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What is MIR?



• fingerprinting 

• cover song detection 

• genre recognition 

• transcription 

• recommendation 

• symbolic melodic similarity 

• onset detection 

• mood 

• source separation

• instrument recognition  

• pitch tracking 

• tempo estimation 

• score alignment 

• song structure/form 

• beat tracking 

• key detection 

• query by humming 

• query by tapping





Why Python?

• Because it’s not Matlab.



• free 

• general purpose 

• nice syntax 

• easy to learn 

• fast to develop

• popular 

• lots of libraries 

• good for signal 
processing (NumPy, 
SciPy) 

• high demand

Why Python?
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ABSTRACT

Factorization of polyphonic musical signals remains a dif-
ficult problem due to the presence of overlapping harmon-
ics. Existing dictionary learning methods cannot guarantee
that the learned dictionary atoms are semantically meaning-
ful. In this paper, we explore the factorization of harmonic
musical signals when a fixed dictionary of harmonic sounds
is already present. We propose a method called approxi-
mate matching pursuit (AMP) that can efficiently decom-
pose harmonic sounds by using a known predetermined dic-
tionary. We illustrate the effectiveness of AMP by decom-
posing polyphonic musical spectra with respect to a large
dictionary of instrumental sounds. AMP executes faster than
orthogonal matching pursuit yet performs comparably based
upon recall and precision.

1. INTRODUCTION

Dictionary learning, sparse coding, and constrained factor-
ization algorithms have recently revolutionized the way we
perform music transcription and source separation. Many
researchers have reported success when decomposing sim-
ple musical signals using nonnegative matrix factorization
(NMF) [23] or methods based upon sparse coding such as
K-SVD [1,2]. Unfortunately, problems remain for intricate,
polyphonic musical signals. When musical notes overlap
in time and frequency, the separation and transcription per-
formance of these basic dictionary learning methods dimin-
ishes rapidly. In such a case, the algorithm will usually learn
a dictionary where each individual atom contains informa-
tion from multiple musical sources, thus hindering our at-
tempts at decomposition.

Researchers have slowly improved upon the original dic-
tionary learning methods by adding constraints to the learn-
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ing process. By restricting the dictionary atoms to reside
within a predetermined feasible set, we can ensure that the
learned atoms will be useful at the conclusion of the learn-
ing process. For example, existing solutions include adding
constraints to the dictionary learning process such as har-
monicity [3, 25] or smoothness [3, 26].

Another solution is to add structure to the dictionary. For
example, one can construct and use a large, predefined, over-
complete dictionary where each atom is already labeled and
assumed to contain information from only one musical source.
Instead of learning an optimal dictionary for a given musi-
cal signal, it may suffice to match the signal to this large set
of precomputed, labeled dictionary atoms. Then, by decom-
posing a signal with respect to this fixed dictionary, classifi-
cation is easily achieved by simply reading the label of the
atom. As musical databases become more available, con-
struction of predefined dictionaries will become easier, thus
reducing the need for adaptive dictionary learning.

Of course, the performance of such an algorithm depends
upon the breadth of the dictionary. When atoms from more
musical sources are added to the dictionary, the dictionary’s
ability to decompose polyphonic music will improve. How-
ever, dictionary growth introduces concerns related to scal-
ability and computational complexity. While the aforemen-
tioned algorithms have significantly advanced the state of
the art, they remain slow and difficult to scale as the dictio-
nary size increases. Most of the original factorization meth-
ods such as matching pursuit (MP) [18] and NMF with mul-
tiplicative updates [17] have complexity that is linear in the
size of the dictionary. As a result, when dictionary sizes
grow, the transcription efficiency of these algorithms dimin-
ishes.

To summarize the problem: how can we make use of
a large, precomputed, overcomplete dictionary to factorize
overlapping harmonic sounds accurately and efficiently?

We address this problem by proposing a variant of MP
called approximate matching pursuit (AMP). Unlike MP and
NMF, AMP can decompose signals into a sparse combina-
tion of atoms with complexity that is sublinear in the dictio-
nary size while maintaining accuracy. To do this, AMP uses
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For more…



• IEEE ICASSP 

• IEEE Trans. Audio Speech Language Processing 

• ACM Multimedia 

• Computer Music Journal 

• Journal of New Music Research





• NumPy 

• SciPy 

• IPython notebook 

• scikit-learn



What is the range of a viola?

• As far as you can kick it.


