Graphics Systems and Models

Computer Graphics Applications
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Computer Graphics Main Theme

A Graphics System

o O|O|X] (Imaging)
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o 223 (Geometric Modeling)
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o A& (Rendering)
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o OfL|M| O] M (Animation)
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o PC
CPU
Memory
Disk
Graphics card
Sound card
Peripherals: keyboard, mouse, monitor
= Network
o Graphics card
= GPU
= Memory
» Video output




A Graphics System
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Vector Graphics System

o Vector display, Calligraphic Display

o Oscilloscope, Radar, Plotter, Evans/SutherIand PS Series
o St (pixel) ZHE0| A&
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Raster-based Graphics System
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Raster-based Graphics System

o oA AAH oFo| 2| AHIH (frame buffer)Of A
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Rasterization

o 2 AE{S} (Rasterization) = A B3t (Scan Conversion)
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Interlacing

o H[ZFA} (Interlacing, Interleaving)

m NTSC TV EF: 60 Half Frame/Sec, 525 Scan Line, 4:3 Aspect
Ratio

FAH

e B =

e AE] G, Bh, FAMD Ajo]2] 2

Interlacing

o Interlaced vs. Non-interlaced (Progressive)
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Raster Image

o 2§AE O|O|X| (Raster Image)
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o 2t (Pixel = picture element)

o T LI (Frame buffer)
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o M7Z I (Color buffer)
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Double Buffering
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Images

o AFH FY (Computer-generated images)= X7t |
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Human Eye
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Photoreceptors (Rods & Cones) Rods/Cones Distribution
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Chromatic Color

Color Model
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o MZS ofH RRS ALESI0 XMz moig Al
= RGB
= CMY

= HSV/HSB

YUV/YIQ — PAL/NTSC Television
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RGB

o o] 4eMoR Ha C|AZ 0| Al

o RGB Z&| 222 Zf of4 (0] 1 opa0f
GREEN, BLUE)Z{2 Hdol ERSte YA

ng: # of bits for R channel

ng # of bits for G channel

ng: # of bits for B channel

n=ng+ Ng+ Ng

2n = 2(nR + nG + nB) 7H9| &!7;_!' E'é'l_:{ 7}%

o Examples
= Black (0, 0, 0), White (1, 1, 1)
= Red (1, 0, 0), Green (0, 1, 0), Blue (0, O, 1
= Cyan(0, 1, 1), Magenta (1, 0, 1), Yellow (1, 1, 0)
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CMY
o Ao| AlglMo = mEIEof X,

o CMY Z2| 222 RGB| EAQI , Magenta,
S0l M RGBE M A HESSH= A
= Cyan=1- red (green& bluelt =3)
= Magenta = 1 - green (red & blue 2t &3)
= Yellow = 1 - blue (red & green 2t &)
o Examples
= Black (1, 1, 1), White (0, 0, 0)
= Red (0, 1, 1), Green (1, 0, 1), Blue (1, 1, 0)
= Cyan (1, 0, 0), Magenta (0, 1, 0), Yellow (0, 0, 1)
o RGB/CMY gt
= CMY =(1,1,1) - RGB
= RGB = (1, 1, 1) - CMY
o CMYK= dEMBlack, K)E =7t AMoM == ALE.




HSV/HSB

o HSV Z| 222 MA(Hue), A= (Saturation), B

Value/Brightness)
= MAE20~36020 HY A
0 - WZHA 120 - =AY, 240 - THEHAY

YUV/YIQ

oYUV Z2 ZE2 TVO|M RGB A= E F49
LIEILl= BE (Luminance) (V)2 & 742 A4 X}
(Chrominance) (U, V)2 B 2t510] &
Y5720~ 19 =2 BEH

s MEE0 ~ 1 HRQ BRI E w U EEHEE 05~ 059 &2 &
0- ol HAZ (FAjA) VB2 ™HEE 05~ 052 2 B
. 1- éié HEDH 7|dto| 1—'.‘-EH7IP§JXfEI 100% *H= o RGB->YUV
n BEE= 2F0AMO fX|
0. 2 = Y =0299R + 0587 G +0.114 B BLRCRERY
sing S » U=-0147 R-0.289 G + 0.436 B
- = V=0615R-0515G-0.100 B
o YUV->RGB
s R=Y4+ 1140V U-V Color Plane
= G=Y-(039 U + 0581 V)
= B=VY+2029U *
Luminance Synthetic Imaging Process

o Aol 87| (brightness)
O RGB Z{0|A BAE== Het

m NTSC BEZ HAE =0299*R + 0587 *G + 0.114 * B

HT o it NTSC E=0| IHE
» H7 HAT =033*R+033*G+033*B
RGB EAMOZHE HSY GO Z Bigl
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Pinhole Camera

Synthetic-Camera Model

O Pinhole cameras &At2| oHE HO|

EE0| etFo BLfF Hof| =

0 Xy Yo ~d)E (Y, 27t TS

o 7tO2tel Alop= EE Hof BY £ Q= 7k 2 37|12
A0l 2o BHSOX|5 A

o Pinhole camera model|A| image planeE %22 229l
A

o S2|E |IE% (Clipping window)
= G972t = Alorof WHE F& A7(2f MehE na{sHof g

=

Y

-~ Camera
AN

center of projection
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Clipping
image plane F
projection of p
22|E A=R2| x7| 2IX] 22| A=R2 0|5
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3D Graphics API

o Low-level graphics libraries
= OpenGL, Direct3D

O Scene graph libraries
m SGI Performer, Open Inventor, Open Scene Graph, Java3D

o Scientific visualization & advanced graphics toolkits
= OpenDX, AVS

Keyboard

N Graphics
Application | library te—=  Drivers Mouse
program (AP)

Low-level 3D Graphics API

a

JIEHORE N&ES

n 3, Y,

surface) 7|stst

fIX|, 2™, 27

Zef X|d

A9 (light sources) X|3

& (material properties) X|d

m 2Z (view) — 72 @/ X| (camera position: center of
projection), @&F (camera coordinate system), =& 2| (size
of the image), 2& ™ (height and width of the back of the
camera)

m HIAKN 29 (texture loading)

—_

= JH:

H (points, lines, polygons, curves and

z3z,
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Scene Graph API

o yH JEH“ (scene graph)= 2 &S EHSI=0
M0| Eg| (tree)¥

o =E (node)= &, BE =Y
transformation, light, geometry)5= E3ot=04 M

o8 84

Standard data structures for geometry & graphics state

Automatic, optimized rendering

View culling

Level of detail

Model loaders

Math: vectors, matrices, quaternions

Intersection testing

Multiprocessing

transform

(light| [geometry] (geometry)
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Graphics Pipeline

a

Oo0O0oan

lefEA mo|Zetel2 pC HZ22|0 Yle =2 D}

EYi=

cpu7r Z2O™E Jdsty QA FHOE N2l
HOt HO|H7F daiHA FtE2 HLH

%”“8 (Images)= efi& A FhE T 22|0|A #EHE E

Cput OefHA FIES HANF = QAEHO[A

= PCl

= AGP

m PCI Express

JdefjHA FHERL CASD 0[S PEoiF= AHEO|A

= VGA

= DVI

m Composite, S-Video

40




Graphics Architecture

o _jlc_jl :]_EHJ.LIA A|AE1I

Digital
Host  +—m= to R
analog |

o L2580l Z2MM 2

= C|2E2 0] ZEMNAMOIM 2[AE 20 A= Z21HMS
MBS0 scan conversiondtd] CIAZE0|2 ELHE

Host Display |
! processor

.n

Display
list
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Pipeline Architecture

Vertices —m U

o Je2fd mho|Z2tQl (Graphics pipeline) 712
Y™ Xa| (vertex processing)

el 7|2eas XY

2l AE{ 3} (rasterization)

EHH X 2| (fragment processing)

(clipping and primitive assembly)

Clipperand | o pagerizer g FrogMent.
processor primitive assembler processor
28TEIYW myxHa =ajma 2 A Ef 3} Cl=Z2ol

geaz &E

Vertex Processing

o 2t ng4_q| |-itl:l:|g|-o ASHS

ARSES = Ty LT'-*—"*% Atk M2

o @& H3kmatrix transformation)S S50 ZHHEA|
H3LS A At — .
|

Zelo| S4I 24K ERI0| 22X 0
22|40 2YRUS 0[830] A

anbert's Cosine Law

[ Ql*i/ s&f/ L

Clipping and Projection

o £ (projection)2 #FAZt T2 E &US I =HE
TdSk= 3K S7Fe| HO| 2At HEHOI ot HO| o=
XXMoz EQy|=x| AHX
= Y2 5 (Perspective projection)
= H¥ £ (Parallel projection)

o ZhH 2k o T2t e Z2 ELE|

Z2 22|¥ = E(clipping
volume)= F0| A= &0 %'E|E A= Seez
LIEFLEX] @fn 22| E.




Primitive Assembly

d
=28 HANM = 22[E0| 0| F0{X|7|

O utOI efelel 2
Mo HHEe He= ofefjet 22 7|24 BRE
xEuI'ésI-

s M2 (Line segments)
= CFZHA (Polygons)
s M1 5@ (Curves and surfaces)
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Rasterization

o 2EWI|ZRE L2 J|R 945 ofF YFoz
BHE0f YL T Y HT{o] HU2 BEE ojoF,
C} JTL

o BAE7|o ZHL Zt 7|2 Q4 CHH (fragments) 2|

ol oMl

o[0j
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Fragment Processing

o SiAE7|0fA M CHH (fragments)s BHOFSOf
M

3|9l B oo Rl TS Al

o CHEO| CS3he mAo| M maQl M2 L
QIS X| AL} = HHEBIO| W tE Z7| [310] CHEH O
AT} S S}

O CHHO| MO SiAX IjT B2 Hm jZo = BRI LY,

o
EEE -|7§||o| AHOE Ejl_l-

| 5’H31| et M 7tk THEEZ CHE CHEZ HO|X| A &
A 9lo
T Y=
n %|_ X7 (Hidden-surface removal)
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Programmable Pipeline

o TOE E7HSOIE Cherst AN HC Y F1t

0 % NVIDIAR} ATl & T2 FHE R Z2D| AL A
HSED A= GPU (Graphics Processing Unit)0f| A
AMESHL e #&

o AEHE mo|ZapQlol AEES T2 87} vertex

shader2} pixel/fragment shaderE S50 ®dt=
afAlOo2 m2aHale B & 9IS

T MO

mjn

oo d g + AS.
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Computer Graphics: 1980-1990

Computer Graphics: 1980-1990

Realism comes to computer graphics

Smooth shading Environment mapping Bump mapping
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o Special purpose hardware
= Silicon Graphics geometry engine
VLSI implementation of graphics pipeline
o Industry-based standards
m PHIGS
= RenderMan
o Networked graphics: X Window System

o Human-Computer Interface (HCI)
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Computer Graphics: 1990-2000

Computer Graphics: 2000-

m]

o Completely computer-generated feature-length movies
(Toy Story) are successful
o New hardware capabilities
= Texture mapping
= Blending
= Accumulation, stencil buffers

o Photorealism & Non-Photorealism

0 Graphics cards for PCs dominate market
= Nvidia, ATI

o Game boxes and game players determine direction of

market

o Computer graphics routine in movie industry

= Maya, Lightwave ' '
o Programmable pipelines
= Cg, GLSL, HLSL




