o]%3 9 3¢ : Holsh 7Wte] CNNE o4& Az I¥ PCBA 2T 71 AZE Y 809
(Dong Hee Lee et al.: A Bubble Detection Method for Conformal Coated PCB Using Transfer Learning based CNN)

#El= (Letter Paper)

W38 =7A] A2638 AM6%, 20219 11€ (JBE Vol.26, No.6, November 2021)
https://doi.org/10.5909/JBE.2021.26.6.809

ISSN 2287-9137 (Online) ISSN 1226-7953 (Print)

Holgkg 7IMke] CNN< ol&3 Ax¥ ¥ PCBol| 243
Va

Fl

ol 5 A, 24 Y AR, B Y

A Bubble Detection Method for Conformal Coated PCB Using
Transfer Learning based CNN
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Abstract

Air bubbles which may be generated during the PCB coating process can be a major cause of malfunction. so it is necessary to
detect the bubbles in advance. In previous studies, candidates for bubbles were extracted using the brightness characteristics of
bubbles, and the candidates were verified using CNN(Convolutional Neural Networks). In this paper, we propose a bubble detection
method using a transfer learning-based CNN model. The VGGNet is adopted and sigmoid is used as a classification layer, and the
last convolutional layer and classification layer are trained together when transfer learning is applied. The performance of the
proposed method is Fl-score 0.9044, which shows an improvement of about 0.17 compared to the previous study.
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Table 1. The bubble detection result of transfer learning methods according to classification layer

Classification layer | F1-Score (Without Transfer Learning) | TP | FP | TN | FN Accuracy Precision Recall F1-Score
Sigmoid 0.7314[1] 244 | 81 | 322 3 0.8708 0.9879 0.7508 0.8532
Softmax 0.7117 245 | 80 | 314 | 11 0.8600 0.9570 0.7538 0.8433

SVM - 205 | 120 | 323 2 0.8123 0.9903 0.6308 0.7707
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Table 2. The bubble detection result of transfer learning methods that learned classification and convolution layers

Base model VGG19 (Classification layer : Sigmoid) TP | FP | TN | FN | Accuracy Precision Recall F1-Score

Block5 & Classification Layer Transfer Learning 279 | 46 | 312 | 13 0.9092 0.9555 0.8585 0.9044
Classification Layer Transfer Learning 244 | 81 | 322 3 0.8708 0.9879 0.7508 0.8532
Without Transfer Learning[1] 207 | 118 | 291 | 34 0.7662 0.8589 0.6369 0.7314

TP(True Positive), FP(False Positive), TN(True Negative), = e ALAs W MEE BF 2FE Boeth Hel
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Fig. 5. Improved bubble detection results
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