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Ultra-short-term wind power prediction based on
improved variational mode decomposition and ensemble learning
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(School of Electronic, Electrical Engineering and Physics, Fujian University of Technology, Fuzhou 350118, China)

Abstract; Accurate and efficient wind power prediction is a key technology for ensuring the safe and economic
operation of the power system. However, the non-linear and non-stationary characteristics of wind power data
make prediction modeling difficult. An ultra-short-term wind power prediction model based on improved
variational mode decomposition (VMD) and Stacking ensemble learning was proposed. Firstly, the historical
wind power sequence was decomposed into relatively simple intrinsic mode functions ( IMF) through VMD,
effectively reducing the complexity of the original wind power sequence. Secondly, the IMF was divided into
simple trend components and complex change components using a classification composite index composed of
C, complexity and Hurst exponent. The simple trend components were modeled using a long short-term memory
(LSTM) network, while the complex change components were predicted using an enhanced LSTM Attention
with attention mechanism as the base learner. A Stacking ensemble learning strategy based on convolutional
neural network (CNN) was designed. The predicted values of each base learner and the original wind power
sequence group without decomposition were input as meta features to learn the final prediction results. Using
measured data from a wind farm in Russia to construct an ultra-short-term wind power prediction scenario, and
experimental results show that combining the improved VMD can achieve more accurate IMF classification.
Using Stacking ensemble learning to combine the predicted values of each IMF component can effectively
reduce the final prediction error. Compared with traditional combination methods, the proposed model has
improved prediction accuracy by nearly 8% and efficiency by nearly 40%.

Keywords : ultra-short-term wind power prediction; classification of intrinsic mode components; classification
composite indicators; improved variational mode decomposition; ensemble learning
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Fig.1 Wind power sequence of a wind farm in Russia
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Fig.2 Original wind power sequence and filtered sequence
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Tab.2 Center frequencies of each modal component obtained through VMD decomposition
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Fig.4 Single step prediction results of each model
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Tab.3 Calculation results of C,,Hurst index and

composite indicators for each IMF component
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Tab.4 Evaluation metrics for single-step prediction results
corresponding to three IMF classification methods
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corresponding to three IMF classification methods

fﬁ?}ﬂﬂ*ﬁﬂ e}{MSH/MW eM,—\E/MW Rz *’%H‘T/S
C, 724k 14963 11096 09301 113.4289
Hurst 5%07% 14106  0.8870  0.943 5 264.365 3
EF 1) IMF
W 1.3014  0.8127 09614 161.655 4
WAESEN

SO S JFE 4 35 v AE AL T
FHEST C, 28, BT E G480 1 1Y IMF 23257
FENTIENN 22.479 8 s, {HAS B B F 2T+ 5 Hurst

RHCEAR E, KG BE AR , (HARERS IR b 29.80% . 1F
ZHWM R, C, 43 FIEFER D, 0 epyee 3K
13.03% , PHHRE = 52 22 B 1Y) IMF3 332 5 8 ] B8
PP H P LSTM M TE 1k 7402 P AL 4
E?F%,E&Kﬁﬁl, 5 Hurst #8502 40 1 y xTHE
BAETR 1B IMF 5025 TE ey T ey LM HI4E T
T7.74% F1 8.38% , R* ¥4/ T 0.0179, FEH} )i />
38.85% , K Hurst $5 0K A8 8T LY IMF2 115
i, 53 LSTM-Attention A5 5 35 B 56 7 40
20 B SRS B InFERT, £5 1

BT EGHARNR 1Y IMF 43R AER BERRCR 11y
BATI WAL
3.2.3  Stacking % F& 5 3] 5K BE By R AT

YR UERE T+ Stacking H A2 ) R W& 1Y) FE AL 1
g, R E S B RS AR A A E 4
B EEFTN L, 2 R KD 3 20 [ 22 20 i
W %ERy g SR i 6 181 7 Rk 6 3R 7 s,

KNI ZR /MW
>

n
T

—— Stacking 5 .57 2] g
— HYHYH

100 120 140 160 180 200
I17/15 min

E6 BLHMER
Fig.6 Single-step prediction results

* 6 HRBBLTNERTMIER
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