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Abstract--- In this Paper, a systematic approach to fuzzy 

logic controller based power system stabilizer (FLPSS) is 

designed for stability enhancement of a single machine 

infinite bus system. In order to accomplish the stability 

enhancement, speed deviation and acceleration of the rotor 

of synchronous generator were taken as the inputs 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 system with FLPSS is compared 

with the system having Conventional PSS (CPSS) and 

system Without PSS (WPSS). Simulation results show the 

FLPSS gives better performance than the CPSS. The 

simulations were tested under different operating conditions, 

and also tested with different numbers and types of 

membership functions. 

Key Words: - Power system stabilizer, SMIB, WPSS, 

CPSS, and FLPSS 

I. INTRODUCTION 

Stabilizers are widely used to improve the stability of 

synchronous generators in power systems. Conventional 

stabilizers of fixed structure and constant parameters are 

tuned for one operating point and can give optimal 

performance for that condition. Because the characteristics 

of power system elements are non-linear, the conventional 

stabilizers cannot provide optimal performance for all 

operating conditions. A large number of generators these 

days are equipped with such analogue-type stabilizers to 

improve their dynamic behavior. In the past decade, 

however, much effort has been directed towards the 

development of microcomputer-based digital controllers, 

such as self-tuning power system stabilizers, to generate 

desired supplementary stabilizing signals in order to 

improve the overall power-system stability. Such schemes 

based on advanced control strategies can easily be 

implemented with high reliability [3].  

The power system is a dynamic system. Due to the 

changing angle of the abnormal voltage generator are being 

subjected. These disturbances are extinguished, has reached 

a new state of acceptable steady state operation. It is 

important that these shocks do not handle the system is 

unstable condition. The conventional power plant works 

with continuously acting AVR to improve the transient 

stability of system. The high gain of AVR has a 

destabilizing effect on power system. The power oscillations 

of small magnitude and high frequency which often persist 

in power system, present the limitation to the amount of 

power transmitted within the system. To improved 

performance by adding damping to the system by employing 

power system stabilizer. 

The gain settings most commonly used 

conventional PSS are fixed at a certain value, where is the 

difference PSS leadership. They can provide good 

performance of CPSS parameters, where around a nominal 

operating point of the power system are determined based 

on a linearized model. 

To improve performance of CPSS, several 

techniques are use, such as optimization methods 

intelligence (simulated annealing, genetic algorithms, fuzzy 

neural networks, and many other non-linear techniques) that 

use, as has been proposed for the design. 

Stabilizers power fuzzy logic system (FLPSS) has 

been proposed to overcome this problem. Fuzzy logic 

control has several advantages, such as low computational 

time and robustness seems to possess. Fuzzy logic nonlinear 

system variable in time and well defined, is the one shown 

in the best way. 

In this paper fuzzy system stabilizer power is 

presented with a single machine infinite bus system. In 

generator representation using standard represents a second-

order system. Speed deviation and the acceleration deviation 

are taken as inputs. Performance is studied for trapezoidal, 

Gaussian and triangular membership functions of fuzzy sets 

and compared with conventional lead-lag compensator. It 

has been implemented in Simulink simulation. Functions of 

Gaussian and triangular membership of fuzzy sets and 

compared with lead-lag compensator conventional. The 

simulation has been implemented in SIMULINK. 

II. SYSTEM MODELING  

The system comprises of synchronous machine, excitation 

system and power system stabilizer model. The system 

model is developed as follows [2]:-  

  Synchronous Machine Model  A.

The configuration of synchronous machine connected to 

infinite bus through transmission network is represented as the 

Thevenin’s equivalent shown in Fig. 1. 

 
Fig. 1: The equivalent of synchronous machine connected to 

infinite bus 
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Where, Tm and Te are the prime mover input and electrical 

output torques respectively, H is the inertia constant,   and 

  are rotor angle and speed respectively.  
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  Excitation System Model  B.

The thyristor excitation system as shown in Fig. 2 is 

considered. The nonlinearity associated with the ceilings 

EFMAX and EFMIN, is ignored for small-disturbance 

studies. 

 
Fig. 2: Thyristor excitation system 

The equations governing the exciter model are [2]:- 

     
 

  
                 (5) 

                        (6) 

                    (7) 

 Power System Stabilizer Model  C.

The PSS is used to provide damping to electromechanical 

oscillations. The PSS counters the oscillations by forcing 

the change in excitation level appropriately. Without PSS, 

the reduced damping in power system is due to phase lags 

resulted by the field time constants and the phase lags in the 

normal voltage regulation loop. The PSS uses phase 

compensation by adjusting the timing of correction signal 

opposing the rotor oscillations. A power system stabilizer 

can therefore increase the generator’s damping coefficient. 

The PSS as shown in Fig. 3 has three components, the phase 

compensation block, the signal washout block and gain 

block. The phase compensation block provides the 

appropriate phase lead characteristics to compensate for the 

phase lag between exciter input and generator electrical 

torque. The signal washout block serves as high pass filter, 

with time constant Tw high enough to allow signals 

associated with oscillations in ωr to pass unchanged. The 

stabilizer gain KSTAB determines the amount of damping 

introduced by PSS. For the conventional PSS following 

transfer functions is considered: 

     
   

     
                       

    
     

     

                          

Tw is the washout filter time constant. The 

implementation of the PSS in K constant model is shown 

in Fig. 4.  

 

Fig. 3: Conventional lead-lag PSS 

 

Fig. 4: Block diagram representation with AVR and PSS 

III. FUZZY LOGIC BASED POWER SYSTEM STABILIZER  

Fig 5 Shows the schematic diagram of a synchronous 

generator excitation control system along with a Fuzzy 

Logic controller based Power System Stabilizer (FLPSS). 

 
Fig. 5: Block diagram of a synchronous generator excitation 

control system with FLPSS. 

IV. FUZZY CONTROL SYSTEM  

Since the concept of fuzzy logic given by Zadeh in 1965, it 

has found applications in various areas including a 

controller for power system stabilizer. A fuzzy controller, as 

shown in Fig. 5, comprises of four stages: fuzzification, a 

knowledge base, decision making and defuzzification. The 

fuzzification interface converts input data into suitable 

linguistic values that can be viewed as label fuzzy sets. The 

knowledge base comprises knowledge of application 

domain and attendant control goals by means of set of 

linguistic control rules. The decision making is the 

aggregation of output of various control rules that simulate 

the capability of human decision making. The 

defuzzification inference performs scale mapping, which 

converts the range of values of output variables into 

corresponding universe of discourse. 
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Fig. 6: The principle design of fuzzy logic controller 

The fuzzy controller design consists of the following steps:-  

 Identification of input and output variables. 

 Construction of control rules.  

 Establishing the approach for describing system state in 

terms of fuzzy sets, i.e. establishing fuzzification 

method and fuzzy membership functions.  

 Selection of the compositional rule of inference. 

 Defuzzification method, i.e., transformation of the 

fuzzy control statement into specific control actions. 

V. SELECTION OF INPUT SIGNALS OF FLPSS 

The first step in designing a fuzzy logic power system 

stabilizer (FLPSS) is to decide which state variables 

representing system dynamic performance must be taken as 

the input signal to FLPSS. However, selection of proper 

linguistic variables formulating the fuzzy control rules is 

very important factor in the performance of fuzzy 

controllers. For the present investigations generator speed 

deviation ∆  and acceleration   ̇are chosen as input signals 

to FLPSS. In practice, only shaft speed deviation ∆  is 

readily available. The acceleration signal can be derived 

from speed signals measured at two sampling instant by the 

following expression: 

  ̇     
                 

 
                       

VI. MEMBERSHIP FUNCTIONS 

After choosing proper variables for input and output of 

fuzzy controllers, it is important to decide on the linguistic 

variables. The linguistic variables transform the numerical 

values of the input of the fuzzy controllers to fuzzy values. 

The number of these linguistic variables specifies the quality 

of control, which can be achieved using fuzzy controller. As 

the number of linguistic variables increases, the quality of 

control increases at the cost of increased computer memory 

and computational time. Therefore, a compromise between 

the quality of control and computational time is needed to 

choose the number of variables. For the power system under 

study, five linguistic variables for each of the input and 

output variables are used. The linguistic variables are 

labeled as shown in Table1.Membership Function     

Negative big NB 

Negative Small NS 

Zero ZO 

Positive Small PS 

Positive big PB 

Table. 2: Decision Table (Rule Base) with Five 

 

Membership Functions for each of the two input signals 

   ∆  

 

∆ ̇ 

NB NS ZO PS PB 

NB NB NB NB NS ZO 

NS NB NS NS ZO NS 

ZR NB NS ZO PS PB 

PS NS ZO PS PS PB 

PB ZO PS PB PB PB 

After replacing the conventional PSS block by 

fuzzy controller block, the representation of fuzzy logic 

controller implemented on single machine infinite bus 

system can be shown in the Fig. 6. The fuzzy module has 

two inputs namely the angular velocity and its derivative i.e. 

angular acceleration and output parameter as voltage. These 

are normalized by gains Kin1, Kin2 and Kout respectively 

to match the range on which the membership functions are 

defined. Parameters Kin1, Kin2 and Kout are tuned to give 

the desired response. 

 

Fig. 7: Block diagram represent with FLPSS 

 

Fig. 8: Simulink model of FLPSS 

VII. RESULTS AND DISCUSSION 

The performance of single machine infinite bus system with 

Conventional (lead-lag) PSS and fuzzy PSS has been 

studied in SIMULINK model. Shown in fig.7. 

Corresponding to the system data specified in Appendix, the 

K-coefficients are calculated as K1=0.7636, K2=0.8644, 
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K3=0.3231, K4=1.4189, K5 =-0.1463, K6=0.4167. 

Kin1=1.8, Kin2=29.58, Kout=1.05. 

The constant K5 has important bearing on system 

performance. The K5 can have positive value for low 

reactance and low power output and have negative value for 

high reactance and high power out-put. 

 
Fig. 9: comparison result of angular position of WPSS,CPSS 

and FLPSS. 

 
Fig. 10: Comparison results of angular speed of WPSS, 

CPSS and FLPSS. 

Studies show that the system reaches its steady 

state value much earlier with fuzzy logic power system 

stabilizer compared to conventional & without power 

system stabilizer. As shown in fig.9 &fig.10 with fuzzy 

logic the variation in angular speed reduces to zero in about 

2.5 seconds, while Conventional power system stabilizer 

takes about 6 seconds to reach its final steady state value. 

 
Fig. 11: Different operating condition of CPSS 

 
Fig. 12: Different operating condition of FLPSS 

Shown infig.11 & 12 the response of variation of 

angular  speed  with different operating conditions 10% & 

20% step change in mechanical input with Conventional 

PSS& FLPSS. It depicts that angular speed  stabilizes after 4 

second with very few oscillations in Conventional PSS, 

while  in fuzzy logic it takes 2.5 seconds. 

 
Fig. 13: Comparison result of different number of 

membership function 3,5& 7.(Trapezoidal MF) 

 
Fig. 14: Comparison result of different number of 

membership function 3,5& 7.(Triangular  MF) 

 
Fig. 15: comparison result of different number of 

membership function 3, 5& 7. (Gaussian MF) 

as shown in fig.13 ,14 &15 the dynamic 

performance of FLPSS  with5- MF is  superior compared to 

3 &7-MF.Studies show that there is no merit in increasing 

number of MFs from 5 to 7 & not desirable to decrease the 

number of MFs from 5 to 3.  

 
Fig. 16: comparison result of different types of membership 

function (Trapezoidal, Triangular &Gaussian MF) 

 As shown in fig. 16 the performance of FLPSS 

with Triangular Membership function is superior compared 

to trapezoidal & Gaussian membership function .The system 

become stable  in nearly 3 seconds with triangular 

membership function. 

VIII. CONCLUSIONS 

The Simulation Results Shows that the FLPSS provide 

better damping of oscillation as compared to Conventional 

PSS (lead-lag).We considered the Triangular, Gaussian and 

Trapezoidal Membership functions. Investigation Reveal 

that the dynamic performance of FLPSS with Triangular 

membership function is Superior Compared to other 

Membership functions. There is no merit in increasing & 

decreasing number of Membership Functions from 5 to 7 & 

5 to 3. 
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IX. FUTURE ENHANCEMENT 

Having gone through the study of FLPSS for single machine 

infinite bus system, the further scope of the work may be 

identified as – (a) Extend the FLPSS to actual multi-

machine interconnected system. (b) The work done in this 

thesis is focused on rotor speed as an input variable. For 

further work frequency can be taken as input parameter. 

X. APPENDIX  

 Synchronous machine parameters:  A.

P=0.9, Q=0.3, Et=1.0, f=50, Xd=1.81, Xq=1.76, Xd1=0.3, 

XL=0, Xe=0.65, Ra=0.003, Tdo1=8.0, H=3.5, =314, Kd=0, 

TR=0.02, ETmag=1.0, Ladu=1.65, Ladu=1.60, Rfd=0.0006, 

Lfd=0.153, Ksd=0.849, Ksq=0.849, KsdI=0.434, 

KsqI=0.434, ASAT=0.031, BSAT=6.93, =0.8, Frequency of 

oscillation(in rad/sec)=10. The standard IEEE type ST1A 

excitation system model has been considered for the study 

with parameters as: - KA = 200, TR = 0.02. The parameters 

of PSS are:- T1=0.154, T2=0.033. 
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