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Fig.1 Relationship between average mutual

information and delay time
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Tab.1  Correspondence table of average mutual

information and delay time

it iR it iR it R
T T 7R N T o)
X5min e X5min R X5min e
1 3.137 1 11 2.137 6 21 1.888 7
2 2.779 9 12 2.104 6 22 1.856 4
3 2.640 7 13 2.050 1 23 1.862 2
4 2.488 5 14 2.036 3 24 1.8310
5 2.426 7 15 2.003 3 25 1.829 6
6 2.367 2 16 1.999 5 26 1.809 9
7 2.3015 17 1.973 6 27 1.797 1
8 2.246 5 18 1.930 7 28 1.809 3
9 2.2229 19 1.9220 29 1.781 9
10 2.143 1 20 1.900 9 30 1.792'5
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Fig.2 Relationship curve of E, and embedding dimension
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Tab.2  Correspondence table of E, and embedding dimension

IAZERL E, IRALEEL E,
1 0.051 7 8 1..000 2
2 0.444 0 9 1.001 1
3 0.8355 10 1.001 3
4 0.944 8 11 1.003 4
5 0.975 7 12 1.004 0
6 0.988 4 13 1.004 8
7 0.994 6 14 1.004 8
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Fig.3 Recurrence plots of three different sequences
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Fig.4 Recurrence plots of PV output time series corresponding

to different cutoff distances &
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Tab.3  Evaluation index of prediction model
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Tab.4 Comparison of prediction errors under

different embedding dimensions

E”ﬁ}\ﬁﬁ@[ m FJ/I\{QL'\ P EMAE( % ) EKMSE( %)
2 7.90 12.28
3 7.96 12.30
! 4 7.99 12.31
5 8.00 12.31
2 8.01 12.38
3 8.13 12. 44
8 4 8.17 12. 46
5 8.19 12. 47
2 8.02 12.31
9 3 8.16 12. 40
4 8.21 12. 42
5 8.23 12.43

R5 AR R TR ERARTEE

Tab.5 Comparison of time cost under different orders

T/s
Brip m="7 m=38 m=9
2 4.29 3.64 3.73
3 4. 44 4.23 4.18
4 5.19 5.52 5.89
5 6.57 7. 64 9.68
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Fig.6  Prediction results and error curves of second-order

Volterra adaptive filter
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Fig.7  Prediction results of combined model
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Tab.6  Comparison of prediction error between single

model and combined model

v s Ay Eyae( %) Erse( %)
m="1 7.90 12.28
V‘Lh‘;‘%f m=8 8.01 12.38
m="9 8. 02 12.31
AL A AR 7.38 11.96
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Tab.7 Comparison of prediction error of four models
ﬁim‘]*ﬁﬂ EMAE( % ) ERMSE( % )
BP #i#Y 7.43 12.22
m=7 RBF 7 7.79 12.35
SVM #i#Y 7.61 12.32
BP f& 7Y 7.83 12. 17
m=38 RBF 78 8.26 12.57
SVM # 7 7.71 12.39
BP %7 7. 86 12.33
m=9 RBF # %! 8.28 12.47
SVM #5#Y 7.56 12.33
AT AR 7.38 11.96
5 #Hit
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Photovoltaic output prediction based on chaotic characteristic analysis
and Volterra filter

YU Hai-biao', LI Lin"*, DING Ming', LIU Lian', GAO Ping-ping'
(1. Anhui New Energy Utilization and Energy Saving Laboratory, Hefei University of Technology,
Hefei 230009, China; 2. CSG Science & Technology Co. Ltd., Hefei 230080, China)

Abstract; In chaotic theory, the existing embedding dimension calculation methods are often difficult to obtain the
optimal embedding dimension of time series. Different calculation methods have different embedding dimensions,
and the corresponding photovoltaic (PV) output prediction results are also different. To reduce the impact of em-
bedding dimension on the prediction results, a Volterra combination prediction model based on multi-embedding di-
mension is designed on the basis of analyzing the non-linear dynamic characteristics of PV output time series. The
combined model uses neural network to combine the Volterra single models under different embedding dimensions.
The single prediction model adopts the 2-order Volterra filter with the best performance. The simulation results veri-
fy the feasibility and effectiveness of the combined model.

Key words: PV output; chaotic characteristics; Volterra filter; multi-embedding dimension; combination predic-

tion



