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Improved YOLOv8n algorithm for PCB flaws detection

Wang Caixia Guo Xinpeng Liu Peng

(School of Electronic and Information Engineering, Changchun University of Science and Technology, Changchun 130022, China)

Abstract ; In order to solve the problems of small defect area of industrial printed circuit boards (PCB) , high false detection and missed
detection rate caused by background interference, and difficult defect location, an improved circuit board defect detection algorithm
based on YOLOv8n was proposed. First, by adjusting the feature fusion levels of the feature pyramid networks (FPN) in the backbone
network, introduce a 160X160 tiny-target feature layer and detection head to replace the original 20X20 large-target feature layer and
detection head. , which enhances the network’s ability to extract features of small targets. Secondly, a parallelized patch-aware (PPA)
attention module is introduced between the backbone and the neck. Through the multi-branch feature extraction part, it captures features
of different scales and levels of the target, strengthening the model’ s ability to extract and fuse local and global information. While
avoiding the interference of complex background features, it also improves the utilization efficiency of the target feature information.
Furthermore, the efficient multi-scale attention module (EMA) is introduced at the neck end to avoid more sequential processing and
model depth, and at the same time, the cross-space leaming ability of the network is enhanced. Finally, normalized wasserstein
distance-efficient intersection over union) is employed as the bounding box regression loss function (NWD-EIoU). By introducing the
normalized Wasserstein distance (NWD) to construct a geometrically-aware similarity metric, it alleviates the cumulative localization
errors caused by minor offsets of detection boxes, improves the model’ s positioning accuracy for micro-defects on PCBs, and accelerates

convergence. The experimental results on the publicly available PCB defect dataset PKU-Market-PCB show that the mAP@ 0. 5 of the
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improved method has increased by 4.2% compared with the original algorithm. The Precision and Recall metrics have increased by

7.7% and 4. 3% respectively. Compared with the same type of single-stage object detection methods, the improved method meets the

requirements of high-precision PCB defect detection.
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Table 2 Training parameter settings
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Table 3 Ablation experiment based on improved YOLOv8n

THASEE:  YOLOv8n A B C D  mAP@O0.5/% P/% R/%  WiF/fps Params/(x10°) 15 Ht/GFLOPs
L 1 2 x x x x 88.0 87.3 83.0 77. 60 3.20 8.70
Sty 2 vV Vv x x x 89.4 92.5 84.6 76. 09 2.01 11.5
Seiy 3 Vv vV Vv x x 90. 8 94.9 83.3 60. 14 2.73 16.5
S 4 VvV Vv X Vv X 88.0 92.0 82.9 56.38 2.01 11.7
TS Vv Vv x x Vv 89.9 96. 0 83.6 63.27 2.01 11.5
S 6 vV Vv Vv Vv x 92.0 94.5 86. 1 45.75 2.73 16.7
S 7 Vv Vv vV vV vV 92.2 95.0 87.3 49.47 2.73 16.7
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Table 4 Comparation of models with different ratios ( %)

ratio mAP@ 0. 5 P R

0.30 91.2 91.6 88.4
0.35 92.2 95.0 87.3
0.40 91.5 93.6 85.7
0.45 90.9 91.8 87.7
0.50 89.1 94.0 94.0
0.55 90.5 90.9 87.7
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Fig. 9  Box regression loss comparison chart
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Fig. 10 Heatmap visualization analysis
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Fig. 11  P-R curves of each model
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Table 5 Comparative experiments of different models

Params/ 134t/

T mAP@0.5/%  P/% R/%
(x10°) GFLOPs

YOLOv5n 82. 4 92.7 752 1.90  4.50
YOLOv5s 92.2 95.2 88.4  7.20 16.5
YOLOv7tiny 83.0 88.8 81.7  6.20  13.8
YOLOv8n 88.0 87.3 83.0  3.20 8.70
YOLOv9t 83.7 91.5 78.2  2.00  7.70
YOLOV9s 93.5 9. 6 90.4  7.20  26.7
Ptk YOLOv8n 92,2 95.0 87.3 273  16.7
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