Advanced Lighting and Shading

(lecture 6)

15-466 : Game Programming

Spring 2007

James Kuffner
Carnegie Mellon University




ARnRouncements

Motion capture |lab tour!
3:50 — 4:20pm today

| ' will have office hours in WeH 5336 today after
class from 4:30-5:30pm

Labl due today at 23:59:59




Tleday’s Overview

Lighting and Shading

Conventional “Cheap Dirty Tricks” to
Fool the Viewer

— Texture Mapping

— Bump Mapping

— Environment Mapping

— Light Mapping

GPU Considerations




Lighting and Shading

Approximate physical reality

Phong lllumination Model

— Approximate only interaction light, surface, viewer
— Relatively fast (on-line), supported in OpenGL

Ray tracing:

— Follow light rays through a scene

— Accurate, but expensive (off-line)

Radiosity:

— Calculate surface inter-reflection approximately

— Accurate, especially interiors, but expensive (off-line)




Light Trransport

|I|umina+io% Perception

e Reflectance F i,. ! \)




Ray-tracing exarnple:
reflection and Refraciion

15-466 Computer Game Programming, Carnegie Mellon University, Spring 2007 (James Kuffner)



Racllosity Exarnple
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ocecdural Mocdels and Teaxiur
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Prograrnmaole Pipeline

15-466 Computer Game Programming, Carnegie Mellon University, Spring 2007 (James Kuffner)



15-466 Computer Game Programming, Carnegie Mellon University, Spring 2007 (James Kuffner)



exarnple: Environrnent Mapoing
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Lignt Sources and Material Prop

(D

Aooear?lr ce dep
— Lignt sources, tneir
— Material (surface) properiies
— Viewer gosiior)

rcls orn
rlocations and properiies

rely 1 EL]HJ frorm viewer Inio scere

Racdiosliy: Interrefleciions petween surface
paicnes

Pnong Model: at rmaterial, frorn lignt to viewer
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Cornrnon Types of Lignt So

Arnplent lignt: no idenilflable source or directior
Point source: giver only oy golnt
Distant lignt: given only oy direciiorn

Spoiligni: frorn source I directior)

— Cui-off angle defines a cone of lignt

"ﬂ
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— Attenuation funciion (orignier in center)
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Arnplent Lignt

Glopal amplent lignt

— Independent of lignt source

Ignis entire scerne

Local amolent lignt

— Contriputed oy additional
lignt sources

— Can pe different for each
lignt eind primary color

Cornputationzally

Iriexpensive
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Polnt Source

ally Inall directions

Light ernitted equ
i location

frorrn z OJJH

Atterua lom Jm.r_er 1Sty decrezses wiin
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Lirnitatlons of Point Sources

snading and snadows inaccuraie
Exarmnple: penurmora (partizl *soft” snacdow)
Similar proolerns witn nignlignis

Use atienuation to

soften ligniing

Better wiin ray racing

Better wiin radiosity
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Directional Lignt :
Infinitely Distant Light Source

Parallel rays (like the sun)

Givern by a direction vector o and color ¢
simolifies sorne calculaiions
Irn OpenGL:

— Point source [« vy z 17

— Distant source [x v z 0]

Uﬁ
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spoilignt

Most cormplex ligni source in OpenGL
Lignt ernanzaies frorm polnt o In direction
Conical Atteniuation : Falloff oy cone

determined oy angle ¢
0
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Spoilignt Atienuation

Sootligni s origniest EJOHJ C|
Vector v wiin angle T frorn o to point on surfac

Intensity deterrmined by cosft
Correspornds o projection of v orio d
Spoilignt exponent e determines falloff ra
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Pnong lllurnination Moclel

Calculziie color for arpitrary oolrit on surface
Cornprormise peiweer realism and efficiericy

Local computaiion (no visipility calculaiions)

Basic inputs are material properties and |, n, v

.

typicel result =
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Arnolent Refleciion

Intensity of ambient light uniforrm at every point
Arnplernt reflection coefficier)

—
ey —
aﬁ/\
O
H ~—
ais/\

f

Can be different for every surface and r,g,0
color cnarinel

Deiermines reflected fracilon of armolent lignt
L, = arplent cornpornent of light source

Arnplent intensity |, =1 L,

Note: L, Is justa nack and is not e pnysically
meanmgruJ clLantity
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Assurne equal scatiering in ell direc

Called Larnberilan surface

Diffuse reflection coefficient 1, 0
Angle of incorming lignt still critical

Priysical Intuliior

2ver “srnootn” surfaces
ire ot really srmooir)
2.¢. rmicrofacets)

TN 0'1
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Larnperi's Law

Intensity depends on angle of Incorning lignt L,

| = unit vector to light

rl = unit surface norrnzl r
¢ = angle to norrnal 7

CO3 /:J f)
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Specular Reflecition

sed to model specular nignlignis

C

Specular reflection coefficient «.: 0 . 1
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Sniny surfaces nave nigr specular coefiicient
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snininess Coeafl

L. =s3spec

r = vector of perfect refle

vV = Unit vector to viewer

I =angle oetween v and

2 = snininess coefficient
.= L. (cosf)®

Complie cost =1 Vv

Requires |r|=]v|=1
Multiply oy distance termr
for attenuaiior

15-466 Computer Game Programming, Carnegie Mellon University, Spring 2007 (James Kuffner)
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snininess Coefilc
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surnrnary of Pniong Mocdel

Lignt cornponents (one for ezch color) @
ampient (L, ), diffuse (L), specular
Materizll coefficients (one for

armblent (1), diffuse (¥,

—
)
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Add arnpient lignt to distance

s0eC ulair contriputions for eac

Lﬂ

=kl + 2 (ky Ly (1 0) + kL (r )7

a+bD +cD2

Attenueaiion facior involves ine distance D frorm surface
polnt to lignt source (In tnis case, an inverse quadraiic)
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Bidirectional Reflection Disiriouilon Funciior
(BRDF)

Two “directions”
— dir. of incorning lignt
— dir. of viewer
Angular distrioution
of reflected lignt as a
function o rmwmmg
lignt direction
A-clirnensionzl
functior
Specific to a
meterizl
Isoiropic vs.
anlisoiropic
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oRDE Measurerment
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shading versus Texturing

— Calculate color pased on ]JJllrn]rJa’[]on [ ligniting
moclel, reflection rmocdel, gic
ction of Jumr Witr) ine surface

05

— Simulates ine interac
rmeierizls

Texiuring:

— Modify some surfaice property using an explicit map
or 2z procedure czll

— Cornrnon case: diffuse “irmage rmeap”

15-466 Computer Game Programming, Carnegie Mellon University, Spring 2007 (James Kuffner)



Texturing

Provides realisiic appearance

to rnodels witnout nawving to
acld additionzl geornetric fine detal

i

Works oy mod]'fy]mg

Velrious sha J]ru oroperties
of 21 objeu oy melpping
2L funciion (su

ucn as e 20
irnage) onto the surface

Catrnull 74 ]
Environmernt rrap:
[ Blinn & Newell '76 |
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Texiure
sSyninesis
frorn Source
Images

on Surfaces
[Turk 2001]
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surno Mapping: A Dirty Trict

Wricr surs oulge out, and wnicr are
incleriec

Answer: Nonel Tnis Is a flat Irmage.
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The nurnar visuzl systerr s nard-c
expect lignt frorn aoove

In CG, we car periuro ine normeal vecior
WITNoUt nawving to rnee any acidal cnange o
ine snape,
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Burno Mapping

rlow clo you rmeare & surface looK rougn?

— Option L: mocdel ine surface witn rany srall polygorns

— Option 2: periurp the normeal vectors oefore ine
sneding calculation

Flat Plane Real Bump Fake Bump

+
|
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Use texiure map to displace ezicn polnt on the surfac

ue gives amount to move in direction norral to surface )

Flow is tnis different frorn oump mapping?

15-466 Computer Game Programming, Carnegie Mellon University, Spring 2007 (James Kuffner)



Environrnent Maoping

Soecular reflectlons that rmirror tne environmrent

~

U

Use a cuoe map or sprierical image map to
lected colors witn all directlons
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Environment Mapping Origins

=)

Blinm s originel reflection rmzap source
(1978)
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Environrnent Mapping
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Environmeni Mapoping: Cuoe Maps
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Environment Map Soper

Ceafé Veroria, Pelo Alto, Californiz
irnege rmzip by Silicon Graphics (circa1990)
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cal Environrnent Map

Gene Miller' s environrmernt rzp source

15-466 Computer Game Programming, Carnegie Mellon University, Spring 2007 (James Kuffner)



Lignt Mapping

U1

l_

Ignt rmaps | Jse d to store pre-computed illurninaion and
snacdows for the stailc gzormeiry In the scerne

Cornpine Lignt rnap color and diffuse texiure rmap color

An exarmple of
[Ignt rnzpping
In *Oueake’
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Motion Blur
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Pnoton Mapping
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ray Tracing and Radiosity
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tics witn Pnoton Mapoing
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Pnoton Mapping
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Pnoton Mapping Efficiel
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Translucency witn Pnoton Mapping
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Beyond Pnoton Mapping: BSSRDF

Traditiona BRDF
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