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Optics for Ideal Surfaces





Categories of Reflection Functions
Ideal specular 

Diagrams illustrate how light from 
incoming direction is reflected in 
various outgoing directions.



Snell’s Law of Refraction



The Fresnel Term (n*) 







Perfect Specular Reflection: 
How to compute bounce







Total Internal Reflection (TIR) 







BRDF

The bidirectional reflectance 

distribution function



Disney BRDF: flexible model used in production

Physically Based Shading at Disney, 2012



BRDF 



What is a BRDF?



What is a BRDF?

That’s how you read “lobe” diagrams: 

Length of lobe = amount of incoming 

light reflected in that direction





Important properties



Important properties









Points of clarification: terminology



BRDF “coordinate system” in assignment

● Align the normal with the z axis (0,0,1) 
● This simplifies BRDF evaluation math
● ONLY valid for a single point on an object!
● Not the same as “object space”

World-space 
orientation of surface

Local BRDF-space defined 
by normal vector



Simple BRDFs



Diffuse / Lambertian Material



Important concept: the “half angle”



How does this work with reflection integral?



Microfacet BRDFs



Microfacet Theory



CS184/284A Ren Ng

•
•

• Spread <==> diffuse

Key: the distribution of microfacets’ normals

Concentrated <==> glossy

Microfacet BRDF



Shadowing/masking term

At grazing incoming light angles, some microfacets will 
block light from reaching other parts of surface



•What kind of microfacets reflect wi to wo? 
(hint: microfacets are mirrors)

 

Microfacet BRDF
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Isotropic / Anisotropic materials



Isotropic / Anisotropic Materials (BRDFs)



Importance Sampling



Importance sampling: lights and BRDF



Shoot rays toward random point on light surface



Shoot rays in proportion to BRDF strength



Importance sampling diffuse BRDF



Importance sampling microfacet BRDF



“Importance sampling” perfect specular BRDFs



Participating Media



Participating Media









Subsurface Scattering (BSSRDF)





Inverse Rendering






