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Introduction

* There is a need to reposition 3D medical models to
simulate realistic scenarios.

* Rigging computes weights for each vertex in a
mesh to govern vertex movement relative to an
underlying articulated skeleton [1].

* Much work has been done to rig surface meshes,
but little has been done to reposition 3D volumetric
finite element (FE) meshes.

* Care must be taken when repositioning labeled 3D
medical models so that realistic deformation is
attained.

Research Aim
Develop a fully automatic method for calculating
influence weights to realistically reposition 3D
medical models.

Methods

1. Start with low resolution (5mm)* articulated FE mesh with 76 labeled materials [3].
2.Rig and skin a skeleton containing motion data.
3. Calculate bone-influence weights two ways:
a) Material naive
* Geodesic distance of each vertex from skeleton segment [4].
* All labeled materials treated equally.
b) Material informed
* Allrigid material weights are setto 1
* Laplacian diffusion applied for continuous displacement field [5].
4.The mesh can then be repositioned by specifying joint angles (manually or with
motion capture data), and the change in volume of the cells can be visualized.

*This low-resolution mesh contains many unusual geometries

Conclusions

* Material-informed method successfully reduced deformation in

rigid structures (e.g., bone).
* Remaining changes in bone-labeled volume due to
“stretching” of tetrahedra at the joint center.

* Greatly increases ability to deform these meshes for FE
applications such as thermal analysis or projectile penetration.

* Can be applied in any mesh composed of properly labeled
materials.

* Joint angles can be manually specified or driven by motion data.

Rigging and Skinning

*  Commonly
animation
* Computationally efficient,
compatible with animation software
(e.g., Unity)
Rigging:
* Underlying skeleton defined to drive
mesh movement.
* Assign influence weights to each
vertex for each skeleton segment.
Skinning:
» Deforming mesh based on rig. Original undeformed mesh
* We use Dual Quaternion Skinning [2] ¢isplayed with rigid and soft
tissues. Green lines denote
¢ Few artifacts generated segments, yellow dots denotd
* Volume preservation

used techniques in

joint center locations about

which rotations are defined.
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*Purple shading indicates changes in volume greater
than 100 mm?. Shoulder abduction was chosen as a
relatively large but common deformation.

Applications and Future Work

* Useful for repositioning medical
(thermal, injury analysis).

* Mesh segmentation to avoid deformation around joint center.

* Additional material behaviors may be added.

* More extreme deformations can be improved.

models for post-processing
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