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Graph Learning Model of Power System Static Security Analysis Based on
Power Flow Embedding and Min-Cut Pooling
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Abstract: The application of data-driven models for rapid static security analysis in new power system is a research area worth explor-
ing. Enhancing the generalization ability of data-driven models to operation condition changes and the adaptability to power system
topology variations is one of the key technical challenges. A graph learning model for static security analysis of the power system
based on power flow embedding and the min-cut pooling is proposed. At first, a power flow embedding module directed by the node
voltage restoration is designed to improve the model’s generalization ability, which converts the topological differences in N-1
contingency scenarios into node feature differences. Secondly, based on the concept of community partitioning, a min-cut pooling
technology is employed to dynamically reduce node scale and node feature dimensions, which enables the model to adapt to topologi-
cal changes. Verification tests and visualization analyses conducted on IEEE 39-bus and IEEE 118-bus systems demonstrate that the
model can achieve high accuracy, second-level evaluation speed, and good adaptability to variation of the power grid scale and
topology.
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Tab. 4 Node feature similarity of encoder input and output
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Fig. 6 Features distribution of encoder inputs and outputs
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Tab. 5 Performances comparison of ablation models ¢,

LY A, M, F, G
PFE-Global 97. 66 1.63 2.64 97. 86
PFE-Diff 97.82 1.98 2.12 97.95
PFE-MinCut 98. 15 0.99 1.49 98.75
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Tab. 6 Models performances comparison in different

topographies %

AL FiA A M, Fa Giean
PFE-Global 95.77 3.46 4.51 96. 01

N2 PFE-Diff 95.86  3.99  4.38  95.81

PFE-MinCut 97. 64 1.55 2.94 97.75
PFE-Global 95.28 6.34 8.91 92.37
N -1 PFE-Diff 97. 16 3.81 3.94 96. 12
PFE-MinCut 97. 69 2.02 4.12 96. 92
PFE-Global 94.28 5.01 6.35 94.32
N +1 PFE-Dift 95.71 4.82 5.26 94. 96
PFE-MinCut 97.23 2.41 4.03 96.78
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Fig. 7 Visual results of the impact of N-1 faults on cluster
division
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Fig. 8 Visual results of cluster before and after the deletion of
node 30
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Tab.7 Performances of different models on IEEE 118 system

Y A%  MJ%  FJ% G, /%  #E#/s
SVM 86.96  28.52  9.19  80.57 2.97
DNN 90.29  43.29  9.13  71.78 0.52
CNN 92.46  19.63  8.54  85.74 0.61
PFE-Global ~ 96.15  2.16  3.21  97.31 1. 66
PFE-Diff ~ 96.90  2.32  3.84  96.92 1.75
PFE-MinCut  98.36  0.86  2.11  98.51 1.83
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Tab. 8 Performance comparison in different topographies on

IEEE 118 system %

FEALE ] A, M, F, G,
PFE-Global 94. 65 3.52 4.98 95.75

N2 PFE-Diff 95. 84 3.67 4.82 95.75

PFE-MinCut 97.22 1. 86 3.54 97.30

PFE-Global 92.53 5.87 7. 66 93.23
N1 PFE-Diff 95. 14 3.88 5.71 95.20
PFE-MinCut 96. 84 2.08 4.55 96. 67

PFE-Global 94.15 4.08 5.41 95.25
N +1 PFE-Diff 96. 01 2.94 4.73 96. 16
PFE-MinCut 97. 02 2.13 3.85 97.01
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Tab. 9 Comparation of evaluation time

£ PFE-MinCut/s PSD-PF/s $EH L
IEEE 39 1.38 132.13 95.75
IEEE 118 1.83 171.27 93.53
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