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Development of 3D Image Processing Software using EMD for
Ultrasonic NDE
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Abstract This paper describes a development of Ultrasonic NDE software to analyze steam generator of
nuclear power plant. The developed software includes classical analysis method such as A, B, C and D-scan
images. And it can analyze the detected internal cracks using 3D image processing method. To do such, we
obtain raw data from specimens of real pipeline of power plants, and get the envelope signal using Empirical
Mode Decomposition from obtained ultrasonic 1-dimensional data. The reconstructed 3D crack images offer
useful information about the location, shape and size of cracks, even if there is no special 2D image analysis
technique. The developed analysis software is applied to specimens containing various cracks with known
dimensions. The results of application showed that the developed software provided accurate and enhanced 2D
images and reconstructed 3D image of cracks.

Key Wonds : Ultrasonic NDE, Image Processing, Empirical Mode Decomposition

1. ME el 4% Aol WIE A HoRA FEE 2
offo] A=Y AES H7Fste viHT P
2] wAA El 38 B 7|Y9SS 60~70] A (nondestructive evaluation) ¥¥o} ZHgg WAL it} 1

As]o} AR EE MulEe] $o) el et =3ty oA 53] 2&uE o83 vlwy 7k Eie A
AHE0] tAY GARS, H7] 5 AAsjoF 3hel, o] HIEI BIF FHEAA AHE THxIH, 53] YAks
o =mhE MuiEo AHE HEe wud Ad sl BT 2 QAT AN v Brkel 7
& "8RS Aok 2y 4R EAY A4 ke & AT HEeR *4§4J~ A1,

ol HujEe] g Wil AuSe Jasio) AEe 2 = APAL S7jAY7]e 22w H=ta) g7k
AL Atk 7|42 ARgo] Brpssich ojgldt o9& 4] & ZRIY H%OH Tt Zlojck i ZTRIHS A,

~
Rl

o

N
o3t

£ =22 JAddst adridz +8Egs

?ﬂlxﬁtﬁﬂ YA E MR AL ‘et YR gkt
SHAEE RAC) g A w ) "RAARE Y-S (mwnam@hj.ac..kr)
g 089 114 184 £ 08 124 15¢ AR 089 129 16U

1569



AL &7 AW A6S, 2008

B, C, D-Scanz} & WAl ShAREE ofe} 33}
) QAR 7188 olgstel S714A7) ol wajs
2TL AT AET 5 U 715 T Uk 2
o) 339 Jahe 7R 913 AL sholza}
QloRre ozl 149 A-Sean 287} Ho|E| S EMD
2 B3 283 059 J) gro] EAks R 9
AE FASHTE olal 33 FAHS 249 A
& AMgelAl gieks Fge) 9%, Be, 27) 53 e
8% PR E Qo] golsick. e 22 I3e o]
2% 91 R B 27 5L YT Y= A 2%
o AFgetel T2Ye] PREE AFIIAL, 334U 9
Aoz Al YAA B FHsiech

2, m29| J|s&

HEARRE YHYT 280 A5 A)F ojae) R
Tzl whek Bhy Axle) FoE7)E ohl, Bt Y
Agel GO ARhE Gtk Ea Y A2 Ao
27e] BAsgol} 22U T Hel wie o
©717) Hr} olef3 BHoE 22u} oakel Age
WA HE A G, 229 2 4130) Yajzt

ol wh B4% Felo] vhah Alsg AAs

[28 1] 223 vlnta) FA) A=

(19 11 223} vlna] §AAE 919 A-Scan B4
e A8l 9lon AScan HolElE TxA o HlY
31o] B-Scan %G4S @17 Fek Tefuh 441 oA ol
%1 A-Scan Blo]ejofl= AB|Z 218 (speckle noises)Z} A]
28] 0|z So| TYele| 9l7] g 287 A5 B
4 Ae7le gxehE Fake] 2709} 914, WejR opy
2 24 ARE B ofeie F97t Wk Aug =
2I9e BHvte] By Beto] E8E FA chopa
AR/VE /55e ERShT Utk WA (22 2)9 2o

A, B, CS} D-Scan BAME AFSHE] 2 GBS A2 @
FEjo] shtel] EA|so et 1T [E 1o 4BE
88 7155 223 vlaky) BrhR] FAEA 714

Aol golg Ea) sl Aok

“B-SCAN

—-3 SV BWL

i B
womede Scan Axis <&

. Index Axis

Time Axis

[O8 2] A, B, C& D-Scan2} FAF +2

[H 1] Z scan FGAEANA 71568 715E

A-SCAN B-SCAN C-SCAN D-SCAN

Max Value O (@] x O
FFT @) x x x
Crack Area % @] x x
Gate O O X @]
Length O (0] O O

3. 3xtd I w2l 71

3.1 EMD(Empirical Mode Decomposition)

EMD= 1998 Huang et alo] 9J&f LEE ACE H|
A, v gA8 Als dAol gol o]gFx luh2]
EMDE ths Fubg ROz pAE ASE v Fut
4 A& X139l IMF(Intrinsic Mode Functions) &2 B2
8 U Rolch IMFE 2 271004 o wAsha, 5
o2 e 23k Bue TEA 9e Fu 4R
7HE 39E 9ujgich3]. IMF2 2ailg JEES 4
()T} Zo] n7fe] IMF JEES} Yoiz] Fojils r, (¢
o Foz tehd 4 gleh2l

(1) = ilcj(t)m(t) M

(29 312 EMD ¥4 olgstel U3 459 IMFE
o P APk Uk WA (b)% Lol AT

1570



EMDE ol g3 287 ujnty ©7h8 339 BN 2xEqe] A
o Fud o) gHER Al mebdul shg ZRAS 3 A IMPASE Qg AR S A% 9eE A
A 2BeRl(spline) AMGe] PRIk ARstE EeH 7 F EAS Flo] A AAE TG A
o) BGE LT WA MW ©% LL A <

ton, o] 457} IMFEAS RSk 3 UA) IMF

AB7} ek giok 2AL WESH Falthd (o) AEE

AT e e o dhek Aoz o ok

Dt Zo] IMFALE 9} o]
58 vehd 4 9ot

ol

Y

@ F3ANT

A I\/\{\

/ VY /\ H\/\ \f\/\ (\\/

(b) EMDI}H () &-2AlE ot
B &
[ 3] EMDHA2] o

2 4o
ofr N
oo it
Oz __Ll
rl'N mlo Oft
Lwh
E)

2]
)
ol
vt
N

lo rir

T ol

N
b

A

ru
s

i

|

PO
- O
A A
2 lo

o)
o

(32 4] A-Scan ©o|E]2] EMDI}A

H E=RoAs WA A-Scan H|o|E|E EMDE
of IMFEE £2|3F & 713 o7} & IMFE
o 2% $1A F&ol AMgBsict (27 41 EMD
o] 8| 2Lut AT E BAs I ol daox HA
| Fo] 71t o 2)7F & IMFolth. EMDE g4 o

]_9_

ofr
-

[¢]
785
e

5

-

[e]

I

(voxel)2 ©

o= st

o 28w}z o

o

s

PNS

22 glo|golt. C-Scant A-Scand O].Q.‘g}o:‘ 73?‘;31.

o] EAfohe HEO| (vy)FES TohL, 22hS W) %
& 7PN dlolE R WATo.EN 234 olul A7t W

1571

o] o]a thorgt Zhe o) 33k FAFe R HY £ QxE
O]’/J\E‘—~

age Ml
2l o™, Windows X
|3t =Sl

7159 F77t 7%0}5
Abol| A VC++ 6.0} OpenGL



AT/ =22 AoA A6, 2008

zout dlolg $& 98l AFLE AAge (17 7]
3} 2},

Ultrasonic Device

PULSE || CH1-CH8 SELECTOR |
| LPF/HPF |

Attenuator
i ADC |

L——y

[33 7] 239 dlojg] 3 Al2d

(1% 812 e 23] 7T s 715ES
HojZ3 ek (a)= 7|8 B4 shgol T (b Alo|E
Y B % i sl (o 4 3719 A
A 7159 dloj (d)= A-Scan Hlo|E| 9] Fujg: A

= & 7 S 7150tk ()= AlEet B- Scanl}]_,] dAr
?:,_Uﬁ_r_ Y?T HISEO 2 A5 7}].,,_4 D:E.no]u]-ﬂ ol
HOoR ZAShE 7150l (D& B-Scan JAHE Holsx
ol e k. olsh 28 chopet 75L&
257 AT B0 da3dt 715Eou Auky Tz 7k
2 A-Scan, B-Scan, C-Scano| 5-A]o] d%-Eo] sldo) &
AEES st

it

B oo ll'ﬂ A

N

—iﬂ

t

R e i =
DEessLET T e gy

(a) Normal view

R e
E”‘JQJ&%QL,&' EM e rdaes u i

s

(b) Gate modify

1572

(e) Cutbox

U e s
ey

-V,,W TR e
(f) D-SCAN (B" -SCAN)
(38 8] idE =8| 7Ix2 Y+
715E



EMDE o]g3at 2ga} vlafa) 871§ 3319 IAAE LzES o] A%
5 4 2 9= pp34-39
[8] $22 9 5212003), “2&I Wrol3 4w 3%}
B =Bolil 2ga) vty 4AS 9 ZT20Pe o A Vs ARelA] Vol 23, No, ppd6d-474
Astich A Z2oRe DA HAERS =
Fol 9lon] 3ake) Qe 7lwe olgste] 2
A7) el BAeE AR e 4 AES stk 8 H H RMyung-Woo Nam) (=32
Waae] so|zeielo gy dojd 134 223 o]
Bl EMD S ARg3| ol 28 7aAR) & A * 1992 28 - MEAEL A
o o o AZFBI T
= O =) o =]
A E AL voxel g o-gato] 3x4Y) FAME TSI 0 19941 29 . ALAAPEE o
ch E3 EMDE F3l 20]Zl A-Scan d|o|El= A4 = shl HAg AN EEAAD
o] B-Scan % C-Scan¥t Z-& 2ga} FATHNE AN e 2001 89 : A2AlYdEtn of
H9ch Qoi7 334 A 244 MAES ARgst shel AABskE D
= = 20034 29 : LG o]kEH(AYA
x| gieke Agel $17, P, A7) S T f4 T d ==
AuE odd] golstch el maage oln] Agkel N e O AR AT
A7) L =, A7) & A Y ABY 2o ALg
st ﬁizew w@-&: Ao, 334 Qarom  <HBECR
D2 0] & M(Young-Seock Lee) (A3
« 19934 29 : AARYER A

[1] Youngseock Lee, C .S. Park and S. J. Kim(2004),
"3D imaging technique for shape estimation of flaw
in UT-NDE", Mater.Sci.Forum, p.270-273

[2] Norden E. Huang, Zheng Shen, and Steven R. Long,
1998.“The Empirical Mode Decomposition and the
Hilbert

Time Series

Spectrum for Nonlinear and Nonstationary
of the Royal
Society of London, A. 454, pp. 903-995.

ol HHA(2007), “HHTE ©]&3t 115°] S)
BA1S] AR SEASR1E-EEE] 2007
A st 2=EH

S. Gautier, J. Idaier, F. Champagnal and D. Villard
(2002), "Restoring Close Discontinuities from
Rev. of process
evaluation, Vol.21, p.686-690

N.Y. Chung, S.I. Park, M.D. Lee and C.H.
Park(2002), "Ultrasonic Detection of Interface Crack
in Adhesively Bonded DCB Joints", Automotive Tec.
Vol.3,p.157-163

KN Park, CM. Sim, C.O. Choi
(2002),
Radioactive Area by Ultrasonic Wave Sensor",
KSME Vol.16, p.927-934

Analysis”, Proceedings

B3]

—O“ rlr

{4]

Ultrasonic  Data", in quantitative

(3]

[6] and C.H. Lee

"Measurement of the Shape on the

[7] THQ004), “ZS3t vtz Brke] 33U GAe
Zle] B AP FeofEhE ARATEY A4}

1573

R EIE

o 1905 29 : AgA TSI o)
sl AAESRHESAAD

o 1998 89 : AA TRl o
2H4l AAFZSHFIAD
1998 39 - : Fedst vA)
EERE EIE )

H
< Hop

O RPN

, Soc, Image Processing

% 2 E(Ok-Yul Yang) [g=l#]
* 1995 29 : Yyt e
Zah(-ZEkah
e 1997 29 : YufEkm oishY
AT BB e E e
* 2002 29 : AFrfsta ekl

AR Btk

e 2000 8% : BNS MediaTech.
(A

e 2003 29 : Buman MediaTech. (IT7]&°] D

e 20034 34 - : NS BB AHEIH L)

<A Hol>
AlZ A &), Culture Contents, Medical Information, OCS,
EMR



