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ABSTRACT

This paper presents a software tool which allows a user to
visualize and transform atomic decompositions of sound pro-
duced by matching pursuit. The matching pursuit algo-
rithm, which is an atomic, dictionary-based signal decom-
position method, can be seen as the analytical counterpart
to granular synthesis. Matching pursuit iteratively matches
a given signal with grains, or atoms, from a user-defined dic-
tionary (or set of parameter definitions) of basis waveforms.
When the algorithm is finished, we are left with a granular
model, or atomic decomposition, of the original signal which
is called a book.

Scatter provides a GUI interface for performing the match-
ing pursuit analysis and shows the decomposition build as
the algorithm progresses. Scatter then displays the Wigner-
Ville distribution and energy contribution of each atom in
the decomposition in three dimensions. The third dimension
represents the spatial position of each atom.

Scatter also gives the user multiple ways to transform the
decomposition: by direct interaction with mouse selection,
by parametric filtering, and by application of stochastic al-
gorithms. Scatter also provides a means for real-time perfor-
mance through the use of a variety of decomposition scrub-
bing techniques. Scrubbing is a process that allows a user
to synthesize any desired region of the decomposition.

Categories and Subject Descriptors

H.5.5 [Information Interfaces and Presentation]: Sound
and Music Computing—Methodologies and techniques, Sig-
nal analysis, synthesis, and processing ; D.2.6 [Software
Engineering]: Programming Environments — Graphical en-
vironments, Interactive environments; H.5.2 [Information
Interfaces and Presentation]: User Interfaces—Graphi-
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1. INTRODUCTION

Methods for deriving atomic decompositions using dictionary-
based methods (DBMs) have been developed in the domain
of signal processing engineering with the intention of finding
sparse ways to represent signals which are robust to noise,
meaningful with respect to the original signal, and malleable
to transformations [3, 1].

DBMs give a user the ability to choose the basis waveforms
(or functions) for a particular dictionary. This allows dic-
tionaries to be adapted for particular signals. For example,
for a noisy signal, a dictionary composed of basis waveforms
which have sharper transients or include noise might be a
better choice than a dictionary composed of Gabor atoms
(i.e. Gaussian-enveloped sinusoids). These basis waveforms
constitute an atomic representation, or book, which repro-
duces the original sound. In this sense, just as Fourier analy-
sis is the analytical counterpart to additive synthesis, DBMs
can be considered an analytical counterpart for granular syn-
thesis [9, 7].

Because atomic representations consist of potentially hun-
dreds of thousands of atoms, it quickly becomes difficult to
visualize and transform in meaningful ways. Further, there
is a need to have rapid feedback with what effect a partic-
ular transformation has had on the representation. With
this motivation, we have developed a prototype application,
Scatter, which provides an intuitive and aesthetic interface
which builds, visualizes, and transforms atomic decomposi-
tions with real-time synthesis and performance capabilities.

2. ANALYSIS

Scatter implements a GUI interface which allows a user to
specify a dictionary and the terminating conditions for the



matching pursuit algorithm. It also shows the progress of
the matching pursuit analysis as it runs.

2.1 Matching Pursuit Algorithm

The matching pursuit (MP) algorithm decomposes a signal
using an iterative gradient descent approach. At the first
step, there is an original signal, a decomposed representation
(the book), and a residual signal. The original signal is the
signal with which we are trying to build the book. The
residual signal is constructed by subtracting the book from
the original signal; it is effectively the amount of the original
signal which hasn’t been accounted for in the representation.

At each step, MP builds a representation by choosing a ba-
sis waveform, or atom, from a given dictionary such that
the waveform has the largest correlation with the residual
signal. This chosen atom is then added to the book and is
subtracted from the residual signal. This process is repeated
until some sentinel condition is reached (i.e. some minimum
residual signal or maximum number of iterations) [8].

2.2 Specifying Dictionaries

The process of specifying a dictionary for MP is flexible and
somewhat of an art form. Generally speaking, any arbi-
trary waveform can be included in the dictionary. However,
usually a dictionary element is described parametrically as
a sinusoid which can be scaled, translated, enveloped and
frequency modulated. Dictionaries can be made from any
number of atoms of any type.

Scatter currently only allows the user to specify dictionary
elements based on defining and drawing envelopes of a sinu-
soid. This is because dictionary elements which can be para-
metrically described in a general way are easier to transform
according to both GUI interfaces and stochastic algorithms.

2.3 MP Implementation

Though implementation of the MP algorithm is straightfor-
ward, Scatter performs MP by using the Matching Pursuit
Toolkit (MPTK) library [2]. MPTK can be used as a com-
mand line application which reads in a dictionary specified
as an XML file and allows the user to specify the termination
condition for the analysis. However, because of the inherent
limitations of a command-line tool, it is difficult to know
how well the algorithm is performing with the specified dic-
tionary. MPTK is open source and is implemented in C++.
Because of this, it was able to integrated into Scatter with
a set of GUI controls for choosing the desired dictionary for
a given analysis. While MPTK runs and chooses atoms at
each iteration, the atom is displayed in Scatter. Though
there is some impact on the running time of the algorithm,
it is useful as a means to manually identify how well a given
dictionary is suitable for the signal to be decomposed.

3. VISUALIZATION

Scatter visualizes books such that the energy content of
atoms are accurately represented by using their Wigner-Ville
distribution (WVD) [6]. The WVD is generally described as
maintaining the uncertainty relationship in the perceptual
discrepancy between the duration of a waveform and it’s fre-
quency perception [5, 4]. In other words, if a waveform is
very short, the perceived frequency is uncertain.

3.1 Atom Colorization

Scatter also colors the atoms based on their energy con-
tribution to the book. If an atom is overall constructively
interfering with other atoms, the atom is colored blue. If an
atom is overall destructively interfering with other atoms,
it is colored red. An atom which is neither constructively
or destructively interfering is colored black. All atoms are
transparent so that it is possible to see stacks of atoms.

3.2 Visual Spatialization

MPTK has the ability to work in stereo by performing the
MP over two channels. However, Scatter only uses single
channel analysis to simplify the analysis and visualization
implementation. However, books can be transformed spa-
tially. This is represented visually by using a third dimension
in the display. The x-axis is time, the y-axis is frequency,
and the z-axis is spatial position. Because of the added
dimension, Scatter’s visualization can be rotated and seen
from any arbitrary angles. This introduces the provocative
ability to "fly” through an atomic decomposition.

4. INTERACTION

Scatter provides a variety of GUI tools that allow a user to
interact with atomic representations in several ways unique
to granular synthesis. There are two methods of select-
ing atoms in the representation: through mouse selection
or through parametric selection. Once selected, atoms can
be transformed either manually or by stochastic algorithms.

4.1 Mouse Selection

Scatter provides a toolbox of different atomic selection mech-
anisms including selection by frequency range, selection by
time range, and selection by time-frequency range. Scat-
ter also implements a lasso tool for arbitrarily-shaped time-
frequency regions.

4.2 Parametric Selection

The atomic decomposition can also be selected according to
any parameter range. These selections are made through
range sliders. For example, all atoms of a decomposition
which are within a specified duration range can be selected
and transformed independent of the other atoms.

4.3 Manual Atomic Transformations

Scatter provides a toolbox which toggles different atomic
transformation modes. For example, atoms can be trans-
lated in frequency and time, transposed in frequency, or
stretched in duration. Also, atoms can be copied, pasted
and deleted.

4.4 Stochastic Atomic Transformations

Scatter also provides a small set of stochastic transforma-
tion algorithms which modify selected atom’s specified pa-
rameters according to a user-defined probability distribution
function. For example, once a group of atoms are selected,
the user can choose a parameter (i.e. atomic frequency or
atomic spatialization) with which to modify stochastically.
The amount of modification can be controlled by specifying
the domain and range of a probability distribution function.



S. REAL-TIME PERFORMANCE

Scatter also has the ability to "perform” a decomposition by
use of scrubbing tools. Scrubbing refers to the ability for a
user to choose the location of where the real-time synthesis
of the book occurs. The user can remain in one place in the
decomposition for as long as desired. They can slide back-
wards or forwards in time at any speed they wish. The result
is a performance paradigm where the atomic decomposition
acts as a sonic palette.

Scatter provides a generalized scrubbing head with two pa-
rameters that can be customized by the user. The two pa-
rameters are frequency range and scrub angle. In the default
mode, the scrubbing head is a vertical line which represents
a precise time and over all frequencies. Any atoms over
the entire frequency range of the book which intersect with
the scrub head at that time will be synthesized at their ap-
propriate phase and duration offsets within their individual
envelopes.

If the frequency range is changed, only atoms within the
specified frequency range will be synthesized. If the scrub
angle is changed such that, for example, the slope of the
scrub head is positive, then atoms in a book which have
higher frequencies will be synthesized before atoms of lower
frequencies.

6. CONCLUSIONS

Scatter is a tool which allows a user to analyze, visualize,
transform, and perform atomic decompositions. It is still in
it’s prototype phase and has many issues which still need to
be addressed such as for example, the adoption of a standard
MP book file format, dealing with arbitrary basis waveforms,
and allowing for more customization in the details of the MP
algorithm.
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