CSC 418/2504: Computer Graphics

Course web site (includes course information sheet):

http://www.dgp.toronto.edu/~elf
Instructor: Eugene Fiume

Office: BA 5266
Phone: 416 978-5472 (not a reliable way)
Email:

elf@dgp.toronto.edu

Hours: by arrangement, first use bulletin board

Textbooks: Fundamentals of Computer Graphics (recommended)
OpenGL Programming Guide & Reference (optional)

Tutorial lectures: Wednesdays @ 4 (first tutorial this week)

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

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




Computer Graphics

CG is Movies

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:
¢ modeling objects & scenes, animation, rendering
e algorithms & data structures
e interface design & programming

e mathematics, physics, optics, psychophysics

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

Games

Industrial Design

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

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

Requires precision modeling
Interactive engineering visualization

Scientific Visualization

Medical Imaging, Computer-Assisted Therapy

Requires handling large datasets
May need device integration

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)
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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 Behaviour
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

illumination

N\

camera shape/surface
geometry

& reflectance

pixel array

The Graphics Pipeline

Modeling Animation Rendering
* Geometry: points, curves, * Key-frame, motion  Visibility
& surfaces c.apture,.inverse . « Simulation of light (e.g.,
* Scene Objects: parts, klnemétlcs, deramlcs, illuminants, emissive
relations, & pose beha\{lors, motion surfaces, scattering,
« Texture and reflectance planning, ... transmission, diffraction,
(e.g., color, diffusivity, )
opacity, refractions) * 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

Smooth surface patches
’,m-"

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...

Course Topics

Principles

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

CG programming (assignments & tutorials)
¢ Experience with OpenGL (industry-standard CG library)
¢ 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)




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 Mondays
(probably equally weighted, but it might change a bit).
® 50%: 1 test in class (15%) + 1 final exam (35%)
e First assignment: on web Wednesday (I hope)

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

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

e Attendance strongly encouraged since | will not be lecturing
on these topics in class

Lecture slides & course notes: on web, after class

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:

SO

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

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

e
e (10,5)
X

2D Drawing

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

Continuous line Digital line

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

(80,60) o

(10,5) 1

X - X
In graphics, the conversion from continuous to discrete 2D

primitives is called scan conversion or rasterization

2. Clipping

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

3. Region filling
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Line Scan Conversion: Key Objectives

ACCbLPOLC

'Pixe\s S\/\ou\A &pevommajtc

lie as o\ogdj as possile Digital line

(x, u)

Speeo\
Lane draw'rv\% should bt
as efoent oc Poss,\ote

Uisual Quality
No discerailde “ackfods’ <

Xy

y‘(

Why not set
this pixel?

Line Equations
@: bow do we represent e set of alll poms Yyimg

on sms\e live ?
Equa'\‘iov\_ o‘e Q«M ‘u\a‘{‘
posses -'c\r\muglz\, POW\\—S

Continuous line

9. Coye) and  (x,y.):
J7Ye X-Xeo
e (&>
i ‘Al__\j" X =¥~
iy e XS (g ) e
Yo - ’ jb"’“ (91-2)
Y2120y y )t =

* x < .
; X1 —Xoi
St e coll| Fhis

3:[“/\6(9;5 %0\ {he <lope m

Line Scan Conversion: A Simple Algorithm
Goal: Dedermime which Pix@\s lie closest 4o Hhe

mathernatical lime S%w\mjr U= mx+thb

Digital line Coce. e OéS[oF()_<’1

- Draw Plxe\ ab line
%Lar{-:
X=Xo; Y=Yo,
setpixel (x,y ,Color)/‘

4 =90 |&]

X

X
X—>o

Line Scan Conversion: A Simple Algorithm
Goal: Dedermme which Pixe,\s lie closest 4o +he

mathematical lime ge@ww,,} Y= mx+b

Digital line G)% A Oéglof)q_<1
B - Draw Pixe\ ab line
%lcar{-:
X=Xo; Y=Yo,
; setpixel (x,y Jcolov)
4 ;;j" 1 Drerement x: postton:
- X X X = X4 ;
AN}
T l Dedermme Y Posi)rio‘f“’?
X pixel m column X o

lies  closest to line

Line Scan Conversion: A Simple Algorithm
Goal: Dedermame which Pixe,\s lie closest 4o 4he

mathemalical lme seaww/ﬁ Y= mx+b

Digital line G)% e Oég[oPQ<1
. |®
B - Draw Pixe\ ot line
slart:
X=Xo lj:'ﬂo/'
: setpixel (x4, color)
4 =90 |l Nnerevment x: posiHon:
> - .
)(01\ X X = X4 ; 'h
X Update 9 posinon:
3 = WX+ b/

Line Scan Conversion: A Simple Algorithm
Goal: Dedermme wlhich Pixe,\s lte closest o +ha

mathemotical  lime geaww,,-\- Y= Mmx+b

Digital line CQQL A Oéglo{)@d
i ° - Draw Pixe\ ab lime
Sjtarljz
X=Xo ; Y=Yo,
5 setpixel (x4, color)
4 ?jo o Nrerement x: postton:
- X = X+4 ;

Xo X,

T( wore eflcient . O\ Up&a*{ Y Po%hon:
becouse ik rauires Just
L addition pec pixe] Y= %+M/




Simple Line Scan Conversion (0 < slope < 1)
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Topic 1.

Basic Raster Operations:
Line Drawing

¢ Bresenham’s algorithm

The Impact of Floating Point Operations
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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)
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Bresenham’s Algorithm (0 < slope < 1)
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Topic 1.

Basic Raster Operations:
Line Drawing

e Line anti-aliasing

Anti-Aliasing

How can we make a digital line appear less jaggy?

Aliased line Anti-aliased line

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

§=21 W
Jine  Sor (ke 5 x€X1 ; %64)
sedprixel (x )
£0
(g d/\qngzs) {j = 57*'1/'
S f={+al-2w,
pixe) )
position shavs
(’“)”’5”) (3% 53M\> L=C+2H;
Jaggies

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

E— . —
N

 Jaggies are an instance of a phenomenon called aliasing

* Removal of these artifacts is achieved with the help of
anti-aliasing technigues

“Yaggy”

Anti-Aliasing: Example

N Aiased line
_ Anti-aliased line
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Topic 2.

2D Curve Representations

e Explicit representation
* Parametric representation
® Tangent & normal vectors
¢ Implicit representation

Explicit Curve Representations: Definition
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Topic 2.

2D Curve Representations

e Parametric representation

Parametric Curve Representation: Definition

Carve represented by
~two Qunctions X 4O
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Parametric Representation: Closed Curves

Corve represonted by
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Parametric Representation: Smooth Curves
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Parametric Representation: Digital Curves
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Parametric Representation of a Circle
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Parametric Representation of an Ellipse
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Super-Ellipses: Definition
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Super-Ellipses: The “Squareness” Parameter
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Super-Ellipses: The “Squareness” Parameter
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Super-Ellipses: The “Squareness” Parameter
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Parametric Representation of a Polygon
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Topic 2.

2D Curve Representations

¢ Tangent & normal vectors




The Tangent Vector
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Tangent & Normal Vectors: Example
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Topic 2.

2D Curve Representations

¢ Implicit representation
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Implicit Curve Representation: Definition
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Normal Vectors from the Implicit Equation
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Lecture 1 ends here
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Lecture 1 extras

Topic 1.

Basic Raster Operations:
Line Drawing

Drawing Circles

The basic principle behind Bresenham’s algorithm can be applied
to the problem of drawing circles, ellipses, conic sections, etc

Digital line

1. Draw pixel at a circle point

2. Increment x pixel position

3. Determine the y position
of the pixel lying closest
to the circle

Circle Equation

A circle is completely defined by its center & radius

(x.y)

The equation of the circle is given by

(x-Xx1)? + (y-y1)? =r?

Circle Drawing: The Midpoint Algorithm

Given: the center pixel (x1, y1) and radius of a circle

"Box” vl
representatien

&9

NH

&0

%

circle

N

N
rr1< <

Divide circle into octants
Basic idea (top-right octant)

« Test if M is inside or outside
the circle

 If M inside, draw NE

« If M outside, draw E

« How do we check whether
a point is inside or outside a
circle?

« Ans: Distance from center <r

« Perform test using integer ops

Today’s Topics

* Anti-aliasing techniques
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Bresenham’s Algorithm
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Bresenham’s Algorithm
Gool: Updskes pixel postion u//cw.f Using

lo ’f\\V\ Ot
Floo &P Basie \JQQA(Oéslopw)

s E/l, (m,‘“%’)
below @ 7

a(xv)= B (x-%0) ~W (5 -Y 2)

22) +2H-W >0
|]

X x|
Sl o
Cer) | 2 G2k -2(y-go) w0

Bresenham’s Algorithm
Goal - updd&’s prxel posion u//oud‘ Using

10 ‘HV\ O]N\*
Floa &P Rasie \alm(oslopad)

C"u'j;) Is ) v)
] below P 7
«ﬂme —_—

Tk@v\ % (Xp ,Up )':O
Soheied by any poink
e Oi '\'\Lbdj\\"hla P
) 1§ $Cav)>0 W\w_
“molicit Lime fanehon (xv) is kelow P
’DCQW\Q_(W\P‘C e l{) 3(}42}40 e

Bresenham’s Algorithm

Goal - UPo\a(Les mea(\(Lpo%r\ﬂOw W/OW\L Ul%'w\cg_
lo ’Hv\ Ol
Floo s Basie \M_(oslopyl)

Is ,E/“: (x+A, 10+Ji)
below @ 7

M ePne . N 4]
[0xy) 2 O-) W (Y-Yo)

f(x,-,))ArZH—W >0

Hove Mts beloo @R

X bl pixe)

posikion
C imt %] e/‘)

3Gy = RIESORUCETD &) is oloove P

18



