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Surface Defect Inspection Method of Iron Samples using Image
Processing

H. 8. Ahn,* K. W. Jeong.* J. H. Kim**

ABSTRACT

For producing iron or steel products with good quality, the concentration of the materi-
al components should be analyzed quickly with high reliability using XRF(Fluorescent X-
Ray Spectrometer). Since the analysis results are much dependent upon the surface con-
dition. the samples have to be prepared to have good test condition. This study presents
an image processing system for inspecting the surface condition of the iron test sample.
In order to use the computer vision system, we need to develop a lighting device and
image processing algorithm. For the adequate lighting device of inspection system, the
indirect lighting device is contrived to cut the external light and provide uniform, stable
and cold light. The image processing algorithm is aimed to reduce inspection time and to
get similar analyzing results to those of the experienced operators. At first, the image
processing algorithm checks whether the surface of the iron sample is ground well or not.
Then. the defects: hole or dig are counted and surface condition is evaluated. In addi-
tion, the algorithm gives the reliability of the analyzing results in order to help opera-
tor’s decision.

Key Words : Metal sample(F4A1H), Iron sample(£AAH), XRF(X 4 ¥3#E47)), Lighting
device(ZBFA]), Defect detection((AE7€), Image Processing algorithm (g 4#2714)
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Fig. 1 Surface Inspection System for Iron Samples

Table 1 Surface Inspection Ststem Hardware

_ Component Model and Specification
Cump\_xi'.ar SUN 3/260.
Image Grabber | DT 1451/1458
Camera SONY XG-17
Hoya-Schott HL-100R

Light Source Dichroic Mirror Halogen Lamp

HOYA-SCHOTT FGS85500

Aperature Ang. 682
Light Guide Bundle Dia. ¢5.7mm

Light Intensity

at 100mm from guide end | 22000LX
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Table-2 Light Reflection Property of Materials(%)

(11)
Reflection raiio ‘Transmission ratio
Materisl Specular | Diffuse | Specular | Diffuse Absorption
Glass
@mimm | 810 80 ~90
Kent Paper 75 2%
Korean Paper 50 45 5
Silver a2 8
Gluss Mircor | 82 ~ B8 12 ~ 18
Copper | 58 e 60 40 ~ 45
Wood 40 ~ 46 40 ~ 80
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Fig. 2 Photo of Surface Image Grabbing System

Rzy A4 %A (housing)E FAHLR YAsm
F9E wARE ARE AR I L& FAEHA E
th a3 FE A= gele B dFew A=
o BeAd WRASEE 37 A% 9% AdL A=y
=7} 2350} vk, AAEH FAEE Fdo) 1A
of & BA0RE 2 FurE /AR YoiA HFE
dHG3E A& = glojof da, ANHEHA FFP
Wol FAF Hoje} &w sl F& R sRE
do] A A Gelof gt EATFAE 99 57
£ 7HA20E A% (cold light source)2 ] 43}
Atk o] 2BAAE GAHE Az 9] o] &FH=
doza 24 YT FYoz v, HASHd
& AEE) g ke BdE FEE ¢ Yo,
tho]a29 Ag(dichroic mirror)dl <& A#Y F
4 &< IH (heat absorbing filter)& AFIF #4
$2 B3 FAFoZH AHFHA Ho| A T4
A %= AW & 72 Qo Fig. 2& ALy 297
29 A4 Rgd BFD 9ok

3,

08

o A

(]

ek

ol

Fig. 3& & doA Agd A8 TH B3N
vhael AARY ggelvt. £4AHAS J/do] CCD 7t
dzXe JE¥=¥ FHG (threshold level)E A
231} HAGLE o|X5} dHoF AFAT. o] Py
A Lol A slenz Fgd Aeste nygd &
Z:(salt and pepper)E% AAIT. o|gzte] Fud
Ao zRE ERAY Tl olFE d98¢ &
ohdtt, o] HA& T AAE AdgEAnt oF 2
FAGE et 2 A A9 2715 AF &
BE Yy, 1 $4AH0| AREA} FEEA), B4

Aol it A=Y AHxE & AUANE BH



tdy - AHE - FH S

CSTART_D

image Grabbing
&

Windowing

| Binarization ]

1

[ Noise Filtering |

Check
_Grinding Stotus

good return
sample

Extract_
Defect Regions

Print Report

& .
Reliability

Fig. 3 Process Flow for Surface Inspection
gk olalgt Ao vt AAE A g

3.1 MEAE|

dHdN dHE A B2 IVYHAANE Fo4
d¥H d4d el CCDAEe =AY Ax, =
39 Az 2% wel A4 Waleg, odg
ZAE BEGE AFY 2Fsid RE AW
o EW Zgel & PHEs YEF dojo} Ak E
EEAAE A7l AlHe dde dgReR oFd
FgsQen, FEYE 3FH g AR Fig.
49 HEHQ Afe $AAH ool gAGEe 3
o] (row)el distd HE=E Bt o 1A
2 vieb Zo| AFe) e FES A ez,
WA REL e Wdxz HA dehdct. gdA A
QHgt 2B AR o8 TUdn, ¢ Y& AT
22 9AEEY 7124 i 88 (thre-shold-
ing)el o3 FEHZRYG ¥ HARE 2o Hae 0
02 1 39 & A%E 1B ot SHFEAS
Ul olgt Ze HPo R WEo|A ZHGA dolE
dE Aade A7149 FLEeR dste] FFo] &
A}, geld AFe ateh Zo] ALHAFE 4~ 57

. "c
"u _,‘ o

(a) Gmy Level Image

255',’\" N A\, a.\\f" "‘M‘W‘m f"-/"\.“"wM

Gray Level

(b) Typical Gray Level Profile

Fig. 4 Typical Gray Leve] Profile of Surface Image

o i ez 1~2 9 1¥E HLES A

5748 (low-pass filter) & A23ld Fﬂﬂﬁh 2
59 (smoothing) AE< A, o & 3x39
84F 2 AYEA, 2 8471 25 19 #& 2E
th olE dHPPo] didtd AEFEA (convolution)
£ dlad FSFEL AATLY. olgzto]l FLol AAL
Ggdloletel diste] BB B 2T 23
7l At 989 A AT o 939 Fe &
A A9 Beo §4719 EAd we delz &
T 9w AlE FHe A4 Z7] B} Fole} 3]'3 B
A JgEts ZA  Fojol . o 4FY Fe

o WEE 0, 99 ¢Fe 19, AA ﬂ7]t
480x5122 AHGPT A}t ol& HuZgYe] 4
NA F31, 9% 959F o =g a2t s
ez ANHAYH =8F (OR)E It o4
%’é"]%}‘ﬂ 489 YRz A" Gae], #ie= A
o2 AE 94& dert

3.2 HAnpatey T

$ANHRY ZH|39F Aol 238 AvhdA go
W gola 3L TRGAe QuER e FE3) A
A% 7ol Whsath M APE FE3] A
of drhunE wusel 933 dn 99ow oe @



2P L EEE R A28 A0 (19954 104)

47

MDGround surfoce
@Background .
Q@Unground surfoce

(a)lron Sample {p)Scmpie Image

s

(c)imoge Example (d) Circumferential pixels
ond their volues of (c)

Fig. 5 Inspection Scheme of Grinding Stétus

AE dolrlu, 18x ¢ow A dulslciol k. 2
ERNE ¢ BN AFH SHL o ald AW X
Wzd 2Agde QR dE HiaTE P
Aoz dvidd wde Y= daeEe A
ST AHY GAL Fig.5 dd B vpe} 2o] @
wde @, MAIS @ o vanad @oz TEE
Zoork, AW THe 9He Fig.5 (a)g o] dnlrt
0|3 EE AP FYRBo| BEHLE 2YL UE
o ol& HYH WEAG st dvnldn dnls}
2289 220 ndnigds @ saEY FUEE (
oz "} =¥ dold dFF WAYY O BYx
74 0o1d, 1 SAE me) iAok webA st
49 @ 2199 B4 e ey 2t

(1) WAdd @0 4340 sk dBoz g
229 YXZ 2n Y= 2x19 YD ¢, ¢ D
(Fig.5 (c, d)).

(2) € o Zzrel Bae) HWehgs} 1 B 0
AAate ¢ o 7128 (Fig.5 (d)).

(3) ¢ o Zzte] 82k AndY O 1, vldrtdg
g @& 0 o2E, (o] d&de] YA AF Moy
Yehdad, o BEo| njdnig Ao ki

2 A7 Agele n, =15 2 4A) AH 22
A4 o 0.7Tmm °elW drbl BPEln wud
t} ol ge WMoz dnpl BREW 999 91

AME

83

3 28 ¢ 4

ot

genz Advte aFddes & ¢

3399 28

o7 AP Fdd 4L FHGHozRH EW
A AFehe e 49E8F o 259 94
g 27159 RS ZFshof P} o8 dad PR
29 e el A8 AR (Sobel operator) ¥
Hgate] $AAE A, o28E Ze 49
Aedte e A vk et ol W
A A4AE AA) GAgdoleel H4sta, &
g AAE sjoksi, o] F o] &3t 49& HES
g+ A7) WEe] dPAke] B das A
e B d7edE AgAizie] AAFH
3L 3] BB APALE B e F
FI glen, BEF goA AT 2HAA 9
s, FE 94E ATHEz 99E8Y 78
T olRste] ojF THAT] Y FEE TR
N @ g gt IHEE o|GTE A% HFY 49
FEIE & AEsta ALgsrget. ‘

o] 71YL EH34E FUI3k(row direction) & x
Zog wdHA M2 929 ZA¥sse AFHEH
E4E she] MIWE (segment) B2 P2, S0
ol Yol F&3 MBS FIBAES
Zasle] A HAZHE 9YE FFc Wges
A, Fig.6& o] &3l Awsid thg3 Zov Fig.7
d A s8¢ By

Fig.6 (a)% & FWgAAX & H(row) Y &
ue} ZlAA AzZke] dhe WEREE HAletd, d53
o2 )& 712 A1dE (segment) & AZAA A7} &
AH-E GoldF gon, o|AE stk deolHg Al
B O, 'x 'x)2 BEE £ 9% (Fig.6 ().
o714 k= 2 PYoi] FolA A2 E(segment)
29 #Adm, x, "x, 22 ZHINEY AFAH
7 EAHe REE JERATh ofdF WYPcE mE
P Al dHolgtg HEAEG. GUH FE2E A
& f ol 7zt 348 g4E ol fleng, 3%
A4A 7} FMsdthe Aot thEe oM E2 B
AaREeEs dARAE FASE otk &, 3

|

% rlo
tfo
.-
X

—

M 2 d o te o

A

iyl



Y - HAY - AR

Yi
Yist

Yisz
Yies

479

dird -’+ A
7

[_segment || row 1
Sl (ytlvla:l',lnlxll_ﬂ’ ¥ )
52
53
i_segment || row t + 1
Sy (Vit1s ' Tit11, Tig1.2, » )
Sy (Yet1, “Tip1, 00 Tig1,2y 4 )
53
[ segment || row i+ 2
S Yidzy ETig2,1, Fit22, 4 )
Sa Y242, Tig42.1,°Ti422, o )
S3 (¥it2,°%i42,1,°Tig2,2, )
( segment. || row i + 3
Sy Yitd) Tigd 1, Lid32, o
Sz Vigd “Tit3,3, “Tig5.2,
53

(b) Segment Data of (a) in Part

Head[l) | Head[2]
S:.l Si+l.1

Siv12 | Sizaua

Si423 Sit2.2

{¢) Linked List of (a) in Part
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Fig. 7 Flow of Defect Region Extraction Algorithm
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Fig. 8 Metal Samples for Components Analysis
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(a) 3D View of a Metal Sample Surface
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(b) Plane view showing surface defects of (a)

Fig. 9 Metal Sample Surface Measured by 3D
Roughness Measuring System RM600
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Table 3 Image Processing Result of the Iron Sample 2

No. of Center No. of | Center Point MBR
Defect Region Pixel Pixels (mm} {mm)

1 305 14 911289 075 | 0.13 021

2 62 58 52 1 1530 309 | 042 059

3 349 60 14.75 3.20 | 0.08 Q.05

4 123 B85 ] 5.20 453 | 013 o2

5 410 83 15 | 1733 468 | 030 Q.21

6 132 142 666 5.58 7.56 | 1.23  1.76

7 81 13 5 3.42 898 | .08 016

B 398 148 4 | 1682 788 | G.O8 016

4] 378 180 12 | 1588 852 | 0.17 0.21

10 447 226 4] 188% 1204 | 01T 005

11 297 310 14 | 1285 1651 | 0.17 027

12 362 32T 3| 1530 1742 | 008 011

13 304 333 1| 1285 17.74 | D.04 005

£ AoEg o 37 A¥e ZRATE FA e

52 ALY 4 9ot 2y E d7dA AR o
AAVE o) &F A2EldME AR ER J4e o
23u2 A4¥dde ZAE F dvk. £, ol 22
23 A%E 2d, B dFdM AHEE 93A" Al
B} Ealgol geddS & + AUt

Fig.10& 3719 Alfd] et 2 AFelA Agd
ZUAAE Abgate] g& AMe JAE(Fig.10(a)
9} oS JAAY & ¥ 2AE (Fig.10(b)¥
BoFy gtk A 2RANE AT o AN
Z 995y 798 AHERY 948 € ¢ U
o o7ldA B £ %o Al e FE 4UA
o2 o o §A Vepdt

Fig.10 (1), (2), (3)9) £XZ ZAFo] Bold& ¢
% ot} o]Z AWF UFALR Fig.10 (2)o] o
B g 22 AAE Table 3¢) 23t ¢ Fe &
% AW Fdd g RE Ao B3 AAE FR
g 23 Atk & Aze A% F4 k9] A4, 2
ol T3EE i Afe BT AAHN, & 2

Tahle 4 Inspection Results for the 3 Samples

No. of Size of LDR Pos.of LDR

sample | NDR | NDF o T (o) | (mumsmm) | Reliability
] 11 124 37 0.468x0.53 1T.0Bx4.47 a5 .&1%
2 13 796 G666 1.23x1.76 5.58x7.56 75.34%
3 45 1072 174 0 76x0.80 | 17.58x11.93 85.14%

NDR : Number of Defect Regions
NDP : Number of Defect Pixels
LDR : Largest Defect Region
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(1) Sample 1

(2) Sample 2

(3) Sample 3
(a) Original Images

(b) Processed Images

Fig. 10 Processed Images for Surface Defect Detec-
fion
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