Graphics Systems and Models

Computer Graphics Applications
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M HEO| HA| (Information Visualization)

A A (Design)

A28 0| M (Simulation), OfL|H{|O| M (Animation)
AFEXF QIE{ L O| A (User Interfaces)

a
O
a
O

Computer Graphics Main Theme

A Graphics System

o O[O0/ X| (Imaging)
= 2Kt O|OX|E BtMe s B
o 2EE (Geometric Modeling)
= 7hA 3KtEl EHE BN o R B
o 2l 2 (Rendering)
m KA Z O 2XtR O|O|X|2 AtRIDF 20| At H o2 HH
o O L|OO|M (Animation)

= A2t HE 2X QS MEAEA 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

Frame
b Procesanr'—r buff

;';_? —— Memory | 9]
Input devices

utput device

Image formed in FB

Cathode-Ray Tube (CRT)

HAEEHO| £82 C|X|E o2 HM=3t7| (digital-to-analog
converter)of 2|3l xy (=%, +=F) HEHEF ALO|S] YO 2 Heth ZFEot
ofo| HMAHMO| #Z SHO| ZZSHE CRT ELI0|A Lo WS CRTE a

line-drawing device (calligraphic)2 At E|[HL} =)@ HIY (raster

mode) Z20f AtE .

Shadow Mask CRT

Liquid Crystal Display (LCD)

) www.lgphilips-lcd.com
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Vector Graphics System

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

o 3tA (pixel) 740 1L
=k OHME (HARIO| ZO| SHALE)

|

= Aliasing &1

u “E1I°'H1LL1 =

= C|AEL 0] 2|2E FEO e
SAE URH

Loop:
moveto (10, 10)

lineto (40, 30) | . ‘
lineto (40, 10) a}:‘M I:I.Ea —r
lineta (10, 10)

goto Loop (40, 10) (40, 30)

Raster-based Graphics System

R

video confroller

frame buffer

i
electron-beam gun

| processor l I WCIorY |

sCreci
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Raster-based Graphics System

O A A|AHE Oto| Ty A I (frame buffer)of A
Bt (pixel)2| B (array) @l 2iAE (rasten) 2 4
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Rasterization

o 2l AE{3} (Rasterization) = A HZ} (Scan Conversion)

= 7|8l Ol g ma|nf O] T Mol Mat 9X|2
HA|7| = &Y

=X ZHEOIM 2tH XEE

2545 IEM = XEE

Aliasing (H|ITHR o] 7%l ZAH M) L
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Interlacing

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

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

o Interlaced vs. Non-interlaced (Progressive)
= TVOIM oHS BEAIY I A= SAQ1 OIE{2|0[4
= AFHO ZLHOM 2tHES HAIZ [f A= HAQl T2 2HAE

D09 O W L R

NZ2
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lower field

Raster Image

o 2iAE O|D0|X| (Raster Image)
= ZAZFS SEfO| O|O|X| YAL 3tA (pixel)at HE2= =0
5

gooz Lhrof 2S4S ofT YIS fESH: MZE uY
= IOl NS QBUfO| LS AR YHOR EHIDE

O @A (Pixel = picture element)

o T (Frame buffer)

= DtHO| EE|= 2AF O|0|X[0f CHE HAM HO|HE= =Y
H I (frame buffer)2td E2|= H 22| o F20 K& =/00F 2

m SffAtE (resolution)2 =3 UHIHO &l 4~ — 640x480,
1024x768 ..

» I AHIHO| 20| (depth of frame buffer)= A|AHIO| HOfLE
B S o Tl ENY + A XIS AT
Eg., 8 bits: 256 colors
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Frame Buffer

oD 52 002 =82 Hi(Frame Buffer)= 3tHO| A
el AF O|O| X2t ofL|2t J12{gt O[0[X[ & M- o=
"ot o2 £Ro| HES XY FL ZTY ojn|o|
dgjEA M8 02 2|(Video Memory)E 53t

o M7Z HIH (Color buffer)

02 H1H (double buffer)

AH|Y 2 HI (stereo buffer)

ut HIy (alpha buffer)

| I (Depth buffer)

Al {1 (Stencil buffer)

H1H (Accumulation buffer)

H 1§ (Pixel buffer) &

JE W >HEN 8 o= om
m O

O O 0o o
nx 1A T
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Double Buffering

Images

O H|C|2 XO7|7} e&f 24 & O|0[X| & EAIStES & o AFH F4 (Computer-generated images)= X7 & A

o 0|2 9Q|8l0] TE M A= 0|0|X|Q| LIRS A Atsto SO EMSHA| S=Cte FoM S SoY.

HIo| =X 0 AFE7 G4 Hd5hs L2 QA2 AlZE A|A= 1}

o ASQHH|C|o Ho7]= A HEHo 22 ¢ Z2 X Godd WEn SAre
S HOj| O|O|X| ZA[E 0 Object (AH)= Sabd-d adO[Lt 2ZXteb 264 810

0 A2 HHYECHEH FEEL 0L H 0|4 A SOl X,

O OE HEHYS AR ZQ Il lLp O Wesh. o Viewer (ZI51h= 2H0| ¢35 Fgots A 217 Al
ZQo| maf Zo{E Mz 2 aliss| o Y- AlAEOM = T, 7oA = 230 S &8,
T4 = LtF0f0F gt o Light (Z#)0| QL Zx|= ol A EJ%E FHM=

o dH frame rate0] &OPH & 218 & /[ Y. OfF A= HOJX| HF=Ct. -

swépbuﬂers
g‘:lls‘ 1 ‘.
Human Visual System Human Eye
X2 48 (cormea)g Sl =0 S0 =.
A% Conjunctiva EH(ris)= 32 8% 22 S0j2& Yo ¥= =E.
gt N =3 e o] =oto| A L HHOZ g E
Canal of Schlemm Z4) 9} [=) o(pup|l)|_ T'_‘—l 300" |:|7'" Eol [ _I_T'__—E_‘_E |_| =
'il‘“zé j“ A]% "__ /Fovea centralis %%% %J—I—I'on_l' gt'% ¢§X1|(|ens _‘_% %I_‘I‘OI-O:I _:I_ —?—Egl ljjl-:c_lj'
A CommeRe., - “Lens  visual axis |} #HQ YO(retina) 2| SHFD, &t (fovea)off =HS &E.
K"" el 22 Pl e AFEFO| MM E BHAReL 24| AtO|o| H2|of 2}
. . o3|l [ Macula lutea Mo 20 Y= ZAZO0| =557 Lt 0| &Hstof Z=FHo
A eh E R oS & o FHZL 7R O] 2K0| =510 =FH| 7t
Foh — Zonal fibers 53 /*Ml?é =58 SH7t EH 0] 20| o|&stof =FH A 7t
ES% Optic nerve I H S| &I
ToFAl= N\ Vitreous body _ o D= o ofs
Ciliary muscle 2 :01'311- Rctm}l ar2 Finete] 2EE 22 9.
oy ot Chorold Yot = JHX| F487|(Photoreceptor), 5 ZHHH|(Rods) <}
2ut Sclera
HZFEH|(Cones)2 E|Of AZ »
Y2 LS MEMNZE HHYM 2 B S,




Photoreceptors (Rods & Cones) Rods/Cones Distribution

© o ANt AFENel 22

s FREOF2 M ES o O BHOIN Tt ZHENC REE 7

= ZHio| 29 (Luminance)L S LT 6002t~7002t 7Ho| RIZFEH|7t 2 (fovea) Off &

= B2 2o AT O F& RO L7 SO{7HH H30ll= OfF A= = M s SUoRRH of O BT XM FH
HO|X| QLCHI} XpAF =97 20]|7] A|ZL HE 7~82E0t2 OlZ27|7X| 2HsH US o
YUFEH 7t 28510 {F2 RO LHMES A =0, D oS & o Ht (Fovea) E
402 JENNX| 2K 7L 28510 CHAYES 2| AYsHA =, - SIZA|OH O} =Ty

» ZHAMH|S Ip2HAR AW E 240 012+ =TAle e 2
= e  HEHE QS -

o X (Cones) = S-cones (blue YFH)= gle  #*

s ElS SN X2 = A|EHO| 7t of it

= QIZEH| O] UEIO| HFE A|Z(visual acuity)S ZH o WA (Blind Spot)

= AFEH = M ZHX|I7F A0, 22 & M(red, green, blue)Of = 2PNt RIFEH S ¥ /
O S5h= ol mpa Helof tist BIZg [Young-Helmholtzd = AMZAE M (ganglion cells)t LA E|0f k|2 ME™

= MZS B AFH 7L S YSE0{0F StER, O F2 B0 M=

22
A Zt(color vision)O| =X SR LA =l

Visual Acuity Color Perception
O X|AEZHAIH O AFZHO| OIAIGE 4= Q1= JIA| 22 (Visible spectrum)2 400
IR EREE Al HE = AAEZHA|ZE(minimum separable nMm(E2tA1)~700 nm (HZANDALO|| BN QULCE
ity), S=0| AE% £ 9= TpHo| |4 EX| L Qo HE -
Aoy m GBI T S WA A S8 e AR T o Mol 8XSe Sl 42 S Fesia of
- crEEE orEss dAstEz BEtel 32 X[HO0| o|=0f <[
o Vernier A|H X3S whor}
1=2 £ = .
= Vernier A|22 & M1} CHE Mol =disk HL|(lateral _
displacement), = D] 48t K| 9H S B7isl= Sl 0 S M LA ZER] AFEH7F Qe 22 THEM, =54,
o A AR|ZEA|E, QK| A2 w2t 0 CHSShe 10| TP #9l0) Chsto] RIZHete
e = e . . . AZEO| X|ZH2 O] Ml ZHX| |FH 9| SA|ZE2| Zuto|tt
m | AX|ZEAIH(minimum perceptible acuity)2 HiZS 2 EH 3t ) _ =
Mot 52 ®)g 2Uste 53 = Z0|7t s tH EX|9f o MY (Color blindness)= 0| A} 7tX| =M 2t EZ<t )
Xt0|2 £7t8He 5HS M A (stereoscopic acuity)0|2} Bt LtEfLt= 214 0| T} > /)
0 2 feet TOJZl 20| A 1280x1024, 17" BLE{S 20 1 0z WL Wy, £
pixel & 1.4 arc-minutesg A|HZ X|&Ss|=LC}t. O ES0| JHAY S8to =

: TR 20 M2 LIERRATE ey




Chromatic Color

Color Model

09

0.7
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500+
0.5

o8] g8

O AHAF (Hue)
n 227t MZo|2tl REE A2 EH
o X &= (Saturation)
m AZO[ XHEEZH 11 AHO| ol /5| A
{Z0 1 =80 o= 8k
n TIOHM (hziA mEtA)2 7t 52

A Mo 2REH H| JUS.

s OIAEE (23M, 5542 M7t
=2 A Mol 7kl B

o H X (Brightness)
2 0.0 0.1 ‘.Ef' 3 04 0.5 0.6 0.7 0.8 u I;’CI X|-3.9| %I':‘I‘|&|| %Ejl- I7:II‘7_|I-E|E
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» HEO| XtR2 SMO|MEH M0
0 HET) E|CHQI BHATIEX] St
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O MZS O Z=-S A5 +=X[Hez mag AQ71?
RGB

CMY

HSV/HSB

YUV/YIQ — PAL/NTSC Television
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RGB

O 8o ofEMoz A C|ASH 0] A2
0O RGB Z2| REE ZF o4 40| O 2k
GREEN, BLUE)ZfS ol Eolst= ghal
ng: # of bits for R channel
ng: # of bits for G channel
ng: # of bits for B channel
n=ng+ng+ng
20 = QUR 0G0 o] MZ FH Jhs
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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CcMY
o Mo| ptelMoz mRIgof Xy
o CMY Z2{ ZE2 RGB2| EA0l , Magenta,

= A8, 20| M RGBE M A HES5H= B4

m Cyan =1 —red (green& bluet H3)

m Magenta = 1 — green (red & blue Bt H3)

m Yellow = 1 — blue (red & green Bt L3)
o Examples

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

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

= RGB = (1, 1, 1) - CMY
o CMYKe Z7EM(Black, K)E 7t Q10| FE ALE.




HSV/HSB

YUV/YIQ

o HSV Zg| RE 2 MA(Hue), X = (Saturation), HE
Value/Brightness)
= M2 0~36022 HY 4
0 - Wr7HA 120 - =AH 240 - HHEHAY
= =e= 0~ 1R BXE
0- Yo HAE (XY
1- Zeje Yoy 7|gio| Bry7| JHAXt2] 100% M=

[

oYUV ZE BES TVO|AM RGB Al S 2 gato
LIEtL = HE (Luminance) (Y)2F H
(Chrominance) (U, V)2 H=t510
= Y:E72 0~ 19 42 B3

m U EZ2 HEE 05~ 059 2 B3
= V: 22 HEE 05~ 059 £2 B
o RGB->YUV
= Y =029 R +0587G+ 0114 B H 2 ea v

= U=-0147R-0289G + 0436 B

= V=0.615R-0515G-0.100 B
o YUV->RGB

m R=Y+ 1140V

= G=Y-(03% U + 0.581 V)

m B=Y+2029U

U-V Color Plane
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Luminance

Synthetic Imaging Process

o Aol k7] (brightness)
0 RGB Z2{0f A AT 2 iz
s NTSC EZ EQE = 0299 *R + 0.587 * G + 0.114 * B
Hof Cist NTSC &0 HE
» H7 HOE =033*R+033*G+033*B
RGB QAtO Z HE| HSV Ao 2 H3t
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o & &8 (point light source)2
oF X HoM R= Hete =z
Bl Hp=
xX= o=

O Xt (Viewer)= FHH 2F

(Ao —""0 2N (ray)2 B HojA
A|=stof glof urgro 2
2ots| Fots WM.

o ZM3EX (Ray tracing) £
EAI0|E (photo mapping)2
0|3 JumES J|stoz
Sho} MAret 7| #

0 2tC| 2 A|E[ (radiosity)= HO|
Qs M| BE HBpo=
= 200| HhAte|= SR 7
Het oA x| HHE 7| -




Pinhole Camera

Synthetic-Camera Model

O Pinhole cameras AMX}O| $HZ THO|| 2H2 JLHO| LIQI D
LEOo| etZo| HILHZE T =2l
m (Xp/ ypl - )i (X y/ I- EI_
o 7t 2ke| AlOF&= *é'E Hoj S
ZHA[Off o5l RtEO0 X5 4=

ol At
pS|

O
He =+ s 7tE 2 2719

@ =2tan™" L]
2d

O Pinhole camera model0| Al image planeg 2= S0l
A

o 22| |I=F (Clipping window)
= 27t 2tof M= AlOFO|| HE Fa A7[Q| Mzt eqfsi{of &t

=

Y

.~ Camera
NN e
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Synthetic-Camera Model

Clipping

A
GZQZD

projector

,
-
.
. ||
.
, ‘
.

1mage plane
projection of p
center of projection
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228 =2 =7| K] =228 fER9 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

S Graphics
Apfilc::ﬂi;:n ~—p library t=—® Drivers
Rl (AP)

Low-level 3D Graphics API

o728z XNSote PO

o
s MM E2 =M (points, lines, polygons, curves and

M}
a7 —s 1 I_ —
surface) 7|8lst™ m &

X, 2™, 27| XHE

Ze XH

Z 9 (light sources) X| Y

K& (material properties) X|™

ZH= (view) — ZtO 2} K| (camera position: center of
projection), Btk (camera coordinate system), &8 72| (size

of the |mage) £ ™ (height and width of the back of the
camera)

m HIAKN 24 (texture loading)

38

Scene Graph API

o 2 J2fI (scene graph)= 2T BHSH=0|
MOl= Eg| (tree)OI

O L E (node)s= &, B3, XH, 7|5} (group,
transformation, Ilght, geometry)e= BEJSI=0 A
o 3FR i
m Standard data structures for geometry & graphics state
= Automatic, optimized rendering
= View culling
m Level of detail
= Model loaders
m Math: vectors, matrices, quaternions
= Intersection testing
= Multiprocessing

(light| [geometry] [geometry)
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Graphics Pipeline

o J2fEA ooj=Zetel2 PC H22|0 e =2 70}
el
CPUZI Z2OE sty AgiE s FHOE A2l
HHOt HO|H7F e A 72 HLfE
F¢ (Images)= A=A 7FrE 22| A HEHZEE
CPUQ} JEjTA 7IE2 oSz OlEmo|A
= PCI
= AGP
m PCI Express
o d2igs FrEe C|ASY0|§ HEF= AL 0|~
= VGA
= DVI
= Composite, S-Video

OI'

O oOooao

40




Graphics Architecture

7| :]_EHJ.LIA A|AE1I

Digital
Host - to [
analog

O C[ASE 0] Z2MAM 7=

=
= C|AS 0] Z2 M MO 2[AE QM| = Z2OA/MS
AlSHEL0] scan conversiondt] C|AZHY 0|2 ELE

f
Host . Display | . 7
processor z

Display
list
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Pipeline Architecture

o 7|8} IHOo| Z 249l (geometric pipeline)
M X 2| (vertex processing)
Sl 7|12Q@a2 g (clipping and primitive assembly)
2l AE{ 3} (rasterization)
CHH X 2| (fragment processing)

Vertices —m— Vertex

2Qaz2 XE

i (?'_ippef and +— Rasterizer ~—m Fragment £ Pixels
processor primitive assembler processor
88Z21Y mymyz — =gmy ZENSL H=220]

Vertex Processing

07 M| HEMSIS AT S A M Kzl
= B 2k(matrix transformation)S £3}0] H:I-_71I
SER (g

T

e |
= Model transformation W

m Viewing transformation ’Q l_ /8
a-l i I

25 HPio| 22|HQI S
32 0[85H0] M2 A4t

anberi s Cosine Law

NN

Mo ok
o
0o 0x
0Q K

1o
FQ Jlm

Clipping and Projection

o £ (projection)2 =XV L E HUS I =HE
Td5t= 3K S¢tef FOo| 2kt EHQ ot HOl 0=
XMooz Edr|=Xx| 24X
m A2 EY (Perspective projection)

"l EA (Parallel projection)

o Zfoj2t of majn|= 2o 22lH 28 (cipping
volume)E F %E$ 2to) =
LIEFLEX] @fn 22| EE.

Yee AHE Jsoz

o —




Primitive Assembly

4o

IIII‘
rx
A
=
>
0]
(%]
@D
(o]
3
)
5
a
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Rasterization

o 22|87|28H L2 7|2 4= OtF
HHE|O A= =2 Y HIHo| L2 HEt|o{Ofgt
o cfAE7|9 E2H2 2 7|2 24 FHHHE (fragments) Q|
XIS}
| ==
o CHHE AT} QK| Y S Meshs YO I
o CHE2 FO{ X A0 CHOHA x| EHEHO| Of D]
- ol s A=XE 2E5t7| it
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Fragment Processing

O 2 2E 7|0 A ot THHE (fragments)S 20HS O
o I ot A= HES A

O CHEO| CS3he mAIo| M maQ Hm 2 2
QISR AL} = HHEBIO| FtE F7| [30] CHEH O

[ | o
= MH™o| Moz HYZt
o 7t 2ol 747k CHHE2 CHE CHEZ HO|X| A &
A O|S
™ MO
= 2 X|AH (Hidden-surface removal)
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Programmable Pipeline

O X2 NVIDIAQ} ATI & Jd2jEA FIE N Z3|AFAIA
2H S JU+= GPU (Graphics Processing Unit)0f| A
AMESER e 7E

o diE @ mjo|=ztelo| YEEZ2 Z= 2|7} vertex
shader?2} pixel/fragment shaderE S50 5t=
gAoz TRIHUS & & US.

0 WA= E7HsoHUE Cryet dA|ZH dEE 2t
FOSHA W = U2,

mjn
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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
= PHIGS
= RenderMan
0 Networked graphics: X Window System

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

a

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 movie industry

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




