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* Rendering equation
o Rendering is integration

* Solution methods
Direct illumination
Recursive ray tracing
Distribution ray tracing
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» Rendering equation
o Rendering = integration
» Solution methods
o Direct illumination
o Recursive ray tracing
o Distribution ray tracing
o Path tracing
o Photon mapping
o Radiosity
o etc.
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Rendering Equation (2) B\ 4

L(X—>x") =L (X—> x")+J' f (x> X'=> X )L(X = X'V (X, X)G(x,x")dA
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o Path tracing
o Photon mapping
o Radiosity
o etc.
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Rendering Equation B, 41
L(X,0)=L(x,@)+ [ f.(¢,0,6)L(x,&)@en)do
Q
@urface
Q
Kajlya1986/
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Rendering Equation B\ 44

G X) = cos©] ct?sz®n
x=x
Kajiya 1986
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* Rendering = integration
o Antialiasing
o Soft shadows
o Indirect illumination
o Caustics




P
Rendering Equation

e,
;:.«

* Rendering = integration
o Antialiasing
o Soft shadows Eye
o Indirect illumination
o Caustics

Surface

E, = [Efx e}
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* Rendering = integration
o Antialiasing
o Soft shadows
o Indirect illumination
o Caustics

Herf

L) = x> )+ [ 1,068 > %, > )L > )V(x,X)G(x, X)dA

* Rendering = integration
o Antialiasing
o Soft shadows
o Indirect illumination  Eye
o Caustics

Light

Surface

Lw)=L,x —> e)+ff,(r,x’ - %,X —> e)Lx" — x)V(x,x)G(x,x)dA
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Rendering Equation

* Rendering = integration
o Antialiasing
o Soft shadows

o Indirect illumination
o Caustics

Debevec

E, W) = L)+ [ F, (W, W)L GCW YW o R)dw

* Rendering = integration
o Antialiasing
o Soft shadows
o Indirect illumination
o Caustics

Surface

Surface

L) = L) + [ 1, G, WLLW ) @ R)dw
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* Rendering = integration

o Antialiasing Specular
Surface
o Soft shadows Light
o Indirect illumination
o Caustics Eye
o (o)

Diffuse Surface

L) = L) + [ 1, G, WL LW @ R)dw
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Rendering Equation

* Rendering = integration
o Antialiasing
o Soft shadows
o Indirect illumination
o Caustics

Jensen

L, W) = L)+ [ 5, o, WL 60W )W @ )W
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» Rendering integrals are difficult to evaluate
o Multiple dimensions
o Discontinuities
» Partial occluders
» Highlights
» Caustics

Jensen

L) = x> )+ [ 1,068 > %, > )L > )V(x,X)G(x, X)dA
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Challenge

» Rendering integrals are difficult to evaluate
o Multiple dimensions
o Discontinuities
» Partial occluders
» Highlights
» Caustics

Drettakis
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L) = x> )+ [ 1,06 - %,x > )L > )V(x,X)G(x,X)dA

J

p
Overview

e
%:tv

* Rendering equation
o Rendering = integration

» Solution methods
Direct illumination
Recursive ray tracing
Distribution ray tracing
Path tracing

Photon mapping
Radiosity

o etc.
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» Rendering equation
o Rendering is integration

+ Solution methods
» Direct illumination
o Recursive ray tracing
o Distribution ray tracing
o Path tracing
o Photon mapping
o Radiosity
o etc.
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Direct lllumination
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L(X,@) =L (x,&)+ j f.(X,@,&)L(X,0)(@en)dd

Q

Camera

Light<>
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OpenGL

L(x,@)= Le(x',c?)')+j f.(x,@,@")L (X, @)(@eN)dd

Camera

Light, @

Assume
direct illumination
from point lights
and ignore visibility

nlights

L (X, @)=L (X.@)+ 3 f.(X. 0,0 (X, &) (@en)
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Recursive Ray Tracing 3

b

L(x,@)= Le(x',c?)')+j f.(x,@,@)L (X, @)@ eN)dd

Surfa(Z>

Assume only significant
indirect illumination due
to perfect specular
reflection and refraction

Camera

N

Light

nlights

* Rendering equation
o Rendering is integration

+ Solution methods
o Direct illumination
» Recursive ray tracing
o Distribution ray tracing
o Path tracing
o Photon mapping
o Radiosity
o etc.
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L,(X,@") =L,(X,&")+ Z f, (X', @,@')L, (X', @)(@ o i) + specular
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» Rendering equation
o Rendering is integration

+ Solution methods
o Direct illumination
o Recursive ray tracing
> Distribution ray tracing
o Path tracing
o Photon mapping
o Radiosity
o etc.
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Q Distribution Ray Tracing?

AN

L(x,@)=L(x,@)+[ f,(x,0,0)L (X, 6)@sn)dd

Estimate integral
for each reflection
by random sampling

Also:

* Depth of field
* Motion blur

* etc.

Henrik Wann Jensen
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Path Tracing
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* Rendering equation L,(,@) = L (¢, @)+ 1,(¢,0,8)L, (X, &)(@e n)da
o Rendering is integration 5
* Solution methods

Liht Surface
o Direct illumination g Surface
o Recursive ray tracing R
dao.

o Distribution ray tracing
» Path tracing

o Photon mapping

o Radiosity

o etc.

Estimate integral
for each pixel
by random sampling
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Path Tracing
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B\ 4 Ray Tracing vs. Path Tracing P
Estimate integral for each pixel by sampling paths
from camera

R

—

Camera

Ray tracing

Path tracing
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* Rendering equation
o Rendering is integration

» Solution methods
o Direct illumination
o Recursive ray tracing
o Distribution ray tracing
o Path tracing
» Photon mapping
o Radiosity
o etc.
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Photon Mapping
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* Two pass method:
1. Build photon map by tracing paths from lights
2. Render image by tracing paths from camera

Photon Tracing
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Photon Mapping

o

* Two pass method:
1. Build photon map by tracing paths from lights
2. Render image by tracing paths from camera
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Photon Mapping
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* Two pass method:
1. Build photon map by tracing paths from lights
2. Render image by tracing paths from camera
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» Rendering equation
o Rendering is integration

+ Solution methods
o Direct illumination
o Recursive ray tracing
o Distribution ray tracing
o Path tracing
o Photon mapping
» Radiosity
o etc.
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Radiosity QQ

Discretize surfaces into small patches
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Radiosity
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Leads to sparse system of equations

N
BA =EA +piZFj|BJAj
=

1-pFy

-pFy 1-pF,

= PraFoas
= PoFos
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» Rendering equation
o Rendering is integration

+ Solution methods
Direct illumination
Recursive ray tracing
Distribution ray tracing
Path tracing
Photon mapping
Radiosity

o etc.
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Which method is best?
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Radiosity «Q
Assume simple function (constant) is good
approximation for radiosity (sum of energy leaving
point in all directions) within patch
Thadani
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Path Types

* OpenGL
o LDE

* Ray tracing
o LDS*E
 Path tracing
o L(DIS)*E
» Radiosity
o LD*E

John Hart
J
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Summary

o

* Rendering is integration

o

« Different solution methods are best when

Rendering equation

different path types are important

o

o
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o

o
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OpenGL - LDE

Recursive ray tracing — LDS*E
Distribution ray tracing — L(SD)*E
Path tracing — L(SD)*E

Photon mapping — L(SD)*E (biased)
Radiosity - LD*E




