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Joint Estimation of Rhythm and Tempo
of Polyphonic MIDI Performance
Using Tempo Curve and Hidden Markov Models

HARUTO TAKEDA,t TAKUYA NISHIMOTO* and SHIGEKI SAGAYAMATt

This paper discusses joint estimation of rhythm and tempo from a given musical performance
recorded in the MIDI (Musical Instrument Digital Interface) format performed by a human
player. We estimate the most likely pair of rhythm and tempo using 2 clues derived from
general characteristics of musical performance: (1) tempo of musical performance changes
smoothly over time, and (2) note sequence of performed rhythm consists of concatenation of
typical rhythm patterns. Given a tempo curve, note values are estimated with HMM (Hidden
Markov Model). Given note values, a posteriori probability is increased by reestimating the
tempo curve. It is notable that our iterative algorithm converges to the optimum solution to
maximize the a posteriori probability by alternately estimating the rhythm and tempo given
an appropriate initial value, and also it allows discontinuous changes in tempo. Experimental
evaluation gave a note value accuracy of 81.9-85.5% for 37 MIDI data performed by human
players.
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Fig.2 Modeling the rhythm score with rhythm words.
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Fig.7 Modeling a rhythm word with HMM.
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Table 3 Coefficients of piecewise polynomial tempo curve

for generation of experimental data.

0o k oo aék), agk), aék)
1 0.15, -0.2, -0.0001
2 -0.1, -0.1, 0.02
3 0.15, -0.2, -0.0001
4 -0.1, -0.1, 0.05
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Table 4 Model parameters in iterative estimation.
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Table 5 Accuracy of note value recovering and simultane-
ous onset detection with proposed method.

ooo ooo 1 ooo 2
All Perfs. 90 92 90
Jazz 82 95 94
Amateur 95 92 92
Classical 93 89 86
Fast 88 94 93
Normal 90 92 92
Slow 91 90 87
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Table 6 MIDI-recorded music pieces used for evaluation
of the proposed method.

0ooo 0ooo oo
Burgmiiller | 00O Op. 100 25
Schumann Kinderszenen Op. 150000 8
Chopin Mazurkal 0 0 O 4
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Table 7 Training data for rhythm vocabulary.
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Table 8 Accuracy of note value recovering and simultane-

ous onset detection with proposed method.
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Fig.11 An example of estimated score (Etude Op.100-5
by Burgmiiller).
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Fig.12 Examples of short note values misrecognized into
simultaneous onsets (“La chevaleresque” composed
by Burgmiiller).
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Fig.13 An expamle of tempo misrecognition
(“Flirchenmachen” composed by Schumann).
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