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Development of a Neural Network Classifier for the Classification of Surface
Defects of Cold Rolled Strips

*

Chang In Moon’, Se Ho Choi”*, Won Jong Joo*, Gi Bum Kim"" and Cheol Ho Kim"

ABSTRACT

A new neural network classifier is proposed for the automatic real-time surface inspection of high-speed cold steel
strips having 11 different types of defects. 46 geometrical and gray-level features are extracted for the defect
classification. 3241 samples of Posco’s Kwangyang steel factory are used for training and testing the neural network
classifier. The developed classifier produces plausible 15% error rate which is much better than 20-30% error rate of
human vision inspection adopted in most of domestic steel factories.

Key Words : Neural Networks(A! 7 ), Surface Inspection(]£ ZAA}), Steel Strip Defects(d 2 Y Z ), Feature
Extraction(% 7 3&), Data Normalization(dj©} €] A F3})
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Fig. I Coil strip line of Union steel
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Fig. 2 Image acquisition system
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Fig. 3 Synchronization timing chart

Z 29 B 29 FTHe odsA sy
Ao wet & FEHE AYEY FH/ tdE2e
2 o]g Y39 Fig. 4 ¢ Zo] Fidg F HE A}
£38}o] g A|ok(dark field)} ™ A]oK(bright field) 7}u
2t A BEFoA A d4¢ 539

Daxk field camera

Bright field camera

Fig. 4 Cameras of each field

2.2 o|o|X| Mz

Fteletel =& AMg3te] ¢ A9 JAe
55 e 43 3e9 =299 9382 2@
3tA €t Fig. 5@t S¥E A4ol: Fig 5=
olFztE FAUAH #F xolZ2Y zHYgFgozm

78

Age 27171 9% AFA Ho} Ak,

(b)

Fig. 5 Image with illumination and its binary image
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Fig. 7 Eleven defect types on surface of steel strip
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Table 1 List of extracted 46 features
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Fig. 8 Structure of neural networks
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o JiER MEf7 AL Age) 4L 4 A4
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Table 2 Regulated sample data

Defect name | Samples Num. Regulated
Hole 148 400
Scab 584 400
Scale 12 396
D-line 102 408
P-patch 199 398
O-drop 52 400
Dirty 253 400
P-tree 285 400
B-hole 57 399
L-scale 11 400
P-oil 1538 400
Total 3241 4401
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B3 ANE - F9F 18- 225 FFAUTGEA) A 243 A4 3
f ,.l (m - f i )/ s 4) Table 4 Error rates based on number of hidden nodes
. ' Hidden node | Errorrate | Hidden node | Error rate
A7NM f, ~ f,& BAHEE 53 dolgEo|n), 13 13.6756 | 23 38.8459
14 16.6288 | 24 90.6861
53 MEY /7 && 15 209905 | 25 90.6861
AR da5g Aste 239 AE deolHE |6 12.90323 | 26 90.6861
WY F4E AMgsld FHE BE ol gya 17 28.9868 | 27 90.6361
=4 AZ deolHz Wy veslon o dae g 358473 | 28 90.6861
Table 3 ¥ Zo FHL AE oy E A}-g-3}o 19 36.3471 29 90.6861
AEFE HHcEA 20 36.1199 | 30 90.6861
21 36.1199 | 31 90.6861
Table 3 Separated sample data 22 90.6860
Defect name Train set Test set
Hole 195 205 Table 4 )4 B® 16 A9} &Y ==& 7kx3
Jezh 2 188 e ARTY FRAN BH B} MY F8E
Scale 206 190 o 4= 9it}, o] AlATL o].go}oq &g A7
D-line 200 208 F H2E4 A2E D FYE AAl HaE
P-patch 202 156 A= Tables ot 2ch
O-drop 187 213
Dirty 195 205 Table 5 Result errors of neural network classifier
P-tree 203 197 Defect Sample No. | Fail No. Error (%)
B-hole 210 189 Hole 205 6 2.926829
L-scale 193 207 Scab 188 29 15.42553
P-oil 197 203 Scale 190 9 4.736842
Total 2200 2201 D-line 208 9 4.326923
P-patch 196 12 6.122449
GEBHeze g4 94 VW F €9 A8 | 0-drop 213 35 16.43192
e of AN ¢nUFE o) BFHAE R0 [ piyy 205 79 38.53659
A% A F(teration)E 28 HBEE ROl | pyree 197 24 12.18274
BB 45& wolu AL ofUEE, 8 =8 [phok 189 44 2328042
j] E% ?}}3 f;j Uéi’»}ﬂzi—: 7]-%2] &: H- stob i L-scale 207 21 10.14493
3 A 5’—% *40%01 ; ;H’:]T oﬂg 7};:32 P-oil 203 67 33.00493
dEoz Lxﬁ}-sfoq HEH0z AY dd A= Total 2201 335 15.22035
18 Arg sl ERAYE ST Table 5olH AA WE 2Y 27 oIEL o
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ERAAE 197149 £93 nE 34 4 e e o
53 A b o L Ao HAUt b2 A Hele o] FH H
sto 7t EF 230t 2 59 == Jj L Aoz olEwo] XD Y= EE B
F& Zolylen 1 A3E Tabled 9 Zrh = . = K
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