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ABSTRACT 
 
In this paper, a MATLAB-based simulation using a fuzzy logic system for autonomous 
navigation of unmanned surface vehicles is presented. The control system intelligently 
controls the vehicle to go from origin to destination avoiding the obstacles in its path. 
Depending on the anticipated danger of the obstacle, the vehicle chooses an angle of 
divergence which avoids the obstacles and keeps the  speed of the vehicle. The 
simulation software is designed with a decentralized control structure for navigation 
system and does not require knowledge such as a global or local map about the 
navigation environment. The proposed control system of the vehicle has two main 
controllers. The first one is speed controller and the second one is rudder controller, 
which controls the direction of the vehicle. The inputs to navigation system consists of  
target position, obstacles, current location, current speed, and rudder’s angular velocity. 
A table of comparison for navigation performance is presented to show effect of 
uncertainties and errors in locations of the vessel, the obstacles, and the destination.  
 
INTRODUCTION 
 
In the past recent years, different types of sensors such as Radar, Laser Range Finder, 
Forward Looking Infra Red, Day Light Camera, Sonar Sensors, GPS, Gyro compass, etc. 
have been utilized for autonomous navigation [1]-[4].  The navigation system for vessels 



and ships is still manual for supervising, data acquisition, and processing.  Manual 
methods are always subject to human errors.  
 
When there is a need to guide the vehicle without human, an autonomous navigator 
should be installed on the vessel. Such navigators utilize the data logged from different 
sensors in Data Fusion Systems to estimate the locations of obstacles such as submarine, 
boats, or other objects that are either dynamic or static on the water or on the shore. Since 
information provided by the sensors is rapidly changing, the vessel should be guided 
toward the target instantly [5]-[8].  
 
The non-classical methods for control include the methods that do not require the 
mathematical model of the system. These methods are based on the decision and thinking 
of the humans such as fuzzy systems and neural networks. Fuzzy systems provide a 
framework for incorporating the linguistic fuzzy information from the human experts but 
conventional controllers do not use this information. Fuzzy logic control systems are 
non-linear controllers.  They are general and perform any non-linear control actions. If 
the designer carefully chooses the parameters of fuzzy logic controller, it is always 
possible to design a fuzzy logic controller that is suitable to control a non-linear system. 
The present interest in fuzzy control system is largely due to its success in the variety of 
applications. Some advantages of fuzzy control systems are as follows: 
 

• They are model-free. They do not use the mathematical model of the system 
under control.  

• They are easy to understand. Because they emulate human control strategy.  
• They are easy to implement. Many VLSI chips have been developed which make 

the implementation of fuzzy logic controllers simple, easy, and fast. 
• They are inexpensive to implement.  
 

Fuzzy techniques are good engineering methods that are capable of making effective use 
of all available information. If the mathematical model of system does not exist or if it is 
too difficult to obtain the model, the most important information comes from sensors that 
provide numerical measurements and human experts that provide linguistic descriptions 
about the system and its control rules. In order to accomplish this, one must go through 
the process of fuzzification [9]-[10]. Fuzzification entails translating crisp knowledge of 
a certain process to a fuzzy knowledge. Fuzzy sets may be represented by a mathematical 
formulation often referred to as the membership function. This gives a degree or grade of 
membership within the set. In control system applications [11]-[16], membership values 
are actually measures of degree of causality in an input/output mapping.  
 
This paper presents simulation software for autonomous navigation of an unmanned 
vessel using a fuzzy logic system [17] in MATLAB environment [18].  The objective of 
the control system is intelligently control the unmanned vessel to go from origin to 
destination avoiding different kinds of obstacles which may exists in the path. This 
simulation software attempts to produce different kinds of impediments that will be opted 
by the user of the system. According to user choice and depending on the anticipated 
danger of the obstacle, the vehicle will choose an angle of divergence which will avoid 



the obstacle and will keep the vessel’s speed. In order to obtain the required deviations 
and to control the angular speed (rudder) of the vessel an intelligent controller using 
fuzzy toolbox of the MATLAB is implemented instead of mathematical equations. 
 
 
CONTROL SYSTEM 
 
The proposed control system of the vessel has two main controllers. The first one is 
speed controller and the second one is rudder controller, which controls the direction of 
the vehicle. The block diagram of the control system is shown in figure 1. The main 
inputs to the navigation system are target position, obstacles, current location, current 
speed, and rudder’s angular velocity. These five inputs are used to calculate the next 
coordinate of the position vector (a,b), the velocity (X,Y), and the rudder angle (α) that 
are required in order to reach a particular coordinate. The rudder angle ‘alfa’ (α), and the 
position vector (X1, Y1) provide the next position.  
 

 
Figure 1: Structure of the Control System 

 
The rudder angle α, is the key contributing factor which is calculated in radians according 
to the position vector, the speed, and type of obstacle encountered. This angle is the angle 
in the vector triangle made by the vectors between position and target for both X and Y 
coordinates as shown in figure 2. The X-Y plane can consequently be referenced to the 
geographic position of the vehicle. 
 
Initially, the control system starts to navigate the vehicle at constant velocity and 
independent of the rudder in a straight line from ‘origin’ towards a ‘target’ with 
assumption of no obstacles in its linear path. However, if an obstacle is encountered in 
the course of travel, it then becomes an input, and the control system diverts the vessel 



from its default path to travel in an alternate path to avoid the obstacle. Then, when the 
obstacle has successfully been avoided, the vessel will be returned to its original path. In 
the chain of events, the navigator is the central component which makes the ultimate 
decision of the required deviation. In doing so, it then computes the velocity vector 
(X1,Y1), position vector (a1,b1), and the rudder angular velocity (α1) for the next instant. 
In this software, the fuzzy toolbox of MATLAB is used to implement the fuzzy control 
system of the vehicle. 

 
Figure 2: Coordinate System of Unmanned Vehicle 

 
Fuzzy logic is a convenient way to map an input space to an output space. Between the 
input and the output, one can compose a controller using fuzzy logic that performs the 
work involved. The fuzzy membership function used in this project is ‘evalmf’. The 
‘evalmf’ function evaluates any membership function, when the variable range for 
evaluation of the membership function, the type of a membership function, and the 
appropriate parameters for that function are provided.  
 
The fuzzy membership function used for the navigation controller of the proposed system 
is represented in figure 3, which characterizes and resembles a course of a ship’s 
avoidance of an obstacle.  

 



 
Figure 3: Fuzzy Membership Function 

This particular membership function has been implemented mainly because of the fact 
that it has a sudden deviation from the path, although not at a right-angel, which in 
practice is impossible to create. Therefore, the deviation in path is quite logical in terms 
of an actual surface vessel.  
 
SOFTWARE STRUCTURE 
 
The program is implemented using MATLAB. The complete simulation software 
consists of a number of M-files. The most important M-files are: 
  

1. MFX 1 – This M-file controls the ship’s diversion in path. It comprises of the 
fuzzy logic algorithm for the “evalmf’ function. This is the control system that 
provides the logic necessary for the vessel to deviate from its path to the M-file 
Ship.m. 

2. ALFAX – This M-file calculates the angle, α, in radians as well as the X and Y 
coordinates required to calculate α. This angle, α, is the angle in the vector 
triangle made by the vectors between position and target for both X and Y 
coordinates.  

 
 



 
 

Figure 4: SHIP M-file 
 

3. SHIP – Taking into consideration the logic provided by MFX1 M-file and the 
rudder angle calculated by ALFAX, this M-file determines the next position of 
the ship. This means that the rudder angle ‘alfa’ (α), and the position vector (X, 
Y) are utilized to get the next position (X1,Y1). The SHIP M-file is shown in 
figure 4. 

4.   SELECT_PATH – This is the M-file for the user to decipher between the two 
kinds of obstacles available. 

5. PATH2, PATH4 – These are the main M-files that contain the user interface and 
the plotting functions. These files also calculate the time elapsed within the 
journey from Origin to Target. The PATH2 M-file contains a different variety of 
formations of obstacles from which the user can select one. With PATH4 file, the 
user is able to choose the number of obstacles and their locations on the grid. The 
user interface from PATH4 file is shown in Figure 5. 

6. TARGETX – This M-file computes the values for ‘out,’ and ‘mf’ required for the 
PATH4 M-file that helps to calculate the location of the next coordinate. 

 
 



 
 

Figure 5: User Interface 
 
 

7. OBSX – This M-file generates the non-lethal static obstacle such as a rock. 
Because of the non-lethal nature of it, diversion angle is set at Π/2 so that it 
merely avoids clashing. 

8. OBSX1- This M-file generates a lethal static obstacle such as an enemy ship. The 
diversion angle is set to 3Π to grant the ship a greater divergence.  

 
OPERATION 
 
First the user has to enter “SELECT_PATH” on the command window. Then, out of the 
two available paths one should be selected. One of the paths provides the user with an 
option of selecting the number of individual obstacles positioned based on the user’s 
input, and the other is where the user can choose a formation of obstacles which can be 
related to a configuration based on a predefined or expected occurrence of obstacles such 
as a cluster of icebergs or rocks. The options comprise of simple geometric arrangements 
in the predefined X-Y plane - a perfect square, a parallelogram shifted to the right or the 
left, a straight diagonal line, and a trapezoid with the parallel lines parallel to the X-axis 
or parallel to the Y-axis. 



 
When the user selects the first path, the starting X and Y coordinates of the ship are 
requested through the interface. The position of the destination, in form of coordinates, is 
also requested. Next, the interface requests a total number of obstacles the user wishes to 
place, with a choice of one to three. The user is then able to pick the appropriate type of 
obstacles, either lethal or non-lethal. For each obstacle the user is also allowed to enter 
the position of each of the obstacles. 
 
When the user selects the second path, the program as in the other path will ask for the 
user to input the starting and ending points as well as the desired velocity of the vehicle. 
However, now the user’s choice is between the six different obstacle configurations as 
explained above.  

 
OUTPUTS  
 
For the first path there are three plots as the output. The first plot shows the displacement 
of the ship. This figure also displays the non-lethal obstacles in green color and lethal 
obstacles in red color. On the other hand, the second plot displays the Y coordinate with 
time in addition to the velocity-time graphs. The final plot shows the rudder activity 
versus time graph. The first plot is shown in figure 6. Figure 7 shows another output for 
this path although this time it is for two obstacles. 
 

 
 

Figure 6: The Displacement of the Vehicle 
 
 



 
 

Figure 7: Output for Two Obstacles 
 

For the output of the second path, there is one plot. This shows the obstacle formation as 
well as the path which is taken to reach the target. Figure 8 shows the output for one of 
the formations. 

 

 
 

Figure 8: Output of One of the Obstacle Configurations 
 



Figure 9 shows a case when a matrix of lethal obstacles is implemented. As shown, this 
resulted in vessel not reaching the target after all efforts it made to avoid the obstacles. 

 
 

 
 

Figure 9: Output of a Lethal Obstacle Configuration 
 

Another key output provided by this software is the time the vessel takes to go from the 
origin to its target position. To determine the effect of the obstacle variations towards the 
elapsed time, we considered different number of obstacles placed between the same 
origin and target at different places. Table 1 represents the data collected from this 
experiment.  
 

Table 1: Time Elapsed for Different Formations of Obstacles 
 

Number of 
obstacles 

Position of first 
obstacle 

Position of 
second obstacle 

Position of 
third obstacle 

Time 
 

3 (4,4)  non-lethal (6,6)  lethal (8,8)  lethal 206 

2 (2,4)  non-lethal (5,5)  non-lethal none 208 

3 (4,4)  lethal (6,6)  non-lethal 
(9,9) non-

lethal 213 
Square 

formation 
Non-lethal placed as a parallelogram in intervals of 1 

both in the X and Y directions 350 
Square 

formation 
Lethal placed as a parallelogram in intervals of 1 both 

in the X and Y directions 
401 – before 

drowning 
 



CONCLUSION 
 
The development of a MATLAB-based simulation for navigation of an unmanned 
surface vehicle has been presented. The software is able to take into consideration the 
occurrence of obstacles along the path of travel. The successful generation and 
simulation of two different kinds of static obstacles, one a lethal obstacle and the other, a 
non-lethal obstacle have been presented.  
 
The software has been developed in such a way that it can be easily incorporated into 
other related applications for unmanned navigation designs. 
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