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State estimation method for distribution networks based on node degree search partitioning
ZHANG Xinhe', LIU Kaicheng', LIANG Chen*,ZHONG Ming', HE Guixiong'

(1.China Electric Power Research Institute, Beijing 100192, China;2.Electric Power Research Institute of State Grid Gansu Electric

Power Company, Lanzhou 730000, China)

Abstract: With the expansion of the distribution network scale, the traditional centralized state estimation algorithms
require increasingly complex model construction, leading to increased computational complexity during the solution
process, reduced timeliness and accuracy of the state estimation. Aiming at this problem, a distribution network state
estimation method based on node degree search partitioning is proposed. Firstly, a node degree search partitioning method
based on balanced regions is proposed, and the measurement model and distributed state estimation model for the
distribution network are designed. Secondly, the distributed state estimation model is solved in three stages. Finally, the
IEEE 30 node distribution system is selected for simulation analysis. While ensuring the observability of the system after
partitioning, a comparison is made among different partitioning methods in terms of the accuracy and duration of state
estimation. The impact of measurement redundancy on state estimation accuracy is further analyzed. The simulation results
demonstrate that the proposed distributed state estimation method has significant advantages in terms of state estimation
speed and accuracy.
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Figure 1 The solution flow of distributed
state estimation model
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Figure 6 Estimation error of node voltage phase angle state

A A RS & F RGO

B, 5 g 4 b ROR S AN T E RERT 2 R AR, et
&R O B RN ER 3R

HRAE 2 307 B 45 B rl LUE ) IEEE 30 11 /5 &

G 26 3k B 1 i DX 8 S A R 4 X Oy ik A B

%3 IEEE30% & 2% KAEM&HK

Table 4 IEEEE 30 node system state estimation time

57 TRE  TRERSHHIK/s
1 0.002 6
2 0.003 4
ETPHERMT S 3 0-003 3
B4 R0 K07 1k N 0-0017
5 0.005 7
6 0.006 9
0.014 5

s i 2 IR 0

0.008 6
A Ml DX 2y 1 0.026 1

R 56 UE ZR G I T A BE IR IS Ak T A Y R
ﬂﬂ$i%ﬁTEIﬁEﬁﬂ%ﬁﬁ?%?§%ﬁ
TE 22 (35 (8 R 22 A R F .

r=;2<y" ) (22)
A m FRF RGN B BRI E 5 yeen
=R

DAL A (R B 98 6 42, 26 ok 3 1 £l X
By AERERSXE, & TREREMITRZED
BL7 s AR 4 &1 7 05 B85 vl LLE 76 2k 17 £
DT s A R TR T, F RS 5.6 194k
TMRZEREELSYU LN HHELZ T, F RS 1~4F
BR2E N 2%6~3% . HIEEF R 5.6 M IR
JEEAE T LR A A RS B

0.04

0.03 -

fEAh IR 22

0.02 -

0.01 - 1
0.00 — —
1 2 3 4 5 6

T RGNS
7T BT ARKRSREIHRE

Figure 7 State estimation error of different subsystem

=3
'

SR

e
Rt



9538 B 3 SR, T

JEE A 2% 23 DX B B R R S A 35 8 155

4 Qn To

A SR X AL gt 4 v FORASAR TE 5 35 A )
Ko R R 25 00 ) R 4R T3 SRR IX
4 e H R S A 11 0 2%, X TEEE 30 715 AL L R 4
AT T 5 BT, FEESIR T

1) F g T 2 R0 XS o b s 4 T — R T
S DX B B R A O, S AR g Ay
X 7 15 LA K A Al 43 X A B ARE AR G, T e T LA
THRZEFEAE 0.03 LU, 15 s i A A Al iR 25 %2
TEAE0.07 AP, B B i (RS Al T 1KG B

2) SR FH BE 1 Al DX T R R A Xk
FEARZS Ak T+ FE 0 J7 10 o 2 A BT 8 O 3, R ) AT
FLYCOIR AL THEE , RGEAERT R 0.006 9 s, 3 241
AL H S, R GRS THRERS 2 0.014 5 s, 5. T1%
g SO S A AE T 0.026 1 s, R A5 Ak T 2
BT 73%;

3) BoiE T E U4 B ARSI R B OC R

S TC AR BE R, 2R 48 T B RS A TR
R

S E Wk

(1] 5% 8 BT AE AR O 55 25 e fB0ROHE T8 A il i A

T5IE H 43 A 2R S Al T[], B ) T AR K ,2022,41
(3):22-31.

HUANG Chongxin, HONG Minglei, FU Shuai, et al.
Distributed state estimation of active distribution network
considering false data injection attack[J]. Electric Power
Engineering Technology,2022,41(3):22-31.

21 iy, E R, T LA T U RE I Z R IR R A
E G Ak 18 BE SR W D). L T B R 2 41R,2021,36(17):3753-
3764.

YE Chang, CAO Kan,DING Kai, et al. Uncertain optimal
dispatch strategy based on generalized energy storage
for multi-energy system[J]. Transactions of China
Electrotechnical Society,2021,36(17):3753-3764.

[3]1  HHUE BN B R LA RRIR TS SR AL H W)
FLRI[J]. H [ J7,2021,54(4):175-184.

HU Yuan, XUE Song, YANG Su, et al. Multi-scenario

Z Y5

[4]

(5]

(6]

(7]

(8]

[9]

[10]

[11]

planning of distribution network in the context of
integrated energy[J].Electric Power,2021,54(4):175-184.
LV R TN AE R TR T 0 i - R HE S
AR A G UM RS ITUL R R E AL,
2021,45(20):18-28.
LAN Puzhe, HAN Dong,XU Xiaoyuan,et al.Bayesian state
estimation for electricity-gas coupled integrated energy
system based on long short-term memory[J]. Automation of
Electric Power Systems,2021,45(20):18-28.
M B I R T AR A AR R S B A BT 2R A B
L1 R GRS 2 ,2021,49(15):30-37.
WANG Shuai, ZHANG Haibo. A distributed robust
estimation algorithm based on equivalent information
exchange[J].Power System Protection and Control,2021,49
(15):30-37.

RS S 1 1 S0 5 B T MES L -LE S RE IR
R GG PR A T 5 i 0] 8 M5 0 3 RE IR, 2022,38
(9):143-150.
LEI Changding, WU Wenhai, XIAO Bowen, et al. A robust
state estimation method of electricity-gas integrated
energy system based on MES|[J].Power System and Clean
Energy,2022,38(9):143-150.
GOMEZ-EXPOSITO A,DE LA VILLA JAEN A.Two-level
state estimation with local measurement pre-processing[J].
IEEE Transactions on Power Systems,2009,24(2):676-684.
KORRES G N,CONTAXIS G C.Application of a reduced
model to a distributed state estimator[C]//2000 IEEE
Power Engineering Society Winter Meeting, Singapore,
2000.
VAN CUTSEM T,HORWARD J L,RIBBENS-PAVELLA
M. A two-level static state estimator for electric power
systems[J]. IEEE Transactions on Power Apparatus and
Systems,1981,PAS-100(8):3722-3732.
LS ek 0 MRS T O o 00 2 bp 9 A2 4 59 43 A
HOR A T 5 L 100, b = AL TR 22 42,2014, 34(19):
3170-3177.
MA Pingchuan,SHEN Chen,CHEN Ying,et al.Distributed
state estimation based on the pseudo-measurement
coordination variables[J]. Proceedings of the CSEE, 2014,
34(19):3170-3177.
SR 2 BB RS W R 2 X 3 A 2O S Al
O 1 A Bk 45.,2020,40(5):165-173.
LE Jian, LI Xingrui, ZHOU

Qian, et al. Multi-area



156 B B %5 B OR ER 202345 H
distributed state estimation method for power system[]]. systems[J]. Automation of Electric Power Systems,2005,29
Electric Power Automation Equipment, 2020, 40(5): (6):79-83.

165-173. (171 A&, XU 3 T 25 FURL - 08 D3 1% IE A 0 3l AR A Ak 3

(12] o+ K I 5200 & 55 i — I — SR IR 2R 5 R TR [J/OL]. H2 il 5 1% 3 :1-6[2021-01-14]. https://kns.cnki.net/
RGNS G 5B B R5 A sk, kems/detail/23.1202.TH.20210113.1907.006.html.
2022,46(7):187-199. SHI Qian, LIU Min. Dynamic state estimation of
ZANG Haixiang, GENG Minghao, HUANG Manyun, et al. distribution network based on CPF[J/OL]. Electrical
Review and prospect of state estimation for electricity- Measurement & Instrumentation: 1-6[2021-01-14]. htps:/
heat-gas integrated  energy ~system[J]. Automation of kns. enki. net/kems/detail/23.1202. TH. 20210113.1907.
Electric Power Systems,2022,46(7):187-199. 006.html.

[13] T8I IR I R RBTBORA T g pram 04 A R SR 5 0 DX
J7 k0] TR HL,2012,31(2):54-58. AE YR 2 40 1 A0 (0. 7 U FL 28,2021,57(8):159-168.
TONG Jun, SHEN Ce, XIANG Bo, et al. Two-stage state GAO Qiang, LIU Chang, JIN Daojic. ot al. Optimal
estimation method considering power grid partition(J]. configuration of park-level integrated energy system
Electrotechnical Appl-ication,2012,31(2):54-58. considering integrated demand response[J]. High Voltage

[14] %@ﬁ,ﬁéﬁé,ﬁfﬁﬁ,%:%?%??*ﬁfﬁﬁ?%ﬂ@EE Apparatus.2021.57(8):159-168.

PRI ARSI TR 20228608 o) gy b b 25205 1 — 2455 B 2
3139-3148. R A AR 2 6 HH R L ) B b R 2 4 2022.37
YU Jianshu,Ll Zhaoxia, GONG Xuejiao,et al.Robust state

(5):35-43+57.
estimation of power system based on parallel particle

ZHANG Xinhe, HE Guixiong, LI Kecheng, et al. Hybrid
swarm optimization and partition calculation[J]. Power
System Technology.2022.46(8):3139-3148. state estimation method for electric-thermal integrated

[15] W5, 46 20 Ho . ¥+ B PMU 9 42 B2 3840 A R 25 0 energy systemsl[]. Journal of Electric Power Science and
], H1 J3Rh 2 15 T #2.2010.26(1):19-22. Technology,2022,37(5):35-43+57.

DENG Ying, LAN Hua, HAO Hongyan. Distributed state [20] LIU X Z, MANCARELLA P. Modelling, assessment and
estimation based on the PMU and overlapped[J]. Electric Sankey diagrams of integrated electricity-heat-gas
Power Science and Engineering,2010,26(1):19-22. networks in multi-vector district energy ~systems[J].

(161 B Jol U3, X546 2% T v 2R 000K 25 8 I S5 A Applied Energy,2016,167:336-352.

(1] 8 &5 A 311,2005,29(6):79-83. [21] LIU X, JENKINS N, WU J, et al. Combined analysis of

LIU Ming, ZHOU Shuangxi, DENG Youman, et al. An

area-decoupled state estimation method for distribution

electricity and heat networks[J]. Energy Procedia,2014,61:
155-159.



