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Development of a Talking Robot for Consonant Sounds
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Abstract

The purpose of this research is to clarify a human vocal mechanism from engineering viewpoints by

simulating the vocal movement with a robot. Therefore, the authors developed an anthropomorphic talking robot
WT-1R (Waseda Talker-No.1 Refined) that improved on WT-1 Waseda Talker-Nol for the redization of natural
vowels and consonant sounds. It simulates a human vocal movement, and has vocal organs (the 1-DOF lung and 2-DOF
vocal cords) and articulators (the 6-DOF tongue, 4-DOF lips, 1-DOF teeth, a nasal cavity and 1-DOF soft palate). Total
DOF of therobot is 15. WT-1R could utter Japanese vowels (/al, /i/, Iul, /e, /ol) and consonant sounds (/9/, /h/, IV, Ip/).
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Fig. 1 Mechanical overview of talking robot WT-1R (that improved WT-1) and it’s articul ators
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Table 2 Voice range of human and WT-1
Adult Male [Adult Female WT-1
Voice Range
at the Maximum [Hz] 69.0-587 | 131-784 97.0-140
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2000 Fig.1 — - o
&Y
3
WT-1 Waseda Talker-Nol
WT-1
2001 40
WT-1 W-1R (WasedaT alker-No.1Refined) 60
WT-1  WI-IR Sounds Ball Screw  pc servo Motor

WT-1  WT-1R "

WT-1R = e
.ﬂ 30+i
EPDM Rubber
& Voiced

2.1 WT-1
WT-1 14 ®) # Voiceless
(1
) @) ¢ A Flow
ig. 2 Vocal cords that produce
a ) | 1 ) (6 L 60)0 - voiced and voiceless sounds of WT-1
; , mm
210 [mm] 12 150
(Fig. 1) 140 J.
T 130
2 120
o 110 -~
Table 1 Specifications of Lungs of human and WT-1 %100 i
Adult Male | Adult Female WT-1 L 90
Lung Capacity [m®] [6] | 3.45x10° | 2.50x10° [7.74x10° 80 ‘ ‘ ‘ ‘ ‘
Breathing Pressure 0 5 10 15 20 25
during Speech [Pa] [7] 600-1000 1100 At mm
duri:;i’;:z:i ';::Z/V . 1.36x10* | 1.43x10* |7.74x10* Fig. 3 Pitch of the vocal cords of WT-1
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Table 3 Maximum speed of the tongue of human and WT-1

Human [mm/s] | WT-1 [mm/s]
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Fig. 4 Tongue using two 3-DOF-pantograph mechanisms
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Table 4 Movable Range and Maximum speed [7] WT-1
of lips and teeth between human and WT-1[12] [14] 200 400 [ms]
Human | WT-1
UpperLip | 3.70 | 20.0 (Fig. 2
Moving Area [mm] Lower Lip 10.9 | 30.0 WT-1R
Lower Teeth| 7.90 | 20.0 WT-1 97.0 140[HZ]
Upper Lip 108 223 (Fig. 6 (A))
Maximum Speed [mm/s]| Lower Lip 170 | 294 (Fig.
Lower Teeth| 100 163 6(B))
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Fig. 6 WT-1R’s mechanism of the vocal cords that can produce voiced and voiceless sounds
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Fig. 7 WT-1R’s lips mechanism and it's shape change
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Fig. 8 Mechanism of the nasal cavity and soft palate of WT-1R compared with WT-1 and human
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Fig. 10 Comparison of the lung pressure between WT-1, WT-1R and human
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Fig.13 Fluctuation of amplitude
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