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Abstract

The main challenges in Taiwanese speech
recognition are the lack of abundant and
publicly available Taiwanese speech cor-
pora, and the inconsistency in the written
system of Taiwanese. The former results
in insufficient data for speech recognition
tasks, while the latter leads to inconsis-
tent output formats and difficulties in inter-
pretation. Therefore, this study takes the
speech translation from Taiwanese speech
to Chinese text as the task, and builds a
speech translation model from Taiwanese
speech to Chinese text by combining the
pre-trained speech model with the architec-
ture of the end-to-end deep learning model.
Our method is based on a small amount
of Taiwanese speech paired with Chinese
text, and by collecting a large amount of
unpaired Taiwanese speech data, and de-
signing various algorithms to use a large
amount of unpaired corpus to improve
the system of translating Taiwanese speech

into Chinese text. The research and discus-
sion are mainly divided into four improve-
ment directions: end-to-end speech trans-
lation model, pre-trained speech model fea-
tures, iterative training method and corpus
cleaning. Experimental results show that
the above methods can effectively improve
the translation performance of Taiwanese
speech to Chinese text.
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Table 1: TAI YouTube F# %3 tm

FHELR | BE (18 | THaR | Bahs
DaAi 40 + YouTube CC F#
PTS 40 il YouTube CC F#
Taiwan-mystery | 40 P YouTube CC F#
Unsupervised 2,000 & N/A
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Table 2: Fl &7 & #4
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(large) B ik A2 H ol > LABA F 28
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R A EF A A RE L £
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B 43 TAI YouTube #&4%3% 69 2,000 /B35
#I4 Taiwanese-WAV2VEC 2.0 & » £ &3
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FINRB RN RRGEREAINGR T T 2
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B AR EATIIAR o BBAAEE G R LGE
T RERALRRI  BAEITH BEEIL
EmBHBARBEFAREXR BERXREHE
BES o R AAETRENEE > £
EHETHRT » BRTUARE S EERAY
WAV2VEC 2.0 #47 ©
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Table 3: L7458 & Fbank B 8 T 24 A 2 48

TR EHRALAT CER | ERILE CER
Whisper (large) (Radford et al., 2022) 65.3 60.8
RNN-LSTM (Graves et al., 2013) 58.9 50.8
Whisper (medium) (Radford et al., 2022) | 56.5 49.4
Transformer (Zhang et al., 2020) 55.4 43.9
Conformer (Gulati et al., 2020) 52.0 40.0

Table 4: 7 Bl L#43#0F 49 T % Conformer A% 2L 4%

LA AFB EFHAA CER | EHILE CER
Fbank 52.0 40.0
WAV2VEC 2.0 50.0 36.8
Taiwanese-WAV2VEC 2.0 | 49.8 35.5

FHog 7 ik R R EDNERGEHR 0 AFER A A F
ey md

wa B ©

Table 5: T {k3% 54 & 69 8 A 248

Pk¥ger | EHALAT CER | EHALE CER
0 50.0 36.8

100 50.6 36.0

200 49.6 34.1

400 49.4 34.9

4.3.3 #=HF®

Table 6: RE FotH XNAIREEH T HERILK
CER

Ao AN\ EFEC [ 200 | 400
F 34.1 | 34.9
EEER 33.9 | 32.9
LM 34.0 | 34.5
SR 34.0 | 344
LM+SR 33.9 | 34.1
VAD 30.7 | 30.6
LID 31.2 | 31.7
VAD+LID 30.7 | 30.0
BITEE TR BHFREGOER > 7|7
A6 MERERTURES » B FRAEH

G EE TN IRA R EMCR  REE@
D 23 09 2R T AMS R RGE R P R — B R &
FAEE RN ERACYGKFE o AETHEA
(LM) # 3 A &35k (SR) @67 @ > KA
AR R A AT LR R B A T e R 0 B
PERBEBEARLLE T BE S HE
12 E A R4 222 et ik £ 8 » Rein & &
H Aty F Ty ik o

M AR A T 35 AR A (VAD) A REE
PEak (LID) 097 b A& > T AR B E03F 69
BOR 0 AR 200 ANBFFe 400 N EF ARG S
HoF o A BB EORE > L PEFEERE
B BOR LR S Pk AR S AE4F » A RiE s
FEAE 400 PR EETRT 0 ERKEA
WA ML 5% A A RRE o R EES
ER R B FHAERARARYE SRR
BE2h E Mk E A b IR AR 6 B AGER » IR
IR FTAERIE S ARG o s 353 PEaRB R
A EMFER BT PR AR RSB P R

XEAREGFZ T T > RAAEMUBFLA -

5 &R AR TAE
AR T GG EEERRETE M E A

1o AT EGEFEF AT UUAN) RHZEH B
Aut s FBRKERLEMARKEEFZTAH Rt
A E IR o AR F TR £ 408 5
SHREZRBA S JREKEEEFEFTMER
Bo B RAR S 289 B3 Bk 55 SRR ALA
FAIRGEF R - FEFERINRS EA
BEMFAOERES G c RETRER > &
ol Ul R s G R e
E o

AR KRR T E 0 IR THEAEF RS N
A7 % A HE 8 Bl ZX AL 0 LS A Whisper 3
AR S AR 35 5 AR AR AR >
TP AR A B AL A AR RSB AT g BT
s gk s AL T A A K A2 I BERTScore(Zhang
et al., 2019) & Sentence-transformer(Reimers
and Gurevych, 2019) ¥ & 4 2 31| & 69 4 84 B
2R B AL IR e A B B AR 8 S
HAZ ERAKRE-ZFTHERE—FN S
B RAERARZTZHETROMFLR
RARI A T AR 693214

26



The 35th Conference on Computational Linguistics and Speech Processing (ROCLING 2023)

References

Rosana Ardila, Megan Branson, Kelly Davis,
Michael Kohler, Josh Meyer, Michael Henretty,
Reuben Morais, Lindsay Saunders, Francis Ty-
ers, and Gregor Weber. 2020. Common voice:
A massively-multilingual speech corpus. In Pro-
ceedings of the Twelfth Language Resources and
Evaluation Conference, pages 4218-4222.

Alexei Baevski, Yuhao Zhou, Abdelrahman Mo-
hamed, and Michael Auli. 2020. wav2vec 2.0: A
framework for self-supervised learning of speech
representations. Advances in neural information
processing systems, 33:12449-12460.

Luisa Bentivogli, Mauro Cettolo, Marco Gaido,
Alina Karakanta, Alberto Martinelli, Matteo
Negri, and Marco Turchi. 2021. Cascade ver-
sus direct speech translation: Do the differ-
ences still make a difference? arXiv preprint
arXiw:2106.01045.

Yu Chen, Wen Ding, and Junjie Lai. 2023. Im-
proving noisy student training on non-target do-
main data for automatic speech recognition. In
ICASSP 2023-2023 IEEE International Confer-
ence on Acoustics, Speech and Signal Processing
(ICASSP), pages 1-5. IEEE.

Alex Graves, Navdeep Jaitly, and Abdel-rahman
Mohamed. 2013. Hybrid speech recognition
with deep bidirectional LSTM. In 2013 IEEE
workshop on automatic speech recognition and
understanding, pages 273-278. IEEE.

Anmol Gulati, James Qin, Chung-Cheng Chiu,
Niki Parmar, Yu Zhang, Jiahui Yu, Wei Han,
Shibo Wang, Zhengdong Zhang, Yonghui Wu,
et al. 2020. Conformer: Convolution-augmented
transformer for speech recognition. arXiv

preprint arXiw:2005.08100.

Wei-Ning Hsu, Anuroop Sriram, Alexei Baevski,
Tatiana Likhomanenko, Qiantong Xu, Vineel
Pratap, Jacob Kahn, Ann Lee, Ronan Collobert,
Gabriel Synnaeve, et al. 2021. Robust wav2vec
2.0: Analyzing domain shift in self-supervised
pre-training. arXiv preprint arXiv:2104.01027.

Denis Ivanko, Dmitry Ryumin, Alexev Kashevnik,
Alexandr Axyonov, and Alexey Karnov. 2022.
Visual speech recognition in a driver assistance
system. In 2022 30th European Signal Process-
ing Conference (EUSIPCO), pages 1131-1135.
IEEE.

Yuan-Fu Liao, Jane S Tsay, Peter Kang, Hui-Lu
Khoo, Le-Kun Tan, Li-Chen Chang, Un-Gian
Iunn, Huang-Lan Su, Tsun-Guan Thiann, Hak-
Khiam Tiun, et al. 2022. Taiwanese Across Tai-
wan corpus and its applications. In 2022 25th
Conference of the Oriental COCOSDA Inter-
national Committee for the Co-ordination and
Standardisation of Speech Databases and As-
sessment Techniques (O-COCOSDA), pages 1—-
5. IEEE.

Taipei City, Taiwan, October 20-21, 2023. The Association for Computational Linguistics and Chinese Language Processing

Yu-Chun Lin. 2023. Improving End-to-end
Taiwanese-to-Chinese Speech Translation by
Semi-supervised Learning. Master Thesis, Na-
tional Tatwan University.

Abhinav Mathur, Tanya Saxena, and Rajalakshmi
Krishnamurthi. 2015. Generating subtitles au-
tomatically using audio extraction and speech
recognition. In 2015 IEEE International Con-
ference on Computational Intelligence & Com-
munication Technology, pages 621-626. IEEE.

Mahnoosh Mehrabani, Srinivas Bangalore, and
Benjamin Stern. 2015.  Personalized speech
recognition for internet of things. In 2015 IEEE
2nd World Forum on Internet of Things (WE-
IoT), pages 369-374. IEEE.

Myle Ott, Sergey Edunov, Alexei Baevski, Angela
Fan, Sam Gross, Nathan Ng, David Grangier,
and Michael Auli. 2019. fairseq: A fast, ex-
tensible toolkit for sequence modeling. arXiv
preprint arXiv:1904.01038.

Vassil Panayotov, Guoguo Chen, Daniel Povey,
and Sanjeev Khudanpur. 2015. Librispeech: an
asr corpus based on public domain audio books.
In 2015 IEEE international conference on acous-
tics, speech and signal processing (ICASSP),
pages 5206-5210. IEEE.

Jing Pang. 2017. Spectrum energy based voice ac-
tivity detection. In 2017 IEEE 7th Annual Com-
puting and Communication Workshop and Con-
ference (CCWC), pages 1-5. IEEE.

Kishore Papineni, Salim Roukos, Todd Ward, and
Wei-Jing Zhu. 2002. Bleu: a method for auto-
matic evaluation of machine translation. In 2022
40th annual meeting of the Association for Com-
putational Linguistics, pages 311-318.

Daniel S Park, Yu Zhang, Ye Jia, Wei Han, Chung-
Cheng Chiu, Bo Li, Yonghui Wu, and Quoc V
Le. 2020. Improved noisy student training for
automatic speech recognition. arXiv preprint
arXiv:2005.09629.

Alec Radford, Jong Wook Kim, Tao Xu, Greg
Brockman, Christine McLeavey, and Ilya
Sutskever. 2022. Robust speech recognition via
large-scale weak supervision. arXiv preprint
arXiv:2212.04356.

Nils Reimers and Iryna Gurevych. 2019. Sentence-
bert: Sentence embeddings using siamese bert-
networks. arXiw preprint arXiv:1908.10084.

Jean-Marc Valin. 2018. A hybrid DSP/deep
learning approach to real-time full-band speech
enhancement. In 2018 IEEE 20th interna-
tional workshop on multimedia signal processing
(MMSP), pages 1-5. IEEE.

27



The 35th Conference on Computational Linguistics and Speech Processing (ROCLING 2023)
Taipei City, Taiwan, October 20-21, 2023. The Association for Computational Linguistics and Chinese Language Processing

Shinji Watanabe, Takaaki Hori, Shigeki Karita,
Tomoki Hayashi, Jiro Nishitoba, Yuya Unno,
Nelson Enrique Yalta Soplin, Jahn Heymann,
Matthew Wiesner, Nanxin Chen, et al. 2018.
Espnet: End-to-end speech processing toolkit.
arXiv preprint arXiv:1804.00015.

Qian Zhang, Han Lu, Hasim Sak, Anshuman
Tripathi, Erik McDermott, Stephen Koo, and
Shankar Kumar. 2020.  Transformer trans-
ducer: A streamable speech recognition model
with transformer encoders and rnn-t loss. In
ICASSP 2020-2020 IEEE International Confer-
ence on Acoustics, Speech and Signal Processing
(ICASSP), pages 7829-7833. IEEE.

Tianyi Zhang, Varsha Kishore, Felix Wu, Kilian Q
Weinberger, and Yoav Artzi. 2019. Bertscore:
Evaluating text generation with bert. arXiv
preprint arXiv:1904.09675.

Shiyu Zhou, Shuang Xu, and Bo Xu. 2018. Mul-
tilingual end-to-end speech recognition with a
single transformer on low-resource languages.
arXiv preprint arXiv:1806.05059.

28



	Table of Contents
	Improving End-to-end Taiwanese-Speech-to-Chinese-Text Translation by Semi-supervised Learning


