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Application of the inverse estimation method with a physiological
articulatory model to analyze speech style
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Abstract  This study attempted to analyze speech styles using an inverse estimation method with a
physiological articulatory model, where physiological constraints of human were introduced into the inverse
estimation processing via the plausible physiological model. Relations of articulatory movements and formant
patterns were investigated based on an X-ray microbeam Japanese database. It is found that the anterior-
posterior position of the tongue dorsum has a nearly one-to-one relationship with the frequency difference
between F1 and F2. It is confirmed that the inverse estimation of vocal tract shapes became more accurate by
implementing the relation in the physiological model as a constraint. Vocal tract shapes for producing
syllables with a consonant were estimated using the proposal method, and were evaluated using articulatory
data from the microbeam system. Speech materials with different rhythms, speech rates and stresses were
used in the analysis of speech styles. The articulatory movements obtained from the inverse estimation
showed the same tendency as those observed in X-ray microbeam data.
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Table 1 Speech material used in this investigation

\"AY% fael, fail, laul/, feal, e/, hial, liel,
Sequence fw/, fou/, hual, hail, haol/

/akal, latal/, lasha/, /apa/, lara/,
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1 Pellet placements used in the x-ray microbeam
experiment.
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2 Correlation between tongue dorsum anterior-
posterior position and the (log) difference of F1 and F2.
The left panel is the data obtained from the target speaker,
and the right panel is for another speaker.
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[ 3 Correlations between anterior-posterior positions of

the tongue dorsum and the difference of F1 and F2 for
six Japanese male speakers.
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X 4 A flow chart of the estimation of vocal tract shapes
from speech sounds.
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X 5 Averaged values of the distances from the tongue
pellets to the model tongue surface and from the jaw
pellet to the jaw control point for the vowels in the vowel
sequences from the target speaker. (a) without the
articulatory constraint and (b) with the constraint
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6 Simulation errors averaged over the four lower
formants for the vowels in the vowel sequences from the
target speaker. (a) without the articulatory constraint and
(b) with the constraint.
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cha ma zz2 n2 ha ra ta sha ba wa ga pa da

7 Averaged values of the distances from the tongue
pellets to model tongue surfaced and from the jaw pellet
to jaw control point for syllables. (The left bars show
consonants and the right ones for vowels).
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Table 2  Speech styles for producing /ka/
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8 Trajectories of the jaw movement in producing /ka/
with different speech styles (left: observations; right:
simulations).
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9 Trajectories of the tongue dorsum movement in
producing /ka/ with different speech styles (left:
observations; right: simulations).
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