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Contributions

�� Framework for constrained deformationFramework for constrained deformation

�� Skeletal constraintsSkeletal constraints

�� Volume preservationVolume preservation

�� ProjectionProjection--based manipulationbased manipulation

�� Detail preservation functionDetail preservation function

�� Fast nonFast non--linear, sublinear, sub--space solverspace solver



Skeletal Constraints



Constructing Bones

�� User drags a line in screen spaceUser drags a line in screen space

�� For each pixelFor each pixel

�� Find first two intersections with surfaceFind first two intersections with surface

�� Fit a least squares line to all midpointsFit a least squares line to all midpoints



Region of Influence

�� Construct supporting planes (normal Construct supporting planes (normal 
perpendicular to perpendicular to abab) at end) at end--pointspoints

�� Flood from intersection triangles outward Flood from intersection triangles outward 
until all connecteduntil all connected



Mathematical Constraint

�� For each sample point along For each sample point along abab

�� Compute MV coordinates with respect to Compute MV coordinates with respect to 
vertices in region of influencevertices in region of influence

�� Close mesh by fanning to Close mesh by fanning to centroidcentroidon endson ends



Volume Preservation



Calculating Area
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Calculating Volume
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Projection-Based Manipulation



Detail Preservation

�� NonNon--linear linear LaplacianLaplaciancoordinatescoordinates
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Detail Preservation

�� NonNon--linear linear LaplacianLaplaciancoordinatescoordinates
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Detail Preservation

�� NonNon--linear linear LaplacianLaplaciancoordinatescoordinates
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Detail Preservation

�� NonNon--linear linear LaplacianLaplaciancoordinatescoordinates
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Detail Preservation

�� NonNon--linear linear LaplacianLaplaciancoordinatescoordinates
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Detail Preservation

�� NonNon--linear linear LaplacianLaplaciancoordinatescoordinates
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Detail Preservation

�� NonNon--linear linear LaplacianLaplaciancoordinatescoordinates
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Detail Preservation

�� NonNon--linear linear LaplacianLaplaciancoordinatescoordinates
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Non-linear Minimization



Subspace Solver

�� Construct a lowConstruct a low--res approximation of meshres approximation of mesh

�� Express constraints in terms of MV Express constraints in terms of MV 
coordinatescoordinates



Subspace Solver



Subspace Solver

�� Constraints are on the highConstraints are on the high--resresmesh… NOT mesh… NOT 
the lowthe low--res meshres mesh

�� A variant of a multiA variant of a multi--grid solvergrid solver

�� Speeds up convergence and helps stabilitySpeeds up convergence and helps stability
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Subspace Solver

�� Resolution of lowResolution of low--res mesh affects quality of res mesh affects quality of 
deformationdeformation



Results



Conclusions

�� Most useful deformation constraints involve Most useful deformation constraints involve 
nonnon--linear functionslinear functions

�� MV coordinates accelerate solvingMV coordinates accelerate solving

�� Don’t be afraid of nonDon’t be afraid of non--linearlinear

optimization!!!optimization!!!


