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Motivation

* Object appearance modeling...
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Motivation

* Object appearance:

- Object material (‘shading’)
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Motivation ~a

* Object appearance:

- Global illumination
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Introduction

* Object material modeling...
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Introduction

 Object material modeling
- Colour
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Introduction

 Object material modeling

- Environment reflection
(present?, sharp/blurry?, ...)
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Introduction

 Object material modeling

- Specular highlight
(present?, small/large?,
colour?, ...)
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Introduction

 Object material modeling

- Visible surface features
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e |ntroduction
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e Sample BRDF

 Layered microfacet model

* |Introduction
e Assumptions
* Description
* Details
 Examples

Oskar Elek, CGG MFF UK

12. 01. 2010



e Bidirectional Reflectance Distribution Function
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d’L,(0,,x,y,1)
L(®.,x,y,A)cosBdAdw,

(0.0 x y.4)=
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d’L,(0,,x,y,1)

(0.0 x y.4)=

\ L(®.,x,y,A)cosBdAdw,

\

* Incident/reflected vectors
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d’L,(0,,x,y,)

(0.0 x y.A)=

/< L(®.,x,y,A)cosBdAdw,

® S u rfa Ce pOSiti O n (correctly not part of BRDF)

Oskar Elek, CGG MFF UK

12. 01. 2010



2
fr(®f,®r,)€,y9/l): d Lr(®;~;x,y,i)

/ L(®.,x,y,A)cosBdAdw,

 Wavelength
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d’L,(0,,x,y,)
L(O,,x,v,A)cos8dAdw,

(0.0 x y.4)=

* Incident radiance
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d°L(®,,x,y,1)
L(®/x,y,A)cosb,dAdw,

(0.0 x y.4)=

* Reflected radiance
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BRDF - Types

 Empirical models
 Phong/Blinn-Phong, Ward, Strauss, Lafortune
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BRDF - Types

* Analytical first principles models
* Torrance-Sparrow/Cook-Torrance, Oren-Nayar
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BRDF - Types

 Simulation from first principles
e Cabral et al., Westin et al., Gondek et al.
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BRDF - Types
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BRDF - Properties

 Energy conservation (!)

d’L (©, ,x,v,1)
L(®.,x,y,A)cosBdAdw,

f;ﬂ(®;{n®;n 9y92’)_
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BRDF - Properties

 Helmholtz reciprocity principle (!)

d’L (©, ,x,v,1)
L(®.,x,y,A)cosBdAdw,

f;ﬂ(®;{n®;n 9y92’)_
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BRDF - Properties

 Good Monte-Carlo sampling properties

d’L (©, ,x,v,1)
L(®.,x,y,A)cosBdAdw,

f;(®;n®; > 9y:j’)_
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BRDF - Properties

e Reasonable amount of storage

d’L (©, ,x,v,1)
L(®.,x,y,A)cosBdAdw,

f;(®;n®; > 9y:j’)_
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BRDF - Properties

 Good appearance reproduction

d’L (©, ,x,v,1)
L(®.,x,y,A)cosBdAdw,

tf;;-(®;{n®;n :ynﬁ)_
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BRDF - Sampling

 Path propagation vs. BRDF evaluation
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BRDF - Sampling

 Path propagation (global model):
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BRDF - Sampling

e Combined BRDF evaluation (local model):
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BRDF - Perspectives

* Non-RT vs. RT applications...
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BRDF - Perspectives

* Non-RT renderer:
- Local and global sampling (incl.
- High-quality reproduction
- Good storage possibilities
- Speed not crucial
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BRDF - Perspectives

* RT renderer:
Only local model
Best-effort reproduction
Only closed form
Speed is crucial
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Sample BRDF - Lambert and mirror reflection %"

* |deal mirror reflection/transmission
- Fresnel term

- Snell’s law

sinB;/sind, = n,/n,
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Sample BRDF - Lambert and mirror reflection %"

e Lambertian (diffuse) reflection
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Sample BRDF - Phong/Blinn-Phong

 Empirical model

* Physically implausible
* No energy conservation
* No Fresnel reflectance
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Sample BRDF - Phong/Blinn-Phong

* Phong:
A'i,.luurr == (‘0‘3 (R V)

e Blinn-Phong
kspec = cos” (N, H)
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Sample BRDF - Torrance-Sparrow

* Analytical first principles model
- Rough surface, V-shaped specular microfacets

e Cook-Torrance similarity
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Sample BRDF - Torrance-Sparrow

e D - distribution term
e Gaussian, Beckmann, etc.

e F - Fresnel term

e G - geometry attenuation
term (masking)

2(H N)(E-N) 2(H - N)(L-N)

& = min(1, -)

E-H ’ E-H
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Sample BRDF - Oren-Nayar

* Analytical first principles model
- Rough surface, V-shaped diffuse microfacets
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Sample BRDF - Oren-Nayar

£ g, cost(A+ BMax [01 cos (@r — ¢4 )] sin «v tan /)

0_2

c+0.33

A=10-0.5
a

a
2 +

B =10.45
a
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Outline

e |ntroduction

* BRDF

* Types

* Properties

e Sampling

* Perspectives

e Sample BRDF

» Layered microfacet model

 Introduction
e Assumptions
e Description
* Details
 Examples
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 Layering problem

Oskar Elek, CGG MFF UK 12. 01. 2010



 Layering problem

* Full solution complicated
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Layered microfacet model - Assumptions ~ar

 A. Weidlich and A. Wilkie: Arbitrary Layered Micro-
Facet Surfaces, 2007
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Layered microfacet model - Assumptions ~ar

 A. Weidlich and A. Wilkie: Arbitrary Layered Micro-
Facet Surfaces, 2007

e Assumptions
- (1) Large microfacets (~thin layers)
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Layered microfacet model - Assumptions ~ar

 A. Weidlich and A. Wilkie: Arbitrary Layered Micro-
Facet Surfaces, 2007

e Assumptions

- (2) Point of incidence = point of exit
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Layered microfacet model - Assumptions ~ar

 A. Weidlich and A. Wilkie: Arbitrary Layered Micro-
Facet Surfaces, 2007

e Assumptions

- (3) Refracted rays meet at single point
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Layered microfacet model - Assumptions ~ar

 A. Weidlich and A. Wilkie: Arbitrary Layered Micro-
Facet Surfaces, 2007

e Assumptions

- (4) No scattering within layers
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1. Upper layer BRDF
evaluation

fr(6:.6;)
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e 2. Energy enters acc. to
Fresnel’s law and under-
goes absorption

12| |a

Oskar Elek, CGG MFF UK 12. 01. 2010



3. Lower layer BRDF
evaluation at single

point

ﬁ"z (95’ ; 9}“" )
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4. Upward attenuation
and recombination

Oskar Elek, CGG MFF UK 12. 01. 2010



Layered microfacet model - Details

 Absorption term a
- Bouguer-Beer-Lambert law
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Layered microfacet model - Details

 Absorption term a
- Bouguer-Beer-Lambert law

—od- (=L +—1—)

COS 95; COS Qr’

a—=~e
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Layered microfacet model - Details

e Total internal reflection term t
- Snell’s law and upper layer microfacet distribution

IZ(I—G)+T21-G 1

2
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+ 4
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Layered microfacet model - Details

e Final combination

fr = (61.6,) +Tia- f,(67.6,) -a-1
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Layered microfacet model - Sampling

 Both local and global model
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Layered microfacet model - Sampling

* Importance sampling
- Global model - per-layer evaluation
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Layered microfacet model - Sampling

* Importance sampling
- Global model - per-layer evaluation
- Local model - weighting

p(x) >0
fDP() puix)=1

P = szpz
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Layered microfacet model - Examples

e Gl renders

b)
Glossy Paint Tinted Glazing Frosted Paint Metal Foil Metalllc Paint Frosted Metal Patlna Multl Layer

Interfaces: Materials: B Metal Tinted Varnish l

~~~~~ Torrance-Sparrow B Coloured Solid -~ Colourless Solid Clear Varnish

Oskar Elek, CGG MFF UK 12. 01. 2010



Layered microfacet model - Examples

e Gl renders

Glossy Paint Tinted Glazmg Frosted Paint Metal Foil Metalllc Paint Frosted Metal Patlna Multr Layer

53.55@@
W ——

Interfaces: i Materials: B Metal Tinted Varnish

~~~~~ Torrance-Sparrow B Coloured Solid ~ Colourless Solid Clear Varnish
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Layered microfacet model - Examples

e RT results

b)
Glossy Paint Tinted Glazing Frosted Paint Metal Foil Metalllc Paint Frosted Metal Patma Multl Layer

=
3
Z
|
/
-
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Layered microfacet model - Examples

e RT results

Glossy Paint Tinted Glazmg Frosted Paint Metal Foil Metalllc Paint Frosted Metal Patma MuIt| Layer
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Layered microfacet model - Examples

e RT results
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Layered microfacet model - Examples

e RT results

<) f)
Glossy Paint Tinted Glazmg Frosted Paint Metal Foil Metalllc Paint Frosted Metal Patlna Multl Layer
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Layered microfacet model - Examples

e RT results

Glossy Paint Tinted Glazmg Frosted Paint Metal Foil Metalllc Paint Frosted Metal Patma Multl Layer

o~
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Layered microfacet model - Examples

e RT results

Glossy Paint Tinted Glazmg Frosted Paint Metal Foil Metalhc Paint Frosted Metal Patma Multl Layer
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Layered microfacet model - Examples
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The end

e Questions...
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