BEBREAZER L8978 2 SRIVRIBEOBRBEE DLLER
~EBZENABOBREFAZF LR D7-ODIEY > TIVEDREE~
o E O OAY, OH BB 7, Wl = S I I S

Comparison of the Accuracy of Defect Detection in a Simple Task of Label Inspection

—Investigation of the Number of Training Samples for Deep Learning to be equivalent to Human Visual Capability—

Naoto KATO, Michiko INOUE, Masashi NISHIYAMA and Yoshio IWAI

In this paper, simple tasks mimicking visual label inspection are described to compare the accuracy of humans with that
of deep learning techniques. The number of training samples that are required to obtain equal or higher accuracy as the

inspection by humans is investigated using the simple task. In our method, letters printed on test labels are represented

as symbols. The variations in the symbols are controlled by changing the angle of rotation, the defective position, and
the defect rate. Training samples consisting of images and defect bounding boxes are automatically generated. The
experimental results have shown that the number of training samples was needed to be in the order of several thousand
to obtain equal or higher accuracy of humans in the simple task. They have been also demonstrated that the number of

training samples was needed to be in the order of tens of thousands when the defect rate of the symbols was low.

Key words: Visual label inspection, defect rate, deep learning, number of training samples.
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Fig. 1 Examples of the parameters used to generate anomalous symbols in the
simple task of the four marks (club, spade, diamond, and heart). We
show the suits in (a), the angle of rotation in (b), the defective positions
in (c), and the rate of defect in (d).
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Fig. 2 Overview of the simple task of label inspection by participants.
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Fig. 3 Examples of stimulus images of the simple task of the marks (club, spade, diamond, and heart). The red circles indicate the locations of anomalous symbols.
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Fig. 4 Setting of the investigation using the simple task for the participants.
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(a) Show the blank image
for two seconds.

A 4
(b) Show the stimulus image
for 30 seconds and mark
the anomaly symbols.

Fig. 5 Procedure of the participant in the step 3 viewing the stimulus image.

Fig. 6 Examples of symbols circled by the participants in the marking proce-

dure.

Table 1 The inspection accuracy of participants on the simple task of the four
marks (club, spade, diamond, and heart).
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Fig. 7 Recall rates of the participants by suit, defective position, and the rate of
defects in the simple task of the four marks (club, spade, diamond, and
heart).
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Fig. 8 Examples of outputs predicted using the SSD.
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Fig. 9 Inspection accuracy using the SSD on the simple task of the four marks

(club, spade, diamond, and heart).



Fig. 10 Examples of outputs predicted using U-Net.
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Fig. 11 Inspection accuracy using U-Net on the simple task of the four marks

(club, spade, diamond, and heart).



Table 2 The label inspection accuracy of participants, SSD and U-Net on the

simple task of the four marks (club, spade, diamond, and heart).

F-measure Precision Recall

Participants 0.95 0.99 0.91
5,000 0.93 0.99 0.88

SSD

7,500 0.95 0.99 0.91

10,000 0.85 0.84 0.88

U-Net

15,000 0.92 0.98 0.87
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Fig. 12 Comparison of the number of training samples between SSD and partic-
ipants when focusing on the rate of defect, which is a factor that causes
missing detection. (a) 4% and (b) 8% in the simple task of the four marks
(club, spade, diamond, and heart).
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