& LA

2017 49 A

Electric Power Engineering Technology

F364%E 5 143

— L O R G R i R

g, JLshBE AR

FLAER

(1. E R A R R A AR VT BAT 21110052 Bl 4B, i 2000905
3. E ML LI wl B I RA OB, V195 F At 211103)

i E:ZNEREFAEZOETNER ZRHE AT RIS 0GR A0 K A 6G 2L A kR A st Ee s W
KRG ER AR E M EN A AR E 6 AR, kAT 0 Efe TR 3 41T F 0 A ) R AR e
8 B AR, BN ARG A G4 Bk IEEEL4 F 5 R % AR 48 Bk 69 b ) R R S5 FL 00 2 2 A 489
A I AR AT I Ao fhAL | RISIEF N A o0 A 2L Fo EAA M,

KR SN A G RS R TIE iR
HE 42K 5 . TM561 XHEFRER A

0 3§
0 P e R AT I R R S A T i T B A
Z—, AR BIMER 1 R G S R S W 2 A i

BCH o HI TCH R b 4 19 i B 2, AR i B
9 A 22 2 T I AN IS Y, X BT
P B AR IR S A B = ) TR
e 2 2R 5 1) DA 5 0 T i 3 B R A R
BRI RS S E O A RN RS, M EN RS
BB 5 oA S R 28 R 2 20 A i BE ik, TR rh
T BC B TS A 2 b

(1) f#driE. SCHRL3 s ) SO e Bk A
ARG BRS BE R b, I LAIZokS BEH8 A ke iE A7 1l
Be o FR o O5R 22 T DA S PP AG 25 A S 06 HR AS
it 158 22 A5 ), A 408 152 2 52 e HE e 144 o D00 T
AR AR o SCHR (4] 1 Se 45 0 TC FL 1Y) S D00 7 )
— RTINS S AT HE Y, LR 4R
SN2 B T, (HUR AT 28 A8 o 000 24 1) 28 B o
o CHRLS ]I Sherman-Morrison 73 2UHE 5 H &
DR ZS AR 507 26 Z IR R 3Rk X W i 44 i
P4 0 B A T N R, R AR A T R A D A
AR R s I ) HE P 25 S, SR i e BE i 2
FAHE P AR A 45 , 1 2 i 42 2 11 i 0 R R R v
SCHRL 6 J 2R NI 63 784 1) P 0 G592 , AR 90 o 000 %o PR A
FhTF IR 22 R0 R/ NASTR] I3 % 28 52 152 22 52 Wil e/ s
PRI, SRR UE TR BE RN 2R B P bR

(2) NLERes s, AL 7] 4 7 —f)a &
20 L s 1 I PC 8 s, LADBL/IN B 1) v s Al 25 R
Hino SCHR[ 8 18 T LU/ MES % 2% o H br R
WAS B H:2017-04-21 ;45w B #1:2017-06-03
AERA BEARXMFFFIALMA(51607092)

T EHE :2096-3203(2017)05-0143-06

0, PRUE— 58 Al TR BE Y 120 e A R, R KL
AR A 00 5 5 ) A R AT, % B8 T 0 4t
IRE O SCHRL O 1R F 5 T 3h MR R e X057
5, B R BEAL SR A 3 i M S5 R, e T
i R, TR0 7 X 2% 4 g 28 ) 0 T 75 5% LI
Xt W2 25 R 7 500 B BC B, e d R A1 o e &
BCET7 5. SCHRL 1014t 1 B e & p e Ak 305
R AL LB

AT CRESE P R de )2 B A AT 32, el
LS 45 H KR IR AL, 5 LT AR 3 i e o2 0 i
BRI 1 TR A Bl A G A IE R 2 i B
AR, ol 58 R SN A IC AR B, 22 5 TR S PR T
AR ARy 24 i A4 TRC 8 D7 S8 A8 22 A S B v X A
SCBA, P ATC FRL PO I 5 PR AT 5 07 1) A T B
B

SCHRTE— R 0 2R G0 JEE BRI 2R AR, A
G 2 ECER 0 28 TR AR 00 M 4 AR BE M R, BTN
25 (R RTOLRE L R TUAR JBE 1A SR Ay e e T 00 2 4
A B FL AR, AT I A R RO R D, AT
IR e /IME R H bR 76 1 I 28 G A R A B
fiti b, 255 B ARAY TEEE14 35 5 W 45 BEA TR A
TIRLADISEE, X et A R Ge A T A AL A o

1 ERMENRFHHFRE

1.1 EMRBFYIXER

TELME TR Av=b 1 (A ZIAEAF FAE ) 56
e A (554 cond (A) RZBR T fif x (IR ZEXT T A
50 MRV E S R . cond (A) IR, R
TPORE B W FAR/N R AR 1R 2% SA, i x HE AT BE
PRAR R i 22 , T IAN A () R 80

P S0 R 9 Y00 7 3 00 o R S A



144 ) xBEEALR

(RS FERG IR AT 9 o FL AR PR B R/ ok 4y
A HL S | FL O R B A I R AR GRS R B B
Wi, SCHE F IEEE14 55 50 Bl B 2R 58 09 1], fn e 1
IR BHENERL IR U, =23 kV, JEUED)# S, = 100
MV-A,

nodel
node4
node2 1 {
nodell
node8
nodel2
4 ? 12
nodel0 8
’ del4
node
node5 6  node7 node9 13 | nodel3

E1 IEEE14 TR R4GE
Fig.1 |EEE14 node distribution system
MR INBLE R g 1, RIFTA A5 ORI S % 2
ZiEN= ool W o B A 1IN T 1
R IHRREEM A = [H'RH] H'R™ 1%
7L
BB 1 2 AR A A 0
cond(A) = [[A7" || - [|A| (1)
LT | A || R 12 B85 05
B AR R 3% 3 Fh 2 B0 (B IO ~F
SSP LR
AT, R ORI R X SRR 2 B
IR S el DOUNAIVER Ve SIAIDR B P U 6 ZA NN
s Xof 7 ) 2R AR I 1) F- 2 SR R O R e
MTCARBEA RGBT, B 50 2 1 R G HARAS
fhiTHI RBOE R 25 B 1 B 2, T2 585 0 22 1Y)
ARG R BOERE R0 AR BT RL W TR A RS
fliTHaE FAE BE , Th A I e o, i i i Iz, v s
A
350 1
§§ 300
%ﬁ 250
ﬁ\_ 200 ¢

N

e S

LN il

B2 REEMENZFEHH
Fig.2 The condition number of coefficient matrix
T 728 R, 3l b 2 i — P 2 R Ay i T R I
JIT LAZE H, i 14 ) 2 o 15 O PR T 0 A AR SRR Y

CERR il

PC HL P 28 G0 T, A AR B P R Y E
S IX R I AT T 16 ARE I H X R A R
A B

HI T DA Z5 5 BOR PR, B LR 45 2 1Y
AR I A A DG e X Oy A I AT DA A
NI 1 T4 i A R 28 RS A TR B
1.2 BETFIhRSNAYE B M 5 £ 7 WRE

P HL 19 H Y — 2R e SR AN AT 3 7, HL ey
w1 O L A R, BT e 1 R L PR R AEL 1,
AN 0 .

B3 EEMIR%XZHE
Fig.3 A branch of distribution feeder
BARAETT 5 3 Ab 222 — i DU, Y A5 3
AR HL T AH & Y R 3 AR TE AT RIS L, LY
AR 0] LR AR D07 A m] DIA 3

& 1 . )
(U) = (U= Uy (2)
S 1.
((/3) = (=09 (3)

f X (2) A (3) WAL X F—4 n 1 b 5K
B R RS IR G R T R D SR 106, T SR E R D 1 Bl A
S R Tl FE A R AT LA S 1 R, IR 4 %
25 v ) T AT A PR R A S 38 AT DA o oy T
PR3], DT S B H, I 19 58 4 m] UL, ROt , 2
— LT Ty ) ) T R D) R O i B Sy - iR —
A TC FEL P A T R 32 ) S B B3 (A TR TG
) o4 a0, D0 C H 1) 58 4 T 3 HE T 4 A 1Y
SE )R 56 4 AT AN R4 2 S B T i A R R
iy £ 00 A5 B A D) AR, HEE AT DA 2ok S B 1Y) — 3 AT
DA INAS 3 5 B D508, B2 B AT UL .
1.3 BEEMHNENSHERE

FEPR PR, THKG BE A AT SR N , 200 R GE A4
AT R/ i 0 A AN, DT R A, S B
W2 GE ) S A B

TERCHL W TE #3728 S g 45 S B M) 32 58
AT, N EEORIE B 25t U SCB% A 1 A5 0 B
AT H AR SLPRIE AT R R fE AR Al TN
RSB TT  BOA BB 43 S 1) I ER 8  A ik
PRIt 308 o 448 R S 8 7 o ) o 45 g 4% S I 1)
DEE d; = 2, R AR 5L 3 BK Y 5 D k2 1f, )
RGP AT PRI T 5 Y 0 B . W R R R R



TRUHD 55— FHECH MR R Gt AT 5 145

PR A, AR HL Y A AR S RS — S RE UL
D SRHZE 4 IR A S B i I P TR 22 d, =
1, RIVAT K B S R et Ay w0 LR 5 A SR AP A — S5 3
SR T L ), )1 000, 92 S I )
TEWE d, = 0 BT,

BEAI, Xof = 2 S bR e F X e 9 45 08 A i 4T
TSR 5 A T A A B 1) S BR T R R AR R  BRk
R AT A 2 B P RS X A i s )
(AT LA S i AN . PR, 5 R 0l Y SR 3 1 S
B LR R R d = 1 /i),

ZEA AR AT, R 3 S B T R A L )
0 A5 A AR A AR RN T

min 2 X,
ien
s.t. AbXanXI = Dbxl

1.8 m 2.8 (4)

o= = 2
2n — 1

x, =1
x;, € {0,1}
(D) Ay, HPEIFMERE b B8 %G n
A
A (4) PRFFFMERE P ICR a; E XN
. = {Oi% o RIS g ANAHIE (s)
T L, SR T A A
I ASA AR X s i D A AR I,
- [PERITARNRRE
S R A A
FISZ 58 2 ] WU I D 37 BE L R BT A 52 I
ThARSERADII , Horp d; 5 SOR

0, SZEfIETE 2 A HEAU I A
d; = {LRJ‘ET& 1 DL T A 5 A 1 M 3
2, FoAtu A 50
(7

R (4) iy T R B RS MITOAR

Hm o BN R A 4ER, T B A I O 45 4% S
(A DR P AT DA AR O, B DA AL Y T
AH IR PATEAT IR Q, LA KA fi Ak iy
HUEAH D U sn FoRMZ I 58 7 LR, &
ITCARE R A # 7 1. 8~2. 8,

2 EBENMENRZHTHSHK

21 ENREHITMLIER
(1) AR SR TR . A R BRI

KN a; (— Bz AR ETT 22 o, RO ER, B4 Xof
{6 AR 22 RAGBEHE W, SR g, |
DAL o SAGIN IR P, Z BIAFAEUNT
KA

Ww, — [Nl—a/z + Np,i] (8)
a;
P=1-8=1-PlusN ., - aLW(].)/ZH}
(9)

XEF— A BARR RN R G, v] LIRSS E iR A
THEAR o, FIAS REAEII RN o) BAA4F T, (9)
et HAG ISR Po RS BRI
EA ARG R KR im0 -5 ] B KR
TEHL RS Briad T R e Gl DA AR o, T
i (EL AT A 0. 005, Kl S MER P, (4T T HIL{ELAE
0.995 L) k.

Bk 7% RABBEFE M B X A T W, 0N B 00 o
RS AR BEERZ R B A, 3 2 0 )0 A e B 1 A e
s R e RIS T 4R

(2) RSAGHERER AR

OERIZEGEHE -

sory LR (5]
DB

*_S».«)Z %

1 ! 1 = hit t,t

=1 LM G-

(10, 10) H oS I @ 78 ¢ I 20 A6 2., 0

N | AR ¢ IR EEL A AR IR O ¢ B
FRy 0 oK RS AE

XFFAF G EOR BRI RS, iR 2E R SHE

PHEE T T 1, I AR 28 0 e E /N T

(11)

g;

1, B
Sy =1
{SE <1 (12)
22 EMNRZEMREUFER
AR N R A T 5 AT DU Sy — A H R
0 D R T3 L 0T 58 N 45 g ] UL
R AEARIE A TUAR BE A 00T, 4 A a0 150 F) A1

BT DI D A BEA o AR X AR Ak e AR
GERIDIREEE SR, 1% R G ik b HA A R vl A6
PESEAR AT A AG TR BE R 047 s .
LA TG 4 oo BB A A S5 | R 45
SRR D A5 AT B A S AN, AT J 58 7 Y
il RS (B ARARRETE AT S I) 5 R AR
P (8—11) THET A R B 46 I 45 A 5 4% BE 3R 45



146 & H)BEL

TEA M SER
R A A R

%ﬁ%%%i%%é’

U A BRI | i St
FOLIE R IANBRIN [+ T
PR LY
$5 L R
B

B4 EENENRFAEUTER
Fig.4 Optimization scheme of distribution
network measurement system

v T R SR DU Ay ) G R AR A
25 RPPEHE W, , SR U 0SB i i s A4S B, 5%
22 RGPERRE W, SHFAZRAERR/N, FBIZAT x0T
SN ZR GRS FE R e K, BT ARG B 70 X R 2 {8 B
INBT AR T A e O AR R R Y e A
GEFATRL , LR R R AR ER

AR P R A T TS B e R
ARG AT ER LT LA :

(1) Hy 35 T 098 45 9% 2 KT A 48
XF I B T R L v i BT R N R i 2
Y=

(2) M4 7R Hs v 25 it 24 o7 A B0 A, 5 D0 I v
SR AL T

(3) HHEGHCH B 3l 7 48 78 Bie AR 28 o 3 55 %
I, B4~ 20 2K 98 B o 1 o DU B 2% L ERAR =, D
VoA BRI B0 FTE S 55 i oy, R KM o R 452
EPERE R HL TS

3 (RIS

FET S T R 58 4 ] LAY S I A A TR
J& T 0— 1 BN AL I L, R 5 R 3 P 14 5K i
FARZ 7 B HUR FH A Bl ) SRR i i B 4
ALRIF L, A Matlab BRPF3REE A B ST 2R AR 19 1
I A B AR A TR, SR 5 e A e 5 S
FEA A I S A E AT AT AL, R 7E TEEE14
T RURPARZS AL 07 I B0k 1 b 3 a5 A
BEREAATT S R AR R RS
LW IE 3 W V7N

*1 BENRZEEAR

Measurement system configuration
I A T 5

[inLE)

g WO TUARE
HH K R

14 95 15, 7 2

Table 1

e/l
LA

2,3,4,8 1,2,3,4,5,8,13

M T AT LA Y, AR BE L R 2R 52 b n] DI i A
B 10 A AR IBCRE A T R 1 BT A S
&, DT 368 3o S D1 38 T R SR gk 1 i A5 1) 1 A R
RS, SRR M S 2 m W, T 14 95 51
P L R AR G, R AR I R A L 7 4 s B AT
SR 2 T

X R A B R G, R RS A T AL
SR R TIEA A AL . RS A TR ST
KA S s .

BEAM A
HI 2R GEA5 B

'

=1, 5,=5:=0
WA ARAE ) da ik

!
e
t=t+1

!

R

!

[ it S S

AET

EBETT
s
[ HithSy, S, ]

5 KREMITHEINRT R
Fig.5 Simulation test system for state estimation

(1) s K . 0 A 45 3 b 6 o 2K
Ze A SRR | A R R AR 7 A B
R G N AL I 5 ) R AL A A

(2) Wikl WIRRE R WA LA T ST
A T I 2 R R A0 i r s B N R SR ) A
PALFE TR I AR e 22 o, AR R, 53 4h
I EAEFELECR A 0 I L , 15 XS AN RE R L

(3) KL ¢ IF 20 A S oRAE o AR5 ¢ b 22
AL (EL(ED) AT REAL I R 22 , i A5 31—k



TRUHD 55— FHECH MR R Gt AT 5 147

BERL I

(4) RSAEIHRFF . H FTHC i PR SAR A5
WARZ , BB T A IR N ik T
K FHEA A de /N —3fe i, oh i MBS 31 R e ok

(5) IRESMIHERGE 0. EEAARX—f
THE bR B B0 15 22 09 B o 22 F0 AL ST Y B
2 It Bk gsiHE .

Wl LA R TEEEL4 55 SR I 28 25808 i 2
BRI R SR, B T=50 Wk IR Sl s 1T,
IRIEE RN 2 FioR .

F2 REMITHIREER(T=50)
Table 2 The results of state estimation( T=50)

WET Shomax SEmax SRomax M Sg Py
1 6.17 3.12 1.74 1.19 0.48 0.997 2
2 -3.22 236 -1.39 1.04 0.57 0.995 6
3 2.73 1.56 2.44 1.10 0.79 0.995 8
4 -3.12 -2.78 1.89 0.98 0.82  0.996 1
5 3.28 1.98 2.03 0.93 0.71  0.999 0
46 -2.17 2.08 -2.51 1.97 0.63 0.997 8
47 3.45 1.19 2.50 0.88 0.54 0.998 2
48 -3.19 -1.57 3.64 0.97 0.41  0.996 1
49 4.32 0.97 3.61 2.33 0.30 0.995 6
50 3.40 2.64 -2.88 0.95 0.52  0.997 2
50 YRAEAA{E — — — 0.98 0.63 0997 1

2 WSy s Sk T S IS T UCRAE:
PR R A B NS 25 | e R | AV a5 22 R R 1
B 2E (B RLARXTER2E) Sy T S, 2565 T UCRHAE A
X e i 2 1 34 AR AT A O Ak 5% 22 1 38 AR
B P, 250 T UCRFEIRE A T A BB A B
R . M —1TMGIHERT IR

S, =0.98 ~ 1
S, =0.63 < 1
P.=0.997 1 > 0.995

Z A F 5 1) 25 R B W% 1 I R G B UL IE
B, BT SRAE B St I 5 0 X AR S A TR e B A
RAFAUE R RCR o

A PR I 235 2R O 2 DU R 4 Y 1 g A
FREEsR , I a] DI R F RS 2.2 i iy m I R S
A5 G R A T I R G iR A T Rk

4 #hig

SCHE SRR R A ROIE, 0 B TRl
IR AR AT TR JEE (189 52 W), e By 3 A 000 )
JE IR ROR fe i SR A MUBE HE R 58 2 m] LAY £

JEH e A B I S R A A AR BT SR B TSk
P FEL 19 e A R B R O o e S MR B A R ke
PR PR APR AL T PEBE R AR, X i3 00 A B A T 4
TR IR T 5o A TEEEL4 35 AR RUR S
bR T i I 2R e A RO AT SRk, ] 45
SR FE 19 0 2 8 A9 R B R BEA DG AL T 6
JEH R o

S5 3k :

(1] Eosse. vl PR Al T B 000 2R 48 1Y 5 P 11 TG 2 T

[D]. %rm: AR, 2014,
FENG Zongying. The study on distribution system state

*

estimation and robustness of measurement system placement
[D]. Jinan: Shandong University, 2014.
BN BCHL PR FRRAS AT DL BIaT AR R, 2005,

TANG Xiaobo. Local state estimation of distribution power

[2

[}

system[ D]. Nanjing: Southeast University, 2005.

[3] %  E,ARVUGEE. 2o Be i PURS A T1HRE BE i i M 500 Ak
JriklI]. i1 A E s ,2009,29(7) « 17-21.
XU Chen, YU Yixin. Evaluation and optimization of meter
placement to enhance distribution state estimation[ J]. Electric
Power Automation Equipment, 2009, 29(7) . 17-21.

[4] BARAN M E, ZHU J, KELLY A W. Meter placement for real-

[}

time monitoring of distribution feeders[ J]. IEEE Transactions
on Power Systems, 1996, 11(1): 332-337.

[5] Bk A B RERCH PRSI SR E [ D], KHe: Kt
K2£,2012.
GENG Lizhuo. State estimation and measurement placement in
smart  distribution network [ D .
University, 2012.

(6] & 2, fii/ME, ik, Ko REM A EIEMRLT]
L RGP S, 2005, 33(13) : 31-35.
LI Hui, NI Xiaohua, YANG Minghao. Study of meetr placement

Tianjin:  Tianjin

method for distribution systems [ J]. Power System Protection
and Control, 2005, 33(13): 31-35.

[7] SHAFIU A, JENKINS N, STRBAC G. Measurement location for

[}

state estimation of distribution networks with generation[ J|. IEE
Proceedings on Generation, Transmission and Distribution,
2005, 152(2) . 240-246.

[8] RAMESH L, CHOWDHURY S P, CHOWDHURY S, et al.

[}

Planning optimal intelligent metering for distribution system mo-
nitoring and control[ C]. TEEE, India Conference, 2008.

[9] PILP F, PISANO G, SOMA G G. Robust distribution state esti-

[}

mation for active networks [ C ] // Universities Power

Engineering Conference, 2008. Upec 2008. International.
IEEE, 2008:1-6.

[10] RAMESH L, CHAKRABORTY N, CHOWDHURY S P. Dif-

ferential evolution meter location in distribution state estimation

[C]. Chennai and Dr. MGR University Second International

Conference  on  Sustainable  Energy and  Intelligent

System, 2011.
(1] B, sk e, RO0He, 45 e o 42 U 5 PP AG X A1k



148 LS BRI

[J]. [y, 2014, 47(7) . 39-44.

GAO Yajing, ZHANG Zhanlong, WU Wenchuan,et al. Evalu-
ation and optimization of measurement configuration in distribu-
tion system[ J]. Electric Power, 2014, 47(7) . 39-44.

[12] kA, Eidy, K. B P I s A A B sE[ T ]
A A, 2016, 40(3) : 6-10.

DAI Guimu, WANG Mengmeng, ZHOU Xin. The study of op-
timal measurement placement in the distribution network [ J].
Electric Technology, 2016, 40(3) : 6-10.

[13] F/REE, X7 —, MnTH, 4. RERAE ARG M. Blogih
Jit:, 1998.

YU Erkeng, LIU Guangyi, ZHOU Jingyang, et al. Energy
management system|[ M ]. Science Press, 1988.

[14] T 9, SBPOk, i1 B, 55 BB XU T E PR Y IX ) 2

TEVR BER R T 28 ) 43 3 R [T ] v M i HL D AR 2 4R,
2014, 34(22): 3707-3714.
DING Tao, GUO Qinglai, BO Rui, et al. Interval economical
dispatching model considering wind turbine uncertainty and
spatial branching method[ J]. Journal of China Electromechan-
ical Engineering, 2014, 34(22) . 3707-3714.

[15] F/RER. W RGUIRSATTHIM]. KR I3 i hAE: , 1985.
YU Erkeng. Power system state estimation [ M ]. Water
Resources and Electricity Press, 1985.

[16] R 28, JFEBL, SR B 5 05 ik AE TR

M) TSR HL R, 2015, 34(4) : 10-13.

WU Yi, WAN Zhenli, ZHANG Yulin. Analysis of distribution
network power flow calculation method in engineering applica-
tion[ J]. Journal of Jiangsu Electromechanical Engineering,

2015, 34(4) . 10-13.

(17] F K, TR, WS i w8 71 PSO Bik7ERE

RURZS AP RO RE A (] TEIR LT AR, 2006, 25(4)
18-20.

WANG Bin, DING Xiaoqun, SHEN Maoya. Application of
PSO algorithm with variation operator in state estimation of dis-
tribution network [ J]. Journal of Jiangsu Electromechanical

Engineering, 2006, 25(4) . 18-20.

YEE i

TR (1992—) 55 ILIRM st N, B BT
FRM, A2 v, 7 T v, M 48 R A (E-mail:
2464701020@ qq.com) ;

LB (1993—) , 53 LA AN, B 1,
P AGEEN TS Bl C L & N T

A8 GH(1992—) , B LM, W,
Rkt L i i g A R I
REBEL(1987—) 5 W IFE A, i

1 B GRS E T AT

Design and Optimization of Distribution Network Measurement System
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2.Shanghai University of Electric Power, Shanghai 200090, China;
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Abstract: The problem of measurement configuration mainly includes the types of measurement, the location of measurement

and the quantity of measurement. Based on the selection of measurement types, an algorithm model of distribution network

measurement system layout is established to determine the measurement location and measurement quantity for the requirement

of integral observability of distribution network, making the measurement to achieve the goal of minimizing costs. On the basis

of this measurement system model, combined with the concrete IEEE14 node network, the evaluation index of this measurement

system is tested and optimized according to the specific power system state estimation example to verify the effectiveness and

correctness of the measurement system.

Key words : measurement system; state estimation; network observability; evaluation and optimization
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