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Abstract

Power insulators are key equipment undertaking dual tasks of support and
insulation in high-voltage transmission lines. Abnormalities such as damage,
shedding and pollution flashover seriously threaten the safe and stable operation of
power grids. Traditional manual inspection and shallow feature-based detection
methods suffer from low efficiency, strong subjectivity and insufficient robustness in
complex environments. To address these shortcomings, this paper proposes a power
insulator anomaly recognition method combining YOLOv1l and Pyramid Vision
Transformer v5 (PVTV5).Firstly, a multi-scenario image dataset including categories
such as "insulator" and "defect" is constructed, and statistical analysis is performed
on the number of instances, spatial location and scale distribution. Then, PVTV5 is
used as the backbone network of YOLOv11 to enhance the feature modeling ability
for long-distance and small-target insulators through multi-scale self-attention
mechanism. On this basis, the anchor boxes and multi-scale detection head are
redesigned, and Focal Loss and improved loU loss are introduced to improve the
learning effect on imbalanced data and hard samples. Finally, a visual detection
system based on PyQt5 is developed to realize real-time detection and result display
for image, video and camera input.Experimental results show that the proposed
method achieves a mAP@0.5 of 0.973 and a comprehensive Fl-score of 0.96 on the
power insulator dataset. The method realizes high-precision insulator anomaly
recognition while ensuring real-time performance, providing effective technical
support for intelligent inspection of transmission lines. Combined with the visual
display of the system interface and typical detection results, the applicability and
operability of the model in real engineering scenarios are further verified.

Keywords : Power Insulator; Anomaly Recognition; YOLOv11; PVTv5; Object

Detection; Intelligent Inspection;
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