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Acoustic Sensing and Signal Processing
Based on Differential-Equation Modeling

Abstract: We propose a differential equation model for musical sound signal and its parameter estimation
method. The differential equation is derived from physical models of musical instruments. The differential
equation model is simple and can represent various non-stationary signals with its parameters. The param-
eters in the differential equation model are estimated by weighted integral method. In the weighted integral
method, the differential equation is integrated in the observed time region with a set of weight functions to
obtain algebraic equations that include the weighted integrals as the coefficients and the differential equa-
tion parameters as the unknowns. The parameters are estimated by solving these algebraic equation. The
proposed model and parameter estimation method are applied to musical sound signal with vibrato. We
show that the differential equation model can extract a characteristic of vibrato inherent in each musical
instrument. We also show that the waveform synthesized from estimated parameters is hard to distinguish
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perceptually from the original signal.
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Vibrato period
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Fig. 2 Estimation procedure of vibrato period.
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Time change of value k : Violin Time change of value ¢ : Violin
g 3 e /\
Index of vibrato Index ;)f vlt;rato
(a) k %Ak (b) e DZAL
3 UrAAY VOERETHELLZET I N AT LDk

BiUWe
Fig. 3 FEach vibrato’s k and e estimated from fundamental

component of violin.

Time change of value ¢ : Singing voice

Time change of value k : Singing voice

Value : k

Index of vibrato Index of vibrato

(a)k DZA{L (b)e DZAL
B4 BHEOEAGTHELLZLTI—F—AHILDO Lk BLV e
Fig. 4 FEach vibrato’s k and e estimated from fundamental

component of singing voice.
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Fig. 5 (a) Original waveform and (b) synthesized waveform of

violin.
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6 WAHD (a) TIHE (b) AR,

Fig. 6 (a) Original waveform and (b) synthesized waveform of

singing voice.
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