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Abstract

In this review article, different soft computing techniques based PID controller will be analysed employed
for the controlling of different power system applications. The power system applications such as control of
terminal voltage of AVR system, speed control of DC motor and frequency control of single area system, are
considered for the analysis. Through the responses, it may be observed that the soft computing techniques

has shown superior results.
Introduction

The controller has to be designed properly for controlling of the different power system applications to have
desired response from the system. Proportional-derivative-integral controller will be employed for different
cases. Earlier days, the parameters of the PID controller is used to tuned by the classical method such as
Ziegler Nichols method, Cohen-Coon method. In modern days, the gains of PID controller is being tuned by
the different soft computing techniques which are population based techniques such as particle swarm
optimization (PSO), ant bee colony (ABC), MOL, moth flame optimization (MFO) algorithm, whale
optimization algorithm (WOA). Various applications have been considered for the analysis purpose such as

automatic voltage regulator (AVR), speed control of DC motor and three area hydro power system.
PID Controller

The PID controller’s model can be designed with the help of a transfer function, and in Laplace domain, it is

presented in (9) where the parameters of controller show Kp, Kij and K4 which denotes the gain of

proportional, integral and derivative respectively.
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Applications

In this review paper, the power system applications which are assumed are AVR, speed control of DC Motor

and single area power system.

Automatic Voltage Regulator

The block diagram of AVR is shown in Fig. 1 and the transfer function of its components are expressed

below.
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Fig. 1. AVR’s block diagram
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Fig. 2. Voltage response of AVR
DC Motor

The transfer function block diagram is shown in Fig. 3. In Fig. 4, the comparative response profile is shown.
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Fig. 3. DC Motor’s Diagram
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Fig. 4. Speed response profiles of DC Motor

ALFC

The transfer function block diagram of ALFC design has been portrayed in Fig. 5. The frequency profile is

shown in Fig. 6.
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Fig, 5. Transfer block diagram
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Fig. 6. Frequency response profile

From Fig. 2, Fig. 4 and Fig. 6, it may be observed that the soft computing techniques helps in obtaining

desired parameters of PID controller for the considered power system applications.

Conclusion

In this review paper, the use of different soft computing techniques has been studied for tuning the parameters

of the conventional proportional — integral — derivative controller which is employed for different power

system applications.

References

[1]
[2]

[3]
[4]
[5]
[6]
[7]
[8]

[9]
[10]

P. Kundur, “Power system stability and control”, New York: Tata McGraw Hill, 1994.

A. H. Kiam, G. Chong and L. Yun, “PID control system analysis, design, and technology”, IEEE Trans
Control Syst. Technol., vol. 13, no. 4, pp. 559-576, 2005.

Z. L. Gaing, “A particle swarm optimization approach for optimum design of PID controller in AVR
system”, IEEE Trans. Energy Convers., vol. 19, no. 2, pp. 384-391, 2004.

A. Visioli, “Tuning of PID controllers with fuzzy logic”, Proc. Inst. Electron. Eng. Control Theory
Appl., vol. 148, no. 1, pp. 1-8, 2001.

R. A. Krohling and J. P. Rey, “Design of optimal disturbance rejection PID controllers using genetic
algorithm”, IEEE Trans. Evol. Comput., vol. 5, no. 1, pp. 78-82, 2001.

D. H. Kim, A. Abraham and J. H. Cho, “A hybrid genetic algorithm and bacterial foraging approach
for global optimization”, Int. J. Inf. Sci., pp. 177, no. 18, pp. 3918-3937, 2007.

Y. Y. Hsu and K. L. Liou, “Design of self-tuning PID power system stabilizers for Synchronous
generators”, IEEE Trans. Energy Convers., vol. 2, no. 3, pp. 343-348, Sept. 1987.

A. Rubaai, M. J. Castro-Sitiriche and A. R. Ofoli, “Design and implementation of parallel fuzzy PID
controller for high performance brushless motor drives: An integrated environment for rapid control
prototyping”, IEEE Trans. Ind. Appl., vol. 44, no. 4, pp. 1090-1098, Jul.—-Aug. 2008.

A. Rubaai and P. Young, “EKF-based PI- /PD-like fuzzy-neural-network controller for brushless
drives”, IEEE Trans. Ind. Appl., vol. 47, no. 6, pp. 2391-2401, Nov.—Dec. 2011.

N. Taher and R. A. Abarghooee and M. R. Narimani, “A new multi objective optimization approach
based on TLBO for location of automatic voltage regulators in distribution systems”, Eng. Appl. of Al,
vol. 25, no. 8, pp. 1577-1588, December 2012.

JETIRDQO06041 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | 291


http://www.jetir.org/

© 2018 JETIR October 2018, Volume 5, Issue 10 www.jetir.org (ISSN-2349-5162)

[11]
[12]

[13]

[14]
[15]

[16]
[17]

[18]

[19]

[20]

[21]

[22]
[23]
[24]
[25]
[26]

[27]

[28]

[29]
[30]

[31]

[32]

[33]

[34]

S. Priyambada, P. K. Mohanty and B. K. Sahu, “Automatic voltage regulator using TLBO algorithm
optimized PID controller”, ICIIS- 9th IEEE Conference.

T. Hiyama, "Robustness of fuzzy logic power system stabilizers applied to multi-machine power
system”, IEEE Trans. Energy Convers., vol. EC-9, no. 3, pp.451-459, Sept. 1994.

S. Panda, B. K. Sahu and P. K. Mohanty, “Design and performance analysis of PID controller for an
automatic voltage regulator system using simplified particle swarm optimization,” J. of the Franklin
Inst., vol. 349, pp. 2609-2625, 2012.

N. Camacho and M. A. Duarte-Mermoud, “Fractional Adaptive Control for Automatic Voltage
Regulator”, ISA Trans., vol. 52, no. 6, pp. 807-815, November 2013.

S. Mirjalili, “Moth-flame optimization algorithm: a novel nature-inspired heuristic paradigm”, Know.
Syst., vol. 89, pp. 228-249, 2015.

H. Saadat, “Power System Analysis”, Tata McGraw Hill Ltd, New Delhi, 2002.

S. Chatterjee and V. Mukherjee, “PID controller for automatic voltage regulator using teaching-
learning based optimization technique”, Int. J. Electr. Power Energy Syst., vol. 77, pp. 418-429, 2016.
M. A. Sahib and B. S. Ahmed, “A new multi-objective performance criterion used in PID tuning
optimization algorithms”, J. of Adv. Res., vol. 7, no. 1, pp. 125-134, Jan. 2016.

H. Gozde and M. C. Taplamacioglu, “Comparative performance analysis of artificial bee colony
algorithm for automatic voltage regulator (AVR) system”, J. of the Franklin Inst., vol. 348, no. 8, pp.
1927-1946, Oct. 2011.

B. Hekimolu, S. Ekinci and S. Kaya, “Optimal PID controller design of DC-DC buck converter using
whale optimization algorithm”, in Proc. IEEE IDAP, Malatya, Turkey, pp. 1-6, Sep. 2018.

S. Khubalkar, A. Junghare, M. Aware and S. Das, “Modeling and control of a permanent-magnet
brushless dc motor drive using a fractional order proportional-integral-derivative controller”, Turkish
J. Elect. Eng. Comput. Sci., vol. 25, no. 5, pp. 4223-4241, 2017.

1. Podlubny, “Fractional order systems and PI_D_-controllers”, IEEE Trans. Autom. Control, vol. 44,
no. 1, pp. 208-214, Jan. 1999.

S. Das, “Functional Fractional Calculus”, 2nd ed. New York, NY, USA: Springer, 2011.

X. Li, Y. Wang, N. Li, M. Han, Y. Tang and F. Liu, “Optimal fractional order PID controller design
for automatic voltage regulator system based on reference model using particle swarm optimization”,
Int. J. Mach. Learn. Cybern., vol. 8, no. 5, pp. 1595-1605, 2017.

D. Hu, Z. Qi, Y. Tang and Y. He, “Research on fractional order PID controller applied to PEMFC pre-
stage power conversion”, in Proc. 29th CCDC, Chongging, China, 2017, pp. 1015-1020, 2017.

E. Sahin, M. S. Ayas and I. H. Altas, “A PSO optimized fractional-order PID controller for a PV system
with DC-DC boost converter”, in Proc. 16th PEMC, Antalya, Turkey, 2014, pp. 477-481, 2014.

S. Panda, B. K. Sahu and P. K. Mohanty, “Design and performance analysis of PID controller for an
automatic voltage regulator system using simplified particle swarm optimization”, J. Franklin Inst., vol.
349, no. 8, pp. 26092625, Oct. 2012.

H. Gozde and M. C. Taplamacioglu, “Comparative performance analysis of artificial bee colony
algorithm for automatic voltage regulator (AVR) system”, J. of the Franklin Inst., vol. 348, no. 8, pp.
1927-1946, Oct. 2011.

H. Zhu, L. Li, Y. Zhao, Y. Guo and Y. Yang, “CAS algorithm-based optimum design of PID controller
in AVR system”, Chaos, Sol. & Frac., vol. 42, no. 2, pp. 792-800, Oct. 2009.

D. H. Kim, “Hybrid GA-BF based intelligent PID controller tuning for AVR system”, Appl. Soft
Comp., vol. 11, no. 1, pp. 11-22, Jan. 2011.

R. Lahcene, S. Abdeldjalil, and K. Aissa, “Optimal tuning of fractional order PID controller for AVR
system using simulated annealing optimization algorithm”, in Proc. 5th ICEE-B, Boumerdes, Algeria,
Oct. 2017, pp. 1-6, 2017.

P. K. Mohanty, B. K. Sahu and S. Panda, “Tuning and Assessment of Proportional—Integral— Derivative
Controller for an Automatic Voltage Regulator System Employing Local Unimodal Sampling
Algorithm”, Electr. Power Compon. and Syst., vol. 42, no. 9, pp. 959-969, May 2014.

M. Celebi and A. Baci, “Fractional order control of a sinusoidal output inverter”, Istanbul Univ.-J.
Elect. Electron. Eng., vol. 16, no. 2, pp. 3037-3042, 2016.

Z. Bingul and O. Karahan, “A novel performance criterion approach to optimum design of PID
controller using Cuckoo Search Algorithm for AVR system”, J. Franklin Inst., vol. 355, no. 13, pp.
5534-5559, Sept. 2018.

JETIRDQO06041 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | 292


http://www.jetir.org/

© 2018 JETIR October 2018, Volume 5, Issue 10 www.jetir.org (ISSN-2349-5162)

[35]

[36]

[37]

[38]
[39]
[40]

[41]

[42]
[43]

[44]

[45]
[46]
[47]
[48]

[49]

[50]

[51]
[52]
[53]

[54]

[55]

M. T. Ozdemir, D. Ozturk, I. Eke, V. Celik and K. Y. Lee, “Tuning of optimal classical and fractional
order PID parameters for automatic generation control based on the bacterial swarm optimization”,
IFAC- Papers Online, vol. 48, no. 30, pp. 501-506, 2015.

R. Caponetto, L. Fortuna, S. Fazzino and M. G. Xibilia, “Chaotic sequences to improve the performance
of evolutionary algorithms”, IEEE Trans. Evol. Comput., vol. 7, no. 3, pp. 289-304, Jun. 2003.

J. Agarwal, G. Parmar, R. Gupta and A. Sikander, “Analysis of grey wolf optimizer based fractional
order PID controller in speed control of DC motor”, Microsyst. Technol., vol. 24, no. 12, pp. 4997-
5006, 2018.

A. Madadi and M. M. Motlagh, “Optimal control of DC motor using grey wolf optimizer algorithm”,
Tech. J. Eng. Appl. Sci., vol. 4, no. 4, pp. 373-379, 2014.

U. Bhatnagar and A. Gupta, “Application of grey wolf optimization in optimal control of DC motor
and robustness analysis”, SKit Res. J., vol. 8, no. 1, pp. 19-25, 2018.

I. Khanam and G. Parmar, “Application of SFS algorithm in control of DC motor and comparative
analysis”, in Proc. 4th UPCON, Mathura, India, 2017, pp. 256-261, 2017.

M. Khalilpuor, N. Razmjooy, H. Hosseini and P. Moallem, “Optimal control of DC motor using
invasive weed optimization (IWO) algorithm”, in Proc. Maclesi Conf. Elect. Eng., Isfahan, Iran, 2011,
pp. 1-7, 2011.

A. T. El-Deen, A. A. H. Mahmoud and A. R. El-Sawi, “Optimal PID tuning for DC motor speed
controller based on genetic algorithm”, Int. Rev. Autom. Control, vol. 8, no. 1, pp. 80-85, 2015.

A. K. Mishra, V. K. Tiwari, R. Kumar and T. Verma, “Speed control of DC motor using artificial bee
colony optimization technique”, in Proc. CARE, Jabalpur, India, 2013, pp. 1-6, 2013.

J. Faiz, Gh. Shahgholian and M. Arezoomand, “Analysis and simulation of the AVR system and
parameters variation effects,” In Proc: Int. Conf. Power Eng., Energy and Electr. Drives, Portugal, pp.

450-453, April 2007. _
S. Ekinci, “Optimal design of power system stabilizer using sine cosine algorithm”, J. Fac. Eng. Archit.

Gaz, to be published. doi: 10.17341/gazimmfd.460529.

S. Ekinci and B. Hekimo§lu, “Multi-machine power system stabilizer design via HPA algorithm”, J.
Fac. Eng. Archit. Gazi Univ., vol. 32, no. 4, pp. 1271-1285, 2017.

Seyedali Mirjalili and Andrew Lewis, “The Whale Optimization algorithm”, Adv. in Eng. Soft., vol.
95, pp 51-67, May 2016.

V. Mukherjee and S.P. Ghoshal, “Intelligent particle swarm optimized fuzzy PID controller for AVR
system”, Electr. Power Syst. Res., vol. 77, no. 12, pp. 1689-1698, Oct. 2007.

C.K. Shiva and V. Mukherjee, “Automatic generation control of interconnected power system for
robust decentralized random load disturbances using a novel quasi-oppositional harmony search
algorithm”, Int. J. of Electr. Power and Energy Syst., vol. 73, pp. 991-1001, Dec. 2015.

S. Chatterjee and V. Mukherjee, “PID controller for automatic voltage regulator using teaching-
learning based optimization technique”, Int. J. of Electr. Power and Energy Syst., vol. 77, pp. 418-429,
May 2016.

S. Chatterjee and V. Mukherjee, “PID controller for automatic voltage regulator using teaching-
learning based optimization technique”, Int. J. Electr. Power Energy Syst., vol. 77, pp. 418-429, 2016.
S. Satyanarayana, R. K. Sharma and Mukta, “Mutual effect between LFC and AVR loops in power
plant”, Electr. and Electron. Eng., An Int. J., vol. 3, no. 3, pp. 61-69, February 2014.

S. Sumathi and S. Paneerselvam, “Computational Intelligence Paradigms: Theory & Applications using
MATLAB”, CRC Press, October 2010. [Online].

V. Yarlagadda, P. S. Saroja, P. Avinash, and P. Nikhilesh, “Comparative analysis of fast acting AVR
and ALFC loops with classical controllers on dynamic stability improvement”, Int. J. Adv. Res. Electr.,
Electron. and Instrum. Eng., vol. 4, no. 6, June 2015.

H. Saadat, “Power System Analysis”, 2nd ed. New Delhi: Tata McGraw- Hill Education Private
Limited, 2002.

JETIRDQO06041 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | 293


http://www.jetir.org/

