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Short-term PV Forecasting Method Based on the QMD-HBiGRU Model
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Abstract: In order to solve the problem that the inherent strong uncertainty in PV power data leads to the low prediction
accuracy of a single prediction model, a short-term PV power prediction method based on quadratic modal decomposition
and hybrid bi-directional gated recurrent unit (HBiGRU) model is proposed. Firstly, to cope with the uncertainty of PV
power data, a series of smoother eigenfunction components are obtained by processing PV power data based on adaptive
noise-complete ensemble empirical modal decomposition, sample entropy and variational modal decomposition. Secondly,
the HBiGRU model is constructed to fully explore the characteristic relationship between each component and PV power
influencing factors, and the prediction results of each component are obtained. Finally, the prediction results of each
component are superimposed to obtain the short-term PV power prediction results. The simulation results show that the
proposed integrated prediction model can be adopted to effectively improve the short-term PV power prediction accuracy.
Compared with the results from other prediction models, the normalized mean absolute error and root mean square error
are reduced by 3.21% and 5.04%, respectively, and the coefficient of determination is improved by 22.7%.
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bi-directional gated recurrent unit, HBiGRU)f %Y ff]
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Fig.4 Sample entropy of each IMF component
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Fig.5 Prediction results of reconstructed IMF1—IMF3
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Table 2 Center frequency corresponding to different mode

decomposition number K

Vi V2 V3 V4 Vs Ve v

0.031 0.096 0.196 — — — —
0.030 0.107 0.277 0.475 — — —
0.050 0.124 0.222 0.355 0.413 — —
0.028 0.077 0.137 0.207 0.329 0.395 —
0.030 0.066 0.110 0.161 0.226 0.476 0315

¥4 o v b WX

*£3 KHLS5, 6, 7 IMF1 EHRZEXLL

Table 3 Comparison of IMF1 reconstruction errors when

Kis5,6,7
K ENMAE /% ENRMSE /% Ep2
5 2.08 3.03 0.83
6 1.48 2.10 0.91
7 1.91 2.65 0.87
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Fig.6 Comparison of IMF1 forecast results

#4 QMD fif5 IMF1 % 2 % Lk
Table 4 Comparison of IMF1 prediction error before and after

quadratic decomposition

I ETT Exmag /% EnrMSE /%0 Ep
CEEMDAN-SE 3.41 5.33 0.47
QMD 1.83 2.55 0.88

AT NRMSE 7 HIFEAK T 1.58%411 2.78%, R2 I\ 0.47
T 0.88. BLHIASCHTHE QMD J7 ik n] LUKIE
IR AR S, 5 22T+ HBIGRU FRINAR AL %) 45 2% ¢
FI TR FE
4.4 FEEARARINZRFUNLER 2
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Table 5 Comparison of prediction accuracy of each models

I ] T

&

ENMAE %0 ExrMSE /% R2

H1 493 6.98 0.77

H2 4.35 5.78 0.85

3Hs8H H3 3.69 4.67 0.89
H4 3.06 4.15 0.92

HS5 2.31 2.79 0.96

H6 1.42 1.83 0.98

H1 4.88 8.01 0.77

H2 3.50 5.63 0.89

3H9H H3 4.30 6.10 0.86
H4 2.76 493 091

HS5 2.70 3.44 0.95

H6 1.68 2.51 0.97

H1 421 6.09 0.83

H2 3.63 5.34 0.87

3H 10 H H3 3.28 421 0.92
H4 2.38 3.57 0.94

H5 2.24 2.80 0.96

H6 1.29 1.65 0.98

H1 4.67 7.03 0.79

H2 3.82 5.58 0.87

3 H3 3.75 499 0.89
RETIE H4 2.73 421 0.92
HS5 2.41 3.01 0.95

H6 1.46 1.99 0.97

M2 5 Al %0, HI1 B 3 d [)°F%) NMAE {E Al
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