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Phong model of lighting

Ambient + Diffuse + Specular = Phong Reflection










Physically based rendering (PBR)

“Real-Time Rendering, 3" Edition”, A K
Peters 2008

Physics of Light
Geometric Optics

Mathematical description for real-time
lighting (micro-facet BRDF)



Light — physical point of view




Light — physical point of view




Electromagnetic wavelengths
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Spectral Power Distribution (SPD)
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Example: RGB Laser Projector
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Resulting wave form




White light wave form
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White light and laser projector
light comparison

400 450 500 550 600 650 700

400 450 500 550 600 650 700



In a vacuum light propagates to

infinity




When interacting with atoms it

energizes them




This energy is absorbed and re-

radiated as light




Simplification




Refractive Index (dimensionless)

C
o n p—
1%
e cisthe speed of light

In vacuum

* vis the phase velocity
of light in the medium

e Measures the
absorption of light by
a medium




Scattering particle




Appearance of a medium

Scattering



Object surfaces




Nanogeom
etry
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nuygens-rresnel
Principle




nuygens-rresnel
Principle
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pittraction Trom Optically-
Smooth Surface
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pittraction Trom Optically-
Smooth Surface
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pittraction Trom Optically-
Smooth Surface
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Geometric Optics




Microgeom
etry
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Rougher = Blurrier
Reflections




Statistical macroscopic view




What happens to the refracted
light?




Metals
(Conductors)

Dielectrics
(Insulators)

Semiconductors



Met
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Non-Metals
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Refracted light
k
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Large sub-Surface scattering area




lgnoring sub-surface scattering




Divide into specular and diffuse
light

diffu
e

specu
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Small sub-surface scattering area
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Mathematical model

Radiance
Single Ray
Spectral/RG

B



Depends only on light and view
directions
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1 he Rerlectance
Equation

L,(v)
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Surface Reflection
(Specular Term)
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IVIICTOTdCel specuidr
BRDF

F(1, h)G(l, v,
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Reflectance
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Fresnel
Reflecta
nce
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Fresnel
Reflecta
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Titanium

Fo (Linear,
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Titanium

Fo (Linear,
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o Values for
Dielectrics

Dielectric

Fo (Linear,

Water 0.020

Plastic, Glass [0.040 — 0.045

Crystalware, ]0.050 —0.080
Gems

Diamond-like |0.200 — 0.200
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The Schlick Approximation

to Fresnel
 Fairly accurate, cheap,

Fachiacto. 01 = By +1 - Fy)(1 - (1-m))?

For microfacet BRDFs
(n=

FomiaPo, L h) = Fy + (1= o)1 = (I-h))’
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Different Normal Distribution

Functions
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Let DBlinnPhong(h) =K (M )a
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Beckmann Distribution Blinn-Phong Distribution
Both rendered with Schiick Geometry term, n=10.67, m=0.748, showing only the specular term
The 2 distributions start to diverge only with large m and ».
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Gei(l, v, h) = min (1, 2(n-h)n-v) 2(n. h)(I)l ' 1))

Gct (l, Vv, h) N 1

m-1)(n-v) (1 h)?

GS(IJ v, h)

(v-h)  ~ (v-h

Gimplicit(1, v,m) = (n-1)(n - v)

— Gsl(l, h)GS1(V, h)



~ /. 2m-h)n-v) 2n-h)n-)
Ger(l, v, h) = min (1’ (v-h) "~ (v-h) )

Gct (lj V, h) N 1

Gimplicit(la v, m) — (Il ' 1)(“ ' V)

(n-1)(n-v) N (1-h)?

Heitz 2014, Journal of Computer Graphics Techniques Vol. 3, No. 2, 2014



Gsl

Gl—Shz-k(V,h)_ (nv)
h (nv)(1=k)+k

2 .
, Wherek=m Vl =, misthe rms roughness
T




Schlick method results

Varying roughness parameter values R



F(l, h)G(l, v,

V)= V)



f(l,
V)=

Concen tratio

F(I,h)G(I,\;,

—aGhh



Visibility of Concentratio
microfacets n of active

F(I,f\1)G(I,\;,

V)= V)



Visibility of Concentratio
microfacets n of active

NE(L RGOV,
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Fresnel



Subsurface Reflection
[Niffiica Toarm)
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» Constant value (nel is part of
reflectance equation):

Cdlf
fLambert(l )

* Cdiff. fraction of light reflected, or
diffuse color, also called albedo



Example microfacet BRDF

* http://simonstechblog.blogspot.com/2011/12
/microfacet-brdf.html



http://simonstechblog.blogspot.com/2011/12/microfacet-brdf.html
http://simonstechblog.blogspot.com/2011/12/microfacet-brdf.html
http://simonstechblog.blogspot.com/2011/12/microfacet-brdf.html
http://simonstechblog.blogspot.com/2011/12/microfacet-brdf.html

Exercise

 Render 25 different
spheres with varying
metallic and
roughness
parameter values
using a BRDF of your
choice.

 Howis FO
calculated?

e How would you add
a texture? What
information would
be necessary?




