Chap 1. Graphics Systems and Models
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Computer Graphics

 definition
— all technologies related to

producing pictures or images
using a computer

o 408 HL2| HA
— CRT characters
— photo-realistic images
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Ol course 2| &2 Bt

. DEHMEROZ

| — ™/

— programmer2| & & ol A
graphics program JH 2 2 ?

e OpenGL - the graphics library
— graphics application JH& &
— de facto standard

— 0] coursei| A

7= X X oz A|._.CC_>E

So =
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1.1 Applications of
Computer Graphics



Computer Graphics S & Z0f=

« computer graphics 2| &<
- AMEBXRF:100|s, 4 He
T N2 &S &S
— hiw, siwe| &<

« HHEHR S8 0=

— display of information
— design

— simulation

— user interface
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Display of Information

e architectural drawings
— CAD (computer-aided design)

« geographical information
— GIS (geographic information system)

e mathematical graphs

— computer plotting packages
o X-ray

— CT, MRI, PET
e super computer + graphics

— scientific visualization
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Design, User Interface

e design > CAD
— iterative process Ofl CHst = J| &H Ol ol Z2 &4
— computer graphics £ M| otst =[=x2| 0| =

 user interfaces
— window, icon, menu, pointing device
— GUI (graphical user interface)

— Xerox — Macintosh
— X windows — Microsoft windows
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Simulation

e simulation
— graphics system0{| A
real-time image 28 & 0| Jtsoll Al & A
— simulation JI< : flight simulator
- &£ CHE S8 Z0F: computer games

e computer animation
— photo-realistic image & 0| Jtsoff AIHA

* VR :virtual reality
— graphics + interface J|=
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1.2 A Graphics System



Computer Graphics System

e =X OZ computer system
— Processor, memory
— frame buffer : graphics system2| £ &
— output devices, Input devices

@ e p Processor —p Frame —
buffer

@ ] Memory
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Raster system 0 &9

image raster

» pixel : picture element
 raster : an array of pixels
« frame buffer : pixel M & & memory area
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Raster System2| Jl &

1:1 LS 2 Al

for (y = 0; y < LINES; y++)
for (x = 0; X < PIXELS; x++)
display one pixel;

display processor ~
= N
frame buffer tHA =

BILIL ItE




Output Devices

« CRT : cathode-ray tube &= 2

frame buffer
(in memory)

y deflect

* raster system

— frame buffer2| 2= pixel=2
CRTOHIM =AU Z &3



Input Devices

« keyboard, mouse, joystick, data tablet
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1.3 Images: Physical and Synthetic



Image 4 & Ut &

g.:X-I @)

- T 1 —

2 = real worldS simulate

— camera 5= = human visual systemO|
HEHN & Sot= K E

_10H £ simulate

« ==, camera= simulate

real world VAN

3AE S2t

—

=M= <> object
camera > viewer
- 2Rt J|= ? geometry, trigonometry
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Camera System

e computer graphics : 3D — 2D = 2| mapping
— object : 3D
— viewer : 3D (= camera)
— image : 2D (camera2 film)

viewer

Image

object
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Camera System with a light source
+ light : 3D Ol Al & 2| =

light source

light — object — viewer
objecte] 2™ Z2 &

light — object — shadow
E= DN
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Light, Optics

 light : electro-magnetic radiation
— light, color = modern optics il A GH 4
o graphics 0l M= CH5 = geometric optics At S

MNa 2

computer graphlcs ;
BEAL 2| &Z = off & ol O
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1.4 The Human Visual System



Human Visual System

o rod (ZH& Al FFAREE) : night vision
o cones (& =Xl [El#82) : day vision

and cones

Optic nerve

e human visual system

— back-end®i| brain O] A J| =0,
simulation H2| s
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1.5 The Pinhole Camera



Pinhole Camera

eometric model

3, 2d)

(X, Y, z) : 3D point

(Xps Yo Zp) © Projection

_ X
b z/d

_ ¥
Yo =774
zp:—d
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£0{ Bl

 projection of the point (X, Y, z)
— (Xp Y, —d) : film &2 &
o FOV : field of view (= angle of view)

- otHE E= F U=

Q:Ztan‘ll
2d

- e

o DOF : depth of field
— focus Jt &= Al
— pinhole camera= infinite DOF

! A
1 1
1 \
1 A
1 1
] 1
"1___ ____-r“
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1.6 The Synthetic-Camera Model



The Synthetic Camera Model

« graphics 0l Al A& 0t= camera model

— object & 2| = viewer2t= =& &

e object &2 function2 €& 2 =&
— image A Al 0l = trigonometry Hl &t 2 2
— projection plane

 film= center of projection 2L} &2 =2

7

Y
-+ Camera (v, 2)
I
! :\\1/\\ "\
: : v \/z\\-/’\ ) : (ypl
1 N
:i | Objec
P il
r 2

—————
| I
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Projection plane, Clipping window

* projection plane : Hl &2 H O
 clipping rectangle
— projection plane &0l Al & XIZ2 20l= &=
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1.7 The Programmer’s Interface



Why Programming ?

e graphics system= AIEZot= &8 ?
— CAD, animation tool
* mMouse = interaction
o =1L} Ct StLt...
— someone should develop the graphics program !
— Hh= APS AT A BHO| code E 2

« (l: 3DS, MAYA 2] plug-in

e graphics library : Jf & & function =
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API

 application programmer’s interface
— graphics library

— graphics library2| e+ M= &Y

o popular API’s
— OpenGL, Direct3D, Java3dD, ...

e APlJ|E A&
— object &2
— viewer &2
— light source, materials, etc.



APl -1 &

e oObject @2
— OpenGL & 0
* glBegin(GL_POLYGON);
glVertex3f(0.0, 0.0, 0.0);
glVertex3f(0.0, 1.0, 0.0);

glVertex3f(0.0, 0.0, 1.0);
glEnd();

— GL_POLYGON, GL_LINE_STRIP, GL_POINTS, ...
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APl -1 &

e camera &2
— position
— orientation
— focal length
— film plane
 light source API
— location
— strength
— color
— direction
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Example : Wire-frame
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Example : Flat Shading
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Example : Sophisticated Shading

46



Example : Texture, Shadow
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1.8 Graphics Architecture



Modeling-Rendering Paradigm

o JI& 2HERSE graphics architecture
— modeler, renderer JI & &= 2| program
— Ol : Pixar’s RenderMan Interface
— modeler / renderer 3 & 2 file &

Interface file
Modeler p= Renderer

AutoCAD, 3DS, MAYA, etc. RenderMan, BMRT, etc.

49



Single CPU Model

o ZxJ|2| computer Ol A At
- CPU (il U5 2 FolJt Z&llt
— Intel x86 : SSE (streaming SIMD extension)
e single CPU model= |8t K| & 24

Digital I
Host —p to
analog I
\,
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Display Processor Model

 DPU : display processor
« graphics X{c| 8 &2 CPUE FJt
— pipeline architectureZ & X Jt= A= D|

‘
Host — Display I
processor

Display
list
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Pipeline Architecture

o JIE MEE HE)
e VLSIJ|=2 ¥E 2 Its

— SGI (Silicon Graphics Inc.) IRIS series
— ... = nVIDIA GeForce chips

— graphics M2l & £ S H =2 LI=0 A
2r2t= Y& 9| VLSI chip0O| X2l

Vertices—p» Transformes—m» Clipper -—®» Projector —®» Rasterizer —»» Pixels
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Pipeline Architecture

e transformation

- M H HE= ? et 4x4 matrix multiplication
 clipping

— projection plane &0 Al 22 st 2= M A
e projection

— 3D object — 2D image = 2| mapping
* rasterization

— image £ frame buffer0ll M &ot= U E

Qli
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Suggested Readings

* Foley, van Dam, Feiner, and Hughes, Computer Graphics,
2nd Ed., C version, Addison-Wesley, 1996.

— graphics encyclopedia

e Hearn & Baker, Computer Graphics, 2" Ed., C version,
Prentice-Hall, 1994.

— good introduction to computer graphics
— for undergraduate students
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