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Virtual Object Weight Information with Multi-modal Sensory Feedback
during Remote Manipulation
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ABSTRACT

As virtual redlity fechnology became popular, a high demand emerged for natural and efficient inferaction with the virtual
environment. Mid-air manipulation is one of the solutions fo such needs, leffing a user manipulate a virtual object in a 3D virtual space.
In this paper, we focus on manipulating a remote virtual object while visually displaying the object and providing tactile information
on the object’s weight. We developed two fypes of wearable interfaces that can provide cutaneous or vibrofactile feedback on the
virtual object weight to the user’s fingertips. Human perception of the remote virtual object weight during manipulation was evaluated
by conducting a psychophysics experiment. The results indicate a significant effect of haptic feedback on the perceived weight of
the virtual object during manipulation.
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(Figure 1) A cutaneous fingertip haptic interface to
render virtual object weight. (left)
isometric view. (right) side view
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(Figure 2) A vibrotactile fingertip haptic interface
to render virtual object weight. (left)
isometric view. (right) side view
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(Figure 3) Remote virtual object mid-air manipulation.
(top) A virtual object is selected for
manipulation with ray casting (bottom).
The virtual object moves toward the user

when the grasping motion is detected.
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