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Introduction to Physically Based Simulation 

 Newtonian Physics

 Core Principles of Physics

Physically based rendering

 Rendering equation

 Stochastic rendering

 Realistic materials

 Cache Based Methods

Physically based simulation

 Solving Ordinary Differential Equations

 Particle Based Simulation

 Rigid bodies

 Contact Handling

 Fluids
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Unified Particle
Physics for
Real-Time 

Applications
Miles Macklin, Matthias 

Müller, Nuttapong
Chentanez, Tae-Yong Kim

http://blog.mmacklin.com/flex/
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Interactive Indirect Illumination 

Using Voxel Cone Tracing
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https://research.nvidia.com/publication/interactive-indirect-illumination-using-voxel-cone-tracing
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Unified Particle Physics for Real-

Time Applications
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https://www.youtube.com/watch?v=z6dAahLUbZg
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Physically Based Simulation

Molecular Simulation
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Physically Based Simulation

Wet Sand
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Physically Based Simulation

Wet Hair
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Physically Based Simulation

Magnets

CG3 WS2324 S. Gumhold – Introduction 8



Computergraphik
und Visualisierung

Physically Based Simulation

Elastic Models
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Physically Based Simulation

Coth Simulation
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Physically Based Simulation

Application Areas

 Discrete Element Method

 molecular dynamics, 

 sand, soil

 CFD (grid based or SPH)

 shallow water, fluids, 

 gases, wind, 

 smoke, fire

 Electro Dynamics

 magnets and charges

 Radiometry

 global illumination, 

 mobil radio coverage

 Elasticity (FD, FEM, Springs)

 1D: hair, wet hair

 2D: cloth

 3D: soft bodies, jelly, fat, 

muscles

 Stochastic Processes

 plant growth

 weathering

 lightning

 crack formation, explosions
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https://www.youtube.com/watch?v=5JcFgj2gHx8
https://dl.acm.org/doi/10.1145/3072959.3073651
https://www.youtube.com/watch?v=fbOT4pyfx34
https://www.youtube.com/watch?v=k6sHVAXiNJY
https://www.youtube.com/watch?v=VTV6xGhyUWw
https://www.youtube.com/watch?v=hZC6ORUbLog
https://www.youtube.com/watch?v=NTlbGGcsYek
https://www.youtube.com/watch?v=cN2phdi1AB0
https://www.youtube.com/watch?v=9Oo0TlprwAQ
https://www.youtube.com/watch?v=MEkoUtRRWug
https://www.youtube.com/watch?v=7o3g-rG1qYg
https://www.youtube.com/watch?v=IRu-LJ3J88Q
https://www.microsoft.com/en-us/research/publication/visual-simulation-of-weathering-by-%CE%B3-ton-tracing/
https://sgga.kaist.ac.kr/paper/physically_inspired_interactive_lightning_generation.pdf
https://www.youtube.com/watch?v=HrEU_H_0Jlk
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 physically based simulation

 Rendering Equation 

 Monte Carlo integration 

 sampling techniques 

 path based rendering

 advanced materials

 cache based gi

 solving differential 

equations 

 particle systems

 rigid bodies

 collisions

 fluids
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Harmonic Oscillator Iterative Solving Rendering Equation

Monte Carlo Integration Sampling Path Based GI

Texture Material

Photon Mapping

Vorticity RefinementColliding Rigid bodies

Simple Cloth Simulation


