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HacnoB macTep paga: Pa3Boj annvkauuje 3a ypehrsarbe 1 NpuKasmBarbe Cmka
Yy NPOLUMPEHOj CTBAPHOCTM 3a onepaTuBHU cucTem Android ynotpebom pa3BojHOr
OKpYy>kewsa Unity

Pe3ume: Annvkauuja onvcaHa y pagy AeMOHCTpMpa Kako ce Y pa3BOjHOM OKpY-
>Xewy Unity MOdKe pelunTu npobsieM yumtaBaka KOPUCHUYKeE C/IMKE ca MOOUHOT
ypehaja, weHor ypehuBara M NO3NUMOHMPara Y MPOLUMPEHOj CTBAPHOCTM (EHT.
Augmenter Reality - AR). Cnuka ce yumTtasa nomohy ¢pyHKUMOHA/THOCTK One-
paTtuBHor cuctema Android. Y pagy cy npukasaHu OCHOBHW afiroOpuTMin 3a MOAu-
(pmkoBatbe cnunke (OCBET/LEHOCT, KOHTPACT, UTA.), Ka0 U HanpegHUju anroputmMm
(NpoHanakerwe MBUUA, Y/be Ha MniaTHy). Takofe je onucaHa npoueaypa AuHa-
MUYKOI Kpenpara 06jeKTa 0 KOPUCHUYKE CIMKE U HeHO MO3ULMOHNPare Ha 31,
npocTopnje y NpoLMpeHoj cTBapHocTn nomohy kamepe Android ypehaja.

Krby4dHe peun: lNpoluvpeHa CTBAPHOCT, Pa3BojHO OKpY>Kerwe Unity, anropyutmu
3a ypehuBame c/vka, onepaTtuBHu cuctem Android
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YBoAa

Unity je pa3BojHO OKPY>KeH-€ 3a Kpenparbe BUAeo urapa (eHr. game engine) 3a
pasnuunTe nnatgopmame (KOH30/1e 3a Urpakbe BUAEO Urapa, padyHape, MobuiHe
TenedoHe, UTA.). Mako je MHUUMjasTHO 3aMULL/BEHO 1 HanpaB/beHO 3a Pa3Boj TPO-
OVMEH3MOHa/THUX uUrapa, y 0BOM pagy 6Ovhe npukasaH pas3Boj anjvkaumje Koja
KOPUCTK npowmpeHy cTeapHocT (eHr. Augmented reality - AR) kKako 6u no-
MOr/la KOPUCHUKY Aa Hanpasu, MOAUMMKyje 1 BUAN CANKY Ha 3uay npocTopuje
kopucTtehn kamepy ypehaja 3acHoBaHOr Ha onepaTtnuBHoM cuctemy Android.

MaBHa TemaTuKa OBOr paga je yrno3HaBahe ca pa3BOjHUM OKPY>Kerem U Npo-
LUMPEHOM CTBapHOLLhY Ha NpUMepy NMOMeHYTe ansvkaumje.

Y ApPYroMm nornaesby je onucaHa npoLlnpeHa CTBapHOCT, O4HOCHO OCHOBHU KOH-
LUenTn N uctopuja, Kao U xapasep, copTeep M NpuMeHe oBe TexHosornje. OBa
annvkaunja je passujeHa 3a Android ypehaje unje ce Kamepe 1 CEH30PU KOPUCTE
Kako 61 ce CnmMKa Mmo3uvuMoHMpana y npocTopy W Be3ana 3a Jiokauujy Ha 3uay.
Takohe cy onucaHu u apyrun ypehaju Koju nomMadky y KOH3ymupawy MpoLlvpeHe
CTBApHOCTU Kao M pasHe MpUMeHe Yy Kojuma ce OBa TeXHO/M0rnja rnokasana Ko-
puvcHOM, MONYyT MHAYCTPWje BMAEO Urapa, ayTo-mMOTO MHAYCTpuje, egykauuje n
ApYyrux.

Y Tpehem nornae/by Cy 06jalltbeH OCHOBHM KOHLIENTU Pa3BOjHOr OKpPY>Kerba
Unity, unje je pasymeBare NoTpebHO Aa 6u ce McnpaTtno pasBoj anavkaunje onu-
caH y MeToM Mnornassby.

UeTBPTO Norae/be Nponasun Kpo3 cBe PYHKLUMOHA/THOCTY KOoje ansinkaumja npy><a
KOPUCHWKY, AOK je Yy NeToM Mornae/by onucaHa cama umnieMeHTauunja y Kojoj he
6uTK obpaheHn anropuTmmn 3a ypehusarbe CNUKe, feTeKuuja objekaTa MeTOAOM
emMuTOBama 3paka (eHr. raycasting), ontummsaumja Koga 3a Android ypehaje u
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Apyrux.
UeTBpTO Norassbe Nponasu KPo3 cBe PYHKLMOHA/THOCTM KOoje animkaumja npy>a

KOPUCHMKY, OOK je y NeToM Mornae/by onucaHa cama uMnsemMeHTauuja y Kojoj cy
obpaheHe MeTofe KopuwheHe y pagy nonyT anroputama 3a ypehuBarbe Cnke,
JeTeKumja objekaTa MeTOAOM eMUTOBaka 3paka (eHr. raycasting), ontummusayumja
Koga 3a Android ypehaje uta.

Y nocnearemM Mnornaesby je U3BeeH 3aK/byvaK y KOM je onucaH 3Hayaj annka-
unje n NnoTeHumnjan paga y 0BOM pa3BOjHOM OKPY>Keky U NPOLUMPEHOj CTBAPHOCTH.
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[MpownpeHa CTBapHOCT

[a 6u gedmHMLUMja NPOLLMPEHE CTBAPHOCTK 6una y NOTNYHOCTM pasym/buBa,
AeHMLINMO NPBO TEXHO/IOMMjY Ha OCHOBY KOje je MPOoLUMpeHa CTBapPHOCT HacTasa
- BUpTYyenHa cteapHocT (eHr. Virtual reality - VR).

BupTyenHa CTBApHOCT je CUMYNMPaHo TPOAMMEH3NOHATHO OKPY>KEHE Ca KOJUM
KOPUCHUK MOXKe [la HTeparyje C/IM4HO Kao ca cTeapHowhy. Cumynauuja cTeap-
HOCTW je HarnpaB/beHa payyHapCKUM xapasepom u codpTBepom [1]. 3a pasnuky
04, yobu4yajHOr KOH3ymMmpaha padvyyHapcKor copTeepa, 3a A0XKMB/baj BUPTYesTHe
CTBapHOCTU KOPUCHWK 61 Tpebasio ga Hocu ypehaje nonyT Kauura Ui Hao4apa
Kako 61 nHTeparosao ca reHepMcaHom OKOJIMHOM. LLITO je KOPUCHMK 130/10BaHUjU
Of, PeasTHOI OKPY>KeHa, TO je OOXKMB/baj BUPTYe/IHe CTBAPHOCTU YBEPIbUBU)U.

MpowmnpeHa cTBAPHOCT je BapujaHTa BUPTYesIHe CTBAPHOCTU. 3a pas/iMKy of
BUPTYe/IHE CTBAPHOCTU rhe Ce KOPUCHUK Hanasn y MoTnyHO CUHTETUYKOM BU3Y-
e/IHOM OKPY>Ketby, Y NMPOLUMPEHOj CTBAPHOCTU KOPUCHWUK UHTEparyje ca peasiaHum
CBETOM OKO cebe Koju je oboraheH CUHTETUYKN reHepucaHuM 06jeKTUMa.

KoHauHo, npoLlumpeHy CTBapHOCT MOXKEMO AehUHUCATM Ka0 MHTEPAKTUBHO UC-
KYCTBO PeasIHOI OKPY>Kera Yy peasiIHOM BPEMeHY rfe Cy 00jeKTV peasiHOr CBeTa
N3MereHN pavyyHapCKX reHepucaHnm nHdopMaumjama Koje yTuyy Ha pasmuura
yyna [2] - Hajyewhe yyno BMAa, ann u ciyxa u goampa.

2.1 Wctopuja

Mpgeja 0 npolnpeHoj cTBapHOCTU je NpBY NyT AOKymeHToBaHa 1901. roauHe
y Hacnosy ,['nasHun Kby4d” (eHr. The Master Key) J1. ®peHka bayma [3] (cnuka
2.1). Y nomeHyTOj HOBe/M Aeyak Aobuja MHOLITBO MOKJ/IOHA 0f AemMoHa, Mehy
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KojuMa je n obenexkmsad sbyam (eHr. Character Marker) koju je npefactaB/beH
Kao Map Hao4yapa Koje Ha YenmMma Jby4u HocuoLy Mpukasyjy c/ioBa Koja onucyjy
KapakTepHe 0CO6MHe nojeanHLA.

Cnuka 2.1: naBHU K/byY

1955. roavHe usnasu pag nog Hasnmeom ,Buockon 6yayhHocTK” (EHT.
The Cinema of the Future) y kome aytop MopToH XajnivHr onucyje ypehaj
KOjU MMa UHTerpmucaH ekpaH y 60oju, CTepeo 3By4YHMKE, EMUTEPE MUPKUCA, MOKPETHY
CTO/IMLY M BEHTUNATOPe 3a AOXKMB/baj BeTpa. 1962. roguHe je MMMeMeHTUpPaH
0Baj MPOTOTMMN NOZ Ha3MBOM Sensorama [4], nomohy Kora je KOPUCHWK Morao ga
[OXKMBU BOXKHY MOTOLMKIIA KPO3 rope NOMeHYTe CeH3auuje.
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BupTyenHa cTBapHOCT HacTas/ba fa ce passnja 60-ux, 70-ux n 80-ux rogmHa
npoLusior Beka. TOKOM TOr Mepuoga HacTaje MpBW ekpaH npuusplheH 3a rnasy
(eHr. head mounted display), WwTo je npeTeya AaHawhwnx V R Haoyapa v npsu
NPEHOCHW padvyHap.
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lMoanHe 1986. y okBupy kKomnaHuje 1BM PoH daureH6naTt objaBrbyje pag,
Yy KOM OMnucyje MpBU CLEHapVo MPOLUMPEHE CTBAPHOCTU Y KOM je mMoryhe mamwe
eKpaHe nNomMmepaTu Mo Be/IMKOj MOBPLUMHWN paaum faklle opraHusaymje [5].

TepmuH npowmpeHa cTeapHocT (AR) npBu NyT ce nojaesbyje y pagy Tomaca
M. Kaygena 1990. roavHe, a npBu MyT je Mo4 TUM Ha3MBOM VMIJIEMEHTUPAH 3a
notpebe asujaumje CjeamreHnx Amepuykux Ap>kasa 1992. roguHe [7]. HakoH
Tora nNpoLMpeHa CTBApHOCT je y6p30 gownia U y KoMmepuujasiHe CBpxe, rae cy
npumepu ypehaja Sony EyeToy [6] u Microsoft HoloLens [8].

2.2 Xappsep

MpoLunpeHa CTBAPHOCT 06yxBaTa BE/MKW CrieKTap NpumMeHa, wto hemo nome-
HYTW Yy HapeaHOM MOrMaB/by. Y 3aBMCHOCTM Of, NPUMEHe Bapupa U xapasep Koju
Ce KOpPUCTW.

MNameTHN TenedoHU N TabneTun

[aHac je HajydyecTannju ypehaj Koju ce KOPUCTU 3a KOH3yMUpare cagpykaja y
NPOLUMPEHOj CTBApPHOCTM NameTaH TenedoH. KOHKPeTHO Kog TenedhoHa wnu Ta-
6r1eTa KOPUCTMMO Kamepy ain 1 CeH30pe MUKPOEIEKTPOMEXAHUYKOT cucTema (eHr.
microelectromechanical systems - MEMS), Kao LITO cy ceH30p 3a yop3are (EHT.
accelerometer), cuctem rnobanHor nosuynoHnparwa (GPS) n komnac. 'omeHyTe
CeH30pe KOPUCTMMO KaKo BMCMO OAp>KasiM MoNoxXKaj objekaTa, peunmo y cLueHapujy
Kafa HanycTe BUAHO MO/be Kamepe, WK Aa OAPXKMMO penaTuBaH yrao objekra y

ofHocy Ha ypehaj.

Haouape 1 MOHUTOPU (PUKCUPaHU Ha [N1aBun

MoHuTOpn thukcmpaHu Ha rnasu (eHr. head mounted displays - HMD) cy
Kateropuja ypehaja Kojy AedvHULLY jefaH UK BULLE eKpaHa Mno3uumoHvpaHa He-
nocpeaHo MCMNpes, Mmua KOPUCHMKA Yy 3aTBOPEHOM npocTopy (cnmnka 2.2). MNako ce
OBaKBM CUCTEMU Hajuelhe KOpUCTe 3a BUPTYe/IHY CTBApPHOCT, Y3 NoMoh Kamepe Ko-
PUCHUK MOXKEe MMaTU 1 CeH3auuje peasiHor ceeTa. 3a pas3nvky og HMD, Haoudape
3a NPOLUMpPeHy CTBApHOCT UMajy MPOoBWUAHA WUAWX MOYNPOBUAHA CTak/ja Ha Koja
Ce eMUTYjy CMHTETUYKM 06jeKTN KOoju ce NMomohy Kamepe 1 CeH3opa UHTerpuwy y
peanaH cBeT (cmka 2.3).
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Néééa 2.2: HMD - Oculus Quest 2

Néeéa 2.3: [ai+ada ca idieedaio fioaadiino - Hololens

glje 11édeaajo aai eioenie~éid aeaiia iiga. laé 60acaje i0eéacojd oaea-
aaioia eioioiaceja oaél aa éioefieé ia iida aa fedaLa ifaeaa na adeaaia
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Neeéa 2.5: Nooaet ca idigedaio noaasiino

aa»a GAAGTA fadoa & eidAasAseja Ra »el. Aa 4é RA Ofideil eidAAdERAT
Fa 5aaeiel Radon, ABATBE0I6 A6 TTOBRATA &iBTBIAGEJA BaABIA fadda wof
alaeja 1a 4104 MAi6oed faicisa

TAiTaie AAICTS efjel 1ae Asaioe0ie 425203j0 j& fAIAA, 0& RA faie aeal-
3e0ie Tearajd fa da+6iadfiee aéa (1A  computer vision) [11]. Da+6iadhiee
aea j& 1268 6 GAITIG & »&ie AsAIGedIe fi& GRTAal E1Bef0A ca idliasasea»a
6367148, eac0a & TH0ABEs cadacoAdeN0eca ATASjAIEH e 4830a8IA fEced e
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Neeea 2.8: Idigedaia noaadiifo |
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aieja Unity T echnologies
2007. &laeia. 1a ianocaiéa & aaiag»aa aaia, Unity ja idigal édic 5 cia-
' ' aliaed aoijia naiaiinoe eivenieseia. Aiagia 2007.

alaaoa ja adwgéa fiadaoeaie fefoadi i0S, éijé éidenoa
0aédoiie éliiaiéja  Apple. Oadci € Anrdoid T€aco6idia aiaeja 1Madeéd, e
RalT 1686ae8ra alagja 11aa 1TA6EITH0e. CAlA iAaAAAaIe6 daceida 6 1aj6 2012

edaoda 6 iiciaol +antieno 1a iaceaii Game Developer.
Aiaeid 2012. Facebookeiigaidioeda 0
software development kit - SDK). Al daia a
Unity -ai dafod, 0aél aa aaian éioenieé iieed dacaejaoe
€304 éidenoaLe eioadodji ca idiadaiédara aieeéadeja (aia. application
€0 Microsoft Havok , e
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