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fault diagnosis technology is essential in various industrial sites. In particular, demand of the technique will continue
to increase in order to improve efficiently or injury of human resources. For precise diagnosis, research is needed
on the multi—class detection technique that can diagnose various defects. In this study, we extracted feature points
from time, frequency, and wavelet domains on pressure sensor data in the hydraulic system. Based on the extracted
feature points, accuracy verification about multiple faults was performed to predict five classes through the MLP
algorithm. In addition, we achieved maximum 20% improvement to compare the feature points of frequency
conversion with wavelet conversion.

L A& 53] v 2ol tig ts HES Ao w Aegte
ohgg Abde] g A Ve PR Alxot dvd 24 AL 184S AAAN R et = gl Ve A
AL Aol A B2 o oAAZIT Abehe] 24 9 91384 of o]upA| 3} Tk[5]
& A Iz e] gl SHor RS o A&
Ao Ve AEsE a7y o re] A= Abdel A 2. flol=Hl
= A VI VR o SUE slelth H F7] A2 B gt Al Z2AA Eokell A 7
Abghe] Hto] of 9 9 A o R AntE gk dlol&sl MEkS &-83 A7 AdEa sltk 7€ s
Ao} 2L Ay AAS Helir= RS AL 4 7<= Aol Wol ARE-F= ol W ek Fourier Transform) &
HAZ o] Folxith 11 3, aLgAe] S84 A 18 4 4 Fokge ol ARt AlE #Alo] 7hsste] AIRF ARE
A9 oS T dSFste] deFe AlaEe dow 3 A Fotd 4= gle @ido] EAjgth
FHoR g9 Zlolnk A& o] Al wd Ak 7F Aol=sl Mehe Age o] ywko = SA% 71Aghe
Hjeke] g oA R & T AlZH] WEtE A 4 9l (basis function)& AH8-ske] e A5 & WEaeh= 7o)tk
om, e Alad A ZiRkez iRl Wk v 3 A& °Jl°] Eﬂ%"ﬂ/‘i ot 7o AEHS Fal o

DWT(j,k):2 f() w*(Z_jt—k)dt (1

o) ge oz Belel A% ol Ll WEe ofefol

3 s ek [1-3] 2l 234 7+o] discrete wavelet function®} scaling function®-
2 EEdlAE oy 4] FAIAEE gide R ofE B2 50}

AXE F8l ASHE dolHE T 9 dlo] &3 A& 2 7} i
- 5 . i) =2 p@ -k ¥

ot Al daels 1w S EE JaA 7= 7ol ois) Jk

AFE AY3AT) 71E AT F Tt o] Eiol g

¢j,k()*2 qS( “t—k) (3]

- 444 -



20249 FFATNNE A A SHERE=EA

o4k do] B8l WMk #83 AT 1A A] A5 9] wavelet

coefficient
ayi)= [ Fe, 0t
a0 = [ 70wl
o] X455 =38 approximations¥ detailsS A< F 9

=5 Y 4 Fyed &
approximations THA] wavelet S<-2 B A 8-3bH A Fob
T QAR AlEglste] v FIk A s &

ATt

o 7 BES olgdlel Uzl Frsel HES Lol
2 4
=]

ECEL 3 8 MLP

o Time = =

—— ]
—

B FAT i
——
_—

——* Wavelet

e E- b =

[ 1] Al 2% A L2 A2

3.1 to]g Al
U Ag ks 9% vefet A3 AAlste] A5 o
S AlA 7]9ke] WDS(Water Distribution System) ©]©]EJAl
< Atk [4]
oA F 7HA] o] YEHAR 749 HEEH =S
i+ (Looped, Branched) &2 Al&S AAIEFATE M=
A8 22 7P 7k A3 W AR PLP2) F-25ke)

k)

—“E% H~EWEox] AREE b AlA= PCB A9
102B16 222 194 689 kPa &4 HHE 7HRIc) 3 7.25
uV/Pa ¢ SensitivityS 7F4t}h 3k b2 AlA 2] Frequency
= BkHz2 < ok goiw zxqgoqdr

9ot e 27 oA golzele] A §3S /AR

P4 208 TFS F 79 w4 F9E T

Aok
pinholeoll tgk A 7}4]9] Leak= Fd3tth 9302 ¥
Zo] LA Orifce leak, THFoZ AA AAl2tE HEo]
WA Longitudinal leak, #FWeFow AZo] wAYS
Circumferential leak ¥ o}2} Gasket P|AIZ=Z Q1gt Leak

of taf slolEAE sk
A S 93l 7L H2E =2 JFLg oS5,

=

ietol 4

rg 7452 AAsa

32 dolH HAg

Fe A= BkHzE 35S 7FAH, oF 30%
ok 7 Se2 dRE 01zvith AEYste] F A
Tt 19 13 o] Al ] AAIE H|
2 A7 F, dlolEEl mHQl 7|Hte g &
Bstich

Time series HloJElellA HBigh Agh, A Y,
Ax, Aai(Max, Mean, Standard deviation, Skewness,
Kurtosis, RMS) E5AHES AAxtelsiry. 28] FFT(Fast
Fourier Transform)< ©]-&3te] A[7F 3 sdstA HA
Bk, xeaAk A, AE Aagy 35, T A
e Egste] 879 EAHE Altetait) gk o) 4t o]

o

gl 2AYLE 5, B o] &8 DaubechiesE AHE-3FS T
“in

e

A
50070 =
7]Hko

o m{t\
— -IIN'

4

1

SRR TR

o

=
=

input. & Energy, Entropy, mean, standard deviation
i O] £33 coefficient (approximations, details) tld-2.2
T 8= AskeAn 7 Al w2470 SRS ALYt
of, F e 5RHE FE%TH

o mo o wE »& 3

3.2 Hol¥ A
YA B2 Bl S

?*édw}. la‘u 1% 7ELO] sl o] AAIE oy 7]He.
2 AL FakE SloleE mHl 7|Rte g SR FES A
At

Time series HloJEol A gk Ftgk, EFAAE 9=,
A%, A aF(Max, Mean, Standard deviation, Skewness,
Kurtosis, RMS) Eﬂ@"é——% Axreriek Le] i FFT(Fast
I} sdstA A

‘93%%% E@‘FSM 87H94 %ZJ@% Alrretdet. B3t o] 4k go]
528 2AYLE 5 & 99532 DaubechiesE AHE-3FI T
8+ input® & Energy, Entropy, mean, standard deviation

S dolE8l coefficient (approximations, details) tHA}o =
F NZ AT ZF Al HRZ 24709 EAHS ALtst

o, F 4700 BRHS &9

33 4% Qg

AAD HolEe] 29 SAAES AP0 ey ga
2% A gale] T34 A} wavelet 7]9He] 54 1
2 24 AW A= vug A5

- 445 -



]
Layer Perceptron) &18]52 7]

AT

e HlwE 9)38le] Hidden layer% 2704824 w2l Al

& skl Ad HA daelsS AAsth o] u
Activation function relu, softmax® 44 38}93 1, Optimizer
+= Stochastic Gradient Descent® A A8tk 1250 train}
test sete] H|EL 732 3s191owW, Epoch: 20003], batch
sizew 232 AAslo] T5S AT

7
H, 5% e FEol Solsith. wloly Aol wE
4

True label

NL cc GL LC oL
Predicted label

[72¥ 2] Branched ®le]E A 7]9+e] Confusion matrix

7} Ak dlolgel] wet oS3 ARE wjER A
= %33 Confusion Matrixe|th. 7252 oS¢ Aajolm,
Adgholtt. AAl B4 FE(NL) vlo|H & 67
& 4% dlolH, 27§& CC (Circumferential leak) vlo]E, 174
& LC (Longitudinal leak) 2 <l Z-3tdch. 18129} 7Fe] OC9}
LCo 1% tlolgol] tigk SHkE oS0l ofewo Felskal

o). o= AEe] AN 2717 FAsA T, AAzel 21
A B3 A o5 o] F/3 wae] Ajolol7] o
% A%

o] gg syo}g 2t} E3] Looped HIZE ]CEE} Branch
HAE #=oA o e AFEE 3elsty

[¥ 1] FFT % Wavelet A& 7]¥ Looped¥ Branched o] & Al
o} 5

00pe!
1EEF A=

MLP ¢
FFT Wavelet
BR LO BR LO
0.18 65.58% 72.92% 85.99% 74.00%
0.47 67.84% 79.08% 75.4% 82.57%
4 A=

AT gEAA Heoly 7]uke] fi5t eRle] Avks itk
she sl meaag AASAT, 54 dole e 3o
A AAY dlo|EE FFTY 1 ol 2} Wavelet =H[Q1oA] &
S FEole] A E RS ERSIITE MIP ¢adls 7]

L [e]
2 Looped H2AEWEE 273% 345493l Branched H
q

Acknowledgement

2 At 20228 % AR E Ao AR Gl A
71ER7H3 20249 E AABERRT) ARem d5at
47167185 7k90e] AL o} A A3,
(2022303004020C, RS-2024-00407415)

[1] S5AER5, W7, DS E, 0138, 94w, /)7
T &89 Au 713 1Y B oS 7]z
gk A5, 839, 2021.

[2] IEEE Eurasia Conference on IOT, Communication and
Engineering, JongKyu Lee, “Fault diagnosis of bearing
using Deep Neural Network with Dropconnect”, 2019

[3] MDPI sensors, Niamat Ullah, “Pipeline Leakage
Detection Using Acoustic Emisssion and Machine
Learning Algorithms®, 23, 3226, 2023.

[4] Dat in Brief, Mohsen Aghashahi, “ Benchmarking
dataset for leak detection and localization in water
distribution systems”, 48, 109148, 2023.

[5] g=Abs2ka8}3], o] 53] WG, “YHAlA AEE o] &

3 ftebelel A A AT, 1582-1585.203,

3}
of

- 446 -



