EUROGRAPHICS 2007

Tutorial 6
Capturing Reflectance
From Theory to Practice

Hendrik P.A. Lensch, MPI Informatik
Michael Goesele, TU Darmstadt
Gero Mdller, Bonn University

Schedule

14:00-14:25 — Introduction (Lensch)

14:25-15:00 — Acquisition Basics (Goesele)

15:00-15:30 — Reflectance Sharing (Goesele)

15:30-16:00 — Break

16:00-16:45 — Reflectance Fields for Distant Lights (Mdller)
16:45-17:20 — Near-field Reflectance Fields (Lensch)
17:20-17:30 — Conclusion, Q/A
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Capturing Reflectance
From Theory to Practice

Introduction

Hendrik P.A. Lensch
MPI Informatik

Material Samples

diffuse glossy mirror
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Material Samples

., diffuse W, Mirror
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Material Samples

anisotropic
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Material Samples

1=
translucent
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Material Samples

/
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complex surface structure
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Material Samples

i,
translucent
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How to describe materials?

* mechanical, chemical, electrical properties

reflection properties
* surface roughness

+ geometry/meso-structure

relightable representation of appearance
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Gloss Model

0 contrast gloss

specular gloss
30°  (reference)
30.3" distinctness-of-image
bloom
*  haze
diffuseness

\\ 1z 85°

sheen
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Reflection of an Opaque Surface

@y
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Reflection of an Opaque Surface
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Hendrik Lensch

BRDF - 4D

(bidirectional reflectance distribution function)

fr (&Jl - &30)

Q!

0 wi
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BRDF - 4D

(bidirectional reflectance distribution function)
dL(a,)

fr(a_ji - E)o) = dE((?))

0 wi

Q!

ratio of reflected radiance to incident irradiance
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Spatially Varying BRDF — 6D

heterogeneous materials

fr (a_jl - a_jo)

Q!

0 wi

EG 2007 Tutorial: Capturing Reflectance — From Theory to Practice Hendrik Lensch

Spatially Varying BRDF — 6D

heterogeneous materials

fr GX(@I - 5)0)
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Isotropic BRDF — 3D

invariant with respect to rotation about the
normal

)
S
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Isotropic BRDF — 3D

invariant with respect to rotation about the

normal =~ ~
f (o — a,)
r 1 (]
@, @,
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Isotropic BRDF — 3D

invariant with respect to rotation about the

normal - (Ge) — ). 0,))
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Subsurface Scattering
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BSSRDF - 8D

(bidirectional scattering surface
reflectance distribution function)

f (%, @) = (%, @ R
w,

”Eﬁ?‘?
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Subsurface Scattering
Homogeneous Material
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Homogeneous Material
BSSRDF - 6D

(8% ) — @) @,))
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Generalization — 12D

f (4 (%,6)—> (X,d,))

]

o .

Generalization — 12D

f (4 (%,6)—> (X,d,))
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Generalization — 12D

f (%, @A) = (%0, @51 4,))

fluorescence
(o] —
‘ "
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Generalization — 12D

F(6 (R @50 4) = (%o, @6, 4o))

time-varying scenes
(o] —

S

Hendrik Lensch
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Generalization — 12D

fr((ii’@iiti’ﬂﬁ)_)()zo’(?)o’toiﬂ’o))

— different path length
o phosphorescence
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Taxonomy of
Appearance Representations

i

General Function

Scattering Fusction - 90

l D

Bidirectional Reflectunce Distribution Function y N
s BSSROF -
{Spatially Varying BRIF) - 61 Homogencous BSSROF - 61

Homogeneows BRDF - 4D

Function (BSSRIVF) - 8D

Scattering Surface

Ipee bl atterisg v planat borsogrmovsss material

Isotropic BRDF - 30

l\ ...... —

Gloss - 1D or BIY

dendrik Lensch




Properties of Reflectance Functions

Helmholtz reciprocity
energy conservation

Fresnel effect
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Helmholtz Reciprocity

fr (@l - C?Jo)
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Helmholtz Reciprocity

fr (a_jl %fMF‘_fr‘@) < a_jo)
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Energy Conservation

The sum of energy reflected into all directions
has to be smaller or equal than the incident

energy.
[ 1.(@, > @,)cos(6, o, <1
Q,
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Snell's Law

1,(4)sin G, =1, (4)sin 6,
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Fresnel Formula
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o from air to glass
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Material Acquisition

single picture

no interaction
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Material Acquisition

diffuse color + geometry model

no relighting
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Material Acquisition

BRDF + geometry model
moving highlights

Hendrik Lensch
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Material Acquisition

spatially-varying BRDF + geometry model
moving highlights

Hendrik Lensch
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Digitizing real-world Objects

a single photograph
2D

scene
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Light Fields

[Gortler96], [Levoy96] R 7.

7ot

distribution of all reflected light rays
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Relighting

one picture for each light direction
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Relighting

[Debevec2000]

Q.

v Q

superposition principle
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4D Reflectance Fields

Q+Q+g+§)

[Debevec2000]

2D
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Far- vs. Near-Field lllumination
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6D Reflectance Fields
Near Field illumination

S .
o [ o
I 2 4§

£

-,

relighting with 4D incident light fields
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8D Reflectance Fields

arbitrary perspective + arbitrary illumination
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Acquisition 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

General Function- 1200
Fgnore time dependency i phosphosesoenot)
Assue: ssdependent wavclength i flusrccence |
Scattering Fusction - 90

Diseresine wanvelength (RGR)

Scattering Surface Function (BSSRDF) - 8D

Hemogencous BSSRDF - 61

Isotropic BRDF - 30

l IR—

Liborss - 1 or B dendrik Lensch

Igoee bl satterisg

Bidirectional Reflectunce Distribution Function
iSpatially Varying BRDF) - 6D

Assisrne: homopescos matcrial

Acquisition Taxonomy

Reflectance Field, BSSRDF - 8D

ignore global illur":V ld'.r th
lights

Spatially Varying BRDF - 6D Reflectance Field, BTF, Rendering with Incident
; l Opacity Hull - 6D Light Fields - 61}

constant BRDF +
Texture - 40421

fixed
illumination
. X Environment Matting, Diffuse Subsurface
Light Field - 4D single camera Refl. Field - 4D Reflectance Function - 4D

fixed
fixed view illumination lixed view and illumination

Diffuse Texture Map - 2D
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fixed
illumination

fixed
view neglect directional effects,
diffuse scattering only

irectional
lights

fixed
illumination

Reflectance Sharing

Reflectance Field, BSSRDF - 8D

dircctiona fined view
lights

Reflectance Field, BTF, Rendering with Incident
Opacity Hull - 6D Light Fields - 61y

fixed
view neglect directional effects,
diffuse scattering only

irectional
lights

fixed
- illumination
illumination
. X Environment Matting, Diffuse Subsurface
Light Field - 4D single camera Refl. Field - 4D Reflectance Function - 4D

fixed
fixed view illumination lixed view and illumination

Diffuse Texture Map - 2D
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Reflectance Fields for Distant Lights

Reflectance Field, BSSRDF - 8D

ignore global illumination effects fined view

Rendering with Incident
Light Fields - 61y

Spatially Varying BRDF - 6D

neglect directional effects,
diffuse scattering only

constant BRDF +
Texture - 40421

fived
illumination
. X Environment Matting, Diffuse Subsurface
Light Field - 4D single camera Refl. Field - 4D Reflectance Function - 4D

fixed
fixed view il i and illumination

Diffuse Texture Map - 2D
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irectional
lights

illumination

Near-Field Reflectance Fields

Reflectance Field, BSSRDF - 8D

ignore global illuminat directional
lights

Spatially Varying BRDF - 6D Reflectance Field, BTF,
l Opacity Hull - 6D

constant BRDF +
Texture - 40421

fixed
illumination
Environment Matting,

Light Field - 4D Goole camera Refl. Field - 4D

fixed
fixed view illumi

Diffuse Texture Map - 2D
EG 2007 Tutorial: Capturing Reflectance — From Theory to Practice Hendrik Lensch

fixed
illumination

fixed
illumination




Summary

densely sampling 8D functions almost
impossible

less dimensions might be sufficient for
specific tasks / materials
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