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Abstract

We describe a submission to the ICML 2013
Bird Challenge, in which we explore the use
of sparse representations as an advance on
the standard technique of cross-correlation
template matching in time-frequency repre-
sentations. The Matching Pursuit algorithm
is used to represent the signal as a sparse set
of activations of templates derived from the
challenge training audio.

Given an audio recording, it is a challenging task to de-
tect automatically which bird species are represented,
and a task that is relevant to practical applications
in bioacoustics (Stowell & Plumbley, 2010). Recent
research developments go beyond single-label classi-
fication and can identify multiple species simultane-
ously present in a recording (Briggs et al., 2012), or
track multiple birds through an audio scene (Stowell
& Plumbley, submitted). The ICML 2013 Bird Chal-
lenge stimulates developments in the field by challeng-
ing researchers to identify algorithmically which of 35
bird species are present in a public dataset of 90 audio
recordings.1 The present note describes a contribu-
tion to the challenge which explores the use of sparse
representations in a multi-label classification problem.

In signal processing, a sparse representation is recov-
ered by assuming that the signal is composed from
some “dictionary” of atomic elements, with only a
small number of those elements being active (nonzero)
for any given signal of interest (Plumbley et al., 2010).
This approach is motivated by the discovery that neu-
ral coding often makes use of such sparsity, and also
by the engineering prospect of representing signals in
highly compact form. Sparse representations are cur-
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rently the subject of much research activity, and have
been used in audio and music for tasks such as audio
compression and transcription (Plumbley et al., 2010).

Our submission explores sparse representation to im-
prove on the common technique of cross-correlation
template matching in time-frequency representations
(such as spectrograms). In the standard cross-
correlation scenario, we have one or more templates
per species, and each template is separately cross-
correlated against the spectrogram in question. Peaks
in the cross-correlation function are taken as detec-
tions for the corresponding species. However, when
there is a large number of species to be detected, and
some of these potentially have very similar templates,
there is a problem: a single region of energy in the
spectrogram (e.g. a single birdsong syllable) could in-
dependently match against multiple templates, giving
spurious detection of many species from a single sound.
Sparse decompositions can overcome this, by finding
a representation of the signal as a sum of activations
from all elements considered together as a dictionary.

1. Method

In the present case we use the simple and widespread
Matching Pursuit (MP) algorithm to find a sparse rep-
resentation of a sound spectrogram as a sum of tem-
plates. We use a fast optimised implementation pro-
vided by the free and open-source Matching Pursuit
Toolkit (MPTK) (Krstulovic & Gribonval, 2006). Our
script is implemented in Python, using the Python
bindings recently available in MPTK 0.7.

Preprocessing: Each audio file is converted into a
standard spectrogram representation (log-magnitudes
of STFT, frame size 512). We apply median-based
background subtraction to help counter stationary
background noise.

Training: Training the system consists of creating a
dictionary of spectrogram “patches” from the training
audio files. Each file is divided into segments using
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simple power thresholding, and long segments are fur-
ther divided into multiple segments of maximum dura-
tion one second. We then discard segments which do
not contain much structure and are broadly flat, since
these are not strongly discriminative and can match
against any noise. This decision is based on the crest
factor of pixels within the patch. Each segment is then
normalised in magnitude (to unit L2 norm).

Testing: To analyse an audio file, we apply MP to
its spectrogram using the dictionary of time-frequency
segments, via MPTK. This produces a list of activa-
tions associated with elements in the dictionary, which
can be used to reconstruct the signal or for further
analysis. In the present case the required output is a
list of probabilities per species. We derive the proba-
bility for each species heuristically as proportional to
the total energy that MP has allocated to activations
associated with that species.

2. Results

At time of writing, the AUC score on the annotated de-
velopment data is 70.3%, and the AUC score evaluated
on 1

3 of the full data (this is the method used on the
Kaggle website to give results-in-progress) is 64.6%.
This demonstrates that the approach generalises sat-
isfacorily. Results evaluated on the full dataset will be
available after the challenge deadline.

3. Discussion

Note that this submission does not make use of any in-
formation other than the training and test audio pro-
vided by the challenge. In particular, for a real work-
ing system we would advocate the use of much larger
audio collections to build the training data. However
we wanted to explore how well the approach could
make inferences from the provided data. Also, we do
not perform adaptation of the system to the differing
weather conditions, nor to the very different (reverber-
ant) acoustic environment of the test audio.

In classical template-matching approaches, Dynamic
Time Warping is commonly used to match templates
against signals which have similar shape but with local
differences in the length/speed of subregions. The MP
approach we have deployed has no direct equivalent of
this, which is a drawback when analysing sounds such
as birdsong with natural variability in their produc-
tion. The incorporation of such flexibility into sparse
representations is an open topic; alternatively, novel
signal representations may counter this issue.

We also note that template-matching approaches gen-

erally do not consider any time-sequencing of sounds
at larger timescales, e.g. the grammatical sequencing
of syllables. We are exploring how to combine syllable-
by-syllable detection with methods which make infer-
ences from temporal sequencing of birdsong, such as
the Markov renewal process method we recently intro-
duced (Stowell & Plumbley, submitted).

Future refinements of this approach could include more
advanced approaches to creating the dictionary. For
example, one might apply dictionary learning, a tech-
nique in sparse representations which directly opti-
mises the dictionary so as to represent its inputs
sparsely. We are also currently working with alterna-
tive signal representations which can provide detail of
fine frequency modulations (Stowell et al., accepted).
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