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Short-term Wind Power Prediction for Wind Farm Clusters Based on Dual Attention
Mechanism and Spatio-temporal Gated Fusion

MENG Gaojun', WU Jiafeng!, ZHANG Yangfei!, YU Linlin?, LIU Haitao!

(1. Jiangsu Distribution Network Intelligent Technology and Equipment Collaborative Innovation Center(Nanjing Institute of Technolo-

gy), Nanjing 211167, China; 2. Research Institute of Economics, State Grid Henan Electric Power Co., Zhengzhou 450052, China)

Abstract: With the accelerated global energy structure transformation towards low-carbonization, the continuous expan-
sion of grid-connected wind power capacity has made its power volatility and spatio-temporal coupling characteristics to
be a critical challenge for power grid safety and economy. To address the issues of unclear spatio-temporal dependencies
and inter-wind farm collaboration mechanisms in wind power cluster forecasting, this paper proposes a prediction method
based on dual attention mechanisms and spatio-temporal gating fusion. Firstly, the maximal information coefficient is uti-
lized to quantify the implicit influence of nonlinear meteorological features; combined with Pearson correlation matrix
analysis of inter-wind farm cooperative relationships, the spatio-temporal coupling characteristics are decoupled. Second-
ly, an improved convolutional network with attention reinforcement and parameter redundancy suppression is developed
to establish a spatio-temporal dual-driven feature extraction architecture with dual attention mechanisms in temporal and
channel dimensions, and adaptively adjusts feature weights. Finally, a spatio-temporal gating mechanism module is de-
signed to enhance spatio-temporal feature capturing capability, thereby effectively solving the problem of insufficient
spatio-temporal feature fusion. Experimental results demonstrate that the proposed model significantly outperforms base-
line models on wind farm cluster datasets, exhibiting strong generalization ability and practical applicability.

Key words: wind power cluster; short term power prediction; convolutional neural network; dual attention mechanism;

spatio-temporal characteristics
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Fig.1 Wind resource distribution map of the six wind farms in the cluster
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Fig.2 Wind cluster power prediction process framework
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Tabel 2 Comparison table of predictive modeling results

FEETY RMSE MAE R> MAPE/% RPD

WOA-SA-ELM  6.7461 49402  0.8978 7.46 3.1313
TCN-BILSTM 6.6812 48514 09053 8.67 3.2544
LSTM-FCN 52458 3.6855 09382 7.01 4.038 8
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Fig.7 Comparison chart of predicted results
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Fig.8 Comparison of absolute errors in prediction results
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Table 3 Comparison table of indicators for prediction models
under 30%, 50%, and 70% training sets
sl ¥ RMSE MAE R®  MAPE/% RPD

30% 39051 28281 0.8899 1041 3.0137

WOA-SA-ELM  50%  6.0171 42654 09137 7.14 34112
70% 63698 4.7544 0.906 1 7.67 32776
30% 47286 2.9923 0.8881 9.03 3.006 5

TCN-
50% 6.8352 4.8967 08896 7.17 3.1636
BILSTM
70% 69934 48665 08967 795 3.1934
30%  3.5555 24043 09087 10.07 3.3128
LSTM-
FON 50% 5.7212 4.0773 09220 737 37413

70% 55775 3.8503 09280  7.33  4.0099
30% 33918 21483 09169 951 37101
ESy B 50% 57847 4.0809 09203  7.08 3.6831
70% 46393 3.1188 09502 732 45231
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Tabel 4 Comparison table of predictive modeling results for

ablation experiments

ieit) RMSE  MAE R*  MAPE/% RPD
CNN-GRU 7.0184 5069 08389 744 29205
CNN-GRU-ATT  6.8814 49705 09007 745 3.1817
AR 49959 34244 09439 681 43194
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Fig.9 Comparison of ablation experiment predictions
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Fig.10 Box plots of evaluation indicators at different

learning rates
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