Optimizing Speech Translation
for Low Latency and High Robustness
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: Previous work Our contribution === Qur direction
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1 models for d_iSﬂ!"?nCieS and SimulST in talk-level streaming
speech ambiguities ST
SimulST that can shorten or
omit redundant parts

High Robustness
End-to-end ST using
T . ASR posterior distribution — -
: [Osamura+2018] : | (Chapter 3) u!{:‘u tfer;el_ovt:;rl .
: Cascade ST using ASR hum%n S| data
: posterior distribution / Disfluency-aware ST using (Chapter 5)
J . * | disfluency tagging
: : | (Chapter 4) N -~
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: using disfluency removal
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B S| test (511):
® NAIST-SIC-Aligned-ST test

B Offline test (2841)

Source: To show you now / what we are working on / by starting out talking / about the American solder, /
® MuST-C TED tst-COMMON that on average / does carry out 100 Ibs.
Target: CNNSHEAIDLET, / WCBEOMDBAHZHTAIDLT, /FIDICEIDE, /
. CMT test Set (51 1) [Fukuda+2024] 7)‘ 'Jb@ifsj:(zjb\_C_C?, / llZi’;j L/_C / ?&5(1:%"]10071_(\/ I\@ﬁ%’a‘:‘@()‘i@'

o JBXNERFX b3 —7%4 Chunk-wise Monotonic Translation data
> Target to make "high quality chunk-wise monotonic translation data (llfix D ER)” without
omission effect

Naturalness Word order Omiission
difference
(serious for latency)
A: Offline ST (MuST-C) © Large Few
B: true SI data (NAIST-SIC-Aligned-ST) A Small - Large Many
C: chunk-wised monotonic data by MT % Small Few
D: chunk-wised monotonic data by human O Small Few
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Experiment setting

B Data Targs’;Text
® Offline: MuST-C En-Ja [Di gangi+2019] HUBERT —H, ™\ mBTART
® SI: NAIST-SIC-Aligned-ST En-Ja [ko+2023) | E%\' o (T Decoder

H Pretrained offline ST model | Encofder(l)l | Layer Nor:nalization
® HuBERT+mBART model [rukuda+2023] LCNN Feature Extractor | @ed sum

B Simultaneous deCOding ..|.|..||||||||......|||.||...|. IcI:)tr?:ection <bos> ,y0.
® Local Agreement [Liu+2020] Source Utterance o
® Speech segment size: {200, 400, 600, 800, 1000}ms ' rukudaranzs (WSLTRAIST System
® Style tag in inference step BLEURT

> Sl Test: output from <si> tag - The sentence semantic similarity
> Offline test: output from<off> tag between hypothesis and reference

ATD (Average Token Delay)
- Latency metric focuses on the end
timings of partial translations

B Evaluation tool
® SimulEval
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B BIRQANDNICKDIERTERED
B ~H3E 5 (En-Ja End-to-end offline ST in IWSLT2022) [Fukuda+2022]

OCEFILOBMSIEHN (BAE |
SN ZOROE> AR T UL (NT—IDHT 2)FTS55 &/ v IDRET K CAFNTHELE

{Deepl (2EE)

This was in the middle of that night, outside the (1) pool, with (2) Navrara, barefoot in her pajamas, engulfed in flames.
> (1) pouring rain] — [2’—)LDAC] : pouring is similar pool?

> (2) Tunder an umbrellal — [FJ535: “navrara”] : by hesitation?

ORZFEN (REE
Here it was, the middle of the night, she was standing outside in the (1) pouring rain, (2) under an
umbrella, in her pajamas, barefoot, while her house was in flames.

OSHRER (HAGE
BRPTUH REOLHE(E RICBFENTVDRDEIT (NFIBEDIFBIMOP QBZEL /(v YZE
CTHRETIMU D CTWFUIZ

— BRI (CTEE/REnd-to-end S &R TS ) LDIRER
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> FEEETILEIE : Ly, > RREFIVBI : Loy [K0+2021]

> FEBOSER : One-hotDBTIR > ZHBOSTR | SERM(ASR) OHEH RN
A EBOICHULTRACZITHEZ5NS  OREOEKYE (M=EArIS) Ml

N BB ORI BT S .

0 1 0 0 0.01 0.5 0.4 0.01
LASR LASR
' = L hard Target v = Lsott Ta rget
002 | 038 | 040 | 0.01 Text 002 | 040 | 038 | 0.01 Text
Source Target ' Pre-train Source Target
Decoder Decoder ASR Decoder Decoder
~— - ~—— - "= ;QHEI_
[hy, Ry, o) By ] [h1, by, ooy A ] ADSIRER
i i I cgtchoa ball
Y)Y —>1
Encoder Encoder
: T I gat a ball
Fll)\ 5 —>2
'% W - 'W“ " ’ "%"‘"‘"W"‘""' ““W‘“ e | lost a ball
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Experiment setting

B Data: Fisher Spanish Corpus Ity T'%t'“f‘ﬁgwlth
® Spanish Speech— English Text (include disfluencies) | Lsor o
B ST model N et
® Transformer-based models in ESPnet e ened b Do
® ST-task loss Lgp : CE  ASR bosterorbaced los T e T
® ASR-task loss L [L_ ASRPE ] T
> Baseline : Lgg : CTC+ CE (Agge= 1.0,0.5,0.3) — e et S )| SouTee Sheech
» Based on Hybrid/CTC Attention loss UUUUUUUUU’UUUUUUUUU
> Proposed : ASR Posterior-based Loss (ASR-PBL) Source Speech Frames

Aasr=1{0.3,0.4,0.5}, Aot = {0.1,0.3,0.5,0.7,0.9,1.0}
Lawe = Agosilsost + (1 — Agosi) Lyard
» L =2AcrcLere + (1 — Acre) Law
» L = ApspLasg + (1 — Apsr)Lst
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Results

B Our proposal surpassed other baselines

Model BLEU
Task ASR task loss Acte Aasr Asost  Dev Dev?2 Test
Single-task - - - - 4110  41.61 40.66
ST
Multi-task ESPnet Transformer ASR-MTL 0.3 0.3 - 46.64 4764 46.45
ST [Inaguma+2020]
w/o CE (Acrc = 1.0) 1.0 0.3 - 4598 47.16 45.83
CE (Acrc = 0.5) 0.5 0.5 - 4718 4743 46.59
ASR-PBL (Acrc = 0.5) 0.5 0.3 0.7 47.20 4836 46.82
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Discussion: BLEU Comparison across various WER ranges

B Motivation: Our ST can treat high-ambiguous input?
® ASR difficulty is high (WER is high) — input speech will be more ambiguous (difficult to be translated)

B 5-40% : proposed ST achieved higher BLEU scores
B ow WER 0-5%, high WER (40%-): no improvement

® but sample count 0% - 5% range was very small & these samples contained minimal ASR errors

Fisher test

1250 40 = CE
8 1000 mmm ASR-PBL
(@F
ccn% 30
— 750 -
g = 20
e 500 -
=
Z.
é’ 250 . 10

OM 0

o2 N 5 ‘ 5 0 s
5\ \ 6') %ﬂ» 'L‘D% ”) °> %;)b‘ &Qb( 5 Q , \Q \‘D q}Q qf) ‘3% D( ,Q
o)
0
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Output example

B Proposal gives scores not only to 1-best estudio, but also to other candidates tu, i, ios

Example ASR task output

ah qué estudias

ah qué tuyas
ah qué estudio

Reference
CE (Baseline)
ASR-PBL (Proposal)

ST task output
oh what do you study

ah what are you doing

oh what do you study

Top-5 ASR task posterior probabilities (first raw: 1-best output tokens)

Output Tokens
qué _tu y as

Q
>

<eos>

Output Tokens
_estud io

ah qué

<eos>

0 T
X te X 0.5
0 0.6 g
= = 0.4
a _ah e}
‘8" 0.4 § 10.3
5 el X 0.2
S -0.2 g
= = -0.1
__okay _Yy a me
CE ASR task (Baseline) ASR-PBL ASR task (Proposal)
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