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Three-phase state estimation of a distribution network based on multi-branch
current mixing measurement
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Abstract: Synchronous phasor measurement is a research hot-spot in advanced application to a distribution network.
Examining hybrid measurement of a synchronous phasor and smart meter in a distribution network, this paper proposes a
state estimation method for the distribution network with branch current as the state variable. In a distribution network
with distributed photovoltaic access, the method transforms the yPMU and the smart meter measurement data, and
realizes the minimum measurement error of the heterogeneous data branch current amplitude. First, based on the hybrid
measurement system, the three-phase measurement equation model is derived. Then, the state estimation of the
three-phase branch current is realized by weighted least squares method. The proposed method is applicable to the
distribution network of three-phase unbalanced and multi-branch current measurement. Finally, the effectiveness of the
method is verified by simulating the IEEE 37-node system with distributed photovoltaics.

This work is supported by National Natural Science Foundation of China (No. 51307018) and Science and
Technology Project of State Grid Corporation of China (No. 5222LK17001T).
Key words: distribution network; micro-synchronous phasor measurement unit (WPMU); hybrid measurements;

three-phase state estimation; branch current

0 3= PP 3ERIS, JE 7 PMU 1 SCADA TR it s
= PR ST E R LI P O — E ST, 4R,

[i) 2 A B 0 BT (PMIUU) ZE H IR R R ok FW RN PMU, fEAEAR Ry 45T %1 55 1)

ez 2 RV B ) R RE S s e B, VRN RO o 328 [0 A S )

JC(UWPMU)AME B 5 PMU AL PR RS, 17 H

HETIH: BEAAAFELTE £ (51307018); BRE 22307, sAMEE. B, % wPMU 5ECHL A 5)

P 3) 342 B F8h (5222LK17001T) T RGO S DA AH 255 1k TE H R 2 Ak




2. ® ) %S5

T R

HL ) RGUIRSAG T e A i RS T
feSHLNT 2R G BRI AT S g R A T ki,
JC LI F P AR AR FE AR /DN, H SO AR 2 10 A
B, P RAXS S F AU A T ARSI Ak v B i A s
FCHE M FEITIRE, FFAHCH RGAK IR EEEK

FE W 28 S5 K J5 1T, TC H 9 A 9 = AH AN T 1l
FEPE ] AT, R R 5 = e R AT LR A
PRSI, Rk, BFSIE T = AAS P O R
B FRPIR A A T 20 b B Y, SCRR[10]% 56 T T
D L I A D s B T DS B A RS AR
AT, T IEAEE A R T S R
LEAHiRE, TFAERCR . SCHR[11$E 38T = A3
PR IPPIR SO T VB R s (HE, BB
TIEME S, ENTRENJEZeYE, AR FER Y.
SCHR[ 12145 e Al b o) o s L gt R B =2 0 &5 7 Ak
7 VE, AE— R LN T s A AR R 2
SCHR[13BEST T RIS & 8 R B A R G
RFSAG T8, SCHR[14T82 T — bRl A 1 i
HL X B v 7 v, VR ARSI R, HR 22
Ko SCHR[15-161%1 % _EadoRs 5 1) i Hy Jk 1 2 v
W3 DX RS b 2 AR R T S, &
VR ) = AHAS P ORI L Y o SCRR[ 1777 32
HofF PMU [ 8l R EOE AR, R PEEAR
T PEm TR, (RRCE E IE S A AL
PR AT

AICEFAESH uPMU LT, 90 T R4
IR ARG, E R SN EGE SR e R R
TR IE, A MRS BN TR e, 3t
TIRA BN FE, $EH —AHAKSFREC HL I 52 2% FL
HPARES AT 7o %710 D 2 R B e A ps v s
HVE B, ik T ME s LURERE, b T 164:
PREAL TP R E R R R R, 8 TR
MR RE L
1 BCEEB MBI ES 4T

F G0 1 ] 5 A T G A Y
Wi, DRSS pPMU R GET i al Wk
TRV ARG 5E 4T M4 A5 28 A2

TX > B (1)
Rt X =[x, %, x,x, | A& n 4ERIF A
FEFE BACKRICEN 1) n YEH) 0, JPE T RN R
GRS HIEE R, BT RS0 554 n.
FEFE X e ER x, nTARIR A
0, %17 RURHCE pPMU

% ‘{1, 1% 4 CUAE B uPMU 2)

ke T ALK RN
]; by f, fy - L,
Tz Ly by Ly b,
T=\|T, |=|t

3 n Ly Ly o 4, 3

T ZLn 1 tn 2 tn 3

R T (1SR A 7000 2 ()T 7%«
L, i=j
t, =41, 5% 4)
0, iS5 HIE
PLHIRE T HISE— AT K087, TX 21 ar st sE
FEX Ffong x, o 1, BB A LB F s 1
SRR w1 B A nr U, LA R
WAl LA B3R 7300 Mo H T2 o 0 T i R A 28 A
7%, goERZ, M) EZET SRR K
B, MRS . SCHR[ I8 ik et i) — gk
kL REOC AL S v, SR A vt A2 T H 9 R R 1)
uPMU 15 e

2 RAEMNRZHE

2.1 uPMU 2N £z
uPMU ik GPS st} R4t UTC Fl
1PPS Fb ikt Wil 5 C H, ) o 622 2he 1 B Jl Sy
I L) = A Pl s B AR S i b A e T
B uPMU SR L, S A AR AR T
3, TFERFARBRAR 4 A SOR AL R LA AR AR,
WG FTR.
V. cos8, + iV, sind, =V " + iy
I;,co86, +jI, sin@, =" + i\

)

X v, Ly, oKk pPMU SR IR 5
0, 6, %o uPMU B E . AR Al x
PR RIE AR P RIRE SN E
UPMU 504 o
2.2 e RENKRE

B Re HLAR A I B RS L B B R G R
LML, BATIE av by o =AHM AR
WE el A DIICDIP A G R I DI RE . 2
i 5 25 LR AR A 200, A5 YRR 7 A i 2
K PR 3y 5 TR B 20 SIS e P APPRR S5 A8 e A ol — AT
N HIRAH

[ 1 e BVAOV

. . V) +)

BV =0V

V) + )
(6)

L FoR 50 = AR N LI 0 5

> (eq)
A LY



YR, %

HET- 20 00 S AL AR A SR R A P R = RS A -3 -

s VLV A IR M R S R P
O™ KRB LR RN =HEAG T EITh,
S T A FRL A A ) R A A B il f
LMETRE, IF R A0 S o e I
AR A 22, AR SO S B LR Py
Ay 520 e LA B 1
I3 =I5 (7)
A, I FoR B M SR . T =
Y PR R B, o LA iy

Vcal
it _qyreq) 45 y7x(eq)
cal I/i.t +‘] I/i.t (8)
it

(eq) __ mea
Vi.t - |V”

Hrfe Ve e R = A R V&
SRR A 0SB v R S S B A
FEM TR s V7LV SR A U 0 B
L F S o AR AL AR P AR AT A7 5
04 Hh PR (AT T S
2.3 SRR BN LR

LA B R PR AS A VR, 2 R Ak
YR AIEP VRGBSR RGN, etk
B OB SRR B SLRE, A EIRE 5
RAT AR 1 TR

BN E A

DCAC A A
P
n, T FEL %)
H XT .
! J
—

PV
L

1 RRBEASENEETEE
Fig. 1 Configuration diagram of photovoltaic access
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Fig. 2 Distribution network three-phase line model
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Table 4 Comparison table of estimated efficiency between
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