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Abstract

Conformal coating is a technology that protects PCB(Printed Circuit Board) and minimizes PCB failures. Since the defects in
the coating are linked to failure of the PCB, the coating surface is examined for air bubbles to satisfy the successful conditions of
the conformal coating. In this paper, we propose an algorithm for detecting problematic bubbles in high-risk groups by applying
image signal processing. The algorithm consists of finding candidates for problematic bubbles and verifying candidates. Bubbles do
not appear in visible light images, but can be visually distinguished from UV(Ultra Violet) light sources. In particular the center of
the problematic bubble is dark in brightness and the border is high in brightness. In the paper, these brightness characteristics are
called valley and mountain features, and the areas where both characteristics appear at the same time are candidates for
problematic bubbles. However, it is necessary to verify candidates because there may be candidates who are not bubbles. In the
candidate verification phase, we used convolutional neural network models, and ResNet performed best compared to other models.
The algorithms presented in this paper showed the performance of precision 0.805, recall 0.763, and fl-score 0.767, and these
results show sufficient potential for bubble test automation.
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Fig. 1. (a) Semi-circular bubble (b) Atypical bubble
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Fig. 2. (a) Problematic bubble (b) 3-dimensional image
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Fig. 3. Histogram of the conformal coating image
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4. (a) Valley feature (b) Mountain feature
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Fig. 6. Fake bubble candidate

a2l 5 BAHY 7| B
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Fig. 9. (a) Valley binary image (b) Mountain binary image
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Fig. 10. (a) Separated mountain feature (b) Single valley feature
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Table 1. Result of k fold cross valodation

HOG SVM | VGGNet19 | ResNet50 | NasNet(Large)
K=1 0.975 0.963 0.989 0.995
K=2 0.974 0.970 0.990 0.993
K=3 0.974 0.977 0.984 0.995
K=4 0.974 0.974 0.988 0.995
K=5 0.969 0.959 0.983 0.996
Average 0.973 0.968 0.986 0.995
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Fig. 14. True positive image
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ResNet Bubble Detection Result
no. 1 2 3 4 5 6 7 8 9 10 11 12
GT 5 9 4 5 5 15 20 16 17 24 7 10
TP 5 6 2 5 5 13 14 8 8 20 5 9
FN 0 3 2 0 0 2 6 8 9 4 2 1
FP 0 0 2 1 2 0 2 7 0 12 1 3
Precision 1.000 | 1.000 | 0.500 | 0.833 | 0.714 | 1.000 | 0.875 | 0.533 | 1.000 | 0.625 | 0.833 | 0.750
Recall 1.000 | 0.667 | 0.500 | 1.000 | 1.000 | 0.867 | 0.700 | 0.500 | 0.471 | 0.833 | 0.714 | 0.900
F1-Score 1.000 | 0.800 | 0.500 | 0.909 | 0.833 | 0.929 | 0.778 | 0.516 | 0.640 | 0.714 | 0.769 | 0.818
Average Precision 0.805 Recall 0.763 F1-Score 0.767
Average Bubble Detection Result
Precision Recall F1-Score
HOG SVM 0.707 0.669 0.662
VGGNet19 0.715 0.857 0.766
ResNet50 0.805 0.763 0.767
NasNet(large) 0.754 0.806 0.761
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