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SOLID, Dynamo (1999)

https://github.com/dtecta/solid3



Dynamo PhD Thesis

https://github.com/erwincoumans/dynamo

See BartThesis.pdf in the Doc folder here:
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Project
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Open Dynamics Engine



Open Dynamics Engine
Russell L. Smith.
https://www.q12.org/phd/thesis/thesis.pdf
Reinforcement Learning

OpCode collision detection by Pierre Terdiman
ODE is maintained by Oleh Derevenko and contributors
BSD-3 License

https://www.ode.org
git clone https://bitbucket.org/odedevs/ode.git

• dSpaceCollide (space,0,&nearCallback);

• dWorldQuickStep (world, simstep);

• dBodyGetPosition(bodyId);

https://www.q12.org/phd/thesis/thesis.pdf
https://bitbucket.org/odedevs/ode.git


Open Dynamics Engine
ode-users - Google Groups

https://groups.google.com/g/ode-users


Bullet Physics

1990

Dynamo
Bart Barenbrug TUE 

PhD thesis

1999

99

SOLID
Gino @ TUE

PhD Thesis (GJK, EPA)

1999

97

2000

ODE
Russel Smith

ex-MathEngine

2001

01

2010

GPU Physics
Takahiro, Erwin @ AMD

OpenCL Rigid Body Pipeline

Q4 2011

11

Physics Effects
Matsuike @ SCEI

Q1 2010

10

22

Warp PBD
Eric, Miles @ NVIDIA

Q1 2023

PhysX 4
NVIDIA Team

Q4 2018

22

PhysX 5
NVIDIA Team

Q4 2022

2220 2110 11 1801 05

Bullet Physics

18

Jolt Physics
Jorrit @ Sony

Q1 2022

MuJoCo
Emo, Yuval, Tom and 
Team @ DeepMind

Q2 2022

2020

99 99

05
22

23

TDS

232222

20

Eric, Erwin @ Google Brain
Tiny Differentiable Simulator

Q2 2020

21

Brax
Erik, Daniel @ Google Brain

Q4 2021

Erwin @ SCEA
ex-Havok
2005

16

16

PyBullet
Erwin, Yunfei @ 
X, Google Brain

Q2 2016



Bullet Physics



Bullet Physics



https://github.com/bulletphysics/bullet3



Physics Simulation Forum



Bullet in Games and VFX

User Feedback defines the Product
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Hardware Acceleration

PS3, Multi-Core, GPU



Physics Effects

1990

Dynamo
Bart Barenbrug TUE 

PhD thesis

1999

99

SOLID
Gino @ TUE

PhD Thesis (GJK, EPA)

1999

97

2000

ODE
Russel Smith

ex-MathEngine

2001

01

2010

GPU Physics
Takahiro, Erwin @ AMD

OpenCL Rigid Body Pipeline

Q4 2011

11

Physics Effects
Matsuike @ SCEI

Q1 2010

10

22

Warp PBD
Eric, Miles @ NVIDIA

Q1 2023

PhysX 4
NVIDIA Team

Q4 2018

22

PhysX 5
NVIDIA Team

Q4 2022

2220 2110 11 1801 05

Bullet Physics

18

Jolt Physics
Jorrit @ Sony

Q1 2022

MuJoCo
Emo, Yuval, Tom and 
Team @ DeepMind

Q2 2022

2020

99 99

05
22

23

TDS

232222

20

Eric, Erwin @ Google Brain
Tiny Differentiable Simulator

Q2 2020

21

Brax
Erik, Daniel @ Google Brain

Q4 2021

Erwin @ SCEA
ex-Havok
2005

16

16

PyBullet
Erwin, Yunfei @ 
X, Google Brain

Q2 2016



Immediate Mode Physics
base level + low level

PS3 SPU Implementation

COLLADA Physics format
Unreal Engine Integration

Long term goal:
Open physics cross-platform standardization

Physics Effects ‘Acceleration’



Physics Effects

https://github.com/erwincoumans/PhysicsEffects



COLLADA Physics

See Chapter 6 “COLLADA Physics Reference” in
https://www.khronos.org/collada



PhysX 4
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PhysX 4

https://github.com/NVIDIAGameWorks/PhysX



GPU Physics
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GPU Physics

https://github.com/bulletphysics/bullet3/tree/master/src/Bullet3OpenCL



PyBullet
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Robotics, AI, RL 

Motion Matching



http://pybullet.org and http://wiki.ros.org/urdf/XML

http://pybullet.org/
http://wiki.ros.org/urdf/XML


Learning Agile Robotic Locomotion Skills
Motion Data

Robot

Reference Motion

Motion
Retargeting

Motion
Imitation

Policy (Simulation)

Domain
Adaptation

Mocap

Simulation

Real World

Animal

https://xbpeng.github.io/projects/Robotic_Imitation/index.html

https://xbpeng.github.io/projects/Robotic_Imitation/index.html


Sim-to-Real: Learning 
Agile Locomotion For 
Quadruped Robots (2018, 
Jie Tan et al)

Motivation for fast Sim for Reinforcement Learning

Inferring Articulated 
Rigid Body Dynamics 
from RGBD Video 
(2022, Eric Heiden et al)

Advanced Skills through 
Multiple Adversarial 
Motion Priors in 
Reinforcement Learning 
(2022, ETH/NVIDIA)

Tiny Differentiable 
Simulator

PyBullet Brax MuJoCo RaiSim
Omniverse Isaac Gym 
PhysX/WARP

Learning Agile Robotic 
Locomotion Skills by 
Imitating Animals (2020, 
Jason Peng et al)
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Tiny Differentiable Simulator

https://github.com/erwincoumans/tiny-differentiable-simulator



NeuralSim

https://arxiv.org/pdf/2011.04217.pdf



Pixels to URDF / USD

https://eric-heiden.com/publication/2022-video2sim-iros

https://eric-heiden.com/publication/2022-video2sim-iros
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Brax

https://github.com/google/brax
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MuJoCo

https://github.com/deepmind/mujoco
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Jolt Physics

https://github.com/jrouwe/JoltPhysics



PhysX 5
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PhysX 5 in Omniverse

https://github.com/NVIDIA-Omniverse/PhysX



PhysX 5 in Omniverse



PhysX, USD, MDL in Omniverse

MDL

Open Standards
Top Industry Tools

https://openusd.org/release/api/usd_physics_page_front.html



OmniIsaacGymEnvs RL training

https://github.com/NVIDIA-Omniverse/OmniIsaacGymEnvs



Warp (pbd)

1990

Dynamo
Bart Barenbrug TUE 

PhD thesis

1999

99

SOLID
Gino @ TUE

PhD Thesis (GJK, EPA)

1999

97

2000

ODE
Russel Smith

ex-MathEngine

2001

01

2010

GPU Physics
Takahiro, Erwin @ AMD

OpenCL Rigid Body Pipeline

Q4 2011

11

Physics Effects
Matsuike @ SCEI

Q1 2010

10

22

Warp PBD
Eric, Miles @ NVIDIA

Q1 2023

PhysX 4
NVIDIA Team

Q4 2018

22

PhysX 5
NVIDIA Team

Q4 2022

2220 2110 11 1801 05

Bullet Physics

18

Jolt Physics
Jorrit @ Sony

Q1 2022

MuJoCo
Emo, Yuval, Tom and 
Team @ DeepMind

Q2 2022

2020

99 99

05
22

23

TDS

232222

20

Eric, Erwin @ Google Brain
Tiny Differentiable Simulator

Q2 2020

21

Brax
Erik, Daniel @ Google Brain

Q4 2021

Erwin @ SCEA
ex-Havok
2005

16

16

PyBullet
Erwin, Yunfei @ 
X, Google Brain

Q2 2016



WARP Python-based CUDA Kernel JIT – “Shadertoy for simulation”

import warp as wp

@wp.kernel

def calculate_reward_wp(obs_buf: wp.array(dtype=float),

rew_buf: wp.array(dtype=float),

reset_buf: wp.array(dtype=int),

timeout_buf: wp.array(dtype=int),

progress_buf: wp.array(dtype=int),

termination_height: float,

num_obs: int,

max_episode_length: int):

tid = wp.tid()

timeout_buf[tid] = 0

reset_buf[tid] = 0

progress_buf[tid] = progress_buf[tid] + 1

up_reward = 0.1 * obs_buf[tid * num_obs + 27]

heading_reward = obs_buf[tid * num_obs + 28]

height_reward = obs_buf[tid * num_obs] - termination_height

progress_reward = obs_buf[tid * num_obs + 5]

rew_buf[tid] = progress_reward + up_reward + heading_reward + height_reward

# reset agents

if progress_buf[tid] >= max_episode_length:

reset_buf[tid] = 1

timeout_buf[tid] = 1

if height_reward < 0.0:

reset_buf[tid] = 1

if reset_buf[tid] == 1:

progress_buf[tid] = 0

1.Make it easy to write GPU graphics + simulation code from 
Python

2.Lower barrier to entry, faster iteration time

3.Rich built-in math, geometry library

4.Simple interop with existing C++/CUDA code

5.Fully differentiable

Warp: A High-performance Python Framework for GPU Simulation and Graphics

Ant RL Reward Function in Warp – torch.where() begone!

Warp Goals



Warp

https://github.com/NVIDIA/warp (and https://github.com/eric-heiden/warp)

https://github.com/NVIDIA/warp


ChatGPT
“create a pybullet script with a sphere falling on 
a ground plane. Add a slider to control 
contactStiffness and contactDamping”

"can you create a pybullet script with a ground 
plane, a box and a sphere on top."+"can you add 
10 more boxes on top?"+"can you move the 5th 
box 0.3 units along the x axis?"+"can you add a 
quadruped robot next to the boxes?"



ChatGPT PyBullet
“Place 100 dominoes in a 
shape of a heart”



Thank You! Questions?

https://twitter.com/erwincoumans

Don’t forget about the speaker survey.
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