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1 Fact finding mission to Japan
1.1

Introduction

The Dutch Ministry of Transport has been developing a research and policy framework for
Automated Vehicle Guidance in which there is a specific focus on ADA technology. The
major source of inspiration for Dutch activities related to Automated Vehicle Guidance, and
more specifically to Advanced Driver Assistance (ADA) Systems, has been the experience
gained in European projects and participation in international conferences. To complement
the insights and learn from the extensive Japanese experience in this field, the Dutch
embassy in Tokyo organised a fact finding mission for representatives of AW Transport
Research Centre and the Directorate-General of Passenger Transport.
This report gives an overview of the state of the art of Automated Vehicle Guidance in
Japan. It contains the conclusions and reports of the individual meetings of our mission.
We thank our Japanese colleagues and our colleagues at the Royal Dutch embassy in Japan
for making our visit possible. We feel that the mission was very successful and has put the
Dutch Ministry of Transport in the position for fruitful co-operation with the Japanese in the
near future.
Participants:
Edwin Bastiaensen (AW Transport Research Centre)
Martin van Gelderen (Directorate-General of Passenger Transport)
Philip Wijers (attache for science and technology, Dutch Embassy,Tokyo)
Support and preparation of the mission also by Jan Busstra (DGP), Kikuo Hayakawa en
Barbara Staals (Dutch Embassy)

1.2 Mission objectives
The objectives for the fact-finding mission were:
• Identify the content of the Japanese strategies, define the similarities and differences
between the European and Japanese development and introduction strategies for ADA
• How is the state of the art and state of practice of ADA in Japan
• Which institutions are major stakeholders in the elaboration of the Japanese ADA
strategy (user, industry, and governmental perspectives)
• What are the individual roles of the participating stakeholders in the Japanese approach
• What is the state of policy within the diverse governmental bodies associated with ADA
• To what extend have introduction barriers for deployment of ADA been identified in
Japan, (e.g.: legal, social, technical, institutional)
• What actions are undertaken to resolve these barriers and by whom.
• How is, within this strategy, the perspective on the European/Dutch market for the
introduction of Japanese ADA systems.
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Visit to Honda R&D Center, Tochigi
1.3

Background of the mission

AVG and ADA systems can contribute to the realisation of the Ministry of Transport, Public
Works and Water Management's goals in the areas of throughput and safety. Furthermore,
AVG systems offer advantages to individual users, roadway authorities, fleet owners and the
Dutch industry in general. In the National Traffic and Transport Plan From A to Better the
application of advanced techniques is given an important role in the improvement of traffic
flow on main roads and traffic safety in general. The AVG action plan formulates a research
and activity agenda for AVG.
Advanced Driver Assistance (ADA) systems make up a subsection of AVG systems
supporting the driver in conventional traffic. Various AVG research programmes are also
being conducted internationally, including the Intelligent Vehicle Initiative (USA), the
European Commission's research programmes in FP5 and diverse research initiatives
undertaken by Japanese Industry and government. An exchange of knowledge (system
level) is taking place at both the continental and intercontinental levels through conferences
as the International Task Force For Vehicle Highway Automation (ITFVHA).
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2 General impression & Conclusions
2.1

Road safety and ADA in Japan.

in Japan live over a 120 million people and there are more than 70 million vehicles travelling
each day. About one million people are injured or killed in traffic accidents each year.
Congestion in Japan causes a time loss of 5.4 billion hours annually, which corresponds to
an economic loss of 12 trillion Yen.
In Japan, the elderly population increases. By 2020, the elderly aged 65 years and older will
account for 25% of the population. When looking at the accident statistics, they show an
increase of involvement of elderly by one third in the period of the last ten years. In Japan,
an environment that supports greater mobility for the elderly is seen essential. This is also
reflected in the research and development projects.
Japan is a technologically advanced society. It has an very active (automotive) industry and
the Japanese customer is technology aware. Large amounts of money are invested in
construction and infrastructure. However, all these efforts do not seem to be very well
coordinated. The fragmentation and bureaucracy of the Japanese government is an
important obstacle in an efficient use of resources. There is no central traffic policy plan such
as the Dutch NVVP. Safety is considered an important issue. Therefore, the government is
keen to promote new safety features but is also very hesitant accepting new technology.
The industry finds it hard to get consent for on-road testing of new features for the same
reason.
Between the different manufacturers there is a fierce competition. Bringing to the market
new technology is essential to gain market share. New features are introduced in top
models. Here a premium price can be charged and it yields an advanced image to the
company. Often those new features are poorly sold. The stage of development of ADA
systems is on the same level as in Europe and the US. Although some features function well
on the test track, it is hard to see them work in real traffic situations in their current state of
development. The problems with introduction to the market (marketing and liability) are
also not much different from Europe and the US.
A speed control (speed limiter) device has been made compulsory in heavy trucks in Japan.
The industry supports this measure, looking at the occurrence and seriousness of truck
accidents in highways. However, in the case of passenger cars the expected effects are
reduced. The Japan Automobile Manufacturers Organisation opposes any proposals for
speed limiters on cars. Toyota is not aware of non mandatory speed support devices. (Speed
Assistance is not a strategic issue for car companies for research as there is a lack of interest
or projects going on in this direction)
So far, the conclusion is that Japanese companies have not considered the European market
as an option for introducing ADAs. Most companies are however interested in a market
survey for the needs in Europe. The belief within the car companies is that the market
conditions regarding ADA are very different. However, Nissan plans to introduce ACC with
brake actuation in Europe next year.

With regard to vehicle-road communication, Japan invests a lot in 5.8 GHz. Communication
experiments. Discussions regarding deployment are taking place in a variety of forums.
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2.2

Relation government-industry

The relationship between government and industry is different from that in most western
countries. The former still has a large influence what is going on, often by means of
agreements that don't have force of law. This gives some advantage to non-Japanese
manufacturers who are not in the system (e.g. the speed delimiter on passenger cars at 180
km/h is only fitted in Japanese cars). There is not always a clear separation of responsibilities
between government and industry.
The strong links between the government and industry make it difficult for the government
to take an independent position. E.g., intelligent speed management is not discussed
because the industry is afraid costumers don't want it. Remarkably, speeding was declared
as non-existent or not important by most institutes visited. Possibly this is also partially due
to fragmentation in government where every institute only considers their own
responsibility and focuses on new technology that can be used.
On the other hand, the government succeeded in pressing the industry in participating in
the ASV program that brings focus in the R&D activities. Although the research is carried
out by the manufacturers individually, this may greatly help standardisation and market
introduction. The integration of the ASV with the AHS program, which still has to
materialise, will make the program even stronger.
2.3 Introduction barriers

Joint development and joint pre-competitive research are regarded as the key to resolve
several deployment barriers. During discussions with a variety of Japanese organisations, the
following conclusions were drawn regarding introduction barriers in Japan.
• Legal Liability issues: certification and new standards are needed
• HMI guidelines are needed (most important forum: ISO)
• Marketing Large amount of new features, how to 'guide' the customer? Mainly for
liability reasons, many features are sold as comfort systems but seem safety features
• Cost Justification for cost/benefit is needed
• Technical Sensor reliability remains a serious problem for more expensive and luxury
models. Also the Human Machine Interface needs further refinement
• Sncial/user acceptance product liability issues pose social problem (HMI standardisation)
2.3.1

Legal

JAMA & the Police Agency have joint committee meetings. The ASV-3 Working Group
focuses on technical standards and the MLIT proposes regulations.
Like in Europe and the EU, liability is an important issue. In the near future more research
will be done in this area, possibly in co-operation with insurance companies. New features
like LDWA are sold as comfort systems and not as safety systems to avoid litigation.
Toyota: The drivers as well as the society should understand that no driving support system
is a 100% safe system and that the merits of the system depend upon the way the vehicle is
driven. Toyota believes that if you market the system according to this belief, legal
introduction is not a problem (safety to comfort).
Regarding legalisation, a braking actuation up to 0.2 G is ok.
2.3.2

HMI

With the large variety of warning systems under development the design of a Human
Machine Interface (HMI) becomes very important. Also the proper use of the systems is an
important issue: how to avoid people rely to much on equipment which is only intended to
support the driver and not to take over? Therefore research is performed in ASV and AHS
projects where design principles are being developed. Some companies stated that HMI has
the highest priority. Activities in this area are focused on participation in Technical
6

Committeee working group 8 (HMD of ISO 204. Domestically, guidelines for HMI are being
developed.
Generally, the Ministry (Mill) is not involved in any HMI related research activities. The
governmental institutes clearly point to the automotive industry regarding this topic.
2.3.3 Marketing

All the new features have to be sold; it is not expected that the government will make any
of the ADA features mandatory in the new future. There is a strong competition in the
Japanese market where all manufacturers seek not to be behind in offering new features.
Usually they are introduced in top models, which are often only available in Japan, and are
poorly sold. (E.g. Mitsubishi sold only about 20 Proudia with the lane keeping support
system so far.)
2.3.4 Technology

Most of the technology is not yet mature enough for large scale market introduction. Also
the unit price will have to be reduced dramatically in order to sell the systems.
Manufacturers complain that MLIT is quite slow in giving consent for the introduction of
new features. They are very concerned about adverse safety effects. Before giving approval,
the industry, universities and other authorities are consulted and general guidelines, about
e.g. the user interface, are drafted. (Coming) ISO standards can also play a role in this
process. Their prudence seems to be justified considering the large amount of new features
which is coming to the market the coming years.
Some technologies are deployed by different organisations. For example: infrared beacons
are operated by the Police, Radiowave beacons by the road administrator, and FM by VICS.
2.3.5 Acceptance

In 1997 a primary study was done by AHSRA which showed that customers had interests in
AHS-i and AHS-c. In AHS-a, no interest was shown (Nissan). (See section 4.3 for
explanation of AHS categories.) Regarding introduction of ADA in Europe by Japanese
companies, the companies seem to have little insights in the European market for ADA.
2.4 Introduction from Japanese new technologies in Europe

The interviewed organisations have different views regarding deployment in Europe of
ADA compared to deployment of ADA in Japan.
Basically, Europe is regarded as a complex environment, because of the different countries,
cultures and regulatory aspects. Some companies showed specific interest in collecting more
information about acceptance issues and research activities performed and to be performed
in Europe. Some car companies state that Europe is more advanced than Japan.
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3 State of policy in Japan
3.1

Organisation

Four ministries are involved in ITS:
• Ministry of Land, Infrastructure and Transport (MLIT), a result of a recent merger of the
Ministry of Construction and the Ministry of Transport. Responsible for public
infrastructure and regulation of road vehicles.
• Ministry of Economy, Trade and industry (METI, the former MITI). Promotion of the
Japanese industry is its main goal.
• Ministry of Public Management, Home affairs and Telecommunications (formerly Post
and Telecommunications). In charge of wireless communication systems.
• National Police Agency (NPA). Responsible for traffic management and traffic safety.
Roads are classified in national expressways, national highways, prefectural roads and
municipal roads. Only the national expressways are administered by NLIM, which delegated
this the Japan Highway Public Cooperation. The expressways and national highways are
usually toll roads. The revenues are used to pay off the loans of the construction and the
maintenance costs. By law, the petrol and road taxes have to be invested in Infrastructural
works1. Together with normal funds this guarantees a continuous flow of money for new
road projects.
Within MLIT the Road Bureau (was part of MoC) is responsible for infrastructural projects;
the Road Transport Bureau (from MoT) for vehicle related developments. The former
manages the AHS program (Advanced Cruise-Assist Highway Systems). This is a program
carried out in a public-private partnership (AHSRA) and focuses on roadside sensing and
warning systems for the national expressways and highways. The MLIT research institute
NILIM/PWRI is strongly involved in this program. The Road Transport Bureau is in charge of
the ASV (Advanced Safety Vehicle) project, a program in which all major automotive
manufacturers participate. The research is carried out exclusively at the industry's R&D
centres. The program is strongly promoted by the government; the main advantage for the
industry is common public exposure of ITS/ADA developments such as with Demo2000.
The two programs AHS and ASV are now, officially, connected. MLIT also plays an
important role in the admission of new technologies. When new technology is proposed
industry is consulted. This can take several years and it is whispered that some
manufacturers try to slow down the admission process when they are themselves not ready
the new technology, especially when no international standards are available to refer to.
METI has a completely separate research program carried out at Mechanical Engineering
Laboratory (MEL) of the National Institute of Advanced Industrial Science and Technology
(AIST). This is pure long-term research and the development of standards with the scope of
helping the Japanese industry.
MPT and NPA do not have ITS research programs but are important players. For all radio
communication links MPT approval is required. NPA is responsible for the traffic safety on
all roads other than highways. The Universal Traffic Management Society of Japan (UTMS)
is an independent foundation but has strong links with the NPA. Manufacturers of roadside
equipment are members of the society and UTMS promotes the use of this equipment.
The National Police Agency is organised in 4 departments:
• Planning department, responsible for the legal system and safety education
• Guidance department, responsible for traffic guidance and enforcement
1

This currently under reconsideration (Economist, 4/8/2001).
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Regulation/control department, responsible for regulations, safety facilities and traffic
information
Drivers licence department for drivers licensing.

The relation with the local police agencies is the following: The national police agency is
responsible for the overall planning, equipment development and development of
specifications, and budgets, where the local police agencies are responsible for their local
traffic control centres and buying and using the ITS equipment.
The fragmentation of the Japanese government is the primary weakness of the ITS
development. Emblematic is the lack of national traffic safety goals: all different institutions
have their own targets and no trade off is made between measures that they can take. The
integration between AHS and ASV, together with the merger that resulted in MUT, might
improve this situation in the future.
As
•
•
•
•
•

independent organisation there also is TS Japan. Its main objectives are:
Promotion of ITS R&D and deployment
ITS World Congress Asia Pacific area contact (to ERTICO and ITS America)
Asia Pacific ITS forum secretariat
Liaison among ITS related public and private organisations and academia
Supporting ITS related Standard activities

The goals set by ITS Japan (1995) in 30 years (2025) are:
• Cut the number of fatal accidents to half the current number
• Eliminate congestion
• Reduce vehicle fuel consumption and C02 by 15% each and reduce NO* in urban areas
by 30%.
ITS Japan distinguishes 9 different areas of ITS
1. Advances in Navigation systems
2. Electronic Toll Collection
3. Assistance for Safe Driving
4. Optimisation of Traffic Management
5. Increasing Efficiency in Road Management
6. Support for Public Transport
7. Increasing Efficiency in Commercial Vehicles Operations
8. Support for Pedestrians.
9. Support for Emergency Vehicle Operations
3.2

Perspectives of active safety in Japan (theoretical background)

A look into the reports regarding analyses of traffic accidents in Japan reveals the estimation
that 50% of the accidents are caused by delay in recognition and 25% by error in operation
and judgement. For the recognition errors, providing information to the driver is regarded
as the best strategy. For the judgement: errors driving assistance is expected to be the most
effective. The other 25% are other factors (non-driver related).
Perspectives of active safety systems, services that are expected to
save lives (deducted from accident analyses)
prevention of left turn collisions
prevention of accidents at railroad crossings
safe lane changing
maintenance of safe headway
prevention of right turn collisions
prevention of collisions with obstacles
9

%
1
1
2
3
5
9

prevention of crossing collisions
Lane keeping in curves
Lane keeping on straight lane
prevention of collisions with pedestrians crossing streets

18
20
20
21

The total cost of congestion in Japan is estimated to be 12 trillion Yen per year, the cost of
accidents is 4 trillion Yen per year (source: AIST, Tsugawa). Cost benefit analyses for the
introduction and performance of ADA systems have not been performed yet in Japan.
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4 Research programs
4.1

ASV Advanced Smart Vehicle

ASV is aimed at mapping out a plan to promote the research and development on
Advanced Driver Assistance systems for the Japanese car industry.
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ASV-2 demonstration vehicle at Honda Research Center, Tochigi
ASV-1 started in 1991 and finished in 1995. In this project 9 passenger car manufacturers
participated. The focus was mainly active safety.
The second phase, ASV-2, started in 1996, and ended in 2000. 13 vehicle manufacturers
participated, and also included trucks, busses and motorcycles. ASV-2 was also aimed to put
the systems on the market. There was a strong co-operation with the Smart Cruise 21
project for infrastructure assisted systems with the AHSRA.
ASV-3 is currently under discussion. The ASV-2 program emphasises on autonomous, carbased technology that support the driver for enhanced safety. 32 Different technologies
have been identified for study, both for cars, trucks and motorcycles. Also design principles
are developed and some research into the impacts of ADA for traffic safety.
In ASV-3 the focus will be to improve guidelines for new active safety applications.
The list of ASV technologies is not exhaustive. Car manufacturers are working on a wide
range of new technologies not all necessarily included in ASV. All manufacturers have one
or more ASV cars to demonstrate the technology. Some of the ASV technology, like ACC
and line departure warning is already on the market, but still needs improvement. For most
systems several years of R&D is still required before market introduction can be considered.
The actual research is carried exclusively by the individual manufacturers; the ASV working
groups mainly deal with functionality issues and the research program in general. The
manufacturers find it hard to get permission to test the new technologies on the public

n

road. For safety reasons the government is very reluctant to give permission. Almost all the
testing is carried out on test tracks and in simulations. For the government the ASV program
also serves as a way to maintain influence in the automotive industry.
It is said that exploitation, and especially the creation of awareness (diffusion of
information) is becoming more and more important in Japan. ASV has a high interest in cooperating with other national and international authorities. Views are aready exchanged
with the Intelligent Vehicle Initiative from the USA.

4.2

Advanced Flighway Cruise-Assist Consortium

In order to introduce Smart Cruise Systems at an early stage and over a wide area, priority
has been placed on systems that work on most roads instead of high degree of automation.
AFIS systems are separated into three levels, based on the categories of "gathering
information necessary for driving", "vehicle control", and bearing responsibility for driving"
for either the driver or the system both:
• AHS-i supports part of the information collection for driving
• AHS-c supports part of the driving operation as well as the information collection
• AHS-a fully takes on the driving operation and the information collection and, therefore,
the responsibility for driving
Currently, R&D places emphasis on support level i and c.
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5 State of Practice of Advanced Driver
Assistance Systems
5.1

Adaptive Cruise Control

ACC is being deployed by many brands in Japan. The first in the world was launched by
Mitsubishi in the Diamante and Debonair in 1995, using a laser radar device that measures
the headway distance to the leading vehicle. The systems controlled both engine and
transmission to maintain a safe distance from the leading vehicle. The system is standard
equipment in some model grades. Typically is the introduction of ACC with brake actuation.
In 1997 Mitsubishi re-launched the Diamante with a different ACC (without camera). The
same year Toyota introduced the Celsior with ACC with Laser Radar. In 1998 Hino and
Mitsubishi introduced ACC in trucks, and Toyota introduced ACC in the Progres. In 1999
DaimlerChrysler S-class with 77 GHz radar and ACC was introduced. Until now all ACCs
didn't have any break-control. Nissan introduced the Cima with ACC and brake control,
Honda Avancier with Laser radar and brake control. Now Subaru Lancaster with stereo
camera, Toyota Majesta were also equipped with ACC. In 2000 Toyota sells ACC in the
Estima, Mitsubishi in the Proudia with driver support system (?), Nissan Avenir with L/R &
CVT, Toyota New Celsior with Laser Radar and Brake control. In 2001 Nissan released the
new Cima with lane keeping assist and ACC, and the Nissan Premera with Laser Radar, CVT
and brake control.
L/R: Laser Radar.
Generally: the trend is still that the ACC is sold in the more expensive range, the most used
technology is laser radar, and the brakes are operated by the ACC (0.25 G in Nissan Cima very impressive !).
As the ACC is has been introduced since 1995 and in a variety of types of vehicles, we
would expect that ACC would be more widely deployed, however we didn't get this
impression.
5.2

Lane Departure Warning

LDWS is deployed by Subaru and in the Mitsubishi Proudia. The Proudia is hardly sold with
LOWS and ACC. Most of them are bought by the competitors for analysis.
In the Proudia, the LDWS has an alarm sound, a slight steering torque and steering
vibration. The system is presented in a very complex in vehicle display in the centre of the
dashboard.
Mitsubishi LDWS is part of the Drivers Attention Monitoring system (MDAS), which detects
the swirling of the vehicle, detects the drivers operation by a CCD camera aimed at the
drivers face and sensors in the steering wheel, transmission and clutch, indicates the driver's
alertness level and issues a lane departure alarm. This system has been evaluated by
professional drivers, as a total system (function + HMI). Their opinion:
6% : very effective
34%: effective
32 %: somehow effective
9 %: annoying
Rest: was indifferent.
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5.3

Lane Keeping Assistance

Industry expects that active lane keeping assistance will not be easily introduced in Japan.
This strongly depends on the strategy from government and police. Especially the
government is very cautious about adapting this technology. If the steering torque is within
the limit, the government can easily certify the system (Mitsubishi).
In the Nissan Cima (2000) an active lane keeping system is brought to the market. The
system only works on road sections with limited curvature. For more information about this
system, see the Nissan section of the report. The fact that Nissan has already launched this
particular system, can be seen as an major milestone that paves the way for the introduction
of Lane Keeping Assistance systems by the competitors.
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6 Report of individual meetings
6.1

Toyota's A/legaweb (E-com drive)

Toyota Megaweb is an exhibition centre of Toyota in Tokyo. MEGA WEB is said to be the
worlds largest showroom, located in the Rinkay waterfront sub-centre. There all models are
on show, test drives can be made and driving simulators can be used. Also part of the
exhibition is the E-com ride. This is a demonstration of AVG with electric vehicles on a
special track. The vehicles are Toyota Crayons, an experimental electric two-seater for carsharing projects. The lateral guidance is by magnetic markers in the road with a secondary
system consisting of downward looking optical sensors, which detect the sidelines. Vehicle
to road communication is used to transmit status reports and to communicate whether the
next road section is free. If not, the car stops until it gets a signal from the system to go
ahead. A distance sensor mounted on the vehicle to observe the distance to the preceding
vehicle is used as back up. Also, detection loops are mounted in the road surface, detecting
whether the vehicles do not approach each other.

m
i.
f
V,

x

Demonstration of the E-com. The vehicles are laterally guided by magnetic markers in the
road surface.
The main purpose of the exhibition is to give public exposure to AVG. Toyota does not have
an intention to commercialise such a system, and stopped the production line of the electric
vehicles.
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The vehicles automatically keep a safe distance. To achieve this the vehicles have in-car
sensors, and the location of the vehicles is constantly monitored by a control center.
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6.2 Vehicle Information and Communication System Center (VICS)
In March 1990 the "VICS Consultative Liaison Council" was established by the National
Police Authority, the Ministry of Posts and Telecommunications and the Ministry of
Construction (now Mill). Also private companies participate in the project. VICS is a
comprehensive traffic information system that utilises data from road administrators and
prefectural police headquarters. Additional data comes from parking lots (availability, fee).
All data processing, editing and part of the transmission to the vehicles is carried out by
VICS. Traffic information is also dissipated by the WWW and RDS-TMC.
The data is transmitted to the vehicles in three ways:
• dedicated FM transmitter for wide-area information. This is standard for all VICS car
units. This service is managed by VICS and is available in a large part of Japan. Digital
broadcasting is under investigation.
• Infrared beacons give more detailed information on ordinary roads. The IR beacons are
administered by the NPA. They are mainly found in the Tokyo area.
• Radio-wave beacons on the expressways administered by the road administrator.
Currently they use a Japanese standard, later the international frequency will be used.
The in-car units can be of different type and are commercially available. This can be a simple
text display or graphic display showing the congested roads and estimated travel times but
often it is integrated in the vehicle navigation system. These are standard navigation systems
supplement with a VICS unit. The VICS information is utilised by the navigation system for
optimal route planning. 60% of the navigation systems sold in 2000 have a VICS unit; a
total of 2.8 million receivers (according to ITS handbook 2002: 3.17 million) have been sold
so far (4% of vehicles now have VICS). Due to the additional cost (30,000-50,000 Yen)
most units only have a FM receiver unit. The Radio-wave version is an option.
Every year 4 to 5 million vehicles are sold. About 10% of these vehicles have VICS
compatible systems, (information from meeting)
The total cost of the system was not disclosed. It was underlined that the road data was
already available for the road administrators and that by the introduction of VICS an
important stimulus was given to the sale of navigation systems. The policy is that users do
not pay subscription costs; the government shoulders all operational costs. For this reason,
3G communication systems are not seen as an alternative for the beacons.
Active participation of private parties is under discussion; the position of VICS as a
government institute might change in the future. The use of floating car-data as an
alternative for road sensors is promoted by METI. VICS does not expect much from this, e g.
privacy issues are mentioned as a problem. The poor co-operation between the different
parts of government may also play a role.
In Japan there can be 51 area's identified as zones for VICS. 30 zones have already been
covered by VICS services.
VICS services can be technically divided into 3 levels:
Level 1: Only safety information (information display up to 30 characters)
Level 2: With beacons or a wider FM broadcast of services (simple graphics)
Level 3: information about destination, and time to destination (map display)
The VICS staff has a low expectation of the deployment of Floating Car data services in
Japan. This technology is promoted by a different organisation than VICS.
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6.3

Road Transport Bureau, Ministry of Land, Infrastructure and Transport (MLIT)

The Road Transport Bureau was part of the former Ministry of Transport and responsible for
vehicle regulation. It is the major advocate of the ASV project (see above for description).
After nine years of ASV attention should shift from technology development to its
distribution and acceptance. Social and legal (liability) barriers are seen as important aspects.
Probably this year a study into liability issues will be started and insurance companies are
invited to discuss the possibility of rate reduction when some safety features are installed.
This is already the case for ABS and airbags.
Main role of the government is the setting of safety standards for vehicles. Often this is
done by means of guidelines and (international) standards. There is no central traffic safety
goal. The road transport bureau aims at a reduction by 1200 victims in 2010. Environmental
standards are set, and checked with the periodical vehicle test. For ASV MLIT organises
symposia and demonstrations; the development costs is completely covered by the car
industry.
ISM has not been discussed so far in the ASV framework but it is expected that it will be in
conjunction with ACC (the advisory variants). Also car-infrastructure and car-car
communication will be studied in the near future.
4 years ago MLIT performed extensive research on the cause of accidents. The results of this
study cannot be published.
There are no pilots planned with ASV vehicles in mixed traffic. The Ministry focuses on ASV
demonstration only.
The Road Transport Bureau mostly spends the budget of 250 Million Yen (ten years budget)
on policy development, managing the information exchange organisation. There no budget
for development programs from the car companies.
In 2001, a staff of 3 persons is full time employed related to ASV. JARI acts as consultant
and there are many participants from car companies.
6.4 MLIT Road bureau and AHSRA
The road bureau is responsible within the national government for road construction.
AHSRA is a public-private partnership established when the focus of AHS changed from
pure automated highway systems to 'cruise assist’ systems with roadside sensing and
communication to the vehicle (see the AHS section above). Its budget from the government
is approximately 8 billion yen. AHSRA has strong bilateral agreements with the UK, France,
Italy and the US. They are also very active in ISO promoting their standards.
AHSRA has been working on R&D since 1996 to realise practical applications for smart
cruise systems. In the three years from 1996 - 1998, research focused on defining basic
concepts of R&D and the requirements.
The most promising technologies where selected on basis of accident analyses. Obstacle
detection in front of the car is considered the most promising. Sensor technology still needs
improvement in general. Important issue is reliability: the user has to be warned when the
sensor fails. Also liability is to be investigated further. On the long term the AHS technology
should reduce the fatality by 50%. For emission a reduction of 15% is expected; congestion
near grades, tunnels and bridges by 40%. In order to reach these targets, new technologies
get the status ‘mandatory’, recommended or promising by MLIT. Most of the ADA
technology falls in the latter two. The weight of these labels is not very clear.
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Visit to AHSRA
The development of autonomous, vehicle-mounted systems goes ahead quickly But
roadside sensors are also used by road administrators and can supplement the autonomous
systems The interface to the driver now is often realised by means of VMS but integration
of these vehicle/road-based technologies becomes more and more important.
Information about the appropriate speed is seen as important but the relation between
speed and cause of accidents not well established. User acceptance is a problem for speed
limiting or advising systems. Roadside warning signs have been installed to warn individual
cars about their (excessive) speed near curves. Many accidents happened due to speeding
trucks. From September 2003 a speed delimiter will be mandatory for trucks. (Japanese)
passenger cars are already limited at 180 km/h
The long-term goal still is automated driving. This is far ahead and legal changes are
required User acceptance does not seem a problem according to enquiries
Infrastructural improvements have been realised, especially at intersections. But not much
more can be expected from this, partially due to the limited space available Therefore ITS is
seen as the most promising technique for the reduction of traffic fatalities
6.5 Flonda Motor Co.
Honda is the second biggest car seller in Japan Aside being an automaker, Honda can be
seen as an engine company. In Japan Honda has a reputation of safety. Together with the
interest of the Japanese public for technology new ADA systems are seen as a key factor for
market share.
Honda participated in the ASV-2 program with 6 vehicles
1. Automobile for research on reducing driving work load and collisions. In this vehicle the
following functions were integrated:
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•
•
•

Lane Keeping Assistance,
ACC with Stop and Go function,
Collision Velocity Reduction System

2. Automobile for research on protecting 'vulnerable parties (motorcycle and pedestrian)' in
traffic. The following functions were integrated:
• Inter-vehicle Communication system
• Honda Night vision system
• Active headlight
3

Motorcycle for research on active safety
• Inter-vehicle communication system
• Discharge headlight
• TUFFUP Tire and Tire pressure Monitoring System

4. Motorcycle for research on passive safety
• Airbag system for research on passive safety
• Advanced Safety Helmet
5

and 6: Automobile and motorcycle for research on active safety using road
infrastructural elements
• Forward Obstacle Collision Prevention System
• Intersection Stopping Support System
• Crossing Collision Prevention Advisory System
• Right Turn Collision Prevention Advisory System
• Crossing Pedestrian Collision Prevention Advisory System
• Curve Overshooting Prevention Support System

m

A
Indoor demonstration of active headlights in the crash facilities of Honda Research Center
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During the visit the vehicles 1 and 2 were demonstrated. The status of the technologies is
very different; some are still in development (e.g. night vision) other are ready for the
market (e.g. active head lights). Introduction depends on permission of the Japanese
authorities, international harmonisation and marketing considerations. Generally, the
systems are first introduced in the home market, later in the ED and in the US as third step.
Honda has been a very innovative company being the first introducing ABS, Airbags and
navigation systems in Japan.
6.6 National Institute for Land and Infrastructure (NILIM)
The Public Works Research Institute, Building Research Institute and Port and Harbour
Research Institute have been reorganised and integrated into a new organisation, the
"National Institute for Land and Infrastructure Management (NILIM)", an experiment and
research institute of the Ministry of Land, Infrastructure and Transport. In Tsukuba a test
track and other facilities are available to test roadside warning systems in collaboration with
equipment manufacturers. The goal is applied R&D to stimulate market introduction; NILIM
does not certify equipment.
In an inquiry, road administrators expressed preference for the forward collision warning
system. Consumers were not consulted. NILIM is not afraid the driver gets an overload of
information by all the different sensor systems. Although they do about the technology and
functionality of the system (which information and when) the HMI is seen as a responsibility
of the manufacturer.
Speeding is not seen as problem, only in curves and in adverse weather conditions speed is
considered a threat to traffic safety. Lack of user acceptance makes ISM (speed assistance)
systems hard to promote.
On the test track several technologies were demonstrated. Although they work relatively
well in these controlled conditions it is hard to imagine how it should work in a real traffic
situation will many cars, bicycles and pedestrian in the vicinity of the vehicle. This is
especially true for sensors warning for oncoming traffic or pedestrians when making turns.
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AHS research vehicles equipped with magnetic sensors, smaller than a pack of cigarettes.
(Mr Mori, Director).
6.7 Japan Automotive Research Institute (JARI)
JARI is an independent research institute mainly funded by the government. Occasionally
contract research is done for the industry. It employs 320 people of which 230 researchers;
annual budget is 8 billion yen. They have ample test facilities such as a test circuit and a
driving simulator. They specialise in environmental issues, accident analysis, safety systems
and HAAI. JARI has several international co-operations and participates actively in
international working groups, (i.e. convenor for ISO TC 204 Working Group 14 vehicle
infrastructure communication, this is the working group responsible for developing
standards for ADA) For AALIT JARI is involved in both ASV and AHS. For METI they work on
standardisation issues to be promoted internationally.
The
•
•
•
•
•

ITS department from JARI has its activities organised within 5 themes:
Advanced Safety Technology
Communication Technology
Electromagnetic Compatibility
New Traffic Systems and electric vehicles
Human Machine Interface

JARI does both type approval and J-NCAP tests for MLIT. J-NCAP works like in the EU and
US and public awareness is good. Pedestrian impact tests and active safety evaluation are
under consideration (braking performance is already part of NCAP testing). Due to the
action taken by the EU and the example set by Honda, it is expected that pedestrian safety
will also be an issue for manufacturers in the near future.
The social acceptance, the communication to the consumers how to use the systems and
the amount of information given to the driver by the new ADA systems is a serious concern
and point of investigation. They will be included in the third ASV program. Co-operation
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with other institutes would be welcome. Also legal problems are certainly an issue. In
general, the main benefits of ADA are expected in accident reduction, driving comfort and
congestion reduction with electronic tollgates.
ISM (intelligent speed management or speed assistance) is discussed in the ASV-AHS
framework; a working group or other activities are not planned. It is believed that speed is
important for traffic safety (NPA responsibility) but the relation is not known very well. The
relation between congestion problems and speed is seen as an issue. The manufacturers are
afraid of consumer response and large influence in the decisions of MLIT. Lane Departure
Warning Assistance (LDWA as being piloted in the Netherlands in 2002) for trucks and
busses is seen as a promising technique but the systems are not widely sold yet.
With the introduction of ADA systems they are now mainly sold as conveniences. Due to
unresolved reliability issues they are not (yet) seen/sold as safety feature. The Japanese
consumer is interested in safety as such, but is not prepared to pay. Moreover, some of the
systems introduced do not work very well.
There is much interest for ACC and a combination with external speed advice is considered.
Japan strives to establish an international standard for the road to vehicle communication in
ISO. Vehicle to vehicle communication will be more actively studied in the near future.
6.8 Mechanical Engineering Lab., National Institute of Advanced Industrial Science and
Technology (AIST)
AIST is a research institute of METI. Its main focus is fundamental research and the
development of standards for the promotion of the Japanese industry. Currently they are
working on vehicle positioning by DGPS with vehicle-to-vehicle communication for collision
avoidance, lane change assistant, platooning and automated driving. In Demo2000 several
of these options were demonstrated. Mazda, Denso and Oki participate in the program or
delivered parts.
The demonstrated instrumentation was highly experimental and not connected to research
activities of the industry. It is hard to see how the completely GPS-based sensing can deliver
a reliable and accurate system.
6.9 Nissan Motor Co.
Renault has bought a 36.8% stake in Nissan, and has effectively assumed management
control of Nissan.
Regarding safety, Nissan developed the so-called "Triple Safety" philosophy as a basic
concept for designing and engineering safer vehicles. Triple safety comprises three citadels
or principles of safety. The first is "information safety", for forewarning the driver of
potential danger. The second is "control safety" for assisting the driver in avoiding potential
danger. The third is "impact safety" for helping reduce the injury in the event of an
accident.
Nissan is implementing 4 ITS proposals in developing vehicles for the 21st century:
These are:
• Proposal for Safer motoring (active safety and ADA, ASV, AHS)
• Proposal for efficient and environment-friendly automotive society
• Proposal for new urban transportation concepts
• proposal for more comfortable and enjoyable motoring
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Nissan has participated in the first phase (1991-1995) of the Advanced Safety Vehicle
program and has continued to be actively involved in the second phase (1996-2000). Some
of the technologies embodied in the Nissan ASV-2 have already been commercialised in the
Japanese market, these are:
• Adaptive Cruise Control system with brake actuation,
• a laser radar system for measuring headway distance,
• a vehicle dynamics control system,
• a door lock release system with impact detection capability,
• a front seat active head restraint,
• a pedestrian-friendly front bumper, and
• a titanium clear outside mirror.
The technologies in the Nissan ASV-2 can be broadly classified into a total of seven
categories based on the interaction between drivers, vehicles and traffic environment. Two
concepts were defined to the simultaneous development of two research vehicles
incorporating the technologies.
1. Research vehicle for reducing traffic accidents. This vehicle mainly focuses on:
• Technologies for supporting recognition and judgement by drivers
• Drivers workload reduction technologies (lane keeping support system and all-speed
range ACC system with automatic brake actuation)
• Accident avoidance technologies
2. Research vehicle for protecting the pedestrian. This vehicle primarily focuses on:
• Pedestrian protection technologies (super-aqua slick coating windshield, Blind spot
pedestrian warning system mounted on the rear of the vehicle, pedestrian warning
and automatic braking system for reducing collision speed, headlamps with adaptive
illumination pattern control, and vehicle body and airbags for pedestrian protection.
The functions ACC and Lane Keeping (systems that can be switched on independently)
were recently integrated in the new Nissan CIMA (comparable with Mercedes S-class)
which we tested on the Tokyo expressway. The ACC is also sold in the US, only with
different parameters. In the EU ACC is not available yet because Nissan is not present in the
higher segment (the Cima is not sold in Europe) and velocity differences are higher. T
Some detail information:
The ACC switches off below 65 km/h to avoid use in dense or congested (stop and go)
traffic. However, technically, the system is capable to work properly from 48 km/h.
The range of the ACC is 120 meter. Regarding deceleration, the system is set on 0.2 G. (the
official limit from the Japanese Government is 0.25 G). Nissan believes that with this
specification the system can cover 90% of the situations. Mitsubishi and Toyota didn't have
the braking actuator in the ACC system up to now. Relieving the throttle leads to a
deceleration of about 0.1 G.
Nissan informs us that in Japan, ACC is limited at 110 Km/h. In Germany the ACC is limited
at 180 km/h.
Nissan research shows a decrease of 50%less energy consumpiotn (physical workload)
when using the LOWS and ACC.
I ane Keeping System. The basic philosophy behind the lane keeping support system is
• steering support is for improved stability, not for autonomous driving
• added steering force doesn't interfere with the drivers manoeuvres,
• Easy to see when the system is operating
• Turn signal operation interrupts the system
• System can only be activated over 65 km/h.
• Lateral acceleration under 0.05 G, Radius of curvature of over 1000m (If a larger
curvature is the situation without steering action from the driver, the vehicle will
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gradually deviate from its lane, and the buzzer and dashboard indicator will warn the
driver for lane departure.
In the brief experience we had with the system we noticed that the steering support is such
that it one can almost drive hands-free on the freeway. Together with the ACC the current
LKS might reduce driver attention and reduce road safety.
In the near future we can expect Nissan to introduce some ASV applications:
• Drowsy/inattentive driver warning. The camera will be fitted on the dashboard in front
of the driver, near the speedometer.
• Headlamps with adaptive illumination pattern control
• Automatic breaking for reducing collision speed
Nissan also performs research into Ultra small Electric Vehicles applying ITS technologies.
The system of collaboratively using ultra small electric vehicles features ITS technologies
such as on-line vehicle reservation, vehicle position detection, emergency reporting and
route guidance capabilities. The "Hypermini" has already been introduced in the market, in
Yokohama, Ebina and Kyoto
6.10

Universal Traffic Management Society of Japan (UTMS)

Universal Traffic Management Society of Japan was established for research and
development of Traffic Management Systems, supported by the National Police Agency of
Japan. UTMS has a membership of 63 companies, trying to develop applications especially
in the field of ITS of police.
There are three kinds of technical committees in the society:
1. R&D
2. Standardisation
3. International Standardisation
The R&D committees main theme is UTMS 21. The aim of UTMS-21 (next generation
Universal Traffic Management Systems) is to create a safe, comfortable and environmentfriendly traffic society by actively managing the traffic flow, which requires support for safe
driving, handling of emergency situations and increasing the efficiency of road travel
logistics.
UTMS 21 also provides real-time information to drivers through two-way communication
with each vehicle via infrared beacons.
UTMS 21 is one of the ITS systems for traffic management, and consists of 10 subsystems:
•
•
•
•
.
•
•

.

Dynamic Route Guidance systems (DFGS) to provide route guidance
Mobile Operation Control systems ( MOCS) to support transport management of
commercial vehicles
Public Transport Priority Systems (PTPS) to ensure transit priority
Advanced Mobile Information Systems (AMIS) to provide vehicles with real-time traffic
information
Intelligent integrated ITV systems (IMS) to collect traffic information for traffic control
centres
Driving Safety Support systems (DSSS) these are not ADA, but systems utilizing the
existing traffic control systems
Pedestrian Information and Communication systems (PICS) providing the driver
information about the whereabouts of pedestrians in the traffic environment to ensure
their safety
Fast Emergency Vehicle Pre-emption systems (FAST) to support the travel of emergency
vehicles
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•
•

Help System for Emergency Life Saving and Public Safety (HELP)
Fnvironment Protections Management Systems (EPMS) to reduce the traffic pollution.

The Standardisation committees task is to make drafts for standardisation concerning
equipment of traffic control systems. These systems include:
Acoustic traffic signals for the visually impaired, Vehicle traffic sensors with infrared
beacons, Variable Message signs etc. The National Police Agency has national standards of
specification of equipment concerning ITS of police in Japan. These standards are
recommended to prefectural police agencies.
The international standardisation committees task is to support the international
standardisation activities, mostly in ISO TC 204, WG 4, 9,10,11.
At this moment, UTMS is performing a field test with information and communication
systems for the impaired. With this system, impaired traffic participants use ther personal
digital assistant (small communication device) to send and receive information to traffic
systems as junctions, railway stations etc.
Today, about 24.000 infrared beacons have been installed by the police on the roads for
traffic information collection for traffic management purposes. By 2001, it is scheduled to
have 30.000 units installed all over Japan.
We presented the Dutch research activities on flexible lane marking devices for flexible lane
marking. UTMS responded that they do not expect that such devices are interesting for
Japan.
6.11 Toyota Motor Co.
Toyota is the worlds third largest car maker in terms of unit sales. It is unique among the
worlds top six carmakers in having remaining profitable for the past two decades. Toyota's
business comprises the manufacture and sale of automobiles, industrial vehicles, ships,
aircraft, other transportation machinery, aerospace machinery, parts and components. Also,
Toyota manufactures and sells prefabricated housing units and home related equipment. In
Japan, Toyota has a market share of about 40%.
The Toyota ASV 2 comprises 9 types of safety support systems. The systems are classified
as:
1. Autonomous Safety Support Systems
•
Forward Obstacle Collision Prevention Support system
•
Lane Departure Prevention Support System
•
Curve Overshooting on Prevention Support System
•
Side Obstacle Advisory System
•
Adaptive Front Lightning System
•
Seat Belt Warning System for All passengers
2. Infrastructure-Harmonised Safety Support Systems
•
Intersection Stopping Support System & Crossing Collision Prevention Advisory
system
•
Right Turn Collision Prevention Advisory System
•
Crossing Pedestrian Collision Prevention Advisory System
When/which technology will be brought to the market depends on costumer demand.
Toyota has this subject under investigation, however additional information about the
European market is needed for introduction in Europe. Toyota believes that the introduction
of the fuel cell will take at least ten years, and another ten before large scale use. In this
decade hybrid cars are the best choice. Toyota sold 60.000 Prius cars until now.
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The EV Crayon is a small electric city car. In some Japanese cities there are experiments with
them (e.g. Kyoto, Nagoya) but commercial exploitation is, also in Japan, far away. Only
with substantial subsidies demonstration projects are possible. Due to the small numbers
production costs are high and production has been stopped.
Speed is seen as an important factor in accidents, especially there is not much separation of
traffic in Japan (in rural roads often even side walks fail). But there is not much data yet that
can give a clear indication of the role of excessive speed in accidents. ISA is not an issue,
although some discussion takes place. Apart from lack of data the fragmentation within the
Japanese government and legal questions do not stimulate its possible introduction.
6.12 Mitsubishi Motors Co.
Mitsubishi started building cars in 1917. Mitsubishi Motors Corporation is Japans newest
automobile manufacturer as an independent public company. The company was established
in 1970 when the automotive division separated from Mitsubishi Heavy Industries.
Mitsubishi makes passenger cars, SUVs, coaches, light and heavy commercial vehicles
(trucks) and special purpose vehicles (dump trucks, garbage collectors etc.)
Mitsubishi has no specific strategies on entering the European market with Japanese ADA
systems.
Mitsubishi participated in ASV with 3 vehicles:
• ITS ASV: with telematic services, ACC, Stop and Go, Lane Keeping Assist, Night Vision
• Hi-Mobility ASV with universal design cockpit, drive by wire, integrated vehicle
dynamics management
• Smart Cruise 21 ASV with infrastructure assisted technologies
We have visited the Kitsegurawa Proving Ground in Tochigi and in specific the Advanced
Electric/Electronics Department. In this department research in ITS and development of
Electric Vehicles is being deployed. In the ITS department research is classified under:
• Ergonomically designed Human-Machine Interface and Driver monitor
• Autonomous Systems (Advanced Smart Vehicles, ACC with Stop & Go, Lane Keeping
Assistance LKA, Side Obstacle Warning Systems SOWS).
• Cruise system with Road to Vehicle Communication (AHS)
Therefore the AHS research is apart from the ADA research.
The ITS research Department collaborates with DaimlerChrysler FT3/A (dept. Of dr. May.
(Advanced Driver Assistance).
It is expected that the introduction of stop&go ACC will take at least five years. Especially
the sensing equipment has to be improved (it should detect e.g. pedestrians correctly).
It is remarked that the police does not enforce speed limits very effectively. Only during bad
weather police controls the speed on the free way. Under normal circumstances the speed
limit of 80 km/h (often near cities) is neglected by everybody, which we could confirm from
first hand experience.
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7 Appendix
7.1

Programme

Day

Company

Contact

Sunday 8 July

Toyota's Megaweb (E-com drive)

Masaru. Adachi

Monday 9 July

Vehicle Information and Communication
System Center (VICS Center)
http://www.vics.or.jp/

Masashi Ikemura
Yoshiaki Iwao
Osamu Oike

Road Transport Bureau, Ministry of Land,
Infrastructure and Transport (MUT)
www.mlit.go.jp

Masahiko Naito
Katsutoshi Ishida

MLIT Road Bureau and AHSRA
www.ahsra.or.jp

Asao Yamakawa (AHSRA)
Tetsuzi Isogai (AHSRA)
Teruo Yamauchi (AHSRA)
Akio Hosaka (AHSRA)
Harumi Kikuchi (MLIT)
Kazuchika Asano (NRI)
Setuo Hirai (MLIT)

Tuesday 10 July

Honda Motor Co., Ltd. Tochigi R&D Center
www.honda.co.jp

Toru Hatanaka
Nobuyoshi Asanuma
Yoshimi Furukawa
Kazumitsu Kushida
Akio Takahashi
Akira Oichi
Hiroyuki Oguri
Yasuhisa Maekawa
Oesugi ?

Wednesday 11 July

National Institute for Land and
Infrastructure Management (NILIM)
www.nilim.go.jp/english/eindex.htm

Jun-ichi Murakami
Yukihiro Fukuda
Shigenobu Kawasaki
Yamada Harutoshi
Masufumi Mori
Sekiko Arakawa

Japan Automotive Research Institute (JARI)
www.jari.or.jp

Kaneo Hiramatsu
Kenji Sato
Kiichi Yamada

Tsukuba North Center (Test Course) of
Mechanical Engineering Laboratory's,
National Institute of Advanced Industrial
Science and Technology (AIST)
http://www.aist.go.jp/index en.htm

Sadayuki Tsugawa
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Thursday 12 July

Friday 13 July

Nissan Motor Co., Ltd. Head office
www.nissanglobal.com/EN/HOME/index.html

Masaaki Suga
Yasushiro Shiraishi
Junichi Kasai
Haruhiko Kondo
Takuya Murakami
Masao Fukushima

Universal Traffic Management Society of
Japan (UTMS)
www.utms.or.jp

Teruyuki Tajima
Toshinaga Aotani
Yohei Hibiya
Tomoko Sasaki

Toyota Motor Corp. Head office
www.toyota.co ,jp

Yoshikazu Noguchi
Toshiaki Matsumoto
Masahiko Minamide
Shin Koike
Hiroaki Tanaka
Kenji Kimura

Mitsubishi Motors Corp., Passenger Car
Development Center
www.mitsubishi-motors.co.jp

Naomitsu Tomitani
Tetsushi Mimuro
Yoshihiro Goi
Jonathan Mesler

7.1.1 Open questions
1. Can the beacons of the VICS system be used for the AHS functions? (such as the
collision warning systems)
2. Are rear-end collision warning systems already deployed, other than the one in Kinki?
3. What is the view of the NPA on the relation between speed and traffic safety?
4. How many LDW systems did Mitsubishi sell (Jonathan Mesler promised data)
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8 SMART CRUISE 21, 2000 AHS
DEMONSTRATION IN JAPAN:
-THE PROVING TESTS AND DEPLOYMENT SCENARIOMasafumi Mori
Director, ITS R&D, Public Work Research Institute
Japanese Ministry of Land, Infrastructure and Transport

First of all, let me describe the three topics I will cover today: the policy
of the development of Advanced Cruise-Assist Highway Systems, AHS,
in Japan; the Proving Test Smart Cruise 21 and thirdly, scenarios of AHS
deployment.
First of all, I would like to talk about the policy of the development of
AHS in Japan. In Japan, research and development in the area of AHS
began in 1989. In 1996, the world's first driving tests on public roads
were implemented. These tests demonstrated the viability of the
technology. In 2000, we held a Proving Test and a public demonstration
for the "Smart Cruise Systems" scheduled for deployment by the year
2003. Also, actual deployment of Smartway, which will become the
platform for AHS and other systems, will begin in approximately 2003.
By the year 2015, Smartway will be deployed on all major roads in
Japan.
ASV stands for Advanced Safety Vehicles, the so-called "smart cars."
These increase driving safety, principally by making vehicle functions
more advanced. These ASVs will be co-ordinated with AHS, which assist
driving primarily through a more advanced road infrastructure. The
result of this combination will be the Smart Cruise Systems. The AHS,
which makes up one part of the Smart Cruise Systems, is based on coordination with the road, the vehicle and driver. When a dangerous
situation with the potential to result in a traffic accident occurs, the basic
behavioural patterns of the driver are threefold: Recognition, Judgement
and Operation. The AHS provides support functions for each of these
three phases by provide information, a warning and operational support.
The AHS supports the driver, but the driver is responsible for the
operation. For example, when the system supports driver's braking
operation to avoid collision with an obstacle, if the driver decides to turn
the steering wheel to avoid collision, his operation overrides the system
support.
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Now, I will introduce the seven services of AHS. The services provided
by AHS were established through an analysis of data on traffic accidents
in Japan.
First we analysed the causes of accidents. Through this process, we
understood that 75% of all traffic accidents result from one of three
causes: delayed recognition, and errors in judgement or operation. The
functions of the AHS correspond to these analysis results. Next, we
analysed the patterns of accidents. Through this process, we learned
that additional assistance would be needed in several areas, for example
collisions with obstructions, staying in the lane, and collisions at
intersections. Finally, we chose to provide seven services, which we will
be able to deal with the traffic accidents that resulted in more than 90%
of all fatalities.
We will develop AHS incorporating only the strong points of the vehicle
system and the road system. For example, the vehicle system cannot
obtain information on dead angles. This shows that the road system
must be introduced to prevent collisions on curves where visibility is
poor. The road system is not easily affected by weather conditions,
therefore, the road system is an effective way to provide support during
foggy and snowy weather. The vehicle system can more effectively
process information including data about the vehicle itself than the road
system. In this way, the road vehicle co-ordinated system we are
developing takes advantage of the strong points of each system.
Now, I would like to introduce some of the seven basic user services.
This is the service "Support for Prevention of Collisions with Forward
Obstacles". At curves and other locations with poor visibility, road
infrastructure (sensor) detects stopped vehicles, congestion and other
obstacles ahead, and transmits information from road-side beacons to
vehicles. The vehicle then provides the information such as road shape,
road condition and obstacle position, warning and operational support
to the driver in order to prevent collision. This service is expected to
reduce accidents such as collision on expressways in metropolitan areas
and local trunk roads.
In "Support for Prevention of Crossing Collisions", road-side sensors
detect approaching vehicles on dead angles at the intersection. Roadside beacons transmit the information such as their positions, speed,
etc., to vehicles approaching from narrow roads. The vehicle then
provides the information, warning and operational support to the driver.
This service is expected to reduce collision at intersections.
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The long term goals of Smart Cruise Systems are to reduce accidents
attributable to the driver to about 2/3 of the current level, and to reduce
traffic accidents by 50%.
Next, I would like to describe the content of the proving test, we held
last year. We held the test on October to December 2000 at the test
track at the Public Works Research Institute in Tsukuba city. In the test,
we evaluated the systems, the driver acceptance and collected the data
to measure other effects. 33 vehicles including buses, trucks and
motorbikes from 31 companies and 3 universities from within and out of
Japan participated.
We also held a public demonstration. The demo was held for four days,
from November 28 through December 1 at the same place. 2,400
people including 200 people from 18 overseas countries participated.
This is the summary of the questionnaire survey to visitors. 94% of the
respondents replied that they want to use some of the services.
Answering to what they most prioritise for realisation, many
respondents marked "reasonable use cost" (56%) and "system
reliability" (43%).
Next, I would like to explain the purposes of the test. The test was
implemented to mainly examine three items:
The first item concerns system proving. We examined the systems
in view of actual driving behaviour of drivers.
The second item concerns evaluations based on driver acceptance.
We examined whether the services were accepted by drivers.
The third item concerns the collection of data to measure other
effects. We examined the effectiveness of the service through case
studies. As this experiment involved certain dangers depending on
the conditions set, we used driving simulators to obtain data.
The timing to provide AHS services is based on the reaction time of
drivers and rate of deceleration. At the proving test, basic data related
to driving behaviour is collected to check and see if assumed values are
proper or not. Please look at this graph. The figure shows the driving
behaviours, with driving speed on vertical axis and time on the
horizontal axis. This graph is in current requirements and should be
taken as an assumed set-up. Now, suppose that drivers can operate
their cars only at a greater reaction time delay and with a lower
deceleration rate, as shown in the figure below. In such cases, it can be
seen that information should be provided sooner.
At the proving test, data is collected on the reliability of lane departure
alarms by changing the intervals of lane markers. Based on the data
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collected, the methods of laying out position markers necessary for
realisation of lane departure supporting services are determined. Also,
the safety and the reliability of the system, like vehicle detection by
sensors, are evaluated at the test.
The Smart Cruise Systems are intended to prevent traffic accidents in
well-balanced equipment installed on the roadside and in vehicles.
During the test, behaviours of drivers provided with the services was
compared with those who have not to evaluate the effectiveness of the
road-vehicle co-ordinated systems.
During the test, data of psychological fluctuations is gathered from
drivers by changing the timing and cycles of providing services to verify
the driver acceptance. Let’s take the lane departure prevention service
as an example. Where the system is set up to issue an alarm to the
driver if he departs from the centre of the lane, the system can be
improved to a safer and more reliable system. However, drivers may not
accept such a system because repeated alarms could be annoying.
Based on the data obtained on the behaviour of drivers at the test, an
appropriate setting for both safety and acceptability will be verified.
The proving test facility has a fail-safe function in the event failures
occur on the system. At the proving test, verification is made if the failsafe function is properly transferred to drivers in case the system fails.
Also, evaluation is made to determine the safety in the event proper
services were not provided and the fail-safe function didn't work as
expected.
To evaluate the effectiveness of the system, it is necessary to conduct
tests under dangerous conditions. However, it is difficult to conduct
tests by using actual cars under such dangerous conditions. Therefore,
we use a driving simulator for such dangerous travelling tests. On the
CG image in front, the test course of the Public Works Research Institute
is reproduced. The inside panel of the cockpit shows a display the same
as that of the test car.
Using the result from the driving simulator, we determine the effective
rate. Specifically, subjects with specific characteristics, such as aged
drivers and young drivers, would be invited to use the driving simulator
in order to measure their service reaction time, steering cycle, or the
strength used to push the braking pedal, and obtain their means,
standard deviation, and other data. Then, these data are integrated into
the simulation to determine the effective rate of the system so that the
accident reduction of the system is calculated.
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At this point, i would like to talk about the scenarios of AHS
deployment. AHS will be deployed in three stages:
1) The first stage includes promotion for wide use, expand the available
areas, and widely publicise AHS.
2) The second stage includes launching full-fledged services and
improving the service level.
3)
The third is enjoying the improved services and developing nextgeneration services.
The first stage will take place from 2003 through 2007. From 20003 to
2005, the infrastructure will be provided. During this period,
infrastructure type and vehicle type systems will operate in parallel.
From 2005 to 2007, the road-vehicle co-ordinated system will be
activated. AHS during this period will be an two-way DSRC using spot
communications. The second stage will last until 2015, at which time a
full-service AHS will be in operation with a two-way continuous DSRC.
The third stage that begin in 2015 will be the period of enjoying the
improved services and developing next-generation services.
I will now explain the details of each stage. I will begin with the first
stage. In this stage, services with information signboards will be
provided. Of course, the services will be limited to the provision of
information. Preliminary services using spot-type DSRC will be
provided. These services will be limited to the provision of information
that we call AHS-i. The communication method will integrate VICS/ETC
with AHS. Deployment of lane markers will start on major expressways.
We will also start research on the deployment of special lanes with lane
markers for new transportation systems or freight services.
I will now introduce the second stage. In this stage, a full service using
two-way continuous DSRC will begin. It will be used to provide
information and warning services. We will provide services with
controls for special purposes. These will be used for road management
vehicles, freeway busses, and so on. This will mark the beginning of the
AHS-c level. And we plan to finish the development of lane markers for
major expressways during this period.
I will now introduce the third stage. Full services with control will begin
in this stage. This will be the period when drivers will be able to
enjoying the improved services and when the areas will be expanded.
The next-generation services will begin to appear in this stage. For
example, the full fledged automated cruising in designated sections such
as parking areas, at airports, and so on.

34

There are several issues that we must resolve before starting AHS
services. The first is increasing public acceptance. We plan to publicise
the system during the next three years. We are planning to hold actual
road tests in 2001. The second is the design of the full-fledged system.
For example, it is necessary to make HMI that will be acceptable for
drivers and very effective. Ensuring security and reliability of the system
are very important too. The third is the acceleration of the co-ordination
between road and vehicle. Two types of DSRC spectrum in VICS and
ETC have to be integrated as AHS service development. And we have
to stop the egg-and-chicken argument. The number of smart cars on the
road is still small, but we will start deploying the multi-purpose sensors
for network operators. The forth is international standardisation. In
ISO/TC204, a discussion on the ECSS (Enhanced Cruise Support System)
is now underway. I hope we can collaborate on the standardisation.
The AHS infrastructure will be the core of the Smartway. This means
that the infrastructure provided for AHS will not only be used for cruise
assistance. It will be a common infrastructure for a variety of
applications. It will be provided as the indispensable platform for the
creation of ITS.
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