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Basic Concepts
• Light Sources

• Surfaces / Materials



Illumination Models
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The Rendering Equation

• Kernel of the integral

- Geometry

- Visibility

- Reflectivity
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Radiant Energy

• Flux of R.E.
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Transport of Energy
• System in Equilibrium
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Transport Equation
• Non-participating Medium (vacuum)
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• Visibility Function btw Surfaces

s = r � ⌫(r,!)!

Illumination Hemisphere

• Equilibrium of Energy
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outgoing incoming emitted absorbed



Boundary Conditions
• Explicit

• Implicit

�(s,!) = E(s ,!) s 2 Lights
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scattering function
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OBS: Physical Limitation
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In Practice
• Rendering Context

camera

ray
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shape
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visibility



Anatomy of the Equation

Lo(p, wo) = Le(p, wo) +

Z

!
f(p, wo, wi)L(p, wi)| cos ✓|dwi
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sampling + reconstruction

Numerical Solution
★  Approximation

(Kf)(x) =

Z
k(x, y)f(y)dy Fredholm Eq. 

of 1st Kind

• Radiance Equation in operator Form

L(r,!) = Le(s,!) + (KL)(s,!)

L = Le +KL

or

• Operator Notation



Method of Substitution

• repeating

L = Le +K(Le +KL)

= Le +KLe +K2L

= Le +KLe + . . .+Kn�1Le +KnL
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Intuition:  Bounces of Light



Quality of Approximation
• Error Analysis

- Norm of  || K || < 1

• Residual

• Physical Interpretation

- Direct Lighting (Local)

- Direct + Indirect Lighting  (Global)

en = k M1 �Mn k

Computational Methods
• Explicit Approximation

- Compute L on Surfaces

- Sample L in Image

- Finite Element Methods

- Viewer Independent

• Implicit Sampling
- Sample L in Image

- Monte Carlo Methods

- Viewer Dependent

(Radiosity / Radiance)

(Ray Tracing)



Direct Lighting

Indirect Diffuse

�(s, w) = E(s, w) + ⇢(s)

Z
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= ⇢(s)Fa,bVa,b

Visibility

Form Factor



Radiosity Solution
• Methods

- Invert G   =
- Iterative   = 
- Progressive  < 

O(n3)

O(n2)

O(n2)

Gathering

Gathering

Shooting

Shooting

Direct



•  Photon Mapping

Path Tracing
• Random Sampling



Photon Mapping
• Two Pass Method

1. Build Photon Map by tracing random  paths from Lights

2. Render Image by tracing random paths from Camera

Map Render

Global Illumination Algorithms



A Bit of History
• From Ideal to Physics Based Illumination

Ray Tracing Path Tracing

Whitted Ray Tracing
• Recursive Ray Tracing


- Global Illumination of Ideal Materials (perfect diffuse & specular)

• Algorithm:




