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REIEICHNAVEES

* |mage computation

DATA
< PROCESSING ‘>
COMPUTER
VISION
C IMAGE >
PROCESSING

COMPUTER
GRAPHICS
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REIEICONAVEES

> An integrated view
° Problems on the frontiers

» Graphical Objects o L
T
> Atributes -

\ \ Digital image

Visgraii Lleh=IMEA

Geaomeirc Wadsling

o Graphical Object
> Geometric Model

» Complex Geometry o

s Complex Topology e, fi=ed

o Attributes (Color, Material, etc.) |

Visgraii Lleh=IMPEA



INECENIGEESSING

» Graphical Object
> Image
» Simple geometry
» Simple topology

s Complex atiributes (Color variations) — gme, AL':?;‘;?S

Visgrgii Lleh=IMPEA

ComoLigr Vislof)

* Inverse problem

> Image analysis

» Graphical Objects: e
> Image ™S v
> Geometric models -

Visgrgii Lleh=IMPEA




IMEBERSYAIESIS

o Direct problem

| =
W

» Known as Computer Graphics \
s Graphical Objects: e e
ynthesis lysis

° Image \

s Geometric models b i

I\’/\\/ Digital image \]\J

\ ~ \‘i?;—::: Image _;:;:;:.;"{;/

Processing

Visgraii Lleh=IMEA

IMEBERSYAIESIS

Lignt, Canera, Simulatior)!
Consiruct ine scene

> Maodeling the Gaormairy
Ilurniinetie the scene

> Maodel the light sources

Photogrepn tfe scens
> Sfiading comoutzton
> Visualizaton

Visgraii Lleh=IMPEA




WerEtt Is CammoLier Greaon|cs?

2 el comoutatiorn ¢S 2 wiole

> geormeirc modeling

2 imege syninesis

o meage analysis

o rmege orocessin)
> Currernt definition on the literaire

> “Comouter graonics transforms datel ko imeges”
> Better definitor)

> “Dascrigiion, Synifesis, Analysis and Processirlg of
Grapnical Opjecis”

Viggreti Il2h = IMPA

Maclelinie) -+ St

> Meatnerpatical mrocels
o Geopnaific models
> Nusmination roclels
> Discretizztor]
> Hepreseriator
> Numnerical computztor)

> molernestatior]
> Algoritfiems

Viggreti Il2h = IMPA




+ Geometric Model
+ No geometric structure
* No solids or surfaces

* Visualization

* No shading (Wireframe)

/ASGTET RGN IV /AN

Mellrl Proglerns

» Visualizator)
o rlidder line algoritnms
> Modeling

2 Rogust Geopeiry

> Matnematical inzory of moceling
» Tecnnologiczl aricl Concapiual Consirzlints

2 Vector and rasier gragrics

/ASGTET RGN IV /AN



SN IBUES

+ Diffuse shading (Lambert’s law)

« Local shading
* Only light sources illuminate the objects

* Global shading
* Interaction of light and scene objects

VISGI 2T SIS VI 728

SN IBUES

* Global shading
+ Ambient light (empirical)
+ Diffuse only

Ffeecee

« Diffuse + Ambient

Ffe000

isejrai Lzin = YRR
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Selelelirlg) Maeel

« Shading computation
« Flat Shading (Bouknight, 1970)

* Interpolating Intensities
» Gouraud shading (1971)

VISGTE1 SLE 1= VAN

SIEIENYIOUE]S

« Material Properties

« Ambient + Diffuse + Specular
+ Phong model of highlights (1975)

"X X " Y X X X

'Y N X F O W W W
" Y X X X B X XXX
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SIcIENYIGUE]S

« Shading computation
« Flat Shading (Bouknight, 1970)
* Intensity interpolation (Gouraud, 1971)

 Phong Shading (1975)

 Normal interpolation

VISGTE1 SLE 1= VAN

c

SIEIENYIOUE]S

 From wireframe to Phong

VISGTE1 SLE 1= IV /AN



Vzlle) Proolaims

Blinr-Newsll (1977)
Proplesn 9

“Rafrelchion (215 ot ggef saisicionly simlzed)”
Progler 4

‘Al gxdsiine mocdals Use oot gt solrces”

Gloval Shacling
Lignt sourcas Modeling

LEE=IMPA

Sereelisie) Modsels

Ar1mportert gropler]

Material properties

o Better interaction of lignt ancd meaierial
> Coolk-Torrance (82)

Visgraii Lleh=IMPEA
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Taxiure Magulng

 Change of paradigm (Catmull, 1974)
* Image based shading
 Modeling the micro geometry
» Sampled and Reconstructed Material

* |s this computer graphics?

VISGTatsligin = Vi =AY

IIENCOI I EIEISEUIENCE

VISGTatsligin =i Vi F=A
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A Plginorel of Wags

* Reflectance Mapping (Blinn, Newell, 76)
+ Simulating reflections

« Bump mapping (Blinn, 78)
+ Simulate rugosities

/ASGTET RGN IV /AN

Glogell llurnlreion

* Ray tracing (Turner Whitted, 1980)
+ Geometric optics
* Specular reflection and transmission

/ASGTET RGN IV /AN
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ey Trecing

 The Specular Era

/ASGTET RGN IV /AN

Glogell llurnlreion

« Another solution for Diffuse Shading
+ Radiosity (Cornell, 1984)

* Heat propagation model

/ASGTET RGN IV /AN
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Heicllos]y

> Simnplified Murrinetion Ecuaiion
o Diffuse 2nvironmernts

el
..;;'."""
.il.
.'-:#.-

Visgraii Lleh=IMEA

Vzlle) Proglaims

> Comnoutatiorzl cornolesdty
2 Incorgoraie specularity on radiosity
> Need for 2 Unifigd rmocle

BRI
o diffuse

Visgraii Lleh=IMPEA
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Vzlle) Proolaims

> Bling=Nawell (1977)
Proplers) &

“Thig verous indivicizl rachnigues myst oe
cormoirgd i & consisient ey

> The Rendering Equaton (1Kajyia, 1986)
> Unification of ine illuminston groolem

Visgraii Lleh=IMEA

Thie Rencderirle) Ecjtziion

> Oflg Equztor]
2 Different epprodmetions
o Different cornouiing sirategies

> ConegiLizl Uity
o Local moclels (Utan sporoximation)
Ray irzcing (Morie Cerlo)
Radiosity (Finite elements)
Peiif) traicing (Backwards rayiracing)
Flyoric methods

Visgraii Lleh=IMPEA
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/ASGTET RGN IV /AN

/ASGTET RGN IV /AN
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Proglerns

o Blinn-Newell (1977)
Progler 1
“Thgre 5 & ez disgeiy geiyees] ifle como/ﬁx/r/
of scefies in ife real world el syningic scengs”
Proplenn 2
‘Mgl ogjecis il failfe afe ok el descrioed zs
Sigoir) surfaces Wil siell geriuroaions. meir zicd
clolels zfg gli of (gzichl of clffefi igerrielies”

Visglaiflia =i V=AY

Visglaiflia =i V=AY



Conplalexiiy of

ENCEOIEL

|

1L

Q 'ﬁ
—-
Q )

r o
Sl S

s trere a geomeiry e all?

/ The Fractal Geornelry of
NI
o Flow o model fraciels?
2 rlow o rencder frecials?
> Tre nolse furiciion
o (Cer Perlir)

VISGTai sz = V=N

VISGTai sz = VAN
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Scene from 101 Dalmatians by Walt Disney

VISGTatsligin = Vi =AY

Willt jsiine gozl?

» Geperaie Photorealisic linzles
o Apolications
2 Spechal Effects
2 Virtuzl Worlds
2 Movig indusiry
2 Television inclusiry
o Therme parks

» Arcade garnes

VISGTatsligin =i Vi F=A
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A Quast for Nor-ofaioreslis)

» The neged for non-gnotorgalisic imeges

J

J

J

J

Hustrettion
Par) el Ini
Ozltrlg

Archiiizciural “renclering

Trig Printng Incusiry

VISGTE1 SLE 1= VAN

Nogl-orlotorezlisic

» Technical illustration

VISGTE1 SLE 1= IV /AN
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Nog-onotorezlisie

o Pap and ini llustreor)

Visglaisla =i VAN

Nog-onotorezlisie

« Painting effects

Watercolor Impressionism

Visglaisla =i VAN
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A Grezit Crrellenics Taockly

> Generate reel tme, low-cost
onoto-realistc rmees
> Many asoolications

> Dettal Mining
5 Selsmic date
o Geograpnical Information Systerms

Medical Irnages
Arcriitgciure
Arcade garnes

Visgraii Lleh=IMEA

Currant Trapels

> A gortet [ssue

o nteracivity

o Efficiency
> Major proplerms

o Large data pases

o Limiied computztionzl gowes
> Artnteresting orooless

> Scerneg rnavigaior

Visgraii Lleh=IMPEA
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Iy Saaren for 2 Sollion

» Change the paradigm of image generation
> Traditional paradigm:

Ty ] Camam
senoricil —pll.-—)}m—h“ﬂ'

Visgraii Lleh=IMEA

Thg glenogilc furcior)

Visgraii Lleh=IMPEA




Plerogile fusciior

* Rendering and the plenoptic function

e

Visgraii Lleh=IMEA

A Neaw Peireiclie)s

» Visualize samples of the plenoptic function

Samplod Continuous
descripion ¥ Planoptic function " Plenopiic funcion

Continuous Sample ,‘ —
Plenoptic funchion >

Visgraii Lleh=IMPEA




Newy Pelreiclin?

s mage Based Rendering
REVISINIESEVERES

> New techinology

Uﬁ

2 Fasier cormouiers
S Initegrating the irree areas of irmage cormgutaior)

o Atour Into ine plcture (Video)

VISGTatsligin = Vi =AY

ARSI CINIE

 Virtual Panoramas
» Camera in fixed position

Panoramic Surface Viewing Projection

VISGTatsligin =i Vi F=A
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ANNEXEIPIE

o Nawvigation using penorasmas
SOIWEIE

> Nolmmersiolity

VISGTat sl =i Vi =4

Visoreliflel Project

 IMPA (Visgraf Lah)
» Escola de Comunicacédo da UFRJ

http://www.visgraf.impa.br/visorama/

VISGTai sl = Vi F=/A
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Visoraple

Binocular device
Stereo Sound

Immersive Image
Based rendering

Degrees of freedom
» Fixed viewpoint

» Pan and tilt rotation
* Z0OMm

VISGTai sz = V=N

Visorapfe Dayjce

Rotating

VISGTai sz = VAN
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ROLEIUNSEE

Event Button

=~ Binocular Display

VISGTai sz = V=N

Procassing  Penoreiie lmeges

s Tlling

o, st
IELIRET L

2 Rendering

Region of Intersection

Visualization Window

VISGTai sz = VAN
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Vistelizatlon of Utz Lanclpeirics

* Tourism
*Visualization of urban landmarks
*The virtual time machine

» Education

e Demonstrations m

2

VISGTat sl =i Vi =4

Tri2 Visorale Project

> Vidag

VISGTai sl = Vi F=/A
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Realireiclile) Sofiwers: Meysiede

o

o

(@

(@

www-gragrics.starford. edu/~celdraysnzde/rayshzcde. il
Puolic Dorelr

Well docurnernied
Winidows, UNIX

VISGTatsligin = Vi =AY

OVIZE

o http://www.povray.org/
* Public domain (Unix / Windows)
« Raytracing and Radiosity

VISGTatsligin =i Vi F=A

30



[
~

e aNCERSOIEIE

« Raytracing with Diffuse reflection
« Ward, Rubinstein and Clear, 1988

VISGTE1 SLE 1= VAN

[
~

el NCERSOIEIE

* http://radsite.lbl.gov/radiance/HOME.htm|
« Lighting design (Physically based shading)
 Well documented and books

VISGTE1 SLE 1= IV /AN
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