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Introduction

Speech Enhancement (SE)

= Improve speech quality and intelligibility

= Front-end processing of speech-related applications
= Automatic speech recognition

= Assistive hearing technologies
= Speaker recognition

= Deep-learning models in SE
= OQutstanding nonlinear mapping properties

= Easy to fuse multimodal data
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Introduction
Audio-Visual SE (AVSE)

= Visual information has been adopted as auxiliary information to facilitate better SE
performance

= Two AVSE problems

= Additional processing costs for visual input
= Privacy problems of face or lip images

Interspeech 2020
Lite Audio-Visual Speech Enhancement




Introduction
Proposed Lite AVSE (LAVSE}

= Two visual data compression techniques
= Autoencoder (AE)-based compression network

= Reduces the size of the visual input
= Extracts highly informative visual information

= A quantization data compression scheme

= Reduces the bits of the extracted representation
= LAVSE vyields better performance than an audio-only SE baseline

= The user identity can be removed from the compressed visual data
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Related Works

Bit-wise Data Compression

« Single-precision floating-point format
= 1 sign bit
= The value is positive or negative

= 8 exponential bits
= Representation range of the value

= 23 mantissa bits

= Significant figures

= Exponent-only floating-point (EOFP) format | 2]
= No mantissa bit
= Does not change the represented value itself

= Only reduces the precision
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The Proposed LAVSE

= LAVSE architecture

= Two visual data compression techniques

= Data preprocessing
= SE model

= Data reconstruction

= Encoderat
. Qualatent (EOFP)

« Features
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= Audio: loglp magnitude spectrum

= Visual: AE+EOFP
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Figure 2: The LAVSE architecture with two visual data
compression units (EncoderAe and Qualatent).
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The Proposed LAVSE

Encoderas

» 2D Convolutional Layer

% 2D Transposed Convolutional Layer

< 2D Instance Normalization
LeakyRelLU Activation

= Dimension
= Original image: 3X64X64

- AE feature: 2048 (= 32x8Xx8) Face images

* Only 16.67% of the size after AE compression I mp
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Figure 3: The AE model for visual data compression.
(a) Original lip images. (b) AE reconstructed images.

Figure 4: Original and AE reconstructed lip images.
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Qllalatent

= Bits
= 32-bit tfloating-point
= 1 sign bit
= 8 exponential bits
= 23 mantissa bits

= 4-bit EOFP
= 1 sign bit
= 3 exponential bits

* (0 mantissa bit

= Only 12.5% of the size after
applying EOFP

= User identity has been removed
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Figure 6: Visual latent features of lips.
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Experiments

Experimental Setup

= The dataset of Taiwan Mandarin speech with video (TMSV)

= Mismatched speakers, noise types, and SNR levels in training and testing sets

= Training set = Testing set (car driving scenario)
* 4 males, 4 females = 1 male, 1 female
= The 15t to the 200™ utterance = The 2015t to the 320™ utterance
= 100 types of noise |3] = Noise types
= SNRs: from -12 dB to 12 dB with a step of 6 dB = Cries of a baby

= Engine noise

= Background talkers
= Music

= Pink noise

= Street noise
= SNRs: -1,-4,-7,-10dB
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Experiments

Experimental Setup

= The lip or face image contours were positioned using Dlib |4]

= Evaluation metrics
= Perceptual evaluation of speech quality (PESQ) [5]

= Short-time objective intelligibility measure (STOI) (6]
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Experiments

Experimental Results

= [nvestigate the effects of visual information

Noisy 1.001 0.587
= LAVSE(AE): Proposed LAVSE with Encoderak Audio-only 1282 0610
= Baselines
. Audio-only SE system AVSE(VGGtface) 0.797 0.492
= AVSE with different visual features AVSE (face) 1.270 0616
= AVSE(VGGface): face features processed by VGGface |7}
= AVSE(face): raw face images AVSE (lip) 1.337 0.641
= AVSE(lip): raw lip images I AVSE( AE)

Table 1: PESQ and STOI scores of the LAVSE(AE) system
and the baselines.
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Conclusion

= The contributions of this study are threefold

= Verified the eftectiveness of incorporating visual information into SE system

= The compressed visual data can still provide significant complementary information for
the SE task

= The proposed compression modules can moderately address the privacy problems
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