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VJIK 004.93
Koaomicups Ouer OuekciiioBuu

METO/AM IHTEI'PALLL EJIEMEHTIB JOIMOBHEHOI
PEAJIBHOCTI 3 CUCTEMOIO PO3III3BHABAHHS OBPA3IB

METHODS FOR INTEGRATION OF ELAMENTS
OF AGUMENTED REALITY WITH IMAGE RECOGNITIONSYSTEMS

JlaHa cTaTTs NMPUCBSYEHA METOJAM IHTErpaii eJeMEHTIB JOMOBHEHOI peallb-
HOCTI 3 CHCTEMOIO pO3Ii3HaBaHHsA o0Opa3iB. Mera JOCHIKEHHS — ONHUC aJTOPUTMIB
MO3UI[IOHYBAaHHS €JIEMEHTIB JIOTIOBHEHOI peaibHOCTI Ha 300paskeHH1 3 BUKOPUCTAHHIM
JAaHUX OTPUMAHMX BiJI CUCTEMH PO3Ii3HaBaHHS 00pa3iB Ta 0OpOOKH BiF€O-TIOTOKY IS
CTBOPEHHS JIOTIOBHEHOI PEAIbHOCTI 3 BUKOPUCTAHHAM JIiHINHOI perpecii. s posmis-
HABaHHS 00JINYYsI BUKOPUCTAHO CTOPOHHIO 6i10mioTeky Vision.

KirouoBi cioBa: 0mOBHEHA pealibHICTh, OMOPHI TOYKH, MPOEKIlis, JiHiiHA
perpecis, ampoKCUMaIIis

bi6mn.: 6.

This article is focused on methods for integration elements of augmented reality
with pattern recognition system. The research aims to describe the algorithms that adds
elements of augmented reality to the image based on results from pattern recognition
system and process video for creation of augmented reality using linear regression.
Third party library Vision was used for face detection.

Keywords: augmented reality, landmarks, projection, linear regression,
approximation
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AKTYAJIBHICTh TeMH JOCJIKeHHsI. Y 3B’SI3Ky 13 3HQUHUM TMOLIUPEHHSIM Ta
3pOCTOM OOYHCTIOBAIBHUX IMOTYKHOCTI MOOUIBHUX MPUCTPOIB JUIsl HUX BiJIKPUBAFO-
ThCs HOB1 0071aCT1 3acTocyBaHHs. OJHIEIO 3 HUX € CTBOPEHHS JOMOBHEHOI PEalbHOCTI
Ha OCHOBI1 300pakeHb Ta BiJICO MOTOKY, OTPUMAHUX 3 KaMEPH MOOIILHOTO TPHUCTPOIO.
ToMy MpOTATOM OCTAaHHIX JIEKIIBLKOX POKIB cdepa CTBOPEHHS €JIEMEHTIB JOMOBHEHOI
peaapbHOCTI HalyJia 3HAYHOI aKTyaTbHOCTI.

IloctanoBka mnpobGaemu. CTBOpPEHHS €JIEMEHTIB JOMOBHEHOI pPEabHOCTI
CKJIIA€ThCA 13 HACTYITHUX OCHOBHHUX €TalliB: aHalli3 OPUTIHAIBLHOTO KaJipy, MO3UIIIO-
HYBaHHsI 00’€KTy, KM MOTPIOHO JOJAaTH Ta TeHEparlis BUXIAHOTO KaJapy, HUITXOM
HaKJTaJJaHHsI HEOOXiTHOTO 00’ €KTy Ha OpHUTIHAIBHHNA Kaap. BBaxkarumemo, 1o mpoiec
po3mi3HaBaHHS 00’ €KTIB BiAOYyBa€ThCS 3 BUKOPHUCTAHHSIM CTOPOHHBOI O107110TEKH.
PosrnstHemMo nipobiemMy mo3uIlionyBaHHsI Ta TeHEPaIlii BUXiAHOTO Kapy.

IMocTanoBka 3amavi. Mera maHOrO JOCTIDKEHHS — PO3pOOKa alrOpUTMIB
JI0JIaBaHHSI €JIEMEHTIB JOIMOBHEHOI peaJbHOCTI Ha 300pa)keHHs (HA OCHOBI JIaHUX,
OTPUMAaHUX B1J] CHCTEMHU PO3II3HABaHHs 00pa3iB) Ta BiJICO.

IMonsiTTst J0mMOBHEHOI peanabHOCTi.J[OMOBHEHA peanbHICTh (pO3IIKUPEHA
pEaNBHICTB) - Pe3yabTaT BBEICHHS Y TOJE CIPUHHATTS OyIb-IKUX CEHCOPHHX JaHUX
(300pakeHHsI, 3BYK TOIIIO) 3 METO JOMOBHEHHS 1H(POpMAIIil TPO HABKOJUIITHE CEpe-
JIOBHUIIE Ta TIOKPAIEHHS CHPUUHATTS 1H(opMalii. J[omoBHEHY peanbHICTh, 1HOI,
HA3WBAIOTh 3MIIMIAHO0, IO CTBOPIOETHCS MOEJHAHHSAM PEATbHUX 00’ €KTIB CIIPHHHATTS
13 HAKJIaICHUMH 32 JIOTIOMOTOF0 KOMIT IOTepa €JIeMEHTaMH.
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JlorioBHEHa peanbHICTh MMOB’S3aHA 13 pO3Mi3HaBaHHS 00pa3iB, ajke BOHA,
NepeBaKHO, 0a3yeThCsl Ha HakiIaJaHHI e(peKkTiB Ha icHyroue 300pakeHHs. [Ipouec
HaKJIaJaHHs TOTpedye BU3HAYEHHS MO3UIli 00’€KTa Ha 300pakKeHHI, ISl I[LOTO
NOTpiOHE PO3Mi3HABAHHA TAa BU3HAYCHHS KOOPAWHAT MEBHUX €JIEMEHTIB HA HHOMY.

PosmizHaBanHs 0o0pa3iB - 1€ MiJABWJ MAalIMHHOTO HaBYaHHS IO BigoOpaikae
3aBJlaHHA 11eHTUdIKalLli Ta po3Mi3HaBaHHS 00’ €KTiB Ha 300pakeHH1 a00 MOTOL BiJIEO.

B mexax maHOro AOCHIKEHHS PpO3IIIANATUMEThCS HAKIaJlaHHs e(eKTiB Ha
004U TIOIUHU.

AHaJji3 BXiIHMX JaHHX Ta po3poOKa ajaroputT™miB. [[1s posmizHaBaHHS
o0iuyYst JIOIUIBHO BHKOpUCTaTH oaHe 3 rotoBux pimenb OpenCV, Google Play
Services Vision Tomo. B KOHTEKCTI 3acToCyBaHHS Ha MOOUIBHUX MIPUCTPOSIX IiJl
ynpasiinaaM OC Android kpamum Bapiantom € Google Play Services Vision, amxe
g Oi0miorexka € uacTuHOlo mnakery Google Play Services, sakuil po3poOisiBcs
crerianbHO JUisi BUKOpUCTaHHI y Android, oTke BpaxoBye OCOOIHMBOCTI JaHOI
wiargopmu. bibmioTeka m03BOJIsIE€ PO3MIZHATH OONUYYS,, BU3HAYUTH MOTO KITIOYOBI
toukn (anri. Landmarks): oui, ocHOBa HOca, TyOM TOIIO, HaXWji Ta TOBOPOT
roJioBu.[ 1]

KintouoBuM MOMEHTOM y po3poOIli CHUCTEMHU i JOJIaBaHHS EJIEMEHTIB
JIOTIOBHEHO1 peaibHOCTI € po3MilieHHs edexTy Ha 300pakeHHi. JJis ABOBUMIPHHX
e(eKTiB MOKHA BUJUIMTH TaKi OCHOBHI MTapaMeTpH JJIsl O3UIIIOHYBAHHSI:

e KoopanHatu onopHoOi TOYKU e(heKTy Ha 300paKeHH;

e Macmtab egexTy BiJHOCHO 300pakeHHS, 110 PEIary€eThes;

e [loBopoT eexTy BIIHOCHO BEpTHUKAJII.

Edextu HOTpi6H0 MOAUIATH HA THUIH, SIKI MAIOTh OJTHAKOBY JIOTIKY BH3HAYCHHS
MO3UIIi1, Ha TIPHUKIad, “OKyJsIpHu’”’, “Byca’” TOIIO.

Jlnist peanizanii po3MIKMPIOBAHOI CUCTEMHU Y MOJIeN 30€pEeKEeHHS IaHUX JOIIHHO
BUKOpPUCTaTH 11a0JOH TmpoekTyBaHHsS KoMmmo3uT (anria. Composite), sKuit
B1JIOOpakKaTUME CTPYKTYPY THIMIB ePeKTiB [2]

IMo3umionyBanHs edeKTiB HA 300pakeHHi. Po3rissHeMo pukiag BU3HAYCHHS
no3utlii edexTy “okymspu’. 3a OMOPHY TOUKY JUIsl JAaHOTO €(eKTy JTOLUUILHO o0paTh
HEHTP 306pa>1<eHH;1(z[n;1 (prHTaJILHoro BUIJIATY oKyJisipiB). Jlnsi MO3HIIIOHYBaHHS
BUKOPHUCTAEMO TaKi OMOPHI TOUKH OOJIMYYSL: JIIBE 1 MMpaBe OKO Ta OCHOBY HOCA.

1. BuzHaunmo TOUKy MpOEKIlii OCHOBH HOCA Ha MPSAMY, L0 MPOXOJUThH Yepe3
TOYKH OYEH, MO3HAYMMO i K Projection (TakuM YMHOM BpaxOBYBaTHMETHCS MOTIPABKA
Ha HAXWJI 00IMYus);

2. AGcurcy TOYKH po3TalllyBaHHs eeKTy 3HaiiaeMo 3a (opMyIoro

leftEyex+rigthEye. i ,
(ef yex an yex+Pr0]ectlon.x)

x = . , (1)
ne leftEye.x - abGcruca Toukm jgiBoro oka, rigthEye.x - mpaBoro, projection.x - TOUku
TIPOCKIIIT;
3. OpauHaty o6uucIIMO 32 (HOPMYIIOH :
(leftEye.y+rigthEye.y+ Projection.y)

y= . : )

ne leftEye.y - opaunaTa Touku miBoro oka, rigthEye.y - mpaBoro, projection.y - Touku
TIPOEKIIIT;

4. Macmrad BU3HAUYUMO SK BIJHOIIIEHHS BIACTAaHI MK OYMMa 10 MOJIOBUHU

MIMPUHU 300pakKeHHSI(BUXOSYH 3 TOTO, IO OKO IMOBHHHE 3HAXOJUTHUCH TOCEPEIHHI

CKEJIbIIsI, BIICTAHHIO M1 CKEJIBIISIMU 3HEXTYEMO)
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5. 3HaueHHs HAXWIy TOJIOBUM BIAHOCHO HOpMalli OTPUMAEMO 3 PE3YJbTATiB
poO3mi3HaBaHHS O0IHYYS.

3a mepeniueHuMH BUILE JaHUMU MOKHA HaMaJlloBaTH €(eKT MOBEpX BXITHOTO
300pakeHHs. Tako CIIiji BpaxyBaTH MaciuTad BXiJHOTO 300pakeHHs, aJKe PO3Ii3Ha-
BaHHS 00JIMYYs BIIOYBAETHCS JJIsi HOTO aOCONMIOTHUX PO3MIPIB.

Po3pobka anropurmy it 00poOKH Bileo-nOTOKY.

Bineo-motik - 11¢ Habip KajpiB, SKi 3MIHIOIOTHCS 13 TEBHOIO 4YacToTor0. J[ist
JIOICBKOTO OKa KOMQOpTHa dYactoTa 3MiHM KaapiB - 24 FPS (framepersecond),
MiHIMaJlbHA NpUHATHA yacToTa KaapiB 12-4 [3]. [loTpeba y 3abe3nedeHH1 MIaBHOCTI
BiJICO HAKJIAJA€ >KOPCTKI OOMEXKEHHS Ha aJITOPUTM JIOJaBaHHs €JIEMEHTIB JOMOBHEHOT
pEaNbHOCTI.

OCHOBHUM 3aBJIaHHSIM QJITOPUTMY € MIHIMI3aIisl Yacy, HEOOXITHOTO st
00poOKku (peiiMiB BXiTHOTO TMOTOKY. 3MEHIICHHS YacOBHUX 3aTpaT Ha PO3Ii3HABaHHS
MOKHA JIOCSTHYTH 3 BHUKOPHCTaHHSIM KOMOIHOBAHOTO METOAYy OOpOOKM BXiJHUX
JAHUX: TIPOBOJIUTH PO3MI3HABAHHSI JIUIIE JESKUX KaJIPiB 13 3aJJaHOI0 TIEPIOIUYHICTIO, a
JUIS KaJpiB, sIKi HE OOpOOJISIOTHCS CHUCTEMOIO PO3Mi3HABAHHS 00pa3iB MPOTHO3YBaTH
pO3TalllyBaHHS HEOOXITHUX OMOPHUX TOYOK 32 JIOMOMOTOI0 PErpeciiHOTO aHaTi3y.

IonsitTTA i OOIPpYHTYBaHHSl JOULIBHOCTI 3aCTOCYBAHHS PerpeciiiHoOro
aHaAJII3y JJisl IPOrHO3YBAHHS ONMOPHUX TOYOK 00’ €KTIB.

Perpeciiinnii anaii3 - 11e cTaTUYHA TeXHIKa IS AOCTIHKEHHS 1 MOJICTIOBAHHS
B3a€MO3B'I3KIB MK 3MiHHUMHU. JIiHIHHA perpecis € MiABUI0M perpeciiHoro aHamizy -
e JIHIMHUA MAXig 10 MOJIENIOBAHHS 3B 3Ky MDK CKaJIAPHUM pPE3yJIbTaTOM
(3a71e3KHOI0 3MIHHOT) 1 OJIHI€I0 200 JAEKITbKOMa OMUCOBUMU(HE3AIC)KHUMU ) 3MIHHIMHU.
3 3aranbHOMY BHUNAJKY PO3TISAAETHCS BEKTOP pPErpecopiB (HE3aJNeKHUX 3MIHHHX).
Bunanok xomm IOCHIKY€ThCS B3a€MO3B’SI30K MK PE3yJbTYIOUOIO 3MIHHOIO(Y) Ta
OJIHIEI0 HE3aJIS)KHOIO 3MIHHOIO(X ) HA3UBAETHCS MPOCTOXO JIHIHHOIO perpeciero.[4]

O0’ekTH Ha BIJIEO PYXAIOThCS 3a TMEBHOIO KPUBOJIHIMHOIO TPAEKTOPIEIO.
OckiTbKH perpeciiHuil aHaii3 Juisi HeB1IOMO1 KPUBOIIHINHOI (QYHKIIIT € CKIaHOI0 Ta
PECYPCOEMKOIO 3a/iadyero, ii He JOLITbHO BHUKOPHCTOBYBATH B YMOBaX OOMEXKEHHUX
pecypciB Ta yacy ajisi 0OUHCIICHb.

KpuBominiitHy (QyHKIIIFO MOXXHA ampoOKCMMYyBaTH JO JaMaHOi JIiHIi(aHTIL.
polygonal chain) [5]. Aranmi3 Ta MoIeTtOBaHHS JJaMaHO1 JIiHIT € 3HAaYHO MPOCTIINIO, 3
TOYKH 30py HEOOXiJHUX pecypciB, 3a7aueto. 1i MoXHa pO3OMTH Ha TiHiHHI AiTSHKA Ta
JIOCITIJDKYBATH KOXKHY 13 HUX OKpeMY, K JBOBUMIPHY JIHIIO, 3a/1aHy PiBHIHHSAM

y =a+ bx, 3)

Jlasi BuU3HAueHHS mapaMmerpiB piBHsHH(A, D) 3aCTOCYEMO MPOCTY JIiHiifHY

perpeciro.[6]

= Z?:lrifi*w—nff*f" (4)
Yit, xi?—x?

a =y + bx, (5)

1€ Y, X — CepeiHI BX1THUX JaHUX(BIIOMHUX 3HAYEHb KOOPAWHAT OMIOPHUX TOUYOK)

Onmuc aaropurmy
1. IHimiamizyBaTH CHHCOK MOMEpeaHIX omopHHX TOo4ok recognizedLandmarks,
IPaHUYHUNA KyT 3MIHU BEKTOPY PYyXY ONOPHUX TOYOK — d = const, epioJ1 po3ni3HaBaHHs
KaJIpiB — n = const, JTIYUILHUK PO3MI3HAHUX KajpiB — currentlteretion = 0
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2. IlouaTkoBe po3Mi3HaBaHHS
2.1.1IpoBectu po3mizHaBaHHs | kaapy, 3anucaTd OTPUMaHI ONOPHI TOYKU Y
MacHB TOIMEPETHIX TOUYOK
2.2.1IpoBectu no3uII0HYBaHHA €(EKTIB Ta Bi1oOpa3uTu 0OpoOIeHnit Kaap
2.3.1IpoBectu po3Mi3HABaHHS HACTYMHOIO, 3alMCaTH OTPUMaHI OIOPHI
TOYKH Y MAaCHUB MOMEPETHIX TOYOK
2.4.1IpoBectu no3uLIOHYBaHHA €(EKTIB Ta BigoOpa3uTu 0OpoOiIeHnit Kaap
3. J1I71s1 KOKHOT'O HACTYIHOI'O KaJpy
3.1. IlpoBectu perpeciiiHuii aHamiz JUIsi OTPUMAHMX 3 IONEPEIHIX
po3Mi3HaBaHb OMOPHUX TOYOK
3.2. Ha ocHoBi (yHKIIH pyXy OMOPHUX TOYOK BH3HAYUTH KOOPJAMHATH
OTMOPHUX TOYOK JJISi HOTOYHOTO KaJIpy
3.3. [IpoBectu no3uiionyBaHHs e()EeKTIiB Ta BiAOOpa3uTH 00poOIeHUN Kaap
4. IlapanenbHO 13 MYHKTOM 3 JJisi KOKHOTO N-TO Kajpy (BHKOHYBAaTH y Tapa-
JeTLHOMY TOTOII1)

4.1. currentlteration++

4.2. IIpoBecTH po3mi3HABaHHS KaJpy, J10JaTH PO3Mi3HAHI OMOPHI TOYKHU Y
cnucok recognizedLandmarks

4.3. TlepeBipuTH HaIpPsIMOK BEKTOPY PyXy OMNOPHUX TOUOK: IS Map OMOPHHX
Touok (recognizedLandmarks[current], recognizedLandmarks [current-1])
ta (recognizedLandmarks[current-1], recognizedLandmarks[current-2])
o0y lyBaTy MpsiMi Ta TIOPIBHATH 1X KOEDIIIEHTH HAXWTY — SIKIIO PI3HULIA
KoeilieHTIB Haxwiy Oulblia HBK d — CcTaBcs TEperuH KpHUBOI PyXy
00’€KTYy —> MOBEPHYTHCH JI0 MyHKTY 1 ; 1HAKIIIE IPOJIOBKUTH

JUis  nonaBaHHS €JIEMEHTIB  JIOTIOBHEHO! peajbHOCTI Ha KOXKEH (peiiM,
BUKOPUCTOBYETHCS OMUCAHUI BUILIE aJITOPUTM U1 0OpOOKHU 300paKeHb.

BucnoBku. J[lane nmocnmipKeHHsI OIMUCYE aNrOpUTMU HAKIAJaHHS CJICMCHTIB
JIOTIOBHEHOT peaJIbHOCTI Ha 300pa)keHHs Ta Bifeo-moTiK. OCHOBHE 3aBJaHHS OIMUCAHUX
QITOPUTMIB 3MEHIIIUTH 3aTPUMKH MPHU OOpOOIl BiEO-TIOTOKY Ta 3armoOirTH 3HAYHOMY
3MEHITICHHIO TTOKa3HHUKA TUIAaBHOCTI(KUTLKOCTI KaJIpiB 3a CEKYH/TY) BUX1THOTO BiJICO-TIOTOKY.
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METHODS FOR INTEGRATION OF AUGMENTED
REALITY ELEMENTS WITH IMAGE RECOGNITION SYSTEMS

The actuality of research. Augmented reality on mobile devices become very
popular during the last couple of years. Mostly it related to increasing the performance
of such devices. But still, there are issues with the processing of the video which
requires image recognition for adding augmented reality elements. This issue is
connected with the high complexity of image recognition that impacts on video FPS
(frame per second) rate.

Problem setting. The high complexity of image recognition which leads to low
FPS of the output video.

Target setting. Make investigation the problem of adding augmented reality
element into photo and video. The aim of the research is to describe the algorithms that
add elements of augmented reality to the image based on results from pattern
recognition system and process video for the creation of augmented reality using linear
regression.

Main material description. During this research was conducted an
investigation of possible ways for improving video processing and created an
algorithm which combines image recognition for getting coordinates of required
landmarks on the image with regression analysis for prediction of these landmarks for
frames when we are not running recognition algorithms. Linear regression is used for
cases when the object is moving on the linear trajectory in another case we run
additional recognition and mark all previous landmark as inappropriate for regression
analysis (fallback mechanism)

Conclusions. This research describes algorithms for creation augmented reality
based on results from image recognition system. The key purpose of video processing
algorithms is reducing of the latency of output video and increase its FPS rate.



