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HocaigxeHo 0co0auBOCTI HalimoMIMpEHIIIMX MeTOAIB i cHCTeM MNOLIYKY Ta PpoO3Mi3HABAHHA
00’€KTiB y Bileo300pa:keHHsIX. 3a pe3yJbTaTaMu A0CTiIKeHHS NOKA3aHO JOUUIBHICTH N00YA0BH 3aC00iB
NMOIIYKYy Ta po3mizHaBaHHA Jiaa miaargopmm iOS y peanbHomy u4aci. 3anponmoHOBaHO MeTOX
(ynkuionanbHoi amanranii aJaropuTMy MNOWIYKY Ta Ppo3Mi3HABaHHA 00’€KTiB 10 o0codJauBocTeil
Bile0300pakeHb, IKMii M0JIAITa€ B ONPALIOBAHHI Bile0300paskeHHs 3IJIAJKYIOUMM Ta MiHiMizauiiHuM
dinbTpamu, o 3ade3nevye 3MEeHIIEHHS Yacy MOUIYKY Ta po3nizHaBaHHA 00’ekTiB. Po3podiieHo 6a3oBy
CTPYKTYPHY cXeMy TakKHX 3aco0iB Ta aaroputm ¢yHkuionyBaHHs. Po3po6iaeHo ajaroputMiyHo-
nporpaMHi 3aco0u A8 po3B’sI3aHHSl 3aBJaHHA HAa 3HAXOMKEHHA Ta oNepaTHBHe pPO3Mi3HABAHHSA
00’ekTiB y pe:xmmi peaqbHoOro 4yacy mMoBow Swift mix mo0inbny miaardgopmy iOS. Bukopucrano
0C00JIMBOCTI 3ropTKOBOiI HelipoHHOI Mepe:ki 3 apxiTekTtyporo YOLOvV3 Ta ¢peiimBopky aasa podotu 3
HelipoHHUMM Mepe:kamu ig MoOiabHI qonaTku CoreML. 3anponoHoBaHo MeTO MOJIiMIIEHHSIAIIIEHHS
po0oTHu Takoi HelipOHHOI Mepe:Ki, IKMii 0CHOBaHUI HAa KBAHTH3allil BaroBuX Koe(ilieHTiB HelpoMepe:xi
Ta 3a0e3mevye MiHiMi3auilo po3mipy Mojei Ta yacy nomyky ii 00’ekriB. Jloc/iiaxeH0 3HAYEHHSI YaCTOTH
00po0yeHHs KaJpiB 300pakeHb i3 BUKOPUCTAHHSIM 3anponoHoBaHoi moaedi YOLOvV3-KD ta moneseit
HeliponHnx Mepe:xxk TtHnmy YOLOv3-tiny Ta YOLOv3-416. [loBeneHo MoxIuBicTH (GyHKIiOHYBaHHSA
3alPONIOHOBAHMX 32C00IB Yy pe:KMMi peajibHOI0 4acy.

KirouoBi ciaoBa: 4yac momyky o00’€KkTiB, 4yac po3mi3HaBaHHs 00’€KTiB, Bigeo300paxkeHHs,
Mo0ijbHA IaTdopma, 3ropTKoBa HelipOHHA Mepe:ka, peajibHUI MaciITad yacy.

Beryn

lupoke BHUKOPUCTAaHHS CYYacHHMX MOOIMTBHHX 3aco0iB, 30UIbIIEHHS iX (yHKIIOHAJIHHUX
MOJKJIMBOCTEH 3a0e3meuye po3B’sA3aHHs Pi3HUX KJIaciB 3aBAaHb. OIHUM i3 HUX € TOIIYK 1 PO3Mi3HABaHHS
TIEBHOTO KJIACy 00’€KTiB Ha 300pakeHHI YW BiZCOMOTOI I TOJAIBIIOrO Horo omnpaitoBaHHsa. ChOroHi
po3po0iieHO HM3KY 3aco0iB peamizamii 1poro 3asraHsas [1, 2]. IIpore 3amumaerscst mpobnema 3abesrie-
YeHHS SKOCTI 0OpOOIEHHS 3aJeKHO BiJ TakUX (DAaKTOpiB, SIK: MIBUAKICTH OINpAIIOBAHHS BEIHUKHUX 0OCSATIB
JTAaHUX, MPOIyCKHA 3JIaTHICTh MEPEXi, SKIIO MAalllMHA HaBYaHHS 3HAXOAWTHCS BiJNANECHO, BipOTiNHICTH
3HaXO/KEHHSI 00’ €KTIiB, CKIIA/IHICTh TPEHYBaHHS MOYATKOBUX MOJEJICH MONIYKY i Kinacudikaiii 00’ eKTiB.

Bopnouac Ha mopa3 OiIBIIOMY PHHKY MOOUIBHOTO MPOTPAMHOIO 3a0€3MECUEHHS TMEepeBaXKaloTh
KpocIulaTOpMEHHI J0JaTKi, TOOTO pO3pobieHi mia Jekinbka matgopM. Hespaxkaroum Ha CBOIO
MOUIMPEHICTh, BOHH MAfOTh TIEBHI HEJIOTIKH, OCHOBHUMH 3 SIKHX € BayKKa IIEPEHOCUMICTh KOy, OOMEKESHHN
nporpaMHuil ¢QyHKUiOHAN, OOMEXeHa MOMJIMBICTh (YHKLUIOHYBaHHS B pEIbHOMY 4aci Ta IOraHa
BIZIMOBOCTIHKICTb.
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bepyuu no yBaru HaBeneHe BUIIE, MOKHA CTBEP/XKYBATH, IO JOCIIHKEHHS CTOCOBHO PO3POOICHHS
e()eKTHBHUX METOIIB MOILIYKY Ta pO3Mi3HaBaHHS 00’ €KTIB y Bi11€0300paKEHHIX CBOEYACHI Ta aKTyasIbHi.

Omisa JiTepaTrypHux JKepet

ChoromHi po3poOJIEHO HHU3KY METOMIB 1 CHCTEM IIOIIYKY Ta pO3IMi3HaBaHHA OO0’€KTIB Ha
BiZIc0300paKCHHSAX, B SIKUX IIMPOKO 3aCTOCOBaHiI 3ropTkoBi HeiponHi Mepexi (3HM). Bukopucrano
JEKiIbKa METOIiB MAaIlMHHOTO HAaBYaHHS U BUPILIEHHS MpoOjeMu MOIIyKy Ta po3misHaBaHHS. Cepen
HUX MO’XKHA BUOKPEMUTH:

o Memoo Oinapnoi xnacughixayii osnax 306pasicennss [1] — 3aBmanHHs Kinacudikaiii, 1o €
peMETOM PO3TJSIy B MallMHHOMY HapuaHHi. Lle 3aBiaHHs HaBYaHHS 3 YUYHTENEM — METOJ, B SIKOMY
KaTeropii BiZioMi, ToJsirae y BU3HAYCHH] [TUX KaTEropii JJisi HOBUX CIIOCTEpekeHb. Ko Takux KaTeropii
BCBOT'O JIBi, TO IIe CTaTUCTHYHA OiHapHa Kiacupikaris;

e Memoo onoprux eexmopie osnax (OBO) s306padicenns [2] — Lle MeTOA aHANi3y NaHWX IS
kJacugikamii Ta perpecifHoro aHamizy 3a JIOMOMOI0I0 MoJelell 3 KepOBaHUM HABYaHHSM i3 HOB’SI3aHUMU
QITOPUTMAMM HaBYAHHS, SIKI HA3UBAIOTHCSA ONOpHO-BeKTOpHUMHM MamuHamu (OBM). [ns 3amanoro
Ha0Opy TpeHYBaJbHHUX 3pa3KiB, KOXKEH 13 SIKUX BHOKPEMJICHO SIK HAJIOKHUI A0 OnHi€l uM iHIIOI 3 IBOX
Kateropiii, anroputM TpeHyBaHHa OBM Oyaye monenp, sika 3apaxoBye HOBI 3pa3kd 4O OnIHi€l 4y iHIIOT
KaTteropii, podsur 11e HeMMOBIpHICHUM OiHAPHUM JiHIHHUM Kiacu(}ikaTopoM;

o Memoo wmyunoi Hetiponnoi mepesici (LLIHM) osnax 306pasicennsi [3] — IPYHTYeTbCS Ha
CYKYIHOCTI 3’€IHAaHUX BY3JIiB, 110 HA3WBAIOTh IITYYHUMH. KokKHE 3’€THaHHS (aHAIOTIYHE CUHAIICOBI) MiX
IITYYHUMHU HEHpOHAMH MOXE TepeaBaTi CUTHAJ BiJf 0HOro 10 iHmoro. IlTydHuii HelpoH, 10 OTPUMYE
CUTHAJI, MOXe OOpOOJIATH WOTO ¥ TMOTIM CHrHANI3yBaTH INTYYHWM HEWpOHAM, MPHEAHAHUM JI0 HBOTO.
BukopucTaHHS ITYYHUX HEHPOHHUX MEPEX I Kinacudikaiii 300pakeHb — OJIMH i3 JOBOJI e(eKTHBHUX
MmeroaiB. IIpote Taka xnacudikamis yCKIaJHIOETHCS, HacaMIlepe, BEIMKUM PO3MIpOM BEKTOPa BXiJAHUX
300pakeHb HEMPOHHOI MEpeXi, KUIBKICTIO HEHPOHIB y MPOMDKHHMX IIapax, i, SK HACiIOK, BEIUKUMHU
00YHCITIOBAJILHUMH BUTPAaTaMH Ha HAaBYaHHS 1 BUKOHAHHS MEPEXi;

o Memoo 32opmro6oi Hetponnoi mepexci (3HM) exionoeo 300padicenns [4] — 1e KIac TNTMOMHHUX
HITYYHUX HEHPOHHMX MEpE MPSMOrO TMOMIMPESHHS, KW YCIIIIHO 3aCTOCOBYBABCS 10 aHAI3Y Bi3yalbHHX
300paskeHb. 3HM BUKOPUCTOBYIOTH Pi3HOBHU] OaraTomapoBHX IEPIEHTPOHIB, po3poOIIeHni Tak, moou BUMa-
raTh BUKOPUCTAHHS MiHIMAJILHOTO OOCSTY TomepenHporo o0pobieHHs. Leit MeTos Tye 4acTo BUKOPUCTO-
BYIOTb 13 BUCOKOIO €(heKTHUBHICTIO Mijl Yac 00poOIeHHs (DOTO- Ta BiJIc0300paykeHHs, 0COOIMBO B PO3ITi3HABAHHI
TaKHUX KaTeropi, sk Iopoia co0aK uu NTaxiB, 3 YAM Yy MEPECiuHOT JIOJMHI MOKYTh BUHHKATH TIPOOJIEMH.

[TopiBHsIbHUI aHai3 IepeBar Ta HeIOJIKIB PO3TISHYTHX METOIB A€ 3MOT'Y BCTAHOBHUTH, IO IS
BUDILIICHHS 3aBJaHHS 3 TOINYKY 1 pO3Mi3HaBaHHS 00’ €KTIB Yy BiZIe0300paKEeHHSIX AOIIILHO BUKOPHUCTO-
ByBatd 3HM. Croroani icaye 6arato 3HM, siki BUpinIyIoTh 1i 3aBnaHHs. Jlo HAWITOMIMPEHININX MOXHA
3apaxyBaTH TaKi:

e R-CNN (Regions with CNN)[5]. Meron momyky 0O0’€KTiB, SKMH MNpaulo€ K 3BUYAHHHUN
knacugikatop 300pakeHb. Ha BXin Mepexi MOJarOTh pi3HI perioHH 300pa)KeHHS i A HUX poOIsTh
nepeadaucHHs. Y pe3yabTaTi mpoleaypa IyKe MOBUIbHA, OCKUIBKH IPOTaHs€e OJHE 300paKCHHS KilbKa
THUCSIY pa3iB.

e  Fast R-CNN [6]. llonimmenns i mBuama Bepcis R-CNN, mo npairtoe 3a CX0KUM TPUHITUTIOM.
Crioyatky Bce 300paskeHHS MOJAIOTh Ha BXiJ] 3rOPTKOBOI HEHPOHHOI Mepexki, MOTIM 3 OTPUMAaHOIrO
BHYTPILIHBOTO MPEICTABICHHS TC€HEPYIOTh PErioHH. AJie, SIK 1 B IONepeIHbOMY BUIAIKy, MEpeka 0BOII
NOBiJIbHA AJIS 3a/1a4 PEANBHOI0 Yacy.

e YOLO [7]. BUKOPHCTOBYE 30BCIM 1HIINI MPUHIUI POOOTH MOPIBHIHO 3 MONEPETHIMI CUCTEMAMHU.
Toni siK OLMBIIICTE CHCTEM BHKOPUCTOBYIOTH 3TOPTKOBY HEWPOHHY MEPEXY IeKilbKa pasiB i3 pi3HUMH
perionamu 300paxkenHs, YOLO BHKOpHCTOBYe ii JiMille OAMH pa3 A0 BCbOro 300pakeHHs. Mepexa IiTUTh
300pa’keHHsI Ha CITKY 1 mependadae po3TallyBaHHs HOTPiOHOro 00 ekTa Ui KOxkHOI AuistHKU. YOLO icroTHO
mBuame 3a R-CNN, 1m0 € KpUTHYHO BaXIIHBO Uil 00poOieHHs iHopMalli B peXuUMi peabHOrO dacy Ha
MoOinpHOMY TIpHCTpOi. Mae Oararo peanizawiil y Buriszi 6i6miorek, Takux sk Keras [8].
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e SSD [9]. 3a npunnunoM cxoxka Ha YOLO, ane sk Mepeska A BUIy4EeHHSI 03HaK BUKOPHUCTOBYE
VGG16 [10]. Texx noBomi mBUAKA 1 MpUAaTHA Uig poOOTH B pealbHOMY dYaci, MPOTEe PO3MIp BHUXiAHOI
Mojeni ictoTHo Oinbimid, Hixk y YOLO.

Cepen migicHUX NPOIYKTIB, SIKi BUKOPUCTOBYIOTH 3HM, MOKHA BHOKPEMUTH:

— EyeSpy [11] — nporpaMa po3smi3HaBaHHS 00’€KTiB Ha ¢ororpadii Ta MHOIIYK pEIeBaHTHOL
iHpopmauii B Mepexi inTepHeT. Henomik — BiACyTHS MiATPUMKA PEKUMY B PeajbHOMY Yaci.

—  Google Translate [12] — nporpamMa Ijs po3IMi3HABaHHS Ta MEPEKIaLy TEKCTY B PEKHMI
peanbHOro yacy. KoxkHy MOBY MOTpiOHO 3aBaHTaXHTH OKpEeMUM (Paiiiiom.

Henonikamu OimbIIocTi poO3MIISIHYTHX CHUCTEM, Hacamrepen FEyeSpy, € motpeba BUKOPHUCTOBYBATH
THTEpHET 3’€JJHAHHS JUIsl OTPHMAHHSI Ta BIANIPaBICHH iHPOpMAIlii Ha OMpaIfOBaHHS JI0 MAalllMHA HABYaHHS. 3a
MOPIBHSHO HEBEIMKHUX PO3MipiB BUXIHOT MPOrpaMy BOHH 3aJI€XKaTh BiJ] JTaTCHTHOCTI 3’€JJHAHHS 3 MEPEKEIO.

ITocTaHoBKa 3aB1aHHA
3a pe3ynbTaTaMy JOCHIPKEHHS HassBHUX 3aC001B PO3POOHUTH €)eKTHBHUI METO]| Ta 3acO0U MOLTYKY
Ta pO3IMi3HaBaHHA 00’ €KTIB Y BiI€0300pakeHHAX Ha MOOLIBHIN matdopmi i0S B peabHOMY Yaci.

OcHOBHI pe3y1bTaTH J0CHiIKEeHb

3amponoHOBaHO MeToX (PYHKLIOHAIBHOI ajanTalii alrOpuTMy IOLIYKY Ta pO3Mi3HaBaHHsS 00’ €KTiB
JI0 0COONMUBOCTEH Bie0300paskeHb, KU TOJSATAE B OMPAIIOBaHHI BiJIe0300pakeHHs 3TIaKyBaIbHUM Ta
MiHiMi3amiiHUM (iabTpaMu, 0 3abe3neuye 3MEHILICHHS Yacy MOLIYKY Ta pO3Mi3HaBaHHS 00’ €KTIB.

3aranoM po3B’si3aHHS IOCTABJICHOTO 3aBJaHHS MOTPeOy€e TAKMX KPOKiB:

®  CTBOpEHHS 3alpPOIIOHOBAHOI MOJIEIII 3TOPTKOBOI HEHPOHHOT MEpeXki 3 HOBUMH KjlacaMu 00’ €KTIB
Ha ocHOBI apxiTekTypu YOLOV3;

®  KOHBEPTYBAaHHS BaroBUX KoedilieHTIB y ¢gopmart, 3po3yMinuii MoOiTbHOMY (PEHMBOPKY IS
pobotu MammHu HaBuaHHs CoreML;

e  crBOpeHHs noaatky Ha i0S Ta iHTerpaiis Moaeni CoreML;

®  HaKJIA/JaHHA MiHIMI3aIlifHOTO Ta 3TIa/KYBaILHOTO (MibTPIB;

e  3a0e3neyeHHs POOOTH CHCTEMH B PEKHMMI PEAJILHOIO Yacy 3 TOCTATHLOK) YaCTOTO KaJIpiB;

e  3a0e3MeUeHHs] MOXKJIMBOCTI JUHAMIYHOI 3MIHM KiJIBKOCTI pPO3Mi3HAaBaJbHUX 00 €KTIB, BUKO-
PHUCTOBYIOUH Pi3HI MOJIeIi HEHPOHHOT MEpEexi.

3amponoHOBaHy CXeMy, IO peali30Bye HaBEJCHI BHINE KPOKH PO3POOJIEHHS IOCTAaBICHOTO
3aB/IaHHs, HaBEJIEHO Ha puc. 1.

HanawTtysaHHA
MiHimi3aujiHoro,
KOpeKTyto4oro $inbTpis

- Mogaynb dinbTpauii

BxiaHui poto/Bigeo notik
—_—

Mogynb Mopaynb PesynbTaT
03ni3HaBaHHA Lt Bif06parkeHHs —_—
P
06’€eKTiB 06’eKTiB

Mogynb nowyky
06’€eKTiB

\

Bubip BxigHOT Mogeni Ta
KiNIbKOCTi 06’€KTIB MOLLYKY Ta
po3nisHaBaHHA

Barosa mogenb
Yolov3

\ 4

Puc. 1. Cmpyxmypna cxema cucmemu noutyKy ma po3niznasants 00 €kmie
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Peamizamito 3amponoHOBaHOTO METOAY Ta CHCTEMH TIONIYKY 1 po3Mi3HaBaHHS OO0’€KTiB Yy
BiZle0300pakeHHsAX Ha MOOUIBHIN TuiaTgopmi i0S B peabHOMY Yaci MOXKHA 3JIHCHUTH 13 BUKOPUCTAHHIM
TaKHX IIECTU CTAaIliB Ta BiJIMOBIIHO O CXEMHU aJlrOpPUTMY, HaBeleHol Ha puc. 2. [lepenbadyeHo movaTKoBE
HAJIAIITYBaHHS MIHIMI3aI[IHHOTO Ta KOPEKTYBalbHUX (INBTPIB, SKi MPOCTO BIUIMBAIOTH Ha SKICTh
BUXIJTHOTO BiloOpaxkeHHs1 oOpoOsieHHOT Mojeni. Bxigne 300paxeHHs 3 (OTO/BiICONOTOKY NpPOXOIUTH
Yyepe3 MOJYJMI MOIIYKY Ta pO3Mi3HaBaHHS, T4, BUKOPHUCTOBYIOUM 3T€HEPOBAHY BaroBy MOJIEINb, Tepelac
pe3yabTaTi 00pOOJICHHS 10 MOIYJIs PO3Mi3HaBaHHs. I1iciis 11bOro BiOyBa€eThCcs (PYHKIIIOHAIBHA aIarTallis
AITOPUTMY 3 BUKOPUCTAHHSM 3raJJaHuX BUIlE QiIbTpPiB. Pe3ynbraT BUBOIUTHCS HA €KpaH.

1. Tlobyoosa epagh cxemu aneopummy pobomu cucmemu

Ha puc. 2 npoaeMOHCTPOBAHO CXEMY aITOPUTMY POOOTH CUCTEMH.

Iowarox

3apanTaxkeHHs mozenl 3a
3aMOBYYBaHHAM, Ta
roedluientis IoU, Object
Confidence

l

OtrpumaHHs KaJapy 3
BiZICOTIOTOKY

-t

A

O06pobka
300paKeHHsI
mapamMu Mepexi

l

Knacudixauist
00’€KTy Ha
300paKeHH]

'

Haxnaganas
3rIIAJKYI0UO0r0
¢inerpy IoU

'

Haknanauuas
MiHiMi3ariitHOro
dinsTpy Object

Confidence

v

Busin
pe3yIbTaTIB HA
eKpaHi

OrpuMaHHs
HACTYIHOTr0
Kajpy 3
BiZICOTIOTOKY

IIponosxutu
poGoTy nporpamy

Puc. 2. Cxema ancopummy pobomu cucmemu
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3a pe3ynbTaTaMu po3Mi3HaBaHHS OTPUMY€EMO Habip mependadeHp, SKUi GOpPMYy€eThCSI TOCITiOBHO Ha
€KpaHi MPHUCTPOIO JIJIsl KOKHOTO Kajpy 3 BijeonoToky. Kopekryrodi QinbTpu MiHIMI3YIOTh Ta 3TIIaJKYIOTh
pe3yabTaTH NepeadadeHb ISl KOHKPETHOT MOJIETI.

2. Konsepmyeannsa mooeneu YOLOV3 y popmam CoreML.

Opurinaneny apxitekrypy YOLOV3 peanizoBano 3a gmomomoroio ¢peiimBopky Darknet. Ha
MoOinpHUX mpucTposx i0S, mounnaroun 3 Bepcii 11.0, nocrynnuit ¢ppeiimBopk CoreML, sikuii nae 3mory
IHTErpyBaTH MOJIEN MAIIMHHOTO HABYaHHS Y MOOITbHUHN MPHUCTPIM.

[Ipote BuHMKae mpobnema B Tomy, mo CoreML po3ymie Tinbku mneBHUMH (opmar — .coreml.
Bopnouac y ¢peiimBopky Darknet Hapaszi He peayi3oBaHO TpsSMY KOHBEPTAIil0 MK IUMH JBOMA
mogensimMu. OTke, Ui TOro 100 mepeTBOpuTH 30epexkeHy i HaBueHy monenb i3 Darknet y CoreML,
HeoOXxigHo cnepiry koHBepryBatu Darknet momens y ¢opmat Keras. [lani koHBepTOoBaHy Mozaenb Oyxe
nepeTBopeHo B ¢popmar 3po3yminuii CoreML.

Juns nepioi konBepTatlii 3 yolov3 B keras HeoOXiTHO BUKOHATH KOMaH/IY:

python convert.py yolov3.cfg yolov3.weights yolo.hS5,
ne yolov3.cfg i yolov3.weights — BxigHa mozaenp Darknet. Y pesynbTari 3reHepyeTbes daitnm i3
posmmpenssM .h5 popmary Keras.

Hnsa npyroi koHBepTawii HEOOXiTHO 3aIlyCTUTH HACTYIHHH CKPUIT, BUKOPHCTOBYIOUH 0i0NiOTEKy
coremltools mist po6otu 3 CoreML:

import coremlitools
coreml_model = coremltools.converters.keras.convert(
yolo.h5',
input_names='image’,
image_input_names='image’,
input_name_shape_dict={"image": [None, 416, 416, 3]}, #posmip éxionozo 306pasicenns Ous
mepexci
image scale=1/255.)
coreml_model.input_description['image'] = 'Input image'
coreml_model.save('yolo.mimodel')

[licna uporo 3reHepyroTbess mogeni ¢opmary .mlmodel, siki MOXXHa BHKOPHCTOBYBAaTH B POOOTI
amutikanii. [Iponenypy xonBepramii HEOOXiZHO BUKOHATH Ul YCiX BUKOPHCTAHMX MOJENEH HEHPOHHUX
Mmepex: YOLOv3-tiny, YOLOv3-416 Ta YOLOvV3-KD.

3. Ananiz pobomu modeneti muny YOLOv3

YOLOv3 — npunnum poOOTH TOSCHIOETHCS CTPYKTYPHOIO CXEMOIO, HaBeneHoio Ha puc. 3. lle
BIOCKOHaieHa Bepcis apxitekrypu YOLO. Bona ckmagaerses i3 106 3roprkoBux mapis. Mogeni YOLO
HaBUYEHI Ha OCHOBI I100anbHOI 6a3u AaHuX 300paxensb. OcHoBHA ocobiuBicT YOLOV3 nonsrae B Tomy,
110 Ha BUXOJIi € TPH LIapH, KOXKEH 13 SIKMX PO3paxOBaHUI HA BUSIBICHHS 00’ €KTIB PI3HOTO PO3MIpY.

YOLOv3-tiny — cipomena Bepcist apxitektypu Y OLOV3, 1110 ckiagaeThes 3 ABOX BUXITHHX 1apiB. Bona
ripire nepeabayae apiOHI 00’€KTH 1 MpH3HAYEHA IS HEBEJIMKHX 00’€MIB MaHUX. AJie, depe3 OCOOIMBOCTI
noOyJOBH, Bark Mepexi 3aliMaroTh HEBENWKHH o0csr mam’sti (mpubmm3Ho 35 MB) i BoHa 3MeHIIye dac
olpairoBaHHs KapiB. ToMy Taka apXiTeKTypa IOpeUHilIa Ay BUKOPUCTAHHS y MOOUIBHOMY IIPUCTPOI.

YOLOv3-KD — 3anpomoHOBaHa 3a pe3yjibTaTaMHd IOCHIIKEHb MOZAETIb HEHPOHHOI Mepexi.
Amnanoriuno 10 Yolov3 mae 3 BuXiaHI mapy, OpoTe Opi€EHTOBAaHA HAa MEHIIY KiIBbKICTh 00’€KTiB. Mae
niepeBary Inepej MornepeHiM1 BEpCisIMH y IIBUKOCTI Ta pO3Mipi maM’sITi.

4. Tpenysanns sanpononosanoi mooeni YOLOv3-KD

CTpyKTYypHY CX€My alrOpUTMY TPEHYBaHHS MOJEIi TIOKa3aHO Ha puc. 4.

Koxna irepamisi MOBTOPIOETBCS PETPECHUBHOIO CIIPOOOIO OMpaloBaTH BXiZHE 300pa)KeHHA 13
BUKOpUCTaHHsIM eTanoHiB. Illo Bramima crnpoba, To Jimmuil pe3ynbTyrounid KoediuieHT. SKicTh TpeHy-
BaHHS 300payKeHHS 3aJI€KHUTh Bl TOYHOCTI MapKyBaHHS BXiAHHUX 300pa’keHb Ta KUTbKOCTI 300pakeHb.

[Iponec Ta pe3ynbraTu TpeHyBaHHS MOJENi HABEICHO Ha pHC. 5.
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Puc. 4. Cmpykmypna cxema aneopummy mpeHy8aHHs MOOeui

KpuBa Bkazye KiNbKiCTh TOMHJIOK, III0 BUHUKAIOTH ITiJ] YaC HAaBYaHHS, Ta JIEMOHCTPYE, UM Mepexa
BUHTKCS (Tpadik mpsiMye BHHU3) 4 Jerpanye (rpadik npsamye yropy). [lo oci y mu maemo 3HaueHHs Loss
(Kv) — xoeoirieHT BTpaT, MO 0ci X — KiJbKicTh npoiaenux irepamiii (Ni). HaBuanus 3ynuaeno Ha 4000
iTeparii Ta BUOpaHO sIK pe3ynbTyroui Barosi koedimientu 4000 iTeparito, OCKUTBKH ILOTO BUSBHIIOCH
IIJIKOM JIOCTaTHBO JJIs IBOX 00’€KTiB Ta KoedimienT Kv nmoka3yeap Haimimnim pe3ynbratd. Hax BUXigHOO
MOJICJUTIO MTPOBEJICHO MPOLICAYPY KBaHTH3allii BAroBUX KOSQIIIEHTIB, 10 MPU3BEJIO J0 3MCHIICHHS BUTPAT
mam’ari 31 120 Mb o maibke 20 MB.

5. Buxopucmanns ¢inempie 011 NOAINWEHHS pe3ylbmamie 8UXioHoi mooerni

[licna 3aBaHTa)XeHHS MoOJeNed y cucteMy po3pobrnenHs Xcode MOKHA CHOCTEpiraTH OTPHMaHi
BUXIiJHI IIapy KOKHOI 3 HUX. Pe3ynbTaTy 3anpornoHoBaHol MOZIENi MPOJAEMOHCTPOBAHO Ha pHc. 6.

BiamoBigHo mo pucyHKy BuIle, A0 po3poobmoBanoi moaeni YOLOvV3-KD BkiodeHo Tpu BHXIiAHI
HIapH, KO)KHOMY 3 SIKUX NepeadadueHo PerioHu AJsl pi3HUX 00°€KTiB y BUIIAAI ABOBUMIpHOTO MacuBy. [lyis
Bimomux mozenedt Yolov3-416 ta Yolov3-Tiny 3amporoHoBaHO TpH Ta JBa BUXIJIHUX IIApiB BiAIIOBIAHO.
Po3mipu xoMipok MacuBY MaroTh Taki 3HaueHHA: 8, 16 i 32. [IpumycTuMo Ha BXOXi y Hac € 300pakeHHS
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po3mipoMm 416x416 mikceniB. Toxi BUXimHI MaTpuii (CITKH) MaTUMYTh po3Mip: 52x52, 26x26 ta 13x13
(416/8 =52,416/16 =26 1416/32 =13).

Kv !

Loss
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Puc. 5. I'paghix npoyecy mpenygants 3anponoHo8anoi Mooei HetipOHHOI Mepedici

¥ Prediction

Name Type Description
¥inputs
image Image (Color 416 x 416) Input image
¥ Outputs
output1 MultiArray (Double 18)
i ¥ 18)
Y 18)

Puc. 6. Bxioni ma euxioni wapu mooeni YOLOv3-KD

[licna 3amycky 3aBanTaxenoi mozeni CoreML amnst po3poOiroBanoi Mozaeni HEHPOHHOI Mepexki Ha
BUXOJI OTpUMyeMo Taki pesympratu: [1, 1, 18, 25, 25]. Jle 18 — me BekTOp, SKMH OTPUMYIOTH 32
thopmyoro:

A=B* ((tx+ty+tw+th+po)+(pl Tp2t ~-'+pn))a (1)
Je A — pe3ynbTylouuii BeKTop; B — BHXigHI mapu Mepexi (periosm); ty, ty, ty, t, — KOOpAMHATH X, Y,
IIMPHUHA Ta BUCOTA Iepen0adyyBaHOIO PETiOHY BiAMOBIAHO; P, — Koe(illieHT nepeadadueHHs IOsSBU PETioHy
(minimizaniitnuit GineTp Object confidence); p;..p,— BXigHI KJIacH, n — KUIBKICTh BXiJHHUX KJIACiB.

Tenep moTpiOHO 00poOuTH Teit BekTop. [ms KOXKHOTO TependavyyBaHOTO PETiOHYy MOTPiOHO
OTPUMATH PO3MOJUICHHS BipOTiZHOCTI IIOAO 3aJaHOro Mdiana3oHy KiaciB. 3poOMTH L€ MOXKHa 3a
noromororo ¢ynkuii softmax. Ipukian peanizanii na Swift:

private func softmax(_x: inout [Float]) {
let len = vDSP _Length(x.count)
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var count = Int32(x.count)

vvexpf(&x, x, &count)

var sum: Float = 0

vDSP_sve(x, 1, &sum, len)

vDSP vsdiv(x, 1, &sum, &x, 1, len)
/

st oTprMaHHS KOOPJMHAT 1 PO3MIpPiB PETiOHIB MOTPIOHO CKOpUCTATUCS QOpMYTaMu:

by =0(ly) + ¢y

b, = o(ty)+oy @)
by = pwet‘”
br, = pre™

ne by, by, b,, b, — nependaueHi X, y KOOpAMHATH, IIMPHHA 1 BUCOTA BIANOBIIHO; fy, t, t,, t; — BUXOAU

)
HEHpPOHHOT Mepexi; g(X) — QYHKILIS CUTMOI; cXx Ta ¢y — BEPXHI KpaiiHi JiBi MOYaTKOBI KOOPIUHATH CITKH,
a pw Ta ph — 3HaueHHS SKOPIB JUI1 TPhOX perioHiB. L[i 3HaueHHS BH3HAYAIOTH MiJ Yac TPEHYBaHHA i
3aal0Th 3aBYaCHO, HANIPHUKIIA] 3HAUYCHHS ph Ta pw:

let anchorsl: [Float] = [116,90, 156,198, 373,326] // axopsi 015 nepuioco suxiono2o wapy,

let anchors2: [Float] = [30,61, 62,45, 59,119] // sikops 015 Opy2020 8uxioH020 wapy,

let anchors3: [Float] = [10,13, 16,30, 33,23] // skops 0751 mpemvo2o UxXioHo20o wapy.

CTpykTypHY cxeMy (hopMyBaHHS pETiOHY MOJIAHO HA PHUC. 7.

OTpuMaBIIM KOOpPAMHATA 1 PpO3MIPH pETiOHIB Ta c,
BIJIIOBITHUX WMOBIPHOCTEW ISl BCiX 3HaWICHHX 00’ €KTiB —
Ha 300paKe€HHi, MOXHAa TIOYMHATH BiJMaTbOBYBaTH iX c "_"“"F-)l: eeeadee
MOBEPX KapTHHKH. Y : > :

IIpore icHye WMOBIPHICTH BHHHUKHEHHS IPOOJIEMH, : ! :
KOJIM JJIs OJHOro 00’€KTa Iepe0ayeHo KijabKa PEerioHiB 3 ]o(t y: b=o(tD+c,
JI0BOJII BHCOKMMH HMOBipHOCTSMHU. [yl BHpIMIEHHS L€l phi by : b=o(t)+c,
npoOJieMH JIOIIJIBHO BHKOPUCTATH anroput™m Non-Max : ot : b“=pwet-
Suppression: : : b=pe"

e Illykaemo perioH i3 HaWOLTBIIO HMOBIPHICTIO
NPUHAJIEKHOCTI 10 00’ €KTa. N

e IlepernsagaeMo BCi perioHH, sKi TeXk HaJEXKaThb 0 Puc. 7. Cmpykmypha cxema po3paxynxy

LIOTO 00’ €KTa. NONOJICEHHS PeiOHy

e Bunansemo ix, skio Intersection over Union (IoU) 3 nepuiuM perioHoM OLIbINNN HIXK 3adaHUN
HOPIT.
3raamkyBanbHui GiteTp loU BUpaxoByIOTH 3a (hOpMYJIOH:
IoU=Sp/So, 3)
ne Sp — momia nepeTuHy, So — mioma 00’ €JHaHHS.
[puknan peanizarii MoBoto Swift:
static func IOU(a: CGRect, b: CGRect) -> Float {
let areaA = a.width * a.height
if aread <=0 { return 0 }
let areaB = b.width * b.height
if areaB <=0 { return 0 }
let intersection = a.intersection(b)
let intersectionArea = intersection.width * intersection.height
return Float(intersectionArea / (areaA + areaB - intersectionArea))
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6. Busedenns pesynomamis i3 GUKOPUCTIAHHAM MOOIILHOZ0 000AMKY

Honatok matume OBI MOMJIMBOCTI BUBeAEHHs iH(popMauii: dyepe3 kamepy TenedoHy B pexumi
peanbHOro yacy abo x yepes GpoTonoTik (3 kamepu uu 3 rajepei). Takox Oyzne MOKIUBICTD HaTAIITYBAaHHS
TUIYy Moaeni, nopory Intersection over Union (minimizayiunui ¢inemp), nopory Object Confidence
(3ena0scyrouuil (inbmp) Ta MOXKIMBOCTI JOAATKOBOTO 3IUIA/DKCHHS BUXIIHHMX PETIOHIB HA €Talll KiHIIEBOTO
00pobnenns. Pesynprat poO0OTH HaBEAECHO Ha pHC. 8.

" ne U
e | T4 v

20:57 9
5 ©
Choose Model
YOLOW3-tiny
YOLOv3-416
YOLOw3-KD

Choosa QU Threshold

Choose Object Confidence Threshold

— Q.20

Online Smocther: o

Save Restore Default

Detect

Online Photo Settings

Phetn DOrline Sattings J

Puc. 8. Pezynomamu posniznasanns emobremu Jlveiecokoi noaimexuixu (31iea)
ma ubip modei HeupoHHOL Mepedici (cnpasa)

VY mporeci po3mi3HaBaHHS BHKOpUCTaHO moporu object confidence Ta IoU, ToOTO HakmagaHHs
anroputMy Non-Max Suppression. Online smoother — 11e o1aTKOBa OIS s KOPEKIIl HAKIaAaHHs PErioHiB
Ha 00’ eKT 300paxkeHHs. TakoK BapTO 3ayBaXKHUTH, 110 eMOJIeMy 31e01IBIIOT0 PO3Ii3HAHO MPABUIBHO.

Po3pobneno Mozens MOLIYKY Ta PO3Mi3HABaHHS O0’€KTIB TOPIBHSIHO 13 ONM3BKMMH aHAJIOTaMu.
JlocmipkeHo 4acToTy KajpiB, Yac po3Ii3HaBaHHS OJHOTO PETiOHY Ta HEOOXIIHY €EMHICTh HaM’STi BiIOBIIHO
JUTS MOJIeJTi HEHPOHHOT Mepeki Ta 00paHOro MOOLIEHOIO PUCTPOIO. Pe3ynbTaty HaBeJCHO B TAOHII.

SIk BUIHO 3 pe3yJbTaTiB, HaBEICHHUX Yy TAOJIHMII, 3alPONOHOBaHA MOJENb HEWPOHHOI MEpeXi Mae
nepeBary y MBUAKOCTI Ta po3Mipi HEOOXiHOT mam’sITi Iepell aHATOTaMH.
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XapaKkTepHCTHKH HeHPOHHHMX Mepesk

33

TecToBammit N{oz[em, ) Yacrora xazpis Yac p03Hi3Ha.BaHH$[ Bara . KinLKiF:TL
MOGib A npuCTpiit HeI/IpOHH.Ol y cexyray (FPS) OJTHOTO PETioHy MoJIei KJ;IaCl]?

MEpEexI (cexynm) (MB) 00’exTiB
Iphone X YOLOV3-tiny 26-29 0.5-07 35 40
Iphone X YOLOv3-416 2-3 5-6 250 80
Iphone X YOLOvV3-KD 24-26 0.5-0.6 21 2
Iphone 6s YOLOvV3-tiny 22-26 0.8 250 80
Iphone 6s YOLOv3-416 2 34 35 40
Iphone 6s YOLOv3-KD 2024 0.7-0.8 21 2

BucHoBkn

VY poboti mpoaHami3oBaHO METOJIB MONIYKY i PO3Mi3HaBaHHS 00 €KTiB Ta MOKAa3aHO JIOULIBHICTH
noOyZI0BM CUCTEMH TIONIYKY 1 po3mi3HaBaHHS 00’ €KTiB JIsi MOOUTBHOT tutatdopmu i0S B pealibHOMY 4aci.
3amponoHOBaHO Ta JOCIKEHO MeTO (YHKIIOHAIBHOI aJanTallii aropuTMy MOLIYKY Ta PO3Ii3HABaHHS
00’€KTIB 10 OCOOIIMBOCTEH BiZIc0300pakeHb, 13 BAKOPUCTAHHSIM KOPEKTYBaJIbHHUX (DiIbTPIB.

Po3po0biieHo anropuTMiduHO-TIpOrpamMHi 3aco0u IS BUPILMICHHS 3a7adi 3HaXO/HKCHHS Ta ONEepaTHB-
HOT'O PO3Mi3HAaBaHHS 00’ €KTIB Y PEKUMI pealibHOTO Yacy MoBoto Swift mig MoOineHy mnardopmy i0S.

Ha ocnoBi Mmomeni Yolov3 crTBOpeHO MOzenb 3ropTKoBOi HeWpoHHOI Mepexi — Yolov3-KD.
HaBeneno 3araibHy CTPYKTYpHY CXEMY CHCTEMH, CXEMY alTOPUTMY pO3Ii3HAaBaHHS 00 ’€KTIB Ta CXEMY
TpeHyBaHHs MoJeni. 3anpornonoBany 3HM BepudikoBaHo Ha JBOX HABYCHHX KilacaX 00’ E€KTiB.

[IpoaemMoHCTpOBaHO MpHUKIaL poOOTH mporpamu. IlokazaHO MOLUIBHICT BUKOPHUCTaHHMX 3aCO0IB,
BpPaxOBYIOUM MiHIMI3aliiiHI Ta 3rIaKyBaibHi (DiIbTPH, BHKOPHCTOBYIOUHM BiAMOBiHI (opmynn Ta
OporpaMHi peanmizallii, a TakoX KBaHTH3allil0 BaroBux KoedimieHtiB. 3amponoHoBana 3HM 3paTthHa
po3mi3HaBaTH 00’ €KTH B peabHOMY 4aci.

BukoHaHO TMOpIBHAHHA 3ampornoHoBaHoi mozieni 3HM i3 Oiu3bKMMHU aHajloraMd 3a OCHOBHHMU
XapaKTepUCTUKAMHK, 30KpeMa 3a BEIMUMHAMH YaCcTOTH OIPAIIOBAHHS KaJIpiB BiJleo3o0paxkeHb. s Mozaeni
YOLOV3-KD, po3po6ieHoi crieniaabHO i MOOUIBHI TOMATKH, OTPUMAHO JJOBOJIi BUCOKY YacTOTY KaJIpiB:
24-26 kaapiB y CEKyHIy, 1110 I[IJIKOM JOCTaTHBO IS POOOTH Y PEIKUMI pEasbHOTO Yacy.
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METHODS FOR REAL-TIME OBJECT SEARCHING AND RECOGNIZING
IN VIDEO IMAGES ON 10S MOBILE PLATFORM

D. Kushnir, Y. Paramud

Lviv Polytechnic National University,
Computer Engineering Department

© Kushnir D., Paramud Y., 2019

The features of the most common methods and systems for searching and recognizing objects in
video are explored. The research shows the feasibility of building search and recognition tools for the
i0S platform in real time. The method of functional adaptation of the algorithm of search and
recognition of objects to features of video is offered, which consists in processing of video image by
smoothing and minimization filters, which reduces the time of search and recognition of objects. The
block diagram and algorithm of system functioning were designed. Developed a program to solve the
problem of finding and quickly recognizing objects in real time in Swift language on the iOS mobile
platform. A convolutional neural network with YOLOV3 architecture was used along with framework
for working with neural networks for mobile CoreML applications. A method of improving the
performance of such a neural network is proposed, which is based on the quantization of the neural
network weights and minimizes the model size and search time of its objects. The frequencies of image
processing using the proposed means and models of neural networks of the type YOLOv3-tiny,
YOLOvV3-416 and our own model YOLOvV3-KD are investigated. The possibility of functioning of the
proposed funds in real time is provided.

Key words: object search time, object recognition time, video, mobile platform, convolutional
neural network, real time.



