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Abstract

In this paper, a damage detection and quantification method for sandwich composites using matching pursuit decomposition (MPD) is presented.
Sandwich composites with and without delamination were fabricated using the hand lay-up and hot-press methods, and the location and size of
delamination were confirmed using flash thermography. An ultrasonic wave propagation experiment using the pitch-catch method was set up to
collect data from healthy and damaged samples. The acquired signals were estimated and decomposed using MPD and compared with signals
denoised using fast Fourier and wavelet transforms. The denoised signals were trained by a 1-D CNN model with the same number of layers and
filters. The proposed method showed improved accuracy and stability than the traditional method. In addition, more reliable mode separation in the

time-frequency representation could be confirmed, extending the possibility of MPD-based signal preprocessing in deep learning training.

Keywords : matching pursuit decomposition, sandwich composite, deep learning, signal preprocessing
1M 2 F0490] 2423 9l

=17 BRR 0] A7 AT AES SIaA = o AL
AMEA BdA= 7o) 534 Huat 0 242 2 2 283 289 G2 22 283t} o|P ) 53 As
goto] Alzshs B St B4 T FAIR R 2 Hejsly] 93] Feo) Wk, goEal Weke =7 a5}
s Skl e Auof she Fu 8 FEREC] FAl Au, Ee)o) 7| A= AZHH o 7 astE RES UERf 79
ARSI Ik SRARE EgbAe] B4 A W Fo] 284S Rzely, glojEel VAL £ urus VS s §
Aeshz Aol 7t dofd = ke S0l 2T = mdsr)df 123 LSS B F 7| AE FEele
(Khan and Kim, 2022). Khalid2} Kim(2019)2] ¢1719} o] A] Ao AR} o] A5 0] el S A5y BEE Bajs)

Y olAE B3l &4E BAFE o FUE Fol = 7)o BEF %S Btk Mallat and Zhang, 1993).
%}%f& 4HE A EgA L] B SR FFeR Q8] o] g By FE5L 12 Y| 32 Ea|(MPD: Matching

o ﬂllO
i)
r&
f
Y o>‘
2
s
i)
o

HU
i,
ot
m[o
o
M
_?L
N
r&
9
i)
n{o
o

] 910 AN BTHE B 4 G 22

U EJY(SHM: Structural Health Monitoring) 7]<2]

N ofn
m
i
ol

)
ox.

Pursuit Decomposition)2 83+ A5 27| 7Y o] 7H ‘j}ﬂ o]
YchXu et al., 2009). E3t, L QFA 5 7]

St AEE A 4 2l E F8l A, %%—7\1%01] Easy

T Corresponding author:
Tel: +82-2-2260-8577; E-mail: heungsoo@dgu.edu
Received May 9 2024; Revised July 16 2024;
Accepted July 26 2024
© 2024 by Computational Structural Engineering Institute of Korea

This is an Open-Access article distributed under the terms of the Creative
Commons Attribution Non-Commercial License(https://creativecommons.
org/licenses/by-nc/4.0) which permits unrestricted non-commercial use,
distribution, and reproduction in any medium, provided the original work is
propetly cited.

SRR ZEE =28 373 HM55(2024.10) 295



AMEAX FdA o] Aok &R D F=FeE A% dA F4 &3l 718 teo] ] 715 A

23131, ANNZ} SVM E g o]
uo 5(2022)= 42| 524 &3l
i3 Al Hof| 4] 9] Time of Flight
tol 28 zg%@m 91X 2 BAsk ek Kim

o A B2 o] A W

ojmA| 2 A3t

T
=

X o
e
—\10.1;,

s
:c’:g
T
m il
o

o

of

=

(=]

[N}

o

lo

re

4,.1

=2

>

c

c

N

n

)
R AL e |

:cé

2l

Nl

Hoow

&

==
ol
32
oo

©

Cui 5-(2011)9] ‘H?Loﬂ A= th-atom
sto] 7)o 8] A& st 7| H & WSt

o] Aol = EtA o vt Gt A LA
285t ol tis ALk flek 2ol o
£ B8 =Ee) A Bk s e
=] 1: AME Q2] BakAf oA A5 E 3]
B AT 3 AT ¢
& AT B AT

=
T
¥l

il

.Li

ol
~~
Fo
2 3
)
A

R —1}11
e

o -
B2
32 fr

=

i

In
ol
ol

NI A
o,

i ﬁ i)
o 1o o e

.

2
T

oA
R [:111 é

J

Ei?. :

o
Ko
rO
ot
N
o
!
i)
1o
ot
r
b
K1
i
ox
J
1
oX
o lo

N
==

ot
I
30,
o

ol
-

2 o du e e
o
2
rE
o
o
IS
i
e
i
Pk
E
f‘%
fllo
o
e
a
oy
o
oX
N

2
N

S
rh
rh

o Al &
B9 A2 3 A A

Mgy,

= o] atom®] A HEo 2 FHE = 9
o o2 A ()3} o] £ 3Hth(Mallat and Zhang, 1993).

112 dictionary Aoj| 4] A1)

(k= 991 9] atomo| ™, 4 z% dfjgsh= Alg=olct. °1E1
& O & 7|& A5 digh 4
O HHE Fofl = ‘:}% Al ()} Zol Hg

N2
N
=
S
rr
ne
R
o
iy
s

ol

o rSL' >

.
sn(t) = 36,9, (1) 2

N
©
o))
ro
Hl
[l
rz
4
P
0k
1o
o
T
Ho
linal

| X373 HM|55(2024.10)

olw), AlFE ket oA E TpA L 24
o7} Bz ET), olejat o X mEL qag sy
o 4] (4o} ek,

N

=37 | sy(t)
i =0

i =

Is(t) Il R, @) @

AA| A Bof Hieh H A o] 24 fleliA= Aeet =4 2
o] it W& o] Hasjct ¢(t)7} dictionary Ao A E&3F 7k
A o, AT v A (5)eF o] £ =

s(t) =<s(t),g(t) >g(t) + R, ©)
o171 A1, B, = AIZ-F5 1] atomtk 4] A5 18] 47}

olt}. o] & 2| 43}st7] f6l g(t) Ut 22 4 (0= U=
o gt

&

| <s(t),g(t) > = Bsup |{s(t),g(t)>] (6)

of71H, p 0<F<19] WIS A Adolnl, sup
|<s(0).0()> 1= WA 2] Agtolth. 9] 728 EsH= ¢(1)
2 wEAos Hutosy AES S5, A7

=
Ry
o atom] A% Wslo 7 Bajs 2= i}

2AEHA B4A A A=

lH

S ABE A ol 9 B 5 4k 5
-2 AJAIBIA T 250mm x 250mm Z7]2] 2 x 2

RS-23 712 85te] A= dlo] o)

dl2 B Bgsto] 0°Co) A 54171

50k 7} 3bg & A Ak, Wk 30) B2 7h] el B A4

_\_ ox, mﬁf Im



AskS AA7re 7 =2435}17] ¢J3) pitch-catch HH‘QI ultra-
sonic wave propagation A 32 115} T) Hojg &5 ¢
3] ¢} # A4S National Instrument PXI DAQ A]2~E]oj| 0‘] =

3L AT E HEsl= AlFoflo]El= DAQ U] arbitrary wave-
form generator(AWG, NI PXI-5412)¢]| ¢143}o] 5-cycle cosine
tone-burst 7} 3 A & & WY 0}51 Al A o] AASE 312 digitizer
(DIG, NI PXI-5105)5 53l 4125 €533t AAIgt AF
100 mm 472 Fig. 33} .
C—
Hay 50003)9] @7l e S92 S0 Ao
AR A 40l 27174 SR, ol dgstel 14 £
45 20kHzol| A 300kHz71A] 1092 Z716hy Ad-S A
AR 2717 245 T A4 BEl] 27|17 S0
A5t o2 vjgro 2 = ) mE} 8]
55 2819, o] S uEo R B AT el
2 140kHzE &-8319 ) A3 o] 231 At 7HS
FehE AT T, olF uhgro AW T 37l
A=, 37H0) ol A4 AmE Al A2
= B55ko] 5 24071 2] Al HlofE & B 5
1} 4>0]| A] healthy A| H ¥} damaged A]Hof| 4] &)

Fig. 1 Flash thermography of delamination

15 mm delamination

30 mm delamination

o H rl’N

Mo 4
N ml
do B
f

ol
—_.

o
FUE

50 mm delamination

2
i)
fr
B

N
bund

o Tf.rl >
o
o> oX »

=}
250 mm

Fig. 2 Specifications of fabricated sandwich composite
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Fig.5 Signal comparison between raw signal and denoised signal using (a) Matching pursuit decomposition
(b) Fast fourier transform and (c) Wavelet transform using sym4 wavelet

Table 1 RMSE Comparison between denoising method

Matching . Wavelet
. Fast Fourier
Pursuit Transform
.. Transform
Decomposition (sym4)
RMSE 0.0613 0.0337 0.0394
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decomposition
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Table 2 Proposed 1-D CNN configuration
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Table 3 Proposed 1-D CNN configuration

Layer Name

Layer Description

Convolution 1, Pooling 1

Number of Filter = 16, ReLU
Max Pooling Filter =2

Dropout 1

Dropout rate = 0.2

Matchin,
. g . Wavelet
Pursuit Fast Fourier
Raw Data Transform
Decom- Transform
(sym4)

position

Convolution 2, Pooling 2

Number of Filter = 16, ReLU
Max Pooling Filter =2

Training

99.99% 99.99% 99.99% 99.99%
Accuracy

Dropout 2

Dropout rate = 0.2

Convolution 3, Pooling 3

Number of Filter = 16, ReLU
Max Pooling Filter =2

Validation

89.73% 99.99% 99.99% 99.99%
Accuracy

Epoch - 26 24 18

Dropout 3 Dropout rate = 0.2
Fully Connected layer 1 16, ReLU
Fully Connected layer 2 4, Softmax

Training and Validation Loss

Training and Validation Accuracy

L\ — Taining loss
Validation loss
12 -

\\

—— Taining accuracy
Validation accuracy
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Fig. 7 Training procedure comparison between preprocessing
methods
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