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Photo 1. Surface defect detector with laser
scanning system
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Fig. 1. Schematic diagram of surface defect
detector system
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Fig. 2. Laser scanner and receiver system
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AzAe e 48 28 30 e thresholding
A FY3ta, 7 A5d FEG 23 RS g
B3l AaAxejie CPU R=2 dAZt CPU
HeyE EEZE U 28 528y 28 252 ¢
3] Table. 1o YJebd vle} Zo] amplitude, amplitude
ratio, defect area, length/width ratio, direction, bit
mask 59 & & &L, o] EAEL T 2
o] Aeojdr},
(1) amplitude: FY L 233 AE
g Az AEgAA FE 3} Ll
AA AFE vpe} go] AF N3 E
El-2Z o] 23 ulat 2 ¥ 127}21
Z7} 9le}, SDD¥ recursive filter(32 low
pass filter)E B 3}38 Al &2 positive ampli-
tude®} negative amplitude®& 323t}
(2) amplitude ratio: bright field(Channel 1)¢} dark
field(Channel 2)3t9) A% M39 AEZng @
g},

(3) defect area: A%< HA& F3lv] CPUA &
i 9 4% A32RE AEgc)

(4) length/width ratio: A%} Z3 Zo]9 ujg o
3o} CPUYA Ak gt

(5} direction: 2%<] M-S Lal=w, ¥E 2o
3 B 71Ee dE 7 %o xR
Aol gt

(6) bit Mask: ZE & d& 28 Aa7t 32
e -FZ 289 o zfoA TPHPEAE
Hellls gto2A, FES dod 1, dx Y
o 0% Ao}

olﬂoﬂxi AEE 54 F2°] 9, SDDY CPU
EEy B2 —}ﬁ% F3gr}, olw SDD= #H&¥
Agl CH’{P 7 B2 98 £FE(classification
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Table 1. Features extracted from PMT output
signals for classification

@ +Al : Channel 1] Maximum Positive Amplitude

® +Al: Channel 19] Maximum Negative Amplitude

® +A2: Channel 29 Maximum Positive Amplitude

@ -A2: Channe! 22} Maximum Negative Amplitude

® +A-Ra:+Al/+A2

® -A-Ra:-Al/-A2

@ Surf: 2%8H

® Ratio: 2¥9) Ao} thFv|

© Dir: 2%l 3%

@ Bit Mask: H/W stebrlelo] o) 2go] &8

Signal Path Bit

SDDE ojd A3 (X)e] A&, 1 A HE=
RE &8 RE EAZEX, i=ln)o] EFELY o
W Z5HFo] B¥ ¥ 9|(descriptor entries: i, Bi, i=1, -,
nle] &£8ExE Wkl o|§ IF~THEN ¥H3E o
2 ddstd, L8 ERFEC TPHE X HHE
2= A 2F7(Class AR H4E AFX)& 2F ok
& E9] Class Adl wisl 54 F9 descriptor
entriesgtol e, £ FolA USd HAE ZE X
A8 e 22 HAS o] 83 FF EFE AN
Fia=

F{(a; £Xi< B1) AND (a2 £Xox B2) AND

AND (@ <Xa< B.)) THEN

Classify X to Class A

o] wie FHEsrl YsEMe AY FHRE=R
descriptor entries @; & A &% vl AAHof It
olgg & A3 ARy AsME RE A¥ F
F4 EAY 2 F A FHo] Hadd,
A A dRoNME o] 4ol FAPRY FAA
28} o]Fojxa glo) wlg- B2 AP} AJFo] A8
g3z ¢t Ewk of)g} descriptor entries® UES]
ARG FAT AAHN FF £F AYA 2 B8
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7b oh g 2 Aotk mEba A At AFNA &
€% SDDe) & &AA A& HEME descriptor
entries 474 A& AFo2 FYL F e /WS
Mk Aol AFTE Aol

23 ZERFERERTI

3 AKX ezREY F£2F A X dI F~
THEN ¥ ¢ =2 F(AND A3hez 5o

3 B4 BX7 BAHO Qe A9dE 1 A%l
273 Asta L7t ok ol#E @A HE
el B Aol ARE “Z3EFEETF7|(enhanced
classification table: ECT)"& MEA AstAct of
BERe AE FEQOEEH nld BA# Xl = 1,
nE 281 o] EAZE) BE AF THmM)E
BY 9 g #eXE A3t 28 £X 9
o Wl & EA9 & ASsld mie 2 FF
of N mAe W, =1, m) & 2R3, AW W,
2 72te 4% 272 4% 24%e £RFse Vet
B dugEe s 2o

L

Wi =0
IF(a, <Xi<B81) THEN W; = W; + 1
Fla: £Xo<

B2 THEN Wi= W; + 1

IF(an §_Xn§3n) THEN W) = Wj +1
Next

If Wy is the Maximum of W; (§ = 1,m) Then
Classify X to Class K

o] ZAHARFREFE G4 AE FHE descriptor
entries a;, 8; 7} &g, o] HES EFEEF7I
At FL3 o m ARt

3 EHEMZIZY

o] AelME B AT ¥ 3B EWNAY BF
£ 98] o183 PNNS| 7%, 8t B4, 2 ¥F 5
o B2 S0l Y&l tgs) AFaA Bk
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Fig. 3. Probabilistic neural network architecture
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29 B5L FPe 4 YA He 4o, PW; |
&)e jHA ¥F9 A% FEo|th Bayesian 2% &
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p(&] W)P(W)

P(W;| & = 7 R — (4)

o7l P(W)e jix dFe Abd ggold,
Pl WE A HFe 2UR FEARFolL,
p(&)E O FosHe EFU=gFolth

p(é) = glp(sl VV,)P( [/Vl) ........................ 5)

A£3 bl go] PNNE o REo2HE &F
AETS pl € | W)E Parzen window WP o= 34
3 4 Qe BEE 2323 Q7] i, Fold BF
4 A3l tha Bayes £F U2 S A&sted 22
3 ALEE8E P(w; | HE AFHLE ANE 4 dth

4. YHAW FoiEe] B

W A2 RN YaRd TA e HAse A
A A3dEsE F Fig 49 dehd (scab(HAF),
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scab) 5% Zgol i3] golA AFE 3 7HA £F
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F71d 4%< wzstch

41. EHAE Data T8

25719 A5 HIME dsiMe 8T @9 ¥4
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o B ZAue ol £l wiEn Wl 3de] 2
o7} ul¢ A7l Wil AF AZ £AT B4 o
£ Ziz gt ol FAE AFsy] A& xIdF
A "3 sALe Fig. 59 Zo] W¥d 248 43 #4
R EMS A% AF Na"EE FHEHAT

o] Axdle Wyl ZA%e olF £5& o (simul-
ation)st7] $18] A3 PYm/minZ FAY F T Al
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A AL AT Y AT AHES o] A¥Ed A9
AHAE F JEES %) a28n 2 AEEE A
B2 o|$A 1WA A -] AR ARG oA FAL
AA 25 golAYE AlH o FAAA T ARG
< SN FEuRe B3 MY Mg A
A 2% A3 2R A3AEE Table. 19 vebd
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Fig. 4 Surface defects on cold rolled strips
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Fig. 5. Schematic diagram of data acquisition
and analysis system
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window approach(defect type : C, feature : +Al)
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Fig. 8. Performance of classifiers (=0.01)
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Fig. 9. Performance of classifiers (=0.1)
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Classification of Surface Defects on Cold Rolled Strips
by Probabilistic Neural Networks
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Abstract Automatic on-line surface inspection systems have been applied for monitoring a quality of
steel strip surfaces. One of the important issues in this application is the performance of on-line defect
classifiers. Rule-based classification table methods which are conventionally used for this purpose have
been suffered from their low performances. In this work, probabilistic neural networks and the enhanced
classification tables which are newly proposed here are applied as alternative on-line classifiers to
identify types of surface defects on cold rolled strips. Probabilistic neural networks have shown very

excellent performance for classification of surface defects.
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