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SIGGRAPH 2010 Course: Physically Based Shading Models in Film and Game Production 

Course website (shortened URL)  

http://bit.ly/s10shaders 
 

ÅCourse materials will be available on this 

website shortly after the conference 



Schedule (Note Recent Change) 
Å 2:00-2:30 Background: Physically Based Shading (Hoffman) 

Å 2:30-3:00 Practical Implementation of Physically Based Shading 

Models at tri-Ace (Gotanda) 

Å 3:00-3:00 Crafting Physically Motivated Shading Models for Game 

Development (Hoffman) 

Å 3:30-3:45 Break 

Å 3:45-4:30 Terminators and Iron Men: Image-Based Lighting and 

Physical Shading at ILM (Snow) 

Å 4:30-5:00 Faster Photorealism in Wonderland: Physically Based 

Shading and Lighting at Sony Pictures Imageworks (Martinez) 

Å 5:00-5:15 Conclusion, Q&A (All)  
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Background: Physically Based Shading 

Naty Hoffman 

Activision 



Background 

ÅThe Physics of Shading 

ÅThe Mathematics of Shading 

ÅImplementing Shading 
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The Physics of Shading 



The Physics Behind Shading 

ÅThe physical phenomena that occur when light 

interacts with matter 
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What is Light? EM Transverse Wave 
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What is Visible Light? ~400-700nm  



Light Propagating Through Matter 

ÅLight propagating through a homogeneous 

medium is affected by mediumôs refractive index 

ÅIn the general case, itôs a complex number 

ïThe real part affects the speed of propagation 

ïThe imaginary part affects whether the light is 

absorbed as it propagates 

ÅRefractive index may vary with wavelength 
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Transparent media 

ÅE.g. water, glass ï absorption in the visible 

spectrum is very low 
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Clear Absorbent Media 

ÅSignificant absorption over all or part of the 

visible spectrum 
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Scale 

ÅScale important ï absorption negligible over 

inches... 
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Scale 

Åémay be significant over yards 
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What if the medium isnôt homogeneous? 

ÅIndex of refraction changes 

ïIf it changes slowly and continuously, light bends 

ïIf it changes abruptly, over a small distance 

(compared to the wavelength), then light scatters 

ÅDirection of light changes abruptly; amount of 

light stays the same 
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Scattering by a particle: light direction 

changes randomly 
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Interactions of Light and Matter 

ÅAbsorption: intensity decrease / 

color change, direction unchanged 

 

ÅScattering: direction of light 

changes, intensity unchanged 

 

ÅEmission (new light created; 

doesnôt come up often in shading) 
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Cloudy Media 

ÅScattering somewhat randomizes light 

propagation direction 
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Scattering and Scale 

ÅScale matters here too 

SIGGRAPH 2010 Course: Physically Based Shading Models in Film and Game Production 



Opaque or Translucent Media 

ÅScattering completely randomizes light 

propagation direction 
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Scattering (turbidity) 

Absorption and Scattering 



Scattering at a Planar Boundary 

ÅAbrupt changes in refractive index cause light 

direction to change 

ÅThere is an important special case: 

ïInfinite, perfectly flat planar boundary between two 

volumes with different refractive indices 

ïObject surface; refractive index of air on one side of 

the boundary, refractive index of object on the other 
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Wait a Moment, ñInfiniteò? 

ÅThe relevant scale is the wavelength of visible 

light (400-700nm) 

ÅAt this scale surface effectively infinitely large 
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ñPerfectly Flatò? What About Atoms? 

ÅIt is possible to be perfectly flat at this scale 

ïBumps much smaller than wavelength donôt count 
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Planar Boundary: Reflection & Refraction 

ÅLight splits into two 

directions: reflection 

and refraction 

ÅRefracted light may 

be absorbed and/or 

scattered under the 

surface 

 
Image from ñReal-Time Rendering, 3rd Editionò, A K Peters 2008 



Surfaces That Arenôt Optically Flat 

ÅFew surfaces (mostly high-quality optical mirrors 

and lenses) are optically flat (all irregularities are 

much smaller than visible light wavelengths) 

ÅMost surfaces have irregularities which are 

larger than light wavelengths but smaller than 

the scale of observation (e.g. subpixel size) 
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Microgeometry 

ÅAt surface point, light reflected in one direction 

ÅSurface appearance is aggregate result of many 

points with different surface orientations 

Image from ñReal-Time Rendering, 3rd Editionò, A K Peters 2008 



Rougher = Blurrier Reflections 

Images from ñReal-Time Rendering, 3rd Editionò, A K Peters 2008 



Macroscopic View 

Image from ñReal-Time Rendering, 3rd Editionò, A K Peters 2008 



Metals 

ÅAll refracted light is immediately absorbed  
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Non-Metals (Insulators, Dielectrics) 

ÅRefracted light undergoes scattering and/or 

absorption, often re-emerging from the surface 

Image from ñReal-Time Rendering, 3rd Editionò, A K Peters 2008 



Scale and Subsurface Scattering 

ÅDistribution of entry-exit distances depends on 

density and properties of scattering particles 
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Scale and Subsurface Scattering 

ÅIf pixel is large (green circle) compared to entry-

exit distances, can assume distances are zero 

Image from ñReal-Time Rendering, 3rd Editionò, A K Peters 2008 



Scale and Subsurface Scattering 

ÅBy ignoring entry-exit distance, all shading can 

be computed locally, at a single point 

Image from ñReal-Time Rendering, 3rd Editionò, A K Peters 2008 



Shading Terms 

ÅSurface reflection modeled as ñspecularò and 

refraction with subsurface scattering as ñdiffuseò 

specular diffuse 
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Scale and Subsurface Scattering 

ÅIf pixel is small (red circle) compared to entry-

exit distances, local shading does not suffice 
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The Mathematics of Shading 



Radiometry ï The Measurement of Light 

ÅThere is a variety of radiometric quantities 

ÅWe will use radiance, which measures the 

intensity of light along a single ray 

ÅRadiance varies with light wavelength 

ïTechnically requires a continuous spectral distribution 

ïProduction graphics use tristimulus values like RGB 
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Local Shading 

ÅGiven the assumption that shading can be 

handled locally, light response at a surface point 

only depends on the light and view directions 



BRDF: Function of View & Light Direction 

ÅBidirectional Reflectance Distribution Function 

ÅIn principle, 4D or 3D function 

ÅIn practice, a varying 

number of angles is 

used to compute it 

 

Image from ñReal-Time Rendering, 3rd Editionò, A K Peters 2008 



Domain of the BRDF 

ÅIn principle, reflection is only defined for light 

and view directions above the surface 

 

ÅIn practice, sometimes other situations need to 

be handled (e.g., normal mapping) ï this will be 

discussed in the course notes 
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BRDF: One Interpretation 

ÅFor a ray of incoming light from a given direction, 

the BRDF gives the distribution of outgoing light 

in all directions 
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BRDF: Another Interpretation 

ÅFor a given view direction, the BRDF gives the 

relative contribution of each incoming direction 
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