
Automatic Mesh Refinement us-ing Graph Neural Networks
Description
Many interesting real-world problems, for example predicting the movement of adeformable object such as cloth, often lack analytical solutions. A common ideato deal with this complexity is to use finite element meshes [1], which essen-tially represent a complex object with a set of geometric shapes. These meshescan be used for simulation, since their relatively simple structure allows for eas-ier calculation. However, the quality of this demonstration directly depends onthe quality of the mesh [2], as can be seen in Figure 1. The mesh on the left isuniform and spends a lot of its resources on areas that are not particularly rel-evant. The mesh on the right has the same resolution, but concentrates on re-gions where the cloth wrinkles. This leads to a much more realistic simulation.

Figure 1: Two cloth-meshes interacting with a sphere.
In this project, we are interested in automatic mesh refinement, which transformssome initial mesh (e.g., the left mesh of Figure 1) to one that leads to more accuratesimulations (like the mesh on the right). Previous research in this direction [2] hasshown promising resultsa by combining a simple message-passing network with aset of greedy update rules on the mesh edges. We want to extend this line of work tomore general deep learning architectures such as Graph Neural Networks (GNNs) [3]and combine them with useful heuristics to create a precise and reliable algorithmfor mesh refinement.Tasks

• Literature Review: Get familiar with existing meshing algorithms as well as dif-ferent kinds of deep learning architectures, particularly GNNs.• Experimental Setup: Design and set up environments for mesh-based simula-tions that require high-quality meshes.• Algorithm Design: Develop an approach for mesh refinement using a GNN. Thismay have the GNN be part of a pipeline, but could also be completely end-to-end.• Evaluation: Evaluate the performance of the new approach on the chosen en-vironments and compare it to existing solutions.References
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ahttps://sites.google.com/view/meshgraphnets
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