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EXAMPLE (FE): DIFFUSION 



CLASSIFICATION 

Optical thicknessĠ 

Ġheterogeneity, 
scattering anisotropyĠ 
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Screen-Space Scattering Real-Time Cloud Rendering  

Spectral Ray Differentials  Principal -Ordinates Propagation  



[Best Student Paper @ Graphics Interface 2014] 

[Computers and Graphics 2014] 

Principal -Ordinates Propagation  



MOTIVATION: HETEROGENEOUS MEDIA 
Oskar Elek: Efficient Methods for Physically-based Rendering of Participating Media 



Monte Carlo  
(Path Tracing, Photon Mapping, Ġ) 

Finite Elements  
(Diffusion, Discrete Ordinates, Ġ) 
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SIMULATION PARADIGM 

Wish-list:  

Å Physically plausible, general 

Å Interactive, dynamic (no preprocessing) 



FINITE ELEMENTS: ISSUES 

Ray effect  False scattering  

[Fattal @ ACM Trans. Graph. 2009] 
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FINITE ELEMENTS: ISSUES  
Oskar Elek: Efficient Methods for Physically-based Rendering of Participating Media 

Anisotropic scattering  

(our method) 

Isotropic scattering  

(contemporary methods) 
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ABSTRACTION 

[Premoze etal. @ EGSR 2004] 

Oskar Elek: Efficient Methods for Physically-based Rendering of Participating Media 

Scattering Ғ ƎǊŀŘǳŀƭ ƭƻǎǎ ƻŦ ƛƭƭǳƳƛƴŀǘƛƻƴ ŎƻƘŜǊŜƴŎŜ 



ABSTRACTION 

Medium density++  

[Premoze etal. @ EGSR 2004] 
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Scattering Ғ ƎǊŀŘǳŀƭ ƭƻǎǎ ƻŦ ƛƭƭǳƳƛƴŀǘƛƻƴ ŎƻƘŜǊŜƴŎŜ 



Henyey-Greenstein distribution  

g=0.5 g=0 g=0.3 

PROPAGATION BASIS 
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LIGHT PROPAGATION 

Ғ 

[Premoze etal. @ EGSR 2004] 
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Distant 

Local 

Virtual Point Light  

LATTICE ZOO 
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Å Scene definition  

Output:  

Å Final image  



PIPELINE 
Oskar Elek: Efficient Methods for Physically-based Rendering of Participating Media 

Input:  

Å Medium parametrization  

Å Scene definition  

Output:  

Å Final image  



PIPELINE 
Oskar Elek: Efficient Methods for Physically-based Rendering of Participating Media 

Input:  

Å Medium parametrization  

Å Scene definition  

Output:  

Å Final image  

(For a single directional light)  



PIPELINE 
Oskar Elek: Efficient Methods for Physically-based Rendering of Participating Media 

Input:  

Å Medium parametrization  

Å Scene definition  

Output:  

Å Final image  

(For a single directional light)  



PIPELINE 
Oskar Elek: Efficient Methods for Physically-based Rendering of Participating Media 

Input:  
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RESULTS 
Rendered at 16Hz 
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RESULTS 

Rendered at 25Hz 
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[Best Student Paper @ Graphics Interface 2014] 

[Computers and Graphics 2014] 

Principal -Ordinates Propagation  



[Best Student Paper @ EG Rendering Symposium 2014] 

[Vision, Modelling and Visualization 2014] 

Spectral Ray Differentials  
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SNELLĘS LAW 
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Regular sampling 

SPECTRAL RENDERING 
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SPECTRAL RAY DIFFERENTIAL 

SRD: 
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RECONSTRUCTION 

First -order approximation:  
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RESULTS: LIGHT TRACING 

Stochastic sampling  Regular sampling  SRD 
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RESULTS: PATH TRACING 
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BIAS OF SRD 

Reference (20k iterations)  

SRD (2k iterations)  

Diff.  
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PROGRESSIVE SRD 

Iteration   i1 Iteration   i2 Iteration   i3 
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PROGRESSIVE SRD 

Reference (20k iterations)  

SRD (2k iterations)  

Diff.  

PSRD (2k iterations)  

Diff.  
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PROGRESSIVE SRD 

SRD (2k iterations)  PSRD (2k iterations)  

Reference (20k iterations)  

Diff.  Diff.  
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Spectral Ray Differentials  
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CONTRIBUTIONS 
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Separation of illumination 
into principal ordinates  

Per-ordinate GPU-friendly 
anisotropic  propagation scheme  



EVALUATION 
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[Chandrasekhar 1960] 



RELATIONS 
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[Koerner etal. @ CGF 2014] [Billeter etal. @ I3D 2012] 

Light propagation volumes  Flux-limited diffusion  



[Best Student Paper @ EG Rendering Symposium 2014] 

[Vision, Modelling and Visualization 2014] 

Spectral Ray Differentials  



CONTRIBUTIONS 
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Derivation & reconstruction of ray differentiation  after dispersion  

Progressive formulation to achieve consistent solution  


