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IZAA(110)= 298 dlolgd A mlg] dAE F31e] ote dHoHE 5 4 du. oA, T2AA
(110)= &g 59 9&FS AAs] F8l, vlg 44" F302% ~ 8% 5)9 2092 "olHE =53 4 9ld.
Z2AA110)+= 7] dgE FHe Y diolHE bt g ~dHAER T3 (spectrogram)-& &5 = T},
dAY, ZT2AA(110)= FF o] W3k (Fourier transform, FT) 55 o] &3] 2UjQ HoHE AHEZ 1A

(spectrogram) &2 W3kd 4= 9lt},
ZZAA(110)E 53 AP EZ T3 (spectrogram)S A3 (normalization)d 4 T},

IR AA(110)= do]E '2—7}(data augmentation)S F~3s}7] HMell, Ayfslslst A~ EZ 712 (spectrogram) ol Al
2408 90U AA 99 5 AAT 5 Ut

LRAA(110)= A Feter ~HER 13 (spectrogram)S 48 A|Z® (horizontal shifting)dte] 7N4& &
F AT, dAY, TRAA110)E ~HEZ T (spectrogram) S 7|5 O0F2 AIZF FolA E3] =3 A
(horizontal shifting)dte] ~HEZ T (spectrogram)] NS S7HAZ2 4= At

[ ol
o, o

IZAA(110)E TFH ~FAEZ T (spectrogram)d] A7|E AT 4= Yo, oA, T2AA(110)=
EZ I (spectrogram) o] Z 717} vg] AR A7 (AW, 512 X 512 T)Z 7
o},

Yo 4,

Eap:
ERJESER-

[
"
H
S

a9 s, ZRAA(110)= Al 22 HoleE Al Ay #dolE(label)E 3k A2 20]L dHolEH:= A2 A
& dlolE(labeDZ 3te], WA sh5 dolg HEE 7|¥to = & oF ndg 358 ¢ Qo

AZ1A, A1 A delEe T4 AR FF AR 50% oSl AEHE dEH, Gd 12 dAgd 5
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[0057]

[0058]

[0059]
[0060]
[0061]
[0063]

[0064]

[0065]

[0066]

[0067]

[0068]

[0069]

[0070]

[0071]

[0073]

[0074]

[0075]

[0076]

[0077]

[0078]

SSS0l 10-2564404

k. A2 AY dolRe FA gumel @3 4wk 506 viwel FHE tehde, d4d 0o 449 5
ek,

uh QS AEEY, Z2AN10E AAeH g5 doly AES Jwoz ods g HPe AH 9
F % mae &Y 5 Ao

E2AN110)E A2 g ol AMES ve 248 JFel weh £ doly ME, FY Held A=
2 AT HelE AER PR Ark. g, TRAN10E vl g8 nEe Tl be, sk
dolg AES Al orle deld MEES Fu dold AE, By deld ME 2 #F oy AEZ
FEER, g dolE AEe] A2 erie AES ¥4 dolE A=, B4 oy AE 2 A% doly AEz
FEE 5 Ak,

Z2A110)E JF 45 29 $4 doly AEES olgsd s5d & v

Z2ANI0E S48 85 oF was F doly AES o gale] FYT & At

ZEANI0E FYE BF 6% 2as 23 doly AES o gale A3% & At

(]

15, Z2AA(110)= Aol F4 Aoz i e voleE d58 4 Urh(S130).

o, ZRAIM(110)= = 50l Al mpek o], "erje dHolE e g5 A" > "oy uolE e A
HA"S AA, ey HolHE 5% 4 Q.

, ZEAM(110)= didAel 74 Aoz o ere dolHE I5 4 vk, G3d, ¥ d=s &
5 Yol digk 2t e dlo]¥(20Hz ~ 1,000Hz Akele] 7Hd F3ha= o< <]
T 65 Fxste] Bk A Aietd, Z2AA(110)= 2t e dlolHel ia] ofefet 22 AFS AAH A

22 A4 (110)

(110)+= F+= <9

k
b

2HQ dolgeA ugl dAE F3e] 299 dHolHE Qlf,ﬂ 5=
S AAs7] 86, vE AgE FHeE ~ 8% T) 1A
Z2AA110)E 12 AA"E F3He] 2fQ dHlolHE 7o r AHEZ T (spectrogram) S 53 4= ).
dAY, TEAA(110)= Fgo] H3HEFT) 5 o] &3l 202 HolHE ~HAEZ 13 (spectrogram) &2 ¥k
s 2= 9}

Z2AA(110)= 53 ~HE R T3 (spectrogram)S B F3H normalization)d 4 Utt.

¢
P
(A
Lo,
Eﬂl

I 2AA(110)+= A F33t ~FEZ T (spectrogram) o] IA7|E Z24E = Jot. AT, T2ZAAM(110)=
HE g 13 (spectrogram) o] 7|7} v AAHE A7 (dAY, 512 X 512 52 FAAHEE 7] 2ES

TN

a9 e, ZRAN0E 7 SeE 95 % 29 snez, oo doldd ugut @3 JEE o
=% & ArHs150).

A, TEANI0E E 59 BAF vhsk gol, "AAR evle dolee] 948 #4' > "FH )% v
o FG AS Y > W AR S Y2 AR, WA T4 AR |

=, ZEAA110)= dAgE 2y dolHE @& o5 mdld dgd & v

adan, ZRAA0)= F d5 2R S-S VIver eHe Holgd vess dF ARE A5

oo walel FENS, AH AR ghol "0.95"¢ A5, Y A B g2zel ¥ 4
7b 506 ol SEel "oe'hs AL uEbdch ol weh, TzANI0E AT g B2 4w
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[0080]

[0081]

[0082]

[0083]

[0084]

[0085]

[0086]

[0087]

[0088]

[0089]

SS=50l 10-2564404

g A, EFYHR(SE, FF BE ol dAF vl Aged= "FE ofd" Fo=m g oA F3
= =
.

aed, & 7 A & 118 FEstel B i o] vk e Ao wE FAE AR o8 T HIRe
g2+ o5 Wy g9k sl diste] dwet

T o7& B de) uigd e AAlde e J2 o5 2d sk gy g2 AR o5 Ao deas Ay
9l Ewelar, & 82 ¥ el upgh gk AAde wE ~HAEZ T (spectrogram) &5 g dHE AW
a7 9ek wWeln, & 9% = 8 EAIE S B8 d5% ~AEZ T (spectrogram) ] dElE YER=
THold, & 102 = 8o A" #AHE T3 53 ~FERZ T (spectrogram) ] dHlE UHENE EHOR,
T 109 (a)v Ale Al F5e FA A2 gk ete delEE vNteg 5g ~dEZ Y
(spectrogram)< YEM I, %= 109 (b)) A& Fol F53 F24 HI2o| fig oo golgE 7wez 3
53 ~FER I (spectrogram)S UERW |, & 11 B wo] wid g AAde] w2 Fa oS mee] A
TS AWsy] 9 =dez, & 119 (a)& €% dH(confusion matrix)= YERNZ, = 119 (b)+

ROC(receiver operation characteristic) =4S }ebdit}.

iy

M > %

J,‘iﬂrﬂﬁ

L 7e Fxepd, o] uighA g AAjde] wE Ay AAES ol&3 74 HIRe FF o5 W
del= AA "olnH] A E A (= 7o) =AE Image Preprocessing)" R "H @ ZEAL(E 7 =
Deep Learning Process)"® o|Folx&= 2 o5 B4 35 A4, "gate] er)Q deoly HAg FAH(
of =AE User)", "W #1d ZEAM (% 79| =A]¥ Deep Learning Process)" ® "zl 2 AL o=
A(= 79 EAIE Output)"o=2 o] FoA & P2 AL oS F4& 2393 5 Q).

JF oS Edol] dHH= wolH(JH oS Rl dhFol ol &H= ShE HolE AlEC £3d oT]e Ho]
H e 32 Ass 49 gidAe] eve Heoly)E 4

715 7HAaL RGB AE 7H7F 3701 ol m A st d 4= Qi

A% A7) e Bl A FA HIR(EAUT )9 PSS %2 ove %A A5 & k. o
102 59 %8 Ao, Aol A5 Heaks 43, vl vale] A4 Azt HAWR Aol7t 9
FOQa, wee AT ue B4 6 347 vt 5 o] 2te weld Bold & 7l W, olg)
Ve FE B AAN ANA 2 2o el 220 827} HE A7, F 6319 eve volHE A4
gl

0%, evle HQ& 54

AN
A=
ol ol(array) FeZ AT 4 9

M
N

|y, sr_= librosa.load(.wav) |

A7IM, srE EA o r HAAET £ JAut B ulgo = d|oJE|BH A&7 Y o]E(native sampling rate)Z
A+g3 710 sr=Nonel. & AAs}9th.

ol#@A =W MZ" interval(x-F, time) vs. amplitude(y®) ZHZE W5 ¢ gEd ol EXdE 1y
FE3FA Eeth, &glE 7EFHoR EX FurE MR sin B Folgtn B S dEd, YA 3y
Uy E T 2AS ¢

28 ZW ) amplitude vs. time L EZE frequency vs.
3, B agoAE Fao] HIH(FT) S E STFT(short time Fourier transform)Z A&

_11_



[0090]

[0091]

[0092]

[0093]

[0094]

[0095]

[0096]

[0097]

[0098]

[0099]

SSS0l 10-2564404

¥ 3

S = librosa.feature.melspectrogram(y=y, n_mels=40, n_fft=input_nfft, hop_length=input_stride,
fmin=fmin, fmax=fmax)

o714 fmax:s ¥4 WS AA S maximum frequency$ld], E%E Nyquist HZ ol W} maximum frequency+
2 274

sampling rate/2¢l ko

ol WA o= SIFTE S o dvht vpro] 418 Hald 3104 oF-= = 8ol =A% Hop Length® AA T
& Aok, n_fft7F 4 FFT length(®+E window length)o]al, o] 25 mseco & ZA3} . Hop Lengthe
10 msece & 34 1 2+ 15 msec(Overlap Length)7} HAA =S AAHS st

EZ 1% (mel spectrogram)<

ol Aoz & 9o EAE upel L& W 95 ek,
54 F3hel A7, dAME AdoR HHE 4 9
u)

Y-%2 frequency®] 54 Az ¢

m,
shA Rk, AA W A~HEZ TW(mel spectrogram)-S ©]-&3A
n)< sfof st=d, @ ~FEZ I3 (mel spectrogram) ol A %ﬂﬁ§£l Z 19 (spectrogram)$] I}
A(power)e] #3F TEYE 71931 dolHe wdAdS SsiAE ~HAEZ T (spectrogram)®] A f3)
(normalization)”} o3t &, =5 duig o7t I8 AL, FHF AL w 5
g FukpelA o 2 39 (power) o] S 55 F %17] Uﬂl'iroﬂ, agla F& 45 2EE g5Ad o 54
(feature)S Hdigh & A2 = A=F 37 93, T+3}(normalization) =

Aol o} Fi.

= E# FZ(feature extractio
A=

(<0

W
lm
o
o

= 13 (spectrogram

X 4

def normalize_mel(S):
return np.clip((S-min_level_db)/-min_level_db, 0, 1)

def norm_mel(a):
norm_log_S = normalize_mel(librosa.power_to_db(a, ref=np.max))
return norm_log_S

S = librosa.feature.melspectrogram(y=y, n_mels=40, n_fft=input_nfft,
hop_length=input_stride, fmin=fmin, fmax=fmax)

S_re = norm_mel(S)

et 2 BAoR 7+ ore HdEFY @ ~FER T (nel spectrogram)S F5T F A, ¥ S

Al A Al o ~AERZ I (spectrogram) @] A= £ 109 =AE vkek 2ok = 109 (a)= 3 &

e A& A ¥ AHEZ T3 (nel spectrogram)©]il, & 108 (b 3 FE A& T ¥ ~dEZ Y

(mel spectrogram)o]th. Al & FA HI2(F4WF )9 2 A=t SHHEA & Fog5dA o &

3}-9] (power ) 2] ii‘lEil (spectrogram)o] HolE AL g1 + qdvt. HAR A& AP A& Fo 553
kel

(]

Fes 5od A F Aeel ¢ Ax F S MAdEE AS g9 ¢ Ao
[e2]
=

2 42 @ AAEZT (nel spectrogram)> E¥ FFEe] Ale el I A, FF A&7 50 o)
(A dd 2gdzolM sAHTF J2 Bk A e A4 ghs vlaste] Axtgholnm Al A dHdol=
A "pre (D"= #lol&(label) M EWol Asta, dd FF= As o 42 45, =2 4=7F 50% v
RHCEAD dd =gl g =T 50% mivte® SQlE AF)olmR A2 A wolESl "post (0)"o®

o

g3, &= 99 =AE v} o], W AdAEZ T (nel spectrogram)d] 7FEAE] 99 E#Ma Qe ke
BAZE ek, o] BAE B SHEA HolA st7] el PdAte] SRS oo r FASIT.

H2 o= 2dS st5a]7]7] Seire b A~HEZ T (nel spectrogram)®] HolE £ FEaof sl=d], o
o 43 A]Z"(horizontal shifting) "HE& A&ty 3ol Ak = AAES M o=, o
B oq1¢ko] Abdef| o8 =& F=AY vertical/horizontal flip¥ 22 7|HS AA AR SZEAA 5412
T AR, W A~HER TN (nel spectrogram) ARFARQI ko] AR &Y xF, vH, 25 #hF on|7F A
A e vector TLFo|7]l, dlolE FEo] Jhser WS £ AZ¥ (horizontal shift) 9y Wl gtk
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[0100]

[0101]

[0102]

[0103]

[0104]

[0105]

SS50l 10-2564404

o,
>
[
(m
=
o
-
=
(e}
=]
=
e,
wm
=N
—n
—
fr
ne
o
=
o
Ay
rlr
r U
i
2
(o
fr
s
o

% AAE S5 E H5 A AR} 5 AR
e ds e AFdEol7] wiel s dolEz o] &3] ettt 5, % A12¥ (horizontal

= T =55 AE AR F85 AR wel 2 A Eg T (nel spectrogram)
o] xF(=time)& Wl ol + A7] wWiLelvk. W A~HERTIF HHEA Rl 3
(peak) 7} sin(x) T cos(x) Sreetar A MAE = 9ol

7z KR
1 =
H(wave)7} sin(xta) T=E cos (xta)x¥d B = g},

o &
I
dlo
>
)
k2
Ho
Ll
2
o
X
e
o
p‘Lt
W
K3
=)
o

o83t Hlolg =& olef9} & ImageDataGeneratorS o] 83T},

# 5

from Kkeras.preprocessing.image import ImageDataGenerator, array_to_img, img_to_array,
load_img

data_aug_gen = ImageDataGenerator(rescale=1./255,
rotation_range= 0,
width_shift_range=0.9,
height_shift_range= 0,
shear_range=0,
#zoom_range=[0.8, 2.0],
horizontal_flip= False,
vertical_flip= False,
fill_mode='wrap')
# o] forw F3oR WHEEHY] wjito] Ydt= ke Z4E AAsM, A" W 35Ut HE A
o w5 sfofgitt.
for batch in data_aug_gen.flow(x, batch_size=1, save_to_dir =DATA_DIR9, save_prefix='aug',
save_format="'png'):
i+=1
if 1 > 50:

e
3

o] =2 B % A Z¥ (horizontal shifting)S 938 width shift rangeZ 0.9% A3 AL &
= o

. 9o mENE TS 508G > 5002 A, F, W A EZ T (nel spectrogram) o|v A 3 jE 7}
A2 xFo 72 o]Esdle] 50702 oln|AE AAEA oL, 50 JgFHor AE gholw, 50ujo] FAE FeE ¢l
o},

SAu. % 9o wAlE wlel gol, ek 7gAE Aelo] Yom ¥ AZE(horizontal shift)E BE W 9
ZolL} QEZE Fo A& S ARAo] T 7oJEAA W ~HEZ T (mel spectrogram) HOJH S FEA]
4 g Q7] wel o=l gk sk Mg A S glele AAEE A

X6
#trim image to remove white border (no need to designate white 225 225 225, uses pixel (0,0))
def trim(f):

bg = Image.new(f.mode,f.size, f.getpixel((0,0)))

diff = ImageChops.difference(f, bg)

diff = diff = ImageChops.add(diff, diff, 2.0, -100)
bbox = diff.getbbox()

if bbox:

return_im.crop(bbox)

Sela, shek A Qo] fEs oeE g melX gt ge HE e AAR .

_13_



[0106]

[0107]

[0108]

[0109]

[0110]

SS50l 10-2564404

#crop sides to remove streaky vertical line
def crpim(im):
width, height = im.size
img = im
img_res = img.crop((10,0,width-10,height))
return img res

el
ol

A<

flo

W ~AEZ 3;M(pel spectrogram)> ofg] =

ANow gls W F7]7}F 2328 X 9090] T},

x 8

import cv2

im = cv2.imread(DATA_DIR6 + 'postex.wav.png')
h, w, ¢ = im.shape

print('width: ', w)

print('height: ‘, h)

print('channel:', c¢)

width: 2328

height: 909

channel: 3
olmiz|e] 7|7k v AW F& oF mlo] ol o)(array) E TAIH SR 4FT o, A= ]Ulﬂoﬂfﬂ ISR =1
o] QtFo] EHojA upx|ul gHojojo o]2R S w Al A Als Fo] @ AHEZ T (mel spectrogram)2
ol fela Aol wolx %@ AvAe] Ark. T, B A mele] sty Agtel o8 Aelv] W,
AZFel Sk B ol ABS AT ARlew 278 xda,

F* 9
img_width, img_height = 512 , 512

#512 x 512 upper limit?
img_channel = 3

img_shape = (img_width, img height, img_channel)
n_classes = 2
epochs = 10

batch_size = 15

def read_img(img_file_path, height = img_height,
tmp_img = imageio.imread(img_file_path)
tmp_img = tmp_img[:,:,:3] # get rgb channels
tmp_img = tmp_img.astype('float32')
tmp_img —= np.min(tmp_img)

tmp_img /= np.max(tmp_img)

return tmp_img

#change data type

tmp_img = cv2.resize(tmp_img, (width, height),

width = img_width):

interpolation = cv2.INTER_CUBIC)

Qe =+ 512 x51282 ¥ AAEZ T3 (pel spectrogr
< g2 o5 2do) gstA #t.

S AYs3Th.  o]E 918 train_test_split funct
U 3l gl=Eof tig of# o] (array) & training,

e Moo 1ok
Ani" ::1>

dold AE= 7:1:29] A& weh F dolg AE,

am)®] 7S =EF Arleln, ffe} o] A7

| =4

By dolg AE 2 A% tolE MER Tiekol

ione AFE3l o™ | train_test_split< randomd}A|

tuning, validation subset & & UFo]Ft},
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[0114]

[0115]

[0116]

[0117]

[0118]

£

SS=50l 10-2564404

10

ratio_train = 0.70

ratio_tune = 0.10

ratio_val = 0.20

filelist_pre = os.listdir (PRE_PATH)
filelist_post = os.listdir(POST_PATH)
Y_pre = np.zeros(len(filelist_pre))
Y_post = np.ones(len(filelist_post))

filelist_train_tune,

filelist_val,

Y_train_tune,

Y val =

train_test_split(filelist,

Y,

stratify = Y, test_size = ratio_val, random_state=SEED)

Y_train,
stratify

filelist_train, filelist_tune,

Y_train_tune,

Y_tune =

test_size = (ratio_tune/(1-ratio_val)),

train_test_split(filelist_train_tune,
= Y_train_tune,
random_state=SEED)

a9, & B

, filelist_tuneols &3 722 melspectrogram.png IFLE0] o]# ol (array) FEHZE &

7HA Hd.

H* 11

[ "aug_0_4960.
"aug_0_6022.
"aug_0_8322.
"aug_0_4821.
"aug_0_6548.
"aug_0_6265.
"aug_0_9725.

"aug_0_5402.
"aug_0_7508.
"aug_0_8247.
"aug_0_7328.
"aug_0_1947.
"aug_0_3444.
"aug_0_1137.
"aug_0_4120.
"aug_0_2758.

png'
png'
png'
png'
png'
png'

png

'aug_0_813.png'

png'
png'
png'
png'
png'
png'
png'
png'

1

png

print(filelist_tune)

"aug_0_1335.png’
"aug_0_460.png'
"aug_0_1380.png'
"aug_0_9618.png’
"aug_0_9888.png’
"aug_0_483.png'
"aug_0_5616.png’
"aug_0_6349.png'
"aug_0_159.png'
"aug_0_6779.png'

"aug_0_4483.png’
"aug_0_8006.png'
"aug_0_9992.png'
"aug_0_5742.png’
"aug_0_2143.png’
"aug_0_6907.png'
"aug_0_1087.png'
"aug_0_8544 .png'
"aug_0_9178.png’
"aug_0_2304.png'

"aug_0_3615.png’

"aug_0_6707.
"aug_0_7142.
"aug_0_7394.
"aug_0_4933.
"aug_0_6206.
"aug_0_4700.

png'
png'
png'
png'
png'

png

"aug_0_9967 .png'

"aug_0_2761.png’
"aug_0_8392.png'
"aug_0_8180.png'
"aug_0_4492.png'
"aug_0_7711.png’
"aug_0_2448 .png'
"aug_0_5973.png’
"aug_0_9848.png'
"aug_0_4356.png’
'aug_0_4412 .png'
"aug_0_6395.png’

"aug_0_8903.png" 'aug_0_921.png'
"aug_0_5883.png' 'aug_0_217.png’
"aug_0_1708.png' 'aug_0_8178.png'
"aug_0_4119.png' 'aug_0_403.png'
"aug_0_3864.png' 'aug_0_8954.png'
"aug_0_1780.png' 'aug_0_8847.png'

'aug_0_642.png'
"aug_0_6093.png’

'aug_0_6636.

png'

"aug_0_9361.png'
"aug_0_1316.png’
'aug_0_9439.png'

"aug_0_7775.png’
"aug_0_374.png'
"aug_0_7850.png'

'aug_0_4778.png'
"aug_0_7731.png’
'aug_0_8797.png' ]

CEEDER

pre=0, post=1o|g}aL &,

obefet 22 el nlelde] ool (binary array)’} ¥t}

I 12

print (Y_tune)

(0. 1.1.1.0.0.0.1.1.0.1.1.0.0.1.1.0.0.0.1.1.1.1.0.
1.1.1.1.0.0.0.1.0.1.0.0.1.0.1.1.0.1.1.1.0.0. 1. 0.
1.1.1.1.0.0.1.1.0.1.1.0.0.1.0.1.0.1.1.0.0.1.1.0.
1. 1. 1. 1. 1. 0. 0. 0.]
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[0119]

[0120]

[0121]

[0122]

[0123]

[0124]

[0125]

[0126]

[0127]

[0128]

[0129]

[0130]

SS=50l 10-2564404

= tuningo] file listol Eo7F aug 0.4960.pnge] A$ pre(X= Ao A& HE)ol7|d 0olx

aug_0_1335.png2] 4% post(Al&E & A& HL)ol7lol 12 of#lo](array)dl AF= o] ST},
P AAL(CN) 2 ResNETS0 Bl o] gate] 1 o] w2 2 oF mdo] A5S Agsqict.

ResNET502 dubx el A AZAD(CNN) mdal o] 42 #olo], st dolof, Ho 3 (max pooling)

=] % (average pooling) #ojo] B & #HoJo]2 o]Fojxit}t. o7|A, FAAF Eﬂoloi% 5071 #
W A~AEZ 7MW (nel spectrogram)ollA] FA EAS F o]
°1L AT dolofolx FE2H EAE AH MEH (sub-sampling)ste] Al2=8 AT} ﬁg"é% o, ¥
=% (average pooling) #eolol= =&}m|E| (parameter) & Z¢Itt. &8 #oloj= oo e ¢S =4

Y

T EEEE w2 50% o] FA HER HAd digk I oS Bl oF v 3 X
S 9 vk, d7Ad, o o Alek o], sensitivity, specificity, positive
predictive value, negative predictive value, accuracy 5o Wd ke €3 4 U}, o]E 7|Hlezr &
119 =A19 v} & &% g (confusion matrix) 2 ROC(receiver operation characteristic) A4S 8%
g 4 9o, ROC HA4E 53 s AlC(area under the curve) #< A& 4 Qo).

N

H* 13

™N=70/FP=0

FN =18 / TP = 72
sensitivity: 80.0 %
specificity: 100.0 %
Accuracy >> 88.75%

AZF Holg AEC x3H EA sxle] W AHAEZ T (pel spectrogram) CEFE 50% olAte] FA HIELE(E
3= =2 S/NO* o7 A¥s IS F Ut

= ndS Zg9, 8oy 7t Wl ~AEZ T (nel spectrogram) FHEF 0, 1 FA]ZE 50% "]WF T 50%
<2 = 0]
= AN

X 14

["aug_0_8169.png']
[0.94346315]

ResNet50 E2lo] A YEL AL Fgo] xl IEE Hx)~xZ F43se= Wako &S o

9 o] "0.94346315" = kA RE, o)== 1o 2% grom ol A9 50% o FAol ki HW Hrh. o
23 A 2dS 52 o print("YESM)E EHE 5 Aok, wgE olgle A9 0
50% o]/ #ato] obd 50% WTHe] FAo® QIS print("NO")E FHET F 3

F 15
['aug_0_8464.png']
[0.05653682]
50% ole] Feolud gabo]l gAEE A, B4 A2 (5AURE ) FFd g F7F AAE FHSA
|, "YES"Ql A, "HA BA IR A7g Hato] oHEHER HA FXo] AR o|FofAA F& Ve
4 dEUY. EEY 259y 89 29 e FUF AAE SERE e BHde=® wEsAd
vrg . 53 22 1 Alde] 34 2€E & ).
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H* 16

["aug_0_8169.png']
[0.94346315]

o] gate] @ iﬁ—ﬂEi a"(mel spectrogram)®] 7%, §# o5 Hlo] 94% Y= 50% o] %] el

%0,
tlo
50

olgfe] T} 2 ResNet50 EHAS o] &gt P& oF mdo o AA, /7Y 34 2 A5 AL ofge &
o}
x 17

base_model = ResNet50(weights=None, include_top=True, input_shape=img_shape)

output = tf.keras.layers.Dense(n_classes, activation='softmax',

name='final_layer')(base_model.output)

model = tf.keras.models.Model (inputs=[base_model.input], outputs=[output])

model . summary ()

n_classes = 2

epochs = 10

batch_size = 20
batch_sizer AMZS W H5AZ w AFES WMZ 7431, epocht ResNet] 5070 #ojojE 2 W dF = Q
a7 SEE ARA offoltk. F| epochs=100]W, A HelHE 10M AREEHA 35S shlltkE Aot
oyt gEL Ao YA ow BAS A3} A7]7] 93l batch_size®t 53] epoch #h<S o8 ¥ 43|

oF 3t} Epochel 7§ ko] UF Zow wdlo] do]Eld| underfittinge] & Aol LA UF AW
overfittinge] ¥+ FA|7} A3},

AAZ, 100719 ¥ ~HNEZ ;W (mel spectrogram)©] JATHA batch size?} 2001Y7} Q] iteration wFCh
2070 ¢] wlolEo] el st<53dl7] W&ol 1 epoch = 100 / batch size = 5 iteration®] ¥ i 40 epocho]™ 200
9] iterationg 3HA Htl.

st Almlt)l modelS updatedt?] $18] AFE&3F optimizer: ol#jet #& Keras SGD(stochastic gradient
descent) S AME3}A Y. optimizer T3 ALES 4 Q= EFH 7} RMSprop, Adam, Adadelta 5 ®Womr K b

oAM= SGDE AHEFRAT, SGDell HEAHA = Ferh, FA oF ZdS SHAZ w A oR learning
[e)
£ 0.9

= =
rateZ 0.1 ~ 0.017 Z& zkS 21, momentume 0.92 Wo] AAF ), E 2DHo| A= learning rate® 0.02
= d4s9Y.

H* 18

##optimizer and loss##
opt = SGD(learning_rate=0.02, momentum=0.9, decay=le-2/epochs)
metrics = ['accuracy']

model .compile(loss='binary_crossentropy', optimizer=opt, metrics=metrics)

optimizing®] 7] APE FFES "AsdE A, 18 FH A= Aotk (Fa £ Qian Ning, On

the momentum term in gradient descent learning algorithms, Neural networks 12.1 (1999): 145-151).

RdlE2 g5E9 % AAT ZAT, e
= ﬂ?ﬂ _‘lﬁ]_ﬂ x4x4 Xl;ﬂ ;»q__“f H %

_\_4

g ARNZ M maY ook 24P
A,

>~

bgal frAHo® !

ﬂ4

23 34 ol Wat A4% mde] sebEE o8 st 00 Uld B AALS LoE, e i a0 =
2 (Dkar apd, 25 oA 2ulds AHgs) stetrelE WA 7 Aol (2)9F 2t
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A y(<DE ez o7 0.51 0.99F 2 #s dA3,

(t) (t) (t-1)
t t_YAetl (1)

>
@
I
>
o}

Yo nveE(eyae (@

=2
)
1l

%, learning rate¥} momentum2 ©]9} 7Fo] AAFIH, Z7] epochol WIE £x2 AHIEE 2 4 Q).
olgA I HE BT AAsta, ol Zo] {& oS RS fitting B 5S Al{lY.
I 19

n_points = len(filelist_train) #train data 7§15 (string length)
nb_tune_samples = len(filelist_tune) #tune data 715~

model_history = model.fit(generator_train_fx(),
steps_per_epoch = n_points // batch_size,
epochs=epochs,
verbose=1,
callbacks=callbacks_list,
validation_data=generator_tune_fx(),
validation_steps = nb_tune_samples // batch_size)

def generator_train_fx():
while True:
for i in range(len(filelist_train) // batch_size): #step

batch_img = np.zeros((batch_size, img_height, img_width, img_channel))

batch_smk = np.zeros((batch_size, 2), dtype=np.floatl6)

for j in range(batch_size): #batch size
filename = filelist_train[i*batch_sizetj]
label = Y_train[i*batch_sizetj]
img = read_img(get_img_path(filename, label), img_height, img_width)

if label == 1.0: #post
batch_smk_tmp=[1., 0.]
elif label == 0.0: #pre
batch_smk_tmp=[0., 1.]
batch_img[j] = img
batch_smk[j] = batch_smk_tmp
yield batch_img, batch_smk

pre, post H}UE }Folx olm W AHERZ TM(pel spectrogram)S TEIA AFE =] wjEol,
PRE_PATH + filenameolx E# 2+ 7% 1, POST_PATH + filenameolA E#]o: A 002 855 3lHA &
e

Tuning &+ "A 24 @A ME epoch vty 9445 Rdo] tuning-set HOJEE YL W Holxs AL
(accuracy)E EWZ 74 tuning-set Hlo]Eo] W accuracy’} & 2HS 124 HAr}, odF S0, A&
xds

5
O & epochs = 10 o2 A4ty =W 7} g2 2745 & F 3
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¥ 20
Epoch 1/10
27/27 [ ] - 49s 1s/step - loss: 0.6919 - accuracy: 0.5981 -
val_loss: 0.6877 - val_accuracy: 0.5625
Epoch 2/10
27/27 [ ] - 36s 1s/step - loss: 0.6827 - accuracy: 0.5981 -
val_loss: 0.6857 - val_accuracy: 0.5625
Epoch 3/10
27/27 [ ] - 36s 1s/step - loss: 0.6713 - accuracy: 0.5981 -
val_loss: 0.6853 - val_accuracy: 0.5625
Epoch 4/10
27/27 [ ] - 37s 1s/step - loss: 0.6296 - accuracy: 0.7584 -
val_loss: 0.6860 - val_accuracy: 0.5625
Epoch 5/10
27/27 [ ] - 37s 1s/step - loss: 0.5501 - accuracy: 0.9664 -
val_loss: 0.6908 - val_accuracy: 0.5625
Epoch 6/10
27/27 [ ] - 37s 1s/step - loss: 0.4679 - accuracy: 0.9205 -
val_loss: 0.7316 - val_accuracy: 0.5625
Epoch 7/10
27/27 [ ] - 37s 1s/step - loss: 0.3894 - accuracy: 0.9239 -
val_loss: 0.7642 - val_accuracy: 0.5625
Epoch 00007: ReduceLROnPlateau reducing learning rate to 0.009999999776482582.
Epoch 8/10
27/27 [ ] - 37s 1s/step - loss: 0.3528 - accuracy: 0.9278 -
val_loss: 0.4207 - val_accuracy: 0.8500
Epoch 9/10
27/27 [ ] - 37s 1s/step - loss: 0.2593 - accuracy: 0.9831 -
val_loss: 0.3553 - val_accuracy: 0.9000
Epoch 10/10
27/27 [ ] - 37s 1s/step - loss: 0.2822 - accuracy: 0.9471 -
val_loss: 0.5197 — val_accuracy: 0.8000

7|4, accuracyt™ training-setol] gt EHO] accuracy©l™, val_accuracy’} tuning-setel] thdh R4l
accuracy®]th.  folA Aol epochgkel Zrewd underfitting®] EA17F ¥HA¥3lal, epochgtol AW
overfitting®] ¥A|7} @Ayst 4= th. weka], Epoch 1/10914 epoch 10/102.2 Z4F accuracy:s " =
71(0.5981 => 0.9471) = A%t tuning-setell WdF val_accuracy= epoch 9/10°|A] peakE il epoch 10/1091 A
£ 0.80022 Uk #hdles AS & 4 Yduk. I o] training set melspectrogramo] U5 overfitting
B YA, tuning set melspectrograms Y= AS il fitting®] ZH A @o}l accuracy’} H4sh7] wliEoltt.
wgba |, BAH O R accuracy®t val_accuracy’t 7Y £ epoch® modelS ZA 3= o] tuning THAlt}.
9] oAM= Epoch 9/10 A2 A3k= Zle] tuningo] .

294 Epoch 9 train weight<S ZAA3F T validation seto] model S A& =S dwnpy Zs=xE 2y

By,

* 21

model . load_weights('/content/drive/My
Drive/AVFstudy/weights/20210112412/train_weights_epoch_009.h5")

#change the file directory of the selected weights

Y_pred = model.predict(generator_validation_fx(), steps=len(filelist_val)//batch_size + 1)
Y_pred = Y_pred[: len(filelist_val),:]

print(filelist_val)

print (Y_pred)
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E Awsted Fold oo wiAlE vebd. HFE #5 Jbed A% viAle z2ad] WE ) dolE 3,
dolg % % o5 X3S EFT + k. odAdd, A7) wiAl, F71E wjA>, dxeE Fol] ds F
A A ZRIO9e EYSAR A28 AFEH A2 e ZA4kEo] A4 A ow AFEI A4S 2
= 3oyl ARE T AgE S 9l 2 AANdE FE3t7] 9% 7154 (Functional) 2233, 3= 4
FE AIRESS 2 AAd7E &3t Vs R A 5 %

B ANGEe B ANde % e Ade] 9% Ao, oleld Axde elske] ® Axld] 7% A
o Wk WAL AL oprh, B Ao mE Wl ofele] U olskel A slolof v, 19}
5 09 e Qe BE V1% APFES B AAdY geuslel 235 Ao ANsolor @ Roln

190 : B4l SEH o~

=
=97
100
AEH s Jts3t
XM O |
(130)
Z2 ]
ZTZ MM (131)
(110) /l@
A== QI I o|A E A OIE{H 0| A
(170) (190)
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