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1      Introduction

Automobiles using gasoline - fueled internal 

combustion engines first appeared about 120 

years ago. Since then, automobiles have become 

indispensable. Not only have they contributed to 

economic development, they have also enriched 

people’s lives through the joy and pleasure of 

driving. Today, the automobile industry has 

become synonymous with Japan’s manufacturing 

skil l, driving the nation’s economic growth 

and leading the world in quality, from parts to 

finished products. The industry has made a major 

contribution to Japan’s economic and social 

development.

A l r e ad y,  t he r e  a r e  ab ou t  8 0 0  m i l l ion  

automobiles in the world. With global population 

expected to reach 9 bi l l ion in 2050 [1], and 

especially because of the recent remarkable 

economic growth in the so-called BRIC nations 

(Brazil, Russia, India, and China), the number 

of automobiles is expected to grow at a rate 

of 100 million every five years. This market 

expansion is good news for automobile-related 

corporations, but at the same time, this rapid 

increase in motorization may lead to concomitant 

increases in tra f f ic accidents, congestion, 

environmental impacts, and energy consumption, 

aspects that threaten quality of life. Worldwide 

deaths from traffic accidents in 2002 reached 

1.18 million, meaning over 3,000 people die in 

traffic accidents every day[2]. This number is the 

equivalent of six or more jumbo jets crashing 

each day.

Unless positive aspects such as convenience 

and comfort can be maximized while negative 

a sp ec t s  s uch  a s  acc ide nt s ,  conge s t ion ,  

environmental impacts, and energy issues are 

minimized, a sustainable mobility cannot be 

achieved. Intelligent Transport Systems (ITS) are 

a promising solution and one which Japan is now 

engaged in investigating to contribute toward the 

world.

This report takes an overview of the status of 

and issues related to ITS in Japan’s automobile 

society. Along with technical trends in ITS, the 

report looks at measures to establish a sustainable 

mobility that balances comfort with safety, 

security, and reduced environmental impacts.

2      Status of and issues
       in the automobile society

2-1    The status of ITS in Japan
ITS is def ined as “using information and 

communications technology to form systems 

that address vehicles, roads, and people as 

a tr iune entity in order to improve safety, 

transportation efficiency, and comfort while 

protecting the environment” (Figure 1). In 1996 

in Japan, a national project designed to lead the 

promotion of ITS was announced. It centers on 

four government agencies (reorganized from 
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five previous agencies), 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 relevant 

outside organizations. In addition, the non-profit 

organization ITS -Japan was formed by relevant 

organizations centered on industry, experts, and 

so on. It develops its promotional activities in 

collaboration with the four government agencies 

(Figure 2).

Table 1 depicts the history of ITS in Japan. 

Since the establishment of the overall concept in 

1996, ITS has been positioned as a major Japanese 

policy. It is also listed in the 3rd Science and 

Technology Basic Plan as an important research 

theme in the fields of energy, information and 

communications, and social infrastructure.

As shown in Table 2, the nine areas contained 

i n  t he  Aug u s t  19 95  “Gu ide l i ne s  on  t he  

Implementation of Informatization for Roads, 

Transport, and Vehicle Fields” were designated 

by the (then) f ive government agencies for 

ITS development. To date, dissemination of 

car navigation systems and VICS*1 (Vehicle 

Information and Communication System) has 

been advancing since the second half of the 

1990s. Dissemination of ETC*2 (Electronic Toll 

Collection system) began in 2001 (Figure 3). 

As of March 2006, car navigation systems were 

installed in over 22 million vehicles and VICS in 

over 15 million. As of June 2006, there were 12 

million vehicles with ETC installed, and nearly 

62 percent of Japanese expressways utilized the 

service. Japan thus leads the world in ITS device 

installation.

Development of elemental technology for 

“Assistance for safe driving” is progressing in 

parallel with these developments. The Advanced 

Safety Vehicle (ASV) has been developed in 

order to improve the safety and convenience of 

automobiles themselves through advances in 

Prepared by the STFC based on Reference[3]

Figure 1 : Conceptual diagram of ITS

Figure 2 : Japan’s ITS promotion Framework 

Prepared by the STFC based on Reference[4] 
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Table 1 : Government policy evolution for ITS promotion in Japan
 (selected events since establishment of overall concepts) 

Date 
announced 

Policy Summary 

July
1996 

Overall concepts 
for ITS promotion 

The (then) five government agencies collaborate to establish a master plan for user services and 
development over the following 20 years. 

January
2001 

e-Japan Strategy 

The vision of mobility and transportation in an ideal society includes the following: “The advanced 
Intelligent Transport Systems (ITS) will inform people how to get to their destinations using the 
most appropriate transportation means and via the quickest routes and will help them avoid traffic 
jams and accidents, thereby ensuring safe and comfortable traveling.” 

June
2004 

e-Japan Priority 
Policy Program–2004 

Promotion of ITS to utilize leading-edge information and communications technologies to address 
road transportation issues such as congestion, accidents, and environmental degradation. 

October 
2004 

ITS promotion 
guidelines 

ITS basic strategy developed by the ITS Promotion Council, which comprises users, industry, 
academia, and government, is announced at the ITS World Congress. 

February 
2005 

IT Policy Package –
2005 

Initiatives for more advanced ITS include promotion of Dedicated Short Range Communication 
(DSRC) systems, driving support systems to prevent accidents, and support to realize safe and 
smooth mobility for the elderly and people with disabilities. 

January 
2006 

New IT Reform 
Strategy 

Moves to the stage of IT utilization following on from the previous strategy of emphasizing 
the establishment and spread of IT infrastructure. Reduce accident deaths and the number of 
accidents through practical implementation of safe driving support systems through infrastructure 
harmonization. 

Prepared by the STFC based on References[4,5]

Table 2 : The nine development areas of ITS

ITS development area Description of development and achievements in major elemental technologies 

1 Advances in navigation systems Advances navigation systems with VICS, etc.  → car navigation, VICS, etc.

2 Electronic toll collection systems Non-stop payment at toll gate, etc. → ETC

3 Assistance for safe driving Hazard warning and automated driving → ASV,  AHS

4 Optimization of traffic management Route guidance, traffic signal control, etc. 

5 Increasing efficiency in road management 
Management of specially permitted commercial vehicles and others, traffic control 
information, etc. 

6 Support for public transport Management of public transportation operation, etc. 

7
Increasing efficiency in commercial vehicle 
operations 

Assisting commercial vehicle operations and management, automated 
platooning, etc. 

8 Support for pedestrians Route guidance for pedestrians, etc.

9 Support for emergency vehicle operations Automated emergency notification, disaster and accident announcemrnt, etc. 

Prepared by the STFC based on References[4,6] 

Prepared by the STFC based on Reference[7]

Figure 3 : Spreading of ITS devices
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electronics technology. The Ministry of Land, 

Infrastructure and Transport has spearheaded 

the progress being made in the ASV through 

Phases 1 (FY 1991-1995), 2 (FY 1996 -2000), 

and 3 (FY 2001-2005). The basic concept is that 

drivers are the primary actors in safe driving, and 

information and communications technology only 

supports them.

Figure 4 depicts the ASV concept. Collision 

warnings that alert drivers before they crash, 

lane -keep assist that helps them stay in their 

lanes, impact mitigation braking that assists driver 

braking before impact, night-vision cameras that 

ensure vision even during darkness, and many 

other active safety functions to stop accidents 

before they happen have been put into practical 

use. In addition to these functions, Japan is a 

world leader in both research and development 

and dissemination of car navigation systems, 

VICS, ETC, and other elemental technologies that 

comprise ITS.

2-2    Status of and issues in traffic accidents
W hat  i s  the  re l a t ionsh ip  bet ween the  

dissemination of ITS and the status of traffic 

accidents?

Figure 5 shows the number of traffic accidents 

and the numbers of casualties and fatalities these 

accidents cause in Japan. Fatalities have been on 

a downward trend since 1990, but accidents and 

casualties have continued to rise. The number 

of casualties in 2005 was 1.16 million, roughly 

double the f igure in the second half of the 

1970s. The rises in accidents and casualties are 

associated with increased ambulance and police 

dispatches, as well as accident-related congestion. 

Including such indirect losses, the total economic 

cost of accidents is estimated at more than 4 

trillion yen annually[9]. In light of this situation, in 

January 2003, the Japanese government declared 

its intention to halve traffic accident fatalities over 

the following 10 years. Furthermore, in January 

2006, the “New IT Reform Strategy” of the 

Strategic Headquarters for the Promotion of an 

Advanced Information and Telecommunications 

Network Society (IT Strategic Headquarters) 

set the concrete numerical goal of reducing 

traffic accident fatalities to below 5,000 per year 

by the end of 2012 by using information and 

communications technology[10].

Figure 6(a) shows a breakdown of the causes 

of traffic accidents. The most common cause 

is late recognition, in other words, errors in 

recognition. With errors in judgment causing 

Source: Study Group for Promotion of ASV, Ministry of Land, Infrastructure and Transport[8] 

Figure 4 : ASV (Advanced Safety Vehicle) concept 
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16 percent of accidents and errors in operation 

another 12 percent, approximately 75 percent of 

traffic accidents are caused by driver behavior 

immediately before the accident. In order to 

reduce traffic accidents, it is therefore necessary 

to take measures regarding dr iver act ion 

immediately before accidents occur. In addition, 

looking at traffic accident fatality rates by age 

group (Figure 6(b)), the rate is markedly higher 

for drivers 65 and older. This is reportedly not 

only because of vision declining with age, but 

also because of slower decision times. With the 

aging of Japanese society expected to accelerate, 

it is vitally important to address traffic accidents 

involving elderly people if tragic accidents are to 

be reduced.

In l ight of the above circumstances, the 

dissemination of ITS in its current approach of 

concentrating individual functions in onboard 

devices and ASV is not having a major effect 

on reducing the number of Japanese traff ic 

accidents.

Prepared by the STFC based on References[12,13] 

Figure 6 : Breakdown of fatalities causes and fatality rate in traffic accidents by age group

Prepared by the STFC based on Reference[11] 

Figure 5 : Number of road traffic fatalities, casualties and accidents
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2-3    Status of and issues related to
         automobile carbon dioxide emissions

Next, this report will discuss the relationship 

between dissemination of ITS and carbon dioxide 

emissions. Carbon dioxide emissions from Japan’s 

transportation sector in 2004 were 2.62 million 

tonnes, about 20 percent of Japan’s total carbon 

dioxide emissions (Figure 7)[14]. Automobiles 

emissions amounted to 2.27 million tonnes of 

CO2, approximately 90 percent of total emissions 

from the entire transportation sector. While 

emissions have been declining since peaking 

in 2001, in fiscal 2004 they were still about 20 

percent above 1990 levels. By type of vehicle, 

carbon dioxide emissions from commercial 

vehicles such as trucks, buses, and taxis are 

declining, but emissions from personal and 

company cars are steadily increasing.

The three factors influencing carbon dioxide 

emissions from private automobiles are fuel 

consumption performances of each vehicle, 

average driving speed, and total amounts of drive 

distance (vehicle kilometers)[15]. Figure 8 provides 

a summary of carbon dioxide emissions according 

to each factor. First, carbon dioxide emissions 

in relation to fuel consumption performances 

of each vehicle have been gradually declining 

in recent years. Since the 1998 revision of the 

Figure 7 : Carbon dioxide emissions in the transportation sector

Source:  Materials of the 35th Global Environment Committee, Central Environment Council, Ministry of the Environment[14]

Figure 8 : Carbon dioxide emissions from private automobiles, by cause

Source: Materials of the 35th Global Environment Committee, Central Environment Council, Ministry of the Environment
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Energy Conservation Law set “leading-runner” 

fuel consumption standards, manufacturer efforts 

have improved the average fuel efficiency of new 

private gasoline automobiles (mode of 10.15) 

from 12.3 km/l in 1995 to 15.4 km/l in 2004, an 

increase of about 20 percent[16].

Carbon dioxide emissions in relation to average 

driving speed are also gradual ly declining. 

This is strongly related to the widespread of 

ITS technology such as car navigation systems, 

VICS, and ETC. For example, the spread of ETC 

has sharply reduced tollgate congestion as a 

percentage of all congestion on expressways from 

31 percent to a mere 4 percent[4], while route 

guidance provided by car navigation systems and 

VICS has reportedly reduced average travel time 

by 4.4 percent[17]. Reduced traffic congestion 

and increased average driving speed through 

ITS technologies should result in lower carbon 

dioxide emissions.

On the other hand, carbon dioxide emissions 

in relation to the third factor, total amounts 

of drive distance (vehicle kilometers), have 

increased rapidly in recent years, resulting in a 

failure to reduce overall emissions from private 

automobiles. ITS technology to date has not had 

a sufficient effect on private automobile drive 

distance (vehicle kilometers), in other words, on 

restraining demand.

Turning our attention to the nationwide 

distr ibution of carbon dioxide emissions, 

there are significant regional differences, with 

emissions in major cities and their environs 

str ik ingly high (Figure 9). This is because 

congestion in large cities has become chronic, 

reducing average driving speed and lowering 

fuel efficiency accordingly. Fuel efficiency for 

internal combustion engines is highest at about 

50-60 km/h for gasoline vehicles and around 70 

km/h for diesel ones (Figure 10). Average driving 

speed in major cities with chronic congestion is 

less than 20 km/h. Fuel wasted due to congestion 

totals around 9.1 million kl (crude oil equivalent) 

annually. This is about 11 percent of total fuel 

consumption[17]. There is sti l l considerable 

room to reduce carbon dioxide emissions on an 

average-speed basis, especially in big cities.

Based on the above, the following are three 

effective approaches that can be l inked to 

reducing carbon dioxide emissions in the 

transportation sector.

(i)  Continue to improve fuel consumption 

p e r f o r m a n c e s  o f  e a c h  i n d i v i d u a l  

automobile level.

(ii)  In the transportation sector as wel l, 

control and optimize traffic demand for 

private cars.

(iii)  Ease congestion in large cities through 

traffic flow measures.

ITS technology can play a large role in 

promoting approaches (ii) and (iii). Their further 

evolution is necessary. 

Figure 10 : Relationship between automobile driving 
speed and fuel consumption[18]

Source:  Materials of the 35th Global Environment Committee, 
Central Environment Council, Ministry of the Environment

Figure 9 : Prefecture ranking by CO2 emissions per vehicle
 kilometer
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3      The evolution of ITS

3-1    Towards second-stage ITS
In order to achieve a sustainable mobility, 

the negative legacies of automobiles described 

above, traff ic accidents and environmental 

impacts, must be overcome. While the broad 

penetration of car navigation systems, VICS, ETC, 

ASV, and so on as individual systems have clearly 

had significant effects, they cannot overcome 

these negative legacies as individual systems. 

By integrating traffic control systems with safe 

driving assistance systems, ITS is steadily shifting 

into its “second-stage," developing into a system 

that can resolve the negative legacies by joining 

"vehicles, roads, and people” into a triune entity 

in accordance with the definition of ITS (Figure 

11).

No discussion of the evolution of ITS towards 

its second-stage is possible without considering 

the further use of electronics in automobiles. 

Figure 12 provides a summary of second-stage 

ITS from a technical perspective. After beginning 

with the mere replacement of mechanical parts, 

MPU (microprocessor) performance improved, 

Prepared by the STFC based on Reference[19]

Figure 11 : Concept of second-stage ITS

Figure 12 : The shift to second-stage ITS from a technical perspective 

ABS: Antilocked Braking System EFI: Electronic Fuel Injection
HV: Hybrid Vehicle TRC: Traction Control
VSC: Vehicle Stability Control   Prepared by the STFC based on Reference[20] 



32

S C I E N C E  &  T E C H N O L O G Y  T R E N D S

33

Q U A R T E R L Y  R E V I E W  N o . 2 2  /  J a n u a r y  2 0 0 7

and a shift to functions made possible only 

through electronics occurred. Development 

of integrated systems for vecicle such as ASV 

is progressing. In the future, it will not be an 

overstatement to say that automobiles are a mass 

of electronics. Information and communications 

technology will link integrated onboard vehicle 

systems with traffic control systems and other 

road infrastructure, enabling the achievement 

of vehicle-infrastructure integrated systems that 

coordinate automobiles and roads.

3-2    Sharing of communication protocols
F o r  c o l l a b o r a t i o n  b e t w e e n  s y s t e m s ,  

“road -vehicle communication” that transmits 

information between vehicles and roads is the 

first measure being adopted. In order to do this, 

sharing of communication protocols, a basic 

technology for road-vehicle cooperation systems, 

and the establishment of transmission speeds 

that enable communication even when cars are 

moving at high speed, are necessary. As depicted 

in Figure 13, 5.8 -GHz wireless Dedicated Short 

Range Communication (DSRC) is being examined 

as a potential wireless communication protocol. 

Current onboard devices must incorporate 

three antennas to receive VICS communication 

regarding traffic information via optical beacons, 

radio wave beacons, and FM multiplex broadcasts, 

depending on the road and the local setup 

Table 3 : Types of communication protocols

5.8GHz DSRC Optical beacon Radio wave beacon FM multiplex broadcast

Possible locations for setup 
and reception 

General roads, 
expressways (projected)

General roads Mainly expressways 
NHK FM broadcast 
service area

Communication configuration 
Two-way 
(roadside ⇔ car )

Two-way 
(roadside⇔ car )

Two-way 
(roadside⇔ car )

One-way 
(roadside⇒ car )

Communication area ~30m About 3.5 m ~70m 10–50 km radius 

Frequency 5.8GHz Infrared 2.5GHz 80MHz

Communication 
speed/transmission capacity
(theoretical figure)

4Mbps/50KB 1Mbps/10KB 64kbps/8KB 8kbps/50KB

Applications 
VICS and 
next-generation road 
services

VICS only 

Prepared by the STFC based on Reference[22] 

Figure 13 : The present and future of communication protocols for ITS devices 

Prepared by the STFC based on Reference[21] 
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conditions (Table 3). Furthermore, use of ETC 

requires a separate 5.8 -GHz DSRC antenna. The 

mixing of multiple communication protocols 

raises costs and interferes with dissemination. 

The 5.8-GHz DSRC currently used for ETC is now 

being considered as a unified communication 

standard, which can be used not only for 

cooperated road-vehicle communications using 

radio wave beacons, but also for ETC, Internet, 

and multipurpose billing including parking lots. 

Practical application is projected for 2007.

3-3    ITS evolution for traffic accident reduction
Seventy-five percent of traffic accidents are 

related to errors in recognition, judgment, 

and operat ion, and thus based in act ions 

taken immediately before accidents happen. 

As discussed in Section 2 -2 above, research 

and development on improvements to ASV in 

order to reduce driver mistakes includes adding 

information provision functions that address 

errors in recognition, alarm and driving assistance 

functions that address errors in judgment, and 

operation assistance functions that address errors 

in vehicle operation. There is a limit, however, 

to the amount by which autonomous safety 

systems for individual vehicles such as ASV can 

reduce traffic accidents. Figure 14 shows the 

results of a simulation of traffic accident fatalities 

assuming the full implementation of autonomous 

safety systems for preventative action, accident 

avoidance, and collision mitigation. These results 

indicate that even if all vehicles were to be 

equipped with autonomous systems, fatalities 

cannot be entirely eliminated. This is because 

most traffic accidents occur due to errors in 

recognition or judgment at intersections with 

poor visibility, when passing, and so on. It is 

difficult to avoid such accidents solely though 

autonomous safety systems.

In order to further reduce fatal ities, it is 

therefore necessar y not on ly to improve 

autonomous safety systems, but also to achieve 

vehicle - infrastructure integrated systems that 

use information and communications between 

roads and veh icles,  among veh icles,  and 

between pedestrians and automobiles to aid 

driver recognition. This report will now discuss 

experiments with such systems.

(1)  An experiment with cooperated road-vehicle 

ITS (driving assistance road system)

The Advanced Cruise-Assist Highway System 

Research Associat ion techn ica l  resea rch 

consor t ium i s  work ing on a sa fe dr iv ing 

assistance system using road-vehicle coopetarion 

cal led the Advanced cruise - assist Highway 

Systems (AHS).

On the Metropolitan Expressway, 21 percent 

of accidents occur on accident-prone curves 

(about 6 percent). In the Sangubashi curve area 

of the Metropolitan Expressway’s No. 4 Shinjuku 

Prepared by the STFC based on Reference[23] 

Figure 14 : Results of simulation of number of traffic accident fatalities 
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route, existing onboard devices (three -media 

VICS car navigation systems*3) were used in a 

three -month demonstration experiment with 

general vehicles beginning in March 2005. In 

the experiment, as depicted in Figure 15, when 

congestion occurs in the curve’s vicinity, roadside 

infrared sensors detect the situation, and roadside 

VICS beacons 300 meters away send a warning 

about conditions around the curve to cars in the 

form of a simplified image. This system enabled 

a 60 -percent reduction in accidents compared 

with the previous fiscal year. A questionnaire 

showed that 80 percent of elderly drivers found 

the system helpful. An electric bulletin board 

that constantly flashes a warning may come to be 

disregarded, but because this system only displays 

an alarm when there is actual congestion in the 

curve's vicinity, it has a powerful warning effect. 

This experiment was carried out with existing 

onboard devices, but in the future when 5.8-GHz 

DSRC is adopted and two-way communications 

speed improves, it will be technically feasible to 

control the entry of vehicles.

(2)  An experiment with integrated

 pedestrian-vehicle ITS 

 (system using IC tags)

Figure 16 depicts an example of a demonstration 

experiment with a pedestrian-vehicle integration 

system for communication between pedestrians 

and automobiles. Conventionally, drivers are 

unable to tell whether there are pedestrians in 

blind spots at intersections, but with integrated 

infrastructure systems, IC tags send signals 

Source: AHSRA webpage[24]

Figure 15 : Example of a road-vehicle cooperation system using ITS

Source: Reference[25]

Figure 16 : Example of ITS response to an unseen person (pedestrian)
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to receivers at intersections, and the data are 

provided to the vehicle’s internal systems. This 

enables drivers to become aware of the presence 

of pedestrians before they can see them, with 

automatic braking applied in order to avoid 

accidents before they occur. Moreover, systems 

can be set up to warn pedestrians of the presence 

of automobiles as well. About 80 percent of 

drivers said they found the system useful.

On the other hand, if the information provided 

by an integrated pedestrian-vehicle ITS system 

is unclear, or if too much unnecessary data is 

provided, it can confuse drivers and actually 

increase the l ikel ihood of driver errors. In 

addition, if drivers are over-reliant on the system, 

this may induce complacent driving without 

the necessary independent driver vigilance. 

Therefore, in order to achieve integrated 

pedestr ian - veh icle ITS systems, a deeper 

understanding of the behavioral psychology of 

drivers, their perceptions, and their ability to 

process information is necessary, and appropriate 

human - mach ine inter face (HMI ) must be 

constructed. Integrated research in various fields 

other than information and communications 

technology, including cognitive science and 

ergonomics, is therefore being actively conducted 

by various academic groups (Table 4).

Table 4 : Activities of academic societies 

Name Research group Research subjects 

Institute of 
Electronics, 
Information and 
Communication 
Engineers 

Technical Group on ITS Technology
Primary fields are ITS policy, ITS communications technology, car 
electronics, ITS road transportation infrastructure technology, ITS 
sensing technology, and ITS information technology

Technical Committee on Pattern Recognition 
and Media Understanding (PRMU) 

Research subjects are pattern media such as images and sound, 
from basic theory on recognition and understanding to methods 
and applied technologies

Information 
Processing 
Society of 
Japan

Special Interest Group of ITS
Primary research fields are traffic management, driving 
assistance, image processing, communication protocols, network 
technology, information provision, and applications

Special Interest group of Computer Vision and 
Image Media (CVIM)

Research through sensory information processing 

Special Interest Group on Ubiquitous 
Computing System

Regarding human-centered services and ubiquitous information 
processing in urban information infrastructure, including 
automobiles 

Special Interest Group of Mobile Computing 
and Ubiquitous Networking (MBL)

Regarding mobile computing, basic theory and technology, 
communication protocols, computer architecture, operating 
systems, applications, applied cases, management and operation, 
and social scientific considerations, etc.

Institute of 
Electrical 
Engineers of 
Japan 

Technical Committee on ITS
Primary research fields are traffic measurement systems, traffic 
management systems, traffic information systems, driving 
assistance systems 

Japan Society of Traffic Engineering, ITS 
Research Committee

Application of traffic engineering that utilizes ITS technology 
(traffic demand management, etc.) to traffic issues 

Society of 
Instrument 
and Control 
Engineers 

Research Committee for Smart Vehicle 
System

Creation of next-generation intelligent vehicles (smart vehicles) 
that are high-performance, safe, comfortable, and people- 
and environment-friendly through integration of ITS and other 
leading-edge infrastructure and systemization technologies 

Japan Society 
of Civil 
Engineers 

Special Committee on Practical ITS Research,
Subcommittee on Transportation Infrastructure 
Information Business 

Suggestions for ITS from a civil engineering perspective 

Universities 

ITS Center, Institute of Industrial Science, 
University of Tokyo

Multiscale traffic simulation, from macro to micro, in complex, 
realistic experimental traffic environments through combining 
traffic simulators (TS), driving simulators (DS), and the most 
advanced image information technology 

Regional ITS Infrastructure Research Center, 
Research Institute, Kochi University of 
Technology 

Contribute to vitalization of regional society by planning, 
proposing, and promoting ITS measures appropriate to regional 
societies based on sharing of the results of regional ITS and indus
try-government-academia cooperation 
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3-4    The evolution of ITS for the reduction of
         carbon dioxide emissions

D e ve l op m e nt  o f  n e w  I T S  t e c h n o l o g y  

integrating infrastructural and vehicle systems 

is also being carried out from the perspective of 

reducing carbon dioxide emissions. Below are 

examples of traffic demand control measures and 

traffic flow measures.

(1) Examination of a congestion prevention

 system using AHS technology

Areas of expressway congestion other than 

tollgates include sags, tunnels, and interchanges 

whe r e  t r a f f i c  me r ge s .  T ho s e  p l ace s  on  

expressways where downhill slopes become 

uphil l slopes are cal led “sags.” Drivers are 

unconscious of the fact that they lose speed at 

such locations, causing congestion among the 

vehicles following them[26]. Similarly, the shift 

from light to dark at tunnel entrances causes 

drivers to slow down unconsciously, creating 

congestion among following vehicles (Figure 17). 

Development of the above-mentioned congestion 

prevention system using AHS technology is now 

being considered in order to prevent blocked 

traff ic f low due to such driver psychology. 

T h i s  s y s tem u s e s  s en sor s ,  road - veh ic le  

communications technology, and onboard ITS 

devices to guide vehicles to lanes with more room 

and to caution the leading vehicles causing the 

congestion, thereby helping traffic to flow more 

smoothly.

(2) Study of road-vehicle cooperation

 real-time signal control

A problem with current signal control is 

its inability to respond f lexibly to non-steady 

traffic conditions (accidents, construction, etc.). 

Harmonizing signal control with road-vehicle 

communicat ions makes possible accurate 

collection of traffic data and effective traffic 

guidance and distribution through an advanced 

signal control method cal led “road -vehicle 

cooperation real-time signal control”[27,28]. This 

signal control method uses ITS technology to 

directly measure delays due to traffic waiting for 

Road
Condition
Detection
Sensor

Information 
Provision Antenna

Source: Reference[4]

Figure 17 : The traffic congestion mechanism in a sag area and a congestion prevention system utilizing AHS technology
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signal changes and automatically adjusts signal 

parameters to minimize those delays. It enables 

signal control that responds flexibly to changes 

in traffic flow. Experiments with this system on 

actual roads led to improvements of 5-20 percent 

in the time required to pass through the usage 

area[29].

Overseas, Sweden devised a signal control 

system cal led the “Green Wave System” in 

the early 1990s (Figure 18)[30]. This system 

attempts to control automobile speed so that 

cars can always pass through intersections with 

a green light, achieving smooth traffic f low. 

The infrastructure system detects traffic f low 

and calculates the correct speed for vehicles to 

pass through controlled intersections without 

needing to stop based on the signal timing, then 

roadside beacons communicate this information 

to vehicles. Based on the data they receive, 

the vehicles automatically adjust their speed 

to maintain the proper distance from the cars 

ahead of them, enabling them to pass through 

intersections without stopping. At the time the 

system was proposed, ITS-related technology was 

still immature, so testing of an actual system was 

never carried out. In an Australian experiment 

with nonstop signal speed in 1987, the number of 

stops at signal lights fell 50 percent, resulting in 

fuel savings of 6 -15 percent[31]. In the future, this 

system is expected to be integrated with two-way 

road -vehicle communications technology and 

adaptive cruise control (ACC; cruise control 

that also uses brakes) technology for practical 

implementation.

(3) Transportation Demand Management

 (TDM)

Economic development has been the priority in 

road policy to date. As automobile traffic demand 

increased, securing greater traffic capacity and 

easing congestion have been the primary issues, 

leading to the building of bypass roads and 

beltways. From now on, balancing conservation 

of the global environment with maintenance of 

economic activity will be important, and road 

policy that adds the perspective of correcting 

traffic demand to that of securing more capacity 

should be pursued.

“Transportation Demand Management” (TDM) 

is a policy of using fees, regulation, guidance, 

and other soft aspects to control traffic demand 

by changing driver behavior. Concrete measures 

include “park and ride,” “car sharing,” “road 

pricing,” and “use of public transportation.” 

While such TDM measures are acknowledged as 

effective in reducing carbon dioxide emissions, 

their use has not spread because they decrease 

user convenience and are not cost effective. In 

recent years, however, TDM measures using ITS 

technology have been implemented nationwide as 

part of urban renewal[32].

Let us examine “car sharing” as a case study. 

Car sharing involves the organized shared use of 

a single automobile by several members. It was 

seen as a way to reduce environmental impacts 

by lessening overdependence on automobiles 

and promoting use of public transportation, but 

the complexities of shared ownership prevented 

its spread[33]. Utilization of ITS in car sharing can 

ease some of this complexity, and car sharing 

enterprises are steadily spreading in Europe and 

the USA in particular. Because car sharing can 

reduce the cost burden for individual users, it 

has been successful as a means of promoting 

the spread of electric vehicles (EVs) and other 

low-pollution cars[34].

In Japan, although the number of cases of 

car sharing is gradually increasing, it has not 

spread to the extent seen in Europe and the 

USA. This is because factors such as (i) lack of 

understanding of the social benefits, (ii) the deep 

roots of car ownership as a status symbol, (iii) 

lack of awareness of car sharing as a means of 

comprehensive traffic demand management, (iv) 

difficulties securing parking, and (v) profitability 

Figure 18 :  Sweden’s signal synchronization speed
 control system (Green Wave System)

Source: Reference[30]
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issues combine to create a vicious circle. None 

of these factors is unique to Japan, and all of 

them can be overcome by an accumulation of 

individual measures. In recent years, Japan has 

also seen an increasing number of people seeking 

lifestyles of health and sustainability (LOHAS) 

that consider mental and physical health and the 

global environment. Such people are likely to 

support car sharing as it becomes established.

(4) Probe data utilization service

Automobiles are equipped with up to about 150 

kinds of sensors. The information obtained by 

these sensors is called “probe data.” Automobiles 

themselves are considered mobi le t ra f f ic 

monitoring devices. With probe data collected 

by wireless communications, vehicle behavior 

and position data can be understood and better 

traffic flow and behavior calculated, and even 

weather conditions and other natural phenomena 

can be monitored. Probe data are characterized 

by the fact that, unlike VICS, which is installed 

on main roads, they can provide information 

from small side streets as well as information on 

vehicles themselves. Collection of probe data can 

be accomplished through use of mobile phone 

networks or other existing communications 

infrastructure. Private sector businesses are 

leading the way in providing services using probe 

data. While ordinary VICS can provide traffic data 

for intervals of about 42,000 km, probe data can 

cover intervals of around 356,000 km[35]. In the 

future, integration of this data with car navigation 

systems and VICS functions will enable more 

detailed and accurate route guidance including 

factors such as weather conditions and data on 

individual lanes and road surfaces.

(5) Potential carbon dioxide reduction

As seen above, the adoption of ITS technology, 

which has evolved beyond conventional car 

navigation systems, VICS and ETC, and integrates 

infrastructure and vehicles, and the utilization 

of ITS combined with traffic measures, can 

help reduce carbon dioxide emissions. Table 

5 shows the extent of this potential. The total 

potential reduction in carbon dioxide emissions 

from conventional car navigation systems, 

VICS, and ETC is 3.6 million tonnes, while the 

estimated potential reduction from second-stage 

ITS technologies is 13 million tonnes. Under 

Japan’s plan to meet the goals of the Kyoto 

Table 5 : Energy conservation through ITS technology

Effect ITS technology
Estimated CO2 

emission reduction
Notes

Smoother traffic flow through 
traffic management system

Signal control 1M t-CO2 (*1) Installation of traffic sensing signals

ETC 06.M t-CO2 (*1) Reduction in tollgate congestion, elimination of 
stopped vehicles

Efficient driving through 
information provision system

Provision of traffic information
(VICS)

1M t-CO2 (*2) Assuming VICS penetration of 20% and 4.4% 
reduction in travel time for equipped vehicles

Route guidance 
(car navigation)

2M t-CO2 (*2)

Assuming car navigation penetration of 30% 
and 2.4% reduction in route deviations for 
equipped vehicles

Efficient driving through 
vehicle control

Automatic cruise control 
system (ACCS)

0.02M t-CO2 (*3) Reduction in sag congestion on expressways, 
ACCS penetration 10%

Vehicles with automatic cruise 
control

0.2M t-CO2 (*1)

Reduced amount of driving

Traffic demand management
(TDM)

3.6M t-CO2 (*1) Lower share for automobiles in major cities

Shared collection and delivery 
information provision system

1.1M t-CO2 (*2) Assuming 56.3% load rates in commercial 
cargo vehicles

Car sharing 7.6M t-CO2 (*4) Assuming 5% car sharing rate

Calculated by the STFC from:
*1: Japan Automobile Manufacturers Association, “JAMA’s Approach on Global Warming Countermeasures,” JAMA Report No. 90
*2: Energy Conservation Center, “FY 1997 Energy-saving Measures and Effects through ITS”
*3: Energy Conservation Center, “FY 1996 ITS and Energy-saving Effects”
*4:  Foundation for Promoting Personal Mobility and Ecological Transportation, “Report on examination of environmental impact 

reduction through car sharing and methods for its dissemination,” March 2006
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Protocol, the transportation sector as a whole is 

to cut 46 million tonnes of CO2. This indicates 

the significance of adopting second-stage ITS 

technology.

4      Trends in international
       standardization and
       Japan’s role
There a re  t wo t rends  i n  i n i t i a t ives  on 

international standardization in the ITS field.

F i r s t ,  a n  i n i t i a t i v e  o n  i n t e r n a t i o n a l  

s t andard izat ion in the ITS f ie ld i s  be ing 

formulated by the International Organization 

for Standardization’s (ISO) technical committee 

TC204. TC204 comprises the 12 working groups 

(WGs) shown in Table 6. Japan is actively 

involved, participating as a voting member of 

TC204 and as the responsible country for WG3 

and WG14.

The International Telecommunication Union 

(ITU) is an international organization that adopts 

rules and agreements on the use of frequencies 

on the ground and in space. Study Group 8 (SG 8) 

of the ITU's Radiocommunications Sector (ITU-R) 

carries out actual work on ITS. In May 2000, 

Japan’s DSRC wireless communication protocol 

for ETC was adopted as ITU-R’s international 

Table 6 : ITS international standardization activities: ISO/TC204 working groups 

Working group Working group Lead country 

WG1 Architecture UK 

WG3 ITS database technology Japan 

WG4 Automatic vehicle and equipment identification Norway 

WG5 Fee and toll collection Netherlands 

WG7 General fleet management and commercial/freight Canada 

WG8 Public transport/emergency USA 

WG9 Integrated transport information, management and control UK 

WG10 Traveller information systems UK

WG11 Route guidance and navigation systems Germany

WG14 Vehicle/roadway warning and control systems Japan

WG15 Dedicated short range communications Germany 

WG16 Wide area communications/protocols and interfaces USA

Prepared by the STFC based on Reference[4] 

Figure 19 : Pedestrian fatalities as a percentage of all traffic accident deaths 

Prepared by the STFC based on Reference[36] 
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recommendation. To date, Japan has succeeded 

in having the protocols it has developed and 

incorporated into international standards.

In the process of developing second-stage ITS 

infrastructure-integration, it inevitably involves 

adaptation to the local traffic conditions and 

needs. In the case of traffic accidents (Figure 19), 

for example, Japan has a very high percentage 

of accidents involving pedestrians, a trend found 

elsewhere in Asia. On the other hand, Europe 

and the USA have mainly vehicle accidents. 

Therefore, the advanced safety systems that 

Japan is pursuing, such as pedestrian -vehicle 

integration, may not always suit for Europe and 

the USA. Even then, for pursuing the international 

standardization, the collaboration with Europe 

and the USA must be carefully considered.

5      Future directions
A s  d i scu s sed  above,  t he  second - s t age  

ITS, integrating vehicles and infrastructure 

and jo i n i ng  roads ,  veh ic les ,  and people  

with in formation technology, i s essent ia l  

for overcoming the negative legacies of the 

automobile society, such as traffic accidents and 

environmental impacts. This report proposes 

the achievement of second-stage ITS from the 

following viewpoints.

(1) Research and development of 

 human-machine  interfaces that consider

 elderly people

Errors in recognition, judgment, and operation 

cause 75 percent of traffic accidents. As discussed 

above, elderly people have a high accident rate. 

Because Japan is the most rapidly aging country 

in the world, research and development that 

focuses on the elderly is vital. To date, research 

has centered on functional systems, such as 

airbags, lane - keep assist, and sensors, but 

now integrated interdisciplinary ITS research 

covering ergonomics and cognitive science from 

perspectives such as information processing, 

telecommunications, automated control, and 

traffic engineering is needed. In particular, the 

closed space of the automobile driver’s seat, 

where people perform all their recognition, 

judgment, and operation control while moving, 

requires the most concentrated human-machine 

interface (HMI) in daily life. Further research 

on human-machine interfaces that are easy not 

only on elderly people but also on world standard 

users is necessary.

(2) Promotion of social acceptance of ITS

 implementation

In shi f t ing to the vehicle - in frastructure 

integration system that is second-stage ITS, new 

onboard communications devices and capital 

investment in infrastructure are necessary. Unlike 

conventional ITS, which was primarily concerned 

with increased comfort and convenience, the 

benefits of second - stage ITS systems involve 

safety, security, reduced environmental impacts, 

and other aspects whose costs are difficult to 

measure. Greater efforts will likely be necessary 

in order to gain the acceptance of users and 

society for the new costs that will be incurred. 

Industry, government, and academia must work 

together to promote quantitative comparison 

of costs versus effects, sufficient assessment 

before implementation, ex-post evaluation, 

and information disclosure. Furthermore, just 

as emission regulations in the past promoted 

improved automobile performance, examination 

of possible regulations, for example, requiring 

new cars to install ITS devices or restricting the 

access of cars without the equipment to major 

urban areas is necessary. In any event, promotion 

of second-stage ITS implementation and diffusion 

will require public understanding. This can be 

brought about by educational activities on safety, 

energy, and the environment.

(3) Initiatives that contribute to sustainable

 development in Asia

As motorization proceeds in Asia, associated 

social problems such as traffic accidents and 

environmental impacts will become much more 

serious than ever before. The advancement of 

second-stage ITS must be expected to contribute 

to develop a sustainable transportation systems 

in Asia through strategic collaboration and 

cooperation within Asian countries.

Because second - stage ITS systems involve 

vehicle - infrastructure integration, they must 

suit the local traffic conditions and needs. The 
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types of traffic accidents that occur in Japan 

more closely resemble those in other Asian 

countr ies than the kinds of accidents that 

occur in Europe and the USA, so the advanced 

safety systems of second-stage ITS developed 

in Japan probably match Asian needs better 

than European or American ones. Japan and 

other Asian countries can therefore develop 

common ITS technology bases. Another effective 

approach is to generate ideas for comprehensive 

experimental model cities with advanced vehicles 

and infrastructure from an early stage for areas in 

Asia that are ripe for development. Transportation 

infrastructure in the Asian region is currently 

incomplete. Therefore, it may be easier for 

these Asian countries to develop second-stage 

ITS infrastructures than that for Japan, with its 

completed infrastructure.

At  the  s a me t i me,  i f  second - s t age  ITS  

systems are closely matched to Asian needs, 

the technology systems may not always suit for 

Europe and the USA. Even then, for pursuing the 

international standardization, the collaboration 

with Europe and the USA must be carefully 

considered.

Today’s automobile industry faces international 

compet it ion in a g loba l  market.  In order 

to survive, Japan’s continual ly developing 

automobile industry must remain a driving force 

behind Japan’s entire economy.  The future 

progress of motorization in Asia will create a 

favorable growth market for the automobile 

industry. Initiatives to collaborate with Asian 

countries on the development of second-stage ITS 

technology will not only contribute to sustainable 

development in Asia, they will also maintain 

the international competitiveness of Japan’s 

automobile industry.
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Glossary

*1 VICS
 an information system that transmits data on 

traffic congestion and restrictions edited and 

processed at the VICS Center to onboard car 

navigation devices in the form of text and 

images.

*2 ETC
 a nonstop automatic collection system for 

use on toll roads. Antennas at tollgates 

communicate wirelessly with devices 

installed on vehicles to collect tolls.

*3 Three-media VICS car navigation systems
 VICS that uses three media, optical beacons, 

radio wave beacons, and FM multiplex 

broadcasts.
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