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Non-Grounded Translational Force and Torque Display using Two Vibration Speakers

Takeshi Tanabe™  Hiroaki Yano "2 and Hiroo Iwata *2

Abstract — We here propose a device that can display a translational force and torque
using two vibration speakers. Each vibration speaker generates an asymmetric vibration
when a sound with an asymmetric amplitude is input. Asymmetric vibrations induce
perceived forces that pull or push a user’s hand in a particular direction. The user
perceives a translational force and/or torque with his/her thumb and index finger based
on the direction and amplitude of each speaker’s force. We conducted four evaluation
experiments to evaluate the mechanical properties and the proprioceptive sensations. As
result, we confirmed that the proposed device can present the translational force with a

maximum value of 0.5 N and the torque with a maximum value of 9.5 NI mm.
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Fig.1 Asymmetric waves
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Fig.2 Average of time series variation of the
exerted forces on the index finger with
the vibration speaker
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Table 1 Force vectors on index finger and
thumb of right hand, and the direc-
tion of perceived force

Thumb Index finger || Direction of force
Forward Forward Forward
Backward | Backward Backward
Forward Backward Clockwise
Backward | Forward Counter clockwise
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Fig.5 Typical example of time series variation of the exerted forces on the
thumb and index finger with the device
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Direction [Positive | Negative | Positive | Negative
Forward 0.493 0.243 0.433 0.196
Backward | 0.191 0.432 0.252 0.525
CwW 0.421 0.279 0.215 0.411
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Fig.7 Result of Experiment 2
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Table 3 The correct answer rate of each set

(unit:%)

Setl | Set2 | Set3 | Setd | Setb | Set6
86.5 | 93.5 | 93.0 | 91.5 | 94.0 | 96.5
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