P
« CORE

Provided by Infos

cience - Ecole polytechnique fédérale de Lausanne

Acoustic Beamforming with Collaborating Hearing Aids
Olivier Roy and Martin Vetterli

Motivations

e Hearing aids are acoustic sensing devices (see Figure 1) that aim at compensating
various hearing impairments:

—Spectral shaping by means of frequency attenuation/amplification.

— Beamforming by combining coherently signals acquired at multiple microphones.

e Most state-of-the-art systems involve two devices working independently of one
another:

— Limited beamforming capability.

— Poor rejection of interfering signals.

e What is the need for collaboration between two hearing aids?

— Uses the spatial extent offered by the head to provide better beamforming capa-
bility.

— Improves spatial noise reduction and increases speech intelligibility in noisy en-
vironments.

Fig. 1: Different types of hearing aids.

Problem Setup

e The auditory scene is composed of a desired source S, an interferer I and some
ambient noise N [see Figure 2(a)|.
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Fig. 2: Our hearing aids setup. (a) Typical head-related configuration. (b) Collab-

oration using a wireless communication link.

e The signal observed at hearing aid k (k = 1,2) can be written as

Xi(t) = Sg(t) + Ii(t) + Ni(t)
= hi(t) * S(t) + gr(t) * I(2)

e 5. [ and N; are independent jointly (Gaussian stationary random processes with

N,(t).

mean zero and bandlimited power spectral density (PSD) &g, ®; and ®y , respec-
tively.

e The filter Ay (resp. gi) denotes the head-related impulse response (HRIR) from
the source (resp. the interferer) to hearing aid k. Their Fourier transform is referred
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to as head-related transfer function (HRTF).

e The two hearing aids are allowed to collaborate using a wireless communication
link [see Figure 2(b)]:

—The problem is symmetric. We look at it from the perspective of hearing aid 1.

—Hearing aid 2 relays its acquired signal to hearing aid 1.
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—We want to reconstruct S; with minimum mean-squared error (MMS!

e We define the gain-rate function

G(R) =

e (Goal: to characterize the optimal gain-rate tradeoff provided by this collaboration.
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Distributed Source Coding

e Our setup is identified as a source coding problem with side information at the

decoder (indirect, noisy or remote Wyner-Ziv [1]).

S

e The optimal rate-distortion tradeoff for stationary random sources can be com-
puted as |2|:
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where &, = ®g x, — Pg,|x, x, and 0 € (0, esssup,, P.(£2)]. x|y denotes the PSD
of the error process X — E[X|Y].

o [f the side information X; is disregarded in the encoding process, we obtain the

following (suboptimal) rate-distortion tradeoft:

R(6) = ﬁ/(}; max ¢ 0, log, CI)G(Q)} d$) |b/s]
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where &, = &g — g x,, V = X1 — E[X4|U| and 6 € (0, esssupgy @(€2)]. The
process U corresponds to the signal received at the decoder and can be described

by an optimal forward test channel for the remote source coding problem.

Rate-Constrained Beamforming Gain

e We model the head as a sphere for which an analytical expression of the HRTF's
can be computed [3].

e An example of gain-rate function in the absence of interferer is given in Figure 3(a).
We observe the rate-loss incurred by neglecting the presence of side information.

e The normalized distortion obtained for a particular rate and frequency as a func-
tion of the interferer’s position is plotted in Figure 3(b).
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Fig. 3: Collaborative beamforming. (a) Gain-rate function with (plain) and without
(dashed) Wyner-Ziv coding. (b) Normalized distortion for f = /27 = 3000\ H Z]
and R = 0 (dash-dotted), R = 0.1 (dashed) and R =1 (solid) |b/s/Hz|.
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