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Abstract: The automatic voltage regulator (AVR) system 

regulates the terminal voltage of generators. It can 

stabilize the voltage value when there is a sudden change 

in load. The main objective of AVR system is to reduce 

the error signal to zero or an acceptable value. The power 

system stabilizer (PSS) which is installed in AVR 

systems can improve power system stability. This system 

provides modulation of field voltage that damps the 

output power and low frequency oscillations through 

normal AVR control. Proportional - Integral - Derivative 

(PID) controller, one of the most successful controllers is 

used in the AVR - PSS system. The main disadvantage of 

the conventional PID controller lies in the optimal tuning 

of its parameters: proportional gain Kp, integral gain Ki 

and derivative gain Kd. In general, evolutionary 

algorithms are used in the optimal tuning of these 

parameters. In this paper, differential evolution (DE) 

algorithm is used for the optimal tuning of PID controller 

for the chosen AVR - PSS system. In this paper, the PID 

controller is optimally tuned for a specific objective 

function which is a relation between maximum peak 

overshoot Mp, rise time tr and settling time ts.  

 

Keywords: Automatic voltage regulator (AVR), power 

system stabilizer (PSS), differential evolution (DE), 

Proportional-Integral-Derivative (PID) controller, 

Objective function 

1. Introduction 

In modern interconnected power system, one of the most 

debilitating problems is that both active and reactive 

power are never steady and continuous variations will 

occur with changes in load. Due to such changes in load, 

imbalance occurs between power generation and load 

consumption, giving rise to frequency and voltage 

instability problems. The above problem is overcome 

using systems called automatic voltage regulators (AVR). 

[1] 

     An AVR is a system for automatically maintaining 

generator output terminal voltage at a set value under 

varying load and temperature conditions. However, AVR 

systems with high gain and fast response time have the 

disadvantage of poor damping for low frequency 

oscillations. Electromechanical oscillations of electrical 

generators are induced in power system due to such 

disturbances. These oscillations, also called power 

swings, must be effectively damped to maintain system 

stability [5]. Hence AVR systems are coordinated using 

power system stabilizers (PSS). 

     A PSS system acts as a supplementary controller to 

the excitation system. It provides damping regulation to 

the system [1]. Thus, by using AVR and PSS together we 

can improve the closed loop system damping ratio. 

However, oscillation stability is affected byhigh gain 

AVR and also PSS can reduce transient stability by 

overriding the voltage signal to the exciter. To overcome 

these issues the PSS and AVR are dynamically 

interlinked with a PID controller[5]. 

 A PID controller consists of proportional (Kp), 

integral (Ki) and derivative (Kd) control actions [1]. A 

PID controller can be both manually tuned by trial and 

error and also in an automatic manner via algorithms. 

The disadvantage of manual tuning (trial and error) is 

that it is very tedious and a lengthy process. Therefore, in 

this paper we go for optimal tuning of the PID controller 

using an evolutionary algorithm. 

Several evolutionary algorithms have been proposed over 

the years for the optimal tuning of PID controller, such as 

Ziegler Nichols tuning, fuzzy logic, neural networks, 

genetic algorithm, particle swarm optimization, 

differential evolution etc. In this paper, we have opted to 

use Differential Evolution (DE)algorithm for tuning of 

PID parameters. 
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      DE is a population based search algorithm. It was 

proposed by Kenneth Price and Rainer Storn [3]. It was 

developed to optimize real parameters and real valued 

functions.In DE, a population of candidate solutions is 

maintained and new candidate solutions are created by 

the combination of pre-existing ones according to simple 

formulae. The candidate solution with the best fitness 

value for the optimization problem considered is 

retained[4]. 

      The rest of the paper is organized as follows: 

Modelling of AVR-PSS-PID system is described in 

section 2. Section 3 describes the problem formulation 

for the AVR-PSS-PID system. The detailed description 

of DE algorithm is presented in Section 4. Results 

obtained by implementing DE algorithm for AVR-PSS-

PID system is portrayed in section 5 and finally 

conclusion is drawn in Section 6. 

2. Modelling of AVR-PSS-PID system 

2.1.Automatic Voltage Regulator 

An AVR system is used to regulate the terminal voltage 

of a generator. It consists of amplifier, exciter and 

generator. The block diagram of the AVR system is 

shown in Fig. 1. 

 
Figure 1.  Block diagram of AVR system 

 

2.1.1. Generator Model 

 A first-order transfer function of generator, eG  is 

given by[2] 
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where gK represents the gain of the generator, and gT

represents the generator time constant. 

2.1.2. Amplifier Model 

 The transfer function of amplifier, aG  is given 

by [2] 

  
sT

K
G

a

a
a

+
=

1
    

     (2) 

where aK  represents the amplifier gain and aT represents 

the time constant of the amplifier. 

2.1.3. Exciter Model 

 The transfer function of a modern exciter, eG is 

represented by a gain and a single time constant and is 

given by [2] 
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where eK represents the gain of the exciter and eT

represents the exciter time constant. 

Therefore, the overall transfer function of the AVR 

system, ( )sTfAVR  is given by 
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2.2.Power System Stabilizer (PSS) 

The basic idea of PSS is to introduce pure damping term 

in order to control the negative damping effect of exciter.  

It acts as a supplementary controller to the excitation 

system. Damping regulation to the system is provided by 

it. The inputs to the PSS are speed, frequency and power 

or a combination of both. The PSS output voltage which 

is feedback to the excitation system to control the output 

of the exciter [1]. The block diagram of the PSS system is 

shown in Fig. 2. 

 
Figure 2. Block diagram of Power system stabilizer 

The PSS system transfer function, ( )sTfPSS  is given by: 
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2.3.PID Controller 
  

PID controller which is called as conventional 

controller,consists of proportional, integral and derivative 
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type of control actions. Proportional controllers control 

the recent errors, past errors are detected by integral 

controller and rate of change of errors are determined by 

the derivative controller [1]. The manual tuning of PID 

controllers is a time-consuming process.Thus, automatic 

tuning using algorithms is preferred. The PID controller 

transfer function, ( )sTf PID  is given by 

  =)(sTf PID
sK

s

K
K D

I
P ++   

     (6) 

 Inclusion of the PID controller has an effect on 

the time domain specifications of the system which is 

listed in Table 1. 

 

Table 1. Effect of PID controller on time domain  

specifications 

 

 

2.4 AVR-PSS system with PID Controller 

 
Using AVR - PSS together with PID controller greatly 

improves the closed loop system damping ratio. The 

AVR-PSS- PID system block diagramconsidered in this 

paper is shown in Fig. 3.  

 

 

Figure 4. Block diagram of AVR - PSS - PID system 

Therefore, the system transfer function, ( )sTF  is given 

by: 

 









++×









++

+
×














+++
=

××=

sK
s

K
K

sTsT

sTKT

sKsKsK

KKK

sTfsTfsTfsTF

d
i

p

W

SW

gea

gea

PIDPSSAVR

)1)(1(

)1(

)1)(1)(1(

)()()()(

2

1

 (6) 

 

3. Problem Formulation 

In large interconnected systems stability problems 

likelow frequency oscillations are common. 

Electromechanical oscillations must be damped out as 

quickly as possible. To do so, a simple way is to play 

with the performance indices of the system such as 

maximum peak overshoot ( pM ), settling time ( st ), rise 

time ( rt ).Therefore in order to improve the damping 

performance of power systems we go for coordinated 

tuning ofPID parametersfor an AVR system with PSS. 

 Choosing good control parameters pK , iK and 

dK gives rise to good step response and better stability 

performance to a system. The simultaneous tuning of 

above three control parameters is formulated as an 

optimization problem with the objective function 

represented by Eqn. (7). 

 min ( ) ( )srp ttMKF ++= βα    

     (7) 

where α and β are the weights  

 The above objective function is known as 

weighted objective function. We try to control the values 

of pM , rt and st by associating each with proper 

weights. The allocation of weights varies with different 

problem descriptions. In this paper, the main aim is to 

increase the damping performance of a AVR-PSS 

system. Therefore, more weightage is allocated to settling 

time and rise time i.e. � > �. But this does not mean that 

maximum peak overshoot has no effect on the damping 

performance, it does have a significant and considerable 

effect but in this paper, we have worked based on the 

following case. 

 The above optimization problem is subjected to 

following inequality constraints described in Eqn. (8) 

 Kp min < Kp < Kp max, Ki min <  Ki < Ki 

max and Kd min < Kd< Kd max      (8) 

where minpK , miniK and mindK are the minimum limits 

of proportional, integral and derivative gains respectively 
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and maxpK , maxiK and maxdK are the minimum limits 

of proportional, integral and derivative gains 

respectively.  

 Differential Evolution (DE) algorithm is applied 

to the above optimization problem subjected to a set of 

constraints in order to obtain optimized pK , iK and dK

values . The details of the chosen algorithm is given in 

the next section. 

4. Differential Evolution(DE) Algorithm 

The DE algorithm, is a population based stochastic, fast, 

simple and parallel search technique which emerged as a 

very competitive form of evolutionary computing. The 

first article on DE algorithm was a technical report 

prepared by R.Storn and K.V.Price in 1995[7][8][9]. As 

this optimization algorithm involves differential operator 

in the mutation stage, the algorithm is termed as 

differential evolution algorithm. The idea of applying 

difference operation to the vector comes from Nelder-

Mead algorithm and Controlled Random Search (CRS) 

algorithm. 

 This section explains the simple cycle of stages 

of DE algorithm and in the next section, the explanation 

for the choice of these parameters for the chosen problem 

is given. 

 

4.1.Initialization of parameter vectors 

The DE algorithm starts with initialization of parameter 

vectors or target vector of decision variables D  based on 

their upper and lower bounds. The population size N of 

the parameter vectors varies depending upon the problem 

which varies between D2 to D40 [15] [18] [19]. The 

parameter vector in DE algorithm is represented as 

( )D
G,iG,iG,iG,i x,...,x,xX

21= , where N,...,,i 21= and G

represents the current generation. These parameter 

vectors are generated randomly between predefined 

lower and upper bounds [ ]maxmin X,X  where 

( )D
minminminmin x,...,x,xX

21=  and  

( )D
maxmaxmaxmax x,...,x,xX

21= . 

In the DE algorithm, each decision variable in a 

parameter vector is initialized using Eqn. (9) 

 ( ) ( )i
min

i
max

i
j

i
min

i
G,j

xx,randxx −+= 10  

     (9) 

where 
i
jrand is a uniformly distributed random number 

lying between 0 and 1. 

 

4.2.Mutation 

The vector produced in the DE algorithm after the 

application of mutation strategy to the parameter vector 

G,iX  is known as mutant vector denoted as 

( )D
G,iG,iG,iG,i v,...,v,vV

21=  where N,...,,i 21= . It is this 

stage which differentiates between the various DE 

schemes.  Mutation is the process through which the 

search space can be explored to find the optimum 

solution of the given problem. The different mutation 

strategies which generates mutant vector from the target 

vector is explained in [16] and accordingly the DE 

algorithm is termed differently.In order to control 

perturbation and improve convergence and for easy 

implementation we have chosen the strategy 1 type 

mutation given in Eqn. (10). 

 DE/best/1: 

( )G,rG,rG,bestG,i XXFXV
21

−+=    

  (10) 

where 
GG

rr
,2,1

, are mutually exclusive integers which are 

randomly generated within [1, N ] which also differs 

from index i . The scaling factor or mutation factor F is 

a positive control parameter. It is used for scaling the 

difference vector. G,bestX is the best individual target 

vector with the best fitness (maximum or minimum value 

depending on the problem chosen) in the population of 

the current generation G [9] [14][15].  

 

4.3.Crossover 

In general, in any evolutionary algorithm the crossover 

operation is introduced to increase the diversity of the 

perturbed parameter or target vectors. In DE, the trial 

vector G,iU is produced by applying this operation to 

each pair of target vector G,iX and its corresponding 

mutant vector G,iV [9] [15]. The binomial crossover 

which is commonly employed in DE is given in Eqn. 

(11). 
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j
G,i

j
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where N,...,,i 21= , D,...,,j 21= , CR is the crossover 

rate which is a user-defined constant between 0 and 1, 

which controls the fraction of variables to be copied from 
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the mutant vector, 
j

irand is the randomly generated 

number between 0 and 1 and randj is the randomly 

chosen integer in the range [ ]D,1  which ensures that trial 

vector G,iU  differs from its target or parameter vector. 

4.4.Selection 

Selection is the last process in DE which decides whether 

or not the trial vector G,iU becomes the member of the 

parameter vector in the next generation. In DE, one-to-

one greedy selection scheme between the parameter 

vector and its trial vector is employed [17] as it enhances 

diversity when compared to other selection schemes and 

is given in Eqn.(12) [13]. 

 





=+
G,i

G,i
G,i

X

U
X 1

( ) ( )
otherwise

if G,iG,i XfUf ≤
 

    (12) 

where ( )G,iUf  and ( )G,iXf  are the fitness values of 

G,iU and G,iX . The above three steps are repeated until 

the termination point is reached (i.e. either by fixing the 

generations or when the best fitness of the population 

doesn't change appreciably over a number of successive 

generations or using a pre-defined value of objective 

function). 

5. Results and Discussions 

In this section, the results obtained for different values of 

α and β are presented.The maximum and minimum limits 

of Kp, Ki andKd is listed in Table 2[1] 

Table 2. Limits of PID controller gains 

Gains Maximum Minimum 

Proportional gain, Kp 1.5 0 

Integral gain, Ki 1 0 

Derivative gain, Kd 1 0 

The values of different parameters existing in the AVR-

PSS-PID system is listed in Table 3 [1]. 

Table 3. Parameter values in AVR-PSS-PID system 

 

The DE algorithm for the chosen AVR-PSS-PID system 

has been implemented in MATLAB 2013b on Intel (R) 

Core (TM) i3 - 2100 CPU 3.10 GHz with 8G-RAM. The 

different sets of α and β  for which the DE algorithm is 

implemented are:(i) Case 1 75.025.0 == βα , (ii) Case 

2 5.05.0 == βα  and (iii) Case 3 25.075.0 == βα . 

The different parameter values used in DE algorithm are 

100=N , 2.0=F  and 4.0=CR . The convergence 

characteristics obtained for different weights are shown 

in Figs. 5 to 7. 

 

 
 

 

  Figure 5. Convergence characteristics 

of Case1 

 

 
  Figure 6. Convergence characteristics of Case 2 

 

 

Figure 7. Convergence characteristics of Case 3 

From the above convergence graphs, it can be seen that 

the minimum value for the objective function is obtained 

when the value of the weights, � and �are 0.75 and 0.25 
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respectively. The details of pK , iK and dK  values 

corresponding to the minimum value of fitness function 

for all the three cases listed in Table 4. 

 

 

Table 4. PID controller gain values 

Control

ler gain 

,25.0 == βα
 

,5.0 == βα
 

,75.0 == βα
 

Proporti

onal 

gain, Kp 

1.499287 1.499466 1.499601 

Integral 

gain, Ki 

0.013147 0.013353 0.013285 

Derivati

ve gain, 

Kd 

0.000284 0.002077 0.001331 

 
Table 5. Time domain specifications of AVR-PSS-PID 

system 

 

The unit step response of AVR-PSS-PID system for the 

obtained PID controller gains for all the three cases is 

shown in Figs. 8 to 10.  

 

 

Figure 8. Step response of AVR-PSS-PID system 

 
Figure 9. Step response of AVR-PSS-PID system 

for case 2for case 1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10. Step response of AVR-PSS-PID system for 

case 3 

The time domain specification of the AVR-PSS-PID 

system for three different cases is listed in Table 5.  

 It can be inferred from Table 5, that for the 

weights 5.0,5.0 == βα , the AVR-PSS-PID system 

gets settled quicker at the desired output when compared 

to the other cases. Therefore, it can be concluded that the 

PID controller with gains 499.1=pK , 0133.0=iK

and 00277.0=dK produces an acceptable step response 

when compared to the others.  

 The importance of PID controller to AVR-PSS is 

proved by comparing the time domain specifications of 

Time domain    

specifications 75.0

,25.0

=

=

β

α

 

5.0

,5.0

=

=

β

α

 

25.0

,75.0

=

=

β

α

 

Rise time in seconds 2.5577 2.5579 2.5665 

Settling time in seconds 161.0086 159.2151 167.1114 

Maximum value 0.9999 1.0000 0.9992 

Peak time (seconds) 4.8493 4.8495 4.8521 

Steady state error 0 0 0 

Overshoot 0 0 0 
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AVR-PSS system with AVR-PSS-PID system and is 

presented in Table 6. 

Table 6. Comparison of time domain specification of 

AVR-PSS and AVR-PSS-PID system  

Time domain 

specifications 

AVR-PSS-

PID 

AVR-PSS 

Rise Time in seconds 2.5579 2.9583 

Maximum Value 1.0000 1.0626 

Peak time (seconds) 4.8495 6.3274 

Steady state error 0 0.5 

Overshoot in % 0 6.2645 

 

 It can be inferred from Table 6, that for the 

system without PID controller, some significant values of 

peak overshoot and steady state errors are obtained. Thus, 

an error of 50% and a high value of overshoot can be 

reduced with the incorporation of PID controller.For the 

system with PID controller, the steady state error is 

zero.In addition, the time domain specifications for 

different values of weights are more or less the same and 

hence depending on the requirements of the user, 

different values of weights can be chosen. 

 The robustness of the DE algorithm for the 

chosen AVR-PSS-PID system, 50 test runs are conducted 

and the statistical results of the test runs are presented in 

Table 7 for all the three cases. 

 

Table 7. Statistical analysis of AVR-PSS-PID system 

Statist

ical 

data 

0,25.0 == βα
 

,5.0 == βα
 

,75.0 == βα
 

Averag

e value 

2.692107 1.797135 0.899305 

Standa

rd 

deviati

on 

0.026104 0.014634 0.01165 

Maxim

um 

value 

2.824743 1.824669 0.942823 

Minim

um 

value 

2.668243 1.779841 0.889882 

 

6. Conclusion 

Analysis of an AVR system with PSS and PID controller 

was carried out using DE algorithm in this paper. The 

main objective of AVR system is to maintain the voltage 

at output a constant and well within specified limits. The 

low frequency oscillations present in the system are 

damped by PSS, by supplying a feedback current to the 

excitation system. The optimum PID controller 

parameters were obtained using DE algorithm. It can be 

concluded that for the conventional AVR system with 

PSS, the response of the system has high steady state 

error and peak overshoot. The reduction of these 

parameters can be achieved with the installation of a PID 

controller in the system. It can also be concluded that for 

α>β, the randomness in the results of the value of the 

fitness function are less or more independent of the 

number of test runs carried out to arrive at its optimum 

value.  
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