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Instructions

- Please edit directly on this google slide deck. During the presentation, you will use a
provided laptop for the presentation.

- The final presentation should consist of 3 min presentation + 1-2min QA from judges.
Please stick to the time as we will stop presentations that exceed 5 min.

- In your presentation please consider the following:

Goal of the project and what social or economic impact could it create

What it makes interesting and/or innovative ?

Challenges you have overcome

What have you learned from it ?

What makes the project special or gives your proposal an edge over similar solutions in
the market ?



TIPS and guidelines

e Please do not copy the contents from other materials (if it is very difficult to
redraw, it is acceptable with the appropriate citation information).

e It depends on the audience, but it is a good idea to spend some time clearly
presenting the introduction/motivation/problem setups

e Use a simple picture to emphasize your method/concept

e Long sentences in slides are not a good idea

e |f you are showing numbers, please extract important numbers or highlight
important numbers

e Add a take-home message in your final part



Introduction: Why Speech-to-1PA?

Problem:

e Transcription is time-consuming in language documentation
e ASR for IPA is understudied and underdeveloped

Solution:

e Build a speech-to-IPA model for any languages

Social Impact:
e Efficient documentation of endangered languages



Method

e Pre-trained model
o wav2vec2-large-xlsr-53 by Facebook
e Fine-tuning:
o CTC (Connectionist Temporal Classification)
e Datasets
o Common Voice (Japanese, Polish, Maltese, Hungarian, Finnish,
Modern Greek)
o Forvo (Xhosa, Zulu, Adyghe)
e Evaluation:
o Character Error Rate (CER) or our new metrics




Low-resource problem

e Few high-quality speech-to-IPA data
e Workaround
o Orthography-to-IPA (Common Voice)
m Off-the-shelf modules: not very accurate
m + manually prepared rules (only “spelled-as-pronounced” langs)
o Create dataset manually
m Audio: Forvo
m Manually annotate phonetic transcription



Setup (Goal)

Datasets
Common Voice

Polish (Slavic)

Japanese (Japonic)

Maltese (Semitic)
Hungarian (Ugric)
Finnish (Finnic) I
Greek (Hellenic)

Tamil (Dravidian)

NS

Forvo
(]

Additional datasets (small)

Xhosa (Bantu)

Zulu (Bantu)

Adyghe (NW Caucasian)
Arabic (Semitic)

Icelandic (Germanic)
Burmese (Tibeto-Burman)

Fine-tuning

Pretrained Model

wav2vec2-large-xlsr-53
Wav2Vec2ForCTC

Baevski et al. 2020. wav2vec 2.0: A Framework for Self-Supervised
Learning of Speech Representations. https://arxiv.org/abs/2006.11477
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IPA coverage: consonants (pulmonic)

Bilabial Labiodental | Dental Alveolar Postalveolar | Retroflex Palatal Velar Uvular Pharyngeal Glottal
Nasa! mm |m nn n hap nn N
Plosive 't'g td t Cl c} k g q * 2
Sibilant affricate s dz t]' d‘3 s d‘z’
Non-sibilant affricate * * * * * A * * AN A A A * * * *
Sibilant fricative sz I3 ¥4 62
Non-sibilant fricative ¢ fv 04 e_é * ok * c J- XYy X B h hh
Approximant v 1 ] *
Tap/flap * * cr * A *
Trill * o4 rr * ok * R + Ct
Lateral affricate 3 d'B * * * * *
Lateral fricative | B * | * * [ *  *
Lateral approximant | l A * *
Lateral tap/flap * A * TA * *




IPA coverage: consonants (others)

Non-pulmonic bilabial | labio- | dental alveolar | post- retroflex | palatal | velar uvular epiglottal Co-articulated
dental alveolar
ejective stop p’ t * * k’ * Labial-alveolar
nasal

affricate * ts’ 1]" fs’ * *

Labial-velar nasal

fricative * * * J-’ 5,* g’ * *
- Labial-alveolar
lateral affricate t¥ plosive
lateral fricative ¥ Labial-velar plosive
Click tenuis * | |
- Uvular-epiglottal

. plosive

voiced * gl
Labial-palatal

nasal * I]| nl approximant
tenuis lateral Il Labial-velar

approximant

voiced lateral
“Swedish sj”

nasal lateral n ]

] Velarized alveolar
Implosive b lateral approximant




IPA coverage: vowels

Front Central Back
Close i y i w u
Near-close 1Y
Close-mid eg 90 YO0
Mid e 9 )
Open-mid € e 3@ P}
Near-open P ) e
Open a a anp
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Setup (so far)

Datasets

Common Voice
e  Japanese (Japonic)
e Polish (Slavic)
e  Maltese (Semitic)
e  Hungarian (Ugric)

Total ~20,000 samples

Fine-tuning

Pretrained Model

wav2vec2-large-xlsr-53
Wav2Vec2ForCTC

Forvo

Addij

Xhosa (Bantu)

Zulu (Bantu)

Adyghe (NW Caucasian)
Arabic (Semitic)

Icelandic (Germanic)
Burmese (Tibeto-Burman)

Ran out of time &

2000 km
1000 mi

Leaflet | © OpenStreetMap contributors
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Results (Example)

Trained on Japanese, Polish, Maltese, Hungarian

Reference (ja):

FKOEWLWLWEHEIEBRWERBIZHABREZEH Lo 2 =THFA DNV IR TH D
[morinaganocoigiigjWiuiwakoiaoironigjwimiibiNoagiratiadezainiopakIgjwimuidearu]

Prediction:
[morinaganolifilgjwinmiakoljlaojonigjwingibinoafiraptavewainiopakiogjunuidearu]
Character Error Rate: ~0.231

... Good or bad?
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New Metric: Phone Distance (PhD)

[morinaganooigiigjlliiwakoiaoirofigjwimiibiNoagiratiadezainiopak:iugjwinuidearu]
[morinaganolifi Igjwipwiakolj Iaojonigjwlnglbinoafi raptavegwainlopakiogjujiidearu]

Some |IPAs are different but they sound very similar
We need a new metric to measure the phonetic similarity

Phone Distance (PhD):

Levenshtein Distance with phonetic features

e.g., [t] = [-voiced], [+alveolar], [+plosive], ...

Averaged — Feature-based Phone Error Rate (FPER)

CER: ~0.231, FPER: 0.122
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Audio provided by Lusine Vanyan; not for distribution

Demo 2

Karabakh Armenian

Prediction by our model: s

[errku ahber an in:um min a frelunmk en: min:el bongi hiluk ?ahpera mji:ft 7endon glene pinits:numa ut*[
ht*carom enkanad*3 t*falum ver dungi:n hu is:ok od:ruma min ?ur ¢l jiragenon ta]

Human transcription (5 min 34 sec):

[erk’'u axperen inom mina xellk’ em:in:el togi xellk’ axpere mift en tdglen bintftsnume utfh ffarom verdiingin
hus:a katrume min orel jerakenum tha:]

(Transcription in Armenian (transliterated): Erku akhper yn njum. Miny khelunk, en miny dongi. Khelunk akhpery en danglen pinycnum a chyrcharum, ver dongin hujsy ktrum a, min or el jer a kenum, ta

Which looks better? CER: ~0.672
FPER: ~0.277
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Takeaways

New Speech-to-IPA model
Low-resource but good

Faster language documentation
New metric for IPA generation

Lots of future work!
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