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PO3POBKA CUCTEMMU PO3NI3HABAHHSA OBJIMYYS JIIOJAUHA
Y BIJEOITIOTONI 3 TOINIOBHEHOIO PEAJIBHICTIO

Posensinymo npobnemy pos3nisHaganHs 0Oauuys 1HOOUHU Y 8i0e0nomoyi 3 00NOBHEHOK pedibHic-
mio, 00CHIONHCeHO CYYacHull Cman numanHa. Bueueno 3azanvhuii npoyec posniznagana obaudds ma
OCHOBHI NoHaAMMA 00N06HeHOi peanvHocmi. IIpoeedeno amaniz cyuacHux nioxoodie 00 po3e a3amHs
3a0aui po3nizHaGaHHs 0ONUYYSA, BUAGLEHO CUNbHI MA CAAOKI CMOPOHU BUKOPUCHOBYBAHUX MEMOOIE.
IIpogedeno nowiyk memooy, iHEapianmHo2o 00 MAcumabdy8anHs, 3MiHU CYeHU, NOBOPOMIE 20108U,
3MIHU OC8IMAeHOCHI, aKkcecyapie ma sminu emoyit. Pospobneno aneopumm, apximexmypy ma camy
NPOSPAMHY CUCHEMY, WO PO38 A3YE 3a0ayy pO3Ni3HABANHA 0OIUYYS TIOOUHU Y 8i0e0nomoyi 3 0onoe-
HeHoto peanvuicmio. Memodom 01 eusasienHs obaud 0OPAHO 2iCIOZPamy HANPABLEHUX 2padicHmis
(6i0 amen. “Histogram of Oriented Gradients”, HOG), posniznasauns obauu po3pooaeHo Ha OCHOSI
320pmMKO0B0I HelipoHHoi mepedici apximexmypu ResNet34. IIpogedeno excnepumeHmanvhi 00CIiONceH-
H3l, cucmemy HpOmecmo8ano AK HA OOHOMY, MAK i HA KiIbKOX 00IuuysIX oOHoYacHo. Busnaueno oyin-
KU AKOCMI PO3NI3HABAHHS PO3poOaeHoi npocpamuoi cucmemu — nooyoosea ROC-kpueux, ski nokasy-
H0Mb 3ANIEHCHICMb KIIbKOCTT NOMUIKOBUX CNPAYbO8YEAHb Acopummy posnizHasanns (false positive)
8i0 mounocmi posniznasanus (true positive rate), ma oouucnenns AUC (8i0 anen. “Area Under the
Curve”). Ilpu posnisnasanni 00Ho20 obauuus oocsienymo snadenuss AUC 0,95, npu posnizuasanmi
Kinbkox obauy (maxcumym vomupwox) — 0,83.

Knrouoei cnoea: posniznasauns 001uyus, 0ONOBHEHA peaiibHicmb, nonepedHs oopobka 300pa-
HCEHMS, GUABNCHHS OONUYYSA, GUAGNEHHS KIIOYOBUX O3HAK.

Beryn. TexHomorist po3mi3HaBaHHS 00T
BUKOPHCTOBYETBCS y 0araTbox ramyssx: Oesrneka,
MEIWIIMHA, PO3BaXKAIbHA IHIYCTpis 1 T. 1. bararo
3 Hac HIOJHS KOPHCTYIOTHCS L€ TEXHOJIOTIE0
(Hanpuknan, mo0O pPo30JIOKyBaTH CBIA CMapT-
¢on). [Ipore posmizHaBaHHA OOIMYYS, TTOETHAHE
3 TEXHOJIOTISIMU JIOTIOBHEHOI PEasbHOCTI, MOXE
BCTAaHOBHUTH HOBY TUIAHKY, HAIIPUKIIAJl, BHKOPHC-
toByBatn Augmented Reality (AR) (3 anrm. —
«IOoTIOBHEHa peanbHIicThy) 1 Artificial Intelligence
(Al) (3 aHII. — «IITYYHUIA 1HTENEKT»), MO0 IO-
€IHATH 300paKeHHs JIIOACHKOTO OOMMYYs 3 Ka-
Mepu Ta iHPOpPMALiI0 MpO pealbHy JIIOJUHY.
MoxmBocti  AR-TeXHOIOTIH jIy’)ke BEJNWKI —
BOHH MOXYTh 3HAWTH 3aCTOCYBaHHS YU HE B YCiX
cdepax Hamoro XUTTA. J[omoBHEHA peabHICTDH
30araTuTh Ta TOKPANIUTh SAKICTh KOMYHIKAIil,
OoTpUMaHHsI iHpoOpMAaIii Ta OOMiHY HEo, BeICHHS
HiANPUEMHULIBKOI  AisIbHOCTI.  BipTyansHuii
€KCKypCOBOJI MPOBEZE HAc M0 PyiHaxX 3aMKy, Ta

1Ie 1 MOKaXKe CIICHKY, sIK caMme el 3aMOK po3Ba-
JWIH, 1 IKUM BiH OyB 110 Toro. MoOinpHUIA 1013~
ToK 3 AR nomomoske mo30yTucsi manepoBHx iH-
CTPYKIi{, TPOBIBIIM I1HTEPAKTUBHE 3aHATTI 3
KOPUCTYBaHHSI HIOHHO NPHI0aHUM TPEIMETOM.
BipryansHa mpuMipouyHa offTy, akcecyapiB Ta
MaKispKy JacTh MOXKJIMBICTH JIETIIE CTBOPUTH
HOBHIT 00pa3. 1100 anropuT™m Bi3yalibHOrO Bijc-
TEXEHHsI OyB KOPUCHUM Yy pealibHUX CLECHAapifX,
BiH MOBMHEH OYTH B 3MO031 OOpOOIATH Ta AONATH
BHUIIQJKH, KOJM 30BHIIIHINA BHUIJIAL 00’ €KTa 3Mi-
HIOETBCS BiJ Kajapy A0 Kaapy. 3HauHa i1 IIBUAKA
3MiHa 30BHILIHBOTO BUIJISIY BHACIHIJOK LIyMY,
OKITI03ii, ()OHOBOT MEPENIKOAH, TT03H, MacIITaly
Ta 3MiH OCBITJIEHOCTI € OCHOBHIMH ITPOOJIEMaMH,
sKi moTpiOHO moponatu aerekropy [1]. Came
TOMY Ba)KJIMBO PO3YMITH, KU 13 METOJIIB PO3IIi-
3HaBaHHs Oyae HaHOUIbIN eEeKTUBHUM IS Ti€l
4y 1HIIOI 3a7a4l
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Meta pociinxennsi. CboroHi icHye 0Oa-
raTo METOJIB po3mi3HaBaHHs 06mwd. [Ipu ix pos-
poOr11i Opanwcs 10 yBard BUMOTH OO PO3MIPY
chopMoBaHMX O0i0NOTiYHUX MIA0JIOHIB 00MY,
MBUAKOCTI iX (opMyBaHHS I TOpIBHSHHS Ta
SIKOCT1 PO3IM3HABAHHS SIK OCHOBHOTO KPHUTEPIFO.
€ kimpbka OCHOBHMX mimxoxiB. Hapaszi merpuka
XeMmMiHra 1 NOPiBHSIHHS OiHAPHUX MIA0JIOHIB €
HaimBuamow [2-3]. IIpote, y cBOIO uepry, Kpa-
i TOKa3HUKHA SKOCTI B PO3IMi3HABaHHI O0OIHY
JEMOHCTPYIOTh TJMOOKi 3rOPTKOBI HEHMPOHHI Me-
pexi, IO BHKOPHUCTOBYIOTH HeOiHapHI OiomeTpu-
yHi mabionu [4-5].

Panime Oyyio 3amponoHOBaHO Psj MMiIXO-
oiB 10 QopMmyBaHHS OiOMETPUYHHX IIAOJIOHIB
300pakeHb 00U, SKi MOXXYTh BUKOPHCTOBYBa-
TUCST Anst OioMeTpuuHOi Bepudikamii abo ingeH-
tudikamii oci6 [6-7]. OmHak NPaKTUYHO BCi
OCTaHHI pe3yNbTaTH B PO3Mi3HaBaHHI 0cid OyIio
OTPUMAaHO 32 JIOTIOMOTOI0 BHUKOPHCTAaHHS TIJIHU-
OMHHUX 3TOPTKOBHX HEWpOHHUX Mepex [8]. Ic-
Hye 0araTo MiIXOIiB 1O HAaBYaHHA MEPEX It
po3mi3HaBaHHS JIOACH — Mepexi MOXYTh OyTH
HaBUEHI sIK 3a KiIacH(iKai€ro, KOMH KOXKHIH
0co0i BiMOBia€e CBilf Kiac, Tak i 3a MPUHIMIIOM
ClaMCBKHX MEpeX Ha OCHOBI TOIMApHOTO TOPiB-
HSAHHS JUIs Habikpamoi Bepudikamii. Takox €
peaiizaiiii, 10 00 €AHYIOTh OOHIBA MiAXOJU.
Haiikpami cywacHi pesynmbTaTé Ha 0a3i o0xwm4
Labeled Faces in the Wild (LFW) orpumano
KOMIIO3MIIIE€I0 TIIMOOKMX MEpeX, HAaBUYCHHX Ha
pisHEX (parmenTax (matdax) oci6 [9]. Ilpore
BUKOPHUCTaHHS 00 €HAHHS KUJIbKOX apXiTeKTyp
HEHPOHHMX MEpEK BHUMAara€ 3HAYHO OLIBIINUX
00YHCITIOBATIBHUX PECYPCiB, Y TOW 4Yac sK JAesKi
OJTHOTIATYEB1 MEPEXKi MOKYTh OyTH JOCUTH eeK-
TUBHUMH. SIK OlOMeTpHYHMI MIAa0JIOH 3a3BUYA
BUKOPUCTOBYETHCS BUXIJHHW CHUTHAJ OJHOTO 3
IIapiB, HaW4YacTillle 1€ OCTaHHIM NPUXOBaHUI
map y wMepexi. Jns 3HMKEHHS pPO3MipHOCTI
OTPUMaHMX IMA0JOHIB 3a3BUYail BHUKOPHCTOBY-
€TBCSI METOJI TOJIOBHUX KOMIIOHEHT, & TOPiBHSH-
HS 1IAOJIOHIB 3IMCHIOETHCS 32 JIOIIOMOTOI0 KO-
cuHycHOT abo L2-incraHi [9].

V¥ pobori 0. B. Bisinsrepa, B. C. I'op0a-
uesnya, A. B. BoportnikoBa, H. A. Koctpomosa
[8] Ha ocHOBI 3ropTKOBOi Mepexi 3 XEUIYIOUUM
nrapoM OyJio OTpHMaHO 3TOPTKOBY HEHpPOHHY
Mepexy 3 xemrytounM jicom (BHMXJI). Ls mo-
nudikalis Jae MOXIIHMBICTb 3MiHIOBATH PO3Mip
nrabiioHa, MO BHKOPHCTOBYETHCS, BiJ HaJIKOM-
NakTHUX (JecsaTkH OaiTiB) 10 BemuKuX (COTHI
OaiftiB) mra0ioHiB. BigmiHHICTE y HUX OyIe B
AKOCTi po3mizHaBanHs. Lle nano 3mory OynyBaTu

KOMITaKTHI OiomeTpuuHi mabnonu (250 OaiT) 3
OJTHOYACHO TOKpAIIeHUMH (TIOPiBHAHO 3 0a30-
BOI0 MEPEKEI0) TIOKa3HWKaMHu  Bepudikartii
(98,14 %) Tta inentudikamii (91 % rank-1) nHa
0a3i oci6 LFW, a TakoX yJIbTPaKOMIIAKTHI
(25 Gaiit) mabmonu. 3 Apyroro OOKY, ONMHCAHHIA
MiJXi Ja€ MOKIIMBICTh Oy/TyBaTH BEIHKI OiOMET-
pHYHI Ma0NIOHM, IO AAIOTh 3MOTY AOCSTaTH BH-
COKOl sKocTi po3mizHaBanHi — 3HMXIJI 3
2000 konyrounMu 7-0ITHUMH JEpEeBAMH JOCSTAE
98,59 % Ttounocti Bepudikamii 93 % rank-1 Ha
LFW (nman6aBka Ounbm HiX y 3 % B rank-1 momo
BHX1IHOI 6230BOT apXiTEKTypH Mepexi).

vy pobori J. Betty, |. Bulthoff,
B. J. Mohlera, I. M. Thorntonb [10] 6ymo mocmi-
JDKEHO, SIK BIUIMBAIOTh Ha SIKICTh PO3Ii3HABAHHS
pizHi QakTtopu. Y pe3ynpTari AOCHiIKEHb OYI0o
OTPUMaHO TPU OCHOBHI BUCHOBKHU:

- e(heKTHBHICTH pPO3ITi3HABaHHS € HailKpa-
010, KOJIM CTIOCTepirad 0e3rmocepeiHbO B3aEMO-
JI€ 3 MIJTBOBUM 00’ €KTOM, JOCIHIDKYIOYH HOTO 3
PI3HHX CTOpIH;

- SKICTh pO3Mi3HABaHHSA MOKPAIIYETHCS,
KOJIM CIIOCTEPIraeThCsl 3MiHA KyTa MOy MO
BEepTHKAJ Ha 00’eKT mociimkeHHs. g manimy-
TS He Tak J00pe AOCHTiIKeHa, sIK THUIOBI IO-
BOPOTH TI0 TOPU3OHTAIll, ajie¢ B IIbOMY BHIAIKY
CTIOCTEPITAEThCS, IO BUTPATH PECYpCiB 30iib-
LIYFOTHCS TIPH B3a€EMOJIIT 3 JIIOABMHU Y CHISYOMY
TIOJIO’KEHHI 200 CTOSYM Ha SIKOMYCh ITiIBUIIICHHI

- BIpTyanbHUH clieHapidi MO)KHa BHKOpPHC-
TOBYBATU JJISi BUBUCHHS CHCTEM pO3Ii3HABaHHS
o0Irayus.

MeTor0 cTaTTi € aHami3 MiAXOMIB JI0 TMO-
Oy/IOBM TEXHOJIOTIT po3Ii3HaBaHHs 00JIHMY Y Bije-
OIOTOIl B CHCTEMax 3 JIOTIOBHEHOIO PEabHICTIO
IIJSIXOM BUBUYCHHS MOJIEINEH, METOIIB Ta alropH-
TMIB PO3ITi3HABaHHS O0JNYYS JIIOJIUHH, BUSIBIICH-
Hi CWIBHHX Ta CIIA0KUX CTOpIH ICHYIOUUX pi-
IIeHb, BUOOPY HAWKPAIIOTO CHOJIYyYSHHS METOIIB
BUSIBJICHHS Ta PO3ITi3HABAHHS 0OJIMY Ta TOBEICH-
Hs e€(pEeKTUBHOCTI 3aIPOIOHOBAHOIO IMiAXOAY Ha
OCHOBI TiCTOrpaMu HampaBleHUX TPagi€HTIB Ta
3TOPTKOBOI HEHPOHHOI MeEpexi apXiTeKTypHu
ResNet34 s 3amaui po3mizHaBaHHS 007IMY Y
BiJICOMOTOLI B cHCTEMax 3 JONOBHEHOIO peajb-
HICTIO.

Buxknan ocHoBHOTO MaTepianxy

OcHOGHI noHamms 0ONOBHEHOI pPeanbHOC-
mi. JloroBHEHa peanbHICTh — L€ TEXHOJIOTs, 110
PO3MIIly€ B HABKOJHMITHBOMY CBiTi Tpadiuni abo
TEKCTOBI 00 €KTH y PEKUMI pPeabHOTO Yacy 3a
JIOTIOMOT'0I0 KOMIT FOTEpHUX NpUcTpoiB [11].
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Heo0xigHo po3pi3HATH JOMOBHEHY, BIpTY-
aTbHY Ta 3MIIIAHYy pPEaTbHOCTI. Y [OTIOBHEHii
peabHOCTI BIPTyallbHI 00’ €KTH TEPEHOCSTHCA B
peaNbHUiA CBIT, JONOBHIOIOTH JiCHE CEPEIOBHLIIE.
VY BipTyanbHIH peabHOCTI CBIT HE € CIIPAaBXKHIM,
xo4a i Moxke OyTH CXOXXMM Ha HbOTO. BiH cTBO-
PIOETHCS 32 TOTIOMOTOI0 KOMII' FOTEPHUX CHCTEM,
CIOPUIHATTS SKOTO Hapasi 3abesneuye ceHcopHa
cHcTeMa JIFOWHHM (30pOBi, TAKTHIRHI W 1HII Bif-
gyTTs). 3Mimana, abo TiOpuaHa peajbHICTH MO-
€nHye i MOHATTS. Tak, CBIT, y SIKHH 3aHYPIOETh-
Cs JIFOAMHA, CTBOPIOETHCS 3a momoMororo VR (3
aarn. “Virtual Reality” BipTyaJbHa peajb-
HICTB), a JOJaHHS BIPTyaJbHHX EJEMEHTIB 3a-
oesmeuyerbest AR. OTke, BipTyallbHa peallbHICTD
B3a€MOJII€ JIUIIE 3 KOPUCTYBa4aMH, a JOTIOBHEHA
PCAIBHICTh — 3 YCIM 30BHIIIHIM CBIiTOM [12].

CTBOpEHHSI JOITOBHEHOI PEabHOCTI y 3a-
TaTBHOMY BHUIAJAKy BiAOyBaeTbCd HACTYIHAM
YHHOM: TPUCTPIi, OCHAIIEHWH JOMOBHEHOIO pea-
TBHICTIO (CTenianbHi OKYJISpH, cMapT(hOH TOIIO),
BUKOPHCTOBYIOUM KaMmepy, 3aXOIUTIOE€ 00 €KT
(i3MYHOTO CBITY; 3a JOIIOMOTOK) TPOTPAMHOTO
3a0e3MeUYCHHs] MPUCTPOI0 y PEXHUMi PeansbHOTo
4yacy MPOBOAMTHCSA PO3IMi3HABaHHSA 00 €KTa, Ha-
KJIaZAaHHS BignoBigHOi mudpoBoi iHpopmamii Ta
BUBE/ICHHS KiHIEBOTO 300payKeHHS Ha TPUCTPIH
Bizyaurizarii.

OcHO6HI noHAMmMs npoyecy po3ni3HABAHH
06uyys. 3aranbHU Tpouec po3Mi3HaBaHHS 00-
JIAY CKJIAJAETHLCS 3 BHMABIECHHS OO0NMY, BijCTe-
JKCHHSI, BHJIYYCHHSI O3HAK, 3MEHIICHHS PO3MipiB
Ta BiJIIIOBITHOTO PO3Mi3HaBaHHA (PUCYHOK 1).

Binbm nperanpHU OMHMC LOTO TMPOIECY
BHKJIQJICHO HIDKYE 31 crenn(ikoio 3acTOCYBaHHS
IO pO3pO0IICHOI CHCTEMH.

Onuc npocpamnozo 3acmocysanns. Jns
IIOCTaBIIEHOI 3a/1a4i OyI0 po3pOOIIEHO HACTYIHY
11b0BY (GyHKIIi0 (1):

K
Z BestMatch; (Descr (Detec('[}eawrss)),

i=0
Descr (Detec(Efeamres))) - max,

BestMatch; = {Matcht’,_, | t.dist < 0,7 -e.dist,t =0,n—1,

e=0mn=1) €

ne T — tectoBe 300pakeHHs, £ — e€TajOHHE 30-
OpaxeHHS, Tteatures 1 Efeatures — 0cOOMMBOCTI T 1 E
BignosigHo, Detec() — nerekrop, Descr() — me-

L
ckpunrop, Match;, — BEKTOp BiNOBIIHOCTEH
MK JecKpuIrTopamMu 300paxkeHb 1 Ta E, Best-
Match; — KisbKiCTh BiIMOBITHOCTEN MiX JCCKPHUTI-
TOPaMH, IO 33JI0BOJILHSIOTH 0OMekeHH 0, dist —
BIJICTaHb MIX JIGCKPUIITOPAMHU.

BxigHumu nanuMu po3po0ieHoi mporpaMu
€ 6a3a maHux oOmmy mofei Ta iHdopmarlii mpo
HUX. Y pe3ysbTaTi BUKOHAHHS MPOrpamMH 3HAXO-
JUThCSI HaWKpaliui 30ir o0mmyys, 1m0 BigoOpa-
JKAETHCA Y BiICONOTOI, 3 0OMUY4sM i3 Oa3u jma-
HUX Ta BIITBOPEHHS iH(OpMAII] PO IO JTIOANHY
Ha BiZICO NUISIXOM BHKOPHCTaHHS JIOTMIOBHEHOI
peaNbHOCTI.

3icTaBieHHA Pesynbran
06y / >
Po3znisnaBanus po3MisHABAHHS

Bine > Buasnerma Bunydenns 3MEeHIIEHHS
obmmus /[P ya i ..
. O3HaK
300paKeHHst BIJICTEKEHHS pOSMIpIB

PesynbraTn
Kiacugikarii

Odnaiin HaBUaHHS

1

1

1

1

1

! Etanonne Bunydenns [pocrip

! 300pakeHHs O3HAK O3HaK

1
DDV
FSIIIZIZIIIIIC IIIIIDDDooooIs IIIIIZDZDgoIIIz
1

! Tecrose BunyueHHs 3icTaBiIeHHS
! 300paKeHHs O3HAK O3HaK

1

I

1

1

1

Pucynox 1 — 3araabHuii mpouec po3nizHaBaHHS 00JUYYS JIIOAUHA
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Jns posmizHaBaHHA 0ONMYYsl y Tporpami
BUKOPHCTOBYETHCSI HACTYITHHI aJTOPHTM:

1. 3mafiTé BCci 0OMmMuds HA 300paxkeHH] 3
BiJICOMOTOKY.

2. Posmi3zHati KOXKHE OOIMYYs, HAaBIThH
SKIIIO BOHO 3HAXOAMTHCS i KyTOM abo i mmo-
TaHUM OCBITJICHHSIM.

3. BwuzHauuTH yHiKaJIbHI pHUCH 00NIHYYS,
0 BIAPI3HAIOTH ONHY JIOAWHY Bix iHIIOI, Ha-
npukiIan Gopma oOIHIUs, pO3Mip OYEH TOIIIO.

4. TlopiBusTH 3HaiimeHi OCOOIMBOCTI
BOTO O0MHUYYA 3 yCiMa JFOABMH, OOTHIUS STKUX
CHUCTeMa BXe 3Hae€, mo0 3pOo3yMiTH, XTO 3apas
300paKeHMii Ha BifI€O.

3’eHABIIM €W JIAHITIOT Jilf, MU OTpUMaE-
MO PO3B’s30K MOCTABJICHOI 33/1a4i (PUCYHOK 2).

IIpuBenenHs BusBnenns OuiHIOBaHHS
300paXeHHS 10 P o6mHYus y | p| OpicHTHDIB
94OpHO-611101 ramu BiJl€onoroui 00JImYYst

Konysanus (ctBo-
PEHHS KapTH
00U

IMomyx 36iry 3a
JIOIIOMOT 0K <
Kiacugikatopa

PucyHnok 2 — 3aranbHuii aJIrOpuT™M po3podJieHol
nporpamMu

Po3rnsiHeMO KOKHHUH KPOK JieTaJbHIIIIe.

Kpox 1. Ilomyxk ycix o6mmy

Ha mepuiomy erami airoputmy mnoTpioHO
3HaWTH BCi 00muyust. s nboro Oyino BHKOpPHC-
TAaHO TICTOrpaMy HaIlpaBJIIEHUX TPATIEHTIB (Bif
anri. “Histogram of Oriented Gradients”, HOG).

CriouaTky 300pa)Ke€HHS MPUBOIUTHCS JIO
YOPHO-011101 ramMu, TOMY IO JUIS TTIOIIYKY OOIAYUst
JIaHi TIpo KOJip € HauKOBUMH. [1oTiM KoXHMI
MIKCeJIb PO3IIIAIAETHCA OKPEMO 1 TIOPIBHIOETHCS 3
cycimHiMu. MeTa mux il — BUSIBUTH, HACKITBKU
TEMHUM € TMOTOYHHIA TIKCENTb TOPIBHAHO 3 CYCia-
HiMu. [IOTIM MajIOEThCS CTPIJKA, 10 BKa3ye, B
SIKOMY HAampsMKy 300pa)KCHHS CTa€ TEMHIIIUM
(rpamient). TakuM YHMHOM, ajIrOPUTM OTPUMYE
rpaaieHTHe 300pakeHHsT o0muyus. J{inst KoxHOT
JIOJIMHU HAINpPSIMOK 3MIHU KOJIBOPY Ha OOJIW4YYi
BiJl TEMHOTO JI0 CBITJIOrO Oy/e OJHAKOBUM IIPH
Oy/Ib-SIKOMY OCBITJICHHI.

Kpok 2. OriHroBaHHS Opi€HTHPIB 00U

ITicig 3HAXOMmKEHHS OOIMYYST HEOOX1AHO
pozibpaTucs 3 mpoOIEMOI0, KOJIM O0IUYYs, TO-
BEPHYTI Yy pi3HI CTOPOHU, 37aI0THCSI KOMIT IOTEPY
PI3HUMH JIFOIbMH.

Jnst po3B’si3aHHs 1i€l 3amayi KOXHE 30-
OpakeHHsI TIEPETBOPIOETHCS TaK, 1100 04i i I'yOu

3aBXKAM 3HAXOIWINCS B SKOMYCh BH3HAUCHOMY
micti. Lle cripomrye 3agady mopiBHSIHHAS 00THY Ha
HACTYIHUX Kpokax. /i bOro BUKOPUCTOBY€ETh-
Csl aJrOpUTM OLHIOBaHHS OPIEHTHPIB OOIHYYS
(Bim anry. — “face landmarks estimation™).

OcHOBHa ifiesl TIOsIra€ B TOMY, 1[0 MH Bi-
aMidaemMo 68 0coONMMBHX TOYOK (SIKi HA3MBaIOTh-
Csl OpiEHTHpaMHu), IO iICHYIOTh Ha KOKHOMY 00-
JUYYi, — BEpXHSI YaCTHHA ITiAOOPIIIs, 30BHIMTHS
TOYKAa KOXKHOTO OKa, BHYTPILIHS TOYKa KOXHOI
OpoBi Tomo. [licns HpOro anropuT™M MaIMHHOTO
HaBYaHHS 3HAXOAUTH I 68 TOYOK Ha KOKHOMY
o0nmuyui.

Komnu Bimomo, e oui, a e poT, MU MOXKe-
MO TOBEpTaTH, MacmTadyBaTH 1 3cyBaTH 300pa-
JKEHHS TaK, o0 o4i Ta poT Oynu SKoMora Kparie
BiieHTpoBaHi. J[is 1poro OyJi0 BHKOPHCTAHO
a¢iHHI TepeTBOPEHHS.

Kpox 3. KonyBanast o06muaus

[ToTpiOGHO 3HaNTH crIOCiO 3HATH KiJIbKa OC-
HOBHUX BHMIpiB 3 KOKHOTO OOJIHYYS, IKI MOXKHA
Oyio O TOpIBHATH 3 HANUOMIDKYUME BiIOMUMH
BHMipaMH Ta 3HAWTH HANOIIBII CXOXe OOIMIYS.
Hanpukman, mMoxHa 3MIiHUTH PO3Mip KOXKHOTO
ByXa, BIJICTaHb MK O4MMa, IOBXKHUHY HOCA TOIIIO.

[IpoGmema B TOMy, IO BHUMIpH, fKi 371a-
IOTBCSI JIIOJSIM OYEBUAHUMH (HANPUKIAJ KOJIp
oueif), Hacmpapai HE MamTh CEHCY JUIs
KOMIT FOTepa, 10 PO3TUBISETHCS OKpEeMi IMiKcemi
300paxenHas. OMuH i3 MIXOAIB — JJO3BOJHUTH
KOMIT'IOTEpY caMOMYy 3pOOWTH BHMIpPH TOTO, IO
oMy TmMOTpiOHO. ANTOPUTMHU TJIIMOMHHOTO Ha-
BYaHHS CaMOCTiHO BH3HAYalOTh, SIKI YaCTHHHU
009 Ust MOTPiIOHO BUMIPIOBATH, a SIKi — Hi.

Po3B’s130K monsirae y CTBOpEHHI 3rOpPTKO-
BOT HEMPOHHOI Mepexi, sika MOXE CTBOPIOBATH
128 BumipiB st KO>kHOTO 00MYYs. 128 BUMIpiB
KOJKHOTO O0JIMYYsl HA3WBAIOTh KapToro. lmes me-
PETBOpEHHSI MacuBy HEOOpOOJIEHHX [aHMX, Ha-
MpUKIaa 300paKEeHHS, B CIIMCOK TI'€HEPOBaHMX
KOMIT'IOTEpOM YHCENl BKpail Ba)JIMBa JUIsi Ma-
IIMHHOTO HaBYaHHS.

[Iponiec HaB4YaHHS 3rOPTKOBOI HEWPOHHOI
Mepexi JUTsl OTPUMaHHS Maru o0and (KO JyBaHHS
0011YuYs) MOTpeOy€e BEIUKOI KIIBKOCTI JaHUX i
BEJIMKUX OOYHUCIIOBAIBHUX NOTYyXHOCTEeH. Came
ToMy OyJI0O BHKOPUCTaHO MOJENb, HaBUEHY Ha
KUTbKOX HabOpax JaHUX YIPOJOBXK KiIBKOX THXK-
HiB. TakuM YMHOM, 3aJIMIIAETHCS TIIBKH MPOITYC-
TUTH 300pakeHHsI 00JIMY Yepe3 TOTOBY HABUEHY
HEHpPOHHY Mepexy, o0 oTpuMati 128 BUMIpIO-
BaHb JUIsl KOXKHOTO OOJIATYSI.

Kpok 4. Iomyk indopmauii moauau 3a
KOJlyBaHHSIM
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Ha ocrannpomy ertami moTpiOHO 3HAWTH
moauHy B 0a3i BiIOMHUX Il po3po0sieHoi mpo-
TpaMu JIIOJICH, BUMIpH OOIMYYS SIKOT HaHOIKi
JI0 OTPUMaHHX JAaHHUX y pealbHOMY uaci. Lle po-
OMTBCS 3a TOTIOMOTO0 KiachudikaTopa, 1o BUMi-
pIO€ BiCTaHb MK 3HAYCHHSIMHM 1 BH3HAdYae, Ha-
CKUTBKU BOHH CXOXI.

Jlnst posmizHaBaHHs 00auYYst 0yJ0 00paHo
3TOPTKOBY HEHPOHHY MEpexXy apXiTeKTypH
ResNet34 [Residual Network (mociaiBHO — «3a-
numKoBa Mepexka»)]. ResNet mae HacTymHi me-
peBarn Haj 0a30BHMH HEHPOHHHMH MepeskaMu,
UM CaMHM yCYBaIO4H iX OCHOBHI HeAomiku [13]:

1. ResNet— rmuOuHHA HEHPOHHA MEPEXKa.

3riiHO 3 3arajlbHOI0 TEOPEMOIO ANpPOKCHU-
Manii MM 3Ha€MO, III0 Mepeka MPSMOTO IOIIH-
PEHHS 3 OJIHUM IIapOM MOXKE BiITBOPUTH OyIib-
aky ¢yskuito. [Ipore map mae OyTH BElUKUM,
4epe3 [0 HeHpOHHA Mepeka MOXKe OYTH CXWIIb-
HOIO JIO TIepeHaBYaHHs, 10 JacTh ITOTaHi Pe3yiib-
taTu. J{7s po3B’s3aHHS 1i€l Mpo0IieMUu MepeKeBa
apxiTektypa Mae OyTH OimbIl TIMOWHHOIO.
ResNet moxe Oyt mobymoBana sk 3i 100, Tak i 3
1000 rrapis.

2. ResNet monmae mpo0OiieMy 3HUKHEHHS
rpajieHTa.

I'muOuHHI MEepexi BaXKKO TPEHYBATH 4epe3
npoOjeMy 3HUKHEHHS Tpajii€eHTa — OCKUIBKH Tpa-
JIEHT TIOBEPTAETHCA HA3aj /10 OUTBII paHHIX MIa-
piB, TIOBTOpHE MHOXKEHHS MOXE 3pOOHTH Tpaji-
€HT HECKIHUCHHO MaIUM. Y Pe3yJbTaTi, OCKIIbKH
Mepeka CTa€ TIHOMIO0, ii MPOIYKTHBHICTH CTaE
HACHYEHOIO 200 MIBHUIKO TIOYMHAE 3HIKYBATHCH.

3aBIIKM HAsABHOCTI 3aJUIIKOBUX OJIOKIB
(pucynok 3, [13]) ResNet mepexa Moke irHOPY-
BaTH TPAMIi€HT JIESKHUX MiAMEpEX 1 MpoCTo mepe-
CyBaTH TPAJi€HT BiJ[ BHUIUX INapiB 0 HIDKHIX
mapiB 06e3 Oymp-sikoi Moaudikarii. Ile o3Hauae,
mo ResNet mMoxe mpocto mepenatu TpagieHT 3
OCTaHHBKOTO TIAPY, HANpHKIA] mapy 151, 6e3mo-
CEepeIHbO JIO TEPIIOro Iapy.

X
h
| weight layer |
]:(x) "relu <
| weight layer | identity
F(XJ+X +re|u

Pucynok 3 — 3annmkoBnii 010k
Helipomepexi ResNet

s peanmizarii airoputMy 0oOpaHO BHCO-
KOPiBHEBY MOBY TIPOTPaMyBaHHs 3arajibHOTO
npu3HadeHHs Python. [{s po3mizHaBaHHS 0014
moaen OyIo BUKOPHUCTaHO 6i0mioTeKy
face recognition. Bona Hamae 3pyunuii API,
SIKUH, y CBOIO YEPTy, BUKOPUCTOBYE 0i0mioTekn
OpenFace, dlib, OpenCV. Takox s 0i0mioTeka
MpeCTaBIsiE METOAU POOOTH 3 SAKICHO HaBYCHU-
MU MonesiMu Ut Bu3HaueHHs face landmarks i
HEeWpOHHOIO Mepexero ResNet34.

CrnpoekToBaHy apXiTeKTypy CHCTEMU PO3-
MMi3HABaHHS OOJIMYYS y BiEOMOTOIll 3 JOMOBHE-
HOIO PeaNbHICTIO 300pakeHO Ha PUCYHKY 4.

Monynb
baza
<D 300py
JIaHKUX
JIaHHUX
Moyis morre- Monynb Monynb Output
pemaboi 06pobxu[€P  posmizna- HaknageHns |——P
300paxeHb BaHHS enemenTiB AR

PucyHnok 4 — Apxitektypa cucremu
PO31Mi3HABaHHA 00/1M44s Yy Bieonoroui
3 IONMOBHEHOI0 PeaIbHICTIO

Posrnsinemo mepexxy ResNet34 (neiipome-
pexa Ha apxitektypi ResNet 3 34 mapamu) Ha
pucynky 5 [13].

VY mnepmiomy mrapi ResNet BukopucTtoBye
3ropTKy 7x7 3 KPOKOM 2 JUIs 3MEHIICHHS BX1JHO-
ro curHaimy y jaBa pasu (Bim aHrir ‘“downs-
?mpling”), monibHo 1mapy arperyBaHHs (Bix
anri. “pooling”). IToTiM ¥ayTh Tpu OJOKH iJIeH-
TUYHOCTI (200 3aJMMIIKOBI MIapwW), ICIS HYOTO
KUTBKICTh MIKCEIIB BXiTHOTO 300pakeHHS 3HOBY
3MeHIIyeThcsl y aABa pa3u. llap cemmiinry
(3MeHIIEeHHS 300pasKeHHs) TAKOXK € 3TOPTKOBUM
1apoM, ajne He 3’€AHYEThCS 3 OJOKOM iAeHTHY-
HocTi. Lli OJOKM apxXiTeKTypu TOBTOPIOIOTHCS
AHAJIOTIYHUM YMHOM KijIbKa pa3iB.

OcraHHIi map — me map ycepeIHEeHOTO
arperyBaHHs (BiJ aHrJ. “average pooling”), axuii
ctBoproe 1000 kapT BiacTUBOCTEH (ISl JTaHWX
ImageNet) 1 cepenHe 3HaYSHHS A7l KOXKHOI Kap-
TH 00’ekTiB. Pesynmprarom Oyne 1000-mipHuit
BEKTOp, SKUH TMOTIM MOJIAETHCS Oe3IMocepe/IHbO B
map Softmax, ToMy BiH TIOBHO3B’S3HHH (Bif
aurn. “fully connected”) [13]. OcHoBHE mpu3Ha-
4yeHHs1 PyHKIT softmax monsirae B mepeTBOpeHHI
(HeHOpMaITi30BaHOT0) BUBOMLY OJMHUIL K (sSKUi,
HaNpUKIaJ, NPEICTaBICHUNA y BUIJISII BEKTOpa
K enemeHTiB) MOBHO3B’SI3HOTO MIapy y PO3MOJIINT
HWMOBipHOCTEW (HOpPMali30BaHUI BUXiN), SKUU
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4acTo MpeAcCTaBieHUi sK BekTop K enemeHTiB,
KOXKEH 3 SKHUX 3HaxomuThes Mik O Ta 1 (¥mMoBip-
HICTB), @ CyMa YCiX IIUX elleMEeHTIB JOopiBHIOE 1
(po3mnoain IMOBIPHOCT).

34-layer residual

image
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X
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fc 1000
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Pucynok 5 — Apxirektypa ResNet 3 34 mapamu

VYV Bumaaky 3amadi kimacudikamiero i-i
€JIeMEHT BEKTOpa, II0 CTBOPIOETHCS (DYHKIIIEO
softmax, BiAmoBigae IMOBIPHOCTI BXOIY MEPEXKI,
110 HAJIGKHUTH M0 I-TO KJIacy.

Pe3yabTaTi n0ciikeHb i ix 06roBopeH-
Hs1. Po3pobnena mporpaMHa cucreMa, rmpu3Have-
Ha JUIs pO3Mi3HaBaHHS OOJIMYYs JIFOJMHU Y BiJl€O-
MOTOII 3 JOMOBHEHOIO peajibHICTIO, MoKa3aja
MIPUHHATHI PE3yIbTATH.

JlomaTok TpaBWIBHO PO3ITI3HAE OOTIIUS,
HasiBHE y 0a3i JaHMX, B YMOBax Pi3HOT'O OCBITJICH-
HS, TIOBOPOTY TOJIOBH, 32 HAasSBHOCTI aKcecyapis,
3aKPUTTS JACSIKUX YaCTHH OOJHMYYS, 3MIHA €MOIIiN
TOIIO, AHAJIOTIYHO — JUIS PO3MI3HAHHSA KUIBKOX
obmmu omHouacHo. CucTema TecTyBaiacsi Ha
520 npukinagax: 4OTHpH JIOAWHU OKPEMO Ta pa-
30M Y pi3HHX KOMOIHAIiSX 32 Pi3HUX YMOB OCBIT-
JICHHSI, IIYMiB, TIEPELIKO/, aKCecyapiB, EMOIIiH.

s OLiHIOBAaHHS SIKOCTI JIETEKTYBaHHS 3a
JIOTIOMOTOI0 pO3p00IeHOT pOTpamMHOi peaizarii
BUKOPUCTOBYETHCS TIOKA3HUK, IO JTOPIBHIOE Bif-
HOIICHHIO IUIOLIl TEPeTHHY MpPSIMOKYTHHKa,
OTPUMAHOTO B Pe3yJbTaTi AETEKTYBaHHS, 1 Mps-
MOKYTHHKA 3 PO3MITKH JIO IUIOMI X 00’€IHaHHS
(Bim anrn. “Intersection over Union”, IoU). Ta-
KAM 9HHOM, BBKA€ETHCA, IO OOINYYS BUSBICHO
MPaBUIBHO, SKIIO LEH MOKa3HUK MEPEBHIIYE T1EB-
HUIA Topir. B iHIIoMy BHIIaJIKy pUIMaEThCS, 1110
o0mmuust He BusiBIieHO. CrpamboBYBaHHS alro-
pUTMY JNETeKTYBaHHS Ha OOJacCTi, J€ OoOIuJus
BiZICYTHE, BBa)Ka€ThCSI TOMUJIKOBUM CIPaI[bOBY-
BaHHSIM.

Ha migcraBsi HaBeIeHOro IMOKa3HHUKA 3J11H-
cHroeThesl ToOyoBa ROC-kpuBoi (pucynku 6,
7), AKa TOKa3y€e 3aJIeKHICTh KUILKOCTI TTOMIITKO-
BUX CIpalbOBYBaHb AalTOPUTMY JETEKTYyBaHHS
(false positive) Bim TOUHOCTI JeTeKTyBaHHs (true
positive rate).

True Positive Rate
\,

00 0z 04 06 08 10
False Positive Rate

Pucynox 6 — ROC-kpuBa
NPH po3Ni3HABAHHI 0JHOT0 00/ IMYYs,
AUC=0,95
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00 02
Pucynok 7 — ROC-kpuBa npu po3nizHaBaHHi
KiUJIbKOX 00,114 (MakcumyMm Yotupbox), AUC=0,83

BucnoBku. 3acTocyBaHHS HelpoMepexi
Ha apxitekTypi ResNet 3 BinmoBigHMMYU Hamaii-
TYBaHHSIMHM AJIS1 IETEKTYBaHHS Ta PO3Mi3HABAHHSI
00IMYYS JIFOJMHHU Y BiZICOMOTOI 3 JIOTIOBHEHOO
PEaNbHICTIO € XOPOIIUM BHOOPOM — IeH MeTo[
iHBapiaHTHHN A0 MaciiTaOyBaHHSI, 3MIHU CIICHH,
MIOBOPOTIB T'OJIOBH, 3MiHH OCBITJICHOCTI, aKcecya-
piB Ta 3MIHH €MOIIiii.

ExcriepuMeHTH MOKa3yloTh CTaOUTBHI pe-
3yJIbTaTH. 3a MEPELIKO[, a caMe, KOJIU 3aKpHBa-
€TBbCS YaCTHHA OOJIMYYS, KA € BHU3HAYAIBHOIO
JUIS PO3ITi3HABAHHS, IpOrpaMa He MOXE BU3HAUM-
TH, KOT0 300pakK€HO, TOMY L0 HE MOXE IOPIBHA-
TH OCOOJIMBI O3HAKU HASBHOI'O 300pakeHHs 00-
aua4s ta oonmyus 3 6a3m gaHux. Cucrema €
m1aThopMoOI0 JUI MOAATBLINX PO3POOOK. 30Kpe-
Ma, TUIAHYETHCS TPOBEACHHS EKCIepUMEHTAIb-
HUX JOCIIJKEHb 3 BUKOPUCTAHHSAM 1HIIUX METO-
IIiB pO3Mi3HABaHHSA OONHYYS Y BiJIEOTOTOL Ta
BUKOHAHHS IOPIBHSUIBHOTO aHaNi3y OTPUMAaHUX
pe3yNbTaTIiB, a TAKOX CTBOPEHHS OibII 3py4YHO-
ro rpadivHoro iHnTepgeiicy nporpamu Ta ajanra-
1ist 4711 MOOLITBHOT Bepcii.
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DEVELOPMENT OF FACE RECOGNITION SYSTEM
IN AVIDEO STREAM WITH AUGMENTED REALITY

In the paper, the problem of face recognition in a video stream with augmented reality is con-
sidered. The current state of this problem is investigated. The general process of face recognition and
the basic concepts of augmented reality have been studied. The analysis of modern approaches to
solving the face recognition problem is carried out, the strengths and weaknesses of the methods used
have been found. A search is carried out for a method invariant to scaling, scene changes, head turns,
changes in lighting, accessories, and changes in emotions. An algorithm, architecture, and the soft-
ware system that solves the problem of face recognition in a video stream with the elements of aug-
mented reality have been developed. A histogram of oriented gradients (HOG) is chosen as the method
for face detection; face recognition functionality is developed on the basis of the convolutional neural
network architecture — ResNet34. Experimental studies are carried out, the system has been tested on
both one and several faces simultaneously. Estimate methods of the recognition quality for the devel-
oped software system are determined — the plotting of ROC-curves that show the dependence of the
number of false positives on the detection accuracy (true positive rate) and measuring AUC. AUC =
0.95 has been achieved during recognition of one face, and AUC = 0.83 — during recognition of sev-
eral faces (maximum 4).

Statement of the problem. Investigation and analysis of existing approaches to building face-
to-face recognition technology in augmented reality systems by analyzing models, methods and algo-
rithms for human face recognition, identifying strengths and weaknesses of existing solutions, choos-
ing the best combination of detection and recognition methods.

Analysis of recent research and publications. Approaches have been proposed for the for-
mation of biometric face image templates that can be used for biometric verification or face identifica-
tion. However, all recent facial recognition results have been obtained through the use of deep convo-
lutional neural networks. In the work of Yu. V. Visilter et al., a convolutional neural network with a
hash forest (ZNMHL), based on a convolutional network with a hash layer, has been obtained. J. Betty
et al. have investigated how different factors influence recognition quality.

The purpose of the article is to prove the effectiveness of the proposed approach based on the
histogram of directed gradients and convolutional neural network architecture ResNet34 for the prob-
lem of face recognition in a video stream in augmented reality systems.

Presenting main material. The basic concepts of augmented reality are analyzed. The process
of face recognition is described. The description of the software for the solution of the problem is giv-
en and mathematical model is developed. The algorithm of work of the program of face recognition
program developed by authors is detailed. The architecture of face recognition system in augmented
reality video stream is designed.

Results. A software system designed to recognize human faces in augmented reality video
streams has shown satisfactory results. The application correctly recognizes the face, available in
the database, in different conditions of lighting, head rotation, with the presence of accessory ditch-
es, the closure of some parts of the face, changes in emotions, etc., similarly for recognizing multi-
ple faces at the same time. The system has been tested on 520 examples: 4 people separately and
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together in different combinations under different conditions of lighting, noise, interference, acces-
sories, emotions.

Conclusion. Applying a neural network to the ResNet architecture with appropriate settings for
detecting and recognizing human faces in augmented reality video streams is a good choice — this
method is invariant to scaling, scene changes, head turns, light changes, accessories, and emotion
changes. The system is a platform for further development. In particular, it is planned to conduct ex-
perimental studies using other methods of face recognition in a video stream and to perform a com-
parative analysis of the results, as well as to create a more convenient graphical interface of the pro-
gram and adaptation for the mobile version.

Keywords: face recognition, augmented reality, image pre-processing, face detection, face
landmarks estimation.
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