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g FAe= FA4 2 YE3s vve g A mdlo g AF(task) S T

4 2de 7)7A8k5 (machine learning) 7I¥ke] Bdd & ok, 7|AIEE2 AFH A7 HelgE T3 o
3] dlolEle HES Foly EAsteE duEEF Y F o ZIASE RdS v 3 mdo]
2 4 9 7N1AeG Rde AA Ed, RF(random forest), KNN(K-nearest neighbor), uo]H H|o]=Z(Naive

Bayes), SVM(support vector machine), ANN(artificial neural network) 5°] 2 <% dt}. ANN2 DNN(Deep
Neural Network)7} 2 4= 12m, o]i= (NN(Convolutional Neural Network), RNN(Recurrent Neural Network),
RBM(Restricted Boltzmann Machine), DBN(Deep Belief Network) = GAN(Generative Adversarial Network),
RL(Relation Networks) 5o] 232 % Ut}

24 mao wdo gAz(Task)el Wl BF Rdll(Classification), A% R (Detection)®d, 37 =4

(Regression), F&]2H% Ed(Clustering) 2 AA 49 (Generative Model) & 3 4= <it}.

4 wEll ol ©hx] Xl (Anomaly Detection)d 4= Utt. o] &4 Edl2 QEQIFY 7|vte] mdlY 4 3l
ok g AAdR o) ¥x mde tE JAE oyx EAL swtoz o4 A4 (Anomaly score)S AAFE
H, AL o] AFE VMR o)) A AFE wHEE EdY 4 .

Aed vpeh o] tF A% dux 54 A AsRY e 5AS ALEr] Wil stge] Bad s
E7F 22 gfom sy 2

e
>
=
o
P
&
%0,
iy

T4E ol R BXg BAe AAMH mHS HolFth WA ARV B AT A= dolE AY)
= 852 5 Adn. o)F A= HeolH AHoA 545 FE(Feature extraction)dth. 54 F&2 dAEd W
g o4k golER WS o] &34 T A E QYA EAE FEShe AAHE v § Y. FE2E 52
A7 59 (Decision Model)ell 488, 24 B2 o] A (Anomaly score)= AlAtst. AlLtd o] H47}
AAIZE o]l A o] o] Sl AlerE FuE 4 Qg

555 Ayl ol&% MIMIIO dlojgAle]l x3€ deolge Ji+E HoFth. AFES A% dely A
MIMII(malfunctioning industrial machine investigation and inspection)’} AF&-EIth. MIMI ®lo]E Al
7] A (Fan, Pump, Slider % Valve)”} #%5(normal) T¥ 1% (anomalous) A9 ZHES HolHE &3},
MIMITHolE] AL AA FHA Hgd 37 25 (noise)S ¢ EFstar gt AA oA H5dH 34 &

& A& o FeY) (signal-to-noise, SNRs)7} 0dB ¥ 6dBolt}. MIMITHlolE A2 10x Zole] 255 HlolH
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sl MIMITdlolE AL 16kze] AMZ8 &% (sampling rate) = AF7)A] 258

o
e

gk delHE

pud

[

62 A% o] HE o ¥A Ed(o]st POWT =)z djxwQl wlo]x2kl(Baseline) REe] EZ XA
(Topologies)E HolFEt)h. PDWT R} HlojAgiel Rde © E<lF (Autoencoder) 7|Wke] Rdo|c}, PDWT &
A} o]kl RS Iy ¥ YIyE XEFI.

PDWT R A&st vld o4t foj&d ¥as T8 Adt vs g oA 538 g8 2S5 ).
PDWT Rde Mz e S 7FE 4 k. PDWT 22 o dgolo] 2 &9 Folo e /4 757 tg=2

A =
AU(X0.5, X2), W #olojo m=(FY) T &Y goloe /47t UE 4= AtH(Genl, Gen2).

o] ~2}¢l (Baseline) Fdl& 21— ~HAER T3 (Log-Mel spectrogram)S Y& Hlo]HE o] &3l o] AEA]
Edojt}, wolxgel rde 2o-d AAEZ ;MG AAE7] Y5te] FFT(Fast Fourier Transform, FFT)S <=
gttt ol gl REe QERIFY 7|dke] Hdo|r 640319 9H olo] ¥ &8 ol E Jpxit.

7€ PDNT Rwat wlo]2ebel el o) B xS Bk Ao,

POWTR & Hjoj~gkel =dyl vlwd uw] AUC(Area Under the ROC Curve) 2 pAUC(Partial AUC)ZLo] A
Frh. FAZ o2 PDWTE DS AUCE Hlo]xekel Rdlyl u|wek o) 37 4~80] 6dBe) A-F 4%, 374 A~Lo] 0dBL)
1S #Qlsh 4= o). T3 PDWT 22& Hjojxgkel wdlyl njwd uw pAUCE 44
Kl

Ao 1A TN ass 2
37 o] 0dBQ! A5 10% BA=T Zastes AS A 4 Tt

So] 6dB2 A-$ 4%,
POWTE -2 122k9] 54& o= et woj~ehd]l Rd 640219 545 18 wheth. POWIRE-S wo]
»ghel md ulale] ole = ko] 2kdo] 98.13% AE o] 9tk Wk PDRTE RS wo]Aekel o] u|shd]
shzafloF @ Ikl e 9| (Trainable parameters) 7H7F 99.89%7H4] A=) e AS &A% 4 Q).

i
fz
o

o

oft
b
)
2

wEhA] PDWT Zele wlo]xehel w AWM E, A7E e Ast flo] o (A 71
KR

-
e 2 A dv= A

E8L8 AUC ¥ pAUCY w9 AR WX (Unit information density)E v]m 3+ A& Aulo|t},

PDWT =do] w9 AKX W= AUCY 7% 23.852 7}Xt}l. PDWT Rdlo] w9 AW WiE pAUCe] 7% 20.46%
Pl

wol2glel ReEle] whe] Ar W= AUCY A$ 2.14Z 7FAT. Ho]xge
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e
o
f
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il

wEhA] PDNT B2 A5S FAstEA 543 3719 dEege] ¢ B 4RE 45d & Jdve AS g
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9% 2o HX% (Complexity)E 7kt ZIo|td, &9(a)& &5 (Training) AIZFE #2438 Agdo|d
E=9(b)E A A2 (preprocessing) Al7FS B3k Ad Ao},

mele] B4 griety] flske] diolE A ARt 85 REe] shEAIRkE ST

m

ol ~gpel mEle AJ7F Xy

PDWT Edlo] Hjo]xglel nd Wt} B3 =& =
S FYse H&?i, PDWT Jé% @ = QoA POWTE F3)357]

ofel A N7t ZeAdoR Rshe] FFT
g 5 gk,

PDIT =lo] wlol2glel waluct 75u) ol s St ot 9¥ 539 A7 olE7] i) wal
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o}, E10(b)E pAUCE w413 Axo]t},

PDWT(X0.5) 22 o] AL PDWT(ref) =2 H]ate] AUCTF 2% AstEE AL 18 4= gir). ¥wkA PDVI(X2) =
o % PDWT(ref)m%ﬂ H|3ko] AUCTYF 2% 7NA %Al pAUCTE 2% A& As &8 4 Qo). wepx Y
dojo] MeE 7H BdoA golojol X3E FHFI) ol B4 ATl mAE FFFe] Fue RS FAT

st
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F7F S ERS W, PDWI(ref)=de] AUC ¥ pAUCHT} 3% 2 3.5% FAEAS e 4= qlu}. ufejr mde
TZ7F o) 'A Aol nXi= gl FAos AL el 4= Q).

T118 A5 Ay ZAFX(300)8 AAd & sy FAolth
AE AY ZAX(300)= =104 AH3E As 28 AR (100)] ST 4= Ak, F AE Ay ZR(300)= He
g Wy o]k ojEEl WS 835 Als AY WS Y AXY 5 At
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WEA(330)= Ale AEl AA(300)F Alofsts AlAASE AT 5 Ak, AMEA(330)= As A F
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AR E 8T 5 Arh. AFEA(330)= AT gy A3 E v s 248 A70RA)E 7o R A2
oF AT duXE AT F k. AR (330)= Al DPX FFE AR L A2 tF AFE dUAE
7o 2 o A E oy R EA (Multi-resolution energy feature)S A3 = 9t}

A1 (330)+= & &

& 7o g BA 9_%94 Eﬂ/\i(Tas k& F3d 5 9l

FHAAGI0)E 4R AuE FEste AV € £ A FHAAB40)E dloly Aol dash <lEd
ol d=d dlolH, BAEYN & FHT TR Atk FHAAGI0 = "dxFdHdel, wAE FHse A,
A do] weHoR g FHR 7HE 7R Qv FHAA(340)= AFFA(330)el AdE FRE
=T F vk FYAA(B40) = AAFA(330)7F Adbsle A BEE AHE ST F odth. FHEA
(340)= ARHFA(330)7F Ak daks FHe 4 v

QIEslol~ A (350)= o F-248 JdAF ¥F 2 deolHs 4 we FAA 5 duk. A0l s FA(35
0= As A2 ZA (30005 Alefatr] g Aolss dg e = Avk. AHFA)A FA(350)= A A

FA(300)7F L3 AdE =HE Ao
QlEslo]~ FA](350) = w4 os ddd o9 3 =

AR (360)E vl e T UEHIE T3 44 ARE FAlEa dEste S ouE 5 Tt
A= (360)= Wi-Fi(Wireless Fidelity), Wi-Fi Direct, &5F522(Bluetooth), UWB(Ultra Wide Band) EEE
NFC(Near Field Communication), USB(Universal Serial Bus), =-2 HDMI(High Definition Multimedia
Interface), LAN(Local Area Network) 53 Z& LﬂEc’lﬂ FAE FAE 7 dnk. FAEA(B60)E AlS A
FA (3000 Aojst=dl B Ao] AsE ST = Ak, BAFX(360)= A& A2 X (300)7F A3
ARE 15T ¢ Ut

BAGA(60)E AL WA o4k AolBH MBS BEF NE A YU FAtEd FLF JRE SN
2 5 Arh. BAPA60)E A% WA ol AR MBS FEH AL A WHS st B8
o

et WHE o]il fo]Es HEs &83 25 A W2 HFHA AdE F e At s

ZEehe ZRIOM(EE ofEg AR FHE F 3

A7) TR AAH = HUA A 3 15 ®iA| (non-transitory computer readable medium)el] # %% o]
A<

A7) DA A BE 7Hs A= 28Y @ (Static RAM, SRAM), tholul®] #(Dynamic RAM, DRAM), A I =42 T
2 (Synchronous DRAM, SDRAM), 2u§< SDRAM(Double Data Rate SDRAM, DDR SDRAM), =743 SDRAM(Enhanced
SDRAM, ESDRAM), 5713} DRAM(Synclink DRAM, SLDRAM) =27 2~ F(Direct Rambus RAM, DRRAM) 7} &
Chokak RAMNS o m gk},

A7 A A wE b wiA e dX =Y, S, dEeE s o] e 3 ot dolHE At wiAst
ofel whgHo® dHolHE Adstd, 7171 ¢ @ (reading)o] 7hedk wiAIE onlgtt. FAAORE,
e kst o ZE Aol T ZRaWES (D, DV, = txd, BFYe] tiad, USB, wWEe 7=, ROM
(read-only memory), PROM (programmable read only memory), EPROM(Erasable PROM, EPROM) Xt
EEPROM(Electrically EPROM) = ZHiA] wlEe] S3 22 HdAH #5 7k vjAlo]l Ao Algd + 3l

N

B oAAe W B AN ARE EHe A&d e EFEE /64 A 9E F3s) dehln 9
B el Bahel, A& 1%l AN L Ewel £FE /148 Aol W wlAd 394t golsl w5
& 4ol WY dsh FAL ANdE BE A% 7% Auslel £gEs o] A@sitha & Aol
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(b) Average pAUC by autoencoder structures
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