<]
TUDelft

Delft University of Technology

Binaural Beamforming Taking into Account Spatial Release from Masking

de Vries, Johannes W.; van de Par, Steven; Leus, Geert; Heusdens, Richard; Hendriks, Richard C.

DOI
10.1109/TASLP.2024.3451988

Publication date
2024

Document Version
Final published version

Published in
IEEE/ACM Transactions on Audio Speech and Language Processing

Citation (APA)

de Vries, J. W., van de Par, S., Leus, G., Heusdens, R., & Hendriks, R. C. (2024). Binaural Beamforming
Taking into Account Spatial Release from Masking. IEEE/ACM Transactions on Audio Speech and
Language Processing, 32, 4002-4012. https://doi.org/10.1109/TASLP.2024.3451988

Important note
To cite this publication, please use the final published version (if applicable).
Please check the document version above.

Copyright
Other than for strictly personal use, it is not permitted to download, forward or distribute the text or part of it, without the consent
of the author(s) and/or copyright holder(s), unless the work is under an open content license such as Creative Commons.

Takedown policy
Please contact us and provide details if you believe this document breaches copyrights.
We will remove access to the work immediately and investigate your claim.


https://doi.org/10.1109/TASLP.2024.3451988
https://doi.org/10.1109/TASLP.2024.3451988
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Problem Statement

Spatial filters (beamformers) in hearing aids typically focus on
minimising noise and interference power in order to improve in-
telligibility. The binaural MVDR beamformer can do so opti-
mally, but with a drawback: all the remaining interference is vir-
tually moved to the target location. This eliminates any spatial
release from masking (SRM), which also has a positive effect on
intelligibility and is usually not taken into account in beamformer
design. Additional beamformer constraints on the interferer bin-
aural cues (leading to JBLCMV beamforming) can restore SRM,
but at the cost of less effective noise and interference reduction.

A trade-off for intelligibility seems to exist be-

tween optimal beamforming and spatial release
from masking]!

Signal Model Extension

To take SRM into account, the beamformer signal model of (1)
and (2) is extended with the binaural intelligibility prediction
model of Figure 1, leading to (3).
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Figure 1: Schematic overview of the binaural intelligibility prediction model

of Beutelmann and Brand (2006, JASA 120:331).

To investigate the trade-off, the BMVDR (optimal noise reduc-
tion) and JBLCMV (with room for SRM) beamformers are sim-

ulated in various acoustic scenes, both in presented and ‘per-
ceived’ domain.
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Figure 2: Simulated BMVDR-JBLCMYV beamforming difference in SNIR of
(a) the presented signals y and (b) the ‘perceived’ signal .

SRM seems to have no significant effect on the

intelligibility after beamforming is performed.

Optimal Beamforming

A novel beamformer is designed by optimising the ‘perceived’
SNIR while preserving the target,
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subject to Wha = a,..

It can be shown both mathematically and through simulations
that the resulting beamformer attains an identical ‘perceived’
SNIR to the BMVDR beamformer. There are, however, M — 1
degrees of freedom in the solution that can be used to constrain
interferer binaural cues.

(@)
1
=
W

—e—unproc.
-—x—-BMVDR
—+—JBLCMV

~ prop.
\

. p—] - L
—
\ - <
o
/ L

2 4 6 8 10 o 2 4 6 8 10 2 4 6 8 10
number of interferers number of interferers

oo

2
binaural cue MSE

I
(V)
)

—
S

presented SNIR (dB)
—_
/“\O N
o
- /r;/j 4
L \Q i
perceived’ SNIR (dB)
D

e}

number of interferers

(a) (b) (c)
Figure 3: Simulated SNIR of (a) the presented signals y and (b) the ‘per-
ceived’ signal z, and (c) simulated MSE on interferer binaural cues.

The proposed beamformer has an optimal perfor-
mance in the ‘perceived’ domain, while also pre-
serving the binaural cues of up to M —1 interferers.
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