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Abstract 

This project presents the design and simulation of fuzzy logic based an automatic cruise control, 

which is a system that maintains the speed of a car and keeps a minimum distance to the closest 

vehicle in front by giving command to the driver. Ride comfort on the highway often interrupted 

because drivers need to adjust the vehicle speed. Safe distance between vehicles should be 

maintained is the main reason. The situation of monotonous and high speed will increase the risk 

of accidents on highway. A device is required by the driver to adjust the vehicle speed during the 

long distance (cruise) driving on highway without neglecting the safety aspects. The cruise 

control system is one of the most enduringly popular and important models for control system 

engineering. The system is very simple to understand and yet the control techniques cover much 

modern design method, which include modeling the plant and designing fuzzy controller for 

controlling the vehicle speed. Then dynamics of the system has modeled to provide a transfer 

function for the plant. Fuzzy controller is designed for linear model. The external disturbances 

such as road grades considered to stabilizing the system. The fuzzy inference method used in this 

study is Mamdani. The controller has modeled by using MATLAB/Simulink software and we 

can get performance characteristics values such as percentage overshoot 0.505%, rise time 

396ms, this shows that our system has good characteristic performance. 

Key words: MATLAB/Simulink, fuzzy logic controller, 
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Acronyms 
ACC – Automatic Cruise Control 

FIS – Fuzzy Inference System 

GUI – Graphical User Interface 

MATLAB – Matrix Laboratory 

MFs – Membership Functions 

PID – Proportional Integral Derivative  
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Chapter One 

Introduction 

1.1. Background of the project 

The cruise control system is one of the most enduringly popular and important models for 

control system engineering. The system is widely used because it is very simple to understand 

and yet the control technique covers important modern design method. Cruise control is designed 

to solve several problems faced by the drivers and passengers such as fatigue duty and traffic 

accident, and it is performed only as a speed control [1]. Nowadays, the cruise control must 

become a common feature in most automobiles, this is because there is a great crowd of vehicles 

and passenger in most countries, mostly in our country Addis Ababa is a good example of this 

crowd. This system reduces the driver’s tasks for adjusting the gas pedal and checking the 

speedometer frequently depend on the distance from the front vehicle. Cruise control works by 

using the principles of automatic control system on throttle position setting. The drawback of this 

system is that, it is not possible to automatically reduce speed in case of dangerous situation [2]. 

The historical background of automated cars was developed back in 1930’s. In the late 1980 and 

beginning of 1990’s, the main initiative was to improve the highway capacity and safety with 

automation in highway and vehicle level [3]. During 1990s, the capability for car automation 

systems was demonstrated in Europe, Japan and the United State [4]. The idea of fuzzy logic was 

invented by Professor L.A Zadeh of the University of California at Berkeley in 1965. The fuzzy 

theory provides a mechanism that represents a linguistic construction such as: many, high, low, 

medium, small. Fuzzy rules can come from brain or they can ask an expert for the if-then rules or 

the expert can ask themselves to state the rules and tune them. Fuzzy logic is one of expert 

system techniques and fixes its ability in solving most expert problem. A common fuzzy 

inference system is the Mamdani type. The result from Mamdani’s inference for a given fuzzy 

rule is the part of the fuzzy set that lies under the activation degree. The linguistic variables are 

converted into crisp set via defuzzification process [5]. 
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Fuzzy logic idea is similar to the human being’s feeling and inference process unlike classical 

control strategy, which is a point-to-point control, fuzzy logic control is a range-to-point or 

range-to-range control. The output of a fuzzy controller is derived from fuzzification of both 

inputs and outputs using the associated membership functions. A crisp input will be converted to 

the different members of the associated membership functions based on its value. From this point 

of view, the output of a fuzzy logic controller is based on its memberships, which can be 

considered as a range of inputs. Fuzzy logic toolbox helps to create and edit fuzzy inference 

system. In addition, the effect of increasing input uncertainty may be easier to understand and 

control than to change parameters of membership functions on sets of fuzzy rules. Fuzzy logic 

has been used for different applications: It has been used for flow control systems of a 

manufacturing plant. By considering such huge applications of fuzzy logic we need to design our 

project by using such controller. 

1.2. Objectives of the project 

1.2.1. General objective 

The main objective of this project is to design and simulate the automatic cruise control system 

by using fuzzy logic controller in MATLAB/Simulink. 

1.2.2. Specific objective 

Specifically, this project has undertaken in the following stages: 

 Design Mathematical model of the plant 

 Design fuzzy logic controller 

 Simulation of the system using Fuzzy logic controller in MATLAB/Simulink 

 Analysis of the simulation results. 

1.3. Statement of problem 

The main motivation to do this project is to maximize the performance of the system by using 

the appropriate controller by considering the distance and awkwardness of roads as input of the 

system to control the speed of the vehicle. Since as we have listed in the literature review most of 

the projects has been performed by using classical controller called PID, since this controller has 

played different role in controlling speed of the vehicle. But it has some limitation, since it 
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doesn’t consider the distance between the car being driven and the front vehicle and the friction 

of the road, which become the input of ultrasonic sensor. And also the performance characteristic 

parameters like percentage overshot, steady state error, rise time and setting time are not 

minimized under such controller. In our project we use more advanced controller called fuzzy 

logic controller which include such features which PID controller cannot hold and it can stabilize 

the system performance by minimizing percentage overshoot, rise time and setting time 

parameters. 

1.4. Significance of the project 

The relevance of this project is to regulate the vehicle speed so that it follows the driver’s 

command and maintains the speed at the commanded level. And also our project is to design and 

simulate automatic cruise control system in order to avoid car collision and minimize the number 

of deaths in each time. Typically, this project will play a great role in decreasing the number of 

deaths in each time and place due to inability to control the speed of the vehicle in the absence of 

sensors which give the driver to adjust the throttle setting. With the advancement of software’s 

invention our thesis has been the one which will be designed to reduce such effect. From those 

software’s we use Matlab/Simulink software in order to simulate the overall system. To give the 

best direction for the driver, the information given to the driver is either the distance from the 

front vehicle or the speed at which he is driving to control the speed of the vehicle. And the 

controller that we use is the most advanced controller which is fuzzy logic toolbox. 

1.5. Scope of the study 

The study covers the design, control and simulation of automatic cruise control system by using 

fuzzy logic toolbox under Matlab/Simulink software. In our project we have included 

mathematical modeling of the vehicle, fuzzy logic toolbox design and simulation, and also the 

Simulink model of the overall system by using such controller. 

1.6. Limitations of the project 

Listed below are client-specified limitations of our project: 

 The system response will be easily affected by plant model parameters 

 This project is limited to software simulation 

  This project cannot automatically reduce speed of the car during dangerous situation, 

other than showing the driver the distance from his car and front vehicle. 
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1.7. Organization of the project 

In this project a clear out line has been provided with descriptions of each chapter are given 

below: This report consists of 5 chapters. Chapter 1 gives an overview of the entire project 

including statement of the problem, project objectives, and project scope. Chapter 2 reviews and 

related works with compression with system have been discussed. Chapter 3 discusses on the 

methodology and basic procedures to design and simulation of the system. In chapter 4, the 

result fuzzy logic controller for each input, output and, also the Simulink model simulation 

results are recorded. And the last Chapter summarizes Conclusion and recommendations. 
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Chapter Two 

Literature Review 

 Introduction 

This chapter reviews some reference from previous project, journal, articles, and book and data 

sheets. A lot of research work has been published in the field of automatic cruise control system 

and various techniques have been proposed. 

A major challenge in designing intelligent vehicles capable of autonomous motion whether in 

air, water or land is a reliable collision avoidance system. Any mobile robot or vehicle needs an 

ability to perform reliable obstacle detection as well as have efficient and effective collision 

avoidance actuation ability when performing in an unknown or dynamic environment. Mobile 

robots and intelligent vehicles have recently been of great interest to commercial industries such 

as automotive and aircrafts industries as well as to the military. There has been a great amount of 

research devoted to the development of a reliable cruise control system. 

Khalid Sailan and Klaus. Dieter Kuhnert, researchers provide Modeling and design of cruise 

control system with feed forward for all terrain vehicles, their research paper presents PID 

controller with feed-forward control in cruise control system as one of the most enduringly 

popular and important models for control system engineering [1]. Since this project held on 

using PID controller, which didn’t consider the distance between the vehicles and this cause has 

low performance. Since the controller that we need to use has a special ability to reduce such 

performance characteristic like setting time, rise time and percentage overshoot. 

A lot of researches have done on cruise control system, which is under the controller called PID 

controller. Since this controller is preferable than the other types, even though this controller 

cannot the ability to provide distance sensor and other special parameters, and also has some 

feedbacks like the ability to minimize system performance characteristic parameters is too low 

when we compared with the most advanced controller know as Fuzzy logic control. The result 

from Mamdani’s inference for a given fuzzy rule is the part of the fuzzy set that lies under the 

activation degree. The linguistic variables are converted into crisp set via defuzzification process 
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[5].Since this controller provides ultrasonic sensor for detecting the distance from the front 

vehicle, and has ability to minimize the effect of performance characteristic parameters like 

percentage overshoot, steady state error, setting, and rising time. 

 

 

 

 

 

 

 

 

 

 

 



Fuzzy logic based automatic cruise control system                              June, 2019 
 

BSc project final report 7 

 

Chapter Three 

Methodology 

3.1. Introduction 

This chapter explains the methods used to design and simulate the project. For successful 

completion of this project some steps will be followed to carry out different tasks. Different 

literature will be revised relating to this project and data will be collected about automatic cruise 

control system in Matlab/Simulink using fuzzy logic tool box. To include some automation tasks 

and increase the performance of the system we need to design our project by using the more 

advanced controller called fuzzy logic controller. 

3.2. Block diagram of the system 

The project has two FIS (Fuzzy Inference System) variables in the controller. From these we 

have two input variables and one output variable. Those input variables are distance from the 

front car and awkwardness of road (Friction) and the output variable become Speed (throttle 

control, which is applied as control input for to the plant) to keep safe distance between cars. The 

other elements of the system block diagram are the plant and feedback as shown below. 

 

 

 
 
 
 
 

 

Figure 3.1 General block diagram of the system 
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Figure 3.2

From the above block diagram the following parameters are described.

 Desired speed is the speed which the vehicle is driven, which needed to be controlled

 The controller is fuzzy logic controller, which has two inputs so called distance and the 

road awkwardness or friction.

move the car forward. 

 The plant is automobile/vehicle

based on the throttle input, which convert the electrical signal in to mechanical motion.

 The output of the system is 

 Speedometer is a device 

dash board/control computer

 The disturbance of the system/ road grade be the external factor for the driver for the 

of safe operation and that is varying in every point

ideal system, and neglect the road grade and wind speed as small effect on the driving 

process. 

3.2.1. System components 

A cruise control system basically consists of t

 Vehicle speed sensor, 

 Ultrasonic sensor 

Desired 

speed 
Controller Pedal 

actuator

U 

Control 

input 

Controlled plant
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Figure 3.2 detail design of the system 

the above block diagram the following parameters are described. 

speed is the speed which the vehicle is driven, which needed to be controlled

The controller is fuzzy logic controller, which has two inputs so called distance and the 

road awkwardness or friction. And the output of the controller which is t

The plant is automobile/vehicle, and the pedal actuator is which used to start the engine 

based on the throttle input, which convert the electrical signal in to mechanical motion.

The output of the system is actual speed which is controlled by the fuzzy logic controller

Speedometer is a device which record speed sensor measures, which is located on the 

/control computer of the vehicle. 

The disturbance of the system/ road grade be the external factor for the driver for the 

and that is varying in every point, but for our project we consider the 

ideal system, and neglect the road grade and wind speed as small effect on the driving 

A cruise control system basically consists of the following devices:  

Pedal 

actuator 
Engine Car &air 

resistanc
e 

Speedometer 

Measured speed 
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speed is the speed which the vehicle is driven, which needed to be controlled 

The controller is fuzzy logic controller, which has two inputs so called distance and the 

And the output of the controller which is throttle used to 

, and the pedal actuator is which used to start the engine 

based on the throttle input, which convert the electrical signal in to mechanical motion. 

ontrolled by the fuzzy logic controller 

is located on the 

The disturbance of the system/ road grade be the external factor for the driver for the sake 

project we consider the 

ideal system, and neglect the road grade and wind speed as small effect on the driving 

Car &air 
resistanc

Actual 

speed 
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 Control computer (Usually call it dashboard),  

 Actuator to set throttle,  

 Cancellation switches  

 Automobiles should consist the above devices that perform these necessary functions that allow 

a cruise control system to exist. The following paragraphs give a quick summary of the purpose 

of each component.  

A. Vehicle speed sensor: The vehicle speed sensor measures how fast the vehicle is 

traveling. This is central to the control of speed, because in order to maintain a 

constant speed, the actual desired speed of the car must be known. When a cruise 

control system is activated, the vehicle speed sensor sends data of how fast the car is 

traveling to a computer where the value is stored as a reference.  

B. Ultrasonic sensor: it is electronic device which used to sense the distance and the 

recorded data should read by the control computer, to guide the driver. 

C. The control computer: is where the brains of the cruise control system are located. 

The control computer receives signals from the vehicle speed sensor, and Ultrasonic 

sensor and then sends signals out that adjust the throttle to maintain the desired speed 

that is determined when the system is first activated. The computer is also responsible 

for receiving input from the driver that allows the cruise control to increase or 

decrease the vehicle speed, as well as receiving signals that turn the cruise control off.  

D. The actuator: receives electronic signals from the computer and turns them into 

mechanical motion that controls how much the throttle is open. 

E. Cancellation switches: turn the cruise control system off. A switch is always 

installed on the brake pedal that breaks the cruise control circuit when the brake is 

depressed; likewise, for cars with manual transmission, a switch of the same sort is 

installed on the clutch pedal. The reasons for this are obvious it would be very 

dangerous and harmful for the cruise control system to stay activated while the driver 

is trying to stop or slow down the car. These switches allow the cruise control system 

to shut off as soon as the driver desires to slow down without the driver actually 

having to consciously turn it off.  
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3.3. Matlab software 

MATLAB is a programming language developed by Math Works. It started out as a matrix 

programming language where linear algebra programming was simple. It can be run both under 

interactive sessions and as a batch job. MATLAB (matrix laboratory) is a fourth-generation 

high-level programming language and interactive environment for numerical computation, 

visualization and programming.  

It allows:  

 matrix manipulations; 

 plotting of functions and data; 

 implementation of algorithms; 

 creation of user interfaces; 

 interfacing with programs written in other languages, including C, C++, Java, and 

FORTRAN; analyze data; develop algorithms; and 

 Create models and applications. 

It has numerous built-in commands and math functions that help you in mathematical 

calculations, generating plots, and performing numerical methods. And It is widely used as a 

computational tool in science and engineering encompassing the fields of physics, chemistry, 

math and all engineering streams. 

3.4. Control system 

3.4.1. Mathematical modeling of Cruise control system 

Early cruise control systems lacked the fancy computer programming that modern systems 

utilize. As a result, early systems were not as good at actually keeping the speed of the car 

constant; the throttle was held in position, but as other forces on the vehicle varied, the vehicle 

speed fluctuated some. The logic of modern control systems in cruise control comes out of the 

need to compensate for the physical forces that act on a car and try to change its speed. In a 

simplified ideal situation, forces would be present in the movement of a car the engine force 

(driving force), gravitational force, aerodynamics drug force, and the inertia force. In such a 

situation, the control system would be very simple. A simple proportional controller could 
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control the speed by simply having set throttle positions for each possible speed setting. 

However, this idealized situation is far from reality. Cars have varying drag forces due to wind, 

varying mechanical component friction due to speed and temperature, varying gravitational 

forces due to inclines, and varying engine force due to hydraulically activated steering pumps. 

For the sake of understanding the basics of how the controls work, the simplest case mentioned 

is a good starting point.  

Forces are the engine force (driving force), gravitational force, aerodynamics drug force, the 

inertia force are considered, so the main goal of a cruise control system will be to get the car to 

the desired speed, like what happens does when a driver hits the resume button. Once this resume 

speed is achieved, the forces on the car will not be changing, so no logic will be needed for 

maintaining the speed. The logic instead will deal with making the car accelerate up to the 

desired speed rapidly without overshooting that desired speed by very much. 

Based on the command from the driver Vd, the feedback signal from speed sensor then controller 

maintain vehicle’s speed Va by adjusting the throttle control U, to increase or decrease the engine 

driver force Fd. 

  Look the figure below: the model of the vehicle indicating all forces acting on it when it is in 

motion.   

 
 

                                      

 

Figure 3.3 Model of the car in motion 

According to Newton’s first law of motion, “An object in motion continues in motion with the 

same speed and in the same direction unless acted upon by an unbalanced force.” Any 

Fg 

M 

Fd Fa 
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passengers in the car will also be decelerated to rest if they are strapped to the car by seat belts.” 

[11]. The purpose of the cruise control system is regulating the vehicle speed so that it follows 

the driver’s command and maintains the speed at the commanded level. Based on the command 

signal from the driver and the feedback signal from the speed sensor, the cruise controller 

regulates vehicle speed by adjusting the engine throttle angle u to increase or decrease the engine 

drive force Fd. 

 The longitudinal dynamics of the vehicle is given as follows: 

 

 

 

  

 

Figure 3.5 Longitudinal dynamics of the vehicle 

From the above the longitudinal dynamics of the vehicle we can generate mathematical model of 

the system, regarding to Newton’s law of motion as follows: 

Fd = M
��

��
+ F� + �� 

Where M
��

��
 = the inertial force 

M = total mass of the vehicle 

F� = the aerodynamics drug force 

ϴ Mgsin(�) ��(� ��)� 
Fg Fa 

Vw 

1

M
 1

s
 

V 

Fdmax 

Fdmin 

- 

+ 

Fd 
����

�� + 1
u 

+ + + 

+ 
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                                   F�  = Force due to gravity 

Then,  F� =Mg sin(90 ), ��� �������� �� ���� ���������� 

 Hence, it is assumed is no wind gust and no grading exist during the movement of the 

car. Applying this zero-initial condition to the block diagram, the model is left with the 

forward path and the unity feedback loop of the output speed. Since the state variables 

have been chosen to be the output speed and the drive force, the corresponding state and 

output equations are found to be: 

                    Fd = M
��

��
+ F� + ��…………………………….. (1) 

Where Fg =  mgsin �, when � �� � � ���� ����������� 

But for our design we assume that there is no more inclination exist. 

The actuator and the vehicle propulsion system are modelled as cascade temporary lag of first 

order  

           Fa = Ca(V Vw)�, where Vw is the wind speed, which is neglected for our design 

 
��

��
=  

�

�
(F� C�V�)…………………………… (2) 

 
���

��
=

�

�
(���(t-�) -��)…………………………... (3) 

                     y = v. 

However, a problem of non-linearity arises. There is a squared term in the equation (2). One way 

to overcome this problem is to linearize all the state-equations by differentiating both left and 

right hand sides of the equations with M, Ca, C1, T and v remain constant. After differentiating, 

the state-equations become:  

�1����

�� + 1
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��

��
=  

�

�
(F� C�V�) and y= v 

�

��
�

��

��
� =

�

��
(

�

�
(F� C�V�)) 

 
���

��� =
�

�
( 2����� + �F�)  

Since,
��

��
= �. Then 

����

��
= ���

��

��
= ����� 

  
���

��� =
�

�
( 2����� + �F�)………………… (4) 

       From equation (3) we have 

���

��
=

�

�
(���(t-�)-��)………… (Differentiating with respect to t) 

����

��(��)
=

�

��
(

�

�
(���(t-�)) -

�

��
��………. Since 

�

��
= � 

����

���
=

�

��
(

�

�
(����(t-�) -��))…………………. (5) 

From Equation (4) and (5): 

 �V is the discrete output speed 

 ��� �� � � �������� ������� ����� 

 �� �� ����������� ���� ����� ���������� 

 �� is natural vehicle constant (which is set to limit the variation during the 

change of gears by the pedal during driving)  

Then the transfer function to the car model can be obtained by solving the state equation for 
��(�)

��(�)
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Since from the above equations (4) & (5) we have: 

 
���

���
=

�

�
( 2����� + �F�) 

                   
����

���
 = 

�

��
(

�

�
(����(t-�)-���)) 

The output equation becomes 

Y=�v 

In the above equations, �V means that the output is discrete and ��� also it means the drive force 

if discrete. The symbol V means the discrete and �u(t-T) is the time delay of the engine. Up to 

this point the state and output equations are written in the time domain.  

The linearized model provides a transfer function. It can be obtained by solving the state in S-

domain equations to the ratio of 
��(�)

��(�)
. 

Generally, �V =the output is discrete 

  ��� = � � ������� ����� �� �������� 

                 V= the actual speed  

�U(t-T) = the time delay of the engine 

��(�)

��(�)
=   ������ �� ����� �������� 

Then by ignoring initial conditions transform into S domain (Laplace transform). 

 
���

��� =
�

�
� 2�����(�) + �F�  (�)� 
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 S2V(s) = 
�

�
( 2�����(�) + �F� (�)) 

                               S2V(s) = 
�������(�)

�
+

�

�
F� (�) 

                                           S2V(s) +
������(�)

�
 = 

�

�
F� (�) 

                                          V(s) [s2 + 
������

�
 ] = 

�

�
F� (�) 

�� (�) = �(�)[
��� + 2����

�
] 

Fd (s) = V(s)[MS + 2C�V]…………….…. (1*) 

�� (�) = �(�)[�� + ����]………………. the S domain of the driving force equation 

               Since Fd (s) =V(s)[ms + 2C�V] 

    From equation number (2) 

����

���
=

�

��
(

�

�
(����(t-�)-��(�)))………Using Laplace transform convert to S-domain 

��F�(�) =
�

�
(����(�)���� �F�(�)) 

��F�(�) + 
���(�)

�
 =  

����(�)����

�
 

F�(�) ��� +
�

�
� =

����(�)����

�
………………. solve for F�(�) 

 F�(�) = (
����(�)����

�
) ( 

�

�����
) 
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F�(�) =
���(�)����

����
……………………………. (2*) 

Equating equation (1*) and (2*) 

 Fd (s) = V(s)[ms + 2C�V] and  F�(�) =
���(�)����

����
 

 
���(�)����

����
= V(s)[MS + 2C�V] , by equating the two equations 

The throttle actuator and vehicle propulsion system are modeled as a time delay in cascade with 

a first order lag and force saturation characteristic, the actuator and the vehicle propulsion system 

are modelled as cascade temporary lag of first order given below. 

 
�(�)

�(�)
=

��� ��

(����)(�������)
, where   

������

����
 ��� �������� ����� ����� ������ 

This is because; in order to show the time lag when, the actuator receives electronic signals 

from the computer and turns them into mechanical motion that controls how much the 

throttle is open. 

Let us simplify the above equation into standard 

 
�(�)

�(�)
=

��
��

����

(��
�

�
)(��

����

�
)
, Let � =

��

��
, ��� � =

����

�
, � =

�

�
  , then the above 

equation simplified as: 

 
�(�)

�(�)
=

�����

(���)(���)
 

From the above equation we have some standard values  

Mass of the vehicle (M) = 2940Kg 

Aerodynamics drug coefficient (Ca) = for hilux Toyota vehicles then take: 
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Ca = 0.37 

C1 = 743 

T = 5sec 

� = 0.2 sec 

g = 9.81m/�� 

Vref = 10kph 

�(�)

�(�)
=

��
��

����

(��
�

�
)(��

����

�
)
, By substituting the above values we get 

�(�)

�(�)
=

 �. ����� �.��

�� + �. ���� + �. �����
 

Matlab command and output of the plant model: 

�(�)

�(�)
=

 �. ����

�� + �. ���� + �. �����
 

Using such transfer function, we can plot the step response of the plant that has to be controlled 
in the editor window: 

%% Obtain Step Response Characteristics 
% Create the following continuous-time transfer function: 
%  
% $$V(s)/U(s) = {{0.0505} \over {s^2 + 0.203s + 0.00051}}$$ 
%  
sys = tf([0.0505],[1 0.203 0.00051]); 
%% 
% Compute the step response characteristics for the system. Specify the  
% lower and upper thresholds used in the rise time calculation as 0.05 and 
% 0.95. 
 
 Stepplot(sys) 

% plot the graph of the plant transfer function 
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Figure 3.5 The graph of plant transfer function using Matlab 

It is obvious that the system described by this transfer function is second order system with time 

delay. This is because the complexity of the system and the engine parameter system 

identification tool used to define the system transfer function. 

3.4.2. Controller design 

The problem of cruise control system is to maintain the output speed v of the system as set by 

input signal base on the command signal from the driver. Cruise controller design is applied 

assuming a single-loop system configuration with a linear model and nonlinear model. The fuzzy 

logic controller function is designed to augment or modify the open-loop function 

in a manner that produces the desired closed-loop performance characteristics. The plant 

functions represent the actuators and the controller part of the system, and the plant 

parameters are determined primarily by functional aspects of the control task. 
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Designing a controller for non-linear systems is difficult. For conventional controller design we 

require mathematical model and higher order differential equations. Sometimes we linearize 

mathematical model and design controller for system by applying well developed techniques for 

solving linear equations. But as we know that real life problems are non-linear in nature and their 

models are not easy to handle mathematically. We solve daily life problems by if-else rules. So, 

fuzzy logic rules are heuristic based which takes if-else conditions to solve daily life problems. It 

is linguistic based technique to design controller. It takes conditions from experience and 

intuition. 

Since fuzzy logic is an approach to computing based on “degrees of truth” rather than the usual 

“True or False” (1or 0). Boolean logic on which is based the modern computer. The idea of 

fuzzy logic was first advanced by Dr. Lotfi Zadeh of the University of California at Berkeley in 

the 1960s [5]. 

A membership function (MF) is a curve that defines how each point in the input space is mapped 

to a membership value (or degree of membership) between 0 and 1. The input space is 

sometimes referred to as the universe of discourse. Or, the membership function is a graphical 

representation of the magnitude of participation of each input. 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. For any set X, a membership function on 

X is any function from X to the real unit interval [0, 1]. The membership function which 

represents a fuzzy set is usually denoted by μA. For an element x of X, the value μA(x) is called 

the membership degree of x in the fuzzy set. The membership degree μA(x) quantifies the grade 

of membership of the element x to the fuzzy set. The value 0 means that x is not a member of the 

fuzzy set; the value 1 means that x is fully a member of the fuzzy set. The values between 0 and 

1 characterize fuzzy members; which belong to the fuzzy set only partially. A fuzzy set is 

completely characterized by its membership function (MF). Since most fuzzy sets in use have a 

universe of discourse X consisting of the real line R, it would be impractical to list all the pair 

defining a membership function. A more convenient and concise way to define an MF is to 

express it as a mathematical formula. The definition of the membership functions is a very 
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delicate point in the design of the FLC, because the only restriction that a membership function 

must satisfy is that its values must be in the [0,1]range. A fuzzy set can therefore, unlike a crisp 

one, be represented by an infinite number of membership functions. 

 

 

 

 

 

Figure 3.6 basic structure of fuzzy inference system (FIS) 

A. Fuzzification 

 Fuzzification is the first step of the fuzzy inference system which is used to 

convert crisp values to the linguistic value. 

B. Rule Evaluation 

 A fuzzy rule is defined as a conditional statement in the form: 

IF x is A 

THEN y is B 

Where: 

 x and y are linguistic variables; 

 A and B are linguistic values determined by fuzzy sets on the universe of 

discourse X and Y, respectively. 

C. Defuzzification 

 Defuzzification is the process of producing a quantifiable result in fuzzy inference 

system. It is typically needed in fuzzy control systems. These will have several 

rules that transform several variables into a fuzzy result, that is, the result is 

described in terms of membership in fuzzy sets [5].  

 Defuzzification is the process of converting fuzzified result into crisp value. 

Data 

input  
Fuzzification  

Inference 

engine 
Defuzzification  Out put 

Fuzzy 

knowledge base 
Fuzzy rule 

base 
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Here is a list of general observations about fuzzy logic:  

 Fuzzy logic is conceptually easy to understand. 

The mathematical concepts behind fuzzy reasoning are very simple. Fuzzy logic is a   

more intuitive approach without the far-reaching complexity. 

 Fuzzy logic is a more intuitive 

 Fuzzy logic is flexible. 

With any given system, it is easy to layer on more functionality without starting again 

from scratch. 

 Fuzzy logic is tolerant of imprecise data. 

 Fuzzy logic is based on natural language. 

The basis for fuzzy logic is the basis for human communication (Natural language, 

which is used by ordinary people in daily basis). This observation underpins many of 

the other statements about fuzzy logic. Because fuzzy logic is built on the structures of 

qualitative description used in everyday language, fuzzy logic is easy to use, etc. 

The membership function belongs to the following shapes: 

1. Triangular 

2. Trapezoidal 

3. Sigmoid 

4. Gaussian 

 

Figure 3.7 basic shapes of membership function 
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3.4.2.1. Fuzzy logic toolbox in Matlab 

Fuzzy Logic Toolbox provides MATLAB functions, apps, and a Simulink block for analyzing, 

designing, and simulating systems based on fuzzy logic. The product guides us through the steps 

of designing fuzzy inference systems.  

MATLAB fuzzy logic toolbox facilitates the development of fuzzy-logic systems using graphical 

user interface (GUI) tools command line functionality. There are five primary GUI tools for 

building, editing, and observing fuzzy inference systems in the Fuzzy Logic Toolbox: Fuzzy 

Inference System (FIS) Editor, Membership Function Editor, Rule Editor, Rule Viewer and 

Surface Viewer. 

The toolboxes that we model complex system behaviors is by using simple logic rules, and then 

implement these rules in a FIS (fuzzy inference system). We can use it as a stand-alone fuzzy 

inference engine (which used to perform rules). Alternatively, we can use fuzzy inference blocks 

in Simulink and simulate the fuzzy systems within a comprehensive model of the entire dynamic 

system.  

MATLAB has built-in fuzzy controller designing tool. This tool allows designing rule base for 

controller in linguistics. Inputs and outputs are defined and membership functions of each input 

and outputs.  

This tool also allows you to select different membership functions and defuzzification methods. 

 Write fuzzy in MATLAB command window and a new window will pop-up. 

 Select number of inputs from Edit>>add variables>>input/output  

 Double Click the input and a new window will pop-up containing membership 

functions of that input. if you want to change MFs click Edit>> and find your required 

option for membership functions. 

 Click on controller to change model parameters and add rule base for fuzzy controller. 

 In first window, in left bottom defuzzification methods can be changed. We will use 

centroid method. 
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Figure 3.8 Fuzzy logic tool box designs for cruise control 

3.4.2.2. Input variables 

Using Fuzzy tool in MATLB we can input membership function of desire shape. In this example 

we have distance from the front vehicle and awkwardness of the road i.e. friction. The 

membership functions of both are given below in triangular shapes. We are considering three 

membership functions for each input. 

For distance from the front vehicle: 

The range which such linguistic variable belong is from 10m to 100m. 

 Small distance 

 Medium distance, and 

 High distance, with all having triangular membership functions are considered. 
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Figure 3.9 Input membership functions for distance 

For friction: 

Since, friction is the force that opposes motion between two objects that are in contact. And the 

rougher the surface, high friction we get than smooth surfaces. 

The range which the friction value considered is from 0.1 to 1 

 Low friction value, have low opposition force (Smooth surface) 

 Medium friction value (partially smooth, and partially rough surfaces) 

 High friction value (rough surfaces), which used to operate the brake to control the tire 

easily. And all linguistic terms having triangular membership functions. 
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Figure 3.10 Input membership functions for friction 

3.4.2.3. Output variable 

The output variable speed (throttle control, control input of the plant) and it has its own linguistic 

term which it can be modified. 

The range of the speed to be considered in our design is from 0 to 200Km/hr. 

 Low speed  

 Medium, and 

 High speed with all having triangular membership functions. 
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Figure 3.11 output membership functions for speed 

3.4.2.4. Inference engine (Rule viewer) 

As we have discussed before this section provides the rule generation by using fuzzy knowledge 

base. 

3.4.2.4.1. Graphical User Interface (GUI) Tools 

There are five primary GUI tools for building, editing, and observing fuzzy inference systems in 

the Fuzzy Logic Toolbox:  

 Fuzzy Inference System (FIS) Editor 

 Membership Function Editor 

 Rule Editor 

 Rule Viewer 

 Surface Viewer 

In Fuzzy Inference system we have two types of inference systems: 

 Mamdani’s inference method 

 Sugeno inference method. 
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Since, Mamdani's fuzzy inference method, the most common method used in the inference 

engine to generate the rules. 

Rules are influential in selecting the number of variables and membership functions to be 

modeled because the model becomes exponentially more complex as the number of variables or 

membership functions increases. This is because a rule must be available for each possible 

combination of input variable membership functions and potential outcome membership 

functions. 

 

Figure 3.12 Rules generated from inference engine (rules editor). 
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Chapter Four 

Result and Discussion 

4.1. Introduction 

In this chapter we try to briefly show the simulation result gained from Matlab/Simulink by 

using fuzzy logic controller and discuss about these results. Firstly, we proceed to show the 

result from fuzzy logic tool box configurations and then the Simulink model for the overall 

system. 

4.2. Output result from Matlab 

This section provides the output result which gained from Matlab by using the above designed 

input and output variables with their appropriate linguistic variables with their perspective 

membership functions. And we try to show the fuzzy logic-based rules generated from the front 

Matlab and Simulink result of the overall system. The following figure shows the rule result of 

such input variables from fuzzy logic toolbox. 

 

Figure 4.1 Fuzzy Output result (Rule viewer) at low speed 
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From the above diagram we have seen how to automatically control the speed (the throttle 

control) of the vehicle by adjusting the input variables. We know that the throttle setting is 

directly related with the speed of the vehicle, which implies that when we highly pressed the 

throttle setting the car tries to move at higher speed and vice versa. Since the output result is 

automatically gained by adjusting the input variable values of distance and friction and we can 

get low speed output. 

 

Figure 4.2 Fuzzy Output result (Rule viewer) at medium speed 
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Figure 4.3 Fuzzy Output result (Rule viewer) at high speed 
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Figure 4.4 Fuzzy surface and output inferences for Fuzzy rules 

From this diagram we have seen the surface of the system which is shows the monotonically 

increasing and decreasing values of the throttle setting (speed) based on the inputs. 

For example: if the distance from the front vehicle is too small, and the awkwardness of the road 

(friction) is low, then speed of the vehicle becomes slow down ( this implies the throttle is 

pressed slowly). And, if the distance is so far from the front vehicle and the friction is too high 

then the speed of the vehicle become monotonically increasing. 
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Figure 4.5 Uncontrolled responses 

The above figure shows the response of the plant model without any controller applied on it. 

4.3. Simulink model of the system 

The Simulink model is created in Matlab under Fuzzy logic Toolbox with a feedback control 

system as shown below, is designed by following the steps which we show in the system block 

diagram. Since the Simulink model consists of the fuzzy logic controller, the plant, the step input 

the saturation (which gives the limit of the output), and scope. The input for fuzzy logic model is 

a unit step with the desired speed of 60 Km/h. The output of the model which is speed is plotted 

by the means of scope block. 
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Figure 4.6 Simulink model of the system 

From the above graph we have show Simulink model of the overall system under 

Matlab/Simulink software. The components of the block are directly related with the system 

block diagram, which are discussed in chapter three. 

These are:  

 Fuzzy logic controller  

 The plant model (transfer function) 

 Scope, used to display output signal 

 Step input, the value that we give to the system as input 

 Gain, which is added for system stabilizations 

 Saturation ,which limits the output range 
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Generally, the system can only easily affected by the change of the plant model parameters and 

the controller; but the other components are added for system stabilization only.        

 

Figure 4.7 Simulation of overall system 
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Figure 4.8 Simulation result with system specifications 

The simulation output has three results, which represents: 

Where:                             The Blue signal shows the step input 

                                        The Gray signal shows the plant transfer function (Uncontrolled plant) 

                                        The Yellow signal shows the controlled output 
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Figure 4.9 Speed control response using fuzzy logic 

As we have seen the result of the system performance characteristics the percentage overshoot 

become reduced to 0.5% and rise time also 396.00 ms after applying fuzzy logic controller, 

Before make any decision of controller design, a few of design specification have been set. In 

this 

design, we take two considerations to be met which are settling time Ts less than 1s and 

percentage of overshot %OS is less than 20% and rise time . So this advanced controller can 

control the system. We can conclude that the system is fully controlled. 
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Chapter Five 

Conclusion and Recommendation 

5.1. Conclusion 

Automatic Cruise control system has designed and simulated using fuzzy logic controller to 

control the speed of the vehicle in desired manner. It has designed and simulated using 

Matlab/Simulink software. The mathematical model for cruise control system has been derived 

successfully. The controller has been designed for cruise control system. The characteristic of 

Fuzzy response has discussed. Better control performance and great stability has gained from 

fuzzy controller. Such fuzzy logic controller produced the responses with high rise time, but it 

offers low percentage overshoot and peak amplitude which results good performance of the 

system.  The possibilities of what such a system can do seem nearly limitless. If every car on the 

road could one day be equipped with automatic cruise control, we could live in a world with 

drastically fewer traffic accidents than we ever have thought possible. Automatic cruise control 

has invented as a comfort or convenience item, it can eventually begin to double as a safety 

feature that changes the way we drive our cars. 

5.2. Recommendation for future work 

Though the designed system was able to automate cruise control, a few developments can be 

made on it to be more robust.  

It involves: 

 Extending the system to include a car with several sensors, to make the car speed control 

as smart as possible. 

  Make the car self driving using different sensors and also adding radar control system, 

this will make cruise control system more advanced, which will have the ability to 

decrease the car accident. 

 Generally this thesis can be made as smart as possible by adding extra features. 
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7. Appendices 

Appendix A 

Datasheet on the vehicle we consider for our design 
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