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Abstract— This paper discusses conventional and meta-

heuristic methods to find optimal parameters of the 

proportional-integral-derivative (PID) controller for AVR 

system. In witch Ziegler-Nichols Technique (ZN) and 

Particle Swarm Optimization Technique (PSO) is described 

in detail to obtain the optimal PID controller parameters of 

an AVR system. The design goal is to minimize transient 

response so by minimizing overshoot, settling time and rise 

time of AVR system we can minimize transient response of 

AVR system. In proposed approaches PSO had superior 

features, including it can apply easily, getting batter 

solutions, and good computational efficiency. Compare the 

result of AVR system by using Particle Swarm Optimization 

Technique (PSO) and Ziegler-Nichols Technique (ZN). The 

obtained result of the PSO-PID shows excellent 

performance of the PID controller. 
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I. INTRODUCTION 

The aim of an AVR system is to maintain the terminal 

voltage of a synchronous generator within the allowable 

limit. Because, the destabilize AVR system would seriously 

affects the security of the power system. In general the AVR 

system has five basic elements such as amplifier, exciter, 

generator, sensor and comparator [1]. The real model of 

such a system is shown in Fig 1. Without control there are 

some oscillations which reduce the performance of the 

regulation. Thus, the PID block is connected to amplifier. 

PID controllers have been widely used for speed and 

position control of various system. Several conventional and 

meta-heuristic methods have been proposed for the tuning of 

PID controller. The most popular conventional tuning 

methods are Ziegler- Nichols (ZN), Cohen-Coon, Trial and 

error method and Linear Quadratic Regulator method 

(LQR). Unfortunately, without these different tuning 

techniques the optimum performance is not possible. The 

most popular meta-heuristic tuning methods are Genetic 

Algorithm (GA), Particle Swarm Optimization (PSO), Ant 

Colony Optimization (ACO), Simulated Annealing (SA), 

and bacterial Foraging (BF) [6]. PSO is one of the new 

Meta-Heuristic algorithm it was generated using simulation 

of a simplified social system, and has been found to be 

strong in solving continuous non-linear optimization 

problems [6].  

In this paper, a conventional method witch is ZN 

for tuning of PID controller for AVR system control is 

represented. Then meta-heuristic method witch is PSO 

method for tuning the PID controller parameters is 

proposed. Hear it is found that the PSO technique can 

generate a high-quality solution within smaller calculation 

time and stable convergence characteristic than ZN method.  

II. PID CONTROLLER 

The PID controller is used to advance the dynamic response 

as well as to lessen or exclude the steady-state error. The 

derivative controller adds a determinate zero to the open-

loop plant transfer function and advances the transient 

response. The integral controller adds a pole at the origin, 

thus advances system type by one and decreasing the steady-

state error due to a step function to zero. The PID controller 

transfer function is [1]. 
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Hear, kp, kd, and ki are the proportion coefficient, 

differential coefficient, and integral coefficient, respectively. 

 
Fig. 1: AVR system without PID controller 

The fig. 2 shows the block diagram of AVR with 

PID controller. 

 
Fig. 2: AVR system with PID controller 

III. TUNING OF PID USING CONVENTIONAL TECHNIQUE 

In the 1940's, Ziegler and Nichols invented two empirical 

methods for finding controller parameters. This methods are 

Ziegler-Nichols Open-Loop Tuning Method or Process 

Reaction Method and Ziegler-Nichols close-Loop Tuning 

Method. 

The Ziegler-Nichols open-loop method is also 

specified as a process reaction method, because it tests the 

open-loop reaction of the process to a alteration in the 

control variable output [7]. Ziegler-Nichols closed-loop 

tuning method uses the ultimate gain value Ku, and the 

ultimate period of oscillation Tu, to calculate PID controller 

Parameter. The procedure for Ziegler-Nichols close-Loop 

Tuning Method is given below [8]. 
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Step1: In this method first use only P controller to find the 

ultimate gain (Ku). 

Step2: By using P controller find the Range of ultimate gain 

(Ku). 

Step3: Decreasing oscillating wave form gives Lower value 

of Ku. 

Step4: Increasing oscillating wave form gives upper value of 

Ku. 

Step5: Find Ku such that we get continuously oscillating 

wave form. 

Step6: Find ultimate time Tu from this continuously 

oscillating wave form. 

Step7: Find PID controller parameter using Ku and Tu using 

Table 1. 

 
Kp Ki Kd 

P 0.5Ku - - 

PI 0.45Ku, Tu/1.2 
 

PID 0.6Ku, Tu/2, Tu/8 

Table 1: ZN Parameters 

The Block diagram of ZN-PID controller and its Outcome 

for AVR system using Ziegler-Nichols close-Loop Tuning 

Method is given below: 

 
Fig. 3: Block diagram of ZN-PID controller for AVR system 

 
Fig. 4: Result of ZN-PID controller for AVR system 

IV. TUNING OF PID USING META-HEURISTIC TECHNIQUE 

In design methods of PID controller mostly integrated 

absolute error (IAE), or the integral of squared-error (ISE), 

or the integrated of time-weighted-squared-error (ITSE) is 

repeatedly working. The three integral performance norms 

in the frequency domain have their own benefits and 

drawbacks. For example, a drawback of the IAE and ISE 

criteria is that its minimization can effect in a response with 

relatively lesser overshoot but a bigger settling time because 

the ISE performance criterion weights all errors equally 

independent of time. Although the ITSE performance 

criterion can overcome the disadvantage of the ISE criterion. 

The IAE, ISE, and ITSE performance criterion formulas are 

as follows: [6] 
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In this paper, a new performance criterion in the 

time domain is suggested for evaluating the PID controller. 

Therefore, a new performance criterion is defined as 

follows: [1] 
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  (4.4) 

Hear, K is [kp,ki,kd], and   is the weighting 

factor. The performance criterion W(K) can satisfy the 

designer requirements using the weighting factor   value. 

 is set in the range of 0.8 to 1.5 [1]. 

Particle swarm optimization (PSO) is a population 

based stochastic optimization technique invented by Dr. 

Eberhart and Dr. Kennedy in 1995, motivated by social 

behavior of bird flocking or fish schooling. The method has 

been found to be strong in explaining problems featuring 

nonlinearity and non-differentiability, multiple optima, and 

high dimensionality through adaptation. 

In PSO, the possible solutions, called particles, fly 

through the problem space by following the current 

optimum particles. Each particle has track of its coordinates 

in the problem space which are associated with the finest 

result (fitness) it has achieved so far. (The fitness value is 

also stored.) This value is called pbest.  Another "best" 

value that is followed by the particle swarm optimizer is the 

finest value, obtained so far by any particle in the neighbors 

of the particle. This position is called lbest. A particle takes 

all the population as its topological neighbors, the best out 

of best value is a global best and is called gbest [9]. With the 

help of pbest and gbest we can update the velocity and 

position using the following equation: [5] 
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v[] = particle velocity 

ω = Inertia weight 

present [ ] = current particle (solution). 

pbest[ ] and gbest[ ] are as stated before. 

Rand ( ) = random number between (0,1)  

c1, c2 are learning factors Usually c1 = c2 = 2.  

Appropriate choice of inertia weight ω offers a 

balance between global and local explorations, so 

demanding less iteration on average to find a suitable 

optimal solution. As initially established, ω often drops 

linearly from about 0.9 to 0.4 during a run. In overall, the 

inertia weight is set using the following equation: [6] 
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The procedure for PSO-PID controller is shown below:  

Step1: State the lower and upper limits of the three 

controller parameters and initialize randomly the individuals 

of the population with searching points, velocities, pbest and 

gbest.  

Step2: For each controller parameter Calculate Mp, Ess, tr 

and ts. 

Step3: Apply Mp,Ess,tr and ts on performance criterion 

defined in equation (4.4) 

Step4: Compare each individual’s calculation value with its 

pbest. The best calculation value among the pbest is denoted 

as gbest. 

Step5: Modify the member velocity of each individual K 

according to equation (4.5) 

Step6: if Vi >Vmax then Vi =Vmax and  

if Vi <Vmin then Vi =Vmin 

Step7: Modify the member position of each individual 

according to equation (4.6) 

Step8: If the number of iterations ends, then go to Step 9. 

Otherwise, go to Step 2. 

Step9: The individual that generates the newest gbest is an 

optimum controller parameter.The Block diagram of PSO-

PID controller and its Result for AVR system using Particle 

Swarm Optimization Tuning Method is given below: 

 
Fig. 5: Block diagram of PSO-PID controller for AVR 

system 

 
Fig. 6: Result of PSO-PID controller for AVR system 

V. COMPARISON AND DISCUSSION 

In this paper mainly the conventional and meta-heuristic 

methods are discussed to optimize the parameter of PID 

controller for the AVR system. Hear in conventional 

Technique we sees the Ziegler-Nichols close-Loop Tuning 

Method (ZN) to find the kp, ki, and kd. Then we apply 

meta-heuristic method to find optimal kp, ki and kd 

parameter for the AVR system is Particle swarm 

optimization method (PSO). So hear comparison of this 

conventional and meta-heuristic method given in below 

table: 

Parameter ZN PSO 

Kp 1.02 0.1557 

Ki 0.6 0.8190 

Kd 0.15 0.6125 

Overshoot Mp% 30 1.4 

Steady-state error 

Ess 
0 0 

Rise time tr(sec.) 0.98 2.2 

Settling time 

ts(sec.) 
12 7.56 

Table 2: PSO Parameters 

From the table 2 we see that the percentage 

Overshoot (Mp) of the AVR system is very much reduced in 

PSO Technique then ZN Technique. We also get the batter 

settling time (ts) for AVR system using PSO. Now the 

comparison graph of ZN-PID and PSO-PID is shown below: 

 
Fig. 7: Result of PSO-PID with ZN-PID for AVR system 

Therefore, the proposed method has more robust 

stability and efficiency, and obtains the batter PID controller 

parameters than the ZN method. 

VI. CONCLUSION 

It is clear from the results that the proposed PSO method can 

avoid the shortcoming of premature convergence of ZN 

method and can obtain higher quality solution with better 

computation efficiency. Therefore, the suggested method 

has stronger stability and efficiency, and can solve the 

searching and tuning problems of PID controller parameters 

more easily and quickly than the ZN method. 
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