Computer Graphics
Motivation and Introduction

Andrej FERKO

Comenius University Bratislava
May 2006, online




Background: Bratislava & Graz

books@ocg.at

VYDAVATELSTVO SAPIENTIA 1995

CESCG '97-'99
selected papers

POCITACOVA GRAFIKA

«

A

AW Dt ﬂﬂd
A SPRACOVANIE OBRAZU

VYSOKOSKO

Matematicko-tyikéina fo

Jollus il Andre] Forko

NORMALIZOVANE GRAFICKE SYSTEMY

FAKULTA MATEMATIKY, FYZIKY A INFORMATIKY
UNIVERZITY KOMENSKEHO

ZLOZITOST
| GEOMETRICKYCH
| ALGORITMOV

Pavel Chalmoviansky
Andrej Ferko
Roman Galbavy
Ludovit Niepel

UNIVERZITA KOMENSKEIO BRATISLAVA

B

UNIVERZITA
KOMENSKEHO BRATISLAVA

books@ocg.at

Franz Leberl, And

East-West-Vision 2002
(EWV'02)

©



Agenda

1. Introduction & Motivation
2. Computer Graphics Functions
3. Rendering Pipeline

4. What Is Possible?
5. Conclusions



Does this exist ?




KUBOID by P. Elias
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KUBOID by P. Elias .




Communication Interfaces

* Author - Application Programmer - GS Author - User

WWW = Jieel - [iesi ~ el

Eg. OpenGL Workstation

* What is interesting for users?



Ambiguity Interesting Unlimited

« Communication
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* Arthur KOESTLER, 1964



Web Graphics

* Human visual system fed through GUI
perceives the content dominantly
through web pages
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Parallel Use of Sace N Graz

- Real world photo by A. F., Graz 2001



Where is the Ambiguity? (Very Individual




Where is the Ambiguity?

hint: the duck is looking left, the rabbit is
looking right



Where is the Ambiguity?




Pavol Elias gives the construction of
existing paradoxical 3D objects by
cutting them into unambiguous parts

 Here are two unambiguous parts
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“} VRML Test-Scene - Microsoft Internet Explorer
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a reasonable solution to overcome the arising problems. To investigate the world's behaviour, just move
towards the computer screen and follow the instructions.
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Categories of Ambiguous Web
Graphics

« (Categories of ambiguous messages created and
communicated by web graphics:

o static (stills) and dynamic (animations, interactive 3D worlds)

One view

A Rabbit.... Or A Duck?
hint: the duck is looking left, the rahhit is

2+ views

N views (using
mirrors)




On Model of a Human Being

 Association >> bissociation

* Arthur KOESTLER: no labyrinth, no mouse, just
bissociating two contexts



Human — Human Interface

* The Act of Creation (creatology): m
5

* The same is interesting without web
* Art, scientific discovery, comic inspiration (Humor)
* Note that Humor is undefined like Set or Shape



Serious Unambiguous Messages

 White box... Black Box: known to unknown

kG-----

¢ KnOWIedge Increase (electric circuits... CFD... Big Bang or humor theory)
° Labyrinth and Mouse (standard brainstorming creatology)



On Model of a Human Being

e Communication World Champions: NLP
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Visual
Auditory
Kinesthetic
Olfactory
Gustatory

« John GRINDER & Richard BANDLER, 1972+
* NLP = Neurolinguistic Programming



On Model of a Human Being

* Input Completion: Add Symbolic Channel

O X » <&
§ 318181
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Symbolic (glyphs, .exe)
Visual

Auditory

Kinesthetic

Olfactory

Gustatory
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CG Functional Unit

known model

wireframe or surface representation: geometric
tranformations, visibility calculations, interpolations and
raster manipulations

photorealistic quality: the lighting and rendering
equations solved to simulate the illumination, shading,
shadows, natural and synthetic textures and colors

viewing: parallel or perspective projections) create the
Image space
animation: kinematic & dynamic data compute/capture,

hierarchy of motions, interpolations in the scene and in
the resulting sequence of frames (fps)



Photography ~ computer
graphics

ISO: Computer graphics: methods &
techniques for construction, manipulation,
storage and displaying pictures using computer.
[Dobkin97]. Computer graphics is a
radiometrically weighted counterpart of
computational geometry

8D (x,vy, z, 1) (r, g, b, transparency)

Schnellkurs



Serious Unambiguous Messages

 White box... Black Box: known to unknown
* Problem, model, algorithm, software, results...

kG-----

* Knowledge++ (electric circuits... CFD... Big Bang/humor theory)
° Labyrinth and Mouse (standard brainstorming creatology)



On Model of a Human Being

* Problem — Application Program - Solution
- - ¢

GUI HVS



On Model of a Human Being

* Application Programmer - GS Author - User

- - ¢

 Triple Schizophrenia in
« Computer Graphics Reference Model (ISO)



Initial
observations

Science

1
Conduct
experiments

More systematic
observations

* Discovery

2
) Construct
~ Predictions theory
from theory (model)

Experimental
observations

3

Devise 4
experiments Refine
to test the theory

theory

New predictions

Experimental

observations 5

Derive
scientific
principles

Figure 1.1 The nature of scientific analysis.



Design

 |[nvention

External
requirements

1
" Identify
nature of
requirement

Requirements
specification

2
Analyse and
build model
of problem

Functional
specification

3

Designer's
) model

4
Validate
_ solution

Designer's
model

Design
‘blueprints’

6
Implement
solution

Figure 1.2 A model of the design process.

Functional
Postulate specification
a design
solution

Seek new Mismatches
solution

between model
and requirement

5
Refine
design
solution




SIGGRAPH Slide Show

&

1991 SIGGRAPH
Educators’ Slide Set

Editor
Steve C

unningham
California State University Stanislaus



The Shutterbug Rendering
Progression

This sequence illustrates the progressive refinement of rendering
algorithms,

The images range from wire frames to photo-realistic renditions
including reflections and shadows.

The rendering algorithm affects the quality and information conveyed
by the image, independent of the underlying three-dimensional model.

ShutterBug Credits

Produced by Tom Williams and H. B. Siegel, with the assistance of
M. W. Mantle

All images rendered with PhotoRealistic RenderMan 3.2
Copyright Pixar, 1990

Produced for Computer Graphics, Principles and Practice, Second
Erﬂion,byide:,mbn.?dnu'.nd“ﬂ

Copyright Addison-Wesley, 1990
















Graphics vs. Visualization

« Controlled Error: Model, Algorithm... Solution

a7 es |7 ws é
« Computer Graphics >> Visualization

ge—>0 >> g —> Infinity ‘
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Categories of Ambiguous Web
Graphics

« (Categories of ambiguous messages created and
communicated by web graphics:

o static (stills) and dynamic (animations, interactive 3D worlds)

One view

A Rabbit.... Or A Duck?
hint: the duck is looking left, the rahhit is

2+ views

N views (using
mirrors)
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Towards e roublems...
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» Real world photo from P. Bourkes homepage
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Earth in the Night AHA!

http://antwrp.gsfc.nasa.qgov/apod/ap001127.html
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On Model of a Human Being

« Controlled Error: Model, Algorithm... Solution

a7 es |7 ws é
« Computer Graphics >> Visualization

ge—>0 >> g —> Infinity ‘




Etruscan Liver, Cholera in London

* Sheep Liver & Names of Gods

*http://www.ou.edu/class/ahi4163/files/bronz12.html

The idea of representing data visually has been around for much longer than computer based
visualisation. The linking of the spread of cholera to water supply provides an early example of the use of
visualisation in problem analysis. During the 1853-54 cholera outbreak in London, Dr. John Snow
identified a large grouping in the Soho area. He went on to plot the homes of the 500 victims who died in
the first 10 days of September 1854 on a map of the area. This simple representation of the data he had
collected showed that the grouping of cholera sufferers in the area was centred round a particular water
pump. Investigation of this water pump established that it had been contaminated by a leaking cesspool.
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Virtual Heart of Central Europe, Culture

-V . W . W_\

2 VHCE = Presentation - Microsol ft Internet Expl lorer I

Virtual Heart of Central Europe “' ,
Towers, Wells, and Rarities 3D On-line I'.h |
> ;

‘Castle and Well - VRML (Low resolution)

Authar(s) & Confributar(s): Stanislay Stanek il BigiSrnall

|
Eiratvn el Gl e
Culture 2000

.|
« Awarded by EuroPrix Quality Seal

www.VHCE.info
« 330 KEUR, 150 KEUR from EC, ready to submit — Pirelli Award
» follow-up 2005-2006 (SK, SI, PL, CZ), submitted, 256 kEUR



Navigation&Cooperation in VEs:
_ ¥irtua| Bratislava (2002-2004)

ElTest WORLD

[E 0,130
[Eveball LB =050651
[Eyelid 707167

B[R] | SR PavUiey TR TR | TR S ) [ L N a
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[Smile -1.000
E ;
[Anger  [0RB00TT] [Anger O
[Fear =038 | [Fear 0.600
Sa

http://lwww.sccg.sk/~projects/

- 900 000 SKK, 506 000 SKK from Slovak government, APVT agency
*  Follow-up 2005++

* Key researchers M. Zimanyi, S. Stanek & P. Kubini



Metaphor

Confrontation of Meanings

Pritaca, comparison...

For example, desktop metaphor, GUI
...Sweeping, D&C, Simulated Annealing...
Recall Koestler & bisociation



March of the Napoleon Army

Computer-generated Yisualization 1. Introduction to Visualization

Examples of Visualization

=
=
i)
=
r
-

fovate
= H
= Ferent
= ] _
.d’; e =5 o 100 miles =
g - - _|
& 2 2 §
5 |
Torasicn 5 Temperature in Celeius
00
_f_
I - | I -t 137
= it
3 E sReferences

This graphic is an adaptation of M. Charles Joseph Minard’s March of the MNapoleon Ay by

Sunny McClendaon, as part of an Information Design Class at the University of Texas at
Augtin.

: UNIVERSITY OF PRDERBORN
25 Mail, 2000 = 13 Computer Graphics, Visualization
age &l and Image Processing ©1999
Prof. Dr. Gitta Domik
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Volume . Surface

sampled data |l geometric

3D reconstruction image synthesis
LN OO isosurfacing e IR
space geometric space
voxelizatio

volume rendering surface rendering

Kl .




MatLab: www.femlab.com

s ENLAB

- e

# FEMLAB - Electrostatics (¢ LIXEMAT
Bl Edt Options undary PDE Mesh Solve Plot Multphysics Window Help
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Viz-Course Contents

1. Introduction, motivation
reference model, scenarios, graphics and visualization difference

2. Data

data types, coordinate representations, data connectivity
3. Mathematical models and languages

4. Representation

scalar, vector, tensor, multivariate, using color, glyphs

5. Visualization software
6. Information Visualization

graph drawing, algorithm animation, ...

7. Recent Directions
data sonification, visualizing relativity, NPR in scientific visualization...



Visualization of Data

1D, 2D, 3D: Rendering

*4D: Animation (Juran.)
* ND - in general: Open Problem

. Glyphs faces by statistician Herman Chernoff

eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee

» other metaphors terrain, garden, IFS...



Glyphs

* UNICODE glyphs: A, @, 7,
a, B,y 0,20, 0..2,%8§, ...

symbolic information

* Visualization glyph

aaaaaaaa

.Arm Thickness
3. Angle between



Visualization Glyphs

Lame's Ellipsoid
Map diagonal tensor
elements to ellisoid radii.
T22
(&
"(«»
Haber Shaft-and-Disk Glyph
shaft direction:
direction of major principal
: stress
shaft color:
sign of stress
shaft length:
magnitude of stress
disk axes:
middle and minor directions
of stress
disk color: :

stress magnitude in each
direction

v

1. Arm Length

2. Arm Thickness
3. Angle between

arm and stem

12 degrees of freedom



Teble 1: Description of jactd jedures f Chemne) jace

Lyimension Facial Feature
Chernoff Faces— =

2 Ear lewel

3 Half face height

4 Eccentricity of upper ellipse of face

5 Eccentricity of lower ellipse of face

& Length of nose

7 Position of centre of mouth

B Curvature of mouth

g Length of mouth

10 Height of centre of eyes

11 Separation of eves

12 slant of eyes

13 Eccentricity of eves

14 Half length of eye

15 Posiion of pupil

18 Height of eyebrow

17 Angle of browy

18 Length of brow

12 Radius of ear

20 Nose width




Facial Representation of nD Data?

Fig. 4.1 I Fig. 42

Fig.3:

A
neutral
nosex
face.

Fig. 4.3

e Susan Brennan, 1985 and

http://www.sccg.sk/~ferko/VISFORUMABSTRACT.pdf

Fig.1:

E. TaYIOr and Kem'ledy during Changing their faces. C Fig. 4.1- 44: An example of four step generation of the caricature. Figure 4.1

represents a data snapped from the real image of the former president R.
Reagan. ' .



Fig. 4.1 ' .. . Fig42

Fig. 43 - Fig. 44

Fig.4.1-44: An example of four step generation of the caricature. Figure 4.1
represents a data snapped from the real image of the former president R.
Reagan. ' .



Parallel Coordinates
 INSELBERG, A. DIMSDALE, B. 1990. "Parallel
Coordinates: A Tool for Visualizing Multi-
Dimensional Geometry," Proc. of the First IEEE
Conference on Visualization. 361 (1990).

. http://lwww.caip.rutgers.edu/~peskin/epriRpt/ParallelCoords.html
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Volumendarstellung (19), Dr. Bartz

Gradient Skew

Voxelintensitaten 2. Ableitung Kurtosis

- N\
Slice| 4 | ]

Zoom| zo | |

Min| o [
hax | 188 | |
Signature| = | 1]
ResetRange |  SetRange |

Signature Mame | 2nd Order Moment
Signature Yalue | 91966924

Color Undu] Mapl Ellendl met




Computer-generated Visualization 1. Introduction to Visualization

Examples of Visualization

UNIVERSITY OF FADERBORN
Page 14 Computer Graphics, Visualization

2% Mai, 2000

'Q and Image Processing ©1399

Prof. Dr. Gitta Domik
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i-paderborn.de/fachbereich/AG/agdomik/visualisierung/vis-report/tutorial/chapter1/tsld011.htm

Fodr PRV E RN

] E? hetian o
|.'.'.

METALE




Visualization Magic...

* Magic Mirror by Jerome Grosjean et al.
 Magic Tunnel by Bernhard Reitinger et al.




Teble 1: Description of jactd jedures f Chemne) jace

Lyimension Facial Feature
Chernoff Faces— =

2 Ear lewel

3 Half face height

4 Eccentricity of upper ellipse of face

5 Eccentricity of lower ellipse of face

& Length of nose

7 Position of centre of mouth

B Curvature of mouth

g Length of mouth

10 Height of centre of eyes

11 Separation of eves

12 slant of eyes

13 Eccentricity of eves

14 Half length of eye

15 Posiion of pupil

18 Height of eyebrow

17 Angle of browy

18 Length of brow

12 Radius of ear

20 Nose width




i

. http://mrl.nvu.edu/proicts/image—analogies/artistic.html (SIGGRAPH 2001)
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Xmas Tree in Heaven

 Christmas Tree Awarded Case Study, TU Vienna




Xmas Tree In Heaven




Conclusions...

www.sccg.sk/~ferko
pg.netgraphics.sk
www.siggraph.org

Computer graphics reference model

Visual information processing
motivation and methodology

Thank You for Your attention
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