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Articulation inference

• Consider relative motion 𝑇𝑖
𝑗
𝑡 between bodies 𝑖 and 𝑗 at time 𝑡

• For each joint type, find joint parameters for all time steps via RANSAC

• Memorize joint and model error for best candidate in cost matrix 𝐶

• Find articulations as minimum spanning trees in 𝐶 with root bodies 𝐼root

Learning Articulated Rigid Body Dynamics Simulations From Video

Approach

Video2Sim Pipeline Experiments

Nikolaus Rott’s coupled pendulum
Find simulation from RGB video of a real mechanism
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Pose tracking

• Set up scene + camera in inverse renderer

nvdiffrast

𝑓rast: SE 3 𝑀 × SE(3) → ℝ𝐻×𝑊×𝐶

• Find world transforms of rigids bodies 

in the image via pixel-based loss:

minimize
𝑇0
1,𝑇0

2,…,𝑇0
𝑀

𝑓rast 𝑇0
1, 𝑇0

2, … , 𝑇0
𝑀 , 𝑇0

cam − 𝐱real
2

https://eric-heiden.github.io/video2sim
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                                 • Automate simulation setup that requires the definition of the 

kinematic           (“U   ”) and simulation parameters

• Build simulator from pixel-based observations (depth or RGB 

video) instead of relying on motion capture or other 

instrumentation

Motivation

Inferred articulation:

Object recognition

• Identify known objects in the video via 

Detectron2 instance segmentation network

camera

cartpole system
𝑀 = 2

𝑇0
1

𝑇0
2

Prismatic joint Revolute joint Static joint

Δ𝑟 = 𝑇𝑖
𝑗
𝑡 + 1 . 𝑟 − 𝑇𝑖

𝑗
𝑡 . 𝑟

Δ𝑝 = 𝑇𝑖
𝑗
𝑡 + 1 . 𝑝 − 𝑇𝑖

𝑗
𝑡 . 𝑝

Joint axis:
Δ𝑝

Δ𝑝

Joint axis:
Δ𝑟

Δ𝑟

Pivot point: 𝑇𝑖
𝑗
𝑡 . 𝑝 +

Δ𝑟+Δ𝑝

Δ𝑟 2

Static transform 𝑇𝑖
𝑗
𝑡

System identification

• Infer posterior distribution over 

simulation parameters via 

particle-based inference 

algorithm Constrained Stein 

Variational Gradient Descent 

(CSVGD)

• Combine differentiable physics

engine and rasterizer to infer 

dynamics parameters from video Tiny Differentiable Simulator

Cartpole
Find simulation from depth video of a cartpole 

simulated in PyBullet

Model-predictive control via Model Predictive Path Integral (MPPI)
1.

2.

3.

4.


