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Abstract 
 

the present work has been motivated to improve the tuning of PID controllers with different 

evolutionary algorithms. The tuned PID controllers are used along with the Automatic voltage 

regulator to improve the terminal voltage response of the synchronous generator. The terminal 

voltage has been analyzed using environment of MATLAB and the responses are compared. The 

various algorithms used for the analysis of the controllers are the genetic algorithm, the whale 

optimization algorithm the water cycle algorithm and the particle swarm optimization algorithm.   
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                                       I.INTRODUCTION 
 
The main role of synchronous generator is to provide energy to the electrical networks. They are 

responsible for the maintenance of the stability hence are prone to unwanted signals, hence 

needed to be tuned. The Automatic Voltage regulator is an important device that controls the 

terminal voltage and also controls the reactive power. The AVR main function is to control the 

exciter voltage in order to control the terminal voltage characteristics.  
 There are many logics that have been develop in the past decades in order control the tuning 

efficiency of the PID controller that is used together with the AVR in the industrial automations. 

The main accent of the paper is the improvement of the time response of the terminal voltage and 

also to improve the computation efficiency.  

The present era is devoted to the world of automation that includes tremendous amount of the 

potential for the development of the controller that rule the enigmatic regime of automata. The 

controlling of the PID controllers in order to provide the most ideal results that are essential for 

the better understanding of the machine to human interface so that they can be very near to 

human psychology. The motivations behind the work are just the attempts that are provoked in 

order to closely understand the biological phenomenon of the animals working for an objective 

and to link them with machine to make them smarter and to think like humans. 

 

II. Related work 

 

The present work is the extension of the work done by the previous researches in the field of 

tuning of the PID controller by algorithms that are inspired from animals like whale, ant. The 

previous work done for this tuning is by simple genetic algorithm that provides the optimum 

values of the three Ks of the PID controller there by optimizing the controlling equation. 

The given work is done under the constrained environment where the gains of the amplifier, 

exciter, the generator and the feedback path are ka, ke, kg and kf are 1, 1, 2, the corresponding 

time constants are Ta, Te, Tg, and Tf having respective values 0.01s, 0.05s, 0.001s and 0.1s. 
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Fitness function to be optimized is given by F= Trap (to, (de)2) where dE = ∆Vref − ∆Vg, tout is 

MATLAB simulation time. 

The trapezoidal integral converges more swiftly when used with particle swarm optimization technique. 

The values of the optima recorded in table 1 are given below. 

 

Proposed Algorithm Fitness function of 

the proposed 

algorithm 

Kp Ki Kd 

GA 0.000741 1.91 1.88 1.9 

WOA 0.000733 1.97 2 2 

WCA 0.000721 1.95 1.99 1.98 

PSO 0.000744 1.99 1.97 1.97 

 TABLE 1 

 

 

 

 III. Simulation Results  

 

The given PID controller is tuned using many evolutionary algorithms the genetic algorithm,the 

PSO, the whale optimization algorithm, the water cycle algorithm and the particle swarm 

optimization algorithm. And the terminal voltage response is viewed. The operation is carried for 

the optimal values of the three Ks and also the convergence. 

 

The analysis of the system is done with the following values of the gains concerened; 

 

KA= 10.1,                                                             (1) 

KE=13,                                                                  (2) 

KG = 1.2,                                                               (3) 

KF=0.05,                                                              (4) 

KR=1.4                                                                 (5) 

 

 

 

 

The values of the time constants are  

 

TA=0.2, TE=0.3, TG=0.99, TF=0.99, and TR=0.04. 

 

(Kfs / Tfs + 1) is the transfer function of the stabilizer concerned. 

where the gain and time constant as 0.05 and 1 

 

The simulation results are summarized  

1. The terminal voltage response of the generator without the PID controller is shown in Fig 

1. It shows about 17.5 % steady state error. 
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2. The terminal voltage response of the synchronous generator using evolutionary 

algorithms is also seen in Fig2. It shows that the response is improved and the steady 

state error is minimized. We have obtained the values of the corresponding steady state 

error with the optimization algos 0.034 % for the WCA, 0.043 % for the WOA, 0.046 % 

with the WCA and 0.031% with the PSO. 

 

 

 
 

Fig 1. Terminal Voltage Response without a PID control 

 

 
Fig 2.time response of terminal voltage tuned with the algorithms 
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Fig 3. Convergence of the algorithm discussed 

 

The Fig 2. And Fig 3. Shows the convergence shown by the algorithms concerned in the given 

number of iterations.  

 
Fig 4. Convergence shown by A PID controller tuned by PSO 
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IV. Conclusions 

 

The given work concludes that the AVR is the vital component of the synchronous generator that 

improves its terminal voltage characteristics if tuned with different optimization algorithms. The 

present work proves that the PID controller tuned with the PSO is the more beneficial as 

compared with other algorithms. 

The output of the synchronous generator is showing instability in the terminal voltage that is the 

main objective to be minimized in this work. The parameters of the PID controllers are designed 

to increase the output voltage of the synchronous generator. The virtue of the two algorithmic 

procedures are not enough to produce optimal results but the use the particle swarm optimization 

has proved an boon to the analysis of the AVR  response. The convergence of the PSO is seen 

much more efficient as compared to the view of the WOA and WCA algorithms. 

The steady state error has been minimized to a value that is much efficient and use full for the 

input of the PID controller and it is seen that the use of negative feedback from the output of the 

exciter has controlled the gain of the closed loop efficiently. The given fact can be illustrated by 

using the block diagram of the tuned PID controller. 

 

 V .References 

  

[1]   Eberhart and Shi, “Comparison between genetic algorithms and particle swarm 

optimization,” in Proc. IEEE Int. Conf. Evol. Comput. Anchorage, AK, May 1998, pp. 

611–616. 
 
[2]  J. Kennedy and R. Eberhart, “Particle swarm optimization,” in Proc. IEEE Int. Conf. 

Neural Networks, vol. IV, Perth, Australia, 1995, pp. 1942–1948. 
 
 

[3] M. B. Bayram, H. İ. Bülbül, C. Can, and R. Bayindir, “Matlab/GUI based basic design 

principles of PID controller in AVR,”. 

 

[4]  M. A. Elgendy, B. Zahawi, and D. J. Atkinson, “Dynamic Behaviour of Hill-Climbing 

MPPT Algorithms at Low Perturbation Rates”, IET Renewable Power Generation 

Conference 2011, Edinburgh, UK, 6-8 September 2011. 

 

[5] N. Farouk and T. Bingqi, “ Application of self-tuning fuzzy PID controller on the AVR 

system,” IEEE International Conference on Mechatronics and Automation, pp. 2510 – 

2514, Aug. 2012. 

 

[6] L. N. Magangane and K. A. Folly, “Neural networks for designing an        automatic 

voltage regulator of a synchronous generator,” IEEE Conferences, pp. 1-5, Sep. 2013. 

 



THINK INDIA JOURNAL 
 

ISSN:0971-1260 

Vol-22-Issue-37-December -2019 

P a g e  | 264                                                                                                      Copyright ⓒ 2019Authors   

 

[7]  H. M. Hasanien, “Whale optimisation algorithm for automatic generation control of 

interconnected modern power systems including renewable energy sources”, IET 

Generation, Transmission & Distribution, vol. 12, no. 3, pp. 607-614, Feb. 2018 

 

[8] A. Hazra, S. Das, P. Sarkar, A. Laddha, and M. Basu, “Optimal allocation and sizing of 

multiple DG and capacitor banks considering load variations using water cycle 

algorithm,” International Conference on Power, Control and Embedded Systems, pp.1-6, 

Mar. 2017. 

 

[9] J. Machowski, J. W. Bialek, and J. R. Bumby, “Power System Dynamics and Stability,” 

2008. 

 
[10] S. Mirjalili and A. Lewis, “The Whale Optimization Algorithm,” 

Advances in Engineering Software, vol.95 , pp. 51-67, 2016. 
 

[11] W. A. Watkins and W. E. Schevill, “Aerial Observation of Feeding Behavior in Four 

Baleen Whales Eubalaena Glacialis , Balaenoptera Borealis , Megaptera Novaeangliae , 

and Balaenoptera Physalus,” Journal of Mammalagy, vol. 60, no. 1, pp. 155-163, 

Feb.1979. 

 

[12] O. S. Elazab, H. M. Hasanien, M. A. Elgendy, A. M. Abdeen, “Whale Optimization 

Algorithm for Photovoltaic Model Identification”, IET Renewable Power Generation 

Conference RPG 2017, Wuhan, China, 19-20 October 2017. 

 
[13] J. A. Goldbogen, A.S. Friedlaender, J. Calambokidis, M. F. Mckenna, 

M. Simon, and D. P. Nowacek, “Integrative Approaches to the Study of Baleen Whale 

Diving Behavior, Feeding Performance, and Foraging Ecology,” BioScience, vol. 63, no. 

2, pp. 90-100, Feb. 2013. 

 

[14] Eskandar, Sadollah, Bahreininejad, and Hamdi, “Water Cycle Algorithm: a novel 

metaheuristic optimization method for solving constrained engineering optimization 

problems,” Computers & Structures, vol. 110 , pp. 151-166, 2012. 

 

[15] Genetic Algorithm and Direct Search ToolboxTM User’s Guide, Release 2008a, The 

Math Works Press, Mar 2008 

 


