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Small object defect detection of insulators based on YOLO-insulator
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Abstract: Computer vision-based methods for insulator defect detection from aerial images are widely used in power
inspection. To address missed and false detections caused by complex backgrounds and small target scales, a YOLO-
insulator defect detection model is proposed to improve detection accuracy. First, the reparameterized convolution based
on channel shuffle-one-shot aggregation (RCS-OSA) is introduced to replace the traditional two-dimensional
convolution C2f, thus enhancing the network’ s feature extraction capability. In the neck network, the RCS-OSA
module is used to replace some of the C2f convolutions, and the squeeze-and-excitation network (SENet) is introduced
to enhance the model’ s ability to capture inter-channel relationships and express overall features. Finally, to address the
difficulty in detecting multiple defect regions due to their small size, a small object detection layer method is proposed.
This layer contains more detailed defect information and is more conducive to defect detection. Experimental results on a

self-made insulator dataset demonstrate that, compared with the baseline YOLOv8n, the YOLO-insulator model
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achieves higher precision, recall, and mean average precision, improving overall model performance.

Key words: insulator defect detection; complex background; attention mechanism; squeeze-and-excitation; small

object detection layer
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2 G4t brokendisc  92.5 79.7 83.0 60.9
N pollution-
2 IN% 95.6 85.8 91.7 61.1
flashover
3 &k all 92.2 83.9 89.3 63.7
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Figure 9 mAP (IoU is 0.5) curves of ablation experiment
based on improved YOLOv8n
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Table 3 Ablation experiments based on improved YOLOvS8n

By YOLOvSn 160X160 SENet RCS-OSA i mAPE@ mAP i/
B A % N 0.5/%  @0.5:0.95/% %
A N 91.7 87.5 92.7 90.7 86.9 60.1 81.9
B NG N 84.2 92.8 96.0 91.0 88.6 63.3 83.7
C N, N/ 89.3 93.6 96.0 93.0 87.8 61.8 81.6
D NG NG 94.4 88.9 94.8 92.7 88.4 60.9 82.7
E N, N, N, 90.6 94.1 96.5 93.7 88.9 63.7 83.8
F N N, N N, 88.6 92.5 95.6 92.2 89.3 63.7 83.9
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Figure 11 Confusion matrix of test results for different models
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Figure 12 mAP curves of nine algorithm comparison

experiments
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137.1X10° F1 370.21 > 10° ¥k /s, i 46 0 i 5 X Ky
11.65Mi/s, EfficientDet %54 T EfficientNet 3 T ¥
2 1 BIFPN R#AF fil & AL, 2 — Fh 32 54k i B F5
G I A HY AR X bE S 56 b 2 B AT R R
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Table 4 Comparison of different models

o A ifE mAP@0.5/% mAP@0.5:0.95/ # [al %/ %?ﬁzﬁ/ TRRIERE/ Wi/
BV B B N% ik % % (10 (10"s 1) (i-s ')

FasterR-CNN 35.7 63.1 547 303  49.3 25.1 60.9 137.10 370.21 11.65
CenterNet 88.1 711 746 760 739 41.3 72.0 32.67 70.22 125.87
EfficientDet 90.8 60.7  51.8 248  45.8 23.7 36.4 3.87 5.23 27.24
RetinaNet 89.0 67.5 672 416  58.8 38.3 50.4 37.97 170.09 55.83
YOLOv5n 90.6 84.3 796 859  83.3 51.1 77.9 1.76 4.10 217.39
YOLOV6 91.8 835 743 813 797 52.6 67.9 4.23 11.80 62.11
YOLOv7-tiny 76.1 76.8  69.0 779 746 43.2 72.0 6.01 13.00 131.58
YOLOv8n 90.7 887  81.0 909  86.9 60.1 81.9 3.01 8.10 250.00
YOLOV9 89.0 90.9 833 895  87.9 63.1 80.3 15.58 67.50 70.42
YOLOV10s 86.9 86.9 838  90.9  87.2 63.6 82.6 8.04 24.50 172.41
RT-DETR 88.5 747 849 944 847 53.4 77.6 41.94 125.60 52.91
YOLO-ELA 90.2 885 827 894  86.9 58.6 83.0 3.01 8.10 147.06
CACS-YOLO 90.1 88.6 825 901  87.1 57.6 83.4 2.65 7.00 169.49

YOLO-insulator 92.2 93.3 83.0 91.7 89.3

63.7 83.9 7.00 22.60 161.29
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Figure 13 Detection visualization images of FasterR-CNN
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Figure 14 Detection visualization images of CenterNet
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Figure 16 Detection visualization images of RetinaNet
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Figure 17 Detection visualization images of YOLOv5

(a)iE+y ™ & (b) W A (c) BInZ R (d) BAR RS/
18 YOLOVG6 # 4 m) T ALAL B 4%

Figure 18 Detection visualization images of YOLOv6
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Figure 19 Detection visualization images of YOLOv7-tiny

(a) 34/ T (b)#5 5 %% (c) HbRZ R E (d) H s RSF

20 YOLOvSn & #m T A4 B 44
Figure 20 Detection visualization images of YOLOv8n
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Figure 21 Detection visualization images of RT-DETR
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Figure 22 Detection visualization images of YOLOv9
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Figure 24 Detection visualization images of YOLO-ELA
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Figure 25 Detection visualization images of CACS-YOLO
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Figure 26 Detection visualization images of YOLO-insulator
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