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Abstract NMF (Non-negative matrix factorization) has been one of the most widely-used techniques for signal
analysis in recent years. In particular, the supervised type of NMF is garnering much attention in source separation
or signal analysis with respect to the analysis accuracy and speed. Because such methods require all the possible
samples for the analysis, it is hard to build a practical analysis system. To analyze signals properly even when
short of samples, we proposed a probabilistic approach called PSE (probabilistic spectrum envelope) so far, in which
spectrum envelopes belonging to an auditory category are randomly generated, and the spectrum is used as a part
of supervised basis matrix of NMF. However, this method has a difficulty in obtaining the optimum solution due
to a lot of flexibility. In this paper, we propose a new PSE method with sparseness and density constraints which
efficiently lead to the more appropriate solution.
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Fig.1 Flowchart of signal analysis using PSEs. (a) Propabilistic

spectrum envelope (PSE): the red and blue color indicate
the large and small values of probability, respectively. The
black line is a mean envelope, and white lines are mean

plus/minus variance envelopes.
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Fig.2 Motivation for introducing a sparseness constraint.
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Fig.4 Accuracy rates of each method.
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Fig.5 (a) Piano-roll representation of test MIDI data. The red
and purple parts indicate piano and violin tones, respec-
tively. (b) Example of analysis results with sparseness and

density constraints.
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