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Usually speech analysis is directly done on speech sounds uttered by humans. However, there is an
alternative method. known as analysis-by-synthesis (e.g.. Bell, er a/.. 1961), which analyzes speech sounds
using models. In analysis-by-synthesis, a computational model with a certain set of parameters synthesizes
an output signal. and the output is compared with the target speech sound for the analysis. If the output
sound has similar acoustic characteristics. then it is likely the model properly represents the target sound. If
necessary. the parameters are modified to more closely approximate the target. This method can also be

extended using physical models.

Arai (2012b) describes a study in which physical models of the human vocal tract are used for speech
analysis. In this study. we developed physical models of the vowels /a/ and /i/ with a nasal cavity. Using
these models. we tested the degree of nasality of vowels by opening the velopharyngeal port during vowel
production. For results. additional poles and zeros were observed on the transfer function with acoustic
coupling to the nasal cavity as a side branch to the main vocal tract (e.g.. Fujimura, 1960, 1961: Fujimura
& Lindqvist, 1971). The spectrum of the output sound was affected by the additional poles and zeros in the
following manner: there was a reduction in amplitude of the first formant (F1) and a shifting of the
frequency of FI (e.g.. Fujimura, 1960; Fujimura & Lindqvist, 1971; Maeda, 1993). These acoustic cues are

consistent with predictions made by acoustic theory for nasalization.

Similar to the models developed for nasalized vowels, we have recently developed a physical model for
approximants (Arai. 2013. 2014). With this model. the first half of the tongue can be rotated and raised to
produce English /I/ and /r/. Tt is often difficult to measure the actual human vocal tract during speech

/

production. so we conducted impulse response measurements with the /r/ model for different tongue
rotations. A swept-sine signal was used for the measurements, and each response signal was converted to an
impulse response. This technique is conceptually the same as the old measurement with a sweep-tone
signal used by Fujimura and Lindgvist (1971). By looking at a spectral representation from the impulse
response data. we see that the third formant (F3) descends below 2000 Hz in the middle of /r/. which is the

main acoustic correlate of this sound.

Thus. these examples demonstrate that physical models of the human vocal tract can be used for speech
analysis. and that they offer advantages over using either the actual human vocal tract or computer-based
models. Some of the advantages are that physical models are 1) noninvasive, as actual human bodies are

not used. 2) highly reproducibile. and 3) intuitive.

Currently. we are conducting additional experiments with physical models. First, we are looking at how
breathiness of a voice source affects the perceived degree of nasalization (Arai. 2006). Because breathiness
and nasalization have some acoustic cues in common (Ohala and Amador, 1981: Arai. 20006). it is often

difficult to analyze nasalized vowels with breathy voice. Physical models can greatly simplify this problem
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because the nasalization and breathy features can be isolated. Secondly, we are looking at the “saturation
effect” (Fujimura and Kakita, 1979) during production of bunched /r/ (Arai, 2014). Fujimura and Kakita
(1979) pointed out that the quantal effect (e.g., Stevens, 1972) between biomechanics and acoustics during
vowel production yielded stable formants in frequency. This quantal effect by Stevens (1972) was also
observed in Arai's three-tube model (Arai. 2012a). Arai (2014) also pointed out the stability for bunched /r/

while testing physical models. Further discussions are under investigation
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