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Abstract: To address the problems that insulator defects such as breakage and pollution flashover in UAV
aerial inspection images are characterized by small target scale, weak edge textures, and strong
background interference, which cause existing detection models to be prone to missed and false detections
and make it difficult to balance detection accuracy with real-time performance, this paper proposes a
lightweight insulator defect detection algorithm integrating multi-scale edge enhancement and quality
awareness, named MEAQ-YOLOv11. A multi-scale edge difference enhancement module is designed in
the backbone network, which strengthens the local edge and texture responses of defect regions through
multi-scale adaptive pooling and high-frequency edge difference. In the neck network, an adaptive multi-
branch scale fusion network is constructed, which enhances information interaction among features at
different levels through multi-branch adaptive weighting and multi-scale depthwise convolution. Finally, a
quality-aware lightweight shared detection head is designed, which uses shared convolution to reduce
redundant parameters in the detection head while leveraging bounding box distribution information to
estimate localization quality and refine classification scores. Experimental results on two public datasets,
CPMID and IDID, show that compared with the baseline YOLOv11n, the proposed algorithm achieves a
clear improvement in detection accuracy on both datasets, with mAPS50 increasing by 4.54 percentage
points on CPMID and by 1.29 percentage points on IDID. Meanwhile, the number of parameters is
reduced to 2. 58 M, the computational cost is 6. 3 GFLOPs, the model size is 5. 3 MB, and the frame rate
increases from 235.0 FPS to 254.1 FPS, achieving model lightweighting and inference acceleration
alongside the improved detection accuracy. While maintaining a lightweight structure and real-time
performance, the proposed MEAQ-YOLOV11 effectively improves the detection accuracy and localization
reliability of small insulator defects under complex backgrounds, providing a reference for intelligent defect
identification in power inspection scenarios.
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Tab.2 Comparison of detection performance of different

algorithms on the CPMID dataset %
R Precision Recall F1 mAP50 mAP75

YOLOvVS 80.16  62.26 70.04 69.93 52.20

YOLOv1O  81.22 62.65 70.73 70.18 52.89

YOLOvI1 82.71 64.04 72.19 72.32 54.75

YOLOv13  81.59 62.60 70.88 70.23 53.01

RT-DETR  79.52 60.36 68.61 65.25 49.22
MEAQ-

YOLOvI11

85.59 70.96 77.59 76.86 59.93
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Tab.3 Comparison of detection performance of different

algorithms on the IDID dataset %

AL Precision Recall F1 mAP50 mAP75
YOLOvVS 91.03 90.87 90.95 96.68 94.22
YOLOv10 91.69 91.01 91.35 96.82 94.91
YOLOvI1 93.60 92.50 93.05 97.28 95.23
YOLOv13 91.56  90.96 91.26 97.15 94.63
RT-DETR  88.45 87.50 87.97 91.25 90.71
MEAQ-
YOLOv11

96.84 94.22 95.51 98.57 96.72
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2.58 M, it & & K 6.3 GFLOPs, £ % K/~ Ky
5.3 MB,FPS 5% 254. 1, 554 YOLOvI1 #f
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Tab.4 Comparison of detection efficiency

il Paraments/M GFLOPs Size/MB FPS

YOLOvS 3.15 8.7 6.2 273.9
YOLOv10 2.30 6.7 5.6 243.6
YOLOvI1 2.62 6.5 5.4 235.0
YOLOv13 2.48 6.3 5.0 91.0
RT-DETR 32.15 103. 8 63.4 37.4
MEAQ-

2.58 6.3 5.3 254.1

YOLOv11

MEAQ-YOLOv11 i i 51 A §2 2 1k FR1F $2
TEU5 Ky I EE 25 2% R AR Rl O 2L 0 T IR S
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mAP75 435l 72.32% Fl 54.75% . AE 5]
A A B.C B B E mAPS0 43l $2 T+ =

#5 ZECPMIDHEE LHWHMIKWER
Tab.5 Ablation study on the CPMID dataset %

A B C mAP50 mAP75
72.32 54.75

N 72.98 55. 30
NG 73.96 56. 28

NG 73.05 55.93

NG N 75.15 57.03
N NG 73.18 56. 96
NG N 74.56 57.68

NG N N 76. 86 59.93
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Fig. 6 Comparison of detection results on the CPMID dataset under complex background interference
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