Engenharia de
Sistemas e

Computacao
PESC

—
U

1970 - 2020



Premio Turing 2019
Pat Hanrahan &

Ed Catmull
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éé A\CM named Patrick M. (Pat) Hanrahan and Edwin E. (Ed)
Catmull recipients of the 2019 ACM A.M. Turing Award for
fundamental contributions to 3-D computer graphics, and
the revolutionary impact of these techniques on
computer-generated imagery (CGl) in filmmaking and other
applications. ??



https://amturing.acm.org/award_winners/hanrahan_4652251
https://amturing.acm.org/award_winners/catmull_1244219
https://amturing.acm.org/award_winners/catmull_1244219
https://amturing.acm.org/award_winners/hanrahan_4652251
https://amturing.acm.org/award_winners/catmull_1244219

CGI - Computer Graphics Imagery

Uso de computadores para gerar imagens
« Imagens estaticas
« Animacoes

+ 2D

* 3D



4 conceitos fundamentais de CG

e Imagem
e Modelo
e Renderizacao

e Animacao



4 conceitos - Imagem
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Hoje em dia = Imagens matriciais (matriz de pixels)
Pixel = Picture Element (amostra de cor)

Cor

¢ O/ 1= branco/ Preto afuslin IIIIIIIIIIIIIII=-==

® O". m S ton S de C|n 7Za IIII==IIIIIIII N = 5
e [C,C,..C]

() 5 0 T N O O Y
H N
o n = 3 (visao humana)
o tipicamente [R,G,B]




Engenharia de
Sistemas ¢

Computacao
PESC

4 conceitos - Modelo

Representacao do que se quer desenhar
Estruturas de dados

« Geometria

« Atributos visuais
* iluminacao / cor / materiais / textura

« Tempo (para animacao)

A A



Engenharia de
Sistemas ¢

Computacao
PESC

4 conceitos - Renderizacao

Processo de gerar imagens a partir de modelos

API

r triangles/lines/points ﬂ

Primitive
Processing

vertices

—

!

Transform
and

Lighting

-

Vertex

Buffer
Objects

Primitive
Assembly

Texture
Environment

Rasterizer

Color
Sum

Alpha '
Test

Depth
Stencil

Fog

Color
Buffer
Blend

Dither

Frame
Buffer




4 conceitos - Animagao
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Processo de gerar imagens em rapida sucessao

« Tipicamente = 24 fps
« Modelos = funcoes de't

 Keyframing g

* Quadros chave
Funcoes de interpolacao




2 Historia da animacao por computador
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Edward Zajac A two gyro gravity gradient altitude control system (Bell
Labs 1963)



https://ohiostate.pressbooks.pub/graphicshistory/back-matter/glossary/#xyz
http://www.youtube.com/watch?v=m8Rbl7JG4Ng

Historia da animacao por computador

Charles Csuri and James Shaffer “Hummingbird” (1967) -
primeiro exemplo de morphing digital



http://www.youtube.com/watch?v=j-oX4duiFNs

Historia da animacao por computador

Nikolal Konstantinov - “Kitty”, criado no computador russo
BESM-4 (1968)

12


http://www.youtube.com/watch?v=so_HQKv-Bmk

Ed inicia o doutorado (1969)

Universidade de Utah

Orientador: Ivan Sutherland - Turing award 1988

Sketchpad - 1963


http://www.youtube.com/watch?v=57wj8diYpgY

Ed é colega de classe de
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 James H Clark

« Subdivisao de Catmull-Clark
« Fundador da Netscape e Silicon Graphics




Ed é colega de classe de

 John Warnock

 Co-fundador da Adobe

« Algoritmo de Warnock (visibilidade)

AN

YA\ Adobe

15



Ed é colega de classe de
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« Alan Kay

« Pal da orientacao a objetos
« Linguagem Smalltalk

Vehicle )

| oz ) | Truck
Electric ) . Petrol




7 Historia da animacao por computador
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“Metadata”, Peter Foldes (1971). Primeiro exemplo do emprego de quadros-chave
interpolados por computador.



http://www.youtube.com/watch?v=R6FQf3Qbqa4

Historia da animacao por computador
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Clip usado no thriller Futureworld (1976). IR e T
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https://docs.google.com/file/d/1_2tAufkMN1dn8PHLUsIt0tW-OH8kWOvI/preview

Ed termina o doutorado (1974)
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(1) Subdivisao de retalhos biclbicos

CHAPTER FOUR

EXTENSION OF CUBIC SUBDIVISION TO SURFACES

The method of subdiviaing cubic curves can be extended to bicubic surfaces. With
a cubic curve there is a value and a correction term at each end; with a bicubic patch
there is a value und three correction terms at each corner. Subdivision of the patch
into four pieces means finding the midpoint of each of the sides and the midpoint of the

patch.



(Subdivisao de malhas
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Permite aproximar uma e
superficie através de uma '
malha grosseira

() ““\‘\‘\“‘“\‘ ““\“‘“‘\\\\\\\\\.\‘l
Metodo de Catmull-Clark
(1978)

PR
e Modelagem 3D
e Malhas quadrangulares
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| Catmull-Clark subdivide | | Flat subdivide | | reset | [face v| & auto-rotat

https://observablehqg.com/@esperanc/catmull-clark-subdivision



https://docs.google.com/file/d/1uXixxbZqcqvJJbhW1N9cPecrOe-CI90G/preview
https://observablehq.com/@esperanc/catmull-clark-subdivision

Ed termina o doutorado (1974)
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(2) Descoberta independente do Z-buffer (8 meses apos a tese
de Wolfgang Strafer)

THE Z-BUFFER

The z-buffer is an extension of the frame-buffer idea in that the z value from the
image-space of the visible object is stored at every raster-element as well as the
intensity. The z value of any new point to be written into the buffer is compared with
the z value of th: point already there. If the new point is behind, it is discarded. If it

is in front it replaces the old value.
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(z-buffer)
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(z-buffer)

Computacao
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Créditos: Jon Shiach (https://www.youtube.com/watch?v=|DIsICV6axq)



https://www.youtube.com/watch?v=jDIslCV6axg
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Ed termina o doutorado (1974)

(3) Mapeamento de texturas

MAPPING

Photographs, drawings, or any picture can be mapped onto bivariate patches. This
is one of the most interesting consequences of the patch splitting algorithm. It gives a
method for putting texture, drawings, or photographs onto surfaces. It also allows one

to have reflections in pictures, as in flat or curved mirrors.



(Mapeamento de texturas)



https://docs.google.com/file/d/1Gpjbr6l5mF0R50fMzyqXQmREdw5DZMWv/preview

Ed termina o doutorado (1974)
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(4) Rasterizacao com antialiasing
ANTI-ALIASING FOR THE SUBDIVISION ALGORITHM

“he subdivision algorithm can be modified to allow for area-sampling. Such a
mod ication requires techniques for determining what is visible in each raster-element
square and some method for storing and combining intensity values at each square to
get the average. The modified algori'hm has some drawbacks which will be discussed
at the end of the chapter. Before presenting the modification, some groundwork needs

to be laid and an "area-averaging algorithm" must be described.



(Antialising)
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Ed comeca a carreira
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e NYIT (1974)

o Trabalho com Alvy Ray Smith (Paint, HSV)

o 1977 - sistema Tween (animacao por quadros-chave)
e Lucasfilm (1979)

o Vice-presidente da Industrial Light and Magic

m Efeitos especiais para Star Wars
o Objetivo: criar animacao comercial 100% por computador
m Problema: SSS



Ed e Pat se encontram

New York Institute of Technology (NYIT)

Pat ainda “apenas” engenheiro nuclear

e Doutorado em biofisica pela Univ. de Madison em 1985
Outros “pesos pesados” da CG

e Jim Blinn (Blinn-Phong shader model)
e James H. Clark
e Alvy Ray Smith (Paint3, HSV)



Pat Hanrahan - percurso inicial
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1977 - B.S. em Engenharia Nuclear - Univ. Wisconsin-Madison

e primeiro da turma

« Departamento de Zoologia: "developed computer models of the
motornervous system of the nematode Ascaris"

« auto-didata em Computacao

« 1980s NY Inst. of Technology Comp. Graphics Lab

« 1985 - PhD em Biophysics - Univ. Wisconsin-Madison
* 1986 - Pixar

* 1989 - Princeton University

« 1995 - Stanford University
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2! Adventures of André and Wally B. (1984)

nnnnnnnnnnnn
_



http://www.youtube.com/watch?v=a_9Tsbduk9E

Pixar

e Steve Jobs compra a divisao digital da LucasFilm
e Com Ed e John Lasseter, Pixar e fundada
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From “The Pixar Story” documentary (2007)


https://docs.google.com/file/d/1uZI0fzxE2gnrJycmXIbSO_aU7TD1iikN/preview

Pat se junta a Pixar (1986)

Responsavel pela especificacao da APl do RenderMan

e Sistema de renderizacao foto-realistica da PIXAR

e Versao nao comercial disponivel desde 2015

e Rendeu a Pat e ao time de desenvolvedores da Pixar 3
prémios da academia (Technical achievement)



Especificacao da Interface RenderMan
(RISpec)

e Define elementos como cameras, materiais e geometrias

e Usa a arquitetura de software Reyes Rendering
e Desenvolvida em colaboracao com 19 companhias

e Ainda sem implementacao quando apresentada no
SIGGRAPH de 1993

e Finalmente implementada em 1995



Arquitetura Reyes

Robert L. Cook., Loren Carpenter, and Edwin Catmull. "The Reyes Image Rendering
Architecture. Computer Graphics (SIGGRAPH '87 Proceedings), pp. 95-102.
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Figure 6. 1986 Pixar Christmas Card by John Lasseter and Eben Ostby.


https://en.wikipedia.org/wiki/Robert_L._Cook
https://en.wikipedia.org/wiki/Loren_Carpenter
https://en.wikipedia.org/wiki/Edwin_Catmull
http://graphics.pixar.com/library/Reyes/
http://graphics.pixar.com/library/Reyes/
https://en.wikipedia.org/wiki/SIGGRAPH

Arquitetura Reyes
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e Flexibilidade
o Modelagem - estruturas de dados diversas /| modelagem
procedural
o Iluminacao - multiplos modelos / shaders
e Rapidez
o Ray-tracing minimo
o Rendering baseado em subdivisao - Antialising e visibilidade
o Paralelismo

e Qualidade

o Superficies curvas suaves, texturas
o Efeitos como motion blur e profundidade de campo



Toy Story - 1995

ORTGIN AL TR*A--'



http://www.youtube.com/watch?v=CxwTLktovTU

Pat - visionario

’ Shaders Surface Element
o Conceito introduzido pela RISpec )@ e

o Componente de algoritmosde ' "o
renderizagao Gl

¢+ Numinate Cone
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m Surface Shaders
m Light Source Shaders
m Volume Shaders

m Displacement Shaders Area Light Primitive
m Imager Shaders
e descricao dos materiais dos modelos e Light Source Shader

da iluminacao
(crédito: RISpec)


https://hradec.com/ebooks/CGI/RPS_13.5/prman_technical_rendering/users_guide/RISpec-html/section12.html#Surface.shaders
https://hradec.com/ebooks/CGI/RPS_13.5/prman_technical_rendering/users_guide/RISpec-html/section12.html#Light.source.shaders
https://hradec.com/ebooks/CGI/RPS_13.5/prman_technical_rendering/users_guide/RISpec-html/section12.html#Volume.shaders
https://hradec.com/ebooks/CGI/RPS_13.5/prman_technical_rendering/users_guide/RISpec-html/section12.html#Displacement.shaders
https://hradec.com/ebooks/CGI/RPS_13.5/prman_technical_rendering/users_guide/RISpec-html/section12.html#Imager.shaders
https://hradec.com/ebooks/CGI/RPS_13.5/prman_technical_rendering/users_guide/RISpec-html/index.html

Shaders (atual) - criacao artistica (OSL)
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Mix Shader, Subsurface Scattering Parameters

mix factor = 0.001
-

Mix Shader,
mix factor = 0.400

7

o adius

Mix Shader,
mix factor = 0.100

-4

\Glossy, + e =
Beckmann

Glossy, ieom—
Beckmann,
Rough = 0,15

https://www.deviantart.com/4vector/art/SSS-Marble-Shader-Node
-Setup-for-Cycles-Render-426235456

https://www.blendernation.com/2015/09/29/150-free-cycles-shaders/



GPU - Graphical Processing Unit
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“Circuito eletronico especializado projetado para manipular e alterar
rapidamente a memoria e acelerar a criacao de imagens em um frame
buffer” (wikipedia)

« Componente de todas as placas graficas desde os anos 70

« GeForce 256 (NVidia) > “Primeira GPU”

CPU ;
[/O Devices
AN AN Monitor
Z A4 N AN
< > System bus
k. AN AN £
\\// \v/ I
wibar i Frame Video
S\ stem GPL @ I\ICHIOI‘(\‘" c @
Memorv buffer controller



https://en.wikipedia.org/wiki/Graphics_processing_unit
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Programacao de GPUs

e Funcionalidade fixa
o Pipeline grafico configuravel atraves de variaveis de estado

e GPU programavel (2001)

o NVidia GeForce 3 = Vertex Shader
o ATl Radeon 8500 = Fragment Shader

AN CAGGAONY CEEAAE




GPU Shaders

» flexibilizar a programacao de GPUs

» linguagens Shaders de alto nivel
e 2002 - Directx o) User Program
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« 2004 - GLSL 11 |
Vertex Resterizati Fragment Blendin
a 7 ——»
processing T. stertzation T. processing 5 _l
Transfbrmed Fragrhents Frame-buffer

geometry mage



GPU Shaders

« flexibilizar a programacao de GPUs

 linguagens Shaders de alto nivel
2002 - DirectX 9  User Program
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e 2004 - GLSL 11 L
Vertex

—-H Blending

.. Fragment
. —r-l Rasterization g .
processing | : | processing
Transformed Fragments
geometry

TRADITIONAL PIPELINE

:

Frame-buffer
lmage

2018 - Nvidia Turing (GLSL 4.6) gz
|=

Pipelined memory, keeping interstage data on chip

TASK/MESH PIPELINE

MESH
TASK SHADER <

Optiona{ Expansion

ERATION

Pipelined memory

PIXEL
m

L4



GP-GPU e Brook
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e GP-GPU - General Purpose GPU programming
o Usar o hardware grafico para tarefas nao graficas
e Inicialmente, Shaders

o Dados ¢ pixels e vertices

o tortura dos dados (e mental)
e Um modelo de programacao mais apropriado

o Stream programming

= Brook
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BrookGPU

Pat - Visionario

SIGGRAPH 2004

Brook for GPUs: Stream Computing on Graphics Hardware

Ian Buck Tim Foley Daniel Horn  Jeremy Sugerman Kayvon Fatahalian  Mike Houston = Pat Hanrahan

Stanford University

Abstract

In this paper, we present Brook for GPUs, a system
for general-purpose computation on programmable graphics
hardware. Brook extends C to include simple data-parallel
constructs, enabling the use of the GPU as a streaming co-
processor. We present a compiler and runtime system that
abstracts and virtualizes many aspects of graphics hardware.
In addition. we present an analysis of the effectiveness of the
GPU as a compute engine compared to the CPU, to deter-
mine when the GPU can outperform the CPU for a particu-
lar algorithm. We evaluate our system with five applications,

modern hardware. In addition, the user is forced to ex-
press their algorithm in terms of graphics primitives, such
as textures and triangles. As a result, general-purpose GPU
computing is limited to only the most advanced graphics
developers.

This paper presents Brook, a programming environment
that provides developers with a view of the GPU as a stream-
ing coprocessor. The main contributions of this paper are:

e The presentation of the Brook stream programming
model for general-purpose GPU computing. Through
the use of streams, kernels and reduction operators,

PEAKSTREAM



A% Pat - Visionario
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BrookGPU

SIGGRAPH 2004

Brook for GPUs: Stream Computing on Graphics Hardware

Ian Buck Tim Foley Daniel Horn  Jeremy Sugerman

Kayvon Fatahalian Mike Houston = Pat Hanrahan

Stanford University

Abstract

In this paper, we present Brook for GPUs, a system
for general-purpose computation on programmable graphics
hardware. Brook extends C to include simple data-parallel
constructs, enabling the use of the GPU as a streaming co-
processor. We present a compiler and runtime system that
abstracts and virtualizes many aspects of graphics hardware.
In addition, we present an analysis of the effectiveness of the
GPU as a compute engine compared to the CPU, to deter-
mine when the GPU can outperform the CPU for a particu-
lar algorithm. We evaluate our system with five applications,

modern hardware. In addition, the user is forced to ex-
press their algorithm in terms of graphics primitives, such
as textures and triangles. As a result, general-purpose GPU
computing is limited to only the most advanced graphics
developers.

This paper presents Brook, a programming environment
that provides developers with a view of the GPU as a stream-
ing coprocessor. The main contributions of this paper are:

e The presentation of the Brook stream programming
model for general-purpose GPU computing. Through
the use of streams, kernels and reduction operators,

PEAK

A NVIDIA.

CUDA.




Pat - Academy Awards
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« 1993 - scientific and engineering - Renderman
¢ 2004 - technical achievement - "subsurface scattering"

Pat - Academy Awards

SIGGRAPH 2001
A Practical Model for Subsurface Light Transport

Henrik Wann Jensen Stephen R. Marschner Marc Levoy Pat Hanrahan
L% et L;lvs 'E’
et = 2
g -F0f T, Stanford University
fe- - 0!‘-‘1"“'” v )
I'&'v ror
y @ : g Abstract 1.1 Previous Work
i > :
3 This paper introduces a simple model for subsurface light transport Al!nosl al_l BRDF models are denved» excluswel)_r from surface scat-

in translucent materials. The madel enahles efficient simnlation of tering, with any subsurface scattering approximated by a Lam-
effects that BRDF models

lel by Hanrahan and
ssion for single scat-
However, all BRDF
one surface point and
ne point to another.

irately but slowly by
Onlv a few papers in

within materials and diffus
The technique is efficient
media that are expensive tc
model combines an exact sc
point source diffusion appi
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Pat - Academy Awards
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1993 - scientific and engineering - Renderman i
« 2004 - technical achievement - "subsurface scattering"
« 2013 - technical achievement - livro PBRT

SIGGRAPH 2001
A Practical Model for Subsurface Light Transport o
Henrik Wann Jensen Stephen R. Marschner Marc Levoy Pat Hanrahan —

Stanford University ' MATT PN - CREG AR S -

PHYSICALLY BASED

' RENDERING
Abstract 1.1 Previous Work

This paper introduces a simple model for subsurface light transport Almsl al_l BRDF models are derived» exclusivel)_' from surface scat-
in translucent materials. The madel enahles efficient simnlation of tering, with any subsurface scattering approximated by a Lam-
effects that BRDF models

lel by Hanrahan and
ssion for single scat-
However, all BRDF
one surface point and
ne point to another.

irately but slowly by
Only a few papers in

within materials and diffus
The technique is efficient
media that are expensive tc
model combines an exact sc
point source diffusion appi
alen have decioned a new
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Pat - colaboracoes (5 papers Siggraph'93)

On the Form Factor between Two Polygons
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Peter Schrioder Pat Hanrahan

Department of Computer Science

% 3 T 3 Princeton Universi
A Hierarchical Illumination Algorithm for Surfaces s

with Glossy Reflection

act In thi
actors are used in radiosity to describe the fraction of dif- between
Larry Aupperle Pat Hanrahan reflected light leaving one surface and arriving at another. 5 ‘;1‘:“?]
re a fundamental geometric property used for computation. & ceran T 1 .
special configurations admit closed form solutions. How- result to GlObal VlSlblllty AlgOl'ltth fOl‘
Department of Computer Science \e important case of the form factor between two polygons . ] -
Princeton University == S L lution. We give '12'h fl‘ Illumination ComPUtatlonS
THESES Seth Teller Pat Hanrahan

Abstract

We develop a radiance formulation for discrete three point transport, oy
eory

There are many ways to pal
each leads to a different choi

y two techi

and a new measure and description of refl -area refle

This formulation and associated reflectance allow an estimate of er-
ror in the computation of radiance across triples of surface elements,
and lead directly to a hierarchical refinement algorithm for global
illumination.

‘We have implemented and analyzed this algorithm over surfaces

division (the method of disc
harmonics (Px). These two |
methods of Immel et al. and
ing variations are possible. Ot
based on Kajiya’s original fori

Tinder thic farmulation tha ra

Reflection from Layered Surfaces due to Subsurface Scattering

Pat Hanrahan

Wolfgang Krueger

nputer Graphics]:
J.2 [Physical Sci-

Institute of Computer Science
Hebrew University of Jerusalem

Abstract

The most expensive geometric operation in image synthesis is
visibility determination. Classically this is solved with hidden
surface removal algorithms that render only the parts of the scene
visible from a point. Global illumination calculations, however,
may require information between any two points in the scene.
This paper describes global visibility algorithms that preprocess
polygon databases in order to accelerate visibility determination
during illumination calculations. These algorithms are sensitive to
the output complexity in visibility space; that is, how many pairs
of obiects are mutually visible. Furthermore. the algorithms are

Department of Computer Science
Princeton University

Visibility preprocessing. To compute what is visible from all
points on the surfaces of the objects being shaded, we preprocess
the scene to speed future visibility tests. For the purposes of
global illumination we need only consider all pairwise interactions
between objects. Preprocessing removes totally invisible pairs
from consideration, and accelerates later queries regarding visibility
between points on partially visible pairs.

Incremental visibility maintenance. The most efficient global
illumination algorithms operate iteratively based on error criteria.
Examples are hierarchical radiosity, where surfaces are subdivided
with respect to each other according to potential light transfers

Wavelet Radiosity

Steven J. Gortler

Peter Schroder

Michael F. Cohen Pat Hanrahan

Department of Computer Science
Princeton University

2
5

. N . . £ 3 Fi M;
Department of Computer Science Department of Scientific Visualization be an effective means g
Princeton University German National Research Center in Lambertian diffuse 0

for Computer Science te the radiosity integral 2 2 Fr M
»sity function into a set =
resulting in a set of n el
Abstract of incidence. Diffuse reflection is qualitatively - - i e 1 R

The reflection of light from most materials consists of two ma-
jor terms: the specular and the diffuse. Specular reflection may
be modeled from first principles by considering a rough surface
consisting of perfect reflectors, or micro-facets. Diffuse reflection
is generally considered to result from multiple scattering either
from a rough surface or from within a layer near the surface. Ac-
counting for diffuse reflection by Lambert’s Cosine Law, as is
universally done in computer graphics, is not a physical theory
based on first principles.
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Immersive Light Field Video with a Layered Mesh Representation
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We build on significant bodies of work in multi-view stereo [Fu-
rukawa and Hernandez 2015], image based rendering [Shum et al.

e 2007], light field capture [Gortler et al. 1996; Levoy and Hanra-
han 1996], and particularly recent advances in learning based view

synthesis [Flynn et al. 2016]. Many of these efforts have focused
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https://augmentedperception.github.io/deepviewvideo/
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