Graphics Systems and Models

Computer Graphics Applications

321190
2009y &-3}7]
3/5,/2009

w1734

0 g H.2] 3 A] (Information Visualization)

o A7 (Design)

o A& el (Simulation), Y H ©] 4 (Animation)
O AR&AF Q1B #| o] 2~ (User Interfaces)

Computer Graphics Main Theme
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A Graphics System

o PC

CPU

Memory

Disk
Graphics card
Sound card

Peripherals: keyboard, mouse, monitor
= Network
O Graphics card
= GPU
= Memory
= Video output




A Graphics System

Input devices

Cathode-Ray Tube (CRT)
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Output device
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Shadow Mask CRT
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Liquid Crystal Display (LCD)
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Vector Graphics System

O Vector display, Calligraphic Display
O Oscilloscope, Radar, Plotter, Evans / Sutherland PS Series
o kA (pixel) 7Nd o] 8l
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Raster-based Graphics System
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Raster-based Graphics System

o ZLef 2 Al 2~E) 9ke] S e 9l B ¥ (frame buffer) ol 4]
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O 3}4 (Pixel = picture element)
o X dd lﬂ (Frame buffer)
w Sploll F ¥ P ojH Ao ti g HA glolE = 29
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Frame Buffer

Double Buffering
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o A2 ¥ 3 (Color buffer)
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Images Human Visual System
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Human Eye

Photoreceptors (Rods & Cones)
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Visual Acuity
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Color Perception

o Abgro] Q1218 4= 9l &= 7HA E—%(Visible spectrum)-> 400
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Chromatic Color

o AMAF (Hue)
s 2|7 AelEhal e A7 A Y
o A} = (Saturation)
w AZo] A=k 1 Ao] P A /3] A
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Color Model

0 A7 oW BES AHg el £A M ow AT AR
RGB

CMY

HSV/HSB

YUV/YIQ - PAL/NTSC Television
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RGB

o E‘lg )E}.Q,_]}\ﬂ o7 74;4 E]Z:%E]O] }\]/\Eﬂoﬂ 7(461—
o RGB A 22 7} 814 gho] 21 840l A3 (RED,
GREEN, BLUE) %< 2 O3l &8k 8

ng: # of bits for R channel

ng: # of bits for G channel
= ng # of bits for B channel
B n=ng+ng+ng
m 2n = 2([®R+nG+nB) 7H9] }gj]@— E?l 7]_%
0 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, 0, 1), Yellow (1, 1, 0)
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CMY

HSV/HSB

o Aol A aos sagd 4
o CMY Zg] 2d-& RGBS KAl , Magenta,
S AL 2210 X RGBS WA] T A st 1)

= Cyan =1 - red (green& blue®t &5

= Magenta =1 - green (red & blue 7+ ‘&)

= Yellow =1 - blue (red & green T} )
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 * 3}

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

= RGB = (1,1,1) - CMY
o CMYK:E 74 4 (Black, K)E 571, Q1 3ol A F& AHE

o HSV Z ¢ 292 WA (Hue), 2| %= (Saturation), 8 &=
Value/Brightness)
w A 0~360% 9] WS 7tE

0- 3HA, 120 - =54, 240 - IFeF )

o AEE0~1H 9] WA E

0- 9] Wekte (A1)
1- A2 Aung 7ie)] 57|
s BEEzFAM 9 91X
0
1

7H4A1E] 100% A =

o

4
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-1

o

YUV/YIQ

Luminance

o YUV Z2] BEl2 TV X RGB A& 972 Hot&
el = % & (Luminance) (Y)<} 7 719 A2}
(Chrominance) (U, V)2 H3kslo] A3t

= YIS 0~19 R x5

s U F 2455 -05~059 T2

BV EHSALEE05~059 F=
o RGB->YUV

B Y=0299R+0587G+0.114 B

= U=-0147R-0.289G + 0436 B

= V=0.615R-0.515G-0.100 B
o YUV->RGB

m R=Y+1140V

= G=Y- (039 U +0.581 V)

= B=Y+2029U z

i3]

L
x4

U-V Color Plane

o A 2] 7] (brightness)
0 RGB Ao A A==z M3l
m NTSC 5+ H U= =029 *R+0587*G+0.114* B
H ol thE NTSC ®=ol wh&
m H Y= =033*R+033*G+033*B
RGB 974 .2 H HSV o2 vgh
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Synthetic Imaging Process
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O Pinhole camerat™ - A}9] $+&: HHol| 22 g o] Upqlar

O (X Yy -d)= (% y, 2)7F 79 A
o Zhd ko] Alok= & el 2E 5 e P 2 3719
AR o o8l RbEo A = 2t =

Synthetic-Camera Model

O Pinhole camera model°l| 4] image planes ¢S & 3231 3
o =83 959 (Clipping window)
w7 el A= Al ofell whE G A7) 9] Al L s of o
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image plane
projection of p
center of projection
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Clipping

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 graphlcs toolkits
= OpenDX, AVS

Keyboard
_— Graphics
Agfolgg::n = Ilr(kxgli); ~t—»  Drivers Mouse
Display
Low-level 3D Graphics API Scene Graph API

o 7] &4 ogr_;q]ég_g}: v & o]
ot

s A A 2,5

2,4, & =% (points, lines, polygons, curves and
2]
[S}

surface) 7|3 é‘a”—q 24
A, 37, 271 A
del A8

1 (light sources) #4

! (material properties) %]

2

P

1T i o i

(camera coordinate system), =5 7 2] (size of the image),
H (height and width of the back of the camera)

# 24 (texture loading)

W Ulﬂl ot I\ o
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5 (view) - 7hH| 2} 91 %] (camera position: center of projection),

0 4 13 (scene graph)«™ 1S &t 2ol =
E ] (tree)dd

0 =5 (node)w= L&, W3k x4, 7|3} (group
transformation, light, geometry)%—:% Aot 224

O T8 94

m Standard data structures for geometry & graphics state
= Automatic, optimized rendering
= View culling

u Level of detail
|
|
|
|

Model loaders
Math: vectors, matrices, quaternions

Intersection testing
Multiprocessing

(light] [geometry] [geometry)
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Graphics Pipeline

o Z12)=) 2 sho] Zehel & PC W Rele] Qi T2 1)
dlol g
o CPUZF Z2Ia9 5 Addste] 2~ Pigo] & A2l
o gEolet HelE 7t 2 A Jte R By
O 97 (Images)™ 1= = 7H= W2 of| A it &
o CPU¢ 1e|F = 7t=E AA 8 5= QlE Fo] =
= PCI
= AGP
= PCI Express
0 2 e O aZeel & A FE <
= VGA
= DVI
= Composite, S-Video

=z

o] 2=
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Graphics Architecture

o x7] 2822 Al 2=H)

Digital
Host E to T
analog .

o v aEee] e Tz
w T2z o] TEAMA g AE ¢hel] 9l 28 235}
scan conversiond}o] Tl A~ Z# o] & H U5

Host e Display |
processor

:

Display

list
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Pipeline Architecture

7|8} to] 2 2}]l (geometric pipeline)
» A% A2 (vertex processing)
w FEE 7|28 AR 2 (clipping and primitive assembly)
» @22 &} (rasterization)
» % A g (fragment processing)

Vertex : Clipper and Fragment |

Vertices —m S = Rasterizer —pm= L= Pixels
processor primitive assembler processor
BLZIY guAe  2eww 2 2=l 3} HaEeel
B AT XY
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Vertex Processing

o ZF AA o] Fx WSS =313t S ALk A g

o 3 H W H(matrix transformatlon)
H 38 Ak

m Model transformation

= Viewing transformation RH I
fom =

0 A S5k AA EAe] B9
2ol 59l YR DL o kol 4

anbert's Cosine Law

N2 \\‘i;L, '\\QMZ \L{

0}04 =




Clipping and Projection

o ¥4 (pr0]ect10n)L ASAVF T EE HAS W EAE
FABHE 33k B7k9] o] 23H4 HHSl 3 =
X]Xﬂq o Eoﬂgﬂx] A4

U 4 (Perspective projection)
» 33 F (Parallel projection)

o Zhel el kol vl epm = e 2 (Chppmg
volume)< 7] o %= Biel] & jﬂ*‘ AA= ez

LERLHA] AL S 28 .

Primitive Assembly

O 28382 A3 S92 o] FojA| 7] Hih= 7] 8.4
w9] 2 o]0 %

o Iho] el o] &g whA ol
Aol 309 WHE obdhoh 22 /04 BT 29T
» < (Line segments)
= T}7}3 (Polygons)
m 2743} 2 (Curves and surfaces)
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Rasterization

0 SYF7ERE Y2 78 8 AhE ol FHo R
FAE ] d=d Ze ol o] JAR W3hE o] of3t,

o #2E )9 E8e 7F 712 2 4 I (fragments) 9] {3

o 9HS A3 9% AW E AEsts 1A & ol 7 A

o WAL Folxl Al A A A o] o]H]

A
A 2B st T o Foll Fod=AE AAe] S
Z1o](depth) 4 1.
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Fragment Processing

o A o] AL B g F2 3wl o ' wh AL

o =B 7] A A J‘%%ﬂ (fragments) < o}
Tl By Qholl Q= F S 784l
O D}jioﬂ &&= jJ/ﬂl_4 Ao ST o] By 2 HE
A AY = H}EmJ ﬁJJre F7] 9j8fo] ©h o]

Aﬂq_ itsl

r= 7@7(44 Mo g2 |7l

o ZhelEtell A 747he ©hH - ThE T S Hol x| g Al &

o]
AR
|

rlo Ulo

W 7] A (Hidden-surface removal)
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Programmable Pipeline

0 < NVIDIA®} ATI 5 18] 2~ 7= A 23] Abo A
w313l 91+ GPU (Graphics Processing Unit) ¢l 4]
ARESEAL e TR

o Aoy Jol gl o] YRS 2 718 H 7} vertex
shader®} pixel/fragment shaders &3} Y3dh+=
WAoo R e aYe &5 U

0 HA = E7Fsad st AAzE Ad Y a3
frastA A T =
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