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Optimization Integrator for Large Time Steps



Simulation Step

Can be solved analytically : 

Still an approximation of the solution

We only compute the hessian “diagonal”
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First Guess

Includes external acceleration 
when the motion 

resembles free fall

Adaptative first guess scale the 
acceleration by a factor [0,1]

Avoid stretching artifacts
+

Avoid interpenetration at rest



Contact and Friction

Continuous collision Detection
[2023] Shortest Path to Boundary for Self-Intersecting Meshes 

[2020] IPC : Intersection- and Inversion-free, Large-Deformation Dynamics
Friction

[2020] Primal/Dual Descent Methods for Dynamics 
Friction Hessian approximation



Graph coloring for multithreading

Mesh graph coloration is better Less step for GPU => faster

[2015] Scalable Partitioning for Parallel Position Based Dynamics

4 :)



Correction Step

const All Elements
Sum

3x3 
Matrix

Local definition

Minimization + System

Hessian (all elements of xi)

Every forces and hessian can be computed in parallel (for a same color)

Sum at each vertice is done with a reduction => classic GPU algorithm

Then compute the analytical solution for the correction



“Optional” Acceleration 

 Chebyshev semi-iterative approach
[2015] A Chebyshev Semi-Iterative Approach for Accelerating Projective and Position-based Dynamics

Cheap and Simple Significantly better result



Robustness

Very robust method and quite fast ! 

The comparison with XPBD is not fair though



Video
Nvidia RTX 4090 

https://www.youtube.com/watch?v=2HCgKfKy3W8
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