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Table 2 Parameters and numbers of parameters in different FLSs based on BP algorithm
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Table 3 Initial values of parameters in different FLSs
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Fig. I Curve of RMSE changes with epoch during training
process (BP algorithm )
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Fig. 2 Curve of RMSE changes with epoch during training
process (combining BP and SVD-QR algorithm)
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Table 4 Comparison of forecasting results of

different FLSs in test set

T 7y MAPE RMSE
SVM 14.5011 60.5307
— I NSFLS-1 10.7860 46.4967
— M SFLS-1 13.7855 55.5567
— B NSFLS-1 9.9723 43.8815
PCA-—#I NSFLS-1 11.1304 48.0552
PCA-— 7 SFLS-1 11.3369 52.5006
PCA-— 7 NSFILS-1 8.8377 427365
— 0 NSFLS-2 12.3947 55.0153
— M SFLS-2 13.9916 57.1761
— 7B NSFLS-2 11.8605 55.4267
PCA-—7% NSFLS-2 12.6966 55.2100
PCA-—Jl SF1.S-2 11.9615 55.0990
PCA-—#INSFLS-2 11.2266 50.5407
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Fig. 3  Comparison of forecasting result using PCA-Type 2
NSFLS method and actual value of wind power for

half-hour ahead forecasting
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-l FLS Jr TR XE4 A BEAT PCA A5t different FLSs
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Table 6 Initial values of the parameters in different FLSs
FLS A HIE (A FRiEZE) JEt

PCA-—%I NSFLS oy =0, m,~ 150, , m +150,, o,=40, yel-2,2]

[m,-1.50,-0.50,m,-150,+0.50 ,
PCA-_%ISFLS — , -0,y +o,

[m.+1.50,-0.50,,m,+ 150, +0.50 |0, =40,

[m, -1.50 -0.50,,m —1.50 + 0.503]

PCA-—"7UNSFLS T, =0, y-o.y+o,

[m,+1.50,-0.50,,m,+1.50,+0.50 ] o, =40,
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Fig. 4 Curve of RMSE changes with epoch during training

process (BP algorithm)
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Fig. 5 Curve of RMSE changes with epoch during training
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Table 7 Comparison of forecasting results of PCA-Type 2
NSFLS-2 and other methods

T gy ik MAPE RMSE
SVM 96.2931 8.1819
PCA-—Z I NSFLS-1 66.2176 8.2030
PCA- T SFLS-1 73.3269 8.1689
PCA- I NSFLS-1 61.7940 7.1316
PCA-—T I NSFLS-2 72.7763 8.4459
PCA- I SFLS-2 80.1683 9.2798
PCA- /I NSFLS-2 62.0101 8.1221
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Fig. 6 Comparison of forecasting result using PCA-Type 2
NSFLS method and actual value of wind power for 15-minute

ahead forecasting
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SHORT-TERM WIND POWER FORECASTING BASED ON
PCA-INTERVAL TYPE-2 FUZZY LOGIC SYSTEMS METHOD

Li Jun, Wang Xinghui
(School of Automation & Electrical Engineering, Lanzhou Jiaotong University, Lanzhou 730070, China)

Abstract: Aiming at short-term wind power forecasting, a method composed of principal component analysis (PCA)
and interval type-2 fuzzy logic systems (FLS) with non-singleton type-1 fuzzification is proposed. PCA method is used to
reduce input’ s dimensions of the model. On the basis of this, taking into account the stochastic nature of wind power, a
forecasting model using an interval type-2 FLS with non-singleton type-1 fuzzification is built. The back-propagation (BP)
algorithm is used to update the parameters including input membership function, antecedent and consequent
membership function respectively. Further more, SVD-QR algorithm is applied to the results of the BP algorithm to
determine the reduced set of fuzzy rules, the process iterates until the forecast accuracy can meet design requirement.
The employed method is then applied to real-world wind power forecasting instances in different areas. Under the same
conditions, compared to the existing forecasting methods including type-1 FLS, interval type-2 FLS with singleton
fuzzification, interval type-2 FLS with non- singleton type- 1 fuzzification, PCA-interval type-2 FLS with singleton
fuzzification, etc., experiment results confirm that the employed method can achieve better forecasting accuracy.
Meanwhile, fuzzy rule explosion problems are solved effectively owing to the reduced fuzzy set by PCA transform,
hence, it shows good application potential in the wind power forecasting field.

Keywords: wind power; forecasting; principal component analysis; interval type- 2 fuzzy logic systems; back-

propagation algorithm; SVD-QR algorithm



