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Global Illumination
(BRDFs, Ray Tracing)
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Light Measurement Laboratory
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Direct Lighting Only



Global Illumination



Global Illumination Methods

• Ray Tracing

• Radiosity

• Path Tracing





Light as Rays









Escher 1935 Caillebotte 1875



Ray Tracing

Note: Point Sampling at center of each pixel



Ray Tracing



Ray Tracing Whitted 1979

• Assumptions:

– Light Source

> point light source

– Material

> diffuse with specular spike (e.g., Phong Model)

– Light Propagation

> occluding objects (shadows, but no penumbra)

> no attenuation

> Specular inter-reflections only (trace rays in mirror reflection direction only)





Doug Kay Cornell 1979



Ray Tracing  Specular Directions
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Ray Tracing Model Whitted 1979





First Reflection

Roy Hall



Two Reflections

Roy Hall



Three Reflections

Roy Hall



Four Reflections

Roy Hall



Five Reflections

Roy Hall



Six Reflections

Roy Hall











Eric Haines



Eric Haines



Jason Ardizzone-West

1995





Surface Reflectance

For simplicity transmitted directions are not shown.



Ray Tracing

For simplicity transmitted directions are not shown.



Weghorst Bounding Sphere 1984



Office Weghorst 1984

Resolution =256 x240

CPU hrs. = 14.6



Pool Room Weghorst 1984

Resolution =256 x240

CPU hrs. = 14.33



Path Tracing

• Path Tracing is similar to ray tracing except that many rays are sent for 

each pixel. 

• Rays are sent out on a probabilistic basis depending on the reflectance 

(transmittance) distributions of each surface that is struck. 

• Computations can be accelerated by using “importance sampling”, where 

the ray directions are dependent on the magnitude of the potential effects. 



Path Tracing



Path Tracing

• Rays are cast to estimate the transported radiance. 

• Recursion stops if

– A light source is hit

– A maximum depth/minimum radiance is reached

– The ray leaves the scene/hits the background

Teschner



Path Tracing

For simplicity transmitted directions are not shown.



Probabilistic Sample Direction for Path Tracing

Sampled Direction

For simplicity transmitted directions are not shown.



Path Tracing

1 sample/pixel
100 samples/pixel

1,000 samples/pixel 10,000 samples/pixel



Path Tracing samples/pixel

1 s/p 8 s/p

4096 s/p 65k s/p

https://en.wikipedia.org/wiki/Path_tracing

Noise decreases as the number of samples 

per pixel increases. The top left shows 1 

sample per pixel, and doubles from left to 

right each square.

https://en.wikipedia.org/wiki/Path_tracing


Nvidia 2018



Path Tracing

1 sample/light source

100 samples/pixel 100 samples/light source

100 samples/pixel



Bi-directional Path Tracing



Bi-Directional Path Tracing



Photograph

Bi-directional Path Tracing



End



Radiosity
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Comparison of experiment and theory

Aluminum s0= 0.28m,  t =1.77m





Video: Material Science



Total Cost of Intersection Operation



Why Triangles? 



Monte Carlo Ray Tracing
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Ray Tracing Model Whitted 1979


