IN17

EEYEBEETFILEYAL YN 2—SILRYy NT—0ICL2BE
R

O#iH 11T R

Tt B FIsT By fE

(T AR ZER B HR A WSERE)

Vowel Imitation with Physical Vocal Tract Model and Recurrent Neural Network

*Hisashi KANDAT, Tetsuya OGATAT, Kazunori KOMATANI, Hiroshi G. OKUNOf
(tGraduate School of Informatics, Kyoto University)

Abstract— A vocal imitation system was developed using a computational model that explains the process
of language acquisition by infants. A critical problem in vocal imitation is how to generate speech sounds
produced by adults, whose vocal tracts have physical properties (i.e., articulatory motions) differing from
those of infants’ vocal tracts. To solve this problem, a model based on the motor theory of speech perception,
was constructed. This model suggests that infants simulate the speech generation by estimating their own
articulatory motions in order to interpret the speech sounds of adults. Applying this model enables the vocal
imitation system to estimate articulatory motions for unexperienced speech sounds that have not actually
been generated by the system. The system was implemented by using Recurrent Neural Network with
Parametric Bias (RNNPB) and a physical vocal tract model, called the Maeda model. Experimental results
demonstrated that the system was sufficiently robust with respect to individual differences in speech sounds

and could imitate unexperienced vowel sounds.
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Table 1 Parameters of the Maeda model
Parameter number Parameter name

1 Jaw position
Tongue dorsal position
Tongue dorsal shape
Tongue tip position
Lip-opening

Lip-protrusion
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Fig.1 Recurrent Neural Network with Parametric Bias
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Fig.2 Imitation process.
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Table 2 Comparison between vowel /a/ and /o/ of
Maeda parameters.

PN| 1 2 3 4 5 6
Ja/ | -15 20 00 -05 05 -05
Jo/ | -0.7 3.0 15 00 -0.6 0.0
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(a) PB space of RNNPB-1, using only sound
information.
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(b) PB space of RNNPB-2, using both sound
and articulatory information.

Fig.3 PB space.
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Table 3 Recording of two continuous vowels.

Experienced Unexperienced

Jai/ Jau/ Jae/ Jao/
Jiu/ Jia/ Jie/ Jio/
Jue/ Jua/ Jui/ Juo/
/eo/ Jea/ Jei/ Jeu/
Joa/ Joi/ Jou/ Joe/

.
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Learning #ai Miu Aue Xeo ®oa
Imitation] < ai

+au Xae —ao
Fig.4 PB space for two continuous vowels: five
learned sounds and the four associated sounds,
where the first vowel was /a/.
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(a) MFCC parameters of the original and imitation
sound /ai/.
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(b) MFCC parameters of the original and imitation
sound /au/.

Fig.5 MFCC parameters.
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