CSC 418/2504: Computer Graphics

Course web site (includes course information sheet):

http://www.dgp .toronto .edu/~egarfink/courses/CSC418/
(Website to appear this week)

Instructor: Edy Garfinkiel

Office: BA 3219

Email: egarfink @cdf.toronto.edu
Hours: Thur 11-1 (or by appt)

Textbooks: Fundamentals of Com puter Graphics (required)
OpenGL Prog ramming Guide & Reference

Tutorial lectures: Wednesdays @ 6 (first tutorial next week)
Section L0101 Mon 3pm (Tutorial Ain FG139, B in UC87, C in UC244)
Section L5101 Tues 6 pm (Tutorial Ain AP120, B in AB114, Cin BF215)
Breakdown of tutorials by last name. Check we bsite for updates.

Today’s Topics

0. Introduction: What is Computer Graphics?

1. Basics of scan conversion (line drawing)

2. Representing 2D curves




Topic 0.

Introduction:
What Is Computer Graphics?

Computer Graphics: NOT!

“How can | use Corel PhotoPaint™ to turn the sky green?”
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Computer Graphics: NOT!

Champion TUROK®: DINOSAUR HUNTER er,
“@ramps.,”’ recommends Intense 3D Vq:d?n

Computer Graphics

The science of turning the rules of geometry and physics into
(digital) pictures that mean something to people




Computer Graphics

The science of turning the rules of geometry and physics into
(digital) pictures that mean something to people

Technology for generation of visual media (images & digital
video) with control over style, appearance, realism, motion, ...

Key Elements:
e modeling objects & scenes, animation, rendering
e algorithms & data structures
e interface design & programming
e mathematics, physics, optics, psychophysics

CG is Movies

Movies define directions in CG
Set quality standards
Driving medium for CG




Games

Games emphasize the interactivity and Al
Push CG hardware to the limits (for real time performance)

Industrial Design

Costly to build physical prototypes
Often CG models are easier & cheaper alternative

Requires precision modeling
Interactive engineering visualization




Scientific Visualization

Requires handling large datasets

May need device integration

Medical Imaging, Computer-Assisted Therapy

Requires handling large datasets
May need device integration
Real-time interactive modeling & visualization




Graphical User Interfaces

Interaction with software & hardware
Emphasis on usability
Typically simpler (need to deal with simple 2D objects)

welcomelr':\m'« | i r"tl Atione | P':vper'nr—:.' Events | P rtsH'—h] i r,r':tﬂl Finiet |

This wizard will help you create new parts
for the BeanMachine palette, using

Java classes you already have,
Whatwould you like to do?

(® AddaJavaclass

(" Add beans from a jar file

I Fldd I
(" Customize a part already on the palette
Animation -
Audio A
Button =l

The name of the Java class to import

“Hack | PEXTE I Fintehi I Cancel |

Computer Graphics: Basic Questions

e Form
How do we represent (2D or 3D) objects & environments?
How do we build these representations?

e Appearance
How do we represent the appearance of objects?

How do we simulate the image-forming process?

e Behavior
How do we represent the way objects move?
How do we define & control their motion?




What is an Image?

Image = distribution of light energy E(x,y,A,t) on 2D “film”

What is an Image?

Image = distribution of light energy E(x,y,A,t) on 2D “film”
Digital images represented as rectangular arrays of pixels

pixel

—
= picture f-

element




Form & Appearance in CG

A
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illumination

camera shape/surface
geometry

& reflectance

pixel array

The Graphics Pipeline

Modeling Animation Rendering

e Geometry: points, curves, e Key-frame, motion o Visibility
& surfaces c?pture,_inverse . « Simulation of light (e.g.,
* Scene Objects: parts, kinematics, dynamics, illuminants, emissive
relations, & pose behaviors, motion surfaces, scattering,
o Texture and reflectance planning, ... transmission, diffraction,
(e.g., color, diffusivity, ..
opacity, refractions) o Special effects (e.g., anti-
.. aliasing, motion blur, non-

photorealism)




Graphics Pipeline: Modeling

How do we represent an object geometrically on a
computer?

Point clouds

Texture maps

7 e

Smooth surface patches

Parametric curves

Graphics Pipeline: Animation

Physical simulation
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Graphics Pipeline: Rendering

Input: Scene description, lighting, camera

Output: Image that the camera will observe
Must consider visibility, clipping, scan conversion,
projection, textures, ...

Putting It All Together...
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Course Topics

Principles

Theoretical & practical foundations of CG
(core mathematics, physics, modeling methods)

CG programming (assignments & tutorials)
e Experience with OpenGL (industry-standard CG library)
e Creating CG scenes

Structure of the Course

Part 1: Basic graphics primitives (= 3 weeks)

Part 2: Viewing in 3D (= 2 weeks)

Part 3: Appearance modeling & rendering (= 4 weeks)

Part 4: Interpolation (= 2 weeks)

Part 5: Animation (= 1 week)
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What You Will Take Away ...

#1: yes, math IS useful in CS !!

#2: how to turn math & physics
into pictures

#3: basics of image synthesis

#4: how to code CG tools

Administrivia

Grading:

* 50%: 4 assignments handed out usually on WEDNESDAY
(15% 15% 10% 10%)

e 50%: 1 testin class (15%) + 1 final exam (35%)
e First assignment: on web next Wednesday

¢ Check web for schedule, dates, more details & policy on late
assignments

Tutorial sessions:
¢ Math refreshers, OpenGL tutorials, additional topics

¢ Attendance STRONGLY encouraged since | will not be
lecturing on these topics in class

Lecture slides & course notes: on web, after class
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Topic 1.

Basic Raster Operations:
Line Drawing

¢ A simple (but inefficient) line drawing algorithm
® Bresenham’s algorithm
e Line anti-aliasing

2D Drawing

Common geometric primitives:

/O P

When drawing a picture, 2D geometric primitives are specified
as if they are drawn on a continuous plane

Drawing command:
Draw a line from point (10,5)
to point (80,60)
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2D Drawing

In reality, computer displays are arrays of pixels, not abstract
mathematical continuous planes

Continuous line Digital line
(80,60 @
y y
(10,5) 1
> X - X

In graphics, the conversion from continuous to discrete 2D
primitives is called scan conversion or rasterization

Basic Raster Operations (for 2D lines)

1. Scan conversion

Given a pair of pixels defining the line’s endpoints & a color,
paint all pixels that lie on the line

2. Clipping
If one or more endpoints is out of bounds, paint only the line
segment that is within bounds

3. Regionfilling . .
0l J%; T:%: )| OB [towmsi View =] 200%™ =] r.
%: 1 1 7 17 H:IE
&l £
5 r
8 4F
;
-l ;
:;..i?‘—“m 4 oA
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Line Scan Conversion: Key Objectives
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Line Scan Conversion: A Simple Algorithm
Goo,\'. m‘lQJ‘W\W\Q l)()\lﬁcx\b P{Xe/\s l\e_ c\oscs{- ’l‘o -H“L
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Line Scan Conversion: A Simple Algorithm
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Line Scan Conversion: A Simple Algorithm
Goo,\'. m‘lQJ‘W\W\Q l)()\lﬁcx\b P{Xe/\s l\e_ c\oscs{- ’l‘o -H“L
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Simple Line Scan Conversion (0 < slope < 1)
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The Impact of Floating Point Operations
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Topic 1.

Basic Raster Operations:
Line Drawing

* Bresenham’s algorithm
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Bresenham’s Algorithm

Goal : UPO\OA‘—QS 'P”‘d PO%"\"'OV’ W/Ow{‘ u%ﬁv\(}
90&’“1\%_ POW\JQ’.

(BQSQC, !&‘QQ,.(O{S\OP{}‘)

APssume Plxe,\ Cow)

7 hos been drawn
e IQ W\\OlPO\w\r M s
10-2/‘000 CQ _PA@V\
sefpixel (x+4,y+)
: se
+ Il e
o setpixel (xa4,9)
("m‘l'éger)

Bresenham’s Algorithm (0 < slope < 1)
b?_dv'ca, ion lmFlev\r\ewl-irv\a_ —-U*Q. _V\lifl]l@i'njf +£S']‘ usSm
mieger oS

Seft—])_\';,[ (xthyeh)

else
sekpixel (xerd )

Fi xe,\
skl on

( 'm)reger)

21



Bresenham’s Algorithm (0 < slope < 1)
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Bresenham’s Algorithm (0 < slope < 1)

Derivakion: lmFlemevx—l-iﬂ\a_ —-U*Q_ W\idpoi'njr +¢S']‘ LASW\ca,_
mieger oS

r TSNz
pixe) U-Yo)
position —

C 'm)reger) QS‘___:_%B; =W

22



Bresenham’s Algorithm (0 < slope < 1)
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Bresenham’s Algorithm (0 < slope < 1)
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Bresenham’s Algorithm (0 < slope < 1)
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Bresenham’s Algorithm (0 < slope < 1)
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Bresenham’s Algorithm (0 < slope < 1)

Lowglere algonithm

(Diminodes Okclid((-\-i oh/mb\vu&\'on
T widpormt kst
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Topic 1.

Basic Raster Operations:
Line Drawing

e Line anti-aliasing
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Jaggies

An unwanted artifact of the line drawing algorithms already
discussed is that the lines generated have a “jaggy” appearance

IIJ aggyll

I — /
B

* Jaggies are an instance of a phenomenon called aliasing

e Removal of these artifacts is achieved with the help of
anti-aliasing techniques

Anti-Aliasing
How can we make a digital line appear less jaggy?
Aliased line Anti-aliased line
® N

Intensity proportional to pixel
area covered by “thick” line

Main idea: Rather than just drawing in 0’s and 1’s, use “in-
between” values in neighborhood of the mathematical line
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Anti-Aliasing: Example

Aliased line

Anti-aliased line

R
I
/e

Topic 2.

2D Curve Representations

e Explicit representation
e Parametric representation
* Tangent & normal vectors
¢ Implicit representation
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Explicit Curve Representations: Definition

Curve re presonted \05 a
'g)uv\a\*lov\ ’f SULO\/\ +\r\ok

f.e. %?vaw X (absdssq> ;I

?L) S‘Ne,s us \,}
(:l-\kﬂ, Owd\'\/\o&'@

Example: Explicit Representation of a 2D Line

Curve re presonted \05 a
’g)uw\@\*lov\ { SULC/\/\ ‘H\Ok

i.e. %ivaw X (o&asc{sm>

_§‘ ) S'NGS us \é
(—l-\ka_ Ovd'\'v\o&fb
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Explicit Curve Representations: Limitations

Curve re presonted \03 a
guﬂ&‘th § Suc/\/\ +\/\ok

i.e. %ivay\_ x (qbsd5§q>

I
4

FO gues vs o 5
(+he ondinote) * Whhat 1§ curve becomes
vert cot| 7

*W\/\aﬂ‘ i{? Cuvve C@V‘JfUJY‘h
phs with Same X coord ?

Topic 2.

2D Curve Representations

e Parametric representation
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Parametric Curve Representation: Definition

Curve re presonted \03
- two ?uvxcjr'lows XC%\jC)
can intenwval (a,b)

£
such that every point W o
Poim‘\'
- ‘§Or
jC ©) = (x(os ) %Cqﬂ | pacawetes
‘ | value D

\oe,\(m%s Ow. ‘Hm Cupve

Forma\ e curve Is

SZOP De (o, b> A \Ied'o\r-\/olw,o\ @W\OA‘\ on
¥V he «?UW\Q:HO'“S x() and [ﬁc’ _g' (a,b)gm- "?_TR

are colled e coordimate

M@io& tre curve O &

Parametric Representation: Closed Curves

Curve WP%M \Oﬂ
two Qunctions X140
can inwterval  (a,b) 1)

such that every Pohﬂk‘

Lf@/c(xm 4O

\o \OV\%S Ow ‘H\Q (VRS

?Ca): -?Clo)

Fom\a\ P curve is

bor D () a vedw-volma\ {ncton
é curve i closed if g (a,)0) B = B
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Parametric Representation: Digital Curves

Ecample: A apoeral, digital
2D curve  that is

N pixels \DV\%,
— 2.
jC : (i ;N> > R
" N—value of pasamcher ot end
e 0, (0o, 0)
KW
Spomt a\ov\%
—DM’_ Curve

B - Daka strudhures:

X[ 1: N-elemunt matrix holdi
H x-wormi)\/;\’\as 0{2 Cuvve [)1"516

v+ holds nj—wovd'lho&es

A ‘R\L OY‘M\{O Imdax

Parametric Representation: Smooth Curves

CULV‘\)Q, V‘GPV‘ese)n‘\-eA \03 S\W\P\e 3@0W\€A’MQ ob&ec’\‘s
- fwo ?uvxc{“iows NG RY® Cﬂmes) cwcles, Q\\i\osesj dn)
« 0N I'w[‘evxval CQ,b) can loe fe,presen\m:\ W\\Ac,\r\

such Pt every poiﬂk‘ WOre COW\PQC’JH& USH\%_
am\:ﬁ'nc exp ressions —g)r

l—jaﬂ/:(x@\% y(™) X(Y and yC)
\OQ/\O'V\%S Ow —\_]V‘Q (VRS A curve 5 %VV\OO‘\J\ |
Lor e (ab) 0, y() have crkimuous
decivakives
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Parametric Representation of a Line Segment

()= B+ D (55

with

To qet the coordimate Sunckions, xpond -
£ = (Xo190) + 9 (Xi-Xo, &-Ys)
Generalivotovs: Ray from B, direchion o 3,

NG 0¢D <0 —>

0£3¢1

) ’
,XO l)(\

1
<

1Q —00¢D<oo —> Live through P and P,

Parametric Representation of a Circle

v Circle  contered ol (0)0)
with unit radius

£@)=(coo9 2@)
otk 0<¢9 ¢ 2n
- Witk rodive -
§(9N = (vcos%) vsm%)
ot a Famml«ar 0402\

E (@)= (rcos@rl 2),vSin (‘Zrﬂ))
> easy) to q\%em&e Pomjl‘s a\m/\% c\'v\g\{ bﬁﬁ Saw\plmg_

o volues
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Parametric Representation of an Ellipse

© EQie centered ok (o0)
wvkh major £ minor oxes

equal Yo a and o e e
£©)- (acos% s 'mcb> —

with. 0<Q <2

Super-Ellipses: Definition

© Super-ellipse at  (00)
RN VY\O\\')OV‘ £ minor oxes 1)

eual Yo o and o T

Eh> ‘\_\ _o—\_‘/J

( o) ((,og%)? b (s I‘V\%)

the parsmetee MR 18 called
“squaventss” and % olways posibive,

- Mlpove expression vot quite rigwt Lecage & 5
%V\O\CS:IW\Q,OL ‘S?Or Some. W @.7.001'\21/\ n=4, caQ«o

1 x>p
Soluhon : do V\C)'k‘ QXPOWGW‘\‘lo\‘\'L Hre Stgn %\[z):.{_i,l -

?(‘5}: (0\. Sgn(ooﬁ%) \ CO@I% ) bsgn (Sim%)ls'ms)lm
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Super-Ellipses: The “Squareness” Parameter

E ffect oE Cb\a\né\m%/ e

n=2 — ellipse

M>7 —> moessmgly
*squaved * elhpse

(‘———’g‘ — \3(9)

\ £(9)- (o eIt bsan(sm%)lsm&)iﬂ

Super-Ellipses: The “Squareness” Parameter

E et of chavg\,“%/ M

m=Z —> ellipse
M>72 —> moemmgly

*squaved * elhpse

M :1 — A\Q‘VV\OY\A

I )
T h <
—X%
o= 2
£

\ )= (o sl bsan(sl'm%)lsm%lij
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Super-Ellipses: The “Squareness” Parameter

L (fect OE cb\ouné\m%/ M

n=2 —> el\ipsa

M>Z. _— moﬂ;aﬁw\gl\}
"SC\w\vwe,o( ’ eU\PSQ_
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Topic 2.

2D Curve Representations

¢ Tangent & normal vectors

The Tangent Vector
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Tangent Directions: Key Property
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Tangent & Normal Vectors: Example
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Topic 2.

2D Curve Representations

¢ Implicit representation

Implicit Curve Representation: Definition
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Implicit Curve Representation: Definition
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Normal Vectors from the Implicit Equation
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