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Evyaploticg

Me Tnv mepATwon Tng mapouaoag epyaciag, Ba nBeha va euxaplotow Bepua
TouG eTUPAEMOVTEG TNG AUMAWUATIKAG epyaciag K. Mavaylwwta TooumavomoUAou Kat
K. Mavaywwtn Mmoldavn yla tnv gumiotocuvn nou enédetéav oto mPOownod Uou, yla
™V Aaplotn ouvepyaoia, TG ouowwdelg umodeifelg kal mapeUPACEL, TOU
SleukoAuvay tnv ekmévnon TG AUTAWMATLKAG Epyaciag.

Eniong Ba nBeha va ekdpdow TNV €KTIUNOA MOU ylo OAd Ta Taldld, Ye Ta
omola cuvepyAaoTnKa OAQ LUTA TOL XPOVLA TWV TIPOTITUXLAKWVY OTIOUSWV HOU.

T€Nog, opellw éva PEYANO EUXOPLOTW OTNV OLKOYEVELA HOU Kol oToug Ppidoug
pou kot dlaitepa otnv Edn kot oto Aswvida yla tTnv auEPLOTn UTIOOTAPLEN KAl TV
avektipntn Bonbela mou pou mapeiyav T000 KATA TNV SLAPKELD TWV OTIOUSWV HOU,
000 KAl KATA TNV EKMOVNON TNG AUTAWHATIKAG Epyaoiag.

MoAuxpovng Xaptitidng

BoAog, 2013
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Mepianym

IKOTOG TNG mapoloag AUMAWHATIKAG €pyaciag Atav n oxedloon kot
vuAomoinon uag spoapuoyng oto Android Aettoupylkd n omola Otoxo €XeL va
BonBnoeL To XPoTnN va KATAvoroel TG PBaokEG apxES TG OpenGL péoa amd pla
oElpA SLOSPAOTIKWY TIOPASELYHATWY TIAVW OE CNUOAVIIKOUG TOUELS TNG YAwoog
QUTAG.

JUYKEKPLEVA, O XpNotng €xeL tn Suvatotnta va {wopadioel PBaoikd
OXNUOTA, VO TA UETOKLWVEL , va Ta TEPLOTPEDEL, va Ta PeyaAwVeL, va aAAAalel Ta
XPWHOTA TOUC XwpI¢ Kav va yvwpilel mwg Ba Umopoloe Vo KAVEL TETOLEG EVEPYELEG
TIPOYPOUMOTLOTIKA. Mépa amo tnv emibelén twv SuvatotAtwy avtwv n edappoyn
eudavilel 0TO XPHOTN TOV KWAOLKA LLE TOV OTIOLO YIVOVTAL OL EVEPYELEG QLUTEC KAl £TOL O
XPNotNG Umopei va adopolwaoel ToAU eUKOAa BaCIKEC EVTOAEC TN YAWOOOG.

OL Topeilg T™NC YAwooag Tmou KOAUTTovVTOL otnv edopuoyn TV Koablotouv
tkavn va BonBnoel toug hoLtNTEG 0TO PABNUA TWV YPAPLKWY TOU TUAMOTOC LOG.

Abstract

The purpose of this thesis was the design and implementation of an
application to the Android operating system which aims to help the user understand
the fundamentals of OpenGL language through a series of interactive examples on
key areas of the language.

Specifically, the user has the ability to draw primitive shapes, to move them,
to rotate them, to scale them, to change their colors without even knowing how he
could develop such actions. Beyond demonstrating the potential of OpenGL, the
application displays the code to the user and thus the user can learn the basic
commands of the language easily.

The areas of the language covered in the application enable it to help
students who attend graphics lessons at our department.

www.inf.uth.gr

Page 8



MMeprexopeva

L ELOOYWYI e ntteeeiteeetee ettt e ettt et e e et e e e tbeeeteeeeteeeeabeeeebaeeaabeeeabesesaseeaabaeeseeeenbeseseeenateessaeennreeanses 11
2.|0TOPLKA ZTOLXELOL YLOL TOUYPOUDUIKB 1..vveeeeereeeereeeereessreeesreesseeessseessseessesesssessssnessssessssesssssennns 12
2.1 H apxn TwV YPADIKWY OTOUG UTIOAOYLOTEG ...ueeerereeereeerrreesreeessreessseeessseesssessssesessessnnes 12
2.2 H paydaiot EEEALEN TWV YPOPLKWIV ..eeeuereeereeeireeireesteeeseteesteeesvteesseeessneesaseesseeesnsesenens 14
2.3 ALAPOPA AOYLOHLKAL YPOUDLKUIV «.veerereeenrreeenreeereeestreeeiteeesseeesesessseessesensseessessnsesessessnnes 15
2.3, 1 OPENGL e e e e st e e e e e e rae e e e e e e eas 15
2.3.2 DIFECEID ..t 15
2.3.3 QUICKDIAW 3D ...uuiiiiiieiiie e ceitee ettt e s ree e e s eree e e st e e e s sabe e e e eenbee e e esabeeeeennbeeeeenarees 16
P X X @ 1 C 2 PP PP PP P PP PP PPPPPPPPPPPPPPPRE 16
2.3.5 OPENSCENEGIAPN...ii ittt e e e re e e e e e e bee e e e arees 16
2,30 UNILY3D ..ttt et e e e e e e e e e e e e b et e e e e e e s nrrneeeeeeeeaan 16
3. BOOUKO OXNHOTO 1. cvveeetreeeereeeetreeereeeeteeeeeteeessseeesseeeasseesseseasseesnseseasesessesensseesnseeeasssesnseeenseen 17
3.1 BOOLIKA OXAHOATO TNV OPENGL...eiiiiiieceiieeieeeeiee ettt eetee et eeeteeeereeeereeeeaeeeebeeesnneens 17
TR0 000 D 2 V1o SR 17
TR 0 e Yo 4 T U USSR 17
3.1 3 TTOAUYWIVOL.c.evveeeireeeteeeeitee ettt eetteeeeteeeeteeeeteeeetaeeebeeesateeeabaeeaseeesntesensesessseeenseeesasesenses 18
3.1.4 KOOOPLOHUOG KOPUDWIV .eveevreeeerieeteeeeiteeeteeeetveeeeteeeeaveeeteeesseeeensesensseessseeensesesnsesenses 18
3.1.5 Zwypadikr BACIKWY OXNUATWY LE TNV OPENGL ..ccvriicreeeieeeeeecetee et 19
3.2 BOOIKA OXNLOTO TNV EDOUDIOYH ceeuvrrerereeeirreesreeeiteeesreeesseeesseessseeesssessssesesssessssesesseesns 22
3.2.1 MEPLYPOPH TOU INTEITACE.....iiiieeceieeciee ettt ettt et e e s e e e bae e s are e 22
T A 0 XY 1 (o1 Vo o TP RSP S 23
4 MIETOOYNOTLOHOL 1evveeetreeeteeeeteeeetee ettt eeteeeeteeeeaeeeteeeeteeeebeseeteeessbeeeteeesaseesseeensseesnseeenseeas 26
4.1 MEeTOOXNUATIOUOL OTNV OPENGL...cceeviiiieeeeiieeetee ettt ettt e e e eereeeeveeeaee s 26
4.1.1 AweSiaotatn Metatdmion (2-D Translation) ......c.eeeceeeeeececeeecee e 26
4.1.2 AwoSiaotatn Neplotpodr) (2-D ROTATION)...ccciuieeerieciie ettt 26
4.1.3 AodLaotatn KALUAKWON (2-D SCAliNG) ..vecuveeeiieeeiee ettt e 27
4.1.4 Tpodiaotatn Metatomion(3-D Translation) ......ceeeceeecieeecieeeciee e 27
4.1.5 Tpwodiaotatn Meplatpodr] (3-D ROTALION) ..cccueieerieciieceeeecee et 28
4.1.6 Tpodiaotatn KAUAKWGON(3-D SCaliNG) ..ocveeereeeeieeeeeeee et 30
4.1.7 OL eVTOAEC HETOOXNUOATIOHOU OTNYV OPENGL ..uveieriictieceieee ettt ettt 30
4.2 METOOXNUATIOUOL OTNV EDOUPDHOYH c.eveeeerieerieeiteeeereeestreesreeenreeesreeessseessesessseesssesensees 31
4.2.1 MEPLYPOPH) TOU INTEITACE......iiiitieeeiie ettt ettt et etee e re e e teeestaeesbeeeetreens 31
www.inf.uth.gr

Page 9



LT C T Lo PR 35
5.1 TpLoSLAoTATN BE0ON OTNY OPENGL..eiieriieiiiiciiieeieeeeiee ettt eetee e e et e eeareeeebeeeeareeeas 36
5.2 Juvaptnoelg B€aoncg otnv OpenGL KaL OpenGLES.........coovvieecieiecieecciee e, 38

5.2.1 H ouvapTnon LETAOKNUOTIOUOU BEAONG . ..ciuvieerereereeereeecireeereeeeteeeereeereeeeeree e 38
5.2.2 ZuvapTNGCN OPOOYWVLO TIPOBOANG ..eeureeerreeireeeteeeseteesteeestreesteeesereesaseesseeesnseeenens 39
5.2.3 ZuvapTtnon CURMETPLKAG TIPOOTITLKIG TIPOBOANG weeveveeereeeireeeiee e et 40
5.2.4 TeviKi} ouvAPTNON TIPOOTITIKAG TUPOPBOANG . vveeereeeeereeeteeertreeseteeeereesaeeeeeeeesneeeenes 41
5.3 OL0ON OTNV EPOUDEOYI.c.uvereeurieereeeiteeeeteeeeteeeereeeeteeesseeeeseeessseesasesesseesaseeessseesasesesseens 42
5.3.1 TEPLYPOPN TOU INTEITACE....eiiiieeetieeeree ettt ettt et et eans 42
5.3.2 YAOTIOLNOI cutvieiitieetee ettt e ettt ettt e et et e et e e et e e e beeeetteeeabeeeeaeeeenbesenseeeeaseeenseeesasesenses 43

6. IMILEN XPUWOTWV «.eeevieeireeeieeeetteesteeetteesteeesaaeesssaessseesnsaeeasseesasaeansseesnsasesseesssaessseesnsesaseen 48
6.1 Mi&n xpwpATwV oTNV OpenGL KoL OPENGL ES.......oiicieeeiieecieeeee e 48
6.2 MIEN XPWHATWY OTNV EDOUPHOYN . cccurreeerieeetreeereeeeteeeeteeeeteeesreeeeseeesseeseseeessseesesesesseenns 50

6.2.1 TTEPLYPOPN TOU INTEITACE....eiiiieeeiee ettt ettt et e eans 50
6.2.2 YAOTIOLNOT c.nvvieeitieetieeetee ettt e ettt e et e e e teeeeteeeetaeeeteeeeabeeeabeeeeseeeenbesenseeensseesnseeesaseeenses 50

7. DWTLOHOG KOL ORLIXAN c.tveeeereeeeereeeiteeesiteesiteeesveesteeestreesteeessseesasaeesseesnsasessseesssesesseessseeensees 53
7.1 ZuvaptAoels dwTLoPoU Kot opixAng tg OpenGL kot OpenGLES.........coeevveeecvveecinens 55
7.2 OWTLOPOG KOL OUIXAN OTNV EPOPLOVYI] cevveenrreeiereeeireerreeeiteeesreessseeesseessseeessseesssesessseenns 59

7.2.1 YAOTIOUNON DUWTLOHOU .uvvevreeiiieeieeieesieesteessteeteesteesteessaesasesnseesseensesssesssnsssssssesssenns 59
7.2.2 YAOTIOLNGI OLNANG 1 veeeureeetreeereeeeteeeeteeeeteeeetreeeeteeestseeeseeesseeesseseesseessseeensesesnsesenses 62

8. TEALKEC OKEWELG-ZUUTIEPAOIOTO .veeeuvreeeereeerureeenreeeatreeeseeessseeeseseeseeessesessseesseeensesessessnseens 65

BUBALOYDOIDIOL «.vveeeeeiieeeeeerieee ettt e e eette e e eeetteeeeeetteeeeeetaeeeeeabeeseeessaesesassaeeesasseesesassseeesassresesanneeenn 66

1L Te Yo To) o o] U Lo SR 67
ETULOELEN KUIOLKOL 1veeneveeeiieeeiee et et e ettt e e te e et e e et e e s teeebaeesabeeetaeesaseesabaeesaseesnseeensaeesnseseseens 67

www.inf.uth.gr

Page 10



1.Ewcaywyn

To Xelpepwo efaunvo tou 2012-2013 mapakoAoubnoa 1O pABNUA TWV
Mpadikwv ¢ Kupiag ToopmavomouAou. MNapd To yeyovog OtL evBoUuoLAOTNKA UE TO
QVTLKE(HEVO TOU pabrpatog dev umopeoa va Swow TNV mpocoyr mou nbeia Adyo
Tou auénuévou ¢optou epyaciag tnv mepiodo ekeivn. MNa To Adyo auto, épada
OPKETA MpAyHOTa yia Ta ypadkd, opwe dev eppfaduva 6co Ba emBupovoa. Etol, ta
vypadkd EUELVaV oav Eva «anwbnuévoy» Héoa Lou.

Otav éptaoce o Kalpog yla TNV enAoyn Tou BEUATOC TNG SUTAWUATIKAC LOU
glya MOAAEC EVAANQKTLKEG OTO HUAAO LLOU, WOTOCO OUTO TIOU KUPLAPXOUOE ATV KATL
OXETIKO HE Ta ypadikd Kal tTnv OpenGL. Apxloa va Pdaxvw oto internet otidnmorte
elxe oxéon pe OpenGL kot evteAwg Tuxaio katéAnga oe éva Bivieo emidelEng piag
edapuoyng oe tablet, n omola pmopolos va 616afel oto xprnotn OpenGL. Tote
ouveldntonoinoa T nbsAa va kavw. H aydamn pou adevog yla ta ypoadlkd Ki
OPETEPOU YLA TOV TIPOYPAUUATIONO, €OIKOTEPA OE KLVNTA, ME €Kavav va LNV To
okeptw Sevtepn dpopa.

Etol, €ekivnoa va avamtioow pia epappoyr e okomo va Bondrow Ttoug
OUMGOLTNTEG MOV VO KaTavoroouv eUKoAa Kat ypriyopa tTnv OpenGL amod to Kivnto
touc. Katd tn Sldpkela TG UAOTOINONG QVILUETWILON OPKETA TPOPAAUATA KOl
eKTMAREEL, OMWC TO yeyovog OTL oto android dev umdpxel n OpenGL, omwg tnv
pabape oto pabnua Twv ypodikwyv, alAd n OpenGL ES n omola £XeL apKETEC
SlapopEg pe TNV mponyoupevn aAAG Kot AAAeC Suvatotntec. Mo mopadelypa, Eva
a6 Tpiywvo otnv OpenGL nmapadyestal o 5 ypappes kwdika evw otnv OpenGL ES o€
50. H moAumAokotnta autr otn dnuloupyia oxnudatwyv pe odnynoe oe dLadopeg
AUoeLg ou Ba eplypadolv avaAuTIKOTEPA.

Ito TafldL autd améktnoa VEEC TIPOYPOUUATIOTIKEG  LKOVOTNTEG,
ETUKOWVWVNOO HE TIOAAOUG avBpwroug mou eixav To 8o mabog pe ta ypadikd kat
TOV TIPOYPOUUATIONO, OYATNoO TIEPLOCOTEPO TO QVTIKE(HEVO Kal Kupiwg £paba
napa moAAa evéladépovta mpaypata mou eAmnilw va oog UETOPEPW HEOW TNG
AUTAWHOTIKAG Epyaciog autig oAAA Kal TnG epapUoyng.

OL mapakdatw oelide¢ Ba mpoomabricouv va pifouv Alyo dwg ota
Slapopetika otadla avantuéng tng epopuoync.
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2.16TOpPIKA T TOLYELX YIX TA YPAPLKA

2.1 H apyn) T®V ypa@LK®mV 6TOUG UTTOAOYLETES

To 1961 o Ivan Sutherland ,évag ¢poitntric Tou MIT, Snuolpynoe ylo To SI6AKTOPLKO
tou to Sketchpad, éva clotnua {wypadlkig HeE €va OTUAO Kal €vav UTIOAoOYLOTH
Lincoln TX-2. To user interface tou Sketchpad ftav emavaoctatiko KaBwg anotéAeoe
T(POTUTIO yLa T Snuloupyia Twv HeTénelta user interfaces.

‘Evag ocupdottntig tou Sutherland, o Steve Russell, tnv 8la nepiodo kavel pio anod
TIC MeyaAUTepeg¢ avakaAUPelg péxpL  onuepa  , TOo  malyvidt  otov
urnoAoytlotr(videogame). O Russell dnuiovpynoe to 1962 1o BpuAkd TaLKVibL
Spacewar to omnoio £tpexe oe PDP-1 6nw¢ dpaivetal kot otnv lKOVA.

Ewova 1. To Spacewar otov PDP-1

To 1965 n IBM &nuiovpynoe autd Tmou Oswpeltal To TPWIO EUPEWC
XPNOLUOTIOLOUUEVO EUTIOPLKO TEPUATIKO Ypadikwy, To 2250 (Ewkova 2). Mall pe to
¢tnvo umoloyloty IBM-1130 3 tov IBM S/340 T1O0 TEpUATIKO XpnoLuomolnonke
EUPEWG OO TNV EMLOTNHOVLKI KOWVOTNTA.

Towg éva amd ta mpwta yvwota mapadsiypata ypadlkwv UTIOAOYLOTH oOTnV
tnAedpacn Atav n xpnon tou 2250 ywa tnv avamnapaoctoon dladopwv dAcEwWY
arootoAn¢ tn¢ NASA oto Stdotnua. To 6Ao syxeipnua k6otioe $100,000.

Ewkova 2. IBM-2250 terminal
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To 1968 o lvan Sutherland €xovtag mdel oto mavernotiuo t¢ Utah cuvéyloe va
aoxoAettat kat va Stdackel ypadikd. Amd Ta €pyaoTipla TOU TIOVETILOTNUIOU TNG
Utah Aoutov o Sutherland dpyloe va €xel kaAoug pabntéc. O Ed Catmull, yua
TapAdELya, TILOTEVOVTAC OTL OL UTIOAOYLOTEG €lval epyaAeio yla dSnulovpyia Tawilwy
TIapryaye To MPWTO animation To omoilo amelkovile €va XEPL va. OVOLYOKAEIVEL. 2T
OUVEXELQ, Elonyaye TNV W6€a Tou texture mapping (Ekova 3), SnAadn tnv elcaywyn
EIKOVWV Ot  oxNuato €tol wote va  dailvovtal TO  PECALOTIKA.

Ewova 3. O Kpovog pe kat xwpig texture mapping

Apyotepa o Catmull Ba epyaotel otnv Pixar kat teAika Ba yivel mpoedpog otnv
Disney Animation Studios.

AN\OL SLOKEKPLUEVOL ETOTAMOVEG QMO TO TAVEMLOTAUIO tnG Utah mou eixav tnv
gmppon tou Sutherland Atav:

O John Warnock mou avémtuée to Portable Document Format (PDF) kat rtav
ouvidputic tng Adobe.

O Jim Clark mou i6puoe tnv Silicon Graphics, n omoila edpodiale to Hollywood pe
ypaodika, kot Snuiovupynoe to 3D framework tng OpenGL.

O Jim Blinn mou énuovpynoe enavootatika ypadika yia tnv NASA (Ewkova 4),
KaBwg KoL Tov avtaywvioth tne OpenGlL, to Direct3D.

Ewova 4. Ta ypadikd mou Snuovpynoe o Blinn ywa pia anooctoAn tg NASA
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2.2 H pay8aia €N ToV ypaA@IK®V

To 1980 n emotn Twv ypadlkwy apxLoe va yvwpllel peyain avbnon adpevog Adyw

TWV AMOLTNOEWV Tou elxav ol tawvieg oto Hollywood kat adetépou n oOlo éva

OUEAVOUEVN UTIOAOYLOTIKN) LOXUC TWV VEWV UTIOAOYLOTWV OE OUVOUAOUO HE TN

xapunAn tun touc. Etol otn dekaetia tou 80" Ba apyxicouv va epapuolovral TTOANES

VEEG TEXVIKEG KOl KOWVOTOIEG. KATmoleg ar’ auTég nTav:

O Frank Crow avémtuée pia mpaktikn péEBodo anti-aliasing. Aliasing €ival to
daLVOUEVO KOTA TO OMOL0 TTaPAYOVTaAL TIPLOVWTEG OKUEG OTOL OXUOTA, KATL
mou odeiletal otn xaunAn avaiuon tng o0ovne. H uéBodog tou Crow eixe
Suvatotnva va KAVEL TIC QKUEG A€leg Kal £TOL TO QAMOTEAECUO ATAV TILO
dUGLKO KoL TTPAYLOTLKO.

O Loren Carpenter avémTue ULa TEXVIKN E TNV OTOLa UIMOPOUCE VO TTAPAYEL
oAyoplBuKa Aemtopepn tormia pe tn xpnon fractals.

O Turner Whitted avémtu€e tnv teXVIKA ray tracing, n omoila PUMopoUoE va
TMAPAEEL PEAALOTIKEG OKNVEG OVTIKEWWMEVWYV UE  OVTOVAKAQON, ONMwg
notnptla.(Ewkova 5)

Télog, n Onuwoupyla tou Star Trek Il: The Wrath of Khan, n omnola
SnuoupynBnke TANPWE oo uToAoyLoTEG £€6eL€e TIC SuvaTOTNTEG IOV £lyav
TO Ypa LKA TNV TtEPLodO eKelvn.

Ewkova 5. PEQALOTIKO TOTIiO ME XPFON VEWV TEXVIKWV

Ztn Sekaetia Tou 90’ ta ypadlkd apxloov va yivovtal avormoomaoTo KOMUATL TwY

Towwwv pe mapadeiypata onwg Terminator 2: Judgment Day, Toy Story, Jurassic

Park, Titanic. ¥to téAog tng dekaetiag autng eival SUokolo va PpeL Kaveig Tavia

Xwpic tn Bonbela ypadikwv umoAoyLoTn.
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2.3 ALA@OPU AOYLO KA YPAPLK OV

Ma tnv enitevén OAwvV TWV MAPATIAVW XPELACTNKE va SnuoupynBolv Aoylopikd
KATAAANAQ ylo tnv mopaywyn ypadlkwy. Ta AOYLoUKA €Xouv TIOAAEG OMOLOTNTEG
oA kot Sladopég peTall Ttoug avaloya tnv eldikeuon Kal To Adyo mou €xouv
SnuoupynBel.

2.3.1 OpenGL

H Open Graphics Library (OpenGL) dnuioupynbnke amo TiG KALVOTOUES IPOOTIABELEG
¢ Silicon Graphics (5GI), To Snuoupyd umoloylotwyv yla ypadikd pe vPnAég
anattnoslg. To framework ypadwkwv tng etatpiag, /RIS-GL, tnv €moxn ekeivn eixe
yivel standard otn Blopnyxavia twv ypadikwv. Etot, yla va edpalwaoel Tnv Kuplapyio
™M¢ n SGI  &nuwovpynoe éva open-source framework Boaolopévo oto /RIS-GL to
OpenGL, to 1992.

H avamtuén twv smart phones o6rynoe otn dnuwoupyia t¢ OpenGL for Embedded
Systems (OpenGL ES). H OpenGL ES eivat o amAomnotnpévn o oxéon pe tnv OpenGl
yla va tpéxel oe CPU xapnAng oxvoc. Auto ixe oav amotéAeopa va xpnoLlomnoln0et
EUPEWG 0t TOANEC MAATPOpUeG OmMwe To Android, to i0S, to HP’s WebOS, to
Nintendo 3DS kot oto BlackBerry.

Ynapyouv tpelg ekdooelc tng OpenGL ES, n 1.x , n 2.x Kat n 3.x. OL MEPLOCOTEPEC
OUOKEUEC TIC umootnpilouv OAec. H éxkdoon 1.x Paociletal meploocotepo oTO
npwtotumo OpenGL specification kat elvat autr mou xpnolpomnoleital otnv mapoloa
epyaocia.

2.3.2 Direct3D

To Direct3D (D3D) eivat n amavtnon tn¢ Microsoft otnv OpenGL kal aneuBUvetal o
T(POYPAUUATIOTEG Tatyvidiwyv. To 1995, n Microsoft ayopaoce tn UIkpr etaipia
RenderMorphics mou ewdikevotav otn dnuioupyia 3D framework, pe to Ovoua
RealityLab, yia mapaywyn mawvidiwv. To Realitylab petatpdannke oto Direct3D kat
npwtospdaviotnke otnv ayopd to 1996. Av kat tav Bactopévo os Windows-based
CUOTNHATA XPNOLUOTIOONKE amd To €UpU KOO Ot OAEG TIG MAATPOPUEG TNG
Microsoft onw¢ ta Windows, 1o Windows 7 Mobile kat to Xbox.
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2.3.3 QuickDraw 3D

‘Eva mapadetypa BLBAL0OAKNG uPnAou emunédou yevikou okomou ivatl n QuickDraw
3D. Katw ar’ tnv QD3D umapxel éva Aenmto otpwpa, to RAVE. OL xprRoteg Umopouyv
Val XPNOLOTIOLjoouV T otavtap €kdoon tou RAVE yia kavovikd rendering. O 1o
d\ob0o&oL punopouv va ypadouv to 6iko Toug yla va mpoBAlouv ta TOTa TOUG HE
TIO KOAALTEXVLKO TPOTIO.

Otav o Steve Jobs anodadoioe 6t Ba xpnoiponotiost tnv OpenGL yla to Mac apxyLoe
n &Von tou QuickDraw 3D.

2.3.4 OGRE

‘Eva @AAo Aoylopiko ypadikwy eival to OGRE(Object-oriented Rendering Engine).
AnploupynBnke to 2005 kot pmopel va xpnowdomol)ostl kat tnv OpenGL kat To
Direct3D w¢ xapnAda emineda KATL TTOU TIPOOPEPEL OTO XPNOTN £va oTaBepo Kal
Swpeav epyaleio. To péyebocg tng kowvotnTag tou OGRE gival eVIUTIWOLAKO.

2.3.5 OpenSceneGraph

To OpenSceneGraph &nuloupynBnke yla iOS cuokeuég. Kavel mepimou 0,TL Kot TO
QuickDraw 3D. Exet moAAég Suvatodtnteg, OMwG tnv e£loaywyn Pivteo oe 3D
epappoyéc. H yvwon tng OpenGL cuviotatal S10tL MOAAEC Ao TIC CUVOPTNOELG TNG
OpenSceneGraph gival mapopoleg Le auteg tng OpenGL.

2.3.6 Unity3D

AvtiBeta and to OGRE, to QD3D, 13 to OpenSceneGraph, to Unity3D eival éva
€UopLKO cross-platform game engine mou tpéxel kat oto Android kat oto iOS. Eival
oxeblaopévo €€’ oAokAnpou yla mtaxvidla kot £xel Suvatotnteg mou e€eldikevovtal
o’ auTa.
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3. Baowka oxnpata

3.1 Baowa oynuata otnv OpenGL

Ta oxAuota otnv OpenGL potdlouv MOAU pe autd Tou OAot E€poupe. Qotooo,
umapxouv kamoleg dladopéc. Mia Stadopd eival To UTOAOYLOTIKO OPAApA TIOU
TiPOKaAE(TAL amd Toug UTOAOYLOTEC. Miat AAAN onuavtik Stadopd Eykeltal oto
YEYOVOC OTL ylol TNV QVATIAPAOTOON €VOC ONUEIOU OTOV UTOAOYLOTH XPELA{OUAOTE
€va pixel To omolo gival mMOAU peyaAUTEPO MO TN HABNUATLKA €vvola TOU onUeiou.
‘Etol, umapyel nepimtwon moA\d onueia otnv OpenGL va {wypadilovtal mavw oto
dto pixel.

3.1.1 Inpeia

Eva onueio avamapiotatat and £€va oUvolo Oekadikwv oplOuwv To omolo
ovopaletal kopudn (vertex). OAoL oL ecwtepikol umtoAoylopol yivovtal Bewpwvtag
OTL oL KopudEg eival Tplwv daoctacswv. Ol Kopudég ou opilovtal amd To Xprotn
w¢ dodlaotarteg maipvouv avtopata ano tnv OpenGL tn z-ouvtetayuévn lon Pe To
undév.

3.1.2 Tpappuég

Ztnv OpenGL, o 6pog “ypapuun”’ avadépetal o €va TUAMO YPAUUNAG Kal OXL OTn
HoOnuatiky €kdoon TOU €eKTElVETOL HEXPL TO QMELPO Kal ar'ti duo TAEUPEC.
Ynapxouv €UKOAOL TPOTIOL VA OPLOTEL ML eVWMEVN akoAlouBio amd Tuiuata
YPOUUWY 1 aKOPO Kol pia KUKALKA akoAouBia amod tunpota (Ewkova 6). e kabe
TEPLMTWOTN, WOTOCO, Ol YPAUUES TIOU ATtOTEAOUV TIG EVWHEVEC akoAouBieg opilovtal
Ao TIg KopudEC oTNV apxn KoL To TEAOG TOUG.

Ewkova 6. AUO EVWHEVEG AKOAOUBIEG QIO TUAHATA YPOULHWVY
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3.1.3 MloAVywva

Ta moAUywva eival meploxég mou €xouv SnuioupynBel amod kAelotoug Bpdyxoug
TUNUATWY YPAUUWY, OTIOU TA TUAHATA YPAUUWY opilovtal amod TG KopudEG otnv
apxn Kol To TEAOG KABE ypaUAG.

Mevikd, Ta TMoAUywva umopouv va yivouv moAumAoka. Etol, n OpenGL emiBaiAel
KATIOLOUG TIEPLOPLOMOUG OTO TL AmOTeAEL €va BaoikO TMOAUYwvo. MPwTov, oL aKUEC
evog OpenGL moAuywvou &8ev pmopoUv va Tépvovtal. AegvUtepov, ta OpenGL
TmoAUywva mpEneL va eival kupta (Etkova 7).

4@ 189

Valid Invalid

Ewkova 7.Eykupa Kot AKupa TIOAUywva

O \byog yia tov omoio n OpenGL emiBAAAEL TOUG TAPATIAVW TIEPLOPLOKOUG Elval yLaTi
elval eukoAOTEPO Kal ypnyopotepo va {wypadlotolv ta moAvywva autd. Etol ta
ouvBeta moAUywva (kotha, pe TPUTMEC) wmopouv va meplypadolv amo éva cUVolo
OTTAWV TIOAUYWVWV.

3.1.4 Ka@oplopnog kopu@wv

Ztnv OpenGL kAdBe YeWUETPKO oxAUa TEPpLlypAdETAL Ao €va CUVOAO Kopudwv.
Xpnowuoroleital n evioAn gl/Vertex*() yla va oploTel pla kopudn.

H mapamdvw evtoAn opilel pila kopudn yla xpnon tng otnv meplypadry evog
VEWUETPLKOU QVTLKELLEVOU. MTIOPEL Vo TTAPEL LEXPL TECOEPLG CUVTETAYHEVEG (X, V, Z,
W) yla pLot CUYKEKPLUEVN Kopudn 1 To Alyotepo SUo emAéyoviag TNV KATAAANAN
€kdoon tng evioAng. Av ertidextel €kboon otnv omoia n z ; n w dev opilovtal ToTE N z
Bewpettal 0 kat n w Bewpeital 1. Ot kKARoelg tng glVertex*() eival éykupeg povo
Héoa o€ €va Leuydpl evioAwv glBegin() kat glEnd().
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Itnv glVertex*() o aotepiokog umodnAwvel TNV KATAANEN TOU KWOLKA TIOU
Qmalteltal ylo autiv tn ouvaptnon. Ot B€oelg Twv ouvietaypévwy otnv OpenGL
urmopouv va 60BouUv oe 800, Tpelg N Téooeplg dlaotaocelg. Etol, otnv evioAn
glVertex*() xpnoluomoloUpe toug aplBuoug 2, 3, 4 ywa va TPoodloplooUUE TNV
SdlootatikotnTa TG B€0nG Twv ouvietaypévwy. MNpémel, emniong, va SnAwooupe
Tolog tuTog Sedopévwy Ba xpnotpomnotnBel yla Tov oplopd Twv aplBUNTIKWY TLLWY
TWV CUVTETAYUEVWVY. AUTO ETULTUYXAVETOL PE pLa deUTEPN KATAANEN otnv evioAr). Ot
KATAANEELG yla TOV OpLopO evog tuTou Sedopévwy eival ot i (integer), s (short), f
(float), d (double). Télog, av xpnoluomolnBel mivakoG CUVIETAYUEVWV QVIL yla
anevuBelog aplOUNTIKA T TIPOCOPTHCOUE HLa TPLtn KATtdAnén, tnv v (vector).

3.1.5 Zwypa@wn Bacikwv oxnuatwv pe tnv OpenGL

MNna t dnuioupyila Baockwv oxnuatwyv adol kaboplotel To ocUVOAO TWV KOPUDWV
TIOU amalte(tal pe ™ xpnon twv evtolwv glVertex*() autég Ba MpEMEL va Umouv
avaueoa otnv KAnon Ttwv evioAwv glBegin() kai glEnd(). To Oplwoua ToOU
xpnowomnoleitalt otnv glBegin() kaBopilel TL TUTOC YEWUETPKOU oOXNUatog Ba
KATAOKEVAOTEL OO TIG KopudEG (Ekova 8).

glBegin (GL_POLYGON) ;
glVertex2£(0.0, 0.0);

glVertex2£(0.0, 3.0);
glVertex2fi(4.0, 3.0);
glVertex2fie.0, 1.5);
glVertex2fi(4.0, 0.0);
glEndi] ;
& L
L]
L L
GL_POLYGON GL_POINTS

Ewova 8. Zwypadiki NMoAuywvou n evog ZUVOAOU ZnUEiwv

void glBegin(GLenum mode);

Mapkdpst thv apxfy amd pa Aioto Ssdopévwv kopudr¢ To omoio meplypddel Eva
VEWUETPIKO oxfa. O TUToC Tou oxXHoTog dalvetal amo To mode To onoio pmopel va mapet
KATTOLA. ATt TG TLUEG TOU TIAPOKATW TTivaKaL.

void glEnd(void);

Mapkapet To TéEAog tn¢ Alotag Sedopévwy kopudng.
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Itnv Ewkova 9 ¢paivovtal 6Aa ta BaoIKA OXAUATA KOL TIWE OUTA TEpLYpadovTaL amno

TLG KOpUDEG TOUG.

Ewkova 9.

1'|'r|:|il ."dIIEI' "'ulrd_l'

1'-"1- 1'4"3.' "'.Ira'l

GL_POINTS

Wy

"'.Ir|:| I/II'IIE. i)
3
%
Vg Ve

GL_LIMES

Vs Vs
Vo ‘/\':%
P‘ 1|.|I'2

GL_LINE_LOOP

Vy Va Ve

GL_TRIANMGLE_STRIZ

Wy Vs
W
vc@ , 3' 2
Vi

GL_TRIANGLE_FAN

Vy

GL_QUADS

GL_QUAD STRIP

Vi
|urd
Yy @
v
Vs 3

GL_POLYGOM

BOlOLKA YEWHETPIKA OXNLOTOL
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Qswpwvtag OtL N KOPUDECG (Vo,V1,Va...Vn1) EXOUV TPOOSLOPLOTEL QVAUECQ OTIG

EVIOAEC glBegin(GLenum mode); xau glEnd(); Téte avaloya PE TV T Tou mode

€XOUE:

Tyl AnotéAeopa

GL_POINTS Zwypaoiletal éva onueio yla kabe éva amo
TIG N KOPUDEG.

GL_LINES Zwypadiletol pa  akohouBio amod  pn

EVWUEVA TUAMATA ypappwv. Ta TUAuoTa
{wypadilovtal petafl Twv Kopudwv vV, Kot
V1,V, KOL V3 K.0.K. AV 0 n €lval epLttog, tote
n Kopudn v, 1 ayvoeitaL.

GL_LINE_STRIP

Zwypoadlletal Eva TUAUA YPOUUAG ATIO TO Vg
07O V1, HEeTA amod TO V; OTO V, K.0.K. KoL TEAOG
{wypadiletal TUAKA YPAUUAC ATIO TO V, , OTO
Vhi. TO 0OUVOAO TWV YPOHUHWY  TIOU
{wypadilovrtal ival n-1.

GL_LINE_LOOP

To 6l0 pe mopamdvw, HE £va TUAUA
vpapuung va {wypoadiletal and to v,.1 0To Vg
oAokAnpwvovtag éva Bpdyyxo.

GL_TRIANGLES

Zwypadiletal po akohouBia amo tpiywva
XPNOLLOTIOLWVTAG TIG KOPUDEC Vg, V4, Vo, LETA
TIC V3, Vs, Vs K.0.K. Av To n &ev eival
moAamAaclo tou 3, oL Kopudég Tou
TIEPLOCEVUOUV OlYVOOUVTAL.

GL_TRIANGLE_STRIP

Zwypadiletal pla akohoubia amod tplywva
XPNOLLOTIOLWVTAG TLG KOPUDEC Vo, V4, Vo, LETA
TLG Vy, V1, V3, LETA TIG V5, V3, V4 K.O.K.

GL_TRIANGLE_FAN

1610 peE TO TMOPOMAVW EKTOG TOU OTL
XPNOLLOTIOLOUV TIG KOPUDEG Vg, Vi, Vy, UETA
TLG Vg, V3, V3, LETA TIG Vg, V3, V4 K.O.K.

GL_QUADS

Zwypadiletal pia akoAouBia ano
TETPATTAEUPA XPNOLLOTIOLWVTAG TIG KOPUDES
Vo, V1, V2,V3 LETA TLG V4, Vs, Ve, V7 K.0.K. AV TO N
Sev eival moAAamAdolo tou 4, ol KopudEg
TIOU TIEPLOGEVUOUV ayVOoUVTaL.

GL_QUAD_STRIP

Zwypodiletol pio akohouBia omnd
TETPANMAEUPA XPNOLUOTIOLWVTAC TLC KOPUDEC
Vo, Vi1, V3,V HETA TG Vy, V3 Vs V4 K.0.K. AV TO N
Sev eival moAamAdolo tou 4, ol KopudEg
TIOU TIEPLOCEVOUV ayvVooUVTaL.

GL_POLYGON

Zwypodiletol éva moAUywvo
XPNOLLOTIOLWVTAC TLG KOPUGDEC Tl Vg, ..., Voo
1. TO n TIPEMEL va lval Touldxtotov 3 oAALWG
6e Twypadiletal timota. To moAUywvo
TIPETEL VO E(VOL KUPTO KOl OL OKUEG TOU Vo
pNVv tépvovral.
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3.2 Baolka ouata 6Tyv E@apuoymn

To mpwto HéPoG TNV edappoyng adopd tn lwypadiky TwV BACIKWVY OXNUATWY TIOU
unootnpilel n OpenGL.

3.2.1 lleprypai) Tov interface

H 8éa elval va pmopel o xpnotng va MAEYEL TO YEWMUETPLKO OXNUA TIou erBupel
amo pla Alota otnv onola epdavifovral OAa Ta mOavAa oxXAUOTO KAL 0TN CUVEXEL UE
TO AyylyHa Tou otnv 08ovn va opilel kat pio kopudn. Etol, avaloya To oxruo Tou
Ba SlaAé€el kal tov aplOud Tov Kopudwv Tou E€XEL SnULOUPYRoEL otnv 0Bovn,
eudaviletal Kal to avriotolyo oxnua. Emiong, kabwg n edpappoyn oTtoOXo €XEL va
S616akeL to xpriotn OpenGL, umdpyel €va TAALOLO OTO OToio UIMopEL 0 xprotng va Sel
TOV KWOLKA LE TOV OTolo €ylvav OAEC OL EVEPYELEC TTOU UOALG €lde otnv 00o6vn Tou.
Me aAAa Adyla o xprnotng Unopet va deL mwg pnopet va {wypadiostl Ta oxnuata o
nieptBarlov OpenGL. TéAog, yla emutAéov Bonbela oTo XPHOTN UTIAPXEL EVOL KOUUTTL
mou e€nyel avaAuTika TG eVIOAEC TTou epdavilovtal, evw gva aAAo epdavilel OAa ta
Baolka oxnuata Tou pmopel va lwypadicet o xprnotng (Ewova 10).

@ Primitive Shapes

enGL Code:

[3)

TMHMA KQAIKA

=

TOUCHSCREEN

BOHOHTIKA KOYMIIA

EMINOINH ZXHMATOZXZ XI \l
Z\/ Graphs Help

POINTS
LINES

LINE STRIP

Ewova 10. To interface ywa ta primitive shapes
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3.2.2 YAomoinon

3.2.2.1 To mpofAnua

Mépa amod tov mpoypapupatiopd oto Android oe Java yla dnuloupyia Tou pEPOUC
auUTOU QVIIHETWILOA T TPpWTa TPoPAnuata, Kabwg apxlka mpoomdbnoa va
xpnotuomnotjow tnv OpenGL ES yia tn wypadikn Twv oxnuatwy. Onwg anodeiytnke
0pyOTEPA KATL TETOLO ATAV TIOAU SUOoKOAO va yivel. Ot Baaoikol Adyol ftav duo.

O mpwto¢ NTav OtL o oxedlaopog oxnuatwv otnv OpenGL ES eival moAu mio
neplmAokog amo to oxedblaopo oe cupPatik OpenGL, amaltel TMOAAEG YPAUUES
Kwdka oe avtiBeon He TIC EAAXLOTEC TNG CUMPBATIKAG KAl €lval apKeTd duovontoc.
Yndapyouv €tolpa oxriuata oto Sladiktuo, wotdoo umrpxe KL GAAo POBAnUa TTou
amnoteAel to SeUtepO AOYO.

O 6eutepog Aoyo¢ ival OtL n epyacia amattel Snuovpyia SUVAULIKWY OXNUATWY UE
To ayywypa Tou xpnotn. Oupwg, Tto oxnuata outd 6ev ATav  eUKoAa
TIAPAUETPOTIOL OO UE ATMOTEAECHA va NV €ival duvati n dnuoupyia Suvaplkwy
OXNUATWV.

3.2.2.2 H AYon

AapBavovtag ta mopandavw urodn kataAoPfa ot Empemne va otpadw aliol. Tn
AUon €6woe n BPA0ONRKkn graphics tou android, n omola pmopel va {wypadioet
YPOUUEC Kal AAAa oxruata. Ao ‘KeL koL tépa n WEa eivat amAn.

Anpovpynoa pa kAaon PrimitiveShapesActivity.java, n omola €ival to activity mou
€AEYXEL TA KOUMTILA KoL ap)LKoTioLlel To layout shapes.xml mou eival to Interface tng
epapuoyng (BA. mapdptnua). Ané to layout Oploa TNV TEPLOXN OTNV omoia o
xpnotng Ba pmopel va ayyilel tnv 086vn kat va {wypadilel péow TNG KAAONG
PrimitiveShapes.java.

Jtnv  ewkova 11 odailvetar o armAOToOLNUEVOG  KWAKAG TG  KAAONG
PrimitiveSpapes.java. Onwc ¢aivetal xpnotpomnoleitat n BiBAodrkn graphics kat
OUVKEKpLUEVOL oL KAAaoelg Canvas kat Paint. Evw n kAaon PrimitiveSpapes.java
ektelvel tnv kKAdon View. H kAaon Paint BonBdel otov KaBoplopo TOU XPWHATOG
ypadng, To maxog aAAA Kal To OTUA e To omoio Ba {wypadlotouv Ta oxHaATA.
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package openglTutorial;

import android.view.View;

import android.view.View.OnTouchListener;
import android.graphics.Canvas;

import android.graphics.Paint;

public class PrimitiveShapes extends View implements OnTouchListener {

List<Vertex> vertices = new ArrayList<Vertex>();
public DrawView(Context context) {
super(context);
//KaBop1opog XPWHATWY Katl oTolYEiwv ypa9ng

}
public void onDraw(Canvas canvas) {

choice = checkShapeChoice();
if (choice == POINTS){
for every vertex in vetices{
canvas.drawPoint(vertices);

printCode();

else if (choice == TRIANGLES){
for every 3 vertex in vertices
canvas.drawLine(vertives[0],vertives[1]);
canvas.drawLine(vertives[1l],vertives[2]);
canvas.drawLine(vertives[2],vertives[3]);

}

}
printCode();
/* Mapopoiwg Kal Ta GAAa oynpara */

}
public boolean onTouch(View view, MotionEvent event) {

Vertex vextex = new Vertex();
vertex.x = event.getX();
vertex.y = event.getY();
vertices.add(vertex);

Ewova 11. O andomnonpévog kwdikag tng kAdong PrimitiveShapes.java

ITn ouvéxela mapatnpoupe T HEBodo onDraw (Canvas canvas), otnv ornola yivetat
n wypadkn. H péBodo¢ autny kaAeital ocuveéxela kat sudavilet otnv 00dvn
otdnmote £xel {wypadlotel pe tn PonBeLa TOU AVTIKELWEVOU canvas.

‘Etol, otav kabe dpopd o xpriotng ayyilel tnv 08ovn dnuloupyel pia kopudn n onoia
amoBnkevetal o pla Alota. H Alota autr avatpéxetal KAbe otlyun péoa otnv
onDraw() pnéBobo kat avaloya pe To TOCA OTOLXElA €XEL 0 cuVOUAOHUO UE TNV
gmAoyn oxnuoatog mou §60nke amo to xprnotn {wypadiletal To avaloyo oxnua.

Ta meploocoOtEpO OXAUATA SNULOUPYOUVTOL HE TUAHOTO YPOUUWY HETAEU TwV
Kopudwv touc. ETol, yla mapadelypa, Eva Tplywvo UE KOPUDEG Vo, V1, Vo QOTEAELTAL
OO TPELG YPOUMEC LETAEY TWV KOPUPWV Vo-V1,V1-V,,Vo-V3 K.O.K.
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ITnV neplmTwon mou €xeL eTUAeXBEel Eva oxUa TO OTolo aTmaltel mapandavw anod pia
KOPUPEC yla va epdavioTtel tote otnv 0006vn dev epdaviletal timota KaL o Xprotng
Ba mpémel va Swoel meplocdTePeG KOPUPEC.

MNna mapdadewypa, av o xpnotng emléel va lwypadioel tplywva emAéyovtag To
kKouunti Triangles Ba mpémnel va ayyiéel 3 $popéc tnv 0Bovn yla va Sl To MPpWTO
Tpilywvo (Ewkéva 12).

5 & 45
° Primitive Shapes ° Primitive Shapes 6 Primitive Shapes

OpenGL Code: OpenGL Code OpenGL Code: |
glBegin(GL_TRIANGLES), glBegin(GL_TRIANGLES), glBegin(GL_TRIANGLES).
giVertex2i(182.509) glVertex2i(182,509) gIVertex2i(182.509) |
glVertex2i(434,141), glVertex2i(434,141). |
glVertex2i(653,439)

glEnd() glEnd() glEnd();

Graphs Help Graphs Help Graphs Help‘

LuNL O YL O LHNL O |

LINE LOOP LINE LOOP LINE LOOP \

TRIANGLE TRIANGLE TRIANGLE ‘

Ewova 12. Ztadiokr dnuioupyia evog tplywvou. Apxika dgv epdaviletal timota péxpt va cupunAnpwOouv
TPELG KOPUDEG

Onwg BAEMoupe otnVv €lkOva 12, 0 KWSIKAC OVAVEWVETAL CUVEXWG, WOTE VA UMOPEL 0
XPNotng va nmapakoAouBel Bripa Brpa tnv e€EALEN Tou.

Kata tov (8lo tpomo {wypadilovral Kot To UTTOAOUTA YEWUETPLKA O LATA.

3.2.2.3 Napatnproeig

O aplBuog Twv Kopudwv MOV UIMOPEL va TPOCBETEL 0 XPNOTNG Elval KABoPLOPEVOG
yla kaBe oxnua. Etol, peta amod éva aplOpud kopudwv O TIVOKOG TIOU KPOTAEL TIG
KopudEg adelalel, n 00o6vn kabapllel Kal 0 XpOTNC UTOPEL VO ELOAYEL KOPUPEC o
™V apxn.

OL evtoAég adopolv tov S1odLAcTATO XWPO, CUVENWC ta oxnuata {wypadilovral
oo eninedo 6mov to z Oswpeital (oo pe To uNdév.
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4. MeTaoxnuatiopol

4.1 Metaocxnuaticpoil otnv OpenGL

4.1.1 AreSuxotatn Metatomon (2-D Translation)

MTOPOUHE VO EKTEAECOUE HLOL LETOTOTILON EVOG ONUEIOU TIPOCOETOVTOG OXETLKEC
QIMOOTAOELG OTLC CUVTETAYUEVEG WOTE VO TIOPAYOUME HLO VEQ BECGN CUVIETAYUEVWV.
TNV MPAgn UETOKLVOUUE TNV apxikn B€on Tou onuelou KATA UAKOG TOU (XVOUG EVOG
€uBlypopupOU TUAMOTOC OTn Véa Tou TomoBeoia. Opolwg, Ml HETATOTMLON
epapudletal oe €va aviikeipevo Tou opiletal oamod TOANATMAEG  B€oelg
OUVTETOYMEVWVY HE TNV (8la PETATOMION KATA UAKOG TAPAAANAWY (xvwv. Katomuy,
OAOKANPO TO QVTIKE(HEVO TTPOPBAAAETAL OTNV VEQ TOU TOoTOBEGia.

MNa va petatomicoupe ulo Swodlaotatn 6O€on  TPOCOETOUPE  QTOOTACELG
HETATOTLONG.

X' =X+ tkay =y +t,

H petatomion eival €vag HETACXNUOTIOMOC OTEPEOU OCWHOTOC TIOU HETOKLVEL
OVTIKElpEVa xwplc mapapopdwon. AnAadn) Kabe onuelo MAVW OTO QAVIIKE(HEVO
peTatomiletal Ye TNV idla moooTNTA.

4.1.2 AioSudotaty lepiotpo@n (2-D Rotation)

‘EvOG HETAOXNHATIOUOG TIEPLOTPODNG EVOC AVTIKELUEVOU TOPAYETOL opilovtag Evav
afova meplotpodnG Kal i ywvio meplotpodns. Metd, OAa Tt OTOLKEl TOU
OVTIKELLEVOU PETaoXnUaTi{ovTal o VEEC BEDELS TTEPLOTPEDOVTAG T CNUEL KATA TN
ywvia rou oplotnke yUpw armo tov afova mepLoTpodnC.

Mua Slodldotatn meplotpodr) VoG AVIIKELUEVOU AaUBAVETAL EMAVATONMOBETWVTAC
TO QVTIKE(HEVO KATA HNKOG TOU KUKALKOU ixvoug oto emimedo xy. ¥’ auty tnv
TEPLMTWON MEPLOTPEDOUE TO OVTIKEIUEVO YUPW OO €vav afova EPLOTPOGIC TToU
glval kaBetog oto eminmedo xy. Ol MAPAUETPOL TNC SLodlaoTatng MePLOTPodnC eival n
ywvia meplotpodns a Kat pia 6€on (x,, yy) mou ovoupaletal onpeio meplotpodng,
YUpw armnd to omoio to avtikeipevo Ba neplotpadel. To onueio meplotpodng eival to
onueio Toung tou dfova meplotpodng Ue To eMimedo xy.

OL e€lowoelg mou ekdpalouv tn dodlaotatn neplotpodn ivat:

X" = xcos(a) —ysin(a) kav Yy’ =xsin(a) + ycos(a)
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OL mapanavw e§LOWOELG UTOPOUV VoL EKPPACTOUV Kol LE TN Hopdr Tivaka:

R = |:C05fﬂ} —sin(a }}

sin(a)  cos(a)
4.1.3 AwsSuxotatn KAypakwon (2-D Scaling)

O METAOXNMOTIOMOC KALLAKWONG £doapuodletal yia va alAdgel To oXNUO €VOG
QVTIKELMEVOU. M amA mpagn kKAWakwong ©6&vo Slactdcewv  eKTeAeital
noAAamAacLalovtag TG BE0ELC (X,Y) EVOG AVTIKELUEVOU HIE TIOPAYOVTECG KALLAKWONG Sy
,Sy YlOL VOl TLAPOUHLE TLG LETAOXNHATIOUEVEG CUVTETAYHEVEG. ETOL

) _ ) _
X" = XSy kat Y’ =ys,

N o€ popdn mivaka:

OL MapAyoVTEG KALLAKWONG UITOPOUV VO TIAPOUV OTIOLECONTIOTE BETIKEG TIUEG. TIUEC
HULKPOTEPEC TOU 1 LELWVOUV TO HEYEDOG TOU QVTLKELMEVOU EVW TIUECG LEYAAUTEPEG TOU
1 mapdyouv peyeBblivels. To oxAUa TOPAUEVEL OUETAPANTO OV OL TIOPAYOVTEC
KALLAKWONG tapouv TNV T 1. Av ol GUVTEAEOTEG €XOUV TNV dla TR mapdyetal
opolopopdn KALLAKWON UE amoTEAECUA TO OXNUa va dlatnpel T avaAoyieg tou. Av
OMWG OL TWUEG elval SladopeTIkEG, mapayetol Stadoplky KALLAKWON, N onolo €xeL
OPKETEC EPOPUOYEC.

4.1.4 Tplodidotatn Metatomon(3-D Translation)

Mta B€on P = (x,y,z) otov TpLodLacTato xwpo Uetatormniletal o€ pLa Tonobeoia

P’ = (x,y’,2’) mnpocBETovVTag TIG AMOCTAOELG HETATOTIONG ty, t,, t,. ETOU

X' =X+X,Y =y+yikaz =z +z
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OL TpLodLacTaTEG MPALELG AUTEG UTTOpOUV va ekdpaoToUV o€ popdr Tivaka:

ll":_
=
"

~NN

]
= o= =
== T ]
£
—_—
o 58]

‘Eva avtikeipevo petatoriletal o€ TPELG SL00TAOELG peTaoyxnuatilovtag kaBeuia anod
T OUVIETAYUEVEG BEcewv ToOU TO 0pilouv, Kal HETA Kataokeualovtog ava To
OVTIKELPEVO OTN VEa TomoBeoia. Metatomiletal kKabe kopudn KABe emipavelag evog
OVTIKELLEVOU TIOU avamopilotatal w¢ €vo oUVOAO Ao TIOAUYWVIKEG ETILPAVELEG Kol
nipoPBaiAovral Eava oL TTOAUYWVIKEC E6PEC OTLC UETATOTILOUEVEC DEOELG.

4.1.5 Tplodidotatn llepiotpo@n (3-D Rotation)

OuL dwodlaotateg e€lowoelg meplotpodng yupw amo tov afova z (Ewova 13)
ETEKTE(VOVTOL EUKOAQ OTLC TPELG SLOOTAOELC:

X' = cos(a) —ysin(a), Yy’ =xsin(a) +ycos(a) kaw z' =z

Kol o€ popdn mivaka sivat:
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cos(a) —sin(a)

R(z,a)=

0 0
sin(a) cos(a) 0 0O
0 0 1 0

0 1

0 0

Ewova 13.Meplotpodn yipw ato tov dfova z

OL e€lowoelg meploTpodn ¢ yUpw amod Tov atova x ivat:
y’ =ycos(a) — zsin(a), z’ =ysin(a) + zcos(a) , X’ = x

Kall 0 avtioToL oG mivakag:

1 0 0

R( B 0 cos(a) —sin(a)
*a)= 0 sinfa) cos(a)

0 0 0

- = =

OL e€lowoelg meplotpodrc yUpw amod Tov atova y ivat:
Z’ =z cos(a) — xsin(a), x’ = zsin(a) + xcos(a) , y' =y

Kall 0 avtioTtolog mivakag:

www.inf.uth.gr

Page 29




0 sin(a) 0O

| 0 0

—sinfa) 0 cos(a) 0O
0 0 0 |

cosl(a)

R(y,a)=

4.1.6 Tpiodraotatn KAypakwon(3-D Scaling)

H ékdpaon tou petaoxnuatiopol TPLodldotatng KAlLAKwonG plag Béong P=(x,y,z)
oe oOxéon UE TNV OPXN TWV OUVIETAYHEVWV Elval MO OTA EMEKTAON TNG
Slodlaotatng KALHAkwong. ETol, o mivakog LETAoXNUOATIOHOU KALLAKWOoNG YiveTal:

5 0 00
S=l0 5§ 00
0 0 50
0 0 01

4.1.7 OL evTOA£G peTacxnuatiopnov otnv OpenGL

‘Evag mivakag petatoniong 4 eni 4 kataokeualetal Pe TNV akOAouOn poutiva:
glTranslate*( tx, ty, tz);

OL mapdueTpol peTATOMIONG tx, ty , tz umopolV va TAPOUV OMOLECSNTIOTE
TIPAYUOTIKEG TLMEG KAl N Mia KAl MOVO KOTAANER Mou emikoAAdTal o’ auth tn
ouvaptnon eival f (float) ) d (double). MNa diodldotateg edappoyeg BEToupe tnv tz =
0.0. Akoun pla dodlaotatn B€on avamnapiotatal He €vav VaKO-0THAN TECOAPWY
otoleiwv, pe To otoleio z oo pe to 0. O TvaKAC LETATOTLONG TIOU TIAPAYETAL OO
oUTA TNV OUuVAPTNON XPNOLUOTIOLETAL Yl VO PETOOXNMOTIOTOUV oL B€oelg
OVTIKELLEVWY TIOU oOploTnkav HETA TNV KAAON OQUTAG NG ouvaptnong. la
TapASELYUA, UETATOTIIOUUE TIC BEOEL( CUVTETAYUEVWY TIOU OPLOTNKAV HETA ATo
ouTA TN ouvaptnon 25 povadecg otn ¢popad Tou X Kal — 10 povadeg otn popd Tou y UE
TNV EVIOAR:

glTranslatef(25.0, -10,0, 0.0);
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Ouolwg, évag mivakog neplotpodnc 4 emni 4 mApAYETAL ULE TNV EVIOAN:
glRotate*(theta, vx, vy, vz);

omou to Slwavuopa v = (vx,vy,vz) umopel vo Sextel omoleadAMOTE TIUEG KIVNTAG
UTIOSLAOTOANG OTa OTOoLXELA TOU. AUTO TO SLAvuopa opilel TOV TPOCAVATOALOUO EVOG
afova meploTpodnG MOU TMEPVAEL QMO TNV aApX TWV CUVIETAYMEVWVY. Av TO Vv dgv
opiletal wg povadlaio SlAvuoua, KAVOVIKOTIOLETAL QUTOUOTA TIPLV UTIOAOYLOTOUV Ta
otolxela tou mivaka meplotpodnc. H katdAnén umopel va eival eite f eite d kat n
TAPALETPOG theta maipvel Tnv ywvia meplotpodng o€ HOIPEC, TNV Omoia n pouTtiva
HETATPETIEL OE OKTLVA VLA TOUG TPLYWVOUETPLKOUG UTIOAOYLOMOUG. AUTH N ouvaptnon
TIAPAYEL €VOV TIVOKA TIEPLOTPOGNG XPNOLUOTOLWVTOG TOUG UTIOAOYLOMOUG TOU
TeTpadikol cuoThuatog ou edapuoletal o BECEL Tou opilovtal PETA TNV KANON
OUTAG TNG ouvaptnong. Mo mapadelyua, n eVtoAn

gIRotatef(90.0,0.0,0.0,1.0);
KATAOKEVALEL TOV TTivVaKa yLa pia Teplotpodr 90 polpwy yupw armo tov agova z.

Me tnv akdAouBn pouTtiva maipvoupe éva mivoka KALUAKwonG 4 eni 4 o oxéon Ue
TNV apxn TWV CUVIETAYUEVWV.

glScale*(sx,,sy, sz);

H katdAnén eival maAL eite f eite d koL oL MOPAUETPOL KALLOKWOELS UITOPOUV va
TLAPOUV OTIOLECONTIOTE TIPAYMATIKEG TIMEG. ZUVETIWG, AUTH N cuvdptnon Ba moapdyet
KOl avTavakAAoelg otav 60000V apvNTIKEG TUUEG OTLC TTOPAUETPOUG KALLAKWONG. MNa
napadelypa, n akOAoubn evtoAr) mapayel Evav TVOKA TIOU KALLOKWVEL Katd SUo
dopég otn popd Tou X, KATA TPELS POPEC 0oTn GOPA TOU Yy, KAl AVIAVAKAQ OE OXEoN
HE Tov afova X.

glScalef(2.0, -3.0, 1,0);

4.2 METACXNUATLIONOL GTNV EQAPLOYT)

4.2.1 lleprypa@n tov interface

H 8éa elval va pmopet o xpnotng va epapuolel TIG MAPATIAVW EVIOAEG OE KATIOLO
oXNUa £T0L WOTE va BAETTEL LOVOG TOU TL KAVEL N KAOE eVIOAN HOVN TNC OAAQ Kal OAEG
puall oe ouvduaopo. Emiong ywa va pmopoulv va daivovtal Kol To amoteAéouata
OTOV TPLOOLAOTATO XWPO €lval avaykn yla dnuioupyia tplodldoTatou OXNAUATOGC.
Etol, to interface amoteleital amd to XWPOo OmMou daivovtal oL €VIOAECG, TO
TPLodlaotato mMAAvVo pe TNV UTtapén evog moAuxpwpou KUBou, kouuri BonBelag yia
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enefNynon Twv eVTOAWV Kol GUCLKA O XWPOC OTOV OTNOLOV O XPROTNG WUIMOPEL va
oAAnAerudpaoel pe tnv edpapuoyr, SnAadr TO KOUUTLA HME TA Omola PMopel va
€L0AYEL EVTOAEC KL av AAAAEEL TIG TIHEC TWV OpLopATwyY TouC (Ewkova 14).

l@l Transformation

Ewkova 14. To interface Twv LETAOKNLOTIOUWV.

4.2.2 YloTtoinon

Mo tnv uAomoinon autol Tou HEPOUG XPELAOTNKE N emiotpdateuon tng OpenGL ES.
Apxka, dnuiovpynoa tnv kKAaon TransformationsActivity.java, n omoia dnuoupyet
TO activity ywa tn ouykekplpévn evépyela (BA. mapaptnua). H kAdon auvtn sival
UTtELBUVN YLO TO XELPLOMO TWV KOUUMLWY, KaBwC Kal TNV apxlkomoinon tou layout
Tiou amnoteAel 1o interface oto apxeio transformations.xml. Zto apxeio auto, yla ™
Snuoupyia Tou TPLOSLACTATOU XWPOU, XPNOLUOTONONKE wWC Oplopa n KAAon
TransformationsGLSurfaceView.java, n onola nmepléxel tov kwdika tng OpenGL ES.

Itnv  ewkéva 15 daivetat o  amlomoinpévog  Kwdkag TG  KAAONG
TransformationsGLSurfaceView.java.
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package openglTutorial;

public class TransformationsGLSurfaceView extends GLSurfaceView implements
Renderer {
Cube c;
public TransformationsGLSurfaceView(Context context) {
super(context);
this.context = context;
¢ = new Cube();
}
public void onSurfaceCreated(GL10 gl, EGLConfig config) {

// O14QOopPEC APYIKOMOIACELG

}
public void onDrawFrame(GL1O gl) {
choice = getUserDatal();
if (choice == TRANSLATE){
gl.glTranslatef(curX, curY, curZ);

if (choice == ROTATE){
gl.glRotatef (angle, rotX, rotY, rotz);

if (choice == SCALE){
gl.glScalef(scalX,scalyY,scalz);
}

printCode();
cube.draw(); // spgdvion TOU OXNUATOG

}

public void onSurfaceChanged(GL10 gl, int width, int height) {
gl.glViewport(0, 6, width, height); // Reset The Current Viewport
GLU.gluPerspective(gl, fov_degrees, aspect, camZ / 10, camZ * 10);
GLU.gluLookAt(gl, ©, ©, camz, ©, ©, ©, 0, 1, 0); // move camera back

Ewkova 15. O antdonotnpévog kwdkag tng TransformationsGLSurfaceVeiw.java

MapatnpoUpe OTL ywa T dnuioupyia OpenGL ES mpoypappdtwy amnattovvral 3
Baolkég uéBobol. H onSurfaceCreated() mepléxel KAMOLEG apXLKOTIOLNOELS TIOU Sev
nailouv kdamowo poAo o' autd to otdadio. H onSurfaceChanged() mepl\aupadvel
KATIOLEG PUBMIOELC yla TNV KAUEPA KAl TOV TPLodlaotato xwpo mou Ba dolpe
OVOAUTIKOTEPA OTO €mMOpevo KedpaAalo. H onupavtikdtepn amd OAeC eival n
onDrawFrame(GL10 gl) otnv omolia yivovtal ot petaoxnuatiopol kot epdaviletal o
KUBOG oto xwpo. Mapatnpole OTL OL EVIOAEG PETAOXNUATIOMOU otnv OpenGL ES
elval akplBwg idleg pe auvtég tng OpenGL. O kUBog lwypadiletal pe tn péBodo
draw(), evw n kAaon Cube.java mepléxel tn dnuoupyia tou kUPBou oe OpenGL ES
nieptBarlov (BA. Mapaptnua, kAdon My3DTexture.java) mou Siadépsl amd Tov
amAOIKO TPOTMOo Snuoupyiag oxnuatwy otnv OpenGL.

Onw¢ BAémoupe kaBe Ppopd mou 0 XpHoTNG EMAEYEL pL EVIOAR, auTr edpapuoleTal
OTOV KUBO HE TIC TapaUETPOUG TTOU aUTOC Sivel. Otav o xpriotng avatlpel tnv evtoAn
auty 6ev edapuodletal T Kal Yyupvdel Tov KUBo otnv apxlki Tou KOtAotaon.
ErunpdoBeta, petd ano kabe Brpa epdavitovral (f e§adavifovral) oL eVIOAEG HE TA
oploparta mou £XouV MAPEL OO TO XPHOTN £TOL WOTE AUTOC VA UMopPEL va TIg SeL.
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INUaAvTIkO poAo mailel n oelpd e TNV omola Sivovtal oL eVvtoAég kabBwg pia mbavn
HETATOTILION 0KOAOUBOUUEVN Ao pLa eplotpodn ExeL SLaPOPETIKA amoTeAEéoATA
amno tnv avtibetn Stadwkaoia (Eikova 16).

l@l Transformation @l Transformation

glRotatef(120.0, 0.0, 1.0,0.0); glTranslatef(212.0, 0.0, 0.0);
glTranslatef(212.0, 0.0, 0.0); glRotatef(120.0, 0.0, 1.0,

Ewkova 16.H neplotpodn Kat peratonion Xl S1adopetikd anoteAécpata and tnv aviibetn dtadkaoia
(netatomon Kat petd neplotpodn), Onwe paivetal mapanavw.

Emeldn o xwpog otnv 0086vn Tou KvntoU €ival MeEPLOPLOPEVOC N EVTOAN rotate eival
vAomolnuévn, wote va MepLoTtpEdeL Tov KUBO YUpw amd KAToLoV amod Toug Bactkolg
afoveg mMePLOTPOPNGC. TUVETIWG, OV O XPNoTNG eMAEEEL TOV Afoval y Kal OTn CUVEXELD
neplotpePel  kata 60  polpe¢  tov  KUPBO, TapAystal N €VIOANR
glRotatef(60.0,0.0,1.0,0.0);, av oapéowc HeTd emihexBel o afovag x tOTe 0 KUPOG
petatomniletal avtopata 60 poipeg yupw amod tov afova, kabBwc n evtoAn yivetat:
glRotatef(60.0,1.0,0.0,0.0);

EmunpooBeta, dev umdpxel n Suvatdtnta va xpnoiwpomolnBest n idla evrtoAn
nieploootepeg and pia dopég. O AOyog TOu LOYXUEL N TIPONYOUUEVN TPOTAON
Baoiletal otnv amAotnta mou nbsAa va datnpnBel oe O6An tnv edpappoyn, KaBwg
OKOTIOG TNG edappoyng eival n emidelEn twv evtodwv t™¢ OpenGL kat OxL ot
TLOAUTIAOKOL LETAOXNLATIOMOL.
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‘ETol, 0 XpOTNG UIOPEL VO XPNOLUOTIOLNOEL TIG BAOIKEG EVIOAEG METACKNUATIOUOU
Kal va ByAaAel Hovog Tou Ta SLKA TOU CUMMEPACHOTA Yla TO TL UIOpPEL va KAVEL n
KAOe pia (Elkova 17).

@l Transformations

glTranslatef(37.0, 52.0, 0.0);
glRotatef(26.0, 0.0, 0.0,1.0);
glScalef(3.0, 2.0, 6.0);

Ewkéva 17. Xprion Kot TwV 3 EVTIOAWV HETOOXNHATIGHOU.

5. O¢aom

Emeldn n diodldotatn B€aon anoteAel untonepimtwaon tn¢ TPLOSLA0TATNG, N Epyacia
pou avadépetal otnv tehevutaia. Tov o kavova akolouBel kat n epapuoyn, n
omola xpnoluomolel poutiveg Ttplobildotatng Béaong yw TNV gudavion Twv
OVTLKELLEVWV KAl TOU TTAGVOU.
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5.1 Tplodudotatn 0£aon otnv OpenGL

Ye avtiBeon pe TNV EKOVA ULOG KAUEPAC, UMOPOUUE va eTUAEEOUUE OLODOPETIKEG
HeBOSoUC MPOPOANG HLAG OKNVNAG MAVwW oTo eminedo Béaong. Mwa péBodog yla va
Baloupe tnv meplypadn VO OTEPEOU CWHATOC MAVW Ot €va eninedo BEaong sival
va TipoBAAAoU e onUela TNG EMLAVELAC TOU OVTLKELLEVOU KATA UAKOC TAPAAANAWY
YPOUUWV. AUTA N TEXVLKNA, TToU ovoualetal mapdAAnAn rpoBoAn(parallel projection),
XPNOLUOTIOLE(TAL O OXESLA UNXAVOAOYLOG KoL OPXLITEKTOVLKAG YLOL VO AVOTIOPALOTH OEL
€VOL QVTIKEMEVO UE Eva oUVOAO amd OYeLg Tou Selxvouv TIC akplBeic SLOOTACELG TOU
OVTLKELUEVOU.

Mwa aA\n péBodog mapaywyng plag ogng  tplodidotatng oknvng eival va
npoBaAlouvpe onueia oe éva eninedo B€aong KATA UANKOG LXVWV TIOU GUYKALVOUV.
Autn n dadikaoia mou ovopaletal mpoontikr mpoBoAn (perspective projection), £xel
WG OMOTEAECHA TA AVTIKELHEVA TtIou Bplokovtal pakputepa amod tn Béon BEaong va
TpoBAAAovTal HIKPOTEPA amd TA AVIKE(pHeva (dlou peyEBoug mou Ppiokovrat
nmAnoLléotepa otn B€on B€aong. Mia oknvr) TIOU TOPAYETAL XPNOLLOTIOLWVTAG LA
T(POOTITIKI TIPOBOAN daivetal mo peaAloTikr), adol auTog elval Kal 0 TPOTOG Tou Ta
HATLO HOG Kal oL daKol plag KAPEPAS oxNUATI{ouV ELKOVEG.

OL Sladikaoieg mapaywyng KOG AIMEKOVLONG YPAPLKWY HLaG TpLodldotatng oknVAG
elval kanwg avaloyeg pe T Stadikaoieg mou oxetifovtat pe ™ ANYN pog
dwtoypadiag. Npwta am’ OAa, xpeltaletal va enAé€oupe pla Béon B€aong mou
OVTLOTOLXEL HE TO IOV Ba B€Aape va TOMoBeTriooUE pla KAPEpO. META, TPEMEL val
amodaclooOUE ylo TOV TIPOCAVOTOALOMO TNG KAUEPAC. TEAOG, OTAV KAEIVOUUE TOV
dwtodpdyxtn, n oknvh koOPetaL oto HeEyeBog evog emdeypévou Tapabupou
OUTTOKOTTN G, TO OTOL0 AVTLOTOLXEL 0TO SLadpaypa i} TOV TUTIO TOU GAKOU HLOG KAUEPOAC
Kal To dwG amo TG opaTeG emidAvVELEG TIPOPANETAL TTAVW OTO PN TNG KAUEPAC
(Ewkova 18).
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With a camera With a computer

Viewing ‘%
-

Positioning the
wviewing volume
in the world

S

Positioning the
maodels in the

Detarmining
the shape of
the viewing
volume

Viewpon

Ewova 18. Avaloyia pe pwtoypadikr punxovi.

JTOV UTIOAOYLOTH O TPOTOC UE TOV OMOol0 peTaoXnUatileTal po Tplodlaotatn oknvn
Of OUVTETAYUEVEG OUOKEUNG €lval o akOAoubBog: Adol €xel povielomownBel pia
OKNVI O TOYKOOWLEG OUVTETAYHUEVEG, ETUAEYETOL €va OUOTNUO OUVIETAYUEVWV
B€aong kol n meplypadr TNG OKNVAG UETATPEMETAL O CUVTETAYUEVEG BEaong. To
cvotnua  ouvIETaypévwyv  Béaong opilel TG  mapapétpoug  Béaong,
oupneplhapBavopévwy tng BO€ong KoL TOU TPOCAVOTOAIOMOU TOU Eemumédou
TiPpoPBoAnc, To omoilo pumopoupe va doupe w¢ To enimedo tou GUAU TNG KApEpPaC. Eva
Sloblaotato mapdbupo QTOKOMNC, TIOU OVTLOTOLXEL O £€vav emAeyuévo ¢Gako
KAUEPAG, opiletal mavw oto eninedo npoPoAng katl dSnuiovpyeital pla tplodldotatn
TLEPLOX QTOKOTNG. AUTA N TEPLOXN QMOKOTAG ovoudletal oyko¢ B€aong, Kol To
oxnua kot péyeboc tou efaptatal amo TI¢ SlaoTAoEL Tou TtapaBUpPou ATTOKOTNG,
TOV TUTO TNC MPOPOANG TIOU ETUAEYOUUE, Kal TIC ETUAEYUEVEC BETELG TIEPLOPLOUOU
KAt pnkoc tng dtevBbuvong B€aong. OL mpagelg mpoBoAng ekteAouvtal yla va
uetatpéPoupe tnVv TEPLypadr) OUVIETAYUEVWY BEaong TG oknvAG o€ BEoelg
CUVTETAYHEVWY TIAVW oTo eminedo mpoBoAnc. Ta avtikeipeva xaptoypadouvtal oE
KOVOVLKEG OUVTETAYUEVEC Kal OAQL Ta HEPN TNG OKNVNAG EKTOC TOU Oykou B€aong
PaAdilovtal. Ol mpafelg amokomng HmopoUV va edappootolv adol €xouv
oAOKANpwOelL OAOL Ol PETAOXNUOTIOMOL CUVTETAYHEVWY TIOU €lval avefdptntol
OUOKEUNG. Me autdv tov TpOMO MMopoUV va cuvevwBouv ol petacxnuatiopol
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OUVTETOYMEVWV Yyl PEyLloTtn anddoon. To TeAko Bripa ival va xaptoypadricoupe
T OUVTETAYUEVEG TOU TapaBUpou amoPng O CUVTIETAYUEVEG GUOKEUNG UECA OF
€va enheyuévo napabupo napouciaong (Ewkova 19).

| e
Object f
coordinates g 9

’ prof
= 3 o
Eve :
coordinates pe g
Clip ; 4
coordinates

Normalized l
davice

13"
coordinates

Window
coordinates

Ewkova 19. ZTadLa TpLoSLAcTUTWY HETOOXNHLATIOUWV.

5.2 Tuvaptioelg 0€aong otnv OpenGL kot OpenGL ES

5.2.1 H ouvaptnon petacynuatiopov 0£acng

OL mapapetpotl Béaong opilovral pe tnv akdloubn cuvaptnon tng GLU, n omoia
Bpioketal otn BLBAoBAKkn OpenGL Utility, S10TL KaAel TIC poUTIVEG HETATOTLONG KOl
neplotpodn ¢ otn Baowkn BLBALONKN tTng OpenGL.

gluLookAt( x0, y0,z0, xref, yref, zref, Vx, Vy, Vz);

OL TWHEG OAWV TWV TIAPOMETPWY OE QUTHAV T OUVAPTNON TIPEMEL VA ELVOL TLUEG
KNt umodlacTtoAng SutAng akpifelac. Auty n ouvaptnon opilel Tnv apxn Tou
mAatoiou avadopag BEaong wg tn B€on mMayKOoULWV cuVTETAayUéVWY Py =(x0,y0,z0),
™ B€on avadopdc wg Ps= (xref, yref,zref) kal to avodikd Siavuopa BEaong wg V =
(Vx, Vy, Vz). O Betikog afovag zyiew Yl TO TAQioLO B€aong eival otn ¢opd N = Py —
Prer. To SLAvuopa Py ekppalel Tn B€on TNG KAUEPAC, TO Por TO KEVTPO TNG B€aONG Kal
10 V TOV TPOGAVATOALOUO TNG KAUEPQG.

www.inf.uth.gr

Page 38



Av 6ev kaAéooupe tn ouvaptnon gluLookAt, oL TpEéxouceg mapapetpol BEaong eival
Po =(0,0,0), P, =(0,0,-1) ,V =(0,1,0) (Ewkova 20).

y &

Up -veclox* B

Ewova 20. NpokaBoplopéveg napapetpol O€aong otnv gluLookAt().

5.2.2 Tuvaptnon opfoywvia TpoBoANG

OL apapetpol opBoywviag mpoBoAn¢ eMAEYOVTAL LE TN cuvapTnon:
glOrtho(left, right ,bottom, top, near, far);

OAeg Ol TLUEG TWV TAPOUETPWY CE AUTH TN OUVAPTNON TPEMEL va eival aplBuol
KLVNTAG utoSLaoToAn g SUTARG akpiBeLag. XpNOLULOTIOLOUE TNV MOPATIAVW EVIOAN Lo
va ETUAEEOUE TIC CUVTETAYHEVEG TOU TTapaBUPOU OMOKOTHG KAl TI( OMTOOTACELS TWV
KOVILVWV KOl HOKPWWV emmédwv amd v apxn B€aong. To kovtwod eminedo
QIOKOTNG €lval, emiong, To eninedo B€aong Kal CUVENMWCE, TO MAPABUPO QTOKOTING
elval mavrote ndvw oto KovTLvo eminedo Tou dykou BEaong.

H ouvaptnon glOrtho mapdyel po mapdAAnAn mpoPoArn; mou eival kAaBetn oto
eninedo Ofaong (to kovtwo emnimedo amokomng). Etol, auth n ouvaptnon
Snuoupyel évav menepacpévo oyko B€aong opBoywviag mpoBoAng yia Ta enineda
Ko TO napabupo OUTTOKOTTAG Tlou opilovtat (Ewkova 21).

.len ey \/x/ /1\

i | - far

\\(

ot volume S

// ' g \\ nght
/, S

bottom

//

Toward the 4 -~
wviewpoint

Ewova 21. O dykog B€aong tng glOrtho().
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Jtnv OpenGL, Ta KOVTVA Kal pokplvd emimeda amokomng Sev €lval MPOALPETIKA,
TIPEMEL TAVTOTE val opilovtal yLa OmolovonmoTe UeTaoxnUatiopnd mpoPoAng. Ot
TIAPAETPOL near Kat far umodnAwvouv anootAceLg oTnv apvntiky dtevBbuvon z ano
™V apxn Twv ouvtetaypévwyv Bféaong. Mia apvntiki TR yla omoladnmote
TMAPAUETpO Selyvel pla andotaon miow amod tnv apxn 6€aong, Katd PAKOG TOU
Betikol afova z. MmopoUpue va O€o0oupEe OMOLEGSATIOTE TIUEG OE OQUTEC TIG
napapétpoug epooov near < far.

5.2.3 TuvapTNOo1] CUULETPLKTC TTPOOTITIKTIG TTPOBOANG

‘EVOG OUUUETPLKOC OyKoG B€aong (KOAOUPOG KWVOG) TIPOOMTIKAG TPOPBOANC
dnuloupyeital pe tnv akdAoudn cuvdaptnon tng GLU.

gluPerspective( theta, aspect, near, far);

Me KkoBepld amod TIC TECOEPLC TAPOMETPOUC VO TOUPVEL aplBpd  Kntng
umodLaoToAn G SuTANG akpifelag. Ot mpwteg SUo MapdpeTpoL opilouv To HéEyeBOC Kall
™ 6éon tou MapPaBUPOU ATOKOTNG MAVW OTO KOVIWO eminedo, oL AAAeg Suo
TIAPAUETPOL 0pIl{OUV TIC AMOOTACELS Ao TO ONUElo BEaONG OTO KOVTIVO Kal HAKPLVO
eninedo anokomng. H mapdpetpog theta avamaplotd tn ywvia Tou ontikou mediouv.
H mapdpetpog aspect maipvel pia Tiun ya to Aoyo Staotdoswy (width / height) tou
napaBupou amokomnng (Etkéva 22).

Ewkova 22. ‘Oykog mpoomtikig poBoAng amno tnv gluPerspective().

Ta kKovtwva Kal pokplva emimeda pLog mpoomtikig mpoBoAng otnv OpenGL mpémel
TIAVTOTE Vo BplokovTol KATToU TAVW OTOV apvnTIKO afova z, evw Kavéva dev pmopel
va Bpioketal miow amnd tn O0éon B£aonc. Autog O TEPLOPLOUOC SeV LOXUEL OE HLa
opBoywvia TpoBoArn, aAld omokAelel TNV avaotpodn TPOOMTIKY TPOPOAN £vOG
OVTIKELLEVOU OTav To emimedo Bféaong Ppiloketal micw amd 10 onueio B€aonc.
JUVETIWG, Kal ta SUo near Kal far mpemnel va mapouv BeTIkéEC TIPEG. Av Sev oplooupe
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HLa cuvaptnon mPoBoAng n oknv Hag PoBAAAETAL XPNOLLOTIOLWVTAG TNV TPEXOUCA
opBoywvia poPoAr).

5.2.4 T'evikn 6LVAPTIOT) TPOOTTIKYG TTPOBOATC

MTOpPOUHE VO XPNOLLOTIOL)COUE TNV 0KOAOUBN cuvaptnon yla va oplooUUE Hia
T(POOTITIKI) TIPOPBOAN TOU €XEL (T €va CUMUETPLKO €ite €vav TTAAYLO KOAOUPO KWVO
0paToTNTAC.

glFrustum(left, right, bottom, top , near, far) ;

Autl n ouvaptnon €xeL T (6leg MOPAPETPOUC HE TN ouvdaptnon opboywviag
MapAAAnAng mpoPoAng, aAAd Twpa OL OIMOOTACEL; TWV KOVIWWV Kol HOKPLWVWY
enimedwyv QmMOKOMNG TPEMEL va eival Betikég. Ol MPWTEC TECOEPLS TIOPAUETPOL
B£TOUV TIC CUVTETAYUEVEC TOU TTOPABUPOU QTTOKOTING TIAVW OTO KOVILVO €Mminedo, oL
televtaieg Suo mapapeTpol opllouv TIC QMOOTACELC amd TNV apxn Twv
OUVTETOYMEVWVY TIPOG TA KOVTLVA KO MOAKPLVA ETIMESA QITOKOTING KATA UAKOG TOU
apvntkoUL afova z (Elkdva 23). Av 6ev KOAECOUWE pNTA TNV €VIOAN TPOPOANAG, N
OpenGL epappolel Tnv tpExouca opBoywvia mpoBoAr otn oknvr). O oykog BEaong
o’ aUTNV TNV MEPLTTWON £lval 0 CUUUETPLKOG KUBOG.

Ewova 23. Oykog npoomtikng npoBoAng anod tnv glFrustum().
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5.3 O¢aon 6TV E@appoyn

H edappoyn xpnolponolel Tig tpLodlaotateg cuvaptnoelg B€aong tng OpenGL ES
niou eidape mapanavw. Na tnv enideln Kot Twv TPLWV CUVOPTHCEWV B€aong
SnuoupynOnkav Tpia S10PpOPETIKA KOUUTILA OTO HEVOU LE TO KaBEéva va
OVTUTPOOWTEVEL TNV avVTioTOLXN ouVAPTNON.

5.3.1 lleprypa@n tov interface

Onwg kal ota mponyouueva pépn To interface amoteAeital and to xwpo B€aong g
TpLodlaotatng mpoPBoAng, To TuRua Tou kKwdika oe OpenGL, To kouuni BornBelag yla
TIANPOdOPIEC OXETIKEC HE TNV EVIOAN KOL TO MEPOC OMOU O XPNOTNG UMOpel va
oAANAeTudpAaceLl He TNV ePapUOyr TOTWVIAC KOUUMLA Kal Sivovtag ta avtiotolxa
oplopata otig ouvaptnoels. H Sladopd o€ auTto To HEPOG Elval OTL UTTAPXEL KoL Eva
TUAMO TIou TpoomaBel va eEnynosl oTo XprRotn tov Oyko B€aong tng €KAOTOTE
ouvaptnong (Ewova 24).

glPerspective

TMHMA EMEZHMHIHZ OrKOY ©EAZH

AAAHAEMIAPAZH XPHZTH

Ewova 24. To interface ywa tnv evtoAn glPerspective.
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5.3.2 YAoTtoinon
5.3.2.1 glPerspective()

H kAdon PerpectiveActivity.java eivat to activity yia To p€pog auto kot meplthapBavet
TO XELPLOMO TWV KoUMWV aAAdQ Kal TV apxlkomoinon tou layout perspective.xml
mou amnoteAel To mapandavw interface (BA. mapdptnua). To perspective.xml pe tn
OElpd TOU oOpilel TO XWPO TPLOSLACTATNG TPOPOANG MEOW TNG KAAONG
ViewingGLSurfaceView.java mou mepllappavel tov kwdika OpenGL ES aAAd kal To
Xwpo emefynong TOU OYKOU TIPOOTMTIKAG TPOBOAAG HEow TNG  KAAONG
ExplainPerspective.java, n omnoia xpnowuomnoiet tn BLBAL0ORkN graphics tou android.

Itnv ekova 22 daivetal o anhomnotnpévocg kwdikag tng ViewingGLSurfaceView.java.

package openglTutorial;

public class ViewingGLSurfaceView extends GLSurfaceView implements Renderer {
TexturedCube cubd;
public ViewingGLSurfaceView (Context context) { 2xt) {
super(context);
this.context = context;
cube = new TexturedCube();

public void onSurfaceCreated(GL10 gl, EGLConfig config) {
// BldQopeq apX1KOMOIACELG

}
public void onDrawFrame(GL1® gl) {

if(Frustrum){
gl.glFrustumf(left, right, bottom, top, near, far);

}else if (Ortho){
gl.glorthof(left, right, bottom, top, near, far);

}
else if (Perspective)({
GLU.gluPerspective(gl, theta, aspect, near, far);

}
printCode();
cube.draw(); // spgdvion Tou OYAUATOC

}

public void onSurfaceChanged(GL10 gl, int width, int height) {
gl.glviewport(0, ©, width, height);

}
J

Ewkova 25. O antdonotnpévog kwdkag tng ViewingGLSurfaceView.java.

Onwg mapatnpoUUe n KAGon autr SnULOUPYEL TOV TPLOSLACTATO XWPO KOl yLa TLC
TPELG eVTOAEG pEoa otnv onDrawFrame() kat oxL péoa otnv onSurfaceChanged() mou
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elbape og mponyoupeva PEPN TNG ePpapuoync. Auto yivetal yiati n on DrawFrame()
KaAeital ouvéxela kal pmopel va aAlalel Suvapka Otav o Xpnotng emAEYEL AAAN
€VvtoAn. Ao ta mapanavw PAEMOUPE OTL N KAAoN yla TNV epdAvion ToU XwPOou Kal
Tou KUBou elval pia oe avtiBeon pe TIC KAAOELS yla TO activity, to layout kat tnv
enerynon TOU XwpPOoU , OL OTIOLEG lval TPELG yLa KABe Eva art’ auta.

To povo mou yivetal otnv onSurfaceChanged() eivat va B8écoupe to Adyo Twv
Slootdoewv Tou Tapabupou amoyPng (oo pe TO Adyo Twv OlAOTACEWV TOU
napabupou amokomnng LEow tng evtoAng glViewport(0,0,width,height);.

‘ETOL, av 0 XpNoTnG TATAOEL TO KOUUTL TG perspective mpoBoAng, Ba Sl To mAdvo
oUUdwvA PE TNV EVTOAR auTh.

H ene€nynon tou oykou Béaong mou yivetal otnv kKAaon ExplainPerspective.java kat
xpnowwomnotel tn BBAoOAkn graphics eivat amha pa lwypadikn (Omwg otn
{wypadkn Baclkwv oxnUATwy otnv evotnta 3) Tou oykou B€aong kat mpoomabei va
ene€nynosel Ta near kot far mAava amokormnnc. Av, yla tapadelypa, o KUBog pog sivat
€KTOC TwV near kot far tote amokomntetal (Etkdva 26).

l@l glPerspective glPerspective

Ewkova 26. To oxfua €ivot evtog Twv Kovivol Kot MaKplvol MAAVOU artokomrg Kot ¢aivetal (aplotepd). To
oxXAKA ivot EKTOGC TWV MAGVWV QTOKOTING KO artoKomtteta (S€Ld).
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H ene€nynon toug Oykou B€aong amoteAeital amod €va €LKOVISLO KAUEPAG TIOU
QVTUTPOCWTEVEL TO onueio BEaong, Eva elkovidlo KUBOU ToU XPNOLUOTOLETAL Yo
va deitel Tn B€on tou KLBOU oto Tplodlaotato emninedo, kKABwG Kat oL SU0 YPAUUES
TIou avaAoya Tn ywvia, dgixvouv oTO XPROTN TOV KWVO TIOU OTOTEAEL TOV OYKO
Béaong, al\a kat aAeg Vo ypapupég mou cupPoAilouv Ta near kot far mAdava
QUITOKOTING.

Onwg BAEmoupe amod tnv Ewova 26 o xprnotng €xeL T SuvATOTNTA VA HETAKLVIOEL
TNV KAUEPA KOTA HAKOG Tou afova y, HEow TNG evtoAng gllookAt() mou eibape
TIPONYOUMEVWG, KOl OUVETIWG, 0 KUPBOG va daivetal UIKPOTEPOG N UEYAAUTEPOG.
Emiong, o xpriotng Umopet va mepaget tn ywvia tTng mpoontikn¢ 6€aong Kal va deL ta
avtiotolya anoteAéopata (Etkova 27).

@ glPerspective @l glPerspective

Ewkova 27. AmopdKkpuvon tng Kapepag Kot peyéBuvon tng ywviag B£aong £xel w¢ anotéAeopa o KUBOG va
daivetar Ukpog (apiotepd). H KApMepa Kveitan Mo KOvtd otov KUBO Kot n ywvia Béaong pukpaiver pe
anotéAecpa o KUBog va dpaivetal peyalltepog (e§La).

5.3.2.2 glFrustum()

Onwg eidape kat mpv, n evtoAn glFrustum() dnpoupyel mpoomTikég MPoPoAEg Kal
elval yevikotepn amnd tnv glPerspective(). H Stadikaocia mou akoAouBeital eival
TapopoLla e ponyouévwe. H kKAaon FrustrumActivity.java eilval to activity yla to
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HEPOG aQUTO Kol TEPAOUPBAVEL TO XEWPLOMO TWV KOUUMWY, OAAG KOl TNV
apxtkomoinon tou layout frustum.xml mou amnotelel to interface (BA. mapaptnua).
To frustum.xml pe ™ oelpd tou opilel To XWPO TPLoSLAoTATNG TTPOPBOANRG LECW TNG
kAaong ViewingGLSurfaceView.java nou neptdapfBavel tov kwdika OpenGL ES, aAla
KAl TO XWpPo €MefAynong TOU OYKOU TIPOOTITIKNG TPOPROANG HEOw TNG KAAONG
ExplainFrustum.java, n omoia xpnotuomnolei tn BBAL0ONKn graphics Tou android.

Onwg eidape, mapandvw xpnowdornoleital n idta kKAdon yla tnv tplodlaotatn B€aon
oAAd autr tn dopd emAéyetal n evtoAn glFrustum() pe tig mapapétpoug mou Sivel o
XPNOTNG. AUTO €XEL WG AMOTEAECUA TN SnULloupyia evog KOAoUpou Kwvou BEaonc.

Auto mou SladEpel gival o TPOMOC TMoOU Yivetal n emefyncon ylwa Tov OYyKO TNG
TPOOTTIKNG TPpoPoAnGg mou Onuioupyet n glFrustum() (Ewkéva 23). Evw otnv
TiponyouHevn kAdon emnefnynong o xpnotng £BAeme tov Oyko B€aong amo mAdyLo
Twpa tov PBAEMeL amd pmpoota Sivovtag éudaocn ot mapapétpous left, right,
bottom kal top, £toL wote va daivovtal EUKOAQ T AMOTEAECUATA ATIO TNV aAAayn
TWV MAPAUETPWY aUTwV (Elkova 28).

a0

glFrustrum P glFrustrum

Ewkova 28. Kavovikn epdavion tou kUBou (aplotepd navw). H andotaon left-right av§avetoan apketd kat avtod
€XEL WG anoTEAeoUa 0 KUBOG va paiVETOL MLKPOTEPOG KOl CUMILECUEVOG (S€ELA TAVW). KATtw mapatnpoupe TV
enefnynon tou oykou Bfaong. Ta mMAdva omoOKOmNAG near Koi far Snuioupyolv €vov KWVO  KOWVOVIKWV
Swaotdoswv (aplotepd KAtw). Metd tnv avénon twv anooctdacswv left-right kau top—bottom, o kwvog
TapApopPWVETOL KOL T TTAAVA QITOKOTIAG HEYOAWVOUV (SELd KATW).
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5.3.2.3 glOrtho()

Onwg eidape kat mpv, n evtoAn glOrtho() dnuoupyel mapdAAnAeg TPLOSLAOTATEG
npoBoAég. H Swadikaoia mou akoAouBeital yia tn Snuioupyia tou pEPOUG aUTOU
elval mapopola pe mponyoupévwe. H kKAaon OrthoActivity.java eival To activity yla
TO UEPOG QUTO Kal TEPAOMPBAVEL TO XEPOUO TWV KOUMUTLWV aAAA Kol TNV
apxlkomoinon tou layout ortho.xml mou amnotelet to interface (BA. mapdptnua). To
ortho.xml pe tn oelpd tou opilel To xwpo Tplodiaotatng MPoPBoAnG HECW TNG KAAONG
ViewingGLSurfaceView.java mou neplapfavel tov kwdika OpenGL ES, aAAd Kal to
XWwpo emefnynong Tou Oykou TOPAAANANG TPOPOANG MEOW NG KAAONG
ExplainOrtho.java, n onoia xpnotpomnoiet tn BBALoORAKN graphics tou android.

Onwg eidape mopanavw, xpnoldornoleitat n idta kKAdon yla TV tplodlactatn Béaon
oANG auth Tt dopad emAéyetal n evtoAn glortho() pe T mapapérpoug mou Sivel o
XPNOTNG. AUTO €XEL WG amoTEAEO TN SnLloupyla CUPUETPLKOU 0pBoywvIoU OYKOU
Baonc.

AUTO Tou SladEpel glval 0 TPOMOG TOU YIVETAL N €MeEnynon ylo Tov OyKOo TNG
T(POOTTIKNG TPOoPoANG mou dnuwoupyel n glOrtho() (Ewova 23). Evw otnv
niponyoupevn kKAaon ene€nynong ExplainFrustrum.java o xprnotng €BAEME TOV KWVLKO
oyko B€aong tng glFrustrum twpa PAEmel tov opBoywvio tng glOrtho() Sivovtag
€udaon ot mapapétpoug left, right, bottom kot top, €tol wote va ¢aivovrtat
€UKOAQ TOL ATMOTEAECHATA ATTO TNV OAAQYT) TWV TAPAUETPpWY autwy (Elkova 29).

@ glOrtho @ glOrtho

Ewova 29. OpBoywviog 0ykog 0aong mapaAAnAng npoBoAng (aplotepd). Av o Xpriotng auvérnosL Thv
anootaocn petady left-right ko top-bottom, o kKOBog paivetal pikpotepog (efLa).
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6. Mi&n xpoudatwv

Y& MOAEG edapUoYEG elval BOALKO va UMOPOUUE va cUVOUATIOUUE TO XPWHOTO OO
QVTIKE(HEVA TTOU OAANAETILKOAUTITOVTOL 1] VO OVAULYVUOULE €VA OVTLIKEILEVO HE TO
dovto. Mepkad mapadelypata eival n mpooopoiwon tou ed€ TOou TWVEAOU, O
OXNMOTIOMOC HLOG OUVOETNG €lkOvaG amd SU0 1 TOPOAMAVW ELKOVEG, N
povtelomoinon edpé dtadavelag kal N eEOUAAUVON TWV 0PLWV TWV AVIIKELUEVWY OF
gt oknvh. Ta TMEPLOOOTEPA TIAKETO ypadLkwv TapExouv HeBOSoug mapaywyng
Sladopwv ed€ UENG xpwHATWY Kol AUTEG ol Sladikaoieg ovoualovtol CUVOPTHOELS
UiENG xpwpatwv (color-blending functions) 1 ouvaptioelg olUvBeong ELKOVWV
(image-compositing functions).

6.1 Mi&n xpopatwv otnv OpenGL kat OpenGL ES

Jtnv OpenGL, ta xpwpata SU0 AVIIKEWWEVWV UMTOPOUV VOl QVOULXTOUV TPWTA
dopTWVOVTOG €va QVTIKE(HEVO OTn PVAUN TAALolwv Kol HeTa ocuvdualovtag to
XPWHA TOU SEUTEPOU QVTIKELUEVOU WE TO XPWHA OTN UvAUN TAaloiou. To Tpéxwv
XPWHA OTNn HVAUN TAALoiwv ovadEpETal wG TO XpwHaA Tpooplopou(destination
color) tng OpenGL Kal To XpwHo Tou SEUTEPOU OVTLKELUEVOU €lval TO MNyaio xpwua
(source color) g OpenGL. OL péBobol pi€ng pmopolv va eKTeEAECTOUV POVO OE
katdotaon RGB 1 RGBA. Ma va edapUOcoupEe T UiEn XpwHATwVY o€ ula epapuoyn,
MPWTO XPELALETAL VO EVEPYOTOLNOOUUE auT T Aswtoupyia tng OpenGL
XPNOLLLOTIOLWVTAG TNV EVIOAN:

glEnable(GL_BLEND);
AmevepyomoLloU UE TIG POUTIVEG UIENC XpwHATWY TNG OpenGL pe:
glDisable(GL_BLEND);

Edv n pi&n xpwudtwy dev elval evepyomolnpévn, TOTE TO XPWHA EVOG AVTLKELLEVOU
OAQ QVTIKOOLOTA TO TIEPLEXOUEVA TNG UVANG TTAaLGioU 0T BE0N TOU AVTIKELUEVOU.

Ta xpwpoto Pmopolv va avopBouv pe éva mARBo¢ SLadopeTkwY TPOTIWY,
avaloyo pe to £dp€ TMoOu BEAOUPE va ETUTUXOUME KOl TIAPAYOUUE SLOPOPETIKA
XpwHATIKA d€ opilovtag Suo cuvoAa amod mapayovieg piEng (blending factors). Eva
OUVOAO OO MAPAYOVTEC UIENC Elval yLaot TO TPEXWV QVTLKELLEVO OTN UVAN TTAQLGTWY,
Kall To @AAO oUvoAo amod mapAayovteg UiEng elval yla To eLoepXOUEVO AVTIKE(PEVO. TO
VEO QVOULYUEVO XPWHO TIOU HETA GOPTWVETAL OTN UVAUN TAALoiwY uTtoAoyileTal w¢

(SrRs + D,Rd, SgGS + Dng, SbBS + Dde, SUAS + DaAd).
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Omou ta cuoTaTIKA Tou Tnyaiou xpwpatog RGBA eival (Rs, Gs,Bs ,As), TO CUCTATIKA
TOU XPWHOTOG TPoOoPLoMoU eival (Ry, Gq ,Bg ,A4), OL TNyaiol mMapAayovteg pigng ivat
(Sr, Sg ,Sb, Sa) Kat oL mapdyovteg piEng mpooplopou eivat (Dy, Dg Dy, Da). Ot TLHEG TTOU
umoAoyilovtal yla T OTolXEla TOu CUVOUAOUEVOU XpwHOTOC Teplopilovtal otnv
eUBEAeLa amd UndEv uEXpL €va. AnAadn, omolodnmote aBpolopa pHeyoAUTEPO TOU
€va Talpvel TNV TN €va, VW OMOLOSNTIOTE ABPOLoUA MIKPOTEPO TOU HNOEVOC
malpvel TNV TR UN6Ev. EMAEyoupe TIC TIMEG TWV TAPAYOVIWV MIENG HE TN
ouvaptnon:

glBlendFunc(sFactor, dFactor);

OL mapdapetpot sFactor kat dFactor, oL mnyaiol MAPAUETPOL KOL OL TTOPAUETPOL
TIPOOPLOUOU, TaipvOUV TIMEG MLOG OUMPBOAKAG otabepdg, opilovtag Eva
TIPOKOOOPLOPEVO CUVOAO QATO TECCEPLC OUVTEAEOTEC UIENG. 2TNV TTAPOKATW ELKOVA
daivovtal oL TLHEG TTOU HImoPoUV VO TTAPOUV OL TTIAPAETPOL.

Constant RGB Alpha
Blend Factor Blend Factor

GL AERO (0, 0,0 0
L ONE 1,1, 1) 1
GL SRC COLOR (R, G, B A
GLONE MINUS_SRC_COLOR (1,1, 1R, G, B 1—A;
GL DST COLOR (B, Gy, By Ay
GLONE MINUS_DST_COLOR (1, 1, 11-iRy, Gy, By) 1—Ay
GL SRC_ALPHA (A, Ay AL A
GL ONE_MINUS_SRC_ALPHA (1, 1, Ti—tAg, A AL 1-A;
GL_DSI_ALPHA (Ag Ag, Ag) Ay
GLONE_MINUS_DST_ALPHA (1,1, Ti—iAg, Ag Agl 1 -4y
GL CONSTANT COLOR iR, G, By AL
GLONE_MINUS_CONSTANT _COLOR (1,1, 1)-iR;, G, By 1— A
GLCONSTANT _ALPHA (A Ag, Ay A
GLONE_MINUS_CONSTANT_ALPHA (1,1, 1A, AL A 1—A;
GL SRC_ALPHA_SATURATE if, £ ) f=miniA, 1-44) 1

Ewova 30. TIHEG TOU AipVOoUV OL TtNyaioL TAPAUETPOL KOl OL TTOPALETPOL TIPOOPLOHOU.

H mpokaBoplopévn Tt tou sFactor sivat n GL_ONE kat tou dFactor eivat n GL_ZERO.
JUVENWC, OL TPEXOUOEG TLMEG TWV TAPAYOVIWY UIENG €XOUV WG ATIOTEAECHO OL ELOEPXOMEVEC
XPWHOTIKECG TIUEG VO OVTIKABOLOTOUV TIG TPEXOUOEG TILEG OTN UVAN TTAQLOLOU.
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6.2 Mi&n XpWUATOV GTNV EQAPUOYT)

6.2.1 lleprypa@i) Tov interface

Onwg kal ota mponyoUUeva Pépn, To interface amoteAeital amno to xwpo B€aong tng
npoBoAng oto omnoio epdavidovral SUo TeTpAywva HE SLAdOPETIKO XPWHUA, TO TUAHA
Tou Kwdika og OpenGL, To kou Ui BonBelag yla TANPodopLleg OXETIKEG UE TNV EVIOAN
KOl TO EPOG OTIOU 0 XPNOTNG Uropel va aAANAeTLpAceL pe TNV edappoyr] MATWVTOG
KOUMTILA Kol §{vovTag T avTioTol o oplopata OTIG CUVOPTHOELG.

6.2.2 YAomoinon

H kAdon BlendingActivity.java ival to activity yla 1o pépo¢ autd Kal mepthapBavet
TO XEPLOUO TWV KOUUTLWY 0AAG Kal TV apxlkomoinon tou layout blending.xml mou
amnote)el to mapanavw interface (BA. mapaptnua). To blending.xml pe tn ogpd tou
opilel to Ywpo mMPoPoAn¢ Héow TNG KAAong BlendingGLSurfaceView.java mou
nephappavel tov kwdika OpenGL ES.

Ztnv ewkova 31 daivetal o amAomnotnpuévog kwdikag tng BlendingGLSurfaceView.java.

package openglTutorial;
public class BlendingGLSurfaceView extends GLSurfaceView implements Renderer {

public BlendingGLSurfaceView (Context context) {
super(context);
this.context = context;

public void onSurfaceCreated(GL18 gl, EGLConfig config) {
// Drdgopeg opylkomMolfocELG
gl.glBlendFunc(GL18.6L SRC ALPHA, GL18.GL ONE _MINUS SRC ALPHA);
//5et The Blending Function For Translucency

}

public void onDrawFrame(GL16 gl) {

ifiblend) {

gl.glEnable(GL18®.GL BLEND); //Turn Blending On
} else {
gl.glDisable(GL10.6L_BLEND); //Turn Blending On

DrawAndMoveGreenSquare();
DrawAndMoveRedSquare() ;
printCode();

1

public void onSurfaceChanged(GL18® gl, int width, int height) {
//evtohég yia tnv Bnuiovpylh Tou mAdvou
1

Ewkova 31. O antdonotnpévog kwdikag tng BlendingGLSurfaceView.java.
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Onwg pmopoUpe va dolpe amd tov kwdika otn UEBodo onSurfaceCreated() ot
TIAPAUETPOL TTOU XpnolponoLlouvtal yla To sFactor eivatl to GL_SCR_ALPHA kat yla to
dFactor to GL_ONE_MINUS_SRC_ALPHA ywa kaAUtepa amoteAéopoata piEng (BA.
evotnta 6.1). Xtnv onDrawFrame() BAémoupe OTL 0  XPNoTNG MMopel va
EVEPYOTIOLNOEL KAl Vo amevepyomolnoet To blending pe tig evtoAég mou eidape oto

6.1. Autopata o kwdkag mou eivat umevBuvog yla to blending pnaivel oe oxoAla
(Ewkova 31).

Ewkéva 32. H Kivnon Twv TETPAayWwVWV LLE ATEVEPYOTIOLNEVN T KN XpwHdtwv (aplotepd). Evepyomoinon tng
UiENg xpwpatwv (6e8uLa).

Ou ouvaptnoelg DrawAndMoveRedSquare() kot DrawAndMoveGreenSquare() 6ev
KAVOUV TLmoTa TEPLOCcOTEPO amod to va {wypadilouv Ta avtioTolyo TETpAYWVO OTNV
0006vn, onw¢ eidape o mponyoUuueva UEPN, aAAd KoL va Snuoupyouv pa kivnon,
WOTE VO AVOULYVUOVTOL TA XPWHOTA TOUG E EVTOAEG LETAOXNUATIOUWY LETATOTLONG
Tou eidape o mponyouuevo KedaAalo.

Ztn péBodo onSurfaceChanged() umdpyouv evioA£g yla tn dnuloupyila evog amAou
Tplodldotatou xwpou mapAAANANG TPOoPOANG HE TIC €VIOAEG Tou eildape oOTO
kedaAalo tng B€aonc.
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O XpNoTNG EMIONG UIMOPEL val TIELPALEL TIG TOPAUETPOUC alpha Twv TeETpaywvwy, £tol
wote va to kavel dadavn (alpha = 0) | va punv ennpealovtat kaboAou amd To
blending (alpha = 1). Emiong, umopel va kaBopiosl molo tetpaywvo {wypadiletal
npwto. Katt tétolo nailel peydlo poAo Kabwe To avaulypévo Xpwua ou daivetal

oAAAZel avaloya e To Ttolo TeTpAywvo eival {wypadlopévo npwto (Elkéva 33).

Ewkéva 33. To KOKKLVO TETpAywvo {wypadlopévo npwto (apLotepd). To pdotvo TeTpdywvo {wypadLlopévo
nipwto (6€€Ldt). BAémoupe 6tL n ospd oxediaong railel poAo oto xpwpa rtov Ba epdaviotei oto onpeio
aAAnAentidpaong.
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7. POTIONOG Kat OpiyAn

Eva  povtédo dwtiopol umoAoyilet Ta £d€é  PwTlopoU  plag  emidpAvVELOC
XPNollonolwvtag Tig Sladopeg OMTIKEG LOLOTNTEG Tou €xouv 60Bel ¢’ autn) tnv
erudavela. Autég ot OLotnTeg meplhappavouv to Pabud Sladavelag, TOUG
OUVTEAEOTEG XPWUOTLKAG AVTAVAKAQONG Kal SLAPOPES MAPAUETPOUG EMLPAVELAKWY
udwv.

Otav 10 dwc NEPtel mavw o€ pia adltadavr empavela, LEPOC TOU AVTAVOKAGTOL KL
HEPOC TOU amoppodatal. H moocotnTa Tou MPooTintovtog GwTtog mou avTavokAATaL
amo TNV enidpavela e€apTATAL ATTO TOV TUTO TOU UAKOU. Tal YUQALOTEPA OVTIKELHEVA
QVTOVAKAOUV TIEPLOCOTEPO QMO TO TPOOTUMTIWYV GWC, EVW OL BAUMEG EMPAVELES
anoppodolv TEPLOCOTEPO aMO TO TpooTminmtwv ¢w¢. Emiong, HEPOC TOU
TpooTinTtoviog Ppwtog mavw oe pa dtadavn emipdvelo petadidetal péca oto
UALKO.

OL empAveleG TIOU €lval TPAXLEC N HE TOANA MIKPA €EOyKWMOTA TElvouv va
Swaokopriilouv T0 avakAwpevo ¢wg o OAe¢ TIC KateuBuvoelc. Autd TO
Slaokopriiopévo ¢we ovopaletal Siayutn avravakAaon (diffuse reflection). M
TIOAU TpaxLld Baumn enidavela, mMOpAyeL KUPLWE SLAXUTEG AVTAVAKAAOELG, £TOL WOTE
n emupavela va epdaviletal e€ioov pwtewvn anod omnotadninote ywvia B¢aong. Auto
TIOU OVOMAJOUUE XPWHO EVOC OQVTIKELUEVOU E€lval To Xpwua NG SLdxutng
OVTOVAKAQONG OTOV TO OVTIKELUEVO dwTileTal o AeukO pwg, To omolo amaptiletatl
oo €va cuvOUAOoUO OAWV TWV XPWHATWV. MNa mapadsypa, éva yoAallo aviikelpevo
avtavokAAd to yaAdllo otolxeio tou AcukolU ¢GwTtodg Kot amoppodd OAa ta AAAQ
XPWHATIKA otolxeia. Av SoUpE To YAAATLO QVTIKELUEVO KATW aTtd KOKKIVO dwG, auTo
eudaviletal wg pavpo adou amnoppoddtal OAo TO MPOCTUTTTWY WC.

MNépav amd tn Olaockdéprion Tou Olaxutou ¢Gwtdg, HEPOC Tou GWTOG ToU
OVTOVOKAATOL OUYKEVIPWVETAL O AAUMEPO N GWTEWO onuelo, ou ovopdletal
KaTOMTpLK avtavakAaon(specular reflection). Auto to ed€ tng Aaudng gival mo
£€VTOVO O€ YUOALOTEPEG eMIPAVELEG At OTL 08 BAUMEC. AKOUN, UITOPOUUE va. SoUpe
HE TNV KOTOTITPLKA OVTOVAKAOGCH OTAV KOLTAUE TPOC Ul PWTIOPEVN YUAALOTEPH
emubAveLla, OTIWG VA YUOALOUEVO PETAAANO, éva UAAO | TO PETWTO VOGS avBpwIou
HOVO OTAV KOLTAUE TNV ETLPAVELX ATIO ULO CUYKEKPLUEVN KATEVOUVON.

‘Evag akopa mopdyovtag mou TpEMeL va AndBetl umoyn os éva povtéAo dwTLoUOoU,
elval o pwtiouoc neptBaidovroc (ambient light) o€ pla oknvry. Mua emidpavela mou
Sev extiBetal anevbeiag os pa mnyn ¢wtog pmopel va e€akoAouBel va eival opatn
g€altiog Tou GWTOG MOV AVTOVAKAATOL A KOVTIVA OVTIKE(PEVa TTou dwTilovTal.
‘Etol, 0 pwTlopog mepLBAAAOVTOC LG OKNVAG Elval TO €dE WTLOMOU TTOU TTOPAYETAL
and 1o ¢wg mou avravakAdtal ano Tg diadopeg emidpdveleg oe pa oknvr. To
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OUVOALKO avtavakAwpevo ¢wg amd tnv empavela eival 1o abpolopa Twv
OUVELOPOPWY MO TNYEC GWTOC KAl amd To GwE TMOU aviavakAdTal and GAAa
dWTLOUEVA AVTIKELHEVAL.

‘Evag AaAAog mapdyovtag mou Teplhappavetal UepLKEC POpPEC Ot €va HOVIEAO
dwTtlopoL eival n enidpaon ¢ atpocdalpas TAVW OTO XPWHA EVOC AVIIKELUEVOU.
Mta opxyAwdng atudodalpa KAVeL Ta xpwuata va Ee0wplalouv Kal To avIKEipeva
va ¢aivovtal okotewvotepa. Etal, Ba pmopoUoape va 0ploOUE Ll CUVAPTNCN TIOU
VO TPOTIOTIOLEL T XPWHATA TWV EMLPAVELWV AVAAOYQ LE TNV TOCOTNTA TNG OKOVNG,
TOU KarmvoU N TNG opixAng mou B€AOUE VA TPOCOUOLWOOUE oTnV atuoodatpa. To
epé g opyAwdoug¢ atpudéodalpag CUXVA TIPOCOUOLWVETAL OE L0l EKOETIKNA
ouvaptnon e€aoBEviong Omwg:

famold) =€ (1) A
Fatmold) = e V2 (2)

H T mou maipvel to d €ival n anootacn Tou aVIKELUEVOU amo tn Béon B£aong.
AKOUN, UTOPOUE VO XPNOLUOTIOW)COUHE TNV TOPAUETPO P OE OMOLASNTIOTE Ao
OUTEG TIG SUO €KOETIKEG CUVAPTHOELG YL VO OPIOOUME HLa BETIKA TLUAR TTUKVOTNTAC
yla tnv otpoodalpa. Ot uPnAoTeEPEC TIHMEC TOU P TAPAYOUV WLO TILO TIUKVA
atpéodalpa Kal €XOUV WG AMOTEAECUA TA XPWHATA TwWV eMLbAVELWY va Elval Lo
OKOTEWVA. APOTOU €XEL UTIOAOYLOTEL TO XPWHA TNG ETULPAVELAG EVOG QVTIKELUEVOU,
TIOAATAQOLAJOUE OUTO TO XPWHO LE UL OTTO TIG CUVAPTHOELG ATUOODALPOG YL VOl
€\ATTWOOUME TNV €VTAOK TOU KATA TTOCOTNTA, TOU £EQPTATAL QO TNV TLUA TIOU
B£TOUE yLla TNV TTUKVOTNTA TNC ATHOodALPAG.

Oa pmopouoape avti yla eKOETIK CUVAPTNON VO XPNOLLOTIOL)COUKE TN YPOULLKA
ouvaptnon evéeilewv Pabou¢ ylwa va AMAOTMOL)COUPE TOUC UTIOAOYLOHOUC
atpoodalpkng e€acbEviong.

fdepth(d)= Amax — d/ max = Amin (3)

AUTO PELWVEL TNV EVTAON TWV ETILHGOAVELAKWY XPWHUATWY TWV HOKPLVWY OVTLKELLEVWY,
OuwG tote Sev €xoupe kaBoAou mpoPAen ya tnv LETOBOAR TNG TUKVOTNTAG TNG
atpéodapag.
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7.1 ZuvapT)oEl @TIONOU Kat opixAng tn¢ OpenGL kot OpenGL ES

Me tnv akOAouBn evtoAr opiloUE TNV TIUA KLAG LBLOTNTAC HLag TTNyNS dwTOG:
glLight*(lightName ,lightProperty, propertyValue);

Avdaloya pe tov TUno SeSodEVWY TNG TG TNG WBLoTNTOG MpootiBetal n KataAnén in
f oto 6vopa tg ouvaptnong. Na Stavuopatikd Sedopéva mpootiBetal, emiong, Kat n
KATAAnén v kot Tote n mapaueTpog propertyValue eival évag deiktng og €vav mivaka.
Avadepopaote o KABe mnyn ¢wTOC HE Eva OVAYVWPELOTIKO, EVW N TIAPAUETPOG
lightName maipvel éva amd ta cUPPBoALKA avayvwplotika tng OpenGL GL_LIGHTO,
GL _LIGHT1 .. GL_LIGHT7. Av kot pepKEC UAomoloelg tn¢ OpenGL emutpémouv
TEPLOOOTEPEG Ao 8 TNYEG dwTlopoU. Opoiwg, n mapauetpog lightProperty mpénet
VoL TLAPEL pLa aro TiG déka cUUPBOALKEG otaBepég Tng OpenGL (Ewkova 34).

Parameter Mame Default Values Meaning
GL AMBIENT (0.0, 0.0, 0.0, 1.0} ambient intensity of light
GL DMEFFUSE (1.0, 1.0, 1.0, 1.0y diffuse intensity of light
or idefault for light O is white;
(0.0, 0.0, 0.0, 107 for other lights, black)
GL SPECULAR (1.0, 1.0, 1.0, 1.0y specular intensity of light
or (default for light 0 is white;
(0.0, 0.0, 0.0, 107 for other lights, black)
Gl POSITION (0.0, 0.0, 1.0, 0.0) (x, ¥, 2, W) position of light
GL SPOT_DIRECTION (00, 00, =109 (x, ¥ 2) direction of
spotlight
GL SPOT_EXPONENT (.10 spotlight exponent
GL SPOT_CUTOFY 180.0 spotlight cutoff angle
GL CONSTANT_ATTENUATION 1.0 constant attenuation factor
GL LINEAR_ATTENUATION 0.1 linear attenuation factor
GL OQUADEATIC _ATTENUATION (.10 quadratic attenuation
factor

Ewkova 34. Ot cupPoAikég otabepég mou naipvel n napapetpog lightProperty kaw n emefriynon toug.

MEeTA ToV 0PLOUO OAWV TWV OLOTATWY EVEPYOTIOLOULE TNV KABE Tty $wToG UE TNV
€VTOAN:

glEnable(lightName);
AN\QL TIPETTEL VOL EVEPYOTIOLOOU UE KOl TLG POUTIVEC PWTLOMOU UE TNV EVIOAN:

glEnable(GL_LIGHTING);
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Ao ta mapandavw PAEMOUUE OTL av BEAOUUE va 0plooUPE pLa Tty $wTog otn BEon
P =(2,2,0) tote oL eVTOAEG MOV Ba XPELACTOUUE Elval:

GLFloat lightPos [] ={2.0,2.0,0.0,1.0},
glLightfv (GL_LIGHTO, GL_POSITION, lightPos);
glEnable(GL_LIGHTO);

ITn OUVEXELQ, Yla va OplOOUUE TO XPpwWHA PwTLoHOU TEPLBAANOVTOC HaUpPO Kal Ta
XPWHATA SLAYXUTOU KoL KATOMTPIKOU PWTLOUOU AEUKA XPNOLLOTIOLOUUE TLG EVTOAEG:

GLFloat white [] ={1.0,1.0,1.0,1.0%;

GLFloat black[] ={0.0,0.0,0.0,1.0};

glLightfv (GL_LIGHTO , GL_AMBIENT, black);
glLightfv (GL_LIGHTO , GL_DIFFUSE, white);
glLightfv (GL_LIGHTO , GL_SPECULAR, white);

e OUVOAKO emimedo UMOPOUV va OPLOTOUV QPKETEC TOAPAUETPOL PWTIOMOU TNG
OpenGL. AUTEG OL TIHEG XPNOLLLOTIOLOUVTAL VLol TOV €AEYXO TOU TPOTIOU LLE TOV OToio
ekTeAOUVTAL pEPLKOL UTTOAOYLOMOL GWTLOUOU, EVW N TLUA TNG GUVOALKAG TTOPAUETPOU
TiBetal pe TNV ak6AouOn cuvaptnon:

glLightModel* (paramName , paramValue);

MNpooBEtoupe pa katdAnén i n f avaloya pe tov tomo Sedopévwy TNG TN TNG
TAPOUETPOU. AKOUN, yla Stavuopatikd Sedopéva mMpooOEToupe €miong Kol TNV
KataAnén v. H mapapetpog paramName maipvel pa cupBoAikn otabepad tng OpenGL
Tou opilel tn ouvoAwkn WotTnTa Mou Ba opiooupe Kal n MApAUETPOC paramValue
maipvel pla povo TR 1 €éva oUvolo Twv. Me tn XpAon Tng ouvaptnong
glLightModel pmopouUpue va opicoupe mwg Ba uTToAoyLoTOUV Ta £HE TWV KATOTITPLKWVY
Adpewy, omwe eniong Kat vo eTAEEOUUE VO EPOPUOCOUUE TO POVTEAO PWTLOUOU
OTIC Tow €0peC Twv TMOAUYWVIKWV emidpavelwyv. Ol TWEC TOU Taipvouv oL
TIAPAETPOL Paivovtal oTnv eKova 35.

www.inf.uth.gr

Page 56



Parameter Name Default Value Meaning

GL_LIGHT MODEL_AMBIENT (0.2,0.2, 0.2, 1.0y ambient RGBA
intensity of the
entire scene

GL_LIGHT _MODEL_LOCAL VIEWER 0.0 or GL_FALSE how specular
reflection angles
are computed

GL LIGHT _MODEL_TWO _SIDE 0.0 or GL_FALSE specifies one-
sided or two-
sided lighting

GL_LIGHT MODEL COLOR CONTROL GL_SINGLE_COLOR whether specular
color is calculated
separately from
ambient and
diffuse

Ewova 35. Ot TIpéG o Taipvouv oL mapapetpol tng gllightModel().

‘EtoL, av B€Aoupe va epapUOCOULE TOUC UTTIOAOYLOUOUG PWTIOUOU KAl OTLG EUTIPOG
KOl OTLG THOW €8PEC EVOC QVTIKELUEVOU XPNOLUOTIOLOUE TNV EVTOAN:

glLightModelf(GL_LIGHT _MODEL_TWO_SIDE, 0.0);

Ol OUVTEAEOTEG QVTAVAKAQONG KoL Ol GAAEC OMTIKEG LOLOTNTEC TwWV ETLpaveLWY
Slvovtal xpnowuomnowwvtag tn cuvaptnon:

glMaterial*(surFace, surfProperty, propertyValue);

Itn ouvaptnon mpootibetal n kataAnén i n f avaloya pe tov TUMO SeSOUEVWV TNG
dlotnTag, OnMwg emiong kot n KataAnén v otav Sivoupe &OTNTEC O popdn
Staviopartog. H mapapetpog surface maipvel pla omo TG oURBOAIKEC oTtaBepég
Gl_FRONT, GL_BACK rj GL_FRONT_AND_BACK, evw n nmapauetpoc surfProperty givat
gt oUMPBoAlky otaBepd mou KoBopilel Lo TMOPAUETPO TNG ETLPAVELAG KOl
propertyValue naipvel tnv avtiotown twun (Etkova 36).

Parameter Mame Default Value Meaning

GL_AMBIENT (02,02 02 101 ambient color of material

GL_DIFFUSE (0.8, 0.8, 0.8, 1.0)  diffuse color of material

GLAMBIENT AND _DIFFUSE ambient and diffuse color
of material

GL_SPECULAR (0.0, 0.0, 0.0, 107 specular color of material

Gl SHINIMESS (.10 specular exponent

GL EMISSION (0.0, 0.0, 0.0, 1.0 emissive color of material

GL COLOR_INDEXES o, 1, 1) ambient, diffuse, and

specular color indices

Ewova 36. OL apapetpot tng glMaterial().
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‘Etol, av BEAape va KAVOUUE €val QVTIKELHEVO va €XEL yaAdllo SLaxuto GwTLOUO Kal
AEUKI KATOTTPLKI aVTAVAKAQGH. XpNOLLOTIOLOUE TLG EVIOAEG:

GLFloat cyan [] ={0.0,1.0,1.0,1.0},

GLFloat white[] ={1.0,1.0,1.0,1.0};
glMaterialfv(GL_FROND_AND_BACK,GL_DIFFUSE,cyan);
gIMaterialfv(GL_FROND _AND_BACK,GL_SPECULAR,white);

Emiong, yia va BO£00OUUE TO XPWHO EKMOUTNC HLOG emidaAvelag (.. o€ Aguko)
XPNOLLLOTIOLOULE TNV EVTOAN:

glMaterialfv(GL_FROND_AND_BACK,GL_EMISSION, white);

Onwg avapépbnke Kal TPONYOUUEVWG, MIMTOPOUUE VA XPNOLUOTIOIOOUUE UL
ouvaptnon e€aoBEviong TG Evtaong TG ATUOoGALPAC YLO VO TIPOCOOLWOOUUE TN
oknvl Héoco amo pa opAwdn atpoodatpa. Ou Siadopeg MOPAUETPOL TNG
atuoodaALpa UITOPOoUV VA 0pLOTOUV XPNOLLOTIOLWVTOC T ouvapTnon:

glFog*(atmoParameter, paramValue);

Mta kataAnén i n f umtodNAWVEL TOV TUTTO TWV TIHWV TWV SeSOUEVWY, EVW N KOTAANEN
V XPNOLUOTOLELTAL PE StavuopaTikd SeSopéva.

Na va opiooupe TO Ypwpa TNG atpuoodapac Oivoupde otV TIAPAUETPO
atmoParameter 1t oUMPoOAy otabepd GL FOG_COLOR 1tn¢ OpenGL. T
napadetypua, utoSNAWVOUHE OTL N atpocdatpa EXeL yKPLlo-yaAAlLo XpwHAL E:

GLFloat atmoColor[] ={0.8, 0.8, 1.0, 1.0},
glFogfv(GL_FOG_COLOR, atmoColor);

Meta@, pnmopoupe va emhéEoupe T ouvaptnon €acBgvionc TG atuoodalpac mou
Ba xpnolpomnolnBel yla To cUVOUACUO TOU XPWHOTOC TOU OVTIKELUEVOU HE TO XPWHO
™G atpoocdalpag. Autd emtuyxavetal e tn cupBoAikn otabepd GL_FOG_MODE:

glFogi(GL_FOG_MODE, atmoFunc);

Edv n mapapetpoc atmoFunc mapet tnv Twun GL_EXP, TOTe Xpnolpomoleital yla tn
ouvaptnon e€acBéviong tng atuoodalpag n elowon (1) mou eidape mapandavw. Me
Vv T GL_EXP2 emidéyoupe tnv e€lowaon (2). MNa omolecdnmote anod TG EKOETIKES
OUVQPTHOELG, UTTOPOULE VA ETUAEEOUE LA T TIUKVOTNTOG TNG ATUOodALpAC UE:

glFog (GL_FOG_DENSITY, atmoDensity);
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Mua tpitn emloyn e€acBéviong tng atpuoodalpag ival n ypauuky cuvaptnon (3).
I€ QUTAV TNV NEPLMTWON N MOPAKETPOC atmoFunc maipvel tnv T GL_LINEAR.

MNna va opioovpe ta dmax kat dmin amd tn cuvaptnon (3) XPNOLWOMOLOUUE TLIG
evtoAég glFogf(GL_FOG_END,maxValue) kat glFog(GL_FOG_START,minValue).

7.2 POTIOUOG KL OLLXAT) 0TV EQAPHOYT)

Itnv epappoyn to kepalalo autd xwpiletal oe Suo pépn. To dwtlopod (Lighting) kat
Vv opixAn (Fog). To interface tou ¢pwTlopoL Kal TNG OUixAng Holdlel pe OAa Ta AAAQ
TUAMHATA TG EPapUoyng KaBwWE mapEXouv TUAMA endaviong Kwdika, Tplodlaotato
Xwpo emidel€n twv avriotolywv SuvatotnTwy, Kouumi BornBeslag, Kal Koupmia
oAnAemnidpaonc pe To xpriotn.

7.2.1 YAomoinon ®wtiopov

H kAaon LightingActivity.java elvat to activity yla to H€pog auto kot teptAapuBavel To
XEPLOPO TWV KOUUMIWV aAAd Kol TNV apxlkomoinon tou layout lighting.xml mou
anoteAel To interface (BA. mapaptnua). To lighting.xml pe tn oslpd tou opilel To
Xwpo TPoPoAnNc pEow tn¢ KAaong LightingGLSurfaceView.java mou meplAapBavel tov
Kwdka OpenGL ES.

Itnv ekova 37 dpaivetal o amhomotnpévocg kwdikag tng LightingGLSurfaceView.java.

Onwg PAEmovpe otn péEBodo onSurfaceCreated() €XOUUE TIG APXLKOTIOLOELG TNG
ninyn¢g ¢wtog GL_LIGHTO, to omolo maipvel TIHEG amd To XpAotn. Ol apXLKEG TUUES
elval Aguko yla to S1axUTO GWTLOUO KaL TNV KATOTTPLKI) AVTOVAKAOCH KoL HaUpo yla
0 dwtlopo mepBarlovrog. Mapakdtw PAEMOUPE va OPXLKOTIOLOUVTAL TA XPWHOTA
Tou UAIKOU tn¢ odaipac. Ta xpwuata eival yaAallo yia To S1axuto GwTloPO Kal To
dWTLOUO TtePLBAANOVTOC KOl AEUKO yLaL TNV KOTOTITPLKA OVTAVAKAQON).
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public void onSurfaceCreated(GL18® gl, EGLConfig config) {
gl.glLightfv(6L_LIGHT®, GL1O.GL POSITION, makeFloatBuffer(pos));
gl.glLightfv(6L_LIGHT®, GL1O.GL DIFFUSE, makeFloatBuffer(diffuse));
gl.glLightfv(6L LIGHT®, GL1O.GL SPECULAR, makeFloatBuffer(specular));
gl.glLightfv(6L_LIGHT®, GL1O.GL_AMBIENT, makeFloatBuffer(ambient));
gl.glMaterialfv(GL10.6L FRONT AND BACK, GL10.GL DIFFUSE, makeFloatBuffer(cyan));
gl.glMaterialfv(GL10.6L FRONT AND BACK, GL10.GL AMBIENT, makeFloatBuffer(cyan));
gl.gWMaterialfv(GL18.6L FRONT AND BACK, GL1O.GL SPECULAR, makeFloatBuffer(white));
gl.glEnable(GL18.GL LIGHTING );

gl.glLightModelf(GL10.GL_LIGHT MODEL Two SIDE, 0.8f);

gl.glEnable(GL_LIGHT®);

public void onDrawFrame(GL10 gl) {
gl.glClear(GL18.6L_COLOR_BUFFER_BIT | GL1@.GL_DEPTH BUFFER_BIT);
gl.glClearColor(e.ef,0.8f, 0.0f, 1.0f);

gl.glMatrixMode (GL10.6L MODELVIEW);
gl.gliloadIdentity();

gl.glLightfv(GL_LIGHTO, GL1O.GL_POSITION, makeFloatBufferipos)););
gl.glLightfv(GL LIGHTO, GL10.GL AMBIENT, makeFloatBuffer(ambient));)
)

gl.glLightfvi(GL_LIGHT@, GL10.GL DIFFUSE, makeFloatBuffer(diffuse));
gl.glLightfv(GL LIGHTE|, GL1®.GL SPECULAR, makeFloatBuffer(specular))

);
gl.glTranslatef(0.0f,8.0f,8.0f);
sphere.draw(gl);

gl.glMaterial fv(GL18.6L FRONT AND BACK, GL18.GL EMISSION, makeFloatBuffer(paleYellow));

gl.glTranslatef(pos[@],pos(1],pos[2]);
light.draw(gl);

gl.glMaterial fv(GL18.GL FRONT AND BACK, GL18.GL EMISSION, makeFloatBuffer(black));

h

public void onSurfaceChanged(GL1® gl, int width, int height) {
S/EVIOAEG yia Tnv Bnuiovpyla Tou mAdvou
h

Ewova 37. AmAonounpévog Kwdikag tng LightingGLSurfaceView.Java

ITN OUVEXELD, £XOUME TIC EVIOAEC TIOU EVEPYOMOLOUV TA TPEXOVIA GWTA KoL TLC
EVTOAEG PwTIOPOU OAAG KAl TNV €TAOYR TOU UOVTEAOU GWTIOMOU HUE TNV EVIOAN
glLightModel() mou €€nyrBnke mapandavw.

Meténetta, otn pEBodo onDrawFrame() €xoupe Eova TIc eVTOAEC TOU PwTOC emeldn
auTéG aAlAalouv kKabBwg o XpAotnNG MELPAlEL TIC TIHMEG TWV XPWHUATWY, OUVETIWG
kaAovvtal Eava edw adou n onDrawFrame() {wypadilel Tn oknvr Kal dpa KoAeitatl
emavaAnmuikd. AkoAouBel n evioAn dSnuoupylag tng yoaAadlag odaipag kabwg Katl
HLOG ULKPOTEPNC N OoTtola elval Kitplvn He TN Xprnon tng evtoAng glMaterial(), pe tnv
napapetpo GL_EMISSION mou eidape mapamnavw. H kitpvn odaipa mpocopolwvel
TO0 $wWC TO OMoio UMopeL 0 XPNOTNG VA UETAKIVEL UE TO SAKTUASG TOou aAAd KOl UE TO
kou i z light katd pnkog tou afova z (Ewkéva 38).

TéAog, n uéEBodog onSurfaceCreated kaAeital ywa tn dnuiloupyla Tou MAGvVoU ToU
ebw dnuoupyeitat pe tnv evtoAn glFrustum() mou eidape oto kepdaiato 4.
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lgiLightfv(GL_LIGHTO, GL_DIFFUSE.diffuse);
lglLightfv(GL_LIGHTO, GL_AMBIENT,ambient);
lalLightfv(GL_LIGHTO, GL_SPECULAR,specular);
float lightPos[] = getTouchCoordinates();
lalLightfv(GL_LIGHTO, GL_POSITION,lightPos);

¢

loat specular{]= {1.0,1.0,1.0,1.0}
piLightfv(GL_LIGHTO, GL_DIFFUSE diffuse);
ightfv(GL_LIGHTO, GL_AMBIENT,ambient);

ightfv(GL_LIGHTO, GL_SPECULAR,specular);

loat lightPos(] = getTouchCoordinates();
biLightfv(GL_LIGHTO, GL_POSITION lightPos);

€ Light

loat ambient(}= {0.0,0.0,0.0,

loat difussefl= {1.0,1.0,1

loat specularfl= {1.0,1.0,1.0,1.0}
glLightfv(GL_LIGHTO, GL_DIFFUSE diffuse);
glLightfv(GL_LIGHTO, GL_AMBIENT,ambient);
glLightfv(GL_LIGHTO, GL_SPECULAR specular);
loat lightPos(] = getTouchCoordinates();
glLightfv(GL_LIGHTO, GL_POSITION,lightPos);

Ewkova 38. O xpoTNG MIMOPEL AKOUMMWVTOG TV 000VN Vo SWOEL TLG CUVTETAYHEVEG TNG TINYN G GWTOG Kot
napAaAAnAa va HeTaKIVAOEL TRV Kitpvn odaipa. H odaipa kat n mnyn ¢wtog punopolv va KivnBoulv Kat Katd
MAKOG ToU Afova z ME TN XPrion Tou Kouprov z light.

MapatnpoUphe OTL 0 XPNOTNG MMopel va oAAAEEL KOl TO XPWHO TOU GWTLOMOU.
Evéladépov mapouoidlel n mepimtwon Omou To Xpwia yivetal Kokkivo (Etkova 39).

0,0.0,0.0,1.0}

float specular(]= {0.0,1.0,0.0,1.0}
lglLightfv(GL_LIGHTO, GL_DIFFUSE diffuse);
jalLightfv(GL_LIGHTO, GL_AMBIENT,ambient);
lgiLightfv(GL_LIGHTO, GL_SPECULAR,specular);
[float lightPos|] = getTouchCoordinates();
glLightfv(GL_LIGHTO, GL_POSITION lightPos);

€ Light

loat ambient({}= {0.0,0.0,0.0,1.0}

loat specular{l= {0.0,0.0,1.0,1.0}
lLightfv(GL_LIGHTO, GL_DIFFUSE.diffuse);
lLightfv(GL_LIGHTO, GL_AMBIENT,ambient);

iLightfv(GL_LIGHTO, GL_SPECULAR,specular);

loat lightPos[] = getTouchCoordinates();
lLightfv(GL_LIGHTO, GL_POSITION lightPos);

€ Light

loat ambient(}= {0.0,0.0,0.0,1.0}

float diffuse[}= {1.0,0.0,0.0,1.0}

loat specular(l= {1.0,0.0,0.0,1.0}
giLightfv(GL_LIGHTO, GL_DIFFUSE diffuse)
piLightfv(GL_LIGHTO, GL_AMBIENT,ambient);
gLightfv(GL_LIGHTO, GL_SPECULAR specular);
loat lightPos([] = getTouchCoordinates();
glLightfv(GL_LIGHTO, GL_POSITION lightPos);

Ewova 39. To xpwpa yivetal npdowo (aplotepd). To xpwpa yivetal unAe (Léon). Evw to Xpwpa givot KOKKLVO
BAéMOUME MOVO TNV KOTOTMTPLKN aviavakAoon KOKKwvn (6e€id). Autd ocupPaivel ylati to Xpwpo NG
KOTOTTTPLKAG aVTOVAKAQONG Tou UALKOU tNn¢ yaAdliag odaipag eival To AEUKO KOl CUVETIWG OLITOTUTIWVETAL OTL
10 Xpwpa GwTdg Oa MéoeL Mavw tou. Apa, €edn o VALKO Tt odaipag €xel dwg Sidyxvong yaialo (0,1,1)
Ko To pwg Staxuong tng mnyng ¢wtog givat kokkwo (1,0,0), SnAasdn avrtiotpoda XpwHaATA, TO AMOTEAECUA
givat to papo xpwpa.
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TéAog, o xpnotng unopet va petafariel ta Stavuopata ambient, diffuse kat specular

HE Ta akOAouBa anoteAéopata (Eltkdva 40).

€ Light

float ambient(}= {1.0,1.0,1.0,1.0}

oat diffuse(}= {1.0,1.0,1.0,1.0}

loat specular(l= {1.0,1.0,1.0,1.0)
piLightfv(GL_LIGHTO, GL_DIFFUSE diffuse);
piLightfv(GL_LIGHTO, GL_AMBIENT,ambient);

biLightfv(GL_LIGHTO, GL_SPECULAR,specular);

oat lightPos[] = getTouchCoordinates();
piLightfv(GL_LIGHTO, GL_POSITION lightPos);

€ Light

loat ambient[}= {0.0,0.0,0.0,1.0}
oat diffuse(l= 0.0,0.0,0.0,1.0
loat specularf)= {1.0,1.0,1.0,1.0}

iLightfv(GL_LIGHTO, GL_DIFFUSE.diffuse);
glLightfv(GL_LIGHTO, GL_AMBIENT,ambient);
giLightfv(GL_LIGHTO, GL_SPECULAR,specular);

float lightPos(] = getTouchCoordinates();

giLightfv(GL_LIGHTO, GL_POSITION lightPos);

€ Light

loat ambient()= {0.0,0.0,0.0,1.0}

loat diffuse[l= {0.0,0.0,0.0,1.0}

loat specular{}= {0.0,0.0,0.0,1.0}
lalLightfv(GL_LIGHTO, GL_DIFFUSE.diffuse);
jglLightfv(GL_LIGHTO, GL_AMBIENT,ambient);
lglLightfv(GL_LIGHTO, GL_SPECULAR specular);
loat lightPos[] = getTouchCoordinates();
jglLightfv(GL_LIGHTO, GL_POSITION lightPos);

Ewova 40. To iavuopa ambient pe péyloteg Tipnég (aplotepd). Evepyomnownpévo povo to dtavuopa specular
(néon). OAa ta dtaviopata pe pnSeVIKEG TLHEG (6e§La).

7.2.2 YAomoinom opixAng

H kAdon FogActivity.java elval To activity yla to pépog auto kat meplAapPBavel to
XEPLOMO TWV KOUUTLWV 0AAG Kall TNV apxlkomoinon tou layout fog.xml mou amoteAet
To interface (BA. mapaptnua). To fog.xml pe tn oslpd Tou opilel To XwWPO TPOPOANC
HEow TNG KAAong FogGLSurfaceView.java mou meplhapBavel tov kwdika OpenGL ES.

Itnv Ewova 40 paivetal o amAomnotnuévog kwdikag tng FogGLSurfaceView.java.

Onwg BAémoupe otn péEBodo onSurfaceCreated() €xoupe tnv opxlkomoinon Tou
TUTIoU OUiYANG Héow TG evtoAn¢ glFogf(GL10.GL_FOG_MODE, fogMode[fogFilter]);
Me to fogMode va eival mivokag TOU TEPLEXEL TIC OUMUPOALKEG oTOOEPEC
GL_EXP,GL_EXP2 kat GL_LINEAR. Ztn cuvéxela, opi{oupe To xpwHa TNG OUixAng aAAd
KOLL TNV TIUKVOTNTA yLa TIG EKOETIKEG CUVAPTAOELS, KABWE KAL TLG TTAPAPETPOUC aApPXNG
KOl TEAOUG yLaL TN YPOAULKA cuvapTnon.

Itn uéBodo onDrawFrame() Eavaypddoupe TIG TAPAMAVW EVIOAEG, KABWCG QUTEG
uropet va KAnBouv pe SLoPpOPETIKEC TTAPAUETPOUC OO TO XPrOTN KAl OTN CUVEXELX
{wypadiloupe tov KUBO, 0 OmMOILOC UTTOPEL va TEPLOTPEDETAL UE TO AYYLYHO TOU
XpPNotn onwg ¢paivetal and Tov KwdLKa.
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Télog, n nuéEBodog onSurfaceCreated kaAeital yla t dnuloupyio Tou TMAGvVOU TOU
6w dnuovpyeital pe tnv evtoAn glFrustum() mou eidape oto kepdalalo 4.

public void onSurfaceCreated(GL10 gl, EGLConfig config) {

gl.glFegf(GL18.6L FOG MODE, fogMede[fogFilter]);
gl.glFogfv(GL10.6L_FOG_COLOR, makeFloatBuffer(fogColor));
gl.glFogf(GL1@.6L_FOG_START, start);
gl.glFogf(GL1O.6L_FOG_END, end);
gl.glEnable(GL18.G6L_ FOG) ;

¥

public void onDrawFrame(GL1@ gl) {
gl.glClear(GL16.6GL COLOR BUFFER BIT | GL10.GL DEPTH BUFFER BIT);
gl.glClearColor(e.af,8.06f, 6.8f, 1.8f);

gl.glMatrixMode (GL18.6L MODELVIEW);
gl.glLoadIdentity();

gl.glFogf(GL10.G6L_FOG MODE, fogMode[fogFilter]);
gl.glFogfv(GL10.6L FOG COLOR, makeFloatBuffer(fogColor));
gl.glFogf(GL10.G6L FOG DENSITY, density);
gl.glFogf(GL18.6L FOG START, start);
gl.glFogf(GL18.G6L_FOG_END, end);

//Rotate around the axis based on the rotation matrix (rotation, x, y, z)

gl.glRotatef(xrot, 1.8f, 0.86f, 8.08f); JIx
gl.glRotatef(yrot, @.0f, 1.0f, 0.0f); Iy
cube.drawl(gl, filter); //Draw the Cube

//Change rotation factors
xrot += xspeed;
yrot += yspeed;

public void onSurfaceChanged(GL16 gl, int width, int height) {
//EvToAEg yia Tnv Bnuiovpyla Tou mMAdwou
}

Ewova 41. O antdonotnpévog kwdikag tng FogGLSurfaceView.java.

To nwg emnpealel 0 XpHOTNE TO XPWHA TNG OUIXANG dalveTal otnv elkova 42.

» € Fog
@ & o

blEnable(GL_FOG);
lEnable(GL_FOG); bIEnable(GL_FOG); fogColor= {0,0,0.5,1.0)
fogColor= {0.5,0,0,1.0) fogColor= {0,0.5,0,1.0} bIFogfv(GL_FOG_COLORcolor);
giFogfv(GL_FOG_COLOR color); bIFogfv(GL_FOG_COLOR color); bIFogi(GL_FOG_MODE,GL_EXP);
IFogi(GL_FOG_MODE,GL_EXP); bIFogi(GL_FOG_MODE.GL_EXP); bIFogf(GL_FOG_DENSITY,0.5);
gIFogf(GL_FOG_DENSITY,0.25); blFogf(GL_FOG_DENSITY,0.25); bIFogf(GL_FOG_START,0.0);
gIFogf(GL_FOG_START,0.0); iFogf(GL_FOG_START,0.0); bIFogf(GL_FOG_END,2.0);
giFogf(GL_FOG_END,2.0); olFogf(GL_FOG_END,2.0); piDisable(GL_FOG);
giDisable(GL_FOG); bDisable(GL_FOG);

0g Color R G B
[ColopValussr . Sr Y FogMode [+

Density

FogStart - - Fog End

Ewkova 42. Kokkivn opixAn (apiotepd).Npaoivn opixAn pe idia mukvotnta (néon). MmtAe opixAn pe peyaAutepn
nukvotnta (6§Ld).
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TNV ewkova 42 BAEmoupe OTL 0 eMIAEYUEVOC TUTIOG OMIXANG elval o GL_EXP kat
UTMOpPEl va ouvOUAOTEL PE TNV TUKVOTNTO Yla TO E€MBUUNTO ATMOTEAECUA. TNV
glkova 43 daivetal n dtadopad tou GL_EXP kot GL_EXP2 pe tnv idta mukvotnta.

o

fogColor= {1.0,1.0,1.0,1.0}

glFogfv(GL_FOG_COLOR color); biFogfv(GL_FOG_COLOR,color);

g|Fogi(GL_FOG_MODE,GL_EXP); hiFogf(GL_FOG_MODE,GL_EXP2);

alFogf(GL_FOG_DENSITY,0.9); piFogf(GL_FOG_DENSITY,0.9);
bIFogf(GL_FOG_START,0.0);
hiFogf(GL_FOG_END,2.0);

giDisable(GL_FOG); piDisable(GL_FOG);

B B
FogMode [+ [- 0 1 FogMode [+ [
Density

Fog Start FogEnd - Fog Start - Fog End (+]

Ewkova 43.H ouvdptnon opixAng GL_EXP kot GL_EXP2 pe tnv idla mukvotnta.

TEAOG, N YPAUULKI) CUVAPTNON KOL TO WG EMNPEAIETAL OO TOUC TTOPAYOVTEC start
kal end ¢alvetal otnv elkova 44.

@ Fog l@l Fog

glEnable(GL_FOG); glEnable(GL_FOG);

ogColor= {1.0,1.0,1.0,1.0} fogColor={1.0,1.0,1.0,1.0}
aIFogfv(GL_FOG_COLOR,color); jglFogfv(GL_FOG_COLOR color);
glFogf(GL_FOG_MODE,GL_LINEAR); jalFogf(GL_FOG_MODE,GL_LINEAR);
glFogf(GL_FOG_DENSITY,0.75);

glFogf(GL_FOG_START,0.0);

alFogf(GL_FOG_END,2.0);

aiDisable(GL_FOG); alDisable(GL_FOG);

B [Fog Color B

FogMode 4+  [= Color Value [+ -] FogMode [+

Density = y Density

Fog Start ry Fog End + =] Fog Start = Fog End

Ewova 44. H ypapputki cuvaptnon GL_LINEAR. H ouvdaptnon pe aAlayuévo tov tapdayovta end (8g§uLdr).

www.inf.uth.gr

Page 64




8. TeAKEG OKEPEIG-ZUUTEPACUATA

O aplBuodc Twy Bepdatwy mou kKaAudOnKkav otnv ebapuoyn Kal otnv napou oo
epyoaoia ival oAU ULKPOG O OXEON HE AUTA Tou uTtdpyouv otnv OpenGL. Enpene
va ylvel pla mpooektik emloyn Tng UANG mou Ba efetaotel. Etol, €ywve pa
npoomnadela va e€etaotolV Ta BACIKA OTOLKELD TNG YAWOOWG KAl CUYKPLTIKA UE TO
XPOVO Tou £€ylve n avamtuén Bewpw OTL N MPoomABsla aAUTA NTAV LKOVOTIOLNTLKH.
Qotooo, nMépa amnod ta mAaiola tng SUTAWUATIKAG aUTAC epyaciag otoxog ival va
OUVEXLOTEL N avantuén tng epapUoyng Kat va enektabel oe Babutepa KOUUATLA TNG
yAwooag.

Oa pe xapormoloUoe LSlaitepa To YEYOVOG val 0KOUOW OXOALA KOl TIPOTACELG
and oupdoltNTEG Hou, aAAd KoL va OUVEPYAOTw HE ormolovénmote BéAeL va
ooxoAnBel eite pe tnVv eméktaon tng £doapuUoynG eite pe tn Snuioupyla pLag
kavouplag. Oool Aoutov Bpnrkate evdladépov StaBalovrag Tig mapamavw oeAdeg N
nailovtag pe TNV epappoyr oTo KWvNTO oag Un SLOTAOETE va EMIKOWWVNOETE pall
Hou.

Exovtag, TAEOV, TEPLOOOTEPN EUMELplA OTOV TPOypOpPATIONO android
OUOKEUWV, OAAQ KOL OTOV KOGHO TwV YPadIKWVY UImopw va avadEpw WG CUUTEPACUA
OTL lval éva oAU opopdo Kat evoladEpov aviikelpevo va a.oxoAnBet kaveig.

Design and
Implementation of
an OpenGL tutorial

on CNJ20ID platform
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MapapTtnua

Entidei¥n kwdika

Ma va UmopETeL 0 avayvwoTtng va €L TwE YivovTal MPoypaLATIOTIKA TIOAAQ Ao Ta
HEPN TIOU TIEPLYPADNKAV OTNV €pYaAcia, MOPOoUCLAlETAL O KWOLKOG YLa TO MEPOG TNG
B€aong KoL OUYKeEKpLUEVA yla TtV evioAn glPerpsective(). Em\éyetal To
OUVKEKPLUEVO HEPOC ylati ouvludlel kol KAAOELS YPOUMEVEC Pe T BLBAlodnkn
graphics, oAA@ kal KAAOELG ypOUEVEC Ue TN BorBela tng OpenGL ES.

O kwdwkag tng PerspectiveActivity.java

package com.xroapp.openglTutorial;

import android.app.Activity;

import android.app.Dialog;

import android.content.Context;
import android.os.Bundle;

import android.os.Handler;

import android.util.Log;

import android.view.MotionEvent;
import android.view.View;

import android.view.View.OnTouchlListener;
import android.widget.Button;
import android.widget.ImageButton;
import android.widget.TextView;

import android.widget.Toast;

public class PerspectiveActivity extends Activity {
Handler mHandler;
ViewingGLSurfaceView view;
ExplainPerspective exp;

TextView t,t2;
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Context context;
Toast toast;
int duration = Toast.LENGTH_SHORT;
CharSequence text = "Near and Far parametres should take positive values";
@Override
public void onCreate(Bundle savedInstanceState) {
super.onCreate(savedInstanceState);
context = getApplicationContext()
// arxikopoihsh toy perspective.xml
setContentView(R.layout.perpective);
view = (ViewingGLSurfaceView)findViewByld(R.id.surView);
// eyresh koympiwn;
ImageButton ib = (ImageButton) findViewByld(R.id.inc);
ImageButton ib2 = (ImageButton) findViewByld(R.id.inc2);
ImageButton ib3 = (ImageButton) findViewByld(R.id.inc3);
ImageButton ib4 = (ImageButton) findViewByld(R.id.inc4);
ImageButton db = (ImageButton) findViewByld(R.id.dec);
ImageButton db2 = (ImageButton) findViewByld(R.id.dec2);
ImageButton db3 = (ImageButton) findViewByld(R.id.dec3);
ImageButton db4 = (ImageButton) findViewByld(R.id.dec4);
// arxikopoihs twn textfields
t = (TextView) findViewByld(R.id.show);

t.setText("glPerspective("+sur.pRenderer.perAngle+", "+sur.pRenderer.aspect+",

"+sur.pRenderer.znear+","+sur.pRenderer.zfar+");");
12 = (TextView) findViewByld(R.id.show?2);
12.setText("glLookAt(0.0,0.0,"+sur.pRenderer.eyez+",0.0,0.0,0.0,0.0,1.0,0.0);");
exp = (ExplainPerpective) findViewByld(R.id.explainView);
Button help = (Button)findViewByld(R.id.help);
// listeners

ib.setOnTouchListener(new OnTouchListener() {
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@Override

public boolean onTouch(View v, MotionEvent event) {

switch(event.getAction()) {

case MotionEvent. ACTION_DOWN:
if (mHandler != null) return true;
mHandler = new Handler();
mHandler.postDelayed(mAction, 0);
break;

case MotionEvent. ACTION_UP:
if (mHandler == null) return true;
mHandler.removeCallbacks(mAction);
mHandler = null;

break;

return true;

}

Runnable mAction = new Runnable() {
@Override public void run() {

float radians,degrees;

if (sur.pRenderer.perAngle< 180){
sur.pRenderer.flag = true;
sur.pRenderer.perAngle++;
degrees = sur.pRenderer.perAngle;
radians = degrees *((float)Math.PI/180);

exp.rads = radians/2;

www.inf.uth.gr

Page 69



t.setText("glPerspective("+sur.pRenderer.perAngle+",

"+sur.pRenderer.aspect+", "+sur.pRenderer.znear+","+sur.pRenderer.zfar+");");

exp.invalidate();

mHandler.postDelayed(this, 70);

1;

// oi upoloipoi listeners paraleipontai gia syntomia

O KwdLka Tou perspective.xml

<LinearLayout xmlIns:tools="http://schemas.android.com/tools"
xmlns:android="http://schemas.android.com/apk/res/android"
android:id="@+id/LL"
android:layout_width="match_parent"
android:layout_height="match_parent"
android:background="#7D9ECQ"
android:gravity="bottom"
android:orientation="vertical"
android:paddingBottom="@dimen/activity_vertical_margin"
android:paddinglLeft="@dimen/activity_horizontal_margin"
android:paddingRight="@dimen/activity_horizontal_margin"
android:paddingTop="@dimen/activity_vertical_margin"

tools:context=".Draw" >

<Framelayout

android:layout_width="match_parent"

www.inf.uth.gr

Page 70



android:layout_height="212dp" >

< com.xroapp.openglTutorial .ViewingGLSurfaceView
android:id="@+id/surView"
android:layout_width="match_parent"
android:layout_height="match_parent"
android:focusable="true"
android:focusableInTouchMode="true" />
<Relativelayout
android:layout_width="match_parent"
android:layout_height="match_parent">
<LinearLayout
android:layout_width="wrap_content"
android:layout_height="wrap_content"

android:orientation="vertical" >

<TextView
android:id="@+id/show"
android:layout_width="wrap_content"
android:layout_height="wrap_content"

android:text="glPerspective" />

<TextView
android:id="@+id/show?2"
android:layout_width="wrap_content"
android:layout_height="wrap_content"

android:text="glLookAt" />

</LinearLayout>
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<Button
android:id="@+id/help"
android:layout_width="wrap_content"
android:layout_height="wrap_content"
android:layout_alignParentBottom="true"
android:layout_alignParentRight="true"
android:text="Help" />

</RelativelLayout>

</Framelayout>

< com.xroapp.openglTutorial.ExplainPerpective
android:id="@+id/explainView"
android:layout_width="match_parent"
android:layout_height="113dp"
android:layout_weight="0.08"

android:background="#FFFFFFFF" />

<LinearlLayout
android:layout_width="match_parent"
android:layout_height="wrap_content"

android:orientation="vertical" >

<LinearLayout
android:layout_width="match_parent"
android:layout_height="wrap_content"

android:orientation="horizontal" >

<TextView
android:layout_width="wrap_content"

android:layout_height="wrap_content"
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android:minWidth="57dp"
android:padding="5dp"

android:text="angle" />

<ImageButton
android:id="@+id/inc"
android:layout_width="wrap_content"
android:layout_height="wrap_content"
android:contentDescription="@string/desc3"
android:src="@drawable/pluss"

android:textColor="#0000FF" />

<ImageButton
android:id="@+id/dec"
android:layout_width="wrap_content"
android:layout_height="wrap_content"
android:contentDescription="@string/desc3"
android:src="@drawable/minuss"

android:textColor="#0000FF" />

<TextView
android:layout_width="wrap_content"
android:layout_height="wrap_content"
android:minWidth="57dp"
android:padding="5dp"

android:text="near" />

<ImageButton
android:id="@+id/inc2"

android:layout_width="wrap_content"
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android:layout_height="wrap_content"
android:contentDescription="@string/desc3"
android:src="@drawable/pluss"

android:textColor="#0000FF" />

<ImageButton
android:id="@+id/dec2"
android:layout_width="wrap_content"
android:layout_height="wrap_content"
android:contentDescription="@string/desc3"
android:src="@drawable/minuss"
android:textColor="#0000FF" />

</LinearLayout>

<LinearLayout
android:layout_width="match_parent"
android:layout_height="wrap_content"

android:orientation="horizontal" >

<TextView
android:layout_width="wrap_content"
android:layout_height="wrap_content"
android:minWidth="57dp"
android:padding="5dp"

android:text="far" />

<ImageButton
android:id="@+id/inc3"
android:layout_width="wrap_content"

android:layout_height="wrap_content"
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android:contentDescription="@string/desc3"
android:src="@drawable/pluss"

android:textColor="#0000FF" />

<ImageButton
android:id="@+id/dec3"
android:layout_width="wrap_content"
android:layout_height="wrap_content"
android:contentDescription="@string/desc3"
android:src="@drawable/minuss"

android:textColor="#0000FF" />

<TextView
android:layout_width="wrap_content"
android:layout_height="wrap_content"
android:minWidth="57dp"
android:padding="5dp"

android:text="camera" />

<ImageButton
android:id="@+id/inc4"
android:layout_width="wrap_content"
android:layout_height="wrap_content"
android:contentDescription="@string/desc3"
android:src="@drawable/pluss"

android:textColor="#0000FF" />

<ImageButton
android:id="@+id/dec4"

android:layout_width="wrap_content"
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android:layout_height="wrap_content"

android:contentDescription="@string/desc3"

android:src="@drawable/minuss"

android:textColor="#0000FF" />
</LinearLayout>

</LinearLayout>

</LinearLayout>

O kwdkag tng ViewingGLSurfaceView.java

package com.xroapp.openglTutorial;

import javax.microedition.khronos.egl.EGLConfig;
import javax.microedition.khronos.opengles.GL10;
import android.content.Context;

import android.opengl.GLSurfaceView;

import android.util.Log;

import android.opengl.GLU;

import java.lang.Math;

class ViewingGLSurfaceView extends GLSurfaceView implements Renderer
{

public static float fov_degrees = 45f;

public static float fov_radians = fov_degrees / 180 * (float) Math.PI;

public float aspect;

public static float camz;

boolean mTranslucentBackground;

float mAngle;

public float mAngleX;

public float mAngleY;
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boolean draw = false;

boolean flag = false;

boolean useFrustrum = false,useOrtho = false;
private GLText glText;

private Context context;

int getHeight,getWidth,dist;
int commands=0;
My3DTexture t3d;

float perAngle = 45f;

float mTransY ;

float znear=5,zfar=30,eyez=10;

float fH=3,fW=3;

public ViewingGLSurfaceView(boolean useTranslucentBackground,Context context)
{
super(context);
this.setRenderer(this);
mTranslucentBackground = useTranslucentBackground;
t3d = new My3DTexture();
}
public void onDrawFrame(GL10 gl)

{

gl.glClear( GL10.GL_COLOR_BUFFER_BIT | GL10.GL_DEPTH_BUFFER_BIT );
gl.gMatrixMode(GL10.GL_PROJECTION); // Select The Projection Matrix

gl.glLoadldentity(); // Reset The Projection Matrix

if(useFrustrum){
gl.glFrustumf(-fW, fW, -fH, fH, znear, zfar);

GLU.gluLookAt(gl, 0, 0, eyez, 0,0, 0, O, 1, 0);
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}

}else if (useOrtho){
gl.glOrthof(-fW, fW, -fH, fH, znear, zfar);
GLU.gluLookAt(gl, 0, 0, eyez, 0,0, 0, O, 1, 0);
} else{
GLU.gluPerspective(gl, perAngle, aspect, znear, zfar);

GLU.gluLookAt(gl, 0, 0, eyez, 0,0, 0, 0, 1, 0);

gl.gMatrixMode( GL10.GL_MODELVIEW ); // Activate Model View

gl.glLoadldentity(); // Load Identity Matrix

gl.glEnableClientState(GL10.GL_VERTEX_ARRAY);

gl.glPushMatrix();

gl.glRotatef(-90.0f,0.0f,0.0f,1.0f);

t3d.draw(gl);

gl.gIlPopMatrix();

gl.gIDisableClientState(GL10.GL_VERTEX_ARRAY);

public void onSurfaceChanged(GL10 gl, int width, int height)

{
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getHeight= height;

getWidth = width;

dist = getHeight/10;

aspect = (float) width / (float) height;

camZ = height / 2 / (float) Math.tan(fov_radians / 2);

gl.glViewport(0, 0, width, height);
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}

public void onSurfaceCreated(GL10 gl, EGLConfig config) //15
{
gl.glClearColor( 0.0f, 0.5f, 0.5f, 1.0f );
glText = new GLText( gl, context.getAssets() );
glText.load( "font.ttf", 14, 2, 2);
gl.glEnable(GL10.GL_CULL_FACE);
t3d.loadGLTexture(gl, this.context);

gl.glEnable(GL10.GL_TEXTURE_2D);

gl.glShadeModel(GL10.GL_SMOOQOTH); //Enable Smooth Shading
gl.glClearDepthf(1.0f); //Depth Buffer Setup
gl.glEnable(GL10.GL_DEPTH_TEST); //Enables Depth Testing
gl.glDepthFunc(GL10.GL_LEQUAL); //The Type Of Depth Testing To Do

gl.gIHint(GL10.GL_PERSPECTIVE_CORRECTION_HINT, GL10.GL_NICEST);

O kwéwkag tn¢ ExplainPerspective.java

package com.xroapp.openglTutorial;

import android.content.Context;

import android.graphics.Bitmap;

import android.graphics.BitmapFactory;
import android.graphics.Canvas;

import android.graphics.Color;

import android.graphics.Paint;

import android.graphics.Paint.Style;

import android.graphics.drawable.Drawable;
import android.util.AttributeSet;

import android.view.View;
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public class ExplainPercpective extends View {
boolean working = true;
Drawable mCustomImage;
inti;
Paint paint = new Paint();
Bitmap b,b2;
float znear = 50;
float zfar=300;
float rads = (float) (Math.P1/8);
float eyez;

float normalize;

public ExplainPerspective(Context context) {
super(context);
paint.setColor(Color.BLUE);
paint.setAntiAlias(true);
paint.setTextSize(20.0f);
paint.setStyle(Style.FILL);
paint.setStrokeWidth(3.0f);
b=BitmapFactory.decodeResource(getResources(), R.drawable.droid4);

b2=BitmapFactory.decodeResource(getResources(), R.drawable.camera);

}

public ExplainPerspective(Context context, AttributeSet attrs) {
super(context,attrs);
paint.setColor(Color.BLUE);
paint.setAntiAlias(true);
paint.setTextSize(20.0f);
paint.setStyle(Style.FILL);

paint.setStrokeWidth(3.0f);

www.inf.uth.gr

Page 80



b=BitmapFactory.decodeResource(getResources(), R.drawable.droid4);

b2=BitmapFactory.decodeResource(getResources(), R.drawable.camera);

public ExplainPerspective(Context context, AttributeSet attrs, int defStyle) {
super(context,attrs,defStyle);
paint.setColor(Color.BLUE);
paint.setAntiAlias(true);
paint.setTextSize(20.0f);
paint.setStyle(Style.FILL);
paint.setStrokeWidth(3.0f);
b=BitmapFactory.decodeResource(getResources(), R.drawable.droid4);

b2=BitmapFactory.decodeResource(getResources(), R.drawable.camera);

@Override

public void onDraw(Canvas canvas) {

if (working){
eyez = getWidth()/5f;
working = false;

normalize =(float)Math.cos(rads);

canvas.drawline(eyez, getHeight()/2f,
getWidth()/5f+getWidth()*(float)Math.cos(rads),getHeight()/2f+
getWidth()*(float)Math.sin(rads), paint);

canvas.drawlLine(eyez, getHeight()/2f, getWidth()/5f+getWidth()*(float)Math.cos(-
rads),getHeight()/2f+ getWidth()*(float)Math.sin(-rads), paint);

canvas.drawText("near", eyez+(znear)*(float)Math.cos(rads),getHeight()/2f+
znear*(float)Math.sin(rads)+25, paint);
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canvas.drawText("far", eyez+(zfar)*(float)Math.cos(rads),getHeight()/2f+
(zfar)*(float)Math.sin(rads)+25, paint);

canvas.drawline(eyez+(znear)*(float)Math.cos(rads),getHeight()/2f+
znear*(float)Math.sin(rads), eyez+znear*(float)Math.cos(-rads),getHeight()/2f+
znear*(float)Math.sin(-rads), paint);

canvas.drawline(eyez+(zfar)*(float)Math.cos(rads),getHeight()/2f+
zfar*(float)Math.sin(rads), eyez+zfar*(float)Math.cos(-rads),getHeight()/2f+
zfar*(float)Math.sin(-rads), paint);

canvas.drawBitmap(b, getWidth()/5f+(100)*(float)Math.cos(rads),getHeight()/2-10,
paint);

canvas.drawBitmap(b2, eyez-25,getHeight()/2-10, paint);

H kAaon My3DTexture.java

package com.xroapp.openglTutorial;

import java.io.lOException;

import java.io.InputStream;

import java.nio.ByteBuffer;

import java.nio.ByteOrder;

import java.nio.FloatBuffer;

import javax.microedition.khronos.opengles.GL10;
import android.content.Context;

import android.graphics.Bitmap;

import android.graphics.BitmapFactory;

import android.opengl.GLUtils;

public class My3DTexture {
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/** The buffer holding the vertices */

private FloatBuffer vertexBuffer;

/** The buffer holding the texture coordinates */
private FloatBuffer textureBuffer;

/** The buffer holding the indices */

private ByteBuffer indexBuffer;

/** Our texture pointer */
private int[] textures = new int[1];
private float vertices[] = { //Vertices according to faces

-1.0f, -1.0f, 1.0f, /*Vertex 0*/  1.0f, -1.0f, 1.0f, /*v1*/

-1.0f, 1.0f, 1.0f, /*v2 */ 1.0f, 1.0f, 1.0f, /*v3*/
1.0f, -1.0f, 1.0f, 1.0f, -1.0f, -1.0f,
1.0f, 1.0f, 1.0f, 1.0f, 1.0f, -1.0f,
1.0f, -1.0f, -1.0f, -1.0f, -1.0f, -1.0f,
1.0f, 1.0f, -1.0f, -1.0f, 1.0f, -1.0f,
-1.0f, -1.0f, -1.0f, -1.0f, -1.0f, 1.0f,
-1.0f, 1.0f, -1.0f, -1.0f, 1.0f, 1.0f,
-1.0f, -1.0f, -1.0f, 1.0f, -1.0f, -1.0f,
-1.0f, -1.0f, 1.0f, 1.0f, -1.0f, 1.0f,
-1.0f, 1.0f, 1.0f, 1.0f, 1.0f, 1.0f,
-1.0f, 1.0f, -1.0f, 1.0f, 1.0f, -1.0f,

/** The initial texture coordinates (u, v) */

private float texture[] = {

//Mapping coordinates for the vertices

0.0f, 0.0f, 0.0f, 1.0f,
1.0f, 0.0f, 1.0f, 1.0f,
0.0f, 0.0f, 0.0f, 1.0f,
1.0f, 0.0f, 1.0f, 1.0f,
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0.0f, 0.0f, 0.0f, 1.0f,

1.0f, 0.0f, 1.0f, 1.0f,
0.0f, 0.0f, 0.0f, 1.0f,
.0f, 0.0f, 1.0f, 1.0f,
0.0f, 0.0f, 0.0f, 1.0f,
1.0f, 0.0f, 1.0f, 1.0f,
0.0f, 0.0f, 0.0f, 1.0f,
1.0f, 0.0f, 1.0f, 1.0f,
I3

/** The initial indices definition */
private byte indices[] = {

//Faces definition

0,1,3,0,3,2, //Face front
4,5,7,4,7,6, //Face right
8,9,11, 8,11,10, //...

12,13,15, 12,15,14,
16,17,19, 16,19,18,

20,21,23, 20,23,22,

J¥*
* The Cube constructor.
*/
public My3DTexture() {
//
ByteBuffer byteBuf = ByteBuffer.allocateDirect(vertices.length * 4);
byteBuf.order(ByteOrder.nativeOrder());
vertexBuffer = byteBuf.asFloatBuffer();
vertexBuffer.put(vertices);

vertexBuffer.position(0);
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//

byteBuf = ByteBuffer.allocateDirect(texture.length * 4);
byteBuf.order(ByteOrder.nativeOrder());

textureBuffer = byteBuf.asFloatBuffer();
textureBuffer.put(texture);

textureBuffer.position(0);

//
indexBuffer = ByteBuffer.allocateDirect(indices.length);
indexBuffer.put(indices);
indexBuffer.position(0);
}
public void draw(GL10 gl) {
//Bind our only previously generated texture in this case

gl.glBindTexture(GL10.GL_TEXTURE_2D, textures[0]);
//Point to our buffers
gl.glEnableClientState(GL10.GL_VERTEX_ARRAY);

gl.glEnableClientState(GL10.GL_TEXTURE_COORD_ARRAY);

//Set the face rotation

gl.glFrontFace(GL10.GL_CCW);
//Enable the vertex and texture state
gl.glVertexPointer(3, GL10.GL_FLOAT, 0, vertexBuffer);

gl.glTexCoordPointer(2, GL10.GL_FLOAT, 0, textureBuffer);

//Draw the vertices as triangles, based on the Index Buffer information
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gl.glDrawElements(GL10.GL_TRIANGLES, indices.length,
GL10.GL_UNSIGNED_BYTE, indexBuffer);

//Disable the client state before leaving
gl.glDisableClientState(GL10.GL_VERTEX_ARRAY);

gl.gIDisableClientState(GL10.GL_TEXTURE_COORD_ARRAY);

public void loadGLTexture(GL10 gl, Context context) {
//Get the texture from the Android resource directory

InputStream is =
context.getResources().openRawResource(R.drawable.droidd);

Bitmap bitmap = null;
try {
//BitmapFactory is an Android graphics utility for images

bitmap = BitmapFactory.decodeStream(is);

}Hinally {
//Always clear and close
try {
is.close();
is = null;
} catch (IOException e) {

}

//Generate one texture pointer...
gl.glGenTextures(1, textures, 0);
//...and bind it to our array

gl.glBindTexture(GL10.GL_TEXTURE_2D, textures[0]);
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//Create Nearest Filtered Texture

gl.glTexParameterf(GL10.GL_TEXTURE_2D, GL10.GL_TEXTURE_MIN_FILTER,
GL10.GL_NEAREST);

gl.glTexParameterf(GL10.GL_TEXTURE_2D, GL10.GL_TEXTURE_MAG_FILTER,
GL10.GL_LINEAR);

//Different possible texture parameters, e.g. GL10.GL_CLAMP_TO_EDGE

gl.glTexParameterf(GL10.GL_TEXTURE_2D, GL10.GL_TEXTURE_WRAP_S,
GL10.GL_REPEAT);

gl.glTexParameterf(GL10.GL_TEXTURE_2D, GL10.GL_TEXTURE_WRAP_T,
GL10.GL_REPEAT);

//Use the Android GLUTtils to specify a two-dimensional texture image from

our bitmap
GLUTtils.texlimage2D(GL10.GL_TEXTURE_2D, 0, bitmap, 0);
//Clean up
bitmap.recycle();
}
}
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