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Abstract: Virtual Reality (VR), rapid growth of the market is expected due to the evolution of technol-
ogy. Image output technologies are commercialized for the sense of vision as represented by highly featured
head-mounted displays. An importance as a next requirement of VR is recognized, which is the interface
technology to feed back the action using hands and fingers into content on VR images. However, in an existing
method to recognize actions such as gestures, since there is no physical reaction force, a sense of discomfort
is likely to occur due to inconsistency of the image changes and the finger, hand sense. We focus attention
on a soft-material object (soft object), which is distorted by external forces. We study a method to estimate
force-sensations by observing the perimeter distortions where the soft object is pushed down by a finger, and
to display a reaction force sensed by the finger. It is assumed that the sense of vision and the force-sensation
are consistent by reflecting the result of force-sense-interactions, synchronized with displayed virtual images
to be overwrapped with real objects. As a result, the discomfort is reduced, and an effect of improved realism
in VR content is expected. Therefore, in this paper, in order to display the reaction force which is sensed
by the finger, we develop a force display device by utilizing the elasticity of the soft object. The device is
equipped with a two-dimensional L-shaped marker, which incorporates shape-flexibility-characteristics on the
surface of the soft object in order to visually recognize the distortion degree of perimeter where is pushed by
the finger. We propose a method that is fed back to the VR system by estimating force-sensations quantity
by a camera, which recognizes shape-changes occur to be in the force display pushed by the finger. We
implemented a method to observe the distortion degree of the marker to be generated synchronously with
pushing down the finger. In the experiment, the distortion degree of soft object was estimated by calculating
the Euclidean distance from the displacement quantity of marker positions in the coordinate axis at XY, and
confirmed that it was possible to feed numerical values which is equivalent to force-sensations back into the
system.
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Fig. 1 Overview of force-sensation feedback system.
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Fig. 7 Example of application.
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Fig. 10 Comparison of polyurethane and polyethylene.
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Fig. 11 Measurement environment of sponge softness.
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Fig. 12 Measurement result of softness of sponge.
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Fig. 13 Experimental equipment.
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Fig. 15 Pushing 35 mm in stroke.

FHREMNYRAUEFILEYR)

BEE(mm)

LLbitite

e LN —

B 16 X filiJ5 10> & VAL iE A
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Fig. 17 Displacement in Y axis.
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Fig. 18 Evaluation by Euclidean distance.
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Fig. 19 Sponge corresponding to infinite plane.
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