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ABSTRACT: The current forecasting models for wind power
time series have limitations in handling irregularly sampled
time series and need to pay more attention to the piecewise
control characteristics of wind speed on wind power output. To
address these issues, this paper proposes a short-term wind
power forecasting method based on a piecewise controlled
hybrid differential neural network. First, the wind speeds at
discrete timesteps are converted into a continuous path using
cubic spline interpolation. The hybrid differential neural
network is employed to model the temporal inertia of wind
power and the regulatory effects of continuous wind speed on
wind power, thereby capturing its dynamic evolution process in
full. Then, based on the differentiated control modes for wind
power output when wind speed falls into different numerical
intervals, a multilayer perceptron is employed to dynamically
output continuous weighting values representing the affiliation
of wind speed to distinct control intervals. Finally, the
short-term power forecasts for the wind farm are output, which
can simultaneously satisfy the temporal inertia of wind power
and the piecewise controlling patterns of wind speed. Practical
case studies demonstrate that this method exhibits significant
advantages in handling irregularly sampled time series, with
the proposed piecewise control hybrid differential neural
network outperforming the popular RNN networks in terms of

forecasting accuracy and reliability.
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Table 1 Model prediction error comparison at different wind speed missing rates

MAPE/%
A 1 R 2
S0 i N B R R R A
A 0% 10% 20% 30% 0% 10% 20% 30%
W% Ly BME% Ly, WEN% % L, W% % L, BEN% BE% BE%  WEN% % W% % BEN%
GRU-dt 614 052 633 059 0.16 658 0.64 014 682 076 0.17 12.1 1213 016 1217 014 122 0.14
GRU-D 626 064 648 074 0.12 6.67 073  0.09 687 081 014 1213 1218 007 1222 008 1224 0.6
ODE-RNN 667 105 693 119 053 695 101 032 6.88 082 023 2393 2104 156 2028  1.66 2255 397
NCDE 678 116 725 151 067 715 121 051 692 086 017 1175 1046 035 10.8 035 1089  0.18
NPHDE 562 — 574 — 02 594 — 017 606 — 0.6 8.88 8.97 0.21 8.9 0.07 9.97 0.69
Rusi/ MW
AHI 1 AHLI 2
TR i NBE R O
0% 10% 20% 30% 0% 10% 20% 30%
BIE/MW 1,/ % BIE/MW 1,/ % B E/MW BHE/MW L,/ % FEFMW SEMW Ly/% [EEMW BE/MW BE/MW 3 3)/MW /MW 3 3)/MW S{E/MW 5 31/MW
GRU-dt 92 388 947 866 036 9.81 1009 024 1012 1057 038 1605 1608 012 1618 009 1622 0.1
GRU-D 92 576 9.5 895 048 9.82 1018 024 1028 1196 042 1672 1634 008 1639 014 1645  0.06
ODE-RNN 948 854 982 1191 0.71 978 992 03 991  8.68 0.64 282 2521 293 2418 171 2559  2.68
NCDE 993 1269 1062 1855 044 1023 1378 0.64 1019 1119 085 1611 1491  0.71 1474 044 1491 022
NPHDE 867 — 865 — 017 882 — 008 905 — 025 1234 1251 044 1244 008 1387 052
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Fig. 7 Relationship between Training Loss and Epochs
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Table 2 Comparison of MAPE prediction errors in
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HiE TR B T
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GRU-D 1222 5.55 6.58 0.32
ODE-RNN  20.28 13.33 6.92 0.25
NCDE  10.80 3.65 6.64 0.14
NPHDE 8.9 3.05 5.83 0.21
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Fig. A1 Comparison of Wind Power Prediction Curves of Various Models under Rule-Based Input Wind Speed
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Comparison of the hidden feature update process



