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Real-time Audio to Score Alignment Using a Hybrid
Hidden Semi-Markov Model and Linear Dynamical System

RyYUICHI YAMAMOTOY®  SHINJI SAKO!?)  Tapasur KiTAMURAL-©)

Abstract: In this paper, we propose a real-time audio to score alignment method which jointly estimates
performer’s beat position and continuous tempo based on a Hidden Semi-Markov Model (HSMM) and Linear
Dynamical System (LDS). Also, we propose an effective on-line beat prediction algorithm with the use of
two optimal algorithm of HSMM based beat estimation and LDS based tempo estimation which performs
well in the real-time setting. More specifically, a reliable beat position is estimated for some delay and then
current beat position is predicted using tempo. Experimental results on the audio onset detection task for
piano database of classical music and jazz music database showed that our method obtained 15% higher
results within 300ms tolerance compared to the method with no use of our beat anticipation algorithm.

Keywords: Real-time Audio to Score Alignment, Score Following, Hidden Semi-Markov Model, Liniear
Dynamical System
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Fig. 1 The modeling concept of audio signal based on HSMMs.
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Table 1 parameter settings.
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Table 2 Onset detection results on the 35 songs from MAPS
database (%).
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Table 3 Onset detection results on the 15 songs from RWC-
JAZZ database (%).
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