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Abstract: Aiming at the problems of small targets, scattered distribution, and susceptibility to background and noise interference in the
process of transmission line insulator defect detection, an improved YOLOv8-based defect detection method is proposed. Firstly, LSKNet
is introduced to replace the original path aggregation network, enabling the model to adaptively select and adjust convolution kernel sizes
based on the characteristics of different targets. This allows for more precise matching of target features and background information at
various scales, significantly enhancing the robustness of defect recognition in complex scenarios. Furthermore, the SPPF-LSKA module
is integrated into the network. By fusing global context information, this module greatly improves the aggregation efficiency and
discriminative capability of multi-scale features, providing more refined feature representation for defect detection. Additionally, the
proposed method incorporates a spatial attention mechanism into the neck network of YOLOv8, enhancing the model’ s global feature
comprehension and strengthening its focus on key information, particularly for small targets. To address the practical requirements of
model efficiency and deployment, part of the conventional convolution layers in the neck network are replaced with GhostConv,

effectively reducing the model’ s parameter count and computational overhead. This achieves a balance between detection performance
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and resource efficiency. Experimental results demonstrate that the proposed method achieves a mAP of 93. 1%, representing a 4. 4%

improvement compared to the original model, effectively enabling accurate detection of small targets.

Keywords : small target detection; insulator defect; YOLOvS; attention mechanism; deep learning
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Table 1 Performance comparison of various insulator defect detection models
R T Ab;; T mAP@ 0. 5/% ZH/ (x10°)  F KL/ GFLOPs
Faster-R-CNN 0.971 0. 67 0.531 0. 658 72.3 26.8
RTDETR 0.974 0.503 0.4 0.559 41.5 14. 10
Retinanet 0.916 0.627 0.471 0. 605 36. 37 145. 36
SSD 0. 965 0. 481 0.347 0.531 25.6 33.6
YOLOvS 0.98 0.916 0. 833 0. 87 10. 55 7.1
SEP-YOLOv8 0.987 0.953 0. 868 0. 904 3.2 3.2
MDH-YOLOv8 0.991 0.943 0. 882 0.92 18.8 28.6
YOLOv8 0.984 0.944 0.874 0. 887 10.4 7.2
WS T5 v 0.991 0.979 0.914 0.931 22.08 18.6
R2 AMRAFENHBIWERLER
Table 2 Comparison of ablation experimental results of the methods presented in this paper
S LSKNet LKSA Shuffle Attention  GhostConv AP/% mAP@ SHR/ R
% Wt RES 0.5/% (x10°) GFLOPs
1 X X X X 0.984 0. 944 0. 874 0. 887 10. 41 7.2
2 Vv X X X 0.991 0. 965 0.929 0.928 21.07 18.4
3 X vV X X 0.983 0.935 0.877 0. 877 11. 38 8.3
4 Vv vV X X 0.99 0.968 0.92 0.923 23.5 20
5 vV v vV x 0. 994 0. 957 0.92 0.93 23.5 20
6 vV v vV v 0. 991 0.979 0.914 0. 931 22.08 18.6
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Table 3 Performance comparison of various models

for insulator defect detection

— AP/% mAP@
EH E 7] 0.5/%

Faster-R-CNN 0.428 0. 456 0.233
RTDETR 0.530 0. 650 0. 342
Retinanet 0. 560 0. 60 0. 524
SSD 0. 643 0.577 0. 461
YOLOvS5 0.903 0. 967 0.935
SEP-YOLOvS 0.917 0. 986 0.951
MDH-YOLOv8 0.912 0. 981 0. 946
YOLOvS8 0. 896 0. 989 0.943
KNGS 0. 943 0. 994 0. 968
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