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I Novel approach to assess the amount of musical noise in an audio signal based on the minima of the STFT
I Better understanding of the impact of artificial isolated peaks in the time-frequency domain

1. Musical noise
I Artificial noise appearing in processed spectrograms when using spectral
techniques such that denoising or blind source separation

I Induced by isolated time-frequency coefficients
I Sound examples: http://lif.univ-mrs.fr/ronan.hamon/icassp2017/

(a) High level of musical noise (b) Low level of musical noise

2. Time-Frequency characterisation of musical noise
Short-time Fourier Transform of a real signal
From a real signal x of length N :

I STFT:
F(n,m) = STFT(x) =

N−1
∑
k=0

x(k +Rm)w(k)e−i2π
kn
N

I Spectrogram: S(n,m) = |F(n,m)|2
I Inverse STFT:

x̃(l) = ∑
m
s(l −mR)∑

n
F(n,m)e i2πn l−mR

N

I F is consistent if F = STFT[STFT−1(F)]
Consistent representation of an isolated peak

I Single isolated peak in Time-Frequency plane:

F0(n,m) =
{
1+0i if n = α and m = β

0+0i otherwise.
I Resulting synthesized signal x̃[l ] :

x̃[l ] = s[l −βR ]e i2πα
l−βR
N .

I Time-frequency representation F̂0 of x̃:

F̂0(n,m) =
∣∣∣N−1∑
k=0

e−i2π
k(n−α)−R(m−β )

N w(k)s[k−R(β −m)]
∣∣∣2.

⇒ Consistent representation of isolated peaks appear as “spots”.

3. Domain localisation in audio spectrograms
Based on the work in [6].
Detection of local minima of the spectrogram

I Selection of time-frequency bins with an energy lower than adjacent bins
I Choice of a threshold to avoid selecting minima in high-energy regions

Delaunay triangulation over minima

From a set of points Pk ∈ R2

I Voronoi cell of Pk: all x ∈ R2 such that
x is closer to Pk than to any other point

I Delaunay triangulation: two points are
connected if their Voronoi cells are adjacent

⇒ Nice set of triangles (avoids narrow triangles)

Selection of triangles
I Triangles are retained according to the length of their edges
I The frequency contribution is used to catch high-energy regions

Grouping of triangles in domains
I Merging of triangles to construct high-energy regions in the time-frequency plane
I Selection of domains according to the expected duration of a spot

Evaluation of musical noise
I Number of regions is used as indicator of the presence of musical noise

(c) Triangulation after selection of triangles (d) Retained domains

4. Experiments
Generation of musical noise

AIP: Adding artificial isolated peaks in the spectrogram: S̃ = S+ µM,
where M is a Bernoulli matrix of parameter p.
I If p is too low, there is no isolated peaks
I If p is too high, isolated peaks merge together and produces white noise

OMP: Orthogonal Matching Pursuit denoising: estimation of a sparse
approximation of a noisy signal, controlled by the approximation error ε .
I A low value of ε removes noise to the cost of low quality
I A high value of ε preserves the original signal but tends to produce musical noise

Results

(e) AIP (f) OMP

⇒ High correlation between the number of detected domains and the expected
level of musical noise according to the parameters of generation

Perspectives

I More advanced descriptors of the presence of musical noise using detected
domains

I Better evaluation of the performance:
I Wider range of spectral techniques to generate musical noise
I Comparison with state-of-the-art techniques
I Listening tests

I Build new strategies to reduce musical noise
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