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Cil prednasky

Seznamit se s principy 2D grafickych API a zéklady tvorby 2D
grafickych aplikaci.

Jak vyuzit znalosti jednotlivych principt 2D grafiky a ze stfipku
poskladat aplikaci?
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Uvod

Knihovny pro 2D grafiku

@ Knihovny vyrobcu OS pro razné platformy (Windows, Mac OS X,
Android, Windows Phone, atd.)

@ Multiplatformni knihovny, které poskytuji dalsi abstrakci. ..
@ Knihovny pro webové aplikace (Javascript, atd.)

@ Cairo (GTK+)

@ SDL (znate z projektu...)

@ Skia (Google, pouzito v Chrome)
@ Direct 2D (Windows)

@ Quartz 2D (Mac)

@ Java 2D
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Uvod

Cairo (http://cairographics.org/)

@ Multiplatformni open source knihovna (Windows, Mac OS X,
Android, Windows Phone, ...)

@ Pouziva se v GTK+ a Gecko (renderovaci jadro pro webové
prohlizeCe, napf. Mozilla)

@ Podporuje vystup do obrazku, PDF i SVG
@ Pouze kresleni, nefesi interakci s uzivatelem. ..
@ Lze snadno propojit s SDL knihovnou. ..

:
calro
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http://cairographics.org/documentation/

Priklad pouziti Cairo

cairo_set_source_rgb (cr, 0, 0, 0);
cairo_move_to (cr, 0, 0);

cairo_line_to (cr, 1, 1);
cairo_move_to (cr, 1, 0);
cairo_line_to (cr, 0, 1);

cairo_set_line_width (cr, 0.2);
cairo_stroke (cr);

cairo_rectangle (cr, 0, 0, 0.5, 0.5);
cairo_set_source_rgba (cr, 1, 0, 0, 0.80);
cairo_fill (cr);

cairo_rectangle (cr, 0, 0.5, 0.5, 0.5);
cairo_set_source_rgba (cr, 0, 1, 0, 0.60);
cairo_fill (cr);

cairo_rectangle (cr, 0.5, 0, 0.5, 0.5);
cairo_set_source_rgba (cr, 0, 0, 1, 0.40);
cairo_fill (cr);
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Uvod

Processing (http://www.processing.org/)

@ Jednoduchy programovaci jazyk a prostredi (open source, Java)
@ 2D a 3D grafika, interaktivni aplikace, animace,. ..

@ Rychlé prototypovani feSeni

@ Aplikaci Ize ,exportovat” pro spusténi na Windows, Linux, apod.
@ Ale i do Javascriptu pro pouziti na webu

@ Budeme pouzivat v prednasce pro ilustraéni priklady
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http://www.processing.org/

Uvod
Processing - zakladni prostredi

@ Stahujte z http://www.processing.org/download/
@ Rozbalte ZIP archiv
@ A spustte processing.exe

sketch 1303272 | Processing ZObE-

File Edit Sketch Tools Help

sketch_130327a §

void setup() {
ize (480, 240) 7
background(128, 128, 128);

| ctronerea, va, sa); |

E1l1i285);
¥
ellipse {uouseil, mouse¥, BO, 801;
i

« v
=
14
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http://www.processing.org/download/

Uvod

Processing - Studio Sketchpad

@ Webové prostredi pro Processing. . .
@ http://sketchpad.cc/

a i 165 563 05 ESSBEK ] nov sketc

Sunitedskecn  procsssiais

P Render sketen . Recordsktcncast "< Savetortter paypack:
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Uvod
Processing, pokr.

@ http://studio.sketchpad.cc/sp/padlist/all-portfolio-sketches
@ http://www.processing.org/exhibition/

Dokumentace

@ http://www.processing.org/learning/
@ http://www.processing.org/reference/
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Cil prednasky

Seznamit se s obecnéjSimi principy 2D grafickych API, které se v
riizné podobé vyskytuji ve vSech knihovnach.
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Principy grafickych API Soufadny systém

Lokalni soufadny systém

@ 2D souradny systém pouzivany pri kresleni “v ramci okna”
@ Orientace a pozice pocatku (0,0) dana konkrétnim API
@ Veétsinou v jednotkach pixelu (floating-point hodnoty)

Pocatek nahore Pocatek dole

@ napf. Cairo, SDL, Java 2D @ napf. Quartz 2D
a Processing e
B == | X g X s 4
I
I
i
1
"""""" ®(x, )
+y
Y:xis (0,0)-" » x-axis
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Principy grafickych API Soufadny systém

Souradny systém nezavisly na zarizeni

@ Rdzna zafizeni (monitor, tiskarna, telefon) maiji rizné grafické
moznosti (rozliSeni, apod.).
@ Veétsina API definuje:

@ souradny systém zafizeni (device coordinate system)
e uzivatelsky soufadny systém (user coordinate space)

PrepocCet mezi souradnicemi

@ Objekty se definuji v
uzivatelském sour. "
systému. %%

@ Pred vykreslenim se
aplikuje transformacni
matice.

@ Typicky zména méfitka.

User coordinates space

Device coordinate space

v
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Principy grafickych API Graficky kontext

Co je to graficky kontext?

o ,Cil kresleni“ (téz. graphics context, surface, render target, ...)

Window

Graficky kontext “

@ Datova struktura, ktera drzi prner Layer
specifické informace
potiebné pro kresleni na o —| o8
rdzna vystupni zafizeni N
(display, bitmapa, PDF L

soubor, atd.). | “ “

PDF Bitmap

Drawmg
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Principy grafickych API Graficky kontext

Vytvoreni kontextu v knihovné Cairo

cairo_surface_t =*surface;
cairo_t =xcr;

surface = cairo_image_surface_create( CAIRO_FORMAT_ARGB32,
120, 120 );
cr = cairo_create( surface );

cairo_set_line_width( cr, 30.0 );
cairo_set_source_rgb( cr, 1, 0.2, 0.2 );
cairo_set_line_cap( cr, CAIRO_LINE_CAP_BUTT );
cairo_move_to( cr, 64.0, 50.0 );
cairo_line_to( cr, 64.0, 200.0 );
cairo_stroke( cr );
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Principy grafickych API Graficky kontext

Co graficky kontext obsahuje?

@ Parametry vystupniho zafizeni (format obrazku, atd.)
@ Sitka a vyska kreslici plochy (fe&i i ofezavani)
@ Transformace vystupu (device-independent kresleni)

~otatefull” graficky kontext

(Cairo, SDL, Quartz 2D, ...) M  Stateless” graficky kontext

@ Stavové proménné pro (Skia, Direct 2D, .. .)
riizna nastaveni kresleni @ Nastaveni kresleni neni

@ Kreslici barva soucast kontextu

@ Tloustka Cary @ Samostatné struktury. ..

@ atd.
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Principy grafickych API Graficky kontext

.otateless” graficky kontext v Direct2D

Vytvoreni Stétce

// Create a gray brush.
m_pRenderTarget->CreateSolidColorBrush (
D2D1::ColorF (D2D1: :ColorF::LightSlateGray),
&m_pLightSlateGrayBrush
) i

Kresleni...

m_pRenderTarget—->DrawLine (
D2D1::Point2F (0.0f, 0.0f),
D2D1::Point2F (0.0£f, 50.0f),
m_pLightSlateGrayBrush,
0.5f
)i
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Principy grafickych API Udalosti

Co jsou to udalosti?

@ Umoznuji interakci s uzivatelem i reakci na zmeény ve stavu
aplikace, opera¢niho systému, apod.

Udalosti pochazeji od

@ Klavesnice, mysi, joysticku, ...

@ OS —zména velikosti okna, prekresleni
okna, ...

@ Vlastni udéalosti (zména ve stavu aplikace,
hotovo nacteni dat, .. .)

@ Casovaé (napf. animace)
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Principy grafickych API Udalosti

Realizace udalosti

@ Jak se mechanismus udalosti prakticky realizuje?

Zasilani zprav (WinAPI)

Callback funkce (GLUT,

Casovac v SDL)

LRESULT CALLBACK WndProc(...)
o @ Callback je ukazatel na fci
switch (Msqg)
{
case WM_CREATE: break;
case WM_SIZE: break;
case WM_DESTROY:
PostQuitMessage (WM_QUIT) ;

Uint32 onTimer(...)
{
SDL_Event event;
event.type = SDL_USEREVENT;

break; co
Sl g SDL_PushEvent (&event) ;
return DefWindowProc(...);
} return interval;
return 0; }
} .
LRESULT SendMessage(...); // registrace callback fce

BOOL GetMessage (. ..);: SDL_AddTimer (80, onTimer, NULL);

v
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Principy grafickych API Udalosti

Realizace udalosti, pokr.

Signaly a sloty (Qt)

@ Objektové jazyky (C++, ...)
@ Lepsi typova kontrola

e Object! ™\ connect( Object1, signal1, Object2, slot1)

connect( Object1, signal1, Object2, slot2 )
signalt
signal2 | e Objectz A
signalt
»|  slott
P slot2
{~ Object3 )
signalt connect( Object1, signal2, Object4, slot1)
Object4
/
slot1
p{ slotl
slot2
slot3
connect( Object3, signall, Objectd, slot3) ——

(FIT VUT v Brné) Zéklady pocitacové grafiky



Principy grafickych API Udalosti

Smycka udalosti/zprav

@ Typicka soucast kddu GUI knihoven pro zpracovani udalosti

Smycka udalosti v SDL

SDL_Event event;

while( SDL_PollEvent (&event) )
{
switch (event.type) {
case SDIL_MOUSEMOTION:
printf ( ,
event .motion.xrel, event.motion.yrel,
event.motion.x, event.motion.y);
break;
case SDIL_QUIT:
exit (0);
}
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Principy grafickych API Udalosti

Kdy kreslit?

@ Pokud reagujeme na vstup uzivatele
@ Je-li treba prekreslit okno (zména velikosti, maximalizace, apod.)
@ Néco ve scéné se zmenilo. ..

Fce pro vykresleni scény (viz projekt v SDL)

SDL_Surface % screen = NULL;

// funkce zajistujici prekresleni obsahu okna
void draw (void)
{

// nejake to kresleni

// vymena zobrazovaneho a zapisovaneho bufferu
SDL_Flip (screen) ;
}
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Principy grafickych API Udalosti

Kdy kreslit, pokr.

yCka zprav (viz projekt v SD

int main(int argc, char sxargv([])

{
SDL_Event event;

if ( SDL_Init(SDL_INIT_VIDEO) == —1 ) exit(—1);
screen = SDL_SetVideoMode (DEFAULT_WIDTH, DEFAULT HEIGHT, ...):

while( !quit ) {
while( SDL_PollEvent(&event) ) {
switch( event.type )

case SDL VIDEORESIZE: // zmena velikosti okna
onResize(&event.resize);

break ;
case SDL QUIT: // SDL_QUIT event
quit = 1;
break;
}
}
// vykresleni po jakekoliv udalosti
draw () ;

Zéklady pocitacové grafiky



Principy grafickych API Udalosti

,OnPaint“ (Passive Rendering)

@ Udalost/zprava generovana GUI kdyz je tfeba prekreslit okno.
@ WM_PAINT, QPaintEvent, wxPaintEvent, ...

Zprava WM_PAINT v D2D

LRESULT MainWindow::HandleMessage(...)
{
switch (uMsg)
{
case WM_PAINT:
OnPaint () ;
return O;

}

return DefWindowProc (m_hwnd, uMsg, wParam, lParam);

}

(FIT VUT v Brné) Zéklady pocitacové grafiky



Principy grafickych API

Udalosti

Kresleni v Processing (http://sketchpad.cc/)

@ Automaticky volané vestavéné funkce
@ Globalni proménné (pozice mysi, velikost okna, atd.)

void setup() {
size (480, 240);

Reakce na mys$

background (128, 128, 128);

stroke (64, 64, 64);
}
void draw() {
if (mousePressed) {
£i11(0);
} else {
£i11(255);
}
ellipse (mouseX, mouseY,
80) ;

80,

@ setup() ...zavola se
jednou (inicializace)

@ draw() ...vola se
opakované (kresleni)

@ mousePressed ... stav
mySi

@ mouseX, mouseY
... pozice kurzoru v okné

(FIT VUT v Brné)
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Vektorova grafika

Hra ,Pong“

Allan Alcorn (Atari), 1976

NasSe verze pro jednoho

hrace...
bounce
7|
bounce
—
game
over
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Vektorova grafika Stroke, Fill a Path

Stroke vs. Fill

Tah/Stroke
o Cary a obrysy objektu: Vyplri/Fil

o kreslici barva,

o Sitka Cary, @ barva,

° §tyl cary (,plné, e gradient,
carkovang, ...), @ vzory, apod.

o typ Stétce/pera, apod.

v
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Vektor

7

RUzn

ova grafika

Stroke, Fill a Path

ementaci. ..

é pristupy k impl

Processing

size (100, 100);
background (255) ;

strokeWeight (3) ;

// barva

stroke (128) ;

// zadani a kresleni tvaru
rect (25, 25, 50, 50);

// bez hranice
noStroke () ;

// barva vyplne
£111(128);
// kresleni
rect (25, 25,

50, 50);

(FIT VUT v Brné)

// barva
cairo_set_source_rgb (cr,
// zadani tvaru

cairo_rectangle (cr,

0.5

25, 25,

cairo_set_line_width (cr, 3.
// kresleni obrysu tvaru
cairo_stroke (cr);

// kresleni vyplneneho tvaru
cairo_fill (cr);

s O

50,

0);

5, 0.5);

50) ;
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Vektorova grafika Stroke, Fill a Path

Hra ,Pong“ (1)

Letici micek v ose X

float posX = 30;
float posY = 30; @ oo L o
float ballR = 16; ®

void ball ()

fill (0);
ellipse (posX, posY, 2 = ballR, 2 x ballR);
}

void setup () {
size (640, 400);
}

void draw () {
background (255, 255, 255);
ball () ;
posX = posX + 1;

}
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Vektorova grafika Stroke, Fill a Path

Hra ,Pong“ (2)

Odraz od stény

float posX = 30;
float posY = 30;
float ballR = 16;
float dX = 1;

void ball () {
fill (0);

ellipse (posX, posY, 2 = ballR, 2 x ballR); @ Podobné vaeéit osuyY
}
void setup () { @ Osetrit Sprévny okamzik
, size (640, 400); odrazu
void draw () { @ Nahodna inicializace
background (255, 255, 255);
ball ();

posX = posX + dX;
if( posX > width || posX < 0 ) {
dX = —dX;
}
}
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Vektorova grafika Stroke, Fill a Path

@ ,Aktivni“ cesta je souCasti kontextu
@ Zadavani stylem propojovani bodu

cairo_stroke(); // vykresli hranici
cairo_fill(); // vyplni tvar
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Vektorova grafika

Stroke, Fill a Path

Priklad v Cairo (http://cairographics.org/tutorial/)

(FIT VUT v Brné)

cairo_move_to (cr, 0.25, O

// propojovani bodu - cary

cairo_line_to (cr, 0.5, O.

cairo_rel_line_to (cr, 0.2
-0.125);

// oblouk

cairo_arc (cr, 0.5, 0.5, 0
sgqrt (2), -0.25 = M_PI,
* M_PT);

// Bezierova kubika

cairo_rel_curve_to (cr, -0
-0.125, -0.25, 0.125,
0);

// uzavreni tvaru
cairo_close_path (cr);

.25);

375) ;
5/

.25 *
©.25

.25,
=0.5,
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http://cairographics.org/tutorial/

Vektorova grafika Stroke, Fill a Path

Shapes — alternativa v Processing

@ beginShape() a endShape()

void setup ()
{ (@ Ll s
size (100, 100); =

beginShape () ;

vertex (20, 20);
vertex (40, 20); EI
vertex (40, 40);

(60

(60

vertex 40) ;
vertex 60) ;
vertex (20, 60); |
endShape (CLOSE) ;
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Vektorova grafika Stroke, Fill a Path

Shapes — objektové

PShape star;

void setup () {
size (300, 300, P2D);
star = createShape () ; -
star.beginShape () ;  sketch 130328a
star. fill (102);
star.stroke (255) ;
star.strokeWeight(2) ;
star.vertex (0, —50);
star.vertex (14, —20);
star.vertex (47, —15);
star.vertex (23, 7);
star.vertex (29, 40);
star.vertex (0, 25);
star.vertex(—29, 40);
star.vertex(—23, 7);
star.vertex(—47, —15);
star.vertex(—14, —20);
star.endShape (CLOSE) ;

}

void draw () {
background(51) ;
translate (mouseX, mouseY) ;
shape(star);

}

4
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Vektorova grafika

2D transformace

Préce s transformacemi

@ Afinni transformace
@ Zadavaji se pomoci fci
typu
e translate(tx, ty)
e rotate(rads)
o scale(sx, sy)
@ Akumuluji se v ,globalni
transformaéni matici“

@ Nastavené transformace
se aplikuji pfi kresleni
objektu

(FIT VUT v Brné)

void setup () {
size (200, 200);
background (255) ;
noStroke(); // no outline

// draw the original position
£1i11(192);
rect (20, 20, 40, 40);

// changing the coordinates
£i11(255, 0, 0O, 128);
rect (20 + 60, 20 + 80, 40, 40);
// and using transformations
£i11(0, 0, 255, 128);

translate (60, 80);

rect (20, 20, 40, 40);
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Vektorova grafika Préce s transformacemi

Na poradi transformaci zalezi. ..

@ V jakém poradi se transformace aplikuji? ]

;
& sketch 1303... oulu=hlese

4

void setup () {
size (200, 200);
background (255) ;
smooth (); // antialiased edges
line (0, 0, 200, 0); // draw axes
line (0, 0, 0, 200);

£i11 (255, 0, 0); // red square

295 270° a5 rotate (radians (30));
5T0/d T4 translate (70, 0);
180° 0 rect (0, 0, 20, 20);
m 0 }
135% as° J

w900 T4
mi2
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Vektorova grafika Préce s transformacemi

,Strom transformaci*

Globalni
transformace
(napf. celkové
méFitko)
f @ Hierarchicka predstava
Uisténd transformaci objektl
objektd
i T i @ Uzly ...transformace
Umisténi Umisténi @ Listy ... kresleni objektu
objektu objektu
i i @ Skladame transformace v
Natotent Natocent uzlech po cesté ke korenu
Objekt e | e

@ Jak realizovat prakticky? J
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Vektorova grafika Préce s transformacemi

(get,set)Matrix nebo (push,pop)Matrix

Globalni
transformace
(napt. celkové
méfitko)
T _[getMatrix() / pushMatrix()J
Umisténi ’
skupiny
objektt . ]
I setMatrix() / popMatrix()
A S
Umisténi Umisténi
objektu objektu
Natoceni Natoceni
Objekt a zvétseni a zvétseni
objektu objektu

i i
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Vektorova grafika Préce s transformacemi

Priklad v Processing

void setup() {
size (400, 150);
background(255) ;
noStroke () ;

translate (50, 75);

for( int i = 0; i 3: i
f sketch_130327a 4 e . . [ ( ( < ++i )

pushMatrix () ;
translate (i = 100, 0);
scale (20);
house () ;
popMatrix () ;
}
}

void house () {
fill (0);
rect(—1, —1, 2, 2);
fill (128);
triangle(—1, —1, 1, —1, 0, —2);
rect(—0.3, 0, 0.6, 1);
}

Zéklady pocitacové grafiky
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Vektorova grafika Préce s transformacemi

Vyzkousejte si. . .

Upravit priklad tak, aby
@ Domecky byly rizné velké
@ a otacely se na miste. ..

48 sketch_130327a

223
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Vektorova grafika

Hra ,Pong“ (3)

Pridame t ormace a pal

float pposX, float pposY = 15;
float paddleW = 15; float paddleH = 50;

void ball () {
fi11(0);
ellipse (0, 0, 2 x ballR, 2 % ballR);

void paddle() {
fill (0);
rect(0, 0, paddleW, paddleH);

void setup () {
size (640, 400);
pposX = width — 1.5 x paddleW;

void draw () {
background (255, 255, 255);

pushMatrix () ;
translate (posX, posX);
ball () ;

popMatrix () ;

translate (pposX, pposY);
paddle () ;

Zéklady pocitacové grafiky

Préce s transformacemi

W sketch_140401a. m=|

@ Jak na pohyb pélkou...
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Vektorova grafika Préce s transformacemi

Hra ,Pong“ (4)

Pohyb péalkou

void draw () {

if (keyPressed) {
if (key == CODED) {
if (keyCode == UP) {
if (pposY >= 0) {
pposY = pposY — 5;
}

}
if (keyCode == DOMN) {
if (pposY <= height — paddleH) {
pposY = pposY + 5;

@ Kolize...

@ Konec hry...
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Vektorova grafika

Hra ,Pong“ (5)

lize a

void draw () {

if( collision() ) {
dX = —dX;

}

if ( posX + ballR > width ) {
fill (255, 0, 0, 100);
rect(0, 0, width, height);
nolLoop () ;

}

boolean collision () {
if (posX + ballR >= pposX) {
if ((posY >= pposY) && (posY <= pposY +
paddleH)) {
return true;
}
}
return false;

}

Préce s transformacemi

@ Vypis skoére...
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Vektorova grafika Fonty

Pouziti fontu

@ Fonty definovany
vektorové Definice a parametry fontu

@ Text se chape jako advance width
dalSi tvar (cesta) —

@ Lze kreslit hranici nebo eadmg\ \1 great

vyplnit

(*] V)’/bér fontu height h ascent
o Serif, Arial, . .. v gra p IC E
o Styl fontu (plain, o
bold, italic)
o Velikost fontu
e atd.

Font Metrics
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Vektorova grafika Fonty

Fonty v Processing

PFont £;
void setup () (@ sketch 1303.. [sculu=imebn
{ 3

size (200, 200);
background (255) ;

// Arial, 16 point, anti-aliasing on

"

f = createFont ("Arial", 36, true); He”O W0r|d1

// font to be used
textFont (£, 36);

// font color
£111(128);

// draw text
text ("H ) WOZI v, 10, 100);

4
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Vektorova grafika

Hra ,Pong*“ (6)

Vypis skore

PFont f;
int score = 0;

void draw () {

if( collision() ) {
dX = —dX;
score = score + 1;

}

textFont(f, 32);
fill (150, 0, 0);
text("Score: " + str(score), 150, 50);

}

Fonty

@ Lepsi grafika...
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Bitmapova grafika Sprite

Co je to Sprite?

@ Grafika, zaloZzena na bitmapovych obrézcich
@ Animace pohyblivych objektl
@ Typicky 2D hry, apod.

Priklad spritQ pro postavicku. . .

2Epaas "
R R
R R
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Bitmapova grafika Blending

Pruhlednost (transparency)

Blending grafiky ve vrstvach

e RGBA
obrazky/pixely

@ Kresleni
bitmap/spritd ,pres
sebe”

/f

!.”

£ ——

N
§4==:E

S S

2

L7
i

(FIT VUT v Brné) Zéklady pocitacové grafiky 51 /52



Bitmapova grafika Blending

Hra ,Pong“ (7)

Obrazek na pozadi, micek a
palka

Plmage court, ball, paddle;
void setup () {

court = loadimage ("court.jpg");
ball = loadlmage("ball.png");
paddle = loadlmage ("paddle . png");

void draw () {
//  background (255, 255, 255);
background (court) ;

}
void ball () {
image (ball , —ballR, —ballR);

}
void paddle() {
image (paddle, 0, 0);

Zéklady pocitacové grafiky
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