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Context



Interdisciplinary collaboration

• Relevant and beneficial collaboration for both.
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Automatic Speech Recognition (ASR): overview

ASR systems on benchmark datasets: ↘ 10% errors (WER) [1].
• What about low-resource languages ?
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Automatic Speech Recognition for low-resource languages

Under-resourced languages [2], [3]:

Two major interests in applying ASR systems on them:

1. To document the world’s declining linguistic diversity
for preservation and perpetuation.

2. To reduce the workload of field linguists and language workers
(burden of repetitive tasks).
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Automatic Speech Recognition for low-resource languages (2)

Spectacular results for under-resourced languages on the phoneme-level
[4], [5].

Figure 1: Kaldi [6]. Figure 2: ESPnet [7].

→ using only ∼10h of annotated data [8], [9].
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Objective

→ Towards the level of the word.

p æ ˩ ʈʂʰ ɯ ˥ ɖ ɯ ˧ 6= pæ˩ ʈʂʰɯ˥ ɖɯ˧

For which purpose ?

Figure 3: First sentence of the “Le déluge” Japhug resource from the Pangloss
Collection (https://doi.org/10.24397/pangloss-0003359).
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Objective (2)

Demonstrate that a new neural approach based on the spe-
cialisation of a generic representation model (fine-tuning)
can improve the quality of phonemic transcription, and au-
tomatically recognise higher-level entities, words.

Approach:

Use of supervised neural networks for ASR that have proven effective in
low-resource settings.

→ XLSR-53 wav2vec 2.0 model
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Fine-tuning XLSR-53 wav2vec 2.0
model



XLSR wav2vec 2.0 model

Novel approach entitled XLSR introduced in Conneau et
al. by Facebook AI, and based on wav2vec 2.0.

Competitive results compared to the most advanced ASR systems with
self-supervised learning: (1) pre-training step, (2) fine-tuning on labelled
speech data.

Release of the Transformers v4.3.0 library1 by HuggingFace2.
→ added the first automatic speech recognition model to the library:
Wav2Vec2 by Facebook AI [10].

1https://huggingface.co/transformers/
2https://huggingface.co/
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Self-supervised learning

1. Pre-training: use large amounts of unlabeled data to learn robust
representations on audio recordings.

2. Fine-tuning: use these representations to fine-tune a model for a specific
language on a small amount of labeled data.

Pre-training Fine-tuning
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Experiments

Experiments: Fine-tuning of the XLSR wav2vec 2.0 model pre-trained on 53
languages (multilingual).
→ Dutch, English, French, German, Italian, Polish, Portuguese, Spanish,
Arabic, Basque, Breton, Chinese (CN), Persian, Portuguese, Russian, ...

Figure 4: Multilingual quantized latent speech representations, taken from [11].

Input: vocabulary in C classes, labeled data.

Connectionist Temporal Classification (CTC) — classifier on top of the
model representing the output vocabulary, trained on labeled data.
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Datasets

2 corpora from the Pangloss Collection3: Yongning Na & Japhug.

Corpus Yongning Na Japhug

Number of files 57 <audio, xml> 357 <audio, xml>

Number of sen-
tences

2,484 31,864

Total duration (in
minutes)

209.52 (≈ 3h30) 1907.57 (≈ 31h47)

Number of speak-
ers

1 female speaker 2 male and 2 female speakers

• IPA-based transcriptions.

3https://pangloss.cnrs.fr/
Cécile Macaire et al. Journées scientifiques LIFT - 7 déc. 2021 10 / 27

https://pangloss.cnrs.fr/


Pipeline
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Pipeline: preprocessing

Preprocessing the data (audio & transcriptions):

• Cutting each audio file according to the corresponding sentence
segments in the transcription, which creates a .tsv file.

• Splitting the data into train, validation, and test sets (respectively with 70,
15, and 15% ratio),

• Cleaning of the transcriptions (deletions or substitutions of specific
characters (punctuation, etc.) and conversion of the audio files (WAV
format in mono, 16kHz sampling rate).

Ref: ʈʂʰɯ˧ne˧-ʝi˥ | tʰi˧-tɕɯ˧-ɲi˥-tsɯ˩ ◊ -mv̩˩. |
Ref_processed: ʈʂʰɯ˧ne˧ʝi˥|tʰi˧tɕɯ˧ɲi˥tsɯ˩|mv̩˩
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Pipeline: definition of the vocabulary

Definition of a vocabulary from the list of symbols (tokens).
→ character units.

ʈʂʰ 7→ ʈ, ʂ, ʰ
Special characters:

• Space token: pipe symbol ‘|’.

• [PAD]: padding token.

• [UNK]: unknown token.

Generated vocabulary from the Na corpus:

“ɔ”: 0, “æ”: 1, “ɭ”: 2, “˩”: 3, “ŋ”: 4, “ɣ”: 5, “ĩ”: 6, “ɬ”: 7, “e”: 8,
“b”: 9, “t”: 10, “ʈ”: 11, “p”: 12, ”̩”: 13, “k”: 14, “ʁ”: 15, “ɕ”: 16,
“ɛ”: 17, “ʰ”: 18, “ɤ”: 19, “s”: 20, “⋯”: 21, “ẽ”: 22, “h”: 23, “w”:
24, “z”: 25, “l”: 26, “d”: 27, “f”: 28, “q”: 29, “v”: 30, “̍”: 31, ...
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Pipeline: tokenization & feature extraction

Tokenizer’s goal: converts the text into the corresponding token IDs.

Feature extractor’s goal: transforms the speech signal into the model’s
input format.

Example: stu kɯwxti chondɤre nɯ ɯpa nɯ tɯlɤt ni wuma
ʑo pjɤɕqraʁndʑi

Tokenizer: [25, 11, 15, 47, 20, 34, 23, 5, 11, 26, ...]

Feature extractor: sequence of vectors of floats
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Results on the test sets: quantitative analysis

Model Training size WER (%) CER (%)

xlsr-na-180 180 mn 41.51 7.97

xlsr-jya-600 600 mn 18.56 7.44

Table 1: WER and CER on the Na and the Japhug test sets when training on
low-resource labeled data setups of 180 minutes and 600 minutes respectively.

Few examples

Ref: tɤmu kɤtsa ci pjɤtundʑi tɕe
Hyp: tɤmɯ kɤtsa ci pjɤtu tʑɕe tɕe

Ref: ʑi˧ʁæ˧ dzi˧˥ ʑi˧ʁæ˧ dzi˧pi˥ zo˩no˧ne˩ʝi˩zo˩ əəə⋯tʰɑ˧v̩˥ tʰææ̃˧ mɤ˧di˥
Hyp: ʑi˩ʁæ˩ dzi˩˥ ʑi˧ʁæ˧dzɯ˧ pi˥ əzo˩no˧ni˩zo˩ əə⋯tʰɑ˩v̩˧ ʈʰææ̃˧ mɤ˧di˧
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Results on the test sets: qualitative analysis

Main observations:

• Incorrect predictions of word boundaries for both language predictions.

Japhug: pjɤtundʑi 7→ pjɤtu␣tʑɕe
Na: ʑi˧ʁæ˧␣dzi˧pi˥ 7→ ʑi˧ʁæ˧dzɯ˧␣pi˥

• Main incorrect predictions for the Na come from the tones (uni tones and
bi tones).

˧ ⇄ ˩, ˩˥ 7→ ˩, ˧˩ 7→ ˩˥, ˧˩ 7→ ˧, ...

• Wholly mistaken assumptions of Japhug reference sentences, meaning
that the audio does not match the reference sentence.

Ref: cai ɯjwaʁ ɯtaʁ ri ɲɯβze ɲɯŋu
Hyp: bɣɤʑu qhe ʑɯrɯʑɤri
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Complementary experiments: on unseen speech files

Model Test size (words) WER (%) CER (%)

xlsr-na-180 71 38.5 5.7
xlsr-jya-600 236 5.4 1.3

Table 2: WER and CER of the predictions by the xlsr-na-180 and the xlsr-jya-600
models of unseen speech files.

Ref: ə˧ʝi˧-ʂɯ˥ʝi˩-dʑo˩, ə˩-gi˩, zo˩no˥, hĩ˧ ʈʂʰɯ˧-dʑo˩, əəə...
ɖʐwæ˧ ɖʐwæ˥-hwɤ˩ hwɤ˩, mmm... pi˧-dʑo˩, ʈʂɯ˧ʈʂɯ˩ ɻæ˧ɻæ˧
tʰv̩˧, ɖʐwæ˧ ɖʐwæ˥-hwɤ˩ hwɤ˩ tʰv̩˩ pi˧-kv̩˩ mæ˩,

Hyp: ə˧ʝi˧ʂɯ˥ʝi˩dʑo˩ ə˩gi˩ zo˩no˥ hĩ˧ʈʂʰɯ˧dʑo˩ əə... ɖʐwæ˧
ɖʐwæ˥hoɤ˩ mə... pi˧dʑo˩ ʈʂɯ˧ʈʂɯ˩ ɻæ˧ɻæ˧tʰv̩˧ ɖʐwæ˧
ɖʐwæ˥hwɤ˩hɤ˩ tʰv̩˩ pi˧kv̩˩mæ˩

Ref: tɕendɤre nɯ ɯqhu tɕe tɕendɤre kɯki @zhangxiaobing nɯnɯ
@henan nɯtɕu lorɤʑi qhe

Hyp: tɕendɤre nɯ ɯqhu tɕe tɕendɤre kɯki @zhangxiaobin nɯnɯ
@huolan nɯtɕu lorɤʑi qhe
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Discussion



Discussion

What to remember ?

(1) recognizing entities from a higher level, here words.
(2) dealing with a scarce-resource context, where labeled data are only
available in small amounts.

By fine-tuning XLSR wav2vec 2.0:

• Fulfilled the task of predicting word sequences.

• Qualitative and quantitative analysis.
⋆ Importance of interdisciplinary collaboration between field

linguists and computer scientists.
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Discussion (2)

• How many training data ?
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Future prospects

1. Use the carried experiments on other low-resource languages.
→ multi-speaker, multilinguality, ...
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Future prospects (2)

2. Explore the newly XLS-R pretrained on half a million hours of audio data in
128 languages.
(see https://ai.facebook.com/blog/
xls-r-self-supervised-speech-processing-for-128-languages/).
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Thank you for your attention.

Any questions?


	Context
	Fine-tuning XLSR-53 wav2vec 2.0 model
	Discussion
	References

