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Load frequency control of power systems based on an MVO algorithm and improved objective function
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Abstract: There is a problem of power system frequency stability caused by random fluctuating power and load
frequency control (LFC) system parameter changes when wind power is connected to the grid. Thus an optimal PID
controller design method based on an intelligent optimization algorithm and improved objective function for an
interconnected power grid LFC system is proposed. First, the LFC closed-loop model of an interconnected power system
with wind power generation based on PID control is analyzed. Secondly, in the objective function of the performance
index of the integral of time multiplied absolute error (ITAE), the output signal deviation of the regional controller is
considered, and the optimization objective function is improved. The optimal PID controller parameters are obtained with
excellent performance by using the multi-verse optimizer (MVO) algorithm which is calculated first and verified later.
Finally, taking the interconnected power LFC system of 4 generators in two regions as an example, the PID controller
based on the MVO algorithm, which is obtained by improving the objective function, is verified by simulation. The
simulation results show that the PID controller combined with improved objective function has relatively better
robustness to step load, random load and wind power deviation disturbances and system parameter change than the PID
controller based on the MVO algorithm. It also has a relatively good non-vulnerability index for controller parameters.
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Fig. 1 LFC model for area i of an inter connected power

systems with wind power
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Table 3 Comparison of objective robustness indexes of

optimization algorithms under different performance indicators
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Table 4 PID controller parameters obtained under

different performance indicators

KI Kz
X3k
KP Kl KD KI’ KI KD
1 0.01 20 03018 001  1.9746 0.7356
2 0.01 20 01862 0.0l 20 09039
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Fig. 3 Comparison of frequency deviation responses curve with

different controllers under step load disturbance
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Table 5 Dynamic characteristics of system frequency

deviation under different controllers

\ LREE K% Hz
FaHl
M o, M A
K, 7.38 6.20 -0.021 11 -0.023 25
K, 5.02 4.51 —0.016 46 —0.016 68
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Fig. 9 Comparison of frequency deviation responses curve with

different controllers under large disturbance with 30%IR
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Table 6 Dynamic characteristics of system frequency deviation

under different controllers with 30%IR

\ T 61/ BRI % Hz
Fthl 2
A, Afy Af) A,
K, 7.11 6.13 -0.1515 -0.1669
K, 494 5.05 -0.1196 -0.1215
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disturbance with 30%IR
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Table A1 Parameters of two-area power LFC systems

- keiz X305k R HAT 2% F ] X 3K
1-1 2-1 1-2 2-2 1 2
T, 0.32 0.30 0.30 0.32 M 0.1667 0.2084
T, 0.06 0.08 0.06 0.07 D 0.0084 0.0084
R 24 2.5 2.5 2.7 B 0.4250 0.3996
a 0.5 0.5 0.5 0.5 T, 0.2450
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Table A2 Parameters of two-area power LFC system with 30%IR

5% kein X058 b SO HLAT] s X
1-1 2-1 1-2 2-2 1 2
T, 0.32 0.30 0.30 0.32 M 0.1166 0.1458
T, 0.06 0.08 0.06 0.07 D 0.0084 0.0084
R 3.4285 3.5714 3.5714 3.8571 B 0.2884 0.2676
a 0.5 0.5 0.5 0.5 T, 0.2450

R A3 J, MHREIEAR TIEHIBR S B AR ST IR AR

Table A3 Non-vulnerability index for controller parameter change under the J; performance indicators

T8 B 8] /s KW 2/Hz
25 AK F
Af, Af, Af, Af,
FEUEA 0 0 7.38 6.20 -0.021 11 -0.2325
+40 0.0336 6.73 5.69 -0.0211 -0.0232
+20 0.0328 6.93 5.79 -0.0211 -0.0232
KP
-20 0.0328 5.63 4.97 -0.021 13 -0.0239
-40 0.0311 6.99 573 -0.021 15 -0.0233
+40 0.364 438 3.99 -0.020 45 -0.0223
+20 0.286 478 4.02 -0.020 77 -0.023 37
KI
-20 0.478 6.82 5.73 -0.021 53 -0.024 47
-40 1.378 10.08 7.10 -0.022 -0.024 51
+40 0.0337 7.45 6.82 -0.0192 -0.022
+20 0.0328 6.62 3.96 -0.0201 -0.022 62
KD
-20 0.0311 5.85 4.41 -0.022 24 -0.0239
-40 0.0303 6.99 5.86 -0.023 48 -0.0246

A4 U M REIERR MEHIRR S B AR SS M AR

Table A4 Non-vulnerability index for controller parameter change under the J, performance indicators

y W /s e KM 2E/Hz
S5 AK F
A 4Af, My Af,
A 0 0 5.02 451 -0.016 46 -0.016 68
+40 0.000 024 461 4.40 -0.0164 -0.0166
< +20 0.000 024 4.64 445 -0.0164 -0.0166
»
-20 0 421 4.09 -0.016 43 -0.016 69
-40 0 475 4.50 -0.016 48 -0.0167
+40 0.000 57 3.10 2.89 -0.015 07 -0.0156
P +20 0.000 50 3.49 3.20 -0.015 71 -0.015 96
1
-20 0.000 31 5.17 5.14 -0.017 33 -0.017 75
-40 0.0051 7.41 7.10 -0.018 55 -0.019 15
+40 0.0014 6.59 6.23 -0.015 39 -0.0159
p +20 0.000 31 439 5.53 -0.015 75 -0.0163
D
-20 0.000 144 4.98 4.02 -0.017 12 -0.017 76

-40 0.000 24 6.99 5.86 -0.017 82 -0.019 66
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