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Abstract: Surface defects of insulating blankets can severely impact their insulating performance and service life. To address the
low detection efficiency and accuracy caused by irregular defects and interference from the surface texture of insulating blankets,
this paper proposes an improved YOLOVS algorithm for detecting defects in insulating blankets. The algorithm introduces an SPD-
Conv convolutional neural network to address the issue of feature omission in small target detection. It incorporates the Deformable-
LKA attention mechanism to adaptively adjust the size and shape of the convolutional kernel, enhancing the capability to extract fea-
tures. To tackle the issue of irregular defect shapes, the loss function in YOLOvVS is improved to Shape-loU, reducing the impact of
annotation boxes. Additionally, a surface discharge test is conducted on simulated defective insulating blankets to quantify the im-
pact of different defects on insulating performance. Experimental results indicate that different types of surface defects on insulating
blankets significantly affect surface discharge characteristics. The improved model achieves a recognition rate of 94.8% on the ex-
panded dataset, showing certain improvements in detection speed and accuracy compared to the original model, providing a refer-
ence for the detection of surface defects on insulating blankets used in live working.
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Fig.1 Improved YOLOv8 Architecture Diagram
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Fig .2 Schematic Diagram of Surface Discharge Test
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Fig 3 Schematic Diagram of the Test Setup
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Fig.6 Surface Discharge Voltage
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Table 1 Ablation Study Results

H AP
5 A — FH+ mAP P R FPS
B 45

A Yolov8 0.922 0.898 0.848 0.889 0.883 0.855 60.3
B + SPD-Conv 0.941 0.915 0.863 0.906 0.882 0.826 61.2
C + D-LKA 0.939 0.917 0.875 0.910 0.879 0.831 61.7
D + Shape-Tol 0.944 0.912 0.891 0.915 0.872 0.829 62.3
E + SPD-Conv+ D-LKA 0.953 0.923 0.911 0.929 0.903 0.882 63.6
F + SPD-Conv+ Shape-IoU 0.948 0.921 0.901 0.923 0.908 0.891 62.9
G + D-LKA+ Shape-IoU 0.961 0.933 0.908 0.934 0.911 0.885 64.2
H + SPD-Conv+ D-LKA+ Shape-IoU 0.972 0.952 0.921 0.948 0.921 0.917 65.2
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Table 2 Comparative Experiment Results

A P R mAP P/M FPS(fes™)
Faster—RCNN 0.563 0. 695 0.523 105. 3 5.3
DETR 0.438 0.532 0. 546 94. 2 8.1
SSD 0. 685 0. 657 0. 625 42.3 28.5
yolov3 0.785 0.735 0. 653 38.8 36.5
yolovs 0.811 0. 781 0. 788 33.2 52.3
Yolov7 0.843 0.822 0.833 21.9 55. 4
Yolov8 0.883 0. 855 0. 889 20. 3 60. 3
RXHE & 0.921 0.917 0.948 23.3 65. 2
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Fig.8 Detection Results of Simulated Defective Insulation Blanket
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