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Dynamic state estimation method of distribution network based on
partition of AMI total measurement points
WANG Yunjing',XING Aolan',QU Zhengwei', XIN Songlin',GUO Kai’
(1. Hebei Provincial Key Laboratory of Power Electronics for Energy Conservation and Drive Control,
Yanshan University, Qinhuangdao 066004, China;
2. Beijing Shougang Co.,Ltd.,Beijing 100041, China)

Abstract: Aiming at the problems of slow calculation speed and low estimation accuracy of traditional three-
phase unbalance dynamic state estimation of distribution network,a dynamic state estimation method based
on partition of advanced metering infrastructure (AMI) total measurement points is proposed. Taking the
AMI total measurement points as the partition nodes of distribution network, the partition objective function
integrating three indexes is put forward to partition the distribution network,which can completely decouple
the sub-regions and reduce the system scale. The multi-scale measurement data is fused through the proposed
data fusion framework. Based on the measurement cycle of the remote terminal unit,the AMI measurement
data with a long measurement cycle is fused and the system state at non-AMI measurement time is fol-
lowed. A high-precision ensemble Kalman filtering algorithm based on sub-region data fusion is proposed
and the covariance expansion method is used to improve the divergence problem of filter. The simulative
results show that the proposed method can effectively improve the calculation speed and estimation accuracy
of distribution network dynamic state estimation.

Key words: distribution network ; AMI;data fusion;dynamic state estimation;ensemble Kalman filtering; parti-

tion of measurement points
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Islanding detection of grid-connected photovoltaic system based on LightGBM
algorithm and its integrated interpretability analysis
ZHU Chunlin'*,YU Chengbo'?
(1. College of Electrical and Electronic Engineering,Chongging University of Technology,Chongqing 400054, China;
2. Chongqing Power Transmission and Transformation Equipment Internet of Things Technology Research Institute,
Chongging 400054, China)

Abstract: In view of the lack of considering the uneven label distribution in the data set partitioning pro-
cess of intelligent islanding detection method and the lack of interpretability analysis for the decision of
complex intelligent islanding detection models,an islanding detection model based on light gradient boosting
machine (LightGBM) algorithm is proposed. The classification performance of the model is tested by K-fold
cross-validation with stratified sampling to solve the uneven distribution problem of data labels. Taking the
decision tree based Shapley additive explanation(TreeSHAP) method as the main work,the integrated inter-
pretability analysis framework combining accumulated local effect graphs and local agent models is proposed
to analyze the attribution of islanding state detection for the grid-connected photovoltaic system from the
global and local perspectives. The simulative results show that the proposed model can achieve accurate
and fast dynamic islanding detection in the detection blind area of traditional detection methods, and no
misjudgment occurs in the cases of voltage fluctuation and system fault. The integration-based attribution
analysis method solves the unreasonableness problem of the single interpretability method,reveals the relation-
ship between the input elecirical characteristic independent variables and the response dependent variables
of islanding detection,and improves the reliability of the model.
Key words: grid-connected photovoltaic system; islanding detection; machine learning; LightGBM algorithm;
Shapley value;interpretability
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Table A1 Configuration of measurement equipment in system

BNRARE
bt
DSCADA(&=2%) PMU(£0=0.2%, ¢=0.5%)
Ui — 2,6,12
0; — 2,6,12
P 2-32 —
Oi 2-32 —
P 1-2,2-3,3-4,5-6,6-7,8-9,11-12,
! 14-15,20-21,3-23,27-28,29-30 o
1-2,2-3,3-4,5-6,6-7,8-9,11-12,
Qs 14-15,20-21,3-23,27-28,29-30 o
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Table A2 Partition scheme and its corresponding
objective function values
FEAEN FXTTRE F b R U
2 Wi TF S % 8-9 0.3426
3 Wi T S 8 5-6 8-9 0.1404

4 i 2 #% 5-64 8-9. 12-13 0.2519
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Fig.A3 Partition result of IEEE 33-bus distribution system

RA3 RGENREERE

Table A3 Configuration of measurement equipment in system
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Fig.A4 State estimation simulative results of Bus 6
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Table A4 RMSE means of three-phase voltage amplitude and phase angle

HUE RS RMSE 314 AR /i RMSE 31

A B # CH A B CH

FIX I 1
5.9264x103  4.1279x10%  6.8012x10°%  6.1033x10°  6.2039x103  7.4316x103

JR33 W MRS 4.5970x10°  5.7218x10°  4.9494x10°  4.6805x10°  8.2919x10°%  7.1238x107
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