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Development of Surface Defect Inspection Algorithms for Cold Mill Strip
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(Kyoung-Min Kim, Gwi~Tae Park, Joong-Jo Park, Jong-Hak Lee, Jin-Yang Jung, Joo~Kang Lee)

Abstract : In this paper we suggest a development of surface defect inspection algorithms for cold mill strip.
The defects which exist in a surface of cold mill strip have a scattering or singular distribution. This paper
consists of preprocessing, feature extraction and defect classification. By preprocessing, the binarized defect image
is achieved. In this procedure, Top-hit transform, adaptive thresholding, thinning and noise rejection are used.
Especially, Top-hit transform using local min/max operation diminishes the effect of bad lighting. In feature
extraction, geometric, moment and co-occurrence matrix features are calculated. For the defect classification,
multilayer neural network is used. The proposed algorithm showed 15% error rate.
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Fig. 1. Defect inspection stage.
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Fig. 2. Cold mill strip image and its histogram.
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Fig. 3. Block diagram of the preprocessing process.
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Fig. 4. The example of the preprocessing process.
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Fig. 10. The tested image and its result.
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Fig. 11. The result image using conventional me-
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Table 1. Feature data for surface defect image.

el 1B 4@ | RuE S3% |3A04
£ , -
e S def_ arca_ comp axis_ spread long R
= area ratio actness |ratio ness _axis |Entropy

spOlpcx| 0568 0327 0.084 0608 0032 0.737| 0.050
sp02pcx| 0575 0077 0010 0007 1.000 0934| 0.069
sp03.pex| 0356 0632 0312 0.365 0.026 048 | 0.006
sp04.pex| 0301 0231 0.172 0388 0063 0461| 0003
spOopex| 0444 0.048 0019 0020 1000 0.771| 0014
spl6.pcx| 0427 0281 0.104 0507 0038 0583 0.011
sp07.pcx| 0380 0.628 0404 0392 0024 0509| 0.007
spO8.pcx| 0526 0084 0011 0.009 1.000 0.869| 0.043
sp®.pex| 0351 0513 0.300 0.305 0.037 0.497| 0.005
splOpex| 0387 0676 0471 0906 0017 0479| 0.007
spllpcx| 0590 0412 0104 0205 0.059 0806 0.062
spl2pcx| 0363 0569 0420 03% 0025 0490| 0.006
spl3.pex; 0504 0488 0.104 0.130 0076 0718 | 0.027
spldpex| 0624 0252 0019 0013 0617 0961 | 0101
splo.pex| 0268 0.700 0.551 0564 0.019 0359 | 0.002
splb.pcx| 0237 0543 0572 0463 0022 0.333] 0.002
sp2l.pex| 0409 0.166 0.044 0049 0258 0664| 0012
sp22pcx| 0341 0719 0161 0.173 0.053 0506 0.004
sp2d.pex| 0281 0550 0476 0609 0020 0376| 0.003
spZh.pex|  0.212 0667 0.387 0324 0028 0.319| 0.001




Journal of Control, Automation and Systems Engineering, Vol. 3, No. 2, April, 1997 185

42 A5 2Y I
4129 ® 13 gol A
Bl 4 Fol 4 v
oF £4FE 0 AHEE
o]

0R0
%
Jm
oA
o
I A
oﬁ e
>
%

#4g olgdle] RUE
- 7t Folu 94,
2oz s et
. 2 50] ALgHUT
B omRoa A8E o 5 Aszge TaE
c}°r+@cmm o wEsE g% A5 ), &
3o AGE DHEYHe wEAS % SuERe b
EA% c 2olW 2 wE AsE B £F AL
A 5708 AHeSkT St #4E 50008 skger, ol
o A% st o2l 570 x 10|}k,
WA g 110) AN G vhek 2o lEe] wel o %

Aol AndAold 33olA AAE SHEE

> I
ol 3o
ar

Jou

:

%
(|
o oy
E‘;
oz "
[e]
U of
s rlf
J
[
)
> %
X N
o
> B r

Am [

ﬁfﬂu
ko

sl

T e BRI AAME A sobelWHE ol &% A
Hg4e 2070y & d4F 147H7} X*Q_] EREAe,
laplacian o] ot Axedide # J—H‘— 12709 <14
< Byt ¥ 2= dAe zw % el g M4 3
i“o 55 234E Yeididlen, A4 -§—°§’6 207 = 177H
7t A BREHAY ol HY %"3’6‘ o EHE YT 5
AR F2d AANH & 4FS A RS & F 9,1‘4

2 AddA Z 2014 BEOA spldpex$}t splb.pex e
dull ol slipe® SLEF HE olfE HAE A F9
Hehrt slipoll 7Hz7] wEolH, sp16pcx«1 dull &°] dent
2 ORF HE oft dentd 2F d9 540 g4 AH
Aol &ut2 A jEd s x| £33l ot

® 0 2 A4AY 39 F Gl WE AFI=Y ¥

F 41
Table 2. Classification result for the real cold mill
strip image.

& EHE A
= h=R=A pora

48 dent dull scale scratch slip ;Hg é—g /;1
°J Ho|E #
spOlpex | 000033 0.00312 0:99811 0.00015 0.00001 | scale | scale | O
sp02.pcx | 0.00010 0.00000 0.00040 099954 0.00063 | scratch | scratch | O
sp03pex | 0.00575 0.98081 0.00032 0.00000 0.00106 | dull dull 0
spdpex | 0.00061 009452 0:96500 0.00000 0.00363 | dull | scale | X
sp05.pcx | 0.00014 0.00000 0.00027 6:99972 0.00096 | scratch | scratch | O
splB.pcx | 0.00034 0.00624 0.99850 0.00006 0.00002 | dull | scale | X
sp07.pcx | 0.00395 0.99483 0.00114 0.00000 0.00012 | dull dull 0
sp08.pex | 0.00012 0.00000 0.00032 0.99965 0.00078 | scratch | scratch | O
sp03pex | 0.00363 0.80858 000238 0.00000 0.10282 | dull dull 0
splO.pex | 0.00003 0.99988 0.00124 0.00000 0.00000 | dull dull ¢}
spllpex | 0.00015 0.00010 099256 0.00861 0.00000 | scale | scale | O
spl2pex | 0.00334 099514 000121 000000 0.00010 | dull dull 0
spl3pex | 0.00027 0.00000 0.01833 097756 0.00089 | scratch | scratch | O
spldpex | 0.00009 0.00000 0.00056 0.99933 0.00049 | scratch | scratch | O
splSpex | 092323 0.05941 0.00001 0.00000 0.00009 | dent | dent | O
spl6pcx | 0:98369 0.01589 0.00000 0.00000 0.00234 | dull | dent | X
sp2lpex | 0.00015 0.00000 0.00043 0.99954 0.00102 | scratch | scratch | O
sp22.pcx | 0.00135 0.00980 0.00002 0.00050 0.99454 | slip slip ¢}
sp2d.pex | 019615 0.65930 0.00023 0.00000 0.00000 | dull dull ¢}
spZo.pex | 094310 0.01737 0.00000 0.00000 0.06517 | dent dent 0
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