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Abstract

Recently, due to the aging of workers and the weakening of the labor base in the automobile industry,
research on quality inspection methods through ICT (Information and Communication Technology) convergence
is being actively conducted. A lot of research has already been done on the development of an automated
system for quality inspection in the manufacturing process using image processing. However, there is a
limit to detecting defects occurring in the automotive sunroof sealer application process, which is the
subject of this study, only by image processing using a general camera. To solve this problem, this paper
proposes a system construction method that collects image information using a infrared thermal imaging
camera for the sunroof sealer application process and detects possible product defects based on the
SVM(Support Vector Machine) algorithm. The proposed system construction method was actually tested
and applied to auto parts makers equipped with the sunroof sealer application process, and as a result, the
superiority, reliability, and field applicability of the proposed method were proven.
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[Figure 2] The area of the sealer applied to the frame
(marked with bold lines) (left), and the automated robot
applying the sealer to the frame (right)
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[Figure 3] Image data collection method with sealer—applied
thermal imaging camera

[Figure 4] Thermal image information of sealer application
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[Figure 5] Examples of defect types
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[Figure 6] Defect detection process
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[Figure 7] Example of temperature extraction from the
sealed area
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[Figure 8] Defect sample (the area marked in red is where
the defect occurred)
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[Figure 9] Non—defective sample(right) and defective
sample(left)
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[Figure 10] SVM learning and quality inspection process
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<Table 2>Test results of the initial model

<Table 5=>Algorithm evaluation result of the upgraded model

Sensitivity 100.00%

Specificity 50.00%

Accuracy 96.33%
Critical error rate 0.00%

Judgment category Count
TP 1,237
TN 29
FP(Error Type 1) 25
FN(Error Type II) 4
Total 1,295

<Table 3> Algorithm evaluation results of the initial model

Sensitivity 99.67%
Specificity 53.70%
Accuracy 97.76%
Critical error rate 0.31%

<Table 4>Test results of upgraded model

Judgment category Count
TP 1,186
TN 47
FP(Error Type 1) 47
FN(Error Type II) 0
Total 1,280
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[Figure 11] Sealer application defect detected at the
production site(Defect inspection(left), defect system
image(right))

b0 oob 00 0obob bo Oobo 00D 0g
00 0 100000 OO O0OO,600 0O 00O OOOO
o0 ooo ob bob oo, 00 0o 9618000
oobo0od,0d ob b0 0oob oo oo ooobo
gboob 0o 4oo0.000oboob oo bogoo o
o0 svMOO 000 OO0Oobo. 00000 0 OO0
oog 0 200 00 odgo,9e18d OOOO OO
00 00000 0O 642000 O 100 470 OO OO
0o ood oob.obo goob boo oboob oo
0o svwmiood googob bobo bobo ooo,
gobodo oo 0bo oo oobo ooooobo
000 0000 oo0.00 0o 0o ob ooobo
0 0boobobobo obo obob 0o0b ooo
00 000 000,00000 00 Oob boo obo
googo boob boboo oboo oobo. o, 0o
000 oboobD 00O OO0 obo obob oo oo
goub booo 0o oobo, oo ob bobo O
00 OO0 O0bO0o 0o oob obo oobo.

5 000 0 00 00400

U oobob 0bo oooo gbo bobdg bo
b0 0obd 000 oob oo oobo boo
gogoob bob 0O bobob bobob.o O



88 svMm 00000 000 000 0000 00 0000 o000 oo

ooo-00a0a

00 000 0ODOD ODODO 00D 00 000 00 oo
00 00 000 0000 0000 00 ogoo oo
0.00 000 00 00 000 000D boo oo
0000 00 sensitivityd 0000 0000 0000
0000000 N 0000 oo ogo o ood.

00 0oooodo 0o ooooo svwwooooo
0 OO0odog, 000 ooood Artificial neural
network), 00 0000 (Random forest), 000 OO
00 OO0 (Logistic regression) 00 O OO0 OOO
0 0000 00 0000 0o 0ooo oogo ooo
00000 0O0DO0o00O OO0 oobOo bobogo. o
0,000 0000 00 00 0000 ooo oo o
000 00 gooo svMo 00 O00(margin) 0000
00 000 00 OO(margin) OO OO OO O0O0O
00 (support vectonNO OO OO OO0 OO0O[1]0
00 0000 0O 0O 0000 oooo oooo g oo
00 000 000 OooO0o oood.

6. References

[1] C. W. Hsu, C. J. Lin(2002), “A comparison of methods
for multiclass support vector machines.” Neural
Networks, IEEE Transactions on, 13(20):415—425.

[2] Markets and Markets(2017), Machine vision market.

oo od

o oo
obooono oooobooon
gooooonT oag,

= ooooo ooo oo.
ud ooooooo boboo oo 0
uooo -oooo, ooo,oooooo o
oo o

00 : 00000 00 00 90 45 1020
9020

R&D Special Zone Promotion Foundation. www.
innopolis.or.kr

[3] E. M. Park(2013), “Classifying imbalanced data
using an SVM ensemble with K—means clustering
in semiconductor test process.” Master's thesis,
Sungkyunkwan University, Graduate School.

[4] J. Park, C. Hwang, K. Bae(2013), “Analysis of target
classification performances of active sonar returns
depending on parameter values of SVM kernel
functions.” Journal of the Korea Institute of
Information and Communication Engineering, 17(5):
1083-1088.

[5] V. Vapnik(1995a), The nature of statistical learning
theory. New York: Springer—\Verlag.

[6] V. Vapnik(1995b), “Support—vector networks.”
Machine Learning, 20(3):273-279.

[7] K. Veropoulos, C. Campbell, N. Cristianini(1999),
“Controlling the sensitivity of support vector
machines.” Proceedings of the International Joint
Conference on Al, 55-60.

[8] Wikipedia(2015), Support vector machine. https://
ko.wikipedia.org/wiki/support_vector_machine
(Accessed on 2017.10.20.).

[9] Y. Yang, I. Oh, R. Kang(2019), Data science with
R. Hanbit Academy.

Oo0o0o

oo0oobo ooooo o0,
KAISTOOOOO 00, KAISTOOO00
oo oo

0ot odoob oooboo oo oo o
0000 : ERP/SCM/CRM, OO0OOOOO
0,0000 0o, 000000 0

00 :00000 00 000 93,0000
0 0oooon



