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o [FIRFEEH#NER
o FEEMR T ZRE/RWVETERN R Z R, HMWEIER, F= 48 (Incremental)
o BERDZEEBENSEN (HE) OHFRARKRZIERD-ODEEEH

o B V) BHER

o B FHITEH, XOEEEEZS

SR=Taak A ENDL AT

o [EIIFZ
o HERE E ¥k (Incremental ASR)

o EERTHEMRENER (Incremental MT/Simultaneous MT)
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ANBDERFHEER T 7 U k016

BERDIZHE DA
(1) The relief workers (2) say (3) they don’t have (4) enough food, water, shelter,
and medical supplies (5) to deal with (6) the gigantic wave of refugees (7) who are
ransacking the countryside (8) in search of the basics (9) to stay alive.

(1) EESEED 2 BT @&, K EiHk

(1) BEELEFI (9) £SH=0D (8) BHZRD ( ek
T7)FEFRSLE->TLNS (6) KEDHERED (5) % EESRD, 3)RBYT (6) KEDHRED (5)
HEEZXT 56D (4) +HEEBFAOK, BEHER, HENHELZNEDCETT. (7VEREEXSH 4
EEmN (3) EINE (2) EoTLVET. #E5LEIST, (9 EZ5=0D (8) BRZERNHT
WBADTY.
J ! | ! | | |! !;g_ [TRTm— |]|3|-1!:- E-]T - L] " —
____________ T i | T 1 t : ' T
SREFYI A
The dFoE:i Hmoj;ef;ﬁ:ic a{‘s‘::l:aez.lf;n:h:zdni;;lziitence I_, I_I ]_I r“"'i-_-_-

comes in before the completion of tranclation of previous sentence.

ZEHAEE>S ! HEFHELE <3 !
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Novitasari, Tjandra, Sakti, and Nakamura:
“Sequence-to-Sequence Learning via Attention Transfer for Incremental Speech

Recognition”,
Proc. Interspeech 2019, pp. 3835-3839 (2019)
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WIERZ A3 ISR: Incremental Speech Recognition

o ISRIZERFER T 2F/-TITERBE S (low delay)
AT BE DD RN S EERIIZHE S
o HAHEAEZLE : Encoder-decoder MFEK
HMAR—ZDE DIFIETET 5 HEnd-to-end TEIR U 72\,

©)

o R 1 AP O DEIRINE L DRD DM
D) AHNBEEOEFORE 2) HARFIDOTEFORRE
LZETHATEH

EZETHERAADD.
Give
output? ABCD - When to
T stop?
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peec . . Speech ' . When to
l stop?
/{ cee
13
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Give
output?

EWVAT], HOEADOEDTY F14 AV M eFBTIRENDS.
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7/ 8¢ Attention-Transfer ISR

Attention-Transfer Incremental Speech Recognition (AT-ISR)

[Novitasari et al., 2019]
AT-ISR Training

- BH
his is
boundary!

HEF D Seq2Seq ASB’E%&EW:E?}L(Teacher), BB TEFET S
ISRASRZEFHREE T )L(Student) E L, HERETILDT 54 * > k
73 ABCDEFG ABCD | EFG |

EHEOVEALEREETILONSGA—IFEEITS

o ISR architecture : ZEME T )L &R L Seq2Seq

HEMASRETILD 7 T a vhbxEE

o ﬁﬁZ&XF“J i

e Attention transfer : Attention knowledge ZZETNETILN D EFEET

WIZESVRT7—F 5.
o FITHR > EFRZH
=  Teach another model [zaguruyko and Komodakis, 2017]
=  Domain transfer (image to video) [Lietal., 2017]
Standard ASR ISR
(STUDENT)

SR £ A =z == SF s J
HENSERENDOEREIOH T (TEACHER)

@)
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7/ Attention-Transfer ISR

% NAIST < &
Attention Transfer
HERETIVIZE T BAttentionR—RADT SA A FEfFE-
TISREFEETILEEET 5. (teacher)
1) ZEFDEFRETFRAL (XFH) OT7SAA NETTY
AV bYORMHET S.
(alignment pair = high attention score):
Teacher ASR attention matrix
. Alignment
Seg. ID Speech seg. Text seg.
10 (n) (Xn) (Yrn)
Char
Token s 1 X1 =Xy Y1=Ys3
ID 2 X1 = Xpys2 Ya—=Ys
” (etc.)

25

30

10.0 125 15.0 175

0.0 2.5 5.0 75

Speech Frame Block ID
(1 block = W frames)

2021/2/18

2) ISREFEETILY, + </m> ZHEFETILDX,
WTEE (/m (FNEBIOVIDXFIETZY)

Y VY Y

Y, Yi Y2 V3 Vi

n=1 n=2

ISR delay can be managed by changing X,, and Y,, size during

training
e.g. higher delay : combine several segments into one
15

15

[PSJ SIGSLP Satoshi Nakamura Copyright@AHC NAIST



WSIT—AR(Z KB . XFHDRYE

Delay (sec)
Model CER (%)
Input Computation
Non-incremental ASR (Topline)
Att Enc-Dec (ours) 7.88 (avQ) 0.32 (avQ) 6.26
BILSTM-CTC [1] 8.97
Joint CTC+Att [1] 7.36
Baseline neural ISR
Input/step: 1m+ 1la 0.24 0.02 20.15
Input/step: 1 m+ 4 la 0.54 0.05 11.95
Proposed AT-ISR
Input/step: 1m+ 1 la 0.24 0.02 18.37
. Input/step: 1 m +4 Ia 0.54 0.05 7.52
Other existing neural ISR
- - 10.96

LSTM-CTC beam search

[2]

7// 8% AT-ISR Performance

Result
o WML FIER: 7.88sec

e Machine: Intel® CoreTM i7-9700K CPU @ 3.60GHz
(NVIDIA GeForce RTX 2080Ti GPU)

o X ARFHBT=-Look-a-head (la)EFIFH.

CER
diff.:
1.3%
AT-ISR [& & V) 52 LVEFE T/ S ZRCER
*Note
m = main input block
la = look-ahead block (contextual input)

1 block = 8 frames = 0.14 sec

[1] Suyoun Kim, Takaaki Hori, and ShinjiWatanabe. Joint CTC-attention based end-to-end speech recognition using multitask learning. In Proceedings of ICASSP, pages 4835-4839, New Orleans, USA, 2017.

[2] Kyuyeon Hwang and Wonyong Sung. Character-level incremental speech recognition with recurrent neural networks. In Proceedings of ICASSP, pages 5335 - 5339, Shanghai, China, 2016. 16
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HERNT X A M EE A

Yanagita, Sakti, and Nakamura:
Neural ITTS: Toward Synthesizing Speech in Real-time with End-to-End Neural

Text-to-Speech Framework,
Proc. of the 10th ISCA Speech Synthesis Workshop, pp. 183-188 (2019)
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Hidden Markov model TTS[Baumann et al.,

« End-to-end EITEHL /-1,
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ZEASE Text-to-speech

> Time

BEMZ A S ITTS @ Incremental Text-To-Speech [ ra—

Input to
acoustic features

Acoustic to
Waveform

2014.],[Pouget et al.,

2015],[Yanagita, et al.,

[PSJ SIGSLP Satoshi Nakamura Copyright@AHC NAIST
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Inference: Ex. “Today we talk about TTS.”
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%EE (<S> ...... </m> )
i (<m> eeeee </m> )
BT (<m> -eeee </s> )
WEEIXBGERAL
HAEX Y7V M

Encoder

3
7
JN

3
Dt

Text and acoustic features

<s>This is Tacotron.</s> I"HHDUDD

<s>This is an inital step.</s> 000

<s>Nice to meet you.</s> JRRRRI11]]

<s>: sentence start
</s>: sentence end

<m>: middle sentence start
</m>: middle sentence end

<s>This </m>} i}

<m>is </m> [[[][]

<m>Tacotron.</s>[][[]

<s>This is </m> [}l

<m>an </m>|]

»

<m>inital step.</s>[][][]

<s>Nice </m> |1

[sgmaa] [ | .| | [seree

cccccc

Chareter
nnnnnnnnn

Encoder
: i
1] [}
1 i

::::::

<s> Today </s>

<m> we </s>

=)

Encoder

Sgmor

cccccc

::::::
.........

<s> Today </m>

<m>to meet </m> R[]

<m>you.</s>[][]

Encoder

sssssss

'''''''

;;;;;;

ssssss

<m> we </m>
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Accent

Accent phrase
sequences

Accent phrase
detection

: )
ord

Word sequences Word 1 Word 2
POS1 POS2 | "

with POS tag
3

Incremental | . ..
POS tagger

*
Word sequences [Word 1:| [Word 2] .
from IMT

phrase 1
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ITTSERR 70t A

et

I Vocoder

. +*
foature JHHUHTT
feature
Acoustic *
D=0

LSTM
Frame-level L}
linguistic HHTHTHHI
features 2
A Duration
it s

Phoneme-level I I I I I I I
: 3

linguistic features

Linguistic feature extraction

%

Text a-nalysis I

*

Accent phrase
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Still big gap between natural speech and synthesized speech.
Half sentence unit = the full sentence units (Ja.).
5 4.95
4
3.13 3.18
3 2.81 2.88 : :
2.T22
2 L
1
Two Three Half sentence Sentence Natural

One
accent phrase accent phrases accent phrases




1. [FERFZFEEER
T EE B 3 7 SR A
T YEE ) 35 S A
T YEE A BB ER
[FREER, ERZERIERIIED 200 32—\ AEE
FERSEMER O h &1 S
2. NI EEBOEY KN
o NTSEEFEER, BERHEL 73 A MREDOHM M
3. End-to-end speech-to-speech translation
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o Multi-speaker Machine Speech Chain, Incremental Machine Speech Chain
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IR,
[ E ARk E 2019-NL-241 (2019)
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ﬁj\%” L'—CO—'%J: :) (Fujita, et al., Interspeech 2013)

. RETRIRBEER CRWLWO N ABRERETIVLIZER
. +T—5N 5 EEEETA

+E:EEHRZTFIA
. -I-ﬁ]]ER& B CIEHMZFAT 2=-OEENRL

« BEARMIIZIE

[JL—X] EFEENS. FIERICAWSHEEBIORXY Y TEIEREA
[ AREFZER (BHER) | CRIFEERBEDNT VA ZTHE
[EEEETILEIL] 1TV, REDETZHS

Tomoki Fujita,, Graham Neubig, Sakriani Sakti, Tomoki Toda, Satoshi Nakamura
Simple, Lexicalized Choice of Translation Timing for Simultaneous Speech Translation

Proc. of INTERSPEECH 2013, 3487-3491, 29. Aug. 2013
PSJ SIGSLP Satoshi Nakamura Copyright@AHC NAIS
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o XW&F—4&: TED Talk (&
— BER(Fy TV ayv)
vs. JEER

o BIRBHAFINDEIRZE

({111

&= HAFE

=Zf& (IWSLT2013)
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DEREK!WE§

AFILDLNIL

# TRRREFER

S

15 &

A

4 &

1 &

B

Hiroaki Shimizu, Graham Neubig, Sakti Sakriani Watiasri, Tomoki Toda, Satoshi Nakamura
"Constructing a Speech Translation System using Simultaneous Interpretation Data"
Proc. of International Workshop on Spoken Language Translation (IWSLT), Dec. 2013
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48
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k-____
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46

RIBES

2 / @ @ A rank
/ B rank

) I =T T

38

0 1 2 3 4 5 6

@
= RREHUEDS 5> VERE L A%

Dealy (Sec)
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../../../++プレゼンテーション資料/Video-photo-etc/2013 0926 同時通訳/Demonstration-movie/Chronos short 20170409.mp4

ﬁ???%
Y NAIST ~° «

o REHIDMFEER (FN)) 2T

/_—I:.

1. Parse the input as-is

£ < BRI

2. Extract features

o BREHIEN % AT
o ZMHHE &EZETFH

PP

TN~

DT JJ CD NNS NN

%ﬂﬁ){'f@_t - IVLER ZZ R
o ADOWMNREZ DEH|Z

HIZHEREER 7 NIVDHN 6

Word:R1=| ROOT=PP
POS:R1=NN ROOT-L=IN
Word:R1-2=l,minutes ROOT-R=NP
POS:R1-2=NN,NNS ...

‘ 3. Predict the next tag
(linear SVM)

VP ... 0.65

N_P ...0.28 4. Append to
nil ... 0.04 sequence

[in |[the][next][18][minutes ][ 1 ][ ve |[][][ il | 5. Repeat unti nil

Input translation unit

kS

ANX

R THETFEH D | in the next 18 minutes

I 'm going to take you on a journey

[NP] (54%)

BFER 18D TH 5

BIAZKICEEN LET

Oda, Yusuke et al., Syntax-based Simultaneous Translation through Prediction of Unseen Syntactic Constituents, Proc. of ACL-IJCNLP 2015
29
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Statistical Machine Translation Frameworks

Continuous-space (Neural) Models

Symbolic Models
Phrase-based MT [Koehn+ 03] Encoder-Decoder [Sutskever+ 14]
he has a cold he has a cold <s> ¥ & EA % FJ!:;
he has a cold
% LT 3 JAAS %
I
he a cold has
i eES A % T3 ‘ . =
\
o AR & sleTus #oow EE & 1T <s>
Attentional [Bahdanau+ 15]
he has a cold

Tree-to-String MT [Liu+ 06]

) —

IPSJ SIGSLP Satoshi Nakamura Copyright @ AHC NAIST
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Attention-based Representation

o SCie’?c@

|nstf;%
Ei &
Yooy ®

%, o
NAIST * =

o Decoder takes attentional context vectors

o ¢, looks over {xy, -, x}
Vit Yoo ¥si Ya' Vs Ve, V7
President Bush' meetss with| Putint' today: </s>
nel sl gl sl gl el s
L e w4 e L B L e T e e B e B e e e e e
X 4S8 J7J—F> ¢ Sk 95  <s> PresidentBush 'meets | with !Putin itoday
Xg  Xg X7 Xg
31

TwS a1 K#i5E
X3 X4

X1 X2
[PSJ SIGSLP Satoshi Nakamura Copyright@AHC NAIST
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o Wait-k (Mat, ACL 2019)
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R E

HBHIE DEE AT v TEOE

%iE

President Bush meets with Putin today
¢ ¢ ¢ t t ¢
y Ar A
) o S

T T

Jwia KR

(X

—
—
e
e
ol

Hp
S5

[PSJ SIGSLP Satoshi Nakamura Copyright@AHC NAIST
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Previous Work

o Wait-k (Ma+, ACL 2019)
oDecoder runs incrementally
Y3

oc, looks over {xi, -+, Xryp—1}
A

hef—sihel—lngl—{hel—ihel—1ne “sipd
Ty aK#fE (X S§H T—F> ¢ Bush
X1 X2 X3 X4 X5 X6
33

[PSJ SIGSLP Satoshi Nakamura Copyright@AHC NAIST
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Proposed Method

& SCie"-‘c@

\nstf;%
0@
Eusaf\)

%, o
NAIST * =

o Adaptive Waits (Chousa+, IPSJ SIG-NL 241)
oCan emit <wast> instead of a token X
U4
<wait> <wait> <wait> <wait> meets

oc, 100ks over {x{, -, x:}
hg
A N N 3 P S s
X S8 J—F> ¢ ‘zj:‘cﬁi Bush Bush Bush ' Bush
7
34

PAPZE=VN x|
X3 X4 @ Xc  Xg

X1 X2
[PSJ SIGSLP Satoshi Nakamura Copyright@AHC NAIST
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in BLEU (En-Ja translation)

Method Delay BLEU
Full Sentence 9.75 (% 2.69) 34.53
. k=5 | 5.00(=%£0.00) = 33.29
Wait-k
k=3 3.00 (%0.00) 31.06
a=0.00 = 4.32 (*3.14) 28.01
a=0.01 | 4.29(%*3.16) 30.42
Proposed
a=0.03 | 2.88(=%2.95) 26.47
0.80 (%£1.96) 22.60

a=0.05
Table 1: Results using very small corpus (50K sents.)

Results

o Achieved adaptive waits but also observed some degradation

Method Delay BLEU
Full Sentence 29.81(=*+14.30) @ 32.22
. k=7 7.00 (£0.00) | 23.20
Wait-k
k=5 5.00 (%=0.00) 21.53
a=0.03 | 23.03(=*14.08) 24.86
Proposed  a=0.05 | 21.96(=%13.88) 22.45
17.13(*£12.69)  23.66

a=0.1
Table 2: Results using mid-scale corpus (1M sents.)



1. [FIRFE = RIER
IR 75 TR
WA 75 A

T TR AR

FIREER, FIRE RO D0 1 —/ X AEE
Eﬁaﬁ%&7mb&47

2. %?@WU&D
FRE L 7% A SREOF(MM

/fagaﬂggﬁgﬂ

O
3. End-to-end speech—to—speech translation

4. Machine Speech Chain
Multi-speaker Machine Speech Chain, Incremental Machine Speech Chain
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TN NAIST RIRp&ERa—/S2D

NAIST Y =

o 2012-2016FE [Nk
o ;uHEHE. MP4 (TED), MP3 (CNN), PCM
o HERFAE: 24bit 48kHz PCM
o BEIREZ V7 +§ (104+), ABEL), B
o BEDBEREFFEMNNSTKINAZEDE—EH Y

_ REH [5] B o ERUR R 5
BiEAM KALY
T71IVE FRF ] T74IVEL BRF ]
TED 74 15.2 58 12.3
E B CNN 13 0.731 7 0.389
&% 87 15.9 65 12.7
TED 60 11.9 60 11.9
cs) 31 5.51 31 5.51
A% NHK 10 0.304 10 0.304

Y=1] 101 17.7 101 17.7




NAIST [

o 400 hours by March 2022

SR — 2D

(2017-2021)

Direction Domain 2017 2018 2019 2020 2021 (plan)
En-Ja TED 0 67 +12 (4 x 3 Sls) 50 50 30
CSJ 0 33 0 0
Ja-En TEDx 0 12 (4 x 3 Sls) 40 30
Press conference 0 4 36.5 0
Mixed Symposium 5.5 0 0 0 0
Total 5.5 128 126.5 50 60
Cum. 5.5 133.5 260 310 400
Table 4: Recoding hours of simultaneous interpretations (2017-)
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7/ [SR, IMT,

ITTS speaking

ISR & IMT &
ITTS feature synthesis
n
. Done Done |
Time (s=c) 0.0 08 12 16 2 2.4 28 32 36 4 5.6 6 6.4 6'.8
ISR sJhow many companies have you interact =d with today </s>
IMT | Dore kurai no Kaigha gz yaritori wo | shiteiru kz shimeshi te iru |
Dore-kurai-no kaisha-ga-yaritori |wo shite iruka shimeshi teiru
e e
— T —————

ITTS
ISR delay IMT delay [ ITTS delay |

Katsuhito Sudoh, Takatomo Kano, Sashi Novitasari, Tomoya Yanagita, Sakriani Sakti, Satoshi Nakamura
“SIMULTANEOUS SPEECH-TO-SPEECH TRANSLATION SYSTEM WITH NEURAL INCREMENTAL ASR, MT, AND TTS”

arXiv:2011.04845v2 [cs.CL] 11 Nov 2020
[PSJ SIGSLP Satoshi Nakamura Copyright@AHC NAIST
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NT EiEeBR LI EEIER

o HHFHDH IR

Japanese

Mo

English “It is hot today” “SHIFEAWNTY

o

Source emphasis Target emphasis
information information.

(1) SEADHETE Emphasis estimation (ES) systems:
BECHEBINCRIAELTHTE

(2) sBFADEER Emphasis translation (ET) systems: 45
il B SEEICERER T
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(2) 5HFRRERDEMER

(C) = t?f‘

Skip-Enc-residual

RERTRHOM S TR

[Do et al., 2017]

atsui 0.8

[ 2]

Attention

D> Decoder

Positioning

concat

, S S

Encoder

7037 0.4 07 n( x

The joint translation model

PSJ SIGSLP Satoshi Nakamura Copyright@AHC NAIS
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Experimental Results

o English-Japanese Emphases Translation
Performance

85
80
75
70
65
60
95
50

F-score

Arch.
Align.
Delay

73.8

CRF [16]
Separated
Required

Full sentence

80.77

hard-attention [8]
Separated
Required

Full sentence

[PSJ SIGSLP Satoshi Nakamura Copyright@AHC NAIST

78.38

Combination

Joint
NO

One word
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Xr ==
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Xr == NI — ),
O EREIIRTRIN-BEFRETFALNDHAENRLCNESHERE.
(a) "doubtful” text is given together with various audio types (b) "somewhat strong" text is given together with various
M Different M Same or similar audio type
100 M Different M Same or similar
00
5§ _—
% g 75
g : s
@
= 25 - 25
e []
F o E
doubtful neutral somewhat strong very strong T doubtful neutral somewhat strong very strong
strong strong
Audio types Audio types
(c) "strong" text is given together with various audio type (d) "very strong” text is given together with various audio
B Different B Same or similar type
100 M Different M Same or similar
= 100
=
;c% 75 =] 75
5 &
= 50 o 50
o a
= = 25
e 25 = 5
- o 3::’ doubtful neutral somewhat strong very strong
doubtful neutral somewhat strong strong very strong strong
Audio types . . Audio types
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o BB AN, BIERHE 1 ZEnd-to-end CEE TX 2\ V) ?
o Attention LSTM % FH\ /= End-to-end 3 = &ER*

Target
words

Acoustic
features

Bi-directional LSTM decoder

LSTM Encoder

50/20

L.Duong et al. NAACL 2016
Alexandre Berard et. al “Listen and Translate: A Proof of Concept for End-to-End Speech-to-Text Translation” ,
IPSJ SIGSLP Satoshi Nakamura Copyright @ AHC NAIST

NIPS workshop 2016
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Curriculum Learning? Ff

Phase 1 1 D Phase 2 Phase 3 D
ASR + MT
% L. ' ¥ @'
Adtention Attention Attention
Bi-LSTM LSTM Bi-LSTM Bi-LSTM LSTM LSTM
Encoder Decoder Encoder Transcoder Encoder Transcoder Decoder
ASR + MT
Fast @
Attention track )
Bi-LSTM LSTM Bi-LsTM AN s
Encoder Decoder Encoder Decoder
Attentional-based LSTMZASRMTHIZFEE L THEE . FREnd-to-endEF = FIER
[ZH) X5 LFETSH

M =R, YT 9074, vf F, ‘D) FaSL5—=U AV BRERERC AT

LDORE". BEHE5m 2-10-5
IPSJ SIGSLP Satoshi Nakamura Copyright@AHC NAIST
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BLEU+I

=

O Baseline MT

A Baseline ASR+MT
B Direct ST Enc-Dec

B Fast track CL ASRenc-
MTdec

m Slow track CL ASRenc-
ASRdec-MTdec
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Proposed: Transformer-based Direct Speech-to-speech
Translation with Transcoder

% NAIST *"“"ST@
v The model utilizes all trained modules to translate.
English Target
transcription text
A A
ASR MT
Decoder Decoder
: > > >
A |i |!| |||"| o = = TTS -'|||'|p, |‘| |h ,q'i !
W™ | *“|\==>| Encoder == = f==diTranscoderp=# = Transcoderf=»{ 3 e A
= S S S Decoder |5
English Japanese
Speech

Speech
v' ASR and MT decoders provide attention alignment necessary in the next block.

v The model uses a combination of 3 attentions for alignment source to target speech.

v" Transcoder converts different hidden states in speech translation.
v" The model converts ASR and MT hidden states into MT and TTS hidden states.

v We revamp the RNN-based speech-to-speech translation model by the Transformer.

2021/2/18

Takatomo Kano, Sakriani Sakti, Satoshi Nakamura, “TRANSFORMER-BASED DIRECT SPEECH-TO-SPEECH

TRANSLATION WITH TRANSCODER”, IEEE Spoken Language Technology Workshop, Jan. 20, 2021
[PSJ SIGSLP Satoshi Nakamura Copyright@AHC NAIST
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Experiment Results

BLEU and METEOR scores of speech-to-speech translation
Syntactic similar Syntactic distant
Model Ento ES Jato Ko Ento Ja Jato En
BLEU METEOR BLEU METEOR
Baseline: Cascade (RNN) 38.9 47.7 | 38.7 49.1 32.5 44.2 32.0 43.2
Baseline: Cascade (Transformer) 41.3 52.1 | 41.0 51.1 34.1 45.2 35.0 45.3
Multi-task (RNN) 38.8 48.2 | 39.1 49.9 33.2 45.5 34.2 45.0
Multi-task (Transformer) 431 | 588 | 425 | 583 | [369 52.6 38.3 48.4 |
Transcoder(Transformer) 44.0 59.3 | 42.9 58.8 L40.6 56.6 41.0 55.8 J

v Our proposed approach outperforms Multi-task speech translation.

v'The proposed method with Transformer further improves performances.

2021/2/18
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Sensory Machine Speech Chain
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feedback
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(DMachine speech chain DAL

x= ..-W,'*fuup‘,ljn’wrl'\..-.r ~» LossTTS (x, %) y = “text” -»LossASR(y,py)

f :._,u"||'],_|'\.\]plll{,’\,,”',_ . y - l-‘t extu l 1 I *

[
—
-
-

(a) (b) (c)
. b. ASR Do TTS
a. Machine speech chain D& Rk c. TTSAVSASR

ATjandra,et al., “Listening while Speaking: Speech Chain by Deep Learning”, arXiv:1707.04879, 2017
Accepted for IEEE ASRU 2017
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m (PMachine speech chain MDFERX,
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|
| X[1,.s)
Vi Y2 Ve |
I CBHG
LSTM I xM xM |
Char I
Emb. | LSTM
Decoder I -
I Decoder
Encoder I
Bi-LSTM I
I Encoder
Bi-LSTM |[le—»fle———————— | CBHG
Bi-LSTM | l¢—p/ l¢—w — — — — — — — I FC
I Char
xl xZ xs Emb.
R R A (U l Y1 Y2 Yr
s l'l AAS Saps TS i o ) o
Encoder with BiLSTM & sequence subsampling Modified Tacotron with additional speaker
Decoder with LSTM & attention module embedding + frame ending binary prediction
Reference : Chan et al (2015), Listen Attend Spell Reference : Wang et al (2017), Tacotron
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7/ Sequel: Speech Chain with One-shot Speaker Adaptation

o FRrA

o H—FEEN SEEEEE N

o RHIDFEHZ DXL (discrete speaker embedding)
o R’ETTI

X :W - Lors(x,X) ﬁ = “text” -»Lysr(¥,9)
£ = gel\pl Y= "text” A —
' ~l#~l'
f =JV\MW/V 5} = “text” Z :. - Z =. - 5} - "text" f :W

SPKREC SPKREC
r

1 I
1 I
1 I
I I
1 I
N | I
I I
I Z=m W :
I
vl ——I— 5 - e . !
1 I
| e x=wﬂ___l %~ (DP U DY) y=“text’'—= = =1

(@) (b) ()
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ISR and ITTS Independent Training

% oS
T INAIST S &
Attention alignment from
non-incremental ASR
® Incremental : Predict a complete output sequence in N steps, for each .
step n: i
1. Encode a segment of input from input window Text .
2. Decode and predict a segment of output Token . ;
3. Shift the input windows ID . -
® ISR and ITTS training by attention transfer from non-incremental ASR T T
[Novitasari et al., 2019] - same alignment for ISR and ITTS Alignment == = = Speech Frame Block ID
info.
- o AIi’ nment
- a infi
y :
ISR Stepn=2 | ITTS Sepn=2 |
Output Text abc</m> de </m> Output Speech Xl’ e X8 Xg, e X16
(¥Yn) : $ ) t t
SR ["Dec T'SR* Dec i rmrs[Dec | s [Dec I
\ \ \; """"""""""""""""""" > \
Att Att Att Att
> / 7 /
Enc __________________________ > EnC Enc _____________________________________ > EnC
Input Speech T T Input Text T T
(Xn) Xy - Xgs--- X1 (¥n) <m>abc </m> <m> d e </m>
Full speech
(X) Fulltext | O b cla
(Y)
45
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