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A Study on Illumination Mechanism of Steel Plate Inspection
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ABSTRACT

In this paper, surface defects and typical illumination mechanisms for steel plates are analyzed, and then optimum

illumination mechanism is selected using discrete wavelet transform (DWT) synthetic images and discriminant

measure (DM). The DWT synthetic images are generated using component images decomposed by Haar wavelet

transform filter. The best synthetic image according to surface defects is determined using signal to noise ratio (SNR).

The optimum illumination mechanism is selected by applying discriminant measure (DM) to the best synthetic

images. The DM is applied using the tenengrad-euclidian function. The DM is evaluated as the degree of contrast

using the defect boundary information. The performance of the optimum illumination mechanism is verified by

quantitative data and intuitive image looks.

Key Words : Discriminant Measure, Optimum Illumination Mechanism, Steel Plate, Surface Inspection, Discrete

Wavelet Transform
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Fig. 1. Surface defects of steel plate.
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Fig. 2. Typical illumination mechanism.
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Fig. 3. Combination of typical illumination mechanisms.
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Fig. 4. Discrete wavelet transform.
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Table 1. SNR comparisons for synthetic images

Defect Line Star Foreign
Scale Scab .
sn crack crack object
i

Siv 1.00 0.94 | 100 | 1.00 1.00
S, 0.63 0.65 0.94 0.34 0.67
s3 0.22 0.62 0.85 0.80 0.75
S 0.29 1.00 0.93 0.78 0.84
Spzs 0.29 0.75 0.95 0.78 0.73
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Table 2. DM value comparisons for illumination mechanisms

Defect Li S Forei

Scale ine Scab tar oreign

- crack crack | object

Illumination

DI 0.90 0.97 0.80 0.89 091
BI 0.98 0.95 1.00 0.89 0.96
BI&CI 100 | 1.00 | 098 | 1.00 | L00
DOI 0.15 0.76 0.87 0.88 0.85
DOI&CI 0.15 0.75 0.94 0.87 0.74

Table 3. Parameters of optimum illumination mechanism

Surface L . Optimum
Illumination mechanism . .
defect illumination
Scale BI&CI(70°)
Line crack BI&CI(70°)
. BI&CI
Scab BI&CI(60°) (70°)
Star crack BI&CI(70°)
Foreign object BI&CI(707)
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Table 4. Comparison of best and bad images of illumination mechanism

Scale Line crack

Scab Star crack Foreign object

Original
Images

Best Images

Tllumination

. BI&CI BI&CI BI&CI BI&CI BI&CI
mechanism
Bad Images
lllumination DI DOI DI DI DOl
mechanism
£ A8sto] G537 4o ek yidke] AA glol  Image)E Table 45 Fof ZHWHoz mlws) HITh
ok T+ A59 S £o17] o 474E 99 g9 BI&CI7F A8H T4 oln|A| 9 A9+ A d90] F3
W2 e, Tol o 4k vk A A o= AAkgict A Uehhar, gAae) A9 gl HAastE AL &
QoM AAE &) g olu|A| w2 Gl 9ot O}ZIUP 7P 3 At s vedle 21
DME A-gsto] 7t 29 mAUSE =& A4St wlAUSES DIg DOIR yepyith. o] 29 wAYESS
o} A4 AE A3} dlol" & A2jsto] Table 29F o] §FH 1‘1‘ HAUZ s 24 Fejo a9 A
VR Table 28 Sall A3t dlolelE vlwst 2t & 2 #dskA] ok, 29 932 FolA &l HlE
BI&CIOH/H AUE AR YA Aol A 7Pt =2 3t T d9e aFoR QIAE 5 Qe FeEEe] B2

< el SR A0 ASoE A1 e e
Ebdl BI] g3} vlustol e 3] &2 gho] =& H
the A& o 4 ook Wb A wAe 9ol
HlE Fds} sl abe U5 T 4 Ak A4 29
BIRCIZ AHEITh o714 4 29 w7UEe] wis:
L Table 32 &3] & 4= 9)5%o] Hoiztel 1—7(4/\7} 7V
w7002 AR A 2 WAYSS BI&C(70°) =
A=A, A 25 fFUSES S A5t 9 o]
v 2| 2F DWT g o] | A|(Best Image), Ao H 7H S 4
et #E YEle 2e Fdl 253 94 o AI(Bad

>rlo£§9L

WA g AZEo)7Ee)A] A|l7d ARs, 2018

h=
o 2~
2S¢ % 9




o[k glolisl 3y YARS ol 3t A7

7] ]3] SNRE o] &3] 27 AP IA HE= Shvi a4
H‘”E} éfé} "S5y 011 A o]] Tenengra-Euclidiangh= 7]
44?—0}04 Akt Hlﬁfé} golo] HeEg
2 21 WA

P
o
fu

ol
=
)
s

o] =R o] Aoz FFAFATAITY] 7|2 AT
2] IAFI(2015RIDIATA01056691)2] #] 912 Hio} =] 3]
Sy,

e i e B I 31
HuEH

1. Neogi, N, Dusmanta, K. and Pranab, K., “Review of
Vision-Based Steel Surface
EURASIP Journal on Image and Video Processing, pp.
1-5,2014.

2. Cho, E. D. and Kim, G. B.,
Mechanism Design for Steel Plate Surface Inspection”
Journal of KSDT Vol. 16, No. 3, pp. 14-19, 2017.

3. Li, W. C,, Tsai, D. M., “Wavelet-Based Defect Detection
in Solar Wafer Images with Inhomogeneous Texture”,
Pattern Recognition, Vol. 45, pp. 742-756, 2012.

4. Gonzales R C, Woods R E and Eddins S L, “Digital
Image Processing ”, 2017.

Inspection  Systems”,

“Fused Illumination

H42:2018W 59 31, AAFY: 20184 6 19
A L2018 6d 19U

Journal of KSDT Vol. 17, No. 2, 2018



