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GA,PSO,DE,ICA clagis 551 b onis | yiS AVR 5l 5055 S pimms uilS,8 5 olo 05> geasly Jgor @

Algoritme Kp Ki Kd A H J Ts Tr Peak | Mp Peak | BW PM(Wpm | GM(Wg | Stady
% time ) m) State
deg(rad/s | dB(rad/s) | Error
)
Gavr without | - - - - - - 6.98 | 0.26 | 1.50 | 65.722 | 0.75 | 6.945 | 16.10(4.4 | 1.70 0.0938
controller/ 65 07 66 6 22 4 0) (5.76)
PID(PSO)/J | 0.31 |0.22 |0.08 |- - 0.693 1 0.86 |0.53 |1.00 |4.7217 | 1.02 |4.279 | 68.1(2.38 | 16.5(9.55 | 9.7700
1 32 46 04 7 63 01 00 e-4 87 7 ) ) e-15
PID(GA)J1 1035 |0.24 |0.10 |- - 0.869 11.89 044 | 1.00  0.0029 0.84 | 5.370 |67.8(2.85 | 14.9(9.86 | 1.5321
17 |01 |74 1 17 118 00 31 |3 ) ) e-14.
PID(DE)/J1 | 0.30 | 0.22 | 0.07 |- - 0.706 | 0.88 | 0.53 | 0.99 |0.0003|3.62 |4.213 |68.3(2.35 | 16.6(9.54 | 1.4655
97 32 93 7 23 75 96 87 5 ) ) e-14
PID(ICA)/J1 1 0.32 | 0.25 | 0.09 - - 0.889 ' 0.77 | 0.48 | 1.00 05273 2.61 | 4.779 |68.1(2.57 | 15.7(9.7) | 4.4409
85 24 43 8 69 04 53 93 1 ) e-16
N.M 0.56 | 098 [0.72 |0.76 |0.89 |- 1.30 | 0.13 | 1.18 |18.037 | 0.28 | 16.19 | 44.2(9.83 | 16.4(27.8 | 0.9090
54 21 40 42 99 17 12 03 3 26 54 ) 9)
FOPID(ICA | 0.22 040 ' 0.27 | 0.87 |0.77 0466 |1.08 | 034 101 15843 0.65 6.673 |67.330(3. | 22.2(20.2 | 3.5135
) 1J1 97 63 77 36 79 6 22 18 56 13 9 91) ) e-04
PID(PSO)/J | 0.31 | 0.22 | 0.07 |- - 0.285 | 0.87 | 053 |1.04 |4.2340|1.04 |4.261 |68.09(2.3 | 16.5(9.54 | 1.4877
2 25 38 98 6 00 26 45 e-08 45 3 7) ) e-14
PID(GA)/J2 1 0.31 |0.23 |0.08 |- - 0.301 1 0.85 | 052 | 1.00 | 0.0656  3.59 | 4.366 | 68.318(2. | 16.3(9.67 | 1.4877
51 02 34 8 31 19 06 74 7 41) ) e-14
PID(DE)/J2 | 0.30 | 0.21 | 0.07 |- - 0.295 | 0.90 | 054 |0.99 |4.2188|3.69 |4.119 |68.36(2.3 | 16.7(9.51 | 1.5099
59 90 69 7 23 88 92 e-13 36 4 1) ) e-14

qy




PID(ICA)/J2 | 0.32 | 0.24 | 0.09 |- - 0.380 | 0.79 | 048 |1.00 | 0.3810 | 2.73 | 4.678 | 68.138(2. | 15.8(9.70 | 1.1102

55 66 | 16 0 38 9 |38 37 |8 52) 01) e-15
FOPID(PSO | 0.56 | 051 |0.24 |0.77 |1 0.363 | 0.44 | 0.28 | 0.99 |0 054 | 7.894 | 69.4 26.2(33.5 | 1.9202
)1 45 189 |30 |42 4 49 |67 |97 17 |5 (4.86) ) e-04
FOPID(GA) | 0.36 | 0.44 021 081 087 | 0.469 057 036 099 0 070 | 6.134 | 69.21(3.7 | 25(23.88) | 1.5123
131 84 02 |18 52 |26 |5 65 88 | 98 12 |5 5) e-04
FOPID(DE) 1 0.29 |0.58 |0.23 |0.62 | 091 |0.445 | 055 |0.34 | 0.99 0 070 | 6.420 | 71(3.96) | 25.6(27.5 | 7.2387
131 58 |41 |58 |27 |33 |6 07 |59 |73 03 |9 ) e-04
FOPID(ICA | 046 | 0.80 | 0.32 069 | 096 3758 | 075 | 023 | 1.02 | 22177 0.45 | 9.627 | 66.6(5.7) | 23.7(31.4 | 2.5271
)23 65 74 |46 98 |27 46 19 |73 |20 45 |3 ) e-04
FOPID(GA) | 0.46 | 053 |0.23 |0.73 | 0.89 | 0.141 | 048 | 0.30 | 0.99 |0 059 | 7.320 | 69.74 25.8(30.2 | 2.2790
132 9% |00 (8 |00 |31 |0 16 |85 |94 39 |0 (4.48) 8) e-04
FOPID(PSO | 0.17 | 058 | 0.27 0.69 | 077 | 0281 | 054 | 035 | 1.00 A 0.3814 1.72 | 6.497 | 69.10 26.2(20.4 | 1.9202
)32 40 14 95 03 |79 |2 91 |32 35 49 |3 (3.81) 9) e-04
FOPID(DE) | 0.44 | 050 |0.21 |0.79 | 0.94 | 0.234 | 052 |0.33 | 1.00 | 0.2680 | 1.46 | 6.621 | 70.44 25.6(29.2 | 1.5642
132 59 |83 |78 |71 |93 |4 84 |69 |26 89 |4 (4.09) 7) e-04
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Abstract

The role of an automatic voltage regulator (AVR) in excitation system is to hold
and control the terminal voltage magnitude of a synchronous generator at a specified
level. Unstablity in AVR cause seriously affect in stability of the power system. In this
dissertation, using the concept of fractional calculus, the design and calculation of
optimal coefficients of an optimum Fractional Order Proportioanl-Integral-Derivative
controller (FOPID) using artificial intelligence techniques and imperial competition
algorithm (ICA) algorithm for design an optimum Fractional Order Proportioanl-
Integral-Derivative controller (FOPID) parametrs, That tuned to improve the
performance of an automatic voltage regulator (AVR) in power generation systems. The
components of the excitation system simulated and by defining a suitable cost function,
optimization has been compared in evolutionary algorithms. Simulation and results
obtained from the dissertation indicate the optimal performance of the controller

designed against the uncertainties exists in system parameters.

Keywords: Automatic Voltage Regulator (AVR) - Fractional Calculus - Fractional
Order Proportioanl Integral Derivative controller - Imperial Competition Algorithm
(ICA)
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