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Abstract

In an infrastructure for the Intelligent Vehicles Highway Systems (IVHS},
the Japanese public corporations that deal with expressways, such as the
Hanshin Expressway Public Corporation (HEPC), have played an important
role in the development of Japan’s IVHS. Large cities in Japan have lagged
behind the expressway public corporations in creating traffic control
systems, because they face governmental jurisdiction and do not have
appropriate national funding systems for IVHS. The flexibility features of
the Intermodal Surface Transportation Efficiency Act of 1991 (ISTEA) that
was instituted in the USA provide a good model for resolving these issues.

This thesis discusses three proposals, applying the concept of ISTEA to
Japanese funding systems in order for large cities to develop the kind of
traffic control systems that HEPC has achieved. The first proposal concerns
the application of the concept of ISTEA to Japan, which is conprised of two
methods: 1) transferring highway funds to IVHS; and 2) strengthening the
City Planning Council of the designated cities; the second relates to the
development of public-private partnerships; and the third involves the
utilization of the developer’s share in the [VHS cost.

This thesis concludes that effective implementation and operation of

IVHS require combinations of these methods. For the short term, the
combination of transferring highway funds to IVHS and establishing

public management with private sector operation will help to implement
and operate IVHS. For the long term, to strengthen the City Planning
Council of the designated cities, changes in related laws will be required as
well as a decentralization of national power for the allocation of funds. For
both short term and long term, using the developer's share in the IVHS
cost will allow its implementation without using public money.

Thesis Supervisor: Joseph M. Sussman
Title: JR East Professor
Professor of Civil and Environmental Engineering
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Chapter 1 Introduction

Although the situation is changing rapidly, in an infrastructure for the
Intelligent Vehicles Highway Systems (IVHS), Japan currently appears to be
ahead of other countries of the world.! The public corperations that deal
with expressways, such as Hanshin Expressway Public Corporation (HEPC),

have played an important role in the development of Japan’s IVHS.

HEPC, which is administratively linked to the Ministry of Construction,
operates the urban expressway networks in the Osaka metropolitan area.
By using a toll road system, HEPC has beern working on IVHS research and
implementing traffic control systems using Advanced Traffic Management

Systems (ATMS) and Advanced Traveler Information Systems (ATIS).

Large cities in Japan face difficulties in constructing highways in urban areas
due to the high price of land and environmental issues. It is time for local
governments of the big cities to better utilize the existing highway networks
in urban areas by using new technology that IVHS provides. Unfortunately,
these large cities have lagged behind the expressway public corporations in
creating traffic control systems because they face governmental jurisdiction
and do not have appropriate funding systems for IVHS from the national

government.

Since three national agencies can be considered responsible for IVHS, its
development has fallen under governmental jurisdiction. The Ministry of
Construction (MC) is responsible for the construction and supervision of
highways and expressways. The National Police Agency (NPA) is responsible
for traffic control. The Ministry of Posts and Telecommunications (NPA) is

responsible for radio frequency allocation. Among the three, MC and NPA

1 Ervin, Robert D., An American observation of IVHS in Japan, The University of Michigan,
1991
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have compet~d with each other for control of IVHS and have prevented local
governments from developing IVHS by not granting them funds. As a result,
local governments lack enough national funds to implement IVHS in urban
areas. Japanese funding systems are centralized; the power to allocate funds
to local governments is controlled by each national agency causing

inflexibility in the use of these funds.

The flexibility features of the Intermodal Surface Transportation Efficiency
Act of 1991 (ISTEA) thac was instituted in the USA provide a good model
for resolving these issues. The purpose of the ISTEA program is to
intensively develop the intermodal transportation system across the USA in

the time period between fiscal year 1992 and fiscal year 1997.

The innovative point of ISTEA lies in the flexibility in the use of highway
funds. The ISTEA program includes flexibility features where funds made
available from the Highway Trust Fund can be made available for transit as
well as highway projects. Furthermore, ISTEA provides the Metropolitan
Planning Organization (MPO) with the power to select the projects involving
funds allocated to large urbanized areas. The flexibility features of ISTEA
will offer Japanese city governments more opportunities for developing and

deploying IVHS.

Furthermore, public-private partnerships also play an important role in
developing IVHS in urban areas. To date, road repair or new road
construction has not required high technology and has just followed highly
structured procedures. IVHS requires new approaches. Development of
public-private partnerships will also provide local governments with

opportunities to deploy IVHS in urban areas.

This thesis seeks to propose an institutional design by applying the concept



of ISTEA to Japanese funding systems in order to develop the kind of traffiz
control systems in urban areas that HEPC has achieved. First, this thesis
identifies to what degree HEPC has achieved traffic control systems using
ATMS and ATIS (Chapter 2), and discusses what encouraged HEPC to

intensively develop such advanced traffic control systems (Chapter 3).

Second, this thesis addresses whether large japanese cities should implement
traffic control systems similar to those that HEPC has (Chapter 4), and points
out problems faced by the city governments when they try to implement
these systems (Chapter 5). The discussion centers on Osaka City in the hope
that it will be used as a model for other Japanese cities facing similar

transportation problems.

Third, after introducing the current Japanese funding systems for
infrastructure and the concept of ISTEA, this thesis discusses and compares
three proposals for the implementation of IVHS by Japanese city

governments (Chapter 6). The first proposal concerns the application of tlie
concept of ISTEA to Japan, which is comgrised of two methods: 1) transferring
highway funds to IVHS; and 2) strengthening the City Planning Council of the
designated cities; the second relates to the development of public-private
partnerships; and the third involves the utilization of the developer's share in

the IVHS cost.

Finally, this thesis uses a hypothetical case to illustrate how to approach the
question of combining the above four methods (Chapter 7). Combination I is
designed for short-term implementation, and Combination II for iong-term
implementation. Furthermore, this thesis summarizes each chapter and

provides a fundamental conclusion (Chapter 8).

10



Chapter 2 The Current State of IVHS in the Hanshin Expressway

2.1 Introduction and Concept of IVHS

This chapter describes the concept of Intelligent Vehicles Highways Systems
(IVHS) and identifies the current condition of IVHS developed by the
Hanshin Expressway Public Corporation (HEPC) in Japan. HEPC is a quasi-
government body, playing an important role in developing IVHS. IVHS
developed by HEPC is now recognized as one of the most advanced traffic
contro! systems in the world,? although the international situation is

changing rapidly.

To date, highways and railroads have been the main infrastructure to support
various urban activities in large cities. Large cities, such as Tokye and Osaka,
currently face various social needs such as conservation of the environment,

and safe and rapid transportaticn. IVHS will be an important new option for
infrastructure in urban areas. According to the strategic plan for IVHS in th=
US by IVHS America, in urban areas IVHS consists of five categories and

their functions are as follows.3

1. Advanced Traffic Management Systems (ATMS)

ATMS consists of a surveiilance system and a traffic management center.

A surveillance system detects traffic conditions and communicates it to

the traffic management center. The traffic management center analjyzes

the information. The analyzed information is used to: 1) manage the system
by selecting ramp metering rates, adjusting signal timing, re-routing traffic,
and managing incidents, and 2) advise people about traffic conditions.

2. Advanced Traveler Information Systems (ATIS)

ATIS equipment in vehicles, at home, and on surface streets will provide

ZHanshin Expressway Public Corporation, Traffic Control System, a public information
brochure, 1993, Trans. Toru Takahashi

3 IVHS AMERICA, Stra tegic Plan for Intelligent Vehicle-Highway Systems in the United
States, May 20, 1992
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transportation users with information on traffic conditions, routes and
schedules.

3. Advanced Vehicle Control Systems (AVCS)

AVCS will improve the driver’s control to make travel safer and more
efficient. In the long run, movements of all vehicles on special highways
will be automatically controlled.

4, Commercial Vehicle Operations (CVO)

To improve the safety and efficiency of commercial vehicles and fleet
operations, CVO will be created by integrating the technology functions
of ATMS, ATIS, and AVCS.

5. Advanced Public Transportation Systems (APTS)

To improve public transit services, APTS will be created by integrating the
technological functions of ATMS, ATIS, and AVICS. For instance,
components of APTS are: 1) highway/transit integration; 2) automated bus

control systems; and 3) advanced fixed rail control systems.

This paper discusses how city governments in Japan incorporate ATMS and
ATIS in urban areas. In this paper IVHS is defined as ATMS and ATIS only.

2.2 Hanshin Expressway Public Corporation

The Hanshin Expressway Public Corporation (HEPC) operates the urban
expressway networks using a toll road system in the metropolitan Osaka area.
As shown in Figure 2.1, the metropolitan Osaka area refers to the urban area
closely related to Osaka, geographically, socially, and economically. The area
is undergoing a large growth in population, industry, and economic progress.
The metropolitan Osaka area covers a total area of 7,800 square kilometers
within a radius of about 50 to 60 km from the center of Osaka. The
population totaled about 16.9 million as of 1990, making it one of the biggest

metropolitan areas in the world.

12



A toll road system was established in 1952 in order to meet the demand for
highway construction. In the 1950’s, the Japanese highway network was
considered decades behind that of the US and European countries.# The

Japanese government had to improve its road system at a very fast pace

4 The Ministry of Construction, Roads in Japan, 1991
13



within a limmited government budget. As a result, the Japanese government
decided to create a toll road system. In the toll road system, highway
construction costs come from toll revenues from road users, and monetary
resources are borrowed and funded by the national and local governments.
Having decided upon this system, the Japan Highway Public Corporation,
which operates the nationwide express networks, was established in 1956.
The Tokyo Metropolitan Expressway Public Corporation, which operates the
urban expressway network in the metropolitan Tokyo area, was established

in 19€0.

When the Japanese government established the Tokyo Metropolitan
Expressway Public Corporation, the government thought that only the
metropolitan Tokyo area needed urban expressway networks and that urban
expressway networks for other metropolitan areas could wait due to financial
problems. In those days, automobile traffic in the Osaka area had increased
significantly, and was causing severe congestion and frequent accidents. The
need for an ui van expressway was keenly felt, so the Osaka City government
established the “Council for the Development of the Hanshin Area
Expressway,” consisting of congressmen, councilmen, and executive city
officials who were to address traffic problems in Osaka and petition the
Japanese government to create an expressway in the metropolitan Osaka
area. As aresult, in 1962 the Hanshin Expressway Public Corporation (HEPC)
was established. After the establishment of HEPC, the Japanese government
expanded its approval and two urban expressway public corporations were

established: the Nagoya and Fukuoka Expressway Public Corporations.

Table 2.1 compares four urban expressways. The length of the Hanshin
and Tokyo Metropolitan Expressway is much greater than that of any other
expressway. Furthermore, the average number of vehicles per day and per

kilometer on the Hanshin is the greatest of the four. This severe traffic

14



congestion is one of the reasons why HEPC has felt encouraged to develop

traffic control systems more intensively than any other expressway public

corporation.

Table 2.1 Comparison of the Four Urban Expressways

Length  Vehicles/day Vehicles/day kilometer

Hanshin 157.9 830 5,300
Tokyo 231.4 1,041 4,500
Nagoya 30.3 i10 3,600
Fukuoka 63.0 166 2,640
[Units: km vehicles/day vehicles/day kilometer]

Source: Highway Research Committee, Highway and Vehicles, January 1994

These public corporations have been administratively linked to the Ministry
of Construction (MC) whose minister is a member of the Prime Minister’s
cabinet. Financially, these corporations are funded by MC and Jocal
governments where each expressway is located. For instance, HEPC is

funded by MC, three prefectural governments, Osaka City, and other two
cities. According to HEPC’s 1993 fiscal inforimation3, these local governments,

as well as MC, funded $74 million in HEPC.

HEPC is based on the Hanshin Expressway Public Corporation Act. HEPC can
conduct the following business in the metropolitan Osaka Area:
1) construction and maintenance of the toll expressway
2) the redevelopment project related to the construction of the expressway
3) construction of surface streets related to expressway construction

4) research about the expressway

5) construction of buildings under the elevated expressway.

5 Hanshin Expressway Public Corporation, The Job of the Hanshin Expressway Public
Corporation 1993, a public information brochure, 1993, Trans. Toru Takahashi
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The plans of the Hanshin Expressway are adopted by the national and local
governments through the City Planning Decision Process that the City
Planning Law requires (discussed in Chapter 6). The process of the adoption
is as follows:

1) Local governments prepare the draft plan about the toll expressway.
The draft plan is open to public inspection, and is then discussed in the
City Planning Council which the City Planning Law requires.

2) After the discussion, MC examines the plan and approves it. The plan is
then adopted and announced officially.

After the adoption of the plan, MC designates HEPC to implement the toll
expressway. HEPC, instead of local governments, can then begin to construct

the toll expressway.

Figure 2.2 shows the HEPC’s 1993 fiscal budget. The total year revenue is
$5.32 billion. About 72% of the total revenue comes from HEPC’s bonds and
loans from local and national governments. About 22% comes from toll
revenues which are approximately $1.2 billion. In terms of total expenditure,
HEPC invests about 45% or $2.4 billion in constructing new expressway
networks. Currently HEPC has $21.4 billion in bonds and loans that should
be returned for 30 years, though HEPC has already returned $11.8 billion in
bonds and loans. These bonds and loans were used for expressway
construction. As a result, HEPC must spend about 45% of the total
expenditure for returning the loans annually. Since HEPC has borrowed
money from the national and locai governments on the basis of the toll road
system whenever it has constructed a new expressway, HEPC must continue

to return loans.
Adjusting for inflation, the total expenditures of HEPC increased by about 2.5

times between 1984 and 1992 as shown in Table 2.2, while the expressway

length increased 1.27 times and the average number of vehicles per day

16



increased 1.22 times during the same period. However, the budget of fiscal
year 1993 decreased by 1.8%, compared to the expenditures of the previous
fiscal year due to the recession of the Japanese economy that made tax
revenues of the national and local governments decreased. Since HEPC
accepted loans and funding from the national and local governments, the

governments reduced the amount of loans and funds.

Revenue Expenditure

— Construction
Loais and bonds — $2.39 billion
$3.83 billion
— Returning loans and
bonds
$2.38 billion
Toll revenue _~ Maintenance
$1.17 billion / $0.52 billion
Funds $0.15 billion //Others
Others $0.17 billion = $0.03 billion

Total $5.32 billion
Figure 2.2 The 1993 Fiscal Year Budget of HEPC

Table 2.2 The Total Expenditure and Length of HEPC

Fiscalyear '84 '85 '86 '87 '88 '8 90 '91 '92

The total

expenditures 2.19 2.43 2.75 3.13 3.44 4.11 4.33 5.03 5.42
[$ billion]

Expressway

length 124.1 129.3 138.5 138.5 143.5 143.5 152.8 157.9 157.9
(km]

Average

number of 6799 6970 7203 7431 7685 7717 8055 8211 8283
vehicles/day
[100 vehicles]
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At present, this expressway is being extended to comprise 13 routes covering
157.9 km. (See Figure 2.3) The average number of vehicles per day on this
expressway is approximately 830,000 vehicles. The toll revenues in 1993
reached $1.2 billion. Currently HEPC is constructing the “Wangan Route”
connecting Osaka with the new “Kansai International Airport” that will open
in September, 1994. After the construction of the Wangan Route covering 56

km, it is predicted that one million vehicles will use the Hanshin Expressway

daily.

Legend
Existing Hanshin expressway o._.

New Hanshin Expressway -
Existing highways _—
New highways -

e 2.3 The Network of the Hanshi SSwa

According to the survey conducted by Osaka City in 1993, the average daily

traffic volume on the Hanshin Expressway was about 4.5 million vehicie
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kilometers per day and on the surface streets in Osaka City it was about 15.5
million vehicle kilometers per day. The Hanshin Expressway’s share of the
traffic volume was 22%, although its share of highway length was only about
2% (the length of the Hanshin Expressway inside Osaka City is 93 km and the
surface streets in Osaka City add up to about 3,880 km). These figures
indicate that the Hanshin Expressway is essential to Osaka’s highway system

for supporting social and economical activities in Osaka City.

2.3 The Current State of [VHS in the Hanshin Expressway
The Hanshin Expressway Public Corporation (HEPC) has developed Advanced

Traffic Management Systems (ATMS) and Advanced Traveler Information
Systems (ATIS) to make driving more efficient, safer, and more comfortable.
ATMS and ATIS developed by HEPC consists of five systems:

1) traffic data collection systems

2) information processing systems

3) motorist information systems

4) entrance control systems

5) accidents detection systems.6
Table 2.3 shows the number of currently established such traffic control

systems. This section discusses the current state of these systems.

Table 2.3 Number of Established Traffic Control Systems until Fiscal 1993

Variable-message sign board 302
Variable-graphics sign board 4
Travel information board 111
AVI 10
TV camera 152
Vehicle detection devices 1,319
Roadside radios 25
Traffic information terminal 2

Source: Hanshin Expressway Public Corporation, Traffic Control System, 1993

6 Hanshin Expressway Public Corporation, Traffic Control System, a public information
brochure, 1993 , Trans. Toru Takahashi
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2.3.1 Traffic Information Collection Systems

The traffic information collection systems is comprised of vehicle detection
devices, TV cameras, and automatic vehicle identifiers (AVI). Vehicle
detection devices are used for collecting traffic volume, TV cameras are used
for monitoring the expressway visually, and AVIs are used for reading license

plates and tracking travel time between the two AVIs.

Vehicle detection devices

Shown in Figure 2.4, ultrasonic sensors detect passing vehicles to calculate
traffic volume, road occupancy, and mean vehicle speed. HEPC uses
ultrasonic sensors because of their ease of installation and maintenance.
An ultrasonic sensor is installed every 500 meters along the expressway.
IV cameras

Shown in Figure 2.5, TV cameras provide visual information on traffic
conditions and are controlled remotely from the traffic control centers.
About 60 percent of the Hanshin Expressway network is monitored by these
cameras.

Automatic vehicle identifiers (AVI)

Shown in Figure 2.6, AVIs are installed along the major routes to read
Japanese license plates and to calculate the time a vehicle takes to pass two

fixed points along the expressway.

Figure 2.4 Vehic etection Device Figure 2.5 TV Camera
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Traffic data collected by traffic information collection systems is transmitted
to the traffic control center where it is processed and changed into traffic
information available to drivers by computer systems. This traffic control
center also controls motorist infermation systems, entrance control systems,
and accident detection systems. Shown in Figure 2.7, traffic control center
is equipped with main computers for data processing and traffic surveillance
equipment and console desks for control operation. The efficient HEPC’s
traffic control system on the Hanshin Expressway results from its advanced

traffic control center.
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Computer systems

The computer system consists of two central processing units (one of which
is a back-up) and seven sub-processing units (two of which are back-ups).
The other functions are: 1) central processing unit; 2) data collecting
system sub-computer; 3) information transmission system sub-computer;
4) audio system sub-computer; 5) information exchange system sub-
computer; and 6)operation system sub-computer.

Traffic surveillance equipment

Traffic surveillance equipment consists of a graphic panel, a large screen,
TV monitors, and CRT data displays. The graphic panel displays traffic
conditions in three stages: light off, orange lights, and red lights. It also
displays the location of traffic obstructions. The large screen displays an
enlarged image of any of the TV monitors or CRT data displays. CRT data
displays show data on traffic, road, and motorist information board
cornidition, and can retrieve data up to 48 hours old.

Console desk

The console desk controls motorist information boards, TV cameras, and
CRT data displays. It also handles traffic flow onto the expressway by

restricting the number of vehicles allowed through toll booths.

2.3.3 Motorist Information Systems

Traffic information processed by the traffic control center, such as
information about traffic congestion and travel time, is provided by
motorist information systems. These systems enable drivers to select the
best route and prevent further congestion by encouraging detours to
feeder roads. According to the HEPC's survey,’ the average time that
drivers spend on the expressway is about 13 minutes. If drivers use
another surface route, it will take them about 33 minutes. By paying the

five-dollar toll, drivers can save about 20 minutes. Once they enter the

7Hanshin Expressway Public Corporation, The Job of the Hanshin Expressway Public
Corporation 1993, a public information brochure, 1993, Trans. Toru Takahashi
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traffic congestion on the Hanshin Expressway, they often cannot save the
20 minutes and therefore waste the five-dollar toll. As a result, drivers
who use the Hanshin Expressway are very sensitive to congestion reports
which help them determine in advance whether or not they will select
the expressway. Motorist information systems can provide drivers
about to use the expressway with significant traffic information before
they reach the toll booth. These systems also provide drivers already on
the expressway with its current traffic conditions. All visual and audio
information is updated every five minutes. The motorist information

systems consist of six sub-systems:

Variable-graphics sign boards

Shown in Figure2.8, boards provide drivers on the expressway with clear,
color-coded road maps and indications of congested areas and blocked
routes.

Roadside radios

Shown in Figure 2.9, roadside radio antennas broadcast local computer-
edited traffic information on the AM band at 1620 Hz. This radio
information service is currently available over one-third of the entire
expressway network. This roadside radio system is for drivers on the
expressway.

Traffic information terminals

Shown in Figure 2.10, traffic information terminals are installed at two
commuter parking areas on the expressway. These terminals provide
drivers with traffic information by using data displays, graphics, monitor
screens, and voice maessages.

Varjable-message sign boards

Shown in Figure 2.11, variable sign boards are installed along the

expressway and feeder roads close to expressway entrances. They
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provide drivers on the expressway or before the entrances with

information on congestion and traftic obstructions.

Automatic telephone service

Shown in Figure 2.12, the computer at the traffic control center provides a

24-hour traffic information service using a recording.

Travel time information boards

Shown in Figure 2.13, travel time information boards are installed at most
of toll booths and on feeder roads close to expressway entrances. These
boards display the time a vehicle will take to reach a major destination.
The travel time is calculated as follows:

(a) Based on the data collected by the ultrasonic sensors, which are installed
every 500 meters, the computer at the control center calculates the mean
vehicle speed in each 500-meter section.

(b) The time a vehicle traveling at that mean speed takes to cover 500
meters is calculated.

(c) The travel times for each 500-meter section are added together to

provide the total travel time to specific destinations.
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Figure 2.12 Automatic Telephone Service

25



k| PRI I ] lv,

Figure 2.13 Travel Time Information Board

Before using the Hanshin Expressway, drivers can obtain information on

the expressway’s traffic conditions from variable-message sign boards, travel
time information boards, and an automatic telephone service; or they can
choose an alternative route and estimate their travel time on the basis of
their daily commuting experience. After they compare the travel time on an
alternative route with the travel time on the Hanshin Expressway, and
calculate how much time can be saved by paying the five-dollar toll, they
will be able to make the appropriate decision. Drivers already on the
expressway can also get information on traffic conditions by variable-
graphics sign boards, variable-message sign boards, roadside radios, and

traffic terminals in order to decide whether to remain on it.

2.3.4 Entrance Control Systems
To mitigate traffic congestion, HEPC has been using entrance control systems

since 1980. HEPC uses uniform toll systeins where drivers pay five dollars at
each entrance and can usc any routes within the Osaka metropolitan area.
Therefore, the entrance control systems are effective to control traffic volume
on the expressway. If traffic congestion occurs on a section on the
expressway, traffic flow onto the expressway is controlled by restricting the
number of vehicles allowed through toll booths or by closing some toll booths

all together.
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Shown in Table 2.4, HEPC compared the traffic conditions of 1979 with 1984.
In 1980 the new route of the Hanshin Expressway was open. There was an
increase in traffic volume which resulted in a higher frequency of traffic
congestion. However, the average length of congestion time decreased,

underlining the effectiveness of the entire control system.

Table 2.4 C . f Traffic Conditions before/after E Control

Item 1979 1984 Fluctuation

Average number of vehicles 383,831 477,149 24% increase
(vehicles/day)
Frequency of congestion 4,929 7,203 46% increase
(times/year)
Average time of congestion 2hr. 3min. l1hr. 40min. 12% decrease
(hours/congestion)

2.3.5 Accident Detectjon Systems

According to past accidents records by HEPC, serious car accidents often
occur at curves with poor visibility. To cope with this problem, HEPC is now
developing automatic accident detection systems on curves in the
expressway. The first two accident detection systems camic into service in
1992. This system automatically detects car accidents and reports the
incident immediately to upstream drivers to prevent secondary accidents.

The incident is also reported to the traffic control center to take quick action.

The accident detection systems consist of on-road cameras, an image
processor at the transmission tower, variable-message sign board, and the
central processor at the traffic control center. The cameras are installed in

the areas where car accidents occur frequently. Images are sent from
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cameras to the transmission tower that analyvzes whether or not an accident
has occurred. If an accident is detected by the transmission tower, an
emergency sign is sent to the control center and the variable-message sign

boards which warn upstream drivers.

2.4 Summary
This chapter introduced the concept of IVHS, discussed the history of HEPC,

and identified the current state of traffic control systems developed by HEPC.
While on the expressway, drivers can receive current information about
traffic conditions using these systems and can then decide whether to remain
on the expressway or not. Before using the Hanshin Expressway, drivers can
choose an alternative route and estimate their travel time on the basis of
their daily commuting experience; or they can choose the Hanshin
Expressway and consult the sign boards there that predict the travel time
while on it. After they compare the travel time on an alternative route with
the travel time on the Hanshin Expressway, and calculate how much time
they can save by paying the five-dollar toll, they will be able to decide

whether to select the Hanshin Expressway.

In the next chapter, this thesis discusses what encouraged HEPC to develop

such advanced traffic control systems intensively.
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Chapter 3 Why IVHS Has Been Intensively Developed
in the Hanshin Expressway

3.1 Introducticn
The Hanshin Expressway Public Corporation (HEPC) has been working on

IVHS research since 1967, and has implemented Advanced Traffic
Management Systems (ATMS) and Advanced Traveler Information Systems
(ATIS) starting in 1969. With a new infrastructure for IVHS, this public
corporation appears to place Japan well ahead of other countries. The
following circumstances pressured or encouraged HEPC to intensively
develop ATMS and ATIS:

1) heavy traffic congestion

2) drivers’ complaints

3) strong financial resources

4) competition between the two national agencies

5) effective public-private partnerships.

3.2 Heavy Traffic Congestion

The steady increase of traffic congestion encouraged HEPC to accelerate the
pace of development of IVHS. In 1964, when the Hanshin Expressway
opened, it covered 3.1 km and was used by approximately 5,000 vehicles
per day. With the gradual expansion of the expressway network, traffic
volume had continued to increase. Now about 830,000 vehicles per day use

the expressway network, which covers 157.9 km.

According to HEPC, traffic congestion is defined as an average traveling speed
of less than 30 km/h (19 mile/h) with a duration of at least 30 minutes. This
30 km/h is based on a HEPC survey,8 which shows that speeds less than 30

km/h make about 50% of the drivers feel that traffic is congested. As shown

8 Hanshin Expressway Public Corporation, Traffic Control System, a public information
brochure, 1993, Trans. Toru Takahashi.
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in Table 3.1, with the increase of traffic volume on the expressway, the
incidence of traffic congestion increased 14.5 times between 1969 and 1989.
In 1989, there were 14,597 occurrences of traffic congestion, an average of
40 per day. According to the HEPC survey of the three main causes of traffic
congestion on the expressway, about 80 % of traffic congestion results from
recurring congestion (the heavy traffic volume that occurs predictably
throughout the day), 7% from traffic accidents, and 6% from maintenance
work. These figures are very different from those of the US, because about
two-thirds of traffic congestion in the US results from traffic accidents.
Table 3.1 shows that in the 1970s traffic accidents increased slightly.

However, since 1983 traffic accidents have shown a great increase.

able 3. a Conditjo (o} t ) in the Hanshi esswa

1969 1975 1981 1985 1989
Average number of vehicles 1.77 4.01 5.86 6.97 7.72

per day [100,000 vehicles] (1.0) (2.3) (3.3) (3.9) (4.4)
Expressway length [km] 74.1 20.9 117.6 129.3 143.5

(1.0) (1.2) (1.6) (1.7) (1.9)
Congestion frequency 1,004 5,936 10,526 14,006 14,597
[times per year] (1.0) (5.9) (10.5) (14.0) (14.5)
Accidents [times per year] 1,491 2,114 2,897 5,463 7,699

(1.0) (1.4) (1.9) (3.7) (5.2)

Note: Figures in parentheses denote the ratio of 1969 figures.
To alleviate daily recurring congestion, HEPC has been constructing more exits
and expanding the ATMS and ATIS programs. This congestion tends to occur
at specific areas. As shown in Figure 3.1, the Hanshin Expressway consists of
radial and loop facilities with limited entrances and exits. According to the
HEPC survey, about 60% of drivers using the Hanshin Expressway use the loop
route of the expressway. The number of vehicles per day using the loop route

reached 140,000 in 1993; the six lanes in the loop were insufficient to manage
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the volume of traffic. As a result, congestion frequently occurs on the loop
route and the radial line feeding into it. To mitigate the daily congestion,

HEPC developed the entrance control system, which controls traffic flow onto
the expressway by restricting the number of toll booths or by closing toll booths
all together. As shown in Table 3.2, recurring congestion has rot increased

greatly since 1988 due to the effectiveness of the entrance control system.
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Table 3.2 Congestion of the Hanshin Expressway
'80 '81 '82 '83 '84 '85 '86 '87_ '88 '89 '90 '9] '92
Frequency 68 74 79 79 88 101 110 118 128 111 113 112 119
(100 times per year)

Time

length of

recurring 124 134 145 159 174 198 219 265 307 293 327 292 297
congestion (100 hours per year]

To decrease congestion caused by traffic accidents, HEPC is now developing
accident detection systems (see Chapter 2). HEPC also makes an effort to
mitigate the troubles caused by maintenance work. For example, the duration
of a road repair is kept to a minimum by using advanced machinery and an
intensive workforce that HEPC’s contractors provide. Second, in order for
traffic to continue uninterrupted, a portable ramp called the Mini Way is
placed over the work area? (see Figure 3.2). Since there are many residential
buildings in Osaka along the elevated expressway and the noise disturbs the
residents, HEPC does not do maintenance work at night.

= . S S e BT . -

Ce

Figure 3.2 Portable Ramp (called the Mini Way)

3.3 Dri Xe lai
The Hanshin Expressway has a uniform toll system, so that drivers can pay

once and use any of the expressway’s routes inside the Osaka Metropolitan
y p y p

9 Hanshin Expressway Public Corporation, The Job of the Hanshin Expressway Public
Corporation 1993, a public information brochure, 1993, Trans. Toru Takahashi.
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area. As already discussed in Chapter 2, drivers using the Hanshin
Expressway can save about 20 m<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>