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Concurrent nonnegative matrix factorization
using multi-resolution spectrograms
for multipitch analysis of music signals

Kazukl OcHIAL ™ MASAHIRO NAKANO, !
NoBUTAKA ONO! and SHIGEKI SAcGAYAMAT!

The Short-Time Fourier Transform (STFT) is commonly used as a back-end
to multipitch analysis and it transforms acoustic signals into the time-frequency
representation. However, a trade-off between time and frequency resolutions
exists, depending on analysis frame length. It is therefore difficult to simul-
taneously obtain high accuracy of both note onset and note pitch estimation.
Combination of spectrograms obtained with different frame lengths can achieve
high resolution on both time and frequency, which should improve note param-
eter estimation. In this paper we propose a new method of multipitch analysis
of musical signals based on Nonnegative Matrix Factorization (NMF) of spec-
trograms, where the NMF is applied in parallel to high time resolution and
high frequency resolution spectrograms. We demonstrate the efficiency of our
approach through note detection experiments.
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Fig.1 An example of the regular NMF applied to a musical signal. The spectrogram is

decomposed into spectral basis and its activation matrices.
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Fig.2 Spectrograms of a single note signal (C4) analyzed with different frame lengths (top) and the

estimated spectral basis and activation matrices (middle and bottom). When the long frame
is used, the spectral shape is sharp while the note onset and offset timing are ambiguous. On
the other hand, the short frame provides clear activation change and blurred spectrum. It is
expected to obtain equivalent basis and activation matrices from them.
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Table 1 Piano pieces used for algorithm evaluation and F-measure in note detection (%). “Conv.”
and “Prop.” denote the conventional method and the proposed one.

Composer Title Notes | Conv. Prop.

W. A. Mozart  Variations on “Ah 106 93.0 93.8
Vous Dirai-je Ma-
man”, K. 265/300e

W. A. Mozart Piano Sonata in A 105 73.0 86.0
major, K. 331/300i.
1st mvmt

F. Chopin Nocturne in Eb ma- 124 60.5 82.4
jor, Op. 9, No. 2

F. Chopin Etude in E major, 162 67.2 84.4
op. 10-3

R. Schumann “Traumerei” 113 73.5 78.6

from Suite (Kinder-
szenen), op. 15
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Fig.3 MIDI reference and Piano rolls obtained for the conventional and proposed methods applied
to the acoustic signal of Mozart’s Sonata in A Major, K. 331 (300i).
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