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ABSTRACT

Traffic congestion is a major concern for many cities throughout the world.
Developing a sophisticated traffic monitoring and control system would result in an
effective solution to this problem. In a conventional traffic light controller, the traffic
lights change at constant cycle time. A traffic light controller based on fuzzy logic can
be used for optimum control of fluctuating traffic volumes such as oversaturated or
unusual load conditions. The objective is to improve the vehicular throughput and
minimize delays. The rules of fuzzy logic controller are formulated by following the
same protocols that a human operator would use to control the time intervals of the
traffic light. The length of the current green phase is extended or terminated depending
upon the ‘arrival’ the number of vehicles approaching the green phase and the ‘queue’
that corresponds to the number of queuing vehicles in red phases. The traffic intersection
is simulated in VB6 and the data regarding the traffic parameters is collected in VB6
environment. The decision on the duration of the extension is taken using the Matlab
tool. The time delay experienced by the vehicles using the fixed as well as fuzzy traffic

controller is then compared to observe the effectiveness of the fuzzy traffic controller.
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ABSTRAK

Kesesakan lalu lintas merupakan keprihatinan utama bagi banyak bandar di
seluruh dunia. Mengembangkan pemantauan lalu lintas yang canggih dan sistem
kawalan akan menghasilkan penyelesaian berkesan terhadap masalah ini. Dalam sistem
kawalan lampu isyarat yang terdahulu, lampu isyarat berubah pada waktu yang tetap.
Sebuah lampu isyarat, kawalan mengikut fuzzy logic boleh digunakan untuk kawalan
optimum fluktuasi kelantangan lalu lintas seperti padat atau keadaan beban yang tidak
biasa. Tujuannya adalah untuk meningkatkan masa kenderaan bergerak dan
meminimumkan penangguhan. Peraturan kawalan fuzzy logic diformulasikan dengan
mengikuti protocol yang sama dengan pemikiran manusia akan digunakan untuk
mengendalikan jarak waktu dari kawalan lampu isyarat. Tempoh masa fasa hijau saat ini
ditingkatkan atau dihentikan bergantung pada jumlah kenderaan yang mendekati fasa
hijjau dan jumlah kenderaan yang menunggu di simpang ketika fasa
merah. Persimpangan lalu lintas disimulasikan dalam VB6 dan data mengenai parameter
lalu lintas dikumpulkan di VB6. Keputusan pemanjangan masa diambil dengan
menggunakan Matlab. Kedua-dua jenis kawalan lampu isyarat ini dibandingkan dari segi

perubahan masa.
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CHAPTER 1

INTRODUCTION

Chapter 1 will cover the introduction of the project where it involve of the

objectives, problem statements, scope and methodology.

1.1 Introduction

Transportation research has the goal to optimize transportation flow of people
and goods. The monitoring and control of city traffic is becoming a major problem in
many countries. As the number of road users constantly increases, and resources
provided by current infrastructures are limited, the Traffic Monitoring Authority or the
Transport Ministry as the authority is known here in Malaysia has to find new ways or
measures of overcoming such a problem. It is understandable that automatic control
systems should relieve humans from manual control however such automatic system
does not work well in many circumstances especially during oversaturated or unusual

load conditions which could be due to limitations of the algorithms or sensing devices.

This project covers the implementation of an intelligent traffic lights control
system using fuzzy logic which has the capability of mimicking human intelligence for
controlling traffic lights. Fuzzy logic technology allows the implementation of real-life
rules similar to the way humans would think. The fuzzy control not only can sense the
presence of car waiting at the junction but also can sense the number of car that waiting
at the junction. The control of the traffic lights using both conventional fixed-time and

fuzzy logic controllers can be simulated in the software. Software based on VB will be
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developed to simulate and control the operation of traffic junction. This project able to

solve the traffic problem which is becoming a major problem in many countries.

1.2 Objective

The objective of this project is to design fuzzy logic controller in controlling
traffic lights system. This controller is implemented using MATLAB tool. The second
objective is to develop simulation software in simulating the traffic lights environment
of fuzzy controlled. An isolated Traffic Intersection is simulated using Visual Basic
environment. The third objective of this project is to compare the performance between

the conventional fixed-time controller and fuzzy traffic lights controller.

1.3 Problem Statement

This project has been proposed to reduce the traffic congestion which is
becoming a major problem in many countries. Fuzzy traffic lights controller is an
alternative to the conventional traffic lights controller which can be used for a wider
array of traffic patterns at an intersection. By using fuzzy traffic lights controller, it can
sense the numbers of cars waiting at the traffic not only sense the presence of a car
waiting at the junction. Fuzzy traffic lights controller will improve the flow of

conventional traffic lights controller.

14 Scope Of Work

In this project, software will be written to simulate the effectiveness of the fuzzy
logic controller in controlling traffic conditions at an isolated junction. The traffic lights
controller using fuzzy logic will be designed in MATLAB tool and the simulation

software will be developed in Visual Basic.
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The inference mechanism in the fuzzy logic controller resembles that of the
human reasoning process. This is where fuzzy logic technology is associated with
artificial intelligence. Human unconsciously use rules in implementing their actions. The
fuzzy logic controller is responsible for controlling the length of the green time
according to the traffic conditions. The state machine controls the sequence of states that
the fuzzy traffic controller should cycle through. There is one state for each phase of the
traffic light. There is one default state which takes place when no incoming traffic is
detected. This default state corresponds to the green time for a specific approach, usually
to the main approach. In the sequence of states, a state can be skipped if there is no

vehicle queues for the corresponding approach.
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1.5

Methodology

Literature review of fuzzy
logic control system

Determine all parameters

e

Simulate using Visual Basic
software

<~} Design using Matlab Tool

1

NO

Is the simulation
run properly?

Is the design
function properly?

Integrate the fuzzy traffic
light controller and
simulation software together

End

Figure 1.1: Methodology chart
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At the beginning of this project, a research about fuzzy logic control has been
done. Understanding in fuzzy logic control was very important before the design was
started. Besides that, knowledge about flow of traffic lights also the very important part
in this project. The simulation software was developed by using Visual Basic. After the
design complete, a simulation has been done to show how the controller working. If the
design was not functioning properly, the design will be checked again. Before the
simulation was started, the fuzzy traffic light controller and the simulation software was

integrated together.
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CHAPTER 2

LITERATURE REVIEW

2.1 Introduction to Fuzzy Logic

Fuzzy logic is a form of multi-valued logic derived from fuzzy set theory to deal
with reasoning that is approximate rather than precise. In contrast with "crisp logic",
where binary sets have binary logic, the fuzzy logic variables may have a membership
value of not only 0 or 1 that is, the degree of truth of a statement can range between 0
and 1 and is not constrained to the two truth values of classic propositional logic.
Furthermore, when linguistic variables are used, these degrees may be managed by
specific functions. Fuzzy logic has proved to be particularly useful in expert system and
other artificial intelligence applications. It is also used in some spell checkers to suggest

a list of probable words to replace a misspelled one.

A fuzzy control system is a control system based on fuzzy logic - a mathematical
system that analyzes analog input values in terms of logical variables that take on
continuous values between 0 and 1, in contrast to classical or digital logic, which
operates on discrete values of either 0 and 1 (true and false). Fuzzy logic is widely used
in machine control. The term itself inspires a certain skepticism, sounding equivalent to
"half-baked logic" or "bogus logic", but the "fuzzy" part does not refer to a lack of rigour
in the method, rather to the fact that the logic involved can deal with fuzzy concepts -
concepts that cannot be expressed as "true" or "false" but rather as "partially true". Fuzzy

logic was conceived as a better method for sorting and handling data but has proven to
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be a excellent choice for many control system applications since it mimics human
control logic. It can be built into anything from small, hand-held products to large
computerized process control systems. It uses an imprecise but very descriptive
language to deal with input data more like a human operator. It is very robust and
forgiving of operator and data input and often works when first implemented with little

or no tuning.

Although genetic algorithms and neural networks can perform just as well as
fuzzy logic in many cases (in fact, certain neural networks can be shown to be
mathematically equivalent to certain fuzzy logic systems!'), fuzzy logic has the
advantage that the solution to the problem can be cast in terms that human operators can
understand, so that their experience can be used in the design of the controller. This

makes it easier to mechanize tasks that are already successfully performed by humans.

Fuzzy logic has some strengths over conventional control algorithms like for
example Proportional-Integral-Derivative control. Often biological systems are
nonlinear, difficult, or impossible to model mathematically. However, fuzzy logic is
empirically-based and model free, thus opens doors for control systems that would
normally be deemed unfeasible for automation. Furthermore, fuzzy logic is very robust
and does not need precise and noise-free inputs to generate usable outputs. Finally, it can
easily be modified and fine tuned during operation. Fuzzy logic can be most readily
applied to expert systems whose information is inherently fuzzy. Doctors, lawyers,
engineers can diagnose problems a lot quicker if the expert system they use to diagnose

the problem lists a few fuzzy solutions that they can use to augment their own findings.

Another area the fuzzy logic is used is hand-writing recognition - especially here
in Japan, complicated Kanji strokes can be detected as they're written using fuzzy
methods. Application of fuzzy logic has also been seen in areas such as cement kiln

control and financial prediction/control.

© Universiti Teknikal Malaysia Melaka


http://en.wikipedia.org/wiki/Genetic_algorithms
http://en.wikipedia.org/wiki/Neural_networks
http://en.wikipedia.org/wiki/Fuzzy_system#cite_note-0

Fuzzy logic is a technology that translates natural languages description of
design policies in to an algorithm using a mathematical model. This mathematical model
implements the flexibility of human logic. This model consists of following three major
sections which are fuzzification, fuzzy logic inference using if-then rules and
defuzzification.

e Fuzzification: Fuzzification means using the Membership Functions of Linguistic
Variables to compute each term’s degree of validity at a specific operation point of
the process.

e Fuzzy logic Inference using IF-THEN rules: All numerical values have to be
converted into linguistic values. Production rules consist of a condition (IF-part) and
a conclusion (THEN-part). The IF-part can consist of more than one precondition
linked together by linguistic conjunctions like AND and OR. Each rule is assigned a
Degree of Support in the interval [0,1] representing the individual importance of the
rule. The validity of a conclusion is calculated by a linking of the validity of the
entire condition with the degree of support by a composition operator.

e Defuzzification: Membership functions are used to retranslate the fuzzy output into a
crisp value. This retranslating is known as defuzzification. First a typical value is
computed for each term in the linguistic variable and finally a best compromise is
determined by balancing out the results using different methods like center of

maximum(CoM), center of area(CoA) and mean of maximum(MoM).

2.1.1 History of Fuzzy Logic

The concept of Fuzzy Logic (FL) was conceived at the beginning of the 70s by
Lotfi Zadeh, a professor at the University of California at Berkley, and presented not as
a control methodology, but as a way of processing data by allowing partial set
membership rather than crisp set membership or non-membership. This approach to set
theory was not applied to control systems until the 70's due to insufficient small-
computer capability prior to that time. Professor Zadeh reasoned that people do not

require precise, numerical information input, and yet they are capable of highly adaptive
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control. If feedback controllers could be programmed to accept noisy, imprecise input,

they would be much more effective and perhaps easier to implement.

Anyway, that was the day fuzzy logic the way we know it today was born; with
fuzzy logic you can tell an air-conditioner to slow down as soon as it gets chilly. It took
a long time until fuzzy logic got accepted even though it fascinated some people right
from the beginning. Besides engineers, philosophers, psychologists, and sociologists

soon became interested in applying fuzzy logic into their sciences.

In the year 1987, the first subway system was built which worked with a fuzzy
logic-based automatic train operation control system in Japan. It was a big success and
resulted in a fuzzy boom. Universities as well as industries got interested in developing
the new ideas. First, this was mainly the case in Japan. Since the religions in Japan
accepted that things can contain parts of their opposites, it wasn't such a frightening idea
as in most other parts of the world. And fuzzy logic promised lots of money to the

industries, which was of course welcome too.

Today, almost every intelligent machine has fuzzy logic technology inside it. But
fuzzy logic doesn't only help boast machine 1Qs. If we could give up the idea of
everything having to be good or bad, we could also see the good things in other people.
We wouldn't have to reduce all our fellow people to Gods or devils. Everyone has her or

his good qualities
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2.1.2 Origin of Fuzzy Concepts

The origin of fuzzy concepts is partly due to the fact that the human brain does
not operate like a computer, i.e. it is capable of making all kinds of neural associations
according to all kinds of ordering principles (or fairly chaotically) in patterns which are
not logical, but nevertheless meaningful. Something can be meaningful although we

cannot name it, or we might only be able to name it and nothing else.

In part, fuzzy concepts are also due to the fact that learning or the growth
of understanding involves a transition from a vague awareness which cannot orient
behaviour greatly, to clearer insight which can orient behaviour. Some logicians argue
that fuzzy concepts are a necessary consequence of the reality that any kind of
distinction we might like to draw has limits of application. As a certain level of
generality, it works fine. But if we pursued its application in a
very exact and rigorous manner, or overextend its application, it appears that the
distinction simply does not apply in some areas or contexts, or that we cannot fully
specify how it should be drawn. Ananalogy might be that zooming
a telescope, camera or microscope in and out reveals that a pattern which is sharply

focused at a certain distance disappears at another distance.

In psychophysics it has been discovered that the perceptual distinctions we draw
in the mind are often more sharply defined than they are in the real world. Thus, the
brain actually tends to "sharpen up" our perceptions of differences in the external world.
Between black and white, we are able to detect only a limited number of shades of gray,
or colour gradations. If there are more gradations and transitions in reality than our
conceptual distinctions can capture, then it could be argued that how those distinctions
will actually apply must necessarily become vaguer at some point. If, for example, one
wants to count and quantify distinct objects using numbers, one needs to be able to
distinguish between those separate objects, but if this is difficult or impossible, then,

although this may not invalidate a quantitative procedure as such, quantification is not
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really possible in practice; at best, we may be able to assume of infer indirectly a certain

distribution of quantities.

It also can be argued that fuzzy concepts are generated by a certain sort
of lifestyle or way of working which evades definite distinctions makes them impossible
or inoperable, or which is in some way chaotic. To obtain concepts which are not fuzzy,
it must be possible to test out their application in some way. But in the absence of any
relevant clear distinctions, or when everything is "in a state of flux" or in transition, it

may not be possible to do so, so that the amount of fuzziness increases.

2.2 Input And Output Membership Functions

The membership function is a graphical representation of the magnitude of
participation of each input. It associates a weighting with each of the inputs that are
processed, define functional overlap between inputs, and ultimately determines an
output response. The rules use the input membership values as weighting factors to
determine their influence on the fuzzy output sets of the final output conclusion. Once
the functions are inferred, scaled, and combined, they are defuzzified into a crisp output

which drives the system.

There are different membership functions associated with each input and output
response. The membership function of a fuzzy set is a generalization of the indicator
function in classical sets. In fuzzy logic, it represents the degree of truth as an extension
of valuation. Degrees of truth are often confused with probabilities, although they are
conceptually distinct, because fuzzy truth represents membership in vaguely defined

sets, not likelihood of some event or condition.
The input variables in a fuzzy control system are in general mapped into by sets

of membership functions similar to this, known as "fuzzy sets". The process of

converting a crisp input value to a fuzzy value is called "fuzzification". A control system
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