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ABSTRACT

Depression Diagnosis Based on 4-stream of Bi-LSTM and CNN

from audio and text data

Jo, A-Hyeon

Advisor : Prof. Kwak, Keun Chang, Ph. D.
Dept. of Electronic Engineering,

Graduate School of Chosun University

Depression is a disease that causes changes in emotions, thoughts, and
behavior, and it falls into severe depression by leaving the disease
unattended, which can lead to various problems. Currently, the diagnosis of
depression is based on inconsistent subjective opinions of clinicians. In
addition, it is done in a way that patients directly tell their conditions
through questionnaires. However, these methods have disadvantages in that
they are limited and difficult to diagnose accurately because objective
opinions are excluded. Therefore, we need a system that objectively and
accurately diagnoses depression by considering various data and features.
Recently, interest in automated system design has been increasing in the
field of the affective computing community and artificial intelligence to
efficiently diagnose depression. In particular, based on deep learning
technology, research on depression diagnosis is being actively conducted
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using multi-mode, which can utilize much information by fusion of multiple
data rather than a single—-mode using one data.

In this paper, we propose a depression diagnosis model based on a
4-stream of Bidirectional Long Short Term Memory(Bi-LSTM) and Convolutional
Neural Network(CNN) from audio and text data. One-dimensional features of
speech signals were extracted using Mel Frequency Cepstral Coefficient (MFCC)
and Gammatone Cepstral Coefficients(GTCC). Also, two-dimensional features
were extracted from the Bark spectrogram, ERB spectrogram, and Log—Mel
spectrogram based on time—frequency transformation. These features were
applied to Bi-LSTM, and CNN-based transport learning models such as VGGish,
YAMNet, and OpenlL3. For text data, word-encoding was used to map the text
into sequences with numeric indices. And word embedding concepts were used
to represent all words as dense numeric vectors. These texts were applied to
Bi-LSTM, and the CNN model based on n-gram. Finally, the softmax values of
the four deep learning models were ensembled using the late score fusion
method to diagnose depression based on the 4-stream. The data used in the
experiment is the Extended Distress Analysis Interview Corpus Wizard of 0z
(EDAIC-WOZ) depression database designed to help diagnose people's
psychological distress state. The noise was removed from speech data, and
unnecessary words were cleaned up from text data through preprocessing to
improve data quality. Also, extending the depression data solved the class
imbalance problem. The experimental results showed that the performance was
improved from min 1.22% to max 2.44% more when using the 4-stream model than
the single model. In addition, the proposed model was more competitive than
the 2-stream-based model of the previous study under the same data
conditions. Likewise, the proposed model showed good performance when
evaluating the performance using the EDAIC-WOZ database. These results
proved that the proposed model is effective in diagnosing depression.
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Jb. MFCC(Mel Frequency Cepstral Coefficient)
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L}. GICC(Gammatone Cepstral Coefficients)

GTCC= S4 QA AIAEIS &£ CH2 FFT J|Btel 84 SAFZE 2EO0ILH 0le
2t KNEUA 2 ZHS =g =Tote St HAXE Y= (Equivalent
Rectangular Bandwidth, ERB) CH 2l 20tE ZE WIAE J|Eto=z &HCH. 20HE
ZH ¢339 duA sge olztel 2 ZEe 30| S I S AMSHCH37]

82 08 3.4%2 &0,

=

GTCCl Al &t

-+ — g+

Input

Audio Signal Windowing FFT log() & IDCT
m BW M ERB
8 3.4 GTCC A& A
GTCCS H A A2 MFCC E& =& YU SAGICH. HH SHMSE 10~50ms
o W2 IYHe U=sll. O =, SEAMSH FFT A2 8ot A2EF S
AN Fh G902 HEGHD, 0l Z0E ZEHMIE SWotH Al 2z 20|
Ues ST FM-E 2Xs0. DIXYez 7] a2 0lAF DA HEZ
HZo0 21 &4 ZH &2 d9azZotl O U2 duX ¢S MH46He
GTCC E&s Y=L, GICCE Fot= A2 44! (3.3)1W &t
GTCC. = 2 %lo (F )cos[—ﬂm (s—i)} 1<s<K
s = N 208 M\°T 2 =
(3.3)
HIIM F,2 mBtll AEES HAUM A5 UXE, M2 Z0tE ZHS
- 19 -

Collection @ chosun



GTCC2! JH

—
[—

K

A
L)

il
10
K
K
R0
)

2I10

19614
, 22lg

T (Bark Frequency Scale)=

3]
Eberhard ZwickerJF Al

pS
=

Jl. HI3 ABEZ 3 (Bark Spectrogram)
3 Foa

}

a!

ol

2 HMICHSH Heinrich Barkhausen2 0|8

=

)
o
R0
KIr

<+

ioll
IH

110

00

oy
il

Al
KO
ol_a
uir

ol
Ul

AH
Al

=1
[=]

20l,

2 229

t=

[¢]

et

=

=2

Esl

=2

[—

Mg Ct

—

[—

HA

0

£ LIEHHDI <

3J1% =0l,

1

m

FLES] Bark HHIS 2HE== H}

22t 5

10

CH

A

Ol 240H2] gt2 24912

b,
GIOIE Ol

[¢]

M
g

=
—

10l 24 ALOI2] gtOl

L+EFLH

]I

te 88 24

Mo

g g =

E
=

0l0

5000 6000 7000 8000

4000
- 20 -

Bark Filter Bank
3000
Freauency (Hz)

2000

1000

FEOICEH,

0

ERAY
0.018
0.016 |
0.014
0.012 m

0.01
0.008 1
0.006 [
0.004 |
0.002

Collection @ chosun



C o A Ao o omomoEm
© g < i a w - F: <
- R O &l T .
F <Y m_l_o____ B o W
WS o 7 o 0o 8 &
D T 1 - R
A 3 W~ = UK
Kk o1 A B & W ) m & ]
_mom Do o T 3 i 2
Fow = g O @ = Ko WU O & n 2 i
Nw o - Tz o m ] ~ 2 ~
< A O om =5 hrd tn g
i —~ = — OF ol i a
m b 33 < S = m = [
= Moar 38 g P o & B o & a
B I Ky S a @ w5 ©
D g -m C® oK W 5 o z
e | H E —_ O
Al o5 © 5 o ) TR = © @
Al e mm Ko o a0 w._ 55 X m bt
I e R £ E w @
R g & Y o Moo ar 5 M 3 i = =
o Smwe X s oA og UL a o ko g s
235 3l M s U g w el = om = =
N6 = N = T TR s o @
3 I = Ko ™ Hﬁm
B W~ — © 0 OHU ™ _._row 0 m|ﬂ .m o ) .w o
AN B R Y [ AU | B n ® — B 3
2B W IR ST £ -
T = W o - 5 -
ol o = m - Al _||,|_ =0 DH Uk = &
My o ooy T o W 5 o
o= %% o MM —
s e U2 e 2
= o T . _._rE L _ ur
Kb U o5 w0 ® MAr i
I R T 8 8 R § .8 0§
= M a_J_D = o m_LM om QN@ m {zH) Aauanbal4 {zH) Aauanbal 4
0o M a0 W 15y
m & HF o < M & Wy W

Time (s}
A OI0IH

_21_

Collection @ chosun



8 3.6 STFT JIgt AHMEZ T Al2tst

Bark-Based Spectrogram <Depression=
60

Frequency (Hz}
i
[ ]

Time (&)

(a) ®28 4 doid

Bark-Based Spectrogram <Non-depression=

J (=]
= =

Frequency (Hz)
i)
=

10 20 a0 40 50 &0 70
Time (s)

80 90
(b) HIREZE 84 OoIH

18 3.7 813 HE Jjgt ABEZ )™ A%

_22_

Collection @ chosun



ERB AHEZ )24 (ERB Spectrogram)

Lt.

ar
Ll

Ju
ot

-

Al
KO

Ju

Rl

ol
=

A0l A

0

H HEe=z FOECH39].

zaoz2 Fo= oIIA |G(f)|e

B. R. Glasbergf[40]2 & 30IA
A

=<

o4

=l

—/

X
ZlSgt=2 10ICH

°z st 2o

Ct.

=l

, 019
SIS

=

=

oa

AH

H2AXIE WS

Ol CHOl

E

ERB g0l CHol
FIH=0ll Al ERB

=
=
=

ERBSl Hol= 4! (3.4)%2 &

U

(3.4)
(3.5)

ClIXtelotyd,
OlA AHESt

S35 dl

=

=2

oa

gH

i
1=
28 3,901

ol
=

=R

24.7 + 0.108f,

ERB(f,)
Z ol 08 3.81 &2 ERB

| S |
[

H =
= ULt

9]

ol
<J
&l

[D

ol
al

Wl
al

<l

Z2H 83

0l

=
[a—

ioll
i
KF

o
ur

0

Wi

al

<l

J

9]

B

o3
<+

ioll

o
ol

ur

0

|
al

ERB A

i0J

f=E 54 HOIE0 T

_23_

Collection @ chosun



ERB Filter Bank

0 1000 2000 3000 4000 5000 6000
Frequency (Hz)

18 3.8 ERB JIEt F2 2 W3 Al=st

_24_

{Z/Collection @ chosun




ERB-Based Spectrogram <Depression=>

10 20 30 40 50 &0 70
Time (s)
(a) 223 4 UI0IH

&0 80

ERB-Based Spectrogram <Non-depression=

fcs (=]
= =

Frequency (Hz)
1]
=

10 20 an 40 a0 &0 |
Time (5]

80 90
(b) HIREZE 84 OoIH

8 3.9 ERB & DBt A

HEZ]H Al2st

_25_

Collection @ chosun



(Log Mel Spectrogram)
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2. 81AE HOIH dxc| & &

XA HMelolAd 246t 0K ot= CIOIHE &0 LH E28, U/A2X #
g, S AN 22 Sdd X80l 2R6t1D, Ol HAE ZAH0A O
S ZX0tCH. MetA EDAIC-W0Z CIOIH MEON ZgE 8AE AQEHE IIYE 2
et MXelES XEoIUCH. HN ATJHE WMA2 OIHE M S0l IJta oHR
SRt OO atet WE0l 2F A4 M2 HEIUHJM, It CIHFE
ol HAEZE ZS Moot FHIIAS HIAED [HOIEHZ AMESIJLCH. OS2
EIAE HOIEHE EdY 220l &5A210 UYst 85 HlwE <o 3JtA Y
OZ U0 &MX2IE MHGIUCH. el gy TS 2L,
[method 1] = YW LS £23H(tokenization), HAE AR BHE & 2
S XNRI| =22 AE HelotRUCt. E2st= HAE HOIEHMA E2(token)Olet
1 2lle ¢ Usese Yot E29 o= A= det ChEXer, B
o0 YUe T EZS HOISIHCE. OlHs HHS Sol E2sE MHsE F IO
2 0I20& CIOIEHMA THEXE A2AE Hasle HYsS NS Ot
Z OOl Z&E otRE 20l 2K 2= 28 235 JISE N|EC. O
472 A Bl LBO=Z HOIHE &X2Ist FQ /& ZetREE BHEL

Raw Data Cleaned Data

make  angning
back probably

myself th in

years tak e someumes
pretty rea”y different
qwess 5 U 5

ok
eeeee

‘‘‘‘‘‘

WeII
- mean OKaY

fa mw\ll(\/lcr)]ré( gol g happy
get 9 3529
“oothink s

something
always went

Uit =2
og=

8 4.7 method 1

ol=st ool 8™del &

really L

back been knOW going

thats g people

- just that w=

WeII

aaaaa

but S(_()m think
e I|ke the hav;mv -

"no for tOI a OfthlngsE
fecl @3 it dont ot
had i or can .

this
vt andim =
tlme t you my :nmde hing
o Very sne

when WaS be there

.y good itS okay Y

myer

e 9IS 224
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[method 2] Bl 22 8IAE HOIHE £33 HHbs Sof Melot= A
Ct. 08 482 & YN gdEo=z HOHE MH2ls MF2 R ZUREE
HEC.
Raw Data Cleaned Data
peopie P e peae
years Zg0 w got . habout IIkeWhel’:h:vk
‘;":t gko Lng provatly w ahethat® téggg
e ind et [ little . but out NO Ve,y e
“lotJUStthink - wrmth€m
o i ves e feel .. m'f"ee‘ it's nm‘i‘g
e lik e beentO of
back ats oo nme all it just
We||knOWyeahw |ha|5 or dJ had ™
" erety réally g ot & SO -
frlends say get‘a‘K Ilfe ctually - what you Wlth wr
‘‘‘‘‘‘ P e tim really was for e
angtnin uthlngs mY;seD': Ve o are gof:;r‘s;ausg
dayk something e KNOW from >
----- different TPty can
8 4.8 method 2 #B= 0l OOIH dXel 5% /& 22
[method 3] Al B 2Ei2 E23, EXNOH F==(lemmatization), 2& 25 X
Jl, 228 &0 HMMH(removing unnecessary words), 2010t ®ILt 21 2&
H &2z MAE HEIoHACH. HAE HOIHE =% oF AA=s XS,
MO === JYeCH O = O8 28 238 Moot ©AE HOIHMA &
oletl & == Us 2 EUHE HAHetLH. DK%Y e=2 S &N 0|20l HLE SO0A
o =el 2&E= MASCH. O 4.9= M B 2Eo=2 HO0IHE &X2lst
S9 9IS Z24RCEE BUED

Raw Data
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try” probably
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) klnd k ale
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= good 9 O fime

= wellget people
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1% 4.9 method 3 & oe
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(32 84 dolget 0tEtK=z &
S2Z OO0l 2092 ZScias =278 2HIt UL,

OlE oHZatD| <IoH EDA(Easy
Data Augmentation) HE S O0IE5I0 R2ZT SXNEQ HAE HOIHE EEGIA
Ct. EDA= J. Wei[54]0t HIotst HAE {H0IH && J|£0l12 Ol HAE 28
Ao Hdsg2 iote O 8B £ =+ UL A= =20 HHI(Synonym
Replacement, SR), & &+el(Random Insertion, RI), & A& (Random Swap,
RS) & e AtHI(Random Deletion, RD)EF 22 Hgez FHEC. SRE 2E
N SEE SOt Ot nlHe HOHE RAf=Z HE6tD, 0 HUs2 2HA=Z
Seist SoliE WHlste 210ICH RleE nB SO 2FUAM SE Sto{JF otk
Qo] {9 ol SOINE F1, 1 SOY0E 2XO st /X0 aUsts A
OICt. RSE 2TUA nH SO REZ T HOHE M6t AXE HiR= A0l
Ct. RD= &2 2 ©o0l CHoll pol =HE=2 AP HMIHot= 240ICH Ol st &
HEC gE HHHIIH 223 HOIEHE 2 IHAOCH WA & HGHRUCEH. 012 Sl
23 HOIEHE 1991, BIS2Z UOIEH= 2092 2HA 228 2HE 2l
AL,
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|. S4 GOIEE 088 225 3¢ A8 L 23
Jt. Bi-LSTM JIgt 2EF& & H

X B 282 EDAIC-WOZ UIOIEH & S¢ HIOIEHE 0IE¢8t Bi-LSTM J|Et 2=

diete] Ay ZUE 200, 2482 UolH &35 MA € & 822 U

o 1XE 88839 EHFE LS MFCC, GTCC, MFCCHGTCC Ml JHXI B<&Z Lt
51 Bi-LSTM HIZS 24!% =5 10, 50, 10022 HtHItH XMSESHALCEH. H
450 M Bi-LSTM 20| ata MAIEHS HHED T 450M 2= Hier 2
S %oz MAIIHE DEBN &S AHBAC
H 4.5 Bi-LSTM 29| st Tiet0lE (S4)
se IED] ] _
A= . - DILIEH X =0
Zms ga | 01SED it N
20l Ef 2t A AHOI= =S X
ItetolEf 8t Adam 2 512 10

J8 4.100lM= OIOIH &3 HMH & =& M Bi-LSTM 222 2=
HE=CH 8 4.100lM 2= Hiet 201 84 OO0l Of
S e WMESZ dHi=xxgt &= 220, 0IIA MFCCet GTCCS
SIS g FEot 2RI OH==It 100012 [ Bi-LSTM2 HEtEIF 80%=2

10 ox
moor
=2
o

18 4.110lM= OO0IeH &8 MAH € Cole =& = Bi-LSTM 222 =F 4
SOl THet JcHEE 2 &0 4.1100M 2= B2t 201 OoIe &X2l &2 &8
HAMEDH 8MELZ ds0l HHZJACTH. OIIA Bi-LSTM HSS 2H=H 2 It
100112 MFCC2H GTCC S&= 201 == W 96.34%= HE =2 ds= 20
Ct. Ol 84 CIOIEE O0IE& Bi-LSTM JIEt 228 JHUAM HE =2 8s=
EALH E2 XZA0AM CoIH dxXel do dsit Huds M, ds00 &

18.16% < JHSHERUCEH.
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ojo

‘8 &5 MAH % gof = H Bi-LSTM 222 85

90.00%
80.00% 76.36% 74 555 76.36% 74 555, 76.36% 78.18% 76 360 00
70.00% 65.45%
¥ 60.00%
50.00%
40.00%
30.00%
20.00%
10.00%
0.00% MFCC MFCC+GT
u10 76.36% 76.36% 78.18%
m 50 74.55% 74.55% 76.36%
u 100 65.45% 76.36% 80.00%
E EXEE g

J8 4.10 4

&3 A & oolge =& &

®
X
%
_|
=
0x
or
IJ
&
Is

98.00%
96.00%
94.00%
92.00%
90.00%
88.00%
86.00%
84.00%
62.00%
80.00%
78.00%

Bi-iSTM Y589 - %)

28 &5 HA % HojH =d F Bi-LSTM 2&9| ds

95.12%
93.90% 93.90%

MFCC

93.90%

96.34%
5.12%95.12%

CC+aTCC

mll

95.12%

93.90%

96.34%

m 30

93.90%

86.59%

95.12%

m 100

93.90%

85.37%

95.12%

fafa’ EI{XE”- Hftﬂ'

J8 4.1 34 88 WA
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Y 0x

rir

[

o o 32

8 4,122 08 4.132 22 Oole &5 MAH & =& &8 =9 00X
RGB OIOIXIE 25z EAS I SEFF= LU HE Holsts ZEe 2F&
SE 2E0HE0. 08 41200 2= Htet 201 d8del &, 48352 2X& Al
-0 BHE OIgt S22 S 0I0IXE &H0lsts 222 o=z dUsS M
HxEc=z 401 =6ttt 08 2= SEUA HE =2 84s2 20l 2
2 76.36%2 B&EE JtAl= VGGish S 0ICt.

OFEJEXIZ I8 41304 &elg = JAX0l RGB 0I0IX SE = ¥82=z &
S 30T Hi=xg ds= 20, ZUHC=Z MXel & CNN I8 M0lsts
22 HoIH0l X2 =5 SHA0 tol O 8sH2Z S50 o 22
HOIHE MUz 2FotA Rote 255 ERULC.

S T8 M % olofE| 3 H Ho|sty D] i - ZuHo|0|X|
78.00% 76.36% 76.36% 76.36% 76.36% 76.36%
76.00% 74.55% 74.55%

% 74.00%

X

JHf 72.00% 70.91%

s 70.00% 69.09%

b

3 68.00%

o 68

66.00%
64.00% Bark Spectrogram ERB Spectrogram Log-mel Spectrogram
VGGish 76.36% 76.36% 76.36%
YAMNet 70.91% 76.36% 74.55%
m Openl3 69.09% 74.55% 76.36%
2APH EXZx = B
onnN 7|8 HO|EE 2 T VGGish "YAMNet ®=Openl3
d8 412 34 &8 MA € OOIH && & d0lsts 22 d5 ddiE - S
OI0IXI
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=8 T2 HAH Y gojy =5 § HojshE R0 ds - RGB 0]0[X|
90.00%
76.36% 76.36% 76.36% 76.36%
80.00% 74.55% 74.55% 70.91%70.91%
§ 70.00%
3 60.00%
S 50,00%
40.00%
]
% 3000%
=
B 20,00%
10.00%
0.00%
Bark Spectrogram ERB Spectrogram Log-mel Spectrogram
= VGGish 76.36% 76.36% 70.91%
= YAMNet 74.55% 60.00% 70.91%
u Openl3 76.36% 74.55% 76.36%
ZEEE EI{XE* Hftﬂ
CNN 7|YE Ho|StE B2 T VGGish “YAMNet ®OpenL3
8 4.13 S48 &2 HAH 2 HOIH &8 & &0lsts 29 4= X - RGB
Ol DI Xl
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8 4,142 8 4.150lkM= 22 =9 2 RGB OI0IAI S &
%

= = 2%
S W HOE TS MH L HF 5 SIFE YUY GE MBS 2o 27
X

spectrograme =% O|0IXIOA S&0l & SUX 0t HIOIHE MUz &Fot
0

X Role 2&52 B/, HIIAM Log-Mel spectrogram E&2 016l OpenlL3
S SSAIEES M H.12%2 IS =2 2% 852 290
8 4.150ld= S5 0|0IKE oz RS E dMECcz 40| &
A= A2 EoI8 4= QUCH. ERB spectrograme =8 O|0IXIE €2 HRE
Ct RGB OIOIKIE MOl|ets 2o oz Es HR, S49 2X3a X0l EX
Ol & EeLt ShAgE=z & E2Roles BEE52 Q0. HIIH 2 MO|ets 22
Log-Me! spectrogramE ez <4UAS M IE £E2 d4s2 BIUC. SIl
OpenL3 2o 8 HA=0| 96.34%= JI& =2 ds2 270
=H BE HAH Y OojH &F S Folshsy B9 Hs - SH0|0[X]
100.00% 91.46% 91465926894 12
90.00% 81.71%82.93%
~  80.00%
#
E[é 70.00%
Ty 60.00%
b 48.78% 48.78%48.78%
50.00%
E“ 40.00%
%l 30.00%
20.00%
10.00%
0.00%
Bark Spectrogram ERB Spectrogram Log-mel Spectrogram
VGGish 81.71% 48.78% 01.46%
YAMNet 82.93% 48.78% 92.68%
u Openl3 91.46% 48.78% 95.12%
2AY EXx= gre
CNN Z[BEHo|EE B2 VGGish YAMNet ®=0OpenlL3
8 414 848 &3 MA & HOoIH =& = M0lgls 2R A5 iz - S
OIDI Xl
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=48 T2 H7 X Hojg 2F $ Ho[shs 29| 5 - RGB 0]0[X]
98.00% 96.34%
95.12
96.00% 93.90% 93.90%
—~ 94.00%
8
> 82.00%
H
3 890.02%
ff 90.00% 87.80%
88.00% 86.50%
85.37%
3| 86.00% 84.15%
3 84.00%
9 82.00%
80.00%
78.00%
Bark Spectrogram ERB Spectrogram Log-mel Spectrogram
VGGish 85.37% 87.80% 093.90%
YAMNet 86.59% 89.02% 95.12%
m Openl3 84.15% 03.90% 96.34%
2APH EXZx = B
CNN Z[EHHO|SE B2 1 VGGish YAMNet ®Qpenl3
2 4,15 S8 &3 HAH 2 OoIH && = &0lets 22 A= HE - RGB
Ol DI Xl
Z2U"oZ H B AdEilAd=s 24 HOoIHS &2 MAH ¥ 223 UOolH =
& = 00leH &0l &) A =228 2HIL HZES2=2Z M Bi-LSTM 2 CNN
Jlgt Molsgts 22 =28 8450 HEEE 2 = UL, OlM BI-LSTM 2ol =
2 452 Bi-LSTM HE2 S2Y "2 £=J 100112 MFCC2H GTCC S&Z2 &0l ==&
}HE M 96.34%=2 ItE =2 H=s2 200k, CNN J|gF &Eolsts 229 d4s2
log-mel spectrogram S&= RGB OI0IA S22 ZA= M Openl3 &Olsts 2
dol 27 &L 96.3%2 =5 dtot=0l Ity =2 ds2 B0
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2. HIAE GOIEIS 0|88 25 TS 48 L 21}

& BN &E=2 EDAIC-WOZ COlolE & #AE AJEE OOIHE 0IS&

Bi-LSTM % CNN JIBt £2Z At Ao FNE BEHEL. A8 23 O

o ERZ U0 H 4.80IAd 2= Ht2t 20l HAE HX2l &ES 30t

N2 U510 ZHE HS2 XNHHEAS 100, 200, 50022 dFHIIH &AHoHALCEH.
2 H 4.9% 20| metildegts XN&EotH 2

T 48 HAE M2 9
==l & el
method 1 E33 > HAE A2 HE > 2& 25 X2
method 2 EZ23
EZ23 > BEHH ==& > 2& B35 A2
method 3 ~
> st S MAHA > 2010 AU 20 2& HA
4.9 Bi-LSTM & CNN @&o| st& Tiet0IE (A E)
St = Jl27| _ _
e84 g DILIBH X v
=3 g OlsEA = St =1 A
2ol Ef 2t orals A= =S X
otetolE gt Adam ) 512 10
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Jt. Bi-LSTM J|gt

e
=

i
|-
Im

CIOIEE 018

[N —1
T=S

Hol a8 ZUE 2EHEU. H 4.100lMs SAE OI0IYH & d=2] Bi-LSTME
2% ds= 2HE0. H0lA 28 HoIH &#& &2 22, glE &2l gt
Hxc| -0 42800 dMHL=Z Hixet ds= L. HIIM JHE =2 4
S2 78.18%= &AHld A0l 1002 f HAE HOIHE E23 X2 HE B
S O0ICH
HE 4HEY 0OH #& M= 225 HOIHE MUE 2FoHA Rot=
252 2L otXI2 EADE 0180t 228 HAE UIOIHE &&8 = 22
=280l alZ2E0 Ut 4501 =Xes ZAY, 2SS HIRSEE 21F EF
ol 2852 E0. = AH0N= OO0IE s = XMl YYO0l method 2(E A
E OoIe E23H)d O 2Hlg HSS XS 20022 XNFGHH stsfls <
DEo I 76.83%=2 Y E2 4= 220
H 4,10 2HAE OIOIHE 018 Bi-LSTM 22 ds
e X2
100 200 500
&xel ¢
method 1 76.36% 76.36% 70.91%
clolE
- method 2 78.18% 76.36% 76.36%
gy o
method 3 70.91% 69.09% 76.36%
method 1 70.73% 64.63% 74.3%%
EIS - -
s5x = method 2 70.73% 76.83% 64.63%
method 3 73.17% 70.73% 69.51%
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-

Lt. CNN 2& DJ|gt

oS

S22 &®1AE OIOIEE Ol=et ONN JIEt HM0lsts R8s St 228 dH2
48 Z2UE 2= 2 4.110iM=s 8£E H0IH &8 d=2 W 222 2
5 ds= 20E0U. 22 29 U0IH &#& d2 F20ls dME2E 4501 4l
TS Fog £ At 05 H BN dxel L (method 1)2 0125t AHIE
A0l 1002 W 78.18%= MY E2 ds= 2o, UoIH & =2 H=20=
el HH0l method 2(HAE OIOIE E23H)E [ CNN 220 MHECZ E=2
g5 200, Sol e AS UFS 10022 NFotH stss JdyS W
QEo FETI 81.71%2 JHE E2 ds= 20, 0 20= Bi-LSIM 2220
4.88% 8= 450 HAEUASE eI,

H 411 ££E HOIEE O0lS8 OW 22 85
UHEY X+
100 200 500
&xiel ¢

method 1 78.18% 63.64% 72.73%
GlolE
- method 2 74.55% 70.91% 76.36%
g8 &

method 3 74.55% 69.09% 76.36%

method 1 75.61% 71.95% 79.27%
GIolE . -
s5x = method 2 81.71% 76.83% 79.27%

method 3 74.3% 70.73% 68.29%

ZUHCE F BN 2E0A= UIOIH &8 = Eedd 282 2% 4501 =
ofF A A EIX= S%ACEH oHXIEE 2L =228 ZHE HZ2S22ZM HI0IE S
0 &2 2dL0 =501 NSH=e 2ME F= = UJC. Bi-LSTM 222 S
g X0l 200012 GIOIHE E2=t2 s M 76.83%= Y =2 ds= 2¢
Ct. &£t CNWN 222 & 10001 CICIHE E238 A= [ 81.71%2
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3. 84 ¥ 8AE [HOIHE 0|=8t 4-stream 2 & Dl 2
s S AE 2 A
Jb. Bi-LSTMZt CNNQ| 4-stream 2& DJ|Et 2 &t
0K AsEliMdeE 2 =20lMd Hotst YEI2Y HIOIEHE 0|23l late
score fusion S0l [HE 4-stream Eeld ZEO 2T AN A= BHEC
H 4.120lAd= late score fusionS ®ol & B, S YW ASUHAM JIE =2
As2 JIkle 84 & 2AE HOIHY E&:xz2 2 M2l 8-8Ho M JHKl &E2
£ BH=C 0l 4-stream €Y 2o 2= MY A2 &0lgH)| ol 2
case(ICt DAE gtez A=, zEsHo=z 34 HOIEH &5 MAH ¥ OOlE
E& = CNN J|BF &Olsts 2o ds2 JIFEez E 4.120 dels DA gt
=1} late score fusion ot 4-stream 222 28 Hs2 EOI&HH
H 4.12 late score fusion2 &t HIOIEHS Ed== & MYl 2N ST
Glol & SE&:Fzs 2 Mxel 2y S (%)
o 1X2 29849 10, MFCC + GTCC 96.34
1 - oX+2 : Bark Spectrogram(RGB) | 85.37/86.59/84.15
case
Bi-LSTM : 2HIE HZ= 200, E235} 76.83
BlAE
CNN : WIS HZ= 100, E235} 81.71
o 1X2 29849 10, MFCC + GTCC 96.34
, - o%t2l : ERB Spectrogram(RGB) 87.80/89.02/93.90
case
Bi-LSTM : 2HIE HZ= 200, E235} 76.83
BlAE
CNN @ WIS HZ= 100, E235} 81.71
o 1X2 29849 10, MFCC + GTCC 96.34
. - o%tel : Log-mel Spectrogram(RGB) | 96.90/95.12/96.34
case
Bi-LSTM : 2HIE HZ= 200, E235} 76.83
BIAE
CNN @ WIS HZ= 100, E235} 81.71
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8 4.160l M= late score sum 2SS 0186t 442 ey ZE ADE
A G2 ZF HHS M 2 case 8 4-stream ZEQ A2 d=E SEHHIZ 2
HECH. O 4.160lM 2= dHi2F &20| case 20l VGGish@ Openld 2 &= 0|2
M2 Mo HTIF 97.56%= E 4.1200lM case 22 JIE =2 ©g DEO| Hs
SO 1.22%F SAC/ASS BEH=CF.

8 4.172 late score sum B2 0|8t 4-stream JIE EHY 2E = It
& =2 852 JIXl= Opnel3_4-stream 20 e QA &gs EW=C. O
4179 (a)2 (b)= S4 OIOIEE 0128 25 MNPl @1 HEdg =6t
JE0ICH. Ol dHEH =2 S=EZ 2SS HIRS2E2 JEH & E2F/ot
U= 22 2ol £ QUCH (¢)2 (d)= HAE HOIEHE 0|88 25 JoHzd
Of @x L= Es JHO0ICH. Ol =2 82 OfLIXICH 8 ZHAHBH XI=
T 2Fol= A0l Otllet & 2dA B5& DZ2) E2FotD U= A2 =Holg £
QUCH. (e)= late score sum JIBt 4-steram 20l st QA S &Solg £
QUL 0|8 AHEH 2 ZeAE 1019 HOIEHE 2otk RI}MXICH HIL=2=0
PES 2F & E2Fs B2 2Ol

Late score sum WHE 0|23 4-stream 7|8 Ela|d 2290| Hs

93.00% 97, 56% 97, 56%

97.00% 96.34% 6.34° 96.34%
#
" 96.00% 95.12% 95.12%
&7 95.00%
2 94.00%
| 93.00%
A
3 9200%

91.00%

30.00% case 1 case 2

m VGGish_4-stream 92.68% 07.56% 05.12%

m YAMNet_4-stream 96.34% 96.34% 96.34%

m Openl3_4-stream 95.12% 97.56% 95.12%

EI{X%’-H{EH
BV/GGish 4-stream BYAMNet_4-stream ¥ Openl3_4-stream

2 4.16 late score sum 28 4-stream 2|8 e
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Confusion Matrix Validation Data Confusion Matrix Validation Data
Accuracy = 96.34% Accuracy = 93.90%

Depression

1

Deprassian

4% e
T oL OE
5o L
£ 5!
2.6% 4.7% 9.3% 2.6%
Depression Non-dapression Degression Non-tispression
EESLES o B

(a) S4 Bi-LSTM 22 - MFCCHGTCC (b) S4 Openld 2 - ERB

Confusion Matrix Validation Data Confusion Matrix Validation Data
Accuracy = 81.71% Accuracy = 76.83%

5 5
H 20.0% i 22.5%
£ g £
:?: ; 16.7% B 23.8%
w ]
= E 3
17.9% 18.6% 24.4% 22.0%
epression Mon-deprassion : Depression Non-depression
o= Ea ol s
(c) IAE Bi-LSTM 2Z (d) EIAE CNN 22
Validation Accuracy-Fusion = 97.56%
i 2.5%
8
g 2.4%
2.5% 2.4%
Depression Non-depression
EY TIEN
(e) late score sum J|8t 4-steram 2
2 4.17 late score sum 28 4-stream J|Bt Eeld 29| @I & (case?,

OpenlL3_4-stream 2 &
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& 4.180l M= late score product 2SS 0I25H0 449 Held 2 A X
EWMA 2 ZF SHE M 2 case E 4-stream ZEO 52 = FHEHZ
BHEC. O 4180l 2= HIQE 20| case 1A= YAUNet 2E2 0|EMS
Mo H&SEIF 97.56%=F = 6-220lM case 12 JIE =2 ©d DEo HAs2C
1.22%0F &SME/ASS BEHECH. E8 case 20A= Openl3 222 0|lEH=S M2
HETII 98.78%= HE 4.120lM case 22| JIE =8 S ZEO HAsSC 2.44%
Il HEERACH. DK 2 Z case 3HA=E 2 2E 4501 X 4.120lM case 3
O JI& =2 oY QUol =80 NAEAUSS stels 4= L),
Late score product 2 ZE 0| 8% 4-stream 7|8 Elod DR Hs
— —
100.00% 98.78% 98.78% 98.78%
99.00%
98.00% 97.56% 97.56
97.00% 96.34
96.00%
95.00% 93.00% 92.00%
94.00% 92.68%
93.00% .
92.00%
91.00%
90.00%
89.00%
case 1 case case
m VGGish_4-stream 03.90% 02.68% 97.56%
u YAMNet_4-stream 97.56% 96.34% 98.78%
m Openl3_4-stream 93.90% 08.78% 98.78%
EI{XE”- Hffﬂ'
BV/GGish 4-stream BYAMNet_4-stream ¥ Openl3_4-stream
18 4.18 late score product 8 4-stream J|8F Held Z2EO A= =
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Confusion Matrix Validation Data
Accuracy = 96.34%

2

Dapression

AX g

2.6% 4.7%

A @

Confusion Matrix Validation Data
Accuracy = 96.34%

Depression

95.2% 4.8%

Non-depression
N

4.9% 2.4%
Depression Hon-dspression Deprossion Nondepression
LEFEEN EEFEN

(a) 84 Bi-LSTM 2< - MFCC+GTCC

Confusion Matrix Validation Data
Accuracy = 81.71%

(b) 24 OpenL3 2Z - Log-Mel

Confusion Matrix Validation Data
Accuracy = 76.83%

5 5
i 20.0% i 22.5%
H H
e a f
z : 16.7% = § 23.8%
17.9% 18.6% | 24.4% 22.0%
Depression ‘Non-depression Depression Non-depression
0 gy EERL N
; c
(c) 2AE Bi-LSTM 2& (d) BIAE CNN 2 &

Validation Accuracy-Fusion = 98.78%

2.5%

Depression

Non-deprassion

EX R E

100.0%

2.3%

Depression Nen-depression

o EU

(e) late score product J|gt 4-steram 2

[

[e]

8 4.19 late score sum Z¥ 4-stream JlEF €Y 2 Q@ Xt & (casel,
)

OpenlL3_4-stream 2 &
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2 =20ld= HICtE 4-stream JlEt REO| 25 SUNLS SHGH
JI folf J1& A2 HMetE [Eo A2 Hluw 24 AIRUA AIESE
CIOIEHI0lA= DAIC-WO0Z =25 OIOIEHIOIAXICH &S | IOIEHIOI A=
EDAICWO0Z R22Z GIOIEHIOIALCH. [Metd sg8t =2 sE Hlwold|l <ol
DAICWOZ HIOIEHE OlE2dl JIE £ZE2 8452 Il 2 BIOZ 5l AlES
MM, E 4.132 DAICWOZ GIOIEHE 0Olsst Mot Nds2 BEHE0
HOM 2= Hi2F 20| DAIC-WO0Z GIOIEE &< G0l E = AB0 "9EIR
& HIOIE{E 0l206t late product = [ 96.67%= D 2 d4s2 2ottt
= 4.13 DAIC-WOZ GIOIEHE 0lEZst Mot =
SHF=9d"
ALE OI0lE _ gy 24 HET
2 Mxe Y
MFCC+GTCC Bi-LSTM 90.00%
=P~
log-mel spectrogram OpenL3 93.33%
E323} Bi-LSTM 71.67%
BEIAE
£33} CNN 65.00%
Hot2| 4-stream DBt 91.67%
HEIRE
2517 Qg 96.67%
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7|_=r= cligt ;(.||o|-5| oEcﬁ X|C} 5|_|:-||g| Aalg H|I|'.

T. Alhanai[33]

L. Lin[34]

0.97
0.91
0.79
071
F1-score Precision
T. Alhanai[33] 0.77 0.71
L.Lin[34] 0.85 0.79
m G. Lam[35] 0.87 0.91
W H|QHE! 4-stream TEY(H|nl AIE) 097 0.97
B |HEl 4-stream 2EY 0.99 1
ST HE

mG.Lam[35] = M|Q2HEl 4-stream 2E(H| T AH)

m HI2HEl 4-stream 2

8 4.20 J1& AP22 MotE 4-stream 229
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