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

Output device

Input devices

Image formed in FB

Cathode-Ray Tube (CRT)
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line-drawing device (calligraphic)2 At E|[HL} =2 Q HIY (raster

mode) Z2{0f| AE .

Shadow Mask CRT

Liquid Crystal Display (LCD)
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Vector Graphics System

o Vector display, Calligraphic Display
0 Oscilloscope, Radar, Plotter, Evans/SutherIand PS Series
0 gk (pixel) ZHEO| §lS |

= Bt OHQE (Mxtelo] Zo| siAtz) |
m Aliasing g1
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Raster-based Graphics System
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Raster-based Graphics System

O Jd2fZA A|AE oto| Ty AT (frame buffer)of| A
ot (pixel)2| HYE (array) @l 2HAE (raster) 2 M
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Raster Image
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u1 (Frame buffer)
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Frame Buffer

Double Buffering

0 &2 902 T2 W= 0| Z Al 2fAH O HID2 HO{7|7t g 2t E O|0X[E EAISHES g
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2l I E_Q_O‘” [[I‘El’ —|—O‘I |_| g |:|'|J_L-|E calls Y I %
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0 LA BT (Pixel buffer) S . ol
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Images Human Visual System
0 HAFEH A (Computer-generated images)= =471 A K|
EXSHR] =l HoM A3 Fa . AR Conjunctiva
= N a2 .
= %HjEPf BYS Ydohs Y-S QO] A[Zp A[AE Canal of Schlemm -
42 HaHe Fafdd Ly SAtg. /—’F—"é A PES \\\ ,Fovea centralis
0 Object (Z4H)& Qa4+ IPYOILE BH5Atet 2 QO] e o\ Lens Visual axis i
SZtofl E K" K £ % pupil B A 1]
o Viewer (BSADE SH O A4S HsHE A 217t A2 -k Panilla, [ L acuie fuces
AZEOIME L, FojatolAl s TS0 J4 H4. S A "
o Light (Z@)0| QICHD! 2Kl & Of 54| &2 Faby S L) / A
Z A} A 4 Optic nerve
Off Z{E HO|X| Y=L}

RokA & A\Vitreous body

. " 3
Ciliary muscle wk Retina

=} 2tk Choroid
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Photoreceptors (Rods & Cones)

o ZtAHA| (rods)
" FREORES M ES
= SOl S (Luminance)d 2 2%
= 2R RO AUCH O FR o ZA7| 207t M-S
HO|X| QUCH7} XpAF FL[7F EO|7] AJZL HE 7~82
i

HFEH 7t 2850 o =2 X2
402 HENX| 2HSH 7t 285t
= ZHANE ThEt A E o) Bz
A (Cones)
m B2 2tEoM EE

FH | ZHOl BtZ A|E(visual acuity)g 2

AFEH = M ZHX7F AT, 22t of 2 M(red, green, blue)of

tSot= Sl ohd Helof tisto] 2iZgh [Young-Helmholtz2]
= MZS 2 ML 2GS 0{0F StE R, O F2 B M=

A ZH(color vision)O| =XYBHX|] LA =.

Rods/Cones Distribution

O ZHeN|QF AFH el 22
= U0 HHOIAM JFENQL ZHEHN Sl RxEs 7 YUS
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Visual Acuity

o Vernier A|&H

= Vernier A|22 oF Mut CHE Mol Hatat H2|(late
displacement), & 0|2

O EAX[ZEAIE, AH A

m X AX[ZEAI = (minimum

HJotd s2 d) {

o
=
Xo|E ¢dte &

O 2 feet @O Rl 2O A

=
perceptible acuity)2 Hi 4

= b I Sy —
T'_—n_l'°|'t 6_"'5| T ?::IO|7|' U=
=

oZHE B
e =82

12 Qx| A| =H(stereoscopic acuity)O|2} &t
1

280x1024, 17" RLIHHE £E@E 1

pixel E 1.4 arc-minutesg A|EZ XN &Sl|=LC}.
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Color Perception

Chromatic Color

O AFZHO| O1AIGE &~ Q1= JHA| 22 (Visible spectrum)2 400
FA

o
o Mo EXSS JEEl Y

H)ALOIOf EMA RUALE
£ Melstn o

| 7
oE=S BAolEZ Baol 5 X|Fo| of=0 2|3l

oS M, LA ZtX| #ZFH7F Q=0 22t ot
w20 St 8ol Ty B0l CHoto]

MZO| X242 O] Ml 7HX| |FEH 2| SAIZ-E2| Z10|Ct

o A4 (Color blindness)= 0| A
LIEFLt= S AHO| LY.

o Zg| HyHF Wz,
TE S i oz
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ot
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nalised shsorhance

My

[ 22| MZS LIEHHCE

o A& (Hue)
N = Q2|7} MZolEtD BEE A2 FY
o X & (Saturation)
w AMZO| RHEE B 11 AO| I AM/| M
20 2 &=+40| HojX|= =
w RITHAM (P A2 =T 2
A Moz HEH Ha| US.
» IARE (22,
=2 A 3|Aof Jtt
o @& (Brightness)
= S X=9 22N ZE7t TAEE=
FE 4.
w HEO| X2 SAMO|AMFE MO0
gl FHETp Z|CHQl S ATFX] et
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Color Model

0 M2 o DS AR SXHOR BN
= RGB
n CMY

HSV/HSB

YUV/YIQ — PAL/NTSC Television
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RGB

o HlIo| AlQIM O Z P C|AZH 0] AlA

O RGB Az BH2 Zt A ZH0| 1 3t
, BLUE)Zf 2 Cid|f Boist= Hhal

ng: # of bits for R channel

ng # of bits for G channel

ng: # of bits for B channel
n=ng+ng+ng

2n = 2R+ nG + nB) 7H9| Aﬁl-lﬂEI- __H__'c‘,l'_ 7|_%

o Examples
= Black (0, 0, 0), White (1, 1, 1)
= Red (1, O, 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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HSV/HSB

CcMY
o Mol Aoz R K
o CMY Zg 2E.2 RGBO| EAH9] , Magenta,

= A8, 20| X RGBE MM H5H= 4]

m Cyan = 1 - red (green& blueZt =&)
= Magenta = 1 — green (red & blue 2t 4

m Yellow = 1 - blue (red & green 2t =3
o Examples

= Black (1, 1, 1), White (0, 0, 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 CMYKE ZEMBlack, K2 7} Q10| 2 AR,

Ch=))

o HSV Zg| 222 MA(Hue), X = (Saturation), HE
Value/Brightness)
= M2 0~36022 He 4
0 - WZHA, 120 - A1, 240 - THEHAY
= MEs 0~ 1 e BXE
0- F=o AT (FAHA)
1- Zojs Aeoy J|4Ho| Bry7| JpAALE| 100% A=
= P z=0M2l 2K
0 -
1-

HX

YUV/YIQ

Luminance

oYUV Z2| RE 2 TVYH A RGB AT E HAO
LIEFL= B E (Luminance) (V) &
(Chrominance) (U, V)2 H=t510] &
m Y:E71E0~19 =2 HH
n U FE HEE -05~ 059 =2 A
V.52 HEE -05 ~ 059 =2 HH
o RGB->YUV
= Y =029 R +0587G+0114 B
m U=-0147R-0289G + 0436 8B
= V=0615R-0515G-0.1008B
o YUV->RGB
= R=Y+ 1140V
"= G=Y-(039 U + 0581 V)
= B=Y+2029U 7

U-V Color Plane

o MOl 7] (brightness)
0 RGB Z2{0|M HAE et
= NTSC & Hete: = 0299 *R + 0587 *G + 0.114* B
TEO| Ciet NTSC E&E0| S
n HE HAYE =033*R+033*G+033*B
RGB QAO ZELE| HSV QAIO 2 3t
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Synthetic Imaging Process Pinhole Camera
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Synthetic-Camera Model

o Pinhole camera model0j| A image planeg o2 210l
A

o S2|d |I=2 (Clipping window)
= BTt et M Alofo] [HE FA A 7|9f HohE mefsof &

y y
ly, z)

- Camera
PN

lv. 2)

(¥ —d]g . " COP (Center of Projection)

center of projection
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Clipping
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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 -

2 Graphics
Application ian ;
t—»  library =—® Drivers
program (AP

Low-level 3D Graphics API

29 O-|

o728z NIot= EF
4™ (points, lines, polygons, curves and

L Er ﬁr i"_'El 4

surface) 7|s}stA
fIX], =21™, 27| X

Ze XH

Z 3 (light sources) X|d

MZ (material properties) X| &

ZH=E (view) — ZHH|2F K| (camera position: center of

projection), BfgF (camera coordinate system), =™ HZ| (size

of the image), £ ™ (height and width of the back of the

camera)

m BHIAK ZY (texture loading)

a5
ol 2
= o

=M1
]
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Scene Graph API

o ™ 2= (scene graph) d2fEZ EDS=0
MO|= Eg| (tree)

O - E (hode)= 18, Bzl X9, 7|
transformation, Ilght geometry)&

0OT8 Qi

m Standard data structures for geometry & graphics state

= Automatic, optimized rendering

= View culling

m Level of detail

|

|

|

|

mjo -2k
Q@
(@)
[
)

Model loaders
Math: vectors, matrices, quaternions
Intersection testing
Multiprocessing

(light) [geometry] [geometry)
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Graphics Pipeline

o JefEA mo|Zetel2 PC O 22|0f Qe Z2 30}
H[O| &
0 CPUZF Z2 RS Mo defjH A HHNE M
0 0t HIO|E 7} Ay FtER EUH
o Y& (Images)= A2fZA FIE M 22|0f| A HEZ E
o CPUQL I TA FtE2 AZ|FLE QIEHO[A
= PCI
= AGP
m PCI Express
o d2jEA FtEe C|ASH0|§ HESF= AH 0|~
= VGA
= DVI
= Composite, S-Video
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Graphics Architecture

o 7:7| :LEH.U.IA A|AE1I

Digital
Host g fo =
analog .

o CIAEY 0| Z2MAM =
= C|AZ 0] ZENAMO|A 2|AE otof Y= =2

AAEA scan conversiono}04 Elﬁgﬂﬂoli HU|E

Host . Display |
processor

:

Display
list
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Pipeline Architecture

O 7|5F mto| =242l (geometric pipeline)
m ™M™ K| (vertex processing)
s S2|Eu 71242 & E (clipping and primitive assembly)
m 2| AE{3} (rasterization)
= CHH X 2| (fragment processing)

Vertices —mw_Vertex | o Clipper and
processor primitive assembler

SEZE2IH ™MEKz|

+—m= Rasterizer - Fragment £ Pixels
processor

281t 2 A BB} ClAaZg0|
Je2Qar =g

g
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Vertex Processing

0 2t MO HEHES £USD MES AL Kz
o WH H3H(matrix transformation)S £510] =
H3LS A At IS
= Rt
= Model transformation W
= Viewing transformation &,[[ I
o0 YU ST AN HEHO| SNl S
=c[He FFEES 0|80 M-S ALt

Lambert's Cosine Law

" T
M .,\“\-}[j’ﬁ', 7z ‘_\L
N SN N\ 2 S
SN2 S\ S 3 Sl
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Clipping and Projection

0 £ (projection)2 2=ZA7F =5 HUS I =4

Aot 3x49 B7tol Fo| 2Kt@l BBl BHEol of

ANEez EGEEX 23
n /2 B (Perspective projection)
m ol EQ (Parallel projection)

o ZhH2k &0 T2t = 22 22| =F(clipping

volume)S £0f Y=L srof EYEE AH = daoR

LIEFLEX] R0 22| E.

Primitive Assembly

|
olo] 22| EHA A= S2E0| O[F0{X|7]

—
ol -2 Aes orgfjet 22 7= Hel=

m ME& (Line segments)
= C}zte& (Polygons)
m SMIF = (Curves and surfaces)
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Rasterization

o 22|WI|EREH L 7|2 QAL OfF HFEo=2
ol 1 o] IZIAdl

o YAE|o| F2L 2

a

HEHE0f Yt =3

i[l

24
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HN 8o
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Ol>rErEr
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Fragment Processing

o EHEof tHSot
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Programmable Pipeline

O X2 NVIDIAQ} ATI S Jd2jEA FIE N Z3|AFAIA
2 HSI Y= GPU (Graphics Processing Unit)0f| A
Agstn Qs Rx

o G & Oofo|Zztelo| YRR S T2 2|7t vertex
shader?} pixel/fragment shaderE S350 {l6t=
g0z TRIHUS & 5 YUS.

o WA= E7FsoU T Chger A2 HEHE 2t
FOSHA dde = US.

M|
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Computer Graphics: 1980-1990

Realism comes to computer graphics

Smooth shading Environment mapping Bump mapping
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Computer Graphics: 1980-1990

o Special purpose hardware

= Silicon Graphics geometry engine
VLSI implementation of graphics pipeline

o Industry-based standards
m PHIGS
= RenderMan

o0 Networked graphics: X Window System
o Human-Computer Interface (HCI)
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Computer Graphics: 1990-2000

m]

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




Computer Graphics: 2000-

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 mowe mdustry
= Maya, Lightwave

o Programmable pipelines
= Cg, GLSL, HLSL




