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Clasificarea aplicatiilor pentru
sinteza grafica

» Editoare grafice (Gimp, Inkscape,
Adobe Photoshop, etc.)

 Biblioteci grafice (grafics, OpenGL,
etc.)

 Aplicatii cu facilitati grafice (birotica,
matematica, proiectare asistata de
calculator, etc.)



I h ' el s £k e
o TS e o T el i N

'l o Lk | L
1 it L] JE L |
i~ ¥

Mucromedin
Shocknave 11
Mug-in

- — all _— -
e [ = -
i F¢.:|u=uu A L 2 Arirw BT Tk ] "ot e ey | L TR P ] oo o i




:tSrcemn!emn.iaua

[ Fle_Edt_

Blo|E)] Al

import java.applet.®;
import jawa.awt.®;

public class Demo extends Aspplet {
Image image;
int count;

public woid init(}

i
image = getlImage{getDocumentBazel)y, "Morld.jpg");
count = 1;
}
public woid paint{Graphics g)
i
g.drawImagefimage, 0, 0, this);
gJ.setColor{Color. red);
for {int w = 15; v < size().height; w += 15) {
int x = {int) {size().widths2 + 30%Math.cos{Math.PI*y/ 7500
g.drawstring("Hello", =, ¥i;
showStatus{"Paint called " + count 4+ " time" + {{count > 1) 2 "s" :
count 4= 1;
}.
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w..  Sample Program Sample Program

sglviewportd 100, 104, S0, S0 b
DrawkMachaniami L, (2, B3 )

glhntrixhode (| GL PROJECTION ] floakt 01, B2, B3;
glloadIdentikty i |7 {
. __gluiu.np-r_'ﬂw( ., 1.0,.'1.. 10. }: glPuskMateie () ;

I glhatzixboda! GL MODELVIEW ) :ﬁummhwi{ki;’}-ﬂ” Bl
- I
JlhoadIdenticy( | ; DrawLinkoma{} ;

done = FALZE:

_ whila{ 1 dora } glTranslataf ([ LENGTH 1, O., 0. };
e i glhokatef{ 82, 0., 0., 1. }:
n ; o= Determine 31,02, B8 e glindexi( SREEW ) ;
hade FlFuskMatrix i) ; DrawLinkTus{} ;
3 ' Cglulookhb [ eypax, epay, ayaE,
Sentess, Gwnieiy, centesn glTranslatef( LENGTH 2, 0., 0. };

UpH, UpPF, URE )7
DrasHochanisms U1, U2, U3 1¢
ylFopHaktrix

FlBotabaf { 83, 0., 0., L. ¥;

glindexi| BLIUE ),

DrawLinkThraa i} :
glPopMateiz () :

An OpenGL Program
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Grafica de tip rastru

» Display de tip rastru: spatiu de afisare
alcatuit dintr-o matrice rectangulara de
elemente grafice elementare (pixel)

» Pixel (picture element): elementul cel
mai fin vizibil pe ecran

* Rezolutie ecran: nr. de pixeli pe
verticala x nr. de pixeli pe orizontala
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—{7.) rafica rastru
vectoriala

Vector Displays

o Oscilloscopes were some of the 18t computer displays — |

o LUised by both analog and digital computers CH o i} Vv o
# Computation results wsed to drive the vertical and honzontal axis (X-Y) ‘ a5 | : : A |
# [ntensity could also be controlled (£-axis) e el S kg
® Used mostly for line drawings = ]EEE"HHH;! Iil
o Called vector, calligrapfic or affectionately stroker displays ; E_ ZE-E HHEE
# [Dhsplay hist had to be constantly updated | S R | _
) Fimeimn sizecy men cwdline primbibae 1 ||:,".|||.|r LILY RN L RRIEY R T O T, Ty

{except for storage tubes)

=

Vector Display



Frames per second (FPS)

Film (double framed)
TV (interlaced)

24 FPS

JO FPS x 1/4 = 8 MB/s
Workstation (non-interlaced) ~70 FPS x 5 = 350 MB/s

Non-Interlaced

— Frame Rate = number of complete screen updates per

second

— Figld Rate = number of verical re-traces per second

; v
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Grafica de tip rastru: termeni

 Imagine digitalizata: A = (a;) unde a;=
0,1 sau 0...n (n — numarul de culori)

* Linie de scanare — linie de pixel

» ZOna tampon-cadru (frame buffer):
pentru prelucrarea ulterioara a
imaginii

e ZONna de memorie: memoria video
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Register

M kil 23 level

o ” i 2 24 bit True-color{Full-color)
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Repisler

24bils Begrister
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25 level
28 Palette

A frue-color (aka 24-bit or 32-bif) framebuffer
stores one byte each for red, green, and blue An indexed-color (8-bit or PseudoColor)

Each pixel can thus be one of 224 colors framebuffer stores one byte per pixel
Pay attention to This byte indexes into a color map:
Endian-ness @™ Howmany colors

How can 24-bit  Display

e same thing Framebuffer ESESEESRS TR SRS nolor-map animation _LI_E
here? e p

Framebuffer
E-:In:q Map

=R T T w Luvkep Tubil

~ _cana pfxe.l' be?




+ CRT electron guns receive an analogue voltage signal from DACS, 1
per colour channel.

+  Most current DACSs are 8-bit per channel.
— 24 bits per pixel required
— 2% possible colours = 16777216
— (humans can see many more than thisl)
+ Bandwidth reqguirements for a typical graphics system:
— Resclution = 1024 « 768
— Refresh rate = 75 Hz. non-interlaced
— 24 bits per pixel

= 176,847,200 bytes/sec. transter required
C. BAM access time < 5,65 ns.

OUse faster RAM = VRAM

-Video RAM (dual poried) @ Reduce bandwidth:
« CPU and DACs can access RAM — use Colour Logklp Tables (CLUT):
: + this is becoming very popular in systems using
s:multaneausly texture mapping: it reduces the tatal memory
« no need for DMA or CPU |EI'IEI'IE},|" requiremnents for textures = CLUT per texture
- — reduces memeoery per pixel
—more expensive than standard DRAM + total storage costs are now down, but slight increase

in latency due to CLUL lookup, but this is usually

negligible.
— requires a fixed palette of colours
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Grafica de tip rastru: termeni

» Rasterizare: primitive afisate prin
excluderea sau includerea unor pixeli
In zona-tampon cadru

» Cuplor grafic (in functie de viteza de
executie, rezolutia si numarul de culori
simultane: HGC, CGA, EGA, VGA,
SVGA, AGA.
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4 DPU (Display Processing Unit)
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Thrawing Line Soginends
= Characrer gencraticn
- Refreshing Screen
- Intedfuecing with interactive input devices (ex. mouss}
- Additional funetiong
- Z-buiter
= WOA Card (Gmphe: Chip, VadeoB AN RAR DAL
e SA LI ALL Alach G5, L seng Labs BLAUER W22

T Screen Resolution
Rasterization
* Mumber of pixels per square cm
— Measured in dots per inch (dpi)
* Number of adressable colors per pixel
measured in bils
* Depends on the medium:

I Serecn: S0 dpig B biis calor

Crmnputer Sereen: T T dpd, wge w24 b calea
Lasger Prinber: 300-24400 dpi, 5 bies eolor i3 colors)
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Hardware

10# One-pixel pelygons (~10M polygons & 30Hz

108

Slope ~2 4x/year
{Moore's Law ~ 1, Tulyear)

Peak e
Performance 10°
(A'aisec) UNC Pxpis Ui
S001 Shypiroar
tli saivex S

i RE
Flat HF"iﬂ'.;‘._l:::' HP TvRE [ |

i s
105 | shading o oo astom Fao  Textures

Ll
LINC Pxpld 4 5016T
HP Gt g Gouraud Antialiasing

o
51 im shadi
10t . -
a6 aa 80 g2 94 B a6 00
TEar
Figure 1: Performance of Graphics GPUs. They have besn progressing ar a rate faster than Moore 's Jaw,
Courtesy of John Poulton, UNC Chapel Hill,




A System with a Display Processor 822 Raster-Sean Displays
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| CRT (Cathode-Ray Tubes)
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Color CRTs have
— Three electron guns ( E Or ( E Iz
— A metal shadow mask to differentiate the beams

IETHITH S
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[ P TR
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e Color CRTs are much more complicated
— Requires manufacturing very precise geometry

.-—!'l L] ﬁ- _|
— Uses a pattern of color phosphors on the screen: Carly Laxammple STen)
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s ‘thnw @ Cathode Ray Tubes (CRTs)
-— = Most common display device today

= Evacuated glass bottle (last —
of the vacuum tubes)

_.: ] — Heating element {filament)

ig B ' — Electrons pulled towards
- - | anode focusing cylinder f
— Vertical and horizontal deflection plates— "
— Beam strikes phosphor coating on front of tube Fivaphars

¥ k
=l 1B

Filagwee § - CRT Shardow Migse and Phogglior Dars

5 Dizliz Eecipo duk Aoracgzeingil
2.2.1 CRT (continuc)

- intensiy disgribution I"—Zz
1 |—

- soparation-=sharpness spea e

Cathode Ray Tube (CRT)

- resolufion = |fspol_size,
informully (w * h)
= high-defimitio system

- agpect ratwe = # of vertical £ # of honeontal
=34

e




Phosphor Pattern
of Stripad Picture Tube
X FI'I-q:l:pImr

Girgerih
Besm R

Dizplay Charavterisiies

20 Graphics displays are characterised by
— rezcldicn = number of independeant pixelz (e.g. 1024 - TEI]
— coloursfols per okel (eg 24bil - 2™ colours = 16,777 216)
— dot pich = no. of phegphors perinch. (dpi)
— refresh rate THz )
int=riaced f non-imterlaced

— phosphor wavelergths (am )

« these are Lsually specified using chromaticy valles
~ whitepaint (K

« Coor lemperalure n degress Kelvin

 gome mornilors alow vou o change the whilsooint

Visual Temporal Acuity

Wagon whee| affect

‘We should see this: We actually see this:

Human ye can perceive Updates of & - 80 Herz,
— Cniical fusion fraguency

Current disolays tvpically vO Hz.

ELropesn iexeent Francer [V (FAL), ntroduced in 1960:
— Phaze Atternsting Line
— frame rate = 25 Hz. and field rate = S0 Hz.
— £25 scan lines

LS + Japanesae TV (NTSC), introducad in 1553;
- Mational Television System Commilles (o "Mever The Same Colowr®)
— frame rate = 28087 Hz. and tield rate = 55,54 Hz.
— 525 scEn lines

Bath TV systems Lise intenacig



Liguid Crystal Displays (LCDs)

— LCDs: organic molecules, naturally in crystalline
state, that liquefy when excited by heat or E field

— Crystalline state twists polarized light 90°.

Transmissive & reflective LCDs:

— LCDs act as light valves, not light emitters, and
thus rely on an external light source.

— Laptop screen: backlit, transmissive display
-~ Palm Pilot/Game Boy: reflective display

Malecular
Oriomtation

Layars

Bueh Light

Liquid Crystal Displays (LCDs)
— LCDs: organic molecules, naturally in crystalline

state, that liquefy when excited by heat or E field
— Crystalline state twists polarized light 90°

Polarizesr Twinted Mematic Cell  Podorizor

[
=
BT
1

Findd

Active-Matrix LCDs

® LCDs must be constantly refreshed, or they
fade back to their crystalline state
— Refresh applied in a raster-like scanning pattern

- Passive LCDs: short-burst refresh, followed by
long slow fade in which LCD is between On & Off

— Mot very crisp, prone to ghosting

@ Active matrix LCDs have a transistor and
capacitor at every cell
— FET transfers charge into capacitor during scan
— Capacitor easily holds charge till next refresh



Active Matrix LCDs

® Active-matrix pros: crisper with less ghosting
@ Active-matrix cons: more expensive

@& Today, most things seem
to be active-matrix
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Liquid Crystal Displays (LCDs)

Currently, s most popular ahermarive fo che CRT b the Liguid Crestal Display (ILCE, LUDs are orgenic molecubes

| Haold Cireuit |

The LLCDVs tharmselves ave exmemely low power
respairements A vere sl elaomic feld 6 nequived ti
exziie the ervatals ineo their Diquid sare, Moss of e
enoryy used by mn LED display svstem daodue 5o the hack
liehting.

1 menticeed earlier than LD s slowly russitio: back 4o
fretir erpsralling sz wlien the E field i remozad. in
soarmeed displavs, with g large number of pixels the
perceni s od et k) LODsS are exeiled is vers senadl,
Thus e crvstels spend mnst of dueir dive o imenediabe
stabes, being neitler "Om® or 0 Thas bebavier is
mrlitie ol e cisnfes, o ekl srilics deal D
displavs are mot very sharp and are prone ta ghosisg.
Ak way b Brnhiline LOD Jisplass s o gevie
myveiy Thie il il el g veey simi b i heoe
drsambed above. The main diBerwee is al ke vlecicic
Tinhel i ruitonal b o gzapaaibr s il los cryslal remooes
1A eansind skyte, Prnsisar swnshes ore nsed bs rmnsier
charue inlie b capasilers doring o s=nming roeoss, T
paperlen = G el thes elasgoe e sapenilicanty lngss han
e pefresdy perivd yieldisz a enap display wirs mo
sashews, Acdive dhaplays, vogueme 4o wesrkine chmicilor wral
rennclsnee for ancls DO ar posed element. end this, ey
nne muore cxpensied o produss:

that., in the absence of external farces, tend to nlign themselves in orvstalline structures. B, when an external force is
applied ihey will resrmange themselves as M hey were a liqud. Some liquid crystals respond so heat (e, mood rirgy ),
cahers respoml to chactromagnetic forees

When used as optical (light) modalators
LiZ D= change podarization rather than
tranaparency (or leass this is rue for the
mast popular type of LOD called
Supersruisted Memsatie Ligadd ermin's ). I
hecsir - ursencived o crystallios stase the
LD ratate the pofarization of light by 90
degrees. In the presemce of an electric fiekl.
LD b amaall electrostane charpes of he
menlecisles nlign with the mpinging E feld.

Polarizer

Tl LCLYS vravsition between erystallio:
amil liquid sties is a slow process. Thas has
hoth goed and bad side effects. LOCDs, like
pleosphors, remain “en® for some Time aficr
thez E field & applied. This the image is
persisiend ke a CRT's, bui thas lasis just
il the crverals can ealign theniseles,
thms they must be constamiby refreshed,
zgain, like a CRT.

Reflective and Backlit LCDs
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Liguid CGrystal Displays (LEDS)
— LEDs: organic molecules, naturally in cnystalline state, that

liguify wwhen excited by heat or E field
— Crystalline state twists polarized light 90",

Transmissive & reflactive LGDs:

LCDs act as light valves, not light emitters, and thus rely on
an extemal light source.

— Such devices are called spatial light medulators, or SLMs,
vihich reflect light produced externally.

— Laptop screen: backlit, rransrissive display
Falm FilotrGame Boy. reflective display

Hleorafin
_ Lnuid [0 7]

Reflective and Backlit LCDs
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Viewing Dirgstion

Twisted Nematic Cell

Polarizer Twisted Nematic Cell Polarizer
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Light Emitting Diode (LED) Arrays

o Crpenic Lighl Emitteng Hodes (OLELDSS)
QOLED Structure =
i o Functien s sonilar e g sendconductor LED
=  lhin-film polymer construction +  Drganic Lighi-Emitling Déode (OLED) Arrays
Liecton Transporing = Thea dieplay of 1he dulura® Maidy think e
Hnlll'-l'tr':::p-ming L Fl.'!'1¢|'||.til||_‘:." f~|l11p]¢|' [HOsEeREIE, r.';ILI;I..'-_.:-i'un:tlr.Tn like regular semiconductor LEDS
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Organic Light-Emitting Diode (OLED) Arra
— The display of the future? Many think so.

OLED pros: — OLEDs function like regular semiconductor LEDs
— Transparent — But with thin-film polymer construction:
— Flexible m Thin-film depcsition or vacuum deposition process.. not

drowh like a crystal. no high-temperature doping
m Thus, easier to create large-arsa OLEDs

— Light-emitting, and quite bright {daylight visible)
— Large viewing angle

— Fast (< 1 microsecond off-on-off) B -
L fyr
— Can be made large or emall Hike Tiahepoeting

: S e :
OLED cons: = — oy >
— Not guite there yet (96x64 displays...) '
— Mot very robust, display lifetime a key issue
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Field Emission Devices (FEDs)

— Lilke a CRT, with many small
electron guns at each pixel

— Unreliable slectrodes, needs vacuum
= Thin, but limited in size

Field Emission Devices (FEDs)
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Plasma Flasma display panels

— Similar in principle to
Plasma-Panel DiSDE‘y" . flucrescent light tubes
LW A - Small gas-filled capsules

glowing gas between 2 glass panels ' _ are excited by electric field,
% emits UV light

advantages: flat, high brightness, good image i Visihle light
dicadvantages: heawy expencive inclahle R A Dlelectric ﬁ“wm Hﬁ"& il
Jos- NSavY. SXPENSIVE. INFEE e Phosphar relaxes, emits  layer ”“"{""" : : plass
i disptay ., Jonition dill holes - zsome other color
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Plasma Display Panel Pros

= Large viewing angle

— Good for large-format displays

— Fairly bright

Cons

— Still very expensive

— Large pixels (~1 mm versus ~0.2 mm)

— Phosphars gradually deplete

— Less bright than CRTs, using more power
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