IMPROVING SPEECH PRIVACY IN PERSONAL SOUND ZONES
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ABSTRACT

This poster proposes two methods for providing speech privacy
between spatial zones in anechoic and reverberant environments.
The methods are based on masking the content leaked between
regions. The masking is optimised to maximise the speech
intelligibility contrast (SIC) between the zones. The first method
uses a uniform masker signal that is combined with desired
multizone loudspeaker signals and requires acoustic contrast
between zones. The second method computes a space-time
domain masker signal in parallel with the loudspeaker signals so
that the combination of the two emphasises the spectral masking
In the targeted quiet zone. Simulations show that it is possible to
achieve a significant SIC in anechoic environments whilst
maintaining speech quality in the bright zone.

2 WEIGHTED MULTIZONE SPEECH SOUNDFIELDS

* Orthogonal basis expansion multizone soundfield function
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 Complex loudspeaker weights in the time-frequency domain
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» Loudspeaker signal of the at! frame in the time-domain
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» Loudspeaker signals, ¢:(n), constructed from (3) using overlap-add.
* Signals can be observed at any arbitrary point in the soundfield
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Fig. 1. — A weighted multizone soundfield reproduction layout is shown. The shading depicts the
bright zone soundfield partially directed towards the quiet zone causing the occlusion problem.
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3 PRIVATE SOUND ZONES

We propose a new measure: Speech Intelligibility Contrast (SIC)
It can be used to improve speech privacy in personal sound zones.

3.1 — Speech Privacy and Intelligibility Contrast
« Speech intelligibility and privacy are highly correlated.

* Objective (instrumental) and subjective intelligibility measures
are highly correlated.

» A proxy of mutual information, such as STOI or STI, of two
signals xz1(n)and x2(n) from two zones is Za(x1; z2).

 SIC defined as
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3.2 — Improving Multizone Privacy

* Maximise the SIC by optimising the gain, G, of noise added to
the loudspeaker signals.

* The optimisation becomes

max S1C . (6)
GER
* New ‘Flat Mask’ (spatially uniform) loudspeaker signals are
G
0i(n) = qu(n) + u(n) A10795 (7)

> A=max({q(n):l=1,...,L}) is the maximum amplitude
among L loudspeakers.

> u(n) is a time-domain noise masker.

> GgB is the noise level G in decibels.

3.3 — Improving Multizone Privacy and Quality
« Adding u(n) to ¢;(n) reduces bright zone speech quality.

 Speech quality in the bright zone is B, (p(x,-);y) € 10, ..., 1}
* The optimisation becomes

max SICa - A
Gap€ER Dol Jo,

» Where A is a weighting parameter for importance of quality.

* New Zone Weighted Mask’ (spatially non-uniform) loudspeaker

signals to be optimised for SIC and quality are
Gg

g'(n) = @(n) + Gi(n) A10204B (9)

> qi(n) are a new set of loudspeaker signals for a multizone
reproduction of u(n) using (2), (3) and overlap-add.
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4 RESULTS

Objective intelligibility and quality results including corresponding
SIC and quality trade-off are presented.

4.1 — Multizone Reproduction Evaluation

r = 0.3m L = 295 4 rooms = Absorb Coeff = 0.3
r, = 0.6m ¢, =21 Anechoic, 20 Speech files
R = 1.0m Gagg = 4m X 9m X 3m, M:F = 50:50
R; = 1.5m — 40dB to 20dB 8m X 10m X 3m, ~ 332,800 data
6 = {0° 15°90°} Om X 14m X 3m points
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Fig. 2. — STOIl and PESQ for anechoic. Black Fig. 3. — STl and PESQ for the different rooms.
dashed lines are optimum Gag and A =1. Vertical black lines are optimum Gasand A =1.

4.2 — Intelligibility Contrast from Noise-Based Sound Masking

Anechoic Anecholic Reverberant

Flat Mask: /one Weighted Mask:  Zone Weighted Mask:
SICSTOI = 85% & SICSTOI = 70 to 90% & SICSTI = 40% &
PESQ<12% PESQ =3.4t0 2.8 © PESQ<12¢

(Not optimised for room)

CONCLUSIONS

Proposed and evaluated methods for increasing speech
intelligibility contrast in anechoic and reverberant environments.

Shown possible to obtain a SIC value higher than 95%.

Shown possible to maintain quality in the bright zone with a PESQ
MOS of 3.2 and SIC above 80%.

Shown possible to obtain a SIC value up to 40% in reverberant
environments with no dereverberation/equalisation.

Future work:
» Further improve quality and privacy with less loudspeakers
» Optimise for reverberant environments
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