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Abstract— Power systems are subjected to low frequency 

disturbances that might cause loss of synchronism and an 

eventual breakdown of entire system. The oscillations, which 

are typically in the frequency range of 0.2 to 3.0 Hz, might be 

excited by the disturbances in the system or, in some cases, 

might even build up spontaneously. These oscillations limit 

the power transmission capability of a network and, 

sometimes, even cause a loss of synchronism and an eventual 

breakdown of the entire system. For this purpose, Power sys-

tem stabilizers (PSS) are used to generate supplementary 

control signals for the excitation system in order to damp 

these low frequency power system oscillations. Power system 

stabilizer (PSS) based on four controllers were implemented 

on a single machine infinite bus system for attaining stability. 

Four controllers used were PI, PD, PID and Fuzzy. Then a 

comparison study was done with the above controllers. These 

results were simulated in MATLAB. Each controller has its 

own advantages and disadvantages. The comparative study 

was done for speed deviations, load angle deviations and 

terminal Voltage deviations. Different types of controllers 

like Proportional-plus derivative (PD), Proportional-plus-

integral (PI), Proportional-plus-derivative-plus-integral 

(PID) and Fuzzy Controllers were designed to stabilize the 

system. 
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I. INTRODUCTION 

Proportional-plus-integral controller consist of two terms 

producing an output which one is proportional to the input 

signal and other proportional to the integral of input signal. It 

improves the relative stability and steady state tracking 

accuracy. And Proportional-plus-derivative controller 

produces an output which consists of two terms, where one is 

proportional to input signal and other proportional to the 

derivative of input signal. The PD controller increases the 

damping of the system which results in reducing the peak 

overshoot. 

PID controller stabilizes the gain, reduces the steady 

state error and peak overshoot of the system. Whereas this 

fuzzy logic power system stabilizer to enhance the damping 

of generator oscillations in order to accomplish a stability 

enhancement. Speed deviation and acceleration of the rotor 

synchronous generator were taken as the input to the fuzzy 

logic controller. These variables take significant effects on 

damping the generator shaft mechanical oscillations. The 

stabilizing signals were computed using the fuzzy 

membership function depending on these variables.  

The performance of the fuzzy logic power system 

stabilizer was compared with the conventional power system 

stabilizer and without power system stabilizer. To achieve 

good damping characteristics over a wide range of operating 

conditions, speed deviation and acceleration of a synchronous 

machine are chosen as the input. Signal to the stabilizers. The 

stabilizing signal is determined from certain rules for rule-

based power system stabilizer. For fuzzy logic based power 

system stabilizer, the supplementary stabilizing signal is 

determined according to the fuzzy membership function 

depending on the speed and acceleration states of the 

generator. The simulation result shows that the proposed 

fuzzy logic based power system stabilizer is superior to rule-

based stabilizer due to its lower computation burden and 

robust performance.  

In last I compare the system with PSS and SVC, the 

fault is given for some seconds, the fault is removed by svc, 

but here is comparison is done with PSS or without PSS, in 

both cases svc is used, but settling time is decreased when 

PSS is used with SVC. 

II. CONTROLLERS FOR POWER SYSTEM STABILIZER 

A. PI Controller 

Proportional-plus-integral controller consist of two terms 

producing an output which one is proportional to the input 

signal and other proportional to the integral of input signal. It 

improves the relative stability and steady state tracking 

accuracy. 

B. PD Controller 

Proportional-plus-derivative controller produces an output 

which consists of two terms, where one is proportional to 

input signal and other proportional to the derivative of input 

signal. The PD controller increases the damping of the system 

which results in reducing the peak overshoot.  

C. PID Controller 

PID controller stabilizes the gain, reduces the steady state 

error and peak overshoot of the system. 

D. Fuzzy Controller 

1) Fuzzy Logic History 

The concept of fuzzy Logic (FL) was conceived by Lotfi 

Zadeh, a professor at the University of California at Berkley, 

who was published the first paper on fuzzy set theory in early 

1960's, which was presented not as a control methodology, 

but as a way of processing data. There are several advantages 

of using fuzzy control over classical control methods. As 

Lotfi Zadeh, who is considered the father of fuzzy logic, once 

remarked: "In almost every case you can build the same 

product without fuzzy logic, but fuzzy is faster and cheaper". 

2) Fuzzy Logic 

FL is a problem-solving control system methodology that 

lends itself to implementation in systems ranging from 

simple, small, embedded micro-controllers to large, 

networked, multi-channel PC or workstation-based data 

acquisition and control systems. It can be implemented in 

hardware, software, or a combination of both. FL provides a 

simple way to arrive at a definite conclusion based upon 

vague, ambiguous, imprecise, noise, or missing input 
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information. FL's approach to control problems mimics how 

a person would make decisions, only much faster FL 

incorporates a simple, rule-based IF X AND Y THEN Z 

approach to a solving control problem rather than attempting 

to model a system mathematically. 

Before illustrating the mechanisms which make 

fuzzy logic machines work, it is important to realize what 

fuzzy logic actually is. Fuzzy logic is a superset of 

conventional (Boolean) logic that has been extended to 

handle the concept of partial truth values between 

“completely true" and "completely false". As its name 

suggests, 

It is the logic underlying modes of reasoning which 

are approximate rather than exact. The importance of fuzzy 

logic derives from the fact that most modes of human 

reasoning and especially common sense reasoning are 

approximate in nature. 

The essential characteristics of fuzzy logic as 

founded by Lotfi Zadeh are as follows: 

 In fuzzy logic, exact reasoning is viewed as a limiting 

case of approximate reasoning.  

 In fuzzy logic everything is a matter of degree.  

 Any logical system can be fuzzified.  

 In fuzzy logic, knowledge is interpreted as a collection 

of elastic or, equivalently, fuzzy constraint on a 

collection of variables.  

 Inference is viewed as a process of propagation of elastic 

constraints. 

3) Fuzzy Set  

General definition of a set is that a set is a collection of objects 

distinct and perfectly specified. A part of a set is a subset. For 

example, let E is a finite referential set: =   , , ,  , , 

It can form a crisp subset of E, for example: =   ,  , 

If we present in the other form: 

 
In the classical set theory one element can either 

belong to a set, or not. This property can be represented by a 

degree of membership. In the case shown before, the element 

f belongs to A, and its degree of membership is 1. The 

element c doesn’t belong to A and its membership is 0. 

The main concept of fuzzy theory is a notion of 

fuzzy set. Fuzzy set is an extension of crisp set. Zadeh was 

giving the following definition: A fuzzy set is a class of 

objects with a continuum of grades of membership. Such a 

set is characterized by a membership (characteristic) function 

which assigns to each object a grade of membership ranging 

between zero and one. 

4) Membership Function (MF) 

Every fuzzy set can be represented by its membership 

function. The shape of membership function depends on the 

application and can be monotonic, triangular, and trapezoidal 

or bell shaped as shown in Figure 4 

 
Fig. 4: Different shapes of membership functions: 

monotonic, triangular, trapezoidal and bell-shape. 

5) General Structure of Fuzzy Logic Control “FLC" System 

Every fuzzy system is composed of five steps: 

 Fuzzification of input variables. (Transformation of the 

crisp inputs into degrees of match with linguistic 

variables).  

 Knowledge base (rules and parameters for membership 

functions use fuzzy operator AND, OR, NOT).  

 Decision making unit (inference operations on the rules).  

 Aggregation of the consequents across the rule.  

 Defuzzification interface (transformation of the fuzzy 

result of the inference into a crisp output)  

E. Review of Mamdani-Based FLC Design 

A Mamdani FLC is based on a set of control rules, called the 

fuzzy rules among the linguistic variables. These rules are 

expressed in the form of conditional statements. 

The necessary inputs to the decision-making unit 

blocks are the rule-based units and the data-based block units. 

The fuzzification unit converts the crisp data into linguistic 

formats. The decision-making unit decides in the linguistic 

format with the help of logical linguistic rules supplied by the 

rule base unit and the relevant data supplied by the data base. 

F. Rule Base of Fuzzy Controller 

The linguistic terms chosen for this controller are seven. They 

are negative large (NL), negative medium (NM), negative 

small (NS), zero (Z), positive small (PS), positive medium 

(PM) and positive large (PL). After assigning the input, 

output ranges to define fuzzy sets, mapping each of the 

possible seven input fuzzy values of speed deviation, active 

power deviation to the seven output fuzzy values is done 

through a rule base. Thus the fuzzy associative memory 

(FAM) comes into picture. The rules are framed keeping in 

mind the nature of the system performance and the common 

sense. 

 
Table 1: Membership functions for fuzzy variables  

Table 1 Defines for membership functions name for 

fuzzy logic controller 

 
Table 2: Decision table 

Table 2 Defines the decision table for fuzzy logic 

controller 

The De-fuzzification technique use here is centroid 

method, Centroid method is also known as center of gravity 

Method. 

The linguistic variables chosen for this controller are 

speed deviation, active power deviation and voltage. In this, 

the speed deviation and active power deviation are the input 

linguistic variables and voltage is the output linguistic 
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variable. Each of the input and output fuzzy variables is 

assigned seven linguistic fuzzy subsets varying from negative 

big (NB) to positive big (PB). Each subset is associated with 

a triangular membership function to form a set of seven 

membership functions for each fuzzy variable. 

III. CONCLUSIONS 

Various Structures for PSS are used in such as PI-PSS, PD-

PSS, PID-PSS & Fuzzy controller based power system. Each 

structure takes auxiliary input signal of  , angular speed 

deviation, and gives output
S

v . 

PI gives the relative stability; the system is 

undamped in case. Whereas PD gives the system output with 

an undamped, but combination of PI & PD gives the PID 

CONTROLLER. PD-PSS gives better stability than PI-PSS. 

PID-PSS gives better result than PI-PSS & PD-PSS. BUT 

Fuzzy controller gives better results than PID-PSS, PD-PSS 

& PI-PSS and so on. Among all structures we have used, 

FUZZY controller gives the best result. 

REFERENCES 

[1] J. Abdul Jaleel, ThanvyN,”Comparative Study between 

PL,PD,PID and Lead-Lag controllers for Power System 

Stabilizer”, 2013 International Conference on Circuits, 

Power and Computing Technologies [ICCPCT-2013]. 

[2] Mr. Polamuri Pradeep, Mr.N.Vamsi Krishna,” Analysis 

of Power System Stabilizer Using Fuzzy Logic 

Controller”, International Journal of Engineering 

Research & Technology (IJERT) July – 2012. 

[3] Tejaswita Khobaragade, Amol Barve,” Enhancement of 

Power System Stability Using Fuzzy Logic Controller”, 

International Journal of Power Electronics and Drive 

System (IJPEDS) Vol.2, No.4, December 2012, pp. 

389~401 

[4] Balwinder Singh Surjan, Ruchira Garg,” Power System 

Stabilizer Controller Design for SMIB Stability Study”, 

International Journal of Engineering and Advanced 

Technology (IJEAT) ISSN: 2249 – 8958, Volume-2, 

Issue-1, October 2012. 

[5] Manisha Dubey, Pankaj Gupta,” Design of Genetic-

Algorithm Based Robust Power System Stabilizer”, 

International Journal of Computational Intelligence, 

December 2011. 

[6] Vinayaka G Yaji, Abhishek G.S and K.N. Shubhanga,” 

MatSim - A Tool to Perform Power System Stability 

Studies”, CENTENARY CONFERENCE, 2011 – 

Electrical Engineering, Indian Institute Of Science, 

Bangalore. 

[7] Neeraj Gupta ,Sanjay K. Jain,” Comparative Analysis of 

Fuzzy Power System Stabilizer Using Different 

Membership Functions”, International Journal of 

Computer and Electrical Engineering, Vol. 2, No. 2, 

April, 2010. 

[8] D.K.Sambariya and Rajeev Gupta,” Fuzzy Applications 

in a Multi-Machine Power System Stabilizer”, Journal of 

Electrical Engineering & Technology Vol. 5, No. 3, pp. 

503~510, 2010 503. 

[9] S. Khanmohammadi, Omid Ghaderi,” Simultaneous 

Coordinated Tuning of Fuzzy PSS and Fuzzy FACTS 

Device stabilizer for Damping Power System 

Oscillations in Multi-Machine Power System”, 

published by IEEE august 2010. 

[10] M.Mary Linda, Dr.N.Kesavan Nair,” Dynamic Stability 

Enhancement with Fuzzy based Power System Stabilizer 

Tuned by Hottest Non-Traditional Optimization 

Technique”, 2010 Second International conference on 

Computing, Communication and Networking 

Technologies. 


