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Abstract: - The main advantage of the fuzzy logic controller (FLC) is that it can be applied to plants that are 

difficult to model mathematically, and the controller can be designed to apply heuristic rules that reflect the 

experience of human experts. This paper investigates the design and implementation of a fuzzy logic PID 

controller, then application of this fuzzy logic PID controller in synchronous generator excitation control system 

(AVR). It includes simulations for the justification of this design in MATLAB. This design uses the basic 

concepts of control system and also includes the mathematical models to represent the transfer functions of 

several components of automatic voltage regulator control system.  
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I. INTRODUCTION  
 The main motive of this paper is to design a regulator control system in such a manner to overcome the 

difficulties of complex mathematical model of the plant to be controlled, and to develop an intelligent control 

system, so that the regulator becomes independent of the system to be controlled and it generates controlling 

signals on the bases of experiences it faces during the operation. Also the system should be very simple to 

understand, and easy to program. Regulator control systems mostly use PID controllers which are given by [1]. 

 

The PID controller has two zeros and one pole. Generally an additional pole is required to limit the high-

frequency gain [2]. To develop the control law for fuzzy logic controller, which performs the function of PID 

control efficiently, the concept of digital PID is necessary. 

In case of digital PID controllers, the multiplication, integration and differentiation are performed numerically in 
digital computers [2].  

The transfer function of digital PID controller using numerical integration and differentiation is expressed in z-

transform [3].  

 
Fig 1 Digital PID controller 
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The basic control equation for PID is given by 

[2]      (1) 

where m(t) is the control signal and e(t) is the error signal. 

Diff erentiating (1): 

         (2) 
where m and e are time dependent variables. In discrete time (2) can be written as follows [4] 

  

 

 
where, 

T = sampling time. 

u = change in output ómô over one sampling time. 

V = change in error signal óeô over one sampling time. 

 

Characteristics of PI controller can be represented by the phase plane diagram shown below. A diagonal line 

where u=0, divides the area where u is positive and u is negative. 

In order to design a fuzzy controller based on PI control structure, the following definitions are made, 

Let E be the linguistic variable for the error e, 

V be the linguistic variable for the change in error over one sample time. 
U be the linguistic variable for control output u over one sample time.  

 
Fig 2 Characteristics of Fuzzy PI Controller  

Following fuzzy sets can be defined: 

LE = {NB, N, Z, P, PB} 

LV = {NB, N, Z, P, PB} 

LU = {NVB, NB, N, NS, Z, PS, P, PB, PVB} 

 

Each element of a linguistic variable set is a membership function of that variable. The present design uses three 

types of functions, s-function, z-function, and triangle function [5]. 
  

A. Membership Functions  

 

(1) For S-shaped  

 
 

(2) For Z-shaped 

II.  IMPLEMENTATION OF FUZZY LOGIC PID CONTROLLER 




