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Material SamplesMaterial Samples

translucent
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Material SamplesMaterial Samples

complex surface structure
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Material SamplesMaterial Samples
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How to describe materials?How to describe materials?

• mechanical, chemical, electrical properties

• reflection properties

• surface roughness

• geometry/meso-structure

• relightable representation of appearance
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Gloss ModelGloss Model
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BRDF – 4DBRDF – 4D

(bidirectional reflectance distribution function)
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BRDF – 4DBRDF – 4D

(bi-directional reflectance distribution function)

ratio of reflected radiance to incident irradiance
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Spatially Varying BRDF – 6DSpatially Varying BRDF – 6D
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• heterogeneous materials
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• invariant with respect to rotation about the 
normal

Isotropic BRDF – 3DIsotropic BRDF – 3D
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• invariant with respect to rotation about the 
normal

Isotropic BRDF – 3DIsotropic BRDF – 3D
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ϕ∆

• invariant with respect to rotation about the 
normal

Isotropic BRDF – 3DIsotropic BRDF – 3D
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Subsurface ScatteringSubsurface Scattering
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BSSRDF – 8DBSSRDF – 8D

(bidirectional scattering surface
reflectance  distribution function)
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Subsurface Scattering
Homogeneous Material
Subsurface Scattering
Homogeneous Material
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Homogeneous Material
BSSRDF – 6D
Homogeneous Material
BSSRDF – 6D
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Generalization – 12DGeneralization – 12D
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Generalization – 12DGeneralization – 12D
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Generalization – 12DGeneralization – 12D
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Generalization – 12DGeneralization – 12D
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Taxonomy of 
Appearance Representations
Taxonomy of 
Appearance Representations
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Properties of 
Reflectance Functions
Properties of 
Reflectance Functions

• Helmholtz reciprocity

• energy conservation

• Fresnel effect
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Energy ConservationEnergy Conservation

• The sum of energy reflected into all directions 
has to be smaller or equal than the incident 
energy.
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Snell’s LawSnell’s Law
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Material AcquisitionMaterial Acquisition

• single picture 
– no interaction
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Material AcquisitionMaterial Acquisition

• diffuse color + geometry model 
– no relighting
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Material AcquisitionMaterial Acquisition

• BRDF + geometry model
– moving highlights
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Material AcquisitionMaterial Acquisition

• spatially-varying BRDF + geometry model
– moving highlights
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Acquisition ApproachesAcquisition Approaches

• hard to sample an 8D function

• dimensionality reduction

• sampling density

• restricted viewing and relighting capabilities

• restriction to a specific class of 
materials/objects
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Taxonomy of 
Appearance Representations
Taxonomy of 
Appearance Representations
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Acquisition TaxonomyAcquisition Taxonomy
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