 
inevitable. In the same way that it is presupposed that there are 
dangers that accompany conventional cars and that users are 
expected to make efforts to reduce the risks by wearing seatbelts 
and child restraints and obeying traffic rules, the process of 
introducing automated driving into society must be conducted 
in a form where the users incorporate the technical limitations 
of automated driving.

By adopting a style in which humans compensate for the 
limitations and inadequacies of the new technologies, and by 
adopting an attitude of nurturing the technologies and 

Transmission and sharing of information 
and consensus formation toward public 
acceptance of automated driving
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mechanisms throughout society, measures can be taken as a 
result to resolve social issues at an early stage. Increasing 
awareness of "mobility," which is one of the major issues in the 
era of 100-year lives, will ultimately lead to the creation of safe, 
secure, and sustainable mobility and contribute to maintaining 
the quality of life and wellbeing of people.

Automated driving technologies are a "means" to this end, 
and it is necessary to review the point that social implementation 
and fostering public acceptance are not "ends" in themselves, 
and for industry, government, academia, and the private sector 
to collaborate toward co-creation.
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2) Development of Assessment Methodology for 
Socioeconomic Impacts of Automated Driving 
Including Traffic Accident Reduction

(2) Public Acceptance of Automated Driving

Society with Automated Driving4

Purpose and contents of the study

The practical application and expansion of automated 
driving can contribute to solving social issues such as 
reducing traffic accidents, reducing traffic congestion, 
ensuring mobility for those with traffic constraints, and 
improving driver shortages and reducing costs for logistics 
and transportation services. Aiming to realize a society in 
which all people can lead a high quality of life through the 
widespread use of automated driving, this research sets the 
following two objectives and works to evaluate the 
socioeconomic impact of automated driving: The first is to 
foster social acceptance of automated driving. To promote 
the practical application and social diffusion of services and 
vehicles that utilize automated driving technology in the 
future, public understanding of automated driving is a 
prerequisite. In order to gain public understanding, it is 
necessary to quantitatively understand the impact of 
automated driving on people's lives and the Japanese 
economy in terms of both utility and potential risk. Second 
objective is to contribute to government policy making and 
corporate management. For example, it is extremely 
important for government and corporate decision-making 

to understand how the speed of automated driving diffusion�
and the resulting socioeconomic impact will differ depending 
on economic incentives for automated driving and how 
automated driving vehicles are introduced to the market.

Based on those purposes, the research shown in Fig.1 was 
conducted in the first project, "Study of socioeconomic 
impacts of automated driving including traffic accident 
reduction." First, for the purpose of organizing basic 
information, the relationship between automated driving 
and the 17 goals, and 169 targets of the Sustainable 
Development Goals (SDGs) set forth by the United Nations 
was organized, and the significance of automated driving for 
sustainable society was confirmed. Next, a "diffusion 
simulation" of automated driving vehicles was conducted to 
use its outputs as common basic figures when analyzing the 
socioeconomic impact of automated driving. Finally, 
quantitative analysis of the socioeconomic impact of 
automated driving from three angles were conducted: the 
impact on road traffic, the transportation service sector, and 
the industrial and social sectors.

1

(Abstract) The evaluation of the social and economic impact of automated driving is extremely important in terms of 

fostering social acceptance, government policy making, and application to corporate management regarding automated 

driving. Based on this recognition, the purpose of this paper is to present an overview of "Study of socioeconomic 

impacts of automated driving including traffic accident reduction" and its successor project, "Research on assessment 

of the impact of automated driving on society and the economy and on measures to promote deployment." This paper 

first introduces two models (dynamic model and static model) of the "diffusion simulation" of automated vehicles, which 

is the basis of the socioeconomic impact assessment, following overview of the impact assessment on road traffic, 

transportation services, and industry and society, which were conducted using the results of the diffusion simulation.

Keywords: socioeconomic impact assessment, diffusion simulation, traffic accident, traffic simulation

173SIP 2nd Phase: Automated Driving for Universal Services - Final Results Report (2018-2022)

Fig.1: Overall Picture of the Research Project
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In the second half of the project, "Research on assessment 
of the impact of automated driving on society and the 
economy and on measures to promote deployment," various 
simulation models constructed in the first half of the project 
were improved, assumptions were reviewed, and the effects 
of various promotion measures were analyzed.

The model developed in the projects has the following 
five characteristics, and is able to analyze a wide range of 
socio-economic impacts in a theoretical and consistent 
manner:
1) Model building combining knowledge of traffic 

engineering and economics;
2) Common data on the socioeconomic environment 

(population, GDP, etc.) are used uniformly as simulation 
assumptions;

3) Construct a simulation model for the diffusion of 
automated vehicles based on microeconomic theory that 
takes into account consumers' willingness to pay (WTP) 
and the learning effect of production;

4) Possible to estimate the diffusion rate of automated 
vehicles in response to various diffusion promotion 
measures; and

5) Utilize the results of diffusion rate estimation as common 
data for socioeconomic impact assessment.
Since the main objective of the first half of the project was 

to construct a model, an advisory committee involving 
academics from a wide range of fields, including engineering, 
was established, and the study was conducted based on the 
discussions in the study group. On the other hand, since the 
final purpose of the latter half of the project was to 
disseminate information to the public, the research was 
conducted mainly based on the discussions in the Working 
Group for Service and Business Implementation. In addition, 
"Simulation of the diffusion of automated driving vehicles" 
and "Consumer choice changes regarding car ownership, 
use, and mobility" were studied in cooperation with a 
German research institute as part of the Japan-Germany 
collaborative research. This Japan-Germany collaborative 
research is based on the fact that the Socio-Economic Impact 
Assessment was listed as one of projects of the Japan-
Germany joint research project at the Steering Committee 
meeting between the Japanese Cabinet Office and the 
German Federal Ministry of Education and Research in 
January 2019, conducted based on "Joint Declaration of 
Intent on Japanese - German Cooperation on the Promotion 
of Research and Development on Automated Driving 
Technologies" (January 12, 2019). For more detailed 
information on the activities of the Japan-Germany 
Cooperative Research, please refer to Section 6 (8) "Socio-
Economic Impact" of this report.

In the following, the results of this study were presented, 
focusing on the features and concepts of the simulation 
model developed in this study.

Simulation of diffusion

The S-shaped growth curve model is a model often used 
to simulate the diffusion of goods and services.(1)(2) However, 
when assuming a situation in which several levels of 
automated driving coexist, as in this study, it is not 
appropriate to simply use the parameters set by such a 
model. In addition, the S-shaped growth curve model has an 
extremely simple structure, making it difficult to use when 
simulating the effects of policy measures and OEMs' market 
launch measures on the diffusion rate of automated vehicles. 
Therefore, in this study, original diffusion simulation model 
for passenger cars was decided to be constructed.

When considering the diffusion of automated vehicles, 
the timing of introduction of SAE level 1 to 4 has already 
been discussed, but the feasibility and timing of the 
introduction of SAE level 4 and SAE level 5 automated 
vehicles that are capable of automated driving on all general 
roads cannot be predicted. Based on these points, the 
diffusion simulation model in this study is divided into two 
parts: a model for estimating the diffusion of automated 
driving vehicles up to SAE level 4, for which the timing of 
market launch can be predicted to some extent; and a model 
for estimating the diffusion of self-driving vehicles 
(equivalent to SAE level 4/5). The former is a dynamic model 
that captures the diffusion process of automated driving 
vehicles while showing the year, and the latter is a static 
model that estimates the diffusion rate of self-driving 
vehicles in a steady state when self-driving vehicles are 
realized.

The dynamic model classifies automated vehicles as 
shown in Table 1. In the first half of the project, automated 
vehicles were classified based on the combination of SAE 
levels and feasible roads, but this has been completely revised 
in the second half of the project.

The columns in Table 1 indicate the functions of vehicles. 
The functions are classified into three major categories: safe 
driving support (S), driving support (D), and system driving 
(A), and then the functions are further classified in terms of 
the roads on which the functions can be realized. The last 
two digits of S20, D20, A25, etc. indicate the year when the 
function is expected to be introduced to the market. On the 
other hand, the rows in Table 1 indicate the categories of 
automated driving vehicles which are composed of 
combinations of the above-mentioned functions. Here, the 
categories of automated vehicles are classified into three 
types: "driving support vehicles," "limited automated 
vehicles," and "advanced automated vehicles." Driving 
support vehicles are vehicles that have driving support 
functions added to vehicles already on the market (S0 and 
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S1). Limited automated vehicles are vehicles with SAE level 
3 functions added to driving support vehicles. Advanced 
automated vehicles are limited automated vehicles with SAE 
level 4 functions added. For each of these three types, the 
automated driving category is set as a combination of feasible 
functions.

In the static model, on the other hand, two types of 
vehicles are set for simulation analysis: automated vehicles 
that realize SAE Level 2 on all roads, in which humans are 
the main driver of the vehicle, and automated vehicles that 
realize self-driving.

(1) Dynamic model
The dynamic model estimates the number of vehicles in 

each of the automated driving categories shown in Table 1 
for passenger cars, logistics services (trucks), and 
transportation services (e.g. buses) every five years from 
2025 to 2050. The estimation method differs for each of the 
three categories, but this article introduces the estimation 
method for passenger cars. The estimation model for 
passenger cars has been completely reconstructed following 
the review of the automated vehicle categories conducted in 
the latter half of the project.

In the simulation for passenger cars, the number of cars 
needed in each year is first calculated (A). By subtracting the 
number of remaining cars of the previous year from A, the 
number of new cars in each year is calculated. The 
composition of the number of new cars in each year by 
automated driving vehicle category is determined by the 
consumer's automated driving vehicle category choice 

model shown in Fig.2. In the first step of the selection model, 
the composition of new cars in the three groups of "driving 
support vehicles," "limited automated vehicles," and 
"advanced automated vehicles" is determined under the 
exogenously given price of each category. In the second step, 
the composition ratios of each automated driving vehicle 
category among the groups selected in the first step are 
determined. The parameters of this model are set by 
conducting a consumer's stated-preference survey (Web 
questionnaire) targeting approximately 7,500 consumers.

On the other hand, the price of each category of automated 
driving vehicles, which is exogenously given to the automated 
vehicle category selection model, is determined by the 
experience curve effect of production. The experience curve 
effect refers to the phenomenon in which an increase in 
cumulative production leads to an improvement in 
production technology and a decrease in production cost.
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 Table 1: Classification of automated vehicles in the dynamic model

Driving safety assist Driving assist System driving

Time of 
market 
entry

S20 S25 D20 D25 D30 A25 A30 A35 A40 A45

Forward 
short distance 

sensing1

Omnidirectional 
long distance 

sensing2

ACC, LKAS 
on national 
expressways 
and limited 
highways

ACC, Lane 
change assist on 

national 
expressways and 

limited 
highways, LKAS 

on ordinary 
roads

ACC, LKAS, 
Lane change 

assist on 
ordinary 

roads

Lv.3 on 
national 

expressways 
and limited 
highways 

during 
congestion

Lv.3 on 
national 

expressways 
and limited 
highways

Lv.4 on 
national 

expressways 
and limited 
highways

Lv.4 on 
national 

expressways 
and limited 

highways, Lv.3 
on ordinary 

roads

Lv.4 on 
ordinary 

roads

Without 
safety support 

functions
S0 Existing

Equipped with 
safety support 
functions only

S1 △ Existing

Driving 
support 
vehicles

D1 ✓ ✓ Existing
D2 ✓ ✓ ✓ 2025
D3 ✓ ✓ ✓ ✓ 2025
D4 ✓ ✓ ✓ ✓ ✓ 2030

Limited 
automated 

vehicles

R1 ✓ ✓ ✓ ✓ ✓ 2025
R2 ✓ ✓ ✓ ✓ ✓ ✓ 2030
R3 ✓ ✓ ✓ ✓ ✓ ✓ 2030
R4 ✓ ✓ ✓ ✓ ✓ ✓ ✓ 2030

Advanced 
automated 

vehicles

A1 ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 2035
A2 ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 2040
A3 ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 2045

1. Acceleration control for pedal error, lane departure warning, lane distance warning, AEB for vehicles (short distance in front), AEB for pedestrians, AEB for bicycles crossing the road
2. AEB for vehicles (all-around, long distance), AEB for bicycles (all-around long distance)
✓: Equipped　△ : Partially equipped

Ｄ4Ｄ3 A1 A2 A3Ｄ1 Ｄ2

Driving support 
vehicles

Advanced 
automated vehicles

Limited 
automated vehicles

R3 R4R1 R2

First step selection

D4

Second step selection

D3D1 D2 R3 R4R1 R2

Fig.2: Model of Consumer Choice Behavior Regarding Automated Vehicle 
Categories
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(2) Statics model
The static model differs from the dynamic model in that 

it only includes passenger vehicles and estimates the 
stationary state ownership and use of vehicles when self-
driving vehicles (equivalent to level 4/5) are realized.

The model assumes the introduction of self-driving taxis 
that use self-driving vehicles as well as share automated taxis 
that charge lower fares due to shared rides and can estimate 
how the use of each transportation mode is affected by 
various factors such as their fares and waiting times.

This model was constructed using the results of a 
consumer preference survey (Web-based questionnaire) 
conducted in the "Analysis of the Impact on the 
Transportation Service Sector" section of "Changes in 
Consumer Choice Structure Related to Car Ownership, Use, 
and Mobility. As shown in Fig.3, the survey set up six 
transportation modes, and investigated how travel time, 
travel cost, and waiting time for dispatch of an automated 
taxi (including share taxis) affect ordinary citizen mode 
choice by weekday, holiday, purpose of travel, and travel 
distance zone. The static model utilizes as its core the 
transportation mode choice model constructed using the 
results of this survey.

Socioeconomic impact assessment

3.1. Road traffic

(1) Traffic accidents reduction
Two analysis methods were developed for the analysis of 

the reduction effect of traffic accidents. The first method is 

the one used in the first half of the project, in which we 
obtained the results of estimates of the effect of the automated 
vehicle diffusion on the number of accidents, as well as 
fatalities and injuries from by a measure of SIP automated 
driving "Visualization of the Traffic Accident Reduction 
Effects through Automated Driving and Driving Assistance 
project" and adjusted those using ITARDA traffic accident 
macro data. In the measure, the reduction effect of traffic 
accidents was estimated using the agent-based simulation 
method.

The second method is the one used in the latter half of the 
project, which calculates the diffusion rate of driving safety 
support functions such as AEB and LKAS from the diffusion 
rate estimation results for each category of automated 
vehicles, and estimates the traffic accident reduction effect 
by referring to the accident-avoidance rate for each driving 
safety support function set by the Advanced Safety Vehicle 
(ASV) Promotion Plan Phase 6 Report.(3) Since the accident-
avoidance rate in this ASV report was calculated under ideal 
conditions, the effect calculated by this method should be 
understood as the accident reduction potential of automated 
driving, but it has the advantage of allowing more accident 
types to be estimated than the first method.

Whichever method is used, the unique feature of this 
study is that the monetary value of the traffic accident 
reduction effect, including the non-financial losses of the 
traffic accident perpetrator, is included.

There are two major differences between active safety 
technologies (e.g., safety support systems and automated 
driving) and passive safety technologies (e.g., airbag systems) 
in terms of benefits to society. First, while both technologies 
share the same benefit of "reducing injury to user himself," 
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active safety technologies also reduce injury to the other 
party to an accident as an additional external economy. The 
second difference is that users of active safety technology 
also reduce the psychological burden (non-financial loss) of 
the perpetrator according to the reduction of bodily injury 
to the other party to the accident. The first benefit can be 
estimated by using the amount of economic loss per traffic 
accident victim obtained from the Cabinet Office survey(4) 
and the reduction in the number of traffic accident victims 
due to the diffusion of automated vehicles. On the other 
hand, the second benefit cannot be estimated because there 
is no data of "the amount of economic loss of the perpetrator 
per victim of a traffic accident." However, the ability to avoid 
becoming a perpetrator is extremely important in evaluating 
the value of automated driving. For this reason, this study 
newly estimated the psychological burden (non-financial 
losses) of being a perpetrator monetarily through a web-
based questionnaire survey.

This Web-based survey consists of a perpetrator survey 
and a victim survey. In the perpetrator survey, the WTP 
(one- year usage fee) for a device that reduces the probability 
of killing the other party (one person) by 50% (or 90%) due 
to his/her own driving error (assuming his/her fault ratio is 
100%) in a four-wheeled vehicle accident was asked in a 
double-bounded dichotomous choice. On the other hand, 
the victim survey asked about the WTP for a device that 
reduces the probability of death by 50% (or 90%) due to the 
other party's driving error (assuming zero fault) in a four-
wheeled vehicle accident. The results of this analysis showed 
that the median WTP did not differ significantly between 
the perpetrator survey and the victim survey. This study 
incorporates the results of this survey into a monetary 
valuation of the traffic accident reduction effect of automated 
driving.

(2) Reduction of traffic congestion and CO2 emissions
After setting assumptions on characteristics of automated 

vehicles during such as following and free driving behavior, 
lane change conditions and decisions, and reaction delay 
time, etc., traffic simulation on the road was conducted 
considering the diffusion rate of automated vehicles 
calculated by the simulation of diffusion (dynamic model). 
And the coefficients of a model,(5) in which Electric Vehicles 
(EV) can be considered, were used to estimate the effect of 
reducing traffic congestion and the resulting reduction in 
CO2 emissions.

Specifically, the study consists of a two-stage structure; 
the first stage is traffic simulation that considers the spread 
of automated driving to estimate the intensity of congestion 
reduction and CO2 emission reduction; and the second stage 
is a nationwide extrapolation.

Traffic simulations were conducted on ordinary way, and 
two-lane/three-lane sections of expressways, mainly 
considering the sag areas on expressways. In particular, the 
three-lane section was selected because it was the section 
where much knowledge was obtained in the "Visualization 
of Local Traffic CO2 Emissions" in the first phase of SIP. In 
addition, the estimation of the CO2 emission reduction 
effect was conducted taking into account the diffusion of 
EVs.

3.2. Transportation services sector

(1) Ensure mobility for people with transportation 
constraints and in areas with inconvenient 
transportation such as depopulated areas

In rural areas, services originally provided by businesses 
and residents are now being performed by the local 
government due to the declining birthrate and aging 
population, the exodus of young people to urban areas, and 
the deterioration of business management and the resulting 
withdrawal of businesses. For example, services such as 
traffic safety awareness and publicity and crime prevention 
patrols are provided by neighborhood associations and 
residents' groups in urban areas but are often provided as 
administrative services in rural areas. Such administrative 
services require a large amount of labor and expense, but the 
services currently provided by the local government are not 
considered highly sustainable because of the growing 
shortage of human resources in the local government. 
Therefore, one of the most important issues in rural areas is 
how to maintain administrative services while saving labor 
and costs. From the viewpoint of administrative services, 
this study examines which fields of application automated 
driving technology can be introduced and how it is expected 
to be utilized in rural areas, based on the actual usage of 
vehicles used for administrative services. In addition, the 
effects of the introduction of automated driving technology 
and its issues were discussed through dialogue with local 
government officials in mountainous areas.

(2) Drivers for logistics services
The number of truck drivers in supply and demand in the 

future were estimated under multiple GDP transition 
assumptions, and the number of driver shortages in logistics 
services was calculated as the difference between the two.

Specifically, firstly the future number of drivers who will 
provide logistics services was estimated, using the number 
of truck drivers by age group, the percentage of drivers who 
continue to work (continuation rate), and the percentage of 
new drivers in the younger age group (new driver 
employment rate). Next, the number of truck drivers in 
demand in the future was estimated by obtaining the value 
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of production and imports by item and by category from 
future GDP, estimating the volume of freight generated 
using this value of production and imports, and estimating 
future freight vehicle transport tonnage and freight vehicle 
kilometers traveled.

Based on the results of interviews with experts involved 
in the logistics industry, a Level 4 automated vehicle 
operation permit scenario for logistics services shown in 
Fig.4 was set up, and the amount of driving that can be 
replaced by automated operation and the number of drivers 
that can be reduced by automated operation were estimated.

3.3. Industrial and social sectors

(1) The automotive industry and the industry as a whole 
due to changes in the automobile ownership structure, 
etc.

The realization of automated vehicles requires the 
incorporation of many sensors and software, and the inputs 
required for production are different from those of 
conventional vehicles. In this study, how changes in the 
components of automobiles required for automated driving 
will affect the automobile industry and the Japanese economy 
was analyzed, using an Input Output Table with reference to 
the methodology of a previous study(6) on electrically driven 
vehicles.

Specifically, first, the components required for automated 
driving and the industry sectors for those components were 
identified and estimated the increase in component costs by 
automated vehicle category and by input industry sector. 
Next, based on this cost information and the number of new 
vehicles per automated vehicle category obtained from the 
diffusion simulation (dynamic model), an input coefficient 
table for Input Output Table was identified considering the 
future shift to automated driving. Using this input coefficient 
table, the impact of the shift to automated driving on the 

production value and the number of employees in the 
"passenger car sector," the "automotive parts and accessories 
sector," and all industrial sectors in Japan was analyzed. In 
addition, a sensitivity analysis was also conducted when the 
cost of automation is changed.
(2) Contribution to productivity improvement

To achieve sustainable growth in an era of declining 
population, it is necessary to sustainably increase labor 
productivity, and technological progress or innovation is 
important for this purpose.

To increase labor productivity, economists believe that 
either an increase in the capital equipment ratio (the amount 
of capital per worker) or an increase in total factor 
productivity (TFP) through technological progress and 
innovation is necessary. Here, the effect of automated driving 
on labor productivity and total factor productivity in the 
Japanese economy was analyzed. In general, factors that 
increase the rate of increase in total factor productivity can 
be categorized as improvement in the "quality of capital," 
"quality of labor," and "management efficiency," etc. The 
main factor that increases total factor productivity due to 
automated driving is thought to be the quality of capital. As 
shown in Section 3.2 (2), "Drivers for logistics services," if 
the introduction of SAE Level 4 automated driving makes it 
possible to replace drivers who are in short supply with 
automated driving, this will indeed correspond to the effect 
of improvement in the quality of capital. In this study, using 
the results in Section 3.2 (2), the increase in labor productivity 
and total factor productivity due to the introduction of 
automated driving was estimated separately for commercial 
use and private use.

On the other hand, an example of "improved management 
efficiency" is the use of automated driving cabs for mixed 
freight and passenger transport. If institutional conditions 
are met and both passenger and freight transportation can 
be provided, automated driving cabs will be able to efficiently 
transport people and goods in the same vehicle by using an 
advanced dispatch system. This would result in an increase 
in total factor productivity, mainly due to improved 
management efficiency.

Conclusion

This paper presented an overview of the "Study of the 
impact of automated driving on reducing traffic accidents 
and on others" and its successor project, "Research on 
assessment of the impact of automated driving on society 
and the economy and on measures to promote deployment."

The analysis outlined in Sections 2 and 3 was based on 

25% expressway tra�c 
coverage case

50% expressway tra�c 
coverage case

75% expressway tra�c 
coverage case

50% expressway tra�c coverage 
case (refer to the permitted routes 

for double-connected trucks.)

●L4 is available between Tokyo and Nagoya,
    and between Nagoya and Osaka.
●Excluding areas with narrow shoulders such 

as the Metropolitan Expressway.
●Equivalent to 6.3% of total length of 

Japanese expressway.

●L4 is available on Tokyo-Fukuoka and 
major expressways in Tokyo 
metropolitan area.

●Equivalent to 17.6% of total length of
    Japanese expressway.

●Considering the network, set up an 
extended permitted area, including the 
Central Highway and other roads.

●Equivalent to 34.8% of total length of
    Japanese expressway.

●Set up with reference to the permitted 
routes of double-connected trucks.

●Can connect remote areas.
●Equivalent to 17.7% of total length of
    Japanese expressway.

Fig.4: Level 4 Automated Vehicle Operation Permit Scenarios for Logistics 
Services
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discussions with automobile manufacturers, the logistics 
industry, and other related parties, and several dissemination 
scenarios were set up and estimated for the purpose of 
fostering social acceptance of automated driving, and for use 
in corporate management and government policy making.

Although it is difficult to evaluate quantitatively, the 
"Mobility Business Innovation Contest (M-BIC) 2022"(7) was 
held as a co-host event of the SIP-adus Workshop to extract 
possible examples of how automated driving change people's 
lives and society in the future. In addition, this event was 
used to disseminate information about this research project 
to the public.

The results of this research will be disseminated to the 
world through presentations at international conferences 
and meetings, and through submission and publication in 
international journals.

[References] 

(1) Litman T., Autonomous Vehicle Implementation Predictions: 
Implications for Transport Planning, Victoria Transport Policy 
Institute, 2018, https://www.vtpi.org/avip.pdf, (accessed Feb. 02, 2019)

(2) Trommer S., V. Kolarova, E. Fraedrich, L. Kröger, B. Kickhöfer, T. 
Kuhnimhof, B. Lenz, P. Phleps, Autonomous driving: the impact of 
vehicle automation on Mobility Behavior, Institute for mobility 
Research, 2016, https://www.ifmo.de/publications.html?t=45 
(accessed Jun. 25, 2021)

(3) "Advanced Safety Vehicle (ASV) Promotion Plan Phase 6 Report" by 
the Advanced Safety Vehicle Promotion Study Group, Automobile 
Bureau, Ministry of Land, Infrastructure, Transport and Tourism, 
2021, https://www.mlit.go.jp/jidosha/anzen/01asv/report06/index.
html, (accessed Aug. 24, 2022)

(4) Director General for Policies on Cohesive Society, Cabinet Office, 
Report of the Research on Economic Analysis on the Damage and 
Loss of Road Traffic Accidents (2017) (in Japanese), https://www8.cao.
go.jp/koutu/chou-ken/h28/index.html (retrieved May 25, 2021)

(5) Mitsuo Yasushi, et al., Navigation System to Predict EV Driving Range, 
Pioneer R&D 20, pp. 1-7, 2011.

(6) Takayuki Mase,  Impacts of Producing Electrically Driven Vehicles on 
Japan’s Industrial Output, Central Research Institute of Electric Power 
Industry (SERC Discussion Paper), SERC18001 (2019), https://criepi.
denken.or.jp/jp/serc/discussion/download/18001dp.pdf (in Japanese, 
retrieved June 21, 2021).

(7) M-BIC Official Web site 2022, http://webpark5061.sakura.ne.jp/2022/, 
(accessed Aug. 21, 2022)

[Contacts] 
Institute of Industrial Science, The University of Tokyo, 4-6-1 Komaba, 
Meguro-ku, Tokyo 153-8505, 03-5452-6680, Contact: Shoichi Suzuki

2) Development of Assessment Methodology for Socioeconomic Impacts of Automated Driving Including Traffic Accident Reduction

(2) Public Acceptance of Automated Driving

4.Society with Automated Driving

179SIP 2nd Phase: Automated Driving for Universal Services - Final Results Report (2018-2022)

SIP通し.indb   179SIP通し.indb   179 2023/03/01   16:472023/03/01   16:47

https://www.vtpi.org/avip.pdf
https://www.ifmo.de/publications.html?t=45
https://www.mlit.go.jp/jidosha/anzen/01asv/report06/index.html
https://www8.cao.go.jp/koutu/chou-ken/h28/index.html
https://criepi.denken.or.jp/jp/serc/discussion/download/18001dp.pdf
https://webpark5061.sakura.ne.jp/2022/


Tadashi Hirota (DENTSU MEITETSU COMMUNICATIONS INC.), Hiroshi Kimura (SC-ABEAM AUTOMOTIVE CONSULTING)

3) Projects to Foster Public Acceptance

(2) Public Acceptance of Automated Driving

Society with Automated Driving4

Information Transmission, Media 
Activities, and Videos

1.1. Website construction/operation: SIP-café

Fostering public acceptance of automated driving means 
raising awareness and delivering objective and fair information 
related to automated driving to a wide range of ordinary 
citizens. Based on this concept, we constructed a website as the 
main pillar to our activities. Construction of this website would 
fulfill the role of sharing public information and organizing 
content in one place. It also served to ensure that the compiled 
information remained there.

The public homepage was named "SIP-café" based on the 
motif of a cafe where people and information intermingle in 
order to give the general public as a sense of familiarity. (https://
sip-cafe.media)

The top page uses illustrated animation and dynamic 
movement to catch the eye. The illustration is based on the idea 
of how people’s lives will change after social implementation of 
automated driving. However, the illustration has a soft and 
comforting tone and color palette to make it easy for the general 
public to accept. (Fig.1)

At first, the website had 5 categories of pages: "SIP-adus 
Information", "Automated Driving News", "Automated Driving 
Guide", "Automated Driving Glossary", and "Columns". From 

FY 2021, a page for "Automated Driving Journey" was added.
The "SIP-adus Information" page transmit information and 

trends of agencies related to SIP-adus, such as events for the 
general public and FOTs (Field Operational Tests) aimed at 
commercial use of automated driving. It functions as 
information transmission that is the main purpose of this site.

The "Automated Driving News" is not limited to SIP-adus-
related news, but rather sends a wide-range of information, 
including news about safety driving support technology, 
automated driving technology, and new vehicles (passenger 
cars, trucks, buses) that have adopted this technology.

1

Fig.1: SIP-café top page image

(Abstract) Japan faces a mountain of issues related to mobility, including lack of transportation options in isolated 
areas as the population becomes older as well as a shortage of drivers in the logistics industry. As such, there are 
rising expectations that social implementation of automated driving technology can solve these issues. One priority 
for social implementation is the R&D of automated driving technology and the fostering of public acceptance along 
with constructing the system infrastructure. Therefore, as an activity to foster public acceptance, SIP-adus (Cross-
ministerial Strategic Innovation Promotion Program (SIP) Automated Driving for Universal Services), form its first 
phase, have taken efforts to promote proper understanding of automated driving in society through communication 
and dialogue related to automated driving with citizens, local government officials, and business operators in the 
traffic industry. We also widely shared the activities of local governments and businesses related to social 
implementation of automated driving and promoted cooperation across Japan to learn about issues and successful 
case examples. This document provides an overview of these activities.

Key words: Public acceptance, citizen, dialogue, region, test ride event, exhibition
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The "Automated Driving Guide" and "Automated Driving 
Glossery" are pages that explain basic knowledge and terms 
related to automated driving. These pages aim to fulfill the role 
of "encyclopedia" and "dictionary" to improve literacy among 
people with no expert knowledge.

The "Columns" aims to stir interest in the automated driving 
by publishing easy-to-read articles on this topic.

The "Automated Driving Journey", which was added later, is 
for serialized reportages of FOTs carried out at various local 
areas in visiting each test sites to give more realistic view to the 
accounts.

In terms of these articles, 108 were published in FY2019, 203 
in FY2020, 174 in FY2021, and 62 by July 2022 for a total of over 
500 articles. These articles receive over 10,000 views a month 
and play a role in widely transmitting information.

1.2.  Introduction of activities for social implementa-
tion and R&D of automated driving on "SIP-café 
on Tube"

We engaged in activities to deliver information related to 
efforts for automated driving technology development and 
social implementation by industry, academia and government 
to the general public through videos for easier understanding. 
In order to make these videos more casually accessible whenever 
and wherever viewers in broader generations are, the movies 
are made available to the public on the "SIP-café on Tube" in 
YouTube as video-sharing website. Not only the activities that 
SIP-adus had led such as "Memoirs of Automated Driving 
Trials", "Citizen Dialogue" and "FOTs in the Tokyo waterfront 
area" to be mentioned below, but also those for development of 
related technologies and new products by automotive 
manufacturers and suppliers have been included in 144 shared 
movies as of the end of August, 2022, as shown in Fig.2.

1.3. Memoirs of Automated Driving Trials

As the number of local governments and businesses 
conducting FOTs for social implementation of automated 
driving is increasing, we began the "Memoirs of Automated 

Driving Trials" project in FY 2021 that aims to foster public 
acceptance of automated driving by grasping realistic issues in 
implementation and voices of residents, local governments, and 
business operators in as many regions as possible and 
transmitting this information to a wide range of society. 
Specifically, as shown in Table 1, the project interviewed key 
persons in each region taking on FOTs for automated driving 
and released reports and videos summarizing the results on the 
SIP-café website for the SIP-adus. As seen in Figure 3, these 
interviews sought stories of on-the-ground struggles and 
creative techniques related to social implementation that could 
be a good reference for other regions who attempt to take on 
implementation.

1.4.  Up-to-date current status report (webinar) on 
technology for automated driving implementa-
tion: Technology seminar

In order to foster public acceptance, it is ultimately necessary 
to enhance literacy and recognition by general consumers. 
However, it is difficult to achieve this directly. As of now, 
activities to foster public acceptance have been developed 
targeting "early adaptors" as called in marketing.

In order for a new system like automated driving to be 
established in society, there are not only technological themes 
but also various surrounding issues that can be considered. We 
designed and conducted technological seminars to generate 
opportunities for early adopters to learn about the status of 
these issues and what solutions are being developed to address 
them.

The first seminar was based on the theme of "issues with 

Table 1: Automated Driving Journey interview report  
(as of October 1, 2022)

FY2021 interview report
Higashiomi, Shiga / Automated driving services experience based in "Okueigenji 
Keiryu no sato"
Miyama, Fukuoka / Automated driving services based on clean energy and 
communities facilities
Kamikoani, Akita / "Kamikoani" in Akita prefecture establishing automated 
driving services
Iinan (Akagi Kogen), Shimane / Automated driving services for children who 
hold the key to build the future
Takahata, Yamagata / FOTs of automated driving services in core area in Takahata 
town
Chatan, Okinawa / Driving experience in "Mihama Shuttle Cart" early model of 
automated driving services in tourist areas
Nishi-Shinjuku, Tokyo / FOTs in Nishi-Shinjuku for practical implementation of 
automated driving buses in "Future Tokyo" Strategy - 2025
Eiheiji, Fukui / Eiheiji-cho, Fukui prefecture utilized abandoned railway tracks 
for "Realization of Mobility Space Services" for level 4 automated driving
Kasugai, Aichi / Automated driving services for comfortable driving and the 
resolution of issues in Kozoji, Kasugai City New Town
Yokohama, Kanagawa / Can this save Japan !? "C+pod Yokohama" Super compact 
EV experience with short-term car rental

FY 2022 interview report
Fujisawa, Kanagawa / FOTs at Shonan i-Park "Future of healthcare MaaS"
Nishi-Shinjuku, Tokyo / "Future of Tokyo" Strategy - Automated driving FOTs for 
infrastructure cooperation by Taisei Corporation, and others.
Nasushiobara, Tochigi / "Unprecedentedly elaborated planning" - Unique 
initiative for automated buses in Tochigi prefecture
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responsibilities during automated driving." It presented a legal 
perspective based on criminal responsibility, ethical issues, and 
key issues in the Road Traffic Act, which was revised in April 
2020. The speakers were Mr. Makino of the National Police 
Agency and Professor Imai of Hosei University.

The second was taken place with the theme "HMI and 
overconfidence of drivers" to explain how drivers should 
communicate with evolving technologies, how much the 
automated technology can understand drivers' intent, and how 
vehicles can be in the next generation. Mr. Hiraoka as specially 
appointed professor from the university of Tokyo and Mr. 
Tochioka of Mazda motor corporation.

The third seminar focused on "software updates and 
cybersecurity." It explained environmental changes, importance, 
issues, and initiatives surrounding software updates, and 
corresponding cybersecurity issues. The speakers were Mr. 
Asahi of Toyota motor corporation and Mr. Niikuni of the 
National Traffic Safety and Environment Laboratoty.

The fourth seminar was based on the theme of "cooperative 
areas of data provision and effective usage of mobility data." It 
was a lecture on cutting-edge data utilization as new services 

are expected to be generated by the sharing, linking, and 
utilization of a wide range of data corresponding with the 
popularization of connected cars. The speakers were Mr. Matsui 
of Sumitomo Rubber Industries and Mr. Iso of NTT Data.

1.5.  Awareness of relationship between visual field 
loss and driving through "visual field loss webi-
nar"

We held a total of three webinars in FY 2021 regarding the 
relationship between driving and visual field loss, which isn’t 
widely known, and the expected contributions of automated 
driving and advanced driving assistance technology. We invited 
researchers and specialists in this field to the webinars and took 
efforts to raise awareness of these issues.

◼Session 1 (July 8, 2021)
Theme: "Crossing of visual field loss and automated driving"
Overview of discussion: The discussion was carried out on 

themes such as: What is visual field loss? What is the impact on 
driving? What future initiatives are needed as social issues to 
respond to demands of general drivers.

◼Session 2 (September 2, 2021)
Theme: "Driver’s licenses and visual field loss - Considering 

driving and employment of disabled persons"
Overview of discussion: Introducing cases of companies that 

have already begun efforts to support employees with visual 
field loss, the discussion was proceeded for the themes such as 
how the driving licenses framework should be based on the 
visual field loss and the techniques demanded of companies 
related to employees with visual field loss, as shown Fig.4.

◼ Session 3 (January 11, 2022)
Theme: "Visual field loss and driving assistance system - 

Current and future technology-"
Overview of discussion: Studies to extend driving life 

expectations, and development status of technologies for 
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Fig.3: Automated Driving Journey: 
Activities for automated bus in Tochigi prefecture

(Published July 27, 2022)

自動運転見聞録

“類を見ない計画性”ユニークな栃木県の自動運転バスの取り組み

2025年度の本格導入に向けて，県，市町，事業者が一体となって進めている地域がある．栃木県だ．どのような考
え方なのか，ロードマップ，全体計画，組織などの詳細について，

栃木県県土整備部交通政策課 主査 安生真人氏，那須塩原市市民生活部生活課 課長 鈴木正宏氏，那須塩原市市
民生活部生活課交通対策係 主査 山田慎太郎氏，那須塩原市市民生活部生活課交通対策係 主査 平野純氏に聞い
た．

県下でのノウハウ共有のために

楠田　栃木県ABCプロジェクトとは何ですか？

栃木県　自動運転システム（Autonomous）の「A」，路線バス（Bus）の「B」，挑戦（Challenge）の「C」の
頭文字からとっています．「無人自動運転移動サービス導入検証事業」のことで，県民が親しみやすいように命
名しました．

Fig.4: Discussion at No. 2 visual field loss webinar

「運転免許と視野障害～有病者の運転と就労を考える
」

質疑応答
〈視聴者の皆様からのQ&A〉

第2回 視野障害について考えるSIP-adusウェビナー
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preventive safety, driving assistance and automated driving 
were introduced. The panel discussion in the second half of the 
event was focused on expectations and issues from users' view 
points.

1.6.  Reaching a wide-range of generations through 
"Automated driving LIVE News"

In FY 2022, "Automated driving LIVE News" was held ten 
times (expected as of end-August, 2022) as a monthly live show 
about hot topics related to automated driving. In FY 2022, as 
the final year of the SIP-adus, we have kept working to create 
and operate contents more attractive for general users and 
younger generation to enlarge the number of viewers including 
the generation Z who will be the leader of the future mobility 
society, for a successful conclusion of the project.

◼ Program 1 (May 6, 2022)
Theme: "A world where towns, roads, and cars talk together 

- Infrastructure cooperated traffic system with automated 
driving"

Overview of discussion: Following experts' session to 
introduce governmental policies and latest FOTs activities 
related to technologies supporting automated driving such as 
infrastructure cooperation technologies and communication 
technologies, a talk session with younger generations was 
carried out.

◼Program 2 (July 4, 2022)
Theme: "Future to be realized by mobility data plus 

something - Road traffic environment data web portal, MD 
communet®, and Activities taken place in Kyoto"

Overview of discussion: The discussion was carried out 
following introduction of MD communet, which is a web portal 
opened to the public in April 2022 to promote matching 
between users and creation of new business with shared 
information, as well as "KYOTO Raku Mobi contest," which is a 
new app idea contest to solve mobility issues and tourist-related 
transport issues in Kyoto.

◼ Program 3 (July 21, 2022)
Theme: "Facing mobility for elderly relatives – Elderly 

Driving Issues due to visual field loss and cognitive decline -"
Overview of discussion: The experts talked about accounts 

related to "visual field loss and car driving", including measures 
taken through driving behaviors, importance of early detection, 
possibility of driving assistance with technologies, and also 
efforts for elderly driving issue, then the discussion followed 
this as shown in Fig.5.

Exhibition/Symposiums

2.1.  Dialogues with residents through "Citizen Dia-
logues"

As shown in Table 2, from FY 2017 we conducted "Citizen 
Dialogues" to provide a place for dialogue aimed at exchange of 
opinions with citizens and promotion of understanding for 
social implementation of vehicles and services that utilize 
automated driving technology. Citizens of all ages and genders 
participated in these dialogues, as well as various stakeholders 
such as public transportation business representatives, 
academics, and public officials as discussions were held based 
on richly diverse perspectives. From FY 2020, in consideration 
of the COVID-19 infection prevention measures, the discussion 
and Q&A with listeners occurred online using online 
conferencing systems. Also, at end-FY 2020, as an interim 
report for the past activities as seen in Fig.6, we invited persons 
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Fig.5: Discussions at Automated Driving LIVE News No. 3

第3回 自動運転Liveニュース「高齢家族の移動と向き合う─視野障害や認知機能低下にみら

Fig.6: Discussions at Regional Automated Driving Summit  
(held March 25, 2021) held

Table 2: List of Citizen Dialogues (as of October 1, 2022)

Fiscal year Format Event location
FY2017 Symposium Koto Ward, Tokyo (Tokyo Motor Show)

Symposium Institute of Industrial Science, The University 
of Tokyo

FY2018 Symposium Koto Ward, Tokyo (Tokyo International 
Exchange Hall)

Citizen dialogue Shodoshima, Kagawa prefecture
Symposium Koto Ward, Tokyo (TFT Hall)

FY2019 Citizen dialogue Ina City, Nagano prefecture
Symposium Koto Ward, Tokyo (Tokyo Motor Show)

FY2020 Citizen dialogue 
(online) Maebashi City, Gunma prefecture

Regional Automated 
Driving Summit 
(hybrid event)

Local governments across Japan (Kamikoani, 
Akita prefecture, Eiheiji-cho, Fukui 
prefecture, Chatan, Okinawa prefecture, etc.)

FY2021 Citizen dialogue 
(online) Yokohama City, Kanagawa prefecture

FY2022 Citizen dialogue 
(hybrid event) Tochigi prefecture (*)

*Prefecture organized FOTs at its 10 cities and towns.
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from local governments, traffic businesses, and startup 
businesses from across the country who are engaged in FOTs 
for automated vehicles, shared their activities, and held a "local 
automated driving summit" to discuss issues.

For the discussion, we used a graphic recording to do 
visualization that anyone could intuitively understand, publish 
on websites such as SIP-café, etc., and share with local 
governments in venue areas so that the information could be 
used widely in public awareness activities for citizens even after 
the event. (Fig.7)

2.2.  Share the achievement of the program: Joint test 
ride events

For fostering social acceptance, as one of our efforts to make 
media interested in automated driving, we consider that it is 
important to offer a test ride opportunity to ride on automated 
driving for media reporters and journalists. In the second phase 
of SIP-adus, we originally planned a test-ride event and 
exhibition with the cooperation of the Japan Automobile 
Manufacturers Association (JAMA) and support of OEM 
companies on the Tokyo waterfront city area where the Olympic 
and Paralympic Games Tokyo 2020 would be held. But, under 
the COVID19 pandemic, as the games were postponed, our 
event was also rescheduled to 2021. On the other hand, though 
the test-ride and exhibition were originally considered as just 
one-time event, for social circumstance declining direct 
communication opportunities but increasing importance of 
communication through media, we eventually have a plan even 
for third event aiming for further appeal to media reporters and 
journalists.

This plan change was started from cancelation of 
collaboration with JAMA then followed by ask each of 
automobile manufacturers to provide exhibits to the event 
which wiill be organized only by SIP-adus. Under the 
circumstances in which various events where automobile 
manufacturers comme together, such as Tokyo motor show, 
were cancelled, we aimed to offer a place worth publicly 
reporting as an event attracting automotive manufacturers, 
suplliers, software develop companies and universities.

The first joint test ride event was held on April 20-21, 2021 in 

one part of the parking lot of Ooedo Onsen Monogatari, a hot 
springs facility in the heart of the Tokyo waterfront area. 
Targeting media and journalists, we encouraged media coverage 
by information releases to media companies and public notices 
for the Automobile Journalists Association of Japan.

The exhibitors were consited of 8 organisations such as 
Valeo, Kanazawa University, Subaru, Tier IV, Toyota, Nissan, 
Honda, showing the total of 18 vehicles as test-ride vehicles and 
exhibits on the venue. And also asking support to TOYOTA 
Motor Corporation and HINO motors as participant to the 
FOTs in the Tokyo waterfront area, their automated bus based 
on "SORA" with fuel cell were carried in to the venue to exhibit.

At the time, there were concerns about trends in COVID-19 
infections. However, thankfully, infections had dropped around 
the time of the event and it went smoothly by adapting infection 
countermeasures at the venue and confirming with emergency 
contacts.

The number of the visitors from media and journalists were 
the total of 106 in 2 days event with test-ride schedule fully 
reserved. As the ride to the commercial vehicles by automated 
makers had attracted many people under the condition of 90 
minutes ride per trip, meaning only 5 trips maximum in a day, 
we struggled to make orders for them in advance.

As unexpected event, Mr. Shinji Inoue, as then Minister of 
State for Science and Technology Policy of Cabinet Office came 
to and walk around the venue to see and talked with exhibitors 
at each of their booth.

The rating by reporters and journalists are good overall with 
comments such as: "it was helpful to well understand 
development policies and originality of each exhibitor in 
seamlessly switching the test-ride vehicles to ride and evaluate," 
"it was good occasion to make access to automated technologies 
developed by suppliers," "the event showed realistic image with 
not only test vehicles but also latest model of vehicles already in 
the market equipped with automated technology." This gave us 
confidence to the result of the event as meaningful effort.

In addition to being broadcast on Nihon TV and TV Asahi, 
it was also picked up by online news outlets like the Kyodo 
News and Nikkei xTECH, creating opportunities for a wide 

Fig.7: Maebashi citizen dialogues (held on January 17, 2021)
graphic recording results

グループディスカッション②

これからのまちや移動の理想像と自動運転　グループA
戦略的イノベーションプログラム（SIP）　自動運転

市民ダイアログ　群馬県前橋市
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Fig.8: Commemorative photo at first event venue
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range of consumers to be exposed to the information. (Fig.8)
The second event was held for three days from 18 to 20 

October, 2021 at the Tokyo International Cruise Terminal and 
its second parking lot, along with nearby Aomi F1-S zone. The 
19th and 20th were for media as we did at the previous event, 
and the 18th as the first day of the event was reserved for SIP-
adus members who came to the venue for the occasion of their 
regular meetings exceptionally scheduled to be held there for 
this test-ride.

The timing of the event was settled to position the event as 
an activity to open a new season with FOTs in the Tokyo 
waterfront area from November 2021. And also following the 
amendment to the Road Traffic Act/Road Transport Vehicle 
Act in April, the month of November, when the AEB installation 
was made compulsory for new vehicles in accordance with the 
newly adapted WP29 regulation ahead of the world, was the 
best timing to appeal "the global leading Japanese safety 
philosophy" to the world.

There were nine companies who participated in the 
exhibition: Suzuki, Daihatsu, Toyota, Nissan, Honda, 
Continental, Valeo, Tier IV, and BMW for a total of 20 vehicles 
as the test-ride vehicles and exhibits. (Fig.9)

Also in the Aomi F1-S Zone venue, a press room was 
introduced for the convenience of media reporters and 
journalists when taking a break or refreshments, as well as for 
briefing held twice a day for the first time. The one-hour briefing 
was for presentations on SIP-adus and seminars about newly 
standardized AEB (Automatic Emergency Breaking) 
installation and legislative trends by officials from relevant 
department of the Ministry of Land, Infrastructure, Transport 
and Tourism, invited for the event.

Further, as another new attempt, we established a visual field 
loss experience area in the press room for visitors to experience 
visual field loss by a driving simulator during their free time 
between test rides and briefings.

An exhibition with experience of AEB and pedal 
misapplication prevention system was also new in the event. A 

rather large space of 70m x 18m was reserved for this exhibition 
to experience the pedal misapplication prevention system by 
Toyota and the AEB systems by Suzuki and Daihatsu. (Fig.10)

The total of 104 reporters and journalists came together in 
the two days for press, and the event was featured in articles by 
24 publishers including online car magazines such as "ahead" 
and "cliccar", and "IT media Web" as online business magazine 
among others.

The third test-ride event was held for three days from 
Thursday 29 September to Saturday 1 October, 2022 at Aomi R 
zone in the Tokyo waterfront city area. As conclusion and 
transition of activities of the second phase of SIP-adus, the 
event was planned and carried out under the theme "Japan 
takes a global leadership role of traffic safety in the new cohesive 
society with inclusion and respectful diversity"

The Saturday event was planned to attract a generation of 
undergraduate and graduate students, who represent the 
general public and will be leaders of the society when the 
automated driving technologies are commercialized..

The exhibits and explanatory sessions by the event organizer 
were more enhanced than before, with the core exhibits by JARI 
(Japan Automobile Research Institute) who is working on 
creation of a real place for the performance evaluation and by 
DIVP® of a virtual space, associated with other exhibits for V2N 
that had been studied at the Tokyo waterfront area and those by 
HIDO (Highway Industry Development Organization) who 
lead FOTs in rural areas. These were closed by offering 
something useful even only through watching and talking 
together at the venue, other than test-ride experience.

2.3.  Show achievements of research activities: Re-
sults presentation event and magazine book 
(tentative)

As mentioned in previous sections about the test-ride events, 
we had preliminary plan to carry out an event at the Tokyo 
waterfront city area, one of the venues of the Olympic and 
Parlympic games Tokyo 2020. Other than test-ride event, we 

Fig.9: Commemorative photo at second even

Fig.10: Test-ride on vehicle with AEB
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had a plan to show achievements made through the second 
phase of SIP-adus. This was realized in March 2021 as "the 
Showcase of SIP automated driving changing the future - the 
interim results presentation event of the second phase of SIP-
adus"

This was to demonstrate latest status of researches proceeded 
by SIP-adus for practical implementation of automated driving 
in an easy to understand manner, and to offer opportunities to 
feel current environment where these achievements were 
materialized. For these, we started from organizing and 
categorizing each of researches then worked to define story 
structure of the exhibition. As a result of this, five major themed 
areas were settled.

"Welcome Zone (Society5.0 and automated driving)" as the 
entrance showed the future society concept with Society5.0 
through realization of automated driving society and introduced 
outline of SIP-adus activities, along with a message video from 
Mr. Kuzumaki, the program director of SIP-adus, projected on 
a large screen.

"01 Technologies to realize automated driving society" was 
mainly for exhibits on studies of cutting-edge technologies 
related to automated driving, such as studies at the Tokyo 
waterfront are to generate traffic environment information for 
infrastructure-cooperated automated driving, those to create 
virtual environment for automated driving safety evaluation, 
and also research studies on Intrusion Detection System (IDS) 
against cyberattack. In this area, test vehicles used through 
studies and a symbolic exhibit with a large display to offer easy-
to-understand description on the FOTs at the Tokyo waterfront 
area, such exibits helped visitors to deepen their understanding 
with arosed interests to the technologies.

The zone "02 Social implementation of automated driving" 
had exhibits on FOTs for social implementation of automated 
driving mobility services in depopulating rural areas and 
studies for sustainable business models of such services, and 
also exhibits concerning to creation of MD CommunetⓇ, a web 
portal for future multi-purpose use of geographic data linked to 
transportation environment with broadly adapted automated 
driving. A golf cart-type automated vehicle used in rural area 
FOTs was displayed together with a movie on studies carried 
out in remote areas to facilitate understanding like other zones.

In the zone "03 Automated driving familiar to people", the 
exhibits related to the society in which all the people can move 
around safely and securely, introducing studies on knowledges 
to learn and effective education methods about automated 
vehicles and popularizing driver-assistance vehicles, as well as 
studies on effectiveness of advanced driving assistance system 
for people with visual field loss.

Lastly, "04 SIP-adus keeping an eye toward the society" was 
focused on communication activities promoted by SIP-adus to 
realize automated driving society and other efforts to enhance 
industry-academia-government collaboration and global 

cooperation.

We introduced 4 key pillars: i) generation and transmission 
of transport environment information, ii) establishment of 
virtual environment for safety evaluation, iii) creation of 
evaluation method for cybersecurity (IDS), iv) development of 
web portal for geographic data distribution. Also technological 
developments for generation and transmission of transport 
environment information such as merging assistance 
information, traffic information utilized vehicle probe data and 
others were shown along with activities such as FOTs in the 
Tokyo waterfront area and in rural area for automated driving 
services, and others to disseminate social acceptance and to 
strengthen international cooperation.

As shown in Fig.11, we deployed various exhibits such as 
actual vehicles and equipment, explainer videos, and others to 
facilitate understanding and access to information in 
complementing figures and descriptions on walls, while 
exhibitors gave explanation of details of their activities to 
communicate with visitors as two-ways exhibitions. In Fig.12, it 
is shown that the venue guided tour of around 50 minutes were 
organized. A party of ten visitors could visit each zone with a 
guide who assists visitors to communicate with exhibitors and 
deepen their understanding.

As the event was taken place under COVID-19 pandemic, 
we applied infection prevention measures in the venue, 
requesting visitors to indicate their contact information, to 
sanitize hands, and also to check their body temperature, while 
always controlling the number of visitors inside the venue. 
Further, for companies and individuals who might hesitate to 
visit the venue, we created a website with 3D virtual venue 
walkthrough. All wall graphics, texts, videos displayed in the 
venue were accessible online. Online guided tours were also 
available on the web as "virtual guided tour", which enabled 
online visitors to watch the venue and to communicate with 
exhibitors on the venue through a web meeting system. (Fig.12)

On the website, we applied various measures to encourage 

Fig.11: Exhibitions
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online participation, making TV show-style video with hosts 
walking through and showing the venue, and adapting live 
streaming camera moving around the venue in regular basis to 
transmit online atmosphere of the actual venue. These measures 
against COVID-19 pandemic are considered as effective even 
after the pandemic for remote participation.

A total of 1,097 people participated to the event at the venue 
and online. As getting media coverage, articles on the event 
were published by Response., cliccar, carview!, Nikkan Kogyo 
Shimbun, NEXT MOBILITY, Yahoo! News, and others. Also 
visit by researchers and SIP-adus related persons encouraged 
mutual communication among them as did so exchange of 
exhibitors.

We are preparing "Final results presentation event", as of the 
timing of writing of this article, to hold in around March 2023 
as the end of the second phase of SIP-adus. This must be a 
culmination of SIP-adus activities, as we keep this in mind to 
plan the event. A book as a collection of overall SIP-adus 
activities, in progress as of this timing, will be also published 
and distributed at the event venue.

An objective of publication of the book is to review SIP-adus 
activities as a project which have led its roll and purpose to 
achievements in reality, then to clarify what derived the 
achievements, which would broadly help people who want to 
innovate to find a hint. Another is to structuralize whole of the 
project as a successful case of effective collaboration among 
industry, academia and government or ministries and agencies 
by strong will of "individuals" who aim to achieve something.

We have selected and structuralized topics among events of SIP-
adus and its related industries in and outside of Japan from pre-
starting of SIP-adus to FY 2022, then interviewed key persons who 
led major topics in ministries and agencies, companies or 
universities. Based of this, we are going to make a story to be 
remained in telling how the ideological backbone of the program 
have been developed over the period of two phases of SIP-adus.

Conclusion

Many citizens had viewed or taken part to the events 
described above, of which the articles were published by many 
medias. We can say that this contributed to foster public 
acceptance of automated driving to a certain extent. On the 
other hand, fostering public acceptance can be completed not 
only by SIP-adus activities, but also by continuous effort to be 
proceeded by researchers and experts for the future as their 
issue. Relationship between our-own lifestyle and mobility 
must be always thought by each of us as citizens to take actions, 
considering how automated driving can contribute and give 
impact to this relationship. Based on these reflections, we are 
going to enumerate what should be put importance even after 
the program to foster public acceptance as we found through 
the SIP-adus activities.

3.1. Expand accessibility by utilizing digital media

SIP-café, which was inaugurated with a concept of 
information transmission essential to foster public acceptance, 
contributed to enhance communication on automated driving 
offering space to collect, transmit and amass information, as we 
recognize. On this website, we effectively transmitted 
information in taking advantage of digital media, which enabled 
us to make articles public in short-time after getting information 
with many photos or link to videos.

Further, because of COVID-19 pandemic not only in Japan 
but also outside Japan since around spring 2020, we needed to 
shift to online activities building even in this project utilizing 
digital media. For example, communication events such as 
"Citizen Dialogue", "Automated driving LIVE News", and 
webinars, or exhibitions for result presentation events, these 
events were carried out using digital distribution system or on 
hybrid meeting style of in-person and remote attendees. Digital 
media enabled us to provide event experiences for remote 
attendees which are not so far from those in real venue. Like 
this, acquiring new contact point to participants as "remote 
viewing", we were able to provide an entrance to automated 
driving for people who had difficulties to attend to in-person 
event as we've done. This can be said one of contributions 
toward fostering public acceptance.

3.2.  Deliberations as "one team" - the entire commu-
nity uniting as one

What we found through activities mentioned above such as 
"Memoirs of Automated Driving Trials" and "Citizen Dialogue/ 
Regional Automated Driving Summit", that a key is "one team" 
of whole local stake holders, while citizens understand mobility 
issues in their town as their own problem, they cooperate with 

Fig.12: Scene of guided tour
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local government and business operators to talk about and 
discuss together how mobility in their own town should be, 
then through implementation of such services, all participants 
continuously take part to improvement of this in checking 
operation. In contrast to ready-made or government-made 
mobility service provided to citizens, what we discovered was 
"best practice" with co-realization of ideal mobility to improve 
quality of life in community, with more engaged citizens as a 
result of construction and continuous use of a system in which 
citizens can voice their opinion about local mobility services as 
involved member. Technological development and institutional 
framework are indispensable to realize social implementation 
of automated driving, but as mentioned above, frank 
communication among citizens, local government and business 
operators must be sustained as system to make sustainable local 
mobility service more realistic.

[Contacts] 
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4) Research for Automated Driving Bus 
Friendly to Persons with Disabilities or 
Reduced Mobility and Orientation

(2) Public Acceptance of Automated Driving

Society with Automated Driving4

Study Overview

1.1. Background and objectives

Buses are an important means of transportation for people 
with limited mobility, such as people with disabilities, the 
elderly, and people using baby strollers (hereinafter referred to 
as "road users with limited mobility"). In the early 1990s, buses 

equipped with wheelchair lifts were studied,(1) and in the late 
1990s, low-floor busses were introduced by various 
manufacturers. At that time, low-floor busses were a fully-flat 
type with no steps inside at all, and some were equipped with an 
electric ramp for wheelchairs, but their high price and small 
number of seats prevented their wide acceptance.(2)

In response, the Ministry of Land, Infrastructure, Transport 
and Tourism established standard specifications(3) and a 
certification system(4) for low-floor busses, with the aim of 
reducing their manufacturing costs and promoting their safety 
and convenience. The standard specifications have continued to 
be revised to make buses more friendly to road users with 
limited mobility.(5)

In regard to the SIP-adus (Cross-ministerial Strategic 
Innovation Promotion Program (SIP) Automated Driving for 
Universal Services), it is also stated that one goal is to realize a 

society in which mobility of road users with limited mobility is 
ensured and all people have a higher quality of life.

Therefore, after researching and analyzing the needs of road 
users with limited mobility as well as domestic and international 
trends, we conducted a study with the aim of formulating 
implementation requirements and considerations concerning 
the interior layout of automated buses which road users with 
limited mobility can use more freely.

1.2. Research methodology

Through interviews with and behavioral observations of 
road users with limited mobility, we collected and organized 
the value of using buses and the problems with using buses for 
each type of road users with limited mobility. Based on the 
results, ideas for bus layout were discussed in expert interviews 
and workshops. Some of the ideas were then developed into a 
bus mockup, virtual reality (VR), and illustrations, and a review 
meeting was held (Fig.1), so that road users with limited 
mobility and experts can test these ideas.

Based on the feedback obtained thought the review meeting, 
a report "design requirements and considerations" was 
compiled. A study committee consisted of road users of limited 
mobilities and experts from bus and other related industry 
groups was established to provide advice on the overall study. 
This report describes the requirements for each design, the 

1

(Abstract) Our aim is to realize a "Cohesive Society" in which people with disabilities, who until now have not necessarily 

been able to fully participate, can actively participate and contribute to society. In the 1990s, Low-floor busses appeared 

on the market, and measures such as electric ramps for wheelchair access have been studied. In the near future, 

automated driving is expected to reduce traffic accidents and ease traffic congestion. Even in a world where automated 

buses are widely used, however, it is necessary to aim for automated buses that can be used by people with disabilities 

or reduced mobility and orientation including elderlies, rather than simply leaving them behind. We therefore conducted 

a research to identify design requirements and considerations in order to achieve such automated buses. The research 

was conducted basically with participation of people with such reduced mobility, including behavioral observation of 

participants and bus drivers when they have troubles and a review meeting after making and testing mockups. As a 

result, as recognized problems, something related to getting in and off the bus, locking the wheel chair, among others are 

reported. For these, we clarified requirements and considerations necessary to implement and put into practical use 

devices such as automatic ramp, wheelchair locking devices, and others

Keywords: Automated driving buses friendly to road users with limited mobility, inclusive society, people with disabilities, barrier-
free, participation of users
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feedback obtained from bus operators and participants to the 
research, and the specific requirements and considerations 
based on said feedback.

Summary of problems

Based on the interviews and behavioral observations of the 
road users with limited mobility and experts as mentioned 
above, we extracted the problems for each type of mobility 
limitation when road users with limited mobility take a bus and 
those for bus operators. The details are shown in Table 1.

During the interviews, we asked not only about the problems 
faced when using the bus, but also about the value of using the 
bus for road users with limited mobility. We found that using 
the bus has two primary values: as a valuable means to get 
around during daily life, and as a gateway to the world to expand 
their range of activities. The following is a partial list of ideas 
brushed up after obtained through the review meeting, out of 
all ideas discussed based on the above mentioned problems and 
values.

Design requirements and consider-
ations

3.1. Automatic ramps
3.1.1. Overview

When wheelchair users get on and off the bus, the driver has 
to manually move the ramp in and out, which takes time. The 
installation of an automatic ramp that can be moved in and out 
at the touch of a button (Fig.2) would solve these problems.

2
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Table 1: Road users with limited mobility and bus drivers' problems when using buses (extract)

Classification Description of problems when using buses

Physically 
handicapped 
person

Electric wheelchair users

 Wheelchair users feel bad for other passengers when the driver takes time to set up a ramp and to 
secure the wheelchair for their getting on and off the bus, so they hesitated to do so.
 Securing a wheelchair next to the current folding seats narrows the aisle.
 Scared of sudden stops and centrifugal forces when taking a curve.

Users with canes and 
short leg orthosis

 Difficulties getting on and off the bus when there is a gap between the ground and the floor of the bus.
 Sometimes feels rushed because they have to secure their brace before the bus even stops.
 Narrow space in front of the seat does not allow legs to stretch out to unfasten the brace.

Upper limb disability 
users

 Sometimes difficult to press the stop button because their fingers aren't strong enough.
 Hard to hold on to the railing when they also have luggage.
 Difficult to prepare fare payments etc. without sitting down.

Visually 
impaired users

Blind white cane users
 Difficult to find a bus stop if there are no braille blocks.
 Unsure if the reason for the bus stopping is because of arrival at a bus stop or just due to a red light.
 Confusion due to different buses, such as forward doors, rear doors, pre-payment, post-payment, etc.

Blind guide dog users
 Hard to find a seat when it's crowded. Feel bad about asking others to give up their seats.
 Don't know where to stand without disturbing other passengers.
 Not knowing where the stop button etc. is located, having to grope around for the location.

Low vision users

 Unable to see which seats are available.
 Especially in the evening, it is difficult to press the stop button because of the similar colors of the 
button and the handrail.
 Unable to tell if this is a bus to desired destination.

Hearing-
impaired users

Deaf users
 Unsure if the reason for the bus stopping is because of arrival at a bus stop or just due to a red light.
 Rely on displays for information, but it's hard to see when sitting toward the back.
 Unable to hear sounds, so unable to tell if IC card payment has succeeded.

Hard-of-hearing users
 Unable to prepare for alighting without knowing the time and distance to the next bus stop.
 Hard to hear announcements.
 Difficult to get information to understand an emergency situation.

Intellectual/developmental disability users

 Don't know what to do when the display and the actual bus stops are out of sync.
 Confused by and unable to cope with changes in boarding methods, such as different doorway 
locations.
 No ruby characters provided for kanji characters, so stop signs, etc. are unreadable.

Mentally challenged users
 If they feel sick, it is considered bad manners to lie down and rest in the bus, so they get off the bus to 
rest, but don't know where they can rest.
 Announcements are psychologically taxing, with fast voices, mechanical noises, and loud noises.

Elderly users

 Hard to hear announcements.
 Difficult to get on and off the bus when there are steps. Also, the swaying of the bus makes them feel 
unsteady.
 Can panic because it takes a long time to get off the bus. Standing up before the bus stops leads to 
accidents involving falling over.

Baby stroller users
 Unaware of a dedicated space for strollers. Never seen anyone using it.
 Can panic because they cannot sit down or get off quickly enough due to carrying the stroller or dealing 
with their child. Feel apologetic to the people around them.

Bus drivers

 Many accidents involve passengers standing up and falling before arriving at the bus stop, making the 
driver feel uneasy during driving.
 Panic because it takes so much time to fold the seats, secure wheelchairs, and deploy the ramp. Many 
people are reluctant to use wheelchair safety belts, which is dangerous.
 Announcements and responses to passenger inquiries can be made while the bus is stopped, allowing 
the driver to concentrate on driving.

Fig.1: A review meeting
(Left: VR evaluation (cane and short leg orthosis user);  

right: mock-up evaluation (low vision)
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3.1.2. Feedback obtained from bus operators and 
research participants, etc.

While some people said that the reduction of time required 
for deployment of the ramp was an advantage, others said that 
the slope of the ramp could be concern and that visual and 
auditory information was necessary when deploying the 
equipment.

3.1.3. Examples of specific requirements

(1) Make the slope more gradual
This is because someone on the bus, not bus conductor, 

possibly need to support the wheel chair users when bus is 
automated without any conductors in the future.

(2) Automatic ramp deployment/retraction with sound and 
lights

This is especially required for the visually or hearing 
impaired, who may not otherwise know whether the automatic 
ramp is completely deployed or not yet.

(3) Slope formed with a single board
If the automatic ramp is stacked in two layers, wheelchairs 

may get stuck on the step in the middle of the ramp.

(4) Add roughness on the slope surface to an extent that will 
not interfere with walking

For the visually impaired, getting on and off the bus by 
means of a ramp, instead of the present situation of getting on 
and off by means of steps, would otherwise make it difficult for 
them to distinguish the boundary between the inside and the 
outside of the bus.

3.1.4. Considerations

(1) Operational industry guidelines for automatic ramp use 
need to be created

In order to use automatic ramps safely, it is necessary to 
establish operational industry guidelines for whether automatic 
ramps should be deployed for all passengers or only for specific 

passengers. Since the automatic ramp is effective not only for 
wheelchair users but also for the elderly, and because it may 
cause confusion when a driver or a system has to make a 
decision each time whether or not to extend the automatic 
ramp, it is desirable to extend the ramp for all passengers.

(2) Improvements to bus stops (boarding and alighting areas)
The standards for facilitating mobility require that bus stop 

areas are designed to allow wheelchair users to smoothly board 
and alight from the buses that stop adjacent to the areasIn 
reality, however, physical constraints result in bus stops without 
sidewalks or on sloping roads due to drainage ditches. In order 
for the use of automatic ramps to spread, it is necessary to 
improve bus stops so that automatic ramps can land on stable 
ground.

3.2. Simple folding seats
3.2.1. Overview

When wheelchair users get on and off the bus, the driver 
needs to fold the foldable seats, which takes up additional time. 
Because of the time required, some wheelchair users have 
commented that they feel apologetic toward the other 
passengers and the driver. Both the drivers and the wheelchair 
users feel the need for improvements.

The simplicity of the folding seats (Fig.3) creates space 
within the bus, making it easier for wheelchairs and strollers to 
get on and off.

3.2.2. Feedback obtained from operators, concerned 
parties, etc.

While some commented that these seats provide both space 
and seating as required and are easy for wheelchairs and stroller 
users to use, some of the participants commented that it was 
difficult to find a seat for a person with white cane, and difficult 
to sit on a folding seat while holding it down with their hands.

3.2.3. Examples of specific requirements

(1)�Foldable seats should be sideways to the direction of travel
If the folding seat is oriented in the direction of travel, the 

seat cannot be folded to provide more space due to the position 
of the backrest.

Fig.2: Image of automatic ramp

Fig.3: Image of a simple folding seat
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(2) When not in use, the seat surface is in a lowered position.
A visually impaired person using a white cane judges 

whether a seat is available by the feel of the cane in their hand. 
Guide dogs are trained to place their head on an available seat. 
Therefore, when a passenger is not using a folding seat, the seat 
should be lowered.

(3) Open and close at the touch of a button
If the chair is heavy or requires a lot of force to close, it may 

be perceived as a chore to fold it up and utilize the space.

3.2.4. Considerations

(1） Minimize risk of accidents like finger entrapment
In the past, the driver folded the seat, checking carefully to 

perform the operation safely. In the proposed system, the 
passengers fold the seat for themselves by pressing a button. The 
new design must therefore prevent passengers from getting 
their fingers caught in the seat or otherwise injuring themselves.

(2) Loss of handrails
While the folding seat provides more space, it also requires 

fewer vertical grip bars, leaving fewer places for standing 
passengers to hold onto. Efforts to alleviate congestion and the 
installation of suspension straps and ceiling handrails are 
required.

(3) Safety Considerations
If a person with a cane or short leg orthosis sits on a sideways-

facing seat, other passengers may trip over them, causing injury 
to themselves or other passengers. It is necessary to consider 
the safety of other passengers as well, such as by making 
announcements in the car to warn them.

3.3. Wheelchair locking devices
3.3.1. Overview

When a wheelchair user gets on the bus, the driver needs to 
secure the wheelchair to the floor with a three-point belt after 
the aforementioned ramp is deployed and retracted and the seat 
folded away, which is all very time-consuming.

A wheelchair locking device (Fig.4), which is easy to both 
secure and release, will be installed on the floor of the bus. It can 
be released by pressing a button mounted on the wall next to 
the device.

3.3.2. Feedback obtained from operators, research 
participants, etc.

Operators expressed hope that the time required to secure a 
wheelchair could be shortened and the burden on the operator 
to secure the wheelchair reduced. Users commented that they 
wanted floor makings to lead them to the correct position, that 
they stumbled over devices installed on the floor, and that their 
canes got caught on them.

3.3.3. Examples of specific requirements

(1)�Add floor guides for wheelchair users
Floor markings would make it easier for wheelchair users to 

secure their wheelchairs.

(2) Securing device installed with a lid under the folding seat
This will mitigate the risks that white canes used by the 

visually impaired or canes used by the elderly may get caught in 
the wheelchair locking device, or other passengers tripping 
over it.

3.3.4. Considerations

(1)�Installation of fasteners on the wheelchair
In order to use such a wheelchair locking device, a clamp 

must be installed on the wheelchair. In a society where such 
wheelchair locking devices are installed on buses, it will be 
necessary to design a system and specifications for both the 
wheelchair and the locking device so that the device can be 
attached regardless of the type of wheelchair.

3.4. Content of on-board display
3.4.1. Overview

When road users with limited mobility who need a long time 
to get off the bus take an unfamiliar bus route, they are unable 
to prepare for getting off the bus with sufficient time to spare 
because they do not know where they are or how soon they will 
arrive at their destination, and they can panic when they arrive 
at their destination bus stop. People with mental disabilities and 
who are prone to changes in their physical condition can feel 
anxious about using the bus because they do not know at which 
bus stop they can get off to rest if they feel unwell during the bus 
ride. Stroller users feel inconvenienced by the lack of 
information around bus stops because they need to take care of 
their infants. This system solves these problems by displaying 
detailed information on the on-board display. (Fig.5)

Fig.4: Image of wheelchair securing device

(Image of the clasp when a�xed)
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3.4.2. Feedback obtained from operators, research 
participants, etc.

Operators commented that they could concentrate on 
driving because they would need to respond to fewer inquiries. 
While participants commented that it relieved their anxiety 
about their current location and the next stop, others said that 
it would be better to obtain information from tablets or other 
devices.

3.4.3. Considerations

(1) Selection of information to be displayed, provision of 
information via apps etc.

While it is good if information can be obtained via the 
display, too much information makes it difficult to receive each 
piece of information slowly and accurately, so it is necessary to 
consider the provision of information using apps held by the 
passengers.

3.5.��Reason for stopping is indicated by lights inside 
the bus

3.5.1. Overview

Hearing-impaired persons and the elderly may not be able to 
understand the reason for the bus stopping, due to inability or 
difficulty in hearing announcements on the bus. To solve this 
problem, the reason for the bus stopping is indicated by the 
color of a light installed inside the bus. (Fig.6)

3.5.2. Feedback obtained from operators, concerned 
parties, etc.

Some users commented that while this does make it easier to 
understand the reason for stopping, and increases safety, color 
and brightness need to be taken into consideration.

Results and summary of the study

4.1.  Design layout proposal to solve the problems of 
road users with limited mobility and drivers

This project focused not only on solving the problems of 
road users with limited mobility but also the problems of 
drivers.

Bus operators have been making efforts to promote buses 
that are easy for road users with limited mobility to use by 
introducing low-floor busses and continuously studying and 
working on improvements. For this study, we obtained feedback 
from road users with limited mobility on (1) automatic ramps, 
(2) simple folding seats, and (3) wheelchair securing devices, 
with the intent of allowing them smoother boarding and 
alighting.

In addition, bus operators and drivers make announcements 
to prevent accidents aboard the bus. Nevertheless, such 
accidents occur, especially among the elderly and road users 
with limited mobility, due to being in a hurry to get off the bus. 
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Fig.5: Image of the content displayed on the on-board display

Map data source: Google
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The content of onboard displays and reasons for stopping being 
indicated by a colored light, as described in sections 3.4 and 3.5 
of this report, are considered to enhance the communication of 
information to road users with limited mobility, contributing to 
the reduction of impatience to get off the bus and the prevention 
of accidents involving falls inside the bus.

This project studied the design requirements and 
considerations assuming a situation in which automated buses 
will be widely used in the future and so drivers will not always 
be able to provide support to passengers. These requirements 
are applicable not only to future automated driving buses, but 
also to solving the problems of current scheduled buses.

4.2.  Design requirements with consideration of 
universal design

We carefully made a design to solve an issue for a user so as 
not to generate another fresh issue for other users.

For example, for the visually impaired, the automatic ramp 
makes it difficult to see the boundary between inside and 
outside of the bus, the folding seats make it difficult to spot 
empty seats when they are closed, and the wheelchair securing 
device poses a risk of a cane getting caught in it. It is easy to 
imagine that such physical layout changes would cause 
inconvenience to visually impaired people who have difficulties 
for spatial recognition. As shown in the requirements and 
considerations in this study, it is necessary to design the space 
so that visually impaired people can use it safely; for example, 
by using materials and unevenness of the floor surface, alerts 
using sound, and the removal of exposed hazards.

4.3. Future considerations 

The committee confirmed that the Japan Automobile 
Manufacturers Association would start measuring workability 
and safety using the mockups (automatic ramp, wheelchair 
securing device, and folding seats) created by this project, and 
that they would like to continue studying other ideas, 
incorporating new opinions based on the requirements 
described, with a view to proposing them to business operators.

Conclusion from Masayuki Kawamoto, 
chairperson of this study project

This study began with the question of how everyone, 
including road users with limited mobility, can use public 
transportation by themselves when public transportation 
becomes fully automated in the future and drivers and other 
crew members are no longer on board. The introduction of 
automated driving technology does not mean a sudden shift to 
fully automated driving, but a number of careful steps must be 
taken. It is an important point of view that the driver of public 
transportation, such as a bus route, should be able to concentrate 
on the driving itself and drive safely at the same time, while 
allowing road users with limited mobility to make full use of 

public transport without concern.
Furthermore, this survey have reaffirmed that, regardless of 

the introduction of automated driving, all public transportation, 
including existing public transportation, must provide 
reasonable consideration for road users with limited mobility, 
and that there is still much room for improvement from the 
current situation. Of course, various measures and the efforts of 
many predecessors have lowered the barriers for wheelchair 
users and others to use public transportation. However, while 
many of these measures have been hardware-based, the use of 
the IoT, although remarkably popular in recent years, has been 
slower to take root. Many bus transportation businesses are 
placed in a very difficult business environment, and it is difficult 
to introduce new equipment that requires a large investment. 
On the other hand, many road users with limited mobility now 
also have smartphones, and it is no longer so outlandish to 
making using such devices a prerequisite of taking the bus. Of 
course, there are many challenges in making such applications 
easy to use and understand; AI is not the simple and convenient 
answer to everything. What is important is to steadily identify 
true needs from the user's, rather than from the provider's, 
point of view, and to make repeated improvements from there. 
We hope that this survey will serve as a guidepost along the 
long road ahead.
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Background

In the society that we should aim for as Society 5.0, new 
business models will be born through the advanced fusion of 
cyberspace and physical space, and innovations born from the 
utilization of big data and AI will create new value in various 
fields, leading to a paradigm shift in the economic and social 
system. In order to realize such innovations, it is important to 
coordinate data not only by field, as has been the case in the 
past, but also across fields.

In SIP "Big-data and AI-enabled Cyberspace Technologies," 

in 2019 we began the development of "cross-field" and "field-
by-field" data coordination infrastructures, as well as the 
construction and testing of an architecture based on a 
framework for deepening the views and understanding among 
all stakeholders, ensuring interoperability among these 
infrastructures, and developing technologies and 
standardization that enable mutual coordination and 
cooperation (hereinafter referred to as the Society 5.0 
Reference Architecture; Fig.1). This initiative is being 
expanded to smart cities, geographic information-related 
fields (automated driving, agriculture, disaster prevention, and 
infrastructure), and personal-related fields. In the SIP-adus 
(Cross-ministerial Strategic Innovation Promotion Program 
(SIP) Automated Driving for Universal Services), we have 
begun constructing an architecture for geographic data.(1)

 Activities in SIP-adus

In the SIP-adus, we put together an architecture of 
automated driving fields related to geographic data (hereinafter 
referred to as the Automated Driving Architecture) (Fig.2) 
based on the Society 5.0 Reference Architecture.

Since the first phase of SIP-adus , we have been working on 
the generation and distribution of high precision 3D maps and 
dynamic road traffic environment data necessary for automated 
driving, but cost reduction is a major issue for their widespread 
use. On the other hand, it is highly possible to reduce costs by 
utilizing 3D point group data and vehicle probe data, which are 
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the data layer for generating such road traffic environment data, 
in other fields as well.

We believe that the problem is an imbalance between data 
users who do not know that data exists and data providers who 
do not know the needs for their data. To address this, we 
decided to work on the construction of a portal site with data 
catalog and data search functions.

In addition, since it is important to create examples of data 
utilization using this portal site, we held an "App Contest to Solve 
Issues Related to Transportation in Kyoto, a Tourist City" to 
broaden the scope of data utilization efforts and to gather 
opinions on how to improve the usability of the portal site.

In addition, we promoted the broader utilization of 
geographic data in collaboration with other SIP-adus projects, 
such as the use of probe vehicle data to improve logistics 
efficiency and support road management operations.

In 2020, we surveyed and analyzed examples of mobility-
related data utilization in Japan and abroad, and based on the 
results of interviews with data providers, service providers, data 
collectors, and academic experts, we held discussions at a study 
group consisting of experts and compiled draft guidelines for 
data handling in the mobility field as well as a proposal for 
public-private data coordination.

2.1.  Construction of the Portal for Road Traffic En-
vironment Data "MD communet®"

In constructing the road traffic environment data portal, 
while assuming services in the functional layer based on the 
automated driving architecture, we aimed to aggregate, 
visualize, and catalog data layers such as road traffic environment 
data to serve as a trigger for matching data providers and data 
users, thereby enabling one-stop browsing. (Fig.3) In addition, 
the system has an advanced data search function that uses not 
only keywords but also area and purpose of use as keys, searches 
for similar data using machine learning, a suggestion function, 

and other functions that promote matching of needs and seeds.
This portal supports the promotion of data distribution and 

the creation of new services by enabling diverse users to utilize 
road traffic environment data for various services through an 
open portal web site called "MD communet" (https://info.adus-
arch.com/) (Fig.4), the portal website was established and made 
available in October 2020. After that, efforts were made to 
expand the number of users, chiefly through data providers, 
and in April 2021, the website was made available to the general 
public with 11 participating companies and organizations.

To promote the use of the portal site, we have improved the 
user interface by incorporating the opinions of "MD communet" 
users, and have otherwise worked to make it a portal site that is 
easier to understand. We have held various events to enliven 
matching activities, including an "Idea Creation Event" in 
November 2021, a "Business Matching Event (MD com Match)" 
in March 2022, and an "Idea Creation Workshop" in March 
2022, and have worked to create many examples of portal 
utilization. As of the end of July 2022, 43 companies and 
organizations had registered to participate, and 7,316 catalog 
data items had been posted. [See Section 5 1) for more details]

When we look at trends overseas, we see that the EU made 
it mandatory for member states to establish National Access 
Points (NAPs) in 2017 in order to encourage the collection and 
use of mobility data, and stipulated that data on transportation 
and travel must be provided through NAPs by the end of 2030. 
In Germany, the Federal Ministry for Digital and Transport 
started operating a mobility data platform called Mobilithek in 
July 2022, which will serve as an NAP. Like "MD communet," it 
is a portal site with data cataloging and search functions.

As described above, efforts to promote the utilization of 
transportation data are becoming more active overseas, and it is 
necessary to develop "MD communet" in Japan. Even after the 

Fig.3: MD communet, a data matching website
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completion of SIP, NTT DATA will operate "MD communet," 
and plans to improve usability, enhance services and content, 
increase awareness, and create usage examples.

2.2. Holding of App Contests

In order to create use cases that help to solve transportation-
related issues by utilizing road traffic environment data and 
mobility-related data, we held a contest (the first "App Contest 
to Solve Tourism and Transportation Issues," nicknamed the 
"KYOTO Raku Mobi Contest") in October 2020 to solicit apps 
and ideas for solving tourism and transportation-related issues 
faced by Kyoto, a world-class tourist city. The contest was 
conducted with the cooperation of the Kyoto City Transportation 
Bureau and other operators, and included data on stations, 
stops, routes, timetables, and fares for public transportation 
systems such as buses and railroads; data on temporary luggage 
storage and delivery services and stores for logistics; congestion 
forecasts for sightseeing facilities; information on sightseeing 
spots; center guide service API, and congestion statistics data. 
Although there were excellent applications (Fig.5) and ideas in 
the first KYOTO Raku Mobi Contest, they were not put into 
practical use due to the fact that the data could not be distributed 
continuously after the contest. However, the contest did 
generate momentum to open up bus information, especially in 
the Kyoto City Transportation Bureau, and expectations for the 
second contest were raised. Municipal and private bus 
companies in Kyoto City will create bus information in GTFS-
JP format and register it in "MD communet." Information such 
as probe vehicle data from logistics companies and tire 
manufacturers will also be provided on "MD communet." The 
second "App Contest to Solve Tourism and Transportation 
Issues" is scheduled to be held in December 2022. Through this 
contest, we aim to raise awareness of the road traffic environment 
data portal and obtain feedback from data users who entered 
the contest, which we will use to make improvements to the 
portal. [See Section 5 2) for more details]

2.3.  Development of Support Systems for Local Au-
tomated Driving Services

We clarified common issues in socially implementing 
automated driving services in rural areas, and developed a 
common reservation and operation management system called 
"Mobisuke" (location management of vehicle positions, safety 
monitoring using camera images inside and outside the vehicle, 
reservation management, boarding/exiting information 
management, etc.) with an interface that is easy to use for 
everyone, including the elderly. In developing this system, we 
conducted field operational tests (FOTs) in collaboration with 
the initiatives of Higashiomi City, Shiga Prefecture; Miyama 
City, Fukuoka Prefecture; and Takahata Town, Yamagata 
Prefecture, in addition to Kamikoani Village, Akita Prefecture, 
and Iinan Town, Shimane Prefecture, which are promoting 
social implementation of automated driving services under the 
SIP-adus, to improve functions based on feedback from service 
providers and users.

In the future, while providing "Mobisuke" as an inexpensive 
and convenient system, we aim to commercialize support 
services, including the system, in the interests of strengthening 
interregional cooperation and with a view to utilizing the 
communication function of the road traffic environment data 
portal.

2.4.  Improving Logistics Efficiency Using Probe Vehi-
cle Data

With the aim of improving cargo wait times in transportation 
operations, improving work times for checking daily inspection 
items based on vehicle and probe data, improving operation 
schedules and control by real-time understanding of load 
weight and tire information, and making other improvements 
demanded of the logistics industry, we clarified an architecture 

Fig.4: MD communet website

Fig.5: KYOTO Raku Mobi Contest
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for future data coordination/utilization in which data obtained 
from logistics trucks is utilized to improve logistics efficiency.

In order to improve the wait times for cargo, we obtained 
and analyzed the data from the carriers' actual vehicles. Both 
carriers and consignor companies shared their awareness of the 
circumstances behind the occurrence of wait times for cargo. 
We analyzed the causes of wait times and considered measures 
for improvement. (Fig.6)

To improve work times for checking daily inspection items, 
truck manufacturers' own vehicles were used to check the status 
of trucks for daily inspection items remotely by identifying 
event data that contributes to the checking of daily inspection 
items from vehicle and probe data. In addition, we proposed 
standardizations of data formats for cooperative areas of vehicle 
information such as probe data, and provided information 
(data catalogs) to "MD communet" to promote further 
utilization of data in the future. [See Section 5 3) for more 
details]

2.5.  Utilization of Probe Vehicle Data in Road Man-
agement

As examples of the use of probe data collected from vehicles, 
we studied the detection of slippery road surface conditions 
caused by bad weather conditions such as rain, the detection of 
flooding on roads and the provision of alert information, as well 
as the use of the information for road maintenance management 
by estimating the amount of rutting from the amount of water 
film detected on the road surface.

In cooperation with OEMs and tire manufacturers, we 
collected information on ABS operation, vehicle skid control 
operation, tire spin control operation, wiper operation status, 
tire grip level information, and other data from vehicles in 
motion. The accuracy of generated detection information based 
on statistical processing was verified through FOTs on actual 
roads. [See Section 5 4) for more details]
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1)  Design of Geographical Data Architecture 
— Building and Promoting a Traffic 
Environment Data Portal Site

Data Connection and Use to Achieve Society 5.05

Construction and release of "MD 
communet," a portal for road traffic 
environment data

1.1. Value provided by the portal site

The goal of this program is to contribute to solving social 
issues, such as reducing traffic accidents, reducing traffic 
congestion, ensuring mobility for road users with limited 
mobility, and improving the shortage of drivers and reducing 
costs for logistics and mobility services, which will be achieved 
through the practical application and expansion of automated 
driving, ultimately creating a society in which all people enjoy 
high quality of life. This reflects our belief that contributing to 
the practical application of automated driving is required to 
realize a safe and secure society, solve social issues, and create 
new business value for these purposes.

To contribute to achieving the goals of this program, we 
have created "MD communet," a portal site for road traffic 
environment data, as a place where people, information, and 
data can gather and create various ideas and services. As shown 
in Fig.1, this portal site aims to promote the utilization of data 
and the creation of new businesses through the portal site by 
aggregating a wide variety of road traffic environment data in 
the mobility field from around the world, and by creating 
various opportunities for users to communicate with each other.

For this reason, after equipping the portal site with the basic 
functions required from a catalog search site, we advanced 

development with a focus on the implementation of three major 
functions: the promotion of business matching, the expansion 
of data, and UI/UX improvements based on user feedback.

1.2. Business matching on the portal site

As mentioned above, the development of this portal site's 
functions focused on proactive search and communication 
functions to facilitate business matching.

Fig.2 shows an overview of the functions provided by 
portal sites. The main functions provided by the portal site 
are shown below.
(1) Data catalog registration and search functions

This function allows users to register catalogs and publish 
them for other users, and provides various search methods 
so that users can easily find the data they are looking for.

Specifically, keyword search, conditional search, and area 
search functions have been implemented on the top screen, 
and re-search and faceted filter search functions have been 
implemented on the search results screen.

1

Catalog listing/
search Needs/seeds 

registration

Communications

Aggregate catalog data 
on portal site

Matching support

Matching

MaaS

Road environment

Automated driving

Logistics/
transportation

Fig.1: Image of business creation through the portal site

(Abstract) The data collected for automated driving, such as high precision map data, road traffic data, and vehicle probes, are 
expected to be used as road traffic environment data in various other industries as well as the automotive industry. In order to 
realize a mechanism to allow this, we constructed and released "MD communet®," a portal site for road traffic environment 
data that aggregates data in the mobility field and links it with other fields. Aiming for the continued operation of MD communet, 
we have also promoted activities to spread the service, such as acquiring more member companies, increasing awareness 
through various promotion, and creating offline/online matching opportunities. In addition, we have developed service examples 
that effectively use road traffic environment data, which is the key to social implementation of this system, in combination with 
information from other fields, and have studied the support functions necessary for service development.

Keywords: Road traffic environment data, Society 5.0, data coordination, business matching, data utilization service creation
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(2) Communication functions
This function is designed to promote the discovery of 

new data usage methods and direct business matching by 
directly connecting data providers and users.

Specifically, we implemented a function to evaluate posted 
data and a message function to enable direct communication 
among users.
(3) Recommendation function

This function recommends catalog data from the system 
in order to provide users with unexpected discoveries.

Specifically, we implemented a function that provides 
recommendations based on user access information, and a 
similar data function and clustering function that uses 
machine learning.
(4) Associative word support function for search terms

This function presents the user with related keywords 
that are associated with the search term.

Specifically, we implemented a function that enables the 
retrieval of related keywords from an external repository 
(DBpedia) for each search term. This means that related term 
information is not stored internally and the retrieval 
destination can be set flexibly.
(5) Company profile

A function that allows each company to post their 
achievements and activities, providing users with information 
about the company itself and creating expectations for 
matching from perspectives other than those of the actual 
catalogs.

Specifically, we implemented a function that allows 
companies to introduce their initiatives and post text and 
data such as editorials and use cases on the website for 
dissemination and promotion.
(6) Linked Data creation

A function that enables the operator to obtain sources for 
information to be disseminated to member companies based 
on user activity logs and data relevance.

Specifically, we implemented a function that enables 

notification of recommendation information to member 
companies by converting the metadata for registered catalog 
data and logged-in user activity logs into Linked Data, which 
can then be searched by management.

1.3. Portal site data expansion

In order to further promote business matching through 
the portal site, it is essential to expand the available data. As 
a response to this requirement, data expansion was 
implemented in terms of both the volume and types of 
registered data.

In terms of data volume, we also implemented linkage with 
existing data platforms, such as the G-Spatial Information 
Center and SIP4D. Furthermore, by implementing the 
CADDE connector in the SIP inter-program data coordination, 
as shown in Fig.3, it is possible to efficiently obtain data 
catalogs from other programs.

In terms of data types, in addition to data information 
and data requests, data processing tools can also be posted, 
thereby expanding the data while increasing the number of 
stakeholders involved in the creation of new services.

As data expansion progresses and the probability of 
matching increases when highly related data and logs are 
linked, it is expected that strengthening both will create a 
synergy in the promotion of business matching.

1.4. Portal site UI/UX improvement

After the opening of the portal site to the public, 
opportunities for business matching are expected to increase 
due to the additional member companies and the 
accompanying expansion of the data catalog, and the role of 
the portal site as a place where more data, people, and 
information can be gathered is expected to become more 
important. In addition, for the purpose of attracting more 
member companies, UI/UX improvement has been 
continuously implemented in conjunction with various 
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promotion activities, such as studying the optimization of 
the system lines to link from the promotional activities 
websites to the portal site, as shown in Fig.4.

Undertakings to promote MD 
communet

2.1. Outline of activities

In order to continue to operate MD communet, it is 
important to create new services and values by gaining wide 
recognition, making allies, and promoting data utilization 
through matching. In the process of creating allies, it is 
necessary not only to find partners who agree with MD 
communet's initiatives and can create together, but also to 
build an operation and promotion system that will enable 
users to conduct transactions smoothly. In the promotion of 
data utilization, it is necessary not only to collect a wide 
range of road traffic environment data, but also to create 
encounters with unknown data by publishing characteristic 
data from both the public and private sectors, leading to the 
creation of new services and values. Therefore, in FY2019 
and FY2020, we focused on building a network, expanding 
the data to be posted, and increasing awareness.

2.2. Creating allies for MD communet

For the continuous operation of the portal site, "matching" 
including personal relationships with each party is the most 

important prerequisite, and we specifically aimed to create 
allies for this project. First, in order to identify the appealing 
points of MD communet, which are vital in the creation of 
new allies, we organized the worldview and values to be 
achieved (as shown in Fig.5). This was based on our objectives 
and the project concept. We also defined the ecosystem that 
we wish to form through this project.

Next, we surveyed and organized the stakeholders 
necessary for the realization of the ecosystem in the public 
sector and in the private. First, we visualized the flow of 
vehicles and people on the road, assumed use cases in which 
road traffic environment data would be used, and investigated 
the flow of data collection and distribution. As shown in Fig.6, 
we classified stakeholders into the public and private sectors. 
For the public sector, we assumed public offices and public 
interest incorporated associations that own or have jurisdiction 
over road traffic environment data. For the private sector, we 
assumed businesses and service providers that offer telematics 
services. The relationships among these stakeholders were 
organized and candidate service providers selected.

In FY2019, we conducted interviews with the mapped 
candidate businesses to understand their level of interest in 
and sympathy with the world view and service contents that 
the portal was aiming to provide, their level of interest in and 
confidence in their own business using the portal, and their 
requests for the portal's functions and data handling, with 

Promotional website Portal site

Fig.4: Optimization of lines from promotional activities websites

2

✓ We will utilize the assets and professional strengths of the various companies and organizations participating 
in this project to form an ecosystem for the creation and promotion of data utilization businesses.

Data
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Fig.5: Ecosystem formed by the project
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the aim of utilizing them in future promotion activities and 
portal site functions. Through these interviews, we were able 
to obtain suggestions for future development of portal 
functions and promotion activities such as portal site 
management, which we fed back into the development of the 
portal site and made an issue to be considered in the next 
fiscal year. In FY2020, we considered the importance of 
aggregating road traffic environment data from various 
companies and publishing it as catalog data, so we decided to 
approach potential data providers. As a result, we were able 
to obtain membership from nine companies and two 
organizations that support the MD communet initiative. 
After the public release in FY2021, in parallel with 
promotional activities for the MD communet, we actively 
approached data providers that possess characteristic road 
traffic environment data, and the data users and data 
processors who are necessary for creating services. As a result 
of various promotional activities, we were able to increase the 
number of members to over 60 companies. (Fig.7)

More than 7,000 items of catalog data were obtained via 
the provision of catalog data from members. In addition, 
through continuous efforts to reach out to business operators, 
we were able to obtain the prospect of acquiring advanced 
data such as vehicle probe data. We were able to include 
characteristic public-private sector catalog data, including a 
wide variety of vehicle probe data and cross-sectional traffic 
volumes provided by the National Police Agency.

2.3. Activities to raise awareness

In FY2020, we also actively produced content and 
conducted various promotional activities to raise awareness 
and interest in MD communet in preparation for the release 
of the portal site.

First, in conjunction with the release of information in 
October 2020, a promotional website was created and 
released as a tool to introduce MD communet to candidate 
businesses and to gain widespread recognition and interest 
in the future development of the site. (Fig.8) The purpose of 
this website was to inform visitors about the value and 
functions of the portal site and to motivate them to register 
as members. The portal site was designed to provide an 
overview of the services offered, catalog information, use 
cases, support details, membership registration methods, 
and other information as the entrance to the data catalog, so 
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that visitors can understand the services and be guided to 
membership registration and inquiries after becoming 
interested. In designing the site, we aimed for a site structure 
with a UI that would not be bothersome for both users who 
know about MD communet and those who don't. After the 
release of the site, we worked to increase awareness through 
various press releases and linkage with the SIP-adus program-
related websites, and also used the website as an introductory 
tool when conducting promotional activities.

Next, a promotional video was produced to promote 
understanding of MD communet. (Fig.9) In addition to being 
aired at various events, the video was released on the SIP-café 
website, and was intended to attract interest and lead people 
to the promotional website. This led to an increase in the 
number of visitors to the website from SIP-café, which in turn 
led to an increase in the level of recognition.

In addition to the production of the above content, 
activities aimed at raising awareness of MD communet 
through events were held. (Fig.10) In order to increase 
awareness of MD communet and appeal to the possibilities of 
using mobility data, events were held using idea generation in 
a semi-closed environment to rediscover the value of mobility 
data, experience idea generation methods, and meet with 
potential future partner companies. With the cooperation of 
the Graduate School of System Design and Management at 
Keio University, a wide range of companies involved in the 
mobility industry shared various ideas through lectures and 
workshops. The event also created opportunities for interaction 
among the companies, and provided the possibility of 

matching companies at the event.

2.4. Toward social implementation from FY2023

In order to continuously promote the creation of new data-
driven businesses in MD communet, we will take both cyber 
and real approaches to the issues and concerns that members 
have in creating services by utilizing data, and provide the 
necessary matching and technical support for the creation of 
said services. At the same time, MD communet will continue 
to expand its membership and promote data utilization by 
sharing use cases to help people visualize data utilization and 
by communicating the value of MD communet in an easy-to-
understand manner. Both cyber and real support will be 
provided. We will continue to operate and grow a system that 
can promote the wider distribution and service utilization of 
road traffic environment data, as a platform that can be 
promoted through public-private partnership.

Testing Project Promotion

3.1. Overview

Based on the architecture pertaining to geographic data in 
the field of automated driving, we conducted FOTs (Field 
Operational Tests) using use cases to solve social issues extracted 
from the study results of the FY2019 projects in the first phase of 
SIP-adus, "the field of services for logistics companies" and "the 
field of end-to-end multi-modal navigation services." As a result, 
we found the possibility for new value-added services through 
the exchange of data among users.

Furthermore, in FY2020, based on a survey of issues faced 
by the logistics industry, we extracted candidate data that can 
be used in cooperative areas related to the initiatives and issues 
of logistics companies, with the aim of collaborating and 
utilizing cooperative data in the logistics field that will lead to 
solutions to social issues common to the industry.

In addition, based on discussions with the participants 
for the research and testing project for improving logistics 
efficiency based on architecture utilizing information from 
vehicle probes and other sources, we examined the issues 
related to the usefulness and deliverability of the above data 

Fig.8: Promotional website

Fig.9: SIP-café news release

Idea generation event/business-to-business matching event Online seminars at SIP-café

Fig.10: Examples of past events
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candidates and the concept of service creation using the 
portal and based on the direction of the problem solving.

From FY2021, we explored the scope of possible 
collaboration and utilization of vehicle probe data, which had 
been an issue related to the availability of data due to its high 
confidentiality. As a result, we were able to construct a scheme 
to link and utilize data by bringing together a digital tachograph 
manufacturer that generates vehicle probe data for data 
providers, a trading company that plans service creation for 
service providers, and a data-holding delivery company that has 
business issues for service users, and conducted FOTs to realize 
service creation. In addition, in order to further promote data 
coordination and utilization, we conducted testing that 
contributed to solving issues faced by local governments in 
addition to those faced by private companies.

3.2. Fots overview

(1)  Creation of services through data utilization by FOTs 

participants

We set up use cases to solve social issues identified based 
on the results of the study in the first phase of SIP-adus, and 
participants led FOTs.

Regarding social issues, in "the field of services for 
logistics companies" we set the provision of a safe and secure 
driving environment for truck drivers, including the need to 
avoid dangerous routes when considering safe driving. In 
"the field of end-to-end multi-modal navigation services," we 
have set the goal of providing stress-free transportation 
support by combining personalized transportation means 
(including automated driving) with means of transportation 
and route guidance that match user's personal data and are 
flexible to changes in weather and congestion conditions.

The purpose of the "services for logistics companies" is to 
verify the extent to which the use of the road traffic environment 
data portal can provide value, such as providing a safe and secure 
driving environment and improving the working environment, 
through data and data utilization methods that data users might 
have been unaware of. In line with this objective, we conducted a 
demonstration of an application for cooperative provision and 
utilization of geographic road traffic environment data among 
users, as shown in Fig.11 Interviews were conducted with truck 
drivers, operation managers with truck driving experience, and 
traffic information service providers.

The purpose of the "end-to-end multi-modal navigation 
services" was to verify that by using a road traffic environment 
data portal, it is possible to provide support for a more stress-
free form of mobility that includes more personalized means 
of transportation (including automated driving) by providing 
dynamic information through data and data utilization 
methods that data users might have been unaware of. To 
achieve this objective, we set up an FOTs scenario 

incorporating multiple use cases and conducted functional 
evaluation and problem identification by having participants 
in the experiment use a service application that implemented 
all use cases, as shown in Fig.12.

As a result of the FOTs for the services for logistics 
companies, we confirmed that route guidance that takes into 
account static information such as the provision of a safe and 
secure driving environment for truck drivers, loading docks, 
rest areas, road information, and traffic signs, especially on 
unfamiliar routes or routes where the road environment has 
changed, can contribute to improvements. Regarding the 
usefulness and scope of the cooperative area data, we confirmed 
that the data is useful as a cooperative area for public purposes, 
and that there are cases where there are significant advantages to 
sharing the data depending upon its nature.

In the FOTs for the "end-to-end multi-modal navigation 
services," we implemented a function that provides flexible 
transportation and route guidance in response to changes in 
dynamic information such as weather and congestion 
conditions, while also taking into account information such as 
user's personal data. In addition, the information collected via 
the application, such as the results of actions taken and the time 
spent in the area, can be effectively used as cooperative area data 
for marketing and other purposes. We therefore uncovered the 
possibility for data utilization in other fields via data in the 
cooperative domain being distributed through the portal.

User registers information 
related to their own car

Navigation to the entrance of the 
delivery destination and display 
of rest spots along the route

Receives a reminder

By having drivers register 
their vehicle information, 

it is stored as driver 
attribute information.

In addition to the route to the delivery 
destination, rest stop locations are also 

displayed. (�e route factors in the width 
of the car according to the vehicle type.)

When driving in front of a 
tra�c sign or on a road where 
there is no record of driving, a 

warning will be issued.

Fig.11: The field of services for logistics companies

User information registration Registration of travel spots Catching up with dynamic information

�e system collects dynamic 
information, such as weather 

information, operation information, 
and congestion compiled from Twitter, 

and noti�es users of better spots.

Refers to user's personal 
data and recommends 

spots that are popular or 
easy to use accordingly.

By asking users to register their 
gender, number of people, and 
genres of interest, the system 
accumulates personal data.

Fig.12: The field of end-to-end multi-modal navigation services
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(2)  Testing of vehicle probe data coordination and 

utilization among private companies

A digital tachograph manufacturer, a trading company, 
and the operator of MD communet collaborated to propose 
the creation of a service utilizing vehicle probe data for delivery 
companies (data holders), who are the direct customers of 
digital tachograph manufacturers, for the purpose of 
improving the efficiency of delivery companies' operations. 
Although the high confidentiality of vehicle probe data posed 
problems regarding its availability, permission to use the data 
was obtained for the sole purpose of using it to improve the 
efficiency of customer operations.

In setting the issues of delivery service providers, among 
the issues recognized by the digital tachograph manufacturer 
and trading company, we selected issues related to operational 
efficiency that also have a high affinity with vehicle probe 
data, such as the positions of delivery entrances and parking 
lots at delivery destinations not being organized and drivers 
having to park multiple times or drive around the perimeter.

The content of the FOT was to analyze and process the 
vehicle probe data to detect the location of the delivery 
entrance, parking location, parking direction, and route from 
the delivery entrance to the parking location for each store at 
the delivery destination, manage them as delivery destination 
profiles, and test whether the information provided to drivers 
can contribute to operational efficiency. (Fig.13) The analysis/
processing of the vehicle probe data was conducted from the 
standpoint of service development support, which is one of 
the roles of MD communet management.

As a result of the FOT, we were able to confirm the 
usefulness of vehicle probe data in this area by confirming 
the contribution to a certain degree of operational efficiency 
and the issues that need to be addressed for practical 

application. We also confirmed the usefulness of planning 
support and data processing support in the process of service 
creation as part of MD communet operation.

(3) Resolving issues faced by local governments

In order to further promote data coordination and 
utilization, we examined the possibility involving not only 
private companies but also local governments and using 
geographic data to resolve issues faced by local governments.
Based on the characteristics of data utilization, we selected 
the theme of utilization in EBPM (Evidence Based Policy 
Making) for local governments, and examined a plan to 
generate and utilize objective evidence by combining 
multiple instances of geographic data.

Specifically, we investigated in depth the issues related to 
snow removal and snow clearance in Yokote City, Akita 
Prefecture, a problem shared with every region that suffers 
from heavy snowfall, and the issue of illegal cab parking in 
Kyoto City, Kyoto Prefecture, a problem shared with other 
tourist destinations, and established use cases to solve these 
issues using geographic data.

3.3. Common efforts through testing

Through the testing, we found that the creation of services 
by combining multiple geographic data sets required technical 
know-how to handle data in different formats at the same time.

In order to continue to create services in the future, it is 
necessary to lower the hurdles mentioned above. We believe 
it would be possible to speed up development and reduce 
costs related to data utilization in the next and subsequent 
years by creating a template as a general-purpose function 
for processes, such as importing and processing, allowing for 
the handling of data of different formats simultaneously, as 
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Fig.13: Overview of delivery destination profiling test 
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shown in Fig.14. We then created a design and program 
based on this idea.

In addition, because there were cases in which users were 
not able to start using geographic data because they did not 
have a clear image of what the data would be used for, we 
created a demo application that allows users to experience 
what the data can do.

Future Initiatives

In FY2022, the final year of the second phase of SIP-adus, 
we carried out activities focused on preparations for social 
implementation. After the second phase of SIP-adus ends in 
FY2023, MD communet will see social implementation. 
After social implementation, the MD communet will 
continue to serve as a hub for public-private partnerships 
and continue the various activities that have been 
implemented during SIP-adus. This is expected to increase 
the number of allies, promote further utilization of data and 
creation of new services, and solve social issues.

[Contacts] 

NTT DATA Corporation, Smart Business Management Department, Social 
Innovation Division, Social Infrastructure Solutions Business Headquarters, 
Toyosu Center Building, 3-3-3 Toyosu, Koto-ku, Tokyo 135-6033, 050-5546-
2450, Contact: Ayako Nakajima
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2)  Resolving Social Issues in Cities Popular 
with Tourists

Data Connection and Use to Achieve Society 5.05

Overview of the Project

The SIP-adus (Cross-ministerial Strategic Innovation 
Promotion Program (SIP) Automated Driving for Universal 
Services) is working on the generation and distribution of road 
traffic environment data that is indispensable for automated 
driving, toward the realization of an automated driving society. 
This project took place in the tourist city of Kyoto and aimed to 
build an ecosystem that promotes matching between 
information owners and users so that a variety of users can use 
road traffic environment data in a variety of services. Specifically, 
the project planned and conducted two "Kyoto Raku Mobi 
Contests," an App Contest to Solve Tourism and Transportation 
Issues, and coordinated the development and procurement of 
road traffic environment data for use in the contests, with the 
aim of building momentum for the utilization of the data.

1st Kyoto Raku Mobi Contest

2.1.  Planning and Preparation to the Launch (FY 
2019)

Based on the assumption of several use cases for solving 

issues related to the movement of people and goods in urban 
areas, we considered the planning of the "Kyoto Raku Mobi 
Contest" as an app contest to solve issues using road traffic 
environment data (various data on transportation, logistics, 
and facilities), with the city of Kyoto, which faces issues 
concerning tourism and transportation in particular, as the 
subject.

In the consideration of the use cases, multiple use cases 
were considered for services related to transportation and 
logistics in urban areas, targeting various entities with different 
attributes (residents, tourists, government and transportation 
operators, etc.). Specifically, use cases that apply to tourists were 
considered, for example, (1) guidance of sightseeing routes that 
avoid the traffic flows of residents, (2) the recommendation of 
"empty-handed sightseeing" in which tourists can store their 
luggage, (3) suggestions of destinations that include congestion 
forecasts, and (4) guidance services that take into account 
congestion conditions and transportation service operation 
conditions. (Fig.1)

Based on the consideration of the use cases, various data that 
could be used to solve issues related to transportation and 
logistics in the tourist city of Kyoto were organized into the three 
categories of "transportation," "logistics," and "facilities", and an 
explanation of the purpose of the project and a request for 
provision of the data was made to the relevant parties such as the 
entities that hold such data, and the necessary data was procured.

1

2

(Abstract) From the perspective of creating use cases to solve transportation-related issues in urban areas by utilizing 
road traffic environment data, we held a contest (an App Contest to Solve Tourism and Transportation Issues (the 
"Kyoto Raku Mobi Contest") to solicit applications and ideas to solve social issues related to tourism and transportation 
faced by Kyoto City, a world-class tourist city with many tourist resources. The contest was conducted with the 
cooperation of the Kyoto Municipal Transportation Bureau and businesses involved in transportation, logistics, and 
tourism, and organized and provided data including data on stations, stops, routes, schedules, and fares of buses, 
trains, and other public transportation systems; data on services and stores for temporary baggage storage and 
delivery services in the logistics sector; and information on tourist facilities and locations, past congestion statistical 
data and future congestion forecast data, and map APIs in the tourism sector. Through the implementation of the 
contest, we raised awareness of the portal site for road traffic environment data, and through discussions and 
coordination with the various involved parties, we realized the collection and utilization of data to be posted on the 
portal site (MD communetⓇ).

Keywords: public transportation data, GTFS-JP, tourist city, app contest, MD communet
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2.2.  Contest Management to Judging and Awards 
(FY2020) 

Based on the above consideration, the "Kyoto Raku Mobi 
Contest" was planned and held from February to November 
2020 to solicit apps and ideas that would contribute to solving 
tourism and transportation issues in Kyoto City. In addition to 
providing contest participants with road traffic environment 
data and APIs, we explained the contents and specifications of 
the data, conducted lectures and opinion exchanges on issues 
related to transportation and tourism in Kyoto City, and 
provided mentoring to individual contest participants.

The "Kyoto Raku Mobi Contest" consisted of two divisions, 
the app development division and the app idea division, and 
called for app products or ideas that contribute to solving issues 
in Kyoto. After conducting a documentary review of the 
submissions and testing and evaluation by monitors, we held a 
final judging session on Saturday October 17, 2020 and awarded 
seven prizes at an award ceremony on Saturday November 7, 
2020.

The "Walking Town Kyoto Award" for the top prize in the 
app development division was awarded to "Kyoto Sightseeing 
Assist" (s name) (Fig.2), an app that supports the sightseeing 
activities of visitors to Kyoto by utilizing various road traffic 
environment data, including data based on the "General Transit 
Feed Specification Japan" (GTFS-JP) provided by the secretariat. 
The "SIP-adus Award" for the top prize in the app idea division 
was awarded to "Teburan - an app that makes you want to walk 
around empty-handed" (Fig.3), which was an idea for an app 
that discovers and provides new value of sightseeing spots when 
visiting empty handed. Subsequently, meetings were held with 
the creator of the winner of the "Walking Town Kyoto Award" 
for top prize in the app development category, and work was 
commissioned for the completion of the app towards social 
implementation.

2nd Kyoto Raku Mobi Contest

3.1. Planning and Preparation (FY2021)

Since FY2021, a portal site (MD communet) for searching 
and matching data related to road traffic environment data has 
been built and its use has commenced. As an example of solving 
a regional issue using road traffic environment data, the 
planning of the "2nd Kyoto Raku Mobi Contest" as a contest to 
promote data utilization using MD communet was studied, 
with the aim of forming an ecosystem for data provision and 
utilization in the tourist city of Kyoto.

In this contest, contest participants were asked to set and 
specify an issue that the contestant expected to resolve 
themselves and which targeted local residents, tourists, logistics, 
transportation, or tourism businesses, or local governments, 
and propose an app or idea that would solve the issue. As 
described below, the types of road traffic environment data 
provided in the contest was expanded, so unlike the first contest, 
the issues (use cases) expected to be resolved were not limited 
to specific items. Local governments and businesses involved in 
the contest were asked to propose "example issues" from the 
perspectives of public transportation, the region, tourism, 
logistics, etc., and the information was disseminated to the 
contest participants.

As in the first contest, data for the second contest was 
organized into the three categories of "transportation," 
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Fig.1: Example of use case study (tourist case)
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Fig.2: "Kyoto Tourism Assist" (tentative name)(1)

Fig.3: "Teburan - The app that makes you want to walk around empty-
handed"(2)
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"logistics," and "facilities," and we then coordinated and 
procured data from entities that possess such data in order to 
further expand the types of data.

Among these, for transportation data, we collaborated with 
Kyoto City to develop data from transportation operators so it 
could be provided in a standard data format (e.g., GTFS). In 
addition to utilizing GTFS-JP, which was developed on a trial 
basis for the future openness of bus data by transportation 
operators, dynamic data such as the location of buses and trains 
was developed and distributed on a trial basis. (Fig.4)

We also coordinated so that the secretariat could provide 
data on logistics, facilities, and tourism.In particular, it was 
decided to expand the data in the field of logistics by 
collaborating with providers of data already available on MD 
communet. (Fig.5)

In the second contest, the website and contents were 
designed to encourage participants to be aware of and use MD 
communet. In collaboration with NTT Data, a link to MD 
communet was placed on the contest’s website and related 
content was posted in the "Events" and "Columns" sections of 
MD communet as reference information for participants. In 

addition, we coordinated a policy that the road traffic 
environment data provided in the contest would in principle be 
posted in the MD communet catalog during the period of the 
contest. (Fig.6)

In addition, following on from the first contest, we 
coordinated with relevant entities including local data providers 
and local governments to involve them in the contest. In 
addition to Kyoto City as a cooperating entity, we expanded the 
number of sponsors, who were mainly local businesses in 
Kyoto.

3.2. Contest Launch and Operation to Judging and 
Awards (FY2022) 

The "2nd Kyoto Raku Mobi Contest" was planned and 
implemented taking into account the above consideration. As 
with the first contest, it consisted of two divisions, the app 
development division and the app idea division, and called for 
app products or ideas that contribute to solving issues in Kyoto.

A press release regarding the second contest was sent out 
and entries were accepted from Monday, April 25, 2022. Road 
traffic environment data and mentoring was provided to contest 
participants to encourage them to consider submitting entries.

Entries were closed on Monday, October 24, 2022, and the 
submission period closed on Monday, October 31. A document 
review was conducted and the final judging and awards 
ceremony was held on Sunday December 11, 2022. As with the 
first contest, awards were given including the "Walking City 
Kyoto Award (Kyoto Mayor’s Award)" for the top prize in the 
app development division and the "SIP-adus Award (Cabinet 
Office Secretary-General of Science, Technology and Innovation 
Policy Award)" for the top prize in the app idea division, and it 
is planned to commission the winner of the "Walking City 
Kyoto Award" with the aim of social implementation within 
FY2022.

Outcomes of this Project

The app and ideas developed through this contest were a 
step toward the contest participants solving specific issues by 
utilizing road traffic environment data. Because the intellectual 

Fig.4: Road traffic environment data (traffic data) provided by the 
secretariat in the second contest
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Fig.5: Road traffic environment data (logistics and facility data) provided 
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Fig.6: Cooperation between the contest and MD communet(3)(4)

Certi�cation

Data download URL

Staying on the login screen a�er 
downloading data

MD communet Other data

Via MD communet 

Data download 
(immediate)

SIP通し.indb   209SIP通し.indb   209 2023/03/01   16:482023/03/01   16:48



property rights concerning the entries in the contest in principle 
belong to the creators of the inventions, etc. (i.e. the contest 
participants), it is possible for them to continue their efforts 
toward social implementation after the contest has ended.

Through this project, discussions were held with local 
governments and data providers for the distribution and 
utilization of road traffic environment data in Kyoto, and was 
linked to the creation of momentum for the development and 
provision of data in standard formats, including dynamic data 
(e.g., GTFS-RT). In the future, it is necessary to promote 
discussions with the related entities so that data can be 
continuously developed and distributed in the region even after 
the contest is over.
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3) Research to Realize More Effective 
Logistics System with Probe Vehicle Data

Data Connection and Use to Achieve Society 5.05

Outline of the Study

1.1. Contents of the Study

In this study, FOTs using vehicle and probe information for 
three use cases were conducted, and the issues to be addressed 
towards implementation and who will be in charge of future 
promotion were considered, with the aim of utilizing various 
data, including vehicle and probe information, to improve 
operational efficiency and ensure safety in truck logistics, with 
a view to the practical application of automated driving 
technology in truck logistics in the future.

The three use cases are: (1) ascertaining the occurrence of 
waiting time and sharing with related parties, (2) checking daily 
inspection items using vehicle data, and (3) measuring load 
weight and tire data to ensure legal compliance and safety. 
Through the test study of these use cases, the extent to which 
the acquisition and utilization of vehicle and other various data 
can be achieved at present was confirmed. Based on this, 
identifying the image of the final goal and the issues to be 
addressed with the aim of practical application of these 
initiatives in the future, as well as consideration of the roles to 
be played in promoting future implementation, are in progress. 

This study is scheduled to be completed by the end of 
December 2022 and is still in the process of discussion and 
examination at the time of writing this report. This paper is 
based on the results of the FOTs and considerations up to the 
end of August 2022.

1.2. Background of the Study

The truck logistics industry is facing a growing shortage of 
truck drivers due to working environment problems such as 
long working hours. There is concern that this will have a 
negative impact on the Japanese economy, as logistics will not 
be able to adequately meet the future demand for freight 
transportation. One effective solution to this problem is 
expected to be the practical application of automated driving to 
truck logistics in the future.

On the other hand, inefficient truck logistics operations, 
such as long waiting times before loading and unloading, are a 
typical example of the background to the working environment 
problems of truck drivers. This inefficiency problem cannot be 
fundamentally solved by automated driving, so the factors 
should be analyzed and countermeasures should be considered 
separately from automated driving.

It is also true that there are safety and maintenance concerns 

1

(Abstract) This study conducted FOTs (Field Operational Tests) on data acquisition and utilization for three use cases: 
(1) ascertaining the occurrence of waiting time and sharing with related parties, (2) checking daily inspection items 
using vehicle data, and (3) measuring load weight and tire data to ensure legal compliance and safety, and identified 
the issues towards implementation and considered countermeasures, with the aim of utilizing various types of data 
related to vehicle and probe information to improve operational efficiency and ensure safety in truck logistics. Through 
the verification of the hypotheses via the FOTs and discussions with carriers and related businesses based on the 
results of the FOTs, each use case was evaluated highly from the perspective of its usefulness in improving the 
efficiency of trucking operations and ensuring safety. On the other hand, since each use case is still at the concept 
level and the considerations towards implementation are still in their infancy, it will take a considerable period of time 
before practical application, as there are various technical, business, and legal issues to be addressed in the detailed 
considerations. In order to create the environment and momentum towards practical application, it is necessary to 
promote awareness of each use case and to create related organizations and businesses that will serve as promoters.

Keywords:  trucking operation efficiency improvement, transportation operation safety, waiting time, daily inspection, load weight, 
tires, vehicle signal data
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regarding the practical application of automated driving in 
truck logistics, and it will be necessary to consider maintenance 
measures and safety assurance measures for a new era based on 
the assumption of saving manpower through automated 
driving.

In considering how to address these issues, we became aware 
of the problem of whether the use of vehicle and probe 
information can be linked to concrete measures. Based on this 
awareness, three use cases were studied and FOTs were 
conducted with the aim of correcting inefficiencies and ensuring 
safety in truck logistics operations.

1.3.  Positioning of This Study with a View to Imple-
mentation

Three FOTs were conducted to confirm the present technical 
feasibility of the concepts related to the use cases and to evaluate 
their usefulness in operational practice by gathering the 
opinions of carriers. Therefore, the FOTs and considerations 
related to the three use cases are still in the early stages of 
technological consideration, and there are various issues that 
need to be addressed before they can be materialized and 
implemented in the future. This study will present the main 
issues that need to be addressed for practical application of each 
use case. In addition, it is planned to explain each use case to 
entities and government agencies and request them to consider 
measures to deal with these issues and promote their practical 
application, and to encourage them to implement promotion 
measures.

Details of the FOTs for the Three Use 
Cases

2.1.  Ascertaining the Occurrence of Waiting Time 
and Sharing Among Related Parties

2.1.1. Details of the FOTs

This is an initiative to collect and analyze information to 
study measures to reduce waiting time for cargo by utilizing 
information obtained from information terminals installed on 
trucks owned by trucking companies and from their in-house 
systems, with the aim of improving productivity and long 
working hours at logistics sites. Specifically, the occurrence of 
waiting time for each vehicle, work day, pickup location, and 
delivery location is confirmed by collecting and analyzing the 
operation management data of trucks in actual operation, and 
vehicles and locations where long waiting times (i.e., waiting 30 
minutes or more at one location) frequently occur are identified. 
The usefulness of sharing the data which identifies the actual 
status of waiting times between carriers and shippers in 
promoting initiatives to reduce and improve long waiting times 

was tested.
According to the Ministry of Land, Infrastructure, Transport 

and Tourism's "Survey of Truck Transportation Conditions" 
(2021), drivers spend 94 minutes waiting for cargo during each 
operation (12.6% of the total time per operation). Assuming 
200 workdays per year, the annual waiting time is estimated to 
be about 310 hours. Reducing such unproductive waiting time 
is essential to improve the long working hours of drivers.

To this end, it is necessary for shippers and carriers to share 
an awareness of the actual conditions of waiting for cargo, such 
as "how many times long waiting occurs at which pickup/
delivery locations," and to discuss the causes of such waiting 
and implement improvement measures. However, shippers are 
generally unaware of the occurrence of trucks waiting to carry 
the shipper’s cargo. On the other hand, many carriers do not 
accurately ascertain and record the time spent waiting for cargo 
at pickup and delivery destinations, and are not able to 
communicate the actual status of waiting to shippers.

Therefore, we believe that the first step needed towards 
reducing waiting time is to ‘visualize’ the actual status of waiting 
time as numerical data and to have a common understanding 
between carriers and shippers. Based on this idea, this testing 
project analyzed the occurrence of waiting time based on the 
operation management data from the digital tachographs of 
trucks used in actual operation, and presented this data analysis 
to the carrier and their shipper, and discussions were held to 
attain mutual recognition about the status of waiting time as 
well as consider the causes of waiting and improvement 
measures. The ultimate goal is to reduce the waiting time at 
each location to less than 30 minutes through the spread of 
these initiatives.

The subject of this test study was processed food products, 
which have particularly long waiting times. With the consent of 
a transporter that mainly handles processed food products, and 
their largest customer who is the shipper of the goods, operation 
management data related to the transportation and delivery of 
cargo from the shipper company was acquired and the 
occurrence of long waiting times for cargo was analyzed from 
this data. The results of the analysis showed that 374 (57%) of 
the 656 vehicles in operation during a two-month period waited 
for a load, and that the average waiting time (the average for the 
vehicles that waited for a load) was 43 minutes per vehicle per 
day, with a maximum waiting time of 5 hours and 46 minutes in 
one day. In addition, 157 vehicles (24%) waited for a long time, 
and the average waiting time for these vehicles was 1 hour and 
23 minutes per vehicle per day. The destinations with an average 
waiting time of one hour or longer were listed (Fig.1), and the 
date and time of waiting was clarified for the destinations with 
particularly frequent waiting.

After explaining this and the other details of the analysis 
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data to the transportation company that provided the data and 
the company that shipped the cargo, opinions were exchanged 
on the actual situation of waiting times and target sites, and are 
being used in the analysis of the factors behind long waiting 
times and the consideration of countermeasures.

2.1.2. Results of the FOTs and Future Issues

When we asked the carrier and the shipper that cooperated 
in this testing project for their opinions on the usefulness of the 
truck carrier sharing such data with the shipper, high 
evaluations were received such as, "we could numerically 
confirm the status of waiting for cargo, and also obtain new 
insights" and "it is very meaningful for both sides to share data 
that enables understanding of the overall picture of the 
occurrence of waiting times and exchange opinions", and the 
results showed that such visualization of the logistics on site can 
promote discussions between carriers and shippers to eliminate 
waiting time. In particular, there was an issue that it is difficult 
for the shipper company to proactively address drivers' long 
working hours because the waiting time occurred not at their 
own facilities but at the facilities of their customers and 
consignee destinations. If the sharing of data with truck 
transportation companies enables the shipper to approach the 
consignee for improvement based on specific data, the 
effectiveness of the system is expected to be very high, as it will 
lead to improvement efforts from both sides of the supply chain. 

On the other hand, a problem that needs to be addressed for 
the implementation and spread of this initiative is whether 
carriers are capable of cleansing, correcting, analyzing and 
documenting the operation management data. In other words, 
the correction and analysis of operation management data 
requires a considerable amount of time on the administrator, 
placing a different burden on the carrier. In addition, many 

managers at carrier businesses may not have the experience or 
skills to analyze the data. This is the biggest issue for the 
implementation and dissemination of this use case.

2.2.  Checking Daily Inspection Items Using Vehicle 
Data

2.2.1. Details of the FOTs

This is an initiative to verify the feasibility, usefulness, and 
issues of using truck vehicle and probe data to check inspection 
items, instead of checking by the driver, for the daily inspections 
carriers are obliged to perform by law before the start of 
operation.

It is estimated that the time required for daily inspections, 
etc. that carriers are obliged to perform is 25 minutes per 
operation, or approximately 83 hours per year. Although there 
are several items that cannot be confirmed via vehicle data, 
many carriers hope that even a portion of the time required for 
daily inspections can be made more efficient. In addition, the 
opinion was often heard that qualitative benefits such as the 
correction of variations in the level of daily inspections among 
drivers and a reduction in the psychological burden of drivers is 
expected. Furthermore, in view of the future implementation of 
automated driving, studying the reduction of the manpower 
required for daily inspections should also be progressed. An 
empirical investigation of this use case was conducted based on 
the awareness of the above issues.

The Japan Automobile Manufacturers Association (JAMA) 
has standardized the "data items provided by vehicle and probe 
data" and the "production rules for the API used by users to 
acquire data from the back-end of heavy-duty truck 
manufacturers" and progressing the establishment of a system 
that allows data users to acquire and use common data items 
from each truck manufacturer using the same API if the service 
menu is the same for that user. Based on this, how event data 
that contributes to the confirmation of daily inspection items 
can be extracted from vehicle and probe data, etc. was 
considered, assuming the use of the API.

First, daily inspection items that can be expected to be 
checked using vehicle and probe information were identified. 
Of these items, those that could be checked using vehicle signals 
that could be obtained from the vehicle model of heavy-duty 
trucks used for testing by the truck manufacturer that 
cooperated with the FOTs were selected as the target items for 
the FOTs. Specifically, the following eight items were selected.
(1) Parking brake signal, (2) Engine speed signal
(3) Accelerator pedal opening signal
(4) Windshield washer switch signal
(5) Windshield wiper switch signal
(6) Air tank pressure signal
(7) Cooling water low level signal
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(8)  Lamps and lights signals (vehicle width lights, front lights, 
tail lights, number lights, 

turning indicators, emergency flashing lights, reverse lights)
In the FOTs, the truck manufacturer provided vehicle signal 

data for the above items. Fig.2 shows the sequence of this.
By using this vehicle signal data to display the items related 

to the FOTs on the monitor screen shown in Fig.3, the possibility 
of being able to use the truck vehicle signal data to confirm the 
related daily inspection items was confirmed.

2.2.2. Results and Future Issues from the FOTs

Using the vehicle data obtained from the vehicles used in the 
FOTs, the appropriateness of the relevant daily inspections 
could be determined by visually confirming their condition on 
the monitor screen. In addition, the disconnection of a brake 
light, which was intentionally reproduced as a malfunction, 
could also be confirmed on the monitor screen. Therefore, if 
vehicle and probe data utilization and API production rules are 
established, and if the provided data items can be utilized 
remotely on a monitor screen, it may lead to a reduction in the 
working hours and workload of drivers and maintenance 
managers.

According to our research, the time required for the eight 
items covered in this study accounts for approximately 40% of 
the total time required for daily inspections, and it is estimated 
that the expected reduction of annual time per person through 
implementation of this is approximately 32 hours. In the future, 
if truck manufacturers can provide data based on the API 
production rules (both ECU and actuator signals may be 
required depending on the daily inspection items), including 
other items related to daily inspections that could not be 
ascertained in the FOTs, the range of daily inspection items that 
can be inspected based on vehicle data will be expanded and the 
reduction in time required for the daily inspections can also be 
expected to increase.

Furthermore, if an algorithm is established that can 
automatically determine the suitability of the results of daily 
inspections from the vehicle data and the results are recorded 
electronically, it may be possible to replace visual inspections 
with inspections based on vehicle and probe data. As this is 
expected to help prevent accidents caused by failure to perform 
daily inspections, inspection errors and inadequate checking, it 
is therefore desirable to confirm consistency with laws, 
regulations, and public notices, and to consider any necessary 
revisions together with the establishment of the technology.

2.3.  Measuring Load Weight and Tire Data to Ensure 
Legal Compliance and Safety

2.3.1. Details of the Load Weight Measurement FOTs

This is an initiative that verified the usefulness in preventing 
overloading, in which the driver measures the weight of the 
load using a load weight meter when loading and unloading 
during actual operation, and confirms the load weight data 
from the driver's seat, while the sales office manager also 
ascertains the relevant data via a terminal.

Overloading is an extremely dangerous practice that 
interferes with safe driving, such as braking and steering. For 
this reason, carriers generally take care to avoid overloading 
when loading and unloading cargo, but some shippers may 
deliver cargo to carriers without knowing the weight of the 
cargo, resulting in overloading. On the other hand, carriers 
cannot refuse to accept cargo from a shipper unless they have 
ascertained that the cargo will be overloaded.

Fig.3: Sample of a monitoring screen
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Based on this, the possibility of preventing overloading 
through the carrier using a load weight meter to ascertain the 
weight of loaded cargo and gross vehicle weight when loading 
the cargo at a delivery destination and keeping records of the 
results was verified. This initiative aims to prevent the 
occurrence of unintentional overloading in the course of 
operations.

In the FOTs, axle-weight sensors that measure the load 
weight and devices for checking and transmitting the load 
weight data were installed on four heavy-duty trucks used in 
actual operation. The drivers measured and confirmed the load 
weight each time they loaded and unloaded the trucks during 
operation. The measured load weight data was also sent to the 
sales office by email so that the manager could ascertain the 
data (Fig.4 shows an overview of this sequence). The above-
mentioned measurement of load weight, data transmission, and 
confirmation by the driver and manager was repeatedly 
performed.

2.3.2.  Results of the Load Weight Measurement 
FOTs and Future Issues

Through the above tests, it was confirmed that the load 
weight meter can measure generally accurate load weights. It 
was also verified that the driver can check the load weight data 
each time cargo is loaded or unloaded, and that the data was 
appropriately transmitted to the operation manager.

After the tests, interviews were conducted with the transport 
operator (managers and drivers), who gave a good evaluation of 
the load weight meter, including the following.
・  For the operator, the load weight meter helped with safe 

operation by preventing overloading.
・  For the operator, it is possible to use the data to negotiate 

rates with shippers.
・  It is useful to be able to ascertain the axial weight on each 

axis.
On the other hand, it was pointed out that it is necessary to 

link with devices such as digital tachographs to save labor in 
operation and to arrange the sharing of data. In addition, an 
opinion was provided that, as it is assumed that data sharing 
will lead to collaboration in order to reduce drivers' working 
hours, this could lead to increased efficiency through matching 

and joint transportation and delivery. Another opinion was that 
the accumulation of load weight data will lead to management 
by shipper and vehicle, and that if the data can be linked to fuel 
consumption and mileage obtained from the vehicle’s 
information, it will be possible to determine fuel consumption 
according to actual vehicle weight. In particular, many held the 
opinion that linkage with digital tachographs is desirable from 
the viewpoint of labor-saving device operation, centralized 
management of the terminals from which information to be 
checked by operation managers is obtained, and the effective 
utilization of data through linkage with fuel consumption and 
distance traveled, so it can be said that this is a main issue for 
the future.

2.3.3. Details of the Tire Data Measurement FOTs

In this initiative, as with the load weight meters, tires 
equipped with a TPMS were installed on heavy-duty trucks 
operated by four carrier companies to ascertain tire pressure 
and temperature data, and it was confirmed whether it is 
possible for this data obtained by the tire manufacturer’s server 
could be shared with the carrier company’s operation managers 
of the carrier companies.

Tire-related problems account for the largest number of 
vehicle breakdowns, and carriers have a strong awareness of the 
problem of tire maintenance conditions. However, matters 
related to tire condition that can currently be monitored using 
signal data are limited to air pressure and internal tire 
temperature, so the initial goal is to eliminate tire failures 
caused by poor air pressure maintenance (excluding those 
caused by sudden events or force majeure).

Both tire pressure and temperature values remained basically 
normal during the period of the FOTs, but a tire puncture 
occurred in one of the vehicles cooperating with the testing, 
and as shown in Fig.5, an alert was issued and the operation 
manager was notified by email when the tire pressure decreased 
below the threshold value. The operation manager noticed the 
email and contacted the truck driver, who stopped the vehicle 
and changed the tire on site. One mistake in the response could 
have resulted in damage to the vehicle and the spread of damage 
to the surrounding area due to scattering of tire fragments, but 
such damage was prevented and transportation time loss was 
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minimized.

2.3.4. Details of the Tire Data Measurement FOTs

When interviewing the carrier companies regarding the load 
weight measurement, they were also asked about tire data 
measurement, and most considered tire maintenance to be the 
most important factor in preventing accidents, and they highly 
evaluated the usefulness of checking and managing tire 
conditions using data obtained while the truck is in motion. In 
addition, many of them expressed an expectation for the use of 
data on tire wear and predictive signs of wheel breakage as 
future tire data acquisition items.

On the other hand, as with the load weight meter, many held 
the opinion of wanting linkage with digital tachographs or a 
system to acquire tire data from digital tachographs. Also, 
others wanted a system for direct communication to the truck 
driver of information about the occurrence of an abnormality, 
and that frequent transmission of data is unnecessary and that 
notification only when an abnormality occurs or periodic 
provision of information once every few months would be 
sufficient.

Issues to Address to Promote Practical 
Application

3.1.  Issues in Practical Application of the FOTs’ Con-
cept

As noted at the beginning of this paper, each use case is a 
work in progress, and there are various issues to be addressed in 
the future for their practical application.

The main issues are as follows.

3.1.1.  Ascertaining the Occurrence of Waiting Time 
and Information Sharing

It is necessary to create a person in charge of organizing 
basic data for analysis and preparing data analysis materials. 

Regarding the analysis of waiting time, it is necessary to match 
the basic operation management data with other related data in 
order to correct the required time and occurrence location, but 
it seems that there are many carriers who find it difficult to 
perform such work and create analysis materials for the 
occurrence of waiting time. For this reason, it is necessary to 
promote the creation of a business operator (assuming a paid 
service) that can perform the task of organizing and analyzing 
data on behalf of carriers. It is also necessary to create an 
environment in which carriers can request such data analysis 
providers to prepare analytical data on the actual status of 
waiting time occurrence.

3.1.2.  Checking Daily Inspection Items Using Vehi-
cle Data

As mentioned above, JAMA has standardized the "data items 
provided by vehicle and probe data" and the "production rules 
for the API used to acquire data from the back-end of heavy-
duty truck manufacturers" and progressing the establishment of 
a system that allows data users to acquire and use common data 
items from each truck manufacturer using the same API if the 
menu is the same for that user. This use case is based on the 
assumption that this mechanism will be established, and it is 
expected that this mechanism will be materialized first. It is 
strongly hoped that a wide range of vehicle signal data items 
related to daily inspection items, including items not included 
in these FOTs, will be selected as common data items provided 
by all truck manufacturers.

In addition, daily inspections must be conducted in 
accordance with the "Vehicle Inspection Standards" and "Guide 
for the Inspection and Maintenance of Motor Vehicles" 
established by the Ministry of Land, Infrastructure, Transport 
and Tourism. After confirming the consistency of the method 
of checking daily inspection items using vehicle data signals 
with these regulations, it is desirable to also discuss the revision 
of these regulations as necessary.

It is also desirable to establish an algorithm that can 
automatically determine the appropriateness of the results of 
daily inspections and to electronically record the results of such 
determinations in the future. Although these are long-term 
technological development topics, it is hoped that procedures 
for acquiring truck vehicle signal data will be established and 
put into practical use, and that the Vehicle Inspection Standards 
will be revised in the future, in order to create an environment 
in which each company can engage in research and development.

3.1.3.  Measuring Load Weight and Tire Data to En-
sure Legal Compliance and Safety

Regarding both of these, there is a strong demand from 
carriers to be able to obtain information centrally from digital 
tachometers and to be able to link it with other data, rather than 

0

10

20

30

40

50

60

0

200

400

600

800

1000

1200

8:
04

8:
13

8:
22

8:
31

8:
41

8:
50

8:
59

9:
08

9:
17

9:
26

9:
36

9:
45

9:
54

10
:0

3
10

:1
2

10
:2

1
10

:3
1

10
:4

0
10

:4
9

10
:5

8
11

:0
7

11
:1

6
11

:2
6

11
:3

5
11

:4
4

11
:5

3
12

:0
3

12
:1

2
12

:2
1

12
:3

0
12

:4
0

12
:4

9
12

:5
8

13
:0

7
13

:1
4

13
:2

3
13

:3
2

13
:4

1

Temperature (°C)

Time

Pressure (kPa)

Tire puncture occurred at this time

Pressure Temperature

Fig.5: Data showing air pressure reduction at the time of the tire puncture

3

3)Research to Realize More Effective Logistics System with Probe Vehicle Data

 

5.Data Connection and Use to Achieve Society 5.0

216

SIP通し.indb   216SIP通し.indb   216 2023/03/01   16:482023/03/01   16:48



obtaining the information independently. In this case, it is 
desired that it be possible to acquire and link data from the 
digital tachographs made by any company in Japan, and not just 
those made by a specific manufacturer.

In addition, regarding tire data, research and development 
initiatives are being performed to obtain information on tire 
wear and wheel breakage risks through linkage with truck 
vehicle signal data. The establishment and practical application 
of procedures for acquiring truck vehicle signal data by JAMA, 
as described in the previous section, is also an important issue 
for this research and development topic.

3.2.  Necessity to Create Future Promoters Towards 
Practical Application

Regarding "ascertaining the occurrence of waiting time and 
information sharing", it is planned to consider ways to create a 
business entity responsible for organizing basic data and 
creating analysis materials, and to request the cooperation of 
truck carrier business associations in promoting awareness of 
this use case. Regarding "checking daily inspection items" and 
"measurement of load weight data and tire data", the exchange 
of opinions with related companies is being conducted so that it 
can be taken up as part of the specific items being considered in 
the "Logistics MaaS" promoted by the Ministry of Economy, 
Trade and Industry.

It is expected that both the private sector and business 
organizations, as well as the government and other public 
agencies, will support the implementation of all use cases.

[Contacts] 

Department, NX Logistics Research Institute and Consulting, Inc., 2 Kanda 
Izumi-cho, Chiyoda-ku, Tokyo 101-0024

Research & Consulting Unit 1, (General, Tire Data Measurement) 03-5829-1423, 
Contact: Yukihiko Akao

Research & Consulting Unit 2, (ascertaining waiting time and information sharing) 
03-5829-1405, Contact: Masaaki Kanazawa

Research & Consulting Unit 3, (Confirmation of daily inspection items, 
measurement of loading weight) 03-5829-1420, Contact: Daijiro Sato
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Hirokazu Ichikawa, Atsushi Takenouchi, Naohiro Uchiyama, Shinichi Nedu, Kazuki Tokunaga (Pacific Consultants Co., Ltd.)

4) Utilization and Application of Probe Data 
to Road Maintenance and Management

Data Connection and Use to Achieve Society 5.05

Purpose of project

During our researches in Section 3 3); Technological 
Development for Lane-specific Road Traffic Information Using 
Vehicle Probes, we improved the detection accuracy of the 
congestion tail for each lane by utilizing direction indicator 
information. As such, it may be possible to further utilize probe 
vehicle data. On the other hand, data on road conditions during 
rain and precipitation information may hold the key for use in 
road management operations support and information delivery 
for automated vehicles to issue a take-over request in enough 
time, as well as automated driving decisions in poor weather. 
Meteorological data provided in real-time has a resolution of 
250 meter mesh units in High-resolution Precipitation 
Nowcasts. If it is possible to grasp road conditions and 
precipitation data from probe vehicle data received from 
commercial vehicles (OEM, etc.), it may be possible to utilize 
more detailed information.

This project aims to explore potential generation of data that 
can be utilized in road maintenance and management, as well 
as information useful in automated vehicle driving, such as 
information related to poor weather and road conditions, based 
on probe vehicle data.

Overview of deliberations

We extracted and studied probe vehicle data that may be able 
to detect status of water film due to rain and precipitation 
conditions, degree of danger in driving due to water films, and 
flooding to / roughness of, paved roads. Specifically, the 
following data was examined as probe vehicle data for our 
researches: data that can currently be acquired, such as ABS 
(Anti-lock Braking System), Traction Control System (TCS), 
Electronic Stability Control (ESC), and wiper operations 
information, and data that can be acquired in the future, such as 
road grip level data and water film thickness estimate value. We 
also studied potential utilization by testing the correlation of 
this probe vehicle data and various meteorological data and 
road conditions where the status of precipitation could be 
grasped. (Fig.1)

1 2

(Abstract) This project was conducted for the purpose of studying potential generation of data that can be utilized in 
road maintenance and management, as well as information useful in automated vehicle driving, such as information 
related to poor weather and road conditions, based on probe vehicle data. As probe vehicle data used for studies, we 
take up data that can currently be acquired, such as ABS, traction control systems, Electronic Stability Controls, and 
windshield wiper operation data, and data that may be acquired in the future, such as road grip level data and water 
film thickness estimates. By grasping the correlation between probe vehicle data and various meteorological data that 
can grasp the precipitation and organizing in along the same units for each category, we plan to consider the potential 
for data generation and the effectiveness of this data in automated driving support and road maintenance.

Keywords: Probe vehicle data, road management, water film thickness, road conditions, vehicle control log

218

 

 

 

1. Gather probe vehicle data

(1) Con�rm correlation between grip level and water �lm thickness and ABS data, etc.
(2) Con�rm correlation between grip level information and water �lm thickness and 

the status of precipitation
(3) Con�rm correlation between ABS activation frequency and precipitation status

2. Compare evaluation of probe data and testing data

3. Deliberate use for automated driving support 
and road management

Data A: Gather ABS data, etc. (ABS, TCS, ESC, windshield wiper data)
Data B: Gather water �lm thickness, road grip level data (conduct test 

vehicle drives in rain)

Fig.1: Research procedures
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Further, the scope for gathering probe vehicle data, etc. and 
testing its potential utilization was No. 1 Haneda Line and 
Wangan Line (Fig.2) as expressway areas and National Route 
No. 357 (Shinkiba, Edo Ward to Funbashi City) (Fig.3) as a 
general road.

As a use case, support for road maintenance and management 
and automated vehicle driving is expected, as shown in Table 1.

Table 1: Expectation of Use Cases

Automated 
driving 
support

・ Grasp poor weather and road conditions early on, determine 
whether in or outside Operational Design Domain (ODD), and 
implement safety mechanism (to decelerate, implement early 
manual assistance requests, etc.)

Road 
management 

support

・ Deliberate necessity of asphalt repairs (to prevent splashing 
pedestrians, extract areas that are easy to slip, such as sudden curves, 
etc.)

・Urge caution of flooding, etc. based on information boards, etc.

Gather probe vehicle data and meteo-
rological data

Following is an overview of data needed to test the 
effectiveness of probe vehicle data utilization, data gathering 

techniques, and data organization examples.

3.1. Probe vehicle data

(1) Vehicle control records (ABS, TCS, etc.)
We gathered information (Table 2) on windshield wipers, 

ABS, TCS, and ESC activation, which are thought to change 
based on precipitation and the status of road water film, grasp 
the correlation between this data and precipitation amount, etc. 
and consider potential utilization for road management. We  
gathered the following data in the below period and locations.
・�Data acquisition period: Four months from August to 

November 2022
・�Data acquisition area: Two lines on Shuto Expressway 

(Haneda line, Wangan line)
・ Data acquired: Number of passing vehicles that data can be 

obtained from, number of activations of wipers, ABS, TCS, 
and ESC in a 100 meter zone

(2) Road grip level information
By analyzing the tire rotation signal, etc., it is possible to 

identify the status of grip with the road. The relationship 
between the slip rate and force differ based on the degree of 
slipperiness of the road (Fig.4). This slope is found from the tire 
rotation signal, etc. to detect the slipperiness of the road (road 
grip level). If a water film appears on the road due to rain, the 
road becomes more slippery. This data enables us to grasp the 
danger of potential hydroplaning. We have considered the 
usefulness of this information.

We acquired the data in the following period and locations 
by the following data acquisition method.
・�Data acquisition period: Two months from August to 

September 2022
・ Data acquisition area: Two lines on Shuto Expressway 

Source: Added to ⒸNTT InfraNet

Haneda Airport

Tokyo Waterfront 
City area

Haneda

Shiodome

Fig.2: Target line (expressway area)

Source: Added to ⒸNTT InfraNet

National Route No. 357 
(Shinkiba to Funabashi)

Fig.3: Target line (general road area)

3

Table 2: Overview of vehicle control devices

ABS Quickly controls the degree of braking and prevents slips and 
spins on slippery roads due to rain or snow

TCS Prevents tire slip that occurs at sudden acceleration on slippery 
roads

ESC Prevent vehicle from going outside or inside lane when turning 
around curves

4)Utilization and Application of Probe Data to Road Maintenance and Management
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"Slope" changes 
based on road

Maximum driving force
Driving force

Tire μ (friction coe�cient) -s (slip rate) characteristic

Maximum 
control force Control force

High μ
Medium μ

Low μ

Regular driving area Slip rate

Source: Materials provided by Sumitomo Rubber Industries, Ltd.

Fig.4: Road grip level estimate
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(Haneda line, Wangan line) and National Route No. 357
・ Data acquisition method: Acquire road grip level through 

driving vehicles in the rain with devices on-board that can 
acquire necessary data, such as tire speed signals, etc.

(3) Water film thickness estimates
We use the information of driving force of vehicles driving 

on roads to estimate the water film thickness. In addition to 
verifying estimate potential, we have grasped the correlation 
between estimated water film thickness and precipitation 
volume, etc. We acquired the data in the following period and 
locations by the following data acquisition method.
・�Data acquisition period: Two months from August to 

September 2022
・ Data acquisition area: Two lines on Shuto Expressway 

(Haneda line, Wangan line) and National Route No. 357
・ Data acquisition method: Estimate water film thickness 

through driving vehicles in the rain with devices on-board 
that can acquire necessary data, such as driving force and 
resistance, etc.

3.2. Meteorological information

(1) High-resolution Precipitation Nowcasts
The High-resolution Precipitation Nowcasts is 

meteorological information provided by the Weather Service 
Support Center that aims to strengthen monitoring and forecast 
ability of localized heavy rain storms. It provides high precision 
and detailed radar images and precipitation volume forecasts. 
The data of High-resolution Precipitation Nowcasts include 
both rain rate intensity and five-minute rainfall rate. Utilizing 
both, we have grasped the relationship with the probe vehicle 
data.
・�Data acquisition points: Four months from August to 

November 2022
・ Data acquisition points: Rain volume gauges in National 

Route No. 357 zone (six areas)
・ Data details: Rainfall rate intensity (mm/h), five-minute 

rainfall rate (mm)

(2) Roadside rain gauges
We gathered precipitation data acquired by rain gauges set 

up by road managers to ensure safe and smooth road traffic and 
grasp the relationship between it and probe vehicle data. The 
following data will be acquired in the following period and 
locations.
・�Data acquisition period: Four months from August to 

November 2022
・ Data acquisition points: Rain volume gauges in National 

Route No. 357 zone (six areas)
・�Data details: Hourly precipitation (mm/h), Accumulated 

precipitation (mm)

Probe vehicle data and meteorological 
data comparison and evaluation

After organizing the gathered meteorological data and probe 
vehicle data so that units match in each zone, we have grasped 
their correlation. Specifically, we have conducted the following 
testing. (Fig. 5)
(1) Verify the correlation between the grip level information,  

the water film thickness, and the frequency of activation of 
ABS, TCS, and ESC

(2) Verify the correlation between grip level information, the 
water film thickness, and the status of precipitation

(3) Verify the correlation between frequency of activation of 
ABS, TCS, and ESC and the status of precipitation
In addition to the above, we used dashboard cameras and 

CCTV images to confirm the status of water film generation 
and grasp the appropriateness of water film estimate for the 
generation of actual water film.

Fig.6 shows the relationship of the wiper activation detection 
rate every ten minutes of vehicles driving on the No.1 Haneda 
line and Wangan line and the precipitation during the rain on 
August 13, 2022. In this case, we can see a degree of correlation 
between the high-speed activation of windshield wiper 

4

 

 

 

Water �lm thickness

ABS, TCS,
ESC activation 

frequency

Precipitation status

Information source Generated information

(1)

Probe vehicle data A
(ABS, TCS, ESC data)

Probe vehicle data A
(windshield wiper information)

Probe vehicle data B
(Road grip level 

information)

High-resolution 
Precipitation Nowcasts, 

rain gauge
(precipitation)

Dashboard cameras/CCTV 
images, etc.

(Road/water �lm status)

(2)

(3)

Fig.5: Information source and generated information

4)Utilization and Application of Probe Data to Road Maintenance and Management

 

5.Data Connection and Use to Achieve Society 5.0

220

18:00
17:30
17:00
16:30
16:00
15:30
15:00
14:30
14:00
13:30
13:00
12:30
12:00
11:30
11:00
10:30
10:00
9:30
9:00
8:30
8:00
7:30
7:00
6:30

Other
Intermittent 
activation
Low speed 
activation

0％

10

0

2

4

6

8

20％

W
ip

er
 ac

tiv
at

io
n 

de
te

ct
io

n 
ra

te

Pr
ec

ip
ita

tio
n 

vo
lu

m
e (

pe
r t

en
 m

in
ut

es
)

Wiper activation detection rate/precipita-
tion volume (per ten minutes)

Weather on Saturday, August 13, 2022: 
Rain (typhoon)

40％

60％

80％

100％

High speed 
activation
Precipitation 
volume (mm)

Fig.6: Windshield wiper activation detection rate/precipitation volume 
relationship example (Saturday, August 13, 2022)

SIP通し.indb   220SIP通し.indb   220 2023/03/01   16:482023/03/01   16:48



activation detection rate and precipitation. However, wiper 
activation detection rate is a figure that applies to the entire 
target zone, while precipitation is a value observed in the 
Amadeus Haneda observation area. Potential correlation 
between windshield wiper activation detection rate and 
precipitation within a certain range has been presented. In the 
future, we will verify the localized correlation of other probe 
data using high resolution precipitation nowcasting, etc. shown 
in Fig.7.

Conclusion

We plan to organize the acquired probe vehicle data and 
meteorological data for the 100 meter zone unit. After that, we 
will grasp the difference in the data acquisition status of probe 
vehicle data during rain and sun, verify the correlation with 
observed meteorological data, and attempt to grasp feasibility 
of information generation, detectable phenomenon by probe 
vehicle data, detection accuracy, and resolution. Based on these 
results, we are planning to organize data that can be utilized in 
automated driving support and road management.
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International cooperation activities

Automated driving technologies has been improved 
dramatically with the participation of various industries, 
including companies in the information services and startups 
in addition to current automobile manufacturers. Automobile 
manufacturers are actively producing and selling cars both in 
Japan and other global markets. Various activities such as 
automotive technologies development, infrastructure, 
standardization, legislative issues, and Field Operational Tests 
(FOTs) are being addressed throughout the world.

As the automotive industry plays a crucial role in Japan, in 
order to maintain the international competitiveness of 
automobile industries and its related businesses, it is necessary 
to take the initiative in standardization and regulatory activities, 
and to work toward international harmonization. Consequently, 
the strengthening of international cooperation defined as one 
of the four major activity pillars of the second phase of SIP-
adus, and information on its research outcomes were actively 
communicated to other countries. Furthermore, investigative 
research and other activities necessary to strengthen 
international cooperation were addressed for the purpose of 
providing open research and development that would induce 
active discussions, as well as creating opportunities for social 
implementations.

Along with Japanese-German cooperation launched in the 
first phase of SIP-adus, Japanese -EU cooperation was addressed 
through exchange of views regularly in the second phase of SIP-
adus. We also sought the opportunities to cooperate with the 
U.S. by continuous information exchange through international 
conferences. To promote this international cooperation 

activities with regard to automated driving, we broadly 
enhanced the cooperation and sharing information among 
experts of universities and research institutes in Japan across 
the humanities and sciences, and supported joint research 
activities with research institutes in the U.S. and Europe. In 
addition, we addressed to launch a new association that would 
enable these international cooperation scheme to continue 
even after the second phase of SIP-adus.

Setting focus themes and developing a 
framework for international cooperation

2.1.  Setting focus themes for international coopera-
tion

At SIP-adus, the seven focus themes described in sections 
2.1.1 to 2.1.7 were identified by enhancing the international 
cooperation activities addressed in the first phase of SIP, and 
theme leaders responsible for promoting international 
cooperation activities in each research fields were assigned.

2.1.1. Dynamic Map

Digital map databases with a layered structure built on 
graph network representation of roads will be expanded widely 
including highly detailed description of the road structure and 
its surrounding environment. The databases will be dynamically 
linked to real time information from an integrated sensor 
systems onboard the vehicles and semi-real time information 
from V2X communications. The development of such databases 
is only possible through collaboration across industry sectors 
and public agencies. [See Section 6 3) for more details]

1

2

Overview

Manabu Umeda (The University of Tokyo, Collaborative Research Coordinator for SIP-adus)
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2.1.2. Human Factors

The shift between levels of automation will depend on the 
driving environment and the driver’s condition along the trip. It 
is important to design automated vehicle systems to effectively 
communicate with the driver, so that the situational awareness 
of the driver is maintained and the transition between the levels 
of automation is properly performed. [See Section 6 4) for more 
details]

2.1.3. Safety Assurance

How safety is assured is an extremely critical aspect of 
implementing automated driving technologies into the society. 
Reliable and efficient test methods will be required in order to 
assure the safety for automated driving. Ensuring the safety of 
complex electronic systems and software requires virtual testing 
environments in cyberspace. Various evaluation methods for 
validation, modeling, and simulation are under development. 
[See Section 6 5) for more details]

2.1.4.  Connected Vehicles

High levels of automation require a larger range of 
observation of the driving environment. The deployment of 
connected vehicle technology will be advantageous to 
automated driving systems. Proximity will be sensed by 
integrated sensors onboard the vehicle, and physically blind 
vehicles will be notified through vehicle to vehicle (V2V) 
communication. Furthermore, providing traffic signal and 
other infrastructure information to automated vehicles through 
vehicle to infrastructure (V2I) communication facilitates the 
realization of smoother and safer automated driving. [See 
Section 6 6) for more details]

2.1.5. Cybersecurity

A connected car is a car that has become capable of 
providing various services, which enhance its convenience and 
safety, through DSRC and cellular communication. However, a 
connected car is also at risk from cyberattacks, and new types of 
cyberattacks are regularly reported at international conferences 
such as BlackHat in the field of vehicle cyber security. 
Cybersecurity measures will have to continue to be reinforced 
to keep systems secure in the future. Therefore, it is essential to 
share information and promote collaboration among industry 
and government across the conventional boundaries between 
sectors. [See Section 6 7) for more details]

2.1.6. Impact Assessment

Demonstrating the economic and social benefits provided 

by automated driving technologies and understanding its latent 
risks will be essential for automated driving technologies to be 
widely accepted in public. Considering the level of automated 
driving technologies and its dissemination status, having an 
open discussion for its effects and latent risks by automated 
driving technologies is necessary, through guiding the analysis 
and quantitative effects of the impact of automated driving with 
respect to reducing traffic accidents, decreasing CO2 emissions, 
and mitigating traffic congestion, defining its long-term vision 
in Japan. [See Section 6 8) for more details] 

2.1.7.  Service and Business Implementations

In the central districts of large cities with high-density travel 
demand, a pedestrian-centered multimodal transportation 
network is anticipated to offer efficient and sustainable mobility. 
Innovative transportation systems featuring automated driving 
technologies and on-demand operation will reduce travel time 
while making trips comfortable for passengers, and enhance 
efficiency for operators. In contrast, small size vehicles with 
enhanced driver assistance for personal use are also anticipated 
to provide aged or vulnerable road users and to encourage them 
to actively engage in social activities.

Various activities regarding new mobility services and 
mobility innovation by utilizing automated driving technologies, 
are being carried out worldwide. [See Section 6 9) for more 
details]

2.2.  Developing a framework for international coop-
eration

In the second phase of SIP-adus, along with experts on all 
the focus themes mentioned above, an international 
collaborative research coordinator was assigned under the 
steering committee of SIP-adus to act as an overall window for 
international cooperation activities. In addition, with the goal 
of developing a long-term international cooperation framework 
with overseas research institutes beyond the second phase of 
SIP-adus, meetings named "Alliance for promoting mobility 
innovation" were held, and the framework for international 
cooperation shown in Fig.1 was established. This "Alliance for 
promoting mobility innovation" provides opportunities for the 
exchange of information and views among the research teams, 
universities' research centers and research institutes in Japan, 
and provides opportunities to promote research and 
development activities in academic fields.
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Overview of activities to promote 
international cooperation

3.1.  Building networking of experts and Collecting 
information for international research trends 
through international conferences

The international cooperation theme leaders for SIP-adus 
actively participated in international conferences such as ITS 
World Congress, Transportation Research Board (TRB) in U.S., 
or EU-CAD (Connected Automated Driving) in Europe, to 
engage and consolidate their expert network through 
information exchange with overseas experts, and collected the 
latest trend research information. In addition, a collaborative 
research coordinator for SIP-adus built connections with 
governmental organizations such as the U.S. Department of 
Transportation (USDOT) and the Directorate-General for 
Research and Innovation (DG-RTD) of the European 
Commission, and these connections contributed to establish a 
new research network by introducing experts or research 
project coordinators through those governmental organizations 
based on the requests from each experts, along with acquiring 
the latest project information regarding automated driving 
research in U.S. and Europe.

3.2.  Japanese-German and Japanese-EU Coopera-
tion Activities

Japanese-German cooperation activities have been carried 
out between the Japanese Cabinet Office and the German 
Federal Ministry of Education and Research, based on the Joint 
statement to enable scientific exchange in automated driving 
and to identify areas for potential research and development 
activities on Science, Technology, and Innovation. As a result, it 
was agreed to start joint research activities in the fields of 

"Human Factors" and "Impact Assessment" in 2019, and a 
further joint research activities in the fields of "Safety Assurance" 
and "Cybersecurity" were agreed in 2020, thus Japanese-
German joint research activities were carried out in total 4 
research topics. Japanese-German cooperation has produced 
various outcomes in each research topic, including contributions 
to international standardization activities, joint book 
publications of research results, and exchanges of young 
researchers through joint workshops, that demonstrated the 
importance of Japanese-German cooperation, because both 
countries have the automobile industries as a core industry. A 
joint brochure to summarize the research cooperation outcomes 
has been published.

With respect to Japanese–EU cooperation activities, an 
agreement to consider cooperation opportunities between the 
existing projects, the Horizon 2020 in EU Framework 
Programme for Research and Innovation and the SIP-adus 
research project, was reached with the Directorate-General for 
Research and Innovation (DG-RTD) of the European 
Commission, and potential cooperation opportunities were 
studied. As a result, 3 cooperation activities with the project 
under the Horizon 2020 framework were carried out by holding 
joint workshops, etc. In Europe, a new research and innovation 
framework, "Horizon Europe" was launched in 2021, and it is 
expected to initiate further cooperation activities with new 
research projects regarding connected automated driving. [See 
Section 6 2) for more details]

3.3. SIP-adus Workshop

The SIP-adus Workshop have been held since the first phase 
of SIP as an international conference, in order to enhance 
Japanese initiatives in the context of automated driving research 
and development, to promote the technologies developed in 
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Fig.1: The SIP-adus framework for international cooperation activities
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Japan, and to contribute harmonization for international 
standardization (Fig.2). It has been held annually in November 
since 2014 (was held in October in 2022), and the Workshop is 
now recognized as an international conference on automated 
driving research hosted by Japan. 

The Workshop was composed of plenary sessions open to 
the public and breakout sessions that aim for deeper discussions 
between invited experts, and the sessions consisted of the focus 
international research themes. Due to the COVID-19 pandemic, 
the SIP-adus Workshop 2020 and 2021 were held as a web-
based conference, while the SIP-adus Workshop 2022 was held 
as an in-person conference in Kyoto. [See Section 6 1) for more 
details]

3.4.  Deploying globally opened, Large-scale Field 
Operational Test environments

Large-scale FOTs were conducted in the Tokyo waterfront 
city area encompassing the Tokyo waterfront subcenter area, 
the Haneda airport area, and the Metropolitan expressway that 
connects Haneda airport and the waterfront city area. The 
purpose of this FOT was to find solutions to technical issues for 
application of infrastructure cooperative data, such as merging 
lane assistance, traffic jam information, and traffic signal 
information, as well as to encourage the development of 
automated vehicles, enhance international cooperation and 
standardization, foster public acceptance, and promote 
advanced technologies.

Deploying a globally opened test environment to conduct 
the FOTs in the Tokyo waterfront area enabled automobile 
manufacturers and suppliers from outside Japan to participate 
in the FOTs. Basic technologies for the realization of automated 
driving were validated in the real traffic environment on public 
roads.

3.5. Activities for International Standardization

SIP-adus is strengthening collaborations with 
standardization bodies to bring products and services into 
global markets smoothly and quickly. We are working with 
organizations such as the Japan Automobile Manufacturers 
Association (JAMA) and the Society of Automotive Engineers 
of Japan (JSAE), as well as the Japan Auto Parts Industries 

Association (JAPIA), the Japan Electronics and Information 
Technology Industries Association (JEITA), the UTMS Society 
of Japan, the Association of Radio Industries and Businesses 
(ARIB), and the ITS Info-communications Forum (ITS Forum) 
to promote standardization based on both "de jure" standards 
in ISO, IEC, and ITU etc., and "de facto" standards through 
cooperation with global industry standardization bodies.

Future Initiatives Toward Promoting 
International Cooperation

In SIP-adus, with the view that international cooperation is 
important, an international cooperation framework was 
established, and international cooperation activities were 
carried out at the both expert and government level, as well as 
assignments of theme leaders in charge of international 
cooperation on focus themes, and an assignment of collaborative 
research coordinator. 

Activities toward social implementation of automated 
driving technologies have been carried out worldwide, like the 
U.S., Europe, and China, but these are mostly still at the pilot 
test phase. In order to realize and spread the automated driving 
technologies into the society, it is important to share lessens and 
learned through various pilot activities in the world, and to 
harmonize internationally in cooperative areas, including 
international standardization.

In promoting international cooperation activities, it is 
essential to build trusted relationships with overseas 
governments and research institutions, and continuing and 
developing the relationships with overseas governmental 
institutions and experts built through the international 
cooperation activities under the SIP-adus are expected after the 
second phase of SIP-adus. In fact, the German Federal Ministry 
of Education and Research and Directorate-General for 
Research and Innovation of the European Commission, which 
have been engaged in Japanese-German and Japanese-EU 
cooperation activities, have strongly requested the continuation 
of cooperation activities with Japan after the completion of the 
second phase of SIP-adus.

Since the beginning of the second phase of SIP, SIP-adus has 
been targeting to build a continuous international cooperation 
framework, and it has been studied and made an arrangement 
to establish the new association which enables to discuss and 
coordinate with overseas research institutes by government-
industry-academia collaboration and serves as an window for 
international cooperation activities regarding automated 
driving technologies in Japan, by utilizing an academia network 
in "Alliance for promoting mobility innovation". As a result, 
"Mobility Innovation Alliance Japan" was newly established in 
July 2022, taking over the framework of "Alliance for promoting 

Fig.2: Memorial photograph taken at the 2022 SIP-adus Workshop
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mobility innovation" under the SIP-adus. Mobility Innovation 
Alliance Japan aims to enhance research activities about 
mobility innovation in Japan, which contribute to the social 
economic growth and academic research development.

Mobility Innovation Alliance Japan co-hosted the SIP-adus 
Workshop held in Kyoto in October 2022 with the Cabinet 
Office, NEDO, and Doshisha University. In addition, They also 
co-hosted the "Mobility Business Innovation Contest (M-BIC) 
2022" which was held as a side event of SIP-adus Workshop 
2022, with Mobility innovation collaborative research 
organization, the University of Tokyo (UTmobI) and Mobility 
research center, Doshisha University.

In the future, the new association "Mobility Innovation 
Alliance Japan" will be expected to serve for the related 
government ministries and agencies as a one-stop service 
window for international research activities related to 
automated driving, etc., with overseas institutes. They are also 
expected to act as a bridge between industry-government and 
academia, as well as expanding academia network, and to 
promote international collaborative research activities by 
considering and proposing new international research topics.

[Contacts] 

Mobility Innovation Collaborative Research Organization (UTmobI), the University 
of Tokyo, 4-6-1 Komaba, Meguro-ku, Tokyo 153-8505, 03-5452-6801 Contact: 
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About the SIP-adus Workshop

1.1. SIP-adus Workshop Aims

The SIP-adus Workshop has five main goals: 1. 
Communicating the results of automated driving technology-
related R&D in Japan to overseas stakeholders; 2. Sharing the 
latest information about the development of these technologies 
overseas; 3. Building a network among those engaged in 
automated driving technology development in Japan and 
overseas; 4. Communicating this information to stakeholders in 
Japan; and 5. Developing leaders who can act in an international 
capacity through these activities.

One of the four pillars of the SIP-adus program is 
strengthening international cooperation. Because of the need to 
proliferate products in the vast and growing domestic and 
international automobile markets, and to further strengthen 
competitiveness, automated driving technologies will need to 
be more readily accepted not just in Japan but also overseas. 
Key to this endeavor will be active efforts by Japan to 
internationally standardize the technologies it develops and to 
communicate those technologies to the international 
community. SIP-adus therefore exists to establish themes to be 
prioritized for international cooperation, appoint international 
cooperation coordinators to further this cooperation, exchange 
information beyond borders with respect to internationally-
shared issues concerning automated driving, internationally 

standardize solutions to these issues in Japan, and thoroughly 
share information about activities and achievements. The SIP-
adus Workshop was launched as an international conference 
organized by Japan to promote these activities by working to 
achieve the five goals mentioned above.

Held for the first time in 2014, the SIP-adus workshop saw 
experts come together from Japan and overseas every autumn 
up until FY2022, the final year of SIP-adus, raising its 
international profile with every iteration. Through the 
workshop, automated driving experts gathered under one roof 
and worked to achieve these goals, broadly sharing information 
and building international networks through discussions about 
R&D and service commercialization.

1.2. SIP-adus Workshop Structure

The SIP-adus Workshop comprises the Plenary Session, 
which is open to the public, and the Breakout Workshop, where 
invited experts can discuss issues.(1)(2)During the Plenary 
Session, speeches are given by ministers of state in charge of SIP, 
government officials from the U.S. and Europe, and the SIP-
adus program director, and experts present on research in their 
fields. Ministries and agencies also talk about the national 
policies in their respective departments. In the Breakout 
Workshop, information shared during the Plenary Session 
feeds deeper discussions through sectional meetings covering 
different areas of expertise. Moderating the three days of 
presentations and discussions are the SIP-adus international 
cooperation coordinator, as well as leaders of different key 

1
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(Abstract) SIP-adus Workshop 2022 was held in Kyoto on October 11. It was the ninth workshop since 2014, and the 
last workshop of SIP-adus. The event saw researchers meet face-to-face and discuss issues for the first time in three 
years. This international conference, organized by Japan and established to communicate information and research 
results to stakeholders in Japan and overseas, to build networks with overseas researchers, as well as to develop 
leaders capable of acting in an international capacity, has seen its profile increase with every iteration and has served 
to facilitate SIP-adus (Cross-ministerial Strategic Innovation Promotion Program (SIP) Automated Driving for Universal 
Services) international cooperation activities. Cooperative ties formed through this workshop among researchers in 
Japan and overseas, and newly developed connections with younger generations, will be carried on in the future 
development of automated driving technologies and the process of their social implementation.

Keywords:  SIP-adus Workshop, international cooperation, international conference, Japanese-German cooperation, Japanese-EU 
cooperation
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themes for international cooperation. Providing overall 
leadership for the Breakout Workshop, these individuals 
leverage the connections they form every year with researchers 
in Japan and overseas and arrange for participation by speakers 
and discussion members.

History of the SIP-adus Workshop

2.1. Workshops up to FY2019

Starting with the first session in November 2014, the SIP-
adus Workshop has seen its profile and number of participants 
grow every year. The nationalities of its participants has also 
grown diverse: the 420 participants from nine countries in 2014 
grew to more than 500 people from 23 countries and regions in 
2019. Between 50 and 60 people give talks at the Plenary Session 
every year, with about half coming to speak from overseas. 
These international cooperation coordinators and theme 
leaders for key issues concerning international cooperation 
actively participated in Japan-EU and Japan-German research 
cooperation and international standardization activities in their 
fields, as well as in international conferences held overseas. 
These efforts boosted SIP-adus's profile and forged important 
relationships.

This cooperation revolved around key themes for the SIP-
adus international cooperation for that year. The first session 
focused on five themes: the Dynamic Map, Human Factors, 
Next Generation Transport, Connected Vehicles, and Impact 
Assessments. Since then, the discussion themes have been 
evolved by adding technical domains such as Security, 
Connected Vehicles and FOTs (Field Operational Tests), and by 
including Regional Activities to show study trends in different 
countries and regions, primarily those in Europe and the U.S., 
as appropriate to overall program activities and R&D priorities. 
In addition to the plenary session, a poster session was held to 
share achievements made in each field, along with a test ride of 
automated vehicles in certain years. (Fig.1) These events served 

to communicate the results of Japan's automated driving 
technology developments and SIP-adus.

2.2. Changes Brought by COVID-19

In FY2020 and FY2021, the decision was made to hold the 
workshop online as COVID-19 caused restrictions on people's 
movement inside and outside the country. The two-day plenary 
session was conducted in Japanese and English with 
consideration for Japan time as well as U.S. and European time, 
with the goal to make it easier to participate in and watch. A 
video recording of the workshop was made available for a one-
month period afterwards.More than 1,000 people watched 
these online events as they happened, and nearly 45% of those 
who participated in the 2021 workshop (Fig.2) did so for the 
first time. Despite the inability to meet face-to-face, these 
workshops ended up getting out the SIP-adus’s message to more 
people than ever before, while highlighting the latent needs of 
people who had always been interested in the workshops but 
could not make it to the venue. Moreover, the 2020 workshop, 
which consisted only of the Plenary Session, reconfirmed the 
importance of holding the Breakout Workshop, where experts 
can get into more in-depth conversations. However, participants 
agreed that the online sessions, while allowing for 
communication through one's online network, did not allow 
for participants to understand one another as smoothly or 
deeply as they could face-to-face.

2.3.  Final Year of the Second phase of SIP-adus 
(2022)

In FY2022, the best way to hold different events is being 
reevaluated with a nod to COVID-19's having become endemic. 
For the SIP-adus Workshop 2022, the event was held in person 
for the first time in three years in order to bring back face-to-
face meetings. Rather than Tokyo, where past workshops have 
been held, the event was held in Kyoto, an international city that 
represents Japan. Both the Plenary Session and Breakout 
Workshop were held with an emphasis on facilitating direct 
interaction among participants. (Fig.3) This workshop 
emphasized communication among experts based on the 
experience of holding two workshops amid the COVID-19 

2

Fig.2: All speakers at the SIP-adus Workshop 2021 (held online)

Fig.1: From the FY2015 test ride
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outbreak, and prompted the decision to provide video of the 
Plenary Session later online for the many who were unable to 
make it to the venue.

In addition to the seven themes of Human Factors，Impact 
Assessment，Dynamic Map，Connected Vehicles,�
Cybersecurity，Safety Assurance，Service and Business 
Implementation, added to the program this year ―� the final 
year of the second phase of SIP-adus ― was a panel discussion 
by research representatives from the U.S., Europe, and Japan 
that looked back on nearly 10 years of automated driving 
development and looked forward to future developments. 
Additionally, Mobility Business Innovation Contest 2022 
(M-BIC)(3) Interim presentation session was co-hosted at the 
venue and mutually shared event announcement. Including 
event guide support by students of Doshisha University as 
workshop venue, these efforts served to build new connections 
with a generation of people who will drive greater involvement 
with automated driving.

SIP-adus Workshop Achievements and 
Legacy

Through nine iterations held from 2014 during the first 
phase of SIP-adus to 2022 during the second phase of SIP-adus, 
the SIP-adus Workshop has become widely known worldwide 
as an international conference for automated driving in Japan. 
Throughout this time, SIP-adus members have monitored 
social developments and accordingly re-examined how the 
event should be held and what its content should be, while 
continuing to share information every year about current R&D 
trends and communicating the projects' achievements. Theme 
leaders convened researchers for each topic of discussion and 
managed these discussions, and relationships built through 
these discussions resulted in new networks for conducting 
subsequent research and workshops. These outcomes represent 
a full achievement of the original goals for the SIP-adus 
Workshop.

Although FY2022 will be the final year for SIP-adus 
Workshops, these achievements will be perpetuated not only in 
future meetings but also in the relationships among researchers 
and the technical research conducted in Japan's automated 
driving industry.
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Background

In the second phase of SIP-adus, enhancing international 
cooperation was defined as one of the four major activity pillars. 
In response to the automated driving Field Operational Tests 
(FOTs) carried out globally and various international 
discussions, SIP-adus encouraged international joint research 
and other cooperation activities with overseas research 
institutes in the field of automated driving.

Many research projects regarding connected and automated 
driving, including the PEGASUS project under the initiative of 
German government and projects under Horizon 2020 
Framework Programme for Research and Innovation, are 
carried out in Europe, and offer of joint research through the 
frameworks of Japanese–German cooperation and the EU 
funded project were received to SIP-adus. In response to these 
circumstances, the SIP-adus program established a framework 
to support intergovernmental cooperation activities and 
conducted international cooperation activities as the Japanese-
German cooperation and Japanese-EU cooperation.

Overview of Japanese-German Cooper-
ation

Japanese–German cooperation activities on automated 
driving were carried out between Japanese Cabinet Office and 
the German Federal Ministry of Education and Research 
(BMBF), based on the Joint Declaration of Intent on Japanese 
– German Cooperation of the Minister of State for Science and 
Technology Policy of Japan and the Federal Minister of 
Education and Research of the Federal Republic of Germany on 
the Promotion of Research and Development on Automated 
Driving Technologies on January 12, 2017.

In order to promote the research and development for 
automated driving technologies by Japanese-German 
cooperation, a steering committee was established to make 
decisions on Japanese–German cooperation activities for 
automated driving. The committee consists of related members, 
specialists, and other representatives of the Cabinet Office, 
Ministry of Economy, Trade and Industry in Japan, BMBF, and 
German Federal Ministry for Economic Affairs and Climate 
Action, as well as other Japanese and German agencies involved. 
An expert workshop for exchanging information and opinions 
among experts of related research fields, and a coordinating 
secretariat that arranged and supported the cooperation 
activities, were formed under the steering committee. Thus, the 
Japanese–German cooperative structure shown in Fig.1 was 
established.

1 2

Manabu Umeda (The University of Tokyo, Collaborative Research Coordinator for SIP-adus)

2)  Japanese-German and Japanese-European 
Cooperation
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(Abstract) As intergovernmental international cooperation activities in the second phase of SIP-adus, collaborative 
activities with the German Federal Ministry of Research and Education (BMBF) and Directorate-General for Research 
and Innovation (DG-RTD) of the European Commission were conducted by receiving offers for joint research through 
the frameworks of Japanese-German cooperation and of EU funded project. In the Japanese-German cooperation, a 
steering committee that made decisions on collaborative research activities in the field of automated driving, approved 
joint research plans in the four research fields of human factors, socioeconomic impact, safety assurance, and 
cybersecurity related to automated driving technology, and collaborative activities were conducted. In the Japanese-
EU cooperation, offers were received to cooperate with projects under Horizon 2020, an European Framework 
Programme for Research and Innovation funded by the European Commission, and cooperation activities with mainly 
three projects under Horizon 2020 were conducted.

Keywords: Japanese-German cooperation, Japanese-EU cooperation, Horizon 2020
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Fig.1: Japanese-German cooperation structure

・・・・

The first Japanese-German cooperation expert workshop to 
discuss specific cooperative research topics was held in 
November 2017, by taking the opportunity of the SIP-adus 
Workshop. Since then, the workshops were held as an annually 
basis, and a total of six expert workshops were held by October 
2022. In the workshops, experts from various research fields 
such as human factors, socioeconomic impact assessment and 
safety assurance of automated driving participated, and active 
discussions were held among the experts.

The first Japanese-German cooperation steering committee, 
which discussed specific collaborative research topics and 
approved cooperative research activities, was held in January 
2019. Since then, a total of six meetings were held by January 
2023.

In addition, in order to enable smooth communication 
between Japanese and German experts at each joint research 
topic, a list of contact persons for each research topic was jointly 
created and shared among related members in November 2019.

The Japanese-German cooperation activities have produced 
various outcomes in each research topic, including contributions 
to international standardization activities, joint book 
publications of research results, and exchanges of young 
researchers through joint workshops, that demonstrated the 
importance of Japanese-German cooperation, because both 
countries have automotive industries as a core industry. A joint 
brochure to summarize the research cooperation outcomes has 
been published.

2.1.  Japanese-German Cooperation in Human Fac-
tors and Socioeconomic Impact Assessment

Through the expert workshops held on November 2017 and 
September 2018, discussions were held regarding research and 
development of human factors and socioeconomic impact 
assessment of automated driving. As a result, the joint research 
plans for those two topics were approved at the first steering 
committee in January 2019.

In the field of human factors related to automated driving, 
Japanese and German academic researchers jointly investigated 

differences in interpreting communication signs between Japan 
and Germany, and how to address the differences when it exists, 
with regard to communications with outside environments 
which were essential to automated vehicles.

In the field of socioeconomic impact assessment, researchers 
worked on developing methodologies to scientifically and 
quantitatively calculate the impact of the safer and more 
efficient traffic flow, reduction of traffic congestions, and 
decreasing fatal traffic accidents that would be brought by the 
realization of automated driving technologies, as well as 
researching differences between Japan and Germany in terms 
of fostering of public acceptance for automated driving 
technologies.

2.2.  Japanese-German Cooperation in Safety Assur-
ance and Cybersecurity

At the second steering committee in November 2019, 
members agreed to study the opportunities for new joint 
research topics of safety assurance and cybersecurity, addition 
to the above-mentioned joint research activities. And joint 
research plans for both topics were approved at the third 
steering committee in May 2020.

In the field of safety assurance, researchers developed 
evaluation methods for validation, modeling, and simulation to 
assure the maximum level of safety for automated driving.

In the field of cybersecurity, researchers developed methods 
to detect and eliminate potential security threats of modern 
automated vehicles at an early stage, starting already in the 
development process.

Overview of Japanese-European Coop-
eration

Based on the recommendations for international 
cooperation with non-European nations including Japan, the 
U.S., and Asia and Oceania countries in the Horizon 2020, EU 
Framework Programme for Research and Innovation of the 
European Commission, the meeting between SIP-adus and 
Directorate-General for Research and Innovation (DG-RTD) 
of the European Commission was held to exchange the opinions 
for future cooperation in April 2018. Since then, the 
opportunities of specific Japan–EU cooperation activities were 
studied.

At the meeting with the European Commission (DG-RTD) 
in November 2019, it was agreed to consider cooperation 
opportunities by coordinating between already existing 
European Horizon 2020 projects and SIP-adus research 
projects, and since then, cooperation activities were conducted 
with the three Horizon 2020 projects described below.

Different from the Japanese–German cooperation, the 
Japanese–EU cooperation did not intend to establish new joint 
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research projects. It featured promoting cooperation activities 
by coordination between existing Horizon 2020 and SIP-adus 
projects.

In order to promote Japanese-EU cooperation activities, the 
cooperative structure shown in Fig.2 was agreed with the 
European Commission (DG-RTD) to enable the coordinating 
secretariats to work together for monitoring and supporting 
cooperation activities based on coordination between Japan 
and EU projects.

The first meeting between the coordinating secretariats was 
held in May 2020, and subsequently held regularly on a 
quarterly basis. In the meeting, the latest status of cooperation 
activities between projects was shared and the opportunities for 
potential new cooperative research areas were discussed. The 
first high-level meeting including related government officials 
was held in March 2021, with the release of the first Annual 
Status Report 2020, which was summarized the Japanese-EU 
cooperation activities in 2020. And the second and third high-
level meeting were held in July 2022 and February 2023, 
respectively. An Annual Status Report was issued annually 
since 2020.

In addition, a joint session with the European Commission 
(DG-RTD) was planned and held at the ITS World Congress to 
publicize the Japanese-EU cooperation activities. The joint 
sessions were held in Hamburg, Germany in 2021 and in Los 
Angeles, the United States in 2022, and the initiatives of the SIP-
adus program and the Japanese-EU cooperation activities were 
presented.

3.1.  Cooperation with the European HADRIAN 
Project

In the field of research and development of human machine 
interfaces (HMI) to enhance the safety of automated driving, 

SIP-adus experts of human factors research project regularly 
exchanged the information with experts of the European 
HADRIAN project. A joint workshop was held in September 
2022 to exchange views among the experts.

3.2.  Cooperation with the European HEADSTART 
Project

In the research field of safety assurance, cooperation 
activities with the European HEADSTART Project were 
conducted through the agency of the European Commission 
(DG-RTD). Since September 2020, meetings were held jointly 
with the Ministry of Economy, Trade and Industry-directed 
SAKURA Project to exchange information and discuss specific 
future cooperation topics related to safety assurance.

As an outcome of the cooperation activity, a white paper 
towards the harmonization of safety assessment methods of 
automated driving was published jointly by the European 
HEADSTART Project, the SAKURA Project, and the SIP-adus 
program in December 2021.

3.3.  Cooperation with the European SHOW Project

In the research field of realization of automated driving 
services in urban areas, the Mobility Innovation Collaborative 
Research Organization, the University of Tokyo (UTmobI) and 
ITS Japan concluded a non-disclosure agreement (NDA) with 
the European SHOW project, which conducts large-scale 
demonstrations of mobility services focused on urban areas in 
September 2020. In October 2021, an memorandum of 
understanding (MOU) was concluded among the members, 
and cooperation activities with the SHOW project are currently 
ongoing.

Joint workshops were held in June and July 2022 to exchange 
views and opinions among experts on issues for the practical 

Fig.2: Japanese-EU cooperation structure
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realization of Level 4 automated mobility services.

Towards the Future

In the second phase of SIP-adus, the Japanese-German and 
Japanese-EU cooperation activities were conducted under 
difficult circumstances like no face-to-face meetings allowed 
due to travel restrictions caused by COVID-19. Despite difficult 
circumstances, by utilizing online conferences and joint 
workshops, etc., lots of exchanges and cooperation activities 
among experts were successfully conducted, and various 
outcomes including the exchange of research data, joint book 
publications, and the publication of white papers were obtained.

In fact, the German Federal Ministry of Education and 
Research and Directorate-General for Research and Innovation 
of the European Commission, which have been engaged in 
Japanese-German and Japanese-EU cooperation activities, have 
strongly requested the continuation of cooperation activities 
with Japan after the completion of the second phase of SIP-
adus. It is expected that the trusted relationship with Japan built 
on the cooperation activities will be maintained, and the 
Japanese-German and Japanese-EU cooperation activities will 
continue and expand beyond the second phase of SIP-adus.

In Europe, the Horizon 2020 framework program for 
research and innovation was finished in 2020, and a new 
framework program for research and innovation, Horizon 
Europe was launched in 2021. The Horizon Europe program 
follows the Horizon 2020 approach of encouraging international 
cooperation with Japan and other countries outside Europe, 
and since June 2022, various research and innovation programs 
in the field of automated driving have been launched under the 
framework of Horizon Europe. New cooperation activities with 
the Horizon Europe projects will be expected through the 
relationship built between Japan and Europe.

Although the current cooperation structure will once 
terminate with the completion of the second phase of SIP-adus 
activities, it is expected that a new cooperation framework will 
be established to continue the activities of the Japanese-German 
and Japanese-EU cooperation.

[Contacts] 

Mobility Innovation Collaborative Research Organization (UTmobI), the University 
of Tokyo, 4-6-1 Komaba, Meguro-ku, Tokyo 153-8505, 03-5452-6801 Contact: 
Manabu Umeda
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Overall undertakings

The main purpose of the international cooperation activities 
relating to dynamic maps is to make the activities and R&D 
results of SIP-adus, especially dynamic maps, known to the rest 
of the world, and to obtain feedback on them.

Specifically, four activities have been conducted: (1) 
presentations at various international conferences, (2) 
international standardization activities, (3) industry-wide 
alignment activities, and (4) Japan-USA-Europe trilateral 
cooperation.

In regard to presentations at various international 
conferences, SIP-adus has made presentations at numerous 
such conferences, including the ITS World Congress. In regard 
to international standardization activities, several items 
supported by SIP-adus have now become international 
standards. Specifically, four of them; ISO17572-1, 4 (location 
reference methods) and ISO20524-1, 2 (geographic data file). 
In addition, TS22726-1, 2 (semi-dynamic information and map 
database specifications for applications in automated driving 
systems) has been proposed as a new item for standardization. 
In regard to industry-wide alignment activities, we have 
continuously participated in the OADF events that are held 
several times a year, explaining the progress of SIP-adus to the 

other participants, and have also participated in the OADF 
Steering Committee, which meets around once a month to 
discuss the direction of OADF management. Furthermore, we 
have concluded a memorandum of understanding with 
ADASIS, one of the other organizations participating in the 
OADF, to disclose specifications for use in the SIP-adus FOTs, 
and then conducted FOTs using the ADASIS specifications and 
provided feedback on the results. In regard to Japan-USA-
Europe trilateral collaboration activities, we regularly exchanged 
information with contacts in Europe and the USA in the 
Physical and Digital Infrastructure SWG, which is itself one of 
the activities in this arena.

Presentations at international confer-
ences

During the first half of the second phase of SIP-adus, we 
made presentations at the following international conferences. 
In each presentation, we explained the positioning of dynamic 
maps in SIP-adus, the results of the research and development 
to date, and an overview of the activities in the second phase.

In particular, we highlighted how dynamic maps have been 
focusing on dynamic information coordination during the 
second phase of activities. Our explanations emphasized that 
various FOTs are being conducted based on the idea of integrally 
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(Abstract) International cooperation activities for dynamic maps are based on the results of SIP-adus (Cross-ministerial 
Strategic Innovation Promotion Program (SIP) Automated Driving for Universal Services) research and development 
in Japan. Their main purpose is to make the activities and R&D results related to SIP-adus , especially dynamic maps, 
known to the world, to obtain feedback on them, and to ensure consistency with international standards.Our activities 
can be broadly broken down into presenting our work at international conferences etc., international standardization 
activities, industy-wide alignment activities, and Japan-USA-Europe trilateral cooperation activities. Our activities 
during the second phase of SIP-adus had included presenting our work at several international conferences, including 
the ITS World Congress; establishing four international standards, ISO17572-1, 4 (location reference methods) and 
ISO20524-1, 2 (geographic data file); formally participating as a steering member of the OADF (Open AutoDrive 
Forum), an industry standardization activity related to digital maps; and achieving results in the implementation of 
SIP-adus FOTs (Field Operational Tests) based on specifications from ADASIS (Advanced Driver Assistance Systems 
Interface Specification Forum), another organization participating in the OADF.
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handling not only static maps but also dynamic information.
• 2018 ITS World Congress, Copenhagen
• 2019 AVS, San Francisco
• 2019 ITS World Congress, Singapore
• 2020 International Conference on HD Maps for Autonomous 

Vehicles, Taipei (video participation)
• 2021 ITS World Congress, Hamburg (video participation)
• 2022 ITS World Congress, Los Angeles

International standardization activities

3.1.  Summary of activities for the second phase of 
SIP-adus

In regard to international cooperation activities for dynamic 
maps, we have had an ongoing involvement in the ISO/TC204/
WG3 (ITS geographic information) since the first phase of SIP-
adus. ISO/TC204/WG3, which is a TC204 committee that 
considers ITS international standards, mainly considers 
international standards for digital maps and spatial information. 
SIP-adus activities have resulted in four international standards, 
ISO17572-1, 4 (location reference methods) and ISO20524-1, 2 
(geographic data files). Furthermore, TS22726-1, 2 (semi-
dynamic information and map database specifications for 
applications in automated driving systems) was proposed as a 
new item for standardization. The following is an overview of 
each international standard.

3.2. ISO 17572-1, 4 (location referencing methods)

A location referencing method is a standard for representing 
locations when exchanging information between different 
applications and map databases. When exchanging traffic 
information between different systems, the objective is to be 
able to know where the location is even if different map 
databases are used.

Pre-coded profile (ISO17572-2) and Dynamic profile 
(ISO17572-3) standards have been established by past activities. 
The pre-coded profile uses an ID (road link, etc.) defined in 
advance for shared use by all users, and the location is referenced 
based on this ID. It is used in such systems as the VICS (Vehicle 
Information and Communication System) and the RDS-TMC 
(Radio Data System, Traffic Message Channel) used in Europe. 
The dynamic profile references locations by transmitting 
latitude, longitude, and additional information.

In addition to the above, a fourth profile, "Precise Relative 
Location Referencing for Geographic Databases" was approved 
in April 2016 to enable high-precision location referencing for 
cooperative/automated driving systems, and work started on 
this as NP 17572-4. This proposal was made by Japan based on 
the discussions as part of SIP-adus. After a process of standard 

review and deliberation, an ISO (ISO 17572-4) was issued in 
April 2020.

Two methods are specified in the Precise Relative Location 
Referencing Method, as shown in Fig.1. Method 1 is lane 
number counting, which is applied to road sections where lanes 
exist and is used to identify the lanes. Method 2 is a difference 
measurement from a reference point and is applied to road 
sections with unclear lane definition (such as within 
intersections and before or after toll booths). In order to 
represent an exact location, these are always applied within 
around 200 meters of the reference point. ISO17572-4 was 
issued as an ISO in April 2020. Furthermore, based on the 
establishment of this new standard, ISO17572-1, which defines 
the basic concept of location referencing methods and any 
documentation to be referenced, was revised to explicitly 
position the Precise Relative Location Referencing Method as 
one of the location referencing methods specified by 
international standards. The revised version of ISO17572-1 was 
issued in July 2022.

3.3. ISO20524-1, 2 (geographic data file)

The geographic data file (GDF) has mainly been used for car 
navigation systems. With the emergence of further applications 
for it, such as cooperative ITS, multimodal navigation, and 
automated driving systems, the need to revise it has increased. 
Taking this into account, PWI 20524 was approved in October 
2014, and work to revise GDF 5.0 has begun. Japan has taken 
the lead in discussions on automated driving systems, based on 
input from Japan, Europe, and the USA. Finally, the ISO for 
part 1 was issued in April 2020, and the ISO for part 2 was 
issued in October 2020.

3.4.  TS22726-1, 2 (quasi-dynamic information and 
map database specifications for applications in 
automated driving systems)

TS22726 details specifications for handling static and quasi-

3

Fig.1: Basic concept of the Precise Relative Location Referencing Method(1)
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dynamic geographic data in a unified manner for use in 
automated driving. They have been proposed by Japan based on 
such data as the results of the FOTs. As of September 2022, both 
are still at the WD (working draft) stage.

Industry-wide alignment activities

SIP-adus has continuously participated in OADF, a cross-
domain platform for standardization for digital maps related to 
automated driving. OADF is a forum started in 2015 for the 
sharing of information among standards organizations. SIP-
adus participated in the 5th conference (Beijing) in 2016, where 
it had individual meetings with the chair, and has been 
presenting continuously since the 6th conference (Brussels). In 
2017, SIP-adus hosted the 8th meeting in Tokyo together with 
the SIP-adus Workshop. After these activities, Japan became a 
member of the Steering Committee in 2019.

Currently, the OADF has the following six organizations as 
official members, as shown in Fig.2.
• ADASIS:�Advanced Driver Assist Systems Interface 

Specification
• NDS:�Navigation Data Standard
• SENSORIS:�Sensor Interface Specification
• SIP-adus
• TISA:�Traveler Information Services Association
• TN-ITS:�Transport Network Intelligent Transport Systems

In addition, there were ongoing discussions concerning the 
OpenDRIVE® and OpenSCENARIO® simulation standards led 
by ASAM (Association for Standardization of Automation and 
Measuring Systems).

The OADF itself does not set standards, and its main purpose 
is to exchange information among the participating 
organizations. SIP-adus is not a standardization body, but has 
participated in order to provide reference results for various 
industry standards.

Based on the ongoing OADF discussions, SIP-adus signed a 
memorandum of understanding with ADASIS in 2019 to 
receive disclosure of ADASIS specifications (version 3) to study 
their feasibility for use in the SIP-adus FOTs. SIP-adus then 
proceeded to utilize ADASIS specifications in the SIP-adus 
FOTs, while exchanging opinions with ADASIS as appropriate, 
and conducted evaluation and feedback of the evaluation results 
to ADASIS.

Japan-USA-Europe trilateral coopera-
tion activities

The Japan-USA-Europe Trilateral Cooperation Activities are 
government-led international cooperation based on a 

memorandum of understanding signed by the European 
Commission and the U.S. Department of Transportation in 
2009, and by the Japanese Ministry of Land, Infrastructure, 
Transport and Tourism in 2010 and 2011 regarding cooperation 
in the field of ITS between Japan, the USA, and Europe.

SIP-adus has been participating in the initiatives related to 
automated driving and exchanging opinions regularly with 
contacts in Europe and the USA. One of the initiatives related 
to automated driving is the Physical and Digital Infrastructure 
SWG. As part of this activity, SIP-adus regularly reports to 
contacts in Europe and the USA on the dynamic map-related 
trends in SIP-adus, and receives information on the status of 
activities in Europe and the USA.

In previous years, meetings had been held in conjunction 
with the ITS World Congress, as well as various international 
conferences in the triad; from 2019 onwards, meetings were 
held online several times a year.

Conclusion

Through the international cooperation activities of SIP-
adus, we have continuously lobbied international and industry 
standardization organizations, publicized Japan's activities and 
achievements, and as a result, our achievements have been 
incorporated into several international standards. This marks a 
very significant achievement for the future development of 
Japan's automated driving industry.

Although the activities of SIP-adus will be coming to an end, 
it would be desirable to utilize the relationships established in 
subsequent programs as required. In the future, automated 
driving, as one of the future mobility services, is expected to be 
further linked to other modes of transportation and various 
urban activities. We hope that the results of SIP-adus will be 
further utilized in a wide range of fields that make use of 
automated driving.
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Fig.2: Positioning of SIP-adus in OADF(2)
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Background

Human factors in automated driving are important factors 
related to public acceptance and safety. In Level 2 and 3 
automated driving, the driver still has a certain role even during 
automated driving. If the drivers is unable to fulfill this role, an 
unsafe situation can occur. Also, when intents of an automated 
vehicle with Level 3 or higher system are not understood by 
surrounding drivers or pedestrians in the mixed traffic, safety 
and efficiency of traffic can be degraded. This may also impede 
fostering public acceptance of the automated vehicles.

Human factors research in automated driving can be 
positioned as foundational research in the cooperative area. The 
research was conducted through frequent communication with 
the SIP-adus members from the academia, industry and the 
government. Research questions, methods and results were 
shared and discussed at international conferences and meetings 
to verify them. The results also contributed to international 
standardization.

Thia chapter introduces activities in international 
cooperations and standardization in the field of human factors 
in automated driving.

International cooperation

2.1. Japan-US-Europe trilateral cooperation

Activities were operated on the Human Factors sub-
Working Group (HF-subWG) under the Automated Road 
Transport Working Group (ART-WG) in the trilateral 
cooperation framework agreed on by the governments of Japan, 

1 2

Satoshi Kitazaki (National Institute of Advanced Industrial Science and Technology (AIST))

4) Human Factors

Promoting International Cooperation6

(Abstract) Human factors in automated driving are important factors related to public acceptance and safety of 
automated driving. Understanding humans can be positioned as foundational research in the cooperative area. During 
the first and the second phases of SIP-adus (Cross-ministerial strategic Innnovation Promotion Program (SIP) 
Automated Driving for Universal Services), Research questions, methods and results were actively shared and
discussed through the international collaborations. The results were also brought to international standardization. 
This article introduces such activities.

Keywords:  Human factors, HMI (human machine interface), international cooperation, trilateral cooperation, Japan-EU 
cooperation, Japan-Germany cooperation, international standardization

Table 1: Trilateral cooperation Human factors sub-WG members
United States

Stacy Balk, co-chair NHTSA

Brian Philips FHWA

Bobbie Seppelt Ford

Dan McGehee University of Iowa

Johan Engström Waymo

Chuck Green MIT

John Lee University of Wisconsin

European Union

Natasha Merat, co-chair University of Leeds

Emma Johansson Volvo trucks

Andreas Keinath BMW

Anna Schieben DLR

Klaus Bengler TU Munich

Ludgrer Rogge EC, DG R&I

Japan

Satoshi Kitazaki, co-chair AIST

Makoto Itoh University of Tsukuba

Tatsuru Daimon Keio University

Keisuke Ishii Honda, JAMA

Observers

Joanne Harbluk Transport Canada

Peter Burns Transport Canada

Mike Regan University of New South Wales, Australia

Mandi Mees National Transport Commission, Australia
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US, and European comission . The HF-subWG is jointly chaired 
by Stacy Balk (NHTSA) for the US, Natasha Merat (University 
of Leeds) for Europe, and Satoshi Kitazaki (AIST) for Japan. It 
is comprised of several expert members from industry, 
academia, and government of each country. (Table 1)

The purpose of this cooperation is to (1) share the knowledge 
and information related to human factors in automated driving, 
(2) extract new human factor issues, (3) generate opportunities 
for research cooperation, and (4) joint authorship of research 
papers. The sub-working group meetings are held around once 
every three months, where members exchange information and 
discuss items (1), (2), (3) mentioned above. Also, at major 
international conferences in Japan, the US, and Europe, the 
members planned workshops and organized sessions, inviting 
more experts, to exchange informtion and discuss various 
issues. Regarding (4), the group published a paper about the 
Out-of-the-Loop concept for automated driving as a result of 
this cooperation in 2019.(1) Currently, the group is jointly 
writing a paper related to mental models of automated driving.

2.2. Japan-Germany Cooperation

The Japanese-German cooperation related to automated 
driving based on an agreement of the governments of Japan and 
Germany started for human factors in 2019. Five research 
institutions in Japan, National Institute of Advanced Industrial 
Science and Technology (AIST), University of Tsukuba, Keio 
University, the University of Tokyo, and Kumamoto University, 
which were the consortium members for the SIP-adus Human 
Factors research project cooperated with five research 
institutions in Germany, Technical University of Munich, 
Chemnitz University of Technology, Ulm University, Dresden 
University of Technology, and German Aerospace Center 
(DLR). The cooperation coordinators were Satoshi Kitazaki 
(AIST) for Japan and Klaus Bengler (Technical University of 
Munich) for Germany. Three research themes  set in the SIP-
adus human factors project (on-road communication and 
external HMI, driver-system interactions, and driver education 
and training) were also set in the German side (Table 2).

Japan and Germany alternately hosted two workshops every 
year between the first workshop in Tokyo in November 2019 
and the last one in Tokyo in October 2022. Through the 
workshops, progress of the three themes was shared and 
discussed to brush up the research plans and to deepen 
understandings of obtained results for both sides. The theme 1 
and theme 2 also included joint experiments. Scientific papers 
with co-authorship were planned to be published.

In addition to research cooperation, we held webinars in 
both Japan and Germany. The webinars spread the scope to 
areas beyond the cooperation research themes and invited 
students and young researchers for the aim of educating about 

human factors. Also, in order to appeal to cooperation activities, 
we communicated research results through organized 
discussions in the International Ergonomics Association (IEA, 
on-line) in June 2021.

Table 2: Japan-Germany cooperation research themes and member institutes

Research theme Members in Japan Members in Germany

1

One-road 
communication 
and eHMI

Keio University Chemnitz University of 
Technology
Dresden University of 
Technology
Ulm University
Technical University of Munich
DLR

2 Driver-system 
interactions

AIST
The University of Tokyo

Technical University of Munich
Ulm University

3
Driver education 
and training

University Tsukuba
Kumamoto University

Dresden University of 
Technology
Technical University of Munich

2.3. Other international cooperations

The SIP-adus human factors research project had been also 
cooperating with two projects of EU Horizon 2020. MEDIATOR 
is an R&D project for new and safer interactions between the 
driver and the automated driving system. Satoshi Kitazaki, the 
project leader of the SIP-adus human factors research project, 
served as the advisory board member and provided advice 
based on the results of the SIP-adus project. 

HADRIAN is an R&D project for Human Machine Interface 
(HMI) of automated driving that fluidly changes for safety 
depending on road environment and driver states. There had 
been regular meetings of the two project leaders. A workshop 
with members of the two projects was held in September 2022.

International standardization

Standardization activities for human factors and HMI of 
vehicles are being conducted in ISO/TC22/SC39/WG8. The 
Japanese representative organization to the WG8 is Human 
Interface (HI) Working Group of Japanse Society of Automotive 
Engineers (JSAE). Therefore, main members of the SIP-adus 
human factors research project participated in the WG8 as 
members of the HI Working Group.

For driver-automated system interactions, TR (Technical 
Report) 21959-1(2) and TR21959-2(3) published in 2018 and 
2020 focused on safe transitions from automated driving to 
manual driving. TR21959-1 defines the transition process 
models for system and driver (Fig.1) and summarizes the 
concepts related to human factors in automated driving. 
TR21959-2, considerations in designing experiments to 
investigate transition processes, includes information about 
human factors and system parameters influencing takeover 
performance of the driver, construction of experimental 
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scenarios, measurement indicators for performance evaluation 
and selection of experimental setups. Japanese delegates served 
as co-leaders with US delegates for both TR21959-1 and 
TR21959-2. The results from the human factors project of the 
SIP-adus Phase 1 were included in the two TR documents.

A Japanese delegate served as a co-leader of TS (Technical 
Specifications) 5283 project with a UK delegate. TS5283, 
ergonomic aspects of driver monitoring in automated driving, 
started in August 2020 as a 24 months project. The project 
members did not reach agreements on specifications and, 
therefore, category of the project was changed and the new 
project, TR5283-1,(4) started as a 24 months project in May 
2022.

For on-road communication and external HMI of 
automated vehicles, the concept was published under US 
leadership in 2018 in TR23049.(5) Currently, PAS (Publicly 
Available Specifications) 23735,(6) which is related to eHMI 
design, is being conducted with a US leader. Japanese delegates 
are proposing to embed knowledge and results from the human 
factors projects in SIP-adus Phase 1 and Phase 2 into the 
document.

A new project on human factors in remote operations of 
automated vehicles(7) started in 2022 with leaders from US and 
Canada.

Conclusion

During the human factors projects in SIP-adus Phase 1 and 
Phase 2, the themes, methods, and results were repeatedly 
discussed and verified throuh the international cooperations. 
The achievements were presented internationally and 
contributed to international standardization. By doing so, 
presence of Japan was enhanced interntionally in the field of 
human factors in automated driving.
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Fig.1: Transition process model (system-initiated transition) defined in ISO TR21959-1
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Hideaki Sato (TOYOTA MOTOR CORPORATION)

5) Safety Assurance

Promoting International Cooperation6

Issues in Safety Assurance Methodologies

Amid numerous dangerous situations faced when automated 
vehicles take over driving from people, safety guarantees, which 
guarantee a certain level of probabilistic reliability by conducting 
safety assurances through long-distance and long-term test 
evaluations in real traffic environments and by repeating 
improvements in a black box-like manner, are processes that 
are not transparent to the market because the evaluation results 
are not disclosed by the developing company or project. There 
are issues in the sufficiency and transparency of the evaluation 
scope in the evaluation process because, even when reviewing 
authorities perform audits, it is difficult for them to make 
absolute determinations of the sufficiency of safety guarantees. 
In addition, it is difficult to comprehensively cover a large 
number of driving situations and conduct sufficient safety 
assurances if the tests are conducted on a controlled test course 
under test conditions that have already been determined as part 
of the approval tests. To address the issues of safety assurance 
technology for automated vehicles, the following two projects 
have been launched in Japan to establish a common foundational 
elemental technology. (1) A project to study scenario-based 
testing, in which the conditions for safety assurance are logically 
structured and incorporated into evaluation scenarios, which 
are maintained and improved as a scenario database. (2) A 

project to construct a virtual environment technology to cover 
evaluation conditions that are too dangerous to be performed 
in the real world and innumerable evaluation patterns that 
cannot be completed in a realistic period of time in terms of 
efficiency.

1.1.  Joint Domestic Promotion and International 
Cooperation on Safety Assurances

The Ministry of Economy, Trade and Industry is 
implementing SAKURA (Safety Assurance KUdos for Reliable 
Autonomous Vehicles) for scenario database construction for 
(1), and DIVP has been launched as a study under this SIP-adus 
for (2) to study a recognition virtual evaluation environment. In 
FY2021, a task force and steering committee were established to 
jointly promote the two projects in order to accelerate the 
development of safety evaluation technologies for automated 
driving, to improve the safety and development efficiency of 
Japan’s automated driving technology, and to ensure its 
international competitiveness. (Fig.1.)

1

 

 

Virtual safety 
Evaluation 

Business Discussions on 
Autonomous Driving 

Technologies

Safety Evaluation 
Strategy Working Group

SIP-adus Program Steering 
Committee

System Implementa-
tion Working Group

Steering Committee for Safety 
Evaluation Platform

Safety Evaluation Platform 
Study Task ForceScenarios

Fig.1: Joint promotion structure for automated driving safety assurances

(Abstract) As automated vehicles are expected to be put into practical use and be deployed in order to realize a safer, 
more efficient, and freer mobility society, there is an urgent need to develop safety assurance standards that ask what 
kind of concepts should be employed to make safety judgments that are acceptable to the public, as well as safety 
assurance methods that seek to comprehensively assure safety in diverse traffic situations. In Japan, DIVPⓇ,(1) which 
is supported by the Cabinet Office in its efforts to build a safety assurance virtual environment, and SAKURA,(2) which 
is supported by the Ministry of Economy, Trade and Industry in its efforts to build a safety assurance scenario 
database, have launched, and the Japan Automobile Manufacturers Association, Inc. (JAMA), while presenting a 
technical strategy across these projects, is collaborating with industry, government, and academia to build safety 
assurance foundational technologies to support safety assurance standards and methods. Many research projects 
on safety assurance have been launched in various countries, and it is important to establish and operate a cooperative 
system that provides a lever for establishing international standards and criteria and common foundational technologies 
through close cooperation among such projects, both domestic and international.

Keywords: safety assurance, scenario-based, UN-R157, ISO 21448, ISO 34502
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The aim of this joint promotion system is to improve the 
safety and development efficiency of Japan's automated driving 
technology and to ensure its international competitiveness by 
constructing a common foundation for safety assurances that is 
logically comprehensive, feasible, and transparent regarding the 

safety performance that automated driving systems should 
possess, and applying it to the actual development of automated 
vehicles. (Fig.2)

In the task force for joint promotion, teams are organized 
across projects to tackle technical issues necessary to apply the 
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Fig.2: Aims of the joint promotion of automated driving safety assurances

Fig.3: Overall view of safety assurance infrastructure
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scenario database of SAKURA and the recognition virtual 
environment of DIVP to the development of actual automated 
vehicles. (Fig.3)

In addition, we are promoting research on safety assurance 
systems by adding the study of combinations of evaluation 
methods and the study of metrics to our research themes. 
(Fig.4)

Furthermore, the system under which the Japanese-German 
cooperation with Pegasus for scenarios and VIVALDI for 
virtual environments had been promoted has been integrated 
into the joint promotion system to strengthen the international 
cooperation between Japan and Germany. (Fig.5)

In particular, in the cooperation with the VIVALDI project 
(VIVID: Virtual Validation methodology for Intelligent Driving 
systems), activities are divided into expert task forces. The task 
forces are aiming to strengthen proposals for the standardization 
of safety assurance systems and simulation interfaces for 
automated driving in ISO, ASAM (Association for 
Standardization of Automation and Measuring Systems), etc., 
as shown in Fig.6, so that the technology can be easily combined 
with overseas sensor simulation environments to prevent it 
from becoming a technology that can only be used domestically.

The VIVID project has been promoting technical 
collaboration through regular meetings of expert task forces 
and Breakout Workshops of the SIP-adus Workshop, and held a 
symposium in Berlin in June 2022 with standardization 
organizations such as the Pegasus(3) family, a Japanese-German 
governmental organization, and ASAM, a non-profit 
organization promoting standardization of tool chains for 
vehicle development and evaluation. At the symposium, there 
was a high level of interest from non-VIVID experts in VIVID’s 
activities, and it was a good opportunity to further strengthen 
Japanese-German cooperation. Of particular note, the proposal 
for ASAM OSI4.0 on DIVP's ray tracing interface was 
immediately approved and resulted in a successful outcome.

International Cooperation in Safety 
Assurance Standards

2.1.  Background of International Standards Harmo-
nization

Safety assurance standards are being actively discussed, 
including by ethics and legal experts. In the development of 
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Fig.5: Strengthening Japanese-German cooperation through joint promotion
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international standards for automated vehicles, an expert group 
(GRVA/VMAD) under the United Nations World Forum for 
Harmonization of Vehicle Regulations (WP.29) was established 
in 2018, and in 2020, the first UN regulation for type approval 
of Level 3 automated vehicles, UN-R157,(1) which covers low-
speed lane maintenance on motorways, was agreed upon.As a 
framework for judging safety that has been discussed in the 
context of international standards harmonization, the guideline 
of whether the risk level is below the socially acceptable risk 
level is a proven criterion for judgment for the social 
implementation of technological innovations, including those 
in industries other than the automotive industry, and 
discussions continue on realizing acceptable risk levels in the 
field of automated driving. In the Framework Document on 
Automated Driving(5) adopted in June 2019 after discussions 
under WP.29, the concept that it is necessary to ensure that no 
reasonably foreseeable and preventable accidents involving 
injury caused by automated driving systems occur within the 
set ODD was set forth. In this discussion, the Ministry of Land, 
Infrastructure, Transport and Tourism, the National Traffic 
Safety and Environment Laboratory, and JAMA made proposals 
under JASIC, one of which was to interpret the "reasonably 
foreseeable preventable level" as "whether the system 
performance exceeds a human driver's capability," using a 
"competent and careful human driver" as a reference for a 
human driver’s capability.(6)(7) This was codified in UN-R157 
5.2.5, and incorporated into UN157 Annex 4 - Appendix 3 
Guidance on Traffic Disturbance Critical Scenarios for ALKS as 
safety assurance standards for measurable and comprehensive 
safety assurance scenarios.

2.2.  International Cooperation to Support Harmo-
nization of International Standards

As a background to this discussion, a project on safety 
assurance scenarios was launched as ISO TC22/SC33/WG9 by 
the convenor of CATARC, China, and the Japanese VMAD 
chairman expressed his hopes for technical input from the ISO 
side to the SC33/WG9 convenor. In response to this, JAMA 

provided support for the promotion of harmonization between 
international standards and international criteria by proposing 
the Safety Assurance Guidelines(8) to both ISO and VMAD. 
Furthermore, the promotion of ISO 34502, which defines a 
scenario-based safety assurance framework under the 
international standard SC33/WG9, progressed smoothly 
through close collaboration between the Japanese leader and 
German co-leader, leading to the issuing of an international 
standard in November 2022. This is the fruit of the relationship 
of trust that has existed between Japan and Germany since the 
first phase of the Pegasus project, which has continued through 
close technical cooperation. As described above, UN-R157 
reached a certain level of technical maturity after about one 
year of discussion and led to the world's first international 
harmonization of standards for Level 3 automated vehicles, 
which is the result of strategic international collaborative efforts 
supported by close cooperation among industry, government 
and academia in Japan. These achievements will serve as the 
foundation for Japan's continued international contribution to 
the international standards harmonization discussion in the 
future. (Fig.7)

2.3. New International Cooperation Efforts

While past collaborations between Germany, France, China, 
and the U.S. have been aimed at accelerating technological 
studies through individual projects, going forward it will be 
necessary to integrate various types of collaboration in order to 
harmonize the international standards activities that have 
flooded the automated driving space. As one of the measures to 
achieve this, the EU and Japan launched a joint initiative to 
compile a white paper(9) that brings together the state of the art 
of safety assurance frameworks in cooperation with the 
European automated driving project HEADSTART,(10) and 
published the paper in December 2021.
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Fig.7: Japan's international standardization and international criteria initiatives
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Conclusion

While automated driving technology is expected to 
significantly reduce the number of traffic accidents caused by 
drivers, and to enable freer and more convenient mobility in 
society, there are still significant issues to be addressed regarding 
the sufficiency and transparency of its safety performance. It is 
important to realize a healthy competitive environment for the 
realization of a safe transportation society by continuing to 
build common foundational technologies through collaboration 
among industry, government, and academia and to develop 
standards and criteria through international cooperation.
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6) Connected Vehicles

Promoting International Cooperation6

Outline of Activities

Concerning the connected vehicle, the status in using radio 
communication technology in Japan was publicized to foreign 
countries. Several surveys on trends in Europe and the United 
States were conducted, the results of which were disseminated 
to related parties in Japan.

SIP-adus Workshop

2.1. FY2018 SIP-adus Workshop

1)�Plenary Session
The latest pieces of information, outlined below, were 

explained by experts from the U.S. and Europe on the 
"connected vehicle":
Kevin Dopart (United States Department of Transportation):

Introduced an overview of Automated Vehicle 3.0 (AV 3.0) 
by the USDOT. V2X deployment programs including Vehicle 
Safety Communication Support pilot projects and their field 
operational tests at 70 sites in the United States were also 
explained.
John Kenney (TOYOTA IT Center):

Presented on topics related to FCC (Federal Communications 
Commission) technological requirements, the status of the US 
market (5,315 roadside units), DSRC (dedicated short range 
communication), cellular V2X (C-V2X) for 5.9GHz band 
DSRC, along with WiFi bandwidth.

Christian Rousseau (RENAULT):
Introduced topics such as EU projects, SCOOP, an overview 

of V2X-related tests in C-ROADS, sharing of 50MHz in 5.9 
GHz frequency band allocated in EU (road traffic 30MHz, 
railroad 20MHz), etc.
Maxime Flament (5G Automotive Association):

Introduced network slicing and edge computing as newest 
communications technology.

From Japan, the followings were introduced as SIP-adus 
activities in Japan including the verification of capabilities for 
applying V2X application through ITS communication, an 
overview of FOTs (Field Operational Tests) and installation of 
communications infrastructure in Tokyo Waterfront City area.

2) Breakout Workshop
15 participants (2 from US, 3 from Europe, 10 from Japan) 

shared trends in each area.
The US speakers introduced issues to study they hold , such 

as neutrality of technology related to use of 5.9GHz and 
communications compatibility with each device/state.

The European speakers introduced EU projects 
HEADSTART, ICT4CART, 5G CROCO, 5G MOBIX, and 5G 
CARMEN, and gave an overview of Delegated act of V2X.

The Japanese speakers introduced studies of technological 
requirements related to delivering traffic signal information 
and expressway merging.

2.2. FY2019 SIP-adus Workshop

1) Plenary Session
Three presenters, including a Japanese speaker, took the 

podium.

1

2

(Abstract) Participation in SIP-adus workshops and related international conferences in the context of connected and 
cooperative automated driving technologies not only promoted overseas trend survey but also contributed to outreach 
activities from SIP- adus and building networks with overseas experts. In particular, the SIP-adus Workshop introduced 
SIP-adus activities to overseas experts to deepen understanding and about the status of overseas activities from the 
experts themselves. At international conferences held in Europe and the United States, a wide range of information 
on government initiatives and business activities in each country has been obtained. This article introduces an 
overview of these efforts.

Keywords: Cooperative mobility, ITS, V2X, DSRC, C-V2X
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Kevin Dopart (United States Department of Transportation):
Explained details of CARMA (Cooperative Automation 

Research Mobility Application), a cooperative automated 
driving development platform.
Kodo Shu (Huawei):

Introduced an overview of the inter-operability test using 
C-V2X at Wuxi, Jiangsu.

From Japan, the main points of communications utilization 
plans in the first phase of SIP-adus and plans for the FOTs in the 
Tokyo waterfront area in the second phase were explained.

2) Breakout Workshop
Ten experts (US:1, CN:2, JP:7) joined in the workshop and 

shared information related to connected vehicles.
The US expert explained CARMA as described above and 

introduced SAE J3216 "Taxonomy and Definitions for Terms 
Related to Cooperative Driving Automation for On-Road 
Motor Vehicles."

The Chinese experts gave complementary explanations of 
practical application in buses and commercial cars, which 
would be preceded than others, among those tested in Wuxi.

The Japanese experts explained initiatives by the National 
Police Agency and Ministry of Internal Affairs and 
Communications, SIP FOTs (Field Operational Tests), activities 
by automobile manufacturers and actitivies in ISO/TC204/

WG14 (Intelligent Transport Systems / Vehicle - roadway 

warning and control systems) as its chair country.

2.3. FY2020 SIP-adus Workshop

In FY2020, the workshop was held online due to the impact 
of COVID-19, and only the Plenary Session was held.
Kevin Dopart (United States Department of Transportation):

Introduced the categories of cooperative automated driving 
based on SAE J3216 which was shown at the previous year's 
session and CARMA as well as truck platooning.
John Kenney (TOYOTA IT Center):

Reallocation of spectrum for ITS by FCC (Federal 
Communications Commission) and an overview of next-
generation DSRC-IEEE802.11bd.
Christian Rousseau (RENAULT):

Introduced the PACV2X and InDID projects for C-ITS in 
France.

Japanese speakers introduced action plans related to 
frequency allocation by the Ministry of Internal Affairs and 
Communications, studies on SPaT (Signal Phase and Timing) 
information provision through V2I and V2N system, and use 
cases for cooperative automated driving by SIP-adus.

2.4. FY2021 SIP-adus Workshop

In FY2021, the workshop was also held online due to 
COVID-19.

1) Plenary Session
The following overseas experts participated in the session.
John Kenney (TOYOTA IT Center)
Tom Schaffnit (USDOT)
Niels Peter Skov Andersen (Car2Car-CC)
Martin Böhm (Austria Tech)
In the US, there is a proposal by the FCC for the spectrum of 

5.9GHz bands for ITS to be reduced from current 75MHz to 
30MHz, allocating remaining 45MHz to WiFi, in conjunction 
with transition of the communications channels from DSRC to 
C-V2X.

An overview of planned and operational projects in each US 
state were introduced. Approximately 6,000 infrastructures and 
18,000 vehicles are in operation in 143 locations. A majority use 
the DSRC system, but there is some movement to shift to 
C-V2X.

In Europe, hybrid communication systems, ITS-G5 (DSRC) 
for short range communication and cellular network for long 
range, have begun to be introduced in the market in 2019. At 
least 500,000 vehicles are on roads with the system and 
infrastructures are also deployed, as 2,000 km of DSRC and 
100,000 km of cellular networks.

Two Japanese speakers introduced FOTs using 
communication networks at the Tokyo waterfront area and 
status of studies on communication method roadmap discussed 
through the Task Force (TF) on V2X communication for 
Cooperative Driving Automation.

2) Breakout Workshop
In addition to the speakers of the Plenary Session, the 

following experts joined in a panel discussion and Q&A.
Host: 

Satoshi Oyama (Association of Radio Industries and 
Businesses)

Panelists: 
Justin McNew (JMC Rota Inc.)
Bettina Erdem (Continental AG)
Shinji Ide (Ministry of Internal Affairs and 
Communications)
Koichi Sakai (Ministry of Land, Infrastructure, Transport 
and Tourism)

Despite the fact that the session was held from 11:00 pm 
JST, there were 134 audiences including 32 overseas 
participants.

US speakers spoke about development of C-V2X and its 
standardization and European speakers introduced the status of 
private-public cooperation for the C-Roads Project.

Japanese speakers introduced status of studies on frequency 
for ITS by the Ministry of Internal Affairs and Communications, 
utilization of ETC 2.0 from the Ministry of Land, Infrastructure, 
Transport and Tourism, the FOTs in the Tokyo waterfront area 
by SIP-adus, and activities for the TF on V2X communication 
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for Cooperative Driving Automation.

2.5. FY2022 SIP-adus Workshop

This was the first in-person workshop in three years.

1) Plenary Session
The same four speakers as the FY2021 session provided the 

new information related to the US and Europe. The Japanese 
speakers reported the results of SIP-adus FOTs using 
communication network.

2) Breakout Workshop
In FY2022, as a non-public workshop, experts engaged in a 

deep discussion on issues to spread connected automated 
driving.

Information Gathering: Participation 
in international conferences

3.1.  ITS America Detroit / CV-Pilot / Smart Colum-
bus (06/2018)

ITS America Annual Meeting: 
GM announced introduction of ITS radio in the next 

generation Cadillac. The USDOT showed its position of 
technological neutrality related to the conflict between DSRC 
and C-V2X.
CV (connected vehicle) pilot:

An SIP expert visited traffic control center in New York and 
investigated the status of connected vehicle pilot programs, 
such as implementation in roadside units.
Smart Columbus: 

The SIP expert observed smart city feasibility tests in 
Columbus, Ohio. Planning was proceeding to combine public 
transportation and personal traffic.

3.2.  Automated Vehicle Symposium in San Francis-
co (7.9-12, 2018)

U.S.: 
Promotion groups for DSRC and C-V2X emphasized the 

benefits in terms of technology and operation of their 
communications method.

FHWA (Federal Highway Administration) placed roadside 
units in 15 intersections in Texas and 13 intersections in 
Michigan. Trials to optimize traffic flow by green light optimal 
speed advisory and priority of CACC (Cooperative Adaptive 
Cruise Control).
Europe:

The EU Project ICT4CART aims for level 4 automated 
driving by using C-ITS and C-V2X. Test sites in Austria, 
Germany, and Italian and cross-border Italy-Austria courses 

are to be employed to verify interconnectivity.

3.3.  ITS World Conference Copenhagen (9/17-21, 
2018)

The overview, certification method, and privacy issues with 
regard to the Delegated Act related to V2X proposed by the 
European Commission were reported.

In the US, CV pilot deployment programs began. Challenges 
in the system implementation were explained, including vehicle 
localization accuracy in downtown New York and data 
collection issues. It was also reported that the number of DSRC 
roadside units, the purpose of which is still testing, has exceeded 
5,000 in the U.S.

3.4.  Transportation Research Board, Washington 
D.C. (1/13-17, 2019)

The USDOT introduced the CARMA platform and its 
application development.

AUTOCITS (2016-2019) was introduced from Europe.
In order to improve safety and to apply C-ITS to automated 

driving, Verification tests were being conducted on roads that 
crossed from Portugal to Spain (10km expressway) and France.

The 5GCroCo, 5G-Carmen, and 5G-MOBIX started as 
5G-related projects. The cross-border projects were being 
conducted over 1,000km of road across eight countries.

The European Commission passed the C-ITS Delegated Act 
and planned to finalize after inviting public comments.

3.5.  Automated driving symposium Orlando, Flori-
da (7/15-18, 2019)

FHWA director declared that he would protect the 5.9GHz 
for traffic safety in response to the FFC director’s comments 
about reallocation of frequencies, including releasing some 
5.9GHz bands to WiFi.

3.6. ITS World Congress Singapore (10/21-25, 2019)

In Europe, the C-ITS Delegated Act was rejected by the 
European Parliament. The C-ITS deployment had, therefore, 
become dependent on initiatives in the private sector.

In the United States, 5GAA requested allocation of upper 20 
MHz in 5.9GHz bands (75MHz) to cellular V2X.

3.7.  Transport Research Board Washington D.C. 
(1/12-16, 2020)

In the CV-Pilot session, in addition to progress reports in 
three zones (New York, Tampa and Wyoming), there were some 
negative opinions about equipment renovation expenses and 
project delays related to repurposing 5.9GHz bands by the FCC.
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3.8.  Automated driving symposium Garden Grove, 
California (7/19-21, 2022)

This symposium was held in person for the first time in three 
years. Because accidents of pedestrians looking at their 
smartphones is increasing in the US, there is increased attention 
on "Cooperative Perception" by FWHA (Federal Highway 
Administration), the recognition of objects outside of view by 
sharing onboard/roadside sensor data using pedestrian/cyclist 
protection technology and communications through V2X.

Also, in Europe, the roadmap of the CCAM (Connected, 
Cooperative & Automated Mobility) Partnership, which close 
to 200 organizations participate in, was presented. Large scale 
tests are planned at 30 places across Europe in 2030 and it can 
be seen that full-scale implementation is envisioned after 2030.

In addition to the above, information gathering is planned in 
FY2022 at the ITS World Congress 2022 Los Angeles (September 
2022), Transportation Research Arena 2022 Lisbon (November 
2022) and Transportation Research Board Washington DC 
(January 2023).

Information transmission

The following is information transmission besides the SIP-
adus Workshop.

4.1.  World Forum for Harmonization of Vehicle 
Regulations (WP.29 ITS IWG) held online (11/6, 
2020)

There were chances to introduce SIP-adus activities at WP.29 
ITS informal groups, including the status of deliberations of use 
cases for Cooperative Driving Automation and activities for 
SIP-adus Task Force (TF) on V2X communication for 
Cooperative Driving Automation.

4.2. Future Network Car Web held (3/25, 2021)

Requested from the WP.29 participants above, an SIP expert 
participated in a conference hosted by ITU (International 
Telecommunication Union) along with approximately 150 
participants. The status of studies and the use cases related to 
SIP-adus cooperative automated driving communication 
methods were presented.

Conclusion

Direct exchange with overseas experts through international 
cooperation activities contributed to the improvement of 
mutual understanding and awareness of the status of activities 

in Japan, the US, and Europe.
The International Cooperation Working Group activities 

end this year. However, the knowledge built in these five years 
will be a precious asset to Japan’s activities related to automated 
driving in years to come.

[Contacts] 

Product Strategy Div., Mazda Corporation 3-1, Fuchu-cho, Aki-gun, Hiroshima 
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Yasumasa Hirai (TOYOTA MOTOR CORPORATION)

7) Cybersecurity

Promoting International Cooperation6

International Legal Trends

The World Forum for the Harmonization of Vehicle 
Regulations (WP.29) has established international standards for 
automated driving, namely UN-R155 (cybersecurity) and UN-
R156 (software updates). Japan, as a co-chair of WP.29 GRVA, 
has been promoting cybersecurity, and has been ahead of other 
countries in enacting legislation, especially for Level 3 
automated vehicles.

In line with this, automakers must comply with process 
certification under UN-R155 for all new passenger and 
commercial vehicles released to the market after July 2022 in 
order to obtain type certification (continued production 
vehicles must be compliant from July 2024 onwards). UN-R155 
requires having a cybersecurity management system and 
processes that adequately respond to new and evolving cyber 
threats and vulnerabilities, and these processes are subject to 

triennial audits.
OEMs and suppliers are building on the aforementioned 

process with reference to the international standard ISO/SAE 
21434, which was officially issued on August 31, 2021 and is 
referenced as an example of meeting the requirements of UN-
R155.

Based on this background, in this project we conducted 
researches on detection technologies for cyberattacks emerging 
especially after vehicle production and on collection and 
sharing system of cyber threats such as vulnerability, with the 
aim of transferring and utilizing the results in industry 
organizations.

1

(Abstract) We can assume that the advanced map information that forms the basis of automated driving systems and 
the information on vehicles, people, infrastructure facilities, etc. that are mapped on those maps, will be obtained 
mainly from external networks.

This information is sent to the control/information devices of the vehicle for use in vehicle control by the automated 
driving system, but this also causes cybersecurity problems that have not existed in conventional vehicles. In addition, 
with the agreement of UN-R155/R156 at UNECE1 WP.29, it is necessary to take measures against cyberattacks from 
the legal point of view as well.

In order to solve such problems, the second phase of SIP-adus (Cross-ministerial Strategic Innovation Promotion 
Program (SIP) Automated Driving for Universal Services) focused on intrusion detecting systems (IDS) as a 
countermeasure technology against cyberattacks post-shipment. The evaluation viewpoints and testing methods for 
selecting IDS were studied for off-the-shelf development that utilizes existing products, and verification using whole 
vehicle test bench was conducted and summarized as IDS evaluation guidelines.

In addition, to speed up the initial response to new threats when they emerge, we are studying a mechanism for 
quickly providing threat information on connected cars and a method for proactively collecting potential threat 
information. We are analyzing threat intelligence activities in the leading IT industry to establish a mechanism and 
verify its feasibility, as well as examining honeypots and conducting observation experiments to verify their 
effectiveness. Furthermore, through a Japanese-German cooperative workshop, experts from Japanese and German 
universities have joined to share and utilize their knowledge on these efforts.

Keywords: cybersecurity, IDS (Intrusion Detection Systems), threat information, honeypots, playgrounds

1  UNECE: United Nations Economic Commission for Europe
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Current Issues and Research Status

2.1. Development of IDS Evaluation Guidelines

From a legal standpoint, WP.29 UN-R155 requires that 
cyberattacks be detected and handled appropriately, and it is 
necessary to explain that the vehicle itself is capable of detecting 
and handling cyberattacks. However, existing regulations and 
guidelines do not clearly indicate what kind of attacks should be 
detected and to what extent, so it is necessary for each company 
to make its own determinations. With this research theme, we 
aim to contribute to post-shipment security measures, with the 
goal of developing IDS Evaluation Guidelines and transferring 
the results to industry organizations so that OEMs can use 
them as a baseline when selecting, verifying, and operating on-
board IDS.

The guidelines are meant to improve the quality of post-
shipment vehicle cybersecurity throughout the industry, and 
are especially intended for OEMs that have just begun 
considering the introduction of on-board IDS.

In these activities, we derive cybersecurity events that IDS 
should detect based on actual attack cases. In order to derive 
this information, we conducted a survey of conferences held 
and vulnerability information released from 2017 to 2020.

From these results, among cases that directly related to 
vehicles, we further narrowed down the cases that affected 
vehicle control and analyzed them in detail to extract events 
that could be generated and observed in the network as 
cybersecurity events. (Table 1)

With this research theme, based on the results of previous 
research, from known specific attack cases we developed a 
method for creating scenarios of attack cases and a method for 
deriving functional requirements to detect similar attacks. We 
also derived test items for these functional requirements for 
detection, verified the feasibility and validity of the test items 
through experiments on actual benches with the cooperation of 
OEMs and IDS vendors, and implemented feedback to the 

guidelines from these basic test cases.
In addition, in the interests of social implementation, 

discussions were held at regular study meetings with the 
stakeholders to ensure that the system is useful for the intended 
users, and the results were built upon.

The results of these investigations and experiments have 
been compiled into a single achievement, namely the "IDS 
Evaluation Guidelines," and the results therein have been 
transferred to industry organizations.

2.2.  Investigative Research on Threat Information 
and Initial Response Support for Connected 
Cars

We have developed a method for collecting and storing 
threat information on connected cars as well as a basic system 
specification for initial response support using threat 
intelligence, and are working toward the goal of transferring 
these to industry organizations for operations in 2023.

Threat intelligence is information collected, analyzed, and 
accumulated to support responses to cyberattacks and other 
threats. In some industries, cross-company intelligence sharing 
activities are underway.(1)

By sharing threat intelligence, companies can expect to 
prevent successive damage from similar cyberattacks, but the 
threat intelligence that is currently shared is mainly from the IT 
domain. In IT systems, a common platform may be used among 
organizations and users, such as a general-purpose OS, while in 
automobiles, each vehicle model has a different architecture. 
Therefore, there is a risk that the form of threat intelligence that 
is shared in the IT domain cannot be used for countermeasures. 
This is because automobiles are OEM-dependent in terms of 
hardware, software, and communication protocols for vehicle 
control, which is a major difference from IT.

On the other hand, the sequence of attacks leading up to 
vehicle control may use OEM-independent methods, and as a 
common threat among OEMs, we can expect that this 
information is worth sharing.

In addition, the key to responding to new threats that emerge 
after shipment is not only the sharing of threat information, but 
also the ability to proactively ascertain threat information to 
speed up initial response.

Honeypots are one such proactive threat information 
collection method. For example, as an observation result of 
current threat information collection experiments using 
honeypots, we observed activity that matches the characteristics 
of IoT malware (e.g., Mirai), which sends IDs and weak 
passwords to telnet as it would to IoT products. (Fig.1) This is 
considered to be an automated attack from a device infected 
with the malware, and not an attack based on the recognition of 
the honeypot as an on-board device.

2
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Table 1: Cybersecurity events extracted from the survey cases

Events Overview
Invalid message ID Message ID does not exist on (bus)
Data range error Invalid range of signal values for a single message

Invalid transmission cycle Invalid transmission cycle for messages with the same 
message ID

Invalid message volume More/fewer messages on on-board NW than specified
Invalid transmission order Invalid reception sequence for multiple messages
Amount of change in 
invalid data

Invalid difference from the data value of the message 
received immediately before

Context violation data Invalid correlation of data values for multiple messages

Invalid source/destination
Invalid message source (determined by CAN using 
ECU feature volumes, MAC, etc.)
Message destination is invalid (for TCP/IP)

UDS Protocol violation Violation of UDS protocol specifications
OBD protocol violation Violation of OBD protocol specifications
DoCAN protocol violation Violation of DoCAN protocol specifications
Error response of diagnos-
tic msg in excess of the 
specified number of times

Receipt of error responses for diagnostic messages in 
excess of the specified number of times
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Our current research theme is part of a plan that extends to 
February 2023. As of September 2022, we are conducting 
experiments to collect threat information and studying methods 
to share the collected information for use in incident response 
within the industry. In the future, we plan to utilize description 
methods for threat information, build mechanisms for systems 
to share the assumed threat information, and verify their 
feasibility through proof of concept.

For proactive information collection, we plan to set up 
honeypots and conduct experiments to observe threat 
information, as well as hold playgrounds where white hat 
hackers, vendors, and others can try out attacks, and observe 
the activity during these events.

Japanese-German Cooperation

In Germany, the Federal Ministry of Education and Research 
(BMBF) is leading an initiative to support research and 
development of security for the connected and automated car, 
and four projects are currently underway. Of these, we are 
collaborating with the SecForCARs project,(2) which entails 
four research topics (#1: Hardware and on-board network 
cybersecurity, including ECUs and their constituent LSIs; #2: 
Requirements and verification methods for the overall security 
of a vehicle system consisting of secure subsystems; #3: 
Methodologies for observing, capturing, and analyzing 
cyberattacks; and #4: Methods for using actual vehicles and 
virtual systems [honeypots] for assumed attack vectors to 
observe cyberattacks). The project has participation by experts 
from Japanese and German universities to share and utilize 
their knowledge from both sides. The research status and results 
are being shared through workshops (five workshops are 
planned by the end of 2022, the first in July 2021, the second in 
December 2021, and the third in April 2022.)

Conclusion

It is no exaggeration to say that ensuring automotive 
cybersecurity is directly linked to the safety and security of 
automobiles, and it is appropriate to make the minimum 
security standards to be met and common threats in the 
industry a cooperative area for the entire industry, and to 
actively share them. This will also improve the efficiency of the 
development and operation of connected services and help 
Japanese companies maintain their international 
competitiveness.

It is also important to strategically approach standardization 
organizations so that security measures and information 
sharing mechanisms can be used to the advantage of Japanese 
companies by, for example, proposing them as international 
standards for automotive cybersecurity development, rather 
than limiting them to sharing within the domestic industry.

Cybersecurity is essential for automated driving systems, 
including connected cars, which are still in the development 
stage. Cybersecurity threats to them are expected to increase in 
the future. Going forward, it is important to continuously 
evaluate and improve cybersecurity as social implementation 
progresses and actual threats become more apparent.
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8) Socioeconomic Impacts

Promoting International Cooperation6

Background and outline of activities

Regarding the collaboration between Japan and Germany on 
automated driving, activities were carried out based on "Joint 
Declaration of Intent on Japanese-German Cooperation on the 
Promotion of Research and Development on Automated 
Driving Technologies" between the Cabinet Office and the 
German Federal Ministry of Education and Research (BMBF) 
on January 12, 2017.

Japanese and German sides exchanged opinions on the R&D 
themes that should be promoted in cooperation. In regard to 
the social impact assessment, the Japanese second phase of SIP-
adus conducted the "Study of socioeconomic impacts of 
automated driving including traffic accident reduction" and 
"Development of assessment methodology for socioeconomic 
impacts of automated driving including traffic accident 
reduction," while in Germany a consortium led by the German 
Aerospace Center (DLR) adopted similar research as a BMBF-
supported project and began collaborative activities in the 2019 

fiscal year. From the Japanese side, the research project members 
led by Professor Ayako Taniguchi of the University of Tsukuba 
also volunteered to cooperate. The final product is scheduled 
for publication in early 2023 as a joint publication.

Meanwhile, in the ITS trilateral meetings among Japan, the 
U.S., and Europe, impact assessment (IA) has been set as a sub-
theme for the trilateral collaboration, alongside digital maps 
and human factors, with the aim of realizing a high level frame 
for evaluating the impact of automated driving on the overall 
transportation society in a mutually harmonized manner in the 
three regions. Provision and sharing of information and debate 
are ongoing in order to achieve these ends.

Here, we introduce these two instances of international 
cooperation relating to socioeconomic impact.

Undertakings in Japanese-German 
cooperation

2.1. Project formation background

Regarding the Japanese-German cooperation on the social 

1

2

(Abstract) International cooperation efforts on socio-economic impact have been promoted mainly within the 
framework of Japanese-German cooperation. Specifically, the German research project CADIA, led by researchers 
from the German Aerospace Center (DLR) and Karlsruhe Institute of Technology (KIT), and the two projects 
commissioned to the University of Tokyo and Doshisha University under the second phase of SIP-adus (Cross-
ministerial Strategic Innovation Promotion Program (SIP) Automated Driving for Universal Services): "Study of 
socioeconomic impacts of automated driving including traffic accident reduction" and "Development of assessment 
methodology for socioeconomic impacts of automated driving including traffic accident reduction." This collaboration 
was recognized by the Japanese-German Steering Committee for Bilateral Cooperation in January 2019. Frequent 
online meetings are held between the two countries, with experts from both sides also meeting in person in Germany 
in October 2019 and Japan in May 2022 to discuss such issues as the diffusion models for automated driving and 
public acceptance of new transportation services by automated driving, in light of shared international understanding 
and national and cultural differences. The results will be published in early 2023 as a book jointly authored by Japan 
and Germany. In addition, during the annual SIP-adus Workshop and the Trilateral Conference among Japan, the U. 
S., and Europe, there was an exchange of information and opinions on socio-economic impact not only between 
Germany and Japan, but also among a wide range of international stakeholders.

Keywords:  automated driving diffusion model, public acceptance, international shared understanding, national and cultural 
differences, international joint publication
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impact of automated driving, first, the research members of the 
SIP-adus "Study of the Impact of Automated Driving on 
Reducing Traffic Accidents and on Others" visited the Institute 
for Technology Assessment and Systems Analysis (ITAS) of the 
Karlsruhe Institute of Technology (KIT) in the fall of 2018 to 
exchange views on the possibility of a Japanese-German 
cooperation. Subsequently, in FY2019, experts from both 
countries held discussions and agreed that the following two 
points are of merit and interest to both sides as matters for 
collaboration in both countries.
1)  Diffusion of Connected and Automated Driving in a Future 

Vehicle Stock: The aim of this theme would be to construct a 
model to quantitatively simulate the spread of automated 
driving by identifying the factors that affect this spread and 
analyzing their correlation. Through this initiative, feasible 
popularization scenarios for the next several decades could 
be drawn up.

2)  Social Acceptance of Automated Driving Explored: In 
addition to defining what is meant by social or public 
acceptance of automated driving, the aim of this theme 
would be to carry out an advanced research and study 
program to analyze cross-border similarities and differences 
attributable to separate social and cultural environments 
with respect to public acceptance of automated driving. In 
addition, this program would also identify discussion points 
related to national innovation strategies related to automated 
driving, as well as issues for international cooperation related 
to automated driving and its related technologies (including 
standardization).
In January 2019, BMBF in Germany and SIP-adus in Japan 

convened a meeting of the dual Japan-Germany Collaborative 
Program Steering Committee, and decided to launch a joint 
Japan-Germany research program that combined these two 
themes into a single project. It was also agreed to set outcomes 
of the collaboration as holding joint-symposium to deliver the 
fruits of the collaboration and a publishing book jointly, after 
having regular research meetings.

2.2.  Summary of progress in Japanese-German co-
operative research

In the 2019 fiscal year, after a series of online advance 
preparation meetings, Japanese experts visited Germany on 
October 7 and 8, and held the first meeting of the joint project 
at the Berlin office of the DLR.

The main objective of the first meeting was to outline the 
projects being carried out by both sides, to describe the points 
of interest of each country, and to determine the direction of the 
collaborative project. After discussion through the meeting, the 
discussion point for the next meeting was determined to be the 
issues on car ownership and sharing. The second meeting was 
scheduled to be held in March 2020 in Japan, but due to the 
worldwide COVID-19 pandemic, the schedule was drastically 

changed, and it was decided to promote collaborative activities 
mainly through online meetings.

At the 4th bilateral expert workshop for the Japanese-
German research cooperation, held on November 25, 2020, and 
the 5th bilateral expert workshop for the Japanese-German 
research cooperation, held on December 6, 2021, Japanese and 
German experts on social impact assessment gathered online to 
report on the progress of their activities to the German BMBF, 
the Japanese Cabinet Office, and the SIP-adus program director 
(PD).

We have been holding frequent online meetings since April 
2021 to discuss the policy, content, and structure of the 
publication of a book as a result of our joint efforts. During the 
first half of 2022, we worked on actually writing the book. The 
second meeting was held in May 2022 in Kyoto, Japan, during a 
break in the COVID-19 pandemic. The content of the 
manuscripts prepared by both Japan and Germany was mutually 
confirmed, and then reconciled and adjusted, with a session 
held with reference to this discussion in order to deepen a 
shared understanding of points of commonalty and difference 
between the two countries. Based on the discussions in this 
session, we decided to draft the final section of the manuscript 
for joint publication, and from July onward, we worked together 
to prepare the manuscript for publication in early 2023 through 
mutual readings and peer review and proofreading by external 
parties.

2.3. Activities in the SIP-adus Workshop

As part of the SIP-adus Workshop 2020 held on November 
10-12, 2020, an online symposium was held on November 9 
with experts in Japanese-German cooperation activities on 
impact assessment. The content on this topic was widely 
disseminated by distributing a recording of the symposium. 
Speakers were Torsten Fleischer (Karlsruhe Institute of 
Technology), Ayako Taniguchi (University of Tsukuba), Satoshi 
Nakao (Kyoto University), Kosuke Tanaka (Tokyo University of 
Science), Hiroaki Miyoshi, Shoji Watanabe (Doshisha 
University), Masanobu Kii (Kagawa University), Christine 
Eisenmann (German Aerospace Center), and Bart van Arem 
(Delft University of Technology).

Although the session was held online, it was an excellent 
opportunity to hear four reports, and online discussions 
continued voluntarily after the session ended. Opinions were 
exchanged actively about the following discussion points: the 
diffusion of automated vehicles, predictions of remaining 
human-driven vehicles, the public acceptance of transportation 
services using automated driving and their impact on daily 
behaviors and habits, the difficulty of securing lanes exclusively 
for automated driving vehicles, and other topics.

On November 9-10, 2021, the Plenary Session of the SIP-
adus Workshop 2021 was fully recorded and broadcasted. In 
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the session with the theme of "Impact Assessment," Christian 
Winkler (German Aerospace Center), Hiroaki Miyoshi, Shoji 
Watanabe (Doshisha University), Masanobu Kii (Kagawa 
University), Torsten Fleischer (Karlsruhe Institute of 
Technology), Ayako Taniguchi, Kasumi Miyadai (University of 
Tsukuba), and Scott Smith (Volpe Center, US Department of 
Transportation) gave presentations. A hybrid-style Breakout 
Workshop was also held in person onsite and online, and in 
addition to the plenary speakers, Bart van Arem (Delft 
University of Technology) and people involved in the Japanese-
German cooperation project participated in a 3-hour session 
for information exchange and discussion on automated driving 
diffusion models and their social impact.

2.4. Joint publication by Japan and Germany

The contents of the book entitled "Japanese-German 
research cooperation on connected and automated driving: 
Socio-economic impact assessment" was started to be discussed 
from 2021 and written by the members of the Japanese-German 
cooperation in the first half of 2022. The book is composed as 
follows:
1. Introduction
2.  Characteristics and trends of the Japanese and German 

mobility systems
3. Policy process with respect to CAD in Japan
4.  Industry analyses and prognoses regarding CAD ride-hailing 

market
5.  Detailed evaluations of the empirical material on acceptance 

of CAD
6. Transportation effects of CAD in Germany
7. Transportation effects of CAD in Japan
8. Overall Comparison between Germany and Japan

The discussions at the session held in May 2022 are organized 
and described in section eight of this book. More specifically, 
the following nine points are discussed: Social expectations 
affecting CAD diffusion; common expectations of groups and 
individuals in Germany and Japan; attitude of the car industry; 
mobility services expected to be realized; differences in forms 
of residence; decision-making toward diffusion; expectations 
for the type of CAD initially introduced; forming a correct 
understanding of CAD by citizens; and risks that may affect 
expectations.

Trilateral cooperation among Japan, 
the U.S., and Europe

Regular trilateral meetings among Japan, the U.S., and 
Europe have been held to exchange information and opinions 
related to general ITS topics, including automated driving. 
Under the scheme of this trilateral meeting, a sub-group related 

to Impact Assessment of automated vehicles is organized. This 
sub-group is run by the following representatives: Dr. Scott 
Smith from the Volpe National Transportation Systems Center 
run by the United States Department of Transportation (DOT) 
for the U.S., Dr. Satu Innamaa from the VTT Technical Research 
Centre of Finland for Europe, and, currently, Takashi Oguchi 
from the University of Tokyo (the author of this paper) for 
Japan. This sub-group meets two or three times a year to 
exchange information about initiatives being carried out in 
each region, and the free exchange of opinions has continued 
throughout. In Europe, research activities funded by the 
Horizon 2020 and various other government supported projects 
in each country are underway, which form the background of 
the research reported in these meetings. In contrast, the Volpe 
Center in the U.S. is currently building a system dynamics 
model for establishing the framework of the Impact Assessment. 
These progresses are reported at the meetings. Japan has also 
been reporting as appropriate on the activities in our "Study of 
socioeconomic impacts of automated driving including traffic 
accident reduction" and "Research on assessment of the impact 
of automated driving on society and the economy and on 
measures to promote deployment."

[Contacts] 
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9) Service and Business Implementation

Promoting International Cooperation6

Introduction

The implementation of service vehicles (Note: in this paper, 
'service vehicles' refers to vehicles used for passenger and 
logistics transportation services, as opposed to private vehicles) 
that utilize automated driving has been promoted since the first 
phase of SIP-adus (Cross-ministerial Strategic Innovation 
Promotion Program (SIP) Automated Driving for Universal 
Services) under the activities of the Next Generation Transport 
Working Group, and also in international cooperation as "Next 
Generation Transport" under the leadership of (then) Professor 
Masayuki Kawamoto of Tsukuba University.

In the second phase of SIP-adus, with a greater awareness of 
the perspective of implementation, the Next Generation 
Transport Working Group became the Service and Business 
Implementation Working Group, and in international 
cooperation activities as well, activities were conducted under 
the new area name of "Service and Business Implementation" 
(SBI) from the 2020 SIP-adus Workshop. In international 
cooperation activities, the topic of FOTs (Field Operational 
Tests) was also worked in cooperation with SBI.

Activities in the SIP-adus Workshop

Although the study use cases and business models of services 
which utilize automated driving is important for the 
commercialization of automated driving, the issues that arise 

when stepping up from FOTs to implementation and measures 
to deal with them are still being discussed both in Japan and 
overseas. Therefore, SBI conducted discussions on service and 
business implementation with domestic and foreign experts 
through workshops.

2.1. FY2021 SIP-adus Workshop

At the FY2021 SIP-adus Workshop,(1) the Plenary Session 
was held as a joint session with Human Factors.With the 
commercialization of automated driving approaching, there are 
many areas which are related to human factors, so we jointly 
planned sessions, selected participants, and set the presentation 
topics to enable integrated discussions on how to connect 
"technology" with "urban activities and people," how to design 
services, and how to think about business models.

Because it is essential to consider human factors, service 
design, and business models for the social implementation of 
automated driving, the session was planned to focus not on the 
technology itself but on the areas that connect the technology 

1

2

(Abstract) Discussions on the social implementation of services which utilize automated driving are important for the 
commercialization of automated driving.Although pilot programs of services which utilize automated driving have 
been conducted in Japan and overseas, the issues that arise when stepping up from tests to implementation and 
measures to deal with them are still the subject of various studies and discussions around the world.Therefore, in our 
international cooperation activities, we have been exchanging information on the implementation of automated driving 
in other countries from the perspective of promoting service and business implementation.This paper introduces the 
status of these efforts.

Keywords: social implementation, business model, service and business implementation, service cars, mobility service

Fig.1: Agenda for the 2021 Plenary Session
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and local cities/areas as the scope, as shown in Fig.1.
The Plenary Session was jointly organized with Human 

Factors and a total of eight speakers were invited. Experts in a 
wide range of fields from the U.S. and Europe appeared, 
including some who were invited to the SIP-adus Workshop for 
the first time in FY2021.

The speakers presented on the technological development 
and FOTs of automated driving in various regions and cities 
around the world, and provided topics that focused on 
discussions on implementation from the initiatives in their 
respective countries. SIP-adus is also aware of "social 
implementation" in its initiatives, and in order to lead to the 
introduction of services in real areas, discussions were held 
regarding what automated driving services should be 
introduced, based on the viewpoint of which business models 
and service design and taking into account the vision of each 
region and city.

Also, a Breakout Workshop was conducted in an online 
format at a later date. In the Breakout Workshop, the following 
points were discussed with the speakers from the Plenary 
Session who were invited from the SBI area.
• What are the benefits of automated driving (from the 

respective perspectives of citizens, operators, and local 
government)

• Ideas for the realization of economically self-sustainable 
automated driving services

• How should local areas accept and manage automated driving 
(both in terms of policy and service design)

As it was conducted online and included several first-time 
invitees to the SIP-adus Workshop, it was a difficult environment 
for cross-discussions among the speakers, but it was an 
opportunity for the Plenary Session speakers to meet each other 
and mutually exchange opinions and answer questions.

2.2. FY2022 SIP-adus Workshop

The FY2022 SIP-adus Workshop,(2) which was held in person 
for the first time in three years, was conducted solely by SBI.

Since this was the last SIP-adus workshop, in addition to an 
SIP-adus topic on the testing of automated driving services in 
rural areas as a case study of service and business implementation, 
three speakers were invited from the U.S. and one speaker from 
Europe.

In order to implement automated driving services, there are 
various issues in non-technical areas, such as service design, 
cooperation with government, and compliance with legal 
systems. These issues were discussed based on the status of 
initiatives in the U.S. and Europe.

In addition, the Breakout Workshop was also held in person 
in FY2022. In addition to the Plenary Session speakers,

Information Gathering at Internation-
al Conferences

3.1. ITS European Congress 2022

(1) Overview of the Congress
The event was held in Toulouse, France from Monday, May 

30th to Wednesday, June 1st 2022. AIRBUS and EasyMile have 
operations in Toulouse.

The theme was "Smart and Sustainable Mobility for all," and 
as all of the discussions throughout the conference started from 
an awareness of environmental issues, the author strongly felt 
the interest in and sense of urgency about climate change in 
Europe.

The author attended the Plenary Session and individual 
sessions such as the Special Interest Session (SIS), and the 
keywords that were often seen and heard during the three days 
were 'Sustainable', 'Multimodal', 'Digitalization' ('Data'), 
'Connected', 'Acceptance', and 'Ecosystem'. The author's 
interpretation, in the context of these keywords combined with 
the overall theme, is that the aim is to break away from excessive 
dependence on private cars as a countermeasure against climate 
change ('Sustainable'), and a 'Multimodal' response is necessary 
to achieve this because the alternative means of transportation 
need to be convenient; to realize this, the 'Digitalization' and 
'Connection' of 'Data' is important, and furthermore, the 
'Acceptance' of this approach by citizens is necessary; it is also 
necessary to consider the transportation modes or city as an 
'Ecosystem'.

(2)  Summary of the Plenary Session  Discussion on Service and 
Business Implementation
At the ITS European Congress, information was collected 

mainly from sessions that discussed the use of "automated 
driving" for service uses (i.e. not for private use) such as public 
transportation. The following is a summary of the main points 
discussed in the Plenary Session and other sessions.
1) Sustainability

As the theme of the ITS European Congress suggests, of all 
the social issues in Europe today, sustainability receives the 
most interest. In the Plenary Session, a speech by a representative 
of the European Parliament declared that digitalization and 
sustainability must be proceeded urgently and the mobility 
sector must also provide smarter solutions.
2) Utilization of urban space

The conference also discussed the utilization of urban space. 
For example, based on the experiences under the COVID-19 
pandemic over the past several years, how people maintain 
distance from each other, as well as their opportunities to use 
and stance towards public transportation have changed 
significantly. Also, new personal mobility devices such as 
e-scooters have recently appeared and how to adapt them to 

3

9) Service and Business Implementation

 

6.Promoting International Cooperation

258

SIP通し.indb   258SIP通し.indb   258 2023/03/01   16:482023/03/01   16:48



urban spaces is an issue. In addition, discussions have begun in 
Europe regarding the use of urban air space with an eye toward 
the commercialization of drones and other flying mobility 
services.
3) Mobility as a Service (MaaS)

MaaS, which is a cross between ITS and digitalization, 
expands the possibilities of multimodal services and is also 
highly anticipated in Europe. The Plenary Session discussed 
how multimodality is indispensable for sustainability and is the 
only way to achieve it. Harmonization and collaboration were 
mentioned as keywords for the development of MaaS, and in 
addition, the transparency of the framework and accessibility 
that considers all people, including women and people with 
disabilities, were also mentioned.

3.2.  ARTS (Automated Road Transportation Sym-
posium) 2022

(1) Overview of the Symposium
ARTS2022 was held from July 18 to 21, 2022, in Garden 

Grove, California, U.S.A. The overall size of the conference was 
reduced from the previous conference held as the Automated 
Vehicles Symposium (AVS) three years ago. Specifically, the 
number of sessions was reduced, each session was made longer 
(with an emphasis on interactive discussion), and 
demonstrations and the poster space were eliminated.

(2)  Summary of the Discussion on Service and Business 
Implementation
The theme of the ITS Europe Congress was "Sustainable," 

and most of the discussions started with an awareness of the 
issue of the environmental impact of mobility, and there was 
active discussion on using multimodal in order to reduce the 
environmental impact, reducing the dependence on private car 
use, and promoting the use of data to make these possible. On 
the other hand, at this year's ARTS held in the U.S., the sense of 
crisis over environmental issues was not so much in the 
foreground, and it was symbolic that discussions on automated 
driving were conducted from the aspect of other social issues 
that the U.S. is facing, such as the increase in the number of 
traffic deaths, international competitiveness, and addressing 
equity.

Future investment and policy making in the transportation 
sector based on the Infrastructure Investment and Jobs Act 
(IIJA) enacted by the Biden administration were also mentioned 
in various discussions.

In the U.S., various tests of automated driving services are 
being conducted.

Accessibility has also become an important perspective 
during development, as the USDOT Federal Transit Authority 
emphasizes accessibility and has declared the application of the 
American Disabilities Act to automated driving services, and 
local government initiatives have also included wheelchair-

accessible boarding and alighting technologies (lifts and ramps).

Conclusion

As the movement toward the social implementation of 
automated driving accelerates, as a hint for service and business 
implementation and business models, it is necessary not only to 
focus on automated driving technology and automated driving 
services alone, but also to clarify the social issues that require 
automated driving services, such as sustainability and traffic 
safety, as well as the needs related to the necessity of automated 
driving, and each region demands the creation of models that 
are aware of the linkage with other mobility services and various 
policies (environment, welfare, and other urban planning) 
within the city.
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Other Implemented Projects

This section introduces the projects implemented in the 
second phase of SIP-adus (Cross-ministerial Strategic 
Innovation Promotion Program (SIP) Automated Driving for 
Universal Services) which are not introduced in the Mid-Term 
Results Report or in Section 7: "Other Achievements and 
Activities," nor in Sections 2 to 6 of this report but conducted 
during the second phase of SIP-adus, for reference in future 
research and development of automated driving.

1.1.  Commissioned Project on Survey on Environmen-
tal Improvement for Practical Use of Transport Ser-
vices by Automated Driving in the New Town Area

In 2019, a survey project was conducted in the new town 
areas of Tama City in Tokyo and Sanda City in Hyogo Prefecture, 
in cooperation with the Ministry of Land, Infrastructure, 
Transport and Tourism, local governments, and local 
transportation service providers, in order to organize the issues 
for the introduction of public transportation services which 
utilize automated driving.(1) The reason for selecting the new 
towns was that many of the new town areas were developed in 
the period from the mid 1960s to the mid 1980s, many of the 
residents are aging, and they are located in hilly areas, making 
the provision of public mobility services an urgent issue. 
Although they were only short-term tests of about one week, 
the residents of the new town areas could try actually riding a 
vehicle, and their raw opinions could be gathered through 
questionnaires and interviews, including their needs, 
expectations, and concerns about automated driving. On the 
other hand, issues in urban space design, business models, and 

public acceptance for social implementation were identified 
through study meetings with stakeholders.

1.2.  Survey on Utilization Method of V2X (vehicle-to-ev-
erything) Information for Ensuring Traffic Safety 
under Coexisting Traffic – Simulation of Evaluation 
of Impact of Autonomous Vehicles on Traffic Flow –

A study was conducted on the impact of automated vehicles 
on general vehicles and traffic flow, with the aim of utilizing the 
results in the planning of traffic safety measures and traffic 
management operations when general vehicles and automated 
vehicles are running together.

Fixed-point cameras installed at observation points within 
the FOTs (Field Operational Tests) in the Tokyo waterfront area 
acquired data on current traffic flow and the traffic volume and 
vehicle behavior when automated vehicles were running, the 
impact of automated vehicles in mixed traffic was collated via 
traffic flow simulations based on this data, and a study of how it 
could be used in planning traffic safety measures and traffic 
management operations was conducted.

1.3.  Survey for Introducing Precise Docking Technology 
by Automatic Driving to BRT (Bus Rapid Transit)

The importance of the accurate arrival of buses at bus stops 
without any gap is recognized as an element of barrier-free 
transportation, and technology for precision docking at bus 
stops using magnetic markers was studied in the Haneda area of 
the FOTs in the Tokyo waterfront area in the automated driving 
of the second phase of SIP-adus. On the other hand, in the first 
phase of SIP-adus, due to the development schedule the guiding 
line method, which uses a camera to read a guiding wire and 
has been successfully introduced overseas, was adopted for the 
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buses that were to be used in the Tokyo 2020 Olympic and 
Paralympic Games, and technical verification was required for 
the system usage conditions of this guiding wire system, such as 
weather and illumination, as well as the durability of the guiding 
wire. This project also incorporated testing of the effects on 
barrier-free access, the reduction of riding and getting off time, 
and the prevention of falls when riding and getting off and 
when the bus stopped and started.

1.4.  Study of Overseas Trends, etc., in Preparation 
for International Collaboration Regarding Traf-
fic Environment Information

The SIP-adus has worked on the construction of dynamic 
maps since the first phase, and the construction of a mechanism 
to utilize dynamic road traffic environment data linked with 
high-precision three-dimensional map information in the 
second phase. To promote the international standardization of 
road traffic environment data, researches of domestic and 
international standardization trends have been conducted and 
international standardization activities have been supported.

In particular, study meetings with various Japanese 
organizations and experts have been conducted, focused on 
exchanges with overseas organizations that promote industry 
standardization of high-precision 3D map information and 
road traffic environment data (e.g. the Open Auto Drive 
Forum (OADF)).(2)

In addition, the creation of mechanisms for the distribution 
and management of mobility data (e.g., the European Commis-
sion's NAPCORE,(3) which coordinates National Access Points,
and the German Federal Ministry of Transport and Digital In-
frastructure's Mobilithek)(4) has been active in Europe in recent 
years, and an additional investigation of these mobility data dis-
tribution and management mechanisms was conducted, and 
they were used as a reference for promoting the development of 
the MD communet®(5), a portal site for road traffic environment 
data.

Handling of SIP-adus Results and Assets

In the final fiscal year, the Intellectual Property Committee 
discussed the handling of intellectual property obtained 
through the second phase of SIP-adus and organized it as 
follows. Also, how the website, research and development 
facilities, test data, etc. will be stored and accessible after the 
end of the second phase of SIP-adus is described.

2.1. Handling of Intellectual Property

In the terms and conditions of the operation consignment 
contracts between the contractors and NEDO, intellectual 

property rights are defined as the right to receive industrial 
property rights (patent rights, utility model rights, design 
rights, circuit layout-design exploitation rights, and copyrights), 
industrial property rights, copyrights, and know-how. This 
section will explain the handling of patents and copyrights.

(1) Patents
The Japanese version of the Bayh-Dole Act (Article 17 of the 

Industrial Technology Enhancement Act,(6) hereinafter referred 
to as the "Bayh-Dole Act") states that the intellectual property 
rights relating to all consigned research and development 
(including that conducted through national research and 
development corporations, etc.) to which ministries and 
agencies provide government funding may belong entirely to 
the contractor (e.g., a private company) if the contractor agrees 
to certain conditions. Therefore, the rights to the patents 
obtained as a result of the SIP-adus shall belong to the 
contractors based on the Bayh-Dole Act.

(2) Copyrights
Copyright to the results reports for each project registered in 

NEDO's Result Report Database(7) belongs to NEDO. The 
copyright to other materials, such as progress report materials 
of projects presented to working groups and taskforces, and 
presentation materials used at various events, belong to the 
respective authors, and NEDO will not assert copyright nor 
exercise any moral rights. However, when the results of the 
second phase of SIP-adus are cited in other materials, credit is 
to be given that the results are from the SIP-adus project.

Example of credit:

This [paper/report/presentation, etc.] contains the results 
of "The Second Phase of Cross-ministerial Strategic 
Innovation Promotion Program (SIP) Automated Driving 
for Universal Services" (NEDO management number: JPNP-
18012) which was implemented by the Cabinet Office and 
served by the New Energy and Industrial Technology 
Development Organization (NEDO) as a secretariat.

2.2.  Types of Websites and Actions Following the 
End of the Second Phase of SIP-adus

Websites have been used for proactive information 
distribution in the second phase of SIP-adus. The following 
describes each website's contents and how it will be handled 
following the end of the second phase of SIP-adus.

(1) SIP-adus Website(8)

The SIP-adus website is managed and operated by the 
Cabinet Office and NEDO, and contains reports on the results 
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of each project, presentation materials for events such as the 
SIP-adus Workshop, and the driving plan for the FOTs in the 
Tokyo waterfront area. It is planned for the SIP-adus website to 
remain accessible for several years after the end of the second 
phase of SIP-adus.

(2) SIP-café(9)

SIP-café is an online community for sharing ideas about the 
automated driving society, and is a website operated and 
managed by a contractor in accordance with NEDO's 
consignment of research as part of the projects to foster public 
acceptance. SIP-café is aimed at the general public and its 
contents include automated driving-related news, interview 
articles, columns by experts, and announcements and reports 
on events related to fostering public acceptance. The successor 
of SIP-café is still under discussion at the time of writing this 
final report, so please refer to the SIP-adus website for the latest 
information.

(3) Websites Managed and Operated for Respective Projects
The websites operated and managed by contractors in 

accordance with the research and development work consigned 
by NEDO (e.g. Jidosapo(10) for regional FOTs and the road 
traffic environment data portal site MD communet®) belong to 
the respective contractors, and are planned to be managed and 
operated by them after the completion of the second phase of 
SIP-adus.

2.3.  Research and Development Facilities, Experi-
mental Data, etc.

Fixed assets and cost items acquired during the research and 
development will be owned by the contractor in accordance 
with the terms and conditions of the operation consignment 
contract between the contractor and NEDO, on the premise 
that they will continue to be used or disposed of after the 
contract ends. The facilities and equipment used in the FOTs in 
the Tokyo waterfront area are under discussion for transfer to a 
subsequent project.

The data obtained from the FOTs belongs to the implementer 
of the tests, who will manage it appropriately based on a data 
management plan. Special data use agreements were established 
for the experimental data obtained in the FOTs in the Tokyo 
waterfront area and the data was provided to those who 
requested it. Specifically, the provision of experimental data 
from the V2I (Vehicle-to-Infrastructure) FOTs, which used 
narrowband wireless communications and roadside 
infrastructure, began on May 21, 2021, and the provision of 
data obtained from the V2N (Vehicle-to-Network) FOTs, which 
used a wide-area public network, began on May 31, 2022.(11)  
Regarding V2N, in addition to video data etc. from dashcam 

recorders, data from the equipment installed in the test vehicles 
used in four FOTs (lane level road traffic data, rainfall 
information, predictive SPaT (Signal Phase and Timing) 
information, and simulated emergency vehicle location 
information) was provided. The method of applying for the 
data involved applying to NEDO's contact point for the FOTs in 
the Tokyo waterfront area after consenting to the terms of use 
for the FOTs in the Tokyo waterfront area data. The data usage 
period will be until the end of the second phase of SIP-adus for 
both V2I and V2N data.

Software and programs created in the course of research and 
development activities are copyrighted by the creator based on 
the Bayh-Dole Act.

Report of Results for Each project

In the second phase of SIP-adus, the results reports for each 
project are available from the following two repositories. Please 
use them if you want to obtain more detailed information after 
reading the mid-term results reports or this final results report.

3.1. SIP-adus Website

The reports by project and by fiscal year can be downloaded 
from the page linked from the "Research and Development" tab 
of the SIP-adus website. This page contains detailed reports in 
Word format and summary reports in presentation format. The 
English versions of the summary reports are available on the 
English site of the SIP-adus website. Those who wish to read the 
reports can freely download the PDF files.

Also, this Final Report and the Mid-term Report, the PDF 
version of the SIP-adus Use Cases for Cooperative Driving 
Automation(12) and the PDF version of the Roadmap for 
Communication Methods for Cooperative Automated 
Driving(13) are also registered on this site and can be downloaded 
in whole or in parts.

3.2. NEDO's Results Reports Database

The final results reports for each project on the SIP-adus 
website are also registered in NEDO's results reports database. 
This database only has the detailed versions. NEDO's results 
reports database can be accessed from the "Publications" tab on 
the NEDO website, but consent to the database's terms of use 
and user registration are required. This database contains 
reports of all NEDO projects, so it is necessary to filter the 
search by specifying keywords. If you specify "P18012" as the 
project number, it will filter the results to the final reports of the 
second phase of SIP-adus. Although only the detailed versions 
are registered in NEDO's results reports database, they will be 
accessible for a longer period of time.
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Information Distribution Through 
Lectures and Paper Presentations

The SIP-adus research results continue to be presented and 
lectured at conferences and events outside of the SIP-adus, 
mainly at universities and research institutes. Table 1 shows the 
major research presentations and lectures.

Table 1: Presentations at Other Conferences by project (excerpt)

Project Name Major Conference or Publication

Approach development for im-
proving an automated driving 
validation environment in virtual 
space

Safety Engineering Symposium 2021
Gunma University Next Generation Open 
Innovation Council
FAST-zero '21
Automotive Functional Safety Conference 
2021/2022
Science Trends February 2022
CAE Forum 2022 Invited Lecture
IEEE ICCVE 2022
Society of Automotive Engineers of Japan, 
Autumn Congress 2022

Research on the recognition tech-
nology required for automated 
driving technology (levels 3 and 
4)

Journal of TRB
IEEE ITSC2021
IEEE IV2021
FAST-zero '21
ICAM2021
IEICE journal

Research and study on HMI and 
safety education methods for ad-
vanced automated driving

ICICT2020/2021
HCI International 2020
TRANSLOG2020/2021
IEEE TALE2020
ITS Symposium
JSET 2021
IEA2021
IEEE IV2021/2022
FAST-zero '21, HFES2021

Research on assessment of the 
impact of automated driving on 
society and the economy and on 
measures to promote deployment

Science Council of Japan 2019
Japan ITS Promotion Forum
Automotive Software Frontier
CICV 2022

Strategic planning for fostering 
social acceptance and survey re-
garding its evaluation

Lectures throughout Japan in cooperation 
with Kyodo News and regional newspapers 
on the theme of "Considering Mobility in 
the 100-year Life Era: The Spread of Auto-
mated Driving and Consumer Awareness”

Conclusion

Various research and development activities have been 
conducted in the second phase of SIP-adus. At the same time, 
there has also been a focus on the distribution of information 
on the results both domestically and internationally. The results 
are summarized in the Mid-term Result Report and this report, 
as well as in detailed results reports for each project. We hope 
that they are referred to and are useful for future research and 
development related to automated driving, and that they help 
realize the automated driving society that is aimed for in "The 
Future of a Digitalized Transportation Society 2022"(14).
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Seigo Kuzumaki (SIP-adus Program Director, TOYOTA MOTOR CORPORATION)

1)  Looking Back upon SIP-adus History

Conclusion and Outcomes through SIP-adus to be Inherited8

Introduction

The purpose of publishing these "Final Results Reports" is to 
summarize the activities and results of the SIP-adus (Cross-
ministerial Strategic Innovation Promotion Program 
Automated Driving for Universal Services) and to serve as a 
reference for future technological development and the 
promotion of industry-academia-government collaboration 
projects. For this purpose, it was concluded that not only 
technical details but also management innovations should be 
recorded, which are summarized in this section. In addition, 
many of the management innovations in the second phase of 
SIP-adus were based on the experiences in the first phase, so the 
first phase of SIP-adus will also be reviewed.

Looking Back on the First Phase of 
SIP-adus

SIP-adus started in June 2014, but before that a Program 
Director (PD) was selected for each theme at the end of 2013, 
with then-Senior Technical Executive Watanabe of Toyota 
Motor Corporation being selected as the PD of the "Automated 
Driving Systems" program, and a preparatory committee was 
established in early 2014 to launch the program. This 
preparatory committee consisted of the Steering Committee 
and three working groups (WGs), which met up to seven times 
a month. SIP-adus itself was an unprecedented experiment in 
which a PD from the private sector was the leader, and the 
Cabinet Office coordinated and promoted ministry-agency 
collaboration, and to be honest, the response from each 
ministry at the time was close to "jumping at shadows". 
However, thanks to the leadership of PD Watanabe, a counselor-
level person attended every meeting.

On the other hand, a mirror meeting called a "Private Sector 
Opinion Exchange Meeting" that corresponded to each group 
was created and weekly meetings were held. Almost all motor 
vehicle OEMs members participated in these meetings, and the 

rules were that it was a meeting where "participants can freely 
express opinions as an individual, not as a representative of a 
company", anyone could participate, and no minutes of the 
proceedings were recorded. This free discussion played a large 
role in fostering consensus as an industry. In this "Private Sector 
Opinion Exchange Meeting", ideas for technology development 
themes necessary for automated driving, such as dynamic map 
and HMI (Human Machine Interface), were proposed and how 
to proceed with them was discussed. These details were 
proposed at the preparatory committee and approved for 
incorporation into the Research and Development Plan. These 
measures proposed by the private sector started small, totaling 
less than 100 million yen out of a total budget of approximately 
2.5 billion yen in the first year.

After the official launch of the SIP "Automated Driving 
Systems" program, we continued to meet seven times a month, 
and also had frequent individual meetings with each ministry 
and drinking parties for communication with the private sector.

In 2015, PD Watanabe became ill and I (Kuzumaki) became 
acting PD. In the fall of that year, I was given the opportunity to 
explain the SIP "Automated Driving System" program at the 
Council for Science, Technology and Innovation, where then-
Prime Minister Abe stated that large-scale FOTs (Field 
Operational Tests) would be conducted in 2017, creating an 
environment conducive to obtaining support from various 
ministries.

As we entered the third year of the project, it was considered 
that important themes proposed by the private sector, such as 
dynamic map, should be strengthened as soon as possible, and 
we worked on the revision and elimination of themes. Naturally, 
there was some resistance from the current contractors at the 
time, as this would mean changes to the original plan, but we 
managed to gain the understanding of the ministries and from 
FY2016 we were able to consolidate the themes and position 
dynamic map, cybersecurity, HMI, pedestrian accident 
reduction, and Next Generation Transport as the five priority 
issues, and allocate the budget to these areas as a priority. In 
March 2016, former PD Watanabe passed away in the middle of 
his appointment, and I (Kuzumaki) was officially appointed as 
PD.
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One of the most notable achievements of the first phase of 
SIP-adus was the establishment of Dynamic Map Platform Co., 
Ltd. Advanced automated driving systems require high 
definition 3D maps. For each motor vehicle OEM to have its 
own maps would be a great burden for both the OEMs and the 
mapping companies. On the other hand, for mapping 
companies, the provision of map data is competitive area itself 
and a fundamental business issue. We then discussed what are 
the minimum "geographic features" necessary to realize 
automated driving, and decided that the "mapping" of these 
"geographic features" would be a cooperative area. As a result, 
Dynamic Map Platform Co., Ltd. was established in 2017, 
funded by land surveying equipment manufacturers, map 
vendors, land businesses, and motor vehicle OEMs. In 2017, 
SIP-adus performed large-scale FOTs on the Tomei Expressway 
using Dynamic Map, and as a result of that and the feedback 
which was received, commercial distribution of maps for all of 
the approximately 30,000 km of exclusive motorway 
commenced in 2018. These maps were subsequently used in the 
world's first Level 3 automated vehicle released by Honda, as 
well as in vehicles equipped with Nissan and Toyota's advanced 
safe driving support systems.

Looking Back on the Second Phase of 
SIP-adus

3.1. Launch and Team Building

As the second phase of SIP-adus was commenced via a 
supplementary budget, it overlapped with the first phase of SIP-
adus for one year in 2018. The importance of realizing 
automated driving for the realization of Society 5.0 was 
recognized, and it was adopted as one of the 12 themes in the 
second phase also. However, the Governing Board (hereafter, 
GB) strongly reminded us to "work on new issues, rather than 
the leftovers from the first phase," and the name "jidou unten" 
for "automated driving" had also become common, so we 
changed the Japanese name of the theme for the second phase 
to "Jido unten".

A sense of mutual trust had been developed and the openness 
among the private sector and ministries improved through the 
activities of the first phase of SIP-adus, and it can be said that 
the launch of the second phase went smoothly. On the other 
hand, since the first phase was more of a voluntary activity, the 
relationship with related organizations was weak. From the 
second phase, the participation of representatives from related 
organizations in the Steering Committee and each working 
group was requested, and in particular, experts from the Japan 
Automobile Manufacturers Association (JAMA) actively 
participated in discussions with the working groups and project 
participants, which led to a rapid strengthening of cooperation. 
In the first phase, the GB pointed out that the involvement of 

academia was weak because the project was industry-led, so we 
asked a wide range of experts from universities and research 
institutions to participate as members of WGs, contractors, 
participants in experiments, and reviewers for evaluation. With 
these changes, I believe that a full-fledged industry-academia-
government collaboration system was established from the 
second phase.

3.2.  Schedule, Budget and Project member Manage-
ment

As described in Section 2, the R&D themes were revised and 
eliminated in the middle of the first phase, but this required a 
lot of effort, including discussions to correct the course of the 
project. Based on this experience, in the second phase, the five-
year period was considered to be three years plus two years, and 
milestones were set at the end of the third year to review the 
themes and speed up the development process itself. In 
addition, priority budget was allocated to themes with high 
potential for practical application and commercialization as of 
the end of the third year.

Another thing we were careful to do was to make sure that 
all parties involved were aware of the "objectives" of the 
measures. Often, the achievement of goals replaces the 
objectives. The objectives should come first, so if the outputs do 
not match the objectives, then a change of course or 
discontinuation of the project should be considered. For this 
reason, we aimed to have a thorough discussion at the beginning 
of a measure about why we were going to perform that R&D.

Regarding budget management, in the first phase of SIP-
adus, the agreement of the ministries could sometimes not be 
obtained, a management agency was not established at first, and 
the Cabinet Office reallocated the budget to the ministries each 
year after the budget was decided, and the Cabinet Office also 
handled the administrative work of soliciting proposals from 
the private sector. This management of individual fiscal years 
was very inefficient. An agreement for NEDO to become the 
management agency from 2017 was reached, and changing the 
style to one in which multi-year contracts were concluded with 
project participants and the budget for the next fiscal year was 
fixed at the end of the fiscal year according to progress, etc. was 
a significant advantage. This increased the amount of time 
available for development and ensured flexibility in 
development.

On the other hand, the management of "project members" is 
the most difficult problem in an industry-academia-government 
collaboration project. Excellent engineers are necessary to 
produce good outputs, and naturally such personnel are 
indispensable within each company. In order to get them to 
provide people for a project, it is first necessary to have the 
management of each company understand the significance of 
the project. In addition, after the project is launched, the 
progress and output of the project must be made visible to the 
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engineers' supervisors, otherwise valuable human resources 
may be removed in the middle of the project. The key to these 
measures is "information dissemination". While it is of course 
necessary for the PD to personally explain the project at various 
opportunities, it is also essential to proactively share materials 
so that those involved can explain the project within their own 
companies.

In addition, the tenure of ministry officials was short and the 
handover period was also short. As a countermeasure, the 
monthly meetings of the Working Groups and the Steering 
Committee meeting held every few months were effective in 
maintaining continuity and momentum.

3.3.  How to Proceed with Technological Develop-
ment in Cooperative Areas

Technological development was conducted in cooperative 
areas in the SIP-adus program, but the scope of competitive 
areas and cooperative areas was not neatly organized from the 
beginning, and the boundary line between them often differed 
for each company. Therefore, it was difficult to gain support 
simply by saying, "this is a cooperative area so let’s perform the 
development together". On the premise that "cooperation is 
important, but competition is also important," it is necessary to 
understand the boundary line of each company that cannot be 
compromised for any reason, and to show the benefits of 
cooperation and explain them to the relevant parties.

When development begins, it is easy to fall into a situation of 
agreement in general but disagreement with each point. For 
this reason, it is often more successful to not spend a long time 
discussing concepts and frameworks, but rather to start small 
and show concrete outputs in parallel and ask engineers to 
express their opinions based on them. Engineers often give 
opinions on concrete outputs precisely and from a technical 
point of view, so an approach that takes their opinions into 
account while repeatedly making improvements is effective.

3.4. Deciding Key Themes and Innovations

Deciding what should be the main theme was very difficult 
at the start of the second phase of SIP-adus. Having worked on 
the construction and distribution of high definition 3D maps in 
the first phase, it was natural to work on building the Dynamic 
Road Traffic Environment Data Framework on top of that. In 
light of this and in order to involve as many stakeholders as 
possible, we decided to make use of the Tokyo 2020 Olympic 
and Paralympic Games. Although it could not be realized in the 
end, the fact that we were able to work toward the goal of 
holding a large-scale joint test-ride event with JAMA at the 
Tokyo 2020 Olympic and Paralympic Games accelerated 
development, including in competitive areas, and also led to 

synchronization with the institutional development. Having 
such a "site" was useful for promoting discussions on 
standardization as well as for serving as a venue for information 
dissemination.

On the other hand, ensuring safety is an urgent issue towards 
the realization of automated driving and we felt the need to 
work on this issue. As a result of interviews, we learned that 
each company had to repeat many public road tests to verify 
safety, which had become a bottleneck in development, so we 
decided to start development of a simulation that could evaluate 
multiple sensors simultaneously. Although there were some 
initial setbacks, once the parties involved were able to share an 
image of the output, results began to emerge and the chain 
reaction that only an all-Japan organization can produce 
accelerated development and ultimately led to 
commercialization.1

To progress these and other important issues, Task Forces 
(TFs) were established for specific periods of time as needed to 
deepen the discussion. These TFs were useful because they 
brought together the necessary experts in a flexible manner.

An Overall View

I will now describe a few other good points other than those 
already mentioned and some other points that I noticed.

One point is the collaboration with the Digital Agency 
(formerly the Cabinet Secretariat), which is compiling Public-
Private ITS Initiative/Roadmaps. The Cabinet Office's research 
and development under SIP-adus and the Digital Agency's 
roadmaps worked in tandem, enabling synchronized progress 
in technological and institutional development. In particular, 
the "Outline on improvement of legal system and environment 
for Automated Driving System" issued by the then Cabinet 
Secretariat in April 2018 led to the revision of the Road Traffic 
Act and the Road Transport Vehicle Act, and the world's first 
Level 3 automated driving vehicle, a product of the collaboration, 
went on sale in Japan in March 2021.

Another point is that, at the beginning of the first phase of 
SIP-adus, the parties concerned had a thorough discussion on 
"what is the purpose of developing automated driving?" and 
were able to reach an agreement that the purpose was the 
realization of a safe means of transportation. This led to the 
establishment of a firm policy of considering not only the 
realization of automated driving but also the evolution of 
advanced safe driving support systems as a set, which enabled 
us to work consistently throughout the project.

4

1  In July 2020, BIPROGY Inc. established V-Drive Technologies, Inc. as the sole investor.The company entered into a business alliance with 
Mitsubishi Precision Co., Ltd. and began selling DIVP® products in September of the same year.
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In addition, we received advice from the Evaluation Working 
Group to strengthen the "fostering of public acceptance," and 
we were able to conduct public relations activities from a long-
term perspective, which led to "strengthening communication" 
and greatly contributed to maintaining the project's centripetal 
force.

The final point is what I myself paid particular attention to, 
which was the "sense of speed". It took time to reach a consensus 
in the development of technology in the cooperative area. If the 
brakes are applied slightly on the planning side, it may cause 
"sag congestion" that completely stops at the rear. For this 
reason, we tried to make decisions quickly and proceed in a 
manner that allowed us to quickly implement small measures 
and revise them as needed. We also requested the creation of a 
schedule management chart, which is the basis of a project, and 
that it be shared thoroughly among the parties involved.

Conclusion

My experience will not be all that helpful since each person’s 
project management style is different and the surrounding 
environment is also different, but I would be happy if just one of 
these examples is of assistance in future projects.

5

1) Looking Back upon SIP-adus History

 

8.Conclusion and Outcomes through SIP-adus to be Inherited

267SIP 2nd Phase: Automated Driving for Universal Services - Final Results Report (2018-2022)

SIP通し.indb   267SIP通し.indb   267 2023/03/01   16:482023/03/01   16:48



Tateo Arimoto (National Graduate Institute for Policy Studies)

2) SIP-adus and Mission Oriented STI Policy

Conclusion and Outcomes through SIP-adus to be Inherited8

Introduction

Since its inception (2016), the author has participated in 
the UN Forum to discuss the role of science and technology 
in achieving the goals of the SDGs and to develop guidelines. 
The author has also participated as a steering committee 
member in the OECD's international comparative study on 
mission-oriented innovation policies (MOIP).(1) Based on 
these experiences and knowledge, this section will introduce 
why the SIP-adus  (Cross-ministerial Strategic Innovation 
Promotion Program (SIP) Automated Driving for Universal 
Services) is attracting attention from the international STI 
policy community, and explore lessons learned for future 
mobility-related programs and for our country's science, 
technology and innovation (STI) policy in general.

The importance of setting out a vision: 
Origin of SIP-adus

SIP-adus is a unique program that has involved politics, 
industry, academia, government and local citizens for more 
than 10 years, including preparation. Let us visit the origin of 
the program. First, the first international workshop was held 
in November 2014. The main theme was "Innovation of 
Automated Driving for Universal Services (SIP-adus) - 
Mobility Bringing Everyone a Smile." The purpose of the 
workshop was "An inclusive society where diverse people 
actively participate in value creation in diverse communities 
can achieve both individual happiness and economic 
development. Automated driving technology integrated with 
social innovation should provide mobility that allows everyone 
to fully demonstrate their abilities and enable the sustainable 
development of society," a message that still has an impact 
today. Second, at the start of the second phase of SIP-adus 
(2018), the name of the program was willfully changed from 
"Automated Driving Systems" in the first phase to "Automated 
Driving for Universal Services." This was a strong statement of 

the vision of not only developing technological systems, but 
also utilizing them to solve social issues such as logistics/
mobility, and to develop a variety of services and businesses.

I think it is important that SIP-adus has been able to set 
out such a clear vision early on, ahead of SDGs and Society 
5.0, to guide its activities over the long term.

Importance of historical perspective: 
STI policy is shifting to a social change/
mission-oriented approach

Here, we review the evolution of international STI 
policies since the end of World War II. The objectives and 
institutional framework have changed to reflect political, 
social, and economic demands, the state of development of 
new technologies, and international conditions, such as 
security, industrial competitiveness, and solutions to social 
problems, and they can be roughly divided into four phases.(2) 
The first, second, and third periods are state-led large-scale 
technology development (since the 1950s), industrial 
technology development (since the 1970s), and national 
innovation system (since the 1980s), respectively. From 
around 2010, the fourth period began while overlapping 
with the third period, resulting in a shift to socially 
transformative/mission-oriented innovation policies 
(abbreviated as MOIP). SIP-adus can be regarded as a 
program in this fourth phase.

Last year, the OECD characterized STI policies in the 
post-COVID-19 pandemic era as follows: "Economic 
competitiveness has been the main rationale for countries' 
STI support over the past 30 years. In the future, sustainability, 
inclusiveness, resilience, and security will be key priorities in 
addition to this."(4)(5) This reflects the recent rapid expansion 
and qualitative changes in the relationship between the 
global environment, society, economy, technology, and civic 
life, including the climate crisis, SDGs, COVID-19 pandemic, 
security crises, the 4th industrial revolution, and the digital 
revolution. The UN's SDGs, the OECD's MOIP, the EU's 
Horizon Europe, and the recent innovation policies of 

1
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Germany, UK, and other countries are all moving in the 
direction indicated by the OECD.

Among this, changes have begun in Japanese STI policies. 
In 2020, the Basic Act on Science and Technology was revised 
for the first time in 25 years, adding "creation of innovation" as 
an objective in addition to "improvement of the level of science 
and technology," and emphasizing the promotion of the 
humanities and social sciences and collaboration with science 
and engineering. The Sixth STI Basic Plan (March 2021), 
which was decided upon in response to this, sets forth different 
social goals and values from those of the past, namely, 
transformation into a sustainable and resilient society and 
realization of the diverse well-being of each individual. These 
have been the vision of SIP-adus for the past 10 years since the 
beginning.

Methodological framework for socially 
transformative/mission-oriented 
innovation policies (MOIP): OECD 
international collaborative study

In order to materialize MOIP, which is becoming the 
trend of the times, it is necessary to review the entire 
conventional STI system, from the setting of a vision and the 
process of policy formation, to the promotion system and 
management, the financial support system, coordination and 
collaboration across disciplines, organizations and industries, 
public acceptance and business development, human 
resource development and evaluation methods. This will 
require a review of the entire conventional STI system. 
Although various efforts are currently being made in various 
countries, common methodologies and evaluation methods 
have not yet been established. Therefore, the OECD, in 

cooperation with 13 countries including Japan, has been 
collecting and analyzing MOIP efforts and good practices in 
each country. In the process of this study, some of Japan's 
initiatives are also included, and SIP-adus is attracting 
attention as an important practical example.

Here are three frameworks of MOIP compiled by the 
OECD in collaboration with other countries.(1)(2)(3)

(1) Definition of MOIP: "A coordinated combination (package) 
of research and innovation policy instruments to address 
societal challenges."

(2) Five principles of MOIP program design and implementation: 
(1) setting specific goals, (2) clarifying the time frame for 
realization, (3) coordination among different policy areas 
(ministries, organizations), (4) utilization of various means 
(supply-side and demand-side, top-down and bottom-up), 
and (5) strengthening mechanisms and human resources to 
link the path from technology development to demonstration 
and market deployment.

(3) Formation of a three-tier structure for effective implementation 
of the MOIP program: (1) strategic direction, (2) policy 
coordination, and (3) policy implementation. Strengthening 
the human resources and systems capable of managing this 
multi-layered structure.

SIP-adus practical activities and the 
OECD's MOIP framework

Here, we have organized the specific practical activities, 
governance, and hierarchical structure of SIP-adus in line 
with the OECD MOIP framework introduced above, and 
created a bird's eye view diagram. (Fig.1)(1) The following 
explanation is based on this diagram.
(1) Layer 1: Strategic Direction Level

4
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Fig.1 Bird's eye view of SIP-adus governance and hierarchy
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In addition to reducing traffic accidents, reducing traffic 
congestion, and improving safety, the socioeconomic issues 
that SIP-adus aims to solve include drastic changes in the 
international competitive environment for mobility, and 
addressing social, economic, lifestyle, and mobility difficulties 
in local communities due to the declining birthrate, aging 
population, and depopulation. Based on the above, the Cabinet 
Secretariat has formulated Public-Private ITS Initiative/
Roadmaps, setting a clear timeframe for the realization of 
automated driving systems and creating specific goals and 
itineraries. SIP-adus will share and collaborate with related 
organizations to promote individual activities, and monitor 
and analyze the progress to annually update and revise the 
activities in strategic direction. Public-Private ITS Initiative/
Roadmaps are both the strategic direction and the driving 
force that binds the various activities together.
(2) Layer 2: Policy Coordination Level

An important role of SIP-adus in policy coordination is 
management to ensure that the Cabinet Office, Ministry of 
Economy, Trade and Industry (METI), Ministry of Internal 
Affairs and Communications (MIC), Ministry of Land, 
Infrastructure, Transport and Tourism (MLIT), National 
Police Agency (NPA), related companies, local governments, 
etc. act in a coordinated and timely manner, combining their 
respective policy/strategic measures, such as research funding, 
legislation and regulation, licensing, technology, standards, 
finance, and human resources to accelerate the development 
of automated driving systems, FOTs (Field Operational Tests), 
and social implementation based on Public-Private ITS 
Initiative/Roadmaps. Behind the scenes discussions and 
coordination are also important for this purpose. The next 
important role is to establish cooperative areas and competitive 
areas among industry, academia, government, and local 
communities, and to effectively promote various activities at 
the policy implementation level as described in (3) below. 
Furthermore, industry, academia, and government should 
work together to strengthen the international intelligence 
functionality, promote international cooperation and 
international standardization activities, and gain insight into 
the drastically changing international competitive 
environment.

The role and leadership of the program director to 
comprehensively manage and coordinate these diverse 
activities and organizations is extremely important.
(3) Layer 3: Policy Implementation Level

When a cooperative area is established in (2) and public 
funds are invested, related organizations can build a promotion 
system that transcends organizational and disciplinary 
boundaries, and collaborate on research and development, 
FOTs, and activities to foster public acceptance. To promote 
finances, it is possible to identify and meet diverse needs. In 
addition to the SIP framework, local governments and various 

industries are working on regional needs, natural and social 
conditions, and other factors unique to each region in Japan. 
Public-Private ITS Initiative/Roadmaps and SIP-adus are 
guideposts for these activities and play a catalytic role in 
sharing case studies and promoting projects.

Passing on SIP-adus legacy to the next 
generation

SIP-adus ends this fiscal year (2022). New programs such as 
"RoAD to L4" and the next phase of SIP "Construction of smart 
mobility platform" have begun to take over from this 
achievement. Across the nation, examples of materializing 
socially transformative innovation are beginning, including 
achieving carbon neutrality by 2050, and the Vision for a 
Digital Garden City Nation. SIP-adus is recognized around the 
world as an important example of these prior practices. The 
experience and knowledge gained over the past 10 years, as 
well as the achievements and methods of governance systems, 
cooperation and human networks, trust building, and fostering 
public acceptance, are invaluable and should be passed on to 
the next generation that creates as solid a narrative as possible.(6) 
We hope that SIP-adus will provide many suggestions for 
future innovation policy and implementation at the national 
and local levels, and for solving social issues and developing 
business.
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Toshio Yokoyama (National Institute of Advanced Industrial Science and Technology (AIST))

3)    SIP-adus Achievement as Heritage and Next Step   
RoAD to the L4

Conclusion and Outcomes through SIP-adus to be Inherited8

Overview of RoAD to the L4

RoAD to the L4: The Project on Research, Development, 
Demonstration and Deployment of Automated Driving toward 
the Level 4 and its Enhanced Mobility Services was launched by 
the Ministry of Economy, Trade and Industry (METI) and the 
Ministry of Land, Infrastructure, Transport and Tourism 
(MLIT) as a part of The Panel on Business Strategies for 
Automated Driving. It was launched in fiscal 2021 in line with 
the recommendations of the "Action Plan for Realizing 
Automated Driving Version 5.0" to study the direction that 
should be taken toward the practical application of MaaS 
(Mobility as a Service) in Japan.

(1) Significance
This project aims to create a sustainable mobility society 

based on major trends in the automotive industry such as CASE 
(Connected, Automated, Shared&Service, Electrification) and 
carbon neutrality, and is expected to contribute to reducing the 
environmental burden, solving mobility issues, and increasing 
the economic value of Japan by realizing and promoting 
advanced mobility services such as Level 4.

(2) Goals and KPI (Key Performance Indicator)
1)  Realization and diffusion of unmanned automated 

driving services
• Realize automated driving services (Level 4) only by remote 

monitoring in limited areas and vehicles by fiscal 2022.
• Expand to a variety of areas and vehicles by fiscal 2025, 

with a minimum of 40 locations
2) Spread of new mobility services (MaaS) using IoT and AI
•  Social implementation of new mobility services using 

IoT and AI in various regions of Japan to solve local 
social issues and revitalize local communities

3) Securing and developing human resources
•  Secure human resources in a wide variety of fields, 

including engineers in hardware and software, and 
people who can match technology with local issues.

4) Fostering public acceptance
•  Promoting accurate understanding and interest in automated 

driving, etc. and encouraging behavioral changes through 
easy-to-understand information dissemination from the 
user's perspective, provision of opportunities for realistic 
experiences, and organization of civil liability

(3) Implementation Policy
The project is not limited to technological development, 

research and analysis, and FOTs (Field Operational Tests), but 
also aims at social implementation of advanced mobility 
services such as level 4, based on the significance, goals, etc., set 
forth above.

(4) Status of efforts
RoAD to the L4 is a five-year project from fiscal 2021 to 

fiscal 2025, promoting the establishment of use cases, 
organization and evaluation of driving environments, 
development of vehicles and systems, and study of sustainable 
business models. For passenger transport, the project is 
studying three major types of spaces: limited space (low speed), 
limited space (medium speed), and mixed traffic space, while 
for freight transport, the project is studying limited space on 
expressways.

Specific Topics of Efforts

Theme 1: Efforts to realize automated driving services (level 4) 
by only remote monitoring

Aiming to realize an unmanned automated driving mobility 
service with only remote monitoring (level 4) using low-speed 
automated vehicles at Eiheiji Mairodo in Eiheiji-cho, Fukui 
Prefecture, by fiscal 2022, we are organizing a business model, 
verifying tasks for remote monitors, and so on.

In addition, development of automated driving systems and 
vehicles for mass production for level 4 mobility services, as well as 
remote control systems and communication systems for multiple 
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vehicles, and technological verification are under way. (Fig.1, Fig.2)

Theme 2: Initiatives to expand target area and vehicles as well as 
improve business feasibility

Aiming to realize an unmanned, automated driving 
mobility service on the Hitachi BRT (Bus Rapid Transit) in 
Hitachi, Ibaraki, the development and safety assurance of an 
automated driving system (vehicle, remote monitoring system, 
etc.) in accordance with the ODD (Operational Design 
Domain) settings has been initiated. Local FOTs are scheduled 
to be conducted by the end of fiscal 2022. In addition, a task 
force consisting of various operators involved in unmanned 
automated driving services has been established and has begun 
studying ODD classification, etc., and plans to compile various 
guidelines based on ODD classification during fiscal 2022. 
(Fig.3)

Theme 3: Initiatives to implement advanced trucks, including 
platooning in expressways

With the aim of realizing automated driving trucks (level 4) 
on expressways by around fiscal 2025, the project has begun 
studying mainly business models, driving environments, 

operating conditions, etc.

Specifically, the project model is studied based on interviews 

with major logistics operators, and risks are extracted by 

examining the driving environment and operating conditions. 

(Fig.4)

Theme 4: Initiatives to link vehicle-to-vehicle and pedestrian-
to-vehicle and cooperative infrastructure to expand level 4 in 
mixed spaces

In order to realize cooperative automated driving services, 
we have started to organize use cases in which cooperative 
systems are required, and to study requirements on the 
infrastructure side and vehicle side and data coordination 
schemes required for cooperative systems.

In order to study the requirements for a cooperative system 
that provides safe mobility not only for level 4 users but also for 
various users such as pedestrians and bicycles, we have begun 
performance tests for demonstration purposes in Kashiwanoha, 
Chiba. (Fig.5)

Future Initiatives

RoAD to the L4 aims to socially implement the results of 
Theme 1 in society and launch automated driving services in 
fiscal 2023 as a leading example of this project.

Fig.2 Remote Monitoring System in Eiheiji-cho

Fig.1: Mobility Service Vehicles in Eiheiji-cho

Fig.3: Hitachi BRT FOTs

Fig.4 Truck for FOTs Equipped with Various Sensors

Fig.5 Various Sensors Installed on the Infrastructure Side

3
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For the other themes, the plan is to conduct necessary 
studies and preparations during the first two years, start FOTs 
in the third year, and then realize social implementation after 
undergoing review for various criteria.

For these plans, we plan to make maximum use of the 
results of the projects we have been working on in the second 
phase of SIP-adus, such as the Tokyo waterfront area traffic 
SPaT (Signal Phase and Timing) information provision FOTs, 
the study of communication methods that realize cooperative 
automated driving, and the study of public acceptance, with the 
aim of early social implementation of level 4 and other 
automated driving mobility services.

[Contacts] 

Invited Researcher, Digital Architecture Research Center, National Institute of 
Advanced Industrial Science and Technology (AIST), Central 2, 1-1-1 Umezono, 
Tsukuba, Ibaraki 305-8568, 029-861-5022 (main), Contact: Toshio Yokoyama 
(Toshio.yokoyama@aist.go.jp)
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Kenji Ueki (Cabinet Office)

3)  SIP-adus Achievement as Heritage and Next Step���
Next Phase of SIP

Conclusion and Outcomes through SIP-adus to be Inherited8

Consideration of the next SIP

1.1. Background and Significance

The Cross-ministerial Strategic Innovation Promotion 
Program (SIP) was established by the Cabinet Office in FY2014 
as a program to promote research and development from basic 
research to social implementation in a comprehensive manner 
through collaboration among, agencies, industry, academia, 
and government, utilizing the headquarters function of the 
Council for Science, Technology and Innovation (hereinafter 
referred to as CSTI).

The first phase of the five-year program was implemented 
from FY2014 to FY2018, and the second phase from FY2018 to 
FY2022.

For example, the high-precision 3D maps developed in the 
first phase of the Automated Driving System have been 
commercialized, and are in use in all expressways. This led to 

the development of Level 3 automatic driving laws by the 
relevant ministries and the launch of the world's first Level 3 
automated vehicle (Honda "Legend"). It is indicative of SIP’s 
contributions to the social implementation of innovative 
technologies.

Therefore, industry, academia, and government continue to 
have high expectations for SIP as a research and development 
program for social implementation, leading to discussions for 
the next phase of SIP starting in FY2023. In the interim 
institutional evaluation of the second phase of SIP conducted in 
FY2020, it was decided that the next phase of SIP would be 
implemented after institutional improvements, such as the 
establishment of a preparatory period for the formulation of 
research and development plans.

In response to this, the "Sixth Science, Technology and 
Innovation Basic Plan" (Sixth Basic Plan, Cabinet decision on 
March 26, 2021) states, "Candidate subjects for the next phase 
of SIP will be decided toward the end of 2021 in order to 
strengthen the headquarters function of the CSTI. Specifically, 

1

Fig.1: Candidate issues for the next SIP
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it was decided that [...] CSTI will identify social issues to be 
addressed in the medium to long term, and will conduct 
research and studies on technological development themes that 
should be addressed across ministries and agencies, while 
utilizing "the convergence of knowledge."

1.2. Establishing Candidate Issues

In order to fully consider the issues to be addressed in the 
next phase of SIP in advance, the Governing Board of CSTI has 
identified 10 areas corresponding to the 10 social visions listed 
in the Sixth Basic Plan as "Society 5.0" that Japan is aiming for, 
and five areas corresponding to the technologies that will form 
the fundamental elements of these visions, including AI, data, 
quantum computing, etc. Those 15 areas form the subject 
candidates going forward. (Fig.1)

Meanwhile, efforts are underway at relevant ministries, 
industry, and academia. The next phase of SIP will not be an 
exhaustive effort, but will serve as a hub for collaboration 
among industry, academia, and government, and will work on 
the development of platform technologies for technological 
bottlenecks, on the construction of common systems, and on 
the establishment of rules.

In addition, rather than working independently in each 
area, efforts will be made to work toward the realization of 
Society 5.0 through the development of an integrated promotion 
system, data coordination among areas, the development of 
common indicators related to cross-cutting social issues such as 
wellbeing and carbon neutrality, and the utilization of the 
convergence of knowledge for the formation of social systems.

1.3.  Request for Informtion for Research subject 
(RFI)

From January to February 2022, we requested for 
information of research theme ideas (RFI) for 15 areas, and 
received a total of 971 ideas from a wide range of parties in 
industry, academia, and government, including 384 from 

universities, 235 from national research institutes, 292 from 
private-sector companies, and 60 from sectoral associations.

Although the number and scope of information varied 
depending on each area, ideas from a variety of universities, 
national research institutes, and companies were gathered from 
multiple perspectives. (Table 1)

Based on the results of the RFI, the overall direction and 
structure of sub-subjects for each subject candidate were 
clarified. The skills required of program director (PD) 
candidates who will lead the feasibility studies of each subject 
candidate were also clarified.

1.4. Selection of PD Candidates and Feasibility Studies

Based on the results of the RFI, the skills required of PD 
candidates were clarified, and an open call for PD candidates 
for each subject candidate was conducted from April 1 to 22. 
Based on the results of a documents review (primary screening) 
and interviews (secondary screening), the Governing Board 
selected 15 PD candidates on May 26.

In addition, for each subject candidate, task forces (TFs) 
was established under the Governing Board, chaired by PD 
candidates, and consisting of members from related academia, 
industry, ministries, and research promoting companies.

Currently, feasibility studies (FS) are being conducted under 
the TFs looking at the research themes provided in the RFI. The 
aim is to select the research themes based on the impact and 
feasibility from the technical and business aspects, to clarify the 
details and structure of the subjects, and to prepare draft research 
and development plans by the end of 2022.

After deliberation by the governing board and public 
comments, the research and development plans will be decided, 
and based on the plans, an open call the PD will be conducted. 
The next phase of SIP is scheduled to start in FY2023.

Feasibility study for the next phase of 
SIP subject candidate "Formation of 
smart mobility platform"

2.1.  Clarifying the Concepts and RFI Results of the 
Subject Candidate

When the Governing Board established the subject 
candidates at the end of the 2021 fiscal year, "Formation of 
smart mobility platform" was selected as a candidate because it 
was reflective of a social vision. The concept was to "form a 
platform that realizes safe, environmentally friendly, and 
comprehensive mobility service by dynamically integrating 
means of transportation (small mobility, automated driving, 
MaaS, drones, etc.), transportation environment hardware and 
software from the perspective of people and goods on the 
move."

2
Table 1: RFI results for next SIP subject candidates

Primary domain Number 
of cases

Of those

Universities
National 
research 
institutes

Businesses Organizations

Sustainable food supply chain 68 36 18 12 2
Integrated health care system 98 45 7 30 16
Inclusive community platform 16 9 1 6 0
Learning and working style after COVID-19 16 6 0 7 3
Platform for ocean development 80 11 54 10 5
Smart energy management system 67 35 12 16 4
Circular economy system 77 29 12 31 5
Smart disaster prevention network 191 56 59 71 5
Smart infrastructure management system 217 103 41 57 16
Smart mobility platform 43 13 4 24 2
Expansion of human-cooperation robotics 17 9 2 6 0
Virtual economy expansion 12 5 2 5 0
Advanced quantum technologies 26 9 10 7 0
Safe and secure utilization of AI and data 21 8 4 8 1
Material process innovation 22 10 9 2 1

Total 971 384 235 292 60
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Based on this, an RFI was conducted from January to 
February 2022, and a total of 43 ideas were submitted. These 
ranged in scope from evaluation indicators and QoL 
improvement through mobility to elemental technologies and 
services such as mobility-related data platform, traffic 
environment simulators, multi-modal MaaS, dynamic 
utilization of road space, and innovative sensing technologies. 
(Fig.2) Of these, 13 were from universities, 4 were from national 
institutes, 24 were from companies, and 2 were from professional 
associations.

Based on the RFI results, the skills required of PD candidates 
were defined as "knowledge, experience, and networks that 
enable them to look at the entire mobility field, including roads, 
vehicles, and logistics, and to develop an overall vision and 
architecture based on the functions and roles of mobility in 
accordance with the characteristics of cities and regions." 

2.2. Feasibility Study Structure

On May 26, 2022, the Governing Board selected Dr. Haruo 
Ishida, Professor Emeritus of the University of Tsukuba and 
Visiting Professor of the Department of Transportation Systems 
Engineering, Nihon University, as a PD candidate, and on June 
10, a TF was established with Dr. Haruo Ishida as the chair.

The TF includes Noboru Koshizuka, Professor of the 
Interfaculty Initiative in Information Studies, University of Tokyo, 
Fumihiko Nakamura, Professor of Graduate School of Frontier 
Sciences, University of Tokyo, Satoshi Hiyama, Chairman of the 
Subcommittee of the Road Traffic Section of the Connected 
Committee, Next Generation Mobility Committee, Japan 
Automobile Manufacturers Association, Shigetaka Murase, 
President, WILLER Inc. Ltd. as Sub PD candidates. Other related 

experts, ministries and agencies, and NEDO also join the TF, and 
the group at the Cabinet Office in charge of automated driving 
work as the secretariat of the TF. (Fig.3)

2.3. Status of Feasibility Study Considerations

On June 27, 2022, the TF prepared the FS Implementation 
Policy ver. 1.0. In this policy, it was decided to "study the 
following four sub-subjects based on the RFI results in order to 
address social issues such as carbon neutrality, safety (zero 
fatalities in traffic accidents), economic vitality and regional 
revitalization, real and cyber integration, pursuit of wellbeing, 
and collaboration with overseas countries".
(1)  Redefining Mobility Services and Strategies for Social 

Implementation
(2)  Data platoform supporting mobility services (Smart 

Mobility Data Platform 2.0)
(3) Infrastructure Strategy to Support Mobility Services
(4)  Strategies for the Social Implementation of Mobility services

Through basic research and interviews with RFI applicants, 
we plan to identify core research themes that should be 
considered individually for each subproject, and conduct a 
technical feasibility study for each.

These studies are expected to be advanced efforts toward a 
smart mobility society that include coordinated and flexible 
linkage with various means of transportation and transportation 
environments other than automated driving, while taking 
advantage of the results of SIP-adus (Cross-ministerial Strategic 
Innovation Promotion Program (SIP) Automated Driving for 
Universal Services).

[References] 

(1)  The Sixth Science, Technology and Innovation Basic Plan, approved by the 
Cabinet https://www8.cao.go.jp/cstp/kihonkeikaku/6honbun.pdf, (2021.03.26)

(2)  Determination of candidates for the program director (PD) of the next phase of SIP 
(chairperson of the task force to study each subject candidate) 
https://www8.cao.go.jp/cstp/stmain/20220527sip_pd.html, (accessed 2022.05.27)

[Contacts] 

Secrertariat of Science, Technology and Innovation Policy
Cabinet Office, Government of Japan, Chuo Godo-chosha Bldg. 8, 1-6-1 Nagata-cho, 
Chiyoda-ku, Tokyo 100-8914, 03-6257-1336

Fig.2: Organization of RFI results
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Fig.3: Feasibility study structure
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Seigo Kuzumaki (SIP-adus Program Director, TOYOTA MOTOR CORPORATION)

4)  Final Summary of SIP-adus Program 
— For the Next Generation of Engineers —

Conclusion and Outcomes through SIP-adus to be Inherited8

As the SIP-adus (Cross-ministerial Strategic Innovation 
Promotion Program; Automated Driving for Universal 
Services) comes to a close, I would like to summarize it in the 
form of a message to the next generation of engineers.

As you know, in a "project," people with the skills and 
abilities necessary to accomplish a mission temporarily gather 
together across organizational boundaries, and when the 
mission is over, the organization is disbanded and ceases to 
exist. Strangers meet, begin by sharing an understanding of the 
issues, form a team, decide on a goal, stimulate each other 
through research and development, and become a force that is 
more than the sum of their parts to bring the project to a 
successful outcome. A "project" is a valuable opportunity to 
grow both technically and as a person, and a great chance to 
gain the wealth of human networks.

In the project under the name of SIP-adus, a sense of 
solidarity was gradually developed that transcended the barriers 
between government ministries and agencies, and between 

industry, academia, and government toward the goal of 
realizing automated driving, and ultimately produced a variety 
of results.

Young engineers are not expected to suddenly take on the 
role of promoting national projects, but as technology continues 
to develop and become more complex, there is no technological 
development that can be completed solely within one's own 
department. All research and development can be considered a 
"project." What is important is not to create barriers among 
ourselves, but to tackle the challenges in front of us with our 
colleagues with all our might. If you continue to do so, even if 
you fail a few times, when the next opportunity comes, you will 
surely get a lot of support and succeed.

With this, the SIP-adus will be "disbanded," but we hope 
that the next generation of engineers will boldly take up the 
challenge of creating Japan’s next innovation.

Last but not least, I would like to reiterate my sincere thanks 
to all of you who have supported the SIP-adus!
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Modeling The Earth
Our company supports innovation in a variety of 
industries by providing a high-precision 3D data 
platform that replicates the real world in digital 
space.

https://www.dynamic-maps.co.jp/en/
Dynamic Map Platform Co., Ltd.

The 3D DIGITAL WORLD requires high precision and 
reality in order to serve as the foundation of the digital 
twin, which simulates the future by recreating the real 
world in digital space, and the metaverse, which is built 
based on the real world, as well as for advanced driving 
support systems and automated driving.
The high-precision 3D data developed by Dynamic Map 
Platform will support a wide range of industrial fields by 
providing a highly accurate and realistic 3D DIGITAL 
WORLD in collaboration with other communication and 
device sensor technologies.

3D DIGITAL WORLD opens 
doors to a new world
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Applications that utilize high-precision three-dimensional map data (HD maps)

Contributing to advanced "self-location estimation" and "environmental 
awareness" of autonomous driving systems and ADAS

Solving social issues such as the aging of snow removal workers through the 
development of a snow removal support system repurposed as an HD map

Achieving DX of current investigation at traffic accident sites

Expansion of autonomous 
driving

Skill transfer

Safety improvement and 
congestion reduction
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Our Product Way to use

Deliver the DIVP® products and services       at one stop to meet customer's needs.

Automated driving simulation platform

VViirrttuuaall  ssppaaccee  ssiimmuullaattoorr  tthhaatt  aacccceelleerraatteess  ssaaffee  aanndd  rreessiilliieenntt  aauuttoommaatteedd  ddrriivviinngg  ssoocciieettyy..

Implementation of highly consistent simulation platform that enables comparable 
assessments to real vehicle tests under various traffic environments.

Support the throughout process of sensor units and automated driving systems, 
from planning and development to assessment and application.

Scenario creation tool DIVP® "Environment/Space rendering/Sensor" model
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Simulation platformSDMG®

Elaborate simulation of the real environment in virtual space.
Support the model based development of sensor units and/or automated driving system from early process like 

planning and development to validation and verification of systems equivalent to real vehicle test. 

Special Feature Structures

Business formation / Product and services
BIPROGY has established V-Drive Technologies, and makes
business alliance with MITSUBISHI PRECISION to deliver DIVP® 
products and services at one stop.
V-Drive Technologies are going to add and enhance products
and services sequentially.

Products (Cloud & On-premise)

Build necessary modules in the 
cloud and view simulation results 

Act as Toolbox of Simulink®, 
a standard platform of 
model-based development.

Connect with other simulation SWs and HilS.

Cloud computing
Purchase modules and install
them to in-house facilities.

On-premise (module)

Capital
injection
（100%）

IP
Technical
support

Product and Services 
（Simulation-Platform, SDMG®）　

Product provision
（SDMG®）

Planning Develop
ment

Assess
ment 

Appli
cation

The product predicated upon results achieved in entrusted research undertaken together with the New Energy and Industrial Technology Development Organization (NEDO).

Examples of simulation application in each process.

https://www.vdrive-tech.com/en/

Driving Intelligence Validation Platform (DIVP®    )project launched as research 
consortium with 10 partners (at present), industries and academia including sensor 
manufacturers and software companies as well as universities from 2018.
We are dedicated to creating a safety validation simulation platform for automated 
driving in virtual space focusing on highly consistent sensor models.

DIVP®

Develop and adjust
standard Interfaces

Existing simulation 

Map data

LiDARCamera Radar

Automated
driving 
control 
software

Traffic flow scenarios Sensor models

Evaluation subjects

Simulation of proving ground

Simulation models that highly consistent with physical phenomena.
Our modeling for real-virtual consistent sensor outputs is the digital process of modeling physical phenomena in an 
electromagnetic spectrum, predicated upon the detection principle of sensors and verifying in comparison with

real vehicle test results. 

Sim Camera vs Real Life 

Example of sensor outputs

Simulation of backlight scene

Real view Simulation Real view Simulation 

DIVP® product

Backlight Night

Rain

Sensor weakness scene Examples of NCAP assessment

Scenario Camera

LiDAR Radar

Camera Radar LiDAR

Business
alliance

Customers

Scenarios

Source : Kanagawa Institute of Technology, AD-URBAN, SOKEN, Sony Semiconductor Solutions
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WWhhaatt  iiss  MMDD  ccoommmmuunneett®®  aanndd  iittss  vviissiioonn

MMaattcchhiinngg  ssiittee  tthhaatt  aaggggrreeggaatteess  ddaattaa  rreellaatteedd  ttoo  tthhee  mmoobbiilliittyy  ffiieelldd  cceennttrraallllyy  aanndd  
ggeenneerraatteess  sseerrvviicceess  bbyy  ppuubblliicc--pprriivvaattee  ccooooppeerraattiioonn

MD communet® aggregates diverse road traffic environment data in the mobility field that is dispersed across
the world in a central portal site as well as supports matching of private and public entities for creating new
user services by establishing places of communication in various formats.

VVaalluuee  pprrooppoossiittiioonn  ooff  MMDD  ccoommmmuunneett

Extract and provide public-
private road traffic 
environment data

Promote matching of providers 
and users and support service 

creation

Support service creation 
through technical support, such 

as data processing, etc.

Post over 7,000 pieces of road traffic
environment data Presents users with
data they did not realize by searches
outside of keyword searches, such as
providing similar data through
m a c h i n e l e a r n i n g a n d d a t a
recommendations for each user.

I n t r o d u c e s c o m p a n i e s a n d
organizations that seem to fit the
needs and seeds held by users.
Supports the creation of services
through connecting companies and
organizations that didn’t know or
weren’t connected to one another.

User needs support for data in sales and
service development, but doesn’t know
where to go. In this situation, MD
communet provides support in service
c reat i on w ith techni c al suppor t ,
i n c l u d i n g c o m p a n y r e f e r r a l s .

EExxaammpplleess  ooff  uuttiilliizziinngg  MMDD  ccoommmmuunneett

MMDD  ccoommmmuunneett  mmeemmbbeerrss  ((nnoott  eexxhhaauussttiivvee))

Various companies and organizations have provided support and participate as MD communet members. We
will conduct various promotions to expand the number of companies and organizations participating in this
project in the future.

hhttttppss::////iinnffoo..aadduuss--aarrcchh..ccoommCCoonnttaaccttss

MD communet provides support to solve user issues by delivering data and creating services with the aim to
generate new services and solve social issues by data utilization
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On-board 
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The new association, Mobility Innovation Alliance Japan was established in July 2022 led by academia
researchers. There is a common understanding among relevant ministries, agencies and industry that
the industry-academia-government collaboration on automated driving that was fostered during the 1st
and 2nd phases of the SIP-adus needs to continue. The establishment of a contact organization in Japan
for international collaboration and cooperation is also required.

Activities

Mobility Innovation Alliance Japan
Date of establishment : July 1st, 2022
Address : Cw501, IIS, The University of Tokyo, 4-6-1 Komaba, Meguro-ku, Tokyo 153-8505 Japan
Representative Director : Hajime Amano (Former ITS Japan President, former visiting professor of 

the University of Tokyo)
Vice Representative Director : Prof. Yoshihiro Suda (Director, The University of Tokyo (UTmobI))

https://mobilityinnovationalliance.org/en

Mobility Innovation Alliance Japan
Background

Mission
An academia platform to identify interdisciplinary research topics for mobility innovation
and initiate activities for social implementation working with industries and government
agencies;
• To fully utilize and benefit from innovative mobility services 

with shared data platforms. 
• To increase productivity and strengthen competitive 

advantages of industries, create new businesses and 
opportunities, and enhance well-being of the people.
• To cope with social challenges such as declining population, 

demographic overconcentration, energy security, climate 
change and intensifying natural disasters.

Academia

Government

Industry

Collaboration

Mobility Innovation 
Alliance Japan

Policies
Social demands

International strategies
Business restructuring

Formulate cross-sectoral academic activities

Discuss and advance proposals on cross-ministerial policies

Create collaborations over researchers, industries and public sectors

Promote international joint research through annual workshops in Japan

Launch activities to integrate technologies and societal changes

Hold competitions to foster young researchers and start ups

Taking over the activities of the “Alliance for
Promoting Mobility Innovation” in SIP-adus
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Hisaaki Ikeuchi (National Police Agency)

The Act for Partial Amendment of the Road 
Traffic Act

About Japanese National Laws Related to Automated Driving

References

Permission Framework for Specified 
Automated Operation (SAO)

Through the 208th ordinary session of the Diet, the Act 
Partially Amending the Road Traffic Act (Act No. 32 of 2022) 
(hereinafter referred to as the "Amending Act") was enacted, 
which establishes provisions related to the permission 
framework for specified automated operation (SAO), and will 
take effect within one year from the date of promulgation (April 
27, 2022). This paper will outline the regulations pertaining to 
the framework. (Fig.1)

1.1. Definition of SAO

SAO refers to an operating on a road a motor vehicle which 
is equipped with an automated operation device (AOD), which 
is equivalent to SAE Level 4 (excluding cases when a person 
drives), under its operating conditions.

When using an AOD equivalent to SAE Level 4 under its 
operating conditions, it is possible to operate the vehicle 
without violating the driver's obligations during the operation, 
and because the vehicle will immediately stop automatically in 
a safe manner when the use of that AOD has become unable to 
satisfy the operating conditions, it is possible for the vehicle to 
operate without a driver. Based on this, the Road Traffic Act 
(Law No. 105 of 1960) as amended by the Amending Act 
(hereinafter referred to as the "Revised Act") defines SAO as a 
concept that is different from "driving" that requires a driver. 
(Article 2 (1)(172) of the Revised Act)

1.2. Permission for SAO

Although it is possible for a vehicle to operate without a 
driver when using an AOD equivalent to SAE Level 4, if the 
vehicle has safely stopped due to the operating conditions not 
being satisfied, and measures are not taken to respond to 
instructions from police officers or approach of an emergency 
vehicle, or to report to the police in the event of a traffic accident, 
there is a risk of creating a hazard and obstruction to road 
traffic.

Therefore, under the Amending Act, it is stipulated that 
only those who have obtained a permission from the prefectural 
public safety commission can perform SAO. (Article 75-12 (1) 
of the Revised Act)

1.2.1. Application for Permission of SAO

A person seeking to conduct a SAO must obtain permission 
by submitting a written application which includes a plan for 
SAO describing the implementation methods for fulfilling the 
obligations described below that apply to a SAO permission 
holder (hereinafter referred to as a "SAO implementer") to a 
prefectural public safety commission having jurisdiction over 
the place where the SAO is to be conducted. (Article 75-12 (2) 
of the Revised Act)

1.2.2. Criteria for Permission of SAO

Because the permission framework for SAO is a framework 
to ensure that even when a vehicle is operated without a driver, 
the safety and smoothness of road traffic is ensured in the same 
manner as when a driver is present, the prefectural public safety 
commission will examine whether or not the plan for SAO 
conforms to the following criteria in order to determine 
whether or not the system and measures for fulfilling the 
obligations of the SAO implementer are in place. (Article 75-13 
(1) of the Revised Act) (Fig.1)
(1)  The vehicle to be used for SAO in connection with the plan 

for SAO (hereinafter referred to as "vehicle for SAO") shall 
be capable of conducting a SAO. (Item (1))

(2)  The SAO conducted according to the plan for SAO satisfies 
the operating conditions in connection with the AOD of 
that vehicle for SAO. (Item (2))

(3)  Smooth and reliable implementation of the measures that 
must be taken by the SAO implementer and the persons 
who are employed for the SAO (hereinafter referred to as 
the "SAO staff ") in accordance with the provisions of the 
Act, etc. is expected. (Item (3))

(4)  The SAO conducted according to the plan for SAO is not 
likely to significantly interfere with other traffic. (Item (4))

(5)  The SAO conducted according to the plan for SAO is for the 

1
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purpose of transporting persons or objects, which also 
contributes to the improvement of the convenience or 
welfare for local residents. (Item (5))
The prefectural public safety commission shall examine 

whether or not the submitted plan for SAO complies with the 
above criteria, and shall grant the permission of SAO after 
hearing the opinion of the Minister of Land, Infrastructure, 
Transport and Tourism and the heads of the municipalities 
(including special wards) (Article 75-13 (2) of the Revised Act).

1.3. Obligations of SAO Implementers

The following obligations are imposed on SAO 
implementers.
(1)  SAOs must comply with the plan for SAO and the conditions 

attached to the SAO permission. (Article 75-18 (1) of the 
Revised Act)

(2)  The SAO implementer must provide education to the SAO 
staff. (Article 75-19 (1) of the Revised Act)

(3)  The SAO implementer must designate a supervisor of SAO 
and persons responsible for on-site measures. (Article 75-19 
(2) and (3) of the Revised Act)

(4)  The SAO implementer must take one of the following 
measures: (Article 75-20 (1) of the Revised Act)

(a)  measures to equip a place with equipment capable of 
confirming the road and traffic conditions around that 
vehicle for SAO and the conditions of that vehicle by 
images and sounds and to place a supervisor of SAO at 
that place (Item (1))

(b)  measures to place a supervisor of SAO in that vehicle for 
SAO (Item (2))

(5)  When conducting a SAO, the SAO implementer must 
indicate on an easily visible place of that vehicle for SAO 
that the SAO is running.  (Article 75-20 (2) of the Revised 
Act)

1.4. Responsibilities of a Supervisor of SAO

Regarding the driver’s obligations related to driving 
operation that require specific response on site, it is assumed 
that even an AOD with functions and capability equivalent to 
SAE Level 4 cannot respond to them. Besides, the obligations 
other than those for a driver related to driving operation, for 
example, responding to a traffic accident, is not presumed to    
be handled by the AOD.

Therefore, the Amending Act separately stipulates the 
following obligations when conducting SAO, which are 
equivalent to the obligations that an AOD is assumed not 
capable of responding to, and imposes them upon the supervisor 
of SAO (or the persons responsible for on-site measures (7)).
(1)  A supervisor of SAO must monitor the state of the operation 

of equipment, while that vehicle for SAO is conducting the 
SAO. In such a case, that supervisor of SAO must, when 
finding that that equipment is not operating in a normal 
manner, take measures to halt that SAO immediately. 
(Article 75-21 (1) of the Revised Act)

(2)  A supervisor of SAO must, when a SAO is halted on a road, 
immediately check whether or not to take the measures 

Fig.1: Image of the Permission Framework for SAO

SSAAOO  ppeerrmmiissssiioonn  ffrraammeewwoorrkk

ＯＤＤ(※

BUS

AApppplliiccaattiioonn  ((SSAAOO  ppllaann))

PPeerrmmiissssiioonn

RReemmoottee  mmoonniittoorriinngg
• A SAO supervisor may be placed in the SAO vehicle

instead of the remote monitoring..

• Monitor the state of the operation of the remote monitoring
• In the event of a traffic accident:

• Measures to notify the fire department and
to send a person responsible for on-site measures to the
scene

• Measures to report the date, time, etc., to a police officer.

DDeessiiggnnaattiioonn

OOppiinniioonn  hheeaarriinngg  oonn  iitteemm  ((55))
(1)     The vehicle must be capable of SAO.
(2)     The SAO must be performed in 
          compliance within the ODD(*).
(3) Smooth and reliable implementation is

expected for the measures which the SAO 
implementer or the SAO staff must 
implement under the Road Traffic Act.

(4)   The SAO conducted according to the SAO  
        plan is not likely to significantly interfere 
        with other traffic.
(5)   The SAO is for the purpose of transporting 
        people or goods and is recognized as 
        contributing to the convenience or 
        welfare of local residents

Permission criteria(Summary)

AAddmmiinniissttrraattiivvee  ddiissppoossiittiioonn  
in the case of violation of a law or 
regulations, etc.

（（UUnnddeerrssttaannddiinngg  bbyy  
llooccaall  rreessiiddeennttss））

※ ODD: Operational Design Domain (driving environment conditions, conditions of use)
Specific conditions under which an automated driving system is designed to operate (the traveling route, the time of day, weather, etc.)

Automated operation system

* In addition, hearing the opinions of the Minister of 
Land, Infrastructure, Transport and Tourism, etc. 
regarding permission item (1) and (2)

<Obligations of SAO supervisor>

<Obligation of SAO implementer>

• Compliance with SAO Plan
• Education for SAO staff
• Indication on the vehicle that the SAO is running, etc.
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which a supervisor of SAO must implement. (Article 75-21 
(2) of the Revised Act)

(3)  In a case where a SAO is halted, the supervisor of SAO must, 
when any measure or order is taken or issued to that vehicle 
for SAO or to that supervisor of SAO (e.g., in a case that a 
police officer is controlling the traffic with hand signals), 
immediately take necessary measures to have that vehicle 
for SAO run according to those measures or orders. (Article 
75-22 (1) of the Revised Act)

(4)  In a case where a SAO is halted, the supervisor of SAO must, 
when emergency motor vehicles are approaching to that 
vehicle for SAO or there are emergency motor vehicles in 
the vicinity of it, immediately take the necessary measures 
so that that vehicle for SAO does not prevent the passage of 
those emergency motor vehicles. (Article 75-22 (2) of the 
Revised Act)

(5)  In a case where a SAO is halted, the supervisor of SAO must, 
when that vehicle for SAO is found to have been parked 
illegally, immediately take necessary measures to change 
how that vehicle for SAO is parked or move that vehicle 
from that place. (Article 75-22 (3) of the Revised Act)

(6)  In the event of a traffic accident in connection with a vehicle 
for SAO (excluding when the supervisor of SAO is placed in 
that vehicle), the supervisor of SAO must immediately take 
measures to notify a fire department nearest to the scene of 
that traffic accident and must send a person responsible for 
on-site measures to the scene of that traffic accident. In such 
a case, the supervisor of SAO of that vehicle for SAO must 
immediately report the date, time, etc., where the traffic 
accident occurred to a police officer of the nearest police 
station. (Article 75-23 (1) of the Revised Act)

(7)  In the case of (6), a person responsible for on-site measures 
who arrives at the scene of the traffic accident must take 
necessary measures to prevent road hazards at the scene of 
the traffic accident. (Article 75-23 (2) of the Revised Act)

1.5. Administrative Disposition

Because there is a risk that a SAO may cause road hazards or 
obstruct traffic if it is not performed in accordance with the 
approved plan for SAO, provisions have been put in place so 
that a prefectural public safety commission may conduct the 
following administrative disposition against a SAO implementer 
if the SAO implementer or SAO staff violates the Revised Act.
(1)  Instruction to the SAO implementer to take necessary 

measures for the SAO by the prefectural public safety 
commission (including not conducting a SAO until 
measures are taken) (Article 75-26 of the Revised Act)

(2)  Revocation of permission or suspension of its validity by the 
prefectural public safety commission (Article 75-27 of the 
Revised Act)

(3)  Provisional suspension of permission by the chief of a police 
station (Article 75-28 of the Revised Act)

1.6. Towards Enforcement of the Amending Act

As mentioned at the beginning of this paper, the Amending 
Act is to take effect within one year from the date of 
promulgation.

Regarding the provisions related to the permission 
framework for SAO, matters such as the contents of education 
for those involved in SAO, the aptitude required for those who 
perform remote monitoring, and the requirements for remote 
monitoring equipment are left to subordinate orders and 
regulations; considering the need for business operators to 
prepare for applications of permission, it is necessary to 
complete the formulation of the subordinate orders and 
regulations as early as possible and within one year.

[Contacts] 
Automated Driving Planning Office, National Police Agency of Japan, 2-1-2 
Kasumigaseki, Chiyoda-ku, Tokyo 100-8974, 03-3581-0141
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Road Bureau, Ministry of Land, Infrastructure, Transport and Tourism

The Act for Partial Amendment of 
the Road Act

About Japanese National Laws related to Automated Driving

References

Introduction

The Road Act (Act No. 180 of 1952) was enacted and 
enforced in 1952 as a basic law to provide for the designation 
and approval of road routes, management, structure, 
maintenance, cost sharing, and other matters concerning 
roads in order to improve the road network.

In recent years, in order to meet the needs of increasingly 
diverse and sophisticated road use, the following main 
revisions were passed in May 20, 2020 in the "Act for Partial 
Revision of the Road Act, etc." and thus promulgated in May 
27, 2020 (Act No. 31 of 2020):
- Acting as an agent for direct control of disaster restoration, 
etc., of locally managed roads

- Establishment of dedicated stopping facilities for business 
vehicles

-Construction of pedestrian-centered road areas
-Development of facilities to assist in automated driving
-Creation of a new traffic system for special vehicles

This section introduces the revisions related to automated 
driving.

Overview of revisions

The practical application of automated driving will 
contribute to solving various issues related to road 
transportation, such as reducing traffic accidents involving 
the elderly, easing traffic congestion, securing means of 
transportation in rural areas, and eliminating driver 
shortages in logistics services, etc. Therefore, the "Outline on 
improvement of legal system and environment for automated 
driving system" (April 30, 2008; IT Comprehensive Strategy 
Office) was decided as a government policy.

For the time being, however, it is expected that the 
devices that will be put to practical use in vehicles that 

perform automated driving will not be those that can operate 
safely at any time and place (Level 5), but rather those that 
can operate safely only when used under specific driving 
environment conditions (Level 3 or 4).

In addition, the driving environment conditions include 
the maintenance and use of "infrastructure such as equipment 
and communications installed on the road," in addition to 
keeping the speed below a predetermined level, limiting the 
driving range to only a predetermined route, limiting the 
weather and time of day, and establishing the necessary 
communication conditions.

The outline also recommends that "the necessary items for 
infrastructure such as equipment and communications 
(including infrastructure-to-vehicel cooperative technologies) 
to be installed on roads to complement the safety of automated 
driving should be considered based on the driving mode, 
technological progress, results of FOTs (Field Operational 
Tests), and opinions of users and operators." In order to put 
automated driving into practical use, these infrastructures need 
to be developed. (Fig.1)

The Ministry of Land, Infrastructure, Transport and 
Tourism (MLIT) has conducted FOTs of automated driving 
services based at "Michi-no-Eki" and other locations in 18 
locations across Japan since 2009. In these FOTs, it became clear 
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Fig.1:  Image of the step-by-step approach to the practical application of 
automated driving (Partially edited from the "Outline on improvement 
of legal system and environment for automated driving system")
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that stable driving is difficult to achieve with vehicle technology 
alone due to weather conditions such as snowfall and terrain 
such as mountainous areas. It was also confirmed that assistance 
from facilities installed on the infrastructure side, such as 
magnetic markers, is effective in ensuring stable driving.

Based on the above, in order to respond to the practical 
application of automated driving, the Road Act defines facilities 
to assist the driving of automated vehicles as "supporting 
infrastructure for automated driving."
- Supporting infrastructure for automated driving installed by the 
road administrator are added as attachments to the road.

- Relaxing the strict requirements by adding supporting infrastructure 
for automated driving to the occupied property, assuming that they 
are installed by someone other than the road administrator.

Based on the above, promote public-private efforts toward 
the practical application of automated driving.

In addition, automated driving technology is in the process 
of rapid progress, and Japan aims to steadily reflect the 
technology related to infrastructure for automatic driving in 
international standards. Therefore, it is necessary to develop 
supporting infrastructure for automated driving installed in an 
internationally coordinated and unified manner throughout 
Japan. The act includes the following provisions regarding 
supporting infrastructure for automated driving installed by 
road administers:
- Infrastructure meets the performance standards specified by 
the Ordinance of the Ministry of Land, Infrastructure, 
Transport and Tourism

- After installation, report to the Minister of Land, Infrastructure, 
Transport and Tourism (in the case of a municipality, report to 
the prefecture, which in turn reports to the Minister of Land, 
Infrastructure, Transport and Tourism).

<Reference texts>
○�Regulations for Enforcement of the Road Act (Ministry 

of Construction Ordinance No. 25 of 1952) (Extract)

(Criteria for the performance of supporting infrastructure 
for automated driving, etc.)
1  Article 4-8-2 The performance standards for supporting  

infrastructure for automated driving that are attached 
to roads specified by an Ordinance of the Ministry of 
Land, Infrastructure, Transport and Tourism under 
Article 45-2 paragraph (1) of the Act shall be that the 
supporting infrastructure for automated driving apply 
to any of the following items.

(i)  Items such as magnets or objects that emit waves to be 
detected by sensors to detect the status of automated 
vehicle driving shall conform to the standards 
specified by the Minister of Land, Infrastructure, 
Transport and Tourism. The purpose of such items is 
to correct the position of an automated vehicle or 
motor vehicle that operates by technology related to 
automated driving (hereinafter "Automated Vehicle") 

equipped with automated driving systems (meaning 
automated driving systems prescribed in item (xx) of 
paragraph (1) of Article 41 of the Road Transport 
Vehicle Act (Act No. 185 of 1951)) that travel on roads 
on which supporting infrastructure for automated 
driving are installed.

(ii)  Items that emits or displays data that shows the 
position of supporting infrastructure for automated 
driving in order to be detected by sensors that detect 
the status of driving of Automated Vehicles shall 
conform to the standards specified by the Minister of 
Land, Infrastructure, Transport and Tourism.
The purpose of such items is to correct the position of 
Automated Vehicles that drive on roads where 
supporting infrastructure for automated driving was 
installed, roads that intersect with such roads, and 
roads that connect with such roads.

(iii)  Items that emit or display data related to the road 
structure, other vehicles, status of pedestrians, 
presence of obstacles, and other data related to the 
road to be detected by sensors that complement 
sensors that detect the status of the Automated Vehicle 
scope shall conform to the standards specified by the 
Minister of Land, Infrastructure, Transport and 
Tourism. The purpose of these items is to ensure the 
safe passage of Automated Vehicles on roads where 
supporting infrastructure for automated driving was 
installed, roads that intersect with such roads, and 
roads that connect with such roads.

2  Supporting infrastructure for automated driving shall 
be such that they do not interfere with the roadway 
structure or traffic.

Conclusion

We hope that the establishment of infrastructure to 
support automated driving will promote the realization of 
automated driving and contribute to safer and smoother 
traffic and greater convenience on roads, and we ask for the 
continued understanding and cooperation of those involved 
in road management and the public in promoting road 
policies.

[Contacts] 

ITS Policy and Program Office, Road Bureau, Ministry of Land, 

Infrastructure, Transport and Tourism, 2-1-3 Kasumigaseki, Chiyoda-ku, 

Tokyo 100-8918, 03-5253-8111

3

The Act for Partial Amendment of the Road Act

About Japanese National Laws related to Automated Driving

 .References

289SIP 2nd Phase: Automated Driving for Universal Services - Final Results Report (2018-2022)

SIP通し.indb   289SIP通し.indb   289 2023/03/01   16:482023/03/01   16:48



Yoshitaka Tada (Road Transport Bureau, Ministry of Land, Infrastructure, Transport and Tourism)

The Act for Partial Amendment of the Road 
Transport Vehicle Act

About Japanese National Laws related to Automated Driving
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At the Ministry of Land, Infrastructure, Transport and 
Tourism, and based on the Road Transport Vehicle Act, safety 
is ensured in an integrated manner from the design and 
manufacturing stages of vehicles through to the stage of use on 
public roads. Specifically, we are involved with measures such 
as formulating safety standards, type certification, servicing & 
maintenance, inspections, and recalls.

On the other hand, this specific law was created in 1951, 
and at that time it was not considered that some non-human 
system would also operate vehicles. For this reason, the law 
was revised in May 2019 to accommodate automated vehicles 
(Level 3 and Level 4).

Addition of automated driving systems to 
the equipment subject to safety standards

"Automated driving systems" were added to the list of 
devices subject to the safety standards, as devices necessary 
for automatically operating a vehicle by means of a program. 
(Fig.1) In addition, the Minister of Land, Infrastructure, 
Transport and Tourism shall attach conditions under which 
the automated driving system are to be used (the driving 
environment conditions) to each such system.

Fig.1: Definition of an automated driving system

Driving environment conditions allowance procedures

(1) Applicants are to submit an application that includes 
conditions in which automated driving is possible, such as 
place, weather, speed, etc. to the Ministry of Land, 
Infrastructure, Transport and Tourism

(2) Ministry of Land, Infrastructure, Transport and Tourism 
grants allowance certi�cate for these conditions when it 
recognizes that automated driving system performance in 
these conditions meets security standards.

○Eiheiji-cho, Fukui prefecture
Automated driving system examples 
(overview)
1. Vehicle is on electromagnetic induction 
line
2. Weather is not poor
3. Speed is 12km/h or less
4. Road is not icy
5. No emergency vehicles present
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○  Road Transport Vehicle Act (Act No. 185 of 1951) (Extract)

Article 41
A motor vehicle shall not be provided for use in 

operation unless it conforms to the technical standards 
for safety, pollution prevention and other environmental 
preservation specified by Ministry of Land, Infrastructure, 
Transport and Tourism ordinances with regard to the 
following devices.
20 Automated driving system
2  "Automated driving system" in item (xx) of the preceding 

paragraph refers to a device in which the main components 
are sensors that detect the conditions of the vehicle and the 
surrounding conditions during operation, and the 
computer and program (commands to a computer 
(including an input or output device; the same shall apply 
hereinafter except for this paragraph and Article 99-3(1)
(i)) which are combined to obtain a single result;

the same shall apply hereinafter) for processing the 
information sent by the sensors which are necessary for 
the automated operation of the vehicle by the program, 
and has functions that replace all of the abilities related to 
prediction, judgment, and operation related to operation 
by a person who operates a vehicle when used under the 
conditions imposed by the Minister of Land, Infrastructure, 
Transport and Tourism for each device, and is equipped 
with a device to record the information necessary to 
confirm the operating state of the relevant functions.

○  Road Transport Vehicle Safety Standards (Ministry of 
Transport Ordinance No. 67 of 1951) (Extract)

Article 48
A motor vehicle (excluding motorcycles, motorcycles 

with a sidecar, three-wheeled motorcycles, light vehicles 
with caterpillars or sleds, large-sized special motor 
vehicles, small-sized special motor vehicles, and towed 
motor vehicles) may be equipped with an automated 
driving system.
2  A motor vehicle equipped with an automated driving 

system shall conform to the standards specified in 
public notifications regarding function, performance, 
etc., as a vehicle capable of ensuring the safety of 
automated operation of the vehicle via a program.
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3   An automated driving system whose type is designated 
pursuant to the provisions of Article 75-3 (1) of the Act 
shall make a vehicle equipped with said system conform 
to the standards set forth in the preceding paragraph.

Summary of the Public Notification 
Concerning Automated Driving Systems

The following is a summary of the standards set forth in the 
Public Notification Concerning Automated Driving Systems.
(1)  There is no risk of interfering with the safety of passengers 

and other traffic under the driving environment conditions
(2)  It does not operate outside of the driving environment 

conditions
(3)  An alarm for taking over the driving operation is issued 

before the driving environment conditions are left, safe 
operation is continued until the driver takes over, and if 
the driver does not take over, the vehicle is safely stopped

(4)  Driver monitoring is installed to monitor the driver's 
condition

(5)  Measures are taken to ensure cybersecurity to prevent 
unauthorized access, etc.

Establishment of a permit system related to 
modifications involving alterations to the programs 
incorporated in an automated driving system, etc.

With the advancement of vehicle technology, it has 
become possible for vehicle manufacturers, etc. to alter the 
programs incorporated in the electronic control devices of 
vehicles and change their performance and add (modify) 
functions easily and on a large scale while the vehicle is being 
used by utilizing communications.

For this reason, a person who intends to make a 
modification by altering a program incorporated in an 
automated driving system, etc. through the use of 
telecommunication lines, etc., which may cause the vehicle 
to fail to conform to safety standards (a Specified Modification 
Etc.) (Fig.2) must obtain permission from the Minister of 
Land, Infrastructure, Transport and Tourism in advance.

Since the Road Transport Vehicle Act until now did not 
envision the large-scale electronic modification of vehicles using 
communications, conformance to the standards specified in the 
public notification regarding functionality and performance, 

including ensuring cybersecurity, is required. (Fig.3)

Expansion of the Scope of Disassembly 
and Maintenance

It was necessary to expand the scope of "disassembly and 
maintenance" because it did not include maintenance and 
modifications related to advanced technologies, which meant 
there was a risk that safety may not be ensured.

The definition of "disassembly and maintenance" that 
requires certification was expanded by adding "automated 
driving systems" and also maintenance and modifications 
that may affect the operation of such systems, and the name 
was changed to "specified maintenance". (Fig.4) In addition, 
there is an obligation for vehicle manufacturers, etc. to 
provide the model-specific technical information necessary 
for inspections and maintenance to the service providers 
who perform specified maintenance.

[Contacts] 

Ministry of Land, Infrastructure, Transport and Tourism Road Transport 

Bureau Engineering and Environmental Policy Division, 2-1-3 

Kasumigaseki, Chiyoda-ku, Tokyo 100-8918, 03-5253-8111
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Fig.2: Image of a Specified Modification Etc.
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Fig.4: Image of specified maintenance
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The following is a list of all Second Phase of SIP Automated Driving R&D projects. This also shows whether projects have 
been published in previous reports (Mid-term results report1) and final reports (Final results report2), and page numbers of 
each. " ⃝ " indicates that the project is included in the results report, " ー " indicates that the project is not included in the 
results report, and "＊ " indicates the project of producting and publishing the results report.

For more detailed information on each project, please refer to the "Report of Results for Each project" described in Section 7 
of this report.

Projects List and Publication Status of the Second Phase of SIP Automated Driving for Universal Services
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Project No. Project title
Project period

(As of December 1st, 2022)

Availability and page numbers

Mid-term results reports Final results reports

[I] Development and validation (FOTs) of automated driving systems

F001 Research on effectiveness and impact on traffic flow for field operational tests in Tokyo 
waterfront area in 2020 2018.07.19 ~ 2019.03.20

○ Pages 53 - 78
[Section 3(1)] ○ Pages 41 - 46

[Section 2 (1) 1)]

F003 Review and evaluation of planning regarding 2020 the field operational tests in Tokyo 
waterfront area in 2020 2018.11.01 ~ 2019.06.28

F005 Infrastructure preparation, preliminary research, and maintenance and management for 
FOTs 2019.03.08 ~ 2022.05.31

F006 Implementation of FOTs in the Tokyo waterfront area 2019.04.12 ~ 2023.02.28

F009 Constructing the field operational tests environment to provide signal information via the 
public network 2021.08.05 ~ 2023.02.28

F002 Field operational tests for automated driving services in rural areas aiming for the 
improvement of the social environment 2018.10.12 ~ 2019.08.30

○ Pages 111 - 116
[Section 4 (1)] ○ Pages 154 - 161

[Section 4 (1) 1)]F007 Improvement of the social environment for practical implementation and horizontal 
deployment of automated driving services 2019.09.09 ~ 2020.12.28

F008 Research on the social implementation and permanent adoption of automated driving 
transport service in rural areas 2020.10.22 ~ 2023.02.28

F004 Research on environmental improvement for practical use of transport services by 
automated driving in the new town area 2018.12.14 ~ 2019.04.30 ー ○ Pages 260 - 263

[Section 7]

[II] Development of core technologies for the practical implementation of automated driving

R001 Study of utilization of new communication technologies including V2X technology to 
automated driving system 2018.09.13 ~ 2019.02.28

○
Pages 38 - 41
Pages 192 - 194
[Section 2 (2)]
[Section 7]

○ Pages 85 - 93
[Section 2 (2) 1)]

R016 Study of communication technologies for use by automated driving systems 2019.09.20 ~ 2020.03.19

R027 Study on V2X communication for achieving use cases of cooperative driving automation 2020.11.25 ~ 2022.02.28

R028 Study on V2X communication for achieving use cases of cooperative driving automation: 
evaluation of 700 MHz band ITS 2021.04.27 ~ 2022.02.28

R033 Study on V2X communication protocol in 5.9 GHz band to realize the coorperative driving 
automation use cases 2022.04.07 ~ 2023.02.28 ー ○ Pages 94 - 98

[Section 2 (2) 2)]

R017 Research and development on the collection, integration, and delivery of short-range and 
medium-range information 2019.08.19 ~ 2021.05.31 ○ Pages 42 - 48

[Section 2(2)] ○ Pages 99 - 103
[Section 2 (2) 3)]

R002 Research on the enhancement of technologies to provide traffic signal information toward 
the realization of automated driving 2018.09.20 ~ 2019.03.20

○ Pages 15 - 22
[Section 2 (1)] ー

R009 Research on the enhancement of technologies to provide traffic light information toward the 
realization of automated vehicles 2019.05.28 ~ 2020.10.30

R003 Research on the provision of traffic signal information through means other than vehicle-to-
infrastructure communication via ITS roadside radio units and others 2018.09.20 ~ 2019.03.20

○ Pages 15 - 22
[Section 2 (1)] ○ Pages 47 - 53

[Section 2 (1) 2)]

R010 Research and development on the provision of SPaT information through methods other 
than vehicle-to-infrastructure communication via ITS roadside radio units and others 2019.05.22 ~ 2020.02.28

R021 Research and development on the provision of signal phase and timing (SPaT) information 
using cloud and other technologies 2020.06.22 ~ 2021.02.26

R029 Research and development on the provision of signal phase and timing (SPaT) information 
using cloud and other technologies toward social implementation 2021.07.07 ~ 2022.03.31

R004 Research on measures for the utilization of V2X information for ensuring traffic safety 
under mixed traffic conditions 2018.09.13 ~ 2019.03.20

ー ○ Pages 260 -  263
[Section 7]

R012 Research on utilization method of V2X information for ensuring traffic safety under 
coexisting traffic -simulation of evaluation of impact of automated vehicles on traffic Flow- 2019.05.28 ~ 2020.02.28

R023 Research and development on traffic signal control using GNSS (location information) and 
other technologies 2020.07.02 ~ 2022.02.28 ー ○ Pages 73 - 79

[Section 2 (1) 6)]

R025 Improvement of data accuracy of traffic regulation information 2020.09.16 ~ 2021.03.12
ー ○ Pages 67 - 72

[Section 2 (1) 5)]
R030 Research on model system for improvement of data accuracy of traffic regulation 

information 2021.07.06 ~ 2023.02.28

R005 Approach development for improving an automated driving validation environment in 
virtual space 2018.12.14 ~ 2023.03.31 ○ Pages 89 - 94

[Section 3 (2)] ○ Pages 108 - 120
[Section 3 1)]

R006 Research on the recognition technology required for automated driving technology (levels 3 
and 4) 2018.12.06 ~ 2023.02.28 ○ Pages 79 - 85

[Section 3(1)] ○ Pages 121 - 129
[Section 3 2)]

R008 Update of high-precision three-dimensional map with vehicle probe data 2019.02.15 ~ 2021.02.26 ○ Pages 30 - 37
[Section 2 (1)] ー

R013 Operations of planning and deliberation council for the creation of systems for generating 
and providing Lane-level road traffic information using probe information 2019.04.22 ~ 2023.02.28

○ Pages 23 - 29
[Section 2 (1)] ○ Pages 54 - 60

[Section 2 (1) 3]

R020 Technical study and evaluation of automated driving control using lane-level probes or the 
like 2020.01.16 ~ 2023.02.28

ー ○ Pages 218 - 221
[Section 5 4)]

1   SIP 2nd Phase: Automated Driving for Universal Services—Mid-Term Results Report (2018–2020) (ISBN: 9784904056899) https://en.sip-adus.go.jp/rd/rd_page03.php
2   SIP 2nd phase: Automated Driving for Universal Services—Final Results Report (2018-2022) (ISBN: 9784904056936) https://en.sip-adus.go.jp/rd/rd_page04.php
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Project No. Project title
Project period

(As of December 1st, 2022)

Availability and page numbers

Mid-term results reports Final results reports

[II] Development of core technologies for the practical implementation of automated driving (continued from previous page)

R011 Research on application and construction of a transport environment information platform 
for tourist attractive city 2019.04.25 ~ 2019.08.30

○ Pages 156 - 158
[Section 5 (1)]

○ Pages 207 - 210
[Section 5 2)]

R018-a
Research for design and development of automated driving and drive assistance 
architectures - to build a geographic data communication portal site and geographic data 
for FOTs in the Tokyo waterfront area and urban areas for cooperative mobility and logistics 
services

2019.08.30 ~ 2023.03.31
○ Pages 150 - 155

[Section 5 (1)] ○ Pages 199 - 206
[Section 5 1)]

R018-b
Research for design and development of automated driving and drive assistance 
architectures - to clarify requirements to construc an operation system for local automated 
driving service

2019.08.30 ~ 2021.05.31 ○ Pages 117 - 121
[Section4 (1)] ○ Pages 154 - 161

[Section 4 (1) 1)]

R026 Establishing an environment that promotes the utilization of mobility-related data 2020.09.30 ~ 2021.03.12 ○ Pages 159 - 161
[Section 5 (1)] ー

R014 Research on new types of cyber-attacks and countermeasures against them 2019.07.16 ~ 2020.03.19
○ Pages 95 - 98

[Section 3 (2)] ○ Pages 130 - 134
[Section 3 3)]

R024 Research and study on new types of cyber-attacks and countermeasures against them 2020.08.07 ~ 2023.02.28

R015 Research and study on HMI and safety education methods for advanced automated driving 2019.08.19 ~ 2022.08.31 ○ Pages 99 - 106
[Section 3 (2)] ○ Pages 135 - 149

[Section 3 4) - 6)]

R019 Research and study of common reference point (CRP) in high definition map 2019.08.19 ~ 2021.02.28 ○ Pages 192 - 194
[Section 7] ー

R022 Study and field operational tests for improving logistics efficiency based on architecture 
utilizing vehicle information such as probes 2020.07.02 ~ 2021.04.30

ー ○ Pages 211 - 217
[Section 5 3)]

R032 Field operational tests and evaluation for improving logistics efficiency based on 
architecture utilizing vehicle information such as probes 2021.12.03 ~ 2022.12.31

R031 Simulation analysis of verification of merging assistance system 2021.09.15 ~ 2023.02.28 ー ○ Pages 61 - 66
[Section 2 (1) 4)]

[III] Fostering of public acceptance of automated driving

P001 Study on advanced driver assistance system for drivers with visual field defects 2018.12.25 ~ 2021.02.28 ○ Pages 130 - 135
[Section 4 (2)] ー

P002 Study of socioeconomic impacts of automated driving including traffic accident reduction 2018.12.28 ~ 2021.05.31
○ Pages 136 - 141

[Section 4 (2)] ○ Pages 173 - 179
[Section 4 (2) 2)]

P010 Research on assessment of the impact of automated driving on society and the economy and 
on measures to promote deployment 2021.07.02 ~ 2023.02.28

P003 Survey to foster public acceptance of automated driving technology 2019.04.04 ~ 2020.03.19

○ Pages 192 - 194
[Section 7] ○ Pages 180 - 188

[Section 4 (2) 3)]P004-a Strategic planning for fostering social acceptance and survey regarding its evaluation - to create 
overall strategies and to plan and operate information dissemination through web-based media 2019.09.13 ~ 2023.03.31

P009 Research to measure effect of efforts for fostering social acceptance through events 2020.09.09 ~ 2023.03.31

P004-b Strategic planning for fostering social acceptance and survey regarding its evaluation - 
evaluation of efforts to foster social acceptance 2019.09.13 ~ 2023.02.28 ○ Pages 124 - 129

[Section 4 (2)] ○ Pages 166 - 172
[Section 4 (2) 1)]

P005 Visualize the effects of reducing traffic accidents through automated driving and driving 
assistance 2019.10.08 ~ 2021.03.01 ○ Pages 142 - 147

[Section 4 (2)] ー

P006 Research for introducing precise docking technology by automatic driving to BRT (bus 
rapid transit) 2020.02.28 ~ 2021.12.28 ー ○ Pages 260 - 263

[Section 7]

P008 Fundamental research for automated buses friendly to mobility-constrained people 2020.06.02 ~ 2021.09.30 ○ Pages 192 - 194
[Section 7] ○ Pages 189 - 194

[Section 4 (2) 4)]

[IV] Enhancement of international cooperation

G001 Study on the strengthening of information dissemination capabilities in preparation for the 
realization of automated driving systems 2018.07.20 ~ 2019.03.20

○ Pages 165 - 167
[Section 6 (1)] ○ Pages 227 - 229

[Section 6 1)]G003 Research on the strengthening of information dissemination capabilities in preparation for 
the realization of automated driving systems 2019.04.05 ~ 2021.05.31

G007 Research of trend in order to strengthen information dissemination capabilities in 
preparation for the realization of automated driving systems 2021.05.24 ~ 2023.03.31

G002 Basic study in promotion of joint research on automated driving with overseas research 
institutions 2018.08.24 ~ 2019.02.28

○ Pages 168 - 170
[Section 6 (1)] ○ Pages 230 - 233

[Section 6 2)]
G004 Construction of collaboration structure in promotion of joint research on automated 

driving with overseas research institutions 2019.05.27 ~ 2023.02.28

G005 Study of overseas trends, etc., in preparation for international collaboration regarding traffic 
environment information 2019.07.04 ~ 2023.02.28 ー ○ Pages 260 - 263

[Section 7]

G006 Study on intellectual property management strategy 2020.05.28 ~ 2021.03.12 ○ Pages 192 - 194
[Section 7] ー

G008 Review and publication of mid-term results report to effectively promote R&D results 2021.04.19 ~ 2022.02.28 ＊
Mid-term results 
reports
preparation services

ー

G009 Effective compilation and dissemination of R&D results 2022.05.11 ~ 2023.03.31 ー ＊ Final results reports
preparation services
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The correspondence between the contents of this report and the related R&D project numbers is shown below. For the 

project title corresponding to the project number, please refer to the second phase of SIP-adus project list and report 

publication status in this report.

Correspondence Chart for the Titles Listed in This Report and Each 
Project (Reverse Lookup of the List of Projects)

294

SIP final result report chapter title Corresponding project number
Section 1: The Second Phase of SIP-Automated Driving for Universal Services 
Section 2: Establishment and Utilization of Traffic Environment Data

(1) Technological Development Concerning the Generation of Traffic Environment Data
1) The Tokyo Waterfront City Area Field Operational Tests F001, F003, F005, F006, F009
2)  Technological Development to Provide Traffic Signal Information to Automated Vehicles Connected to 

Infrastructures (V2N) R003, R010, R021, R029

3) Technological Development for Lane-specific Road Traffic Information Using Vehicle Probes R013, R020
4) Technological Development and Establishment of Simulation Environment for Lane Merging Support R031
5) Improvement of Data Accuracy of Traffic Regulation Information R025, R030
6)  Technological Development for Traffic Signs Control and Emergency Vehicles Information Using GNSS 

(Location Information) and Other Technologies R023

(2) Technological Development Concerning the Transmission of Traffic Environment Data
1) Research on Communication Methods to Realize Cooperative Automated Driving Use Cases R001, R016, R027, R028
2) Development of New Technologies, V2X and Others, for Communication R033
3)  Research and Development Concerning the Collection and Transmission of Medium Range 

Information R017

Section 3: Ensuring the Safety of Automated Driving
1) Development of Driving Intelligence Validation Platform (DIVP®) for Automated Driving Safety Assurance R005
2) Research on the Recognition Technology Required for Automated Driving Technology (Levels 3 and 4) R006
3) Research of New Cyberattack Techniques and Countermeasure Technologies R014, R024
4) Research of Education Methods for Advanced Automated Driving Systems R015
5)  Research on Communication between Low-Speed Automated Transportation and Logistics Services Vehicles 

and Surrounding Traffic Participants R015

6) Research of HMI for Advanced Automated Driving Systems R015
Section 4: A Society with Automated Driving

(1) Automated Driving Mobility Services in Regional Communities
1)  Establishing the Environment for the Deployment of Transportation Services Relying on Automated 

Driving F002, F007, F008, R018-b

(2) Public Acceptance of Automated Driving
1) Research and Evaluations for Fostering Public Acceptance P004-b
2)  Development of Assessment Methodology for Socioeconomic Impacts of Automated Driving Including 

Traffic Accident Reduction P002, P010

3) Projects to Foster Public Acceptance P003, P004-a, P009
4)  Research for Automated Driving Bus Friendly to Persons with Disabilities or Reduced Mobility and 

Orientation P008

Section 5: Data Connection and Use to Achieve Society 5.0
1) Design of Geographical Data Architecture — Building and Promoting a Traffic Environment Data Portal Site R018-a
2) Resolving Social Issues in Cities Popular with Tourists R011, R018-a
3) Research to Realize More Effective Logistics System with Probe Vehicle Data R022, R032
4) Utilization and Application of Probe Data to Road Maintenance and Management R020

Section 6: Promoting International Cooperation
1) SIP-adus Workshop G001, G003, G007
2) Japanese-German and Japanese-European Cooperation G002, G004
3) Dynamic Maps
4) Human Factors
5) Safety Assurance
6) Connected Vehicles
7) Cybersecurity
8) Socioeconomic Impacts
9) Service and Business Implementation

Section 7: Other Achievements and Activities F004, R004, R012, P006, G005
Section 8: Conclusion and Outcomes through SIP-adus to be Inherited
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