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Two-stage decomposition and iJaya-ELM short-term
wind speed prediction model
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(Logistics Research Center, Shanghai Maritime University, Shanghai 201306, China)

Abstract: Accurate prediction of wind speed is of great significance for safe operation and efficient power generation of wind farms.
Aiming at the inherent defects of the single decomposition strategy used in existing literatures in wind speed prediction and the unstable
effect of the optimized prediction model, a hybrid prediction model combining two-stage decomposition and iJaya-ELM is proposed.
First, ICEEMDAN decomposition is performed on the original wind speed sequence, and 12 components are obtained, and reconstructed
into high frequency terms, middle frequency terms and low frequency terms based on the permutation entropy. Then, the high frequency
term is filtered by singular spectrum decomposition to remove the sequence noise. An improved Jaya algorithm, iJaya, is proposed to
obtain the optimal connection weights and thresholds of ELM. Finally, the predictive results of each component are linearly integrated to
obtain the final results. The model is validated by wind speed data of wind farm in Gansu province of China, and its robustness and
universality are tested by wind speed data of Xinjiang region. The experimental results show that the iJaya algorithm is of strong
optimization accuracy and stability, and the two-stage decomposition can deeply excavate the characteristics of wind speed series. The
hybrid model can effectively improve the wind speed prediction accuracy, and the average absolute error and mean square error are
0.067 9 and 0. 134 5, respectively.
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Table 1 Comparison of test function results
3 e K Bk wAE & ZEE SEHIE brifE 22
iJaya 0.00x10° 7.99x107'58 2.57x107% 3.35x107"8
Jaya 2.01x10° 2.19x10° 8.96x10° 4.36x10°
F1 PSO 1.12x10° 1.02x10° 4.69%x10° 2.31x10°
GWO 3.92x107% 5.44x107% 1. 64x107% 6.60x10™%
WOA 5.83x107" 3.16x107"! 1.00x1077° 1.00x107"
iJaya 0.00x10° 1.15x107" 3.64x10°777 4.80x1077®
Jaya 6.01x107" 4.70x107" 2.09x10° 1.35x10°
F2 PSO 1.06x10" 4.34x10° 2.59x10" 1.81x10!
GWO 2.41x107"7 6.61x107"7 2.31x107'¢ 1.06x107'
WOA 2.23x107° 8.26x107%! 2.54x107° 4.76x107"!
iJaya 0. 00x10° 1.41x107% 4.42x107% 8.48x107%
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iJaya 0.00x10° 0.00x10° 0.00x10° 0.00x10°
Jaya 2.14x10? 1.71x10" 2. 68x10? 2. 34x10?
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WOA 0.00x10° 0.00x10° 0.00x10° 0. 00x10°
iJaya 8.88x107' 8.88x107' 8.88x107'¢ 0.00x10°
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F6 PSO 1. 06x10' 8.99x107! 1.33%10' 1. 14x10"
GWO 7.55%107" 1.73x107* 1.22x1078 1.00x107"
WOA 8.88x107' 3.11x107" 7.99x107" 4.80x107"
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= 0.1 L
i T i T 0 1000 2000 3000 4;3{0};)5 5000 6000 7000 8000
IMF1 0.978 787 IMF7 0.418 154 .
K4 HFSiEamai
IMF2 0. 872 782 IMF8 0. 403 958
IMF3 0.719 525 MF9 0. 393 660 Fig. 4 Results of SSD
IMF4 0. 602 887 IMF10 0.391 992 =3 FARLEIBNNAFEERFEREBE
IMF5 0.510 836 IMF11 0.387 652 Table 3 Eigenvalues and variance contribution
IMF6 0. 454 096 IMF12 0. 350 730 rates corresponding to SSD

FH L 3 WL A i MR R AR 2 A L TN A A TR
M, N T AR T AR TR R 2 B iR
o R SCRTER 20 S 0 IR AT A B A R e —
U, 3 /IN R R BE ORI R EAE L T R H
KRS IR ) 24 B FEASHIE 5 v, v A L) 471 5
R, BLURFH I £ 25 AR LA s 22 B
I AR DK ERE AT L, 20 K im A&
P B E 0 10,45 8] 10 780 i, sl 4 s, Bl
JE VR RRIE AR 5 7 22 DU, 3R 3 s,

SMEFS R RRARESRAN J7 ZETTRRR % R 07 2 SRR/ %
1 52.053120 52.053 12 28.71 28.71
2 49.929670 101.98280  27.54 56.25
3 27.455530 129.438 30 15. 14 71.40
4 17.521 720 146.960 00 9.67 81. 06
5 11.124 070 158.084 10 6.14 87.20
6  7.807030 165.891 10 4.31 91.51
7 5.408 130 171.299 30 2.98 94.49
8  4.125764 175.42500 2.28 96.77
9 3.054 656 178.479 70 1.68 98.45
10 2.807 292 181.287 00 1.55 100. 00
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Fig.5 Calculation efficiency comparison

of optimization algorithms

W A 80 5 A SR8 D T, 38 O ek ik 1Y Jaya 5502400
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FEHL Ty T PR HL ELM . SVR \BP ( back propagation ) fifl £ %]
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Table 4 Comparison of error indexes

of each model ( Gansu)

[ b Wﬁ’r‘%‘éﬁ
MAE RMSE MAPE
@O  ICEEMDAN+SSA+iJaya+ELM 0.067 9 0.1345 0.668 6%
@ ICEEMDAN+SSA+Jaya+ELM  0.0755 0.160 0 0.729 7%
©) ICEEMDAN+iJaya+ELM 0.104 0 0.207 4 1.020 4%
@ CEEMDAN +iJaya+ELM 0.1102 0.2239 1.273 3%
® EEMD+iJaya+ELM 0.1058 0.2138 1.0859%
® iJaya-ELM 0.1214 0.236 6 1.249 5%
@ Jaya-ELM 0.1328 0.2489 1.294 7%
PSO-ELM 0.150 6 0.2694 1.519 2%
©) ELM 0.1704 0.3158 1.994 7%
(] SVR 0.178 6 0.3223 2.065 3%
@ BP 0.5348 1.0027 6.509 9%

F 4 BN TR AIN AR AR e R A - B PERE, 45
TR

1) 5 H A LA R AR L, AR SCHRE H A A 9 o By
fi# 5 iaya-ELM JE-A BB T S URS B2, L MAE |
RMSE MAPE {43514 0. 067 9.0. 134 5 .0. 668 6% , . %
IETF AR

2) STl AR 5 T, 485 AT S O i 2 MR S R R R
Z W EMTREE 51k ff iR o MAE  RMSE |
MAPE 43 BIFEAR T 34. 71% .35. 15% 34. 48% , 5 W J7 if
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Fig. 6 Original wind speed sequence data ( Xinjiang)

H26 5 Al A SCER HY AR MAE . RMSE  \MAPE 43
WK 0.536 5.0.749 6 11. 20% , AT 9K 43048 T Ath Jik o
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fifp A BRI | BE S 18 AN [] 284 1 RGP 971, 5 i
WOXGE FPBVRFAL , FEIER] T 30418, AR SCHE
M1 iJaya 503% RE W AR TN i OIS 12, B R4
9 TR E SRR E

x5 BEBIRZEIERIILE(HFE)
Table 5 Comparison of error indexes

of each model ( Xinjiang)

) B BRIEELE
MAE RMSE MAPE
@O  ICEEMDAN+SSA+iJaya+ELM 0.536 5 0.749 6 11.197 2%
@  ICEEMDAN+SSA+Jaya+ELM 0.541 1 0.7527 11.313 6%
® ICEEMDAN+iJaya+ELM 0.6054 0.8147 11.9952%
@ CEEMDAN+iJaya+ELM 0.6901 0.9025 14.754 4%
® EEMD+iJaya+ELM 0.6873 0.902 14.796 3%
® iJaya-ELM 0.8589 1.2142 18.810 5%
@ Jaya-ELM 0.8622 1.216 6 18.871 2%
PSO-ELM 0.8856 1.2417 19.381 9%
©@ ELM 1.3346 2.3285 24.725 6%
@ SVR 1.360 8 2.370 6 25.368 4%
) BP 2.1496 3.7259 31.613 1%
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