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Probabilistic load flow calculation based on Copula function and Rosenblatt transformation
considering correlation among input variables

WANG Tao, WANG Chun, LI Chenghao
(Department of Electrical and Automatic Engineering, Nanchang University, Nanchang 330031, China)

Abstract: With the increase of wind power penetration, the correlation of wind speed among wind farms should be
considered while considering the randomness and intermittency of wind power. In this paper, Rosenblatt transformation
and Copula function are combined to deal with the complex nonlinear relationship among wind farms, and a probabilistic
load flow cumulant method based on Copula function and Rosenblatt transformation is proposed. The method can capture
the nonlinear correlation among input variables accurately and has the advantage of high efficiency of cumulant method.
The IEEE33-bus system including wind farms is used for testing the proposed method. The results verify the validity,
accuracy and practicability of the proposed method, and the calculation results of the proposed method are closer to the
actual operating condition than that of the method which considers linear correlation.
This work is supported by National Natural Science Foundation of China (No. 51467012).

Key words: probabilistic load flow; cumulant method; Copula function; Rosenblatt transformation; correlation

0 3l

S B L AR T 2 AN R R, g A e
FLEE H 0 (KT BEALE AT TR DU Sy (K038l o
T SIS 70 BT AN 2 X ) AR G ) Ty
2, FRTBER I AT S5 VA 3 20 S R B AL
P A AR TR R A ED SRR PR
FUEREDAHIRAF IS L, (HUFSRERS, WXL
(IR R DI RPRINT R S NG S N LIRS R NG ==
i AR BRI G R R, SRIPEIR S AR B IR 3 A1

HETIH: BRARHFEAELTE F8h (51467012)

RS THZR AR SR BCIR AR S ST HRFAE .

TEFRISAT Y, AR R AH PR 25, andls
15 B3 A 2R IR 2 A BAT A, AH DGR 35
XT/Z%/JLE'JJ;??FQZEEE’J%”HW o PIHAVN 77 252%
oA CHYE R ) (R REMLYE R (Rl EcbE 755 18 L
AHINE . SCHR[714% 25 T Nataf A2 #1507 R P
AV, 3R T A 2R YRR A A AH OGP 9 R 4
PRI o SCER[81HE H —Fi3E T Cholesky 73 i1 -F
AR, i TASFRREC REON R Is TR
(520 . SCRR[9TR H A A (E 73 i AXF Cholesky 43
fift, PEH R A CHEM Y R SRy 2 R ML
WM. DL AR R AT Pearson Z6PEREL, TG



FETF-Copula FRI% Rosenblatt A8 (1) 2 AH PR R M v - 19 -

R R R AR R . IR 2 2
Iz N T A gt A i) Copula B T
S AT A Y A SR (o F sl M, Copula BERANY
ReiA A 5 (M G PEAHOCTE G R, bR 2 AL &
() R AELR AR OGP 3ET Copula PR IA 1AL 5 A
ORI, O SCERZ K S BBy It
TR, THERUE. W —RhBEReHER
R AR ] A DG, HL SR AP i bRl i v
PFEARR A EL, BT, AR —Fi2E T Copula
PRI £ A Rosenblatt AR5 75 FH I - AN AR N 53]
.

1 REIZAREETRS 5

J N R PR R R B T BT S HA AR S AL
% SECEAETROE IR AT R 8 AL
AL A RIRER MG AR EAG AT Z)
A S B F AR AT R B BB, 2 KL
PEFEAA LSS K, BB AR T 2. AN
3 DR G T S BN R RO R Af e k- S 4
TR X A B RS . RS 5
R AL VR O g DR 22 I DG AR L ) R Gk
33— RN, R I AR S B0 A T
TR AR AT S v A f R P,

ISR AR S B 88 PG V28 S A ) 23 AT
A, HRACRILS ILICHR[19]. % S8 R A2
P AT RS, ASCERIGR iz e 2, B

K(x)= ﬁexp(—%xz) (1)
T v H ISR EUZ 25 SCHR[20]
H ~1.060T2 2)

A o AREARRIbRHER; T AREARE.

2 ETF Copula RE KR REIK S 5
sz

2.1 Copula ¥2i¢
B n ABEHAER X,y Xow oo X, IIIZROM i
BN Fi(e)s Falo)s - Fio), HRG5
B HX« Xon -+~ X,), Copula BREUEHL
G5 A MR o3 A (RIE R R L. BIAT
H(X\x Xpveos X,)=CE ) F(x)s F,(x,))
A3)
A, CH Copula EFZ A%
Copula BRESUR I IR 5 452 B0 6] &A% B 1) 30 2¢ 4y
B EMESK,  HAH AR S SR 7
LEA TR

Copula RREIMAEE L, % I8 HATHSFORS LA
SHMERE, MET N A V2 Copula BREILPIK
2K: Archimedes Copula FR%((fS 7 Frank. Gumbel
F1 Clayton Copula BRI Copula BREL(EL S
IEAA t-Copula PREIEE). 7 Archimedes Copula
BR ES L SRR A S 2 b5 3k AL T i1 Copula
BRI, PRIHEA SRR 1 1) =28 Archimedes Copula
BRI OIEAT RO A A 20 P A

F 1 BFTEKAE Copula FH
Table 1 Archimedes Copula functions

BRI AL TR Copula A% ZH
- Ou,
-1
Frank 1 1,_:,[ (e ) =0
C=——In(l+E—)
0 (-1
Gumbel C =exp(-(Q (~Inu)")"") 6>1
i=1
Clayton C=(01+Y (-’ 0>-1,020
i=1

2.2 Bfi Copula & EHEE

FEERERAL Copula BRELHT, T3 EZ 3L THIAHEA
e FAN %1% Copula FREIZELO, X T 60 HI=KHX
JriE, AWRBERAL T Atk ESEUh TR
S BUGTIE 515, ARSCRIPN T2 IR
AERAL 125

XTT Copula PRELSREL, AR F 2 T2 %
it Rk, (@) Is A T R B U 1%

B F(x, ) 1 0 BUSEA A BB VA, #R(S)

WA %% Copula BRECR F(x, v) IKIERES d, %
F d, f/M1) Copula BECA L Copula.

]A*“(x,y)=%i@(x};x’]-¢(y};y’J @)

dk ;{i(ﬁ_ Ck) }2 (5)
AH, CoAE kA% Copula PREL
3  ZE T Rosenblatt BXRIh 37 1L 553k

55 2.2 715 7 1 KU R 2 A B 5 A DG
AR TR AN AR A BT, PRI R
AH O [ R A N AY, 7 152 Rackwitz-
Fiessler 101454t . Nataf i¥ 45 # f1 Rosenblatt 1454,
Rackwitz-Fiesslerb 10 A& 4§ fii v A8 46t i 4 v A% 5[] AH
KMEAAR, B ZWAHSCHEM AR, W RBURAR
72 ; Nataf 19 A% $1) F AR 5 1 10 Sl 26 5% FE M AH R &R
B FEEAT AR, AHOC SR B PR GV 3 AR 1 ()



-20- @A &R B R

AEZeE R R, IR ZAEA AT AL Bl A A1)
WA 73 A1 R AN IR i 0T 3 A I A7V ] REAFAE
BORIRZE o AE AR RS 70 A AT T, Rosenblatt
AR R FH AR (R A A A 3 R R 1 G 2 3
1778, A RErh A AR 5 P R B WA )
(RIAHSCE,  PRIHANSZ AR B A R A L SO A 2k
PER R, S —FORS A AR 3 5 B . AR SR
Rosenblatt AR 2% FEAH G 1) KA AY, o

H BN R X = (X, X, X)) BEBA
WS E R £ (x50 00,x,) > TURZICA SR 2 1 b
B AR A — BRI ISR S e Aol B

SOuxy, %) = fr (6) i (6 [ X)) ©
f)q,|)(1)(2m)q,,1 (g | 25,005, X,)

A, fx,\x,xfuxd,l (x; [ X%, %) > ((=2,+,d) N
BENLAZ B X, H A 35 T e B

W4, Ha6) AR E XL X R
SRR ()

_ S
f){z\x1 (%, [x,) le x)
clz(FX, (x|):F)(2 (xz)) ' fxl (x1 )fx2 (xz) _
Sy, (%)

G, (FXI (xl):FX2 (x,))- sz (x,)

(7
—:LEEP Clzj‘j/}E%Xl\ XzEl(J COPUIaE‘-EEl%Ii&; FX. ~

Fo B fy o fy, SYRMBENUE R X0\ X, 0 SR
R SO RIRIE 235 B 5

P BEHLAS B X 104 P BB A1 B A
Fom, (5 13) = [ fipn O, 1), =

[ cnFy (). Fy, () £y (e )dx, )
HITERIE, AT IN b 7 B R Y55t o
i, WO,
hl.j(l’;,l"j)ZFXl‘Xj(xi |.X'j) (9)
VAR L :in(xi) S :ij(xj) °
Rosenblatt 722 #it FLFEH — H A G HE IES R &
X =(X,, X, X,)" B A6 BT () p vE I AR
U=U,U,,-,U,)", WML %A
cD(“l):FXl (%)
cZj(“z):FXzIXl (x2 |x,) (10)

D(u,) = Fy voyex, (X | 20525500, X,,)

WAL e E S22 R U = (U, U, U,)"
ForH
=@ [Fy(x)]

=0 [Fy (x5, |x) ] (11)

=@ [ Fo vy, O 150 %000%,) |
K, OAFRUEIERS 73 A AR S REA) BRI A R 2

DL I /2 Rosenblatt 284 F it 2, Hi ke n sk
FSHHT AR o (EIE T Copula BRHUCRISAR F1L %5y
A AEAF AR 5EAL -, B Rosenblatt i3 A% 42 B
AN R X X MO, HIEASTIRUTT,

1) Jf ik SR B AR Ik M ROAE FR HE IE 2 70 A
B Ups Us I n MFEA

2) X (10), A1

x =Fy " (P(u)) (12)

¥ U n MR 12) KL E X, 1 n

AR

3)é\ﬁ:FX|(x1) ’ I"2=FXZ()C2), ﬁ%%ﬂ(9)
A(10), A
) :hlzil(ria@(uz)) (13)

¥ U X0 19 n ASPEAMRA SRR 1
1 n ARERS,

4) KA a1y n AMREAAR A1 TR 2
X 1 n AR,

X =F, ) (14)

RIS O RGEREAS, 30(1 )BT Rt
S5 R 5 4 Dt R SRUR L AT S ), PR
T S DR TR D) )

0 V<,
kv+k, v.<v<vy
P(V): 1 2 ci r (15)
P v, <v<vy,
0 V> v,

AP PO RWLAUE T veis v fl veo 230 TIN
U 5 PO AT ET G s & = P /(v —v.,)
kz :_klvci °

4  ETF Copula iR E{ K Rosenblatt I3k Ay
AL EEMRPRITE

$T Copula PR % Rosenblatt A2 46 [ 2 ANAR 5
R AZ O A T B i N 3R IR W 46 A AN R g
Copula B 70 ALY IF SR A 45 100 A e 450 % = A=
WA SCARAF BT, TR LA AR A etk AL



FETF-Copula FRI% Rosenblatt A8 (1) 2 AH PR R M v - 21 -

W7 RE LA, R AR S S R e,
PRI L OC R SR AU AR = () AR B, il
1 Gram-Charlier Z2E0 T 1K) 710 SEHMEAR 50 A1
RPN

1) AR X (1) by sl 5 0 ok H R S 50 %
FEE VTSRS XL RGP 23 A R 4

2) FHE X A A HOG R, 1% 2.2 Tk
PAIE Copula BREL

3) ik Copula BRECK SR D HIFER:
AP B A NI RO AR

4) A1 Rosenblatt AR5 AH O 1) XU R
AT A ST KGR A

5) A0S () XGH A AT FH A 26 ) 0~ AN AR e
VRS AR (R S A

5 BHIoHh

5.1 BHIEN

FBIEER IEEE33 715 st v 2%, 47ty bl sh 4%
B A, LR AR E I u s AT AR
72 o BUWEE 10%. 7E ML IRA T 5 184 33 4
WHFENFELZ A 0.5 MW IXHL. BT A b
ZAER 1 pauo WUHHC AN AL 5 A = Jm] iy i 5
TR, BUEE SR IECh 0.98, KL E Xk
M 15m/s, YIARGEN 3 m/s, YJH RGN 25 m/s.

i BoV-6 K H Intel P CPU, #ii% 4 3.60 GHz,
WAL A 16.0 GBo ARH B A5 S50 S A SCRIE RS,
H Matlab R2014a 4utilAHN AL 7, HEATH GG
AHICHE IR W vE 57, HLAFET Copula pRELI1 5
FER P EIL TGS RAE A S I, LRSI
LR EORE S
5.2 FrigA A MEREITE

IR P SR A S AR e, AR SCEAT
T KRBTSR PR o A7 R IIRHZ S i 4
F£ 10 000 720 000 X A 50 000 VK S5+ 2 BT
gE AR REE, fFE 10 000 YAHRHTHIEE 20 000
ISR 2 R0 A AR R 1 e KR Ry
0.120%, AT F-HlAE 50 000 Vit 545 B i) B kAR,
HN 0.411%. FIETHER ) TR, LA 10 000
REFF R PP E S RAE NS AL, e
TR R E R T .

K 2 RgeihRZEv A, TSR R %
RS RAEA 5, UL T SR i A
THECFREAE 7 T A 8w R R R

T SR B IE A SC T kA A AR
SIAREE T VSRS B, AR SR SCHR[23]5E X
(1175 Z2 AN AR I (L (ARMS) R i 38 15 b v 1) o 5
e, HE T,

2 DEBEREMIBNIERESIT
Table 2 Analysis results of bus voltage magnitude and branch flow
iR R /p.u. HIHR/MW T ThTh % /Mvar
Bt e mRvERE Wi bl I hRdEE
[ L I T € O O € s T S e M ()
SFHRREZE S 0007 0.089 0006 0138 0.152  0.026
BARREZE 0020 0262 0.027 0408 0938  0.127

N
As = D(Cp —ML) IN (16)
i=1

Kb M FC, 73ISR R B EAA ST
PRI AR BAEG U | AR BREWER(E; y FBor
AR R, AREY SRR U SCAThT)
K P RIIIIR Qs Al WIRZEFRR: N RS S

ARMS 45 LR 3. AR E Y ARMS 18
BT () e KAB R 0.000 638, ARMS bR KAl
(P45 KAE R 0.000 905, it B AT 5732 e i HERf Hhsk
134 AR R AR R o U R N VR
VTR S 164 S 16-17 FIES KN RN BB Ay A
20,374 20-21 K9], H: ARMS $54543514 0.000 853
0.000 25 #10.000 887. 0.000 166, & 1k S48 4 th
2k o ELARTT 1N 16 DL SCI 16-17 B RMLEE N s R
52 LB FIAH DS 8ok P2 5, iR 7 A
SRREMEUERA SRAF I o0 A, E—2P R T e
EEAR RS

3 HHTE ARMA FitER
Table 3 Result of output variable ARMA

fii AR TFHIE/107 I KAE/107
R IR AE/p.u. 0.063 8 0.090 5
H D% p.u. 0.0328 0.087 2
T /p.u. 0.0199 0.055 5
1.0 Lo
0.9 £ 0.9 — maw s
0.8 0.8 rgh
= 07 - 07
= 06 0.6
=05 = 05
= 04 2 0.4
503 03
0.2 0.2

0.1
00.900,92 0.94 0.96 0.98 1.00

0.1 P
00,05 003 -0.01 001 003

15 24516 LR I 1/p.u. X 16-1741 Ji/p.u.
10 10
09— g 0.9F — g
0.8 ik OLBF — -t R
07 / _ 07 /
= 06 / = 06 /
= 08 / =0 /
=04 / = 0.4 /
Bl 03 /
02 02 /
0t 0.1
[
V0992 0993 0994 0.995 Yo0t0 0015 0020 0025
1R 20HLTE W pu WER20-2147 Hipou.

1 LTSRN S Hihsk

Fig. 1 Cumulative distribution curve of output variables



-2 @A &R B R

SN 2 AT TR RN K0 P O e i
TiESEG A B, BT Nataf AR 5k
HHATREE, THE RS S R IE(E . SO AT DI
A bRAEZEWIE 2 P, 1 R s I A PR 7 2 RS
B DR ZE W 3 s . B casel KHESE
PRV, AEIERGEAH M case2 KM Nataf
BRI, IR A O s case3
KRS, 26 18 RH A AR LR AR G o

1.01
1.00| =y o —— cuse|
0.99 'n_ A \ —— cuscl
0.98 y .
0.97
0.96
0.95
0.94
0.93
0.92

1 AR B (U pou

RS

0.40 —o— casel
035] g e e
930 \‘ cased
025

0.20 | '
0.15 "‘"\
0.10 b -
0.05 o, T U . T

S I R pou,

T

o TSy

0050 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32
WS

2 TRBERE. XRAMAE

Fig. 2 Expectation of voltage amplitude and active power

0.020 —&— casel
0.018 —=— case2

0.016 A
0.014

L
0.012 et
0.010 2
0.008 EE
0.006 o o o v -*- ------
0.004 of
0.002 i .

U -0 =-8-u

0 3 6 9 12

LRI TR AE 22/p.u.

e
i
1
i
1
!
1
1
|

15 18 21 24 27 30 33
0.035
2 0.030 °
o
0,025
= 0.020
= 0015
;E 0,010
. 0.005

n - th
0 2 4 6 8 1012 14 16 18 20 22 24 26 28 30 32
2 G

B3 TiSmERE. XRBREE

Fig. 3 Standard deviation of voltage amplitude and active power

M2 FE 3 ATRAE ] RSB R 1 i s
WA STH IR I RARE, (B brHEZZAT 2
IR o ARRHEZE (P I(E FEAR, 2T AH ST

RGIEATIREIHITY . case2 # casel RGEHIK
WRAEARAEZE IR~PIE G N 4.22%, SCEE Dbl
FIPIMERE TN 10.21%; case3 B casel R G:HL LI
TERRIEZE (T YIE I N 16.98%, ST HARHEZE )
SE(ESE N 15.77% o Ui BH XGEAH SSHEXT R Ge L HEE
AT R FEMAR A, ARSI R GE R SR, AT
HICAT L RNERRAG, X5 ICER24) 54518 &
UER T FTE R S B, 2 IR AR AR I S I
BMEEERE PR, B LAZIEOC R A REHER ik
U AH AT R 50, v $J7 V5 Be SR A b
FEFNX M, P EELE RN A A OCE iR
AT AR . A 4 AT RUE TR VAL
SO EATW WAL
x4 FRIEEITEE LR
Table 4 Calculation time of different algorithms

T ST Copula Hi#  f%EA  HT Nataf [ TR

PIRES MR EDE BRE A PIRES
THE )/ 62.13 0.85 0.93 0.89

LA ESEOIR W P J5 kA Copula pR AR
AR, AEFE 0325 B L AR AN S IE
(IR, SRAF AR A R T SR

6 it

AR Copula PR%LE Rosenblatt A8 #4454,
HEINBPEAR BRI A . $RH— P
iff Jb P A N AR B (R AH DG ME IR R W AN AR BV
Copula bR 5 BE 1 2 21) AU [R] (1) Ze MEAH O PEFN 45
PEAH OGP Rosenblatt A8 4 Hd F T2k i A\ AR
S AH MO N Z I AN R S, B AR Ty
ERA R A AR T A

PLIEEE33 7 sl 42 A JRUATL IR P F 99 2 364 100
Hetnr.

1) S AT IS UE T P ik A sk . HERf
FHSE

2) JIT 5 13 H copula PR AR S AR
AR, EHERR B AR A PE [FINy, B
AR

3) K ] ARG S B I R e 3, rde
JT I ILADTG R 2 AR S 1) 7 v e SV Hh gl 42
BIX PP S .

S 3k
(1] k&, 3%, 5KFP. T BORISTR: =2 AL OE IR &
ML TIMIT]. #4J) F, 2017, 46(1): 116-120.

ZHANG Yu, MO Han, ZHANG Lieping. Photovoltaic

power prediction based on fuzzy support vector machine



T Copula BRH I Rosenblatt 254 i) S5 AH SRR w1 v 5

- 23 -

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[J]. Thermal Power Generation, 2017, 46(1): 116-120.
M, ShAREE, TRFEAN. VR HL R I R G A A
PRI IR0, 2017, 46(9): 117-123.

LI Yan, TUO Futing, ZHANG Xiaojie. Modeling and

control method of electro-hydraulic servo system for

steam turbine[J]. Thermal Power Generation, 2017, 46(9):

117-123.

P, FARIE, Brae, 5 KGR BT FRIN (] P 414
U MCMC 5[], MR, 2014, 38(2): 321-327.
LUO Gang, SHI Dongyuan, CHEN Jinfu, et al. A Markov
Chain Monte Carlo method for simulation of wind and
solar power time series[J]. Power System Technology,
2014, 38(2): 321-327.

XN, B IR, B AR HE T TPNT R AAR ik
(75 FE N B A S MERE R IR L)), D RS R YT
55, 2013, 41(22): 13-18.

LIU Xiaotuan, ZHAO Jinquan, LUO Weihua. A TPNT
and cumulants based probabilistic load flow approach
considering the correlation variables[J]. Power System
Protection and Control, 2013, 41(22): 13-18.

T, putdt, SR, %82 EAHE S HRC R

MR TCIIAA[T]. ) RG-S, 2017, 45(7):

141-147.

YIN Qing, YANG Honggeng, MA Xiaoyang. Probabilistic
reactive power optimization for distribution network
considering multiple uncertain parameters[J]. Power System
Protection and Control, 2017, 45(7): 141-147.

FEIJOO A, VILLANUEVA D, PAZOS J L, et al. Simulation
of correlated wind speeds: a review[J]. Renewable and
Sustainable Energy Reviews, 2011, 15(6): 2826-2832.
A, ERER, M, & it ) 5 e
SRS TE R R P SEPE RS 2 AT (D). HL E S A A,
2015, 35(6): 99-105.

WANG Changzhao, WANG Longjun, WANG Gang, et al.

Impact of distributed generation output and load correlation
on distribution network reliability[J]. Electric Power
Automation Equipment, 2015, 35(6): 99-105.

AURIR, SeAlte, BRae, 55 QUM EAHSGHE
A EE M AR S, P E AL TR AR,
2012, 32(28): 104-113.

SHI Dongyuan, CAI Defu, CHEN Jinfu, et al. Probabilistic
power flow calculation based on cumulant method
considering correlation between
Proceedings of the CSEE, 2012, 32(28): 104-113.
T, REREA, ARERR, 4%, JE T Nataf AZHRITES
R Y REAUL PR B AL AL T (D). O BB A

input variables[J].

[10]

[11]

[12]

[13]

[14]

[15]

2015, 35(8): 38-44.

FANG Sidun, CHENG Haozhong, XU Guodong, et al.
Probabilistic load flow method based on Nataf
transformation and quasi Monte Carlo simulation[J].
Electric Power Automation Equipment, 2015, 35(8):
38-44.

AR, AR, PREE. HT Copula BIGHITHABE
PR AR G LM o S [T]. D RGP S 5
i, 2013, 41(20): 13-18.

CAI Defu, SHI Dongyuan, CHEN Jinfu. Probabilistic
load flow considering correlation between input random
variables based on Copula theory[J]. Power System
Protection and Control, 2013, 41(20): 13-18.

OEErAl, BREHZER:, 297, 55, HI8 L KAL)
Yy SRR ARV H T DR D). B R G R
i, 2017, 45(2): 61-68.

QIU Yibin, OUYANG Yubo, LI Qi, et al. Scenario
probabilistic power flow calculation and reactive power
optimization considering wind farms correlation[J].
Power System Protection and Control, 2017, 45(2):
61-68.

G, RRYG, AR BB MR ISR R H M B A
VR R AMEE D] B RE BN,
2017, 41(7): 44-53.

XIE Min, XIONG Jing, JI Xiang. Two stage compensation
algorithm for dynamic economic dispatch of Power Grid
Considering multiple wind farms[J]. Automation of Electric
Power Systems, 2017, 41(7): 44-53.

R, VPR, WRAKAE. TR RO H TR AT EE P A XU
HLD RGBS BETT]. 4R D, 2017, 30(4):
43-49.

WANG Min, XU lJian, PAN Yongchun. Optimized
dispatching model for power system with wind power
considering wind power reliability[J].
Guangdong Electric Power, 2017, 30(4): 43-49.

RAHE, A, R, 5. T 2RSE BB IER
2 B R g Ve B R ST OTVA (D] T AR,
2016, 29(8): 60-66.

WU lJiekang, XU Zhiqiang, XU Qingzhuo, et al.

Calculation method for fault rate of electric power

forecasting

equipment based on multi-state information amendment
optimization combination[J]. Guangdong Electric Power,
2016, 29(8): 60-66.

FRAE, SRR, RN, G VTR KR
BRI R[] B RG RS S54EH], 2016,
44(14): 147-153.



_24 -

@A &R B R

[16]

[17]

[18]

[19]

WANG Xinghua, PENG Zhile, PENG Xiangang, et al.
Influence research of electric vehicle accessing on the
wind penetration limit[J]. Power System Protection and
Control, 2016, 44(14): 147-153.

Rk, L, PhaE, & FET Copula BB RO
AR RS A SEVEVEAL[T]. ) B R %, 2013,
33(1): 124-129.

ZHAO Jichao, YUAN Yue, SUN Chunjun, et al. Reliability
assessment of wind-PV hybrid generation system based
on Copula theory[J]. Electric Power Automation Equipment,
2013, 33(1): 124-129.

B, SKEEE, MR, MRS R AE S S
AR R B A T AT BRI S D], v B UL AR AR,
2009, 29(31): 27-33.

ZHAO Yuan, ZHANG Xiafei, ZHOU Jiaqi. Load modeling
utilizing nonparametric and multivariate kernel density
estimation in bulk power system reliability evaluation[J].
Proceedings of the CSEE, 2009, 29(31): 27-33.

PRI SO 9 KGR K FLAE R 2R 4] 5
PEVPAS RIS HI[D]. EPR: B, 2011.

LI Yudun. Wind speed model considering correlation and
its application in reliability evaluation of power generation
system[D]. Chongqing: Chongqing University, 2011.
R, N, D BT AR B Ak
HGR I BEAL A AR, R E g, 2013, 46(9):
126-130.

WU Zhenwei, JIANG Xiaoping, MA Huimeng. Random

distribution model of photovoltaic output based on

[20]

[21]

[22]

[23]

[24]

non-parametric kernel density estimation method[J].
Electric Power, 2013, 46(9): 126-130.

EPANECHNIKOV V A. Nonparametric estimation of a
multivariate probability density[J]. Theory of Probability
and its Applications, 1969, 14(1): 153-158.

RBZFS%, M6, g, 45 TREMER A E Mo i 75
EM]. dbat: BR2E R, 2015: 222-235.

Historical climate data-climate-environment and climate
change Canada[EB/OL]. http://climate. weather. gc. ca/.
ZHANG Pei, LEE S T. Probabilistic load flow
computation using the method of combined cumulants
and Gram-Charlier expansion[J]. IEEE Transactions on
Power Systems, 2004, 19(1): 676-682.

BABAE, BRaE, ARIE, S XUEHSC TS i M is
ATRFERIZI[T]. PR, 2013, 37(1): 150-155.

CAI Defu, CHEN lJinfu, SHI Dongyuan, et al. Impact of
wind speed correlation on operation characteristics of
distribution network[J]. Power System Technology, 2013,
37(1): 150-155.

#s HHEA: 2017-10-17
TEZ BN

I AE01995), F, mMEHRA, TEMR TSR

7 % %AAL; E-mail: wtao0119@foxmail.com

2 3 1963—), F, L, ik, TRAATAAL

HERGAX . L EEL AR % TR A, E-mail

cu_wang@]126.com

(%m% )



	DOI: 10.7667/PSPC171534 
	基于Copula函数及Rosenblatt变换的含相关性 
	概率潮流计算 
	Probabilistic load flow calculation based on Copula function and Rosenblatt transformation  
	considering correlation among input variables 
	王  淳(1963—)，男，博士，教授，主要研究方向为电力系统规划、优化理论在电力系统中的应用。E-mail: cu_wang@126.com 



