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Phoneme Acquisition by Iterative Imitations of Vowel Sequences using Vocal Tract Model
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Abstract — We hypothesized that infants use self-vocalization babbling to explore imitatable and
unimitatable elements in their mothers’ voices. We constructed a phoneme acquisition model using
continuous sound imitation between a human and an infant model. We applied Recurrent Neural Network
with Parametric Bias (RNNPB) to learn the experience of self-vocalization, to recognize the human voice,
and to produce the sound imitated by the infant model. The experimental results revealed that as imitation
interactions were repeated, the formants of sounds of our system moved closer to those of human voices, and
our system could self-organize the same vowels in different continuous sounds.
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Figure 1  Proposed phoneme acquisition process.
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Figure 3  Articulating into multiple sequences
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Figure 4 Diagram of developed system.
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Figure 5 Average imitation error in
1st, 2nd, and 3rd generation phases.
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Figure 6 PB space and Formant space after babbling learning
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Figure 7 PB space and Formant space after 1* incremental learning
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Figure 8 PB space and Formant space after 2™ incremental learning
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