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Dimensionality of Appearance

( , , , , , ) ( , , , , , )in outx y t x y tθ φ λ θ φ λ→

General function = 12D

Scattering function = 9D

Assume time doesn’t matter (no phosphorescence)

Assume wavelengths are equal  (no fluorescence, raman scattering)

Single-wavelength Scattering function = 8D

Assume wavelength is discretized or integrated into RGB
(This is a common assumption for computer graphics)

( , , , ) ( , , , )in outx y x yθ φ θ φ→

(this diagram thanks to Srinivasa Narasimhan)



Single-wavelength Scattering function = 8D

( , , , ) ( , , , )in outx y x yθ φ θ φ→

Bidirectional Texture Function (BTF)
Spatially-varying BRDF (SVBRDF)  = 6D

Ignore subsurface scattering (x,y) in = (x,y) out

Bidirectional Subsurface Scattering
Distribution Function (BSSRDF) = 6D

Ignore dependence on position

Light Fields, Surface LFs = 4D

Ignore direction of incident light

( , , , )outx y θ φ

Texture Maps = 2D

Assume Lambertian

( , )outx y

3D

Assume isotropy

BRDF = 4D

Ignore subsurface scattering

( , ) ( , )in outθ φ θ φ→

Ignore dependence
on position

2D

Measure plane of incidence

0D

Low-parameter BRDF model



Measuring BRDFs

• BRDF is 4-dimensional, though simpler measurements (0D/1D/2D/3D) are 
often useful



Measuring Reflectance

0º/45º
Diffuse Measurement

45º/45º
Specular Measurement



Gloss Measurements

• “Haze” is the width of a specular peak



BRDF Measurements

• Next step up: measure over a 1- or 2-D space



Gonioreflectometers

• Or a 4D space



Image-Based BRDF Measurement

• A camera acquires with each picture a 2D image of 
sampled measurements
– Requires mapping light angles to camera pixels



Ward’s BRDF Measurement Setup



Ward’s BRDF Measurement Setup

• Each picture captures light from a hemisphere of 
angles



Image-Based BRDF Measurement

• For uniform BRDF, capture 2-D slice corresponding to variations in 
normals (Marschner et al)

Marschner et al.’s Modification



Example Measurement Process





























Human Face

• Don’t both with resampling, just acquire all 
options!



Debevec et al.: Light Stage 1
[demo]



[demo]



Benjamin Button…

• Light Stages

http://gl.ict.usc.edu/LightStages/


Light Stages

• Up to 8M in diameter
• Up to 6,666 LED lights
• Up to 990 Hz frames per second 

(33 repeating light conditions) 



Shape and Material by Example

• http://grail.cs.washington.edu/pub/p
apers/HertzmannSeitzCVPR2003.pdf

• Method:
– Performs photometric reconstruction
– But they ALSO exploit “orientation 

consistency” so that material can be 
copied (i.e., propagated) from example 
to reconstruction 

– They also cluster the occurrences to one 
of the determined distinct materials

http://grail.cs.washington.edu/pub/papers/HertzmannSeitzCVPR2003.pdf
http://grail.cs.washington.edu/pub/papers/HertzmannSeitzCVPR2003.pdf
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