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MAIINHHE HABYAHHAA
TA JOITIOBHEHA PEAJIBHICTDH HA ITPUCTPOSAX
HA BA3IiOS I3 ®PEMMBOPKOM MLARKit

Cmeopeno ¢peiimeopx MLARKIt, wo dae 3mocy 1eeko Kopucmysamucs CKIa0HUMU 0Jisk BUKOPUCHIAHHS
Y MOOIIbHUX NPUCMPOSX AN2OPUMMAMU MAWUHHO2O0 HABYAHHSA MA OONOBHEHOI PealbHOCHI, 8PAX08YIoYU
ixui ocobnueocmi. OpelimMeopK CMEOPeHO MAKCUMALLHO SHYYKUM, MOJC CIOPOHHI PO3POOHUKYU 3MOJICYNb
MAKCUMATILHO 3A0080IbHUMU €80 nompebu be3 camocmiinoi peanizayii.

Kuarouosi ciioBa: mamunne HaBuanHs, Core ML, nonoBHeHa peanbHicTh, AR Kit, MoOibHI ipucTpoi, 10S.

Beryn

Y 2017 p. Maiike OTHOYACHO Ha CBOTX KOH(EpeH-
IisSX PO3POOHMKIB /[Ba TOJIOBHI BUPOOHWKH OTepa-
HIHHUX CHCTEM I MOOUThHUX mardopm — Apple
ta Google — oroyocwiM Mpo BU3HAYCHHS BEKTOPA
PO3BUTKY TEXHOJIOT1H Y HampsMi eJ1eMeHTIB ITyY-
HOTO IHTEJIEKTY Ha HACTyIHY Jekany. Ha temepiniHii
MOMEHT Ha 0a3i 000X HalmomyaspHIKUX MOOLTb-
HUX onepariitHux cucteM — i0S ta Android — icHy-
I0Th IHCTPYMEHTH 11 pOOOTH B Tajly3l MAaIIMHHOTO
HaBYAHHS, a TAKOX JOTIOBHEHOI PEabHOCTI, OTHAK
i TEXHOJIOT1] 1Ie nepedyBaroTh y CTajii aKTHBHOTO
PO3po0IIeHHS, a 3HaYHa KUThKICTh 1HXEHEPiB-po3po0-
HUKiB MOOITBHUX NOJATKiB HE MAIOTh AOCTATHHO
3HaHb IS poOOTH 3 HUMH. Uepes e CBOEI0 Yeproro
BUHHKAIOTh TICBHI MEPEIIKOIAM IS BIIPOBAIKCHHS
HOBHX TEXHOJIOTIH Y IPOMHCIIOBOMY CTBOPEHHI MO-
0inpHUX AonatkiB. CaMe AJs po3B’si3aHHS Li€T MPO-
Onemu Oyno po3poOIIeHO CrieIlialbHUN PpeHMBOPK,
mo Ha 6a3i npencrasnenux Apple Core ML ta AR Kit
CTBOPIOE MEBHUH MPOIIAPOK a0CTPaKIIii.

Oco01uBoCTi MOOITHLHUX MPUCTPOIB

JoHenaBHa BUKOPUCTAaHHS aITOPUTMIB MaIliH-
HOTO HaBYaHHS Ta JOMOBHEHOI peaJbHOCTI HA MO-
OUTLHUX MPUCTPOSX OYJI0 HEMOXJIMBUM 4epe3 cep-
HO3HI BUKJIMKH, IO CTOSATH Mepel Oyab-SKUM MO-
OUTLHUM MPOrpaMHUM 3a0e3neducHHsIM. [IpobdmeMu
Oynu 1oB’s13aHi, 30KpeMa, 13 IMBUAKOI€0, BUKOPHUC-
TaHHSAM MEPEXi, KUIBKICTIO CIOXHTOT eHeprii Ta
MIPUBATHICTIO.

KopucryBad cxmmbHHI BUKOPUCTOBYBATH IIBUI-
Ki ¥ KpacuBi OJaTKH, ajpke e mependadae cama
KOHIIETIIIisl MOOIITLHOTO MpHCTpoto. [IpucTpiid, sxuii
He 3JIaTHUH OTPUMATH BXiJHUN BUKIHK Yepe3 po0o-
Ty HEONTHUMI30BaHOI NIPOTrpaMH, repectae OyTH Te-
neOoHOM, a caMe II¢ € TOJIOBHUM HOTO 3aBIaHHSM.
[ToTpiOHO 3a3HAYHTH, 11O ECTETHYHA CKIIaI0BA TPO-
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rpaMH, 30KpeMa, CKJIaJHEe PO3TaIlyBaHHS eIeMEH-
TiB, aHIMallii Ta KOJILOPH Pi3HOT MPO30POCTI, TAKOK
3QJIKUTH BiJl IIBUIKOAI1, OCKUILKH Ha MOOYIOBY
KOPUCTYBAILIbKOTO iHTepdeicy TeX BUTPAYAETHCS
MPOLIECOPHHH Yac.

ITuraHHsS BUKOPUCTAHHS MEPEXki, 0COOIHUBO MO-
0imBHOI, € TakoXk Iyxe BaxnuBuM. [lo-niepie, Mo-
OlmpHHI Tpadik € JOPOTUM 1 KOPUCTYBaU MaJIo 3alli-
KaBJICHUI y Iporpamax, 1o 301TbIIYOTh HOTO BHKO-
PUCTaHHS 3apayl JOMATKOBUX Ta IHKOJIM HEIOMITHHX
¢yukuid. [To-apyre, HaaMipHE BUKOPUCTAHHS Tpa-
¢biky myxe 3HHXKYE eHEPTOe(HEeKTUBHICTH, BAXKIIH-
BICTPH SIKO1 B MOOUTBHHUX CHCTEMaX € OYEBHUIHOIO.
OxpiM (IHAHCOBOTO Ta EKOJOTIYHOTO ACTIEKTIB I[HOTO
MUTAHHS BXJIHMBY POJb Bilirpae MiHiMizawis 3a-
JISKHOCTI TIPUCTPOIO BiJT 30BHIMIHIX JPKEPEN CHEpTii.
ba 6inbiiie, KiTbKICTh IUKITIB 3apsay-pO3psny € CyT-
TEBUM TOKa3HUKOM YXKHBAHOCTI MOOUJIBHOTO IPH-
CTPOIO, 30KpeMa 3 OINISAY Ha Te, IO JJIs IEBHUX
MIPUCTPOIB 3aMiHa aKyMYJISITOpa € HEPEeHTa0eIbHOIO.

KoHineHIIIiHICTh € Y He HAHBaXXITUBIIIUM ac-
MEKTOM 715l MOOLITFHOTO MMPOTPaMHOTO 3a0€3MeUeH-
Hs. OKpiM TOTO, IO MOCTIHHUN MOTIK TaHUX MIiX
CepBepoM i MOOUIBHUM KITI€EHTOM UYepe3 MEpexy
caM 10 co0i MOB’s3aHUHN OUTBIIOK MIPOIO i3 MPO-
OJeMOI0 BUKOPUCTaHHS TPa(diKy, BiH TaK camo CTae
MIIIEHHIO [T KiOeP3JI0YMHIIB, SKIIO € BPa3IuBUM
JUTSL TIepeXoIuTeHHs. Po3rissHeMo Ha MpUKIIai mij-
Ka30K IIiJ] Yac BBEICHHs TEKCTy Ha Kiasiarypi. Haz-
CWJIaHHS TEKCTYy IMOBIJIOMIJICHHS HAa CepBEp MiCI
BBEJICHHS KOYKHOTO CJIOBA 3apajiy IMiJIKa3Kh HACTYTI-
HOTO € CyMHIBHOIO 1/1€€10, 1 HaBiTh HE TaK yepes 3a-
JISKHICTB BiJT IIBUAKOCTI JIOCTYITY JIO0 MEPEXi, K Ue-
pe3 Te, 10 BCi MOBIJOMIICHHS KOPHUCTyBa4a 3aBaH-
TaXYIOTh Y Mepexy. BaxinBo 3amxau mam’sTary,
10 HEeMae abCONMIOTHO HAMAIMHOTO CIIOCO0Y 3aXHCTY
iH(opMarlii, a HaBiTh OJIVH MPENEACHT BUTOKY JTAHUX
MOK€ BiIirpaTé BUPILIAIBHY POJIb IS MKy IIPO-
rpaMHOTo 3a0€3MeUYeHHs Ta HOro po3poOHUKA.
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®peiimopk MLARKit
Ocobnusocmi sacmocysanna MLARKit

Leit pperiMBOpPK po3B’sA3ye 3a1ady po3Mi3HABaH-
Hs 00pa3iB 1 CTBOPEHHS MITOK JJIs PO3Mi3HAHUX
00’€KTIB y JOMOBHEHIN peaybHOCTI. binbiie Toro,
BiH NMPOCTHH y HaJlAIITYBaHHI, OJHAK JOCTATHHO
THYYKUH I 33J0BOJICHHS MOTPeO 1HXKEHEpiB y
KOHKpPETHIN 3a1a4i. HalGIbIIUM TITFOCOM Yy BHKO-
pHUCTaHHI I[LOTO PPEHMBOPKY € Te, IO I HOoTo
peamizamii He MOTPiIOHO 3arTUOIIOBATHCS Y NeTai
po6oru Core ML ta ARKit.

MLARKit Hanmcanwii Ha Swift 5 1 BUKOpUCTOBYE
JIUIe cUcTeMHi 0i0mioTeku Ta pperiMmBopku 10S:

1) Foundation;

2) UIKit;

3) Core ML;

4) Vision;

5) ARK:it.

Hapasi ¢peiiMBOpK MiATpUMY€E TpU PEKUMHU PO3-
Mi3HaBaHH: MIBUKE posmizHaBaHHsI QR-koxiB 1 mpo-
YUTAHHS IXHBOTO BMICTY, pO3Mi3HABaHHS 3aroTo-
BaHUX Hamepesa 300pakeHb 32 TOTOMOTO0 PYIIist
ARKit Ta po3nizHaBaHHA 00pa3iB 3a 3aJaHOIO Je-
KJIapaTHBHO MOJICIUTIO HeHpOoHHOT Mepexi. J{is Bimo-
OpakeHHs MITOK Y JIOTIOBHEHIH peaNbHOCTI Hepe-
0ayeHo Taki omuii:

1. 3agaHHS TEKCTOBOTO 3aIIOBHEHHS JJISI MITKH,

10 BUKOPHCTOBYETHCS 32 3aMOBUYBAHHSIM.
2. 3amanns URL s mporpaBaHHS BiJICOKOH-
TEHTY Ha MITIIi 32 JJOMTIOMOTOIO0 BipTyaJlbHOTO
BiJleorieepa.

3. 3ajaHHs BIAacHOT MITKH, SIKy MO>KHA BiJIpEeH-
neputH Ha 6a3i UIKit a7 Ko)KHOTO KOHKpeT-
HOTO PO3ITI3HAHOTO 00’ €KTA.

4. 3amaHHs BIACHOTO TPHUBUMIpPHOTO 00’€KTa
JUTSL BAKOPUCTAHHS K MIiTKH.

Hoga Bepcist ppeiiMBOpKY Takox a€ 3MOTY BU-
3HAYaTH Takuil co0i «Oe3MeyHui OKiI» 00’ EKTIB —
OKiJ1 00’€KTa y IpoCTOpi, B IKOMY iHII 00’ €KTU HE
MOXYTb nepebyBatu. Lle BUKOPUCTOBYIOTh JJIS 3a-
noOiranHsa ayONIOBaHHSA MITOK Y pa3i MOBTOPHOTO
pO3ITi3HABaHHS TOTO CAMOT0O 00’ €KTa.

Takox ppeliMBOPK J1a€ 3MOTY 3a/1aBaTH B METpax
3MillleHHs 1)1 BijoOpaxkeHHs MiTok. Ile qomomarae
BHUKOPUCTOBYBATH PO3Mi3HAHI 00’ €KTH K OPi€HTH-
PH B IpOCTOPI.

[ToTpibHO 3a3HAUYUTH, LUIO0 XO04Ya KOPHUCTYBady
(GpeliMBOPKY 1 HaIaHO MOKJIUBICTh BUKOHYBATH
BJIACHI OOYHCIICHHS, BKIMHIOIOUUCH y CTAaHIAPTHUI
MOTIK poOOTH (PPEHMBOPKY, BCI KOPUCTYBAIIbKi 00-
YHCJIEHHS MAIOTh OyTH SIKOMOTA JIAKOHIYHIITIMU Ta
SIKOMOTa O1JTBIII ONITUMI30BaHHMU.

Ocobnusocmi 6y006u ppeimeopky

MLARKkit npanroe Ha 6a3i IBOX CHCTEMHHUX
¢bpeliMBOpKiB — Vision, AKUil CBOEIO YEProlo mpa-
mroe Ha 6a31 Core ML, ta ARKit. ['oimoBHHII crieHa-
piii poboTH Mependayae 1Ba eTamnu: po3Nni3HaBaHHS
Ta BimoOpakeHHs. Criepiry KOPUCTyBad 3a]]a€ CBOIO
MOJIeNTb HEUPOHHOT Mepexi, a00 X MOXKe IIbOTO HE
pobutu. B Takomy pa3i po3mnizHaBaHHS BinOyBa-
THMEThCS Y CTaHAAPTHOMY PEKHUMI pO3Mi3HABAHHS
QR-koxiB. 3ayBaskuMO, II0 3aBASKH BUKOPUCTAHHIO
Vision Take po3Mi3HaBaHHS € JOCHTh TOYHUM 1 MEHIII
YYTINBUM 10 mapajiakcy. CaM mporec po3mi3Ha-
BaHHS BiIOYBa€eThCs y 0araTOMMOTOKOBOMY CEepeio-
Buii 3 BukopuctanHsMm Grand Central Dispatch.
[Micnst BOro KOpUCTYyBa4 Ma€ BH3HAYUTH JaHI JISI
BiJOOpaXKeHHS, 3aJIe)KHO BiJl IOCTAHOBKH CBOET 3a-
nadi. KopuctyBau Takoxx Mae miiroTyBaTu JUis Bi10-
OpaxeHHS JaHi, sIKi TOBepTae Horo HelpoHHA Me-
pexa. Ilicns nporo gpeiiMBOpK po3paxoBye MicIst
B TIPOCTOPi, ¢ MOTPiOHO BimoOpakaTu MiTKy. Ko-
pUCTyBad MOXKE 3aJIaTH BIIACHI OIIIii BiIOOpayKeHHS,
peati3yBaBIlIH BIAMOBIAHI MeTomu nenerara. Ilicns
IBOTO (PPEHMBOPK PEHAEPUTH 300pasKeHHS 400 TpH-
BUMIPHHH 00’€KT Ta BiJoOpaXkae HOro B JOMOBHE-
HIil peanbHOCTI.

TonoBHUM 00’ €kTOM (PEUMBOPKY € KOHTPOJIEP
MLARController, sxuii Bignmosigae 3a Bigoopa-
skeHHss ARSCNView, 110 CBOEIO 4eproro BiJNOBi-
Jla€ 3a BiIOOpaXXEHHS BiCOMOTOKY TOJIOBHOI Kame-
pu cMapT(hoHa Ta HAKITAJEHHS BIpTyalbHUX 00’ €KTIB
MoBepX HHOTO. TakoXk y Kiaci BUSHAYEHO HaIepe.
3aroTOBAaHMM 3alUT 10 HEHPOHHOI MEpexi, M0 eKO-
HOMHUThH PECypCH 3a MOCTIHHOTO JI0 Hel 3BepTaHHs
Jutst po3mizHaBanHA. Lleli koHTponep mae aBa pos-
mmmpeHHs. Posmmpenns MLARController+ML Bin-
MOBi/Ia€ 32 CTBOPEHHS 3alUTIB JUIsl PO3Ii3HABAHHS
Ta MpaBWIbHE IX TpakTyBaHHi. [[pyre po3mmupeH-
H1 — MLARControllertAR — BignoBizae 3a mpa-
BUJIbHY T'eHEpallilo BipTyalbHUX 00’€KTIB Ta BiJIO-
OopaxxenHs ix Ha ARSCNView. Y wmiii peanizanii
MITKH B JIOTIOBHEHI PeaqbHOCTI CTABIATh Y LEHTP
NpPSIMOKYTHHKA, B MEXKax SIKOTO nepeOyBae po3mis-
HaHUWH 00’ €KT Ha Til camill BiZICTaHi BiJl KOPUCTYBa-
Ya, Ha sAKii mepeOyBae i caM poO3Mi3HAHUI 00’ €KT.
Ifo BiAcTaHb BU3HAYAIOTH 32 JOMOMOTOIO (YHKIIiT
hitTest pymis ARKit. OueBunHO, M0 1€ BU3HAYEH-
HSl Ma€ HEeCTaOUTbHY TOYHICTh, aJIKEe YyTIHUBICTh 70
CBiTJIa Ta HAJATO IHTCHCHBHHUX PyXiB € Hapasi He-
po3B’s3aHOI0 pobdiemoro camoro ARKit.

Jlist iepenaBaHHst JaHUX BUKOPHCTOBYIOTH CTPYK-
Typy MLARDetectionData Ta arperoBanuii THII
koptexxa MLARDisplayInfo, mo MicTsth yci He0O-
X1JIHI J]aHi PO po3Mi3HABaHHS Ta BiIOOpaKEeHHS.
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KepyBaHHsI mporiecoM peasti3oBaHO 3a CTaHIapT-
HUM Miaxo7oM Jutst i0S cucTeM i3 BUKOPUCTAHHIM
mabnona neneryBaHHs. Lleit mabnoH € yu He Haii-
nonyJsipHimuM y kouteketi POP (anri. Protocol
Oriented Programming — npoToKoIsHO-0pi€eHTOBaHE
MPOrpaMyBaHHs), JIe 32 OCHOBY OEpyTh MPOTOKOIIH.
VY Takwuii crocid Ha KOXKHOMY eTalli porecy 3aiy-
9a€eTHCS JIENerar i3 METOI0 OTPUMAaHHS JOIaTKOBUX
HACTAHOB. BiAMOBIAHO /IS KepyBaHHS JOCTaTHHO
Bignosigaru nporokoiry MLARControllerDelegate,
pealtizyBaBIIy HEOOXiHI METOHM BiJIIOBIIHO IO TIO-
CTaBJICHO] 3a/1aui.

BucHoBkn

3a TOIoMOror0 po3podIIeHoro GppeiiMBOpPKY 3Mikic-
HEHO CrpoOy MOJNIETIIUTH BIIPOBAIKCHHS MaIIUH-

HOTO HaBYAHHS Ta JOMOBHEHOI PeaIbHOCTI Y MPo-
MHUCIIOBOMY CTBOPEHHI MOOINbHHUX A0AATKiB. Bu-
KOPUCTAHHSI TOTOBOTO PINICHHS MOX€E MO3UTHBHO
BIUIMHYTH Ha c00iBapTiCTh MPOAYKTY, AOJIABIIN
HATOMICTh HEIpPOCTHH y peamizamii GpyHKIiIOHAT.
3aB/sIKM BUCOKIM THYYKOCTI Ta BiZIMOBI BiJl BUKOPH-
cTaHHs 010710TeK Ta MOAYIIB CTOPOHHIX PO3p00-
HUKIB, 10 TO3UTHBHO BILTHBAE HA MiITPUMYBaHICTh
1 IPOAYKTUBHICTh, Liel (ppeiiMBOpPK MOXke AOIO-
MOTTH y JIETKIH peaiizaliii 10ogaTkoBUX (QyHKITIN
1 B HOBHX, 1 B YK€ HassBHUX JIOJ[aTKaXx.

VY MaitbyTHbOMY 11e# (PpEeHMBOPK MOKHA PO3BH-
BaTH, IOJIAl0YN HOBI MOXKJIMBOCTI, @ Uepe3 Te, 10 3a
OCHOBY B3TO CHCTEMHI MOJYIi, KO)KHE OHOBJICHHS
PYUIITB Y paMKax OHOBJICHHS ONEPaliiHOI CUCTEMH
aBTOMAaTHYHO OHOBIoBaTuMe 1 caM MLARKit.
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MACHINE LEARNING AND AUGMENTED REALITY
ON iOS DEVICES WITH MLARKIT FRAMEWORK

Machine learning is a technology that requires a significant amount of computing power and therefore
is not efficient in terms of energy consumption. The equivalent may be applied to the technology of aug-
mented reality which impacts in contrast not only the processor but also the camera, accelerometer, and
gyroscope. Moreover, due to the work with the visual effects, the speed of computing truly matters to the
latter. In recent years it has become possible to use these technologies on mobile devices due to the grand
efficiency optimizations. The problem these days is that it requires an imposing amount of resources for
engineers to spend on the development of the experiences with the use of technologies mentioned above.

The solution developed is the next step in simplifying the process of integration of such experiences in
mobile applications for the iOS operating system. While Core ML and AR Kit provide a simple and compre-
hensive interface for the basic machine learning and augmented reality routines, the new framework — Ma-
chine Learning Augmented Reality Kit (MLARKit) — provides the same simplicity and flexibility for the en-
gineers in terms of the two tasks: replacing real objects with the virtual ones and marking of recognized
objects or images in augmented reality which are widely used in modern mobile applications as the addi-
tional functionality. With the use of the above-mentioned framework, the integration of such experience
comes down to the conformance of the only protocol which provides a full range of settings.

This article covers the problems that may be faced while solving power-consuming and energy inefficient
tasks on mobile devices as well as the approaches used to reduce such impact. The manner in which the newly
developed framework is designed is described in the article as well. As an improvement, it is important to con-
sider tracking the moving objects which may reduce the amount of computing power consumed significantly.

Machine-Learning-Core-developers-implementing/dp/178
8838297.

Wolfensparger, D. (2018). Apple Arkit Revealed: Augmented and
mixed reality for iphone and ipad. Place of publication not iden-
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