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ABSTRACT

In this study, a novel method of identifying different product types and classifying them into nor-

mal and abnormal states according to the presence or absence of defects is proposed by using a

convolutional neural network. First, as a preliminary study, a convolutional neural network that can

classify four shapes, namely, a rectangle, triangle, circle, and ellipse, and determine whether there is

a defect is designed and the classification performance is confirmed. To verify the actual product

classification and defect detection performance, two types of Arduino board images are prepared, and

defective board images are additionally prepared for each type. If there is a defect, after classi-

fication is conducted, the location of the defect is visualized using the class activation map. It is

confirmed that the proposed method can construct an image-based classification and defect detection

system which can be effectively applied to the product production process.
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Fig. 2 Images for abnormal shapes
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Fig.3 The structure of the proposed CNN for shape
classification
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Table 1 Number of image data

Class Training Test
Rectangle 300 100
Triangle 300 100
Normal
Circle 300 100
Ellipse 300 100
Rectangle 100 100
Triangle 100 100
Defective
Circle 100 100
Ellipse 100 100
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Fig. 4 Training progress for image classification
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Confusion Matrix
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Fig. 5 Confusion matrix for shape classification

Table 2 Performance of shape classification
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Fig. 6 Visualization of defect locations for shapes
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(b) D1 board

Fig. 7 Images for normal board

(b) D1 board

Fig. 8 Images for defected board
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Fig.9 The structure of the proposed CNN model
for board classification
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Fig. 10 Training progress for Arduino board
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Fig. 11 Confusion matrix for board classification
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Table 4 Performance of board classification

Predicted
Positive Negative
Sensitivity
Positive 30 0
1.0
Actual
Specificity
Negative 3 27 —
0.9

(c) Defected D1 board

(d) CAM for D1 board

Fig. 12 Visualization of defect locations for boards
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