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Abstract: This paper briety describes a computer-aided proposal system for mitigating air-
pollution problems caused by traffic. The proposal system was developed and then
represented by the analogy of a rgfu]ar medical check-up, and a traffic-induced
environmental analysis. The system should be useful to -both environmental planners and to
traffic planners, in their efforts to identify appropriate countermeasures in large cities of
developing country.

1. INTRODUCTION

Motorization in East Asia originated in the late 1950’s in Japan and gradually spread to
other countries in accordance with their subsequent economic development. As motorization
and economic development are mutually dependent and inevitably accompanied by
urbanization, metropolises in this region rapidly expanded, resulting in an explosive increase
of the road traffic volume.

In contrast, the traffic infrastructure, vehicle inspection system, traffic rules and traffic
training, all of which should have been developed to deal with this traffic increase, lagged
behind, making such negative im%acts as traffic congestion, accidents and pollution ever
more prominent. In some cases, these negative impacts were detrimental to public health,
reduced the efficiency of urban activities and hampered economic development.

This study was conducted for the purpose of contributing to the improvement of traffic
problems in metropolises in developing countries. Furthermore, the study identifies
appropriate measures to deal with environmental problems originating from car traffic,
particularly measures to mitigate the problem of air pollution. As air pollution is the most
t)PJical pollution caused by traffic in any metropolis, and is extremely serious in mctro%olises
of Asian developing countries, this study particularly focuses particularly on the air l5)0 ution
problems in these metropolises. The basic concept of the measures discussed here, however,
can also be applied to other traffic-related environmental problems, such as noise problem in
local area as well as greenhouse effect gas problems as the global scale .

Traffic pollution occurred in Japan prior to any other Asian country subsequently to the
motorization. Even though Japan has made strenuous efforts over the 1yt‘:ars to apply various
measures to mitigate pollution, the problem has not been completely solved, making the
further development and implementation of effective measures necessary. Many measures
have been attex%ﬁted with associated technological development and much experience has
been acquired. There is now a large number of lEzeople with special expertise in regard to this
roblem. Accordingly, it is believed that the conveyance of Japan’s experience and
owledge to metropolises in other countries suffering from traffic pollution should prove
useful for these countries to prepare more appropriate measures relevant to their own
circumstances.

There are truly diverse measures to tackle the problem of air pollution caused by traffic and

the effects vary from one measure to another. Any proposal of suitable measures requires
experts with thorough knowledge of both environmental issues and traffic issues. However,
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because there are few experts with such ability, a computer-aid expert system could
substitute effectively such experts. The establishment of such a system should enable the
accumulation of vital experience which can be effectively used when necessary. An expert
system based on this concept is described below.

2. CONCEPT OF THE COMPUTER-AIDED SYSTEM
2.1 Principles of System Configuration

It is by no means an easy task to establish a proper understanding of traffic pollution in a
metropolis, to identify the causes in a very complicated causal relationship and to extract and
prop%sie cffective measures. It is, therefore, essential to clarify these processes as much as
possible.

For the present study, the basic concept was borrowed from that of a regular medical
check-up at hospital. A medical check-up is designed to systematically diagnose a patient’s
problems in order to identify a suitable prescription, relying on accumulated experience and
statistical data. A diversity of paticnts implies diverse symptoms and wide-ranging
prescriptions. The traffic environment problems in a metropolis have many similarities to the
problems to be dealt with by a medical check-up.

Here, metropolises in developing countries are the equivalent of patients. While evaluation
of the examination results, diagnosis and prescription at a clinic are conducted by a doctor,
identification of environmental problems, estimation of the causes and proposal of
countermeasures are largely conducted by a conceived expert system on a computer.

A graphic user interface (GUI) type expert system is applied to build a computer-aided
system. Thus the system can be easily used by those ﬁeople in charge of traffic and
environmental issues, who may not be very familiar with measures to deal with traffic-

induced pollution. The ];?nosm and prescription processes are designed to move forward
through the exchange of information between the system and users. .

2.2 Knowledge Database of Measures for Mitigating Pollution

Existing knowledge and e:})erience are very useful for finding apgro riate measures. This is

the same for both a medical ¢ase and a traffic environment issue. ¢ the medical process,
* however, such accumulation of knowledge and experience are limited in regard to a traffic

environment. Facing- this situation, a computer-aided expert system is used not only to

present apﬂroFriate measures based on survey findings but to accumulate measures and their

effects in the form of a database.

The system contains four types of databases as described below.

[ Survey Method Database]

A guideline for simple field surveys on the symptoms, causes and implementation of some
measures regarding traffic pollution is compiled in the system.

[ Diagnosis Criteria Database ]

Evaluation criteria for the survey findings are set forth using data collected from various
cities including industrial countries, and are used to evaluate the current state of the cities.

[ Relationship between Measures Database]
This database contains information on the causal relationskip between different measures
and between the causes of pellution and these measures. It also has information on the
priority of measures for implementation.

[ Precedents Database]

This database contains useful information for the selection and implementation of the
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Details of this survey are shown in Figurel-(b), featuring the state of implementation and
evaluation result for each item.

The survey of causal elements and the survey on the implementation of measures are
hierarchically divided into four primary categories, i.e. sources of air pollution, traffic
volume, traffic flow and others (awareness of the environment, etc.). These categories are
cll.lassiﬁcd into secondary categories. Surveyed data on each item is added on the survey
sheet. :

3.3 Diagnosis - Identification of Situation and Cause

Identification of the cause and the situation corresponds to diagnosis at a medical check-up.
In the situation analysis, the on-the-spot measurement results and simulation results are
compared with the reference values to- evaluate the seriousness of pollution. The
mcasurement results of the causal survey are then compared with the reference values to
identify the causes. These processes are similar to a medical check-up process where the
examination result shows high blood pressure and too much drinking is identified as one
cause. In short, the problems of current conditions and their causes are clearly identified.

Reference values for comparison are required for judgement of the conditions. For exaergrle,
so-called normal values at a medical check-up simply mean the average values for healthy
people. If accumulated urban data is. avai]gble, reference values can be produced by
calculating the average values for “healthy” cities. Such data, however, does not necessarily
exist in reﬁard to the urban traffic environment. Accordingly, the values for Nagoya, which is
relatively healthy in terms of air pollution, are used to provide reference values for this study
to evaluate the conditions of air pollution, and those causes. in the cities in five grades (A to

In addition, data is collected for as many cities as possible, including 13 cities in Japan, to
calculate the statistical average for its comparison with the corresponding value for Nagoya
in order to improve reliability of the reference value. i

Examples of the judgement of causes based on the causal survey are shown in Figurel-(a)
and diagnosis is conducted for each item.

3.4 Prescription - Planning of Measures

This stage corresponds to finding the treatment at a medical check-ugl._h For traffic
environment problems, this is a process to suggest menu of the measures. The extracted
menu indicates effective measures to solve specific causes and the priority order of measures
is determined to clarify the required measures for implementation in the city.

To establish this menu, the scope of the effectiveness of individual measures must be clearly
understood. Based on this knowledge, specific medicine is prescribed for individual
requirements. There are wide-ranging measures. In the case of traffic volume-related
measures for example, these vary from control of incoming traffic to a CBD and restrictions
on vehicle ownership, to improvement of railway services. .

To determine truly effective measures, the degree of the effectiveness of individual measures
vis-a-vis the identified causes must be understood. By establishing a comprehensive matrix
of causes and measures, it is possible to indicate which measures be effective to
eradicate which causes (Figurel-(c)). )

However, this is not enough. It is still necessary to establish the implementation order of
measures, as some measures require the effectiveness of other measures which are already
being implemented. For examyle, the irgprovement of an inspection workshop is meaningless
unless a strict emission regulation and vehicle inspection system are in place. Using the
causes-measures matrix and inter-relation diagramme of measures, it is possible to establish
what impacts the implementation/implementation of individuai measures have on the causes
of air pollution, andp which measure is impeded by the non-implementation of some other
measures. Examples of the pollution source in Jakarta are shown in Figure2.

The priority measure tables show this relationship of priority together with the cost of
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individual measures and the immediate effects. In order to jud%e the implementation priority,
each.measure is scored one of four grades, i.e. high, medium, low and unnecessary.

Using these tables which are prgpared for common application to all cities, if the evaluation
results on the conditions and causes are input and the expert system output the
recommended measures based on the programmed IF-THEN rules.

The implementation order of measures is indicated by the interrelation diagramme of
measures, visually showing which items in groups of measures have a causal relationship and
are more critical than others.

3.5 Consultation - Consultation on Measures

This is the stage that corr%lponds to the establishment of informed consent in the medical

process. The process of selecting measures in the expert system .is based on the causal

relationship between measures and between causes and measures which can be commonly

applicable to any city. In other words, as the expert system primarily aims at establishing a

systematic method, which can be widely used in any metropolis for the comprehensive .
identification of measures and evaluation of the priority of measures, the particular

circumstances of individual cities are ignored. Consequently, it is essential to make a draft

plan of the measures more feasible through consultations with those who are responsible for

the implementation of the measures in the city. :

To assist such discussions, a list of the proposed measures for consultation should be
preﬁared. A table of this list shows the measures selected in an order of priority. Together
with (i) the state of implementation of measures, (ii) the implementation cost (ii% degree of
effectiveness and (iv) existing measures which should become more effective with the
implementation of new measures. Referring to this list, the problems of implementing
measures in the city are discussed with local experts finalized measures will be recommended
reflecting the actual conditions of the city.

During the consultation, local experts often request information on actual implementation
examples of the selected measures. For this use, the expert system has a built in precedents
database, having accumulated examples of the actual implementation of various measures in
different cities. This database incorporates ((12 details of implemented measures and the
detailed implementation processes emplo%e ii) background of implementation, agii)
anticipated effects, (iv) cost and feasibility, (v) public response prior to and '
implementation and (vi) introduction of techniques to predict the effects of various measures
and required data for prediction. Any such data can be retrieved from the expert system and
supplied together with a draft programme for the implementation of various measures.

The simulation results are also used to display the anticipated effects of the recommended
measures. For example, the likely state of further deterioration can be displayed if measures
are not taken to address the current conditions of air pollution. At the same time a improved
density distribution is shown if emission control equivalent to Japanese standards are
enforced while. The presentation of concrete measures and their results is designed to urge
policy makers to opt for the implementation of appropriate measures.

3.6 Treatment - Implementation of Measures

The stages described so far are followed by the stage of implementing concrete measures. If
necessary, a more detailed study should be conducted.

4.CONCLUSIONS

While the expert system to deal with air pollution caused by traffic is described in this paper,
the techniques used can be equally applied to noise, traffic safety, and other global
environmental problems.

As these problems are characterized by diverse symtptoms and remedial measures, few

experts can understand every detail and is capable of planning effective measures for all
problems single-handedly. If further pollution mitigation experience and achievements
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throughout the world are integrated into this expert system, it- may serve as a large volume
medical book or a highly experienced doctor, proving very useful to solve the problems.

Ing:rovement of traffic-related air pollution in devclopinf countries, particularly newly
industrialized countries, can greatly contribute to mitigating local environmental problems as
well as to global environmental improvement. Accordi&Fly, use of this system for the
formulation of the measures to mitigate the problems, should prove extremely significant for
people in all countries wishing to continue enjoying a high level of mobility for years to
come. .

This work was carried out by a stud_i:hteam aiming to develop a computer-aided proposal
system for traffic-induced pollution. The team, handed by the author, consisted of a large
number of scholars and experts in Japan. The author wishes to express appreciation for their
individual efforts and contributions. :
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