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Problem definition
The problem:

Estimate a multichannel audio signal x̃ from its saturated version ỹ.

I Y ∈ RJ×K an overlapping frame (J samples, K channels) of ỹ;

I yjk (resp. xjk) the jth sample recorded on the kth channel from Y
(resp. X);

I τk the hard-clipping level in the kth channel.

Clipping model:

yjk =
xjk for |xjk| ≤ τk;

sgn (xjk)τk otherwise.

Time Cha
nne

lsAm
pl
itu

de

Channel-aware structured cosparse modeling

I Z ' AX a frequency
representation of X;

I Z ∈ CP×K (P frequency bins);

I A ∈ CP×J;

I Z is sparse;

I Z is “structured across
channels”.
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Structured sparse prior on Z and cosparse prior on X [1].

Method

How to get a declipped frame estimate X̂?
Design an iterative algorithm based on ADMM [2] that alternatively
projects X̂ on:
1. The modeling constraint thanks to a specific sparsifying operator;
2. The declipping constraint thanks to a data-fidelity projection.

Tools

Sparsifying operator
Group-Empirical Wiener [3]:

Sµ(Z)pk = Zpk ·
1− µ2

‖zp‖2
2


+

zp
Zpk

Data-fidelity projection
Optimization problem:
minimize

X∈Θ
‖AX− Z‖2

F (1)

Θ =


XΩr

= YΩr
;

X | XΩ+ < YΩ+;
XΩ− 4 YΩ−.



I Ωr set of reliable indices;

I Ω+, (resp. Ω−) set of positively
(negatively) clipped indices;

I <,4 component-wise
comparisons.

Closed form solution for (1):

X̂jk =



Yjk if jk ∈ Ωr;

(AHZ)jk if


jk ∈ Ω+, (AHZ)jk ≥ τk;
or
jk ∈ Ω−, (AHZ)jk ≤ −τk;

sgn (Yjk)τk otherwise.

CASCADE Algorithm

Sparsification step:
Z(i) = Sµ(i−1)(AX̂(i−1) + U(i−1))
Projection step on the declipping constraint:
X̂(i) = argmin

X
‖AX− Z(i) + U(i−1)‖2

F subject to X ∈ Θ
Update step:
µ(i) = αµ(i−1), U(i) = U(i−1) + AX̂(i) − Z(i)

Conclusion
The joint use of cosparse and structured sparsity models is particularly
efficient on music and speech multichannel data. CASCADE numerically
outperforms state-of-the-art simple cosparse A-SPADE algorithm [1] by
1 dB to more than 3 dB while retaining very limited runtime overcost.

Experiments

8-channels recordings excerpts from the VoiceHome2 Corpus [4].
477 different examples artificially saturated at 5 SDR.

SDR improvements
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(a) Speech
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(b) Mixed Speech and Music

Runtime
Algorithm CASCADE A-SPADE
Redundancy R=1 R=2 R=1 R=2

In
pu

tS
DR

5 167 398 73 190
10 120 265 59 148
15 80 177 42 103
20 54 119 29 72
25 37 78 20 50

(a) Runtime (ratio to realtime processing)

Algorithm CASCADE A-SPADE
Redundancy R=1 R=2 R=1 R=2

In
pu

tS
DR

5 11.11 10.76 9.31 9.63
10 12.39 12.45 10.57 10.79
15 13.31 13.39 11.20 11.37
20 14.01 14.32 11.67 11.79
25 14.40 14.44 11.73 11.68

(b) Corresponding improvements (∆SDR)
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