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GIS partial discharge fault diagnosis method based on improved
subtraction-average-based optimizer

Zhang Yun, Zhang Shiyong, Huang Xiaowei, Zhang Qi, Chen Bin

(' State Grid Jiangsu Electric Power Co. , Ltd. , Yancheng Power Supply Branch, Yancheng 224000, Jiangsu, China )

Abstract: Aiming at the difficulty in partial discharge fault diagnosis caused by insulation defects in gas-insulated switchgear (GIS), this
paper proposes a GIS partial discharge fault diagnosis method based on the improved subtraction-average-based optimizer (CSABO). The
original subtraction-average-based optimizer ( SABO) is prone to local optima and suffers from insufficient convergence accuracy. To
address these issues, the Cubic chaotic map is introduced to optimize population initialization, and Cauchy mutation is integrated to help
particles jump out of local extrema, thus constructing the CSABO algorithm. The proposed algorithm is simultaneously applied to the joint
optimization of key parameters, including the bandwidth threshold and B-spline order of time-varying filter empirical mode decomposition
(TVFEMD) , as well as the penalty factor ¢ and kernel parameter o of least squares support vector machine (LSSVM). Four typical GIS
UHF partial discharge signals (tip discharge, particle discharge, air-gap discharge, floating discharge) are decomposed via CSABO-
TVFEMD. The effective intrinsic mode function components are selected using the correlation coefficient method, and five time-domain
indicators (kurtosis, margin index, pulse index, waveform index, and crest factor) are extracted to form the feature vector, which is fed
into the CSABO-LSSVM model for fault identification. Experimental results demonstrate that the proposed method achieves a recognition
accuracy of 98.33%, significantly outperforming comparison algorithms such as SABO, GWO, and PSO, with faster convergence speed.
Field application in a 110 kV substation verifies that the method can accurately diagnose actual GIS partial discharge faults, providing
technical support for insulation condition assessment of power

Keywords: gas insulated switchgear; ultra high frequency; time-varying filtering empirical mode decomposition; subtraction-average-based
optimizer; least squares support vector machine; partial discharge; fault diagnosis
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Fig. 1  Flowchart of CSABO-TVFEMD
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Fig. 3  Experimental wiring diagram
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Fig.4 Decomposition diagram of tip discharge signal
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Tab.4  Comparison of recognition results of different algorithms
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PSO-TVFEMD-LSSVM 88.333 3
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