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Fig. 6 Maximum rolling Lyapunov index of wind power at

different spatial scales

1) AEAN R BSS [R] ] B (5.10.15 .20 min) F , Hif [
BB 5 min P A, F o fies0N, BV, it 25 1S T ] s
(38 R, KU D) 3 AR T AR AR T bR A2 R, HIR DERE
TIEFE AR 05 Sl 38 5%, B IR H Ty 3R s ] 7 570 TR i
PEHETR

2) FEAS TR B ) 5 E (1.0.1.5.2.0 ) F , B [l %5
JEH 1.0 d JFFN A, Bl o S5, BV, Bl B ) 325
(R38R, XU HEL ) 238 ) YR AR PR 8 B i A28 /N TR T
FRAEAR AR I I S M R s )N, BIXUH T R 1 ) 7 71
HEAURER X EE

3) Bt AU HL 37 A AL S ) 38 i R i DX
AR, IXUHE ) 238 B YR T AR I 38 B 1 P K (B8
TR TR TE A8 A (4 05 S 0 55, R XUFR T Sk ] ) 57
HEAURER R EE

(5% 30k ]

XUk, BUELE, & RO ERBUIR S KRk
[I] ARAEAL IR 2440, 2016, 36(2): 7—13.

Liu Bo, He Zhijia, Jin Hao. Wind power status and
development trends [J]. Journal of Northeast Electric
Power University, 2016, 36(2): 7—13.



911 B A RHLTPRIEMEARRE AR 2s S A A 2475
(2]  Z=E[EPE, sk 4R, sREAVT, 2. T MRMR WE G2 [J]. Power System Protection and Control, 2012, 40

(3]

[4]

(5]

(6]

SRS A 0 A 1 S [ B WL A XU R, Dy 3 S 00 [ .
HRALH IR, 2017, 37(2) : 39—44,

Li Guoging, Zhang Yu, Zhang Mingjiang, et al. The
wind power real-time prediction based on the EEMD and
SVM of the MRAR [J]. Journal of Northeast Electric
Power University, 2017, 37(2): 39—44.

fo 0, BRBTEE, kR, AF BT SR LY AL
A B AT £53dk () ). AR R4, 2017,
37(4): 1—7.

Yang Mao, Chen Xinxin, Zhang Qiang, et al. A review
of short- term wind speed prediction based on support
vector machine [ J]. Journal of Northeast Electric Power
University, 2017, 37(4): 1—7.

BEbR, #OCA, 2R, S5 OB AR L s
S ATERE R A M ], JEat: R A, 2006.

Feng Guolin, Dong Wenjie, Gong Zhigiang, et al.
and method for nonlinear spatio-temporal

data [M].

Theory
distribution  of  observational Beijing:
Meteorological Press, 2006.

B, BiE %, MRt TR LR 55 44T K LR
ML 808 i BURAE iRk, 2002.

Lyu Jinhu, Lu Jun’an, Chen Shihua. Chaotic time
series analysis and its application [M]. Wuhan: Wuhan
University Press, 2002.

W AR, sk 54, ARESE, & TR ZS R H A
BRI HLI & g RN [ ). v [ A L TR
42, 2011, 28(31): 9—14.

Tao Jia, Zhang Hong, Zhu Guorong, et al. Wind power
prediction based on technology of advanced phase space
reconstruction [ ] ]. Proceedings of the CSEE, 2011, 28
(31): 9—14.

SVETE, AR, BB, &F BT Volterra 35 N IR
WA XL ARG T [ ). i 1y RGO 54,
2012, 40(4): 90—95.

Meng Yangyang, Lu Jiping, Wang Jian, et al. Wind

power chaos prediction based on Volterra adaptive filter

(8]

(9]

(9]

[10]

[10]

(11]

[11]

[12]

[13]

[14]

(4): 90—95.

HRAENE L W T KU T A [ 8 3R o AR 20
T 150 ASE R 5 (D). 4 B4 4R, 2012, 61(19) -
70—S8]1.

Zhang Xueqing, Liang Jun. Chaotic characteristics
analysis and prediction model study on wind power time
[J]. Acta Physica Sinica, 2012, 61(19); 70—81.
Wk, TR, VLR, SE TR BB IS
R 1) ALY AU Dy 8 S O AT 5 [0 ). ZRAE L ook
24, 2017, 37(2): 45—51.

Yang Mao, Huang Binyang, Jiang Bo, et al. Real-time
prediction for wind power based on Kalman filter and
Support  Vector Machines [J]. Journal of Northeast
Electric Power University, 2017, 37(2): 45—51.

W 0%, BERR. 2T BRI A XA ) RS
BOBFFE L] ARG T RAE5E R, 2017, 37(5)
1—7.

Yang Mao, Yang Chunlin. Research on wind power real-
time forecasting based on fuzzy granular computing [J].
Journal of Northeast Electric Power University, 2017,
37(5): 1—T.

Mgk, £OBLL L AR, A RMUBTE X R LA
RIFRIBEFELT ). R TEOR, 2014, 15(12): 1—4.

Lin Yan, Wang Jian, Jiang Wei, et al. Research on
large-scale variable speed wind turbines integration [J].
Electrical Engineering, 2014, 15(12): 1—4.

Wolf A, Swift ] B, Swinney H L, et al. Determining
Lyapunov exponents from a time series [J]. Physica D:
Nonlinear Phenomena, 1985, 16(3): 285—317.

Barna G, Tsuda I. A new method for computing
Lyapunov exponents [J1. Physics Letters A, 1993, 175
(6): 421—427.

Rosenstein M T, Collins J J, De Luca C J. A practical
method for calculating largest Lyapunov exponents from
small data sets []J]. Physica D: Nonlinear Phenomena,

1993, 65(1): 117—134.



2476 K FH it % W 394

ANALYSIS TO TEMPORAL AND SPATIAL DISTRIBUTION OF CHAOTIC
CHARACTERISTICS OF WIND POWER

Yang Mao, Liu Hongliu, Ji Benming
(College of Electrical Engineering , Northeast Electric Power University, Jilin 132012, China)

Abstract: For an objective understanding of wind power fluctuation characteristics, studying the spatial and temporal
distribution characteristics of chaotic characteristics of wind power, quantitative indicators to measure wind power chaos-
the largest rolling Lyapunov index is presented. Contributed by a series of the largest Lyapunov index, it can be used to
describe the chaotic characteristics of wind power. Based on the measured data, a wind farm in Northeast China as an
example, the analysis to the temporal and spatial distribution of chaotic characteristics of wind power, verifies the
validity of the index.

Keywords: wind power; fluctuations; chaotic; temporal and spatial distribution



