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Abstract: In the gas insulated substation (GIS) intelligent visualization monitoring system, factors such as
internal complex structures and fully enclosed spaces affect the quality of the collected images, leading to issues
like uneven lighting and blurred details, which result in missed and false detection. An improved model based
on YOLOVS is proposed to enhance the efficiency and accuracy of instance segmentation for GIS isolation switch
images, thereby obtaining more precise on-off judgment. Firstly, the original C2f module is replaced with the
RepNCSPELAN4 module, which splits the input channels into two parts for separate processing before merging
the results, making more efficient use of channel information and enhancing the model’s ability to recognize
targets of different sizes. Secondly, the proposed SPPELLAN_L.SKA model is composed of the SPPELAN
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module fused with the LSKA attention mechanism, further improving the model’s feature extraction capabilities
in images with uneven lighting and blurred details. Lastly, the redesigned segmentation head, Seg-
ment_EfficientHead, significantly reduces the number of parameters, enhancing the model's segmentation
efficiency and accuracy. Experimental results show that on the self-construction GIS isolation switch data-set,
the GIS-YOLO model outperforms the YOLOv8 model in terms of precision, mAP,,«(@0. 5, and mAP,,.(@©
0.5:0.95 by 8.1, 7.8, and 16. 8 percentage points, respectively, while reducing the model’s parameter count
and computational load by 37.3% and 13.3%, respectively. The improved model not only has higher seg-
mentation performance but also possesses a more lightweight structure, addressing the requirements for online
instance segmentation tasks of GIS isolation switch images.

Key words: instance segmentation; YOLOvS; gas insulated substation (GIS) isolating switch; large

separable kernel attention (1LSKA) attention; lightweight
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Tab.3 Performance comparison of attention mechanisms
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Fig.7 Comparison of MaskPR curves between GIS-YOLO and
YOLOvV8 models
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Fig. 8 The algorithm improves the comparison before and after segmentation
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Tab.4 Results of ablation experiments

RepNCSPELAN4SPPELAN_LSKA Segment_EfficientHead P,/ % mAP,,,@0.5/ % mAP,,,4(@0.5:0.95/ % Z%0h/M i+8 #/GFLOPs

— — — 85.1 86.6 58.7 3.35 12.0
NG — — 90.1 92.2 73.9 2.13 10.4
— NG — 92.7 93.3 74.8 3.36 12.1
— — NG 90.2 88.9 60.9 4.09 11.9
NG NG — 91.3 92.3 72.5 3.23 12.1
N — NG 92.5 93.2 70.4 2.96 10.3
— N N 93.0 93.9 74.8 3.24 12.2
NG NG NG 93.2 94.4 75.5 2.12 10.4
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Tab.5 Comparison of experimental results
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5 YOLOvVS 86.6 3.35 12.0
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Fig. 9 Visual comparison of the different models
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