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Research on lightweight Printed Circuit Board defect detection
algorithm based on improved YOLOv8n
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(College of Mathematics and Computer, Jilin Normal University, Siping 136000, Jilin, China)

Abstract: Printed circuit boards ( PCBs) are indispensable fundamental components in electronic products, and their quality
directly affects product reliability. To address the issues of high computational complexity and the difficulty in simultaneously
balancing model parameter size and detection accuracy in existing PCB defect detection algorithms, this paper proposes a lightweight
PCB surface defect detection algorithm based on an improved YOLOv8n. First, a C2f _SHSA module is introduced into the
backbone network, which utilizes a single head self — attention mechanism to capture global contextual information at a low
computational cost, thereby enhancing the model s ability to characterize subtle defect features. Second, in the neck network, a
lightweight VoV-GSCSP module is constructed using GSConv to reduce model complexity and parameter count. Finally, a dynamic
non—-monotonic WIoU loss function is adopted to improve bounding box regression and enhance detection accuracy. Experimental
results demonstrate that compared to the original YOLOv8n model, the proposed algorithm reduces the number of parameters
(Params) by 20. 7%, increases the mean average precision ( mAP) by 3. 3 percentage points, reaching 97. 6%, and reduces
computational complexity (FLOPs) by 19.5%, meeting the requirements for industrial real-time detection.
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Fig. 1 YOLOVS8n network structure
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Table 1 Ablation experiment results

YOLOv8n C2f_SHSA VOV-GSCSP mAP/ % AR/ G S /M
vV 94.3 8.7 3.27
v 2 93.6 7.6 2.93
v v Vv 96.7 7.0 2.58
Y% vV vV 97.6 7.0 2.59

K2 AREEXLEE

Table 2 Comparison experiments of different algorithms

Bk mAP/% SHE/M iR/ G
YOLOVS 94.24 7.30 16.4
YOLOv6n!?" 94.36 4. 60 11.6
YOLOv7~tiny %/ 94. 54 6.00 13.2
sspl 1] 94.12 12.30 38.8
YOLOv8n 94.30 3.27 8.7
SCHR[23] 97. 40 3.70 9.8
SCHk[ 24 97. 40 3.80 9.8
YOLOv8n-PCB 97.60 2.59 7.0
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