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Fig.1 Structure of intelligent coordination model

for reactive power compensation

S X 3 T L DX 7 T A U 18] B e A TS D) ARG
DRR] i) i . DX 380326 17T v g B ) e . AT ) 175 0, i 2
PRREBRI LA 3 52T B8 17 SR WS, 8 N [R) H R A
I T I o0 , A8 EE T T A M B I A C AR
A, 2RI TR R R LT R E BTN
HAw, 256 % R & MEA N B s 17T AR,
XTI AMEER 55 0 2 5 00 B SRR & = k54 1k
BE KPR T R A T2, TIEE I
1E_FEMRIDCTRE T S ml L DO R HL e S5 40 2
N IC ) V- Ryl B, 85 WS T D EE 1 O, 25
BANE A s, AL TC DM £ D) 7 5655
i ZREe R 2 L e
22 EEMKIRREER

YER M ROEAL i B ) P o A, 1 2 Al —
A~ H bR R U B 2 A7 B 285 1 LA R RS P s B e
e, AFE ARl as B CFEHERBGEI E,
DI R TC MR 2 fME AR B B By o HHR SR AR i
IR (CB) B Pi#S 4 (RB) 1Y %2 350 B 4
e, FAUEMRTERIRAN .

1 & Se
Eluss: T 2 [Z] APd,tAtd,t Jal

n g=1

n 4=

1 n Ag("
Ev;*z [ [ Ud,t_UN ||2Atd,t jaz (3)
t=1

Ner Ner

Eq= Y, aC+ Y bR,

Hep on M HEHE (AKX n=4);AP,, U, .
Aty 550K d 4B B S ¢ B R AR | 4
FL PR [ 2 DA SO BRI U 0 H R 2H A 1)
it | U,,—Uy ||, 3205 )it i 3540, ik v R M 22 5
a b Zr R A AR BTSSR AR C R, S
BT R AR LT AR A B H N A
I i T ) A T B H s o L, 0 I
LAY | H R A MR AR B DRl s A e 240




[38) & 0 8 % w it %

%39%

R HCE IV R BREIOT AR A
F(X,Y)=min(n,E, +n,E,+n,E ) (4)
Hp X O BRSO G AI A AR A P as 2 Y
BCE AL E A Y O PEfEHI A& IR A
LT A% 2 45 I 2 A B RZ TR AR 2907 5, m, oy
HEEE, Hon+n,+n,=1,
ARICR 2 H bp 255 WAl 75 ik BIVZ o3 B vk
(AHP) " 2 AR R P 45 H AR B A
FJE R AR R — R BB R LR
(), 7 A — MR H R — AR I B DR SR8 T ]
I 32 D AP A RN 2 Ais AT 2R
a. G AP R
P, - U, Y, U(G,cos §; + Bysin 8,;) =0

| (5)
Q. -U Z U(G,sin 8, — B;cos §;) =0
jei

i, P, Q, Ik A AT DA BT A

J e i BRI i MR 25 G, B, A

N 2 MR 50, A i MU AR 2%
b. R L, 1% A 4k,

TP

U <su,<u™ (6)
Jo, U R R U U YR AR
THRALLR,

H1 T AL A SR R A 4 P D) o — 2H R U
i, H— el Ol T e KM B ah 1 oA BR, = 1
FEANT R A

0<Q; <0/,
0<0Q'<Q} ..
) Q_} ) Q],max (7)
Ni $Nmax
N/BgNiax
Q?zCiAVC (8)
R _
Q" =R AV,
o 06 QR BN i e e 5

A RPTAT LA R QF L QF MBI iy bR
BRI IV, N, I A A AR
DRBEUHEBRAE N NS T 15 50 R
P ML A8 2H A R SE PR SN AE B AV, T AV,
I3 FE AR R A R A

AL, 728 5 Al Sk 2 A I o R — 2 A BR Y
TR, EL 75 1 2 S VR DR BRI 26 F

Tmin = T/n = Tmax

(9)

Horp T, T, 23900 D ] 8 A2 s i 0 4 Sk 9 3 3
BUTBR T, 9 kG AT AR R o S L N

55k SRR RS Sk A KT B N, A i
SIEUERAE
2.3 TESEWRAEITHRMA FER

XF 25 EUMEZ TR, 78 4 )R8 I 1) 2
itk 45 A X B — J2 VR ) TG T A S BE 4 B, 4171
TCYRE A S

B, 3 E & g L M LL 500 kV/220 kV
H R S 2k T AR A2 T, 3T HL R D 220 kV B
LONARAT S FE AT IRAE AT, XA S5 [ SR T I
TCIRALI) 43 X K 53R 220 kV (110 kV (10 kV
X 32,

AR S0 T3 Wp 32 ) ST G RS- g B A
bro FEHL ]RGN [F]—H R S5 9 L 2R B R AR v
SR LT E N — A BAn )2, IR IS R —
FAL I 9 A8 R S AR H FR)2 H ] IR H bR 2 o 0 25 5%
Te A D LR

K (10) s eRECEAG 76 [ A8 5 8 ) pR A Y
R B AR RN IE B pREE K S22 11 T, R RTE
LB SRR AL, AR HAR)Z S0 IR E AR
FIC ) 5% 5 B A BAR D R LB X g o2 22 18
YER A AR AR (10) FTR ek B0ME Bk JC T AS
A RE AR bR, T 2 N B RN (1) PR,

2arect:
F(x)= 1n(‘”0d“x+1j (10)
ny
F=&M, + &M, + §M,
S, n
1 n e 1
M(Y)=—3 3 | X M A,
Nog=11=1 \g=1
1 n Se ny
My(Y)=—3 3 | X MeA,
a=1i=1 \g=1 ’
1< Se n3
M(Y)=—3 3| X M A,
d=11=1

gy=1

2arctan( QY, — P4 tan 0)

In +1

M& T
di = i i i

! 7,<0,0Q%, =P tan 0

0 0<Qj, <Py tan 0

(11)
Hor Mg A5 d AR H S ¢ I BESR g, SRR TR
BTNV E 5 g1 gy g5 279120 10 kV 110 kV
220 kV EHEL BRI T 50, \ny o0y 358 LR 3
JEH B SRR IRECH M, M, M, Ay 3 AN H
PRIZICIIATAE R ; Q5 Q2 L QF, F P, (P2, P55
BR 3 A EARES d AR H 5 ¢ B BEAR R R
WA TCIE A DI ; 0 A BRI R B € .
£ & AR, H & +&,+&, =1, HBETHHR RFEAT
Hff o2 H bR 2% A8 AHP



E28

RIHY 55 HUR 5 BT R i C L IO JC D) 4 M2 B DR G ®

T R ERRLRAE F 2R SR F RS
Ptk , BT E b A BEBR T e B2 E AR
(5)—(9) b, i 12 2P IR a5 2R .

01, <Of

Horft, 05, 0% 4B TR ¢ I B A
Rt

3 THEEWARENEEEKEE

ERTETAME R BE PR AR Y L g, B
TR R BA RN RO AR
TSR A4 A5, O DRIE TR S, 25 SR 8,
AT LR HIXUZ WDO 5K fif
3.1 WDO EiEEAKRE

F[E 24 Bayraktar Z F1 Werner D H £ 2010 4F
St — P TREAREACH R R 2 /R RE I R Ak
) WDO 53k, AR D R B R UZE
U o ve Rt A Rl A W N P u

23 S EATTTE M BR M B R BT vh 32 ) 52 4%, Tl WDO
SRR LT 9 5 T 0 B B B2 IR, WDO
SR BT s ST R R BB ) B ) (E A
e ) 97, 456 A RS e A RUAOIRZS T 7
SRS A B R AT R, T R A,
SR A O T SR 7 AR AN B R TR AN T

o = (1=0) 1, =8 o

(12)

otherdim

cu,
<x0pt_xcu;):|+ : (13)

Tt

—1

1
[RT

Ty

‘xucw = xcur +unch

Hodp o oA A SCRIGE BB HE A s o Ry ] A R R
Blsg NE IR s, 2 WIS B R R
DONRTINE 3 |5 s R W= 5 vl B 1 A 3L B0 A SO T
A3 RS AT I A AL R  wte ol A
SPATUFEREMLLE 25 8] O B 5 R A BAR SR 8, T
TREE s¢ A RBGA Ry B B A ], Bk R AN AR
HBECH o R.T.g.c.

WDO BT,

a. WIRAb s ST B I, I e kS
R U T I  NE  AR/€EEL YU | KR W
7 B T DA R IO B PR, X T AR R R, TR
YB3 pRECI A B AR pRE AR by $5c 2435 17 5 pRER

b. A YA AT AYIE B R R AR, 0 SR AR
R,

c. FHZR(13) B as SR IT i B AR

d. #7723 CHLIT I TR R B B s SRR T IR A
AL DU L T A

e. R[MIALTE b, 25 210 45 S o008 by B R A
FHC et 2s SRR TG N JE R R, BT e s AR

TG, ARERAEI B R B AR AE AL

1E WDO Sk, B/ = oo e kil
FLNIs 3l B O 0] 13 e 1 Bk R B R B BE
I 458 T 2 AT AR E M o A R TR
T (PSO) 5 ik LUK HA A BES v , WDO B0k B
UFRYTFRPERE . AR SCHE ST A XUZ R RIS LR I 8L
R R e, WAL SO B TR 356 T WDO B33 AT AT A 2
WS 4 JRy e AT
3.2 RIHE B B R R KRR RS

LSRR R B o G T i U P
RS B X 2 A 7 e F R B A% B TC 6L P
i (B R BT A SR B LA B R A MR
BRSO s B B T g, TR 38 i R A
FEHTHILTETE N oy, 1 HC B IO DA MEERE B i 18 77

IR X i, A5 Y bR PR RN N
X. [ +C1 R ,+C“... 5+CN(;R 9_R1 R ,_Rja"' ’_RN(;R]
(14)

SEPRRS L AR N AT R AR €, B
i AE TR ALBCE R, B HLPUAR

TR Y A R AR Sk B K
TIAMER BN, ] LIRS

Y= [ml 177 My g 5ttt My gyt ,m4,sl,]
md,z = [Td,z.l PR Td,z,k ’ +cd,x,l PR +cd,x,e\"(, ’
EYE JENA (15)
_rd,l,l PR _rd,z,N(, ]
I N A
SRR N fEAS A
Lysw™ 1+Td,z,,/fAt
¢ _
Qzl,[,i_cd,t,iAVC (16)
R _
Qd,z,j_rd,t,jAVR

Horb m, HES d AR E SR o I BOA R R o
S DL R T AR B R T,
Copi Tau T NRES d A B H 2R o i B AR TR 4045
SRR AR AR AL B B A BT AR 4L AR ; A
RS S M kR, e 4 AR S,
ANIFBE,

HARMAL AL TR

a. WE L 2 BB LS SR IT BRI
N e AN JERIEACRELA S WDO LS AL, Bl
PLwra et N, 2 THRITCH I ER P,  H1LL
SRR

b. 75 BJ2EA P, TECE JT & X, Y75
WHEALI AL TR ERITERE S P, VIR Z 2
SHTTHUE KT EE N R (1) 7E S WDO
B HR R, R T EARZMERX(5)—
(9) .(12) WIEBLF , A WDO Bk X) T~ 2 Up A



[40) & 0 8 % w it %

%39%

WL LA A5 PR Y, T ¥, I
R RS

e JEIETE b {AHE I LEMBES P,
TETARCE TR X, MR RIE TR TR Y,
FIR R 2 EARORACS,,

d. H4E T RS R Y, B IE X, B EAR
K (17) s, W FEBCE S B URIE )2 T
FIMEEZRE L A R T TUAY, S B e RO B R
% I LR FR A F, .

C’ =min(C,,c,)
Rj* =min(Rj,rj)

S e, SRR RO A el R R
Plts i KIUIEH ;€7 RS 200 B S B )25 5
B L A e AL LA A E

e. 7K BRIERE (4) K BR ARG
(5)— (1R EEF B TR H Ar 5k EUR 29 31 5%
fF, VAR WDO BIE T RS TBIT P, 0, 1R 1
IR ¢ HENABBOE M RGP L

DRI F K, Y

S R DR SR P AT A2,

4 EBI5SH

4.1 EBEHIEER

PIHEH X 220 kV/110 kV/10 kV HL /4 6, 5%
FHASSC T £ 7 00 AR A ASE 78 15 45 IS g 1) 43 ik 1 81 T
B ZRERE S E A3 R

BT 5 R AL AR X ) A [ 0.95,1.05 ] p.u.,
AR ZEE 10 A A4 10 A bias
o, PAZH 25 1 Mvar, AJ Y AR R A% 45 Sk R0 &
KA 2.5% , kT AT EIX BN [0.9,1.1] , RHE
SCHR[ 1], FRAH RPN 0.95,

T RPN B OBL)Z 5 R SR A SR e v b
LM o, =0.45 76/ (kW-h) ,a, =30 JG/Mvar, 1T
HL D 2 R ARE B AT TP 2 R L R B A, R I 3
T B TE I LT 1A A N G = = I T s L T
ok, E M AHP 551588 0, ., .m, 575 0.258
0.637 F10.105, TIZMREL &, &, & 470 0.333,

MY H A7y A5 2823 (R PR 67 1oy o3 B ik A T 1]
b, A9 Elbow 12:453 2 Fe A 70 B S, = 5, % B i 2L
PEFT AL — AR R, 745 3,14 21 K Z /LA
far F 67 g SO g (40 B far an 81 2 7

i FH A A A i) A5 B JE T AR
ik 1 5 ok [ 42,37,36,32,30,3,2,8,9,14]

WZE WDO Hyk S B g . B2 A
50 ¥, RHIE 20 4, L2 H S «=0.8,RT=2,
g=0.6,c=0.4; N ZHEIEREEL 100 K, 2K HI0
50 4, FEHHSE a=0.4,RT=3,2=0.2,¢=0.2,

Bo B 25 R g 1 s,

(17)

i/ (MV-A)

00:00  06:00  12:00  18:00  24:00
%1
—o— PR3N, ---- W3 AT
—— T 14 B, A 14 BE T
—e— 21 5, ——- WA 21 AR
HABT i A
2 ZTEREAFTSERER
Fig.2 Results of space fast load partition

®1 EHEREAULHEARESTR
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configuration scheme of reactive power

o Wi B
BEDSS
CB RB
8 3 3
220 kV
32 1 1
37 4 5
110 kV 3 3 7
2 6 1
42 1 5
36 1 8
10 kV 30 8 0
9 5 6
14 6 3
4.2 HEISH

421 BREZHACRETE

SEBR A S L AR DGR, AR R SRR
FEAR R B P2 X W TC D M B, X
SR A B B TC Yy ke BRIy 5, e R G AR L
Bk AL,

TELHC B R AL B T Tk, BT
L EReRE R (4) , R AR 5 RS TC UM
WA, AR (5)—9) . (12) itk
BN AR WDO Bk,
422 R EFHMALERE 7E

R T 2R B P R T R R, 5%
SCHR[ 17 ] R B TR DAL B 2a i il KA % 18GE
17RO L B AR S 0T L], BE AT
BRI DUARELE G st i as AE iz ik B bR ek 4%,
DIRGAS LI AMES B R kAR 5, filE
SR ISR R A2,
4.2.3 A5 ok R b T

ASCHPLALTT 28 2848 e ds e Sk A8 LR 1
HEr AT S B R R A A A M L a8 4 i HL K
T2 AR BEEREMN)Z T BCE RZTC)
PLACEC & MR 0 R GETE A MY H A9 45 T8 brdl
L, 22 R G B bR A AEL



E28

RIHY 55 HUR 5 BT R i C L IO JC D) 4 M2 B DR G 4]

®2 AREMUFTETHRMBEREITLL
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Intelligent harmonious collocation for reactive power compensation

of distribution network combining planning and operation
ZHU Tongtong' ,GU Jie' ,JIN Zhijian' ,CHU Linlin*,ZHANG Junyu®
(1. Research Center for Big Data Engineering and Technologies, School of Electronic Information and Electrical Engineering,

Shanghai Jiao Tong University , Shanghai 200240, China ;2. Shinan Power Supply Company of SMPEC , Shanghai 200233, China)
Abstract; The spatial fast load segmentation method is adopted to establish the dynamic load model to remove the
time complexity of spatial load, on this basis,a bi-level intelligent harmonious collocation model for reactive power
compensation is built with the combination of planning and operation. The upper-level planning model optimizes the
collocation of installation location, type and capacity of reactive power compensation equipments, while the lower-
level operation model comprehensively considers different load scenarios to optimize the switching schemes of the
equipments , which makes power system achieve hierarchical reactive power balance. The bi-level wind-driven algo-
rithm is adopted to solve the model. The case results show that the proposed reactive power compensation scheme
can obtain good compensation effect under different load scenarios, verifying the rationality and validity of the pro-
posed model and algorithm.
Key words :reactive power harmonious collocation ;bi-level optimization ; hierarchical balance ;dynamic load
S S S G
(8% 7 R continued from page 7)

Robust parameter identification of distribution line based on micro PMU
XUE Ancheng' ,XU Feiyang', YOU Hongyu'?,XU Jingsong', Kenneth E. Martin®, BI Tianshu'

(1. State Key Laboratory of Alternate Electrical Power System with Renewable Energy Sources,
North China Electric Power University, Beijing 102206, China;2. State Grid Shanghai Electric Power Company,
Shanghai 200122, China;3. Electric Power Group,Pasadena,CA 91101,USA)

Abstract; Micro PMU( Phasor Measurement Unit) provides the foundation for improving the observability and con-
trollability of intelligent distribution network. A robust identification method for the distribution line parameters based
on micro PMU is studied. Aiming at the asymmetric operation of three-phase distribution network , the three-phase -
type equivalent model of distribution lines based on phase component description is established, and then the line pa-
rameter identification method based on the LS ( Least Squares) algorithm is proposed considering multiple sets of
voltage and current phasor data at both ends of lines provided by micro PMUs,which is based on the phase compo-
nent model and is suitable for asymmetrical operation of distribution network. And two robust estimation methods are
introduced ,one is HRLS( Huber estimation based Robust Least Squares) algorithm and the other is MRLS ( Median
estimation based Robust Least Squares) algorithm. In the system whose neutral point is grounded by arc suppression
coil or low resistance , the proposed method only requires the voltage and current phasor at both ends of lines to iden-
tify the phase parameters and obtain the positive and zero sequence parameters of lines. In the neutral ungrounded
system ,the proposed methods can identify the positive sequence parameters of lines when the system is in normal
operation since there is no zero sequence current component. The effectiveness of the proposed method is verified
and the advantages and disadvantages of two robust methods in identification precision and computing time are
compared by example simulation. Simulative results show that MRLS algorithm has better robust performance and
less computing time.

Key words : distribution lines ; micro PMU ; robust parameter identification ; phase components method ; least squares
algorithm ; Huber estimation ; median estimation ;neutral grounding modes
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Table Al Configuration scheme of reactive power compensation with fixed capacity

1 £5.(220kV) 8 32 - - - - - - - R
CB(41) 10 10 - - - - - - _
RB(41) 6 6 - - - - - - _

A7 1(110kV) 39 37 36 33 12 28 9 5 3 2
CB(4H) 6 6 6 6 6 6 6 6 6 6
RB(41) 0 0 0 6 6 0 6 0 6 0

1 55.(10kV) 4 42 26 21 19 14 18 23 12 17
CB(4H) 3 3 3 3 2 2 3 2 2 2
RB(41) 0 0 0 0 0 o0 0 0 0 0

™ A2 PR TIACICE T %

Table A2 Configuration scheme of monolayer reactive power compensation

¥ #1(220kV) 8 32 - - R
CB(4) 2 1 - - -
RB(41) 1 3 - - -

A4 2(110kV) 37 3 2 -
CB(41) 2 4 4 -
RB(41) 6 3 5 -

5 5(10kV) 42 36 30 9 14
cB(4H) 0 7 4 5 3

RB(41) 6 5 2 5 2




