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P
Aim: To efficiently utilize textual and cross-lingual speech data in a computationally efficient manner

. to enhance the ASR performance of multilingual multimodal models for low-resource languages. )

PEFT For ASR Text-only Adaptation

[ Speech ] [Transcript] [ Translated text ] [Transcript]

it 4’[ Speech Encoder H kgzgtt:r ]—>[ Text Decoder ]—> = —>[ Text Encoder J >[ Text Decoder ]—> =

Components Learnable Maitihli Malayalam Kannada Gujarati Odia Bengali Text-only Learnable Maithili Malayalam Kannada Gujarati Bengali

fine-tuned Parameters | WER | CER | WER | CER | WER | CER | WER | CER | WER | CER | WER | CER Adaptation Parameters | WER | CER WER | CER WER | CER WER | CER WER | CER
None - 82.20 | 43.39 | 56.15 | 20.65 | 69.29 | 29.11 | 41.03 | 2450 | 42.81 | 17.38 | 37.70 | 18.44 None _ 8220 | 4339 | 56.15 | 2065 | 6929 | 20.11 | 41.03 | 24.50 37.70 | 18.44
Length adapter | 46M 5497 | 26.10 | 52.82 | 18.14 | 55.48 | 20.38 | 3391 | 1640 | 35.48 | 13.75 | 3590 | 17.08 Shr Transcript | 6M 7132 | 3792 | 5396 | 1894 | 7052 | 3254 | 3567 | 19.19 35.28 | 16.77

Text Decoder 201M 5456 | 26.21 | 54.04 | 19.28 | 54.3 20.57 | 33.62 | 17.12 | 35.14 | 1348 | 36.14 | 17.95 Full Transcript | 6M 68.24 | 3684 | 5530 | 2043 | 68.13 | 2691 | 35.45 | 18.66 3544 | 17.73
Speech Encoder | 311M 4387 | 17.79 | 4699 | 1345 | 4791 | 1493 | 27.79 | 11.58 | 29.82 | 9.24 29.07 | 12.09

Length adaptor with just 5 hours of |labeled speech provides | Adapting the Text Decoder with translated transcript pairs
significant improvement in ASR performance using <10 % | improves the ASR performance of SeamlessM4T, achieving
of the total parameters. both data and parameter efficiency.

Combining Both Techniques

Component Encoder All
Speech-based Training Fine-tuned Adapter (L) Components

Language | §oaenaiie - 6 M 50 M 571 M
Parameters

System A T-A A T-A A T-A A T-A A T-A A T-A A T-A

Speech Encoder Length Adapter

_E\ —)‘ Text Encoder J/I
| W2v-BERT 2.0
SBHM|ESSM4T-NLLB WER 41.03 3545 3391 3441 29.20 2712 38.88 3553 28.03 2113 28.09 27.90 25.56

[Translated ]
Transcript ] ini . Gujarati
P Text-based Training v Trainable Adapters CER 2450 18.66 1640 17.41 1196 1205 1928 1780 12.63 1235 1200 1250 | 11.28
Y,

WER 4281 3839 3548 3499 32.03 3297 38,55 3624 30.09 31.18 30.04 28.92 | 30.54

WER 82.20 68.24 5497 5474 5295 48.14  63.52 5839 4792 4598 46.08 44.60 | 42.58

CER 4339 36.84 26.10 27.10 22.86 21.58 31.60 29.70 20.56 2047 19.20 19.52 | 17.14

: Maithili
Text Decoder [Transcrlpt]

— Malayalam
— CER 20.65 2043 18.14 18.87 15.34 16.35 20.21 20.00 1476 1546 14.12 14.92 | 13.86

| WER 36.15 553 5282 5251 4971 50.14 56.03 53.71 48.22 48.19 47.81 47.75 | 47.38

WER 69.29 68.13 5548 53.83 52.54 53.29 62.88 58.71 49.36 48.24 49.14 47.75 45.48
Kannada

CER 29.11 2691 2038 2094 16.95 18.84  23.76 2344 15.63 16.51 15.26 1492 | 14.06
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CER 1738 16.22 13.75 14.62 10.57 1125 1450 1457 10.11 11.32 10.01 9.92 10.37

A multimodal model like SeamlessMA4T can be fine-tuned WER | S0 A B0 P e W WD 5 5% B 5% 56 | B

CER 18.44 17.73 17.08 17.22 12.76 12.58 1859 17.72 13.06 JEESS 12.52 14.63 12,12

in @ parameter-efficient manner with either speech or text
data by inserting adapters in the pretrained base model. We analyze the adaptation strategies for 6 Indic languages.

We test our adaptation techniques using the primarily System A: Only ASR finetuning (ASR FT)
conversational speech data from IndicVoices Dataset. System T-A: Text-only adaptation followed by ASR FT

Cross-lingual Transfer Learning
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’% No Length Adapter 46M

Feed Forward ] A I en gth 3 d 3 pt er ( I eft) Maithili Bengali No Encoder Adapter S50M
No Len. + Enc. Adapter | 52M

Length Adapter 6M+46M
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(Target) (ASR Fine-tuning) | Distance | Adaptation | Component Parameters

\ Language 1 | Language 2 Genetic | Text- only | ASR fine-tuned Number of

Kannada

prosodic features of a o onoocer Acapter | M

None - No None

5 " Multi-head Attention

i\ 0 0 o I N W| h No Length adapter 46M
Shared Pooling : a g Ud ge t ou t : No Encoder Adapter 50M
7 y o Bengali

y R = No Len. + Enc. Adapter | 52M
B, Q/erflttmg on its syntay R D
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Can fine-tuning the length adaptor with speech from a Target Languages: Maithili & Odia

related language, combined with target language text High-resource Pivots: Bengali (Related) & Kannada (Unrelated)

adaptation, improve the ASR quality in an extremely low- Key Result: 17% reduction in relative WER in a zero-shot

resource setting without any available speech data? setting without any labeled speech from the target language.
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