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Elastic Object Manipulation with Force
Feedback Using Coarse-to-fine Representation
of Mass-Spring Models in Virtual

Environment*

Hirofumi Kawai

Abstract

One of the key technologies for creating realistic virtual environments is real-
time simulation of elastic object deformation with force feedback. In real world,
an elastic object has a variety of geometrical and topological deformations. To
realize a manipulation with such an elastic object in virtual environment, there
are two important issues: (1) real-time behavioral representation of elastic object
based on physics, and (2) simulation model of mutual collision between an elastic
object and a solid object taking collision velocity into consideration. In previous
works, there are a number of elastic object manipulation systems based on finite
element methods or mass-spring models. However, they have some problems
concerning real-time elastic deformation and have no sufficient collision simulation
models.

This paper proposes an efficient method of elastic object deformation using
mass-spring models with coarse-to-fine representation based on the degree of de-
formation for the first issue, and a model of the mutual collision based with

velocity consideration for the second issue. The effectiveness and the validation

*Master’s Thesis, Department of Information Systems, Graduate School of Information
Science, Nara Institute of Science and Technology, NAIST-IS-MT9951032, February 9, 2001.
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of the proposed techniques is confirmed through experiments with a newly devel-

oped manipulation system with force feedback.

Keywords:

elastic object, mass-spring models, coarse-to-fine representation, destruction, in-

teractive manipulation, force feedback, virtual environment
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