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Abstract The proportional-integral-derivative(PID) controller has been widely used in the industry because of its
robust performance and simple structure in a wide range of operating conditions. However, the AVR(Automatic
Voltage Regulator) as a control system is not robust to variations of the power system parameters. Therefore, it is
necessary to use PID controller to increase the stability and performance of the AVR system. In this paper, a novel
design method for determining the optimal PID controller parameters of an AVR system using the particle swarm
optimization(PSO) algorithm is presented. The proposed approach has superior features, including easy
implementation, stable convergence characteristic and good computational efficiency. In order to assist estimating the
performance of the proposed PSO-PID controller, a new performance criterion function is also defined. This evaluation
function is intended to reflect when the maximum percentage overshoot, the settling time are given as design
specifications. The ITAE evaluation function should impose a penalty if the design specifications are violated, so that
the PSO algorithm satisfies the specifications when searching for the PID controller parameter. Finally, through the
computer simulations, the proposed PSO-PID controller not only satisfies the given design specifications for the
terminal voltage step response, but also shows better control performance than other similar recent studies.
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Fig. 1. A model of AVR system
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Fig. 2. AVR system without controller

Table 1. Transfer function of AVR system
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Author/ PID controller parameters
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Author/

Year ]WP tS tr €ss
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Table 5. Comparative analysis of performance indices

Author/ ITAE IAE ISE
Year
proposed 0.0482 0.2268 0.1544
Miavagh/
2015120] 4.3263 1.8110 0.8313
Panda/
2012[1] 3.3372 1.4766 0.6212
Gozde/
2014021] 2.8071 1.3354 0.5535
Zhu/
2009[22] 2.1904 1.2539 0.5937
5. 4=

R il
e Bk ohdel, Sl AFAR] Ve M, t, t,,
e, oA F1Ee] ATt FEe AsE wee Sle)

References

[1] P. Kunder, N. J. Balu, M. G. lauby, Power System
Stability and Control, Vol.7, McGraw-Hill, New York,
1994

[2] H. Panagopoulos, K. J. Astrom, T. Héagglund, “Design of
PID Controllers Based on Constrained Optimization”,
IEE  Proceedings of Control Theory Application,
Vol.149, No.1, pp.32-40, 2002.

DOI: https://dx.doi.org/10.1049/ip-cta:20020102

[3] R. C. Panda, “Synthesis of PID controller for unstable
and integrating processes”, Chemical Engineering
Science, Vol.64, No.12, pp.2807 - 2816, 2009.

DOL: https://dx.doi.org/10.1016/j.ces.2009.02.051

[4] M. A. Johnson and M. H. Moradi, PID Control: New
Identification and Design Methods, Chapter 2, Springer,
London, UK, 2005.

[5] U. S. Banu, G. Uma, “Fuzzy Gain Scheduled Continuous
Stirred Tank Reactor with Particle Swarm Optimization
Based PID Control Minimizing Integral Square Error”,
Instrumentation Science and Technology, Vol.36, No.4,
pp-394 - 409, 2008.

DOI: https://dx.doi.org/10.1080/10739140802151499

[6] M. S. Arumugam, M. V. C. Rao, “On the performance
of the particle swarm optimization algorithm with
various inertia weight variants for computing optimal
control of a class of hybrid systems”, Discrete Dynamics
in Nature and Society, Vol.2006, Article ID 79295,
pp.1-17, 2006.

DOI: https://dx.doi.org/10.1155/DDNS/2006/79295

[71 M. S. Arumugam and M. V. C. Rao, “On the optimal
control of single-stage hybrid manufacturing systems via
novel and different variants of particle swarm
optimization algorithm”, Discrete Dynamics in Nature
and Society, Vol.2005, No.3, pp.257 - 279, 2005.

DOLI: https://dx.doi.org/10.1155/DDNS.2005.257

[8] R. M. Chen, C. M. Wang, “Project Scheduling Heuristics
Based Standard PSO for Task-resource Assignment in
Heterogeneous Grid”, Abstract and Applied Analysis,




FFAS & =B A9 103, 2018

Vol.2011, Article ID 589862, pp.1-20, 2011.
DOI: https://dx.doi.org/10.1155/2011/589862

[9] R. F. Abdel-Kader, “Particle Swarm Optimization for
Constrained Instruction scheduling”, VLSI Design,
Vol.2008, Article ID 930610, pp.1-7, 2008.

DOI: https://dx.doi.org/10.1155/2008/930610

[10] S. M. G. Kumar, R. Jain, N. Anantharaman, V.
Dharmalingam, K. M. M. S. Begum, “Genetic Algorithm
Based PID Controller Tuning for a Model Bioreactor,”
Indian Institute of Chemical Engineers, Vol.50, No.3,
pp.214 - 226, 2008.

[11] L. Chiha, N. Liouane, P. Borne, “Tuning PID Controller
Using Multiobjective Ant Colony Optimization”, Applied

Computational  Intelligence and Soft Computing,
Vol.2012, Article ID 536326, pp.1-7, 2012.
DOLI: https://dx.doi.org/10.1155/2012/536326

[12] V. Rajinikanth, K. Latha, “Bacterial Foraging

Optimization Algorithm Based PID Controller Tuning
for Time Delayed Unstable Systems”, Mediterranean
Journal of Measurement and Control, Vol.7, No.l,
pp.197 - 203, 2011.

J. Kennedy and R. Eberhart, “Particle Swarm
Optimization”, Proceedings of ICNN'95 - International
Conference on Neural Networks, Vol.4, Perth, Australia,
pp.1942 - 1948, 1995.

DOI: https://dx.doi.org/10.1109/ICNN.1995.488968

[14] Y. Shi, R. Eberhart, “A Modified Particle Swarm
Optimizer”, 1998 IEEE International Conference on
Evolutionary Computation Proceedings. IEEE World
Congress  on  Computational  Intelligence  (Cat.
No.98TH8360), Anchorage, USA, pp.69 - 73, 1998.
DOI: https://dx.doi.org/10.1109/icec.1998.699146

[15] Y. Shi, R. C. Eberhart, “Empirical Study of Particle
Swarm  Optimization”, Proceedings of the 1999
Congress on Evolutionary Computation-CEC99 (Cat.
No. 99THS8406), Washington, DC, Vol.3, pp.1945 - 1950,
1999.

DOI: https://dx.doi.org/10.1109/cec.1999.785511

[16] R. C. Eberhart, Y. Shi, “Comparison between Genetic
Algorithms  and  Particle ~Swarm  Optimization”,
Evolutionary Programming VII, pp.611 - 616, 1998.
DOL: https://dx.doi.org/10.1007/bfb0040812

[17] P. J. Angeline, “Using Selection to Improve Particle
Swarm  Optimization,” 1998 [EEE International
Conference on Evolutionary Computation Proceedings.
IEEE World Congress on Computational Intelligence
(Cat. No.98TH8360), Anchorage, USA, pp.84 -89, 1998.
DOI: https://dx.doi.org/10.1109/icec.1998.699327

[18] H. Yoshida, K. Kawata, Y. Fukuyama, “A Particle
Swarm Optimization for Reactive Power and Voltage
Control Considering Voltage Security Assessment,”
IEEE Transactions on Power Systems, Vol.15, No.4,
pp.1232 - 1239, 2000.

DOI: https://dx.doi.org/10.1109/59.898095

[19] P. Kundur, Power System Stability and Control, TMH,
8th reprint, 2009.

[20] O.I. Elgerd, Electric Energy Systems Theory. An
Introduction, Tata McGraw-Hill, New Delhi, 1983.

[21] F. M. Miavagh, E. A. A. Miavaghi, A. R. Ghiasi, M.
Asadollahi, “Applying of PID, FPID, TID and ITID

[13]

338

controllers on AVR system using particle swarm
optimization (PSO)”, 2015 2nd International Conference
on Knowledge-Based Engineering and Innovation
(KBEI), Tehran, Iran, pp.866-871, 2015.

DOI: https://dx.doi.org/10.1109/kbei.2015.7436157

[22] S. Panda, B. K. Sahu, P. K. Mohanty, “Design and
performance analysis of PID controller for an automatic
voltage regulator system using simplified particle swarm
optimization”, Journal of the Franklin Institute, Vol.349,
No.8, pp.2609-2625, 2012.

DOL: https://dx.doi.org/10.1016/].jfranklin.2012.06.008

[23] H. Gozde, M. C. Taplamacioglu, M. Ari, “Automatic
Voltage Regulator(AVR) design with Chaotic Particle
Swarm Optimization”, Proceedings of the 2014 6th
International Conference on Electronics, Computers and
Artificial Intelligence (ECAI), pp.23-26, 2014.

DOI: https://dx.doi.org/10.1109/ecai.2014.7090158

[24] H. Zhu, L. Li, Y. Zhao, Y. Guo, Y. Yang, “CAS
algorithm-based optimum design of PID controller in
AVR system”, Chaos, Solitons & Fractals, Vol.42,
No.2, pp.792-800, 2009.

DOL: https://dx.doi.org/10.1016/j.chaos.2009.02.006

0| & &(Yun-Hyung Lee) [H3]3]
020041 2¥ : =it gt

2 71N e F ek (FEAh
02007 8¥ : S YThetn et

:
A wphERY ATt (FoE

02008 29 ~ 2014 6¥ : 3=
gt g w4
020141 7¢ ~ @A : A=Y

REERIE RS

<ghiRo
FALALF ol 2L $8, AL, HAGAC], Az
AR TR E I B RPN




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


