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Ho0oooad

Rapid industrial growth has increased the vulnerability of systems to malfunction
and permanent damage. Fault detection systems have been installed to prevent such
occurrences. In order to eliminate potential life-threatening dangers or unforeseen
obstacles that may jeopardize the manufacturing process, early fault detection has
become an essential aspect of modern industry. Because artificial intelligence has
become increasingly successful across numerous different domains, many researchers
have employed deep learning models to classify faults and are always trying to find
faster, more accurate ones. In this paper, we present a deep transfer learning archi-
tecture that consists of long short-term memory (LSTM) layers of Recurrent Neural
Network to extract features enhanced by gammatone like spectrogram. For the
dataset, we have used malfunctioning industrial machine investigation and inspec-
tion (MIMII) and ToyADMOS datasets. Our experimented results show that the
proposed model detect the different faults with precision. Also, our modified gam-
matone fast fourier method outperforms traditional gammatone accurate method
with consistent performance across all environments.

000000000 Deep Learning; Transfer Learning; Fault Detection; RNN; LSTM;
Gammatone Filter Bank
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This thesis is dedicated to all health-care personnel who are putting their lives on the
line for the sake of society, helping COVID patients and striving to find COVID-19
cures.
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bB;MB}+ Mi 2p2Mib i? i 2 TT2M Qp2° HQM; T2'BQ/ Q7 iBK2X h
bQK2iBK2b 272 °2/iQ b M GahJ M2irQ ' F- "2 #mBHi mbBM; i?2
h? MFb iQ GahJdb- LLb + M "2K2K#2 BMTmib 7Q° HQM; T2 'BQ.
"2 K2KQ'v@# b2/-i?22v+ MbiQ 2 HQIiQ7/ i +QKT ~ #H2iQ +C
h?2 GahJ+ M 2 /-r'Bi2- M/ 2 b2BM7Q K iBQM 7 QK Bib K2KQ"
. i2bBM M GahJ,BMTmi-7Q ;2i- M/ QmiTmiX h?2b2; i2b +QMi"
7°2b? /i UBMTmi; i2V-/Bb+ '/ BM7Q K iBQMi? iBbMQ HQM;2
Q HHQrBiiQ BKT +#ii?22QmiTmi ii?2 +m "2MiiBK2 bi2T UQmiT

AK ;BM2 M2irQ ' F? pBM;i? 22 ?B//2MH2p2Hb- QM2 QmiTmiH v
1 +? ?B//2M H v2 - HBF2 Qi?2 M2m H M2irQ Fb-rBHH ? p2 Bib
#B b2b- bm+? b UrR- #RV 7Q ?B//2M H v2 R- Urk- #kV 7Q b2
Urj- #jV 7Q  i?B°/ ?B//2M H v2 (vk)X h?Bb BKTHB2b i? i 2 +? Q
+QMi BM2/- rBi? MQ K2KQ v Q7 T'BQ QmiTmibX _2+m "2Mi L2
QM +m  "2Mi bi i2 + H+mH iBQM- +iBp iBQM 7mM+iBQM- M/ Qn
*m "2Mi bi i2 +QKTmi iBQM,

he = f(hy 1;Xq) UjXRV
>2°2-

h?2 T 2b2Mi bi-iiZBA7?BQ " bi i2 B/ ?P?2 BMTmi bXi2 Bb s
h?2 +iBp iBQM 7 +iQ Bb /2i2 "' KBM2/ mbBM;,

e



ht=tanh(Whhht 1+ thXt) UJXkV

>2°2-

ghn @=1r2B;?i i '2+m > "2MiM2m QM

gxn @=r2B;?1i i BMTmi M2m QM G biHv-
*QKTmi iBQM 7mM+iBQM Q7 i?22QmiTmi,

Yt:Whyht UJXJV

>2 2-
W @=QmiTmi
Qry @=r2B;?21 i QmiTmi H v2°

2+m " 2MiM2mT H M2irQ ' F 7mM+iBQMb BM i?Bb K MM2" X



*2 Ti2' 9
i b2i S'2T " iBQM

9XR . i b2i .2b+ BTiBQM

hQ 2p Hm i2 i?72 T'QTQb2/ KQ/2H-r2 ? p2 ++mKmH i2/ /i 7 QF
BM/mbi' B HK +?BM2 BMp2biB; iBQM M/ BMbT2+iBQM UJAJAAV
i?22 T°QTQb2/ KQ/2HX h?2 JAJAA/ i b2i +QMi BMb "2+Q /BM:b Q
+?BM2b U7 M- TmKT- bHB/2 - M/ p Hp2VX h?2 bQmM/b r2 2 2+
2MpB " QMK2Mib U@e /"-y /"- M/ e /"V7Q HH7Qm K +?BM2bX
b KTH2 " i2 Q7 Re-yyy?x-r?B+?? bRe#Bib T2 b KTH2X 1 +? BM
i BMb #Qi? MQ'K H M/ #MQ K HbQmM/bX h?2 #MQ K HbQmM
FBM/b Q7 MQK HB2b HBF2 "Qi iBM; mM# H M+2- H2 F ;2- " BH
iBQMX M 2B:;?i@+? MM2H KB+ QT?QM2 > vr bmb2/iQ "2+Q"/
# +F;OmM/ MQBb2 Q7 KmHiIiBTH2 7 +iQ B2br bi?2M //2/iQ i?2
"2 b2p2M KQ/2Hb- #mi i?2 Tm#HB+ p2 " bBQM R "2H2 b2 +QMi BI
Tm#HB+ "2H2 b2b "2 ;;2/ rBi? A. YWiXyk- y9- M/ ye (

h?2 hQv .JPa/ i +QMi BMbMQ K H M/ #MQ 'K HbQmM/b Q7 KB
r?2°2i?2 K +?BM2b "2 /2HB#2  i2Hv / K ;2/iQ 2T 2b2Mi #MQ"
MQ K HbQmM/b "2 Q7 "QmM/ 89y ?Qm 'bX h?2'2 "2 iQi HQ
#MQ K HbQmM/bX h?2vr2°2 "2+Q°/2/ i93-yyy?xX 6Q  i?2 "2+
2Mi KB+ ' QT?QM2b r2°2 mb2/X h?2 /i b2ib "2 /BpB/2/ BMiQ i?°
hQv* - hQv*QMp2vQ - hQvh® BMX hQv* “ /i b2i Bb mb2/ 7Q" T
iBQMi bFb-r?2"2 b hQv*QMp2vQ M/ hQvh  BM/ i b2ib "2 mb2/
i bFbX aBM+2r2 "2rQ FBM; QM 7 mHi /B ;MQbBb bvbi2K BM
hQv*QMp2vQ™ M/ hQvh BM/ i b2ibr2°2 mb2/7° QK i?2 hQv .JPa.
+ b2X h?2 hQv*QMp2vQ ? b i?°22 /Bz2°2Mi 2MpB " QMK2MibX h*
2 +?2 Q7 i?2 2MpB QMK2Mib Bb i?2 bBx2 Q7 i?2 K +?BM2X h?2 b |
T Mv T Q/m+2/i?2KX hQ 2T 2b2Mi i?2 #MQ K H +QM/BiBQM-
rb TTHB2/ Qp2 i?2 i2MbBQM TmHH2v- M/ i?2 i BH TmHH2v U
HBF2 bi22H Mmi- bi22H r b?2° - M/ b+ 2r/"Bp2 'V r2 2 ii +?22/ i
Pp2° M/ mM/2 pQHi ;2r b TTHB2/X h?2 # b2HBM2 pQHi ;2 mb2
mb2/iQ mM/2 pQHIi i?2 bvbi2K- M/ jX8o0r b mb2/iQ Qp2 pQHii-
hQvh BM / i b2i-i?2 bQmM/ r b ;2M2" i2/ 7°QK 7Qm" /Bz2 2Mi .
*QKKmi2™ M/ #mHH2ii  BMr2 2 mb2/X hQ + 2 i2/Bz2 2Mi 2MpE
iBQMb Q7 i?2b2irQivT2b Q7 i BMbr2 2 mb2/X aQ-i?2"26b iQi



6Q i?2  BHr vb-L@b+ H2 M/ >P@b+ H2 " BHr vbr2 2 mb2/X h?
i?72K Bb i?2 bBx2X >P@b+ H2 Bbi?2 H ;2" BHr v- M/ L@b+ H2
hQ +'2 i2 #MQ K H +QM/BiBQMb- URV r?22H t2br2°2 +?BTT2/
i?72° BHrvi® +Fbr2°2 +?BTT2/ mbBM; * /BQ THB2'b M/ HbQ QY
“BHr vX UjVh' +Fbr2°2/BbDQBMi2/X 6Q 2 +? 2MpB " QMK2Mi Q
h BM-irQ/Bz2 2MiivT2b Q7bQmM/r2 2 2+Q /2/X h?2} biivT2
bQmM/X h?2bQmM/r b 2+Q /2/ +QMIiBMmQmbHvV M/r b +mi2p2
+ b2-i?22 #MQ'K HbQmM/b r2'2 MQi "2+Q /2/X h?2 b2+QM/ ivTz
bQmM/b-r?B+? BM+HmM/2b bQmM/b Q7 i?2 2MiB'2 QT2 iBQM- BN\
biQTTBM; bQmM/- M/ 2 +? b2;K2Mi Bb Ryb HQM;X h?2 BM/BpB
+QMi BMbMQ 'K H br2HH b RBMXQ 'K HbQmM/b (

9Xk .ib2iS'2T ' Q+2bbBM:

h?2 JAJAA / i b2i +QMi BMb b2p2M KQ/2Hb b /2b+'B#2/ #Qp2
/i b2i-r2 ? p2 mb2/i?2 KQ/2H 6B/yy6X 1 +? KQ/2H +QMi BMb |
Q7 bQmM/ }H2bX h?2 }H2b r2 2 BKTQ 'i2/ BMiQ J hG "X 6B;m 2 9.
Q7 b KTH2 m/BQ }H2b 7Q 2 +? K +?BM2 Q7 i?2 JAJAA / i b2iX

6B;m 2 9XR, a KTH2MQ 'K H M/ #MQ K HbB:M Hb 7Q° HHK +?
M/ p Hp2V Q7 i?2 JAJAA / i b2iX

b/2b+ B#2/#27Q°2- M2B:?2i@+? MM2H KB+ 'QT?QM2 "~ vr bml
h?2b2r2 2 TH +2/2p2MHvV "QmM/i?2 K +?BM2 Ujey /2;°22bVX al
3 KB+ QT?QM2b-i?2vr2°298/2;°22b T i 7' QK i?2K +?BM2bX |
r2iQQF i?2 m/BQ +? MM2H +HQDb2biiQ2 +? Q7 i?2 K +?BM2bX q
M/ Rbi +?2 MM2Hb 7Q  i?2 7 M- TmKT- bHB/2 - M/ p Hp2- "2bT2+
i? ii?72 MMK#2 Q7 MQ'K H M/ #MQ K H m/BQ }H2b 7Q" HH i?2
aQ-r2 iQQF K tBKmK Q7 9yy m/BQ }H2b 7°QK 2 +?2 ivTI2 7Q" 2 A
BM+HmM/2 i?22 MQ'KH m/BQ7Q HH7Qm K +?BM2b M/ HbQ i?

N



7 MX "mi 7Q° Qi?2  + b2b-i?2 MmMK#2 Q7 m/BQ }H2b r b H2bb i
HH i?2 p BH #H2 m/BQ }H2b 7Q  i?2b2 + b2bX h? i K2 Mb- 7Q
i?72 TMKT- bHB/2 - M/ p Hp2-r2 iQQF R9j-j8e- M/ RRN }H2b- 2
+QMi BMb HH i?2 }JH2 b2H2+iBQM BM7Q K iBQM 7Q" i?2 JAJAA .

6 M SmKT aHB/2" 0o Hp2

/| LP_| .L |LP_| .L|LP_| .L|LP_| .L
@e9yy| 9yy| 9yy| R9j| 9yy| j8e | 9yy| RRN
y | 9yy | 9yy| 9yy| R9j| 9yy| j8e | 9yy| RRN
e | 9yy | 9yy| 9yy| R9j| 9yy| j8e | 9yy| RRN

h #H2 9XR, .2i BH2/ BM7Q K iBQM #Qmi i?2 b2H2+i2/ m/BQ }+

h?2 bQmM/ }H2b r2 2 i?2M BKTQ 'i2/ BMiQ J hG "X 6B;m 2 k /2T
MQ KH M/ #MQ K HbB;M Hb7Q° HH K +?BM2bX h?2 m/BQ }H
Reyyy?x M/ 2 +? m/BQ}H2? b H2M;i? Q7 Ry b2+QM/bX aQ-i?
R-ey-yyy TQBMibX 6Q Qm ™ + b2-r2 2ti° +i2/9y-yyy TQBMib 7 QI
;Bp2b mb kX8 b2+QM/b Q7 m/BQ 7 QK 2 +? }H2X

6Q i?72hQv .JPa/ i b2i- HHi? 222MpB " QMK2Mibr2'2mb2/7 QK
/1 b2i- M/i?2°22Qmi Q7 7Qm™ 2MpB QMK2Mib r2°'2 mb2/ BM i?2
/ 1 b2iX h?2 BM/BpB/m HivT2 Q7 bQmM/br b mb2/7Q Qm ™ 2tT?2
#Qi? MQ'K H M/ #MQ R} bHDMMR/DT(i?2 bB;M H KQmMi bBKBH
JAJAA/ i b2i-r2 mb2/ RyybQmM/}H2b 7°QK 2 +? 2MpB QMK2Mi
M/ #MQ K H + b2bX h?2v r2 2 b KTH2/ i 93-yyy?x- M/ 2 +? }
b2+QM/b Q7 m/BQX aBM+2 2 +? }H2 +QMi BMb i?2 bi iBM; M
K +?BM2-r2 ? /iQ i F2 i?2 7TmHH Ry b2+QM/b Q7 m/BQ 7 QK 2
/2TB+ibi?2 b KTH2 bB;M HQ7 i?2bQmM/}H2b 7Q° HH i?2 K +?1
/i b2iX

Ry



6B;m 2 9Xk, a KTH2 MQ'K H M/ #MQ' 'K H bB:M Hb Q7 hQv*QN
/i b2iX

7i2° T°'QT2 Hv + i2;Q°'BxBM; Qm /i b2i-r2 TTHB2/: KK iQM2°
KiQM2 }Hi2" # MFb "2 QM2 Q7 i?2 KQbi TQTmH “~HBM2 °~ TT Q
Ai Bb rB/2Hv mb2/ BM KQ/2Hb Q7 m/BiQ v bvbi2KbX Ai Bb bBKB
T2 ' 7Q K2/ #vQm 2 "bX "mii?2'2BbbQK2K DQ /Bz2 '2M+2 #2ir:
bi?27 2[m2M+vBM+ 2 b2b-Qm 2 "6b 7 2[m2M+v bm#@# M/b ;
+ b2 7Q° 1?2 : KK iQM2@HBF2 bT2+i'Q;" Kb-r?2"2 P2 # M/rB/i
1[m iBQM R b?Qrb i?2 BKTmHb2 7TmM+iBQMdb : KK iQM2 7mM+il
reB+? T°Q/m+2b ; KK /Bbi'B#miBQMKWMX bBMmMbQB/ HiQM2 (

gt)= at" ! cos(2ft + )exp( 2bt) U9XRV

TQTmH " BKTH2K2Mi iBQM Q7 i?2 : KK iQM2 }Hi2" # MF Bb i?2
02°bBQM k Q7 J H+XHK AWM M2Bb(BKTH2K2Mi iBQM- bB;M H B
#v 2p2°v }Hi2  # MFX hQ oBbm HBx2 i?2 bB;M Hb BM i?2 iBK2@
2bb2MiB HiQ // HH i?2 2M2 ;v rBi?BM "2;mH " iBK2 #BMbX q°
KQbi ++m’ i2 QTiBQM-i?Bb Bb HbQ +QKTmi iBQM HHv 2tT2Mb
TT Q +? iQ i?Bb r?B+? ;Bp2b p2 v bBKBH ~ "2bmHi iQ i?2 +-
Bb #Qmi i?B iviQ 7Q iviBK2b 7 bi2"  i? M i?2 ++m” i2 K2i?Q/>
+ H+rmH iBM; i?2 }t2/@# M/rB/i? bT2+i"Q; K- M/ i?2M +QK#BM
bT2+i° BMiQ i?2 : KK iQM&X21JiQMb2n(" i2 M/ 7 bi K2i?Q/b r2°
TTHB2/ BM Qm ™/ i b2iX 6B;m 2 9Xj /2TB+ib i?2 /IBz2 2M+2 #2ir
++m° 12 K2i?7Q/ M/ i?2: KK iQM2 7 bi K2i?Q/X

RR



6B:m 2 9Xj, b KTH2 bB:M H Q7 i?2 : KK iQM2 7 bi M/ : KK i
K2i?Q/X

q2 TTHB2/i?2 7 bi M/ ++m’ i2 K2i?Q/ QM HH 2MpB QMK2Mib
hQv .JPa/ i b2iiQ +QKT 2i?2 2bmHibX aQ-2 +? 2MpB QMK 2Mi
++m> i2 K2i?Q/p "B Mi M/ : KK iQM2 7 biK2i?Q/p "B MiX h #F
i?2 "2[mB 2/ iBK2 7Q° TTHVBM; i?2 : KK iQM2 7 bi M/ ++m" i
2MpB QMK2Mib Q7 i?2 +QK#BM2/ JAJAA M/ hQv .JPa/ i b2iX

L K2 .BK2MbBQNi H 6BHRK2UDb2+VhBE&R Ub2+V (: )
1LoR e8jd3tjktjkyR 3 jeXyRy3 ek8Xdje

l1Lok e8jd3tjktjkyR3 jjX8kjd e88X3kej

1Loj| e8jd3tjkfjkyR3 jeXRNRN | e8NXKkNYy]

h #H2 9Xk, 2[mB 2/ iBK2 7Q"° TTHVBM; : KK iQM2 7 bi U:6V M
+m> i2U: VQM HH2MpB QMK2Mib Q7 i?2 +QK#BM2/ JAJAA M/

Rk



AiBb +H2 “i? ii?2: KK iQM2 ++m" i2 K2i?Q/Bb +QKTmi iBOQM }
IM H 2bmHi b?Qr2/i? ii?2: KK iQM2 7 biK2i?Q/ T2 7Q Kb #2ii2
K iQM2 ++m’ i2 K2i?Q/-r?BH2 TTHVBM:;i?2: KK iQM2 }Hi2" # N

Pm }M H/ i b2iBb/BpB/2/ BMiQ i? 222MpB " QMK2MibX h?2 } bi
Q7 i?2 T Q+2bb2/ bB;M H Q7 @e/# JAJAA/ i b2i M/ 2MpB QMK:
M/ hQvh' BM / i b2iX q206p2 +QK#BM2/ i?2 y/# JAJAA / i b2i rBi
pPB " QMK2Mi Q7 i?2 hQv*QMp2vQ™ M/ hQvh> BM /i b2i 7Q  i?2 bz
6BM HHv-i?2 i?B'/ 2MpB " QMK2Mi +QMbBbib Q7 i?2 e/# JAJAA /
j Q7 i?72 hQv*QMp2vQ™ M/ hQvh® BM /i b2iX q2i?2M mb2/i?2 }°
iQ2p HmM i2Qm T QTQb2/ KQ/2HX h?2 r2B;?ib M/ "+?Bi2+im
r2°2b p2/iQ TTHvi® Mb72 > H2 "MBM; QM i?2 b2+QM/ M/ i?B"/ 2

Rj



*x2 Ti2 8
JQ/2H AKTH2K2Mi iBQM

8XR M Pp2 pB2r Q7 1?72 qQ F~Qr

h?2BMBIB HQ#D2+iBp2 Q7 i?Bbbim/vr biQT 2T "2i?2KQ/2H Bl
T°QT2 miBHBx iBQM Q7 i° Mb72  H2 "MBM; r?B+? rQmH/ 2p2Min
/IB ;MQbBb bvbi2KX AMQ /2 iQ/QbQ- [m HBi iBp2 TT Q +? ?
/i b2ib mb2/r2°2 m/BQ }H2b i? i? [ #22M T 2T Q+2bb2/ M/ MQ
BMiQ i?2 KQ/2HX h?2 T°'BK 'v +QM+2"Mr b MQi QMHvV ++m~ +v
M/ ?2Qr K Mv 2TQ+?b Bi iQQF iQ "2 +? M ++2Ti #H2 i? ' 2b?QH/X
rQ F~Qr "2 ;Bp2M #2HQr

+[mB'BM; i?2/ i b2ibX "Qi? JAJAA M/ hQv .JPaX

S'2T°Q+2bb i?2 /i b2ib 7Q° QTiBK H KQ/2H 2{+ +vX h?2 /i b
+2bb2/ rBi? ; KK iQM2 }Hi2 bX "Qi? : KK iQM2 ++m  i2 M/ :
6 bi6Qm B2 r2°2 TTHB2/ M/ #Qi? }Hi2 °6b / i b2ib ?/ #22M
bim/vX

AM Q /2  7Q  i?2 KQ/2H iQ r2B:? i?2 72 im 2b 2{+B2MiHv- i?2
K HBx2/ bQ i? ii?2 p Hm2b rQmH/ #2 BM i?2 > M;2 Q7 y iQ RX

h? 22 2MpB QMK2Mibr2 2 +°2 i2/rBi?/ i b2ibi? irQmH/ #2 mt
i Mb72  H2 "MBM;X h?2} " biQM2? [/ #22M +?2Qb2M 7Q " 7m’i

AM 2 +? Q7 i?2 2MpB QMK2Mib-i?2 /i b2i? / #22M bTHBI BM
i BM b2i M/ i2bib2i 2bT2+iBp2HvX

AMBiB H i BMBM: M/ i2biBM; ? / #22M /QM2 BM i?2 } bi 2Mp
“2bmHib + K2 Qmi i?2 2MpB " QMK2Mi ? / #22M 7°Qx2M M/ i’
+ "B2/ Qp2 iQ i?2 Qi?2° 2MpB " QMK2Mib 7Q  7m i?2  bim/v>
+QMi'B#miBQM Q7 i?2 } bi 2MpB QMK 2M|

h?2 KQ/2H ? / #22Mi> BM2/ ; BMBMi?2 b2+QM/ M/i?2i?B /2
i2bi2/i?22°2 7i2°X

6BM HHv- "2bmHib 7°QK HH Q7 i?2 2MpB " QMK2Mib ? / #22M
h?2°27Q°2- +QM+HMbBQM ? / #22M /° rMX

M BHHmMbi® iBQM Q7 i?2 rQ F~Qr + M #2 7QmM/ BM 6B:m 2 8XR

R9



6B;m 2 8XR, /2i BH2/ bi2T #v bi2T BHHmbi" iBQM Q7 i?2

R8



8Xk AKTH2K2Mi iBQM Q7 i?2 JQ/2H

7i2 T 2T "BM:i?2/ i b2iBir biBK27Q BKTH2K2Mi iBQMX aBN
QM i’ Mb72° H2 "MBM: Bi BMpQHp2/ i?2 mb :2 Q7 KmHiBTH2 2\
Q7 +?QB+2 r b LL rBi? bQK2 //2/ H v2'b M/ BM KmHiBTH2 2N
BKTH2K2Mi iBQM T Q+2bb Bb /2b+ B#2/ #2HQr,

h> Mb72° G2 "MPNT,Qb2/ iQ +QMp2MiBQM H /22T H2 "MBM:- KQ
#22M i° BM2/ 2 "HB2' "2 mb2/ b bi iBM; TQBMi BM i> Mb72" |
KQ/2Hb + v Qp2 r? ii?2v? p2 T 2pBQmbHvV H2 “M2/ M/ [/ M2}
T 2pBQmbHV 2 "M2/ FMQrH2/:2 # b2X h?Bb Bb BK2/iQ /" biB+
HQM; rBi? "2/m+2/ i° BMBM; iBK2 iQ Q#i BM bBKBH ~ Q" #2ii2
bim/v miBHBx2/i> Mb72  H2 "MBM;-i? 22 2MpB " QMK2Mib r2°2 +
iQi° BM M/ i2bii?2 KQ/2HX

6B bi 1MpB QMARBIIB HHV i?2/ i b2i? / #22M 72/iQ i?2 } bi 2M
M/ i?2 Qi?2 2MpB QMK2Mib ? / #22M bi HH2/X 3y T2 +2Mi ¢
" M/QK # bBb ? / #22M mb2/iQ i’ BM i?2 KQ/2HX PM +QKTH
i?72 °2biky T2 +2MiQ7 /i ? /#22M mb2/iQ i2bii?2 KQ/2H&b
Q' /2 iQ Q#i BM #Q /2 HBM2 b iBb7 +iQ v "2bmHi- i?2 KQ/:
Ryy 2TQ+?bX h?2°2 7i2 i?2 T QT2 iB2bQ7i?2KQ/2H? [ #22
Qp2 iQi?2b2+QM/ M/i?2i?B / 2MpB " QMK2MibX

a2+QM/ 1MpB QMIK2MT,2@i° BM2/ KQ/2H 7°QK i?2 }'bi 2MpB"Q
#22M mb2/ ?22°2X : BM-i?2 /i b2i ? / #22M bTHBi ~ M/QKH
“iBQ iQ i BMBM:; M/ p HB/ iBQM "2bT2+iBp2HVvX h?2 bi  iF
PB QMK2Mi ? / #22M i?2 H 2 /vi  BM2/ KQ/2HX h?Bb 2MpB
BK2/iQr /b Q#i BMBM; #2ii2"° "2bmHii? M i?2 } bi 2MpB
H2 bi MmK#2 Q7 2TQ+?2bX h?2 KQ/2H “2[mB 2/ QMHvV jy 2T
}'bi KQ/2H M/ Q#i BM2/ p2'vb iBb7 +iQ v "2bmHiX

h?B / 1MpB QMK®RMi;Q H Q7 i?Bb 2MpB " QMK2Mir b iQ +QKT "
b2+QM/2MpB QMK2Mi M/ +QMi'B#mi2iQ 7Q KBM; +QM+Hm
iQi?2 T 2pBQmb 2MpB QMK2Mi- QMHV jy 2TQ+2?2b 2 / #22M "2
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0000 0O0000O0000 The first environment utilizes the non-pre-trained model
with a Gammatone Accurate filter and completed 100 epochs. The filter had been
applied on both MIMII and ToyADMOS datasets. During validation, the lowest
precision and fl-score this environment had achieved was 0.92 and 0.96 respectively,
by VALVE_ N while VALVE__A had scored the lowest in recall with a 0.94. However,
the highest score across all evaluating criteria was 1.00 and it had been observed
multiple times.

Components | Precision | Recall | Fl-score
FAN_N 0.99 0.96 0.98
FAN_ A 0.98 1.00 0.99
PUMP_N 0.99 1.00 0.99
PUMP_A 1.00 1.00 1.00
SLIDER N | 1.00 0.96 0.98
SLIDER_A | 1.00 1.00 1.00
VAILVE_N | 0.92 0.99 0.96
VALVE_A | 0.99 0.94 0.97
ToyConv_ N | 1.00 1.00 1.00
ToyConv__A | 1.00 1.00 1.00
ToyTrain_ N | 1.00 1.00 1.00
ToyTrain_ A | 1.00 1.00 1.00

Table 6.1: Detailed result of the GA Environment 1

000000 000D00CIDO00 This environment follows the transfer learning paradigm
using the pre-trained model of the first environment for further operations and 30
epochs. In this environment, The precision score of VALVE N had increased to
0.98 implying an improvement of 0.06, the f1 score of VALVE N had also seen an
improvement of 0.01. Furthermore, VALVE__A also had an improvement in terms

of recall value by 0.03 reaching 0.97. However, the lowest precision value observed
was 0.94 scored by SLIDER._ N, the lowest recall was 0.95 scored by VALVE N,
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and the lowest fl-score was 0.95, again scored by SLIDER_N. The highest value
observed was 1.00 in various segments.

Components | Precision | Recall | Fl-score
FAN_N 0.99 0.96 0.98
FAN_ A 0.95 1.00 0.98
PUMP_N 1.00 1.00 1.00
PUMP_A 1.00 1.00 1.00
SLIDER N | 0.94 0.96 0.95
SLIDER_A | 1.00 1.00 1.00
VAILVE_N | 0.98 0.95 0.97
VALVE_A | 1.00 0.97 0.98
ToyConv_ N | 1.00 1.00 1.00
ToyConv_A | 1.00 1.00 1.00
ToyTrain N | 1.00 0.99 1.00
ToyTrain_ A | 0.99 1.00 1.00

Table 6.2: Detailed result of the GA Environment 2

00000 000000 oooD After 30 epochs some drastic changes were observed in this
environment. While most of the segments had a perfect score of 1.00, in others,
steep declines in scores had been found. In this environment, the lowest observed
precision score was 0.81, the lowest recall value was 0.59, and the lowest fl-score

was 0.74 scored by SLIDER,__N, VALVE A, and VALVE__A respectively.

Components | Precision | Recall | Fl-score
FAN_N 0.85 1.00 0.92
FAN_A 0.99 0.99 0.99
PUMP_N 1.00 1.00 1.00
PUMP A 1.00 1.00 1.00
SLIDER_N | 0.81 0.82 0.81
SLIDER,_A | 1.00 1.00 1.00
VAILVE_N | 0.94 0.99 0.97
VALVE_A | 1.00 0.59 0.74
ToyConv_ N | 1.00 1.00 1.00
ToyConv_ A | 1.00 1.00 1.00
ToyTrain_ N | 1.00 1.00 1.00
ToyTrain_ A | 1.00 1.00 1.00

Table 6.3: Detailed result of the GA Environment 3
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(000 00D000Ooool - Although this environment used a non-pre-trained model
preprocessed with the gammatone fast method, the scores were perfect. Each of
the segments had scored 1.00. The differences with the previous first environment
are the methods used in data preprocessing. 100 epochs were completed in this
environment.

Components | Precision | Recall | Fl-score
FAN N 1.00 1.00 1.00
FAN A 1.00 1.00 1.00
PUMP_N 1.00 1.00 1.00
PUMP_A 1.00 1.00 1.00
SLIDER_N | 1.00 1.00 1.00
SLIDER,_A | 1.00 1.00 1.00
VALVE_N | 1.00 1.00 1.00
VAIVE_A | 1.00 1.00 1.00
ToyConv_ N | 1.00 1.00 1.00
ToyConv__A | 1.00 1.00 1.00
ToyTrain N | 1.00 1.00 1.00
ToyTrain_ A | 1.00 1.00 1.00

Table 6.4: Detailed result of the GF Environment 1

000000 O00000D0O0000 A model pre-trained with Gammatone Fast method had
been used in this environment and had completed 30 epochs. Although this was
an implementation of transfer learning, the scores did not surpass the first envi-
ronment. The observed lowest precision was 0.98 scored by VALVE_ N, the lowest
recall was 0.98 scored by SLIDER_ N, and the lowest fl-score was 0.99 scored by
both SLIDER,__N and VALVE_N.
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Components | Precision | Recall | Fl-score
FAN N 1.00 1.00 1.00
FAN A 1.00 1.00 1.00
PUMP_N 1.00 1.00 1.00
PUMP__A 1.00 1.00 1.00
SLIDER,_N | 1.00 0.98 0.99
SLIDER,_A | 1.00 1.00 1.00
VAIVE_N | 0.98 1.00 0.99
VALVE_A | 0.99 1.00 1.00
ToyConv_ N | 1.00 1.00 1.00
ToyConv_ A | 1.00 1.00 1.00
ToyTrain_ N | 1.00 1.00 1.00
ToyTrain_ A | 1.00 1.00 1.00

Table 6.5: Detailed result of the GF Environment 2

00000 000000 O0000 This environment also utilized the pre-trained model of en-
vironment 1. However, in contrast to the first environment, not all of the segments
achieved a perfect score of 1.00 due to VALVE N scoring 0.99 indicating an improve-
ment of 0.01 over the second environment. This environment had also completed 30
epochs before comparison.

Components | Precision | Recall | F1l-score
FAN_ N 1.00 1.00 1.00
FAN A 1.00 1.00 1.00
PUMP_N 1.00 1.00 1.00
PUMP__A 1.00 1.00 1.00
SLIDER_N | 1.00 1.00 1.00
SLIDER_A | 1.00 1.00 1.00
VALVE N |0.99 1.00 1.00
VALVE_A | 1.00 1.00 1.00
ToyConv_N | 1.00 1.00 1.00
ToyConv_A | 1.00 1.00 1.00
ToyTrain_ N | 1.00 1.00 1.00
ToyTrain_ A | 1.00 1.00 1.00

Table 6.6: Detailed result of the GF Environment 3
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As the datasets used in this study were secondary, it was expected to have a min-
imal loss throughout the iterations. However, the drastic changes in the loss value
were surprising indeed. In the dataset preprocessed with the Gammatone accurate
method, a loss value of 1.6 had been observed for the train set. However, after a few
epochs, a sudden drop had been observed lowering the value to about 0.9 followed
by a somewhat stable decline for the next 20 or so epochs leading to an incredibly
stable descend till 100 epochs. The minimum loss value obtained after 100 epochs
is close to zero.

On the other hand, for the validation set, environment 1 of the Gammatone accurate
method’s loss value had not been stable. Fluctuations had been observed throughout
the span of 100 epochs. The initial loss was about 1.25 which finally became almost
zero. However, the lowest value had not been observed in the last epoch but within
the range of 92-95 epochs. An illustration of the phenomena can be found in Figure
6.1.
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Figure 6.1: GA Environment 1 loss over iterations

After implementing transfer learning our loss curve did change quite significantly.
The most noteworthy factor would be the declining stability found in the train set
of environments two and three. In both cases, the initial value was about 0.6 and
the final value was near zero. However, the third environment had seen a more steep
decline in the first few epochs. During validation, both of these environments had
confronted sudden spikes in loss with environment two having more frequently. In
this environment, loss started at 0.4 with a stable decline to about 0.15 till 5 epochs
following by a small spike to about 0.18. At epoch no. 10, a tremendous spike in
loss had been observed that surpassed the initial value by exceeding 0.5. However,
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it had been short-lived and after a few epochs, the loss dropped down to near 0.05.
The environment ran 30 epochs and the lowest loss was found in near epoch 25. The
findings are portrayed in Figure 6.2.
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Figure 6.2: GA Environment 2 loss over iterations

Interestingly, in the third environment, the initial loss was even lower starting near
0.3 which peaked at about 0.4 after a few epochs. Moreover, Frequent spikes had
been observed and the most prominent one being at around epoch no. 17. Finally,
at 30 epoch, there had been another unexpected spike in the loss that exceeded 0.1.
Figure 6.3
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Figure 6.3: GA Environment 3 loss over iterations
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