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Fig.1 Flowchart of Granger causality test
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Table 3 Criterions of correlation judgment

IR L LES )
[0.8,1.0] B3 A1
[0.6,0.8) ITIEC
[0.4,0.6) R
[0.2,0.4) EIIES
[0,0.2) B35 AR X
17 WHBEAR

BEPE I Bl X A ) — AN 8] R 8 A A 5 o I 57
X, B 55— shist ] 51 Y, JRATIE 2 RS, B8 B
N T, nf DSR4 537 5 X, HA R &
REHH 5, C G s R Ok B A B S i SR AE
T, WRERHFIT

YTH <Y+l Y> (5)

Hp, v, Yﬁ%ﬁ)ﬁf? || Y, B 2y B0 A ] 15 B 5 ¢ A
BFHN Yo, 55 Y, s 18] ) B B2 8, B o, =
T'=T,T RGBS Y, 5 5 HE R 1) X, A P 0 xt
FF N S ) ) B B K, T o e XA T
RERL

TR B T g a] Hedk yansX(6) e
ZNDIYR i E e

{max ryey(T) (6)

-T'sT<T
AR SR U R I A% 91 FEL Dy 20 A B 1Y) H [ (8]
B, 2R 25 -20 < T<< 20, A SO R AT I %
B B SR e L % i, LT R 29 461
TIABS )77 51 A v, DT 32 5 22 XU rEL 375 1 D) ) )7
R HERRME

2 HHISH

AT L1 2R 4 AR BE XU 27 5590 11 [ A X
Gy Bl T A o PR S 6 T 3 2 KUK, AR
41 km, EHE XA TAEREX AR 4L DT, A T3
[ XA b AR S0 A B F R0 O 9 XU 3
2015 4F 1 A 1 H #2015 45 12 A 31 HAYSEFR )
K, W a] E] g 15 min,

2.1 JRIABIEALIE R AR R FF ST

He A AR RE T IXUE 37 H T B8 ] P ) A /0N
WEUEE , U 2 AR i 7L 32 Bl T 3k Jo Ay e 0t L
71, 4320 J i nlEl 2 s (i [E] i (] B 9 15 min;
1 abs Z 6L, JETRD) , T DL I W S R et P A
KR

1.2 i
= A
= 05
_02 1 L L il
0 200 400 600 800

it 1] 25
B2 RUEBZEIERER G &

Fig.2 Curve of wind farm data after filtering
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Fig.3 Transition probability of fluctuation

in Guohua and Huaneng wind farms
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Fig.4 Scatter diagrams of monthly and yearly outputs
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Table 4 Fitting indicators of different functions
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Fig.5 Classification results of fluctuations
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Table 5 Candidate fluctuation pairs for
large-scale fluctuations
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Table 6 Fluctuation pairs for
large-scale fluctuations
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Fig.11 Optimal offset of large- and middle-scale fluctuations



F4H

BOBNE , 45 T P sk 40 S B H AR B9 22 KU L3 ) DI AR SRR ®

25 #RHW

B DA 25 AT, A SR Y 2 T S ) FD
B RSB AR AR S BT v, — T T, X KU
RIS 4y, AT HERR A SRR IR 3 T )k
Bl JRy AR, E 1 LAY sh X S 22 XU 3 T A 58
PERFSE B XF4 , BT LA i b gl i X377 H T A DG
B 2% 7 AL A LG TO8 S 8 18 %) Pearson AH G
FEUH Spearman FAH I R %L, AL H7 1) Pearson A
KRBT R, n DL S BRI X7 R S R
BEShRRAE, o] DAV o o 1 22 HLAH O e, i — T
AT, AR S5 AT A B4R rp e sl o0 107 38 3 % 1) S5 p
B R &, ARl 10 T 7, i B0 B it vl 1 S 20 SR 454, T
AZ AL ] g s 4R e I EORS

3 #ig

AP — P T s o S R BRI 2
HL A SR 5 7 vk, e 2 X e 37 ) 1] e 31 G
A B3R R E] U e A 7 31 22 IXUREL 37 B AR A SR 4 5
E 3 P 2l Rl 7 T Bl RE A S0, R A Bl i AR
B XU 3 G ) e 8 R AR I %o 22 KRR 3590 B
PEATECRXT s R FHZE T Pearson A5 R EUM L BOARFN
A 22 7N PR R 9575 2 e I Ff 6 RIS A2 75 1] o AN S
PR BIAR SR M 7 3 , — T3 1, 3 1 3o 8 3 kAT &)
S-SR RS BRI KU 3t T e 3 SR R AL, LA
BB R B AT AR SEAE 70 AT, S A st i T X
Yyt SRS 5 o5 — T T, AT AR B K A s X b
BB ) B AU B B K AR YA a2
DX S AL g ] e B0 S A v 7 488 i 22 IXUrEL 37
TR o

B3k

[ 1] #x¥%. 2016 P EXBEI A RG] XEE™ Ik, 2017(2)
36-44.

T VK AR IV, 55 T AR DG 23 B 1) XU, 37 1 I 4 A
T[T BT H 3k ,2016,36(5) : 134-140.

LEI Ruobing,XU Jian,SUN Hui,et al. Wind speed distribution fore-

2

[

casting based on correlation analysis for wind farm group [ J].
Electric Power Automation Equipment,2016,36(5) :134-140.
[ 31 BRIE, SCEhT BRI, 25 pei AR RERE DGR R SR i T T35 0
L] hER LR AR,2011,31(22) :80-86.
CHEN Yan, WEN Jingyu, CHENG Shijie. Probabilistic load flow
analysis considering dependencies among input random variables
[J]. Proceedings of the CSEE,2011,31(22) :80-86.
ZRIT, KA. T TR Rk fr TR ST A P R S
WATFELI]. T E R ML TR 24, 2011,31(25) :90-96.
LI Junfang, ZHANG Buhan. Probabilistic load flow based on im-

[4

[

proved Latin hypercube sampling with evolutionary algorithm [ J].
Proceedings of the CSEE,2011,31(25) :90-96.

PAGAEFTHYMIOU G. Using Copulas for modeling stochastic de-
pendence in power system uncertainty analysis[ J]. IEEE Transac-

tions on Power Systems,2009,24( 1) :40-49.

(s

[

[ 6 ] VALIZADEH H H, TAVAKOLI B M, GOLKAR M A, et al. Using
Co- pulas for analysis of large datasets in renewable distributed gene-
ration: PV and wind power integration in Iran[ J]. Renewable Ener-
2y,2010,35(9) :1991-2000.

FI F 2R R ERIFLD]. Kb K
VhE TR, 2011,

WANG Shuang. Research on stochastic optimal dispatch of power

—
~
[

system with multiple wind farms[ D ]. Changsha; Changsha Univer-
sity of Science & Techonology,2011.
TN JED R TR AR, 4. FET IS Copula UK KUAE I AR
KMESPHTLT]. W R G K A B ik 24, 2015,27( 1) :43-48.
WANG Xiaohong, ZHOU Buxiang, ZHANG Le, et al. Wind power
correlation analysis based on time-variant Copula function[ J]. Pro-
ceedings of the CSU-EPSA,2015,27(1) ;43-48.
[ 9] kT, FRE DL R D 2B P BOAR A R A /7 B 5 (T ] 3
AR ER (B AABEAR) ,2012,52(5) :704-709.
ZHANG Ning, KANG Chongging. Dependent probabilistic sequence

—
oo
[

operations for wind power output analysis[ J]. Journal of Tsinghua
University ( Science and Technology) ,2012,52(5) :704-709.

[10] BESSA R J,MENDES J,MIRANDA V et al. Quantile-Copula density
forecast for wind power uncertainty modeling[ C ] //2011 IEEE Trond-
heim PowerTech. Trondheim,Norway: IEEE,2011.19-23.

(1] e, dbi, Fhoos, 6. JET2855 Copula eRELAY 2 KL )

A S R RN A S R LT ] ) BBk

%% ,2017,37(8) :81-89.

XU Jian,HONG Min,SUN Yuanzhang, et al. Dynamic scenario ge-

neration based on empirical Copula function for outputs of multiple

wind farms and its application in unit commitment [ J]. Electric

Power Automation Equipment,2017,37(8) :81-89.

P SO 4 RRCHE B FE PR AR G PERIE ST [ D ] i iU B Tk

2#,2005.

TAO Wenlong. Research of tail dependence of financial data[ D].

Wuhan ;: Wuhan University of Technology,2005.

[13] B2i, WA, AR , 5. ThT 1) 7 RE U5 44 By WL IR 3 D7 2 ) 1R
[J]. B M4 A ,2013,37(12) :3386-3391.

PENG Bo,CHEN Xu, XU Qianyao,et al. Preliminary research on po-
wer grid planning method aiming at accommodating new energy[ J].
Power System Technology,2013,37(12) :3386-3391.

[14] X4k, B4R, BB , 55, K] RUBE XU HL S 57 I [0] 7 471 g
BOTEIELT]. B RGP S ], 2013,41(1) . 7-13.

LIU Chun,LU Zhenhua, HUANG Yuehui, et al. A new method to
simulate wind power time series of large time scale[ J]. Power Sys-
tem Protection and Control ,2013,41( 1) ;7-13.

[15] EokAm. 8 ZARRRMER IR T]. B KT E AR AT,
1999(11) :17-19.

CAO Yongfu. A comment on Granger causality test[ J]. The Journal
of Quantitative & Technical Economics,1999(11) :17-19.

[16] FFERLE, BUFE, L, 4. SR AR 5 AR 00 WU D 3R 41 45 T
FPRYRIILI]. TP T ,2016,39(3) :50-53.

CHE Yuanhong,JIA Yong, TANG Zhuo, et al. Application of Pear-

[12

[

son correlation coefficient in wind power combination prediction
[J]. Guangxi Electric Power,2016,39(3) ;50-53.

(17] 223,02k, 500, 4. BT sl etk v JXUR tE 7 s ) ) 51 s
BT Brg )], RRIHEA ,2015,39(1) :208-214.
LI Chi,LIU Chun,HUANG Yuehui, et al. Study on the modeling me-
thod of wind power time series based on fluctuation characteristics

[J]. Power System Technology,2015,39(1) :208-214.



o € 8 & 2 & @38 %

EZ &I

FAKE(1979—) , %, 31 ZmA, HARA FH R AT,
W, A58 7 61 A # R R A B S W &R 32 4T 3K (E-mail
huangyh@ epri.sgec.com.cn) ;

F Be(1990—), % , BRI FFERA, TRIF, ML,
FRHG T e A H AR A B I P AR Z 2 AT 3 A (E-mail ;
lichi@ epri.sgce.com.cn) :5‘%@%5

Ak (1986—), B, T FHMA,
BIAN, B, ERRRT T @A HRE
o, 5t W & i & 15 47 4 K (E-mail : lixiaofei3@

epri.sgee.com.cn)

Research on correlation of multiple wind farms power based on
fluctuation classification and time shifting

HUANG Yuehui' ,ZHANG Peng”, LI Chi',LI Xiaofei' , WEI Wenting®
(1. State Key Laboratory of Operation and Control of Renewable Energy & Storage Systems,
China Electric Power Research Institute, Beijing 100192, China;2. School of Electrical
and Information Engineering, Tianjin University, Tianjin 300072, China)
Abstract ; Correlation analysis on multi-wind farms power is significant for grasping the characteristic of wind power,
and predicting of wind farm output and its modeling in time series. Thus the correlation analysis method based on
fluctuation classification and time shifting technology is proposed. The overall trend of multi-wind farms power is ob-
tained by visualizing the time series in scatter diagrams and regressing analysis. Then,the partial characteristics of
wind power output classified by fluctuation process are extracted and the power fluctuations of multiple wind farms
are paired up by fluctuation classification and fluctuation pair algorithm. The optimal shifting offset and direction are
respectively obtained through time shifting technique based on Pearson correlation coefficients and Granger causality
test. Case study results verify that the proposed method can extract the partial characteristics of wind power fluctua-
tions and describe the correlation of wind power more precisely, it can also obtain the optimal shifting offset of large-
and middle-scale fluctuation pairs can also be obtained,which can be taken as the restraints for modeling of multi-
wind farms power series to improve the modeling accuracy.
Key words : wind power ; multiple wind farms ; correlation ; fluctuation classification ;time shifting
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A new charging/discharging control strategy for battery in wind power

generation system based on wind speed prediction

RONG Fei, LI Wang, HUANG Shoudao
(College of Electrical and Information Engineering, Hunan University , Changsha 410082, China)

Abstract ; In order to maintain the active power fluctuations of the wind power generation system within the specified
range and ensure the energy storage balance of battery system basically to cope with the sudden increase in the input
power or the sudden drop in the output power effectively,a new charging/discharging control strategy for battery in
wind power generation system based on wind speed prediction is proposed. When the predictive input power fluctua-
tions of wind power generation system exceed the specified range of power change,the charging and discharging po-
wer of battery is controlled to decrease the power fluctuations in the grid side and to make the charging and dischar-
ging energy of battery balance basically within a cycle. Then,a certain capacity of energy storage device is reserved
to receive the high power input or compensate for the serious shortage of grid power,the wind energy loss is reduced
and the system efficiency is improved effectively. Simulative results verify the effectiveness and reliability of the pro-
posed control strategy.

Key words: wind power generation system ; battery energy storage system;control strategy ; charging and discharging

control ;energy balance ; generator side converter;grid side converter



