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UAM Motivation

» Popularity of end-to-end ASR models

» Acousting, pronunciation and language model combined in one
neural network

» Problem: needs annotated audio data

» LM trained on small dataset compared with
”traditionalgpproach

» Worse performance on rare words
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[/{AM Possible solutions

» Incorporating external LM trained on text-only data
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UAMg Possible solutions

» Incorporating external LM trained on text-only data
» Rescoring n-best decoded hypothesis from end-to-end ASR:

yx = argmax logP(y|x) + MogPr (y)
Y

» Incorporate RNN-LM into first-pass beam search by shallow,
cold or deep fusion
» Use TTS to generate audio-text pairs training data from
text-only data
» Rare words and proper nouns are still problematic with this
approach

» Why? Hypothesis: LM trained with other objective then
correcting e2e model’s errors
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UAMg Solution

Proposed solution: spelling corrector model on text-to-text
(hypothesis-to-refrerence) pairs.

» Identify likely errors in ASR output
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UAMg Solution

Proposed solution: spelling corrector model on text-to-text
(hypothesis-to-refrerence) pairs.

» Identify likely errors in ASR output
» Propose alternatives

» Combine with LM-rescoring
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[/{AM% ASR train/eval Dataset

» LibriSpeech [PCPK15]
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UAMg ASR train/eval Dataset

LibriSpeech [PCPK15]
Large-scale (1000 hours) corpus of read English speech
audiobooks from the LibriVox project

carefully segmented and aligned

vVvyVvyyvyy

http://www.openslr.org/12/
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UAMg ASR train/eval Dataset

LibriSpeech [PCPK15]

Large-scale (1000 hours) corpus of read English speech
audiobooks from the LibriVox project

carefully segmented and aligned
http://www.openslr.org/12/

License: CC BY 4.0

vVvyVYyVvVvyYyypy
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[/{AM% Text-only dataset

» Spelling correction needs parallel corpus: ASR hypothesis +
ground truth text
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UAMg Text-only dataset

» Spelling correction needs parallel corpus: ASR hypothesis +
ground truth text

800M word LibriSpeech language modeling corpus

Selected 40M sentences not overlapping with test set
Generated audio using TTS (WaveNet [vdOLB*17])

Added noise and reverbation to get additional 40M utterances
Decode using pretrained ASR model

From each TTS utterance ASR produces 8 hypotheses

All of them used to form hypothesis-reference pairs: 640M
hypothesis-reference pairs

also added to ASR trainset

vVvyVvyVvyVvyyvyy
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UAMg Baseline ASR model

» LAS - Listen, Attend and Spell [CJLV16]
» Encoder-decoder with attention
» encoder: 2 convolutional layers, 3 bidirectional LSTM layers

» decoder: single undirectional LSTM layer
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uAMg Spelling correction model

» attention-based encoder-decoder sequence-to-sequence

» similar to Neural Machine Translation model from [CFB*18]
» Encoder: 3 bi-directional LSTM layers

» Decoder: 3 unidirectional LSTM layers
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UAM Architecture

Projection Layer

Forward RNN

3x 3x

Multi-headed
Attention

Forward RNN

Source Embedding Target Embedding

Fig. 1. Spelling Correction model architecture.
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UAM Language model

» 2 unidirectional LSTM layers
» used to rescore n-best list generated by ASR
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WM% Inference

» ASR produces N-best list of hypotheses with log prob scores
(pi)

» Spelling correction produces M-best list for each ASR
hypothesis with scores (g;;)

» LM rescroing of each of M x N hypotheses with r;; score
» Most likely hypothesis:

A* = argmax ALAS * Pi + ASC * Gij + AL * T4
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UAM Results

System Dev-clean Test-clean
LAS 5.80 6.03
LAS - LM (8) 4.56 4.72
LAS-TTS 5.68 5.85
LAS-TTS — LM (8) 4.45 4.52
LAS —SC (1) 5.04 5.08
LAS — SC (8) — LM (64) 4.20 4.33
LAS — SC-MTR (1) 4.87 491
LAS — SC-MTR (8) — LM (64) 4.12 4.28

Table 1. Word error rates (WERs) on LibriSpeech “clean” sets com-
paring different techniques for incorporating text-only training data.
Numbers in parentheses indicate the number of input hypotheses
considered by the corresponding model.
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uAM Results

System Dev-clean  Test-clean
LAS 3.11 3.28
LAS — SC (1) 3.01 3.02
LAS — SC (8) 1.63 1.68

Table 2. Oracle WER before and after applying the SC model.
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uAM Results

System Dev-clean Dev-TTS
LAS baseline 5.80 5.26
LAS —SC (1) 5.04 345
LAS — SC (8) —» LM (64) 4.20 3.11

Table 3. WER comparison on a real audio and TTS dev sets.
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UAM Thank you

Thank you for your attention!
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