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1 Mutual Sparseness of Speech Signals

Two speech signals s1(t) and s2(t) have less overlap in the time-frequency (TF) domain
than in the time domain. As a good approximation, separation in TF domain reduces to
a classification problem. Let x1 and x2 be two mixture signals. Take a windowed FFT on
them (j = 1, 2):

xj(m, t) =
N−1∑

k=0

xj(k + tS) win(k) e−2π i fs k m/N , (1)

where win is a window function, S is window shift size, t is frame label, and fs is sampling
frequency. Then approximating linear convolution in the convolutive mixing model by
circular convolution, we have:

xj(m, t) ≈
∑

k

hjk(m) sk(m, t). (2)

By mutual sparseness of signals,

xj(m, t) ≈ hjk′ s′k(m, t), ∃ k′ = 1 or 2. (3)

Next, we classify all TF points into two clusters (groups) by a geometric feature vector:

Θ(m, t) = [|x2(m, t)|/|x1(m, t)|, angle (x2(m, t)/x1(m, t))], (4)

so called level and phase differences. If sound reflection is minimal, then:

hjk(m) ≈ λjk e−2π i m fs τjk/N , (5)

λjk and τjk are attenuation (loss during propagation) and time delay from source k to
receiver j. By (5), we see that the feature vector is:

Θ(m, t) = [λ2k′/λ1k′,−(τ2k′ − τ1k′)], (6)

representing attenuation ratio and arrival time difference.
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Two clusters in time−frequency plane from two room recordings

−20 −15 −10 −5 0 5 10 15 20

−3

−2

−1

0

1

2

3

Figure 1: Illustration of two clusters C1 and C2 in the TF feature space (level and phase
differences) for two room recorded speech signals.

Data clustering in the feature space labels each point as belonging to C1 or C2 (see
Fig.1). A binary mask (BM) function is:

Mk(m, t) = 1, if Θ(m, t) ∈ Ck; 0, otherwise. (7)

Separated signals on TF domain are (J = 1 or 2):

yk(m, t) = Mk(m, t) xJ(m, t), (8)

then taking ifft with overlap and add method [1] to account for window effect and construct
time domain signals.

The method is simple and does not resolve demixing filters (no attempt to find hjk).
However, the mutual sparseness (mutual non-overlap) assumption deteriorates in reverber-
ant conditions. Also, discontinuous BM function may cause distortions in the output.
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