HAIIIOHAJIBHUH TEXHIYHWA YHIBEPCUTET YKPAIH!
«KUIBCBKUH NOJITEXHIYHUN IHCTUTYT
imeni ITOPSI CIKOPCHKOTI' O»
DakypTeT EJIEKTPOHIKU

(moBHa Ha3Ba IHCTUTYTY/(aKyIbTETY)

Kadenpa 3BykoTexHIKM Ta peectpardi iHbopmarii
(roBHa Ha3Ba Kadeapu)

«Ha npaBax pykonucy» «J1o 3axucTy nomymeHo»
YJIK 004.422.81 3agi
aBiyBay Kadeapu
I'.I".Bnacrok
(nipmuc) (inimianu, npi3BUILE)
“« 2019 p.

Maricrepcbka gucepranis

CHellaIbHICTD 171 EnextpoHika

(ko[ 1 Ha3Ba CIEIiAIbHOCTI)

Ha TeMmy: «BHUKOpPUCTaHHS TEXHOJIOTIH JIOMOBHEHOI peajibHOCTI JUIsi MOTped
MYJIbTHMET1a

Buxkonas: ctyaent VI xkypcy, rpynu __ JIB-81mMn

(mmdp rpynu)
Kypuno Hanuno Hazaposuu

Mpi3BHILE, iM’s1, 10 0ATHLKOBI ITiJITIC
p

HaykoBuii KepiBHUK acHCTEHT, K.T.H., Pomaniok M. L.

(mocana, HayKOBHH CTYIIIHb, BUCHE 3BaHHS, PI3BHILIE Ta HII[IaIN) (migmuc)

Perniensenr

(mocana, HayKOBHI CTYIIIHb, BUCHE 3BaHHSI, HAYKOBHI CTYMiHb, TPi3BHUIIE TA IHII[aN) (mipmmc)

3acBiquyto, M0 y Iiil MaricTepchKin
JUCEpTAaIlii HeMae 3aro3uueHb 3 Mpallb THIIHIX
aBTOPiB 0€3 BIAMOBITHUX MOCHJIAHb.
Crynent

(mignuc)

Kwuis — 2019 poky



HaunionanbHuil TeXHiYHUI yHiBepCUTET YKpaiHu
«KuiBcbKkuil noJiTtexHivyauii iHcTutyT iMeHi Iropsa Cikopebkoro»

[HCTHTYT (hakynbTeT) DakynbTeT eACKTPOHIKH

(moBHa Ha3Ba)

Kadenpa 3BYKOTEXHIKHU Ta peecTpalrii iHpopmarrii

(ToBHa Ha3Ba)

PiBenb BHUIIOT OCBITH — APYTrUil (MariCTepchbkuii) 3a OCBITHBO-TIPOGECIHHOIO

IpOrPaMoro

CrneuianbHicTh (ocBiTHS nporpama)_ 171 EnexTpoHika

(EnexTpoHHI cHUCcTEMH MYJIbTHUME/IA Ta 3aco0u IHTEpHETY peyeii)

(xox 1 Ha3Ba)

3ATBEP/IXVYIO
3aBiqyBau kadeapu
I'.I".Biacrok

(migmuc) (iniuwiany, npi3BuILe)

«_ »rpymas 2019 p.

3ABJAAHHA
HA MariCTepCbKy AMCEPTALII0 CTYACHTY

Kypuno Haumny HazapoBuuy

(mpi3BuiLe, imM’s1, IO 6GaTHKOBI)

1. Tema mucepranii «BHKOpPHCTaHHS TEXHOJOTIH JJOMOBHEHOI PeaTbHOCTI JUIs TOTPeO
MVJIbTHMEIIA)

HAyKOBUM KepiBHUK nucepTanii Pomaniok Mapraputa IropiBHa, K.T.H.
(mpi3Buie, iM’s, IO OATHKOBI, HAYKOBHI CTYIiHb, BUCHE 3BAHHS)

3aTBEP/IKEH1 HAKa30M 10 yHiBepcuTeTy Bia « 07 » nuctomaga 2019 p. No 3859-¢

2. Ctpok nojanHs cTynenTom aucepraiii 09.12.2019 p.

3. OO0’exT mOCIHIKEHHS: TEXHOJIOr] JOIMOBHEHOI pealbHOCTI MOOUILHMUX 3aCTOCYHKIB

4. TIpeamer nocmimkenns (ITouaTkoBi gaHi — sl MaricTepPChbKOi gucepTalli 3a OCBITHBO-
npodeCIHHOK TPOrpaMoI0):_ METOJM Ta TEXHOJOTil pPOo3poOJeHHS MOOUILHOIO
3aCTOCYHKY JUIA CTBOPEHHS  JIONIOBHEHOI pPEaJbHOCTI, CEPEJOBHUIIE PO3POOKH
nporpamuoro 3abesnedyenus Xcode, 6i0mioreka TorchKit, 6i6aioreka SwiftEntryKit,
MoOUILHMH TestedoH Ha 0a3i 10S, koM rorep Ha 6a3i macOS.




5.  Ilepenik 3aBmanp, siki moTpioHO po3podbutn: 1) [IpoaHamizyBaTh iCHYIOYI PIIlICHHS
IHTErpaiii JOMOBHEHOI peaJbHOCTI Y MOOUILHI 3aCTOCYHKH; 2) BH3HAUWTH IporpaMHi Ta
arapaTHi 3aco0M cTBOpEeHHs JjonoBHEHOI peanbHOCTi; 3) IIpoanamsysatu Torch SDK Ta
HOro MOJKJIMBOCTI Ta 3ac0o0u iHTerpalii y 3aCTOCYHKH Ha 0a3i oneparmiiinoi cuctemu 10S.
4) CtBopHTH 3acTOCYHOK g HaIoHaJpbHOTO XVYI0KHBEOTO My3€l  YKpaiHu
BukopuctoByouu dpeiimBopk Torch SDK.

6. Ilepenik rpadiunoro (inrocrpatuBHOrO) Martepiamy: 1) 36 puc, 23 Tabn., 1
npe3eHTallis, 8 cianis.

7. OpieHTOBHMI nepenik myOmiKaiii: 1.) Orusn Metonis B3aemoii 3i cmapt-okynspamu // XV
MixHapojiHa HAYKOBO-IPAKTUYHA IHTEpHET-KOH(hEPEHITIS «PO3BUTOK CYYACHOI
HAYKU:TEOPISI, TIPAKTUKA, IHHOBAILII», 2019 p..-C.51-53 2.) BukOpuCTaHHS INTYYHOIO
inTenexty B My3uuniii imgycerpii / I BCEVKPAIHCEKA HAYKOBO-TEXHIYHA KOH®EPEHIIISI
«CYYACHI TEXHOJIOTTI KIHO TA AYJIOBI3YAJBHUX CUCTEM», 2019 p., -C.19-21.

8. Jara Bmmaui 3aBmanssa_10. 09. 2018 p.

Kanennapuuii niax

. CTpOoK BUKOHAHHS
Ne HasBa eramiB BUKOHaHHS e TAliE MALCTEDCLKON .
3/m MaricTepchbKoi qucepTartii p IIpumitka
JucepTaii
Hanucanns NIEPIIOTO po3ainy:
1 Anamituuauii  ormsia  icHyrounx AR 15.03.2019
pilieHb
Hamucanus  gpyroro po3ainy:
Oco0nuBocTi 3aCTOCYBaHHS
2 Y 30.05.2019
cepenoBumia Torch nans cTBOpeHHA
3acTOCYHKY 3 AR
Hamucanus  Tpetboro po3ainy:
3 [IpakTruna peainizauis npoekty Torch 10.10.2019
JUISL IMITIOPTYBAHHS B 3aCTOCYHOK
4 ITizroroka Matepialis 10 APYKy Ta 30.11.2019
oopMIIEHHS MTOSICHIOBAIBHOT 3aITUCKU
5 Ilinroroska ra 0(hopMIICHHSI 03.12.2019
Mpe3eHTallii A1 JOMOBi i
Crynent JI.LH. Kypuio
(miamuc) (iHimianu, mpi3BHIIE)
HaykoBuii kKepiBHUK M.I. PomaHiok

(mimmmc) (inirianu, npi3BUIIe)



YJIK 004.422.81

PE®EPAT

Marictepcbka auceprais: 97 c., 36 puc., 23 tabmn., 2 noxa., 15 mkepern.
JIOTIOBHEHA  PEAJIBHICTh, MOBUIBHUM 3ACTOCYHOK, MOBA
I[TPOTPAMYBAHHA SWIFT, [TPOTPAMHA TTJIAT®OPMA TORCH SDK

AKTyaJbHICTb  J0CHiIKeHHsl. Yucno  MOOUIBHMX — 3aCTOCYHKIB,  WIO
BUKOPHUCTOBYIOTH TEXHOJIOT1i JJOTIOBHEHOI PEaIbHOCTI CTPIMKO pocTe. [Ipo akTyanbHICTh
00paHOi TeMHU CBig4aTh IepeBaru, skl HAJa€ BUKOPUCTAHHS TEXHOJIOTIH OMOBHEHOI
peanbHOCTI B HaBITAIlil Ta MPOBEJEHI My3eHHUX €KCKYPCIH, a came:

- MIJABUIICHHS CTYIMEHs I[IKaBOCTI EKCKYypCiii 3 BHUKOPUCTAHHSM JIOMOBHEHOT
pEaIbHOCTI B MOPIBHSAHHI 3 TPAJULINHUMH €KCKYPCISIMU;

- TIABUIICHHS CTYMEHS aBTOHOMHOCTI Ta CAaMOCTIMHOCTI KOPUCTYBadiB IMpHU
IPOXOJ/PKEHHI EKCKYpCI 3aBASKHU BIJICYTHOCTI HEOOX1IHOCTI (OpMyBaTH Tpylnu Ta
BUKOPHUCTAHHS MOCIYT KypaTopa,

- T JIBUIIICHHS OXOIUICHHS C1a0049yr0unX abo0 MmoraHo 0adymux rpym Jro1el 3aBIsIKu
noAaHHs 1HPOpMaIlii B TEKCTOBOMY BH/I1 Ta HASIBHOCTI ayI1I0CYITPOBITY.

MeTo10 A0CJHIIKEHHSI € CTBOPEHHS MOOUIPHOTO 3aCTOCYHKY 3 JIOIOBHEHOIO
peanpHICTIO Ha 0a3i omepariiiHoi cuctemu 10S 1s BiABiayBauiB HarioHanbHOTO
XYZ0XKHBOT'O MY3€0 Y KpaiHu.

JI1st MOCSATHEHHS TTOCTaBJICHOT METH HEOOX1THO BUPIIIUTH TaKi 3aBIaHHS;:

- IpOoaHaNi3yBaTH ICHYIOUl TEXHOJOTIi JOMOBHEHOI pPEaJbHOCTI Y MOOUIBHUX
3aCTOCYHKAX;

- 00paTH TeXHOJIOTIO, IKa HalKpallle peani3zye noTpedu Mys3ero;

- pO3pO0OUTH 3aCTOCYHOK Ha 0a3i oneparlliiinoi cuctemu i0S Ha MOB1 TpOTpaMyBaHHS
Swift.

OG’eKkT AOCHIIKEHHI — TEXHOJOTil JOMOBHEHOI pPEaJbHOCTI MOOLIBHHUX
3aCTOCYHKIB Ta CIIOCOOM CTBOPEHHS 3aCTOCYHKIB Ha 0a3i oneparliiinoi cucremu 10S.

IIpeamer nocaiTzKeHHI — METOAM Ta TEXHOJOTil PO3poOJIEHHS MOOUIBHOTO

3aCTOCYHKY JII CTBOPCHHA I[OI'IOBHGHO.I. pCaJIBHOCTi.



Metoau pocaigxenHssi — TeopeTUYHO-aHATITUYHUNA 1 MPAKTUYHUM aHaTI3
TEXHOJIOT1H peanizallli JONOBHEHOI pealbHOCTI: MOBa IporpaMmyBanHs Swift, 6101i0Teka
Torch SDK, cepenopuiie Xcode.

HaykoBa HOBM3HA OTPMMAHUX Pe3yJibTATIB: 3alIPONIOHOBAHUN 3aCTOCYHOK KU
BIIEpIIIE BUKOPHUCTOBYE 0i0mioTeky Torch SDK.

I[IpakTnyHa 3HAYEHHS] O/IEPKAHUX Pe3yJabTATiB: 3aIIPOIIOHOBAHO Ta CTBOPEHO
3aCTOCYHOK, III0 HAJ1a€ MOKJIMBICTh My3€MHHUM CITIBPOOITHUKAM pelaryBaTH Ta 10AaBaTH
1H(dOopMaIrito mpo BiACTEKyBaHI 00’ €KTH, 6€3 HEOOX1JHOCTI OHOBIIOBATH 3aCTOCYHOK, Ta
IIACATU IIPOrPaMHUM KOX.

Anpo6auis pesyabTaTtiB quceprauii: [IpesenTaris 3acrocynky y UNIT.City.



SUMMARY

Master’s dissertation: 95 p., 36 pic., 23 tabl., 15 sources, 2 supplements.

AUGMENTED REALITY, MOBILE APPLICATION, SWIFT PROGRAMMING
LANGUAGE, TORCH SDK

The relevance of the topic of the work is that augmented reality as a method of
delivering information is widespread in various fields, in particular in the development of
mobile applications.

The subject of the study is augmented reality mobile application technologies and
ways to build applications based on the iOS operating system.

The purpose of the study is to create a mobile app with augmented reality based on
the 10S operating system for visitors of the National Art Museum of Ukraine.

To achieve this goal, the following tasks must be performed:

- analyze existing augmented reality technologies in mobile applications.

- choose the technology that best meets the needs of the museum.

- create an application based on the i10OS operating system in Swift programming

language.
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AR
VR

API

JSON
USD
uUSDZz
Ul
UWP

SDK

HEPEJIIK YMOBHHUX CKOPOYEHb

Augmented reality (101oBHEHa peaIbHICTBD);
Virtual reality (uTy4Ha, BIpTyajibHa pEabHICTh);

Application Programming Interface (inTepdeiic npukiaaHoro
IporpaMyBaHHs);

JavaScript Object Notation (3ammc 06’ extiB JavaScript)

Universal Scene Description (yHiBepcaJbHHUI OMKUC CIIEHH)
Universal Scene Description Zip

User Interface (kopuctyBatipkuii iHTepdeiic)

Universal Windows Platform (YuiBepcanbha matgpopma Windows)

Software Development Kit (Ha0ip 13 3ac001B pO3p0OOKH, YTUIIIT 1
JOKYMEHTAaIlll, IKUi JO3BOJISIE MPOTpaMiCTaM CTBOPIOBATH MPUKIIAIHI

MpOrpamMu 3a BUSHAYEHOIO TEXHOJIOTIEIO)
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BCTYII

Tepmin pomoBHeHOi peanmbHOCTI (augmented reality, AR) imoBipHO OyB
3ampoIOHOBAHMI MpalloouYnM Ha kopropatio Boeing nocniganukom Tomom Konaenom B
1990 p. ¥V 1992 p. Jlyi PozenOypr i3 mocmiaauibkoi gadopatopii Apmcrponry CLIA
CTBOPHUB TEPIIly peajibHy CHUCTEMY JOTOBHEHOI pealbHOCTI Mij Ha3Bo "BipTyansHuit
citunpHUK". Ile poOoToTexHIYHA cHUCcTeMa, SKa PO3MINIye 1HGOPMAIIO TMOBEPX
poO0OUYOro cepeloBUINA MPAIIBHHUKIB, 100 JTOMMOMOITH AOCITTH OUTBINOI €(h)eKTUBHOCTI
[1].

JloTioBHEHAa peanbHICTh € Bi3yaJbHUM JOTMOBHEHHSIM pEATbHOTO CBITY, SKHMA
OTPUMYETHCS IUIIXOM TPOCKTYBAHHS 1 BHUBEICHHS OYyab-SIKUX BIPTYadbHUX, YSBHHX
00’€KTIB Ha TaHUU MIPOCTIp (HA €KpaH KOMII I0Tepa, IianmieTa, renedony). Ha ceoroani
OCHOBHOIO TEXHOJIOTIEI0 TOTIOBHEHOI peajbHOCTI € OTPUMAaHHS 300pakKeHHS 3 KaMepH,
1oro oOpoOJIeHHST airOpUTMaMU PO3Mi3HABaHHS O0pa3iB, 3 MOJAJBIIMM HAKIIAJICHHSIM
300pakeHHd. TeXHOJOoTii JOMOBHEHOI pPEAJbHOCTI 3 KOXHHM JHEM BCE MIIHIIIE
IHTErpyIOThCA y CydacHOMY cBiTi. L{g TexHOOTI MBUAKO cTaja OUIbII KUTTE3AATHOIO
JUTSI KOMEPIIHHUX Ta JOCIIJHUIBKUX MPOEKTIB 32 OCTAHHE JECATUIITTS 3aBASKU MepeBasl
NPUCTPOiB, IO BCTaHOBIIOIOTHCS Ha royioBi (HMD - Head Mounted Display) Ta
PO3yMHUX MPUCTPOIB, TAKUX K TeJIe(POHHU, IJIAHIIICTH Ta MIOPTATUBHI iIrPOBi IPUCTABKH,
K1 Temep HEeBiA'€eMHO BOYJOBaHI y TMOBCAKACHHE >XUTTA. Lle 3MEHImMIO OCHOBHY
npoOjieMy pO3TOpTaHHS JojJaTKa 3 JOJAaTKOBOK PEaJbHICTIO, OCKIUIBKH IS
BUKOPHUCTaHHS TEXHOJIOT1i OUTbIIE HE MOTPIOHO creliani3oBaHe 00JagHaHHs, HATOMICTb
KOPHUCTYBadl MOXYTh KEpyBaTH CHCTEMOIO Ha BJIACHHX MpHUCTposx. [Ipm 3meHIeHH]
amapaTHoro Oap'epy JOMOBHEHA pealbHICTh MOYajia BUKOPHUCTOBYBAaTUCH y 0OaraThox
cdepax: Big irop 10 OCBITH, MEIULIMHU 1 IPOMHUCIIOBOCTI.

Beegennss B 2017 pomi 6i6miorek ARKit Bim Apple i ARCore Bim Google
CTaHJAPTU3YBAJIO I1HCTPYMEHTHU PO3POOKH Ta CTBOPEHHS Mporpam Jjsi MOOUIbHHMX
MPUCTPOIB 3 TOMOBHEHOIO PEATBHICTIO, IO MPUHECIO Mailke yaBidl OUIble MOOUTBHUX
MPUCTPOIB 3 MIATPUMKOIO AR Ta BTpudi 301IBIIMIO KUIBKICTh AKTUBHUX KOPHUCTYBadiB

npotarom 1,5 poki. 3anyuuBmun AR 10 MacoBoi ayauTopii KOpUCTYBayiB MOOLIBHUX
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npucTpoiB, Apple 3a06e3neuniia cBoe JiepcTBO Ha puHKY AR, konu npe3entyBasia ARKit
2.0 ra WWDC 2018, a notim ARKit 3.0 za WWDC 2019. I1lo cTocyeThCsl TEXHOJIOT],
TO BIIPOBAJKEH1 PIIICHHS, JO3BOJIUIN PO3MICTUTH MOO1ILHY AR B oHi# Kateropii 3 AR
Ha 0a3l ICHYI04Y0i rapHITYpH.

JlorloBHEHa peanbHICTh POOUTH MOKJIUBUM BIPOBA/DKEHHS CHHTE30BaHUX
00’€KTIB y NMPUPOIHI CIICHH, UMM BIJIPI3HSAETHCS BijJ "BIpTyajdbHOI pealbHOCTI", siKa €
MOBHICTIO IITY4YHO CUHTE30BAHUM CBITOM (B1ACOPSIOM).

JlomoBHEHAa peaJbHICTh AaCCOINIOETBCA 31 CKIAJHUMH TEXHOJIOTISIMH — Ta
pecypcoeMHUMH Mpoliecamu po3podku. Came TOMy €Kl KOMIIaHii HE pO3TJIsIaloTh
JIOTIOBHEHY PEAIBbHICTh SIK CHOCIO 3alydeHHs] HOBHMX KIIIEHTIB T4 PO3BHUHEHHS CBOEl
1MdpoBoi akTyaabHOCTI. ToMy y poOOTI pO3TISAIaOTLCA ICHYIOUl 3aCO0M CTBOPEHHS
JIOTIOBHEHOI PEAJIbHOCTI, Ta MPOMOHYETHCS PIMIEHHSA I CTBOPEHHS E€KCKYPCIMHUX
3aCTOCYHKIB 3 JIOIIOBHEHOIO pPEabHICTIO 3a jgomnomoroio 0i6mioreku Torch SDK. VYV
3aMpPONIOHOBAHOIO PIlLIEHHS € MTOTEHI[1a] PO3BUBATUCH J0 YHIBEPCAIBHOI MIIaT(HOpMU JIJIst

CTBOpPEHHsI eKCKypciiiHuX AR 3acTocyHKIB 0€3 HAaBUYOK MPOrpaMyBaHHS.
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1 AHAJIITUYHUIA OIJISI ICHYIOUHMX AR PIIIEHD

1.1. OcHOBH Ta NPUHUMIHN POOOTH TEXHOJIOTIH TIOMOBHEHOI PeaJIbHOCTI

BaxximBo po3ymiTH BIIMIHHOCTI MIX JOTMOBHEHOIO PEAJBHICTIO 1 3MIIIaHOIO
peaNbHICTIO. Y MIMPOKOMY CEHCI IOMTOBHEHA PeajbHICT SIBJISE COO0I0 TPOIIEC MEePETIIsi Ty
peaqpHOro CBITY 1 BIpTyaJdbHHUX OO0’€KTIB OJHOYACHO, J€ BipTyajdbHa 1H(MOpMAIIisL
HAKJIQJA€ThCsl, BHUPIBHIOETBCA Ta IHTErpyeTbcss B (i3uyHOoMy CBITI. [lomoBHeHa
peaNbHICTh 3HAXOAUTHCS B OE3MEepEePBHOMY Jliana3oHi iIHTEPPEHCIB BiJ «peatbHOCT» J0

BIPTYaJIbHOI PEAIbHOCTI «IIOBHOTO 3aHYPEHHSI.

l_ 3MILWAHA PEANIBHICTb (MR) I

PEA/IbHE LONOBHEHA OOMNOBHEHA BIPTYA/IbHE
CEPE[IOBMILE  PEAMILHICTb (AR) BIPTYANIbHICTb (AV)  CEPEJOBMLLE

Pucynok 1.1 — Jlianma3oH TeXHOJIOT1H 3MIIIaHO1 PeaTbHOCTI

[CTOTHOIO BIIMIHHICTIO JAONOBHEHOI PEAJbHOCTI BIJ BIPTYaJIbHOI € 30€peKeHHs
(b13UYHOTO CBITY SIK KOHTEKCTY, B IKOMY MPECTaBJIEH] BIpTyaabHl 00’ €KTH 13 SIKUM BOHU
B3a€EMO/IIIOTh. BipTyanbHa peanbHICTh MOBHICTIO abcTparyerbes BiJl (I3UYHOTO CBITY,
00 MOMICTHTH KOPHUCTyBada MOBHICTIO Yy BIPTyaJlbHUI CBIT. BipTyambHa peanbHICTh
BUKOPHUCTOBYE CIHEIlajbHl MO3MUIIIAHI TpeKepu 3 AucIUiesMH (OKYJSpU BIpPTyadbHOI
peaslbHOCTI), fAKI JWHAMIYHO OHOBIIIOIOTH BHUIAMMHUN KOpPUCTYyBadeM MpPOCTIp Yy
BIpTyaJIbHOMY cepenoBuiili. JIoOmmoBHEHA peaabHICTh MOBHICTIO 3MIHIOE ITI0 TTApaAUTrMy, 1
B MIJICYMKY BIPTYaJibHI 00’ €KTH PO3MIILYIOThCS B peaJbHOMY OTOUEHHI KOPUCTYBaya.

Takum YHMHOM, JOMOBHEHA pEATBHICTh — 1€ TEXHOJOTil, IO JO03BOJISAIOTH
JIOTIOBHIOBATH 300paXKeHHS pPEATbHUX 00’ €KTIB PI3HUMH OO0’ €KTaMU KOMIT FOTEPHOI
rpadgiky, a TaKoX TMO€JHYBaTH 300pakKeHHs, OTPUMaHiI BIiJl PIZHUX JDKEpPEI
KOMIT' FOTEPHOTO CEpEJIOBUINA: BiJ€OKaMep, aKCelepoMeTpiB, KoMmmaciB 1 T.J. Cxema
CepelloBUIlla JOMOBHEHOI pEalbHOCTI MpeAcTaBieHa Ha puc. 2.2. Ha BigMmiHy Bif

«BIPTYaQJIbHOI PEaJbHOCTI», sIKa Tepeadavae MOBHICTIO IITYYHUH CHUHTE30BAaHUMN CBIT
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(Bimeopsia), NONOBHEHA PEAIbHICTh MPUITYCKA€ IHTETrpalii0 BIPTYalbHUX OO’ €KTIB y

IPUPOIH] BIJEOCLICHH.

I Bnaue 4
o -
NiogvHa 4 > PeanbHe
- - o Cepeposuile
. Biguyrra A \_
(
Komn'toTepHa » LTy4He
Cucrtema Cepeposulie
-

Pucynok 1.2 — CxeMma cepeioBuilia JOMOBHEHOI peaabHOCTI

JItoquHa OTpUMY€E ySBICHHS PO HABKOJIMIIHIN MPOCTIP 32 TOMOMOI'O0 BETUKOIO
HAO0Opy OpraHiB CHOPUUAHATTS HABKOJUIHBOI 1HGopmarii. Cucrtema HTOMOBHEHOT
PEaJIbHOCTI, 110 € TMOCEPEIHUKOM MIXK JIOAMHOIO 1 peajbHICTIO, TOBUHHA CTBOPIOBATH
CUTHAJI JUIsl OJHOrO 3 Takux opradiB. TakuMm yumHOM, 3a THIOM MNOAaHHS 1H(poOpMarii
CUCTEMH JIOTIOBHEHOI peasbHOCT1 OyBaIOTh:

Bizyanvui. B iX OCHOBI J€XUTHh 30pOBE CIPUUHATTS JTIOJWHU. 3aBAaHHS TaKUX
CUCTEM — CTBOPUTH 300paXeHHs, fKe OyJe BHUKOPUCTAaHO JIOAMHOKW. OCKUIBKU
300pakeHHsI JUIsl JTIIOAMHU € OLIbII 1H)OPMATUBHUM 1 3pO3YMLUINM, TAKUN BUJI CUCTEM €
O1JIBII TOIIUPEHUM.

Ayoio. Taki cucteMu OpiEHTOBaHI Ha CIyXOBE CHpUUHSATTS. Haluactime Taki
CUCTEeMH BHUKOPHCTOBYIOTHCS B HaBiramii. Hampukiaa, BOHM BHWAAIOTH CHeIialibHI
CUTHAJIM, KOJM JIIOJAMHA JIOCATa€ MEBHOro Micusd. MOXIUBE BUKOPUCTaHHS
CTEPEOCKOIMIYHOTO €(eKTy, IO J03BOJSE IIOJIMHI WTH B MOTPIOHOMY HANpSMKY,
OPIEHTYIOUYHUCH Ha JIKEPENO 3BYKY.

Ayoiosizyanvhi. lle komOiHAIlIS ABOX MOTIEPEIHIX TUIIIB, OJTHAK, ayAioiHGOpMAaITis
B HUX MA€ JIMIIe TOIOMDKHUIN XapakTep.

Cucremu IONOBHEHOI peajbHOCTI 3aBXKIU NOTPeOyIOTh 1H(hOpMaIlii, 0Jep>KyBaHOi
3 HaBKOJUIIHBOTO cepenoBuiia. Came Ha OCHOBI IUX JaHUX OyAyIOTbCSA BIpTyalibHI

00’extu. KoxHa 3 Takux CHCTEM BOJIOJIi€ IEBHUM HaOOPOM CEHCOPIB — MPUCTPOIB, 1110
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JIO3BOJIAIOTh  30MpaTH  1HQOpMAIlI0 3 HABKOJHUIIHBOIO CEPEOBHUINA: 3BYKOBI 1
€JIEKTPOMArHiTH1 KOJIUBaHHs, IPUCKOPEHHS 1 T.4. [ kinacudikarii Mae CeHC pO3AUISTH
CEHCOpU HE MO THUIAM PEECTPOBAHMX (PI3MUHUX BEJIWYUH, a 32 iX MPU3HAUYCHHSM,
OCKUIBbKHM TIOA10H1 32 CBOEIO MPUPOJIOI0 CUTHAIM MOXYTh HECTU pi3HY iHGoOpMaIlio. 3a
TUIIOM CEHCOPIB MOKHA BUIUIMTH HACTYITHI CUCTeMH [2]:

I'eonosuyiiini. OpiEHTYIOThCS, TIEPIII 32 BCE, HA CUTHAIIU CUCTEM IMO3HUI[IOHYBAHHS
GPS. Ha 3actocyHOK 10 npuiiMadiB TaKMX CUTHAIIB T'€OMO3UIIMHI CUCTEMH MOXKYTh
BUKOPHCTOBYBAaTH KOMIIAC 1 aKCEJIEPOMETp Ui BU3HAYCHHSI KyTa MOBOPOTY BIAHOCHO
BEPTHUKAJI 1 a3UMYTa.

Onmuuni. Taki cucteMu OOpOOJISIIOTH 300paKeHHs, OTPUMaHE 3 KaMmepH, sKa
NEPEMIIIAETHCS Pa30M 3 CUCTEMOIO ab0 HE3aNekKHO BiJ HET.

CucteMu JOMOBHEHOI PealbHOCTI MOXHA PO3PI3HATH 3a CTYNEHEM B3aEMOJIT 3
KOpUCTyBaueM. Y JEIKHMX CHCTeMax KOPHCTyBad TIpa€ MacUBHY pOJb, BIH JIHUIIE
CIIOCTEpIra€e 3a Peaklli€eld CUCTEMH Ha 3MIHM B HABKOJMIIHBOMY CepeoBHII. [HIm x
CHUCTEMH BHMAararoTh aKTHMBHOTO BTPY4YaHHS KOPHCTyBada — BIH MOXE YIPABIATH K
po0OOTOI0 camMoi CHCTEMH, JUIsl IOCSATHEHHS pe3yJbTaTiB, TaK 1 3MIHIOBATH BIPTYyaJbHI
00’ €eKTH. 3a 1€ 03HAKOK CUCTEMHU IUIATHCS HA:

Aemonomni. BOHM HE BUMArarTh BTPYYaHHS KOPHUCTyBaya. 3aBJaHHS TaKHUX
CUCTEM 3BOJMTHCS 0 HagaHHs iHQopmMalii mpo 06’ extu. Hanpukian, noaiOHi cuctemMu
MOXYTh aHaJi3yBaTH 00’€KTH, L0 3HAXOAATHCS B TOJII 30pY JIIOAMHHM 1 BUAABaTH
JOBIKOBY 1H(OpMaIlito mpo HUX. TaKOX CHCTEMH TaKOTO THUITY BUKOPHUCTOBYIOTHCS B
MEIUIIAHI.

Inmepaxmueni. Taki cuCTeMH 3aCHOBaHI Ha B3aeMOJIi 3 KopucTtyBaueM. Ha pizHi
Jii KOPUCTYBa4 OTPUMYE DI3HY BIJMOBIAb. Y TOAIOHHX CHUCTEMax HEOOXIAHO MaTu
npuCTpiii BBeAeHHS 1H(opMmalii. B sSKOCTI Takoro mpUCTPOI0 MOXE 3aCTOCOBYBATHCS
CEHCOPHHI €KpaH MOOUTbHOTO TeiedoHy, IUTaHIIEeT a00 CIeNialbHUNA MaHIMyJISTOP.
Bubip npuctpoiB BBelEeHHS 3aJ€KUTh BiJl CIeU(PIKU CUCTEMHU. Y pa3l MPOCTUX MAii 3
BIpTyaJIbHUM 00’ €KTOM, IOCTATHBO IPOCTOT0 BKAa31BHOT'O MPUCTPOIO. SKII0 X HE0OX1HA

iMiTamist OyIb-SKMX peaJbHUX TMPOILECIB 1 BUKOHAHHS CKJIQJHUX MAHIMYJSINA 3
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00’€KTaMH BUKOPUCTOBYIOTHCA CHEIllalbHI MaHIMYJSATOPH, SIKI MAlOTh PI3HY KUIBKICTh
CTYTICHIB CBOOO/IH.

[HTepaKTUBHICTh BHUPAXKAETHCA B pI3HOMY CTyneHl. byBalTh cUCTEMH, IO
J03BOJISIIOTH KOPUCTYBa4YeBl aKTUBHO 3MIHIOBATH BipTyallbHE CepelOBUIIE. 3a3BUYall e
CUCTEMU-CUMYJIITOPHU OYIb-IKUX pealbHuX 1. BOHN BUKOPUCTOBYIOTHCS y pa3i, KOJIU
BUKOPHUCTaHHS pEaJbHUX 00’€KTIB HEMOXKJIMBO, HAIPHUKIIAJ, CIeEliali30BaHl MEIUYHI
TpeHa)XXepu, W10 JO03BOJIAIOTH IOYATKIBLSAM JIKapsSM BIANPAUbOBYBAaTH HEOOXIJIHI
HABUYKH.

[cHYIOTH 1HIII CHCTEMH, A€ KOPUCTYBaueBl HE MOTPIOHO 3MIHIOBATU BIPTYyalibHE
cepeloBUIlE. 3aMICTh LOTO KOPHCTYBau oOWpae, siKl BIpTyajbHI 00 €KTH BIH XOYe€
nobauntu. KopucTyBau TakoX Mae MOXIMBICTh MAaHIMYJNIIOBATH BIPTyalIbHUMU
00’eKTaMu, aje He Ha PIBHI CTPYKTYPH, a Ha PiBHI BiJ0OpakeHHsI, TOOTO 3aCTOCOBYBATH,
Hanpukiaa adiHHl IEPETBOPEHHS TUITY TOBOPOTY, MepeMimenHs 1 T.4. Jlo gaHoi rpynu
MOHA BITHECTH Pi13H1 apXITEKTYPHI CUCTEMH, IO TO3BOJISAIOTh TOOAUUTH, SIK BIUIIETHCS
B pEaJIbHO ICHYIOUY 0OCTaHOBKY HOBA CIopyjaa ado HOro yacThHa, a TaKOK HaBiraiiifHi
Ta reoiHpopMalliifai cuctemu. [1oni0HI cucTeMu MOXKYTh TTOKAa3yBaTH YaCTUHU 00’ €KTIB
1HTEpeCy, MPUXOBaHI IHIIUMH OYIBISIMHU, JOJIATKOBY 1H(POpPMaILIit0 IPO 00paHi 00’ €KTH,
TOILIO.

3a crynmeHeM MOOUIBHOCTI CHUCTEMHU JIOMIOBHEHOI PpPEajbHOCTI  MO’KHA
KJIacU(iKyBaTH SIK:

Cmayionapni. CucTeMu 1OTO THIY MpHU3HAYEHI JJI1 POOOTH B (PiKCOBAHOMY
MICIli; TIEpEMIIICHHS TaKWX CHUCTEM O3HA4Ya€ YacTKoBe a00 MOBHE MPUIMMHEHHS iX
npare3 aTHOCTI.

Mobinvui. CucteMu BOTO TUITY MOXKYTh 0€3 3yCHIJIb MEePEMIIATUCS; YACTO TaKe
NEepeMIIIeHHS 1 JIEKUTh B OCHOBI BUKOHYBAHOI HUMHU (DYyHKIIII.

HanexHicTh 0 TOTO 4M 1HIIOTO TUIY BHU3HAYAETHCA (PYHKINISIMH CUCTEMHU. Tak,
CUMYJISITOP XIPYPTi4HOTO CTOJIy HE MOBUHEH OyTH MOO1THFHUM, OCKUIBKHA MOTO 3aBAaHHS
— BIITBOPUTH ISl JIIOJWHU CHEI1a]ibHI YMOBH, MaKCUMAJIbHO HAOJIMKEHI JO pealbHUX.

V Toli ke yac HaBirariiiHa cucTeMa MoBMHHA OyTH sIkoMOTa 011611 MOO1IBLHOIO, III00 BOHA
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MOTJIa MEepPeMIlaTUCs Pa3oM 3 TPAHCIOPTHUM 3aCO00M abo JIFOAUHOIO, HE CTBOPIOIOYHU

3aCTOCYHKOBHUX BUTpAT Ha ii epeMILIEHHS.

1.2. Ilporpamui 3aco0u crBopenHst AR

1.2.1 ARKit

5 wepBHs 2017 poky Apple npencraBus ARKit [3], HOBYy mporpamuy ruiatdhopmy
(ppeiiMBOpK), 110 JO3BOJISIE KOPUCTYBAaUaM JIETIIIE CTBOPIOBATH 3aCTOCYHKHU JOMOBHEHOT
peanbHocTi Juist 1IPhone ta 1iPad. ARKit — ne API Bucokoro piBHs, sikuil 3a0e3meuye
npoctuid 1HTepdeic 3 moTyKHUM HabopoMm ¢yHkuid. ARKit npairoe Ha mporecopax
Apple A9 ta A10, ToOTO Ha HOBHX mpucTposix 10S, moumnatoun 3 i1Phone 68S.
Oco0nuBocti ARKit:

1) Biocmeowcenns: tpekinr — e ocHoBHa QyHkIis ARKit. ARKit BukopucToBye
Visual Inertial Odometry (VIO) ang To4HOro BIACTEKEHHS HABKOJUIIHBOTO CBITY.
BizyanbHa ogomMeTpist 03Ha4Ya€e OLIHKY TPUBUMIPHOI 03U (IEPEMILLICHHS + Opl€HTaLllsl B
POCTOPi) PYXOMOi KaMmepu BITHOCHO 1i BXIJHOTO TIOJIOKEHHS 3 BUKOPHCTAHHIM
Bi3yanbHUX ocobysmBocTeit. VIO 3’enHye nani gaTyukiB kamepu 3 nanumu CoreMotion.
[{i ABa BXOIW MO3BOJIAIOTH MPHUCTPOIO BITUYBATH, K BIH PYXA€ThCS B MPUMIIICHHI 3
BHUCOKHMM CTYIIEHEM TOYHOCTI 0e3 J10AaTKOBOTO KaniopyBaHHs. [1{o mie BakimuBiiie, HE
noTpiOHI 30BHIIIHI HAaJAIITYBAaHH, HE MOTP1OHI MONEpEIHI 3HAaHHS JJI1 HABKOJIUIITHBOTO
CEpeIOBHINA, a TAKOXK HE MOTPIOH] 3aCTOCYHKOBI JATYUKHU.

2) Po3yminHs cyeHnu — 11€ 31aTHICTh BU3HAYATH aTPUOYTH UM BJIIACTHUBOCTI JOBKIILIIS
HaBKOJIO TpucTporo. 3a momomoroio mpuctporo ARKit Moke anami3yBaTH ClieHY,
NPEJCTaBICHY MEPErsAoM KaMepH, Ta 3HaXOAUTH TOPU30HTANIbHI TUIOIIMHUA B KIMHATI.
ARKit TakoX BUKOPUCTOBYE JATYMK KaMmepu JJIsi OLIHKHU 3arajibHOi KIJIBKOCTI CBITJIA,
HAsSBHOTO B CIICHI, 1 3aCTOCOBY€ MpPaBWIbHY KiIBKICTh OCBITJICHHS 1O BIPTYaJbHUX
00’ekTiB. DYyHKIIIOHABHICTD XIT-TECTYBaHHS 3a0e3Mneuye NepeTUH TOMOJIOT1 peaTbHOTO
CBITY, 11100 BIpTyasbH1 00’ €KTH MOXHA OyJI0 PO3MICTUTH Y (PI3UYHOMY CBITI.

3) Bizyanizayis: ARKit 3abe3nedye MOCTIHHHUN TMOTIK 300pa)X€Hb 3 Kamepw,

3ajydaroun 1HQOpMaIlito Ta po3yMiHHS CIIEH, SIKI MOXKYTh OYTH BBEJCHI B OY/Ib-sIKUIA
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BI3yasizatop, Bkiatoyatoun SceneKit, Metal, SpriteKit Ta cTOpoHH1 IHCTpYMEHTH, TakKi K

Unity ta Unreal Engine.

1.2.2 ARCore

ARCore — mnarpopma Google misi CTBOpEHHS JOMOBHEHOI pPEalbHOCTI.
Buxopucroytoun pizHi API, ARCore no3Bossie TenedoHy BU3HAUYATH CBOE OTOUYEHHS,
«pO3yMITH» CBIT Ta B3aemoisatu 3 iHdopmartieto. Jleski APl noctymni mins Android Ta
108, mo6 orpumaru crinbHui goctyn 10 AR. Y ARCore BUKOPUCTOBYIOTh TPH KJIFOHOBI
MOXJIMBOCTI JJIsi 1HTErpauii BIPTyaJIbHOIO KOHTEHTY 3 pEaJbHUM CBITOM, IO
CIIOCTEPITa€EThCS Yepe3 Kamepy TenedoHy:

o BincTexxeHHs pyXy J03BOJIsiE BH3HAYATH Ta BIACTE)KYBAaTH KOOPIAMHATU
TenedoHa y mpocTopi.

o Koopaunatu mnpoctopy A03BOJSAIOTH TeneoHy BH3HAUATH PO3MIpU Ta
po3TamryBaHHS BCiX THIMIB MOBEPXOHB: TOPU3OHTAIBHHUX, BEPTUKAIBHUX 1 KyTOBUX
MOBEPXOHb, TAKUX K 3€MJISL, )KYPHAIBHUN CTOJTUK a00 CTIHH.

o Ominka CBiTIa JO3BOJISIE AITOPUTMAaM JaTH OIIHKY IMOTOYHUM YMOBaM
OCBITJICHHSI HABKOJIMIITHEOTO CEPEIOBHUIIIA.

Po3yMiHHsS HacTynmHUX OCHOBOMONOXHUX KoHUenuii ARCore mae BupilanbHe
3HAYEeHHS JUIsl TOrO, 1100 MOYaTH CTBOPIOBATH 3aCTOCYHKH, 3aBJSIKU SKUM BIpTYyaJbHUI
BMICT MOK€ ONMMHUTHUCS Ha peajbHUX MOBEPXHIX a00 OyTH MPHETHAHUM JI0 peaTbHUX
Jokarrii [4]:

Anchor (omopHa Touka): onucye (ikCoOBaHY JIOKAIIIO Ta OPIEHTAIIIIO0 B pealbHOMY
cBiTl. {00 3amummTucs y ¢pikcoBaHOMY MicIl Y (pI3MUHOMY MPOCTOP1, YUCIOBHUIA OMUC
1i€i o3uIlii Oy1e OHOBJISITHCH 3 TIOJIMIIIEHHAM po3yMiHHs poctopy ARCore.

HitResult: Bu3Havae nepeTH Mixk MPOMEHEM Ta OIIHEHOK T€OMETPIEID PEATbHOTO
CBITY.

Plane (rutomuua): omuicye MOTOYHI HaAMKpalli 3HAHHS IUIAHAPHOI TOBEPXHI
peanbHOrO CBITY.

PlaneHitResult: Bu3Ha4ae mepeTrH Mixk TEOMETPIEI0 TIPOMEHS 1 TTOLIIHH.



18

PointCloud: wmictute HaOip cmocrepexyBanux 3D TOYOK Ta 3HAYCHHS
JIOCTOBIPHOCTI.

Pose (mmo3a): sBisie co0OK0 HE3MIHHE JKOPCTKE IIEPEeMIIICHHS BIJlT OJHOTO
KOOPJIMHATHOTO KaJpy /0 1HIIOro. BiH 3aBXAM onucye NMepeMilleHHs BiJl JOKAIbHOTO
KOOPJIMHATHOTO KaJIpy 00’ €KTa J0 CBITOBOTO KOOPAMHATHOTO Kaapy. To0To, mo3u 3 API
ARCore MOkHa BBa)KaTH €KBIBaJIeHTHUMHU MaTpuisiM mozeini OpenGL. Tpancdopmarris
BU3HAYAETHCS 32 JIOMOMOTOI0 OOEpTaHHs KBaTEpHIOHA IIOAO MOYATKy KOOPAHMHAT 3
HOJIJTBIIUM TIEPEMILICHHSIM.

Session: kepye craHoM cuctemMu AR Ta 00poOisie KUTTEBHI UK ceancy. Lle
royioBHa Touka Bxoay B ARCore API, 1o 103Bosisie KOpUCTYBa4ueBl CTBOPIOBATH CEAHC,
HAJIAIITOBYBAaTH HOTO0, 3aIlyCKaTH/3YMUHATH HOTO 1, TOJIOBHE, OTPUMYBATH KaJpH, SIK1
JI03BOJISIFOTH OTPUMATH JIOCTYII 10 300pakKeHHS KaMepH Ta M03y MPUCTPOSL.

CeiToBa cucrema koopauHar: Ockimbku  po3yminHs ARCore  mono
HaBKOJIMIITHHOTO CEpeIOBHINA 3MiHIOEThCS, API miamamroBye cBOO Moenb CBITY, 1100
NIATPUMYBATH CTAaOUIbHICTh. KONU 11€ CTaeThCs, YUCIOBE PO3TALIyBaHHS (KOOPJIUHATH)
Kamepu Ta anchor’a MOXYyTh CYTTE€BO 3MIHUTHCA, [I00 MIATPUMYBATH BIAMOBIIHI
BIJIHOCHI TIOJIOKEHHSI (DI3UYHUX pO3TallyBaHb, SIKI BOHM NPENCTaBIsAOTH. LI 3MiHM
03HA4Yal0Th, MIO0 KOXKEH KaJp CIiJ BBaXaTH TaKUM, IO 3HAXOJUTHCS Yy aOCOIIOTHO
YHIKaJIbHINM CBITOBIA KOOpAMHATHIN cucTeMi. UncenbHi KoopauHaTu anchor-iB 1 kamepu
HIKOJIM HE MOBUHHI BUKOPHUCTOBYBATUCA 11032 KaJpOM Bi3zyauni3alii, i 4ac SKOro BOHU
Oynu oTpuMaHi. SIKIIO MO3WINI0 MOTPIOHO PO3TIANATH 3a PaMKaMH OJHOTO Kajapy
Bi3yasi3allii, ciiJi cTBOpUTH abo anchor abo BUKOPHUCTOBYBATH TOJOKEHHS BiJHOCHO

icHytouoro anchor-y mo6iusy.

1.2.3. Vuforia

Vuforia Engine [5] - ne wHalimommpenima rtuiardpopma s po3podku AR
3aCTOCYHKIB, sIKa MIATPUMYE MPOBiAHI TenedoHu, TUTaHIIeTH Ta OKyJIspu. Po3poOHuKu

MOXKYTh JIETKO JOJATH PO3MIMpPEeH] (HYHKIIOHATBHI MOMJIMBOCTI KOMIT FOTEPHOTO 30Dy
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115 3actocyHkiB Android, 10S Ta UWP (Universal Windows Platform), mo6 ctBoputu
AR, sxuii peasicTUYHO B3a€MOJIE 3 00’ €KTaMH Ta OTOYEHHSIM.

MoxnIuBOCTI  po3Mi3HaBaHHsA Ta BiaAcTexeHHs Vuforia Engine MoxHa
BUKOPUCTOBYBATH Ha Pi3HUX 300paKeHHSX 1 00’ €KTax:

o Lini y suenaoi 3D mooeneu: Jlo3Boisie po3nizHaBaTU 00’ €KTH 32 POPMOIO 32
JOTIOMOTo10 Bke icHyrounx 3D-mopeneit. [{o3Bonsie po3minryBatd AR Ha mmupokomy
CHEKTp1 MPEIMETIB, TAKUX SK MIPOMUCIIOBE OO0JaHAHHS, TPAHCIIOPTHI 3aCO0H, Irpaliku
Ta MoOyTOBa TEXHIKa.

o 3o6pasicenns: JlozBonse momaBaté AR 10 miiockux 300pakeHb, TAKUX SK
JIPYKOBaH1 HOCIi Ta yIaKOBKHU MPOJIYKTY.

o O6’exmu: CTBOPIOIOTBCS LUISIXOM CKaHyBaHHA 00’ekTa. € XOpOoIIHUM
BapiaHTOM JUIsl ITPAIIOK Ta 1HIIMX BUPOOIB 3 JETATLHUMH TOBEPXHSMH Ta CTIAKOIO
dbopmoro.

° bacamoyinbosi 06 exmu: CTBOPIOIOTHCS 32 IOTIOMOTO0 JICKIJTLKOX IITHOBUX
300pakeHb 1 MOKYTh OyTH PO3MIIIIEHI Y BUTJISAAI 6a30BUX reoMeTpudHux (iryp abo B
OyAb-SIKOMY JIOBITbHOMY pO3TallyBaHHI IUIOCKUX TIOBEPXOHb.

o Luninopu: J1o3BoJisie po3mi3HABATH 300pa’KEHHS, 3arOpHYTI Ha MPEIMETH
npUOIN3HO MWITHAPUYHOT hopMu (HATTPUKIIA, TUIAIIKA IS HAMOIB, YAIIKK JIJIST KaBH,
OaHKH 3 HAIOSIMU).

o VuMarks: e crieriianiizoBaHi MapKepH, siki MOKYTb KOJTyBaTH pi3Hi hopmaTu
naHuX. BoHM miATpUMYIOTh YHIKAIBHY 1IeHTH(IKAIIIO Ta TpeKiHT nmporpam AR.

o 3o6uiwnsa kamepa: J103BONsIE OTPUMYBATH JOCTYII 10 BIJICOTAHUX 13 KaMEpH
1032 Ti€l0, 1110 3HAXOIUThCS B TenedOoH1 uu miaHieTi, Bcepeani AR cecii.

o 3emna naowuna: Jl03BONSE€ PO3MINIyBaTH BMICT Ha TOPU30HTAIBHUX
MOBEPXHAX HABKOJHUIITHHOTO CEPEIOBHUIIA, TAKUX SIK CTOJIM Ta MiJIOTH.

Vuforia Fusion npu3Hnadyenuii 1j1s1 3a0e3MeueHHs HalKpaIoro MOKJIMBOTO JOCBITY
AR Ha mmpokomy crnekrpi npuctpoiB. Lleil (peliMBOpK BHKOPUCTOBYE MOKIMBOCTI
OpUCTPOI0 Ta 3’€AHye ix 3a gomomororo (yskmiin Vuforia Engine, mo mo3Bosie

po3poOHuKam npaifroBatu Tiabku 3 API Vuforia jis ontumansHoro Bukopuctanas AR.
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Vuforia Engine Takox Moske po3Ii3HaBaTH Ta BIJCTEKYBaTH MUPOKui ciektp 3D-
00’exTiB. Po3mizHaBaHHsA 00’€KTIB JO3BOJIIE€ CTBOPIOBATU I JUISl TPEKIHTY HUIIXOM
ckaHyBaHHS (13nuHUX 00’ €KTiB. L{e 103BOJIsIE CTBOPIOBATH 3aCTOCYHKH, SIK1 PO3MI3HAIOTh
1 BIJICTeKYIOTh CKJIaJIHI 00’ €KTH.

Cnyx0a po3mi3HaBaHHA Yy XMapi JOTOMarae po3Mi3HaBaTH BEIUKHN HaOIp
300pakeHb, a00 BUKOPUCTOBYETHCS SIKIIO 0a3za JaHUX 4acTo OHOBIIOEThCs. API BeO-
cyx0 Vuforia no3Bosisie €PEKTUBHO KEPYBAaTH IIUMU BEJIMKUMHU O0a3zaMu 300pakeHb y
XMapi Ta J03BOJISIE aBTOMATHU3yBaTH poOOYl MPOIECH NUIAXOM MPAMOI IHTErpamii y
CUCTEMHU YNPABIIIHHS BMICTOM.

Hpaitepu Vuforia Engine 103BOJISIIOTH pO3pOOHMKAM HAJaBaTU Ta CHOXKHBATU
JaHi 13 30BHIIIHIX cucTeM uepe3 Vuforia Engine. Lleit ppeiimBopk 3abe3neuye 10CTyI 10
(yHKLI 30BHINIHBOI KaMepHu. 30BHILIHS KaMepa BU3HAYa€e BCl 0COOIMBOCTI, HEOOX1/IHI

Vuforia Engine mis 1ocTyIry 10 30BHIMIHIX JKEPET 300pakeHHS.

1.2.4 Wikitude

Wikitude [6] Bxitouae posmi3HaBaHHS 300paKeHb Ta TPEKIHT, miaTpumye 3D-
pEeHAEpIHT MOJIENI 3 HaKJIaJaHHAM Bizeo Ta 3abe3neuye reomosumianii AR. Wikitude
SDK noennye B co0i MOXKIJIMBOCTI T€OMO3UIIIITHOTO PO3MI3HABAHHS Ta PO3IMI3HABAHHS
300pakeHb, o0 3a0e3neunTH ridpuaHe BijacrexeHHs. el gpeliMBopk OyayeTbes Ha
BeO-Texnonorisx (HTML, JavaScript Tta CSS), ski J03BOJAIOTH THCATH
KpocriaTopMeHi 3aCTOCYHKHM JIOTIOBHEHOI peabHOCTI, c(PopMoBaHI SK 00 €KTH
ARchitect 1 B 0OCHOBHOMY 4BIJISIFOTH cO0010 3BHYaiiHl cTopiHku HTML, sxi mMoxyTh
BukopuctoByBatu APl ARchitect mist cTBopeHHsI 00’ €KTIB Y JOMOBHEHINM PEabHOCTI.
®perimBopk Wikitude SDK Mo)kHa 1HTErpyBaTH B 3aCTOCYHKH, JOJABIIU B 1HTEpdeiic
KOpPHUCTYBada KOMIIOHEHT MoAaHHs, sikuii HazuBaeTbest ARchitectView. Wikitude SDK e
KOMEPIIIHHUM PIIIEHHSM, aJie BiH TaKOX JIOCTYIHHUM y BUTJISII1 TPOOHOT BepCii 3 NEIKUMU
oOMexxeHHAMH, TakuMu sk Jorotun Wikitude y pexumi neperiisiny kamepu tomro. SDK
Wikitude 3apa3 moctymauit mis mnatdopm Android ta 10S. Bpayzep Wikitude AR

croyaTky OyB BumyieHui Ha tuiatdopmi Android, a motim nmomupuBcs Ha Blackberry,
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Bada, Windows Phone ta 10S. Wikitude takox Haznae cryaito Wikitude, o nosnerurye
npoLeaypy po3poOKH, e HEe MOTPIOHI HABMUYKH MPOTPAMyBaHHs, a 3aCTOCYHOK MOXHAa
CTBOPHUTHU IPOCTUM NEPETIATyBaHHAM 00’ €KTIB Ha €KpaH CTYAII.

1.2.5 IlopiBHsIHHS PO3IyIsIHYTHX (PpeliMBOPKIB

VY1 nepeniueni SDK MaroTh CBOI NepeBaru Ta HeIOJIIKH, HHXKUYE MPEICTABICHO Y

tabauix 1.1, 1.2,1.3 3 mopiBHSIHHS OCHOBHUX XapaKTEPHUCTHUK.

Tabmuusg 1.1 — IlopiBHSHHS TUIIB JTiUEH31M PperMBOPKIB

AR SDK ARKit ARCore Vuforia Wikitude
Tun
Open-source Hi Hi Hi Hi
Jlinensis | beskomrToBHa | Tak Tak Tak Tax
Komepiiitna Hi Hi Tak Tak

Tabmuns 1.2 — IopiBHSHHS TUIATGOPM, O TATPUMYIOTH GPEHMBOPKU

AR SDK ARKit | ARCore |Vuforia | Wikitude
Tun
10S Tax Taxk Tak Tak
[Tnatdopma Android Hi Tax Tax Tax
Windows Hi Hi Tax Tax

Kon sxoan01 3 Tutardopm He 30epiraerbes y BIAKPUTOMY JOCTYIII. Yl uiatgpopMu
0e3KOIITOBHI JIsl BUKOpUCTaHHs, okpiM Vuforia Ta Wikitude — nist iX BUKOpUCTaHHS y
KOMEPIINHUX 11X TOTpiOHA JIIIIeH3Is.

Vuforia Ta Wikitude niaTpumyroTh yci nomyJispHi oneparliiini cucremu, ARCore

— Tinbku Android ta HemogaBHo 10S. ARKIit 3anuiaeTbest TOCTYITHUM €KCKJIFO3UBHO Ha

10S.
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AR SDK ARKit ARCore Vuforia Wikitude
Tun
GPS Taxk Taxk Hi Taxk
IBII Tak Tak Hi Tak
O6muuus Tak Tak Hi Hi
Tpexinr KirouoBi Tak Tak Tak Tak
TOYKH
3D momem | Tak Tak Tak Hi
[Hme Motion OmnopHi Pozmmpennit | ['OpugHuit
capture, TOYKH,  IIO | TPEKIHT, TPEKIHT,
BUSIBJICHHS | 30€pIiratoThCsl | JTIOKAII30BaHE | PO3IIMPEHUN
Ta TPEKIHT | HA XMapHOMY | BUSBIICHHS TPEKIHT
Tro1en cepBepi OKJTIO311

ARKit tTa ARCore miaTpumyroTh Maixke yci BioMi criocodu Tpekinry, ARKit

pO3LIMPIOE CBIM (DYHKI[IOHAT JIOJaBaHHSIM 3axBaTy PyXiB Ta BIJACTEKEHHIO JIOJICH.

Vuforia ra Wikitude gero no36aBieHi KIIFOUOBUX MOXKJIMBOCTEMH, ajie SKIO B 3aCTOCYHKY

BOHU HE MOTPIOH1 — 111 PpeMBOPKH BCE 111€ MAIOTh CBOI MEpEBart.

1.3 AmnaparHi 3acoou crBopeHHsi AR

1.3.1 IliaTpumka npuctpois iOS

3 Buxogom 10S 11 ta ARkit y 2017, Apple anoncysana miarpumky AR Ha

npucTposix Ha 0a3i npouecopy A9 ta ni3Hiuie, a came:

1Phone 6s ta 6s Plus;

1Phone 7 ta 7 Plus;

iPhone SE;

iPad Pro (9.7, 10.5 a6o 12.9) — nepmioro ta Ipyroro mokoJiiHb;

iPad (2017);
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. 1Phone 8 ta 8§ Plus;

. iPhone X.

[Ti3Him Mojieni mpucTpoiB Takox maATpuMyroTh ARKit

. 1Phone XS, XR Ta XS Max;

. iPhone 11, 11 Pro, Ta 11 Pro Max

3 BuxoaoM ARKit 2 y 2018 TexHIYHI BUMOTH HE 3MIHUJIMCS.

ARKkit 3, mo gae goCTynm A0 TaKMX MOXJIHMBOCTEH SIK PO3Mi3HABAHHSA JIIOJEH Ta
po3mimenHs 3D 06’extiB BimHocHO HUX (People occlusion), 3axomnieHHs: pyXy JIOIWHA
y peaJIbHOMY 4aci, Ta BiJI3epKajeHHs X pyxiB Ha 3D nepcoHaxiB (motion capture) Ta
1H. TOCTYIHUM TUTBKH Ha TMPUCTPOAX 3 4dinoM (mpouecopom) Al2. ToOTO, MOKIHBOCTI
ARKkit 3 miarpumyroTh auiie (auB. puc. 1.3):

. iPhone XS, XR Ta XS Max

. iPhone 11, 11 Pro, Ta 11 Pro Max

. o6uara iPad 2018-oro poky

iPhoreX iPhone 8
and
iPhone 11 B1PIUs

iPhone IPhone 65

iPhone XS XS Max and
65 Plus

iPhonesSE

iPhone XR

IPhone i1 ARKit 2

Pro Max iPhone 11 IPhone .

Pro and

11-inch and ZEiUs

12:9-inch
2018
iPad Pros iPad Pro
(917, 1050r:12:9)
bothfirst=gen
and 2nd=gen

Pucynok 1.3 — miarpumka ARKit 3
ARKkit 3 miaTpuMye€eThCS TUIIE HOBUMH MPUCTPOSIMH, TOMY 10 HA BUKOPUCTAHHS

Takux (PyHKIIIH K motion capture Ta people occlusion moTpidHa BUCOKa 00UHCIIIOBAIbHA
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CIIPOMOXHICTb, SIKY HaJlal0Th TUIKU HOBI npouecopu. [lepeBaru nponecopy Apple A12

Bionic:
° Mae Ha 4 sapa Oinblie;
o [TinTpumka 611b01 KiibkocTi O3Y (12 npotu 4 I'b);
o B 2,3 pa3u Buie npomnycksa 31aTHicTh mam’sti (34,1 npotu 14,9 1'6i1/¢);
o Menmmii po3mip Tpansucropa (7 npotu 14 HaHOMETpIB);

o Ha 35% Buiie yactota nporecopa (2490 mpotu 1850 MI'n);
o binbm HOBa Bepcis DirectX (12 mpotu 11);

o Kpama apxiTektypa HabOpy KOMaH]I.

1.3.2 MHiaTpumka npuctpoiB Android

Jnst toro, mo6 Android npuctpii MaB marpumky AR, BiH Mae mnpolTtu
ceprudikarmito Google [7]. Ceprudikamist BaxkimuBa, ockiibkun Google mparne, mo6
KOpPHUCTYBaul Majli TapHUW JocBif pobotu 3 mporpamamu AR. B mepmry uepry ue
MOB’A3aHO 3 UYTJIMBHUM BIJCTEKEHHAM pyXy, IO 3JIMCHIOEThCS 3a JOIMOMOTOIO
KOMOIHYyBaHHS 300pa)K€HHS KaMepu Ta BXOJY JaTyuka pyxy, 1100 BH3HAYUTH, 5K
IPUCTPIA KOPUCTYBaUa PyXa€eTbCsA B peaIbHOMY CBITI.

o6 ceprudikyBaTh KOXKEH MPUCTPIH, TEPEBIPIETHCS AKICTh KaMepH, JaTUYHUKIB
PYXy Ta apxXiTeKTypy AM3aiHy €IeKTPOHHUX KOMIIOHEHTIB, 100 MEePEKOHATHUCS, 10 BCE
IpaIroe K ciia. Takoxk MpUCTpiii MOBUHEH MAaTH JOCTATHHO MOTYXXHUI MPOIIECOp, TKUM
IHTErPYETHCS B anapaTHy KOHCTPYKIIiIO, 1100 3a0e3MeUnT XOPOoIry MPOTyKTUBHICTh Ta
e(eKTUBHI PO3PAXyHKHU B PEXKHUMI peabHOTO Yacy.

[lepeBara Android mosnsirae y BelHKii pi3HOMaHITHOCTI MPUCTPOIB, TOCTYIMHUX Y
BcboMy CBITI. Google mocTiifHO Tpaioe 3 BUPOOHUKAMU, 1100 MEPEeKOHATHCA, IO iX
oOJlalHaHHS Ta JU3aiiH BIAMOBIJAIOTH UM BUMoraMm. Y ToH ke dac Google mpairtoe
BHYTPIIIHBO, 100 nepekonatucs, mo ARCore 1o6pe iHTerpy€eThCsl 3 KOXKHOIO MOEILTIO,
aky Google ceptudikye, mo0 3a06e3meunTr XOPOIIUA TOCBII I KOPUCTYBAYiB.

bazosi Bumoru ARCore:
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° Android 7.0 abo HoBimoi Bepcii (sl AesKMX Mojeield MoTpiOHI HOBIII
Bepcii)

o [Tpuctpiii, axuii opurinadbHO ocTtadancs 3 MmapketoM Google Play Store

o Hoctyn no IarepHety, o0 BctanoBuTH a00 OHOBUTH ciTyk0u Google Play
st AR

1.3.3 Cmnocodu nepemimieHHsi 00’€kTiB y npocTopi

Cryneni cBodoau abo DOF (Degrees of freedom) — me cmocoOu mnepemimieHHs
00’exta B mpoctopi [8]. B TpumipHOMy mpocTopi icHye 6 cryneHiB cBoboau. 6 DOF
MOKHA PO3JUIMTH Ha 2 Kareropii, o0epTaJibHI PyXU Ta MOCTyHalbHI pyXd. Y KOXKHIN
kareropii € 3 DOF. Jlnsg cnpasxaboro qocBigy AR motpiOHa miaTpuMKa K BICTEKEHHS
opieHTalli (00epTaHHs), TaK 1 MO3ULIMHOTO BIICTEKEHHS (IEPEMIILICHHS).

3 obepTasibHUX pyXHU — LI€ pyX y monepeuHii oci (pitch), BepTukanpHii (yaw) Ta
noB310kHIN (roll) ocsx. i pyxu BIACTEKYIOThCS OUIBIIICTIO BOYJOBAHUX JATYHKIB Y
npuctpiid. [lpu Haxwm yu obepTaHHI TPUCTPOIO, BiH 1IEHTUPIKYE PYXHU 1 BIAMOBIIHO
3MiHIO€ BioOpaxeHHs 00’ ekTiB. O0epTaiibHi pyxu BiacaiakoBytoThcs IBIT (inepriiinum
BUMIPIOBAJIBHUM MPUCTPOEM). [HEpIiHI BUMIPIOBAJIbHI MPUCTPOI CKIAAAIOTHCA 3
akceinepomerpa, ripockoma Ta wMarHitomerpa. I[i IBII BumiproooTh HIBUIKICTS,
OpIEHTAIIIO Ta TPaBITAllIiHI CUIIH TPUCTPOIO 11 OOYMCICHHS 00epTaIbHOI Opi€HTalli Ta
pyxy. Li tpu IBII yacto no3nauvarotscs sk "9 DOF". 9 DOF o6unciioroThCs HUISIXOM
nonaBanHs 3 DOF, BusBnenux koxxuuMm IBII. HacmpaBai akcemepometp, ripockomn i
Mar"iTometp BuMiprooioTh ogHakoBi 3 DOF: pitch, yaw Ta roll.

3 pyXu mepemilieHHsT — BJIIBO/BIpPaBO, BIepen/Ha3an i Bropy/Bum3. Lli pyxu
3a3BUYall BIJCIIKOBYIOTHCS 30BHINIHBOIO KaMeporo a00 IHIMUMHU JaTYMKaMU. Y MiHHS
BIJICTE)KYBaTH MOCTYNMAJIbHI pyXu HEOOX1JIHI JJIs TTO3UIIIHHOTO BiJICTEXKEHHS, 31aTHICTh

BHU3HAYaTH a0COJTIOTHE MOJI0KEeHHS 00’ ekTa B 3D-cepenoBuiii.
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1.3.4 Cucrema SLAM

SLAM — Simultaneous Localization and Mapping (oaHo4yacHa JjloKaji3ailis Ta
KapTorpadyBaHHs) — L€ TEXHOJOTIs, sIKa MpeAcTaBisie (HI3UYHUI CBIT 32 TOMOMOTOIO
xapaktepucTiuaHuX To4uok [9]. Ile mae 3mory 3acrocynkam AR posmizaaBatu 3D-00’exTn
Ta CIIEHH, a TAKOXX MHUTTEBO BIJCTEKYBAaTH CBIT Ta HaKJIaJaTH HU(POBI 1HTEPAKTHBHI
JIOTIOBHCHHS.

[Tpu mepmomy 3amycky 3actocyHky AR 3a momomororo Google ARCore, Apple
ARKit abo Microsoft Mixed Reality, cuctema He BoJjozaie iH(}oOpMaIi€r0 MPo
HABKOJIMIIIHE cepeaoBuille. BoHa mounHae oOpoONATH MdaHl 3 PI3HUX JIKEpPEedT —
MepeBaAXXHO 3 Kamepu. [l MiABUINEHHS TOYHOCTI MPUCTPIM TMOETHYE JaHi IHIIMX
KOPUCHUX JTaTYMKIB, TAKUX K aKCEIECPOMETP Ta TiPOCKOTI.

Ha ocHOBI uX TaHWX aJrOpUTM M€ JIBi ITLIL:

o [ToOyayBaTH KapTy HaBKOJIUIITHBOTO CEPEIOBUIIA;

o 3HaANTH NMPUCTPIN Yy ILOMY CEpEIOBHUIIL.

Sxuo icHye cB0OOa PO3MILIYBAaTH MAsIYKH y BIJIOMUX MICLSIX, POrpaMi MPOCTO
NOTPIOHO pO3paxyBaTH BIACTaHI, 1 IIe JIa€ MOXJIMBICTb TOYHOTO BIJICTEKCHHS MICIIS
3HaXOJ/KEeHHsI 00’ekTy (kKopucrtyBaua). [ iHmmx nporpam GPS Moxxe OyTH HOCUTH
kopucHUM. OHaK MOO1TbHA TOTTOBHEHA PeabHICTh 3a3BUYail HE BAKOPUCTOBYE MAsTUKH.
Takoxx GPS He € qocTaTHRO TOUHUM, OCOOJIMBO B IPUMIIICHHSX.

VY imeanbHIi cuTyalii NOpUCTpid Mae AOCKOHANY IHQOpPMALII® PO TOYHE
po3TanryBaHHs ycix 00’ekTiB. Crogu BXOIWTH po3TalryBaHHsS Masuka (1), a Takox
po3TarmyBaHHs podoTa (2) (auB. puc. 1.4).

B pe3ynbTaTi MOXKHA OOUHMCIUTH TOYHY 3QJICKHICTh MK MastukoM (1) Ta B1acHUM
po3tanryBaHHsaM (2). Skmio nmoTpibHO mepemicTuTH podorta B (3), MOKHA MPUITYCTUTH,

KyJH 1 sIK TOTp10HO pyxaTucs (auB. puc. 1.5).
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> 1(Q)

»
>

Pucynok 1.4 — OrpumanHs iHpoOpMallii, 00 PO3TALIYBaHHSA 00’ €KTY y

npoctopi, (2) — pobort (1) — massgox

»
>

Pucynok 1.5 — IIpukian pyxy podoTta (2) 3a HasIBHOCTI KOOPAMHAT 10IaTKOBOT TOUKH (3)

VY peanbHOMYy crieHapii SLAM noTpiOHO MpairoBaTh 3 HEJOCKOHATMMH 3HAHHSIMH,
110 TTPU3BOIUTH O HEBH3HAYCHOCTI.

Toukn MarTh TPOCTOPOBI BIAHOCHMHHM OJHA BIIHOCHO IHINOI. Y pe3yibTarTi
CKJIaJIA€ThCS PO3IOILT KMOBIPHOCTEH, 16 MOXKE OyTH KOKHA MO3HITIS. JIJIs IeTKUX TOYOK
MO>Ke OyTH OUIbIII BUCOKA TOYHICTh. /[ IHIIMX HEBU3HAYEHICTh MOXKE OyTH BEJIMKOIO.
Haituacrtine BUKOPUCTOBYIOTH alTOPUTMH JJii OOYMCIICHHS MO3UI[IA Ha OCHOBI

HEBHU3HAYCHOCTI — 11e po3mupenuid GpuibTp Kanmana, oriiHka MaKCUMyMY arioCTEPiOpHOL
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imoBipHOCTI (MAP — Maximum a Posteriori estimation) abo KOpeKIlisi po3LiapyBaHHs
(Bundle Adjustment).

Uepes 3B’S13KM MK TOYKaMH, KO’)KHE HOBE OHOBJICHHS JIaTYMKa BILJIMBA€ Ha BCi
MO3MUIIIT Ta OHOBIIIOE BCIO KapTy. JJis akTyamizaiii BChOro moTpiOHa 3HayHa KIJIbKICTh
MaTEMaTUKH Ta 0OYUCITIOBAHb.

[ITo6 OyTu BHEBHEHUM B HaAIMHOCTI iH(oOpMaIli 3 BUMIPIOBaHb JOTIOBHEHOI
pEaIbHOCTI, Y3TOJ)KEHHSI HOBHUX BHUMIPIOBaHb 3 MOMNEPEIHIMU 3HAHHSIMU € OJHUM 3
HaWBaXIMBIMUX acmekTiB anroputMiB SLAM. KokHe BUMIpIOBaHHS JaTdyrdKa MICTHUTh
HETOYHOCTI — HE3aJIeXKHO BiJ] TOr0, OTPUMaH1 BOHH 13 300pakeHb Kamepu abo 3 OLIHKU

pYyXy KaJpy A0 KaJpy 3a JI0MOMOT0I0 aKcelepoMeTpiB (0OMETPis).

: ¢ ity . o o . vy
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(b)
Pucynox 1.6 — (a) — Bi1oOpaskeHHsI HETOYHOCTI BUMIpIOBaHb. (0) — OTprMaHa KapTHHA

micis anroputMie SLAM

Ha puc.1.6 (a) mokazaHo, K HAaKONMUYYIOTHCS TOMUJIKA CKAaHYBaHHS J1alla30HY 3
yacoMm. [lepexonsiuu 3 onHiei mo3uiii P1...Pn, koxHa HeBeTMKa MOMUIIKA BUMIPIOBaHHS
HAKOTMMYYETHCS 3 4aCOM, TIOKH OTPHMaHa KapTa cepeIoBHUIIa BXXe He Oye TOUHOIO.

Bupisntoroun ckaam (puc.1.6 (0)) Ha OCHOBI MepeX BITHOCHUX OOMEXKEHH 1103
(pose), oTpuMMaHa BIAMOBIAHICT, 3HAYHO TIOKpAIIyeThcs. B anroputMi BOHH
NIATPUMYIOTh BC1 JIOKAJIbHI KaJpH JAHUX, & TAKOXX MEPEXKY IPOCTOPOBHUX B3AEMOJIN MK
HUMU.

[I1o6 nomoBHEHA pealibHICTh MpalfoBaa, anroput™ SLAM noBuHEH npairoBaTu

B HACTYITHUX YMOBAaX:
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° Heginomuii mpocTip;

° be3konTpoipHa kamepa. [ mMOTOYHOI JOMOBHEHOI peanbHOCTI Ha 0asi
MOOUTEHHX TENE(POHIB TI€, SIK TPABUIIO, JIMIIIC MOHOKYJISIPHA KaMepa;

° PeanpHnit yac;

o Biacytnicts npeiidy.

Cucrema SLAM cknanaetbes 3 4 yactul (auB. puc. 1.7):

o JlaHi fgaTyuKiB: Ha MOOUIBHMX MPUCTPOSX 3a3BUYAldl 1€ Kamepa,
akcenepoMeTp Ta ripockor. Lle Moke OyTH TOMOBHEHO 1HIIMMH JAaTYUKAMU, TAKUMH SIK

GPS, maTuyuk cBiT/Ia, TaTYUKHU TIIMOWHHM TOIIIO.

[ani 3 Front-End Back-End

ceHcopiB 3axonneHHs 3HaKOBMX TOHOK

OuiHka SLAM

3B'A30K 3 AaHUMU

(KopotkocTpokoBwuit) TpekiHr
3HaKOBMX TOHOK

([oBroTpuBanuit) 3MUKaHHs LMKy

Pucynok 1.7 — Cucrema SLAM

o Front-End: nepimmit kpok — 3axorsieHHs 3HakoBUX TO4YOK. L1 pyHKIIIT Takox
NOBUHHI OyTH TOB’si3aHI 3 OPIEHTHpPAMU — KIIOUOBMMH ToukKamu 3 3D-mosuiiero, sKi
TaKO’X Ha3MBAIOThCS TOYKaMU KapTH. KpiM TOro, TOuku BIATBOPEHHS KapT MOTPiOHO
BIJICTeKYBaTH y Bijieonioroii. JloBrorpuaia acoraiis (long-term association) 3MeHIITy€e
nperid, po3mizHarOUYM Miclid, K1 paHilie 3ycTpiuaiucs (3MukaHHs uukiy / loop closure).

o Back-End: miknyerbest mpo BCTaHOBIIGHHS 3B’SI3KYy MK Pi3HHUMH KaJpaMmu,
JOKajizamiio kamepu (pose Mojeni), a TaKoX BIJMOBiAaE 3a OOpOOKY 3arajbHOi
F€OMETPUYHOI  pEeKOHCTpyKuii. Jleskl  anropuTMu  CTBOPIOIOTH  PO3PLIKEHY
PEKOHCTPYKIIiO (Ha OCHOBI KJIFOYOBUX TOYOK). [HIIII HamararoThCs 3adiKCyBaTH MIUIbHY

xMapy 3D-TOUOK HAaBKOJIMIITHBOTO CEPEIOBHUIIIA.
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o Ominka SLAM: pe3ynbTaT, 0 MICTUTh BIJICTEKYBaHI 3HaKOBI TOYKH, iX

po3TallyBaHHs Ta BIJHOCHHM, & TAKOXK MOJOKEHHS KAMEPH Y MPOCTOPI.

BucHoBkuM 10 po3ainy

VY nepriomy po3niuii po3rISIHYTO 1CHYI0Y1 3ac00u cTBOpeHHS AR 3aCTOCYHKIB Ta
IIPOAHaJi30BaHO MPOTpaMHi Ta anapatHi 3acodbu AR. 3 mopiBHSHHA 11X 3aC001B BUJTHO,
10 KOXKHUM 3 HUX Mae CBOi nepesaru, Heaodiku ta ocoonuBocti. ARKit Ta ARCore —
OaratodyHKIIOHATBHI 3acO00M, IO HAIJICHI HAa OJHY OCHOBHY IaThopMmy, Ta
BBa)KAIOTHCS TeXHOJIOTTYHUMU Jiaepamu y AR cdepi. [nmi 3acobu 6a3yrorbes Ha ARKit
ta ARCore, Ta 1oaat0Th cBoi 0co0IMBOCTI. Taki K, HAIPHUKIaa, KPOCIIaT(HOPMEHICTB,

poCTa IHTETparllis 31 CTOPOHHIMHU 3ac00aMu I pO3pOOKH MPOrpaMHOTro 3a0e3NeYeHHS

(Unity, VS Code).
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2 OCOBJIMBOCTI 3ACTOCYBAHHS CEPEJJOBHUILA TORCH JJIsd
CTBOPEHHA 3ACTOCYHKY 3 AR

2.1 Buxkopucranuns cuel B Torch

Cuena Torch AR ananoriuna exkpany B 2D-3acTocyHky — mpocTip iHTepdeicy s
oprasizailii BMIicTy Ta B3aemo/ii. ¥ 2D nporpami KopucTyBad Ma€ iHTEpaKTUBHI ITU(POBI
CJICMEHTH, pO3TamoBaHi Ha ekpaHax. Y Torch AR xopuctyBau B3aeMomie 3
IHTEPaKTUBHUMH ITU(GPOBUMHU €JIEMEHTaMH, IO PO3TAIlOBaHI B CIEHAX; Il CIEHU
B1100pakaloThCsl B KOHTEKCTI pealibHOr0 OTOYEHHS KOPUCTYyBaya.

Cuena MicTuTh HaOip 00’€KTiB, B3aeMOii O0’€KTIB Ta TOJOXECHHS 00 E€KTIB
BiTHOCHO onopHoi Touku (World anchor). Yc¢i clieHu B pamkax mpoekTy Ta Bcl 00’ €KTH B
MeXKaX IUX CIIEH MAIOTh CIUIbHY OIMIOPHY TOYKY.

B pamkax mpoekTy MoXkHa J0JaTH HOBI CIICHH, 3MIHUTH Ha3By a00 OMHC CIICHH,
NIEPETJITHYTH CIHCOK YCiX CIIEH, KOMIIOBAaTH CIICHH, Ta BUIAIWTH ClieHH. Jlucmeruep
CIICHH, PO3TAIlIOBAaHUI y BEpXHHOMY IIEHTPI €KpaHa, BiJoOpa)kae Ha3By CICHH, B SKil
3apa3 3HAXOJIUTHCS 3aCTOCYHOK.

CiueHa KOHIENTYalIbHO BIAPI3HAETHCS Bl PEaIbHOTO CEPEIOBUINA, B SIKOMY IO
CIIEHy MOXHa TEPEKHUTH. 3B’ SI30K MK PEaThbHUM CBITOM Ta CIIEHOIO — OMOpHA TOYKa
(World anchor). 3a 3amMoBuyBaHHIM Opi€HTAaIlis OMOPHOI TOYKH TaKa K, K i HAMPSAMOK, B

SIKOMY CIIpsiMOBaHa kamepa (puc. 2.1).

Pucynok — 2.1 IIpeacraBnenns onopuoi Touku (World anchor) B Torch
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OnopHa ToYKa € OPIEHTUPOM AJI1 BChOTO MPOEKTY: KOKEH 00’ €KT y KOXKHIN CLEHI
IPOEKTY pO3MINIyeThcsl BigHOCHO omopHoi Touku [10]. Ileit kpok HEOOXimHWH IS

outbIIOCTI 3acTOCYHKIB AR, siki BukopuctoBytoth ARKit (Apple) abo ARCore (Google).

2.2 ExcniopT nmpoekTy B apxiB .torchkitproj

Torch mpoexktn MOXyThb OyTHM CTHCHYTI Ta €KCIOPTOBaHI y apXxiB ¢opmary
torchkitproj. B 1mpomy apxiBi MICTUTBCS iHQOpMAIls TPO MOACHI, iX MOJOXKEHHS
BIIHOCHO onopHoi ToukH, Ta JSON (Java Script Object Notation) daiin 3 MeTagaHUMU.
Ha pucyHky 2.2 B apxiBi MICTATbCS IMMANKHU 3 pecypcamu (KapTUHKHU, MOJENl B (hopmaTi
USDZ), Ta ¢aiin project.json 3 iH(OpMaIl€IO PO CIIEHU Ta PO3TallyBaHHS 00’ €KTIB B

IPOEKTI.

Bl b15fab8c-0d89-45cf-9ab7-d06a2c460934

Bl b259ea335e928776b35ac64f0897fd5¢cf30c4681
Bl bf224b3d-5f7d-4fbb-9¢77-2d20324244b5

B c8beda29-361c-4bee-aab5-825f0c0f9b93

Bl c8ef6473-b7f6-412a-9dad-219b8037db0b

Bl ce31238b-1cee-45f6-9146-2ad2ee6d86eb

Bl d8d6db21-fb0a-4194-828c-bcd7f4be7bbf

B d63e30ad-dc22-495a-8e65-bab88933b%ac

B d83e7e40-3ef9-4370-8bc4-7ee36¢cfc9e16

Bl d2422213-df08-488f-80c9-c7f1866df4d1

B db81575d-20da-4077-bc83-d72d4fa81fch

B dc4db6eab16e445a744166fal4e6bac7b0bbb23d
B dc10408b-de8e-4f30-8342-71b8c8d44c97

Bl e5a95f5e-5496-4dd8-a675-d2879462f954

B e16f459d6d9aecccfd43f8860c242c63dd255¢c96
B e45c802a-10b8-4370-a178-65da77d34b60

B f7fbabd6-7977-4579-a993-97ad01ddf315

Bl fa299744b19ec0dc567e148773502ef22df70e51
Bl fb478383-5446-480d-bele-d884461a3940

ﬁ project.json

>
>
>
>
| 2
| 2
>
>
>
>
>
| 2
| 2
>
>
>
>
>
>

Pucynok 2.2 — BwmicT apxiBy torchkitproj

Monemni 36epiratotsest B popmati USDZ. @opmat daitmny USDZ 6yB cTBOpeHuUi

naptHepctBoM Apple ta Pixar; me Oyno orosomenHo Ha BcecBiTHili koH]epeHiii



33
po3poOHuKiB Apple, HaBecHi 2018 poky [11]. USDZ OynyeThcsi mOBEpX iCHYHOUOTO

dopmary USD (immmuii popmar, ctBopeHuid mis 30epiranas 3D-moneneit Ta animarii),
ajyie JI0Jla€ 3aCTOCYHKOB1 ONTHMI3AIlli Ta CYMICHICTh /i1 BUKOPHUCTAHHS 3 MOOUIBHUMU
TIPUCTPOSMH.

USD npononye 6araro ¢yHKItin 1yist 30epiranas 3D-BMicTy, BKIIIOUAIOYH:
eHaniitHi cxeMu B3aeMo/Iii reoMeTpii, MeHIuHTy Ta aedopmariii ckerera Moael
eBucoka MpOMyKTUBHICTh MOIIYKY Ta HAJaHHS JaHUX, BKIIOYAIOUM TMOTYKHI

(GyHKLIT KOMIOBaHHS
¢ MO>XTMBICTh HATUBHO KOMITPECYBATU BMICT, III0 OOUPAETHCA KOPUCTYBAYEM
e3ByKOBa apXiTEKTypa, SKa JOCUTh THYYKA, 100 aJanTyBaTUCh 0 MaiOyTHIX
noTped

USDZ - nie zip apxiB ¢daiimy USD 3 HynboBuM ctucHeHHsM. [Taker USDZ moxe

MICTHUTH JIMIIIE TUTIN (DailniB, TaH1 SKMX MOXYTh BUKOPUCTOBYBATHUCS 111 YaC BUKOHAHHS
¢aiimy USD:

eusda, usdc, usd ¢aiinu

e Daiinu png Ta jpeg (OyIb-aKe 3 IEKUTBKOX MOMMPEHUX PO3IIUPEHD TS jpeg) IS
300pakeHb / TEKCTYP

eDaiinu M4A, MP3, WAV mna BOyaoBaHoro ayzaio (HagarOThCS B TOPSJKY

6axxanoro opmary)

{B®
"name" : "NAMU",
"scenes": [ 1,
"exportId":"88124b08-3c2f-4bda-876b-c566d84f3f5a",
"version":12,
"ownerDisplayName":"Danil Kurilo",
"createdAt":"2019-09-20T10:20:52.944Z",
"assets":[ ]

Pucynox 2.3 — crpykrypa JSON daiiny
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B xopni JSON ¢aiiny, mo 30epira€rbcsi B apXiBi, MICTIThCS AaHl MPO MPOEKT,
MacHB 3 CIIEHAMH Ta MacCHUB 3 PECYpPCaMHU MPOEKTY.

B macuBi assets (puc.2.4) 36epiraerbest iHopMaliis IPo PeCypcH MPOSKTY:

o mainFile — Ha3Ba (aiiny B marii apxiBy;

. displayName — na3Ba ¢aiiny B npoekri Torch;

o assetld — na3sa nanku B apxiBi USDZ, ne 30epiraerhbcs mei daii;

o thumbnailUrl — mocunanus Ha ckommpecoBaHwid (aiii st BiqoOpakeHHS B
npoekTi Torch Ha monepenHbOMY Meperisial daiy;

o type — tun daiiny.

"assets":[ @
{B
"mainFile":"image.png",
"displayName":"btn DALI.png",
"assetId":"c8ef6473-b7f6-412a-9dad-219b8037dbeb",
"revisionId": "4436d578-536f-4ee9-9d7d-812efeblad74",
"buildId": "b45f2fd7-a968-4f92-b452-5eeabbbeb5dd”,
"buildName":"c8ef6473-b7f6-412a-9dad-219b8037dbAb%44a6d578-536f -4ee9-9d7d-812efeb1ad74",
"thumbnailUrl”: "https://storage.googleapis.com/torchbase-godot-assets/c8ef6473-b7f6-412a-9dad-219b8037dbOb%2444a6d578-536f - 4ee9-9d7d-
312efeblad74%2F1570183315%2F thumbnail. png?GoogleAccessId=torchbase-
124e0%40appspot.gserviceaccount. com&Expires=1571924046&Signature=P4AYq7pHw%2FdTW7LYGFZZNGF%2Bp8XRNOZ1FGYLNvXrCMX1SzI%2BOFX41r5rpxCCTosANCSCNCO3pscUtMSxrMjt
"type":"image",
"metadata":"CAEQxgUYTgE="

L
Pucynok 2.4 — Ctpykrypa 00’ €KTy asset
VY 00’exTi scene (puc. 2.5) MICTUTHCA 1H(POpMaIis PO CLIEHY Ta i TpPUrepu:
o position — BijicTaHb y MEeTpax BijJ OMOPHOT TOYKH;
° description — TekCTOBHMI1 OIKC CIICHHU;
o state — mouaTkoBwHii cTaH ClieHU (MICTUTH 1H(OPMAITiO PO MOJANBII 3MIHU
B CIICHI);
° trigger — ymoBa, 3a sikoi BUKOHY€Thcs triggerResponse;
° triggerResponse — Habop KOMaH/I, 1110 TOBUHHI BUKOHATHCH PO BUKOHAHHI

yMOB trigger;
o triggerType — tun Tpurepy (00’ €KT MmomaB y Kamepy, Ha 00’ €KT HaTUCHYJIH,

00’€KT MomaB y pajiyc, TOIIO).
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"scenes":[ O
{3

"position":0,

"description":"used to set the anchor",

"state":{ O

"00000000-0000-0000-0000-000000000000":{ O
"trigger_response":{ }.
"id":"00000000-0000-0000-0000-0000000EERA",
"trigger":{ O
"8fddaaee-eal4-4e8b-b837-3fbf8bO6d9cl1":{ O

"id":"8fddaaee-eald-4e8b-b837-3fbf8b0O6docl",

"displayName":"hall image found",

"data":{ @
"assetId":"ecleel73-f640-4468-b84c-c36fbfe19389",
"infiniteTrigger":true,
"finiteTriggers":0,

"distanceMeters":0.1

}

"userNamed" :true,

"type":"found_image"

}
"components": { },
"type":"scene",
"children":[ ]

}s

"ecleel73-f640-4468-b84c-c36fbfe19389":{ O
"orientation":"orientation_up",
"assetId":"3485d4c5-5400-4912-9597-e5991bf2c733",
"widthMeters":0.5,
"editOrientation":1,
"type":"trackedImage",

"id":"ecleel73-f640-4468-b84c-c36fbfe19389"

}
"id":"1Eqgf6qPrpAcvQYAMe54",

"name":"initial"

},

Pucynox 2.5 — Ctpyktypa 00’€kTy scene

2.3. Interpanisi SDK uepe3 CocoaPods

CocoaPods — 1me IHCTpYMEHT YHpaBIiHHS 3aJICXKHOCTAMHU Oi0mioTeK s

3acrocynkiB OS X 1a i0S [12]. 3a nomomororo CocoaPods MokHa BU3HAYATH 3a7CKHOCTI
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IPOEKTY, SIKI HA3UBAIOThCS pods, 1 JIETKO KEpyBaTH iX BEPCIsIMU MPOTATOM Yacy Ta B
pi3HEX cepenoBumiax po3poodku. CocoaPods namucano Ha Ruby.

CocoaPod/pod — e KOMIIOHEHT, OPIEHTOBAHWI Ha KOPUCTYBaya, 1 aKTHBYETHCS

opasy, KoJii BUKJIMKae€Thcs kKomaHia pod. Bin Bkitouae B cebe BCO (DyHKIIIOHATBHICTD,

HeoOximuy it aktuyHoro BukopuctanHs CocoaPods. Podfile — ne daiin, sxuit

BU3Ha4yae pod-u, siki Oy1yTh BUKOPUCTOBYBATUCH Y MPOEKTI.

o0 B Podfile

# Uncomment the next line to define a global platform for your
project
platform :igs, '10.0°

target 'Can I Dance?' do
# Comment the next line if you don't want to use dynamic frameworks
use_frameworks!

# Pods for Can I Dance?

pod 'SwiftKeychainWrapper'
pod 'SDWebImage'

Pucynox 2.6 — podfile 3 HanamTyBaHHSIM 3aJI€KHOCTEH

.Podspec — e daitn, sxuit BU3HaUae, sk MeBHUH pod J0JaEThCS 0 MPOSKTy. BiH
OiATpUMY€E Taki (YHKII, SK Tepenik BUXIAHUX ¢aliiB, ¢(perdMBOpKHU, Mparopii
KOMIUIATOpa Ta OyAb-sIK1 1HIII 3aJIeKHOCTI, He0OXiIH1 610ioTer!.

s Toro, mo6 momatu Torch SDK mo Xcode mpoekry y podfile moTpibHO

BUKOHATHU KOMaHy (puc. 2.7):

pod 'TorchKit', :http => "https://artifacts.torch.dev/torchkit/TorchKit_@0_3_2.zip"

Pucynox 2.7 — Imnopt TorchKit B mpoekT

[Tpu Buxonanni pod install, TorchKit 6yzae 3aBanTa’keHO Ta AOJAHO B MPOEKT.
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BucHoBKHM 10 po3ainy

Y apyromy posznuii aetanbHO posrisiHyTo 0i6mioteky Torch SDK, 3o0kpema
BUKOPHUCTAHHS CIIeH, SK OKpeMux AR-CIleH Ta KOHIICMIIiI0 OMOpHUX TOYOK. 3a
JIOTIOMOTOI0 CIICH, MPH MPaBUILHOMY BHOOP1 CIIEHAPi0 3aCTOCYHKY MOXKHA MO0y 1yBaTh
ONTHUMaJIbHY Ta 0araroQyHKIIOHAJIbHY apXIiTeKTypy, IO JIO3BOJUTH  JIETKO
3aBaHTAXXyBAaTH Ta BUAAISATHU CIICHHU 3 IaM’SITi MPUCTPOIO O€3 TPUBATUX May3.

Bussneno, mo apxiB torchkitproj Mo’kHa BHUKOPHUCTOBYBATH SIK 0a3zy JaHHX 3
1H(OpMaIIIEI0 PO MEPEeX0Id MIXK CIIEHAMH, a TaKOX JaHUMHU MPO HAasIBHICTb, KUIbKICTh
TPUTEpPIB Ta iX pe3yIbTaTH.

Bceranosneno, mo Torch SDK Mae equnuii crioci6 iHTerpaiiii y 3aCTOCYHKH — 4epe3
MeHepkep 3anexxHocred CocoaPods. 3a3zanueHuii crnoci0 MiATpUMYE AUHAMIYHI

bpeitMBOpKH.
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3. NIPAKTUYHA PEAJIIBALISA ITPOEKTY TORCH AJIsA

IMIIOPTYBAHHS B 3ACTOCYHOK

['onoBHMM 3aBHaHHSIM Yy TMpPOIECI CTBOPEHHS 3aCTOCYHKY 3 JOMOBHEHOIO
peanpHIicTIO 111 HamioHaabHOTO XYIOXKHBOTO My3€l0 YKpaiHu OyJio CTBOPUTH
IHCTPYMEHT, 3aBJIIKU IKOMY KOPHCTYyBau Oyjle MaTh MOKJIMBICTH J13HATUCH JOJATKOBY
1H(}OpMaIito PO TBOPH, 1110 NPEICTABIEHI y MY3€l 3 MIIBUILEHOIO 3alIKaBJIEHICTIO.

JlomaTkoBUM 3aBJaHHSAM OyJIO HAaJaTH MOXKJIUBICTH CIIBPOOITHHKAM MY3€HO
3MIHIOBATH YW JOINOBHIOBaTH 1H(MOpMaIilo, IO MICTUThCS B 3aCTOCYHKY 0e3
HEOOX1THOCTI MUCATH MPOTPAMHUI KOJI, YA OHOBJIFOBATU 3aCTOCYHOK.

Jlnst BupilieHHs mocTaBiieHoi 3amadi oOpaHo Oi0mioreky Torch SDK, moBy

nporpamysaHHs 10S Ta (ppeldiMBOpPK ISl CTBOPEHHS JONOBHEHOI peanbHOocTI ARKit.

3.1 Cuenapiii po6otu 3acTocyHKY B AR

OcHoOBHa 1J1ed 3aCTOCYHKY TIOJIATa€ B TOMY, II00 CIIPSIMOBYBAaTH KOPUCTyBaya Bijl
OJIHI€T KapTUHU JI0 HACTYIHOI, Ta MPH B3a€EMOJII 3 KapPTUHOI — TOKA3yBaTH KJIFOYOBI
TOYKH, P HATUCKAHHI Ha SK1 BIAKPUBAIOTHCS BIKHA 3 TEKCTOBUM OmmucoM. Hagirarris
BiJl KapTUHU JI0 KapTUHU BIiAOYBa€TbCS 3a JOMOMOror0 posmimeHHs 3D wmoneneit

«J1aToK» BITHOCHO OTIOPHUX TOYOK IMMOTOYHOI ciieHu (puc. 3.1).

Pucynok 3.1 — Hagiramis 10 kapTuHU



39

[Ipn momajmaHHi B Kaap NIYKaHOiI KapTUHU Ta BAIOMY TpPEKIHTY — CIleHa
3MIHIOETbCSI Ha HACTYTHY, Ta BiOOpa)KaroThCsl KJIIOYOBI TOYKH (pHUC. puc. 3.2 a)).

HaTtuckanus Ha OJHY 3 KJIIFOYOBUX TOYOK BiJIKPUBA€ TEKCTOBHUH OIMUC ITi€] TOYKHU (pHC.
puc. 3.2 0)).

“Hyao cesitoro leopria npo amia"
AEMOHCTPYE K TPAHCHOPMYETHLCH
ikoHorpadia cesitoro leopris 3 NAUHOM
yacy. TaKUil TUN IKOHU BEAUKOMYYEHUKA
CTAE HAMBIAbLL PO3MNOBCIOAXKEHUM HA
TEPUTOPIi MPABOCAQBHOIO CBITY.

a) 0)
Pucynox 3.2 — a) BinoOpakeHHs KJIIFOUOBUX TOYOK Ha KapTHHI, 0) OMTUC KITIOYOBOI

TOYKH

Haruckannss Ha KHOTMKY «J/lam» BimKpuBae HACTymHY CIIEHY, SKa Bele

KOPHUCTYBaua JI0 HACTYITHOT KapTHUHH.
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Takuii UK TOBTOPIOETHCA JJIs1 KOKHOT KAPTUHM Y 3aCTOCYHKY. CIIMHUE €Tall, 110

Bipi3HAETHCS — pe3enHTanis 3D moaeni uepksu (puc. 3.3).

IAVAVAVIEY

\ 4

Pucynox 3.3 — 3D Mozenb niepkBu

Ha pucynky 3.4 300pakeHa aiarpama poOOTH 3aCTOCYHKY.

1. TpekiHr )
NOYATKOBOMO 2. !-LanlraL:I: Ao 3. TpexiHr KapTHHA 4. Bsa::::g: 3 5. TpeKiHr KapTWHK
aobpameHHA apTv kap

Pucynox 3.4 — Jliarpama po60TH 3aCTOCYHKY
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[lepmumii eTamn — TPEKIHT MOYaTKOBOr0 300paxkeHHs. /{15 Toro, mob He 3My1IyBaTH
KOpHUCTyBa4a CKaHyBaTH MOBEPXHI Ta BUCTABIISITU OMOPHY TOYKY BIACHOPYY, MOTPIOHO
CTBOPUTH JOJATKOBY IIOPOXKHIO CLIEHY B 3aCTOCYHKY, 110 Oy/i€é BMMKAaTH HACTYIIHY CLIEHY,
KOJIM 3aCTOCYHOK 3aXOIUTh KAMEPOIO MMOYaTKOBE 300PaKEHHS.
Y mnepmoi cuean He Oyne omopHoi Touku. II[o6 mocsartm mporo Tpeda

1HIL1AI3yBaTH MEPUTY CLIEHY 0€3 MOIIYKY OMOPHOI TOYKUA TAKHUM YHHOM:

if self.projectAnchorManager == nil {
self.projectAnchorManager = ProjectAnchorManager(withSceneView: self.sceneView) { [weak self] in
guard let projectVC = self, let torchProj = projectVC.torchProject else { return }

Pucynok 3.5 — HanamryBanHs iHimiamizaiii ciieHu 6€3 MOIIyKYy OMIOPHOT TOUYKH

daiin, 1110 BUKOHYE ONMKACAaHy KOMaHIy MpeacTaBieHo y noaatky b (muB b.7)

VY nepuiii crieHi motpioHo nomatu Tpurep Image Found -> Switch Scene, 1o Oyne
NepeMUKATH CIIEHY Ha HACTYIHY IPU 3HAXOJKEHHI 300paxkeHHs (puc.3.6). Y npyriii

CIIEH1 OTIOPHOIO TOUYKOIO Oyze came 11e 300pakeHHs

9 Scene Interactions e Trigger & Responses = X

heorhiimage found

Set Scene Trigger

<3
Enter Scene Image Found Image Lost

Set Trigger Responses

:.+
=5 OPTIONALLY SELECT SOME
OBJECTS TO ADD REPONSES
Action TO YOUR TRIGGER EVENT

Response

—

Pucynok 3.6 — HanmamryBanus tpurepy Image Found -> Switch Scene

TakuM YMHOM, KOPUCTYBauy MOTPIOHO HE BUCTABJISITH KJIOYOBY TOYKY, a IPOCTO
3HAWTH MOYATKOBY KapTHHKY. B manomy Bunazaky e tabnmuka «[logatok ekcro3uiii» B

xoJ1i my3eto (puc.3.7).
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Pucynoxk 3.7 — Tabnuuka, 1110 € TO4aTKOBOIO KaPTHUHOIO

Hpyruit etan — Hapiramis A0 KapTHUHHU. BIIIITOBXYIOYHCH BiJl OMOPHOI TOYKH,
noTpioHo BucTaBUTU 3D Mojeni, 1110 OyAyTh BECTH KOPUCTYBaya 10 HACTYITHO1 KapTHUHH.
Jlist 361nbmenHs eheKTy HaBirailii, MO>KHa BUCTAaBUTH Ha KOXKHY MOJIENb 110 2 TPUTEPH —
Enter proximity Ta Exit proximity. I{i Tpurepu crpaiboBYHOTh KOJIH KOPHUCTYBad,
BIJINIOBITHO, 3aXOAUTh Ta BUXOJUTH 3 pajaiycy 00’ekTy (B MeTpax). Trigger response B

JTAHOMY BMITQJIKy MOTPiOHO BUCTAaBUTH Visibility (BUAUMICTH) MOJIENI.

o Object Interactions ¢ Trigger & Responses X

Exit Proximity 1

Set Object Trigger

o @® @’

Gaze Away Enter Proximity  Exit Proximity

Set Trigger Responses

= -

Action NEWRI...
Response

Edit Curves

Pucynok 3.8 — HanamtyBanHs Tpurepy BXOAy/BUXOY 3 paaiycy 00’ €KTy
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TakuM YuHOM, KOJIM KOPUCTYBay Oy/ie B OCTaTHIM OJM3bKOCTI BiJ MOJIE1 — BOHA
3’saBuThcA. Lle Bupintye nmpobiaemMy MOSIBU MOAENEH 3a CTIHaMHU, KOJM KOPUCTYBaud He
MOBUHEH 1X 0aYuTH.

Takox, B cIeHI 3 HaBiramiero MOTpiOHO HamamrtyBatu tracked image —

300pakeHHsI, IK€ CIIPOBOKYE 3arporpaMoBany Jiro (puc. 3.9).

e Scene Options « Image Settings

gl (DN

Tracked Image : , 3

€ CHANGE IMAGE

IMG 0127.4P

Physical Width < @ >
Image = @

Orientation
Upright

&~

Pucynok 3.9 — Hamamrysanns tracked image

Trigger response Ha IbOMY 300pakeHH1 Oy IEpEMUKAHHS CIICHHU.

Tpertiii etan — TpekiHr kapTuHu. Konu cueHny Oyjae nepexiatoyeHo 3a J0MOMOT 00
3HANIEHOI KapTUHU, Y HACTYIHINA CIIEHI OMOPHOI0 TOYKOIO OyJie Taka »* cama KapTHHa
(puc. 3.10). Ane 3MeHIIyIOUYM BIJICTaHb KOPUCTyBaua BiJl OMOPHOI TOYKH, Mporpama

3MEHIITY€ MOKJIUBICTh Ta BETUYNHY MTOXHOKH.

e Scene Options * Anchor

Select a tracked image to
use as an anchor.

0oL oL
i

A
x " ! : !
IMG_0083.4PG, | & IMG_012720PG !

&—

Pucynok 3.10 — HanmamtyBaHHsI KapTUHU SIK OTIOPHOI TOYKH CIIEHU
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UerBepTuii eran — B3aemois 3 kKaptuHoro (puc. 3.11). IlorpiObHo nomatu mMoaeni
KHOTIOK B (hopMaTi png uu jpg, Ta PO3CTaBUTHU iX MO KapTuHi. Ha KOXHY 3 MX KHOTOK
HajamTyBaTu trigger — button tapped, mo Oyae chnpamnbOoBYyBaTH KOJM Ha MOJIEIb

HAaTUCKAIOTh.

o Object Interactions s Trigger & Responses. X

heorhiltapped

Set Object Trigger
e o o
Select Gaze At Gaze Away Entg
Set Trigger Responses
+
=0

Action 1(1).png
Response

&—

Pucynok 3.11 — HanamryBanHs Tpurepy Ha KHOILI Ha KapTUHI

[’ satuit eTan — 3aBepIilieHHsI 1HTepaKIli (B3aeMo/1ii) 3 kapTuHOO. [To HaTUCKaHHIO
Ha KHOTMKY «Jlam» creny Oyjae mepekioueHo Ha HacTynHy. OMOpHOI TOYKOIO
3QJIMIIIAETHCS Ta K camMa KapTHHA, ajie JIOTiKa B CIICHI aHAJIOT19HA 13 JIOTIKOIO B IPYTOMY
erari. Tenep 3D moaeni jJ1s1 HaBiralii TOBUHHI OyTH BUCTaBJICHI BIAMITOBXYIOUHUCH Bij

IIOIIEPEIHBOI KAPTUHH.
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3.2. HanamryBanust ARKit mix Torch SDK

Jlns Bukopucrtanns Torch SDK y 3actocynky, notpiono orpumatu API kiatou Ha
BeO caifti Torch. Ileit kitou noTpiOeH At Toro, o0 TUIBKU 3apericTpoBaH1 pO3pOOHUKHU
MOTJIM BIJIIPaBJISATH Ha oTpuMyBaTu iH(popmariito 3 cepepiB Torch. [licisa oTpumanHs

KJIFO4a MOTPIOHO MTPH KOKHOMY 3aITyCKY 3aCTOCYHKY MEPEBIPATH 1IeH KJIF0Y Ha TIHCHICTD.

do {
try TorchKit.shared.initSDK(apiKey:
"djTucHVibGljLmV5SndjbTkwYn1INk1rTkJISVk5JUFNCT1VURNIIRMRZYkVaT2IXU1RVV1IrU1ZGV2FFMVNSM1IRV1ZSSmVtUnIWa3ROVkVsaFJFRNFjaTlrY25KQ1VrTkd
NRz1IT1VGVFNWTKRhRUpDUm1wTWQyMXV1VVZ5U1VwalF6WkdZbEpQV]j IwaWZjVHVrTXVEcmZHY2VBS21QQVFEajdmdV1YUVhQaFgtTUlpbzR4OWRWV1gtYT1KdHV]aVRIRUZ

FLW50R1hnb2JhYzdPVmlvV2Zra@Eyc2d3M1VvTVBBQQ==")
} catch {
os_log(0SLogType.default, "Init failed!")
}

Pucynok 3.12 — nepeBipka API kitoua mpu 3armycky 3aCTOCYHKY
daiin, 1110 BUKOHYE OMKCaHy KOMaHIy MpeacTaBicHo y poaatky b (aus b.1)
Kontponep, mo Oyne BiamoigaTu 3a AR cieHy, moBuHeH OyTH JejieraToM
(mepemaBatk  JaHi 1O BH30BY OJHIET 3  (QYHKIIM 1HIIOTO  KOHTPOJEPY)

ARSCNViewDelegate Ta ARSessionDelegate

class TorchProjectViewController: UIViewController, ARSCNViewDelegate, ARSessionDelegate {

Pucynox 3.13 — HacnigyBanus knacy TorchProjectViewController

[Ipu 3amycky 3acTocyHKYy NOTpiOHO 3anaTh napameTpu AR cecii, 3 sIKOIO mparitoe

Torch SDK.

let configuration = ARWorldTrackingConfiguration()
//PLANE DETECTION

configuration.planeDetection = [.horizontall
self.sceneView.session.run(configuration)
self.sceneView.session.delegate = self
UIApplication.shared.isIdleTimerDisabled = true

Pucynox 3.14 — nanamryBanns AR cecii
Ha psinky 93 cTBOpro€ThCSl HOBa KOHCTAHTA, 1110 OyJie TpuMaTu HanamTyBaHHs AR

cecti. Ha psanky 95 — oOupaeTbes TIIbKH TPEKIHT TOPU30OHTAIBHUX OBEPXOHb. Ha psaaky



46
96 3anyckaeTthcst AR cecis (sceneView) 3 oOpaHuMu HaamTyBaHHsAMHU (configuration).

Ha psanky 97 nanuii KOHTposep CTAaHOBUTHC JiesieraToM Iiie€i AR cecii.

3.3. HatuBuuii UI noBepx TorchKit

Jlist ctBopenHs Ta BigoOpaxeHHs: HaTuBHOTO Ul y 3acTOCYHKY, 1110 BUKOPUCTOBYE
Torch mnoTpiOHO mnpamoBaTH 3 1HTEp(EicoM NPOrpaMHO, HE BHUKOPUCTOBYIOUHU
storyboard-u.

Cropi6opa (storyboard) — 1ie Bi3yanbHE 300pakKeHHS KOPHUCTYBAJIbHUIIBKOTO
iHTepdeiicy nporpamu 108, 1110 TOKa3y€e EKpaHU BMICTY Ta 3B’ A3KU MK LIMMU €KPaHAMH.
Cropibopa CKIagaeThes 3 MOCTIAOBHOCTI CIIEH, KOJKHA 3 SIKMX MPEJICTaBIIsA€ KOHTPOJIEP
Ta WOro view; CLIEHH 3’€JIHaHI 3B’s3KaMu (segue), 110 NPeICTABISAI0ThH COO0I0 Tepexia
MDK JJBOMa KOHTPOJIEPaMHU.

Xcode Hamae Bi3yallbHHM peJakTop JUisl CTOPIOOPHIB, /1€ BHUKJIAJAETHCA Ta
MPOCKTYETHCS KOPUCTYBANBHUIIBKHMA iHTEep(dElc MporpamMu, NIISXOM JTOJaBaHHS Ha
CIIEHU BMICTY, TAKOTO SIK KHOTIKH, TaOJIUIIb Ta TEKCTY.

3 i"Tepdelicy B 3aCTOCYHKY € KHOTIKA «MEHIO», MEHIO 3 MIAMYHKTaMH Y BHUTJISII
TaOJINII, Ta BCIIMBAIOYl BiKHA, IO MOSBISIIOTHCSA MPU HATHCKY HA OAHY 3 KHOMOK Ha
KapTHHI.

[aTepdeiic, mo koHpikTye 3 AR-cLIeHOI0:

° Knonka «MeHo»:

[IporpamMHO KHOTKA CTBOPIOETHCSI TAKUM YMHOM, SIK TTOKa3aHo Ha puc. 3.15.

@IBOutlet weak var menuButton: UIButton!

Pucynok 3.15 — CTBOpeHHsI KHOIIKH MPOrpaMHO

Jlst Toro, o0 KHOMKy 0yJi0 BUHO, AR crieny moTpiOHO po3MiliaT 3a KHOTIKOIO

(puc. 3.16).
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self.view.insertSubview(self.sceneView, belowSubview: menuButton)

Pucynox 3.16 — Po3mimennst AR crieHu mij KHOITKOIO

Expan «MeHI» CTBOpeHHH 3a JIONOMOIOK cTopidopay Oyae BHUIISAATH, SK

MOoKa3aHo Ha puc. 3.17.

Other View Controller

INLLIE X

Prototype Cells

Pucynok 3.17 — Exkpan «meHio» y cropidbopai

I[J'ISI npe3eHTaui'1' MCHIO ueﬁ KO CIIpallbOBY€ IIpU HATHCKaHHI Ha KHOIIKY «MCHIO»

PIBAction func menuButtonPressed(_ sender: UIButton) {
let menuVC = storyboard?.instantiateViewController(withIdentifier: "menuVC") as! OtherViewController
present(menuVC, animated: true, completion: nil)
menuVC.torchProjDelegate = self

Pucynok 3.18 — Kox npe3entyBanHs ekpany « MeH0»
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BennuBaroui BikHa, 110 3’ SIBASIOTHCS MPU B3aEMOJII 3 kKapTuHamu (puc 3.19):

func presentPopUp(fromBottom: Bool) {
var attributes = EKAttributes()

attributes.position = .bottom
attributes.entryBackground = .color(color: .white)
attributes.displayDuration = .infinity
attributes.entryInteraction = .absorbTouches
attributes.screenInteraction = .forward
attributes.positionConstraints.verticalOffset = 10
attributes.roundCorners = .all(radius: 10)

let widthConstraint = EKAttributes.PositionConstraints.Edge.ratio(value: 9.9)
let heightConstraint = EKAttributes.PositionConstraints.Edge.intrinsic
attributes.positionConstraints.size = .init(width: widthConstraint, height: heightConstraint)

if !fromBottom {
attributes.position = .top

}

SwiftEntryKit.display(entry: popUpView, using: attributes)

Pucynox 3.19 — ®OyHKI1is, 1110 MPE3EHTYE CIUTMBAIOYE BIKHO

daiin, 10 BUKOHYE ONMCaHI KOMaHIN PEJICTaBICHO Y nojaaTky b (muB b.7)

Jnst  mpeseHTanli  CIUTMBAlOYMX BIKOH OyJI0 BHKOPUCTAHO  O10i0TEKY
SwiftEntryKit.

VY peanizamii GyHKIIT M0 MPE3eHTYE BCIUIMBAIOYl BiKHA MOTPIOHO BU3HAYUTHU
3MiHHY, 10 Oyje BiAMOBiAaTH 3a 30BHIiMIHIN BUTIsA BikoH — EKAttributes(). @ynkiis
npuiimMae ojHe 3HadeHHs fromBottom. 3a m0mMoOMOrorw IbOro MOXHa OOWpaTH
MOJIOKEHHST BiKHA (3Bepxy/3Hm3y). Ilicms BH3HAYCHHS BUTUISAY BIKHA BOHO

npenacTaBngeTbes 3a nonomororo SwiftEntryKit.display.

3.4 Callback ¢ynkuii B TorchKit

Callback ¢ynkmii — me aBTOHOMHI OJOKH (YHKI[IOHAJTBLHOCTI, SKI MOXHA
nepenaBatu 1 BukopuctoByBatu y komi. Callback B Swift cxoxi 3 Omokamu Ha C 1

Objective-C Ta nasmOgamu B iHIIMX MOBaxX mporpamyBanHs [13].
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Callback dyHKIiT MOXYTh 3aXOIUTIOBATH Ta 30epiraTd MOCWIaHHS Ha OyJb-sKi
KOHCTaHTH Ta 3MiHHI 3 KOHTEKCTY, B IKOMY BOHU BU3Hau€eHI. L{e BIJOMO SIK 3aKpHUTTS LUX
KOHCTAHT 1 3MIHHHX.

Callback ¢ynkmii B Torch icHytoTh B cremiansHoMy Kiaci — TorchProjectNode.
TorchProjectNode - kiac, mo 3aBanTaxye .torchkitproj Ta reHepye nodipHi BY3JIH IS
BUKOHaHHS TpoekTy Torch. Bin o0po0Oiisie 3aBaHTa)kK€HHSI Ta BUBAHTAXKECHHS PECypCiB,
CTBOPIOIOYH JIOUIPHI BY3JIM Ta pearyroyu Ha OHOBJIEHHS B clieH1. OJIHAK € KiJIbKa (PYHKIIIH
MIJTPUMKH, K1 MOTPIOHO BUKJIMKATH, 11100 BCE MPAIFOBAJIO:

Oynkiito tick moTpiOGHO BUKIMKATH KOKEH KaJp ISl IPOCYBaHHS CTaHY MPOEKTY.
®yHK1is tap noBHUHHA OyTH BUKIIMKaHa, KOJU 00’ €KT OyB HATUCHYTH.

B TorchProjectNode icayroTs Taki callback dyHnkiii:

o sceneChanged,;

Sxmo HanamroBaHui, et callback Oyne BHKIMKaHO, KOJIU CLIEHAa 3MIHUTHCS B
npoekTi Torch.

public var sceneChanged: ((TorchKitSceneldName) -> Void)?

o triggerFired.

Axmo HanamToBaHui, 1eu callback Oy/1e BUKIIMKaHO KO B IIPOCKTI CIIPAIlbOBYE
TpUrep.

public var triggerFired: ((TorchKitSceneObjectldName) -> Void)?

o triggerFinished.

Axiio HanmamroBanui, ek callback 6yne BUKIMKaHO KOJIM BC1 BIJIIOB1/I1 HA TPUTED
(trigger Response) 3akinueHi.

o tick.

tick TpOMOBXKYe BHKOHAHHA IPOEKTy. MOro CIiJ BHKIHKATA 3 METOLY
SCNSceneRendererDelegate renderer (_:updateAtTime :).

public ~ func  tick(delta:  Double, cameraTransform: simd_ float4x4,
currentGazedNode: SCNNode?)

ne:

e delta — 3mina yacy Bix ocTaHHROr0 BUKJIMKY tiCK. OuHMII BUMIpIOBaHHS -

CCKYHIU.
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e cameraTransform — IloTouyHe moynokeHHS Kamepu. Moxke nepedasamucs
be3nocepeonvo 3 arSession.currentFrame.camera.transform, sSIKIO0 BUKOPUCTOBYETHCS
ARKit.
e currentGazedNode - SCNNode, Ha skuii 3apa3 BKa3dye Kamepa.
BuxopucroByethcst Meton hitTest Ha SCNScene, 106 3HaiiTH 11ei node.

° tap.

tap BUKJIMKAEeThCs, Koiau KopuctyBau HatucHyB SCNNode. Lle o0pobmnserses
aBTOMAaTHUYHO, SIKIII0 BUKOPUCTOBY€EThCs TorchGestureManager.

public func tap(node: SCNNode)

B mpoexri callback ¢yHKITIT BUKOPHCTOBYIOTHCS IS BIIOOpaKEHHS CITUBAIOYUX
BIKOH. Ha KO’KH1i1 KHOIILI Ha KapTHUHI 3HaXOIUTHCS TPUTEP 3 BIAMOBIIHOKO Ha3Bow0. Ko
KOpHCTyBa4 HaTHCKA€E Ha OJHY 3 KHOIIOK, criparboBye callback dynkmis triggerFired. vV
IPOEKTI NOTPIOHO BIACHIAKOBYBATH 1[I MOMEHTH, Ta pearyBatu oOpoOJIsItOUM AaHi, 1110
npuinuM 3 Bianosigawo Ha callback dynkiiro.

Ha pucynky 3.20 300paxeHno pearytouy QpyHKIiro, 1e torchProject — mocmianss Ha
npoekt Torch, triggerFired — callback ¢ynkuis, trigger — mocuianHs Ha TpUTrep, IO

3amycTuB callback dynkuiro.

torchProject?.triggerFired = { trigger in

Pucynok 3.20 — @ynxkuis, mo pearye Ha callback ¢ynkuiro triggerFired

Ha pucynky 3.21: trigger.id — yHikalnbHa porpaMmHa Ha3Ba TpUrepy, trigger.name
— Ha3Ba Tpurepy, 10 Bu3HaueHa y mpoekTi Torch, trigger.sceneld — inentudikarop

CIIEHH, B SIKIM CTIpaIoBaB TPUTeEp.

trigger.|

String id

String name
String sceneld

Pucynox 3.21- Indopmartisi, 1o MiCTUTBCS B IOCUIIAHHI HA TPUTEP
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Ha pucynky 3.22 300pakeHo nepeOupaHHs BapiaHTiB 3HAYCHHS trigger.name.
switch trigger.name {

case "heorhiltapped":
self.popUpDescription.text = artObjects[@].triggerldescription
self.presentPopUp(fromBottom: true)

case "heorhi2tapped":
self.popUpDescription.text = artObjects[@].trigger2description
self.presentPopUp(fromBottom: true)

case "heorhi3tapped":
self.popUpDescription.text = artObjects[@].trigger3description
self.presentPopUp(fromBottom: true)

case "heorhi4tapped":
self.popUpDescription.text = artObjects[@].trigger4description
self.presentPopUp(fromBottom: true)

case "heorhiNextTapped":
self.popUpDescription.text = artObjects[@].nextconnection
self.presentPopUp(fromBottom: false)

Pucynok 3.22 — Ilpukian o6poOku pe3yabTatiB callback dynkiii triggerFired

daiin, 10 BUKOHYE ONMCaHy KOMaHy MpeIcTaBieHo y qoaatky b (nuB b.8)
Ha pucynky 3.23 moka3aHo, sIK 3aCTOCYBaHHS MepeidyeHnX (PYHKIH JO3BOJHTH

KEepyBaTH CIUTMBAIOYMMHU BIKHAMHU.

loAOBHUM OCEPEAKOM iKoHONUCY Y
nepioa Kuiscekoi Pyci 6ys Kuis. Ane,
NICAS HONOAY TATAPO-MOHFOAIB,
KyAsTypa Pyci novaaa saKenaaaty, a
MUCTeLbKi OCepeAKM NoYanm
PO3BMBATMCH Ha TEpUTOPIi BoAKi Ta
Moainas. BinbwicTs ikoH uiel saan
MOXOARATH i3 UuX perioHis.

HaiiaasHiwmit 06'exT Hawoi excnosnuii
«CasaTuit fleopriii y XuTii» - ikoHa
XPUCTUSHCBKOrO CBATOrO
BeAUKOMYYeHuKa.Bapeabed € OAHUM i3
HebaraTeox 36epexeHnx Aepes'aHNX
NOAIXPOMHUX (6AraToKOAIpHMX)

peasedis, wo 6yan cTeopeHi y BisawTii.
HaaexunTs A0 piAKICHWX BapiaHTiB
KUTIAHUX IKOH.

Pucynox 3.23 — [Ipe3enrairisi CruimBaro9mx BiKOH
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S0 Ha KHOII, Ky HATHUCHYB KOPHCTyBad CIIPAIlOBaB TPHUTEpP 3 HA3BOIO

“heorhiltapped”, TeKCT y CIIMBalOYOMY BIKHI 3MIHIOETHCSI Ha OIMUC MEPIIOT KIIFOUOBOI

TOYKU KapTuHH «CBsiThii ['eopriil y »kuTii» Ta BUKIMKaeThes GyHKIris presentPopUp, o
MIPE3CHTYE CIUIUBAIOUE BIKHO.

VY Bunmanky, Koiu HaTUCHyTa KHomka «Jlami» (case “heorhiNextTapped’) us

GyHKIis BHKIMKAaeThes 3 mapamerpoM fromBottom = false, to0to BikHO Oyjme

IPEICTABICHO 3BEPXY.

3.5. Bukopucranus Google Drive sik cepBepy npoexTy

JHuck Google (Google Drive) — 1ie cxoBuille JaHUX, SIK€ HAACKHUTb KOMIIAHII
Google, mo 103BOJNsSE KOpUCTyBayaM 30epiraTv CBOI JlaHI Ha CEpBeEpax y Xmapi Ta
TUIATHCS HUMU 3 1HIIUMHU KopuctyBadamu B IHTepHeti [14]. Google Drive Brirodae
Google Docs, Sheets, and Slides, odicHuii makeT, sIKAH JT03BOJISE CIUILHO pelaryBaTu
JIOKYMEHTH, €JIEKTPOHH1 TaOJINIIl, Mpe3eHTallil, MaTtOHKHU, (OpMH, 1 6araTo 1HILIOTO.

st mpoexTy Oyno ctBopeHo Tabmwio B Google Sheets 3 nanumu npo KapTHHM.

8

A c E F H J
Id .Nume Authoryear Image TriggeriName  Trigger1Descripti i Trigger2Descripti i Trigger3Di

g 99!
1 Caamit Feopriit y xwTil BisanTis XIl T hitps://drive.qoogle.com/uc?id=17¢heorhiltapped HainasHiwmit o6'ext heorhi2tapped  eoprii Gys BoeHadan heorhitapped  IcTopis ikoHu Taka x heorhidtapped
2 Yypo casToro Meopris Npo amis [Apyra nonosuna XV cr https://drive.google.com/uc?id=1H. horse1tapped  “Hygo cesoro I i Ha ikoni a ToTuyni wnuni ceinyz horsedtapped
3 Benwkomyuenmui Bapsapa i Katepuna  1740-8i poku. Mikiune flisoBepexoks hitps://drive.google.com/uc?id=15F velykitapped Y 17-my cronitri va Tivelyk2tapped  Ha naphit ikoHi 306pa velyk3tapped  XpuctusHcTeo - peni nil
4 Moprper faxuna Edpemosuya Kuis, 1762 = MapapHo-penpeseHTe ded2tapped Ha noprperi so6paxel ded3tapped Ak i Ha ikonax, npeap nil
5 Koaaka 3 NiXoM pasrosop LlewTpansHa Ykpaita, XIX cr IcHye nexinbka Bepciv Zanopi sificbka Criouarky B cioxeTi kK mamay4tapped
6 Moprper NiTHBLOI censAHKn ‘Onnac Pokauescskui, 1860 https://drive.google.col =171 babushka1tappet Y nepuwii nonoeusi 1¢ babushka2tappe« XyaoxHuk Onanac Po nil nil nil
7 M'anoro seayTs KocramTuu Tpytoscekuit, 1861 JKanposwuit xusonuc r drunk2tapped  Ycs TBopuicTs Koctst nil nil nil
8 Pakis secHa Kipiak KocTanai, 1890 ¥ Apyrif nonoswHi 19 monk2tapped  Kipiak Koctarai - oau nil nil nil
9 launis Mukona MumoneHKo, 1908 hitps://drive.qoogle.com/uc?id=112 love1tapped ¥ 1875 poui O. Mukona Ml y nil il il

Bonogumupa Opnosci
Y panHiit Teopuocti O)

10 Batmwws Bonoaumup Opriosckkui, 1890 hitps://drive.google.com/uc?id=1Zcforestitapped 51 Mu BXe poamsyn forest2tapped Y CBOI# TBOPHOCTI MHC nil nil il
MeTpo fesveko - B

11 Ceno saumky MeTpo fesuenko, nouarok 1900x hitps:/drive.google.com/uc?id=1G winteritapped  Ha mexi XIX — XX crcwinter2tapped ~ 306paauTi cHir - y eci nil nil nil

Pucynok 3.24 — Crpykrypa nanux B google sheets

Ha3Bu k010HOK Ha pUCYHKY 3.24:

o id — mopsiIKOBUI HOMEP KapTHHU,

o Name — Ha3Ba KapTUHH;

o Authoryear — aBTop KapTHHH, 1aTa HAITUCAHHS,

o Image — nocunanusa Ha Qaitn 300paKeHHS KapTUHU, 10 30€epiracThCsi Ha

Google Drive;

. Trigger_X_Name — Ha3Ba tpurepy;

2laislalxials Tiola
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o Trigger_X_Description — tekcr, 1110 BigoOpakaeThCs Y CIUTMBAIOYOMY BiKHI
KOJIM CIIPallbOBY€E BINOBIIHUMN TpUTED.

Jiist 00poOKHM 1IbOT0 JIOKYMEHTY OyJio BUKOpHcTaHo cepsic http://gsx2json.com.

[leit API miakmtoyaeTbest 10 €JIEKTPOHHOI TAaONUWIl Ta OYMINAE JaHi, 3a0e3Meuyrouun
npoctuii untadbenpHuit JSON, sikuii npuiimae http 3amutu [15]. Tlotim et JSON

JOCTYIHHIH 3a JOIIOMOT0I0 KiHIIEBOT TOUKH api:

http://gsx2json.com/api?id=SPREADSHEET ID&sheet=SHEET NUMBER&q=QUERY

ae:

) SPREADSHEET ID - Inmentudikatop maokymeHTa. Bemukuit moBruii
oykBeHo-uudposuit koa nocepeani URL-aapecu nokymeHTa

o SHEET_NUMBER - Homep iHaMBiAyaldbHOTO apKylia, 3 SKOTO
OTPUMYIOThCS JIaH1. SIKII0 apKyIll HE BBEACHMI, TO 32 3aMOBUYBaHHSIM = 1.

o QUERY — 3acTocyHKOBI apaMeTpH 3aluTy:

o Integers — gxmo «truey», yucenbHI 3HaYEHHS! OYyTh MPUXOJUTH Y BUTIISAL

TCKCTOBUX JaHUX.

o Rows — sikmio «falsey», 3anut nmoBeprae iHpOpMaIlito TUIBKK PO KOJIOHKH B
Ta0IHIII

o Columns — sikmo «false», 3amuT moBeprae iHGOPMAITLIO TUTEKH PO PSAIKU B
Ta0IHII

Ha pucynky 3 25 y sKOCTI JeMOHCTpallii MoKa3aHO CKPIH YaCTUHM BIJIMOBIJI HA

3anuT 110 cepsicy y ¢opmarti JSON.


http://gsx2json.com/
http://gsx2json.com/api?id=SPREADSHEET_ID&sheet=SHEET_NUMBER&q=QUERY
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Pucynoxk 3.25 — YacTuHa BiAMOBII HA 3amuT A0 cepBicy y popmarti JSON

SAx BumHO 3 pHUCYHKY 3.25, «cupuit» JSON MacuB nyxe BETUKHA Ta He
CTpyKTypoBaHuii. ToMy y 3acTOCyHKY mpoBoauThes mapcuHr JSON nanux (puc.3.26).

HapCI’IHF — Cpr1(TypH3aHi5[ Ta BHOpHI[KYBaHHﬂ BCJINKOI'O 06’€My JAHUX.
var artObjects = [ArtObject]()
class PopUpContentManager {

private init() {}
static let shared = PopUpContentManager()

//var artObjects = [ArtObject]()

func loadData() {

guard let url = URL(string:
"http://gsx2json.com/api?id=1f73j3WPBouLWuIhyS02p2bFF13R1R76BxVLSNFUT90ds&columns=false") else {
print ("RETURNED HERE???7??")
return }
//http://gsx2json.com/api?id=11tvOkkWUcaYtmk5nVNOzMNx4v19VnhYulqjCé0zVrSw&sheet=1&columns=false
URLSession.shared.dataTask(with: url) { (data, response
, error) in
guard let data = data else {
print("RETURNED")
return }

do {
let decoder = JSONDecoder()
let rows = try decoder.decode(RootClass.self, from: data)
guard let JSONArt = rows.rows else { return }
artObjects = JSONArt
print("artObjects has \(artObjects.count) items")
} catch let error {
print("Error: ", error)
}

}.resume()

Pucynox 3.26 — knac, mo 06po6ise JSON nani otpumani 3 google sheets
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daiiy, 10 BUKOHYE ONKMCAaHy KOMaHy MpeacTaBieHo y nonatky b (nus b.8)
artObjects — 3miHHa, B sIKy OyAyTh 3aBaHTaKEHI CTPYKTYPOBaHi JaHi y BUTJISAII

HecTaHapTHoro tuny nanux ArtObject (puc. 3.25).

struct ArtObject : Codable {
let id : Int?
let image : String?
let name : String?
let authoryear : String?
let nextconnection : String?
let triggerldescription : String?
let triggerlname : String?
let trigger2description : String?
let trigger2name : String?
let trigger3description : String?
let trigger3name : String?
let trigger4description : String?
let trigger4name : String?
let triggerbdescription : String?
let triggerSname : String?

PucyHnok 3.27 — cTpyktypa HectanaapTHoro tumy nanux ArtObject

daiin, 1110 BUKOHYE ONKCAaHy KOMaHIy MpeacTaBieHo y noaatky b (nus b.9)

Buxopucranns Takoro cepBicy Ta 30epexkeHHs gaHux y Google Sheets nae
MOXJIMBICTh 3MIHIOBATH HANIOBHEHHsI 3aCTOCYHKY 0€3 HEOOXI1JHOCTI OHOBJIFOBATH KOJI

3aCTOCYHKY.

BucHoBkmu 10 po3ainy:

Y TperhoMy po3mini po3poOiieHO clieHapidi poboTu 3acTtocyHKy B AR, 1o
0a3yeTbcsi Ha BUKOpPUCTaHHI CIeH. BuKoOHaHO peanizaiiiio cepBicy il OHOBIJICHHS
1H(popManii My3elHUM CIIBPOOITHUKAMM, 1[0 HE 3HAIOTh MOBH MPOTrpaMyBaHHS.

3anponoHoBaHa CTPYKTypa CLEH Ta MEepexoJiB MK HHMH 3a JIOIOMOI'OIO
BIJICTe)KYBaHHSI KapTWH. Bka3zaHa cTpyKTypa TpoTecTOBaHa Ta TMOKa3ajia cebe sK
HAHONTUMAJTBHIIIA Ta MIBUKA. 3aCTOCYHOK HE pOOUTH Tay3 MpH 3MiHI CIIEH.

KopucryBanpkuii intepderic moBepx AR-ciieH peanizoBaHo depe3 cTopidbopau
HUIAXOM po3MilieHHst AR-cueH i ctopiobopoM 3 Ipo30puM (HOHOM.

Buxopucrtanas pecypcy gsx2json Ja€ MOXKIUBICTh 3MIHIOBAaTH HANOBHEHHS

3aCTOCYHKY 06€3 He0OX1JHOCTI OHOBJIFOBATH KO/I.
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4 CTAPTAII-ITPOEKT

4.1. Onuc inei npoexkTy

Tabmuusg 4.1 — Onuc 14ei crapTan-nmpoexTy

3mict el Hanpsamku Buroau nis kopucrysaya
3aCTOCYBaHHS
Buxopucranus 1. My3sei/ranepei MoxuuBicTh peanizanii AR 3acToCyHKy amst
YHIBEpCAJIBLHOTO PIICHHS JIJIs IHCTUTYIIIT 0€3 HABHYOK MPOTPaMyBaHHS
CTBOPEHHS €KCKYPCIHHO- 2. Hagiramis y [TpoBeneHHs €KCKYpCiii B MICTi, MOKJIMBICTh
HaBIramiiHNX 3aCTOCYHKIB MicTi CTBOPEHHS TIEPCOHANII30BAHUX CKCKYPCIiid

Tabnuus 4.2 — BusHaueHHs XapaKTEPUCTHUK 1711 TPOEKTY

(moTeHIIiiiHi)
. TOBAapH/KOHLIEMIIIT
No TeXHlK.O . KOHKYPCHTIB Wi N S
€KOHOMIYHI .
/o (cmabka |(HeWTpanbHa | (CHIIBHA
XapaKTEPUCTUKHN | 3apONOHOBa- . -
L 9 Augmania | Visionar cTopoHa)(CTOpOHa) CTOpOHA)
et HUN METOJ
1. | CtBopenns AR
nporpam 6es3 Hae 3mory | lae 3mory Hae +
HAaBUYOK 3Mory
porpaMmyBaHHs
2. |CTBOpEHHS Hae 3mory He nae Hae 3mory +
3aCTOCYHKY Ha 3MOTY
MOO1TTBH1
m1aThopMu
3. BapricTts Ha 200 € 200-1000 €| 300-500 € +
MICSAIb

4.2. TexHOJIOTIYHMII ayAUT iiei MPOeKTYy.

Y tabaumi 4.3 moKa3aHO OLIHKY TEXHOJOTIYHOI 31HCHEHHOCTI i€l MpOeKTy Ta

HABEJIEHO TEXHOJIOT1, 10 MOKYTh OYTH BUKOPUCTaHI JUIs peajtizailii mpoeKTy.
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Tabnuusg 4.3. TexHonoriyHa 3/[1HCHEHHICTb 1/1€1 MPOEKTY

Ne Texnomorii ii . JlocTymHICTh
n/m Ines mpoexry peamnizarii HaHBHICT& TEXHOJOT1H
TEXHOJIOT1’
1 VYHiBepcalibHe Bmacue SDK s HeoOxigno JloctymHa
pILIEHHS JIst CTBOPEHHS 1HIITNX MEPETBOPUTH
CTBOPEHHS 3aCTOCYHKIB CTBOPEHUI
€KCKYpCIiiHO- 3actocyHok y SDK
2 HaBiramifHux Cepsep, Ha IKOMY HeobxinHo HoctynHa
3aCTOCYHKIB OyayTh po3poburu
OIpalbOBYBATUCH
3aIIUTH BiJ 1HIIHUX
3aCTOCYHKIB

OOpana TexHOJOrIs peamizaiii 17ei MPOEKTy: YHIBepcajdbHE PIMICHHS s

CTBOPEHHS €KCKYpCIMHO-HaBIralliiHUX 3aCTOCYHKIB.

4.3. AHajii3 pUHKOBHX MOKJIHBOCTEI 3allyCKYy CTAPTAN-NPOEKTY

VY Ttabmumi 4.4 moKa3aHO TIOMEPETHI0 XapaKTEPUCTUKY TMOTEHIIIHOTO PUHKY

CTapTaI-MmpoeKTy.

Tabmuns 4.4. [TonepenHs xapakTepUCTHKA MOTSHITIHHOTO PUHKY CTapTaI-TIPOCKTY

No .

i [Toka3HUKH cTaHy pUHKY (HaliMEHYBaHHSI) XapakTepucTuka

1 | KinpKicTh TOJIOBHUX TPABIIIB, O 6

2 | 3aranbHuil 00CST MPOJIAXK, TPH/YM.OJ 500000

3 | lunamika pHHKY (SIKiCHa OILIiHKa) 3pocrae

4 | HasBHICTh OOMEXEHB IS BXOY (BKa3aTH XapakTep 3arikaBiaeHHs MOTEHIIIHHUX
00OMEKEHB) KJIIEHTIB

5 | CreuudiyHi BUMOTH /10 CTaHAapTHU3AIlI] Ta cepTUdikarii Hemae

6 | Cepenns HOpMa peHTaOeIBHOCTI B ramysi (a0o mo punky), % | 500000/210000 = 238%

VY Tabnuui 4.5 noka3aHO XapakTEPUCTUKY MOTEHUIMHUX KIIIEHTIB cTapTan-

IIPOEKTY.
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Tabnuns 4.5. XapakTepucTuka MOTEHIIHHUX KIIEHTIB CTAPTAM-TIPOEKTY

Hinsosa ayautopis BuUMOTH CIIOKHUBAYiB 110

Ne I[Torpeba, mo Gpopmye puHOK (IThOB1 CETMEHTH ToBapy
/1 pI/IHKy)
1 3M1elIeBICHHS MTPOLIECY CTBOPEHHS [HcTuTymii, mo

IPOBOJSTH EKCKYypCIi
(my3ei, ranepei,
TOIIIO)

AR 3acTocyHKIB,

JlerkicTh CTBOpEHHS
eKCKypciil Ta HaOyTTS
HOITYJISIPHOCTI

JIronu ki 6axaroThb
IJIATHACA LIKaBUMU
EKCKYPCISIMH MiCTOM

2 [IpumBuaeHHs npouecy
3aXOIUICHHS PyXy

VY Tabmn. 4.6 mokazani akTopu 3arpo3 peaizallii cTapTan-mpoeKTy.

Tabnuis 4.6. @akTopu 3arpo3

Ne . . .
W dakTop 3MICT 3arpo3u MoxuBa peakiiisi KoMaHii
1 | HezamikaBnenictsb BHacuniiok HeBaioro BreceHHs 3acTOCYHKOBHX
KJIIEHTIB MapKEeTUHTY KJIIEHT MOXeE CEpBICHHUX HOCHYT,
HE 3alliIKaBUTHUCh JIEMOHCTpAIIisl MOXKIIMBOCTEH
1oCIIyraMu
2 | Brpara koHKypeHLii Brpara panry HaaiitHoro SIkicHe Ta KilbKiCHE
ITOCTaBHUKA HapOU[yBaHHs IHTEHCUBHOCTI Ta
rpaMOTHa IL1iIHOBa
HOJIITHKA

Tabnuusg 4.7. @akTOpU MOKIUBOCTEN

VY Tab6n.4.7 nokazaHo (hakTopu MOKIMBOCTEN MPH peasizallii crapTar- IPOeKTYy.

Ne . . .
/i dakrop 3MICT MOXJIUBOCTI Mo:xxinBa peakiiss KOMITaHil
1 | ITepexix 10 noMiHyBaHHS | 3pOCTaHHS NOMUTY SIkicHe Ta KIJIBKICHE
Ha pUHKY HapOILIyBaHHS OTYXHOCTEN
MEIIHUX NOCITYyT
2 | ImmuiemeHTartis 3pOCTaHHS MOIUTY SIKicHe Ta KiIbKiCHE
TEXHOJIOT1H B ICHYIOY1 BHACHII0K 3pOCTaHHS HapOIIyBaHHS MOTY>KHOCTEN
eKCKypCiiiHi KITIEHTIB
3aCTOCYHKH JUIs
PO3LIUPEHHS 1X
MOKJIMBOCTEH




VY Tabnuii 4.8 BU3HAUYE€HO OCOOJMBOCTI KOHKYPEHTHOI'O CEpPEeI0OBUIIA

Ta MOT0 BIUIMB Ha BIIPOBA’KCHHS ITPOCKTY.

Tabnuug 4.8. CryneHneBuil aHalli3 KOHKYPEHIIil Ha pUHKY
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BrnuB Ha 1isIbHICTE HIANPUEMCTBA

Oco0nuBocTi B yomy mposiBisieThes 1aHa (MOxITHUBI 1ii
KOHKYPEHTHOT'O XapaKTepUCTHKA KOMIIaHii, o0 OyTH
cepeloBUIIA KOHKYPEHTOCIIPOMOXKHOIO)

1.YucTa KOHKYpEeHIIist

BukopucTtanHs CX0XKUX
TEXHOJIOT1H

CrannapTusailis Ha BHCOKOMY
piBHI

2.JlokanpHui

BiacyTtHicTh €1uHOTO

Oxkpemuii maxig 0 KOKHOTO KITIEHTY.

nmoTpiOHa KOMaH/Ia
PO3pOOHUKIB

rocrayaiabHUKa TexHiuHa MiATPUMKa
IIOCITYT
3.Mixrany3eBa Biacyrtas Biacytas
4.ToBapHO-BUI0BA 3acTocyBaHHS 3a HeoOX1JHOCT1, BUKOPUCTAHHS
CTaHJapTHU30BAHUX 3araJibHOB)KMBAaHUX
TEXHOJIOT1H arapaTHHUX Ta IMPOTPaMHHUX 3ac001B
5.11inoBa HaiimanHs  po3poOHUKIB | MOXKIMBICTB 32011 JUTH 32 JIOIIOMOI'OIO
Yy KOMIaHiM, SKI MalTh | 3aCTOCYBAaHHS
3HAaYHYy LIHY YHIBEPCAJILHOTO PILICHHS
6.Mapouna JIns1 KoKHOTO 3aCTOCYHKY | OTpuUMaHHS IepeBary Ha

PUHKY MEIIHHUX MOCTYT

VY Tabsn. 4.9 nokazaHo (HakTOpu KOHKYPEHTHOCTIPOMOKHOCTI Ta X OOTPYHTYBaHHSI.

Tabnuus 4.9. O6rpyHTyBaHHS (PAKTOPIB KOHKYPEHTOCITPOMOXKHOCTI

No Daxto OOrpyHTyBaHHS (HaBEeJICHHS YNHHHKIB, III0 POOJISATH
- p . (axTop I MOPIBHAHHS KOHKYPEHTHHUX MPOEKTIB
/T | KOHKYPEHTOCIPOMOXKHOCTI
3HAYYIIHIM)
1 PamioHaneHIIMI IHOBUI . . . . . .
BincyTHicTh HEOOXITHOCTI BUALIEHHS PO3POOHUKIB HA
[IOKA3HUK KOYKHHU MPOEKT.
2 Hananns cepBicHUX mociyr [Tpu GaxxaHHI KJII€EHTa, MOXJIMBA TEXHIYHA MIATPUMKA
IITaTHOTO PO3POOHMKA

VY Taba. 4.10 HaBeneHO CUIIbHI Ta clIa0KiI CTOPOHU MPOEKTY.
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Tabmuusg 4.10. IlopiBHsUIBHUI aHAII3 CUIIBHUX Ta CJIA0KUX CTOPIH MPOEKTY

No ®dakrop . Ba 1- Pevitunr TOBapiB-KOHpreHTiB y
i KOHKYPEHTOCIIPOMO>XKHOCTI 20 NOPIBHAHHI
3|2 |-1 0 | +1 | +2 | +3

1 PamioHaneHIIIMA IHOBUN 17 +

MIOKa3HUK
2 Hananus cepBicHUX mociyr 12 +
3 HeoOxigHicTh camocTiitHo1 poboTn

KJIIEHTA JIJIs1 CTBOPEHHSI 3aCTOCYHKY 4 +

VY 1a6n.4.11 naBeneno SWOT-aHani3 cTapTan-npoexTy.

Tabmuusg 4.11. SWOT- anani3 crapran-npoekty

CuibHI CTOPOHU: palliOHAIBHUN IIHOBHMA
MOKa3HWK, HAJaHHS CEPBICHUX TOCITYT

Cnabxki croponu: HeoOXxiaHICTh caMOCTIHHOL
POOOTH KITi€HTA JUIsI CTBOPCHHS 3aCTOCYHKY

AR

MoxuuBocri: Ilepexin 10 eKCKII03UBHOTO
3aCTOCYBaHHS HOBOTO METO/Y,
IMnnemeHTalisi METoly B ICHYIOU1 pillIEHHS

3aCTOCYHKIB

3arpo3u: He3auikaBieHiCTh KIII€EHTIB, BTpaTa
ABTOPHUTETY

AJnbTEepHaTUBU PUHKOBOTO BIIPOBA/KEHHSI CTAPTAN-IPOEKTY HaBelleHl y Tabn.4.12.

Tabnuus 4.12. AnbTepHaTUBH PUHKOBOIO BIPOBAKEHHS CTAPTAI-NIPOCKTY

Ne
/o

AnprepHaTHBa (OpIEHTOBHHMA
KOMIIJIEKC 3aX0/1iB) pUHKOBOI
MOBETIHKU

VIMOBIipHICTh OTpUMaHHS

: Crpoxku peanizarii
pecypciB

1

VKIiageHHs JOrOBOPIB 3
MeIIHHUMU KOMITaHIIMU Ta
IIBHJIKE 3aXOIUICHHS PUHKY TIPU
BHUKOPHCTaHHI HOBOT'O PIlIICHHS

BUCOKA HE3HaYHI

BukopucTanHs npuiais
3arajgbHOTO BXKUTKY IS
MIIBANIEHHS
KOHKYPEHTHOCTIPOMOKHOCTI

CepCaHA HE3HAYHI

OOpana anpTepHATHBA - YKIIAJEHHS JOTOBOPIB 3 MEAINHUMU KOMITaHISIMU Ta

HIBUIKE 3aXOIUICHHS] PUHKY [PU BUKOPUCTAHH1 HOBOT'O PILLICHHS.




4.4. Po3podeHHS PUHKOBOI cTpaTerii NPpoeKkTy

tadn. 4.13.

Tabmuns 4.13. Bubip miiboBUX TPy NOTCHIIIHUX CIIOKUBAYIB
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OOrpyHTYyBaHHS BUOOPY LITBOBHUX TPYII MOTEHIIMHUX CIIOKUBAYiB HABEICHO Y

Omnuc npodinto ['oTOBHICTH OpieHTOBHUI .
. . . [HTEHCUBHICTD IIpoctora
Ne IJTHOBOT TPYTIH CIIOKMBaYiB IIOIIUT B
o . KOHKYpPEHIIii B BXOJY Y
n/m MMOTEHIITHAX CHPUNHATH MeEXKax !
.. . .. CErMeHTi CErMEHT
KJIIEHTIB MIPOYKT LIUTBOBOT
rpynu
(cermeHTy)
1 [HCcTHTYMIT, IO Cepenns Bucoknii Cepenns Bucoxka
MIPOBOJISITH
eKCKypcii
(my3ei, ranepet,
TOIIIO)
2 JIronu K1 OaKaroTh Bucoxka Bucoxkuii Cepenns Huseka
IIIATHCS IIKABUMHA
EKCKYPCIsIMH MiCTOM

Tabmuns 4.14. Busnauennst 6a30Boi cTpaTerii pO3BUTKY

Busnauenns 6a30Boi cTparerii po3BUTKY HaBeJeHO y Tabi. 4.14.

creniajaizoBaHuX
KOMIUIEKCIB

Kitouosi
O6pana . . .
Ne AL TEDHATIES Crpareris KOHKYPEHTOCIIPOMOKHI ba3zoBa ctpareris
n/n P OXOIJIEHHs PUHKY | TIO3HLII BIINOBIIHO O PO3BUTKY *
PO3BHUTKY MPOEKTY ;
00paHOi albTepHATUBU
1 Bukopucranus BcranoBneHnHs 3aiikaBiIeHHS Ta Crpareris
aJIbTEpHATUBHUX HOBOTO CTaH/JAPTy | 3aJly4eHHS HaWOUIbII mudepentianii
TEXHOJIOT1H Ta SIKOCTI MOMYJIIPHUX
TIPUCTPOIB Mmy3eiB/ranepeit
2 | JlemeBu3Ha npoekTy | ParionanbHirmi 3acToCyBaHHS Crpareris diepcTBa
BUTpATH Ha 3araJlbHOBKHBAHHUX 0 BUTpATax
oOaHaHHs, Ta anapaTHUX pillleHb
MOCITYyTH 3aMICTh

Buznauenns 6a30Boi cTpaTerii KOHKYpeHTHOT TOBEIIHKK HaBeaeHO y Ta0m.4.15.
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Tabmuusg 4.15. Busnauennst 0a30Boi cTpaTerii KOHKYpPEHTHOI MOBEIHKH

Uu € npoekt Yu Oyne koMmnaHis )
. Yu Oy e komnaHist .
«TIEPILIOTIPOXIALIEM» IIyKaTH HOBUX KOIOBATH Crpareris
Ne Ha pUHKY? CIIO’KMBayYiB, a00 OCHOBHI KOHKYPEHTHOT
n/m 3a0MpaTH ICHYIOUUX Y MOBEIIHKHU*
) XapaKTePUCTUKH
KOHKYPEHTIB?
TOBapy
KOHKYPEHTa, 1 sKi?
1 3albupaTH ICHyIOUHX .
Ctpareris BUKIUKY
Tak Ta IIyKaTH HOBUX He Gyne .
minepa

Tabnuus 4.16. BusHaueHHst cTpaTerii NO3UIIOHYBaHHS

BuzHauenHs cTpaterii no3uilioHyBaHHs HaBeAeHO Yy Ta0. 4.16.

KirouoBi . PV
Bumoru no Bubip acomuianiii, siki MaroTh
bazoBa KOHKYPEHTOCTIPOMO
Ne TOBapy . . chopMyBaTH KOMILJIEKCHY
) . cTpareris YKHI TIO3UIIIT .
/1 1THOBOT MO3UIII0 BIACHOTO MPOEKTY
PO3BUTKY BJIACHOTO CTapTar-
ayauTopii (Tpu KJIIOUOBHUX)
POEKTY
1 Bucoka sikicte | Ctpareris HoBu3sna, rapant SIKicTh, HaIIMHICTh, TOYHICTH
MIOCITYT mudepenmianii | AKOCTi, TOYHICTh
JOCTIIKEeHHS
2 MinimanbHi Crparerist YHiBepCaIbHICTh JlemnieBu3Ha, yHIBEpPCATBHICTh
BHUTpATH JiepcTBa 1o 3aIpOIIOHOBAHOTO
BUTpATax pillIeHHS
4.5. Po3po0JeHHsI MAPKETHHIOBOI IPOrPaMu CTAPTAN-TIPOEKTY

KitouoBi epeBaru KOHIEMIIT MOTEHIIIHHOTO TOBapy HaBeaeHO y Taou. 4.17.

Tabnuus 4.17. BusHaueHHsI KITIOYOBHUX TMepeBar KOHIEMNIIi MOTEHI[IHHOTO TOBapy

oOJagHaHHS

KOIIITIB, JCIICBIIC

Ne u 6 Burona, sixy KitouoBi mepeBaru nepea KOHKypeHTaMu
/o oTpeba IIPOIIOHY€ TOBAp (icHyroui abo TaKi, 110 MOTPIOHO CTBOPUTH
1 SIxicTh Bucoka sKicTb, Haniiinicts
HAIIMHICTH
2 JlemeBu3Ha PamionansHe JemeBu3na
BUKOPHCTAHHS
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BuzHaueHHs MeX BCTAaHOBJICHHS 1IIHU Ha MOCIIYTy HaBeJieHo y Tabi. 4.18.

Taomuusa 4.18. BusHaueHHA MeX BCTAHOBJICHHS [[IHU

Ne PiBens miH Ha PiBens min Ha PiBenn noxo0/iB BepxHst Ta HIOKHS MEXK1
i TOBapH- TOBapH- L1JIBOBOT rpymu BCTAHOBJICHHS I[IHU HA
3aMIHHUKH aHaJIOTu CITO)KHBAYiB TOBAp/TOCITYTY
1 2500 y.o./om. 1800 y. o./Jon | Bucoxuii H.500y.0. —
B.1000 y.o. (ToBap)
H.200 y.o. —
B.500 y.o. (ITociyra)

®opMyBaHHS CUCTEMH 30yTy MOCIYTH HaBeeHO y Taou. 4.19.

Tabnuusg 4.19. ®opmyBaHHs cucTeMu 30yTy

Crenndika 3aKymiBeabHOT OyHKIIIT 30yTy, KI Ma€e OnrtuManbsHa
Ne g . Y YHKIILL 3OYTY, ['mubuna
MIOBE/IIHKH IIJTHOBUX BUKOHYBAaTH cucrema
/o L KaHaiy 30yTy
KJTIEHTIB N0CTa4yaJIbHUK TOBAPY 30yTy
1 OpieHTroBaHa Ha [TocTaBku SIKICHOTO Ta 3HauHa JorosipHa
OTPUMAaHHS MaKCUMaJIbHOT .
. . Ha/IIHHOTO cucrema
SIKOCTI Ta JIETKOCT]
cTBOpeHHsI AR 3aCTOCYHKIB | TOBapy 30yTy
Konneniiii MapkeTHHIOBUX KOMYHIKallii HaBeeHo y Tabi. 4.20.
Ta6muis 4.20. KoHueniriss MapKETHHIOBUX KOMYHIKaIIIi
. Kanamu .
Criermndika o Kittouosi )
. KOMYHIKaITiH, . 3aBnaHHsA Konmnemnis
Ne MOBEIHKH no3uii, oopani
s SIKMH PEKIaMHOTO PEKJIaMHOTO
n/m IITbOBUX ISt )
. KOPHUCTYIOTBCS ; TIOBiTOMJICHHS 3BEPHEHHS
KJTIEHTIB . 7 MO3HIIIOHYBaHHS
JIbOBI KITIEHTH
1 3anikaBneHicte | Menia I'apanroBanicTe | 3alikaBUTH y
B IKICHOMY Ta pecypcu SKOCTI Ta MTOKPALIECHHAX
JIETKOMY JIJIst CTaHJapTH3allisl, | MMOB’A3aHUX i3
PO3pOOKH TOJTITHKA 3pOCTAI0Y0I0
HPOIYKTI CEepBICHOCTI HOIYJISIPHICTIO IIpencraBnenns
MOCIyT JIETKOCTI
cTtBopeHHs: AR
2 3arikasieHicte | Memia I'mibuna kanamy | 3arikaBuTH y 3aCTOCYHKIB 0€3
y BETHKIiH pecypcu NOCTaYaIbHUKIB, | MMO3UTHBHUX HaBUYOK
KUTBKOCTI rapaHT SIKOCTI CTOpPOHAX MporpaMyBaHHs
MPOIYKTY 13 MIEPBICHOCTI Ta B
JTOTPUMAHHIM MIHOWHI KaHATY
YMOB SIKICHOCTI1 MOCTa4aHHs




BucHoBkHM 10 po3ainy

Y po3gim po3poOiieHO cTapTam-mpOeKT, SKUW 0a3yeThcs Ha CTBOPCHHI
YHIBEPCAJIBHOTO PillIeHHs /ISl CTBOPEeHHSI AR 3aCTOCYHKIB /TSl IHCTUTYIIIH, 30KpeMa
My3€iB, 1[0 MPOBOJATH €KCKypcii. [lpoBeneHo JOCHiKeHHS JOIUIBLHOCTI Ta
peHTa0ENbHOCTI JTAaHOTO OI3HEC-MPOEKTy Ta BHU3HAYEHO, IO KOMeEpIiami3allis

MPOEKTY € JOLIIBHOIO.
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BUCHOBKH

VY marictepchKiil aucepraiiii 3anponoHOBAHO BaplaHT peani3alii 3aCTOCYHKY 3

BUKOPHUCTAHHSAM JOIMOBHEHO1 PEaJbHOCTI JI1 MIPOBEACHHS eKCKypciil y HalionanbHOMY

XYJIOXKHbOMY My3ei VYKpaiHh. 3acTOCYHOK Ma€ MOKJIIUBICTh PO3BUBATUCH IO

YHIBEpPCAIBHOTO PIIIEHHS ISl POBEJAEHHS €KCKYPCIi Y p13HUX MOIOHUX THCTUTYLISIX.

B pamkax marictepcbkoi auceprarrii O0yio IpOBEACHO JOCHTIDKCHHS METOMIB Ta

TEXHOJIOT1 CTBOPEHHS JTONOBHEHOI peanbHOCTI. Ha OCHOBI mpOBENEHHUX OCIIIKEHb

OTPUMAHO HACTYIIHI pe3yJIbTaTH:

1.

PosrnsnyTo icHyroui 3acobu cTBOpeHHs AR 3acTOCyHKIB, MpoaHai30BaHO
nporpamHi Ta anapaTti 3acoou AR. BukoHaHo NMOpIBHAHHS HAUMOMYJISIPHIIIAX
mporpaMHuX IaTdopM Ta 616ioTek. J{s BUKOHAHHS ITOCTAaBIICHOTO 3aBIaHHS
obopano Torch SDK - 6ibmoreky, mo mgo3Boisie cTBoproBath AR 0e3
HaIlMCaHHA KOJy, a IOTIM 1HTerpyBaTu 3po0iieHni mpoekT y AR nonaTtok.
PosrisHyTO Ta BUBUEHO CITOCOOU MEepEeMIlIeHHs 00’ €KTIB y TPOCTOPI Ta TPEKIHT
1 JIoOKami3aIio 00’ €KTIB 3a JonmoMororw cucremu SLLAM 1 BCTaHOBJIEHO, 11O IS
TEXHOJIOTISI CTPIMKO PO3BHUBAETHCSA, Ta KOXKHaA 0107110T€Ka MPUHOCUTH CBOI
Moaudikaiii 10 ICHyIOUHX PIlIeHb TPEKIHTY.

[TpoananizoBaHO MOXJIMBICTh BHKOpHCTaHHs OiOmioteku Torch SDK mms
BUKOPUCTAHHS CIIeH, SK OKpemMux AR-CIleH Ta 3acTOCOBaHO KOHIICTIIIIO
OTIOPHUX TOYOK.

[IpoananizoBano mnporec ekcnopty mnpoekty Torch y apxiB dopmary
torchkitproj. Po316pani ckiiaoBi bOro apXiBy 1 B3a€EMOJis1 00’ €KTIB Ta MaCHBIB
BcepenuHi apxiBy. PosrmsiHyto iHTerpaimiro Torch SDK y 3acTocyHOkK Ha
omepaniiHiii cucremi 10S dyepe3 wmenemkep 3amexHoctet CocoaPods y
cepenoBui Xcode.

BukoHaHO HajalmITyBaHHs CTaHIAPTHOTO JUIs onepaniiHoi cucremu 10S ARKkit
mig podory 3 Torch SDK, Ta 3anpomoHoBaHo BapiaHT peanizarii
KopHucTyBallbkoro iHrepdeiicy mopepx AR-crieH. Y nporeci Oyiau BUKOPUCTaHI
¢ynxkuii 38opotHboro 38’s3Ky Torch SDK Ta HanamroBano cepBep Ha Google

Drive 3a n1omoMorow pecypcy gsx2json, 10 HaJajlo0 MOKIHUBICTh MY3€HHUM
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CHiBpOOITHUKAM 3MIHIOBATH Ta JOTOBHIOBATH 1H(POpPMAIIitO PO eKCIIoHaTH 0e3
HEOOX1THOCTI OHOBIIIOBATH JIOJIaTOK Ta MUCATH MporpamMHuil koa. Hemomikom
I[LOTO PIIlIEHHA € ToTpeda y MOCTYIy A0 Mepexi IHTepHeT ajisi OTpUMaHHS
iH(popMallii 3 cepBepy. AJie BpaxoBYyrOUH Te, O B My3ei € Oe3korroBHui WiFi
— 1Ie¥l HeIOJIIK HEe TPa€ CyTTEBOI POJII.

Po3pobiieHo crapram-npoexT, KUl 0a3yeThCsi Ha CTBOPEHHI YHIBEPCAIbHOTO
pillieHHsT a1 CTBOpeHHS AR 3acTOCYHKIB It 1HCTUTYIIIM, 110 TPOBOMASTH
exckypcii. [IpoBeneni qociKeHHsT BKa3yIOTh PEHTA0CIBHICTh PO3POOIECHOTO
Oi3Hec-mpoekTy. TakoX BH3HAUEHO, 110 KOMeEpIamizamisi TMpPOEKTy €

JTOLIUJILHOIO.
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Augmented reality is a field with a versatile range of applications used in many
fields including recreation and education. Continually developing technology spanning
the last decade has drastically improved the viability for augmented reality projects now
that most of the population possesses a mobile device capable of supporting the graphic
rendering systems required for them. Education in particular has benefited from these
technological advances as there are now many fields of research branching into how
augmented reality can be used in schools. For the purposes of Holocaust education
however, there has been remarkable little research into how Augmented Reality can be
used to enhance its delivery or impact. The purpose of this study is to speculate regarding
the following questions: How is augmented reality currently being used to enhance
history education? Does the usage of augmented reality assist in developing long-term
memories? Is augmented reality capable of conveying the emotional weight of historical
events? Will augmented reality be appropriate for teaching a complex field such as the
Holocaust? To address these, multiple studies have been analysed for their research
methodologies and how their findings may assist with the development of Holocaust
education.

Museums as an augmented reality learning environment is a concept that has been
explored by other researches for various means, from educational benefit to usability. A
study performed by Kyriakou and Hermon analysed the usage of an augmented reality
system for a museum environment. This study was performed to test user reactions when
using an Augmented Reality system to examine artefacts that would otherwise be off-
limits to physical interactions due to their fragility and the risk associated with allowing
members of the public to touch things, such as potential damage or additional wear over
time. This study utilized a mobile device with a Google Carboard head mounted display
for the hardware and Unity as the engine, building a system that would allow for
interaction via hand gestures. Users were tasked to perform simple operations such as
grabbing an object or rotating it. The results found that an overwhelming majority of users
enjoyed their experience and expressed interest in the application, with no one strongly

disagreeing and only a small percentage (>10%) being neutral on the matter. There was
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also mention of the learning curve required to adjust to the system but also found that

users with experience playing video games were able to adjust more quickly.

The research does give brief mention to the demographics of the system users but
does not analyse them further which is a topic that could be explored further; is there a
correlation between age/gender group and enjoyment of using an augmented reality
system?

The British Computer Society defines augmented reality as “combining the digital
world with the physical one and therefore augmenting the real-world experience” [1].
This technology has rapidly become more viable for commercial and research projects in
the last decade due to the prevalence of head mounted devices (HMDs) and smart devices
such as phones, tablets and handheld games consoles that are now intrinsically woven
into daily life. This has reduced the major challenge of deploying an augmented reality
application because specialized hardware is no longer required to use the technology,
instead users are able to operate the system from their own devices. With the hardware
barrier reduced, augmented reality has begun seeing use for areas such as entertainment,
simulations, education and training scenarios along with a variety of other applications.
Regarding these educational applications however, research has been primarily focused
on school education with little study on alternative audiences or environments

Usability of augmented reality devices for museums and cultural heritage sites is
another area that also must be considered, as the effectiveness of the technology will be
impeded if the visitor is unable to reliably control the system. Hammady and Ma
researched this in their study on the creation of a virtual museum guide, specifically
within the context of using the Microsoft HoloLens as their hardware. The purpose of this
study was to build and test an augmented reality application on a small group of nine
users to determine how they were able to use the system along with how comfortable it
was. A majority of the group claimed the HoloLens was comfortable to wear, although
over a third of the participants were either neutral or disagreed that they were able to look
around their environment comfortably when wearing the headset. Responses to the
control elements of the hardware were varied, with a majority agreeing or strongly

agreeing that that they could perform the hand controls for the HoloLens whilst a few
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disagreed or were neutral. The results would indicate that whilst most users were able to
use the system controls, there are still concerns about comfortably wearing an HMD and
being able to interact with its control system, something which the authors attributed to
the bulky size of the HoloLens and its limited field of view. These concerns may possibly
be alleviated with the pending release of the HoloLens 2, or potentially the use of a
different HMD.

switch trigger.name {

case "heorhiltapped":
self.popUpDescription.text = artObjects[®].triggerldescription
self.presentPopUp(fromBottom: true)

case "heorhi2tapped":
self.popUpDescription.text = artObjects[@®].trigger2description
self.presentPopUp(fromBottom: true)

case "heorhi3tapped":
self.popUpDescription.text = artObjects[@].trigger3description
self.presentPopUp(fromBottom: true)

case "heorhi4tapped":
self.popUpDescription.text = artObjects[@].trigger4description
self.presentPopUp(fromBottom: true)

case "heorhiNextTapped":
self.popUpDescription.text = artObjects[@].nextconnection
self.presentPopUp(fromBottom: false)

Figure Al — switching triggers in an AR scene

Augmented reality usage for museums stems beyond user enjoyment, there are
many elements to the use of such a system with more factors to consider. Some of these
factors were identified and examined in the study performed by He et al. on their research
into enhancing museum experiences. This research acknowledged how augmenting an
exhibit is not limited to using 3D models, there is potential for usage of Heads-Up-Display
(HUD) information similar to that in a video game. The experimental part of this study
had users look at Vincent van Gogh’s Starry Night painting with different augmented
reality displays, some using visual elements such as making the stars glimmer or the water
reflect, whilst others augmenting the scene with floating text (specified as Verbal
elements), giving descriptions of the painting instead. The testers were given
questionnaires in the aftermath which found that the verbal elements had a greater impact

on the users and their willingness to pay for similar experiences. This shows that simply
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adding visual effects to a scene is insufficient for an augmented reality system to engage
with a user, the content itself must be contextually relevant and informative.

This point was preceded in another museum-based study performed by Keil et al.
on designing personalized stories with handheld augmented reality devices. The intention
of this study was to utilize handheld devices such as smartphones and tablets to add
augmented reality to exhibits in the Acropolis Museum in Athens, Greece. The use of the
augmented reality was to provide interactive storytelling experiences that were related to
the exhibits and included features such as videos, games, audio narration, imagery and
digital reconstructions. This study was documented as part of a conference paper and did
not publish any results; however, the discussion gave mention to an evaluation of one of
the stories and discussed how the visitors wanted to use the augmented reality to obtain
more information about the exhibits. Without access to the data to confirm these findings,
this may not be a reliable result to obtain from this study, but this point does correlate

with the data obtained in the study by He et al.
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Figure Al - correlated data obtained in the study
Science Museums have been a target of research for augmented reality research as

science is an area where abstract concepts may be difficult to explain or the topic of the
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exhibit is not directly observable within the museum environment. This was further

explored in the research of Yoon and Wang of visualizing invisible concepts in science
museums with augmented reality technology. The purpose of this study was to use
augmented reality to visualize magnetic fields for teaching science to children between
the ages of nine and twelve. The results found that the students in the augmented reality
group were displaying more cognitive behaviours than those in the control group,
including additional team working and problem identifying skills. The study also
recorded the amount of time that each group spent with the exhibit and found that the
students with the augmented reality system were interacting with the exhibit for longer
by an average of seventy-three seconds, which would indicate that the system was not
only beneficial for cognitive development and learning, but also for keeping the
audience’s interest.

The future of augmented, mixed and virtual reality research was discussed in a
paper by Bekele et al. in their survey of these technologies for usage in cultural heritage.
The survey is a very comprehensive technical analysis of the three technologies along
with an examination of the hardware and software that enables them and their uses. The
authors also discussed areas of the technology that research can expand upon in future
studies. These were the examples provided;

1.  Robust Tracking: Use camera-based tracking instead of sensor-based
tracking as it’s less prone to errors and has had more development.

2.  Standardization: Define or adopt a standard for the creation of the
system, including the mark-up language, documentation, data structures, metadata
and model format. The authors claim a community standard for project creation
would assist in development of future projects.

3. User-Driven Semantics: Allow the user to focus on points of interest
to avoid cluttering them with information in environments with multiple areas of
interest.

4.  Tangible Augmented Reality: utilize tangible user interfaces, a type of

user interface interfacing that allows the user to interact with and directly
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manipulate the information provided by a system by interacting with physical
objects in the real world.

5. Fully Immersive Virtual Reality: Whilst not applicable to this paper,
the concept involves creating a fully immersive simulation for the user to enhance
their experience. The authors did comment that this type of content is very

expensive to manufacture.

As augmented reality can be used as a tool for gamified learning, it has the potential
to assist as a motivational asset providing it meets those three criteria. Utilizing
augmented reality for an educational task provides the user with total autonomy as they
can progress at their own speed and investigate the elements that interest them, therefore
having the potential to motivate them beyond what a traditional learning would be capable

of.

Theory was put into practice during a study performed by Di Serio et al. on how
augmented reality could be used to motivate middle-school students. Students who were
due to begin studying renaissance era ltalian art were shown traditional paintings that
were enhanced with augmented reality to include text, audio, video and 3d model files.
The students were then given autonomy to free explore the augmented reality elements
of their class using the hardware provided, however the results collected from this study
are not fully dependable as it was unable to divide the students into control or focus
groups. Sixty-nine students participated but fourteen of them were deleted from the
sample due to missing data or outliers. The initial testing focused on four categories;
Attention, relevance, confidence and satisfaction, each measured on a scale of one to five.
In the first round of tests, these categories scored below 3.5, but almost all rose above that
during the second round to 3.76, 3.48, 3.63 and 3.51 respectively. The relevance score
only increased by a mean value of 0.17 between tests, which would indicate that the usage

of augmented reality does not increase a student’s interest in a topic.
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Unfortunately, due to the lack of a control group, it is not possible to derive from
this study whether the usage of augmented reality is beneficial or detrimental to
motivation when compared to traditional teaching methods.

The results from previous research are highly encouraging for future studies and
projects as they indicate that usage of augmented reality has been able to stimulate
learning engagement in bold new ways that have previously been unavailable. Many of
these studies have noted a lack of empirical research performed within the area, signifying
that there is still a great deal of potential study still to be done. The results found thus far
have indicated very strongly that as a technology, augmented reality has the potential to
revolutionize the way that certain subjects are taught, along with being able to bring new
experiences or revitalize old ones at museums, heritage sites and other areas of historical
value. Historically significant events that have occurred within living memory have the
rare and unique opportunity to be recorded within the confines of modern technology,
such as augmented or virtual reality so that the first-hand accounts can be told or
experienced directly by current and future generations. Documentaries and interview
recordings existed prior to this technology emerging, but they lacked the capacity to
actively engage with the delivered content.

Future research projects into the development of augmented reality applications for
educational purposes should be aware of the requirements of the users to engage with a
system, along with the potential hazards that they will face when interacting with it. The
studies show that technology is effective for motivating learners, stimulating interest and
building short term memory. We seek to utilize the knowledge gained from this review
in our upcoming collaboration with the Neuengamme Holocaust Memorial Site, with
whom we are collaborating to develop an augmented reality application for educational
purposes.

The research focus of this study will be to expand upon study on the effect of
augmented reality on developing long term memories. Whilst the theory of this has been
covered in this review, there is a lack of empirical study on how effective augmented
reality is for creating long term memories. The testing of this project will educate users

on the Neuengamme Holocaust Memorial site using two groups; a focus group and a
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control group. The focus group will have their experience enhanced with an augmented
reality system and the control group will be given a more traditional class on the subject.
At intervals following these classes, the groups will be given online tests to determine
how much information they have retained about this part of the Holocaust and have the

results compared to see which group was able to remember the most.
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B.1. AppDelegate.swift

import UIKit
import TorchKit
import os

@UIlApplicationMain
class AppDelegate: UIResponder, UlApplicationDelegate {

var window: UIWindow?

func application(_ application: UlApplication, didFinishLaunchingWithOptions launchOptions:
[UlApplication.LaunchOptionsKey: Any]?) -> Bool {

if #available(iOS 13.0, *) {
window?.overrideUserInterfaceStyle = .light
}else {
// Fallback on earlier versions

}

do {
try TorchKit.shared.initSDK(apiKey:
"djlucHVibGIjLmV5SndjbTkwYnlINKIrTkJSVK5JUJNCTIVURNIIRMRZYkVaT2IXUIRVVIIrUIZGV2FFMVNSM1J
RVIZSSmVtUnIJWa3ROVkVsaFJFRnFjaTIrY25KQ1VITkINRzITIVGVFNWTKRhRUpDUM1wTWQYMXVIVVZ5U
1VwalF6WKdZbEpQVjlwaWZjVHVITXV5cmZHY2VBS21QQVFEajdmdVIYUVhQaFgtTUIpbzR4AOWRWV1gtYTI
KdHVjaVRIRUZFLW50RIhnb2JhYzdPVmlvV2ZraOEyc2d3MIVvTVBBQQ=="
} catch {
0s_log(OSLogType.default, "Init failed!")

}

return true

}

func applicationWillResignActive(_ application: UlApplication) {

/I Sent when the application is about to move from active to inactive state. This can occur for certain types
of temporary interruptions (such as an incoming phone call or SMS message) or when the user quits the
application and it begins the transition to the background state.

/I Use this method to pause ongoing tasks, disable timers, and invalidate graphics rendering callbacks.
Games should use this method to pause the game.

}

func applicationDidEnterBackground(_ application: UlApplication) {
/I Use this method to release shared resources, save user data, invalidate timers, and store enough
application state information to restore your application to its current state in case it is terminated later.
/I'If your application supports background execution, this method is called instead of
applicationWillTerminate: when the user quits.

}

func applicationWillEnterForeground(_ application: UlApplication) {
/I Called as part of the transition from the background to the active state; here you can undo many of the
changes made on entering the background.

}

func applicationDidBecomeActive(_ application: UlApplication) {
/I Restart any tasks that were paused (or not yet started) while the application was inactive. If the
application was previously in the background, optionally refresh the user interface.

}

func applicationWillTerminate(_ application: UlApplication) {



TorchKit.shared.shutdownSDK()

B.2. AboutViewController

import UIKit
class AboutViewController: UlViewController {

override func viewDidLoad() {
super.viewDidLoad()

/I Do any additional setup after loading the view.

}

@IBAction func closeButtonTapped(_ sender: UlButton) {
self.dismiss(animated: true, completion: nil)

}

B.3. ArtDetailViewController.swift

import UIKit
class ArtDetailViewController: UlViewController {

@IBOutlet weak var artName: UlLabel!

@IBOutlet weak var artimageView: UllmageView!

@IBOutlet weak var artDescription: UlTextView!

@IBOutlet weak var artistYearLabel: UlLabel!

@IBOutlet weak var artHeightConstraint: NSLayoutConstraint!

var descriptionText ="

var imageURL =™

var artNameText =

var author_yearText =

override func viewDidLoad() {
super.viewDidLoad()

setimage()

artDescription.text = descriptionText
artName.text = "«\(artNameText)»"
artistYearLabel.text = author_yearText

func setimage() {
artimageView.sd_setimage(with: URL(string: imageURL), placeholderimage: Ullmage(named:
"loadinglcon"), completed: { (image, error, cacheType, imageURL) in
let downlmage = image as! Ulimage
/Iself.artimageHeight.constant = downimage.size.height
let ratio = downlmage.size.width / downlmage.size.height
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let newHeight = self.artimageView.frame.width / ratio
self.artHeightConstraint.constant = newHeight
/Iself.artimageView.layoutlfNeeded()
self.view.layoutlfNeeded()

)
}

@IBAction func closeButtonTapped(_ sender: UlButton) {
self.dismiss(animated: true, completion: nil)
}

B.4. ArtsViewController.swift

import UIKit
import SDWebimage

class ArtsViewController: UlViewController {
@IBOutlet weak var collectionView: UlCollectionView!
let popUpContentManager = PopUpContentManager.shared

override func viewDidLoad() {
super.viewDidLoad()

collectionView.delegate = self
collectionView.dataSource = self

collectionView.register(UINib(nibName: "CollectionViewCell", bundle: nil), forCellWithReuseldentifier:
"cell")

}

@IBAction func backButtonPressed(_ sender: UlButton) {
self.dismiss(animated: true, completion: nil)

}

extension ArtsViewController: UlCollectionViewDelegate, UlCollectionViewDataSource,
UlCollectionViewDelegateFlowLayout {

func collectionView(_ collectionView: UlCollectionView, numberOfltemsIinSection section: Int) -> Int {
return artObjects.count

}

func collectionView(_ collectionView: UlCollectionView, layout collectionViewLayout:
UlCollectionViewLayout, sizeForltemAt indexPath: IndexPath) -> CGSize {
let flowayout = collectionViewLayout as? UlCollectionViewFlowLayout
let space: CGFloat = (flowayout?.minimuminteritemSpacing ?? 0.0) + (flowayout?.sectioninset.left ?? 0.0)
+ (flowayout?.sectionlnset.right ?? 0.0)
let size:CGFloat = (collectionView.frame.size.width - space) / 2.0
return CGSize(width: size, height: size)
}
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func collectionView(_ collectionView: UlCollectionView, cellForltemAt indexPath: IndexPath) ->
UlCollectionViewCell {
let row = artObjects[indexPath.row]
let cell = collectionView.dequeueReusableCell(withReuseldentifier: "cell”, for: indexPath) as!
CustomCollectionViewCell
cell.isUserlnteractionEnabled = false

if let artURL = row.image {
cell.artimageView.sd_setimage(with: URL(string: artURL), placeholderimage: Ulimage(named:
"loadinglcon”), completed: { (image, error, cacheType, imageURL) in
cell.isUserlInteractionEnabled = true
)
}

return cell

}

func collectionView(_ collectionView: UlCollectionView, didSelectltemAt indexPath: IndexPath) {
let vc = storyboard?.instantiateViewController(withldentifier: "ArtDetailViewController") as?
ArtDetailViewController

let rawTexts = [artObjects[indexPath.row].triggerldescription,
artObjects[indexPath.row].trigger2description, artObjects[indexPath.row].trigger3description,
artObjects[indexPath.row].triggerddescription, artObjects[indexPath.row].trigger5description]
var description =""
for item in rawTexts {
if item I="nil" {
description = description +

}

+ item!

}

vc?.artNameText = artObjects[indexPath.row].name!
vc?.descriptionText = description

vc?.imageURL = artObjects[indexPath.row].image!
vc?.author_yearText = artObjects[indexPath.row].authoryear!

vcl.modalPresentationStyle = .fullScreen
self.present(vc!, animated: true, completion: nil)

B.5. ContactsViewController.swift

import UIKit
import MessageUl

class ContactsViewController: UlViewController, MFMailComposeViewControllerDelegate {

override func viewDidLoad() {
super.viewDidLoad()

/I Do any additional setup after loading the view.

}
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func makePhoneCall(phoneNumber: String) {
if let phoneURL = NSURL(string: ("tel://" + phoneNumber)) {

UlApplication.shared.open(phoneURL as URL, options: [:], completionHandler: nil)

}

}
@IBAction func adressPressed(_ sender: UlButton) {

if (UIApplication.shared.canOpenURL(URL(string:"comgooglemaps://")!)) {
UlApplication.shared.openURL(URL(string:

"comgooglemaps://?daddr=National+Art+Museum+of+Ukraine,+6,+Mykhaila+Hrushevskoho+St,+Kyiv,+01001")
)
}else {
UlApplication.shared.openURL(URL(string:"https://goo.gl/maps/enwEKMRRYxwUiu7Q7")!)
print("Can't use comgooglemaps://");
}
}

@IBAction func phonelPressed(_ sender: UIButton) {
makePhoneCall(phoneNumber: "+380442781357")

}

@IBAction func phone2Pressed(_ sender: UlButton) {
makePhoneCall(phoneNumber: "+380442787454")
}

@IBAction func emailPressed(_ sender: UlButton) {
if MFMailComposeViewController.canSendMail() {

let alert = UlAlertController(title: "Hagicnatu nuct y NAMU", message: nil, preferredStyle: .alert)
alert.addAction(UlAlertAction(title: "Tak", style: .default, handler: { (action) in

let mail = MFMailComposeViewController()

mail.mailComposeDelegate = self

mail.setToRecipients(["info@namu.kiev.ua"])

/Imail.setSubject("Poof feedback")

self.present(mail, animated: true)

)
alert.addAction(UlAlertAction(title: "Cancel”, style: .cancel, handler: nil))
self.present(alert, animated: true, completion: nil)

}else {
return

}
}

@IBAction func fbButtonPressed(_ sender: UlButton) {
guard let url = URL(string: "https://www.facebook.com/namu.museum/") else { return }
UlApplication.shared.open(url)

}

@IBAction func instaButtonPressed(_ sender: UlButton) {
guard let url = URL(string: "https://www.instagram.com/namu.museum/") else { return }
UlApplication.shared.open(url)

}
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@IBAction func websiteButtonPressed(_ sender: UIButton) {
guard let url = URL(string: "http://namu.kiev.ua/ua/about/history.html”) else { return }
UlApplication.shared.open(url)

}

@IBAction func backButtonPressed(_ sender: UlButton) {
self.dismiss(animated: true, completion: nil)

}

B.6. OtherViewController.swift

import UIKit

protocol TorchProjectDelegate {
func resetTorchProj()

}

class OtherViewController: UlViewController {
var torchProjDelegate: TorchProjectDelegate?
@IBOutlet weak var tableView: UlTableView!
let onboardingVC = OnboardingViewController.shared

let sectionltems = ["Po3noyaTtn AR ekckypcito 3 noyatky", "HAk KopucTyBaTmcst 3acTocyHkom", "Crnmcok
kapTuH", "Mogenb uepkeu BosHeciHHA", "Mana my3eto”, "KoHTaktn", "3anuwmnTtn cdigbek”, "Mpo 3acTocyHoK"]

override func viewDidLoad() {
super.viewDidLoad()

tableView.delegate = self
tableView.dataSource = self
tableView.separatorStyle = .singleLine
tableView.separatorColor = .black
tableView.tableFooterView = UlView()

let px = 1/ UlScreen.main.scale

let frame = CGRect(x: 0, y: 0, width: self.tableView.frame.size.width, height: px)
let line = UlView(frame: frame)

self.tableView.tableHeaderView = line

line.backgroundColor = self.tableView.separatorColor

tableView.rowHeight = 80

@IBAction func backButtonPressed(_ sender: UlButton) {
self.dismiss(animated: true, completion: nil)

}



func presentOnboardingRestartAlert() {
let alert = UlAlertController(title: "Ak kopucTtyBaTucs 3actocyHkoM", message: "lponTtu rang we pas?",
preferredStyle: UlAlertController.Style.alert)

alert.addAction(UlAlertAction(title: "Tak", style: UlAlertAction.Style.default, handler: { action in
let onbVC = self.onboardingVC.createOnboardingVC()
onbVC.modalPresentationStyle = .overFullScreen
onbVC.presentFrom(self, animated: true)

)
alert.addAction(UlAlertAction(title: "CkacysaTn", style: UlAlertAction.Style.cancel, handler: nil))

self.present(alert, animated: true, completion: nil)

}

func presentTorchProjRestartAlert() {
let alert = UlAlertController(title: "MNMoyaTn exkckypcito 3 novaTky?", message: nil, preferredStyle:
UlAlertController.Style.alert)

alert.addAction(UlAlertAction(title: "Tak", style: UlAlertAction.Style.default, handler: { action in
self.torchProjDelegate?.resetTorchProj()

1)
alert.addAction(UlAlertAction(title: "Ckacysatu", style: UlAlertAction.Style.cancel, handler: nil))

self.present(alert, animated: true, completion: nil)

}

extension OtherViewController: UlTableViewDelegate, UlTableViewDataSource {

func tableView(_ tableView: UlTableView, numberOfRowsInSection section: Int) -> Int {
return sectionltems.count

}

func tableView(_ tableView: UlTableView, cellForRowAt indexPath: IndexPath) -> UlTableViewCell {

let cell = tableView.dequeueReusableCell(withidentifier: "cell”, for: indexPath)
cell.textLabel?.font = UIFont(name: "NAMU-1960", size: 16.0)
cell.textLabel?.text = sectionltems[indexPath.row]

return cell

func tableView(_ tableView: UlTableView, didSelectRowAt indexPath: IndexPath) {

switch indexPath.row {
case O:
print("start over")
presentTorchProjRestartAlert()
case 1:
print("onboarding restart")
presentOnboardingRestartAlert()
case 2:
print("arts")
performSegue(withldentifier: "toArts", sender: self)
case 3:
print(“church 3D")
performSegue(withldentifier: "toChurch”, sender: self)
case 4:



print("3d map")

performSegue(withldentifier: "toMap", sender: self)
case 5:

print("contacts")

performSegue(withldentifier: "toContacts", sender: self)
case 6:

print(“feedback")
case 7:

print("About")

performSegue(withldentifier: "toAbout", sender: self)
default:

break

}

tableView.deselectRow(at: indexPath, animated: true)

B.7. TorchProjectViewController.swift

import ARKit
import Metal
import SceneKit
import TorchKit
import UIKit

import OnboardKit
import SwiftEntryKit
import Network

class TorchProjectViewController: UlViewController, ARSCNViewDelegate, ARSessionDelegate {

@IBOutlet var sceneView: ARSCNView!

@1BOutlet var sessioninfoLabel: UlLabel?
@1BOutlet weak var menuButton: UlButton!
@I1BOutlet weak var popUpView: UlView!
@I1BOutlet weak var popUpDescription: UlLabel!

@IBOutlet weak var notificationView: UlView!
@IBOutlet weak var notificationText; UlLabel!

@IBOutlet weak var guideView: UlView!

@IBOutlet weak var guideTopLabel: UlLabel!
@IBOutlet weak var guideBottomLabel: UlLabel!
@IBOutlet weak var guidelmageView: UlimageView!

@1BOutlet weak var visualEffectView: UlVisualEffectView!

//Monitor for checking internet connection
let monitor = NWPathMonitor()

let onboardingVC = OnboardingViewController.shared
let popUpContentManager = PopUpContentManager.shared

/IMARK: Project URL
var projectURL = Bundle.main.url(forResource: "NAMU-14", withExtension: "torchkitproj")!
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var projectisLoaded = false
var loadedProject: TorchProjectNode?

private var torchProject: TorchProjectNode?

private var lastTime: Timelnterval = 0.0

private var projectAnchorManager: ProjectAnchorManager?
private var viewLock: NSLock = NSLock()

private var viewCenter: CGPoint = CGPoint(x: 0, y: 0)
private var lastSize: CGSize = CGSize(width: 0, height: 0)

/IMARK: ViewDidLoad
override func viewDidLoad() {
super.viewDidLoad()
self.sceneView = ARSCNView(frame: self.view.bounds)

/[Run the monitor to catch connection changes
let queue = DispatchQueue(label: "Monitor")
monitor.start(queue: queue)

popUpContentManager.loadData()
print(artObjects.count)

//ADD SCENEVIEW BELOW BUTTON
self.view.insertSubview(self.sceneView, belowSubview: menuButton)

self.sessioninfoLabel = UlLabel(frame: CGRect(x: 0, y: 75, width: self.view.bounds.width * 0.8, height: 100))

self.sessioninfoLabel!.numberOfLines = 3

self.sessionInfoLabel!.textColor = .white

self.sessionInfoLabel!.shadowColor = .black

self.sessionInfoLabel!.shadowOffset = CGSize(width: 1.0, height: 1.0)

self.view.addSubview(self.sessionInfoLabel!)

self.sceneView.translatesAutoresizingMaskintoConstraints = false

self.sceneView.widthAnchor.constraint(equalTo: self.view.widthAnchor).isActive = true

self.sceneView.heightAnchor.constraint(equalTo: self.view.heightAnchor).isActive = true

self.sessionIinfoLabell.translatesAutoresizingMaskintoConstraints = false

self.sessioninfoLabel!.centerXAnchor.constraint(equalTo: self.view.centerXAnchor).isActive = true

self.sessioninfoLabell.widthAnchor.constraint(equalTo: self.view.widthAnchor, multiplier: 0.8).isActive = true

self.sessioninfoLabell.topAnchor.constraint(equalTo: self.sceneView.topAnchor, constant: 75.0).isActive =
true

self.sessionInfoLabel!.heightAnchor.constraint(equalToConstant: 180.0)

self.sessionInfoLabel?.font = UIFont(name: "NAMU-1960", size: 16.0)

/IMARK: ViewDidAppear
override func viewDidAppear(_ animated: Bool) {
super.viewDidAppear(animated)

if projectlsLoaded == false {
let configuration = ARWorldTrackingConfiguration()
//IPLANE DETECTION
configuration.planeDetection = [.horizontal]
self.sceneView.session.run(configuration)
self.sceneView.session.delegate = self
UlApplication.shared.isldleTimerDisabled = true

/IMARK: TorchProject loading



do {

self.torchProject = try TorchProjectNode(withProjectURL: self.projectURL, andDevice:

self.sceneView.device!, arSession: self.sceneView.session)
} catch {
fatalError(error.localizedDescription)

}

guard let torchProj = self.torchProject else { return }

loadedProject = torchProj
TorchGestureManager.shared.addGestureRecognizers(to: self.sceneView)
self.sceneView.session.delegate = torchProj.arSessionDelegate ?? nil
self.setupSceneLighting()
self.sceneView.scene.rootNode.addChildNode(torchProj)
self.projectAnchorManager = nil

self.sceneView.delegate = self

projectisLoaded = true

/IDEBUG SETTING SCENE
loadedProject?.setScene(sceneName: "to drunk”, resetCurrentScene: true)

if UserDefaults.standard.bool(forKey: "OnboardingComplete") == false {
let onbVC = onboardingVC.createOnboardingVC()
onbVC.modalPresentationStyle = .overFullScreen
onbVC.presentFrom(self, animated: true)

}

/[Catch network changes
monitor.pathUpdateHandler = { path in
if path.status == .satisfied {
print("We're connected!")
self.UI() {
self.removeNetworkNotification()
}

}else {
print("No connection.")
self.Ul() {
self.presentNetworkNotification()
}

}
}

/IMARK: Catching triggers
print("CURRENT SCENE IS \(loadedProject!.currentScene.name)")
torchProject?.triggerFired = { trigger in

switch trigger.name {

case "heorhiltapped":
self.popUpDescription.text = artObjects[0].triggerldescription
self.presentPopUp(fromBottom: true)

case "heorhi2tapped":
self.popUpDescription.text = artObjects[0].trigger2description
self.presentPopUp(fromBottom: true)

case "heorhi3tapped":
self.popUpDescription.text = artObjects[0].trigger3description
self.presentPopUp(fromBottom: true)
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case "heorhidtapped":
self.popUpDescription.text = artObjects[0].trigger4description
self.presentPopUp(fromBottom: true)

case "heorhiNextTapped":
self.popUpDescription.text = artObjects[0].nextconnection
self.presentPopUp(fromBottom: false)

case "horseltapped":
self.popUpDescription.text = artObjects[1].triggerldescription
self.presentPopUp(fromBottom: true)

case "horse2tapped":
self.popUpDescription.text = artObjects[1].trigger2description
self.presentPopUp(fromBottom: true)

case "horse3tapped":
self.popUpDescription.text = artObjects[1].trigger3description
self.presentPopUp(fromBottom: true)

case "horse4dtapped™:
self.popUpDescription.text = artObjects[1].trigger4description
self.presentPopUp(fromBottom: true)

case "horsebtapped":
self.popUpDescription.text = artObjects[1].trigger5description
self.presentPopUp(fromBottom: true)

case "horseNextTapped":
self.popUpDescription.text = artObjects[1].nextconnection
self.presentPopUp(fromBottom: false)

case "velykltapped":
self.popUpDescription.text = artObjects[2].triggerldescription
self.presentPopUp(fromBottom: true)

case "velyk2tapped":
self.popUpDescription.text = artObjects[2].trigger2description
self.presentPopUp(fromBottom: true)

case "velyk3tapped":
self.popUpDescription.text = artObjects[2].trigger3description
self.presentPopUp(fromBottom: true)

case "velykNextTapped™:
self.popUpDescription.text = artObjects[2].nextconnection
self.presentPopUp(fromBottom: false)

case "dedltapped™:
self.popUpDescription.text = artObjects[3].triggerldescription
self.presentPopUp(fromBottom: true)

case "ded2tapped":
self.popUpDescription.text = artObjects[3].trigger2description
self.presentPopUp(fromBottom: true)

case "ded3tapped":
self.popUpDescription.text = artObjects[3].trigger3description
self.presentPopUp(fromBottom: true)

case "dedNextTapped":
self.popUpDescription.text = artObjects[3].nextconnection
self.presentPopUp(fromBottom: false)

case "mamayltapped":
self.popUpDescription.text = artObjects[4].triggerldescription
self.presentPopUp(fromBottom: true)

case "mamay2tapped":
self.popUpDescription.text = artObjects[4].trigger2description
self.presentPopUp(fromBottom: true)

case "mamay3tapped":
self.popUpDescription.text = artObjects[4].trigger3description
self.presentPopUp(fromBottom: true)

case "mamay4tapped™:
self.popUpDescription.text = artObjects[4].trigger4description
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self.presentPopUp(fromBottom: true)

case "mamayNextTapped":
self.popUpDescription.text = artObjects[4].nextconnection
self.presentPopUp(fromBottom: false)

case "babushkaltapped":
self.popUpDescription.text = artObjects[5].triggerldescription
self.presentPopUp(fromBottom: true)

case "babushka2tapped":
self.popUpDescription.text = artObjects[5].trigger2description
self.presentPopUp(fromBottom: true)

case "babushkaNextTapped":
self.popUpDescription.text = artObjects[5].nextconnection
self.presentPopUp(fromBottom: false)

case "drunkltapped™:
self.popUpDescription.text = artObjects[6].triggerldescription
self.presentPopUp(fromBottom: true)

case "drunk2tapped":
self.popUpDescription.text = artObjects[6].trigger2description
self.presentPopUp(fromBottom: true)

case "drunkNextTapped":
self.popUpDescription.text = artObjects[6].nextconnection
self.presentPopUp(fromBottom: false)

case "monkltapped™:
self.popUpDescription.text = artObjects[7].triggerldescription
self.presentPopUp(fromBottom: true)

case "monk2tapped™:
self.popUpDescription.text = artObjects[7].trigger2description
self.presentPopUp(fromBottom: true)

case "monkNextTapped":
self.popUpDescription.text = artObjects[7].nextconnection
self.presentPopUp(fromBottom: false)

case "loveltapped":
self.popUpDescription.text = artObjects|[8].triggerldescription
self.presentPopUp(fromBottom: true)

case "love2tapped":
self.popUpDescription.text = artObjects|[8].trigger2description
self.presentPopUp(fromBottom: true)

case "loveNextTapped":
self.popUpDescription.text = artObjects[8].nextconnection
self.presentPopUp(fromBottom: false)

case "forestltapped":
self.popUpDescription.text = artObjects[9].triggerldescription
self.presentPopUp(fromBottom: true)

case "forest2tapped":
self.popUpDescription.text = artObjects[9].trigger2description
self.presentPopUp(fromBottom: true)

case "forestNextTapped":
self.popUpDescription.text = artObjects[9].nextconnection
self.presentPopUp(fromBottom: false)

case "winterltapped":
self.popUpDescription.text = artObjects[10].triggerldescription
self.presentPopUp(fromBottom: true)

case "winter2tapped":
self.popUpDescription.text = artObjects[10].trigger2description
self.presentPopUp(fromBottom: true)

case "winterNextTapped™:
self.popUpDescription.text = artObjects[10].nextconnection
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self.presentPopUp(fromBottom: false)

case "triggerChurchNotif":
self.notificationText.text = "MNMogueuck Ha ikoHy nonepegy!"
self.presentNotification()

case "churchltapped":
self.popUpDescription.text = "LlepkBa Bo3gBmkeHHsI - ACKpaBUI NpuKag YKpaiHCbKOi AepeB’siHOT
apxiTekTtypu gobu 3pinoro 6apoko. byna cnopymkeHa Ha micui ctapoi uepken 'y 1759(61) poui Ha 3aMOBIEHHS
rpomMaam YepHiriscbkoi rybepHii. [Jo Haworo vacy ainwnu HebaraTto LepkoB Takoro TUMy Yyepes aHTUpenirinHy
NoniTUKy pagsHCLKOro cotody. Llepkea, wo nepeq Bamu, 6yna posibpaHa y 30-x pokax 20 cT. Nepea camum ii
3HECEHHSAM JOCTiAHMKM 3pobunu geTarnbHi 3amipu, 3aManboBku Ta oTo, Wwob 36eperty iHopmauito gns
ManbyTHiX nokoniHb. Came 3aBasikv UMM gaHum byna ctBopeHa 3g-mogens.”
self.presentPopUp(fromBottom: true)
case "church2tapped™:
self.popUpDescription.text = "lkoHocTac - e, bykBanbHO, CTiHa iKOH, LLO BiJOKPEMITHOE
cakparnbHy(BiBTapHy) YacTUHy LiepKBU Big npuxoxaH. 3 16-ro CT. BUHUKAE KNACUYHWUIA BUCOKMI iIKOHOCTAC, KU
CKnagaBcsl 3 5-T OCHOBHUX psfiB abo YMHiB (3HM3Y Bropy): LlokonbHui, ae nepeBaHO 300paxkyBanu
bibnencobki cueHn Ctaporo 3anoBiTy. HamicHuiA - napHi ikoHn Icyca XpucTta Ta boromaTtepi, a Takox CBATUX, SKi
NnoB’A3aHi i3 LepkBoto. [MpasHUKOBUN, MPUCBSYEHNI LIEPKOBHMUM CBSITaM [leiCyCHUIA - TONTIOBHUIA YMH iKOHOCTacYy,
Ha akoMy 306paxeHo Cnacutens, Boromarip, IBana Npearteyy Ta psag anoctonis. Ta npopounit psa. lkoHn 6ynu
36epexeHi 3aBasky XKonbnBCcbKOMY, AKUIM BMBI3 1X 3 XpaMy A0 NOro 3pynHyBaHHS."
self.presentPopUp(fromBottom: true)
case "churchNextTapped":
self.popUpDescription.text = "Okpim peniriiHoro MucteuTBa y nepiog 6apoko akTUBHO NOYMHAE
pO3BMBATUCL | MMCTELITBO CBIiTCbKe."
self.presentPopUp(fromBottom: false)

case "fondsTapped":
self.guidelmageView.image = Ullmage(named: "thanksGuy")
self.guideTopLabel.text = "CnogiBaemock, 6yno uikaeo :)"
self.guideBottomLabel.text = "Mu ctapanucek, abu 3acTocyHOK O6yB LikaBuM Anis Bac. Ane BM MOXeTe
3pobuTK MOro we Kpawmm ;) [ns uboro noTpibHO 3anuwwimTK CBi Biaryk!"
self.guideBottomLabel.font = UIFont(name: "NAMU-1960", size: 11.0)
self.view.insertSubview(self.guideView, aboveSubview: self.sceneView)
self.guideView.center = self.view.center
self.guideView.transform = CGAffineTransform.init(scaleX: 1.3, y: 1.3)
self.guideView.alpha =0
UlView.animate(withDuration: 0.5) {
self.guideView.alpha = 1
self.guideView.transform = CGAffineTransform.identity

}

let tap = UlTapGestureRecognizer(target: self, action: #selector(self.handleThanksTap(_:)))
self.guideView.addGestureRecognizer(tap)
self.guideView.isUserInteractionEnabled = true

default:
break
}

print("Trigger \(trigger.name) fired")
print("CURRENT SCENE IS \(self.loadedProject!.currentScene.name)")

/IMARK: ViewDidDisappear
override func viewWillDisappear(_ animated: Bool) {
super.viewWillDisappear(animated)



// DID SOME SHIT
/Iself.sceneView.session.pause()
}
/IMARK: ViewDidLayoutSubviews
override func viewDidLayoutSubviews() {
super.viewDidLayoutSubviews()
/I This gets called alot, use lastSize to only lock when needed.
if self.view.frame.size != self.lastSize {
self.viewLock.lock()
self.viewCenter = CGPoint(x: self.view.frame.size.width * 0.5, y: self.view.frame.size.height * 0.5)
self.viewLock.unlock()
self.lastSize = self.view.frame.size

}
}

/IMARK: Renderer
func renderer(_ renderer: SCNSceneRenderer, updateAtTime time: Timelnterval) {
guard self.projectAnchorManager == nil,
let camTransform = self.sceneView.session.currentFrame?.camera.transform else {
return

let dt = self.lastTime != 0 ? time - self.lastTime : 0

self.lastTime = time

self.viewLock.lock()

let viewCenter = self.viewCenter

self.viewLock.unlock()

let hits = self.sceneView.hitTest(viewCenter, options: nil)

let gazedNode: SCNNode? = lhits.isEmpty ? hits.first!.node : nil

self.torchProject!.tick(delta: dt, cameraTransform: camTransform, currentGazedNode: gazedNode)
}

/IMARK: SceneLightning
func setupScenelLighting() {

let envmapURL = Bundle.main.url(forResource: "envmap", withExtension: "png")!

let envmapData = try! Data(contentsOf: envmapURL)

let envmap = Ullmage(data: envmapData)

sceneView.automaticallyUpdatesLighting = false
self.sceneView.autoenablesDefaultLighting = false
self.sceneView.scene.lightingEnvironment.contents = envmap
self.sceneView.scene.lightingEnvironment.intensity = 1.0

let worldPlaneGeometry = SCNFloor()

let worldPlaneNode = SCNNode(geometry: worldPlaneGeometry)
let worldPlaneMaterial = SCNMaterial()
worldPlaneGeometry.reflectivity = 0
worldPlaneMaterial.diffuse.contents = UlColor.white
worldPlaneMaterial.lightingModel = .physicallyBased
worldPlaneMaterial.writesToDepthBuffer = true
worldPlaneMaterial.colorBufferWriteMask = []
worldPlaneGeometry.materials = [worldPlaneMaterial]
worldPlaneNode.castsShadow = false

/[comment next line
/Iself.sceneView.scene.rootNode.addChildNode(worldPlaneNode)
let light = SCNLight()

light.type = .directional

light.shadowMode = .deferred

light.intensity = 1000.0

light.color = UlColor(white: 1.0, alpha: 1.0)

/lcomment next line

light.castsShadow = true

light.shadowColor = UlColor.black.withAlphaComponent(0.5)
light.shadowBias = 32

light.shadowSampleCount = 4

light.shadowRadius = 5.0
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light.shadowMapSize = CGSize(width: 4096, height: 4096)

let directionalLightNode = SCNNode()

directionalLightNode.eulerAngles = SCNVector3(x: GLKMathDegreesToRadians(-80.0), y: -
GLKMathDegreesToRadians(-180.0), z: 0.0)

directionalLightNode.light = light

self.sceneView.scene.rootNode.addChildNode(directionalLightNode)

}

//IMARK: PopUp presentation

func presentPopUp(fromBottom: Bool) {

}

var attributes = EKAttributes()

attributes.position = .bottom

attributes.entryBackground = .color(color: .white)

attributes.displayDuration = .infinity

attributes.entrylnteraction = .absorbTouches

attributes.screenlinteraction = .forward

attributes.positionConstraints.verticalOffset = 10

attributes.roundCorners = .all(radius: 10)

let widthConstraint = EKAttributes.PositionConstraints.Edge.ratio(value: 0.9)

let heightConstraint = EKAttributes.PositionConstraints.Edge.intrinsic
attributes.positionConstraints.size = .init(width: widthConstraint, height: heightConstraint)

if fromBottom {
attributes.position = .top
}

SwiftEntryKit.display(entry: popUpView, using: attributes)

func presentNotification() {

}

var attributes = EKAttributes()

attributes.position = .top

attributes.entryBackground = .color(color: .white)

attributes.displayDuration = 5

attributes.positionConstraints.verticalOffset = 10

attributes.roundCorners = .all(radius: 10)

let widthConstraint = EKAttributes.PositionConstraints.Edge.ratio(value: 0.9)

let heightConstraint = EKAttributes.PositionConstraints.Edge.intrinsic
attributes.positionConstraints.size = .init(width: widthConstraint, height: heightConstraint)

SwiftEntryKit.display(entry: notificationView, using: attributes)

func presentNetworkNotification() {

}

self.visualEffectView.isHidden = false
self.visualEffectView.isUserlInteractionEnabled = true
self.view.insertSubview(self.guideView, aboveSubview: self.visualEffectView)
self.guideView.center = self.visualEffectView.center

self.guideView.transform = CGAffineTransform.init(scaleX: 1.3, y: 1.3)
self.guideView.alpha =0

UlView.animate(withDuration: 0.5) {
self.guideView.alpha =1
self.guideView.transform = CGAffineTransform.identity

}
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func removeNetworkNotification() {

UlView.animate(withDuration: 0.3, animations: {
self.guideView.transform = CGAffineTransform.init(scaleX: 1.3, y: 1.3)
self.guideView.alpha =0
self.visualEffectView.isHidden = true
self.visualEffectView.isUserlInteractionEnabled = false

1 { (success) in
self.guideView.removeFromSuperview()

}

}

@objc func handleThanksTap(_ sender: UlTapGestureRecognizer) {
print("Hello World")
guideView.removeFromSuperview()

}

@IBAction func guideOKButtonPressed(_ sender: UlButton) {
}

@IBAction func popupCloseButtonPressed(_ sender: UIButton) {
SwiftEntryKit.dismiss()

}

@IBAction func menuButtonPressed(_ sender: UlButton) {
let menuVC = storyboard?.instantiate ViewController(withldentifier: "menuVC") as! OtherViewController
present(menuVC, animated: true, completion: nil)
menuVC.torchProjDelegate = self

}

/[To update Ul on the main thread

func UI(_ block: @escaping ()->Void) {
DispatchQueue.main.async(execute: block)

}

Il MARK: - ARSessionDelegate

func session(_ session: ARSession, didAdd anchors: [ARAnchor]) {
guard let frame = session.currentFrame else { return }
self.updateSessioninfoLabel(for: frame, trackingState: frame.camera.trackingState)

}

func session(_ session: ARSession, didRemove anchors: [ARANnchor]) {
guard let frame = session.currentFrame else { return }
self.updateSessioninfoLabel(for: frame, trackingState: frame.camera.trackingState)

}

func session(_ session: ARSession, cameraDidChangeTrackingState camera: ARCamera) {
self.updateSessioninfoLabel(for: session.currentFrame!, trackingState: camera.trackingState)

}

/I MARK: - ARSessionObserver
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func sessionWaslnterrupted(_ session: ARSession) {
/I Inform the user that the session has been interrupted, for example, by presenting an overlay.
self.sessioninfoLabel?.text = "AR ceccisa nepepaHa"

}

func sessioninterruptionEnded(_ session: ARSession) {
/I Reset tracking and/or remove existing anchors if consistent tracking is required.
self.sessionInfoLabel?.text = "AR ceccist oHoBneHa"
// DID SOME SHIT
lIself.resetTracking()

}

func session(_ session: ARSession, didFailWithError error: Error) {
self.sessionInfoLabel?.text = "Ctanace nomwunka: \(error.localizedDescription)"
guard error is ARError else {return }

let errorWithinfo = error as NSError

let messages = [
errorWithinfo.localizedDescription,
errorWithinfo.localizedFailureReason,
errorWithinfo.localizedRecoverySuggestion

]

/l Remove optional error messages.
let errorMessage = messages.compactMap { $0 }.joined(separator: "\n")

DispatchQueue.main.async {
/I Present an alert informing about the error that has occurred.
let alertController = UlAlertController(title: "MNMomunka npu 3anycky AR cecii.", message: errorMessage,
preferredStyle: .alert)
let restartAction = UlAlertAction(title: "lNepesanyctutn", style: .default) { _in
alertController.dismiss(animated: true, completion: nil)
self.resetTracking()

alertController.addAction(restartAction)
self.present(alertController, animated: true, completion: nil)
}
}

private func updateSessioninfoLabel(for frame: ARFrame, trackingState: ARCamera.TrackingState) {
/I Update the Ul to provide feedback on the state of the AR experience.
let message: String

switch trackingState {

case .normal where frame.anchors.isEmpty:
/I No planes detected; provide instructions for this app's AR interactions.
message = "Hangu tabnuuky MNoyatok Ekcnosnummn®

case .notAvailable:
message = "TpekiHr HeJoCTYNHUA."

case .limited(.excessiveMotion):
message = "byab nacka, pyxanTte npuCTpPoeEM NoBifbHilwe."

case .limited(.insufficientFeatures):
message = "TpekiHr obmexeHun - HaBegiTb NpUCTpi Ha AINSHKY 3 BUAMMOK AeTani3auieo NnoBepxHi."

case .limited(.initializing):
message = "3arpyska AR cecii."

default:
/I No feedback needed when tracking is normal and planes are visible.
/I (Nor when in unreachable limited-tracking states.)
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message = self.projectAnchorManager != nil ? "Tap a plane to set project anchor" : ™
}

self.sessioninfoLabel?.text = message

}

private func resetTracking() {
let configuration = ARWorldTrackingConfiguration()
configuration.planeDetection = [.horizontal, .vertical]
self.sceneView.session.run(configuration, options: [.resetTracking, .removeExistingAnchors])

}

class func emptyCoder() -> NSCoder {
let data = NSMutableData()
let archiver = NSKeyedArchiver(forWritingWith: data)
archiver.finishEncoding()
return NSKeyedUnarchiver(forReadingWith: data as Data)

}
}

extension TorchProjectViewController: TorchProjectDelegate {
func resetTorchProj() {
loadedProject?.setScene(sceneName: "initial", resetCurrentScene: true)
print("AR session started over")
}
}

B.8. PopUpContentManager.swift

import UIKit
var artObjects = [ArtObject]()
class PopUpContentManager {

private init() {}
static let shared = PopUpContentManager()

[Ivar artObjects = [ArtObject]()

func loadData() {

guard let url = URL(string:
"http://gsx2json.com/api?id=1f7j3WPBouLWulhySO2p2bFF13RIR76BxvLSNFUT90ds&columns=false") else {
print("RETURNED HERE")
return }

IInttp://gsx2json.com/api?id=11tvOkkWUcaYtmk5nVNOzMNx4v19VnhYulgjC60zVrSwé&sheet=1&columns=false
URLSession.shared.dataTask(with: url) { (data, response
, error) in
guard let data = data else {
print("RETURNED")
return }

do {
let decoder = JSONDecoder()
let rows = try decoder.decode(RootClass.self, from: data)
guard let JSONArt = rows.rows else { return }



artObjects = JSONArt

print("artObjects has \(artObjects.count) items")
} catch let error {

print("Error: ", error)

}.resume()

B.9 ArtObject.swift

import Foundation
struct RootClass : Codable {
let rows : [ArtObject]?

enum CodingKeys: String, CodingKey {
case rows = "rows"
}

init(from decoder: Decoder) throws {
let values = try decoder.container(keyedBy: CodingKeys.self)
rows = try values.decodelfPresent([ArtObject].self, forKey: .rows)

}

struct ArtObject : Codable {

letid : Int?

let image : String?

let name : String?

let authoryear : String?

let nextconnection : String?

let triggerldescription : String?
let triggerlname : String?

let trigger2description : String?
let trigger2name : String?

let trigger3description : String?
let trigger3name : String?

let triggerd4description : String?
let triggerdname : String?

let trigger5description : String?
let triggerSname : String?

enum CodingKeys: String, CodingKey {
caseid ="id"
case image = "image"
case name = "name"
case authoryear = "authoryear"
case nextconnection = "nextconnection"
case triggerldescription = "triggerldescription”
case triggerlname = "triggerlname”
case trigger2description = "trigger2description”
case trigger2name = "trigger2name"
case trigger3description = "trigger3description”
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case trigger3name = "trigger3name”
case triggerddescription = "trigger4description”
case triggerdname = "trigger4name”
case triggersdescription = "trigger5description”
case triggersname = "triggersname”

}

init(from decoder: Decoder) throws {
let values = try decoder.container(keyedBy: CodingKeys.self)
id = try values.decodelfPresent(Int.self, forKey: .id)
image = try values.decodelfPresent(String.self, forkey: .image)
name = try values.decodelfPresent(String.self, forKey: .name)
authoryear = try values.decodelfPresent(String.self, forKey: .authoryear)
nextconnection = try values.decodelfPresent(String.self, forKey: .nextconnection)
triggerldescription = try values.decodelfPresent(String.self, forKey: .triggerldescription)
triggerlname = try values.decodelfPresent(String.self, forkey: .triggerlname)
trigger2description = try values.decodelfPresent(String.self, forKey: .trigger2description)
trigger2name = try values.decodelfPresent(String.self, forkey: .trigger2name)
trigger3description = try values.decodelfPresent(String.self, forKey: .trigger3description)
trigger3name = try values.decodelfPresent(String.self, forkey: .trigger3name)
triggerddescription = try values.decodelfPresent(String.self, forKey: .trigger4description)
trigger4name = try values.decodelfPresent(String.self, forkey: .trigger4dname)
trigger5description = try values.decodelfPresent(String.self, forKey: .trigger5description)
triggerSname = try values.decodelfPresent(String.self, forKey: .triggerSname)

97



