YBoa y OpenGL (Open Graphics Library)

NoTtpebHo npea3Hame

Op, notpebHoOr npeg3Hatba HEONXOAHO je MO3HaBakbe NPOrpamcKor jeamka C M OCHOBHMU
KOHLENTN 06jeKTHO OpjeHTMCaHOr Nporpammnpatba.

[loTpeGHe TexHoJI0THje

Linux
HeonxogHo je nocepoBame cneaehmnx codTBEPCKUX KOMMOHEHTU:

e C++ KOMNajnep

HanomeHa: MNpun Komnajanparby HEONXOAHO je YK/bY4nTH HeonxoaHe bBubnmoTeke:

g++ -0 p main.cpp -1GL -I1glut

OBa KomaHaa he KpeupaTv nsspwHu dajn p.

Windows
HeonxoaHo je noceaoBarbe cneaehmx codTBEPCKUX KOMMOHEHTH:

e C++ KOMNajnep
e nporpamcKo oKpy:kemwe Visual Studio

HanomeHa: Kaga ce Kpewpa HOBWM MpOjeKaT HEOMXOAHO je YK/byYMTUM CBEe HaBefeHe MakeTte Yy
npojekat. To je moryhe ypaautu Ha ABa HauyMHa.

MpBK HauumH: : Y rnaBHOM MeHWjy usabpatm onumjy Tools -> Nuget Packet Manager -> Package
Manager Console, n yHeTn KomaHay cnegehy KomaHay:

Install-Package nupengl.core

OBa KomaHAa he yK/byunTH CBE HaBeeHe NakeTe y Npojekar.

Opyrn HauuH: Y rnaBHOM MeHMjy M3abpaTu onunjy Tools -> NuGet Package Manager ->
Manage NuGet Packages for Solutions.. OTBOpUTM KapTuly Browse vy geny 3a npetpary
YKyuatn nupengl. Og noHyheHux pesyntata ogabpatu nupengl.core. HakoH opabwupa, ca gecHe
cTpaHe he ce NojaBUTK KpenpaHu npojeKkart. MoTpebHO je 03HAYUTHM L,Eeo NPOjeKaT Kao Ha CANLM U
KAUKHYTW Ha Install. HakoH 3aBpLueTka UHCTanaumje, cBM naket he 6UTK yK/by4eHW y Npojekar.
(Cnuka 1: NuGet Packages for SolutionsCrauka 1)
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oes it grant any licenses to, third-party packages.

Error List
Cnuka 1: NuGet Packages for Solutions

OpenGL

OpenGL je codTBEpPCKM MHTEPdEjC Ka rpadmyKom xapasepy. MmnnemeHTUpa ce 3a BENMKK
6poj pasnnumMTUX xapasepckmx nnatdopmu. KopucTn ce 3a nucarbe nporpama Koju page ca
OBOOUMEH3MOHANHOM U TPOAMMEH3MOHaNHOM rpadukom. WHTepdejc cagpxum npeko 700
Pa3NMUNTUX PYHKLMja Koje ce MOTy KOPUCTUTM 33 M3Ppaay KOMMEKCHUX MHTEPAKTUBHMX annKauunja
of, jegHOCTaBHUX NpumnTMBa. OpenGL He cagp)XM KOMaHAe BWULLIEr HWMBOA 3a OMNUCUBaHEe TPO-
ANMEH3UOHaNHUX objekaTta. TUM KOMaHgama 6u ce MOrNo jefHOCTAaBHUje KPeuMpaTM KOMMAEKCaH
objekaT Kao WTO cy Kona, aBWOH, AenoBwu Tena, mehytum y OpenGL-y To mopa fa ce pagu
jeAHOCTaBHMM MNPMMMUTMBAMA Kao LWTO Cy Tayka, JAWHWjA M nonuroH. OpenGL je naHAaH
majkpocodtoBom DirectX-y. Uma ynotpeby y UHAYCTPUjU BUAEO Urapa, anu ce unak MHoro Yewhe
KOPUCTM Yy Hay4He CBpXe, Y Mporpammma BUPTYesIHe CTBAPHOCTM Kao U Y PasHUM CUMyNaTopuma.

CoductmumpaHa 6ubanoTteka Koja npyKa HanpegHe moryhHocTH, a u3rpaheHa y ocHOBM Ha
6ubnmnoteun OpenGL jecte rpaduyka 6ubnmoteka OpenGL Utility Library (GLU). OHa je ctaHOapAHa
33 cBe uMmnaemeHTaumje OpenGL-a. Obe3behyje BennkM 6poj dyHKUMja Koje KOpUCTe OCHOBHEe
metose OpenGLl-a 3a mogenvparbe KOMMNAEKCHUjuX objekaTta. WMamehy octanor, omoryhasa
Manuparbe nsmehy KoopaMHaTa eKpaHa U CBETCKMX KOOPAMHATA, Kpemparbe KOMMJIEKCHUX MOBPLLM,
Kao WM pyTMHe 3a TpaHcbopmaumjy objekaTta, nosuumje Kamepe M TO MHOFO jefHOCTaBHWje 3a
Kopuwhere of, OHMX Koje ce Hanase y cknony OpenGL-a.

OpenGL He cagpXM KOMaHAe 33 MaHMMynauujy nNpo3opuvma onepaTUBHOI cUCTEMa U
npenosHaBake Aorahaja ca Tactatype u mulua. OpenGL Utility Toolkit (GLUT) je 6ubnnoteka Koja je
3a/ly’KeHa 33 KOMYHMKaumjy ca onepaTMBHUM cucTeMom. Takohe omoryhaBa Kpenpake CA0MKEHUX
objeKkaTa Kao WwTo cy cdepa, TOPYyC, YajHUK U APYru.

[a bucte Mmanu npeactaBy 0 TOMe LWTa Ce CBe MoXe ca 6ubanotekom OpenGL moxe ce
BUAETM Ha CAULM KOja NpeacTas/ba NpBY CTpaHy Kiwure OpenGL Programming Guide (,,Red Book"), a
KpeunpaHa je kopuctehu nporpamcky 6ubnmnotexky OpenGL. (Cauka 2)
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Cnuka 2: Red Book

OpenGL omoryhaBa Kpeupare KOMNAEKCHUX 0bjekaTa noMmohy reomeTpujcKUX NPUMUTUBA U
HUXOBO pacrnopehuBarbe Ha cueHW. Takohe, omoryhaBa M nocTaB/bakbe MOJMONKAja MocmaTpaya y
OZIHOCY Ha CUgEHyY, NocTaB/bakbe OCBET/beHa, KAa0 U NocTaB/barbe 60ja M TeKcTypa Ha mogene. Ha
OCHOBY 3a4aTor OCBeT/behba WM boja (Tekctypa) OpenGL vma moryhHocT ga Ha ocHoBy Beh
MCNporpammpaHnx aaropuTama ogpeam 6oje objekarta Ha cLeHU. TO ce MOXKe YpaanuTh U eKCTEPHUM
wejaepuma (shaders) rae camm KOHTPO/MILEMO TO M3padyyHaBarbe. Ha OCHOBY npeTxoaHo
HaBeZEHOr, ayTOMATCKM ce BPLIM Kpeuparbe civKa. Ty ce fonasu Ao nojma pacrepusauuje Koja
npeacTaB/ba KOHBEPTOBAbE MaTeMaTUYKMX 0bjeKaTa 1 bMMa NpUapPYHReHUX MHopmaumja o 6ojama
y NUKcene Ha ekpaHy. OpenGL omoryhaBa u oaceuare AenoBa objekaTa Koju ce He Buae jep cy
CKpPUBEHM 04, HeKor apyror objekTa. Kaga ce fobujy nukcenun camke, moryhe je BpLUMTU M onepaumje
Hag camum nukceanma. [MuKcen je HajmarbM rpadUuKM enemeHT cavke (bitmap cnvke).
NHbopmaumje 0 NUKcenMma ce gpKe y MemMopuju, TauyHuje y BUTOBCKMM paBHuUMma (bitplanes).
BUTOBCKe paBHM cy AeN0BU MeMOpUje rae CBAKW BUT ApXM MHPOpmMaLMje O jefHOM MUKCENY Ha
eKpaHy.

Kaga ce npuya o rpaduum, Mmopa ce CMOMeHYTU U NpoLec peHaepoBakba. PeHaepoBakbe je
npouec nomohy Kora payyHap Kpevpa ABOAMMEH3MOHANHY CIMKY Ha ocHoBy 3D mogena.

CuHtakca OpenGL-a:

o (e KOMmaHgZe nmajy npedukc gl (glBegin()).
e (CBe KOHCTaHTe UMajy npedukc GL_ (GL POLYGON).
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e Y OpenGL-y ce npuxBaTajy CTaHAapAHM TUMOBK NogaTtaka (byte, int, double..), AOK
nocroje U HOBW TUMNOBW NoaaTaka us bubanoreke OpenGL Kao wto cy GLbyte, Glint,
Gldouble....

e [lojegMHe KOMaHAE MOTY MMATK [0 TpU cyduKea (glvertex3£fv):

o MNpsu cydukc o3Hauyasa bpoj aprymeHata (2, 3, 4)

o [Opyrv o3HayaBa TMn aprymeHata (s - short integer, i - integer, f -
float, d - double)

o Tpehu o3HayaBa ga he ce aprymeHT NPEeHOCUTH Kao BeKTOP (v), OAHOCHO LWasbe ce
napameTap Tvna tip_parametra* (int*, double*,...). APF'YMEHT Koju ce
npocnehyje yHKUMjM je HU3 YMju BpOj enemeHaTa 3aBUCHK 04 cydUrKca Koju
O3HayvaBa bpoj aprymeHarTa.

Onuc npoo6Jsiema
YnosHaBatbe ca OCHOBHMM ¢yHKUMjama OpenGL-a. LlpTtartbe nponsBO/bHOr KBagpaTa,
npousBosbHe 60je Kopuwherem codpTBepckor MHTepdejca OpenGL.

Peliewme

IlocTynak pemaBama

Kao wto je HasegeHo, 6ubnnoteka Glut ce mM3mehy ocTanor KOpUCTM 33 KOMYHMUKALMUjY
OpenGlL-a ca onepaTMBHUM CUCTEMOM, U Aa OM je KOpUCTUAM NOTPEOHO je MPBO M3BPLUUTU HEHY
MHUUMjanu3saymjy. To ce BpLIM KOMaHOOM

glutInit (&argc, argv).
OTBaparbe Npo30pa 3a LpTake Ca 3a4aTVM Ha31BOM BPLUKN CE KOMaHAO0M
glutCreateWindow ("New window"),

a Kao aprymeHT ce npocnehyje CTpUHr ca HasMBom nposopa. Moryhe je KOHTpoOAUCATU AUMEH3UjY
npo3opa Kao 1 Nosuumjy Ha ekpaHy rae he ce Kpenpatu. BenmumHa nposopa ce ogpehyje Hapeabom

glutInitWindowSize (int width, int height).
BpeaHocTn width M height 3agajy y nMKkcennma, a ogpehusarbe nosunumje npo3opa KOMaHLOM

glutInitWindowPosition(int x, int y)

rae cy x Uy KoopauHaTe eKpaHa y NUKcennma.Y Tauyku Ha eKpaHy ca TUM KoopauHaTama Hahu he ce
ropksu nesu yrao nposopa. KoopamHate ropwer nesor yrna ekpaHa cy (0,0), v npBa KoopguHaTta
03Ha4aBa y[3a/beHOCT Of, FOPHET JIEBOT Yr/1a eKpaHa No XOPM30HTAJIHOj, a Apyra No BEPTUKANIHO] OCK
M TO Yy CMepy Ka AecHO u gose. Mogaun o NMKCeNMMA KOju Cy MPMKA3aHM Ha eKpaHy 4yBajy ce y
oapeheHnm genosmma, Hajuewhe RAM memopuje. Tn genosmn memopuje ce Hasmeajy badepu. Mpu
Kpeuparby npo3opa moryhe je jow aeduHUCATU MOA NPMKa3a KOMaHLOM

glutInitDisplayMode (unsigned int mode).

MpomeH/bMBa mode NpeAcTaB/ba OWTOBCKY Many WMAM KoMbBuHauujy BMTOBCKMX Mana
b6uToBCKOM Onepauujom OR (|) yMme ce npeuusHuje aeduHUwy Hadepun 3a yyBarbe NoJaTaka o
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nukcenMma cnauvke. butoscke mane he 6uTM objawrbeHe AeTasbHUje Ha HapeAHMM 4YacoBMMa, A
nHdopmaumje o cBMm BUTOBCKMM Manama ce mory Hahu Ha agpecu

https://www.opengl.org/resources/libraries/glut/spec3/nodel12.html.

Mpumep Kpenparba npo3opa:

glutInit (&argc, argv);

glutInitDisplayMode (GLUT_SINGLE | GLUT RGBA);
glutInitWindowSize (250, 250);
glutInitWindowPosition (100, 80);
glutCreateWindow ("Hello");

Y HaBegeHOM MpuMMepy Kpeupa ce npos3op nog Hasmeom “Hello”, sennuunHe 250 X 250
nuKcena, a Mo3uumja roprer JIeBOr yrna npos3opa Ha ekpaHy buhe y Tayku (100,80). Mposop
KopuCTH jeaHOCTPYKKM Badep (GLUT SINGLE), O4HOCHO LpTakbe ce BPLWK AMpPeKTHO y badep Koju ce
npukasyje Ha ekpaHy. Moryhe je KopuctUTM M ABOCTPyKM badep 3a upTtame. Taga ce BplU
ncupTaBakbe Ha jegHom Hadepy AOK je Apyrv NpUKasaH Ha ekpaHy. Kaga ce 3aBpwn peHaepoBarbe
b6adepa Koju HMje nNpuKasaH Ha EKpaHy HEeroBo MpPUKasMBare Ce BPWKW KOMaHLOM
glutSwapBuffers () .butoBcka mana GLUT RGBA ogpehyje ga 6oje Koje ce Kopucte npwu
McupTaBakby Ha ekpaH mory umaTu alpha napameTtap. TauHuje, 60ja MoXKe 6BUTK 3agaTta ca TpU Uan
yeTMpu napametpa. [pBa TpM O3HaYaBajy UHTEH3UTET LPBEHe, 3eneHe u nnase 6oje y 60ju Kojy
3afajemo. YeTBpT napameTtap ogapehyje TpaHcnapeHTHoCT n3abpaHe 6oje. BpeaHocTu cBa yetupm
napameTpa npunagajy nutepsany [0.0, 1.0].

IIpunpema
Mpe ucypTtaBara noTpebHo je noctaBuTK 60jy NosaguHe. MNpso ce 6bupa 6oja KomaHZOM

glClearColor (double r, double g, double b, double alpha).

Ynwhere 6adepa Bplum ce Hapeabom

glClear (GLbitfield mask)

roe je  mask 6utoBcka mana  (GL COLOR BUFFER BIT, GL DEPTH BUFFER BIT,
GL ACCUM BUFFER BIT, GL STENCIL BUFFER BIT) uauM KombuHauuja OMTOBCKMX Mana
foubujeHa nornykom onepaumjom or, a ykasuje Ha badepe (glClearColor, glClearIndex,
glClearDepth, glClearStencil, glClearAccum) Koje Tpeba nonyHutn ogabpaHom 6ojom.
YKONMKO je BpeAHOCT napameTpa mask = GL COLOR BUFFER BIT wu3sBplasa ce ,yuwhere”
b6adepa glClearColor U glClearIndex U3abpaHom 60jom.

Mpe upTarba jow je notpebHo aeduHMcatn Koju he aeo mogena 6UTM NpMKasaH Ha ekpaHy. To ce
BPLWK PyHKUNjOM

glOrtho (double left, double right, double bottom, double top, double near,
double far).

Ha ekpaHy he 6MTM npuKasaH Ae0 MoAena Kome je X KoopauHata w3 uHTepsana [left, right], y
KoopamHaTa M3 uHTepsana [bottom,top], az koopauHata u3 uHTepsana [near, far]. Y cayuyajy
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ABOAMMEH3MOHANMHUX MOAENA, Z KoopuaaTe CBUX TadaKa Koje ce Kpeupajy cy 0.0, Tako ga ce 3a
BpeAHOCTM NapameTapa near U far mory nsabpatm —1.0 n 1.0, pecnektmsHo.

®yHKuMje glMatrixMode (GL PROJECTION)M glLoadIdentity ()6uhe objawreHe y oksupy
HapegHux nornassba.

void init (void)

{
glClearColor (0.0, 0.0, 0.0, 0.0);
glMatrixMode(GL_PROJECTION);
glLoadIdentity ()
glortho(0.0, 1.0, 0.0, 1.0, -1.0, 1.0);

IipTame KBagpaTa

Y npumepy LupTarba KBagpaTa BPLWKM Ce WUCUpPTaBakbe MOAMIOHA, M TO Yy OYHKUMjU
display () KpeupaHoj of cTpaHe KopucHuKa. LpTarbe objekata y OpenGL-y Bpln ce upTarbem
npuMMTUBA (Tayaka, AMHMjA M noauroHa). deduHucarbe 60oje objeKTa Koju ce upTa BpLWK ce npe
aeduHmncarba ob6jekta pyHKUMjom

glColor3f (float red, float green, float blue).

Kapa ce jeaHom noctaBu 6oja 3a yprame, cBU 0bjekTn he 6utK upTaHn Tom 6ojom ZOK ce
OHa He NPOMEHW MOHOBHMM MO3MBOM ca APYrMm aprymeHTuma. Onuc napametapa ¢yHKLMje je nctu
Kao M Kog dyHKuMje glClearColor (). HaBohewe Tauyaka (4BopoBa) objekTa BplwuM ce usmehy
KOMaHAM glBegin (GLenum mode) WU glEnd(), rae napametap mode O3HayaBa HAYUH
ncupTaBakba objekta. CBako HaBoherbe YBOPOBA BaH OBOr orncera 6uhe 3aHemapeHo. O HaYMHUMA
ucupTtaBatba objekata 6uhe peTasbHUje peun Ha HapegHMM YacoBuma. lMpu LpTakby KBagpaTta y
AaTOM npumepy KopuwheH je mog NOAWUIOH, Na ce UpTa MNOJIMIoH AedbuHMCaH Taykama usmehy
KOMaHgM glBegin (GL POLYGON) M glEnd(). Ysoposu ce pgedbunHunwy ¢yHKUMjoM
glVertex3f (double x, double y, double z), rae cy X,y W Z KoopauHaTe Ta4dKke Kma ce
aedbvHuwe. Y 3agatom npobaemy LpTakba KBagpaTa, KpenpaHe cy YeTMPU TauKe, r4e je NpuanKom
AedurHucarba TUX TavaKa BoheHo padyHa o Tome ga fobujeHu noauroH byae 6aw keagpart. (Cauka 3)

glBegin (GL_ POLYGON) ;

glVertex3f (0.25, 0.25, 0.0);

glvVertex3f (0.75, 0.25, 0.0);

glvVertex3f (0.75, 0.75, 0.0);

glVertex3f (0.25, 0.75, 0.0);
glEnd();
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Cnuka 3: Keadpam

Oa 6ucmo gobunm cnvMKy Ha eKpaHy noTpebHo je ¢yHKUMjM glutDisplayFunc (void
(*func) (void) ) npocneanTndyHKUM)y Yy Kojoj ce nosuBa geduHUcarbe cBUX objekaTa 3a
ncupTaBakse.

glutDisplayFunc (display)

Ta ¢yHKUMja ce No3mMBa CBaKW MyT NPW MOHOBHOM WCLUpPTaBaky eKpaHa. MOHOBHO MCLpTaBake
eKpaHa mMoxe BUTU NO3BaHO 04, CTPaHEe CUCTEMA, HNP. NPU NPOMEHN BEANYMHE NPO30pPa, @ MOXKe ce
3aXTEBATM M ANPEKTHO KOMAHAOM GlutPostRedisplay (). MHMUMjanHO ncLpTaBatbe objeKkaTa Kao
n obpaga porahaja (tactatypa, Mull) noumrbe nosmBom OyHKUMje GlutMainLoop () (event
processing loop). Oa Tor TpeHyTKa ce MOKe 06paauTu cBaku gorahaj muwia uamn Tactatype U
ofipearoBaTu Ha Taj gorahaj, Hnp. NOoMepuTM Moaen, NPOMeHUTH Boja moaena u CINYHO.

MNpernep pyHUKUMja:

o glClearColor(GLclampf red, GLclampf green, GLclampf blue,GLclampf alpha) — NocTas/barbe
6oje Kojom ce MosKe HanyHUTK Hekn o Badepa. Ceu napameTpu cy u3 nutepsana [0.0, 1.0].
MpBa TpW NapameTpa NpeacTas/bajy MHTE3UTET LiPBEHE, 3e/1eHe 1 nnase 6oje y 6oju Koja ce
aeduHmwe. YKonmKo cy cea Tpu nHtesuteta 1.0, nobuja ce 6ena 60ja, a ykonuko cy 0.0
[o6uja ce upHa 6oja. YeTBpTM NapameTap npeacTas/ba TpaHcnapeHTHocT (0.0 — noTnyHa
nposupHoct, 1.0 — noTnyHa HenNpo3upHoCT)

e glClear(Glbitfield mask) — icnyraBare badpepa mask 60jom Koja je nocTaB/beHa KOMaHAOM
glClearColor().

o glColor3f{float red, float green, float blue) — MNocTas/batbe 60je 3a UcUpTaBarbe objeKaTa —
Tpu napametpa(red, green, blue). Ceu napameTpu cy Takohe u3 untepsana [0.0,1.0].

e glutDislayFunc(void (*func)(void)) — NMocTaswamse callback dyHKumje ekpaHa. PyHKUM]ja Koja
ce No3mBa NPWINKOM UCLipTaBakba eKpaHa.

e GlutPostRedisplay() — No3vnBarbe NOHOBHOT UCLPTaBakbe eKpaHa.

e GlutMainLoop() — event processing loop. Mounrbe ncuptaBakbe U obpaga gorahaja.
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IIporpaMcku Koz,

#include <GL/glut.h>

// g++ -o p main.cpp -1GL -1lglut

//

./p

void display(void)

{

/* clear all pixels */

glClear (GL_COLOR BUFFER BIT);

/* draw white polygon (rectangle) with corners at
(0.25, 0.25, 0.0) and (0.75, 0.75, 0.0) */

glColor3f (1.0, 1.0, 1.0);

glBegin (GL_POLYGON) ;

glVertex3f(0.25, 0.25, 0.0);

glVertex3f(0.75, 0.25, 0.0);

glVertex3f(0.75, 0.75, 0.0);

glVertex3f(0.25, 0.75, 0.0);
glEnd () ;

/* don't wait!
start processing buffered OpenGL routines */
glFlush ();

void init (void)

{

}

/* select clearing (background) color */
glClearColor (0.0, 0.0, 0.0, 0.0);

/* initialize viewing values */
glMatrixMode (GL_PROJECTION) ;
glLoadIdentity ()

glOrtho(0.0, 1.0, 0.0, 1.0, -1.0, 1.0);

/* Declare initial window size, position, and display mode

(single buffer and RGBA). Open window with "hello"
in its title bar. Call initialization routines.
Register callback function to display graphics.
Enter main loop and process events. */

int main(int argc, char** argv)

{

glutInit (&argc, argv);
glutInitDisplayMode (GLUT SINGLE | GLUT RGB);
glutInitWindowSize (250, 250);
glutInitWindowPosition (670, 330);
glutCreateWindow ("hello") ;

init ()

glutDisplayFunc (display) ;

glutMainLoop () ;

return 0; /* ISO C requires main to return int. */
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