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Sung Melodic Contour Characterized in Phase Plane:
Estimation of Target Note Sequence from the Melodic
Contour and Its Application for Query-by-humming
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YAsUNORI OmisHI, 1 MASATAKA GoToO, 12
KaTuNoBU ITOU™ and Kazuya TAKEDAT!

In this paper, we propose a new visualization technique of a sung melodic
contour, which can characterize both musical-note information and the dynam-
ics of singing behaviors included in the melodic contour. We assume that the
fundamental frequency (FO0) trajectories are generated by a dynamic system
and represented in a two-dimensional phase plane which consists of FO and its

differential. In this plane, a fluctuation in a sung melody can be modeled by a
damped oscillation of the dynamic system and appears as a curling trajectory
around a certain target point, i.e., an attractor of the system. The advantage
of this modeling is that the location of each attractor corresponds to the FO
of its target musical note and typical singing behaviors can be characterized
by the shape of curling trajectories. By modeling this representation stochas-
tically and tracking locations of attractors, we propose an estimation method
of the target note sequence from an FO contour and define a melodic similar-
ity measure for query-by-humming (QBH) applications. Experimental results
show that our QBH method with the proposed similarity measure is superior
to a conventional dynamic-programming-based QBH method.
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Fig.1 Note sequence of a melody and the FO contour estimated from a voice signal singing its
melody with lyrics: the dynamics of singing behaviors are observed in the FO contour.
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Fig.2 Sung FO contour mapped onto a phase plane (two-dimensional plane consisting of FO and its
differential): (a) shows the estimated FO contour of Fig. 1 on the phase plane. An overshoot
after a note change and a vibrato within a musical note appear as a spiral pattern and an
ellipsoidal pattern, respectively. By fitting Gaussian mixture models to FO trajectories on the
phase plane, stochastic representation of the FO dynamics (b) can be constructed.
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Fig.4 A method of estimating the target note sequence from the FO contour: for each frame, the
FO contour is mapped onto the phase plane and the distribution is modeled by GMM. We
estimate FO value m,, of which the probability density is the maximum as the target note in
the frame n.
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Fig.5 Evaluation of retrieval performance using rank 1 retrieval rate and mean reciprocal rank.
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Fig.11 Retrieval performance comparison between the proposed method and Dynamic

Programming using FO contour smoothed by a moving average filter.
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