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This paper describes a model for cooperative handling virtual objects with both virtual hands. We have
been studying an interaction model for one hand to manipulate one rigid object in virtual space. In this pa
per, we extend this model to a new one for both-hands-cooperation. This model can be reduced to a model
for one hand manipulation by introducing a “integrated hand", when two hands touch the same object. The
integrated hand is defined by a set of weighted average values of locations and movements of both hands
by considering the number of touched points to an object. Using the system of the extended model, one an
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A Model for Cooperative Manipulation of Virtual Objectswith Both Hands

operator manipulate an object with both hands and al so handle two objects with each hand.
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Fig. 1 Virtual hand —amodel of the hand in virtual space

object
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Fig.2  Collision detection between a hand and an object
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point G : Center of gravity
N1, Ny : Normal vector

N3: Pseudo-normal vector
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Fig. 3 Pseudo-normal vector of the edge of avirtual object and
grasping check
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Fig. 4 A virtua big hand (the integrated hand) as a model of object
handling with both hands
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Fig.5 Définition of the integrated hand in handling with both hands
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Fig.6 An example of determining the integrated hand
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Fig. 7 Experiment system
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Fig.8 Example of manipulating one object with both hands, (a)System
appearance, (b)CG image on the screen
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Fig.9 Example of manipulating different objects with each hand,
(8)System appearance, (b)CG image on the screen
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Fig. 10 Examples of both hands manipulation, (a)Big object manipula-
tion, (b)Hand over manipulation, (c)Manipulation of irregular
shape objects
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Fig. 11  Number of frames drawn in the unit time
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