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Very Short-Term Wind Direction Multistep Forecast Based on VMD-LSTM
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Abstract: [Introduction] In order to accurately forecast the wind direction in the next 4 hours, a very short-term wind direction multistep
forecast algorithm based on VMD-LSTM ( Variational Mode Decomposition-Long Short-Term Memory ) is proposed. [Method] Wind
direction sequence was collected from 3 wind turbines of a wind farm of Mingyang Smart Energy Group for preprocessing and analysis.
The correlation of wind direction in different periods was calculated using the autocorrelation function (ACF) to select the characteristic
length of wind direction sequence. Based on variational mode decomposition (VMD), the wind direction sequence was decomposed into
relatively intrinsic mode functions, the number of which was determined by minimum sample entropy. Models were build for each
intrinsic mode function to make very short-term wind direction 24-step forecast. Finally, the wind direction sequence was reconstructed
from the forecasted intrinsic mode functions. [Result] The results obtained demonstrate that the average MAE ( Mean Absolute Error ) ,
RMSE ( Root Mean Square Error ) and MAPE ( Mean Absolute Percentage Error ) of the 24-step wind direction forecast based on
VMD-LSTM in 4 quarters are 8.430°, 16.870° and 9.155, respectively. The algorithm performs better than other common data modeling
methods regarding each error evaluation index at different time scales in each quarter. [Conclusion] The proposed algorithm can
optimize the control yaw angle in the actual production of wind farms.
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Fig. 1 Year-round wind rose map
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Tab. 2 Wind direction multistep forecast results based on VMD-LSTM

EES) S EivESy ERESy EESy
iRIEZN

MAE/(°®) RMSE/(°) MAPE MAE/°) RMSE/(°) MAPE MAE/°) RMSE/(®) MAPE MAE/(°) RMSE/(°) MAPE
1 7782 15445  8.137 6.693 11632 4704 5358 8772 872 4592 15097 4.983
2 7712 15325  8.045 6.549 11404  4.601 5316 8.682  8.682 4553 14926  4.934
3 7711 15338  8.012 6449 11315 4505 5.306 8.571 8.571 4532 14730 4872
4 7644 15251 7.912 6.744  11.858  4.688 5331 8598  8.598 4478 14443 4788
5 7674 15323 7.939 7353 12969  4.997 5.460 8766 8766 4421 14229 4755
6 7618 15312 7.969 7579 13206  5.208 5.641 8.991 8.991 4500 14472 4872
7 7747 15730 8.152 7829 13502 5413 5911 9.361 9.361 4775 15188 5213
8 8.140  16.657 8501 8.085 13950  5.658 5.855 9425 9425 5127 16167  5.637
9 8810  17.957  9.252 8231 14118  5.785 6.003 9750  9.750 5620  17.848 6211
10 9280  18.590  9.591 8229 14233 5793 6.194  10.156  10.156 6220  19.691  6.790
11 9842 19332 10.309 8355 14464 5853 6494 10685  10.685 6.736 21455 7257
12 10591 20647  11.152 8317 14432 5796 6891 11286  11.286 7031 22352 7.520
13 11968 23267 12449 8427 14814 5864 7263 11836  11.836 7292 22568  7.639
14 12.890 25433 13383 8610 15168  6.013 7977  12.848  12.848 7674 22968  7.936
15 13.059 25331  13.584 8704 15388  6.141 7883 12827  12.827 8.146 23452 8423
16 14072 26942 14.886 9.034 15901 6422 8.045  13.036  13.036 8.627 24461  8.829
17 13.607 25731  14.647 9428 16464  6.762 8462 13613  13.613 8.440 23332 8432
18 13.042 24306  14.045  10.186 17584 7312 8.601 13710 13710 8534 22889 8355
19 13.098 24205  14.089 10055 17285  7.258 8.578  13.823  13.823 8918  23.067 8585
20 13292 24449 14198 10285  17.626  7.453 8756 14300  14.300 8786  21.985  8.495
21 13740 25289  14.883 10783 18253  7.772 9.182  15.181  15.181 8954 22006  8.740
22 13757 25237 14869  10.628  18.060  7.722 9662 16071  16.071 9.087  21.890  8.988
23 13977 25423 15135 10412 17.667 7644 10011  16.600  16.600 9457 22350  9.440
24 13755 25003 14834 10342  17.657  7.651 10421 17371 17371 10029  23.166  9.975
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Fig. 8 Wind direction multistep forecast results based on VMD-LSTM
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Tab. 3 Wind direction forecast results of different methods

fublllp e F MAE/(°) RMSE/(°) MAPE
1 18.171 36.762 21.131

2 21.636 37.293 15.900

ARMA

3 14.183 25.072 15.230

4 8.774 27.975 9.853

1 33.897 52.224 30.148

. 2 28.189 45.544 19.395

3 18.734 28.462 19.032

4 46.554 56.749 56.749

1 16.130 27.310 17.054

2 12.909 20.421 9.514

VMD-RF

3 10.786 16.021 11.003

4 13.857 24.802 12.495

1 41.677 61.162 34.512

2 38.968 59.598 28.449

LSTM

3 23.140 33.851 22.536

4 48.877 65.171 34.266

1 10.867 20.897 11.499

2 8.638 14.956 6.126

VMD-LSTM

3 7.275 11.844 11.844

4 6.939 19.780 7.153

50F = ARMA = RF = VMD-RF

= LSTM = VMD-LSTM
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Fig. 9 Wind direction forecast results of different methods
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Tab. 4 MAE of wind direction forecast for

different wind turbines
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