VGSAIlign: Bilingual Speech Alignment of Unpaired and Untranscribed Languages
using Self-Supervised Visually Grounded Speech Models
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INTRODUCTION EXPERIMENTAL SETTINGS & RESULTS

» Speech-to-Speech Translation (S2ST) . Data
» Enhance multilingual communication

» Relies on a massive amount of parallel source-target speech data
> Parallel data is often unavailable = SpokenSTAIR with around 600K synthesized speech in Japanese

* Human Infants  Self-supervised VGS Models

> Multlingual ach|S|F|on ability . . . = Speech encoder: HUBERT (base), or Wav2Vec2.0 (base)
» Allow them to acquire languages based on visual information
= |mage encoder: DINO-VIT small 8x8

= SpokenCOCO with around 600K human recordings in English

Training objective with InNfoNCE Loss
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[MOM, Japanese] (DAD, American] = The retrieval recall scores for the models (on SpokenCOCO (English) and
- SpokenSTAIR (Japanese) test sets)
Model Image — Speech Speech — Image Average Speech <> Image
. R@1 R@5 R@10 R@1 R@5 R@10 R@1 R@5 R@I10
The paper proposes VGSAlign: VG-HuBERT [1] 428 736 839 306 608 728 367 612 784
. : : : SpokenCOCO EN-VG-W2V2 413 723 838 298 600 728 356 672 784
v’ Attempt to mimic human infants’ behavior EN-VG-HuBERT 44.1 742 844 310 606 725 376 614 785
v Ai - - JA-VG-HuBERT 403 723 832 297 600 723 350 662 718
A.'m to discover th sp.eech pairs data for 5257 SpokenSTAIR 7, vG.wav2 420 731 83 303 603 727 362 667 780
v Find speech similarity of source and target languages based on
corresponding visual context = The performance of the VGSAlign system on the speech-speech alignment

v' Utilize self-supervised visually grounded speech model

, , , F1 score (%) (determining speech pair ability)
v' Unable to deal with S2ST for unknown, unpaired, untranscribed languages

Model F1-score
Text-text Alignment 84.49
VGSAIlign (Speech-speech Alignment) 54.11

VGSALIGN FRAMEWORK e

The system combines two modules:
(1) Image-Image Similarity Module
(2) Cross Speech-Image Similarity Module
Leveraging self-supervised visually grounded speech models as encoders

for image and audio
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Speech context:
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Speech context:

DY) 352 B T
-||‘||||II|||| II-II‘IIII“lIIIIII- -|||||||“|||| ||-l||||||”||l|||l- (A large giraffe is crossing the road in
the wilderness in front of the car)
ENGLISH SPEECH CONTEXT: JAPANESE SPEECH CONTEXT:
A man is riding a motor bike on a road —ANDBELNRLZICE->TWND Figure 3: Speech-speech pair determined by the VGSAlign framework.

(A man is riding a motor bike)

(Note: The image is from the MS-COCO dataset)
Figure 1: Bilingual speech alignment by visual-based information.

(Note: The image is from the MS-COCO dataset) CONCLUSIONS

VGSAIlign can be applied to any other languages
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e L GETOF ' Allow mapping speech from the source to the target languages
. UNPAIRED IMAGES SET OF
il """"""-"'-"""'"'""'-‘; UNPAIRED SPEECH, PAIRED IMAGES . . h : d ff ; |

INPUT INPUT Able to determine whether two given speech in different languages are

i i semantically paired without the need for text and knowledge about the
language
Image Encoder
oty Image Encoder Speech Encoder
(extracting image features) i )
tract (extract h
(eractng imoge oxracting spees FUTURE DIRECTIONS

, Perform speech-to-speech translation for unknown, unpaired, untranscribed
K-Means Clustering

(grouping similar semantic images)

l

languages by using data from the VGSAlign system

Investigate the obtained speech-image co-embeddings in order to get

(1) Image-Image Similarity

Aaejiwis asew|-ysaads ssou) ()

Image-Image Pair Speech-Speech Pair Detector '
, Dete;tor o (cc!)mputingcr%ss speech-image similarity) pSEUdO SpeeCh SpeeCh palrs

(comparing image-image similarity) o
Sim(Im1, Tm2) = Similarity(Spl, Sp2) =

CosineSim(Im1, Im2) Y (Sim(Spl, Im2), Sim(Sp2, Iml)) RE F E RE N c E S

OUTPUT OUTPUT | | | |
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