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Short-term Power Load Forecasting Based on VMD-MSFOA-LSTM

YANG Songye,LIU Wei

( Shenyang Ligong University , Shenyang 110159 , China)

Abstract; To enhance the accuracy of power load forecasting in power systems,a power load fore-
casting model ( VMD-MSFOA-LSTM ) was proposed , that combined variational mode decomposition
(VMD) with a long short-term memory ( LSTM ) network , optimized by a multi-strategy improved
starfish optimization algorithm ( MSFOA ) . Firstly , MSFOA integrated the Halton sequence initializa-
tion strategy, dynamic opposition-based learning mechanism, linearly decreasing coefficient, and
elite enhancement solution quality strategy. Secondly, the hyperparameters of the LSTM network
were optimized based on MSFOA to construct the VMD-MSFOA-LSTM load forecasting model. Fi-
nally ,the Australian power load dataset was selected to evaluate the model. The experimental results
show that compared with the original LSTM model, the VMD-MSFOA-LSTM model reduces the
root mean square error, mean absolute error, and mean absolute percentage error by 86.53% ,
86.71% ,and 87.59% ,respectively,and increases the coefficient of determination by 16. 94% , ver-
ifying the superior performance of the proposed model in power load forecasting.

Key words: power load forecasting; starfish optimization algorithm ; variational mode decomposi-

tion ;long short-term memory network
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Fig.2 Convergence curves of six algorithms on different test functions
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Table 1 Experimental data of six algorithms on different test functions(d =30)

PREL MSFOA SFOA WOA AOA HHO HO
Mean 2.09 x 107 7.20 x 10% 4.66 x10° 5.40 x 10" 4.64 x108 6.41 x 10"
Fl Std 8.71 x10° 6.29 x 10% 1.39 x 10° 1.09 x 10 6.63 x 10® 9.23 x10°
Mean 1.26 x 10* 2.02 x 10* 2.62 x10° 8. 15 x 10* 5.67 x 10* 1.16 x10°
3 Std 3.82 x 10° 7.12 %103 7.13 x 10* 1.12 x10* 6.40 x 107 2.99 x 10*
Mean 5.14 x 10? 5.90 x 10? 1.37 x 103 1.59 x 10* 7.02 x 10? 2.10 x 10*
F4 Std 2.12 x 10! 8.52 x10! 4.67 x 10? 4.68 x 10° 8.88 x 10! 5.31 x10°
Mean 6.74 x 10? 7. 83 x 10? 8.62 x10? 8.94 x 10? 7.67 x 10? 9.47 x 10?
F5 Std 3.78 x 10" 4.64 % 10" 6.25 x 10" 4.18 x 10! 4.77 x 10" 3.59 x 10!
Mean 6. 40 x 10? 6.48 x 10? 6.79 x 10? 6. 82 x10? 6.67 x 10? 6.95 x 10?
F6 Std 1.07 x 10! 1.44 x 10" 1.20 x 10! 7.40 5.79 1.02 x 10"
Mean 1.00 x 10° 1.09 x 10° 1.30 x 10° 1.40 x 10° 1.32 x10° 1.46 x 10°
F7 Std 7.99 x 10" 4.63 x10" 8.17 x 10! 4.89 x10' 6.02 x 10! 6.46 x 10"
Mean 9.47 x 10? 1.06 x 10° 1.08 x 10° 1.12x10° 1.00 x 10° 1.17 x 10°
F8 Std 3,45 x 10" 4.27 10" 4.72 10! 3.21 x 10’ 2.74 %10 2.28 x 10’
Mean 5.85 x10° 7.90 x 10° 1.25 x 10* 8.44 x 10° 8. 84 x 103 1.28 x 10*
B Std 2.23 x10° 2.69 x10° 4.49 x 103 1.20 x 10° 1.07 x10° 1.70 x 10°
Mean 6.80 x 10° 8.26 x 103 7.74 x 103 7.85 x 103 6.05 x 10° 9.82 x10°
F10 Std 9.91 x 10? 7.79 x 10 7.84 x 10 5.30 x 10? 6.67 x 10 4.77 x 10°
Mean 1.30 x 103 1.42 x10° 1.01 x 10* 1.03 x 10* 1.59 x 103 2.33 x10*
Fll Std 4.75 10 6.94 x 10! 4.77 x10° 3.36 x 103 2.25 x 102 1.16 x 10*
Mean 1.30 x 10° 5.42 x 10° 4.64 x 108 1.32 %10 7.62 x 107 1.58 x 10"
F12 Sud 2.28 x 10° 5.31 x10° 3.31 x 10° 3.85 x 10° 7.08 x 107 3.26 x 10°
Mean 1.70 x 10* 8.92 x 10* 2.02 x107 1.36 x 10'° 1.04 x 10° 1.66 x 10"
F13 Std 1.40 x 10* 7.09 x 10* 3.33 x 107 5.52 x 10° 4,96 x 10° 7.96 x 10°

Wilcoxon BRI R —FES STk, HAWSAEAETERE F A2 25 5, DA FORP S /e D i
K2 SR/ 0.05 B, By RIAFFE ST F)2 ) SR LIRS A8 4T 30 YR A3 Iy BE(E A RE AR, 35k
WETEREZE S M SR IR ZE R AT 0.05, RIAMERE AR 0. 05 BHATIRIE, KB4 SR 4Nk 2 Firw,
KRB E X5, R —P 5k MSFOA ik

£2 FEMEIATZE CEC2017 LA Wilcoxon BN
Table 2 Wilcoxon rank-sum test of five algorithms on CEC2017

PRIEL SFOA WOA AOA HHO HO

F1 3.02x10 1 3.02x10°1 3.02x10 ! 3.02x10 1 3.02x10 1
F3 6.74 x10°° 3.02x10° 1 3.02x10° ! 3.02x10°" 3.02x10°"
F4 5.97 x107° 3.02x10°1 3.02 %1071 3.34x10° ! 3.02x10°1
F5 1.96 x 1010 4.50x10~" 3.02x10°! 2.44 x107° 3.02x10 "
F6 2.81 x1072 6.07 x10~1 5.49 x10 ! 4.62x10°1° 3.02x10 M
F7 4.69 x10 % 3.34 x10 ! 3.02 x10 ! 4.50 x10 1 3.02x10°!
F8 2.87 x10°10 6.70 x 10~ 3.02x10° ! 7.70 x10 78 3.02x10°1
F9 2.27x1073 7.12x107° 1.02x107° 6.01 x1078 3.69 x10 !
F10 6.53 x10°° 1.70 x 10 73 1.53x10°4 6.67 x10 72 3.34 x10° 1
F11 9.26 x10~° 3.02x10°1 3.02x10° ! 1.33 x10°1° 3.02x10° M
F12 1.69 x10~° 3.02x10° 1 3.02x10°" 4,08 x10~" 3.02x10°"
F13 9.06 x10°8 3.02x10 1 3.02x10° ! 3.02x10 1 3.02 %101
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Table 3 Hyperparameter value results
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Fig.4 Comparison chart of prediction results
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Table 4 Results of load forecasting evaluation metrics

iRy RMSE MAE MAPE/%  R?
LSTM 670.191 534.675 6.049  0.828
VMD-LSTM 281.548 192.615 2.010  0.967 9

VMD-SFOA-LSTM  159.040 128.704 1.383 0. 990

VMD-MSFOA-LSTM  90.228  71.047  0.751 0.997
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Table 5 Wilcoxon rank-sum test results
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