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Vowel Acquisition based on the Phoneme and
Lip Shape information from a Caregiver.
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A pioneering constructivist approach to building a robot that reproduces a developmental
process of infants’ vowel acquisition has been conducted by Yoshikawa et al. V) inspired by
the observation in infant study. They have constructed a mother-infant interaction model
with robot learning capability and parrot-like teaching by caregiver. However, the robot
has not listened his/her own voice, therefore nor actively explored more natural vowels
similar to the caregiver. The study presented in this paper extends the previous work in the
following manners seeking for more natural interaction. First, imitation of the caregiver’s
lip. Second, utilizing the pentagon which the caregiver’s vowels construct in the formant
space. Third, hypothesizing that mutual imitation between the robot and the caregiver is
introduced to obtain more natural vowels. Through this process, the desired formants are
gradually shifted, expecting to more natural ones. The experimental results are shown and
the future issues are discussed.
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Fig.1 An overview of the whole system
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Fig.2 Formant distribution of robot’s voice
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Table 1 Relation between robot’s lip shape and motor
outputs

/a/ | i/ | /u/ | [e/ ] /o]
00000 (00) | 1.0 | 0.0 | 0.0 | 05 | 0.5
00000 (00) | 1.0 | 1.0 | 00 | 1.0 | 0.0
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Fig.4 Formant distribution of human’s vowel
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Fig.3 Formant distribution of the utterances (top: /a/, /i/, /u/, /e/, /o/) from lip shape imitation (bottom)

Fig.5 Transformation of human’s vowels to the robot
utterance area
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Fig.6 Mutual imitation process on the formant space
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(a) Desired and acquired
vowel /a/ by a robot at
the learning step 0

(b) Desired and acquired
vowel /a/ by a robot at
the learning step 500

Fig.7 The learning process in the case of the vowel /a/
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Fig.8 Desired and acquired vowels by a robot at the
learning step 500
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