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Feature Analysis Based on Acoustic Emission Signal Processing
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ABSTRACT

In this study, we propose and analyze a machine learning method based on the genetic algorithm
(GA) and supporting vector machine (SVM) for the effective classification of faults detected by an
acoustic emission test on the welding parts of tubular steel towers. A band-pass filter, an envelope
analysis (EA), and an intensified EA (IEA) are employed to generate feature vectors for the machine
learning method based on the GA. After signal processing, the signals are applied to GA-based ma-
chine learning to derive the representative features of the received signal, and the SVM classifies the

fault signals and normal signals from the detected signals. Consequently, it is confirmed that the re-
ceived signal processed by EA and IEA can classify faults with an accuracy of 93 % or more. Hence,

the proposed fault test and classification method is expected to be useful in the development of a

system for constant monitoring and early detection of welding faults inside a tubular steel tower.

1.4 B

EAAE FAoR AH5a0t FAH SR
wel $AAMe] ANE A&Aew Frlea
FAlolth, Aol 2 SAAHel T FAH

¥  Corresponding Author; Member, Department of Energy and
Mechanical Engineering, Gyeongsang National University, Professor
E-mail : bgchoi@gnu.ac.kr

*  Member, Department of Energy and Mechanical Engineering,
Gyeongsang National University, Student

**  Department of Semiconductor Engineering, Gyeongsang National
University, Professor

*** Mattron Crop., Researcher

omAlE AAA7IAL AAlo] F83 EXC] HiE
FHA3pA]717] ek wetow HEA AR wy AY
(tubular steel tower, TST)S| A7} F53] F7}8)
g, AR EAA ] 4N BEY AR
of Apsts A7) A9 QR ol
Az 5 emz %A e 1A%k
i Recommended by Editor Pyung Sik Ma
{© The Korean Society for Noise and Vibration Engineering

Trans. Korean Soc. Noise Vib. Eng., 31(2) : 195~202, 2021 | 195


https://crossmark.crossref.org/dialog/?doi=10.5050/KSNVE.2021.31.2.195&domain=http://journal.ksnve.or.kr/&uri_scheme=http:&cm_version=v1.5

Hyeon-Tak Yu et al.; Feature Analysis Based on Acoustic Emission Signal Processing for Tubular Steel Tower Condition ...

(non- deStI’UCtIVG test, UT)% & o]Folxinh olel  wid %SueAk(phase array ultrasonic test, PAUT)

gk v APl = 233 d(ultrasonic test), IF & Sl o= S ALgste] o
i} (penetration test), AHE-E4H(magnetic test) 5°] A Ho|A] ¥lgk T NFE 2Isle] A|H YR A

om, Z2guEdyo] 71 de] o] &5 . HE 2x4Y do® RE#E 4= 9tk PAUTY] AHE-

SHEES A 2&5TE ARt WhERS

(echo)y& FAFste] F2=o] el £3hel Aot Table 1 Specifications of the PAUT probe

e o R A% of et ofyet

AAE sobst 4= 9= FAo] Quh. FhAT Specification

ghe] WA o fut AAE AA|EH7] of el Frequency [MHz] 3.0

ol AV glom, F= Ald=w 474

AR Al B HAE Al s B E Agke] A Al 1)

of Sole gAIZE ek ol2igh wmta HAte] Al E

| 918 wWete® 33 W (acoustic emis-

sion, AE) 7]%°] ARE-EHTHO.
AE 74"}*‘1 TER= WY, o

"gﬂL

™

=)
e
09‘1
Uﬂ

Number of elements 64
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Table 2 Results of PAUT

Identification| Division Fault Length Depth
no. no. [mm] [mm)]
01 | Lackof 1o 9
fusion
Lack of
- 1~2 fusion 12 8
23 Lack of 11 9
fusion
Lack of
5~6 fusion 12 12
B — 2 -
T —
A S
(c) Cl-1 2~3
i » S :.» =
s
i : ———
iFi S '&
(d) C1-1 5~6

Fig.3 Results of PAUT
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Table 3 Specifications of the AE sensors

Specification
Peak sensitivity [V/(m/s)] 96 dB
Peak sensitivity [V/ubar] -25dB

Operating frequency range 200 kHz~900 kHz

Temperature range 35C~75C

Table 4 Acquisition conditions for AE test

Acquisition conditions

Sampling frequency 1 MHz
Recording time 10 sec
Total recording time 60 sec
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I
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:

D = Hilbert transform of C

Fig. 4 Flowchart of IEA
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learning
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Table 5 The features selected by the GA-based machine

learning
Signal Selected features
processing 1 2 3
Entropy
BPF SMR estimation Mean
value
EA SMR Mean Dveral
requency
IEA SMR Mean | OVerall RMS
frequency
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BPF Feature Analysis(Case1)
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Table 6 The results

of classification using SVM

Signal processing

Accuracy [%]

BPF 86.6
EA 95
IEA 93

259 Hi(mean)= 37 WHo|A EFo =
Ak e sHdy o s Ase] gE
AR S YERE entorpy estimation value”} UJ3E
540w AdgEglon, e 4 WA= FFT
2#HER ] Q] overall frequency(OF)7} A8 %)
o A ere e Ast et EA W= FFT 29 EH
o

5
S

Su
<A

AeRick webd gelgkas s A5
A9 SAEe) F2 MR wa ek $a

GA 718t 7| A5 A A SVMell
2g3lo] AE fAblA A& Adts BRshs AdE
g 2le A Wl whel Figs. 7~9¢] YERSIT
SVME &% 745 W7k R 180719 A=
S 2/3% SVM 5ol ARS8t 1/32 S5 SVM
g7l 2gatgiy. o dat, gt S o]g5
3% C1-19] 5~6 9 AFE> FeeiA 2]
o Cl-19] 1~2 99| 252 2] gl= 4

nRAow A < Fig. 62 53}
g Ao

)
I
o
it
o

T oo
i

o

ol
e

M do
4
o
5
)
©
Y
2 X
o T
4w
S

Q o ALy

ofi @ ox ¥ rlr
N

X
o,
> T
olr
o
2

q._Q..
3

“m 4
(o3 _]E

=

1%
o &y
ol
o
Kl
18 1y ob
o, Mz i)
N Y
o
&

ol
i

W

l

a

2

ot

=)
o ol
™ o
ox of ™
o1

o

— ox

At
%
Y
N
-
Shd
L
N
sy
olf

ofy
AE

:[ME}LOOF-?L'
ioob fo Mg o
32

4 g
Jlr‘n

S
i

= K =

X0,
o
o 2
oL
2oy

oZ
it
o
b

o> B

M
o o o
Hj%—hﬁ
OJ‘Z&OOE
SER
o o oM
ok ol

1

il 12 o
o
o
fi ™
P HoJoow

o
i
o
=
30
o

o of
Lot

_O|L

XL

1'01' HE

Mr du
g i oxl

Table 691
Figs. 6~82] A3} ZHE
FHIHE A5 AT

Ry

W ox Hr o

| ru[o

ol
)
o
L

~
=
o
ol
oL
Ir
ol X

S

z o
L du 1 -

|
ZY7k 95 %9} 93.3 %

ol
o



Hyeon-Tak Yu et al.; Feature Analysis Based on Acoustic Emission Signal Processing for Tubular Steel Tower Condition ...

o
N
>,

Lo,

o

Jot

[
fil

il

o

>

ll

o

o

ox

>
fol
et
S

P,E

rir

(o3
u2
4
facs
5
ot
)
o
<&

%
B

2
L
g
Ho

S F
o
rir

NI
o o

1‘
o
of
ol
B
&‘O
o3
=
°
22
o)
o
i
Py
rE
o
)
2
%
&
N
B> L oox 2

e
2
d
o ™ & ot x

fol

M
e
2
o
)
N
Q
_(:»‘L
X
>
o
i
o
o,
o,
o,
i

AN = A 8 F
o &% WEAE) HALE st g5

=]
el
adpHor L] st 7 darelE
Ll

ofo
re

e

Of
b
e )

i 1
folr ofo

o off

=

T
[e]

=

aQ
>

O
)
oo

7141853} support vector machine(SVM)<

el diste] Atk A7IM = S o
So]| =D E(BPF), £ HA(EA), 43} 3
EAIEA) o AEA 71HE 485e] GA 7
7IABNE S Sg ASE ST 1al o] As
o

i}

by M

4 oo oo ot (E 4R > ok N mx

)
Lo
ofy
=2
2
oo
P,L
9
-,
fol
1o,
=
folr i
HORE X o

N
o

i,

©> ok
U
rir

o M
W

= mﬂ,

i <l
o
ox F

o] A= 20209% AFIEAAAT-] Ao R
ol 2] 717 (KETEP) ] A& Wl 53]
5 2-8(N0.20203510200060).

References

(1) Ko, S. C., Kim, H. G. and Park, H. Y., 2017, A
Study on the Construction of Tubular Steel Pole, In
Proc., the Korean Institute of Electrical
Conference, pp. 431~432.

(2) Kim, J. H., 2017, Design of Steel Transmission
Pole Structures (ASCE/SEI 48-11), Journal of Korean

Engineers

Society of Steel Construction, Vol. 29, No. 5, p. 81.

(3) Seo, W. C. and Lee, D. U, 1999, An Image
Processing  Algorithm for Weld Defects
Detection on Weld Joint in Steel Structur, Journal of
Korean Society of Steel Construction, Vol. 11, No. 1,
pp. 1~11.

(4) Kim, Y. and Kil, S., 2017, Latest Technology of
Non Destructive Inspection for Welded Structure, Journal
of Korean Welding and Joining Society, Vol. 35, No. 2,
pp. 63~70.

(5) Chai, Y. Y., 2020, Development of Automated
Non-destructive  Ultrasonic Inspection Equipment for

a Visual

Welding Crack Inspection, Journal of the Korean
Institute of Electronic Communication Science, Vol. 15,
No. 1, pp. 101~106.

(6) Lee, S. G., 2004, Nondestructive Testing and
Applications for Electric Power Equipments by Acoustic
Emission Technology, Journal of Korean Society for
Nondestructive Testing, Vol. 24, No. 4, pp. 396~409.

(7) Kim, J. M., Ahn, B. H, Lee, J. M., Yu, H. T.
and Choi, B. K., 2017, Feature Analysis of Vibration
and Acoustic Emission according to Pipe Cracking and
Valve Opening/Closing, of the
Society for Noise and Vibration Engineering, Vol. 27,
No. 7, pp. 857~862.

(8) Gu, D. S, Lee, J. M,, Lee, J. H,, Ha, J. M. and
Choi, B. K. 2012,

Hilbert-huang Transform for the Earuly Fault Detection

Transactions Korean

Comparison of Hilbert and

by Using Acoustic Emission Signal, Journal of the
Korean Society of Marine Engineering, Vol. 36, No. 2,
pp. 258~266.

(9) Gu, D. S., 2011, Development and Application of
Intensified Envelope Analysis for Condition Monitoring
System using Acoustic Emission Signal, Doctor's Thesis,
Gyeongsang National University.

(10) Ahn, B. H,, Kim, J. M. and Choi, B. K., 2019,
Artificial Intelligence-based Machine Learning Considering
Flow and Temperature of the Pipeline for Leak Early
Detection Using Acoustic Emission, Engineering Fracture
Mechanics, Vol. 210, No. 1, pp. 381~392.

(11) Kang, M. S,, Kim, J. Y., Kim, J. M., Tan, A.
C., Kim, E. Y. and Choi, B. K., 2014, Reliable Fault
Using Individual
with  Kernel

Diagnosis for Low-speed Bearings

Trained Support Vector Machines

Trans. Korean Soc. Noise Vib. Eng., 31(2) : 195~202, 2021 | 201



Hyeon-Tak Yu et al.; Feature Analysis Based on Acoustic Emission Signal Processing for Tubular Steel Tower Condition ...

Discriminative Feature Analysis, IEEE Transactions on
Power Electronics, Vol. 30, No. 5, pp. 2786~2797.

(12) Widodo, A. and Yang, B. S., 2007, Support
Vector Machine in Machine Condition Monitoring and
Fault Diagnosis, Mechanical Systems and Signal
Processing, Vol. 21, No. 6, pp. 2560~2574.

(13) Jeong, H. E., Gu, D. S., Kim, H. J., Tan, A. C.,
Kim, Y. H. and Choi, B. K, 2007, The Application of
AE Transducer for the Bearing Condition Monitoring of
Low-speed Machine, Proceedings of the KSNVE Annual
Spring Conference, pp. 319~323.

(14) Baydar, N. and Ball, A., 2003, Detection of
Gear Failures Via Vibration and Acoustic Signals Using
Wavelet Transform, Mechanical Systems and Signal
Processing, Vol. 17, No. 4, pp. 787~804.

(15) Gu, D. S., Kim, J. G. and Choi, B. K., 2011,
Proposition and Application of Novel DWT Mother
Function for AE Signature, Proceedings of the KSNVE
Annual Spring Conference, pp. 582~587.

Hyeon-Tak Yu is unified Master’s
and Doctor’s Course degrees at the
Department of
Engineering at

Energy  and
Mechanical
Gyeongsang National University in

Korea. Areas of research are dy-

1

chine fault analysis.

namic analysis of the rotor and ma-

Tae-Hong Min is unified Master’s
and Doctor’s Course degrees at
the
Mechanical

Department of Energy and
Engineering at
Gyeongsang National University in

Korea. Areas of research are dy-

namic analysis of the rotor and

machine fault analysis.

Hyeong-Jin Kim is unified Master’s
Course degrees at the Department

of  Energy and  Mechanical
Engineering at Gyeongsang National

University in Korea. Areas of re-

Iy

202

ll

Trans. Korean Soc. Noise Vib. Eng., 31(2) : 195~202, 2021

search are dynamic analysis of the
rotor and machine fault analysis.

Seoggeun Kang is a Professor at
the Department of Semiconductor
Engineering, Gyeongsang National
University in Korea. He received
his Ph.D. degree
Engineering

in Electronics

from

Kyoungpook

National University, Korea, in
1999. Dr. Kang’s research interests include Digital

communication and Signal Processing.

Dong-Young Kang is a researcher
in Mattron Corp in Korea. He re-
Inje
University, Korea, in 2018. His re-
search interests include Power line

ceived his Bachelor in

communication and Block communi-

cation.

Hyun-Sik Kim is a CEO at the
Mattron Corp.
ceived his Ph.D. degree in Material

in Korea. He re-

-

- Engineering from Kyoungnam

- University, Korea, in 1998. Dr.
Kang’s research interests include

Broadband power line communica-

tion and Nano materials.

Byeong-Keun Choi is a Professor at
the
Mechanical Engineering, Gyeongsang

Department of Energy and
National University in Korea. He re-
Ph.D.

Engineering

ceived  his degree  in

Mechanical from

Pukyong National University, Korea,
in 1999. From 1999 to 2002, Dr. Choi worked at
Arizona State University as an academic researcher. Dr.
Choi’s research interests include vibration analysis and
optimum design of rotating machinery, machine diag-
nosis, and prognosis and acoustic emission. He is listed

on Who's Who in the World, among others.



