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Research on high-impedance fault diagnosis and location in photovoltaic distribution networks
based on optimized modal decomposition and spatiotemporal graph convolutional networks
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Abstract: The high penetration of photovoltaic (PV) generation complicates the transient characteristics of distribution
networks, leading to insufficient feature extraction and weak topological correlation in traditional high-impedance fault
(HIF) diagnosis and location methods, thereby degrading accuracy. To address these challenges, a novel HIF diagnosis
and location method for PV-integrated distribution networks is proposed based on multi-feature fusion via zebra
optimization algorithm (ZOA)-optimized multivariate variational mode decomposition (MVMD), combined with
Teager-Kaiser energy operator (TKEO), and a spatiotemporal graph convolutional network (STGCN). First, MVMD
processes multivariate signals to effectively fuse multi-dimensional data and fully extract fault features. Meanwhile, ZOA
is used to optimize the MVMD parameters, further enhancing feature extraction performance. Second, TKEO is utilized
to enhance the highest-frequency intrinsic mode function decomposed by MVMD, enabling the capture of transient
energy variations. Finally, a multi-feature fusion vector set is constructed and fed into the STGCN, which employs long
short-term memory layers to extract temporal dynamic features and integrates graph convolutional networks to explore
spatial topological relationships among nodes, achieving joint spatiotemporal feature modeling. Simulation tests
conducted on the IEEE 33-node system demonstrate that, compared to traditional methods, the proposed approach
achieves higher accuracy in HIF diagnosis and location for PV distribution networks.
This work is supported by the National Science and Technology Major Project of China (No. 2025ZD0805200).
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STGCN based fault diagnosis and location model
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Fig. 8 TKEO-based feature enhancement results of nodes

1, 5, and 20 under single-phase ground fault
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Table 1 Comparison of classification accuracy for four
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Table 2 Comparison of fault location accuracy for four
methods under different feature states
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for different methods
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