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Rich variety of materials: characterized by 
surface reflectance, scattering 

The  Visual  World	



Understanding  Reflectance	

for each position: 
   for each direction of incident light: 
      for each reflected direction: 
            how much light is reflected? 



Understanding  ScaGering	

for each incident position: 
   for each exitant position: 
         how much light is scattered? 



Motivation	

•  Understanding appearance models aids in: 

–  Photorealistic image synthesis 

–  Image-based view and lighting interpolation 

–  3D reconstruction from images 

–  Image interpretation 

–  Understanding human material perception 



Overview	

•  Radiometry and Radiometric Units 

•  BRDF properties and common BRDFs 

•  Subsurface scattering 

•  Taxonomy of reflection and scattering functions 



Radiometric  Units	

•  Light is a form of energy – measured in Joules (J) 

•  Power: energy per unit time 

–  Measured in Joules/sec = Watts (W) 

–  Also called Radiant Flux (Φ) 



•  Total radiant flux in Watts 

•  How to define angular dependence? 

–  Solid angle 

Point  Light  in  a  Direction	

Solid angle dω 



•  Angle in radians 

•  Solid angle in steradians  

Digression  –  Solid  Angle	

Area A 
Solid angle ω = A/r2 

Length l 
Angle θ = l/r 



Point  Light  in  a  Direction	

•  Total radiant flux in Watts 

•  How to define angular dependence? 

–  Solid angle 

 

•  Radiant flux per unit solid angle 

–  Measured in Watts per steradian (W/sr) 

Solid angle dω 



Light  Falling  on  a  Surface	

•  Power per unit area – Irradiance (E) 

–  Measured in W/m2 

•  Move surface away from light 

–  Inverse square law: E ∼ 1/r2 

•  Tilt surface away from light 

–  Cosine law: E ∼ n · l 



•  Power per unit area per unit solid angle – 
Radiance (L) 

–  Measured in W/m2/sr 

–  Projected area – perpendicular to given direction 

–  Cameras (and our eyes) “see” radiance 

Light  EmiGed  from  a  Surface  
in  a  Direction	
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•  Bidirectional Reflectance Distribution Function 

•  4-dimensional function: also written as 

Surface  Reflectance  –  BRDF	
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F. E. Nicodemus, J. C. Richmond, J. J. Hsia, and I. W. Ginsberg,  
Geometrical Considerations and Nomenclature for Reflectance, 
Boulder CO: National Bureau of Standards, 1977. 



BRDF	

•  Radiance/irradiance ratio 

–  Directional exitant radiance distribution 

–  For each direction of incident irradiance 



BRDF	

•  Radiance/irradiance ratio 

–  Directional exitant radiance distribution 

–  For each direction of incident irradiance 



BRDF	

•  Radiance/irradiance ratio 

–  Directional exitant radiance distribution 

–  For each direction of incident irradiance 



•  Energy conservation: 

•  Helmholtz reciprocity: 

Properties  of  the  BRDF	
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Isotropy	

•  A BRDF is isotropic if it stays the same when 
surface is rotated around normal 

•  Isotropic BRDFs are 3-dimesional functions: 
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Anisotropy	

•  Anisotropic BRDFs do depend on surface rotation 



Other  BRDF  Features	

•  BRDFs for dusty surfaces scatter light 
towards grazing angles 



Other  BRDF  Features	

•  Retroreflection: strong reflection 
back towards the light source 

•  Can arise from bumpy diffuse surfaces 

•  … or from corner reflectors 



•  Constant BRDF: ideal diffuse reflectance 

Lambertian  BRDF	

π
ρ

== .constfr



Blinn-‐‑Phong  BRDF	

•  Simple BRDF describing specular reflection 
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•  Physically-based BRDF model 

–  Originally used in the physics community 

 

•  Assume surface consists of tiny “microfacets” 
with mirror reflection off each 

Torrance-‐‑Sparrow  BRDF	
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•  D  term is distribution of microfacets 
(i.e., how many are pointing in each direction) 

•  Beckmann distribution 

Torrance-‐‑Sparrow  BRDF	

β  is angle between n and h 
h  is halfway between l and v 
m  is “roughness” parameter 
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•  G  term accounts for self-shadowing 

Torrance-‐‑Sparrow  BRDF	
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Torrance-‐‑Sparrow  BRDF	

•  F  is Fresnel term – reflection from an ideal smooth surface 
(solution of Maxwell’s equations) 

•  Consequence: most surfaces reflect (much) more strongly 
near grazing angles 

Metal 
(note behavior at Brewster’s angle) Dielectric 



Complex  BRDF  Models	

[MATUSIK ET AL. 2003] 

Measured Analytic 

[COOK & TORRANCE 1982] 



The  SVBRDF:  6D	

Spatially- 

Varying 

Bi-Directional 

Reflectance 

Distribution 

Function 



Bidirectional  Texture  Functions	

•  For non-flat samples, datasets include effects 
due to occlusion, shadowing 

–  Often called Bidirectional Texture Functions – BTFs 

[DANA  ET AL. 1999] 



Translucent  Materials	

Surface reflection only With subsurface scattering 

[PEERS ET AL. 2006] 



Subsurface  ScaGering	

•  Translucency: light no longer leaves surface at 
point of incidence 

–  Not a BRDF! 



•  The Bidirectional Scattering-Surface Reflection 
Distribution Function 

 

–  Generalization of spatially-varying BRDF 

The  BSSRDF	
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•  BSSRDF often dominated by multiple scattering 

•  Accurately modeled by diffusion approximation 

–  Angular behavior described 
by Fresnel equations 

–  Spatial behavior 
equivalent to a dipole 

BSSRDF  Simplification	
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BSSRDF  Dipole  Model	

Surface reflection only With subsurface scattering 

[WANN JENSEN ET AL. 2001] 



BSSRDF:  Homogeneous  	

•  Homogeneous: uniform material 

position 

intensity 



BSSRDF:  Heterogeneous	

•  Homogeneous: uniform material 

•  Heterogeneous: spatially-varying materials 

position 

intensity 



Heterogeneous  ScaGering	

[PEERS ET AL. 2006] 



Generalizing  Further	

•  Many additional effects could be incorporated into 
appearance functions: add 1 dimension for each 

–  Wavelength  

–  Fluorescence 

–  Time dependence 

–  Phosphorescence 



Appearance  Taxonomy	
Scattering function: 12D 

(xi,yi,θi,φi,ti,λi,xo,yo,θo,φo,to,λo) 

BSSRDF: 8D 
(xi,yi,θi,φi,xo,yo,θo,φo) 

SVBRDF: 6D 
(x,y,θi,φi,θo,φo) 

BRDF: 4D 
(θi,φi,θo,φo) 

Isotropic BRDF: 3D 
(θi,θo,φi - φo) 

Heterogeneous Multiple Scattering: 4D 
(xi,yi,xo,yo) 

Homogeneous Multiple Scattering: 1D 
(||xi - xo||) 

Diffuse Texture: 2D 
(xi ,xo) 


