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wind power output
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Fig.4 Modeling process for probability density distribution of

wind power output fluctuation
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Table 1 Comparison of evaluation indexes of probability

density distribution models under 5 min sampling interval

i MAE RMSE R?
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Table 2 Comparison of evaluation indexes of probability

density distribution model under 15 min sampling interval

LY MAE RMSE R?
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Fig.7 Comparison of different probability density curve fits

for a single wind farm
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Table 3 Comparison of evaluation indexes of probability

density distribution model for single wind farm

(el MAE RMSE R?
EAS AR 0.5358 1789 1 0.799 3
Logistic 03458 12726 0.8933
Ak 0.206 6 0.790 9 0.8959
TG AT 0.104 8 0.559 8 0.9709
HAKDE 0.0102 0.0178 0.989 5

R4 R 7 FI5% 3 Al 4, HAKDE B Y RMSE
FIMAE bR 50 ¥ e/, JLTPHEGE T 0, Ui
HAKDE BERADLA A B KU HL 40 232 2 B o A
1, 1 HAKDE #E8[1) R? $8 bR A4 Gors 2 BE Al i
FEF T 1.9%, B T 1,3 W HAKDE #i A4
HREERML.,

15 min SRAEEIRE T KR SR i sl
MR 3 2 X} H tn el 8 B

15 min SRAEEIRE T KRS R i sl
WER 2 B IR 2518 BAE RN 4 s,

o S E
-— I
L | — Logistic 1
‘- \ - - IRAFE
- | 25 P U
—— HAKDE
%20

810 o0 0.00 005 0.10
KU i sl /p.u.
B8 XEFARFARMEIRTE &L ST
Fig.8 Comparison of different probability density curve fits
for wind farm clusters
x4 KEGHEGERZESMELITNIERITEL
Table 4 Comparison of evaluation indexes of probability

density distribution model of wind farm group
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Analysis of wind power fluctuation characteristics based on
hybrid adaptive kernel density estimation

Li Lixin', Tian Xu?, Liu Fei?, Zhang Jun?, Zhang Xiangcheng®, Zhang Xin', Li Yuanyuan'
(1.State Key Laboratory of Grid Security and Energy Conservation (China Electric Power Research Institute),
Beijing 100192, China; 2.State Grid Economic and Technological Research Institute of Qinghai Electric Power
Company, Xining 810000, China)

Abstract; The analysis and mastery of the inner law of the fluctuation characteristics of wind
power output is conducive to improving the prediction accuracy of wind power output, thus
guiding the power grid scheduling department to reasonably arrange the power generation plan and
improve the economy of system operation. To characterize the probability density distribution of
wind power output fluctuations, two adaptive bandwidth kernel density estimation models are
developed by modifying the fixed bandwidths obtained from the empirical method and the unbiased
cross—validation method. Then, the above two models are combined and optimized, and finally the
probability density distribution model of wind power output fluctuation based on hybrid adaptive
kernel density estimation (HAKDE) is established. A variety of probability density distribution
models were used to fit the fluctuations of wind power output at different spatial and temporal
scales in a province in North China. The results show that the fitting effect of the HAKDE model
is the best, which verifies the effectiveness of the HAKDE model.

Keywords: kernel density estimation; wind power; fluctuation characteristics; probability density

distribution; multi—temporal scales

- 928 -



