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o = =&NER Speech Translation (ST)
> (Cascade ST > End-to-End ST
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EERH (ASR) B EalER (ST)

» Cascade

o B R Y DI
PEENER (NMT)
> End-to-End

> Single task 1= & FE A E 2
> Pre-train + Multi-task AN AR
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ELERTE 1: Beaema D (CTREEIREMEIER 4
e [Osamura+, 2018] (cascade)

> E ekt 1 - 1-best = ASR &R HEE S

> B Faoian W IZX L THEBGHEMERETILDIRE

ASR Encoder
ASR Decoder

ASR Encoder
ASR Decoder

1fofo]o]ofo o4 [ 02] 01] oo o0o]oos

NMT Encoder
NMT Decoder

NMT Encoder
NMT Decoder

HEFF L Osamura b D FiE



BEIZFE 2 : Multi-task End-to-End &/E#&J5R 5
» Single-task End-to-End ST > Multi-task End-to-End ST

ST-task ASR-task ST-task
Target Source Target
Text Text Text
Target Source Target
Decoder Decoder Decoder
[hy, hz,T... , hrl [hy, hy, ..., hp]
Encoder Encoder

M M
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> —A%AI%E Multi-task ST > [Chuang+, 2020] 288, FAIfE]
> Z88 : One-hot Ry k)L DE HEEEI’J"‘EMI'"EFHL\ =RE

e; |ey |es e|V|| E [..s Vs ---
- : A - - v v v J’ ! v_Entropy
Lossi A VEEE | [, Pes(T), -..]
| Target
0.02 | 0.38 | 0.40 | 0.01 Text
Source Target Source Target
Decoder Decoder Decoder Decoder
[hy, hy, ..., hp] [hy, hy, ..., hp]
! !
Encoder Encoder
i i

.M*“‘-mwm. . %W‘* .MW-MW. - M*.W
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> WERFE

>

08 : One-hot N4 kL
» Hard target loss

1 0 0

LosSpgra

0.02

0.38 | 0.40 | 0.01

T

Source
Decoder

Target
Text

T

Target
Decoder

'\/’

[hy, by, ...

’ hT]

A -t

Encoder

!

> IRE

ik

> ZhE -

=Z nn

ASR BFRMER T
» Soft target loss

0.01

0.5 04 | 0.01

Losssoft

Target
002 | 038 | 0.40 | 0.01 Text
Pre-train Source Target
AS Decoder Decoder
[hy, Ry, ..., hp]
Encoder

T
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> WERFE > IREFE
> S8 - One-hot "4 k)L > é’*ﬂ@ ASR BRIEXRDTH
» Hard target loss > Soft target loss
0 1 0 0 0.01 0.5 0.4 0.01
LOSShgrg Losssort
Target ! Target
0.02 | 0.38 | 0.40 | 0.01 Text 0.02 | 0.38 | 0.40 | 0.01 Text
Source Target ' Pre-train Source Target
[;3!3@ ASR Decoder Decoder
| catch a baII I T~
PR SE— 1 Pras oo
| cat a baII Enood
FHINF—2 2 ”C? et
| lost a ball
e AW ”""W"*
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________ Data | srctgt | Speech feature

Fisher Spanish Es-En fbank + pitch
CallHome a—/\X (Spanish- (80+3=83T)
English)

SentencePiece 1000 Es-En Joint

| Dataset | Size

Train fisher_train 415869 (138623 * 3)
Dev fisher_dev 3973
fisher_dev?2 3957
Test fisher_test 3638
callhome_devtest 3956

callhome_evltest 1825



EE . FERETIVINSA—H

® 3=3%: ESPnet

® Pre-train ASR
> Dev best (in accuracy)

® ST

> Asore = 10,0.3,0.5,0.7, 1.0}, Aggr = 0.3

» Baseline : Ay = 0.0

o —fi%AY%icross entropy loss / label smoothing loss
» LosSysp = AsoftLosssoft + (1 — Asoft)Losshard
» Loss = Aysplossasp + (1 — Aygr)LOSSer

» Label smoothing weight (0.0 : cross entropy)

> ZEEX1 : ASR-task 0.0 / ST-task 0.0
> SEE®) : ASR-task 0.0 / ST-task 0.1
> ZEEX3 - ASR-task 0.1 /ST-task 0.1

A= EES
BENNESET
E=Li-TADEEd

eSS
el




fask . Pre-train ASR WER

o EE&(CHUL\/Z Pre-train ASR )L WER

> Dev best model in epoch 30

|  WER
fisher_
dev 30.152
fisher_
dev?2 29.124
fisher_
test 27.184
callhome_
devtest 49.138
callhome_

evltest

49.646



E2ER1 : ASR-task 0.0 / ST-task 0.0 14

® BLEU A_1)/
® ST-task: cross entropy / ASR-task : cross entropy

o ARIRBLEUDME EMNESNTE (| (18T / XKF : mXK)

| Baseline ________ Proposed
softAsefe- soft0.0- soft0.3- soft0.5- soft0.7- soft1.0-
hard(1 — Ago5t) hard1.0 hard0.7 hard0.5 hard0.3 hard0.0
fisher BLEU 4-ref 41.04 4099 | 41.40 41.20 41.51
dev BLEU 1-ref 2397 23.88 1| 24.12 24.00 24.33
ficher BLEU 4-ref 42 .14 42.05 ! 42.28 42.45 42.22
dev2 BLEU 1-ref 25.17 25.23 2522 25.30 25.32
fisher BLEU 4-ref 4117 41.38 41.41 41.18 41.39
test BLEU 1-ref 24.77 25.02 24.93 24.82 25.01
callhome
devtest BLEU 1-ref 14.83 15.23 15.00 15.01 14.95
callhome
evitest BLEU 1-ref 14.81 15.26 15.10 14.78 | 15.09




SRBR1 : Fisher test Aqor, = 0.5

Label
Ground Truth (Es)

Ground Truth (En)
Baseline (En)

Proposed (En)

Label
Ground Truth (Es)

Ground Truth (En)
Baseline (En)

Proposed (En)

® Label smoothing weight = 0.0 (cross entropy loss)

20051028_180633_356_fsp-A-016164-016487
si pero o sea sigue siendo bastante intensi

yes but it's still pretty intensive

yes but that keeps getting pretty unthinkable
(->"Iinconcebible", "impensable" (Es))
yes but that keeps being pretty intense

20051028_180633_356_fsp-A-033453-034134

es es mejor en el sentido que uno okay que hay menos riesgos
pero ay

that is the best in the sense that one okay that there are less
risks but ay

it's it's better in the sense that you don't that there are less
colds but there are (->resfriados (Es))

it's it's a best in the sense that you don't that there are less risks
but
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® Label smoothing weight = 0.0
» ASR-task @ Hard loss [Ecross entropy loss

o ARRIRBLEUDME EMNESNTE (| (18T / XKF : mXK)

> Soft lossD&HZFFALVS EREMNE < 4 S {ER]
| Baselme ________ Proposed
sOftAsoft- soft0.0- soft0.3- soft0.5- soft0.7- soft1.0-
hard(1 — Agt) hard1.0 hard0.7 hard0.5 hard0.3 hard0.0
fisher BLEU 4-ref 44.08 44 .91 44,72 44.38 4399 |
dev BLEU 1-ref 25.68 25.69 25.86 2558 | 2539 |
ficher BLEU 4-ref 45.07 45.70 45,54 45.69 45.07
dev2 BLEU 1-ref 27.00 27.13 27.01 27.33 26.99 |
ficher BLEU 4-ref 44 .69 45.04 45.29 44 .81 44 .84
test BLEU 1-ref 26.78 26.73 | 27.16 26.61 | 26.55 |
callhome
Devtest BLEU 1-ref 15.83 16.09 16.28 15.96 16.34
callhome
evltest BLEU 1-ref 15.85 16.01 16.80 1542 1 16.22




xEH 7

kD BEMERDTH(C KD End-to-End ST DFH
B DEBEREIIT 20/ FEZEAT
BLEUD R EAHiFTES & xRLT:
o E{AMZLBLEU DHEEAR SNT=
> Softloss DHDNIZE, SHBE L THDIERAEINKL
FBEENTMN S alEeE

o SEDREEE
> Pre-train ASR D4 EEZ & DIEFEE DREE
> TAMROHEOERDHHT
> Main-task (ST) B 73 & Sub-task (ASR) HADE S LEHE
> Decoder tH N3 M DR
> BB, SmAHEREFIALLIREETE [Salesky+, 2020]
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| AR sT_____

epoch 30
encoder layers 12
encoder units 2048
decoder layers 6
decoder units 2048
attention dimention 256
attention heads 4
batch size 64
accum grad 2 4
gradient clipping 5
transformer learning
late 5 2.5
transformer warmup
steps 25000
decode beam size 1 4
label smoothing
weight 0.1 {0, 0.1}
dropout 0.1

model average 1 5
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® Label smoothing weight = 0.1 (ASR Hard loss(CXt L)
e ARIRBLEUDME EMNE SN Z(] KT / KF : &K)

| Baseline ________ Proposed
softAsefe- soft0.0- soft0.3- soft0.5- soft0.7- soft1.0-
hard(1 — Aspft) hard1.0 hard0.7 hard0.5 hard0.3 hard0.0
fisher BLEU 4-ref 43.82 44.28 44.47 44,70 43.99
dev BLEU 1-ref 25.64 25.78 25451 25.72 25.39 |
ficher BLEU 4-ref 45.33 45.39 45.51 46.25 45.07 1
dev2 BLEU 1-ref 27.11 27.16 27.22 27.42 26.99 |
fisher BLEU 4-ref 44 15 44 24 4457 45.04 44 .84
test BLEU 1-ref 26.72 2645 | 26.74 26.72 1 26.55 |
callhome
devtest BLEU 1-ref 15.93 15851 15.85 1 16.17 16.34
callhome
evltest BLEU 1-ref 16.22 15.81 ! 16.06 | 15.52 1 16.22
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® 3E3ix< : ESPnet

® Pre-train ASR model
> transformer
» Epoch: 100
» Dev Best model

® ST model
» transformer
» Epoch: 100
» Checkpoint averaging : 5
> Wsore =10,0.3,0.5,0.7,1.0}, W= 0.3
» 10ssger = W rloSSsorr + (1 — Wsoft)losshard
> loss = Wy loss e + (1 — W, )lossg;




loss _asr soft0.0 vs soft1.0

—*— main/loss
120 —— validation/main/loss
== main/loss_asr
—»— validation/main/loss_asr
100 i —— main/loss_st
\‘ —— validation/main/loss_st
80 1
60
40 1 u
2'0_ el
.t.‘.t.‘h"-‘q‘-_"‘. VI
0- Al
T T T T T T T
4] 5 10 15 20 25 30
epoch

» soft_weight = 0.0

120

100 4

80 -

60 T

20

epoch

» soft_weight = 1.0




BEAF2 : HEEDRIRRNOMALEZBL\ZSRY
® [Chuang+, 2020]

Recognition (Intermedia)
[ Ymos -] [ Vg -]
________________ Cross
Entropy
ooy POl -] beo PG oc]
'M‘““‘MW"* H*'mi*f 4 softmax softmax
l Linear Linear
S1,S, ) S
Speech Encoder 152,52, . 5] \
Source v
Language Attenti¢ Target
Decoder 1 Language
X ﬁ Decoder
Attention E
[hy, hy, ..., hp] 1 Attention




BiEAFT2 : Word Embedding in ST 25
® [Chuang+, 202(

WMo “"‘WM

|

Speech Encoder

Cosine Softmax(CS)

81 ez 33 €|V|‘ E

| S A |

Cosine Similarity

[ T, o]
Cross
I Entropy

[...,Pcsgf,\n), .

softmax

A\ 4

Linear Linear
[Slr Szr‘:" ’ SM]
Source v
Language Attention
Decoder
1 Y Target
: AN > Langgage
Attention L/
X 5 Decoder
[hy, hy, ..., hp] 1 Attention
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_______data________| srctgt | speech feature

BTECHRITREEI—/SRX  ja-en fbank + pitch
(80+3=83dim)

I BPE model ___dictsize

Japanese SentencePiece 8000 7807
BTEC1-4
English SentencePiece 8000 7769

BTEC1-4
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® Maxframe=3000, maxchar=400, minchar="1
® Removed Punctuations

train BTECT-gtts 325498
BTEC natural for ASR
dev BTEC-test-setO1 510 (/4080)
test BTEC-test-set0O1 510 (/4080)
ST | data | num
train BTEC1-gtts 135361
BTEC-test-set02,03 (natural:8014)
dev BTEC-test-set01 510 (/4080)

test BTEC-test-setO1 510 (/4080)



0.3

0.5

0.7

1.0

0.7

0.5

0.3

0.0

Eh% : BLEUR 7

Baseline
Cross
Enrtopy

Proposed

® Pretrain ASR WER : 15.864

-__

BLEU = 10.09, 27.7/13.0/7.2/4.0
(BP=1.000, ratio=1.176, hyp_len=3727, ref_len=3170)

BLEU = 10.66, 27.8/13.7/7.9/4.3
(BP=1.000, ratio=1.182, hyp_len=3746, ref_len=3170)

BLEU = 11.52, 29.4/14.7/8.3/4.9
(BP=1.000, ratio=1.167, hyp_len=3700, ref_len=3170)

BLEU = 10.58, 28.7/13.5/7.6/4.2
(BP=1.000, ratio=1.211, hyp_len=3838, ref_len=3170)

BLEU = 10.45, 28.6/13.6/7.7/4.0
(BP=1.000, ratio=1.185, hyp_len=3756, ref_len=3170)



iﬁﬁ : ﬁ*ﬁ WSOft = 0.5, Whard = 0. 329

Proposed | am angry

Baseline | &apos;m changing
Ground Truth Ja L TUWET
Ground Truth En | regret it

Pre-train ASR output  %&#: L TWVET

Proposed could you tell me how about tomorrow night
Baseline the hot water won &apos;t stop until the end of town
Ground Truth Ja IFR—IFHR— 2T ES LS BEMLBL
Ground Truth En matinee what does matinee mean

Pre-train ASRoutput R MEEAZ T ES LV EKRMLL

Proposed excuse me where &apos;s the tourist information office
Baseline excuse me i &apos;m sorry but where &apos;s the tonight
Ground Truth Ja THFHEAREIX ES TT H

Ground Truth En excuse me where &apos;s the bookshop

Pre-train ASRoutput T H FHAARKEIXFEZ T H (<->5K?)
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® Using posterior distribution in End-to-End ST Training
» Robustness for ASR output ambiguity expected

» BLEU improvement result, specially cross entropy loss
» On label smoothing, not improved so much

® Future work

» Analysis output distribution in test
» Compare distribution between baseline and proposed
» Main-task (ST) output & Sub-task (ASR) output

» Using pronunciation information (phone [Salesky+, 2020])
In loss calculate

» Adapt the method to simultaneous translation for ASR
output ambiguity
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RSB RIEZXRDIC K DENd-to-End STOFE
BB OBKI(CHT 5 0/5R FMEEEE
LEUD R EMERFTESL L ERLT-

Mt

o SIEDEEE

> {tha—/SR(Z & BHEEE
» MuST-C, TED

> Label smoothingZ & A L fz=Loss TD1&EZI

> TAMGOHAOBRDOSH
> Main-task (ST) B 77 & Sub-task (ASR) H A DS LEHE
> TE=aih

> Ground Truth & Lk R 71=& E DError RatexEH & 9 B Loss
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