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ABSTRACT 

 
This paper utilizes the concept of adaptive cruise control and fuzzy control to identify a 

leader/follower vehicle and (static or moving) obstacles on the roadways and avoid it. The 

paper also gives detail of fuzzy logic controller implemented on animated car. The controller 

was developed using the kinematic model of wheel robot considering nonholonomic constraint 

of the system. The kinematic model is converted into the path coordinate form and a controller 
is given to perform collision avoidance. A MATLAB simulation environment was created with 

which to test the algorithm and uses the kinematic model to show the car behavior and 

implement the sensor and controller as closely as possible to the actual system. The algorithm 
was tested in structured environment using speed of 1.5 to 5m/s. simulated driving scenarios 

shows that the system performs considerably well in maintaining safe distances and collision 

avoidance. 
 

SIGNIFICANCE: The major reason is safety, 

the consequences of motor vehicle traffic 

crashes, results in injuries and death. Accidents 

on roadways not only cause injuries and 

fatalities, but they also have a huge economic 

impact. Many accidents are caused by human 

errors and eliminating these errors will reduce 

number of injuries and fatalities on our 

roadways. 

KEYWORDS: Adaptive cruise control, fuzzy 

logic, autonomous vehicle, collision avoidance. 

 

1.0 INTRODUCTION 

 

1.1 Background 
Adaptive Cruise Control (ACC) extends the 

concept of cruise control by adapting the speed 

of a vehicle so as to maintain a safe speed and 

distance between vehicles. Vehicles with ACC 

autonomously slow down or speed up so that 

they are not too close or far from the vehicle in 

front. ACC was first brought to the market by 

Toyota in 1998 with the Progress model and 

more recently Volkswagen, Volvo and Ford have 

incorporated this technology in their product(s). 

In this paper the robotic car is controlled with a 

fuzzy logic controller. At first glance, the control 

problem also seems one of these cases where the 

application of fuzzy controller (knowledge-based 

control) would be appropriate solution. This 

seems so because ability to drive a car is a very 

common skill among people thus it should not be 

too difficult to find an expert whose verbal 

instructions would then constitute the core of the 

control system. Car driving skill, however, is 

usually learned to a degree where it rarely 

intrudes on consciousness (the occasions when it 

does are unusual circumstances like a potential 

accident or a situation the driver is not used to. 

i.e. he/she has not yet learnt it). Consequently it 

is difficult to extract appropriate rules from an 

expert because of one‟s inability to explain how 

one accomplishes the task, and consequent 

difficulties in putting it down in terms of fuzzy 

logic. The design of knowledge-based controller 

therefore becomes much more difficult than was 

assumed in the first place. 

A follower must be able to detect a leader in 

order for it to be followed. This approach uses 

Ultrasonic sensor to detect the leader. This has 

previously been done by recognizing features 

such as stereo vision (ACAS, 2003), laser range 

finder (Riid et al., 2004) and enhanced radar 

return technology (Isler et al., 2000). 

1.2 Mathematical model 

The exact position and orientation of the car in 

the coordinate system can be described by four 

variables. Figure 1 shows each of the variables. 

The (x, y) coordinates give the location of the 

center of the rear axle. The car‟s angle with 

respect to the x-axis is given by . The steering 

wheel‟s angle with respect to the car‟s 

longitudinal axis is given by . 

 From the constraints shown in figure 1, the 
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complete kinematic model is given by  
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Where l is the distance between rear and front 

wheels, v1 is the linear velocity of the rear wheel 

and v2 is the steering angle velocity of the front 

wheel. 

 

 
Figure 1: Coordinate model of a car (Laugier 

et al., 1999) 
 

The steering angle of a car is assumed to be 

mechanically limited, to the constraint in 

equation (2). 
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Equation (1) describes a system with non-

holonomic kinematic constraints because they 

involve the derivatives of the coordinates. They 

are valid for a vehicle moving on the ground 

with perfect rolling assumption (no slippage 

between the wheels and the ground) at relatively 

low speed. For high-speed motions, the 

dynamics of the vehicle must also be considered.  

 It is assumed that the path to be followed is 

continuous, smooth and the path curvature, 

denoted by c(s), is differentiable, then the system 

can be transformed into the path coordinate 

model. The curvature is defined as 

 

𝑐 𝑠 =
𝑑𝜃

𝑑𝑠
                                         … (3) 

 

The complete path coordinate model from 

equation (3) is given by   
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Where: θp - is the angle between the car and 

tangent to the path; d - is the perpendicular 

distance between the rear axle and path; s - is the 

arc length. 

  

1.3 Trajectory tracking 
The purpose of the trajectory following is to 

allow the vehicle to follow a given nominal 

trajectory as closely as possible, while reacting 

appropriately to any unforeseen obstacle 

obstructing the way of the vehicle. Whenever 

such an obstacle is detected, the nominal 

trajectory is locally modified in real time, in 

order to avoid collision. Before developing the 

controller for the model given in equation (4), 

the system is converted into canonical form, the 

system in equation (4) is controllable if 1( )u t  is 

a piecewise continuous, bounded, and strictly 

positive (or negative) function. With 1u   known a 

priori  2u  is the only input to the system. The 

controller for 2u  with appropriate restriction on 

1u  is given by  

 

𝑢2 = −𝑘1 𝑢1 𝑥2 − 𝑘2 𝑢1 𝑥3 − 𝑘3 𝑢1 𝑥4       … 

(5) 

 

Where: 1u  - is the car velocity control input and 

2u  - is the steering angle control input. 

 

2.0 MATERIALS AND METHODS 

 

2.1 Fuzzy controller 
The fuzzy controller was created using the FIS 

Editor in MATLAB. Three states were defined 

as inputs for the fuzzy controller that is Distance, 

Rear vehicle Distance, lane the car is in (lane of 

the car), and the three outputs are control one, 

control two (steering) and control three (lane 

changing) respectively. Membership functions 

for each input and output were created so that 

rules could be written to perform the required 
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task for collision avoidance. Furthermore, the 

fuzzy sets that represent the control actions are 

intuitive to that of a human operator. Figure 2 

shows the membership functions for both the 

input and output variables, while Figure 3 shows 

the MATLAB surface viewer relating two of the 

input variables (distance and rear vehicle 

distance) and one output variable (control one). 

The IF-THEN rules statements are used to 

formulate the conditional statements that 

comprise fuzzy logic. The linguistic value for the 

linguistic variables Distance, Rear vehicle 

distance, Lane of the car, Control one, Steering 

and lane changing are: Slow (SL), Fast (FS), 

Steer (ST), Do Not Steer (DST), Steer Rear 

Distance (SRD), Do Not Steer Rear Distance 

(DSRD), Lane One (LO), Lane Two (LT), Lane 

Three (Lt), Brake (BR), Accelerate (ACC), Steer 

Right (SR), Steer Left (SL), Do Not Steer (DST), 

Lane Changing (LC), and No Lane Changing 

(NLC).  

 

 

    

 
 

 
 

  

                                                                              

 Figure 2: Membership functions for input and output variables 
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Figure 3: Collision avoidance surface viewer 
 

During normal operation of the system, sensor 

values are read and 'fuzzified' into its 

membership groups. The If...Then rules are then 

evaluated to produce fuzzy output results. These 

are 'defuzzified' to an analog value in order to 

adjust the output. 

 

2.2 Obstacle Detection 

The obstacle detection system consists of 

ultrasonic sensors that provide the means to 

determine the vehicle‟s relative distance from 

obstacles in the vehicle‟s path. The Polaroid 

sensors can be used to detect objects in front of 

the vehicle, at a range of 150mm to 2.67m with 

10mm resolution. The ultrasonic sensor emits 

ultrasonic pulse at a frequency of 40 kHz, which 

is then detected by the transducer when it is 

reflected off obstacles in front of the vehicle. 

The sensor outputs a voltage that ranges from 0V 

to 5V, with 0V indicating that an object is 

150mm or closer to the sensor, and 5V indicating 

an object is 2.67m or further from the sensor. 

 

2.3 Obstacle Avoidance 

The obstacle avoidance maneuver is performed 

by the fuzzy inference engine based on the rules, 

when the fuzzy engine determine that the car 

should not change lane, the output state (control 

three)  is set to 0, the car continues on its way 

following the lane. When the System determines 

that the car should change lane the output state 

(control three) is set to 1, the curvature is 

calculated using equation (6) and the car follows 

it while changing lane. 

Curvature 𝐶 𝑠 =
𝑙𝑎𝑛𝑒  𝑐𝑎𝑛𝑔𝑒  𝑑𝑖𝑟𝑒𝑐𝑡𝑖𝑜𝑛  

𝑟𝑎𝑑𝑖𝑢𝑠   𝑜𝑓  𝑙𝑎𝑛𝑒  𝑐𝑎𝑛𝑔𝑒  
      … (6) 

 

3.0 RESULTS AND DISCUSSIONS 

 

3.1 Simulation Results 

 In the simulation an ideal straight path with 

multiple lanes was created for the car to follow. 

The car‟s movement is given by the kinematic 

model drive in equation (5) and the car‟s 

movement is shown using the MATLAB 

animation Toolbox. First, the initialization 

involves creating the car, the obstacle and path 

for animation, then placing the animated car on 

the path. Next, the car‟s position on the path is 

determined and the values needed by the 

controller are calculated. With these values 

known, the controller then calculates the 

necessary velocity and steering inputs to make 

the car follow the path. These inputs are used in 

the kinematic model to update the car‟s position 

and the animation is then updated to show the 

car‟s new location. These steps are repeated until 
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the end of the simulation is reached. Figures 4 to 

6 show the results obtained for three different 

driving scenarios. 

 

 

 
Figure 4: Trail of one car avoiding one static obstacle by changing lane 

 

 

 
 

Figure 5: Trails of three cars avoiding three static obstacles by changing lane 

 

 
 

Figure 6: Trails of two cars avoiding one static obstacle by changing lane 

 

 

 

 
Figure 7: Steering angle phi   

 
       Figure 8: Car path during lane changing 

 

                                   

 

3.2 Discussion of Results 

In fact, there are a lot of complicated and 

changeful states of vehicles on the highway from 

time to time. The performance of the fuzzy 

system was simulated using low speeds of 1.5 to 

5 m/s and distance of 0.4 meters (as the 

maximum distance between the car and obstacle 

for the controller to avoid the obstacle) and gives 

reasonable results. Figures 4 and 5 show how the 

animated cars were able to avoid static obstacles 

by relaxing the throttle and adjusting the speed to 

mimic adaptive cruise control. While Figure 6 

shows how the follower vehicle adjusted its 

speed to follow the lead vehicle. Although both 

of them started with a different speed, however 

both were able to successfully avoid the obstacle. 
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Obviously the steering angle uses „bang bang‟ 

control as shown in figure 7 to follow the 

optimal path in figure 8 to avoid obstacle(s). 

 

 

4.0 CONCLUSION 
 

In this paper, a fuzzy logic car navigation and 

collision avoidance system moving in a dynamic 

and partially known environment (the road 

network) with autonomous motion capabilities 

has been designed. Essentially, car control in this 

system is based on the flexible use of fuzzy 

controller unit that enables smooth car trajectory 

navigation independent of car‟s initial position. 

For performing more demanding tasks, 

additional blocks of “intelligence” are required. 

The concept of sensor-based maneuvers permit 

to reduce the planning effort required to address 

a given motion task, thus improving the overall 

response-time of the system, while retaining the 

good properties of a skill-based architecture, i.e. 

robustness, flexibility and reactivity.  
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