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Automatic Speech Recognition

= Definition
From speech signal to word sequence
Input : segmented audio signal containing a sentence speech
Output : most likely word sequence

Front-end module for spoken language system / speech
translation system

| Dialog I
.

-
A\ 4

> ) )

(Figure courtesy of Deng [1]} Stotisticol Speech &
3 Sownd Computing Lob.

KAIST o
Automatic Speech Recognition

» Classical ASR =X

| love you ool B 23 =Y
T
Pronunciation dicticnary.
=] '
2o 23 N-gram, RNN-LM, ..
T
a1 lav ju: 24 09| =3
T
ok ol GMM'_HMM .
R = (Gaussian Mixture Model — Hidden Markov Model)
T
e _
I!é A= ey o =48 58 FE (Melilterbank, MFCC)
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KAIS Korea Advanced Institute of
Science and Technology

Automatic Speech Recognition

" Compon‘ents of ASR SyStem »  Output the word sequence
with the highest score

Feature /
Speech Vectors 3 Words

—7
’W\Nw- Foae U[”]U Stop that.
5 z . —p i Decod —
= Noise and distartion removalk Extraction Y ccoder w
+  Speech activity detection T

- Extract pre-designed feature / \
vector sequence
(Mel-filterbank, MFCC, ...) Acoustic | [ Pronuneiation | | Language
[ Models Dictionary Model

= Generate phone sequence hypothesis | | Transform phones inta +  EBvaluate word sequence
based on statistical model words based on dictionary hypothesis according to
{usually GMM-HMM-based model) statistical grammar
oo
2 — e e
(Figure courtesy of Young [2]) Stotisticol Spesch &
5 Sound Computing Lab.
KAIST s
Acoustic Feature Extraction
= Waveform, Mel-filterbank, and MFCC
zg; — 05R_us 0000010, Bk wav]|
E Zﬁ'.; - Short-time (~10ms) Fourier Transform
g,m «  Triangular filter bank with human
et perception-inspired frequency scale
LD o5 i i i 7 3 35 (Mel-scale filter bank, 40-dim.)
Time (s)
= o T R A AR T AR AT
g §¢imlm‘d.] Q“wf‘l'ii”u‘ i
> ;| !r\h WYY VYL Y
5 - Frequency
&
(=

« Discrete Cosine Transform (Type-Il)
+  To de-correlate the filter bank

E coefficients and yield a compressed

% representation (typically 13-dim.)

8

(&

2

=

[ e e

e e
Stotisticol Speech &

6 All image courtesy of haythamfayek.com [15] Sound Lomputing Lob.
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Acoustic Model

= DNN-HMM hybrid system

Hidden Markov Model (HMM), which has been used from the
classical system, still plays an important role in the modern

system. f Transition Probabilities

’ > a | HMM
{ 2 v
| !
| !
I 1
Observation
Probabilities
DNN
Window of
feature frames
M ' . = : ] ;
. L o coor—
| b PR R i e PR B Dy —y—
2 ’ Stotisticol Spesch &
(Figure courtesy of Deng [1]) Sound Computing Lob.

Science and Technology

KAIST Koo Advanced institute of
e

Language Model

= N-gram language model

Example
Bigram : p(hot|Strike, while, the, iron, is) a2 p(hot|is)
Trigram : p(hot|Strike, while, the, iron, is) & p(hot|iron,is)
Context scope problem

= Neural network language model

Qutput

e
4 Projection =1n)
— layer Headen
] layer 1
w—t b M v, F=Pwziny
i e d o

""" -]
. EAN
n-1) x P
=Ny

. X Stotisticol Speech &
All image courtesy of shuukidwordpress.com [16] Sound Computing Lab.
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Performance Measure

= What is word error rate?

Word Error Rate (WER) is the academic and industrial standard
to measure ASR model accuracy.

WER = W x 100(%)

N Total number of words according to true (human-labeled)
transcript

ins . Insertion error. Number of words that are incorrectly added.
del . Deletion error. Number of words that are not detected.

sub : Substitution error. Number of words that are substituted
between reference and hypothesis.

(] —1—
el S e
Stotisticol Speech &
- 9 Sound Computing Lob.
KAIST soimni:
Performance Measure
= WER counting example
del
4
True transcript : How are you today John
Decoding result : How you a today Jones
ns sub
ins + del + sub
WER — w x 100(%)
1+141 .
=— x 100 = 60(%)
(=] —] —
et G ¥

Stotisticol Speech &
10 Sound Computing Lab.
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Problem of the ASR System

= Two demerits

Conditional independence assumption

The HMM-based model assumes that the output of each frame has
nothing to do together with each other.

This is essential for model construction and training. However, it
does not match the actual situation of ASR.

Training process is complex and difficult to be globally optimized.

Each module should be independently optimized with their own
objectives.

Lexicon that is essential for cverall system requires expert
knowledge that must be defined in advance.

Stotisticol Speech &
1M1 Sound Computing Lab.

KAIST i
End-to-End Approach

= Main purpose
Overcoming the disadvantages of the existing ASR system

One system that directly connects audio signal and output
sentence (in end-to-end manner) without individual modules

Currently, thanks to the explosive increase in speech data and
computational power, many ASR systems are known to be
implemented with E2E-ASR.

Feature
Speech Vectors Words
Wm,. I:”:ml] "Stop that.”
— leu‘.ve Decoder ——W
Extraction Y W

Acoustic
Models

4 - Statisticol Speech &
12 Sound Computing Lok,
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End-to-End Approach

» E2EASR &

| love you SX/THO| THe| B £

T

CTC-based Model,
E2E ASR Attention-based Model,

24 EF FE (Melfilterbank, MFCC)
248 M 9F
cocer—
— St Sl G

Stotisticol Speech &
Sound Computing Lab.

13
KAIST (o™
End-to-End Approach
= CTC-based model
Connectionist Temporal Classification: The first suggestion for
E2E-ASR framework.
Dynamic programming is also used for I/O length compensation.
P(y|t,u)
P(yi|x) Plyr|x)
! A
pu h™
S [Pred. Network| | Encoder | T
o o [ e
X1 X
(a.) CTC (b.) RNN-Transducer
(Figure courtesy of Prabhavalkar [4]) (Figure courtesy of Graves [5])
oo
[——
Stotisticol Speech &
14 Souwnd Computing Lob.
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Scienze and Technology

End-to-End Approach

= Attention-based model
A method inspired from the neural machine translation
Widely used model because of its relatively good performance

= Generate each character or word using an
autoregressive information path

P(y-ulyu—b"' ,‘_ijg,)() J

Extracts the information currently needed
from a very long encoder output.

At every decoding step, decoder hidden state
is used to help the information extraction

Encoding the whole input speech
Relatively deep and complex

(Figure courtesy of Frabhavalkar [4]) Stotisticol EFEE‘—Eh &

15 Sound Computing Lab.

KKAIST  Keresadvanced instituta ot
C————

Sciense and Technology

End-to-End Approach

= E2EASR 24 13 AL

Yi V2 Ve
LSTM
Char
Emb.
Decoder
Encoder
Bi-LSTM
Bi-LSTM
Bi-LSTM
Qo
e S e
Stotisticol Speech &
16 Sound Computing Lok,
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TTS and End-to-End Approach

= |ntroduction

= DNN-based speech synthesis
» End-to-end speech synthesis

Stotisticol Speech &

Sound Computing Lob.
1= —
O R ————.

KAIST  Koree Advanced nstitute of
Science andTechnclogy

Introduction

@ (word sequence)2 ST SHLIECE HSESI= 7|&

Word Speech
sequence waveform
Text-To-Speech
conversion
(—{—{—!

e S el L
Stotisticol Speech &
18 Sound Computing Lob.
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Introduction

s MEX S ASHA] HEA
[ I R s = e e |
ZOHE S4%4 (Formant speech synthesis)
HHIE(EAEZM7)) + Z0E 23 H(Fal==¥ Y auditory parameter)
=g 34884 (Articulatory speech synthesis)
A EEHAEZAT) + LPC 23 H(AZFE Y production parameter)
e AHY 3 4EHd (Waveform concatenation speech synthesis)
HHe| 2 (EHAEEAMT) + S ™ MH /G E(Waveform unit selection/concatenation)
SARY (20t o E) 7|8 S48 (Statistical model (HMM) based
speech synthesis): HTS
X RE—AEZAY])) + GMM-HMM + 234
Merlin tool kit: TN + G2P + CDDT + GMM-HMM + E3
GMM-HMM = DNN, LSTM
EAM: STRAIGHT [Kawahara, 1999], WORLD [Morise, 2016], WaveGlow [Prenger,
2018
=
— e e L
Stotisticol Speech &
19 Sound Computing Lab.

KAIST  feresadvanced insttute of
Science and Technology

Introduction

[=]3

=
7

o

kA
!

‘d8Hd (Deep learning-based speech synthesis)

ks | kAl BB (Classical modular-type speech synthesis)

HHe| S (HAEZ47]): DNN (DeepVoice1)

Regression: DNN, CNN, RNN, LSTM

Vocoder: Griffin-Lim, WORLD, STRAIGHT, Wave Net, WaveGlow, WaveRNN alternative
ehd S 5 WaveNet (2 A| 7t 1500H), WaveGlow (A |7t 20l), WaveRNN (& A[ZF 10tH)

o
'—75-|E

&

Ik oks]

gn TH
oC ox

o re ox
mn oo o

s
2}

x| # ZTH7H kA 24%Hd (Recent end-to-end speech synthesis)
DeepMind WaveNet: Bl ~E 2 M 7| + Regression/MNMocoder (WaveNet)
Google Tacotron1/2: A E 2 4 7| /Regression (CBHG, LSTM) + Vocoder (GL, WaveNet)
USTC Transformer TTS: BlAE 24 7|/Regression + Vocoder (WaveNet)
Baidu DeepVoice2/3: B~ E 24 7| /Regression + Vocoder (GL, WORLD, WaveNet)

Recent neural vocoders: MelGAN, Parallel WaveGAN, Multi-band MelGAN, ...

[ e e
e e
Stotisticol Speech &
20 Sound Computing Lob.
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DNN-based speech synthesis

. 7R E
A5 DNN oy dgF
(HAESAMT|) | (Regression) (E=2H)
= ESS 1o EA| SdEE athy uts
Lte stmojl zict Lt shmoj| 7 L -

Stotisticol Speech &
il Sound Computing Lab.

KAIST  rores Advanced institute of
Science and Technology
Cm—

DNN-based speech synthesis

. 7|2 R

[ = =—{ —{
—— St S Lt
Stotisticol Speech &
22 Sound Computing Lob.
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DNN-based speech synthesis

= g Vs E2 e

<
Sequence-to-sequence regression problem

=4 9
(QA-I Exl)
[== e T ]

{ Regression function

olgd o
H =
=
(2 E4)
oo
— el S e
Stotistical Speech &
23

Sound Computing Lob.

KAIST [
DNN-based speech synthesis
= a8 Ve D e
Sequence-to-sequence regression problem
.
i
\,’
PO
.: ."‘\V‘.
WAV,
olgd A \‘A. =g A
H= 2 =2 =2
(elo] £7) (84 57
o r—
—
» Stotisticol Speech &

Sound Computing Lob.

_14_



KAIST  ForeaAMdvanced instituto of
| e——

Science and Technology

DNN-based speech synthesis

=
L xd K'I El T

=y

SR

Grapheme-to-phoneme
(G2P). short pause
conversion
BAE —p) HAE dArst 49

gil Lo L— L & I‘_\'!'IJ_L‘{I I =

sl pbLb—Lspd FaimudspLefsl

[ =] ==
[

—_— e Jed
Stotisticol Speech &
25 Sound Computing Lob.
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DNN-based speech synthesis

. FAEH
=3 AL ol

rir
e
El
=
N
n

RS
e
od
=
X I

25y 891 250 2%
WELS (flatten) _ X§O A A N
SR e berpgs ity
, AeErt Ly
—E—DﬁH%—)—‘%%i% FL—Ld s Fanmw
253 (encode) @ #{E2 v sp +sil)

=
=
nE
A
d
>

deH 237 (upsampling)

IO

iRRRRASRENAADRS
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DNN-based speech synthesis

= Regression

Two steps in speech synthesis

4 RSAIZt 2ETY 8 FF

S RSAIZH oMol SHST TettE S nuy 9 =5
— F 7o SEHQl DNN S £ regression 22 &

Stotisticol Spesch &
Sound Computing Lab.

KKAIST  Keresadvanced instituta ot
U ———

Sciense and Technology

DNN-based speech synthesis

B -NECICEL)

o
b=
SsdEF ey HE - Sdad
=
o TT
LPC E3GH KA o2

WORLD EZC
STRAIGHT E3L
WaveNet 23C | DEZE TS

Qo
e S e
28

Stotisticol Speech &
Sound Computing Lob.
.
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DNN-based speech synthesis

- SYEYT| PE

SGEELES ¥ t
K| A7 2453
oEg A EEH
T | o lolAl ot [o] H
- ——
m a —-\ |
: ~ |
[ EHAE =] o e = s >
] o MR
: -
PN
A=Al SHEE =34 stMe
o= regression t=dg
(S2/E)
=0
el Sl Sl G

Stotisticol Spesch &

29 Sound Computing Lab.
I
[
KAIST riinmirime
End-to-end speech synthesis
« H{&4
Classic speech synthesis pipelines are complex.
Multi-stages: X 2|5 regression(Z| &), Tt &
Each component is based on extensive domain expertise.
Hard to design
— Needs substantial engineering effort when building new system
= g
Synthesizes speech directly from characters
— Single-stage system
cocer—
— S S
Stotistical Speech &
30 Sound Computing Lab.
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End-to-end speech synthesis

- 3

Given <text, audio> pairs, the model can be trained completely from
scratch with random initialization

Alleviates laborious feature engineering

Allows easily for rich conditioning on various attributes, such as
speaker or language, or high-level features like sentiment

Single model is likely to be more robust than a multi-stage model
where each component’s errors can compound

. CFA
| IR o |
Needs larger amount of speech data
Unexpected synthesis errors can be found in synthesized speech

Stotisticol Spesch &
31 Sound Computing Lab.

KAIST i
End-to-end speech synthesis

= Tacotron (Wang, 2017, Google)
Sequence-to-sequence
Encodes character sequence and decodes to speech sequence
Shows limited performance
Suffers from alignment problem due to input-output length mismatch
— Sequence-to-sequence with attention approach

X ¥ <EDS>

<Decoder RNN>

<Encoder RNN >
Qo
e S e
Statisticol Speech &
32 Sound Computing Lok,
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End-to-end speech synthesis

= Tacotroni
Encoder: ZXI€¥ (grapheme) —» L& St &=l SER
Decoder(+attention): L% 2} & & BE{ — 80-band mel-scale spectrogram
Post-processing: 80-band mel-scale spectrogram — 1025-dim linear-scale

spectrogram E—
Vocoder: 1025-dim spectrogram — &4 & _ wEs
Encoder Vocoder oo
000000 Decoder T
) : \:';‘ " Daeode | Mel-scale spectrogram
Attention is apphied g} H?K F_T R!l
Prenet | o 8ll decoder steps 4 H -
\mn\a\mnl‘_‘\v@m\
dooc 'IRY IRY |
@vgﬂer ermegngs. <60 trame
T cocr—
n CBHG: 1D Convolution Bank + Highway network + bidirectional GRU module éﬁgﬁzﬁpﬁgﬁﬁa&

KAIST i
End-to-end speech synthesis

» Transformer TTS

Tacotron?2 Transformer

=]

(_Meltinear )  (__StopLinear )

Location
Sensitive
Attention

3-layer Decoder
CNN Pre-net
Rt =n ] ) A
Staotisticol Speech &
U Sound Computing Lob.
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End-to-end speech synthesis

= FastSpeech
Transformer TTS FastSpeech (& X 2|

Training

Posilional
Encoding

Positional

Linear Laver

Autoregressive
i 1 Encoding Do T3
) ) Character Embeddi ! o
+ » aracter Embeddin, ©
Esdet ) soarea Gecoder ;hg] Hypna
Beasst Socona L Length Regulator Duration Predictor
e Text
= —{ =1
e S S L
R Stotisticol Speech &
35

Sound Computing Lob.

KA' ST Korea Advanced Institute of
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Sclence and Technalogy

End-to-end speech synthesis

= DNN 7|8 23 74

WaveGlow (Prenger et al., 2018) W imehite etk
(log s,t) = W N (x,, mel-spectrogram)

xyl = sOxy +t

Flow

= Inverse ; A
* 1) =] F 4@ x iz - 3
'------:I--:.—--—u, Ya o
| :
affine
xform

with p,(2) = 228 2« N(z;0,1)

& L 3
N\ M WN
Lreol”
Xq Xp

k \
logpy () = logpy () + ) 1ogl/ () saveeze o
i=1 *

I;I upsampled
X, |_ 1 0 x, & 0 mel-spectrogram
Xp | | WN(Ys x| | ] cecr—

Stotisticol Speech &
36 Sownd Computing Lab.

coupling layer

z=f=f * fier o) <P

invertible 1x1
convolution

i
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End-to-end speech synthesis

= DNN 7|8 23 71 M -
MelGAN (Kumar et al., 2019) 29 ®

Raw Waveform ——

Mel Spectogram Input sequence J | Bluck + output
) Discriminator Feature maps
Conv Layer 0 _.‘ .
= | G Block - output
Upsampling [8x] — T g
e - Discriminator Feature maps
Layer o Aol | Block + output

2x 71

Residual stack |

Upsampling [2x]
Layer

1 E F] & \% m/h "';‘:M‘j};::;_;f}‘:"' —f—  Convlayer = Feature map

i E | ] E b Downsampling [1x]

Residual stack |

‘ Q’— g EHERHERHE

Layer
Conv Layer ~ —— Feature map
Conv Layer r
Input sequence

1x —— 4x Feature maps

Conv Layer ~ —— Output
Raw Waveform

37 (a) Generator (b) Discriminator

KAIST  Foreaadvanced institute of
C —

Science and Technology

End-to-end speech synthesis

- DNN 7[Ht 23 7§ -
Parallel WaveGAN (Naver 2019) |~ e @ [2]

GAN 7|BF HA|Zt 23

o 1
=23 o prmadey
STFTloss  [LS | Gradients |
LS HIXIOS —> (22t) \ | wrt6 |
=2=Hd0 \ {

Random noise

e 525 [ D@ >®“*><;>
uxiliary feature e
- GAN '” E O_Iﬂ -?-_7.(_ — 5| (WaveNet)

c
5704 g —I—E(tur"ng)f_l—ll | sTFTloss /
(ver) “M
SUHS HA A= Lt L

Rea//Fuke Lagy
Torapeec ] Diseiminatr >
Aaay

Dlsmmmator | Gradients |
loss "')‘ wrt.D |

o r—
—_—t eSS
Stotisticol Speech &
38 Sound Computing Lob.
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End-to-end speech synthesis

= Multi-band MelGAN (Northwestern Polytechnical University, 2020)

= Multi-band MelGAN ? Lx 61

i i
Smaller footprint ; §h E
5 F : ko) I 1 :
Faster decoding with CPU t 8 -»| Convid l_’ ‘ c;::hd :
| ) Residual L —
| '3 Block i4 :
é i ]
§ g
L m\‘ Pseudo QMF=<
T
Index Model Loss MOS Discriminator
MI | MB-McIGAN L futt (Eq. (1) im0 e g > relfuke
M2 | MB-MeIGAN | Luy + Lo (Eq. (9)) | 4.34+0.03 {

i

- :

4‘—» Disc ator |y, real/fake :
'

'

'

'

Table 5: Model complexity. i

‘ Avg Pool
Block

Tadex Model GFLOPS | #Paras. (M) | RIF | Lploee

FO | McIGAN[20] | 585 477 02 {

F3 | FB-MeIGAN | 7.60 487 0.22 Discriminator —_—

[ E— > real/fuk

M2 | MB-MeIGAN | 095 191 0.03 ‘ Avg Pool | Block RS - e

39 ....__..__.___.___-___._._...__..__.._-.____:;LC“:I

K'! I ST Korea Advanced Institute of
Science and Technology
 ——

End-to-end speech synthesis

* DNN 7|8 23 23 AlH

Multi-band | Parallel Parallel
MelGAN WaveGAN WaveGAN
Gen layers 30 Gen layers 33

oo
—

—_—t
Stotisticol Speech &
40 Sound Computing Lob.
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End-to-end speech synthesis

e

= End-to-End 24 24d8td 23 A
S M7 Hs (MOS)
W7} OjA 4 TEO| S AT

g7t A3 8E: 28 HO[H0 §l= 2523

{(char)Transformer
+ WaveGlow)

Bt 108 S
(char) (char) (G2P) (phn)
el el Transformer FastSpeech Transfarmer Tacotron2
Neural voceder ParallelWaveGAN WaveGlow
MOS 4.55 4.20 4.49 397
I .= o~ IS
(Cf_) = IS | \; o \__'
= S
Stotisticol Speech &
41 Sound Computing Lob.

KAIST = Advanced Institute of
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Scienze and Technology

End-to-end speech synthesis

= Improvement of EZE TTS
E2E TTS model combined with speech quality predictors

Maximum objective speech quality  Maximum subjective speech quality
L A

A z
R | »
Objective speech quality Subjective speech quality
[
Speech quality
predictor
f

Synthesized specch 4= == Original speech

TTS
Text
[ o e e
— e o B
Stotisticol Speech &
42 Sowund Computing Lab.
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Revisit to Speech Chain and End-to-End
Approach

SPEAKER LISTENER
P A

Stotisticol Spesch &
43 Sound Computing Lab.

I(AI s Korea Advanced Institute of
Scienze and Technology

Revisit to Speech Chain and End-to-End
Approach

= Unified model for E2ZE ASR and TTS using speech chain

interaction
. . Y ==>Lasrly. py) 2 --» Lrrs(e. &)
i pe—1 A A A A
| [} 1
''''' St - N -
! 1 1 1
v I 1 1
A~ -~ ] 1 1 1
xr Yy 1 Il 1 I
i 4+ T I Y :
1 ' A ] A I
N ' ' 1 : 1
e i
I, .
&L —> ] ' '
A I A [l
1 1 ! 1
1 [ 1 1
e - e R 1
(a) (b) (c)
[ = =] —J
e S e
Statisticol Speech &
44 Sound Computing Lob.
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Analysis of the Effect of Prosodic Feature in Speech Emotion Recognition

Sunchan Park, Hyung Soon Kim
Dept. of Electronics Engineering, Pusan National University
sunchanpark@pusan.ac.kr, kimhs@pusan.ac.kr

7] Fukg, o] Wskel e 8 5EA4E SAS 3 AR A T AEE gAY
B oAFgdE tfxFHed &A  EA Mel-Frequency Cepstral CoefficientMFCC)¢}  Log
Mel-Filterbank Energy(LMFE)o] & F7t2 A8 W A A4 Aol A= dFS 2
Mt 83 we o dEHE LMFE°l &= XHE Fu9 37 7]
A, MFCCol A = FOO AR7F AAHL IHE Fapao] Aunh dev, dnba o
7t AF Aol AdE Aem VdEu, A4 W] LMFEZS-E Fooll s BRE +
& 54 A& 93 A A Z3vF vned ZAoln. Ae HuE 98 4 SAS
convolution layer, long-short term memory, attention module® T4 ¥ 4]
AN2glE AT & 532 log FO, log olvx e} 1 el mhebna g
FOE F43l7] 9l 2149 71vte] CREPE [1] 24d& A&l &3 2 7)o
Emotional Dyadic Motion Capture (IEMOCAP) tl|o]Ej o] 2o 7 &
HFe 548 FEsto] ols S ¥ B Hrtsidv A4F A3 & 54S MFCCel F7kgk 74
3

S o = AV
Mo

—
b=t
=

!
F AEE7F 395% FFEJAAR, LMFE| F7ket 49 AdEs 042% gl 1zt 18y LMFE
S d502 AL A= MFCC & EAS 74 A& 49wt AE%7t 0.76% =30, 9
Ay Aias F3 FES] =2 FEY LMFERZHH AAdEo] £& HARE g5 & dS5S 9
T AAT

ZALe]l =
o] =82 20199 W3l = nSR9} St AdAcke] AU wol = A9 (NRF-2019S1A5A2A03045884)

= R |

[1] J. W. Kim, J. Salamon, P. Li, and J. P. Bello, “CREPE: A convolutional representation for pitch
estimation,” in Proceedings of IEEE International Conference on Acoustics, Speech and Signal
Processing, Feb. 2018, pp. 161 - 165.
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Discriminative Denoising Autoencoder for Selective Embedding
Compensation for Long—distance Speaker Verification
Ju-ho Kim, Jee-weon Jung, Hye-jin Shim, Ha-Jin Yu

School of Computer Science, University of Seoul
wnghll87@naver.com, jeewon.leo.jung@gmail.com, shimhz6.6@gmail.com, hjyu@uos.ac.kr

AAHB|OM Yt WS SRt 01X A|AHO MEE X3} 29 F sfLio|H, M5
MBIE tefsty| Qs CHeFst EAV|MSO0| KOt QUCt d2jLt 7|E Yra| UM =
AMAIAEO] ChsH Ao LIE 9M0| YHE A, UMD U LA i A
So AR XD 272 U YUMo CfSt NS K3l SXIF LIt £ Uk ol B
ME SR EX EZ7|7F Q2| WM AMSIEE SEE0, 2H2| LA CHa)
20| 4 3k EXS =3 e
57 mEolgtn JHEE % Lo+ L et
Chi1] 2 =22 92 wyol 7 mEmEE
2o WE M5 siete eHsin Z & el e
R, wrdol Halof mat six 51 | F[ ]S S| Chiini-iaE
2 MHMoz HAE 2uX & =
e MA XIS SI|E K orst

objective: Multi-head
EI- L MSE self-attention
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2 A23H RawNetR]EEE &3 3kt EXS Yoz sict 12 12 H|QHst &}
1

Ral
mn
=2
ox
=
rm
_|-(')_P
Rl
m
o
8
B
-
ox 2
>

O Y ¥ Q Hu ot
H

1A o ™ o Ao

ofo 0% Ry ™ o

H © mrin [

2 iy
ot

» -

gﬁ of

il =

[0 @

Hu 4

oo

iy

ot

Rl

m

(0)a

8

lo U

HT

0%

ob M 1

ot

>

m

(0)a

)

O

w)

m

o]

Hu

>

lo

n

)

=
rQ
%
ko
i
rlo
I
N
Ral
1o
k-
>
oot
>
ujn
>
oo
e,
2
o
o>
o
_I'_I_
rg
Rl
&\.
)
of
2
R
(@)
D
>
~+
®

_30_



loss(z,)[3]12} inter dispersion loss(z,,)[4]1E At&3tH, yHS0l= mean squared error

(Luysp)S AFESICH OFX|2 AHB 0= categorical cross entropy loss(Zocx)S AHESHO]
oAt AlEZ Al

Morsh meol sty I Hylole el $HM 2re wHo| & mus
VOICES[S] GIOJE] MS AMBIICH M Zu} #ojAztele 770%2 5L &8, H
O|AZIQI HIQHSH BIRF B HA AIAHS M2 A 634%° 5Y o282 o
S 4 UUCH O ADZHE MO BYN TS M A|ES87|T Chest AHalof
M =S YA sHo Zoste elsict

of 7= 2018 MYUSLAHF S 4PV EI/HAAKET) FFH KO ol AT
(10076583).

[11 Jung, Jee-weon, et al. "Selective Deep Speaker Embedding Enhancement for Speaker
Verification." Proc. Odyssey 2020 The Speaker and Language Recognition Workshop, 2020.

[2] Jung, Jee-weon, et al. "Rawnet: Advanced end-to-end deep neural network using raw
waveforms for text-independent speaker verification." Interspeech, 2019.

[3] Yandong Wen, et al. "A discriminative feature learning approach for deep face recognition," in
European conference on computer vision. Springer, 2016.

[4] Hung-Shin Lee, et al. "Discriminative autoencoders for speaker verification," ICASSP 2017.

[5] C. Richey et al, "Voices obscured in complex environmental settings (voices) corpus.”,
Interspeech, 2018.
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Multi-speaker & non-parallel voice conversion using average
modeling and GST

Jisub Um, Hoirin Kim
School of Electrical Engineering, KAIST
{twiz0311, hoirkim}@Xkaist.ac.kr

& 5= average modeling YAlo® FAZS RIS 4 QIAY] 7]yte] ZAiw gt
A 2RI MelGAN B 305 ZAgshs A5 ARttt A ofz] dtoA vyl A
HeHS sl 24 AV E &8st £%% phonetic posteriogram(PPG)E AHE-Sh=
sl Adt=Eoigtt. 2 A ®£3H sid WAlS  ARESte] B ShAY

mel-spectrogram=s AASIEE SAHST RS feature average modeling ®FAl 0 2
522 RI)5} 17 0] S MelGAN ¥ 7C|Q} Astslo] SAlo] wists] S-S MAFIC]
7180 G4 QIS HE SHNT A2HE FA wold AHSE shtel shato
s M SAREero] Thastte SHAIE 7HAlAL it SHAITE 2 =RoA& average
modeling WAl A&sto] tepAtoAe ZAZto] 7hEst=s 5hItt. Average
modelingo|et AR} == A9l linguistic JEE AR S 7HK|= acoustic A
uot IS AAZES chabite] PRRo2 FAYES ot WAoR ofa aixe) g
d& A5 YoliA] SHATE embeddingg average modelo]] 7} inputf. 2 AFESh
cf. 8pAhE embedding® Strtobth sho] Jhsgt wetulel TAE o] SAMS L)
A E71o] XY=}, T35t Global Style Token(GST)& &850 SMof st F717

HE FE WEOA AHEE 4 AEF 5t d52 =0

18 9] st=o] o stAtet 17989 &7 stAS ol&sto 4 Q] ¥ =
2, MelGAN B34 23 Al8gsilet. o]& Ju 27 199 gpAts A2 oAt &
oe FY 247 189 SxbE B shxte dAsto] & A7ER9) SAtRehS Z1edsheict
Higho] hed 42 ez 32 AAVIE &ol &4 A /& stAF AXV|E
g85to] A& AL embeddingS v o2 SAI=E EAct Y P52 AWA
Bt Algz ARgRE Adt 27HK] FH REOA Adso] FYES Bt
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Fast End-to—end Korean Speech Recognition

Kiyoung Park, Yoo Rhee Oh, Jeon Gyu Park
Artificial Intelligence Research Lab, ETRI
{pkyoung,yroh,jgp}@etri.re.kr

SRR S

5t

RS 9 ABAS Borel BES WY WA SN Sotag)
ch. §5] AT Soldt FUP SHANIE B Ao Hste] 0 EeiFe
4 UM 5L BAZD k. FUY SHAANNE Foldl 84 Ao Hold
of £AY &L 5P| Ysto] ololnd, WA, SFue| 22 glo] shto &

£ 452

FHoE EUY AAYL olfstel, JIE Ao Hlstel Tad 1EE
H

21 4] J 5l s
< EfiAny 7]gio) Qlig- qq'ﬂ ?KE 7HAH, & ot
2 st Connectionist Temporal Classification(CTC) &
o] ol ARgEHIH. F K] 29 RHE9 e £E=E vlusiiod, J|E
DNN/HMM &A1) QIA7|ete /d52 vlust A& 7H* = sttt

=

70 wts} 4] 9 9l &% jML 9jste] wat B& ChE GPU AMR, Wix| £]3H,
WP (half precision) 129 Se] 7ol MBEgct ol2ie 4% AN ESe
Hs Maprt Aol glo] m&o] fjadol JhsslAl stgon], AEMog 8/e] GPU 7t
= At 145 AuolA 100217t sH2o] xFQulst 248 90% o]l 2 ¢14]
52 UE= Qlalsher] 23 olste] A7to] 4 Q& gt}

o] =Re 2020dE AFR(HSIZHRENR)] AUCR HREA|DYIUY AYS wob Y A7
(N0.2019-0-01376, THs BHAIZE ot S4914] 7] 27he)
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Frequency—level Feature for Rapid Emotion Recognition

Di (Suk Young) Lim', Hong In Yoon? Hyeong Ju Na’ Jeong-Sik Park?
'Data Intelligence Lab, Hanyang University
’Language Technology Research Institute, Hankuk University of Foreign Studies
offlim@outlook.com, gnlenfn@gmail.com, skgudwn34@gmail.com, parkjs@hufs.ac.kr

As Automatic Speech Recognition, ASR has achieved fine performance, enhancing the
quality of the recognition emerged as a next step. To fully understand human intention
of the spoken language, recognizing speaker's emotion added as another feature of the
data. Indeed, emotion recognition requires precise model as well, yet considering its
change frequency within a single speech, it is expected to be able to be handled with
low resolution or relatively small data compared those require for ASR. In this paper, we
suggest usage of data extracted at frequency level. By using the data extracted at each
frequency bands, the size can be decreased significantly while maintaining the emotional
characteristics. Since its time dimension is cut, only single dimension, which is by
frequency level, is left with the size of less than 1% of the original full MFCC feature
data from up to 2-second-long speeches. We conducted experiment comparing the
accuracy between the full MFCC data and the proposed frequency level data with the
same environment, simple 3-layered DNN and confirmed maintaining of its performance.
Especially for 3 emotion recognition, the accuracy dropped only by 0.84%. Then by
optimizing the parameters for proposed data extraction, we were able to improve its
accuracy, especially at speaker dependent environment.
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Adaptation of Emotional Speech Recognition based on Knowledge
Distillation

Hong In Yoon, Suk Young Lim, Hyeong Ju Na, Jeong-Sik Park
Dept. of English Linguistics, Hankuk University of Foreign Studies
gnlenfn@gmail.com, offlim@outlook.com, skgudwn34@gmail.com, parkjs@hufs.ac.kr

2], End-to-End &7dAA12 7]E9] HMM-DNN¥t 22 Z7dAA1 A|ARIu} v ws)
2 W o Ue 452 2olT 9tk End-to-End WAL 71E0] SAQIA AlAgle] 7}
dANA Hast g, dojud 52 TEA] dret= of W st MY &
otk APdg 7ML otk stAlRh delde 8 End-to-End AlASEe B4 e
A4tk ol & 845k B 7HR AL Tk
o| 718 Z+E3517] {5l Geoffrey Hinton2 A|A &= 7|¥ (Knowledge Distillation)<S
AR A4 S5 7lge deld BRe @ SR whEo] Eth Weld Bdd:
e e el seblel® AR AR A4 BRE Bal selole] 28 golciers
71E9] wd ’é%% A & JeF st Wiolth. ojnf, XAl 57 VM2 Y 4=

o %2 3 2

©
u-gfol el Wity &

ol'
ml>
=2
l-ﬂ
_t
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i .

oz} = 2 SIch A4 589 440
Aol Wl AgeelE A8 4 A Al

oY Yel'de FEI End-to-End SHAHNL 2 HUES ARAL opx BAW e
Hjolold 84S masls S F9 Qurel SYAX uls) REsI) ejusta
WY mEste Oifw 24 oolelg PEsIE o] oyy] mRolt. o] AqdA:
AN ZRE WEA MG 52 B /1EY AN AAHS BYL BT 240
NE 22 MBS Y & URs Yok 1 AW A4 9uEn sy wdel 37|}
S o 459 A7t Ao YAAIR, Sy REY 277} Aofxw Hgerse] ant
Foeld o ye Ang 92 4 A9t
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On the use of connectionist temporal classification (CTC)
for a Transformer—-based end-to—end speech recogintion

Yoo Rhee Oh, Kiyoung Park, and Jeon Gyu Park
Artificial Intelligence Research Laboratory
Electronics and Telecommunications Research Institute (ETRI)

{yroh,pkyoung,jgp}@etri.re.kr

steddlo] X H2{d(deep learning) 7=l LA A SF/gUAl(automatic speech
recognition) ‘g% FHEHL ot 55, i&F SUolEHolAR SrEH FTUY
(end-to-end) SUAIZ]= 7]E9] /20479 Blwst] =2 /U4 deg Bty & &
BN = sts oA wE i 2/dUA dE 7S $1SH connectionist temporal
classification (CTC)7} 234 Transformer 7|8 £Wd S840 7|0 £H& F0, 4914l
iy oA ALtE= CTC score?] &8&E52 BRIty WA, 3/4UA ¢3id gl CTC
scoreg 0|85t S/dUAl FATEY] AlF FJEE =S5t YHE EAo 1§, CTC score
S 7Ivtez =59 AR RS F8sto] 34 €4 d3E(end-of-speech detection)a 7§45t
= C scoreg 7|§to g 5% ARF JHE &E51o CTC score ALl

Transformer 7|t gt=to] T IJ/4QU R g0l A
CTC score #+X5 Ho|il, o] 7[¥to=s st Z/AJAA FATE gt A)F JH & A3E
Bty tfZo =, CTC score 78t AP EE &8st 34 24 B& ¥y % CTC ALt
Agt YHE Agdo=zn, 4AA de2 At fAlstEA S34UA gig £=5 /A
= Hlth

TAkel 2

o =i 2020d%E AR-(HAle RS Adoew ARSIV EHFIIA AdS ol F3HE
I~

AT (No.2019-0-01376, th= 3tA7F W3l &4202 71<44)

[1] S. Watanabe et al., "ESPnet: End-to-end speech processing toolkit," in Proceedings of
Interspeech, 2018, pp.2207-2211.
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Audio—Visual Speech Recognition Based on Guided Attentions for Robust

Speech Recognition
Yong-Hyeok Lee, Jae-Bin Kim, Hyung-Min Park
Dept. of Electronic Engineering, Sogang University
eug92@sogang.ac.kr, rlawoqls7@naver.com, hpark@sogang.ac.kr

714 wolgopo] offlM(attention)o] = o]F, ofslde A 2L
sequence-to-sequence +A|S sfZst7] Y5t Long Short-Term Memory (LSTM)
of A AP E|GICh. UYPHQl ST Del AHZ 84N Qrleet vl oAt
of 4T TS shadoRM Y A5 ATF 4 Ak s efe 844

SR o WA 28T % 7l G AR 2

34914 3 g
FYHE otFo] olget olF Sloh A2bgnet Aanne @Y o
E

O

)% _I}l

S
=

Aok

N LI
A A7 LT ol 2} T o3

2 o 49 ox rlo

S X0olAl o]ElA, sequence-to-sequence

S o] Aite ARIWIGILEURS AL AIATATL NUE ot 4
= AFLY(No. NRF-2017R1A2B4009964, NRF-2020R1A2B5B01002398).
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gt o] drxjoz 0lsf], FZo= AAHAAME st AT =olx]| Qrt. B Hil= A APl 35}
o] 7+a s} A MY Jjure = 2xg sty 9ot

19

A BRI9) A, o, g0l "iste] uhx] Apilol 2387 = AXY sGs W= AS get
o 42 AA ARUAoldoMe 225 242 WL AT SdUSAI AR tfgt wHEllo] F7F
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shs ZmA pEsIoch 71E0 2709 Aihub RElRZ Q4 dolEMe uiEoR A 22T} A
270 st et ARE Fotets WAow Msstyct
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2 Ao 153 Y /1R AHAS Bolol, B4F et 84 AR AL A AR AR AX]
A 37l WA Yol BE h3e T 4 A o 2L BER otn Ytk olg A, 712 YAk
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1] Shum, H.-Y., He, X., & Li, D. (2018). From Eliza to Xiaolce: Challenges and Opportunities with Social Chatbots.
http://arxiv.org/abs/1801.01957

[2] Ma, Y., Nguyen, K. L., Xing, F. Z., & Cambria, E. (2020). A survey on empathetic dialogue systems. Information
Fusion, 64(June), 50-70. https://doi.org/10.1016/j.inffus.2020.06.011

3] Pamungkas, E. W. (2019). Emotionally-Aware Chatbots: A Survey. http://arxiv.org/abs/1906.09774
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Embedded Korean Spoken Dialogue System
Using Real-time Speech Recognition

Hyunsoo Son, Hosung Park, Ji-Hwan Kim
Dept. of Computer Science and Engineering,
Sogang University
sonhyunsoo@sogang.ac.kr, hosungpark@sogang.ac.kr, kimjihwan@sogang.ac.kr

2 =2 Ao A&, 24494, Ao8E HEted, SHLAEE At AFAls HlA A|ARLS Aot
Ittt AUFEE 7]9Ho) HH F§ AlHlAE ofZ7o]d A3, vl B 59 AMEAY] &A1 A
< Q-pstey. oo Ozt tigto g Al AmAE F3 I& AF7F AAEA L, stE o] Al RAM]] ARE-A}
o] MAFEIT ADE = =AZE LGSt &5 BE, 58§ & &3 Y VIIBEE AHEsHA] o= ot
g oA Mu|ATE AlFE L Tk & =20 Atshs IEAls HIA AJARLZ JIRIZE /EF &
A7E ele AEAlE HIA AIAELS AQtsitt AJARLE SiAlo] A&, S4UA, digted, Sdd4des +
A glojqict. aalo] A& CMU pocketsphinx®t Google WebRTC VADE AF&sto] Qu|cje 770
A &5 7Hsst GMM-HMM 7|8F ©of QIAl mHl3 ARESHITE SBAoj7F QIAE|H AREAIZHE] ZAd0
2 Y32 den. AU g2 3Fged, dojud, iy YEJIRE FE] ot SFLELS &
ARls s Aol T #Eo] =2 U3EEE Adstu, Kaldig &3St TDNN(Time Delay Neural
Network) 7|9t SFLda st Qo] B2 ZaFedo] wrgdo] Aiutsg F3w ©of o =5
= Aitsto] 7P g8l =2 w2 £, n-gram Z[¥tog AT SFELE dojuHES

5
WFST(Weighted Finite State Transducer) 7|8t O34 UEXIE &5 2424 Auts F3stH O
stAe] 2ao] Qeioz MUt Usia) REe ALgAlY] wels BAste AMH AAS HlgoR N
St A|AED S8 AlFstth. tistAe] =2 ALBERT(A Lite Bidirectional Encoder Representation
from Transformers)7|gF Qo] =& Aol &3y thste@ 2 KorQuAD 1.00] fine-tuning 5} A}-835}
At 24T Amazon Web Service?] Z747d AH|AQ0 PollyE AREsto] 4w HAEQ ds)
59 orjo AEYUS AAZIOR AAITE B AARS Fo) A olAl, x8 So AAYR} Bad
Hul 2ot ALGAL 5 QBAS HA Aula AFo] Zhssit

o] ut= FAR(HePred BT MLz r=nALATY Xdg Top 2" A+Y. (NO.2020R1
F1A1076562)

* WAIK AL 71X EHkimjihwan@sogang.ac.kr)
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Multi-channel Speech Enhancement Based on Multi-task U-net and
Channel Attention

Geon Woo Lee, Hong Kook Kim
Gwangju Institute of Science and Technology (GIST)
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Rl Ofo] I2E olefole BEI 84 T V1L AE S UM 5 U 84
Hel S8 wofe] MM ol AU HEHT ok SHAT 4 S& AlAEe)
J5e w7y "ol 2 AIME 1 gsol APt i Aol 9ou, ofF g

2 s 2
=2 1
7] ofal ohoret oAl o4 @A 7lao] AL ot B =RoAE oAde o4
o VS
=]

FIF;

+ A=g RBE ZF Ade VIERE &8 & 9 3 o’ldE A&t g2d 7]
gto]l 574 T 7leS ATt AtE deld '] pxEs PHESoR AgE |
7iel Borier S AS A9 A3 E FAskes 2719 H5=7|9] HHEAA
U-netez JAAGEH, Ba7]et 557|9] Fdst YX|e ddu52 J¥sez A4
o}, olet o] e wHo] ZF HdFS Arolol= A offIdS A8t Aote |
g9l e EAZ 4 Ad Also AdE=TRS AYE TY= Aopx 3-DE F/JE
1, 28 AL 5§ A4 i ZY TR AHER Tfio 2 JYEITE AQtE |
g 2Ho] 34 P ds5Z Frsr] Hdll. 6719 upol2 Ad= F/dEl CHIME3S]
& HlolEE AR&sto] Held 2@ 55t F7t HolHE ARgsto] PESQQF SDR
S &75to] dlusiith. Ad Ay, AorE 34 T4 7ML PESQeF SDRE 247
1.187d3} 11.95 dB 92 7§45t ct

ZAe] 2
o] =z 2019¢ = ARV adE A7) AMecs FEF417|2H7de] X
drop 4o8El A (2019-0-00330, FR-ob/obs9] wWEagol £7[AEE gt 45
]

o
= S
SS AlEjQlx] Al 7|5 7
Aned
[1] J. Barker, et al, “The third 'CHIME' speech separation and recognition
challenge: analysis and outcomes,” computer speech & language, vol. 46,
pp. 605-256, 2017.
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Extended Personal VAD for Overlapped Speaker Diarization

Seunghyung Lee, Minsoo Hahn
School of Electrical Engineering, Korea Advanced Institute of Science and Technology
shlee92@kaist.ac.kr, mshahn2@kaist.ac.kr

2 d4e A Eet JgE sk Hetar P04 e] 2HA} diarizationg sl &
A=l personal VADE A|Qtstch. kAt diarization2 ‘who speak when?’', & oj© &}
7F ol AR HeiiERE AR AR glo] eAtE R EYhliae dagEer, &7
AAL, ShAt QIAS Hst 28 AA2] & ShA tagging 5ol AREE|AL Qi

3}x} diarization®] A%< Aslel= 2 Q42 "sl AX AL WO A

L oa] g7t SAlo] Watets AolA gxt S4o] 37 ejTE . sixt

£2

=4, °]

a)
a X

Me

érﬂ

@sﬂr Wgo] Q27F HR|= FAIZ o]ojA]7] wWijFo|tt. E3H wEt HAlo] wAESH Al
A el FR1 o2l SRS EAlo sl &ojofet 8-S diarizationg 48§t ZlM],

F29 7|E Ad4=2 ofAl o] & S| ds5tA] ot Aot
& =M B gxre] dHd S U]2] =0l Bl SRR 2l ofyefH Ad
S o]lH2tE non-target speech® 7F3s5H= 7|&9] personal VADS 7jAlsH SHAtE
personal VAD (extended personal VAD)S A|Qtst¥ich. &A=l personal VAD= g

O.

r

=
st Alo] ZaE AROINE AESILA ohe SAIE FHY > LS o] 8e e
arsl @A AES AlZold gt HlojElo]AR ERmgion, B s AuYl 7
A S804 FEet WY, 22]il mel spectrograms 0|83l T T2
& P2ho) B shRfe] A ofRE AET
UA| diarization TN AR YHE A2 4 glonz ue] sl S22 it
Zlo] B7}=5tt}t. wetA] preliminary diarizationg %8]1 li}ﬁgi Ao ix} A
BE29E dudS £55t0, o] &4 personal VADO| 5=35t0] AR&3sI}ict. A

otg] etnalES Eg) o} A} EA] uls} shAS E?ﬁ} LI Oﬂ A9] S}A} diarization
]_

385t 11, diarization error rate (DER)9| %
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A Qualitative Analysis on Work-related Experiences of Adults who Stutter

Sohyun Park, Jin Park
Department of Interdisciplinary Program of Communication Disorders, Chungnam National
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NE B BUE PAAWS)Y FY L NPT AANME NG FH ol A54
E

o =
3y 2o gist gukele] QA W AFIVF &5 o] FolYTH(Gabel et al., 2004, Park et al.,

A Ad, dA, =4, HE 52 EoR7lde 9 APE ok & dolMe A 3 A ot
2 ARAE TR AR A4 YAS B9 AWSY & O JiEA o]l Wier ddat
o & UA 3 Bk o s Lot At sl AR AWS F7d SHS(FAH:
32.6M)) tide= 7IE ASHES Sl @os°l +4 R HY W 2l A" ofmer
T2 UR=AE Lottt oS fsl ¥ FAo digh Z=XE vl A, wrtxehd A
FolAd g J5HFS AASHT. HEAtE= FAAHverbatim)stR o0 A£A 8w H(Shin et
al., 2004)2 Sl F2sfstl HE FAS =3ste Aoz FAsilt. A2y 242,
A B A agollM ] wEEe] S8R 4, AR AY BH s 2EA 4, A
A 3ol AWSY] Q1A Bl FAof tjRle JF, EHEoz Qs A siA =AY, "ZA] 514
Qo] A S 2eATh 5719 FAl(main theme)’t =&Hct 28 ¥ =9 4 % Y o
g, Al A EHso] a2 FAAYA dFs XL ART A siEe Het HE
A gete® BASHY Slea & 4 AT Eo ARG ANAM AR 2APE AWSE A8l &

A2
Gabel, R. M., Blood, G. W., Tellis, G. M., & Althouse, M. T. (2004). Measuring role entrapment of
people who stutter. Journal of Fluency Disorders, 29(1), 27-49.
Park, H. Y., Park, S. H, & Park, J. (2020). Perceptions of Vocational Counselors and Their Career
Advice for Individuals Who Stutter. Audiology and Speech Research, 16(2), 147-156.
Shin, K. L, Jo, M. O, & Yang, J. H. (2004). Qualitative research methodology. Seoul, Korea: Ewha
Womans University Press.
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Comparison of Prosodic Characteristics according to the
Question Types in Patients with Left Hemisphere
Damaged and Right Hemisphere Damaged
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oA BeR UG, O WA ARl 2ol 98 Annd BHH 8 Aelo]
Qo] QuRst QAISICH: At AUPHOR WolSo ARG Qlofs 2o gt ARE A
BY A7 2 WA Rfol= Q) Ant Aolshl Uehdtt. £3t Zejo] uls) It ofx
A7} BESE ofo] B APASS Al 7PA] QB8 RA(EAL of-ofye, MeolA] we}
BAE olgstol H-QUT 4 A= UEF BA PYAAY 28 BA SFUR(REAIL,
& )9 B4 AuET FAIZ Yool A 15 wele] xjolHe LAY

A7 An, AR ol-ofUo 8T ofBA RN AT 4 BAP} LA AhED X

Sttt S, OPXY 2 S WOl O BAF AR of-ofUe SR BolA AU &4

WAL B depiont. B 9 WSk J1@lE RA AREAN AT £ S
Uerdch A, ol-olye oBEolM £ FE EF WAVE QWP &4 $AP} ol &
A UEhith DR, HE oBEel A WA 28RO S5 7 Jlesleh oA £8 Q1)
S B9 71e7lolME SoF AlolS Holx| orch IATOR, oo ARl B3 WA}
S(539 Qolmiaael FAIZA BA Aupt oA A2 SFRLM AWEoR muy &
¥ ebsel o8 54 AEel AFS YRl 2 Uxlac

Aupdos, §Axos Qodt ZAWMATo] AT 24 T ojy 28L AEHir|
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g st Aute GhFol ALY O BAF ARgol QoA ol3-olo] A, AR
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Characteristic of laryngeal muscle in patients
with hyper—functional dysphonia
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2 ARE AT WSA WEPNIUAE. HOEY. 2R0FPTIN) B
FRAT WY 4TS wuwsp] st glolch ARAl 2e 4By

- %
(Suprahyoid muscle), A&stZ(Infrahyoid muscle), JFij-& (Sternocleido-
mastoid muscle)C &2 F5tal, ALARY] JGA HEE SRl FHA Al AP o4
St &5o0ly &AM Bu S Aasto] g oEE QlS(presence)it glS(Nothing)
o7 LESHYT. SPSSE ol& (23%) U272 (237), JHEIJ(21T),
MTD(17%)2 Kghhe sixjo] ol B71% ¥lEs 7loldE 28-S o ulast
> 8

X

-
n

27 4OiEYY S4Hsle AR YolE FEENS 5

7
=
$59|30] WY Wotet FRo|e A|RIt AYY WUt 9182 Al

Ch. 7 A3, HEY2(p >.000). BB >.000). FAKEL(p >.001) KL Ffol7}
Uehdch AETolA AThAR(17.4%)3 MTD(17.6%)8 9] WErt 9ron, JoiE
P PR WS Gltt HTS2oIAE MTD(76.5%), HThAR(73.9%), Aok
E(52.4%), BB.7%)# 02 WY vl o] ¥4 FHIEZHE MTD(64.7%).
U7 (43.5%), FTAE(23.6%), A F(4.3%)20lAch. FET] RS WY vl L
o MTD(52.9%). 3Th2(44.9%). STAZA(27%), FAHRTHA.3%)0Ic). ol2izt A
o
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Establishment of Standard Age for the Elderly
According to the Speech Rate

Bora Cho, Cheoljae Seong
Speech-Language Pathology, Linguistics, Chungnam National University
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sl &4 (speech rate)= QAtAE BHAJoA L

I @ 5 T (speech intelligibility)e} H¥to] 71
e Jow Ui ot wat £wrt AUAA w2
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A study on the naturalness and intelligibility of utterances of foreign
women residing in Korea for more than 5 years

Sanghee Park!, Sanghun Lee?
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Development of a Water Cup Device for Voice Treatment
Using Water Level Sensor
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Acoustic characteristics of English lexical stress
by native speakers

Jivun Yoo, Seok-Chae Rheex
English Language and Linguistics, Yonsei University
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B oargls o] Yojul Sx7E o] ofg] ZAl(lexical stress)E AFst= o AR5}
+ =Y Al&(acoustic cues)s A5H([1]. Al S22 HIGAl 285 I 259 A
2 Al7Hvowel duration), =& 7] Zu}(f0), Al ZF=(intensity)S 7HA), Fo] o
TAE Bdstke & A&Y YAE F4ske e F82 st dolt Fole A
SR} 1of(stress-timed language)®2 9t 2780] thE 220 vldl =52 %] Al
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28 S AEEE AS AR 1R Fua, ZE)E A w24 Ay
ult-stressed, antepenult-stressed words?] 3¢ T8 A& AIZFS 7 F=Q56HA At
&304, penult-stressed words®| F¢ 7|2 Fmt3E 7P FQ51H7 ARESHAT

Aned
[1] Fry, D. B. (1955). Duration and intensity as physical correlates of linguistic
stress. The Journal of the Acoustical Society of America, 2/4), 765-768.
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Effects of Segmental and Suprasegmental Features on the Intelligibility

in Korean Elementary English Learners’ L2 read-speech
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Durations of Two English Stops across Word Boundaries

Yungdo Yun
Dharma College, Dongguk University
yungdoyun@dongguk.edu

This study discusses durations of English consecutive stops across word
boundaries. When two stops are adjacent across a word boundary, one is a
word-final stop and the other is a word-initial stop. They share the stop
closure. It is known that closure durations of voiceless word-final stops are
longer than those of voiced stops in English and the places of articulation of
both word-final and word-initial stops do not affect their closure durations.
But the VOTs of the word-initial stops are known to be affected by the
voicing and their places of articulation. In this study, the shared closure
duration of the consecutive stops followed by the VOT of the word-initial stop
was measured as the duration of the two consecutive stops. Both English and
Korean speakers produced English nonsense word pairs that contain the
consecutive stops. The results showed that English speakers’ production was
affected by both stops: however, they relied more on the voicing and the
places of the word-initial stops than on those of word-final stops. But the
Korean speakers did not rely on the voicing and the places of articulation of
the word-final stops at all due to the influence of the well-known coda
neutralization in Korean phonology. They relied only on those of the
word-initial stops. The average durations of the consecutive stops produced
by the Koreans were longer than those by the English speakers.
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[1] Paul Boersma, David Weenink (2018): Praat: doing phonetics by computer
[Computer program]. Version 6.0.37, retrieved 14 March 2018 from
http://www.praat.org/

[2] https://github.com/scarletcho/KoG2P
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Acoustics of noise-adapted and clear speech in individuals
with elevated depressive symptoms

Hoyoung Yi' and Rajka Smiljanic?
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Introduction

Talkers adapt their speech in response to different challenging conditions including the presence of
environmental noise (noise-adapted speech, NAS) or talking to listeners who have difficulty understanding them
(clear speech, CS). They spontaneously modify their speech production from hypo- to hyper-articulated forms
to facilitate speech communication (H&H theory, Lindblom, 1990). Not all talkers however are equally skilled in
producing listener-oriented intelligibility—enhancing speaking style modifications (Yi et al, 2019; Smiljanic &
Gilbert, 2017).

Depression is a commonly occurring disorder that affects a wide variety of chronic physical and social
disabilities (Kessler & Bromet, 2013). Patients with Parkinson’ s disease or stroke, who require speech therapy,
often experience depression symptoms (Cummings, 1992; Dickson et al., 2008). Previous research has revealed
that listeners benefited less from clear speech modifications produced by talkers with high depressive (HD)
symptoms compared to talkers with low depressive (LD) symptoms (Yi et al., 2019).

The current study compared NAS and CS modifications, two common types of responses to communicative
challenges, in talkers with elevated depressive symptoms. The findings will provide a better understanding of
the nature of communicative deficits in individuals with high depressive symptoms. The findings have the
potential to aid speech therapy planning for maximizing intelligibility in talkers with speech sound disorders
accompanied with depressive symptoms.

Methods

Five talkers classified as having high depressive (HD) symptoms and five talkers classified as having low
depressive (LD) symptoms participated in the experiment. The Center for Epidemiological Studies Depression
Scale (CES-D; Radloff, 1977) is a short self-report scale designed to measure depressive symptoms for use
with general and clinical populations in order to identify elevated depressive symptoms with high internal
consistency. When the participants scored 16 or greater on CES-D, they were classified as having a higher
likelihood of a major depressive disorder, though they were not medically diagnosed as clinically depressed at
the time of the recording. Participants were classified as having LD symptoms if they scored 15 or lower on
CES-D. All 10 talkers read 80 meaningful sentences from the Basic English Lexicon (Calandruccio & Smiljanic,
2012) in each of the three following conditions: 1) conversational speech (CO), 2) noise-adapted speech (NAS),
and 3) clear speech (CS). Talkers produced all of the sentences in CO first and then in CS. To elicit clear
speaking style, they were instructed to read the sentences as if they were talking to someone who is hard of
hearing or a non-native speaker of their language. Next, they were instructed to read the sentences while
hearing 6-talker babble noise through the headphones. All talkers were English monolingual speakers. Acoustic
analyses included speech rate (syllables per second), mean FO (Hz), FO range (Hz), and energy in the 13 kHz
range (dB) of all CO, NAS, and CS productions.

Results

Each of the four acoustic outcomes was submitted to a linear mixed effects regression model using R. Fixed

effects included depressive symptoms (HD vs. LD), speaking style (CO, NAS, & CS), and an interaction
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between depressive symptoms and speech style. Talkers and sentences were included as random intercepts.
Wald test was applied to examine the overall effect of main factors and the interaction. The results revealed
significant main effects of speaking style and interaction of depressive symptoms with speaking style in all
acoustic measures (all p values were smaller than .001). The effect of depressive symptoms was not
statistically significant for all acoustics measures. The significant interactions were further investigated using
pairwise contrasts evaluated with Bonferroni’ s tests using the ‘emmeans’ function in R. Speech rate was
significantly slower in NAS and CS compared to CO, and slower in CS compared to NAS for both LD and HD
talkers (all p values < .001). Even though both talker groups significantly slowed down in NAS and CS
sentences, the effect was greater for LD talkers than for HD talkers. Energy in 1-3 kHz was significantly
increased in NAS and CS compared to CO for LD talkers (all p values < .001). HD talkers also significantly
increased energy in 1-3KHz in NAS compared with CO and CS (all p values < .001) but not in CS relative to
CO (p = .062). FO mean was significantly higher in NAS compared to CS and CO for both LD and HD talkers
(all p values < .001). LD talkers also showed significantly higher FO mean in CS compared with CO but HD
talkers did not (p = 1.0). FO range was significantly wider in NAS and CS compared to CO for both LD and
HD talkers (all p values < .001 except NAS vs. CO for HD: p = .048) but, there were no differences in FO
range between NAS and CS. Both talker groups produced wider FO range in NAS and CS sentences but, the
effect of FO range modification in NAS and CS was smaller for HD talkers compared to LD talkers.
Discussion

Similar to LD talkers, talkers with HD symptoms implemented NAS modifications in all acoustic measures
and CS modifications in speech rate and fO range. However, HD talkers did not make significant increases in
energy in the 1-3 kHz range and in FO mean when producing CS compared with CO. It appears that HD
talkers, similar to LD talkers, could modify their spoken output in response to noise along a number of
acoustic—articulatory dimensions. CS results suggest that HD takers may have more difficulty in making
conversational-to-clear speech adjustments the absence of a real communication partner. These findings have
important implications for speech therapy planning aimed at maximizing intelligibility in individuals with speech
sound disorders accompanied with depressive symptoms. While not meant for formal diagnosis, this work
demonstrates reduced communication behaviors as observable signals in individuals with depressive symptoms.
It remains to be determined how NAS and CS modifications produced by individuals with HD symptoms affect
intelligibility outcomes and what other acoustic—articulatory modifications are implemented by HD and LD
talkers in CS and NAS. Because of frequent comorbidity of depression in individuals with dysarthria, future
work should examine CS and NAS modifications and intelligibility outcomes in the clinical population.
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Edl} w2 2o do] 29 A2 0|85t SAXE 7|¥Hl 24§ X|E(water resistan
ce therapy, WRT)= YA = &3 (semi occluded vocal tract exercises, SOVTE) & E}Ur
olct, FHl} wrjs 2o Y& Zolo] mat Aol Depxltr e ZojoqL Aol Wi
o7t A4 APol Sristy ddiY WA Eot St deA I (Guzman et al., 20
5b: Simberg & Laine, 2007). 2234 A 7| E0td A AHelectroglottography, EGG)E &&
HAATES Auuore o 2o Zolo] me RS Wsk: APATICH Aolst Aupt i
T 9 tHAndrade et al., 2014; Guzman et al., 2015a; Tyrmi et al., 2017). ©2}A], & &
ANM+= EGGE ol&st AT ¥ A 4714 &9 Zlol(2cm, 4cm, 7cm, 10cm)o T "é
ol Waks Amuust steich Hojol 2AA ol @ sAAel Wo] gt FAHY 99
(97 59, oIt 43, BIAY 208923608 o FNY WY W 2§ /2/% U
ZAoloM AT WS AAlct= 5 EGGE o]8ste] /JEmaf&(closed quotient, CQ),
+708k&(opened quotient. 0Q), A+ & S(speed quotient, SQ)S &4ttt =9
olof] T2 R}o|= UotH 7| sl ¥HEEA HEAME M(repeated measures ANOVA)2 AL Al 5t
of. A4t 2, 29 Zolt ZojAasE CQY SQE w95t 71t = 75t da
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Comparison of Rhamonics to Noise Ratio of Korean Vowels
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gd=o] Bgold 5HE 32 SAH2 248N 2ors SHe2 W2 AUF olRofAaL et o2t
/ /b1, /2 Agdoh ¥, e ARG
=d 24 4 oA 30999 gh=of 871 EE

ES
2 10, jitter, shimmer % A& O =3} H|&
‘3

[e} S
1 st ook AE QWS AEM017)0IAE Tasge SRS & ol offzols HE v £x ¥
A7) Bld obs ATel g4e BASLH, £ AL
(2tmd)at A89] dH]&o] sds= Rhamonics to noise ratio [RNR]7} AHE=> H20l X3} O 4 &
H]-&(Harmonics to noise ratio [HNR]) @ NHRECH &8st 7102 UEGTH
2 APAAE ATl Bug WRR RNR 5% BRL 7ot wgo] mE xfol7} QA ofw

T, o] Aume tje WYL VA % UfESe} vEstyth BA fyoRl QR &3 &K ofst
#2520 19294 22U B4 Do) 2o 545 9Y(ols, ol FEAE /CV-Tl/ 9 fol-CV-y/ =
Aow Wwetst SAAtE & 2ol 74 wwg /1, b, b, 1, o, - /2 A&stact 98 &4 A
se Lo 2ol o

ge /o, b w om L, £, 2, A/ % ool SigEITh wAR 2 e
Praat 6.1.130A4 L&A b 26 ms Ao 2ozt 7 15 msE HdAs)
PowerCepstrum 7AA|E A/dsll RNRS F7s5tRth. oHAH9)/ 22 HAN2)/Ata(11)/23(7) 208 WALR
Zh Aol RNR B+tgh 1386705 +Lstal, GYE 7IesAds ZAitet 2ate <u 1> g

2 e
4»
%
[

_l

n mean sd median mad min max
F 770 0.739 0.450 0.649 0.428 0.060 3.112
M 616 0.506 0.292 0.420 0.224 0.060 1.778

# 1 RNR =18 <A HlolE|Ale] 7 a8AF

R mj7]A] ImerTest®] Imer() &40 Al [rnr ~ vowel * onset * position + sex + (1 | speaker)] &
U=sto] 46767 UEX S HIF O PP aigS FE5YH. sEHS= RNR FA %[0l
PRI SN RS AL, SO A¥asAE 9 guolth SMETRE kY AW X
7Fstitt. cariAnova() @45 ol&er Aaite] A2F Wald 7HolAts A4 Zibs <& 2>9F 2t o

—
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of Mew Re, Al Wl Fay U AN LeAEel FULF 0.0001004 FAROR 49

Chisq df Pr(>Chisq)
vowel 266.633 6 < 2.2e—16%*x
onset 233.500 10 < 2.2e—16%%*
position 0.080 1 0.7776
sex 2.183 1 0.1396
vowel:onset 54.219 60 0.6859
vowel:position 6.673 6 0.3521
onset:position 93.387 10 1.138e—15s:*x*
vowel:onset:position 63.570 60 0.3519

# 2 RNRO|| ool gl ngawt 474 24 ("p < 0.001)

R emmeans T7]X]2] emmeans() &5 ©]85t0] ¢ BPo=RE FAT RNR FHEF A4S SAHYA]
D AdeiArgol wet At ZF 2170 2& el BHAE Bonferroni WO 2 ARSI F b

o4& 0.05014 317, Rol4E 0.010]1A4 1642 RNR F+A7F g3t ot AE, SAA], At

HRlo A 242y gapeFo] Fiahs Fsohe 7dstol] ALte ngd 74 FHEAS
N2 Ao F4 ZFHPA Aolo] ois Bonferroni w7dsto] A7t ZAij(Kenward-Roger df =
4514), ‘i-e’ (p = 0.0474)°} ‘i-a’, ‘i-i’, ‘e-a’, ‘e-i’, ‘a-i’, ‘o-u’ (ps > 0.1)9] 77} A< A5t LtoiA]
14%49] 2.5 I vlwoA RNR F#A {23itk(p < 0.001).

Jo W

&

o

vowel emmean SE df lower.CL upper.CL
a 0.793 0.082 7.62 0.602 0.984
e 0.726 0.082 7.64 0.535 0.917
i 0.669 0.082 7.65 0.478 0.860
i 0.646 0.082 7.64 0.456 0.837
A 0.607 0.082 7.64 0.416 0.797
u 0.492 0.082 7.65 0.301 0.683
o 0.449 0.082 7.65 0.258 0.640

Z 3 RNRO| f3t HPETRYe 298 54 2UPRF (HUAe A

1)

il

= HNR, NHR % Cepstral peak prominence [CPP]
27t sraz so] 9ok £UT ASUQS ST ALY AL Mgy, naur 7 4624

HA | T Y
o] Rg 7t 57 FWHF Atolg AWsIAS T HNR > CPP > RNR > NHR 202 xjol7} gojat 2g
al

ol WAt AA=ZAXI(2)9t Atg 2A(11)E 25 vl 7} 21%0l|M, Bonferroni w/deh f24% 0.055

71Eo2 Aot Foleh By A2 HNROA & 175%, CPPOAl 774, RNROJA 314, NHRO|A 10%0]

SRR
W4, AR (2017). B8] (Hyponasality) AHe] S8 S4ut B& Wel. dojat, (78), 31-61.
M. ARG, (2018). B A% Wil Wol: AT SFSYAN 54 AT Yaeie} S
10(4), 67-76.
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Comparison of evaluation factors on the scores of L2 English

productions in spontaneous and read speech
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TR FFA GolGFAEY “FE ALY & SAY)e FEUspo] et 2 Yot A

% - RIS =
g 2ol SAA Eatr] F7t ool tlRls I =S tiE vlusks g o

o

T

8o ot 20189 2517 Hot

=
o =2
Prosody, Word Choice, Grammar0]il, d=3}o]A= Word Choice®} Grammar?} A|2]%] 1L (Eﬂ Qe J=
_]

= t‘ 41
drsto]7] M) WEF & SAH HES MY FH90F o] Segment, Stress-Rhythm, Speed-Pause,
Intonation® 2 LEIE]9ic}h

b Aol it GRS ARA At ofefet 2o
la). £S5 AtaA et (Hehd)

AL ST ELAT RS
B gFsto s e} t felsts g VIF
1 ( =) —.317 .041 —7.795 .000
Segment .268 .021 273 12.864 .000 .230 4.352
Prosody 215 .022 212 9.901 .000 226 4.426
Grammar 161 .015 163 10.584 .000 437 2.289
Word 374 .014 424 26.542 .000 405 2.470

R=.96, R*=.921, Adjusted—R*=.920, F=2228.590, p<.000

1b). S5ALRA el (S )

HlE - SHAE bt Al S s AR
5 T2 L t frelstg Tt VIF
T ( =) =380 0238 =14.035 000
Segment 192 014 175 13.980 .000 296 3.377
Prosody 344 016 .336 21.397 .000 .188 5.307
Grammar 149 016 141 9.169 .000 196 5.106
Word 366 015 378 23806 000 185 5.411

R=.962. R°=.926. Adjusted—R"=.926, F=4975.107. p<.000

). J=A] gst

H]_u_\E?Wﬂ*r oA SRS AEF
Ak B Fohe st H| E} t frolshE 2 VIE
1 [ —.161 .041 —3.928 .000
Stress—Rhythm 140 .031 146 4.490 .000 .096 10.440
Segment 443 .019 452 23.888 .000 281 3.556
Rate—Pause .264 .021 .252 12.402 .000 243 4.114
Intonation 172 028 176 6.070 .000 120 8.322
R=.959, R*=.920, Adjusted—R*=.919, F=2292.473 p<.000

Ag: MAE glo] ARG e N golz Wookste SEARA We L Lae] A FHE
Che distel SuolH B8] o] Troje] Mol RAYPLR of R Way] WGl Y E IS A
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A study on comparative evaluation of GAN-based neural vocoders and
their speech quality improvement
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School of Electrical Engineering, KAIST
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An analysis of the Utilization of Time Series Information in Speaker
Verification Using Convolutional Neural Network
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Including Linguistic Knowledge in an Auxiliary Classifier CycleGAN
for Corrective Feedback Generation

Seung Hee Yang*, Minhwa Chung**
Senior Researcher, Institute of Humanities, Seoul National University*
Department of Linguistics, Seoul National University**
sy2358@snu.ac.kr, mchung@snu.ac.kr

Learners who acquire a second language (L2) usually speak with a non-native accent
because of the influence of their mother tongues. Accent conversion technique, which
transforms non-native to native accented speech, enables L2 learners to listen to
native-accented speech as a corrective feedback in a computer-assisted pronunciation
training setting. However, since it is difficult for the L2 learners to evaluate their own
pronunciations, it would be beneficial to inform what type of variations occurred, such as
coda deletions, three-way distinctions, and prosodic variations.

Motivated by the analysis results in a related work [1], which found that both segmental
and suprasegmental criteria are positively correlated with human proficiency ratings in L2
Korean, this paper proposes an augmented Cycle-consistent Generative Adversarial Network
(CycleGAN) for accent conversion-based feedback generation. In this network, the generator
learns to convert non-native speech to the native counterpart by adversarial training [2],[3].
An additional auxiliary classifier, a two-layer convolutional neural network, is trained on the
non-native speech mel-spectrograms and performs three-class classification: “segmental
correction,” “suprasegmental correction,” and “no correction.”

For implementation, the proposed model is trained on L2KSC (L2 as Korean Speech
Corpus) [4], consisting of 300 short utterances produced by 217 non-native speakers with 27
mother tongue backgrounds, and 107 native speakers. For the auxiliary classifier training,
non-native speech samples were manually annotated with the three classes. Average F1 score
achieves 0.55, with the highest accuracy in segmental error classification, and confusion
patterns observed between “no error” and “suprasegmental correction” classes.

Compared to the conventional accent conversion approaches, the proposed method allows
integration of linguistic knowledge in a neural network, so that the feedback also informs the
learners of the linguistic variation types and the users are expected to benefit from the
knowledgeable feedback. Future experiments can be conducted with more fine-grained
linguistic classes.

Keywords: Auxiliary Classifier CycleGAN, Corrective Feedback Generation using Generative

Adversarial Network, Using Linguistic Knowledge in a Cycle-consistent Adversarial Training
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Segmental Error Type

Auxiliary Classifier CyC'E‘GAN S: Non-native source
T;: Native target
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Figure 1. Proposed Auxiliary Classifier CycleGAN consists of three CycleGANs, each
corresponding to a linguistic class, and a domain classifier. For each linguistic class, there is
a CycleGAN with two discriminators and two generators, which is consistent with the existing
CycleGAN approach. The synthetic sample Gi(S) is generated from the source (S).
Cycle-consistency loss is calculated according to the difference between real samples (i.e.
native speech) and their corresponding reconstructed samples. The domain classifier learns to
ensure the discriminability between the generated samples.
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