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ABSTRACT  

This paper describes a study of tuning process for Fuzzy Logic Controller (FLC) and Proportional Integral 

Derivative (PID) controller design. A PID controller is ubiquitous; while simple in theory, but design and implementation 

of PID controllers can be difficult and time consuming in practice. In PID design, there are three approaches to determining 

the optimal tuning include manual tuning, tuning heuristics, and automated methods. In FLC design, there is no systematic 

procedure to tune fuzzy logic controller to follow a desired set point. The tuning process of FLC using trial-and-error 

approach is commonly done until satisfactory results are obtained. The performance of a FLC depends on its control rules 

and membership functions. A method is presented for tuning fuzzy control rules by manual tuning to make the system 

behave as closely as possible to the expert behaviour in a control process. The tuning method fits the membership functions 

of the fuzzy rules given by the experts with the inference system and the defuzzification strategy selected and obtaining 

high-performance membership functions. This paper demonstrates a difference tuning process by tuning the PID and also 

adjusting the FLC membership function to get desired output. 
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INTRODUCTION 

Unmanned underwater vehicles (UUV) have been 

design and developed in many countries including 

Malaysia for the past ten years in marine technology. 

Generally, it’s categorized into two types which are 

Autonomous Underwater Vehicle (AUV) and Remotely 

Operated Vehicle (ROV) with the almost same function as 

shown in Figure-1. AUV is basically an extension of the 

ROV's technology. ROV is controlled by the human from 

the controller and needs steering control from the mother 

ship on the surface whereas the AUV is controlled by its 

on-board controller guided by build-in pre-programmed 

instructions with free from a chain [1, 2].  

At early 1957, the first AUV was developed by 

Stan Murphy, Bob Francois and later on, Terry Ewart at 

the Applied Physics Laboratory, University of 

Washington. AUV development began in the 1960s at the 

University of Washington and made very large leaps in the 

early 1990s with the backing of Massachusetts Institute of 

Technology (MIT) and the Office of Naval Research 

(ONR). After these historic underwater vehicles, there 

have been more and more submersibles developed and 

used operationally for a number of different tasks [3]. 

MATLAB is well-known powerful software for 

technical computing. It widely used to invention solutions 

for technical computing such as matrix and vector 

formulation. Other MATLAB usage is for modelling, data 

analysis, visualization, algorithm development, simulation 

and prototyping, scientific and engineering graphics. 

MATLAB/Simulink is a program with interactive system 

for modeling, simulating and analyzing dynamical 

systems. Graphical modeling environment is used to 

represent the system and make the simulation process easy 

and interactive. 

The conventional Proportional Integral Derivative 

(PID) controller is based on feedback as shown in Figure 

2. For instance for a yaw control, the output signal from a 

device or the process itself will be measured and compared 

with the desired value or commonly known as set point. 

The output will be continuously measured to recalculate 

the needed correction. Nevertheless, not every controller 

uses PID controller. It depends on the suitability of some 

other processes. Some process is more suitable to use only 

the proportional-integral (PI) controller or proportional- 

derivative (PD). Yet, for satisfactory control that require 

elimination of overshoot, addition of derivative element is 

required. But, still cannot eliminate 100 % overshoot on 

the system response. Solution on that problem, Artificial 

Intelligence (AI) controller will be introduced.  

A Fuzzy Logic Controller (FLC) is designed to 

emulate human deductive thinking, that is, the process 

people use to infer conclusions (decision making) from 

what they know. FLC has been primarily applied to the 

control of processes through fuzzy linguistic descriptions. 

FLC is widely used and successfully in machine control 

applications.  
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Figure-1. Types of underwater vehicle. 

 

 
 

Figure-2. The simple block diagram for AUV. 

 

TUNING MECHANISMS 

Structure in proportional control is that the 

corrective action is determined by the magnitude 

difference between the set point and the actual value. The 

integral function corrective action is by accumulation of 

error value. The derivative function corrective action focus 

on preventing delay in response correction that leads to 

possible overshoot that generates oscillation about the set 

point. Each different process has its own particular 

characteristics, although when the equipment is of similar 

type. [4]. 

 

A. Manual tuning 

The system may be possible to calculate optimal 

values of gain, reset and rate if there is enough information 

about the process being controlled. Manual tuning by 

setting the reset time to its maximum value and the rate to 

zero and increasing the gain until the loop oscillates at a 

constant amplitude. Then the gain set to half of that value 

and the reset time adjust so it corrects for any offset within 

an acceptable period. Finally, increase the rate until 

overshoot is minimized.  

 

B. Tuning heuristics 

This method is applying a step change to the 

system and observing the resulting response. The first 

method involves measuring the lag or delay in response 

and then the time taken to reach the new output value. The 

second depends on launching the period of a steady-state 

oscillation. In both methods these values are then entered 

into a table to derive values for gain, reset time and rate.  

 

C. Auto tune 

Currently, the system or MATLAB version is 

associated to auto-tuning functions. Specific details of 

operation might be different between manufacturers but all 

will abide rules similar to the detail above. The setting for 

P, I and D settings are done after studying the delay and 

the rate of change to obtain optimized value. The setting is 

manually fine-tuned whenever needed.  By doing this, any 

imprecision and nonlinearity can be handled in complex 

control situations, in which process and manufacturing 

industries regularly faced, and also aiding the tuning 

optimization. 

Fuzzy Logic Toolbox in MATLAB is utilized for 

designing the FLC. It fulfilled the requirement of Fuzzy 

Logic scheme because it is equip with functions, apps and 

Simulink block for designing, analysing and simulating 

systems. Generally FLC has four main components which 

are Fuzzification, Knowledge base, Inference engine and 

Defuzzification. Figure-3 shows the FLC basic 

configuration interface. Every single component 

influences the performance of the FLC in which will also 

the behavior of the controlled system. 

 

 
 

Figure-3. Basic configuration of fuzzy logic controller. 

 

  Fuzzification interface will receive the inputs 

measurement and transformations. After that, conversion 

of input data into applicable linguistic variables will take 

place. This process is decision making part which mimics 

human behaviour in making decision. Fuzzy logic results 

are determined by criteria, fuzzy inference rules and fuzzy 

implication operators. The knowledge base presents the 

vital information for linguistic control rules and 

information for both interfaces of fuzzification and 

defuzzification. In the defuzzification interface, the results 

from fuzzy inference engine will produce the actual 

control response. Satisfactory result can be obtained for 

FLC tuning process via trial-and-error method. The 

method is somewhat tedious and time-consuming as the 

user has to continue tuning until reaching desired value. 

The rule based is derived by following these four 

approaches: 

 

a) Expert experiences and control engineering 

knowledge. 

b) Based on operator’s control actions. 

c) Based on fuzzy model of a process. 

d) Based on learning.  

 

For this case, two methods will be used out of 

total four which are by expert experiences and control 

engineering knowledge and based on learning. The expert 

experience is extensively used today although it is least 

structured of the other methods. For this paper, the 

University research team are the experts which provides 
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the experiences and knowledge from control engineering. 

At the moment, research efforts concentrating on 

mimicking human learning, primarily on the capability to 

produce control rules and to modify or tune the rules based 

on experience. Now, there are many examples of fuzzy 

controllers which have the capability to learn and to tune 

the controllers involving neural networks and genetic 

algorithm. However, this approach requires one to 

understand neural networks and genetic algorithm before it 

can be used. It will take more time and the controller may 

become complicated. So, the aim of this paper is to 

demonstrate several techniques and method to tune 

controller to desired response as simple as possible. When 

designing the controller, we should try to keep the 

controller as simple as possible with good and acceptable 

performances. FLCs are reasonably easy to design but the 

tuning process of FLCs through trial-and-error approach 

will continue until satisfactory results are obtained; 

definitely it is usually a tedious and time-consuming task. 

As was mentioned earlier, there is no systematic procedure 

to tune FLC. If the results are not as desired, changes are 

made either to the number of the fuzzy partitions or the 

mapping of the membership function and then the system 

can be tested again. Figure-4 shows the flow chart of FLC 

design.  

 

 
 

Figure-4. Flow chart of FLC design. 

 

METHODOLOGY  

The process of experiment is discussed in this 

section. At first, there are procedures from the PID and 

followed by FLC. The Simulink can be used in both 

controllers. The designed systems can be directly tested in 

the MATLAB/Simulink environment. 

First, the MATLAB/Simulink block diagram for 

AUV yaw system is designed and shown in the Figure-4. 

Then, the MATLAB/Simulink is run or simulate without 

any tuning to observe and analyze the initial block 

response. Figure 5 show the initial value for PID 

parameters, (P=1; I=1; D=0; N=100). The next step after 

choosing the right controller, Tune button is clicked to 

launch the PID tuning tool in PID window and wait for the 

system to tune Auto. As shown in Figure-6, 

MATLAB/Simulink has linearized the plant and generate 

the output response. Figure-8 show the final value for PID 

parameters after auto tuning.  This result is chosen to 

compare with the best result of FLC later in the discussion 

part.  

 

 
 

Figure-5. Simulink of PID for AUV yaw control. 

 

 
 

Figure-6. PID function block parameters before tuning. 

 

 
 

Figure-7. PID tuner window. 

 

 
 

Figure-8. PID function block parameters after tuning. 

 

For FLC, the Simulink block diagram for AUV 

yaw system is designed as in Figure-9. Then, a FIS editor 

is opened to change the setting of the controller. As shown 

in Figure-10, there are two inputs to the controller are data 

and data error. The output that is used in this controller is 

the output1. Based on the AUV yaw control of the 
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assignment, 5 X 5 membership functions partitions for 

inputs and output are designed which are NL, NS, Z, PS 

and PL. Triangular type of membership functions are used 

for inputs and output of the system to ease tuning. Figure 

11, Figure 12 and Figure 13 are the membership functions 

for two inputs and output respectively. Based on the inputs 

and output variables defined with the FIS Editor, the rule 

statements are constructed in Rule Editor as shown in 

Figure-14 according to Table-1. In theory, the number of 

rules that can be constructed is based on the number of 

membership function partitions. For this FLC design, 25 

rules are developed from 5x5 membership function 

partitions. The FIS editor is exported into a file named 

‘assignment_FLC’ and then exported to the workplace. 

The fuzzy logic controller in the Simulink also named the 

FIS file with ‘assignment_FLC.’ Now, the Simulink of the 

FLC is ready to simulate [5, 6]. 

 

 
 

Figure-9. Simulink of FLC for AUV yaw system. 

 

 
 

Figure-10. FIS editor of ‘assignment_FLC’. 
 

 
 

Figure-11. The membershipfunction of first input ‘data’. 
 

 
 

Figure-12. The membership function second input 

‘data error’. 
 

 
 

Figure-13. The membership function of output ‘output1’. 
 

 
 

Figure-14. Rule editor of FIS. 

 

Table-1. Rule table of FLC of AUV yaw control. 
 

Data 

Data error 
PM PS Z NS NM 

NM Z NS NL NL NL 

NS PS Z NS NL NL 

Z PL PS Z NS NL 

PS PL PL PS Z NS 

PM PL PL PL PS Z 

 
Figure-15 shows the rule viewer available in the 

MATLAB software. The tuning of the fuzzy controller is 
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done by adjusting the range of the input and output. The 

rule viewer in MATLAB serves as a guide for adjustments 

to be made.   Figure-16 shows the surface view of rules 

before the tuning process. The surface view is a plot that 

correlates all fuzzy variables into a three dimensional 

(3D). 

 

 
 

Figure-15. The rule viewer. 

 

 
 

Figure-16. The surface viewer. 

 

RESULTS AND DISCUSSIONS  

Figure-17 shows the initial response of the PID 

while Figure-18 shows the final response after PID auto 

tuning. Analyses of the responses obtained from the 

simulations are documented as following. The black line 

represents the block response, while the tuned response is 

the pink line. Figure-19 shows the PID step response after 

tuning. Then, the step response graph after tuning is 

obtained and analyze as well as the bode response shown 

in Figure-20. Based on the Figure-21, there are differences 

between two response graphs in terms of rise time, settling 

time and others important parameters.   

 

 
 

Figure-17. PID response before tuning. 

 

 
 

Figure-18. PID response after tuning. 

 

 
 

Figure-19. PID Step response after tuning. 

 

 
 

Figure-20. PID Bode response before tuning. 

 

However, for this AUV yaw controller, the auto 

tuning PID controller has less smooth response and higher 

overshoot compared to original PID. Based on the 

parameters, there are increases for rise time, settling time 

and overshoot value in the after auto tuning PID 

controller. Thus, the best result is the original PID 

controller without any tuning as the performance is 

suitable for the whole system. 
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Figure-21. PID tuning parameters. 

 

Next, for the FLC process, the block implements 

a fuzzy inference system (FIS) in Simulink. Fuzzy system 

is taken directly into Simulink and tests them out in a 

simulation environment. Figure-22 shows the FLC 

response graph. The blue line represents the FLC response 

while the pink line represents the PID response. From this 

figure, both of the responses have overshoot occurred and 

the responses follow the set point in the beginning. 

However, the overshoot of FLC response (blue line) 

slightly higher than the PID response (pink line). 

Therefore, tuning is needed to perform in the fuzzy system 

to get the better response. There are three basic methods to 

tune our fuzzy system such as scale of membership 

functions, mapping of membership function and adjusting 

rules. In this study, the effect of the FLC is analysed when 

mapping of membership function is tuned until a 

satisfactory response is obtained. 

 

 
 

Figure-22. Comparison of FLC response and 

PID response. 

 

 
 

Figure-23. The rule viewer. 

Table-2. Comparison performance of FLC and PID controller. 
 

Parameter FLC PID Tuned PID Block 

Rise time (s) 0.0627 1.4 0.0527 

Settling time (s) 0.594 6.89 0.494 

Overshoot (%) 4.83 7.2 4.81 

Peak 1.06 1.07 1.05 

Peak time (s) 0.45 2.5 0.15 

 

In terms of rise time, settling time, peak time and 

overshoot, PID block controller gave slightly better 

response than FLC since the FLC is not tune nicely. As 

peak and settling time decrease, damping ratio will 

increase cause the overshoot decrease. Actually, FLC can 

tune more until get the best result. FLC requires someone 

who has a lot of experience in designing fuzzy controller.  

Rise time, Tr is the time required for the 

waveform to go from 0.1 of the final value to 0.9 of the 

final value. Peak time, Tp is the time required to reach 

maximum or peak. Percent overshoot, %OS is the amount 

waveform overshoots the steady-state, percentage of the 

steady-state value. Settling time, Ts is the time required 

oscillations to reach and stay within ±2% of the steady-

state value. 
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CONCLUSIONS 
As a conclusion, both PID and FLC controllers 

can be used to tuning the certain parameters to get the high 

performance response. The PID auto tuning show that it’s 

tuning is not always be the excellent value compared to 

manual tuning. The tuning of FLC will be easier and faster 

with several tips as explained in this paper. For users with 

limited knowledge of tuning of FLC or in designing FLC 

itself, this paper can be used as a guideline to design FLC 

with good performances compared with conventional 

controller. The FLC tuning process through trial-and-error 

approach may still be required but certainly it is not the 

best method. After describing several rules of thumb to 

tune the FLC, no trial and error approach is needed. 
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