AAD signal processing Into The Wild

Simon Geirnaert

' Center for Dynamical Systems,
Signal Processing and Data Analytics







Denoising and
speaker separation

\.

—

J

v

MIX

A
|
targeted | speaker
|
|

audio

f’

\

Auditory Attention

Decoding

A1

LT.'

Smart neuro-steered hearing device

EEG



\

Denoising and
speaker separation

J

targeted | speaker
|

Auditory Attention
Decoding

A1

LT.'

EEG



\

Denoising and
speaker separation

—

-

J

v

MIX

A
|
targeted | speaker
|
|

audio

s

~\

Auditory Attention

\_

Decoding

A A1

\,

EEG



\

Denoising and
speaker separation

B

J

7

N\

3 MIX -

A
|
targeted | speaker
|
|

Auditory Attention
Decoding

.

~

A1

LT..

EEG



\

Denoising and
speaker separation

—

-

J

v

MIX

A
|
targeted | speaker
|
|

audio

s

~\

Auditory Attention

\_

Decoding

A A1

\,

EEG



Auditory Attention
Decoding

A

—> FEG —> —> attended speaker




Neural tracking of speech
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Stimulus reconstruction
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J. O'Sullivan et al, “Attentional Selection in a Cocktail Party Environment Can Be Decoded from Single-Trial EEG", Cerebral Cortex, vol. 25, no. 7, pp. 1697-1706, 2014
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Linear spatio-temporal decoder
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Stimulus reconstruction — backward decoding
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J. O’'Sullivan et al, “Attentional Selection in a Cocktail Party Environment Can Be Decoded from Single-Trial EEG”, Cerebral Cortex, vol. 25, no. 7, pp. 1697-1706, 2014
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envelope extraction
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Accuracy-speed tradeoff for stimulus reconstruction
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'A. de Cheveigné, D.D.E. Wong, G. M. Di Liberto, J. Hjortkjaer, M. Slaney, and E. C. Lalor, "Decoding the auditory brain with canonical component analysis," Neurolmage, vol. 172, pp. 206-216, 2018
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Focus on two signal processing challenges in AAD

©of 2,

1. Low signal-to-noise ratio leads 2. Existing AAD algorithms need 3. Existing AAD 4. Existing AAD
to tradeoff to be offline in a algorithms rely on algorithms often
manner, and are the of assume bulky,
o during operation speech EEG
signal envelopes setups

19



Focus on two signal processing challenges in AAD
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Focus on two signal processing challenges in AAD
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Existing AAD algorithms need to be o _
pre-trained offline in a supervised Existing AAD algorithms often assume

manner, and are fixed during operation bulky, non-wearable EEG setups
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Focus on two signal processing challenges in AAD
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Supervised training of the stimulus decoder
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Supervised training of the stimulus decoder
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Supervised training of the stimulus decoder
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Supervised training of the stimulus decoder
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Supervised training of the stimulus decoder
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Unsupervised training of the stimulus decoder
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Unlabeled data > Compute EEG autocorrelation matrix
{X, (s1,82)} Rix = X*X EEGc  EEG

A A A
s M
X e

EEG

.‘*‘”"wj Repeat
Update decoder

/ xx rX Sa \

Update cross-correlation

Predict labels
Vector rys,

29



Accuracy [%]
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Unsupervised stimulus decoder is still fixed
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Time-adaptive unsupervised stimulus reconstruction decoding
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Fixed supervised decoder
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Focus on two signal processing challenges in AAD
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Existing AAD algorithms need to be
pre-trained offline in a supervised
manner, and are fixed during operation

Existing AAD algorithms often assume
bulky, non-wearable EEG setups
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Focus on two signal processing challenges in AAD

Existing AAD algorithms often assume
bulky, non-wearable EEG setups
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EEG in real life?

Wireless EEG headset
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Combine multiple miniature EEG nodes at various positions

‘EEG sensor network’

'
, BELOW SKIN
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Top-down: EEG channel selection

Free placement: 64 channels 2 ~8 channels without performance decrease
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A. Mundanad Narayanan, and A. Bertrand, “Analysis of Miniaturization Effects and Channel Selection Strategies for EEG Sensor Networks with Application to Auditory Attention
Detection,” IEEE Transactions on Biomedical Engineering, vol. 67, no. 1, pp. 234-244, 2020



Focus on two signal processing challenges in AAD

o ¥

Existing AAD algorithms need to be
pre-trained offline in a supervised
manner, and are fixed during operation

A time-adaptive unsupervised
stimulus reconstruction algorithm

Problem

Solution

Existing AAD algorithms often assume
bulky, non-wearable EEG setups

Towards integrated in-ear and
around-the-ear EEG
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