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Ultra-short-term Prediction of Photovoltaic Power Based on Multi-mode Decomposition and
Multi-branch Input

BI Guihong, ZHANG Zirui, ZHAO Sihong, HUANG Ze, BAO Tongyu, LUO Zhao
(School of Electric Power Engineering, Kunming University of Science and Technology, Kunming 650500, China)

Abstract: To address the problem that photovoltaic (PV) power is highly stochastic and volatile leading to its low pre-
diction accuracy. We propose a PV power prediction method based on adaptive affinity propagation clustering (adAP),
multi-mode decomposition, and multi-branch input combination. First, the meteorological factors which are highly corre-
lated with PV power generation are found based on correlation analysis, the PV power generation is converted from the
time domain to the frequency domain by using the fast Fourier transform (FFT), which is used as the clustering feature of
the adAP algorithm along with the meteorological factors with high correlation, and the daily scenes with similar meteor-
ological characteristics are classified. Secondly, Gaussian white noise is added to the meteorological correlation factors
and PV output power in the clustered weather types with fewer similar days and intense output power fluctuations, which
is merged with the original data to achieve the effect of multiplying the samples and to improve the model’s generalization
ability and robustness. Then, the variational mode decomposition (VMD), singular spectrum decomposition (SSD) and
swarm decomposition (SWD) are used to decompose PV power, irradiance and temperature to weaken the volatility of the
original series and enrich the input features of the model. Finally, a multi-branch residual network (ResNet) and a long
short term memory network (LSTM) model are built to extract the temporal and fluctuating features of the data, which are
combined and input into a gated recurrent unit network (GRU) to establish the connection between the historical features
and the future PV output power, and get the prediction results. The experimental results show that the proposed mul-
ti-model combination prediction method can maintain high prediction accuracy in the case of slow fluctuation of PV
power, and improve prediction accuracy in the case of severe fluctuation of weather.
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Table 3 Comparison of prediction errors of different decomposition methods under different weather types

KRR I MAPE/% MAE/KW RMSE/KW
13 6 4 123 14 6 124 1 6% 124
ICEEMDAN 1.969 2.363 2733 1.045 1.254 1.450 1274 1.520 1.938
SSD 1.804 2.068 2326 0.958 1.098 1.235 1.189 1.401 1.539
SWD 1.755 1.866 2272 0.932 0.991 1.206 1.199 1322 1.753
AR VMD 1.654 1.788 2219 0.878 0.949 1.178 1.158 1.169 1.519
4 5yl 1.608 1.751 2.339 0.854 0.929 1.242 1.017 1216 1.618
VMD-+SWD 1.529 1.714 2.101 0.812 0.909 1.116 1.052 1.143 1.485
ATk 1.397 1.589 1.785 0.742 0.849 0.948 0.981 1.116 1.254
ICEEMDAN 1.972 2.579 2921 1.151 1.505 1.705 1.701 1.762 2321
SSD 1.987 2.463 2758 1.160 1.438 1.438 1.497 1.727 2132
SWD 1.828 2.051 2.345 1.067 1.196 1.369 1.614 1.551 1.853
HHmR VMD 1.856 2211 2.530 1.083 1.291 1.477 1.384 1.559 1.917
4 53 1.594 1.906 2.164 0.931 1.112 1.263 1.237 1.398 1.834
VMD+SWD 1.725 1.931 2237 1.007 1.127 1.305 1.345 1.383 1711
ATk 1.544 1.795 2.126 0.902 1.047 1.241 1.227 1.482 1.664
ICEEMDAN 2.769 4281 7.599 1.575 2.435 4323 2.118 4276 7.150
SSD 2211 3.869 6.292 1.258 2.201 3.579 1.436 2.769 6.118
SWD 2.146 3.661 6.615 1.221 2.082 3.764 1.737 2.858 6.711
EAN VMD 2.099 3.380 6.067 1.194 1.923 3452 1.452 2.926 5.875
4 53 1.753 2.939 5.521 0.997 1.672 3.141 1.408 2.149 5.894
VMD+SWD 1.766 3.145 5.948 1.004 1.789 3.384 1377 2.860 5.941
ACTiE 1.582 2.687 5.439 0.900 1.529 3.094 1.199 2.078 5.263
ICEEMDAN 4.195 6.558 13.586 1.357 2.121 4395 1.644 2.682 6.185
SSD 3.800 5.617 12.693 1.229 1.817 4.106 1.441 2.287 5.671
SWD 3232 5.954 10.190 1.045 1.926 3.296 1.343 2422 4435
YIr VMD 2.802 3.909 11.767 0.906 1.264 3.806 1.166 1.605 4.957
4 53 2415 4.029 10.641 0.781 1.303 3.442 0.978 1.673 4.827
VMD+SWD 2532 3.788 9.861 0.819 1.225 3.190 1.091 1.557 4.592
ATk 2.346 3.371 8.970 0.759 1.091 2.902 0.948 1.383 4.147
ICEEMDAN 6.434 10.267 15.105 2818 4.497 6.616 3.627 6.370 8.945
SSD 5.480 9.087 13.124 2.400 3.980 5.748 3.130 5.836 7.858
SWD 4327 8.146 11.833 1.895 3.568 5.183 2.494 6.191 6.807
ey at VMD 4.549 7.941 11.789 1.992 3.478 5.164 2482 5.082 7.540
4 53R 2.787 5214 10.989 1.221 2.284 4813 1.405 3.157 6.320
VMD+SWD 2.706 4.165 11.406 1.185 1.824 4.996 1.3850 2516 6.934
AT 2.601 3.899 9.828 1.139 1.708 4305 1.298 2.141 5.997
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Fig.6 Comparison of absolute errors of different decomposition methods for extreme weather
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Table 4 Comparison of prediction errors with and without adding noise-expanded samples in rainy and extreme weather
FRKH LTS goREA MAPE/% MAE/kW RMSE/kW
e = 1% 6% 2% 1 % 6% 123 1 % 6% 2%
W i 2912 7.459 16.475 0.9423 2.413 5.330 1.192 3.032 6.776
- 7 2.346 3.371 8.970 0.759 1.091 2.902 0.948 1.383 4.147
e 4 3.076 8.279 18.883 1.347 3.626 8.271 1.632 4.793 11.126
s e 2.601 3.899 9.828 1.139 1.708 4.305 1.298 2.141 5.997
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Table 5 Results of ablation experiments under extreme

weather
- PR R AR
MAPE/%  MAE/KW  RMSE/KW
AR 3.899 1.708 2.141
MBI-Res(Xp+Xi+Xp)-GRU 4.142 1.814 2.366
MBI-Res(Xp+X7)-GRU 4364 1.911 2.303
Res(Xp)-GRU 4861 2.129 2.585
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Fig.8 Comparison of 6-step prediction results of extreme

weather with different prediction models
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Table 6 Comparison of prediction errors of different models under different weather types

S -_— MAPE/% MAE/KW RMSE/LW
15 6 12 4% 15 65 125 1 6 124
MBI-LSTM-GRU 1.609 1.809 2.028 0.854 0.960 1.076 1.088 1.264 1372
LSSl MBI-Res-GRU 1.480 1.669 1.872 0.786 0.887 0.994 1.037 1.162 1.281
AR 1.397 1.589 1.785 0.742 0.849 0.948 0.981 1.116 1.254
MBI-LSTM-GRU 1.733 1.969 2422 1.012 1.149 1.414 1.369 1.419 1.904
HHIER MBI-Res-GRU 1.664 1.878 2298 0.9715 1.096 1.342 1.278 1.474 1.786
AR 1.544 1.795 2.126 0.902 1.047 1.241 1.227 1.482 1.664
MBI-LSTM-GRU 1.974 3.389 6.087 1.123 1.928 3.463 1.455 2.758 6.034
EZN MBI-Res-GRU 1.702 3.175 5.897 0.969 1.806 3.355 1211 2.438 6.164
ENy i 1.582 2.687 5.439 0.900 1.529 3.094 1.199 2.078 5.263
MBI-LSTM-GRU 2953 3.875 10.924 0.955 1253 3.534 1.206 1.592 4.823
I MBI-Res-GRU 2.623 4306 9.509 0.848 1.393 3.076 1.092 1.735 4.096
AR 2.346 3.371 8.970 0.759 1.091 2.902 0.948 1.383 4.147
MBI-LSTM-GRU 3.408 6.746 10.049 1.492 2.955 4.401 1.875 5.861 6.341
Haih R, MBI-Res-GRU 2.874 4545 11.476 1.259 1.991 5.027 1.599 2.508 7.049
AR 2.601 3.899 9.828 1.139 1.708 4305 1.298 2.141 5.997
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