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Algorithm for Detecting Laser Soldering Point Defect Based on
Improved YOLOVSs

Yan Penghui, Chen Xubing, Peng Yili, Xie Fadong
School of Mechanical and Electrical Engineering, Wuhan Institute of Technology, Wuhan 430205, Hubei, China

Abstract To address the high cost of detection equipment and slow detection speed of traditional algorithms for detecting
point defects in laser soldering on the production line, we propose an improved YOLOv5s algorithm that can directly
detect defects on the laser soldering equipment. By introducing GhostNetV2 convolution mechanism, the backbone
network 1s lightweight improved, the parameter quantity of the original network model reduced and the detection speed
increased. Simultaneously, omni-dimensional dynamic convolution module is used to improve both the feature extraction
capability and detection accuracy of the model. The experimental results show that the improved YOLOv5s model has a
reduced network parameter quantity of 23. 89% compared to the original model. The mean average precision of improved
model reached 95.0% on the self-made laser soldering point defect dataset and validation set, reflecting a 1 percentage
point improvement over the original model. The detection rate increased by 12. 62 frame/s on the experimental platform
compared to the original model. Finally, the proposed algorithm is deployed on the laser soldering equipment and can
detect corresponding soldering defects at a running speed of 42. 2 frame/s, basically meet the real-time welding defect
detection needs of laser soldering.

Key words YOLOVSs; laser soldering point defect detection; deep learning; lightweighting; omni-dimensional dynamic
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Fig. 6 Dataset categories for laser soldering defects. (a) Normal; (b) less tin; (c) poly tin; (d) fired tin; (e) unwelded tin; (f) no tin;

(g) continuous tin; (h) soldering through
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Table 1 Comparison of verification results of different models in laser soldering solder joint defect dataset

V up of each category /% mAP@
Model GFLOPs

N LT PT FT uT NT CT ST 0.5/%
YOLOvV5s 95.6 84.5 85.8 90. 4 99.4 97.5 99.5 99.5 94.0 15.8
Improved YOLOV5s 95.1 86.0 91.3 90.9 99.5 98.1 99.5 99.5 95.0 11.3
YOLOv5-Lite 93.5 76.4 70.1 88. 3 99.4 97.6 74.5 99.4 87.4 3.7
YOLOv7-Tiny 95.2 82.8 93.0 93.9 99.6 97.9 94.5 99.4 94.5 13.2
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Fig. 8 Comparison of experimental effects of YOLOv5s before and after improvement on self-made dataset. (a) YOLOv5s;
(b) improved YOLOV5s
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Table 2 Comparison of ablation experimental results of
YOLOv5s and its different improved versions in laser

soldering solder joint defect dataset

mAP@QO.5 Parameters / FPS/
Model .
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Fig. 10 Thermodynamic charts of fired tin solder joint defect characteristic before and after neck network improvement
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