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Mesh-Based Inverse Kinematics
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[Sumner et al, Mesh-Based Inverse Kinematics, SIGGRAPH 05]



Mesh-Based Inverse Kinematics
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Example Poses



Example-Based Deformation
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• Interpolation: Find interpolated mesh that best 
matches the user’s constraints

• Deformation: Deform this mesh to exactly match 
the user’s constraints
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Shape Space Representation
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Deformation Interpolation
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Deformation Gradients
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Linear vs. Nonlinear
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Linear deformation gradients



Linear vs. Nonlinear
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Nonlinear deformation



Shape Space Representation

12

Deformation Interpolation
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Nonlinear Discrete Shells
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Stretching:
change of

edge length

Bending:
change of

dihedral angle
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Gauss-Newton Minimization

• Residual function

• Iterate until convergence
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Deformation Results
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[Botsch & Sorkine, TVCG 08]



Robustness
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Global Stiffness Control
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Local Stiffness Control
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Shape Space Representation
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Deformation Interpolation
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Gradient-Based Interpolation

• Limitation: rotation > 180 degrees

• Solution: 
– per-triangle rotation → per-edge dihedral angle

[Lipman et al, SIG 2005; Winkler et al, EG 2010]
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Mesh Interpolation

22[Winkler et al, Eurographics 2010]



Shape Space Representation
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Deformation Interpolation
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Nonlinear Interpolation
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• Linearly interpolate edge lengths and angles
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Nonlinear Interpolation
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• Linearly interpolate edge lengths and angles

• Use interpolated values as target values
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Interpolation Results
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[Winkler et al, EG 2010][Kilian et al, SIG  2007]



Interpolation Results
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Example-Based Deformation
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Deformation Interpolation
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Example-Based Deformation

• Unknowns are now: 
– Vertex positions x1, ..., xm
– Interpolation weights α1, ..., αk
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Gauss-Newton Minimization

• Residual function

• Iterate until convergence
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Hierarchical Optimization
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Decimation Deformation
Transfer

Deformation

error < 1%



Results
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Example-Based Deformation
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[Sumner et al, SIG 2005]
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Example Poses
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Results
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Example Poses

[Sumner 2005] ours
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Timings: Highres Optimization
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Model #Vertices Gauss-Newton

Helix

Lion

Elephant

Dragon

Armadillo

612 18ms

5k 377ms

40k 3.1s

50k 5.2s

166k -



Timings: Hierarchical Optmization
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Model #Vertices Gauss-Newton Def. Trans.

Helix

Lion

Elephant

Dragon

Armadillo

612 18ms

5k ~30ms 23ms

40k ~30ms 271ms

50k ~30ms 323ms

166k ~30ms 1278ms



Thanks for your attention!
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