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Fig.1 Results of dichotomous K-means clustering
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Fig.2 Results of traditional K-means clustering
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Fig.3 Distributed photovoltaic planning framework
considering AM
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Table 2 Comparison of best compromise solutions

LX)

AL 2

between different situations

oL RERBEE wIERER LG

AT b A 0 BB 98 35 R T K H L Rl 25 0
/N, TRTRHAT 5 iy JE) B A 45 SR A0 B i, X 2 TR O 25
AM 57t )5, AR 5 BEAMEE 1L 55 5 P 3 20U
SRAS 25380 85.548 J7 TG, (HGAR T4 4 R 4 K ] A
HAEWCEE I8N 232.417 T3 T, WA T i 4545 75 i JE 9
W5 23 T 30.77%

P 3B T A e AM FE i 14 43 A 2GR A
AR T 22 FAH N B AM S fESeiti iy &, £, ot
RECE TTZE 4(15) om0 55 4 A 15 4B,
AM St 7 %6 4(9% ) Fen 7 . 4 ek J1IH 8 9%
8(8.6%) &7~ T s, 8 T ff H TR Ny 8.6% , HiAth 2
o, Hop, rZE 2 d g, Ry T L
Bt T SR T S T AR ORI
T AT YT T R A N R AR H R R AR
2%t B fmf iy Ok ) H R B8, 236 L R 07 5 TS OLTC
AL DA S R A B AR BT A 5 T 0 A

ZIBAM 048477 0.03849 1.453 1 OGHR B9 T I3 ] LARE I HA 5 85 404 OB IR
AEEAN 04476 00N LS4 HE A TR I T 53 2O AR ) S T A B
R3 FRBEHTRRE AM KHEHEXTLE
Table 3 Comparison of different configuration schemes and AM implementation schemes

T AM ST % et HrE
)i JEI OUTC =W BRI SRR o
0 IH ¥ . Y\ o - 522 e .
L B (i) IL AL ) BiE% sk
4(15) ,8(11),13(9), 4(9%) ,8(6%) ,13(0) 8(8.6%) ,18(19.3%) ,
b 23(8).27(8) 33(5) 097 23(21%),27(0) ,33(14%) 21(2%) ,24(6%) 0-500 96 0.041 20
3(14),4(12),8(10), 3(0),4(8%) ,8(23%), 7(12%) ,13(34%) ,
2 17(3).26(11) 30(4) 099 17(0),26(17%) ,30(1%) 29(16%) ,31(4%) 0.484 77 0.038 49
3(12),5(13),11(5), 103 3(12%) ,5(17%) ,11(1%) 9(24%) ,18(17%) , 0.457 36 0,036 74

20(7),23(4),28(8)

20(0),23(24%) ,28(22%)

25(9%) ,32(31%)

422 SHATHE A E ST

ASCHEH B PMOMDE 8.3 147311580 F F
0y K YA AR O 4 T o AL 2 By
Bt AT NI EMRCR , A SCHERIE S B
EAHF R IEOUT 40 BRI T 0% 4T DUA% AT
7 PMOMDE 5.3 Fl3E T Bz 8 47 ) 2 H AR 31
Gy AR o3 A 2OBIR 2 B AR OL AR B B T 3R 1 7
LR AR A YRERT AN 3R 4 PR g5 LI IR AT
I B DB A PR RRCR

*4 FEVTEARFEITERE

Table 4 Calculation time required for
different calculation methods

110G =N ] s
R AT 28 566.979
BAZIHAT 15 270.326
A% IAT 8 409.615

5 it

ARG 83 A AOCAR H g B e B8 ANt e PR
B PP R A 2 i AM A 40 A1 OB ER da TR A4
PiC R4 e A OB AR 9 7 44 LA K DRAIE L o

IERMETIM TR ZG 50 2 BiRsr 1l
G ACEIE T AR T TR i A5 R DU R 4598
a. B AM fETt RS PR AR 1 A A 2 HL Y
oAb A5 o0 A 2 H T Y S 0 22 3 0 1 T 4
A AM it 5 AR St T 58, AT LA S0 e 40 A X
AR AIH A LA S ek v s B i, % T TR SE B B A
R,
b. IEATIHE AR LT B AT T AT LA I R 4 &
EL0 B 51 € S N B < G ] R €Y TR N B P W
KA TR LA RC & b R FIEAT =50 K- S{ERIE AT LA
SERLTE P S E B SRR 2 3 & b, R
PMOMDE #35 Al Pt i i b 15 1) 22 B ARSI it .
ASCHEFERT SR ADN 1 43 A5 2O AR H 80 o] £
BERL2EE T IR IHL FT A S G AR R 28 X A7 7E /Y
FEtR At — R %
S
[ 1] JHOMEZE, Bt s, RGP R 5. 5 9k 00 o % i) Bk 4 A X
HLIETEAIEIE ()], B 01 A 3k ,2016,36(6) :74-80.

XING Haijun, CHENG Haozhong, ZENG Pingliang, et al. IDG ac-

commodation based on second-order cone programming[ J]. Electric



74 ® D 8 %

w i % %39%

Power Automation Equipment,2016,36(6) :74-80.
[ 2] 3Kk, 20, Rt b, 4. Alaicrt o0 A 20l I 7E 32 3 e v, 1 o
MEALBCE[T]. o1 A 31k 4% ,2015,35(11) :45-51.
ZHANG Shenxi, LI Ke,CHENG Haozhong, et al. Optimal allocation
of intermittent distributed generator in active distribution network
[J]. Electric Power Automation Equipment,2015,35(11) :45-51.
ABAPOUR S,ZARE K,MOHAMMADI-IVATLOO B. Dynamic plan-
ning of distributed generation units in active distribution network
[J]. IET Generation, Transmission & Distribution,2015,9(12) .
1455-1463.
MRAEZE SRIA, BRI, 55, 25 BT 4 10 A 5 1) 2 B G R G 4y
AR BB (], A0 A Sk &, 2016,36 (9) : 46-
53,73.
LIN Junhao,ZHANG Yan, CHEN Si, et al. Optimal DG allocation
considering effect of controllable load for active distribution system
[J]. Electric Power Automation Equipment,2016,36(9) :46-53,73.
FRIE ZOMPE, R L AF, F2 B I S R SR A 3R
PO 28 FE Ay 114 23 A O LR D7 [T ] T ER AL T AR A AR
2016,36(H4F 1) :1-9.
ZHANG Shenxi, YUAN Jiayan, CHENG Haozhong, et al. Optimal dis-

tributed generation planning in active distribution network considering

—
w
-

[ 4

[

—
W
[

demand side management and network reconfiguration[ J]. Procee-
dings of the CSEE,2016,36( Supplementl ) ; 1-9.
[ 6] 205, R3CHE , kiR, 55, 25 18 DI AR US4 R 7 ) i3 Ay 32 3 e
v e e A A A A BB LT ] AR, 2017,41(3)
752-758.
YAN Yifen, WU Wenxuan,ZHANG Yi,et al. Optimal allocation of
intermittent distributed generation in active distribution network
considering benefit of regional energy supplier[ J]. Power System
Technology,2017,41(3) ;752-758.
W o, IR EE 2R, 5. 25 B G IR A I 1 3 35 14 4
A A T LR SR [T]. MR 2018,42(3)
755-761.

—
=
[

CHEN Biyun, BI Wanxia, LI Xintong, et al. Capacity planning stra-
tegies for distributed generation considering wind-photovoltaic-load
joint time sequential scenarios [ J ]. Power System Technology,
2018,42(3) :755-761.

il AL, w W, S R, 4. 22 H bl AL K 20 )2 e A 7
L], P E AL T AR, 2003,23(10) : 11-16.

CHENG Haozhong, GAO Ciwei, MA Zeliang, et al. The lexicogra-

—
oo
[

phically stratified method for multi-object optimal electric power
network planning[ J]. Proceedings of the CSEE,2003,23(10):
11-16.

[ 9] JAMSHID A,TAHER N,RASOUL A A, et al. Scenario based dyna-
mic economic emission dispatch considering load and wind power
uncertainties| J]. Electrical Power and Energy Systems,2013(47) ;
351-367.

[10] FRZM, T, AR 45, 40 K -IER IR K IFT
FEBFFEL ). HHEHL TR, 2011,37(17) :23-25.

ZHANG Junwei, WANG Nianbin, HUANG Shaobin, et al. Research
on bisecting K-means clustering algorithm optimization and paralle-

lism[ J]. Computer Engineering,2011,37(17) :23-25.

[11] B, B s ARER, 45, JET 58 < A0 DX B S HL 10 23 A1 KO AR

JERIE N RE ) M [T, MRS A Bk, 2017, 41 (21)
105-111.

ZHAO Bo, XIAO Chuanliang, XU Chen, et al. Penetration based
accommodation capacity analysis on distributed photovoltaic connec-
tion in regional distribution network [ J]. Automation of Electric
Power Systems,2017,41(21) :105-111.

[12] RREEFT, BWREA, 2. & Al AR R IR & i A C R i RE 2 H AR

ARECE IR T]. IR ,2017,41(9) :2808-2815.
CHENG Tingli,CHEN Minyou, LUO Huan. Multi objective allocation
of energy storage in distribution network penetrated with renewable
energy generation [ J ]. Power System Technology, 2017,41(9) .
2808-2815.

[13] STORN R, PRICE K. Differential evolution;a simple and efficient
heuristic for global optimization over continuous space[ J]. Global
Optimization, 1997,11(4) :341-359.

[14] ZFE 80 XH 55 R BRI HLITIN 0 Ak i 8 e s A

HLZR IR AR A BRI (] LA 2017,41(11) :3655-3662.

PENG Chunhua,JIANG Lei, LIU Jun,et al. Distorted electric field

shielding of EHV transmission line based on extreme learning ma-

chine prediction optimization model[ J]. Power System Technology,

2017,41(11) :3655-3662.

GALLANO R J C,NERVES A C. Multi-objective optimization of

distribution network reconfiguration with capacitor and distributed

generator placement[ C] // TENCON 2014-2014 IEEE Region 10

Conference. Bangkok ,Thailand ;[ s.n.],2014;1-6.

[16] TSUTSUI S,FUJIMOTO N. Parallel ant colony optimization algorithm

on a multi-core processor[ C ] // Tnternational Conference on Swarm

(15

[

Intelligence. Brussels, Belgium ; Springer-Verlag,2010:488-495.

[17] BARAN M E,WU F F. Network reconfiguration in distribution sys-
tems for loss reduction and load balancing[ J]. IEEE Transactions
on Power Delivery, 1989 ,4(4) :1401-1407.

(18] Z=5%, R, ABOAT 55, 25 RS TP AR 22 H b 43 A 20 T 3%
HEARRIT]. B RG A Sk ,2013,37(3) :58-63,128.
LI Liang, TANG Wei, BAI Muke,et al. Multi-objective locating and
sizing of distributed generators based on time sequence characteristic
[J]. Automation of Electric Power Systems,2013,37(3) ;58-63,
128.

[19] 981, Fitg, 2258, 434 AOGAR S vl I I 1Y AR /%8 25 43 B
[J]. hERHLIHESR,2013,33(34) :50-56.
SU Jian,ZHOU Limei, LI Rui. Cost-benefit analysis of distributed
grid-connected photovoltaic power generation [ J]. Proceedings of

the CSEE,2013,33(34) :50-56.

IR (1970—), B, HE g ALK
KEZBE IR BRI e Ah e RE 3
R H AR F (E-mail ; zysyw@163.com ) ;

A R(1990—), B, T aEmA, M
AR AR T ) £ 3 B WAL (E-
mail ; 552444672@qq.com) ;

¥ (1979 —), B, TAA, AL
I WL AR @ AR RERERSF

BHRE93—), B, 2BmRFA BB HEATAET
0L B, T RAR T @ A e ) R GRARALIR
%, [ ALX] ( E-mail ; chinapch@163.com) ,,

(T4 % 181 W continued on page 181)



£ 38 IR, 45 R ka2 ik

775 T A 01 Xk o a1

[15] SKRIMPAS G A, KLEANI K, MIJATOVIC N, et al. Detection of
icing on wind turbine blades by means of vibration and power curve
analysis[ J]. Wind Energy,2016,19(10) ;1819-1832.

[16] EFRON B, HASTIE T. Computer age statistical inference [ M ].

for the Swiss Power Grid[ J]. Applied Energy,2012,96.33-44.
[20] LI X,HU F,LIU G. Characteristics of chaotic attractors in atmos-
pheric boundary-layer turbulence[ J]. Boundary-Layer Meteorology,

2001,99(2) :335-345.

Cambridge , UK ; Cambridge University Press,2016.

[17] ZHAO J,GUO Z,SU Z,et al. An improved multi-step forecasting
model based on WRF ensembles and creative fuzzy systems for wind
speed[ J]. Applied Energy,2016,162:808-826.

[ 18] AAIE, XUBH, 5kiF , 55 SRR i s WLl {0 PLSR HE A7 25

(PAH OGP AL R TN [ 7). W 94K, 2017,41(6) - 1815-

1822.

YANG Zhengling, LIU Yang,ZHANG Ze, et al. Ultra-short-term wind

speed prediction with spatial correlation using recent historical ob-

servations and PLSR[ J]. Power System Technology,2017,41(6) .

1815-1822.

HAGSPIEL S, PAPAEMANNOUIL A, SCHMID M, et al. Copula-

based modeling of stochastic wind power in Europe and implications

(EEE

WEAL (1964 —) , B T 2 £ A, 8
A Wb, BB 6 A R R
) R TR R AL R ) AR
¥ &4 5 F (E-mail ; Zlyang@tju.edu.cn) ;

A R(1992—), B, T AA,M
&fﬁ%i,i%ﬁﬁf@ﬁm\%%ﬁ%ﬁiﬂ'
( E-mail ; zhaoqiangtju@163.com) ;

FRE(1994—) , 5, ZBBMA MR A, TR
%9 61 5 R, 3 % Fn] (E-mail ; 1264461864@qq.com) .

Hy AR,

[19

[

Ultra-short term wind speed prediction based on spatial correlation by k-nearest neighbor
YANG Zhengling' ,ZHAO Qiang' , WU Bingwei' ,HOU Jinyi',CHEN Xi' ,ZHANG Jun®
(1. School of Electrical and Information Engineering, Tianjin University , Tianjin 300072, China;
2. Key Laboratory of Process Measurement and Control , Tianjin University , Tianjin 300072, China)

Abstract; One approach to improve the accuracy and reliability of ultra-short term wind speed prediction is to tho-
roughly exploit the characteristics and laws of wind speed correlation from historical observations. The reference vec-
tor of k-nearest neighbor prediction based on spatial correlation is formed by the combination of latest local wind
speed historical observations and upstream wind speed observations adjusted by its optimal lag time. The correlation
coefficient is taken as the concrete evaluation index,and & most similar neighbours of the reference vector are opti-
mally selected from the wind speed historical observations. Seven regression models are adopted for the future local
wind speed prediction. The simulative results of wind speed prediction of Huibertgat, Holland in winter show that the
optimal number of k-nearest neighbours is about 100 and the optimal year number of historical data is 10 a by the
prediction of three optimal models,i.e. linear regression, partial least squares regression and least squares support
vector machine regression,and the proposed method can effectively use the similarity of historical data for reliable
ultrashort term wind speed prediction.

Key words: wind speed prediction ;ultra-short term ;spatial correlation ;k-nearest neighbor ; historical observations
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Parallel optimal allocation of distributed PV in distribution network
considering active management
SUN Min',YU Yuan®,ZENG Wei' ,PENG Chunhua®
(1. State Grid Jiangxi Electric Power Research Institute , Nanchang 330096, China;

2. School of Electrical & Automation Engineering, East China Jiaotong University , Nanchang 330013, China)
Abstract: The rapid development of AM( Active Management) technology provides possibility for large-scale distri-
buted PV ( PhotoVoltaic) power generation accessing to distribution network. An optimal allocation model with the
combination of AM and optimal distributed PV allocation, which takes the installation position, capacity, and AM
measures as its decision variables and the maximum distributed PV energy permeability and the minimum voltage de-
viation as its objectives. The multi-scenario analysis based on dichotomous K-means clustering is used to deal with
the uncertainties and temporal characteristics of PV output and load, which overcomes the shortage that K-means
clustering scenario reduction is sensitive to the selection of initial centroid. The multi-scenario analysis and multi-ob-
jective differential evolution algorithm based on parallel computing are proposed to solve the optimization model , and
the optimal PV allocation scheme and AM strategy of distribution network are obtained. The simulative results of
IEEE 33-bus distribution network show that the proposed method can effectively improve the distributed PV penetra-
tion amount and ensure the power supply quality.

Key words : active management ; optimal photovoltaic allocation ; energy permeability ; voltage deviation ;parallel com-
puting ; dichotomous K-means



