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Future Work
- Engineering-level accuracy guarantees
- Explore more robust shape matching
�����6�L�P�X�O�D�W�L�R�Q���R�I���P�R�G�H�O�V���Z�L�W�K���P�X�O�W�L�S�O�H���E�R�X�Q�G�D�U�\���U�H�S-
resentations.

Abstract
We introduce a method for direct physics-based an-
imation of volumetric curved surface models, repre-
sented by NURBS surfaces, that is completely 
meshless, robust to gaps and overlaps in geometry, 
�D�Q�G���F�R�P�S�D�W�L�E�O�H���Z�L�W�K���V�W�D�Q�G�D�U�G���P�D�W�H�U�L�D�O���P�R�G�H�O�V��

Method
We use shape matching on the boundary NURBS to 
produce a polynomial describing the deformation of 
each NURBS. The deformation map for interior 
points is constructed by blending the polynomials 
on the boundary.

Deformation Map
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�0�H�V�K�O�H�V�V���Ë�D�G�U�D�W�X�U�H
Use meshless raycasting method based on method 
from [Khosravifard & Hematiyan 2010]

Rays

Samples

Blending Weights
Meshless construction by raycasting

Weights

Heterogenous Materials
Supports simulation of multi-material models
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Rigid Core

NURBS model

Directly Editable Output
SEM simulates on the original NURBS degrees of 
�I�U�H�H�G�R�P�����V�R���W�K�H���R�X�W�S�X�W���L�V���G�L�J�H�V�W�L�E�O�H���E�\���W�K�H���V�D�P�H���V�R�|-
�Z�D�U�H���X�V�H�G���W�R���G�H�V�L�J�Q���W�K�H���P�R�G�H�O��

Original model Deformed Model

Simulate

Surface Only Discretization
Degrees of freedom are the control points of the 
NURBS surfaces.

Control
Points

Weights Polynomials
Hi-res FEM 6 parts 10 parts 26 parts

Comparison with FEM
Adding more NURBS parts to the beam model 
�V�K�R�Z�V���W�K�D�W���6�(�0���T�X�D�O�L�W�D�W�L�Y�H�O�\���F�R�Q�Y�H�U�J�H�V���W�R���W�K�H���)�(�0��
solution.

Handles Large Deformation
�:�L�W�K���U�H�O�D�W�L�Y�H�O�\���I�H�Z���1�8�5�%�6���S�D�U�W�V�����Z�H���F�D�Q���V�L�P�X�O�D-
�W�L�R�Q���W�K�L�V���E�H�D�P���W�Z�L�V�W�L�Q�J���Z�L�W�K���Q�R���L�Q�V�W�D�E�L�O�L�W�L�H�V����

�5�H�I�H�U�H�Q�F�H�����>���@���$�P�L�U���.�K�R�V�U�D�Y�L�I�D�U�G�����	���0�R�K�D�P�P�D�G���5�D�K�L�P���+�H�P�D�W�L�\�D�Q�������������������$���Q�H�Z���P�H�W�K�R�G���I�R�U���P�H�V�K�O�H�V�V��
integration in 2D and 3D Galerkin meshfree methods. Engineering Analysis with Boundary Elements, 34(1), 30-40.

Robust to Gaps and Self-Intersections
Supports simulation of models consisting of NURBS 
�S�D�U�W�V���Z�L�W�K�R�X�W���H�[�S�O�L�F�L�W���F�R�Q�Q�H�F�W�L�Y�L�W�\��

Disconnected
Parts


