Graphics Systems and Models

Computer Graphics Applications
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HMHEO| HA| (Information Visualization)

A Al (Design)

Al &8 0|M (Simulation), OfL|H{|O| M (Animation)
AFEXF QIE{ | O| A (User Interfaces)
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Computer Graphics Main Theme

A Graphics System

o O[O X| (Imaging)
= 2Kt O|OX|E 2t8e =z B
o 2EE (Geometric Modeling)
w 7He 3K 2N E BiEeE BN
o 2l 2 (Rendering)
m SKHAZ O 2XtR O|0|X|2 AtRIDp 20| At N2 HY
O OfL| O O|M (Animation)

= A2t [ 2X QS MHAEA B

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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Cathode-Ray Tube (CRT)
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Shadow Mask CRT
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Vector Graphics System

o Vector display, Calligraphic Display
0 Oscilloscope, Radar, Plotter, Evans/SutherIand PS Series

o St (pixel) 7§E0| gl
Fot OHME (FAHEIO] Z0| sjArE) I
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Raster-based Graphics System

R

video confroller

frame buffer

i
electron-beam gun

| processor l I LICILOTY |

L::\Uﬁem (10, 10) ( m
lineta (40, 30) o te screen
STl N
goto Loop (40, 10) (40, 30)

Raster-based Graphics System Rasterization

O Jd2fZA A|AE oto| Ty AT (frame buffer)of| A
ot (pixel)2| HYE (array) @l 2HAE (raster) 2 M

11

o 2| AE{3} (Rasterization) =
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gighA7|= &Y
M EEO|A =tH
=

SaS ZHROA]

tE2
= ZER

4T Mo
B> by

M2

H
0 py

Aliasing (A Tt2 o

Z= A} B2} (Scan Conversion)

12




Interlacing

o H|2ZF A} (Interlacing, Interleaving)

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

o Interlaced vs. Non-interlaced (Progressive)
= TVOIM oHS HAIZ O A= 2401 OIE{ 2| 0]
= AFHO ZLHOM 2tHS HAIZ [ A= HAQl T2 2HAE

lower field

Raster Image

o 2i2AE O|0|X| (Raster Image)
= ZARZE Efo| o|0jX|
ez 50 Z =8 =
= AEHO FYE RO LS AESE SHL 2 HHSIER
QX}7F &M - aliasing
tZ (Pixel = picture element)

| 21y (Frame buffer)

= DtHO| EE|= 2AF O|0|X[0f CHE HAM HO|HE= =Y
H I (frame buffer)2t 1 22|= 22| o £20| MZ = 0foF &

m Sl A= (resolution)2 2| YHI{o| &AM £ — 640x480,
1024x768 ..

» T AHIHO| 20| (depth of frame buffer)= A|AHIO| HOfLE

o o 3L T T34 A — =
B2 MZ o YMON BHY + UE XS 2H

Eg., 8 bits: 256 colors
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Frame Buffer

o He o022 =2 Hi(Frame Buffer)= 3tHO| Al
effAF O|O|X|&E 2t ofL|2t J2{gh O 0[X[ & “4-ddt=0
oot o2 &2 GEE M F= =24 2[0|9|
JdegjEA M8 0 22| (Video Memory)E S22t

o AM7ZF HIH (Color buffer)

HE H1H (double buffer)

AHY 2 HI (stereo buffer)

ut HIy (alpha buffer)

| HI§ (Depth buffer)

HlA 1§ (Stencil buffer)

H1IH (Accumulation buffer)

H1{ (Pixel buffer) &
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Double Buffering
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Images

0 AFE Y2 (Computer-generated images)= =M 7F A K|
EMSHA| =0t FolAM 25 F .
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Photoreceptors (Rods & Cones)

o ZtAH| (rods)

AZH| 7L X 8510] 02
40% FEIR| ZEAHI7E I
o ZHMHE TR AT E

-1 — "

o 23X (Cones)
m 22 2HEoM A&
m AFENHQ| UTIO| HFE A|H(visual acuity)S ZH™
HEHOl= Ml 74X 7F U, 242 2f & M(red, green, blue)oj
CiSst= SO my Helof Cisto] Tizet [Young-Helmholtzd
n MZS Ho{H AN 7 2H3t[0f0F StEE, O F2 & Ef 0l M=
A ZH(color vision)O| EXYSHX| AA| &.

FEOF2 M &5
= SHHo] S H(Luminance)d2 2%
w B2 RO QUCH OfFR RO L7 S07HH HZoE OFR A=
HO|X| QCH7L XpAH F=QI7F 20[7] A|Z. Mg 7~82 8522
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Rods/Cones Distribution

o ZhaH| e HFH e 2
o UE EHOIM AFH QL ZHEH S| 2EE 7 YSHK]| Y2,
6000t~7008t 7Ho| K| 7F 2t (fovea) Off TE.
 HEHE HEC 2 RE OF O|ME HOIT ROIMFEH RO
O|27|7HK| YRS Qe : q[
(o]

-_

o 2t (Fovea)
= M DHCHE EXY

= LM E Bl

Number of rods o1 cones per mm
" ) E

m S-cones (blue Y=H)= QS
= A|HO| 7 of 2lgt

o WA (Blind Spot) K4
n 2N RN 9SS k L
m MZAE M (ganglion cells)2t LML |2 ME®

o=
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Visual Acuity

=S| ZEA| B (minimum separable
acuity), 0| ZET 4 A M0l Ax SH E& Yo 8=
Atolel x4 St e

o Vernier A|&H
m Vernier A|22 3t M1}t C
displacement), & 0|4t X| & Z 275t 53 Y.
O Z[AKX[ZPA[EH, QA Al
m | AX|ZEAIH(minimum perceptible acuity)2 HiZS 22 H 3t
HOd a2 ®)2 &16t= 3. £ 4o|7} &= B =KX Q|
XIO|E B7H6l= 52HE YN A|(stereoscopic acuity)O|2} &
o 2 feet HO{ Xl 20| Al 1280x1024, 17" RLIEHE EH 1
pixel & 1.4 arc-minutesg A|E S X|&S|=LC}t.
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Color Perception
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Chromatic Color

Color Model

0.9

0.8{ 48 i
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n 227t MZo|2t] REE A2 4™
o X = (Saturation)

m AZO[ XHEEBH 11 AHO| DI A/ A

{Z0 2 =80 BoX|= 8k

u TIGHAM (""*7MH o2 =7t =2
A Moz 2EH He| AUS.
ARE (23M, StsM)2 Mot
=22 A Ao 7kl F.

o X (Brightness)
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o MZS offd RRS ALESI0 XMz moig Ael7f?
= RGB

= CMY

= HSV/HSB

YUV/YIQ - PAL/NTSC Television
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RGB

O 8lo| ofHMo =z e C|AZH 0] A|A-O Mgt

0 RGB Za| RH2 Z} of4 0] 1 340 B (RED,
GREEN, BLUE)Z}S ol HaS= BHAl

ng: # of bits for R channel

ng # of bits for G channel

ng: # of bits for B channel

n=ng+ng+ng

20 = 20R+0G B Jlo] MZ HH Ths

o Examples
= Black (0, 0, 0), White (1, 1, 1)
= Red (1, 0, 0), Green (0, 1, 0), Blue (0, 0, 1
= Cyan(0, 1, 1), Magenta (1, O, 1), Yellow (1, 1, 0)
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CcMmy
o Mo] HEMoR TR Mg,
o CMY Z2| 222 RGBo| EAHOQI , Magenta,

S AL, 21 M0f A RS

n Cyan = 1 -red (green& bluet

m Magenta = 1 — green (red & blue 2t £

m Yellow = 1 — blue (red & green Ot =2
o Examples

= Black (1, 1, 1), White (0, O, 0)

= Red (0, 1, 1), Green (1, O, 1), Blue (1, 1, 0)

= Cyan (1, 0, 0), Magenta (0, 1, 0), Yellow (0, 0, 1)
o RGB/CMY Hzt

= CMY =(1,1,1)-RGB

= RGB = (1, 1, 1) - CMY
o CMYK= d78M(Black, K)YE =7t 210 FE ALE.

by A E'540|.L HEAL




HSV/HSB

o HSV Zg| RE 2 MA(Hue), X = (Saturation), HE
Value/Brightness)
= Y2 0~360E2 HY 4
0 - WZHAY, 120 - A4, 240 - TH24A

YUV/YIQ

o YUV Z2{ 2L TVO|A RGB A E FAto
LIEILl= &£ (Luminance) (Y)eF & 7
(Chrominance) (U, V)2 HSI510] HEA|SH= g,
= Y:EBI20~19 2 BES

= MEs=0~ 1 Heo HX|E w U Z2 HEE 05~059 42 53
0- PO YA (TXfA) s V. ES MEZE 05~ 059 +2 53
1- e Yery 7|gto| Jry7| JpAAt2] 100% X = 0 RGB->YUV
= Ho = zR0 MOl K| B e
o = Y =029 R + 0587 G+ 0114 B
1. =N = U=-0147 R-0289 G + 0436 B
= V =0.615R-0.515 G - 0.100 B
o YUV->RGB
s R=Y+ 1140V U-V Color Plane
= G=Y-(0.39 U + 0581 V)
= B=Y+2029U *
Luminance Synthetic Imaging Process

o MOl k7] (brightness)
0 RGB Z2{0flAM Az 2 wsl
m NTSC & HE =0299*R + 0587 *G + 0114 * B
P of it NTSC 20 5
» M HOT =033*R+033*G+033*B
RGB YA O ZEE HSV Jatoz Hst

31

F

|

i L

m] (point light

S0
M 2 Wete

o
0L p% o

2

be B —
‘—l\_\.. F

\\
“y

< My
D
=
@

rot
0% rjr

H2Z
opgor|o

2t oot~ A

OFl 12
o

=08
170z
rot o

i

MO s
>

> m
£}

[peold!
> 22X

o
o=
i

a
1 jRroru OoF ©oklol o > ok ri wErotpX
OtMY 1 O Qi A rot 1A 4 mjo

=
om
AN
IE




Pinhole Camera

Synthetic-Camera Model

O Pinhole camera= &HAt9| ot& O

WZ0| Q= O| HILHZ HHO| =
0 Xy Yo -d)= (X y, 2)7F £HE H
o ZtH2te| Aotz HE E* o Sl
A0 2fsh R2tE0 X5 Z =

O Pinhole camera modelOj|A| image plane2 ¥2 2 F %9l
A
A

o 22|d |I=% (Clipping window)
w 27 2E0| M= AOFOf| HE HA 3 7[9] HoHS 1n2fslof &

Y

. Camera
NN e
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Synthetic-Camera Model

Clipping

4.5

projector

Hnl\ “

image plane

projection of p

center of projection
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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

S Graphics
Apfohcgﬁn ~—» library r=—® Drivers
Fred (AP)

Low-level 3D Graphics API

a

J|2qoz Bt YYol:

n M M, E2| &2, ZMIF 3H (points, lines, polygons, curves and
surface) 7|s}etd pElz

x|, =21H™, 27| X7E

22 X

Z 9 (light sources) X|7d

X Z& (material properties) X|™

m = (view) — 7t 2F f/K| (camera position: center of
projection), BfSF (camera coordinate system), &8 HZ| (size
of the image), & ™ (height and width of the back of the
camera)

m HIAKN 2 Y (texture loading)
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Scene Graph API

0 FH 2= (scene graph)= e HS #oI=0
MO|E EL| (tree)

O L E (node)s= &, B2t XH, 7|5} (group,
transformation, light, geometry)S& HEdist=0| A 2

o332 A

Standard data structures for geometry & graphics state

Automatic, optimized rendering

View culling

Level of detail

Model loaders

Math: vectors, matrices, quaternions

Intersection testing

Multiprocessing

(light| [geometry] [geometry)
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Graphics Pipeline

a

Oo0O0oan

e A oroj=Zetel2 PC H22|0f les Z2 -4}
ENE

CPUZ} T2 Mustol 12T~ BHOE X2|E
HOt HO|H7F A 72 HLYH

I (Images)= AeiH 2 7HE HE22[0M HEHZE
CPUQI IR TA FtE2 HHSFE QIEHO0|A

= PCI

= AGP

m PCI Express

JdefjEA FtEef A3 0|§ FEF= Lo~
= VGA

= DVI

m Composite, S-Video
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Graphics Architecture

o 7:7| :’_EHJ.L|A A|AE+I

Digital
Host - to [
analog

o C|AS0] Z2MAM 7=
= C|&F
Al

o] ZEMAMOIA B[AE OH0| Qls Z2 S
810§ scan conversions| O I:|A“E1|O|E BU=E

Pipeline Architecture

o J2§ = mo|Z2}Ql (Graphics pipeline) &
» ™M™ XME| (vertex processing)

n S| 712242 X (clipping and primitive assembly)
m 2 AE{3} (rasterization)
[ ]

CHH X 2| (fragment processing)

Vertices —m Vertex

: ‘?'_‘PP"’ and +—= Rasterizer = Fragmment = Pixels
processor primitive assembler processor
, T 88Z23Y myyma  zemy it H ol
Host pm?m | I Jl2eAz X2
Display
|ISI 41 42
Vertex Processing Clipping and Projection
o Z JHo| turtiets Aot M AL Ke| o £ (projection)2 #ZX7t T E HUS If =HE
o e B3k (matrix transformatlon)E E5t0 =tEA Td5t= 3AHY Z7te] HO| 24+ HHOl 3tHO| O =
E§ |A|- = X|X40§ Eo:IEl Xl 7=|X'|
= Model transformation = @2 5%‘ (Perspective projection)
= Viewing transformation = e =F (Parallel projection)
o 7iH2t 9ol mefhjE Z22 ELEI*LI =& (clipping
volume)2 & -OLIE_?_ =1 01| A= 2N = Faog
o Zelo E4at 2K BB LIEFLEX] &2
SeiHel 2YRYS 0

anbert s Cosine Law

// Qi’fi/ gqé/, L

o —

[
=2/ 8E.




Primitive Assembly Rasterization

o 22|14 MY Y2 0| R0|X|7| ROt 7|2a4 o 22|LI|28EH L2 7|2 94k OfF HHo2
cHol2 o] 20fH B0 Qe =Y vmo Mz stz|ofokg
o mo|=aolol 22| CHA o= Z2|Zo| 0|20]X|7| o 2jAE 7| Z3e 2t 7|2 @4 T (fragments)Q]
ol Mol M-S ofpfet 28 /a4 tela zg
T O CHHE AL QX HEE MUsis ROl A
= = (Line segments) o CHHE ZOfF T CsA BXHC| EHEo| 0|
" O (Polygons Aol CHEO| £lof S0{AEXIS ZHHsI| 2t
s 2MA 2H (Curves and surfaces) -

45 46

Fragment Processing Programmable Pipeline
O 2HAE 7|0 A A48k CHE (fragments)S OIS0 o %2 NVIDIAQF ATI & 2T A JFHE M| Z 3| AL A

=2 HIH ohof s TS AN S E S0 Q= GPU (Graphics Processing Unit)0f| Af
O CHHO| CfS3he Tido| M ma|Q 2 2 AF8SE s T1&

S0l X| AL = HHEYo| 2itE 7| 9|5t0] THES| o #EE ojo|Z=arelo] RES T2 {7} vertex

A =5t shader2} pixel/fragment shaderE £3}0] |5t=
O CHHO| M2 EiAK DHE Z2 WX 1Eo R ALY, dHoz Z233s 2 = S

e PP Moz "7k 0 WA= =7hsotE Chefet 2A1Z fiEE gatE
o FhH koA Pk CHEE CH2 CHHE 2O|X| % & raASH dd2 7 s

A Ol

T MO

» 2 | (Hidden-surface removal)
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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
= 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 J
o Programmable pipelines :
= Cg, GLSL, HLSL




