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PARTICIPATING MEDIA: IRL



Radiative Transfer Equation (RTE):

PARTICIPATING MEDIA: SIMULATION



Monte Carlo Finite Elements
(Path Tracing, Photon Mappi ndgi fGJusion, Discrete Ordina

PARTICIPATING MEDIA: SIMULATION



EXAMPLE (MC): PHOTON MAPPING
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EXAMPLE (FE): DIFFUSION
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INTERACTIVITY
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PARTICIPATING MEDIA: GAME INDUSTRY



PARTICIPATING MEDIA: MOVIE INDUSTRY



Principal -Ordinates Propagation Spectral Ray Differentials

PROJECTS



Principal - Ordinates Propagation

[Best Student Pape@ Graphics Interface 2014]
[Computers and Graphics 2014]




MOTIVATION: HETEROGENEOUMEDIA



Wish-list:
A Physically plausible, general
A Interactive, dynamic (no preprocessing)

Finite Elements
MappinNd,i fGusi on, Discrete Ordina

SIMULATION PARADIGM



[Fattal @ ACM Trans. Graph. 2009]

Ray effect False scattering

v

FINITE ELEMENTS |SSUES



Anisotropic scattering |sotropic scattering
(our method) (contemporary methods)

FINITE ELEMENTS |SSUES
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PRINCIPAL ORDINATES
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Scattering #¥ 3INJ RdzF f f2aa 2F Aff

[Premoze etal. @ EGSR 2004]

ABSTRACTION



Scattering #¥ 3INJ RdzF f f2aa 2F Aff

[Premoze etal. @ EGSR 2004]

Medium density++

ABSTRACTION



Henyey-Greenstein distribution

Jna ‘: A 1+g2—2g0039)3/2

PROPAGATIONBASIS



LIGHT PROPAGATION
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LIGHT PROPAGATION
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LIGHT PROPAGATION
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LIGHT PROPAGATION
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LIGHT PROPAGATION

[Premoze etal. @ EGSR 2004]



LATTICE ZOO

Virtual Point Light
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Virtual Point Light

LATTICE ZOO
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Virtual Point Light

LATTICE ZOO



Input:
A Medium parametrization
A Scene definition

PIPELINE
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Input:

A Medium parametrization
A Scene definition

Output:

A Final image

PIPELINE
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Direct surface
illumination All surface illumination

Virtual point lights Indirect illumination

Surface transport

b /' /\\\

(For a single directional light)

PIPELINE



Virtual point lights
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Radial grids Indirect scattering

Volume transport

i Direct scattering All scattering

(For a single directional light)

PIPELINE



All surface illumination

Resulting radiance

All scattering

(For a single directional light)

PIPELINE



Rendered at 16Hz

RESULTS



Rendered at 25Hz

RESULTS



Principal - Ordinates Propagation

[Best Student Pape@ Graphics Interface 2014]
[Computers and Graphics 2014]




Spectral Ray Differentials

[Best Student Pape® EG Rendering Symposium 2014]
[Vision, Modelling and Visualization 2014]




MOTIVATION: DISPERSION



MOTIVATION: DISPERSION
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SNELLES LAW



Regular sampling

SPECTRALRENDERING



Regular sampling Stochastic sampling

.

SPECTRALRENDERING



Regular sampling Stochastic sampling

SPECTRALRENDERING



Regular sampling Stochastic sampling

SPECTRALRENDERING
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SPECTRALRAY DIFFERENTIAL



SPECTRALRAY DIFFERENTIAL
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First-order approximation:

R(A+AN) — R(A) ~ 2R
oA
p
p—Ap p+Ap
AN

RECONSTRUCTION

Oskar Elek: EfficieMethods forPhysicallybased Renderingf Participating Media




Regular sampling Stochastic sampling

RESULTS LIGHT TRACING



RESULTS PATH TRACING
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SRD @k iterations)

Reference (20k iterations)

BIAS OF SRD



Iteration I, lteration I, lteration Iy

PROGRESSIVESRD
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SRD @k iterations) PSRD @k iterations)

Reference (20k iterations)

Diff. Diff.

PROGRESSIVESRD
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Diff. Diff.

PROGRESSIVESRD
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Spectral Ray Differentials

[Best Student Pape® EG Rendering Symposium 2014]
[Vision, Modelling and Visualization 2014]




Principal -Ordinates Propagation Spectral Ray Differentials

JUSTIFICATION



Principal - Ordinates Propagation

[Best Student Pape@ Graphics Interface 2014]
[Computers and Graphics 2014]
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Separation of illumination Per-ordinate GPU-friendly
into principal ordinates anisotropic propagation scheme

CONTRIBUTIONS
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EVALUATION



Light propagation volumes Flux-limited diffusion
[Billeter etal. @ 13D 2012] [Koerner etal. @ CGF 2014]

RELATIONS



Spectral Ray Differentials

[Best Student Pape® EG Rendering Symposium 2014]
[Vision, Modelling and Visualization 2014]
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Surface

vec3 dn = normalDifferential (dp);

float B = dot(d,n); d(k_i_a)\')
float @ = sqgrt(l - sqr(n) + sqr(n) *sqr (8));

float g = N+0 + ©;

float dn = etaDifferential (n);

float dt = dot (dd,n) + dot (d,dn) ;

float d0 = (-M*dn + Nxdn*sgr (0) + sqxr () +0+dr) /®; ad(}\,)
float du = dnN+B + N*dr + 90;

return anxd + Nxdd - du*n — y=on;

Derivation & reconstruction of ray differentiation after dispersion

Progressive formulation to achieve consistent solution

CONTRIBUTIONS
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