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• Given L loudspeakers, the goal is to communicate
distinct audio messages to K users in a room.
• Users only receive their intended audio messages.
• An eavesdropper at any other location is jammed.

• Traditional multi-zone sound field reproduction
systems send linearly filtered signals to boost SNR in
target zones.
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• Our approaches involve emitting noise signals from
loudspeakers and then utilizing echoes to ensure
intelligibility only at selected locations.

• With merely 6 loudspeakers and a few impulse
response measurements, we show that private audio
communication is feasible.

1. Multichannel convolutional synthesis by noise 

2. Noise in the nullspace approach

𝑥# = 𝑛# ∗ 𝑔# 𝑦) = ∑# + ,- (ℎ)# ∗ 𝑥#)

• The 𝑖23 speaker emits 𝑥#, a convolution of filter 𝑔# with white Gaussian
noise 𝑛#.

• At non-user locations, RIRs are different ⇒ incorrect descrambling of 𝑥#.
• Inherent randomness in 𝑛# then ensures unintelligibility.

• Noise signals projected on the nullspace of H are sent in addition to
message carrying signals.

𝑦 = 𝐻𝑥
= 𝐻 𝑠 + 𝑤 = 𝐻𝑠 ,

where 𝑠 = argmin
@

| 𝑦 − 𝐻𝑧 |DD ,   𝑤 = 𝑃𝑟𝑜𝑗IJKK L (𝑣),  𝑣 ~ 𝑁 0, 𝜎D𝐼IS×I) .

• Projected noise sums to zero at the intended locations while continuing to
mask the audio signals elsewhere.
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Numerical Simulations

• Experiments done with 6 loudspeakers.
• Toeplitz structure of matrices exploited to efficiently

solve all least squares design problems using FFT.
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Conventional approach
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Conclusion
Key idea

• Loudspeakers emit appropriately structured noise
streams that echo across the room and sum up to
yield intelligible audio only at the target locations.

• Unlike traditional sound field reproduction systems,
the performance of our approach is enhanced by the
presence of echoes.

Why are echoes useful?
• Echoes enhance the spatial diversity of acoustic channels.
• This improves the conditioning of H ⇒ better signal reconstruction at

the intended users.
• High diversity in RIRs also ensures that noise is cancelled only at the

desired locations.

Real world experiments 

Fig. 3: STOI scores at 2 intended listeners and one additional location in (a) 
anechoic and (b) reverberant setting.  

Fig. 4: Heat maps reflecting STOI scores at 4200 locations in a simulated 
room for (a) MCCS and (b) Null space approach.

Fig. 5: (a) Experimental setup. (b) STOI scores vs distance from the focus spots. 
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Eavesdropper

Alice Bob

Alice and Bob hear meaningful sounds
Any eavesdropper hears only noise!

Fig. 1: Problem setup.
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Fig. 2: Conventional approaches to personal audio zones

• Silencing sound everywhere else is hard: needs a
large number of speakers.

• SNR could be more easily reduced by sending noise!
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