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Geometric Constraint Satisfaction for Interactive 3D Applications

HirosHI HOSOBE®

Recent computer technologies have enabled fast high-quality 3D graphics on personal com-
puters, and also have made the development of 3D applications easier. However, most of such
technologies do not sufficiently support layout and behavior aspects of 3D graphics. Geometric
constraints are, in general, a powerful tool for specifying layouts and behaviors of graphical
objects, and have been applied to interactive 2D graphical user interfaces and specialized
3D graphics packages. In this paper, we present a geometric constraint solving method for
interactive 3D applications. Its novel feature is to handle scene graphs by processing coor-
dinate transformations in geometric constraint satisfaction. It enables programmers to use
3D geometric constraints for various purposes such as geometric layout, constrained dragging,
and inverse kinematics. We demonstrate its usefulness by presenting sample interactive 3D
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applications using Chorus3D, a constraint solver which implements our method.
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Fig.1 A 3D geometric layout of a general graph

structure.
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Fig.2 Dragging an object constrained to be on a sphere.
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Fig.3 Implementation of constrained dragging.
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Fig.4 A robot arm application which performs inverse kinematics.
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// 00000
s = new C3Solver();
//000000000000(0,.1,0) 000
shldrTTfm = new C3TranslateTransform(
new C3Domain3D(0, .1, 0));
// shldrTTEm 00000000000
s.add(shldrTTfm) ;
// 000000000000 (0,1,0)000;
// 000000 [-10000,10000] OO0
shldrRTfm = new C3RotateTransform(
new C3Domain3D(0, 1, 0), new C3Domain(-10000, 10000));
// shldrRTfm O shldrTTfm 00000
s.add(shldrRTfm, shldrTTfm);
//0000000o0ooooo(o,.1,0)000
uarmTTfm = new C3TranslateTransform(
new C3Domain3D(0, .1, 0));
// varmTTfm O shldrRTfm 00000
s.add (uarmTTfm, shldrRTfm);
//0000000000000 (0,0,1)000;
// 000000 [-1.57,1.57] 000
uarmRTfm = new C3RotateTransform(
new C3Domain3D(0, 0, 1), new C3Domain(-1.57, 1.57));
// varmRTfm 0 uarmTTfm 00000
s.add (uarmRTfm, uarmTTfm);
// 0000000000000(0,.5,0) 000
farmTTfm = new C3TranslateTransform(
new C3Domain3D(0, .5, 0));
// farmTTfm 0 uarmRTfm 00000
s.add(farmTTfm, uarmRTfm);
// 0000000000000 (0,0,1) 0003
// 000000 [-3.14,0] 000
farmRTfm = new C3RotateTransform(
new C3Domain3D(0, 0, 1), new C3Domain(-3.14, 0));
// farmRTfm 0 farmTTfm 00000
s.add(farmRTfm, farmTTfm);
//00000000000000 farmRTfm OO0
// 000 (0,.5,0) 000
handPos = new C3Variable3D(
farmRTfm, new C3Domain3D(0, .5, 0));
// 0000000000 medium O edit 00O
editHandPos = new C3EditConstraint(handPos, C3.MEDIUM);
s.add (editHandPos) ;
//0000000000000000O0
editHandPos.set (getTargetWorldCoordinates()) ;
// 000000
s.solve();
// 0000
double shldrAngle = shldrRTfm.rotationAngle().value();
double uarmAngle = uarmRTfm.rotationAngle().value();
double farmAngle = farmRTfm.rotationAngle().value();

05 0D000000O0000O0O00OO00O0000O0O0ODOO

Fig.5 Constraint program for the robot arm application.
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