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Recap 1 Basic radiometric quantities

Image: Wojciech Jarosz
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Interaction of light with a surface

A Absorption
A Reflection
A Transmission / refraction

A Reflective properties of materials determine

¢ the relation of reflected radiance L, to incoming
radiance L, , and therefore

¢ the appearance of the object: color, glossiness, etc.
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Interaction of light with a surface

. same ilumination 1 N A A il O 6
A Different materials .-..-.-i
TREE K 0V
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Recall the Phong shading model

23

LV Y

C=1 (k,(NQ)+k (v R)")

R=2(NQ)N- L
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‘ 1) Adopt radiometric notation

L, () = L (w) (k, cosg; +k,cos g
cosg, =, ®  r=2(nAy)n- w

Exact same thing as on the previous slidei just using physically-based notation.
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BRDF corresponding to the original
Phong shading model

23

BRDF f = Lo fPhongOrig — k. +k cosS' q.
. r d
General definition of a BRDF Application of this definition to the

Phong shading formula.
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‘ BRDF 1T Formal definition

A Bidirectional ReflectanceDistribution Function

ﬁoutgoingﬁ\ ' N L(w)
L, (W,) 7 dw
A eflectedri /\70( Ancomir

f(W- W): dLr(V’/o)
7 L(w) @osg @y
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BRDF

A Mathematical model of the reflection properties of a
surface

A Intuition
¢ Value of a BRDF = probability density
describing the event that
N p h o tcommng from direction w, gets reflected to
the direction w,,.

» Range: f.(w - w)i [0,2)
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BRDF

A The BRDF is amodel of the bulk behavior of light
on the microstructure when viewed from distance
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Microscale

Westin et al. Predicting ReflectanceFunctions from Complex Surfaces SIGGRAPH 1992.



Surface roughness and blurred
reflections

A The rougher the blurrier

Microscopic surface roughness
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Surface appearance and the BRDF

\ . Measurs d data
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Surface appearance and the

Appearance
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Surface appearance and the BRDF
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Appearance BRDF lobe
(for four different viewing directions)
Souce Ngan et al. Experimental analysis of BRDF fﬁg’dglg\ﬁfﬁﬁfﬁje%%:csaﬂlﬁnﬁ.ledY:/gdBy?ré%earch/brdf/



Surface appearance and the BRDF
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BRDF properties

A Helmholz reciprocit vy (always holds in nature, a
physically-plausible BRDF model must follow it )

fo(w- w)="1w- w)
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BRDF properties

A Energy conservation

¢ A patch of surface cannot reflect more light energy than it
receives
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‘ BRDF (an) isotropy

A lIsotropic BRDF = invariant to a rotation around
surface normal

f(q.f;q..f,)="1(q.f.+F;q,f,+F)

= fr(qi’ o fo_ fl)
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BRDF
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Anisotropic BRDF

A Different microscopic roughness in different directions
(brushed metals, fabrics, ¢é)

Sub-pixel level

'

Groups of cylinders
(distribution of
anisotropy)

Cylinders
(unidirectional
anisotropy)

"5 Micro-facers
(isotropic)
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Isotropic vs. anisotropic BRDF

A Isotropic BRDFs have only3 degrees of freedom
¢ Instead of f, and f , it is enough to consider only D f=f 1 f
¢ But this is not enough to describe an anisotropic BRDF

A Description of an anisotropic BRDF

¢ f,andf_are expressed in alocal coordinate frame
(U,V,N)
A U é tangenti e.g. the direction of brushing

AV é binormal
A N é surface normal é the Z axis of the local coordinate frame
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Reflection equation

A A.k.a. reflectance equation, illumination integral,

OVTIGRE ( éutgoing, vacuum, time-invariant, gray radiance
equationo )

A N How ntatat hght gets reflected in the direction w,? i

A From the definition of the BRDF, we have

dL, (w,) = f (W - ) Q,;(w)@osg dw
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Reflection equation

A Total reflected radiance: integrate contributions of incident
radiance, weighted by the BRDF, over the hemisphere

L () = b (m) O (w - w,)@osg dw
7 H{X)

upper hemisphere over X
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Reflection equation

A Evaluating the reflectance equation renders images!!!

¢ Direct illumination
A Environment maps
A Area light sources

A etc.
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Energy conservation I More rigorous

A Reflected flux per unit area (i.e. radiosity B) cannot be
larger than the incoming flux per unit surface area (i.e.
irradiance E).

B _ ﬁ—r(,/’/o)cosqo dM/o I’ / ) _
E N () cosg dwy H____)
_ f{ﬁfr(W - W)L (w) cosg dw|cosg, dw,
) N () cosg dwy B

¢l
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Reflectance

A Ratio of the incoming and outgoing flux
¢ Aka Aal bseddnodily f@r diffuse reflection)

A Hemispherical -hemispherical reflectance
c See the fAEnergy conservationdc

A Hemispherical -directional reflectance

¢ The amount of light that gets reflected in direction w, when
illuminated by the unit, uniform incoming radiance .

r(w,)=a(w,)= nf.(w - w,)cosg dw
H (X)
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Hemispherical -directional reflectance

A

A

~

A

Nonnegative

Less than or equal tol
(energy conservation)

r(w)i [o, 1ﬂ

Equal to directional -hemispherical
reflectance

¢ What is the percentage of the energy coming from the
Incoming direction w; that gets reflected (to any
direction) ? i

¢ Equality follows from the Helmholz reciprocity
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Albedo

+ fraction of hight reflected from a diffuse surface

e usually refers to an average across the visible spectrum

+ examples

e fresh snow

clouds

old snow
grass
soil
rivers

ocean

80%
80%
40%
30%
15%
7%

3%

t*/+ equality explains
“whiteout” in blizzards

P —

not including mirror |
reflections of the sun |




Diffuse albedo and total reflectance measurements

Jaroslav Kfivanek object / material

Nov 09, 2009

diffuse
albedo (%)

total reflectance (%)
(very approximate)

_bialetti espresso maker
/./" (brand new)

Procedure briefly described on page 2.

__aluminum foil top
__aluminum foil bottom
____knife blade

__spatula
(chrome)

——-—_pizza spatula (scratched)

(coarse finish - aniso)

(polished)
—_chair upholstery

—_plant leaf
__rhodes office desk

——_plastic cup

\\-\plate
™

~.paper plate
“~.wood

“~_rhodes office wall paint

“_rhodes office door paint
|| file cabinet (gray paint)
“"“"-“--\.__,rhOdes carpet

//dark reddish wood

milos’s thesis binding

canon lens cap
(black plastic)

_rhodes light switch cover - top

xr\"’“———\rhodes light switch cover - bottom

notebook paper (yellowish)

comell recycle bin (blue plastic)

3.2

1.2

2.9

14

0.9

2.2

2.7./93*

1.0

90

90

85

60

85

60

50

70

from (6.5, 6, 5.5) to (13, 12, 11)

green from (6, 12, 5) to (11 18 8)
yellow from (27, 36, 19) to (31, 42, 16)

(35, 35, 34)

(89, 80, 71)

(83,81,71)

(82, 80, 78)

from (50, 30, 19) to (80, 53, 34)

(64, 60,51)

(24, 25,22)

(6.6, 6.6, 6.4)

(18, 15,13)

from (18,9, 4) to (33, 17, 8)

2.8

2.7

(1,5,25)

* viewing along scratches / perpendicular to scratches



BRDF components

General BRDF |deal diffuse |deal specular Glossy,
(Lambertian ) directional
diffuse
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