Introduction to
Computer Graphics

Computer Graphics Applications
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o Computer Animation >
o CAD/CAM

o Games

o Virtual Reality

o Medical Imaging

o Scientific Visualization

Computer Graphics Main Theme
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Modeling

o Geometric Modeling
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o Image-based Modeling
w OO AITIC 2R E 3K 2EH 4Y




Rendering

o Physically Based Rendering
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O Real-Time Rendering
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Animation

o Keyframe Animation
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Geometric Modeling
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3D Studio Max

Physically Based Modeling and
Animation

Cloth simulation
| David Baraff and Andrew Witkin
http://www.cs.cmu.edu/~baraff/sigcourse/index.html

Fire simulation

Duc Quang Nguyen

Ronald Fedkiw

Henrik Wann Jensen
http://graphics.ucsd.edu/~henrik/papers/fire




Image Based Modeling and Rendering

Original photograph with Recoversd model Muodel edpes projected Synthetic rendering
marked exlges otey pholograph
Facade

http://www.debevec.org/Research/

3D Scanning

Paul Debevec
http://graphics.stansford.edu/projects/mich/more-david/more-david.html

Photo-realistic Rendering

Wikipedia

Monte Carlo Ray Tracer
http://www.student.cs.uwaterloo.ca/~cs488/Contrib/a3patel/project/a3p
atel_index.html

Photo-realistic Rendering
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Direct Illumination RadiosJ .

Wikipedia

Radiosity on Graphics Hardware
http://www.cs.unc.edu/~coombe/research/radiosity/




Photo-Realistic Rendering

Pixar's RenderMan
http://www-viz.tamu.edu/students/jd/gallery/renderman/rendermangallery.html

Non Photorealistic Rendering (NPR)
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Volume Rendering

6.77GB Visible Male Data sets
http://www.sgi.com/products/software/volumizer/techsum.html

Scientific Visualization
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Scientific Visualization

U. C. San Diego

Motion Capture for Character Animation

Motion capture Retargetting motion

Facial Expression Animation

Facial animation and modeling
MPI Informatik
http://www.mpi-inf.mpg.de/resources/FAM/

Al-based Behavior Animation

Panspermia
Karl Sims’ Artificial Life
http://www.cyodine.com/virtuallife/DynamicEcos.htm




3D Films

Avatar (2009 film) directed by James Cameron

Real-Time Graphics

e GPU programming by nVidia Cg,
The Cg Tutorial OpenGL/GLSL, DirectX/HLSL

The Definitive Guide to
Puegracmm sble Fbai: Thist Grighich http://en.wikipedia.org/wiki/Real-
time_computer_graphics

* Randima Fernando and Mark J. Kilgard
Foreword by BIll Mark. Lead Designer, g Longuage

http://www.e-booksdirectory.com/details.php?ebook=2474

HDR (High Dynamic Range) Imaging

Original images
n =

—4 stops -2 stops +2 stops +4 stops

Results after processing

Simple contrast reduction Local tone mapping

http://en.wikipedia.org/wiki/High-dynamic-range_imaging

Virtual Reality

The best VR headsets
http://www.wareable.com/headgear/the-best-ar-and-vr-headsets
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Rendering pipsline

OpenGL Shading Language

= Bl lbjects
* Bufler Obpect Stsuarming
» Pinal Bufor Objects
» Textures
* Samglor Objects
» Image fumats
» Pusal transier opsrations
* Cubsmap Textures
* Ay Textunes
* Bufier Textums
Azynchronous quary ohfects
= Framsbufler Diqucts
» Datnut Frameboar
= Randurbubler Cipects
* Unconventional ohjects:
= Sync Objects
* Shader and program objects

* Vorex Specifcation
* Venex Rendeting
« Primtie

* Vortex Frocessing

= Vertex Shader

* Tessaliztcn

« Gaomatry Shadse

WVelen Peal-Processng

= Teamiborm Feadbuck

Primitree Asseenbly

= Face Culing

Rasterization

= Fragment Shades

* ParSample Precessing
* Diepeh Test
 Banding

* The core anguage
* Shader compilation
* Introapaction
anabip types

= Type quakfiers
* Undoem vanabins
reglar vanatias
= Ewiltin varinblea
* Interface blocks
+ Shader stages:
* Ve Shadee
+ Tessetation
* Ganmetry Shadar
= Faagmen Shader
* Compute Shader
* Other shading languages




