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Abstract: This paper aims to address the issue in existing object detection models that face a gradual attenuation of fea-
tures during forward propagation from Backbone to Head, leading to insufficient feature representation, and to overcome
the limited ability of traditional feature pyramid network (FPN) to effectively learn discriminative features, which hinders
the model’s capacity to distinguish between insulator defects and the interference of similar background in complex envi-
ronments. Moerover, a multi-level compensation 3D perceptual enhancement algorithm for insulator defect detection
(MC3DPE) is put forward. Specifically, the multi-level detection head feature differentiated compensation (MDFDC)
framework employs a gated activation mechanism to dynamically fuse frequency component information, enabling the
correction of missing high- and low-frequency information at different levels of detection head, thus improving detection
accuracy for insulator defects. The 3D perceptual reutilization progressive enhancement (3DPRPE) module constructs a
3D weight matrix through a space-channel feature interaction mechanism and adopts a weight reuse strategy to progres-
sively learn multi-scale receptive field features, thereby improving feature discrimination capabilities. Experimental
results show that, on our constructed insulator and defect detection dataset, the proposed algorithm achieves a mean aver-
age precision of 89.0%, surpassing the existing state-of-the-art 10 object detection algorithms by at least 2.7%. The
algorithm provides valuable guidance for enhancing the recognition of insulator defects in transmission lines based on
UAYV imagery.
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Fig.1 The overall architecture of our proposed multi-level compensation 3D perceptual enhancement algorithm

for insulator defect detection
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Table 2 Quantitative comparisons with the sota-of-art methods on the IDDS

Pa(0.5)/%
% HF ML ZHR/100 Pua(0.5)/%
AR Nk PHRETE 2 Sh
RetinaNet(2017) R-50-FPN 36.39 729 67.2 88.5 94.8 80.9
Faster R-CNN with fpn R-50-FPN 41.36 66.0 62.0 88.6 93.5 71.5
DETR(2020) R-50 41.556 76.0 72.5 89.6 96.3 83.6
Mask R-CNN-Swin SwinTransformer 47.39 71.3 76.9 93.0 96.3 85.4
SparseR-CNN(2021) R-50-FPN 101.26 634 70.1 9223 95.3 80.3
YOLOX(2021) YOLOX-s 8.94 62.1 71.7 89.7 95.7 79.8
RTMDet(2022) RTMDet-s 8.86 444 63.8 90.7 95.1 73.5
YOLOV7(2023) CSPDarknet-53 35.49 74.7 78.3 91.8 97.0 85.5
LiteYOLO-ID(2024) EGC-CSPGhostNet 3.58 66.9 72.9 90.8 943 81.2
YOLOvV7+MCI-GLA(2024) CSPDarknet-53 48.55 75.8 79.2 93.3 96.9 86.3
ARICE CSPDarknet-53 27.73 81.1 84.4 93.6 96.9 89.0
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Fig.4 Visual comparison of the insulator defect detection method proposed in this paper with 10 other advanced object detection

algorithms on the IDDS dataset (1)
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Fig.5 Visual comparison of the insulator defect detection method proposed in this paper with 10 other advanced object

detection algorithms on the IDDS dataset (2)
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Table 3 The experiment result of each stage of the ablation

when experiments were carried out on the IDDS
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Fig.6  Visual and heatmap comparison between the Base and 3DPRPE module
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