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ABSTRACT 
 

Intelligent Transportation System (ITS) is a new field of study started from the mid of 1980s. It emerged 
most of the high technology and improvements in information system, computer science, mathematical models, 
communication systems, sensors, and robotic mechanism inside an Intelligent Vehicle (IV). Inter-Vehicle 
Communication (IVC) is the communication system within the ITS which enables the Vehicle to share 
information between each other in many aspects such as, current car condition, accident ahead, pre-accident 
alert and others. The main focus here is to construct a fuzzy controller to determine the current direction, current 
velocity of the vehicle and the road condition using Infrared Sensor and CMOS Camera then control the vehicle 
to stay within the road in some road conditions. The purpose of using the fuzzy controller is due to the highly 
reliable, efficiency and low complexity of the controller compare with conventional controller. Using the 
vehicle controlling system, we can construct a safety system to avoid any collision to the obstacle ahead and 
thus accident can be avoided. 
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Introduction 
 

ITS has been broadly used for accident precaution and alert system, automatic road enforcement, collision 
avoidance systems, dynamic traffic light sequence, pedestrian awareness system and other purposes (Hannan et 
al., 2010a,). IVC here provides an instant, automatic and wireless transfer of information between two or more 
vehicles on a roadway such as the vehicle identity, vehicle related information, vehicle current conditions, road 
conditions, and other related information (Hannan et al., 2010b). IVC consists of 3 major parts which are 
vehicle-to-vehicle (V2V), vehicle-to-infrastructure (V2I), and vehicle-to-pedestrian (V2P) (Jawhar et al., 2010). 
Many researches have brought out to improve the overall transportation performance and avoid road accidents 
(Hannan et al., 2006; Aini Hussain et al., 2006). 

As the world population growth rapidly reaching 7 billion (Population Reference Bureau, 2012), an 
estimated record of 1.2 million are killed yearly or averagely 3242 are killed daily due to the road traffic 
accidents (World Health Organization, 2012). The happening of accidents not just caused the losses in term of 
monetary but also the safety of the area and most importantly took away the valuable lives. It is estimated that 
around US$518 billion lost globally and US$65 billion lost in low income and middle income countries. It is 
exceeding the total amount received in development assistance. 

In Malaysia, the population has been increased from 23.2 to 28.9 million with an annual growth of 3% per 
annum for the last decades. The growth in economic, industrialization and motorization has led to the increment 
of the registered vehicle from 10,598,804 to 20,188,565 from year of 2000 to 2010 (MIROS, 2012). The statistic 
in Fig. 1 shows the number of injury accidents from year 2002 to 2010. There is a slight increment in Fatal 
Accidents and Severe Accidents while a decrement in Minor Accidents. 

These accidents occurrence are usually caused by many factors (Hannan et al., 2008). They can be 
categorized into environment issues, road conditions, vehicle status, and driver personalities. Environmental 
issue can be storm or heavy rain, darkness, mist, and others. Road conditions are usually holes, stones, rubbish 
on the road and others. Vehicles problems are usually due to lack of maintenance while the driver personalities 
are dealt with the drivers’ patience and manners in driving. These issues are unavoidable but we can reduce 
accidents occurrence by implementing some smart system within the vehicle to take the fastest response to 
avoid a collision. 
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Fig. 1: Number of Injury Accidents from 2002 to 2010 in Malaysia 
 

However, there are plenty of technologies implemented into the smart system, such as line tracking system, 
collision avoidance system, obstacle identification system, and many other systems (Hannan et al., 2011). These 
systems are implemented to assist the driver in any senses as an overall observation for the vehicle and the 
surrounding. M D Hurley proposed that the vehicle can be used to detect obstacle using simple obstacle tracking 
system. However, the system can be more complete with target tracking system and maze exploration system. 
Another approach for obstacle detection is the detection of unknown obstacles simultaneously with the steering 
of the mobile robot to avoid collision. (Borenstein et al., 1989). The obstacle avoidance systems are quite 
similar with vehicle navigation as both required the vehicle to move in various kinds of conditions. However, 
obstacle avoidance and vehicle navigation are difference in some terms.  

Vehicles navigation is used to instruct the vehicle to follow the road track without running off the track. 
Shalja proposed that the 2D and 3D controlling for 4 wheeled vehicles using simple fuzzy logic. Zhang 
proposed a more advance method that combining Genetic Algorithm (GA) and Nonlinear Programming 
Quadratic Line search method (NLPQL) in optimizing the algorithm of fuzzy controlling. Various other 
researches on the vehicle controlling part are using fuzzy logic controller, genetic algorithm and neural network 
to improve the performance of the controller (Harisha et al., 2008; Trabia et al., 2012; Tsai et al., 1996; 
Bonissone et al., 1996). These systems are implemented to provide a reactive control for the vehicle to react 
according to the surrounding changes (Tang et al, 2011). Fuzzy controller acted as a compensator to decide 
which responses should be taken based on the membership function set. Somehow, fuzzy controller can be act 
as the feedback of the system due to execution time and workload are uncertain and imprecise (Feng et al, 
2011). This paper shows the implementation of fuzzy logic as a controller to navigate the vehicle in certain road 
conditions. 

 
Methodology: 

 
The hardware here consists of a development board which set as an interface unit between the 

microcontroller, input and outputs. Camera is the only sensor here which will detect the image in front of the 
vehicle. The image detected will send to the microcontroller to process the data inside. Then the processed data 
will process a control signal to the DC motor and servomotor thus the direction and the velocity of the vehicle 
can be controlled. Fig. 2 shows the hardware interface of the system.  

In real world, manually controlled vehicles are usually navigated to follow the curve of the road thus the 
vehicle will not run off the track. Thus, vehicle navigation here will ensure the direction of the vehicle will be 
changed according to the curve of the road track. In a 2-D positioning technique, we can classify these 
movements into 4 major groups which are translation, rotation, scaling, and shearing. However, we will not 
touch scaling and shearing here as these 2 techniques are not related in this paper. Vehicles are moving on 
ground which we assume the ground is a flat surface here. The transition of the vehicle is done by following the 
track or the road on the ground. Let us assume the starting point of the vehicle is the coordinate of (0, 0) for both 
x and y axis. While the vehicle moves from a starting point, it gradually changes its position on the surface or 
ground. The change in position on the surface is called translation of the vehicle. It will compare and explain the 
current location of the vehicle with respect to the initial position of the vehicle. The scale of the x and y axis can 
be changed to improve the precision of the translation position. The following Fig. 3 shows the translation of the 
vehicle in 2-D surface. 
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Fig. 2: Hardware block diagram 
 
Translation of vehicle: 
 

Any point of the path represents a coordinate of the vehicle translate from the original point to a new point. 
The initial value of the vehicle position can be determined as P while the new position is determined as P’. The 
following equations are the translation of the vehicle in 2-D surface. 
 

                                           (1) 
where x and y are initial positions of the vehicle  

                                                          (2) 
where x’ and y’ are the new positions of the vehicle 

                                      (3) 
 

 
                                   (4) 
 

where δx is the changes of vehicle position in x-axis 
          

                                          (5) 
where δy is the changes of vehicle position in y-axis 

Thus, the translation position of the vehicle is based on the equation 
 

                                             (6) 
Rotation of vehicle: 

 
Besides translation, rotation is also a major function of the vehicle movement. A vehicle can turn from a 

direction toward another direction. The change of direction is used to avoid the obstacle ahead and seeking for 
the track. The equation below shows the rotation of 2-D surface. 
 

                                                        (7) 
where x and y are initial positions of the vehicle  

                                                       (8) 
where x’ and y’ are the new positions of the vehicle                  
 

                          (9) 
 

 
where R is the rotation parameter of the vehicle 
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                                         (10) 
 
 
Thus the rotation position of the vehicle is based on the equation 
                                         (11) 
      
 

  
(a)                                          (b)                                          (c)  

 
Fig. 3: Graphs of (a) translation, (b) rotation and (c) sample road track 

 
Fuzzy logic implementation: 
 

The design of fuzzy logic is generally consists of four essential parts, fuzzification, rule base, inference 
mechanism, and defuzzification. The general design of the fuzzy logic is shown in the figure below.  

 

 
Fig. 4: Fuzzy logic block diagram 

 
There are two inputs and two outputs used in this project. The inputs are the CMOS camera and IR sensor 

while the outputs are velocity and direction. These inputs and outputs relationship are shown in the figure below 
using the MATLAB Fuzzy Logic Toolbox. 

 

 
 

Fig. 5: Fuzzy sets and Fuzzy relationship 
 
Fuzzification: 

 
Fuzzification is the process where the input is fuzzified into several language expressions. The IR sensor 

and CMOS camera inputs are fuzzified from mathematical values into linguistic variables. The IR sensor senses 
the current position of the vehicle by determine whether the vehicle touched the road line or not. Meanwhile, the 
CMOS camera will track the road ahead with identifying whether the road ahead is a curve or a straight line. 
These inputs are classified into three variables which are left, mid, and right.  
Rule Base  

After the fuzzification process, the inputs are inferred with some rules set by the experts, named expert 
system. The rules are set for the inputs to response to give the desired output. Context IF-THEN is used in the 
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rule base to determine the appropriate output result for the inputs obtained. These rules are shown in the table 
below. 
 
Defuzzification: 

 
When the inputs are fuzzified and inferred with the rules, the outputs of the desired system existed. 

However these outputs are shown in different weighted outputs. Thus, a defuzzification is needed to determine 
the most appropriate output based on the different weighted outputs given. The most commonly used and easiest 
way for defuzzification method is Center Of Gravity (COG). The method can be expressed by the equation 
below. 

 
                                         (12) 
 
 

 
where  C   = center of gravity 

  µi   = weight of the component 
  ρi  = maximum point of the component 
 
The design of the system consists of a program flow for the vehicle to be autonomous. The figure below 

shows the program flow of the system.  

 
 

Fig. 6: Program flow chart of the system 
 

The system starts with initialization of the components. Then the camera feeds the image input to the 
microcontroller. Then the fuzzy controller decides what is the output actuator should do to follow the track. 
After that, the microcontroller will define whether the track is ended or not. If it is not, the program will loop 
back to the input part while it is ended, the program will stop. 

 
Result and Discussion 
 

The applications of the system are majority in controlling part. Development of the system is simulated in 
software named RoboRealm. The tested results are based on the directional and velocity control of the system in 
the vehicle. The Fig.7 below shows the result from the software simulation. The experiment is tested by varying 
the position of the path traced by the CMOS camera. The path is changing from left side of the camera to the 
right side. As the path traced, the camera will process the image received and determine which position of the 
servomotor should tune. The servomotor is set to be in middle position at output 128 while turn left when output 
less than 128 and turn right when output more than 128. The more deviation from 128, the more tuning angle 
the servomotor made. Meanwhile, the velocity of the DC motor is at peak at 255 when the path is in straight 
line. As the path moves toward both sides, the velocity will decrease to stabilize the vehicle on the path. The 
Fig. 7 shows the direction and velocity simulation of the vehicles. 
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Fig. 7: Direction and velocity simulation graphs 
 
Conclusion: 
 

This project is brought out to develop a system in vehicle navigation and controlling using the fuzzy logic 
as the controller. By implementing the fuzzy control in the vehicle will be a stage of evolution for transportation 
sector. More and more autonomous vehicles are implemented with artificial intelligence to improve the 
performance of the vehicle in handling many instantaneous incidents. Solutions are found to counter the 
problems occurred. The solution for the vehicle navigation is not merely an autonomous vehicle project but also 
can apply into the safety of traffic and transportation. However, there is plenty of space for improvement in term 
of performance and intelligence of the vehicle. The fuzzy logic controller can be made response in a smoother 
curve by applying more fuzzy variables into the fuzzy sets. This can improve the performance of the fuzzy 
controller but might coz lots more works to the microcontroller. Besides, a new method of fuzzy logic is 
developed combining the artificial neural network with fuzzy logic. This method is named neuro-fuzzy logic 
which enables the fuzzy logic to learn by itself on the responses taught. Applying this method can make the 
vehicle to perform based on what it learnt on the rules, thus the performance can be improved. 
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