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Motivation

• Learning-based  particle  dynamics  simulator  requires  3D  particle 
correspondence to train the model.

• Directly training simulators with 2D images via differentiable rendering is 
inefficient due to 2D-to-3D uncertainty.  

• Existing GNN-based simulators are black box and physically uninterpretable, 
are not followed and integrated with physics prior knowledge.



Contribution

• a novel physics-integrated neural simulation system which learns 3D dynamics
from 2D images and alleviate 2D-3D uncertainty by physics-priors.

• A physics-integrated GNN architecture, called DEL, which is designed under
the guidance of particle level Newtonian mechanics and Discrete Element
Method framework, make the classic and neural parts benefits mutually.

• The presented approach can be used to simulate various materials including
elasticity, plasticity, rigidity, granular, liquid, with complex initial shapes



Methodology

(a) Particles Initialization Process. The scene is initialized as particles. 
(b) Recurrent Dynamic Inference Process. 
The generated particle set is fed into a dynamic predictor to infer the next state iteratively.
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Methodology Particle Attributes : material type, etc.
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Results Ablation studies and long term dynamics
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