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Abstract— The stability of the system gets affected due to 

several disturbances caused because of the nonlinear nature 

of the system. The most important factor is to achieve stable 

power system, but Controlled operation of power systems is 

very critical for this reason there is a need of an adaptive 

control technique. PID controllers are widely used due to 

their simplicity and ease of re-tuning on-line. Several tuning 

methods such as Pattern Search (PS), Genetic Algorithm 

(GA), Particle Swarm Optimization (PSO) and Ant colony 

optimization (ACO) are being used for the optimum setting 

of PID controller parameters so as to improve the system 

stability. In this paper the performance of PID controller 

tuned by genetic algorithm optimisation technique so as to 

design an optimum controller. 
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I. INTRODUCTION 

The PID controller is regarded as the workhorse of the 

process control industry. Its widespread use and universal 

acceptability is attributed to its simple operating algorithm, 

the relative ease with which the controller effects can be 

adjusted, the broad range of applications where it has reliably 

produced excellent control performances, and the familiarity 

with which it is perceived amongst researchers and 

practitioners within the process control community). In spite 

of its widespread use, one of its main short-comings is that 

there is no efficient tuning method for this type of controller. 

In this thesis a method for designing the PID 

controller of Automatic Voltage Regulator (AVR) is 

presented. The aim of AVR is to maintain the system voltage 

between limits by adjusting the excitation of the machines. 

The automatic voltage regulator senses the difference 

between a rectified voltage derived from the stator voltage 

and a reference voltage. This error signal is amplified and fed 

to the excitation circuit. The change of excitation maintains 

the AVR balance in the network. 

In this thesis the various time integral performance 

criteria has been explained and their simulation results are 

compared. The various time integral performance criteria are: 

1) Integral Absolute Error (IAE) 

2) Integral Time Absolute Error (ITAE) 

3) Integral Square Error (ISE) 

4) Integral Time Square Error (ITSE) 

By applying these methods we are reducing the error of 

the system so that the stability of the system is improved. For 

applying the above four methods of integral performance 

criteria we are using a optimization technique named as: 

A. Genetic Algorithm (GA) 

Given this brief background, the main objective of this study 

is to develop a tuning methodology that would be universally 

applicable to a range of popular processes that occur in the 

process control industry. 

MATLAB is here used to analyze the performance 

of GA, for stability enhancement of the system. The 

comparative study is based on the tuning parameters obtained 

for controller by the technique GA, and the time domain 

analysis (rise time, settling time) of the system. Transfer 

functions are derived for the amplifier, exciter and generator. 

The values of rise time, settling time, maximum overshoot 

etc. are observed for uncontrolled system and then controller 

is designed so as to be keeping them within range for stable 

operation. 

Genetic algorithms can be found in many 

applications in biogenetics, computer science, engineering, 

economics, chemistry, manufacturing, mathematics, physics, 

and other fields. 

II. DESCRIPTION OF AN AVR SYSTEM 

The role of an AVR is to control the terminal voltage 

magnitude of a synchronous generator at a desired level. The 

AVR system consists of generators, amplifiers, exciters, and 

sensors, the four major components in an AVR system. To 

evaluate the performance of the AVR, transfer functions of 

these components are represented as follows. 

A. Amplifier 

The amplifier model is presented by a gain Ka and a time 

constant Ta, where the transfer function is defined as follows: 
𝑉𝑅(𝑆)

𝑉𝑒(𝑆)
=  

𝐾𝑎

𝑠𝑇𝑎+1
    ……….. 1 

The typical values of Ka gain change from 10 to 400. 

The amplifier time constant Ta often ranges from 0.02 to 0.1 

s. 

B. Exciter Model 

The transfer function of an exciter model is described by a 

gain Ke and a single time constant Te , where the transfer 

function is defined as follows: 
𝑉𝐹(𝑆)

𝑉𝑅(𝑆)
=  

𝐾𝑒

𝑠𝑇𝑒+1
 ………….2 

Typical values of Ke gain change from 10 to 400. 

The time constant Te changes from 0.5 to 1.0 s. 

C. Generator Model 

The transfer function of the linearized generator model is 

defined as follows: 
𝑉𝑡(𝑆)

𝑉𝐹(𝑆)
=  

𝐾𝑔

𝑠𝑇𝑔+1
 …………3 
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Where Kg is the gain and Tg is the time constant. 

These values are load-dependent, and Kg may change from 

0.7 to 1.0 and Tg from 1.0 to 2.0 s, from full load to no load 

[10]. 

D. Sensor Model 

The sensor model of the system is represented by the 

following first-order transfer function. The ratio Vs (s) / Vt (s) 

is given by: 
𝑉𝑠(𝑆)

𝑉𝑡(𝑆)
=  

𝐾𝑠

𝑠𝑇𝑠+1
……………4 

Where Ts has a small value. This value varies from 

0.001 to 0.06 s and Ks is from 1.0 to 2.0 

E. PID Controller 

PID controller is one of the earlier control strategies 

commonly used in feedback control of industrial control 

systems [11]. This controller has been successfully used for 

more than 60 years. The parallel connections of the controller 

components are used to define the design of the PID 

controller. It is given in Figure 1. From this diagram, the 

transfer function of the PID controller is found to be 

𝐺(𝑠) =
𝑈𝑠

𝐸𝑠

= 𝐾𝑝 +
𝐾𝑡

𝑠
+ 𝐾𝑑𝑠 

Where Kp refers to the proportional gain. This gain 

increases the loop gain. In this way, the system is less 

sensitive to disturbances, where Kd is the differential gain. It 

improves transient response by means of high- frequency 

compensation. Ki is the integral gain and it helps to reduce 

steady-state errors by means of low- frequency compensation 

[12] 

 
Fig. 1: Block Diagram of the Parallel PID Controller 

III. THE AVR SYSTEM WITH THE PID CONTROLLER 

The block diagram of an AVR compensated with PID 

controller is shown in Fig 5.1. 

The proportional integral derivative (PID) controller 

is used to improve the dynamic response as well as to reduce 

& eliminate the steady-state error. The derivative controller 

adds a finite zero   to the open-loop plant transfer function 

and improves the transient response. The integral controller 

adds a pole at the origin and increases the system type by one 

reduces the steady -state error due to step function to zero. 

The PID controller transfer function is 

GC(s)   = KP + KIs + KDs 

 
Fig. 2: Transfer Function Model of AVR System with PID 

Controller 

The transfer function of AVR system with the PID controller 

is described in Eq. (5). 
∆𝑉𝑠(𝑆)

∆𝑉𝑟𝑒𝑓(𝑆)

=  
(𝑠2𝐾𝑑 +  𝑠𝐾𝑝 + 𝐾𝑖) (𝐾𝑎𝐾𝑒𝐾𝑔) (1 + 𝑠𝑇𝑠)

𝑠(1 + 𝑠𝑇𝑠) (1 + 𝑠𝑇𝑒)(1 + 𝑠𝑇𝑔)(1 + 𝑠𝑇𝑠) + (𝐾𝑎𝐾𝑒𝐾𝑔𝐾𝑠) (𝑠2𝐾𝑑 + 𝑠𝐾𝑝 + 𝐾𝑖)
 

………………………….5 

IV. OPTIMIZATION MODEL 

 
Fig. 3: AVR SYSTEM with PID for Optimization 

Figure: 3 indicates the model of an Automatic voltage 

regulator with a PID controller. It consists of an amplifier, an 

exciter and a generator in series. A sensor is connected in a 

feedback path with the input. So after taking the response of 

the system with PID controller the various performance 

parameters of the system are obtained. 

 
Fig. 4: Terminal Voltage Step Response with PID Controller 

By introducing a PID controller the characteristic 

response of the system is improved. Using the PID controller 

the dynamic response of the system is improved and the 

steady state error of the system is reduced. Hence, due to this 

reason the stability of the system is improved. 

While introducing a PID controller the value of the 

three constants ie kp ,=1 , ki =0.28 and kd = 0.25 , taken by hit 

and trial method. The various performance parameters of the 

system obtained are Mp=4.40%,Ts=2.6s,Tr=0.34s and 

Ess=0.Hence we can say that the response of the system is 

now improved as compared to the response without PID 
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controller. So general approaches for feedback controller 

tuning are applied. 

V. ITAE CRITERIA IN AUTOMATIC VOLTAGE REGULATOR 

Figure 5 indicates the automatic voltage regulator using ITAE 

criteria. It consists of an amplifier, an exciter and a generator 

in series with a PID controller. A sensor is connected in a 

feedback path to the input. Here integrator is connected to a 

product value which is then connected to an absolute function 

value in series with it which is then applied across the PID 

controller through which various response is obtained. 

 
Fig. 5: Model of ITAE Criteria in AVR 

Response of Integral Time Absolute Error (ITAE) 

criteria using GA. 

The graph for the terminal voltage step response with GA is 

shown below: 

 
Fig. 6: Output Response with GA for ITAE 

 kp ki kd Ts Tp 

GA_ITAE 0.9877 0.2587 0.2458 5.3 s 1.75 s 

Table 1: Time Response Specification of Step Response 

with GA for ITAE 

We obtain kp = 0.9877, ki 0.2587and kd 0.2458. The 

step response of the GA-PID controller system for ITAE is 

shown above. The settling time is 5.3 sec, and the peak time 

is 1.75s 

VI. IAE CRITERIA IN AUTOMATIC VOLTAGE REGULATOR 

 
Fig. 7: Model of IAE Criteria in AVR 

 Response of   Integral Absolute Error (IAE)  criteria 

using GA 

The graph for the terminal voltage step response with GA is 

shown below. 

 
Fig. 8: Output Response with GA for IAE 
 Kp ki kd Ts Tp 

GA_IAE 0.9980 0.2625 0.2477 5.2s 1.5s 

Table 2: Time response specification of step                           

response with GA for IAE 

Table 2 indicates when the GA   technique to tune 

the PID parameters kp,ki and kd to meet the system 

performance criteria. We obtain kp 0.9980, ki = 0.2625  and 

kd = 0.2477. The settling time is 5.2sec, and the peak time is 

1.5sec. 

VII. ISE CRITERIA IN AUTOMATIC VOLTAGE REGULATOR 

 
Fig. 9: Model of ISE Criteria in AVR 

 Response of   Integral Square Error (ISE)  criteria using 

GA 

The graph for the terminal voltage step response with GA        

is shown below. 

 
Fig. 10: Output Response with GA for ISE 
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 Kp ki kd Ts Tp 

GA_ISE 1.0000 0.3250 0.2397 5.3s 1.8s 

Table 3: Time response specification of step response with 

GA for ISE 

Table 5.3 indicates when the GA technique to tune 

the PID parameters kp,ki and kd to meet the system 

performance criteria. We obtain kp = 1, ki = 0.3250 and kd = 

0.2397. The settling time is 5.3s, and the peak time is 1.8s. 

Automatic Voltage Regulator using ITSE criteria 

 
Fig. 11: Model of ITSE Criteria in AVR 

 Response of   Integral Time Square  Error (ITSE)  criteria 

using GA 

The graph for the terminal voltage step response with GA is 

shown below. 

 
Fig. 12: Output Response with GA for ITSE 

 Kp ki kd Ts Tp 

GA_ITSE 1 0.2915 0.2406 3.2s 1.6s 

Table 4: Time response specification of step response with 

GA for ITSE 

Table 4 indicates when the GA technique to tune the 

PID parameters kp,ki and kd to meet the system performance 

criteria. We obtain kp = 1,  ki = 0.2915  and kd = 0.2406.The 

settling time is 5.2s, and the peak time is 1.5s. 

VIII. CONCLUSION 

In this thesis various tuning methods are classified. 

According to that they are implemented for the stability 

enhancement of the system. 

1) Out of the various controller tuning at first the trial and 

error method was applied for the selection of parameters. 

But through result we come to know that the trial and 

error method was not appropriate. 

2) So we use the various time integral performance criteria. 

Various time integral performance criteria has been 

explained and their simulation results are compared. 

3) We have applied the genetic algorithm technique to tune 

the PID parameters kp, ki and kd to meet the system 

performance criteria for various time integral 

performance criteria. 

4) We have compared the different time integral criteria for 

the Automatic Voltage Regulator (AVR) system. 

5) After comparing the peak time of all the time integral 

criteria it has been observed that ITAE & ISE time 

integral criteria provide the highest peak time of about 

1.75 seconds. 

6) After comparing the settling time of all the time integral 

criteria it is observed that IAE & ITSE time integral 

criteria gives the smallest settling time of about 5.2 

seconds. 
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