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A detection algorithm for insulated glove wearing status of

distribution network operators
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Abstract; To address the degraded detection performance of insulated glove wearing status caused by
small hand regions in complex distribution network operation scenarios, a small-object-oriented detection
algorithm, termed LN ( LLC ( Light-weight, Light, Coordinate) + NWD ( Normalized Wasserstein
Distance) ), -YOLO is proposed. First, an LLC module was designed by integrating lightweight spatial
pyramid pooling, a receptive field fusion attention mechanism, and coordinate convolution, thereby
enhancing spatial perception through multi-scale feature aggregation and coordinate embedding.
Subsequently, the Mixup data augmentation strategy was introduced to improve model robustness, and a
NWD loss function is incorporated to optimize small-object detection. Finally, the effectiveness of LLC
module was validated through controlled experiments to determine the optimal baseline, followed by
ablation and comparative experiments on the proposed method. The results demonstrate that the proposed
algorithm achieves a detection accuracy of 90. 1%, representing a 2. 0% improvement over the baseline,

with a detection speed of 56 frames per second and a memory footprint of 15. 7 MB, meeting the
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requirements for accuracy, real-time performance, and edge-device deployment in distribution network

operation scenarios.
Keywords: distribution network operations;
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Fig.3 Structure of lightweight separable convolution
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Table 1 Verification results of LL.C module effectiveness

sk mAP@0. 5 W17/MB
ek +LLC sk +LLC
YOLOv5 0. 881 0. 888 14.4 15.7
YOLOv8 0. 869 0.871 22.5 22.3
YOLOvIO | 0.765 0. 853 16.5 18.1
YOLOv11 0.878 0.857 19.2 23.1
YOLOvI2 | 0.882 0. 833 18.9 23.0
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Table 2 Ablation experiment data

R mAP@ | FPS/ | S¥w/ | itE&E/ | WA/
0.5 |(Wis) MB G MB

A 0. 881 46 | 7027 720 16 14. 4
A+B 0.886 | 46 | 7027720 16 14.4
A+B+C | 0.893 56 | 767609 | 16.9 |15.7
A+B+C+D | 0.901 56 | 7676094 | 16.9 |15.7
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Table 3 Comparative experiment data

FPS/| 4R/ | HER/ | Wi/
Mi/s MB G MB

% |mAP@O.5

LN-YOLO 0. 901 56 | 7676 094 16.9 15.7
YOLOv8 0. 869 90 |11 136 761| 28.7 22.5
YOLOv9 0.911 17 |25 439 385| 103.2 51.4

YOLOv10 0. 765 85 | 8068 674 | 24.5 16.5
YOLOv11 0. 878 58 | 9413 961 21.3 19.2
YOLOv12 0. 882 60 | 9232041 21.2 18.9
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Table 4 Comparison of experimental data between

dark and strong light environments

Bk _ mAP@ Q. 5 :
RN SROCIRI
LN-YOLO 0.796 0. 803
YOLOv5 0.772 0.788
YOLOv8 0. 766 0.777
YOLOv11 0.782 0.758
YOLOv12 0.77 0.713
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