Audiovisual Speech Processing:
Exploiting visual features for better noise reduction
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Background Summary
- This new EPRSC project proposes to use lip reading to remove noise from speech, producing clean

Human speech is multimodal in terms of both production and perception, with a relationship be- speech, with the aim of moving towards lip reading hearing aids
tween audio and visual components of speech, and it has been shown that visual information has - Ty . . : :
potential for hearing aid and listening device development. Preliminary systems have been devel- SJS:E;":;;:E‘;E?’EEEE,E: :,';";2;:' f::l:?tfd BROECH PrOCRUCHR SYRIHIN: SPONIIIENS'G S0
oped to enhance noisy speech, by both filtering and resynthesis methods, and this project pro-
poses to develup these techniques further and make better use of visual information. - Investigates psychologically motivated visual features, in this case Gabor features, as an alternative

to conventional lip features.

- Current research focuses on using visual lip information to predict audio information using neural

AUdiOV'Sual Sp@ECh FI |te rl ng networks, a form of mapping problem with promising initial resuits.
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Sy Miorophone Aray [ Z} Window and FFT [ e i - owso i —> Research shows that humans can extract the majority of speech information from horizontal edges
: : | eiiog” of facial features. Applying horizontal Gabor features can identify edges and theoretically provide
P AU, S Enha,mtd g the same information at a much lower bandwidth. These horizontal edges can be seen as a form
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 Implementation
Gabor filter applied to image (left), identifying edges and amplitudes. Results in thresholded

» Initially designed noise removal system. See [1] for more info. image (centre). This can be further processed to identify patches and “barcodes”, particularly
around lip region (right). These are new visual features that can be used for speech processing.

An initial speech filtering system to remove noise from a mixed signal using lip images and produce d

filtered cleaned speech, see [1] for more info. The noisy audio signal (power spectrum and phase) i i "

and the equivalent lip region (DCT) features are extracted on a frame-by —frame basis. Visual in- AU IOVISual Featu re Ma ppl ng
formation is used to produce an estimate of the noise free power spectrum using Gaussian Mixture

Regression (GMR) to apply Wiener Filtering. There is also audio only beamforming applied, and a % The Ch_allenge . . _
fuzzy logic controller to automatically determine the most suitable processing option (audiovisual Given our visual features as above, can we use lips alone to predict an audio speech vector? In
or audio-only) on a frame-by-frame basis. other words, given the shape of the lips, can we work out the sound?

 The Method

Using a large training set (35000 pairs of audio log FB and matching DCT image vectors), and ma-
chine learning (MLP neural network) to train audiovisual mapping with different combinations, dif-
ferent visual features, number of frames, network sizes etc.

Audiovisual Speech Resynthesis
Audiovisual Mapping Results
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» Initially designed speech resynthesis system. See [3] for more info. processing, such as noise | = | T ; L
cancelling, or speech de- & . . % - |
Noise subtraction is not suitable in many real environments; noise source may even be speech. sBehen., % '5 » 5 & s 2 : - =
We can create an enhancement technique based on missing data speech analysis, followed by * Log FB components
speech resynthesis. See [3] for more info. In missing data speech analysis, spectro-temporal in- - Ongoing research!
formation of an audiovisual noisy signal is extracted, enabling the creation of a mask of reliable
speech data and generation of an HMM state sequence using trained HMM models of clean speech. Ch a”enges
This is followed by speech resynthesis, where using the HMM sequence and the mask, noise free _
data is identified, missing data synthesised, and a clean signal generated. * Improved Use of Visual features

Investigate biologically inspired features, to determine the best utilisation for visual information.

» Refined Audiovisual Filtering and Resynthesis approaches
Improve basic filtering system with better use of visual information for speech estimation, and use
visual information for masking and model training to improve resynthesis.

Selected Publications « Compatibility and Integration of Approaches
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where visual information provides clear benefits.
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