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Abstract:- Power system naturally suffers from oscillations due various forms of disturbances, which 
might lead to the poor power transmission ability, poor voltage stability and loss of synchronism. This 
paper develops a controller for damping oscillation due to the poor voltage stability using a hybrid fuzzy 
logic controller; a comparison is made between the proposed controller and a conventional PID controller 
for analysis and validation of result. The system was simulated in MATLAB/Simulink; the simulation 
result shows that the hybrid fuzzy controller outperforms the conventional PID controller by having less 
overshoot and a high disturbance rejection property. 
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1. INTRODUCTION 

Generally speaking, power systems are 
characterised with a low-frequency oscillation 
due to the variations in disturbances, which 
might lead to the hindrance of power transfer 
ability and possibility of cascading failures[1], 
[2].Also it is observed that one of the most 
challenging issues in power system is 
stability[3]. The stability of power system is 
generally affected as a result of sudden change 
in load, change in transmission parameters or 
periodic fluctuation in the speed of the alternator 
due to the fluctuations in the driving torque, 
exerted by the prime movers. Whenever the 
speed of an alternator changes with respect to 
the synchronous speed it gives variations in 
voltage and frequency[4]. 

 This problem can be fully analysed by studying 
a synchronous machine, which was the work 
horse of electricity generation, giving 
consideration to a single machine infinite bus 
system. Synchronous generator excitation 
control design is one the most important ways of 
improving power system stability[3] . Typically, 
AVR system (automatic voltage regulator)   
controls the output of the generator despite the 
stated disturbances, so that output voltage and 
reactive power can be maintained at specified 
values[5],[6] and [7]. 

Many control methods are proposed to realise 
voltage control and its stability, notably 
conventional control methods such as PID 
controller, state feedback controller and LQR 
etc. These control methods require mathematical 
model and other computational burden; also 
artificial intelligence (AI) control methods can 
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also be applied. Among the various AI methods 
is fuzzy logic control, the major advantage of 
fuzzy control is its lower computational burden 
and robustness. Moreover it does not require 
exact mathematical model before it is design, 
but rather expert knowledge[8],[1] and[9]. 

The purpose of this research is to design a 
hybrid fuzzy PD plus I and conventional PID 
controllers for a voltage stability and 
performance analysis. 

2. STUDY MODEL 

The system investigated in this study is SMIB 
(single machine infinite bus).  The machine is 
connected to the large transmission line can be 
reduced to SIMB system, by considering 
Thevenin’s equivalent model of the transmission 
network external to the machine. Because of the 
relative size of the system to which the machine 
is supplying power, the dynamics associated 
with machine will cause virtually no change in 
the voltage and frequency of the Thevenin’s 
voltage (infinite bus voltage). The Thevenin 
equivalent impedance can be can be calculated 
as (i.e. ) .  

The system considered in this study is fourth 
order system. The following equations describe 
the steady state operation of a single machine 
infinite bus system linearized to a particular 
operation point. 

2

2m
dT P M
dt

δ∆
∆ −∆ =                         (1) 

'
1 2 qP K K Eδ∆ = ∆ + ∆            (2) 

3 3 4
' '

31 1q fd
do do

K K KE E
sT K sT

δ∆ = ∆ − ∆
+ +
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'
5 6t qV K K Eδ∆ = ∆ + ∆                         (4) 

   

The K-terms are given in appendix. The relation 
between the speed and voltage control equations 
are given in terms of six constants terms 

 [10].  Figure 1.0 shows a linearized 
model of SMIB system. 

 

Figure: 1.0 Linearized model of SMIB system 

From the transfer function block diagram, the 
following state variables are chosen for single 
machine system.  The linearize differential 
equations can be written in the form state space 
form as 

                     (5) 
   

                                ( 6) 
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And  
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C=[ ]5 60 0K K                      (10) 

3. SYSTEM PARAMETERS 

Using the linearized state space mathematical 
model which represent the power system in 
equation (5)-(10), therefore by choosing the 
machine parameters at a normal operation 
condition as  

Machine (p.u): 

,  =0.245, , , 
D=0.0, and M=2H=4.74. 

Transmission line (p.u): 

,  

 Exciter: 

 s  

Operating points: 

, ,
, =0.1 and =53.740 

The matrix A is given in Equation (8) is 
evaluated as 

A=

0 377 0 0
1.423 0 1.9 0

0.1 0 0.1 0.10
1984.2 0 8004.2 20

 
 − − 
 − − −
 − − 

 

Consider the mechanical torque to be constant, 
the vector B can be obtained as: 

B=
0
0
0

8000

 
 
 
 
 
 

 

4. SYSTEM CONTROL 
ASSESMENT 

This section presented system’s control 
properties under the following headings 

i. Stability 

ii. Controllability 
iii.  Observability   

One of the system eigenvalues is positive, it can 
be said that the system is not stable; similarly, 
the system is state controllable and observable. 
The new system is stable with a PID based first 
order derivative filter controller tuned based on 
ITSE (Integral time square error). 

5. FUZZY LOGIC 
CONROLLER DESIGN 

Fuzzy controller consists of four basic blocks. 
These blocks include fuzzification, rule base, 
inference mechanism and defuzzification. A 
fuzzification involves conversion of crisp inputs 
into fuzzy membership values that are used in 
the rule base in order to execute the related rules 
so that an output can be generated[11]. An 
inference mechanism emulates the expert’s 
decision making in interpreting and applying 
knowledge about how to control the plant [11]. 
A defuzzification interface converts the 
conclusions of inference mechanism into the 
crisp control input for the process. A block 
diagram of fuzzy control system is shown in 
figure 2. 

 
 

Figure 2.0: A block diagram of fuzzy 
logic based controller 

In this controller, variables are divided into input 
and output. This controller uses two input 
variables Error   and Change in error  
one output variable U . These variables are 
related as follows: 
 
( ) ( ) ( )REF se k V k V k= −                      (11) 

 
( ) ( ) ( )1e k e k e k∆ = − −   (12) 
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Where ,  and  are reference input 
voltage, generator output voltage measured by 
the sensor and the sampling step respectively. 
As stated in first segment of this section the FLC 
inputs has to be fuzzified. This is carried out 
using a membership function which maps the 
crisp inputs into a fuzzy set. In this work 
triangular membership and trapezoidal member 
functions are used.  The linguistic variables used 
to describe the inputs  and  are 
Negative Big (NB), Negative Medium (NM), 
Negative Small (NS), Zero (Z), Positive Small 
(PS), Positive Medium (PM) and Positive Big 
(PB). Figure 3.0 shows membership function 
diagram. Similarly the linguistic variable 
describing the output  is mapped into a 
fuzzy set using the membership functions in 
figure 3. 

 
 

Figure 3.0: Membership function of input 
variable (Error) 

 
It can be seen that seven linguistic variables are 
used to map each of the input and each of the 
output variables, therefore we will have 7 × 7 = 
49 fuzzy rules as indicated in Table 1.0 
 

Table 1.0: Rule base 
 

 
 
 

 

NB NM NS Z PS PM PB 

NB NM NS Z PS PM PB Z 

NM PS PM PM PS PM Z PS 

NS NM NS Z PS PM PM PS 

Z Z PM PS PM Z PS PS 

PS Z Z PM PB PS Z PS 

PM Z PS PS PM PS Z PS 

PB Z PS PM PS PS PS PS 

 
The last stage of fuzzy logic controller is 
defuzzification. In this work we use centre of 
gravity defuzzification method, because it is 
widely used in fuzzy logic control application. 
The centre area method is given in the following 
equation [9]. 

( )
( )

( )

49

1
49

1

.i j j
J

j j
j

Z Z
U k

Z

µ

µ

=

=

=
∑

∑
                 (13) 

 
 

Where, U is the controller’s output (i.e. crisp 
control applied to the process input).  is the 
membership function  for j-th rule, and  is the 
control of the j-th rule. 

 
6. PID CONTROLLER 
FUNDERMENTAL AND 

DESIGN 
 

PID controller is chosen for comparison and 
validation of results. This controller is   realised 
using three terms namely, proportional term, 
differential term and integral term combined in a 
linear form. This controller is easy to implement 
and it is widely used in solving process control 
problem. Figure 4.0 shows the block diagram of 
PID controller in a process control. 
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Figure 4.0: Block diagram of PID controller in 

process control 
 
In time domain the PID controller can be 
modelled as follows; 

( ) ( ) ( ) ( ) ( )
0

t

p i d

de t
U t K e t K e d K

dt
τ τ= + +∫  (14) 

   

Where  and  are control and error 
signals respectively. The overall transfer 
function of the controller can be obtained by 
taking Laplace transformation assuming zero 
initial conditions, we have 

( ) ( ) ( )i
p d

K e s
U s K e s K s

s
= + +                   (15) 

( )
( )

i
p d

U s KK K s
e s s

= + +                               (16) 

            
     

Where  and  are proportional, integral 
and derivative constants respectively. The 
proportional term of PID reduces error due to 
disturbance, integral term eliminates steady-state 
error and the derivative term dampens the 
dynamic response, thereby improving system 
stability [3],[12]. 

The PID constants can be obtained through 
tuning thereby improving transient response and 
state error. A MATLAB sisotool is   used to find 
the terms of PID continuous controller based on 
integral of absolute error. Table 2.0 shows the 
value of PID constants. 

Table 2.0: PID constants 
Constants Values 
Proportional constant,  1.188 
Integral constant,  1.308 
Derivative constant,  -0.007407 
 
 
 

7. RESULTS 

The system is simulated using both hybrid 
Fuzzy logic and PID controllers for comparison 
and validation process.  The overall Simulink 
model of the control system at no disturbance is 
depicted in figure 5.0. 

 
Figure 5.0: Simulink model of the system using 

hybrid fuzzy logic and PID controllers at no 
disturbance 

The system response using the hybrid fuzzy and 
conventional PID controllers at no disturbance 
due to a step input is given in Figure 6.0. Table 
3.0 shows the calculated performance indices of 
the controllers under consideration. 
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Figure 6.0: System responses for a step input 
with no disturbance 

 
Table 3.0: Performance index of fuzzy logic 

controller and PID controller at no 
disturbance 

 
 

Performance index 
System 

response  
with 

hybrid 
FLC 

controller 

System 
response 
with PID 
controller 

Settling time 10.8986 3.3067 
Overshoot 363.2407 705.8367 
Rise Time 0.0454 0.0332 
Peak response 4.3308 8.0584 
 
Similarly, Figure 7.0 shows the system’s 
Simulink model when it was subjected to a 
disturbance and Figure 8.0 show the system 
response due to a step input when it is subjected 
to disturbance. Also Table 4.0 shows the 
calculated performance indices of the controllers 
when subjected to disturbance 

 
 

Figure 7.0: Simulink model of the system using 
hybrid fuzzy logic and PID controllers with a 

disturbance 

 
 

Figure 8.0: System responses for a step input at 
no disturbance 

 
Table 4.0: Performance index of fuzzy logic 

controller and PID controller when subjected 
to disturbance  

 
Performance index 

System 
response  

with 
hybrid 
FLC 

controller 

System 
response 
with PID 
controller 

Settling time 12.1095 12.5438 
Overshoot 334.2424 755.4239 
Rise Time 0.0469 0.0332 
Peak response 4.3308 8.0584 
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8. CONCLUSION  

In this study, a hybrid fuzzy logic controller is 
proposed to address voltage stability problem. 
Also a PID controller is developed and applied 
to the system to enable performance analysis. 
The simulation results showed good and 
desirable performance for hybrid fuzzy 
controller. Although the PID controller has 
shorter settling time at no disturbance, but it can 
be fully observed that one of the most important 
property of this method is that is has less 
overshoot, and high disturbance rejection 
compared to PID control method.  

APPENDIX 

All the variables with subscript of 0 are values 
of variables evaluated at their pre-disturbance 
steady-state operating point from the known 
values of P0, Q0 and Vt0. 

( ) ( )
20

22

o to
q

o q to o q

PVi
P x V Q x

=
+ +

                     (17) 

do qo qV i x=               (18)  

2 2
qo to toV V V= −                          (19) 

2

0
o q qo

d
qo

Q x i
i

V
+

=                      (20)  
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( ) ( )2 2

0o do e q qo e doE V x i V x i= + + −        (22)  
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+
=
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