ACK 2025 st=utEf 3| =27 (323 23)

AE ¢ 3T (autoencoder)S ©] &3 H| XX 35 7wk

Hlo|E o] F B A7

Jooha999@naver.com, aass6192@naver.com, toto4264@naver.com, autoship88@gmail.com

Unsupervised Bearing Anomaly Detection Using an

Autoencoder

Joo-Ha Lee!, Hoon-Gi Bae?, Myeong-Hyeon Choi®, Kil-Jong Lee*

IMajor. of Mechanical, Shipbuilding & Air conditioning Engineering, Pu-Kyong National University

2Dept. of Machine Design Engineering, Gyeon-Gkuk National University
3Dept. of Electrical & Electronic Engineering, Seoul Cyber University
“4Dept. of Performance Evaluation Research, HD Hyundai Heavy Industries

=] oF

B oAgE 3 Aoy AE delee ogsl Y HelHwoR skst: ¥
j=3 )

(¢} =1
(autoencoder) 7]WF oA} B-x] o]zl s FHsl, Hd ZAEAF - 1
o X xpo]E <15t} o] B+ UPM Bearing Database & 74 <& w2
rpm, 40 kHz, 30 s, 3 & 7I&5E) Sd® AAL} SAH WA HEE VF
FO(B/hwro 2 53t F1-F4 o izl AT A& o] &3] ol o5& 3
FO thH] F1-F4 oA xfe] 43k - 4 F87F S71ske A4S #2391

=)

X

el mE
FO-F4, 200/350/500
o= AAEATHL] EES
5 sholth dyHo=

A4

0 KRR
e Felstol Ay 2akel A9 AR 9% BE JFe @ dolE su AAA 47
7

= e
WA Akl FEE 22 pC BN grHgon, AT o4 FF AAR 1

1. ME A= 1) FdBH ey 3ds - 2
ek Aule] aXEAL 1F golge] day w CIEFECIE 34, 9 @ Ad

Bol AEsE Agol ofyth olo] MA: sge W8 ol dmf W R % A

o] &3] A FEl A olers Erxlal= Hto] o vt S5/, F1- F4 A F3 HAE o

o} o ==

(e}
[e;
2 FEW 3], AE 1= Y (autoencoder, ST
A

8t 5= Qti2]. B dATE A $8 MsAS 1 A& ¢l (autoencoder) T
T3 A B stolxeele s, ¥ wWejy  WHE w4 Aol AAAUD)OIT. AR =
delEl Aol X4 - AZe S wustk, SR HEY gER s, @ds
RLU/A P (38 %) =3 AHgstalnt. AT
2. Hio[E{A I M2 (BHAFLA, MSE)S Hispstez o
e 28 FA 4R 4 A9

. AFE UPM  Bearing Database  (FO- F4,
200/350/500 rpm, 40 kHz, 30's, 3 & 7[5 5)E AHE-3HS
th A As o] Wt Rod_1S 7 AER
s, 48 Al 3 F HS vugoR ALt

- 908 -

. HEE
T



3.2 O|ArT AAF 2 A ZE

-
e
1o
)
~~
sy
o|\
S,
1o,
to
)
S
I_/

=)

@A A9 g%
= AEels dolE 7w
&8 @70 B4
Asses],

33 7H MF

Python(TensorFlow/Keras, NumPy, Pandas, Matplotlib)
7IWro ® wtolxEils FEsith. AFH e 2
9 Al WAIE= Keras 213} o] load_model(...,
compile=False) = 3l Azl ANAFS RIS,

4. A & ot
41 MH
5 FO A 7S SR oE AE ]
F835lar, Hl2E+= F1-F4(200/350/500 rpm)ll o3}
°f Rod 1 T4 ALt B7he ARS @9
o -

oA RE(FUW-IQR- A9 Eehe} o4

AAHF0) thH] AT F1-F4)ol A oz} B F43k
I g9 B9 ek o w Assigion, wHe] #
STE /Mol AXE AFe] . v o
B3 Adg - 3 3ol A= FO 9 FLoael
T7re] F3ol vEhd A AR dAVE =elw
th. olell FO @&} 3 9 (el 9995 AAE
A8 A3, F3-F4 = A% T3to] ¥Ee] x|H
FI-F2 = 9AA 571 o] Alzste o] AF4 &
g0 EeS gl

1.06

OOy

Reconstruction Error (MSE)
=== Threshold

098

0 500 1000 1500 2000
segment Index

(5 1) A% dlelH(Fo)el A+ 2ak AAL.

AT

—— Reconstruction Error (MSE)
0 500 1000 1500 2000

=== Threshold
segment Index

(9 2) 2% el (F4) A4 22k AAL.

A4 dloly 7a g5 ATAd 2 o
sl Sotbe] e AdS dR1ssit. o
- hE 9l xAA BE F
(D) A= do] - FHE, (2) Ad 2% 2 (Rod
945 vs 3 F A, (3) HE IV /A3
o] ggo =z FjAldr),
a4 AAA ] A= "oy Z1Ht AARGES S,
Stk ol2), Hed V= (FAE By gE/d
), & FH/AE F4 Z2%(49: IF, kNN, KDE) =
Bk 7hssith(3,4]. B3 a5y 54 (d: 29
Ed duyA gige)S A
3¢ Zolz Qg B HAE Fole

RNoZ 7uerc),

9] 71N Aol A%
Sk A )

)

ofo

)

olr

oX,

)

i

[o

o

Jot

© ro
O ( ol
L
)

Oo(

o

=

o
O

[

|

oN,

L
01L

oo %
O o o
u:

o
P
¥
[t N
oY
i)
o HI g
oL & g
N
B

>

C

o

M

— o
>

c

el

z

b
o —~
ok oX
S
2,

N

= o |y -
11
~ ol
o offt
Oﬂ; ﬁ
o

[1] Soto-Ocampo, C. R., Mera, J. M., Cano-Moreno, J. D.,
Garcia-Bernardo, J. L., Bearing Database: Induced Failure
Test Data on Rolling Elements of a Spherical Roller Bearing
(FAG 22205E1KC3), Geneva, Zenodo, 2020.

[2] Hinton, G. E., Salakhutdinov, R. R., “Reducing the
dimensionality of data with neural networks,” Science, 313,
5786, 504-507, 2006.

[3] Chandola, V., Banerjee, A., Kumar, V., “Anomaly
detection: A survey,” ACM Computing Surveys, 41, 3, 1-58,
2009.

[4] Liu, F. T., Ting, K. M., Zhou, Z.-H., “Isolation Forest,”
IEEE International Conference on Data Mining (ICDM), Pisa,
2008, 413-422.

[5] Goodfellow, 1., Bengio, Y., Courville, A., Deep Learning,
Cambridge (MA), MIT Press, 2016.

- 909 -





