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Figure 1 Internal structure of LSTM
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Figure 2 The framework of the proposed model
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Figure 3 Training process for stability evaluation
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Table 1 The average results of data filling with

different missing rates
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Table 2 Stability evaluation and fault localization

accuracy on four different test sets
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3.3 AEANEFHTHERMREITM

ST R T B L g R Geas AT R A 1 43 B Al
PRAR I, W0 2 PF O N — i BB AR UE K A TE 0
M RGEZBPN N Z )5, T 2RI Al GE b i
it Y 2R G R AE T, 3 SR AR L Ay AL 1Y I ] T 51
Ko ST RE AL (TR /N T R SE B B E T, B ER
WARBIRENT 5 s) o T3 o0 A8 S BR BT o 72 o
PMU 52 PRl 38 2 52 B R, 3% 8t 2 5 2o o ook
0 R B I AN 3 B L R, R S AT T — A
YRS IE , LUSG TIE BT 42 A R £ 0 i 4% 1 52 B A 1 D0
MRITERER L,



126 IR PN s 3 - S QRIS )

2024 4

M 3 AT LA A BE A fa A 5 B I
W v L, R PRV B vERR R 2 B —E BT B
e EE N AR S B> 2 0.1 s I RE
A B9 HER R AR ORFFAE 0. 98 LA I, [FAE R4 Bl
& A7 S B I I A6 R R S O B I A R R
SR B —E 1T R B, (EE Y A 9 ) I
KA 0.1 s B, TC A R 2 A3 09 T Al R AR IR
FFfE 0.9 LA b, a] DR RE 1 P AG 5 e e 2 437 45 Y A
by AP 37 I A I R IR B AT AR e 18 3 A

®3 FARMEKTREMTGHESHEEMERE

Table 3 Stability evaluation and fault localization

accuracy of time serie with different lengths

/s R P DA T B R [ F VAT T ES
1.0 0.996 3 0.948 0
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Table 4 Stability evaluation and fault localization

accuracy with different PMU configurations
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Table 5 Stability assessment and fault localization

accuracy in different data filling scenarios
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Table 6 Performance comparison of models with

different length time series

. e Pk DAl B R il 55 7 S o B R
5s 0.1s 5s 0.1s
ACHER 0.9921  0.9855  0.980 1 0.918 4
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Table 7 Performance comparison of models with half

of the components measured
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Analysis and Evaluation Model of Smart Grid Operation State Based
on Graph Neural Network

LIU Huilin', FAN Ruiming', CHENG Dachuang’, PENG Long', ZHANG Guoliang', ZHANG Zhaogong’

(1. Electric Power Research Institute of State Grid Jibei Electric Power Co. , Ltd. , Beijing 100032, China; 2. Beijing Kedong Electric
Power Control System Co., Ltd. , Beijing 100089, China; 3. School of Computer Science and Technology, Heilongjiang University,
Harbin 150001, China)

Abstract; The safe operation of smart grid was the primary premise to ensure continuous and efficient power sup-
ply. Therefore, a graph neural network (GNN) based power system operation state analysis and evaluation model
was proposed. Firstly, long short-term memory network was used to fill missing data, to ensure that the model had
good performance in stability assessment and fault location. Secondly, a binary classifier for evaluating the stable
state of power grid operation and a multi classifier for locating faulty components were designed based on GNN. Due
to the ability of the proposed model to fully explore the spatiotemporal characteristics of power grid operation data,
the proposed model exhibited superior performance compared to other methods under different measurement condi-
tions. Experimental results showed that when the time series length of data was 0. 1 seconds, the stability assess-
ment and fault location accuracy of the proposed model were 0. 985 5 and 0. 981 4, respectively, and higher than
the comparative models. When only half of the component data can be measured, the accuracy of the proposed
model for stability assessment, bus fault location, and generator fault location were 0.998 0, 0.960 9, and
0.981 2, respectively, and higher than the comparative models.

Keywords: stability assessment; fault location; data filling; long short-term memory network; graph neural net-

work





