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Insulator Defect Detection in High-voltage Cabinets of
Substations Based on Deep Learning
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(1.State Grid Hebei Electric Power Co., Ltd. Ultra High Voltage Branch, Shijiazhuang 050070, China;
2.Shijiazhuang Tiedao University,Shijiazhuang 050043, China)

Abstract: Insulators within high-voltage switchgear cabinets represent critical components of substation primary equipment.,di-
rectly impacting the stable operation of power systems.Conventional defect detection methods for these insulators suffer from
high safety hazards,low detection efficiency.and insufficient precision.To address these challenges, this paper presents a deep
learning-based fault recognition algorithm for insulators in high-voltage switchgear cabinets. The proposed approach integrates
Self-Attention (SA) and Semantic Normalization (SN) mechanisms into a Generative Adversarial Network (GAN).Additional-
ly,it incorporates the Focus convolution module and Convolutional Block Attention Module (CBAM) into YOLOvS8, while also
improving the ShuffleNetV2 architecture through the introduction of lightweight Efficient Channel Attention (ECA) mecha-
nism.Experimental results demonstrate that the improved SAGAN and YOLOv8-ShuffleNetV2 models achieve accurate identi-
fication of damaged and missing insulator images under complex backgrounds,attaining an overall accuracy of 92.6 % .Compared
with traditional algorithms such as Faster-RCNN and ResNet-50, the proposed model exhibits significant improvements in accu-
racy,recall,and Fl-score,and can effectively detect insulator defects in high-voltage switchgear cabinets.
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