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Jucepraliisi OpUCBAYCHA aHANI3y Ta BIOCKOHAJIEHHIO CYYaCHHX aJITOPUTMIB
pO3Mi3HaBaHHs BI3yaJbHOI 1H(QOpMAaLIi, 10 MAaKOTh BAXJIHMBE MPAKTUYHE 3HAYEHHS
TSt 3a0e3nedeHHs €eKTUBHOCTI (DYHKIIIOHYBaHHSI €JIEKTPOHHUX CUCTEM Oe3neku. Y
JOCIIJKEHHI 30CEpEPKEHO yBary Ha IHTerpaumii Ta yJAOCKOHAJE€HHI aJlfOPUTMIB
IIMOMHHOTO HaBYaHHA, cepea sAkux obOpaHo Moaenb YOLOV7, crpsMoBaHuX Ha
pO3B’si3aHHST TPOOJIEM, TMOB’SI3aHUX 13 HU3BKOIO UITKICTIO 300pakKeHHS, IIYMOM,
OKJIO31€10 Ta 3MIHHUM OCBITJICHHSM.

3MICT JHCEpTAlIHOTO JOCIDKCHHS BHKJIAACHO B TPhOX pO3JAUIAX, &
MPEJICTaBIICHO Ta OOTPYHTOBAHO OCHOBHI OTPUMAaH1 Pe3yiabTaTh POOOTH.

AKTyaJIbHICTh ~ JUCEpTallifiHOI poOOTH OOTPYHTOBAHO y  BCTYII, 1€
chopMyIbOBAaHO METY Ta 3ajJadl JOCHIDKCHHS, OIMHUCAHO METOJIM JOCIIKESHHS,
HaJlaHO 1H(oOpMaIlil0 MPO HAYKOBY HOBMU3HY Ta NpPAKTUYHE 3HAYEHHS OJEp KaHUX
pE3yNbTaTIB.

[epmmmii po3ia AUCEPTAIHOTO TOCTIPKEHHS MPUCBSIYCHO aHaJI3y 1CHYIOUHUX
QITOPUTMIB PO3MI3HABAHHS Bi3yaJlbHOI 1HQOpMali, [0 BUKOPUCTOBYIOTHCS B
EJIEKTPOHHUX CHUCTEeMax Oe3reku. Po3rIssHyTO OCHOBHI MPHUHIMIK Ta KiIacU(iKaIiio
QIrOPUTMIB  BUABJIICHHS 1  BIJACTEXKEHHS  O0’€KTIB, 1X 3aCTOCYBaHHS Y
BiJIEOCTIOCTEPEKEHH1, BINCHKOBUX CHUCTEMax Ta TPAHCIIOPTHUX TEXHOJIOTISX.

[IpoananizoBaHO TEPCHEKTUBHI METOAM PO3Mi3HABaHHS 00 €KTIB, 30KpeMa

CAMShift, Optical Flow, nns skux BH3HAYEHO IMEpeBard Ta HEIOJIKH HPHU 3MiHI
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YMOB OCBITJICHHSI, JUHAMIIl CLIEHM Ta HAsABHOCTI IIymy. JlogaTKoBO AOCIIIKEHO
M1XO/U 10 PO3Mi3HAaBaHHS TEKCTY Ha 300paXKeHHSX.

Y po3aun TakoX MPOBEACHO TOPIBHAHHS TPATULIMHUX aJITOPUTMIB 13
METOJIaMU TJIMOOKOTO HaBYaHHS. Bu3HadeHo, 110 HEWPOHHI Mepexi JEMOHCTPYIOTh
BUIlY €(EKTUBHICTh Yy TOPIBHAHHI 3 TPaAMIIHHUMHU CIlocobamu, Mpu pobOOTI 3
Bi3yaJIbHOIO 1H(POPMAIIIEI0 B YMOBaX YaCTKOBOTO MEPEKPUTTS, 3MIHHOTO OCBITJICHHS
Ta ckiagHoro (oHy, IO MIATBEPKYE IXHIO IOUUIBHICTH U BIPOBAKCHHS Y
CUCTEMHU BIiJIEOCTIOCTEPEKEHHS Ta OE3MEKH.

OtpumaHi pe3ynbTaTH JEMOHCTPYIOTH TIEPEBar BUKOPHUCTAHHS aJalTUBHUX
METO/IB OOpOOKH BIJICOTIOTOKY Ta MIAXOAIB JO JUHAMIYHOTO HalallITyBaHHS
nmapaMeTpiB  ajJrOpUTMIB  BiACTexeHHs. Ile [03BoJsisie 3HAYHO  MOKpaIIUTH
MIPOTYKTUBHICTh €JIEKTPOHHUX CHUCTEM OE3TEKH B peaJbHUX YMOBaX eKCILTyaTarlii Ta
MIJBHUIIHUTH 1X CTIMKICTh A0 30BHIIMIHIX MEPEIIKO/I.

Hpyrui O3 JTUCEPTaLIfHOTO JOCJI1IPKEHHS MIPUCBAYECHO
EKCIIEpUMEHTAJILHOMY aHalli3y aJFOPUTMIB BUSIBICHHS, BIJCTEKEHHS Ta OOpOOKHU
Bi3yasibHO1 1HGopMaIllii y cuctemax 0e3neku. OCHOBHUMN aKIICHT 3p00JIeHO Ha OIlIHII
e(eKTUBHOCTI NBOX HaiOuIbil nomupenux airroputmiB CAMShift ta Optical Flow
JUTSL  BIJICTEXKEHHSI OO0’€KTIB Yy BIJICONOTOI, a TaKOX Ha TMOPIBHAHHI I1XHBOI
MPOAYKTUBHOCTI B YMOBaxX 3MIHHOTO OCBITJIEHHS, YaCTKOBOI OKJIIO31i Ta IIYMOBHUX
MEPEIIKO.

JlomaTKoBO y pO3iii pO3TISHYTO METOJIM 3MEHIIIEHHS ITyMy Ha 300pa)KEHHSIX
IUISIXOM BUKOPHCTAHHS 3rOPTKOBUX HEHPOHHUX Mepex. [IpoBeneHo aHani3 miaxo/iB
10 (inbTparii SCKpaBiCHOTO IIYMY, 110 BUHUKAE BHACHIIOK POOOTH CBITIOUYTIMBOI
MaTpHIll KaMepH, Ta BIUTMBY TIpH (ikcallli 300pa’keHHs 30BHIMIHIX (aKkToOpiB (TymaH,
3aTeMHEHHS, 3a0pyAHEHHSI KaMepH ).

Takox DOCTITKEHO MIAXOAW O PO3Mi3HABAHHS TEKCTY HAa 300pa)KEHHAX 3a
JIOTIOMOTOI0 OJTHOTO 3 BHJIy BEWBIIET-TIEPETBOPEHD, IO JO3BOJISIE€ 3MEHIIUTH BIUIHUB
(oHOBHUX 3aBaj Ta MIABUIIUTH TOYHICTH 0OpPOOKHU 300pakeHb y CKJIaJHUX YMOBAX.

BaxnuBy yBary mNpuAUIEHO €KCIEPUMEHTaIbHOMY MOPIBHSHHIO PI3HUX

moaudikamiit YOLOV7, oniHll BIUIMBY 3MiH Y CTPYKTYpl HEMpoMepexi Ha TOYHICTh
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BUSIBJICHHSI Ta IIBHAKICTH OOpoOKHM BimeomoToky. I[IpoanamizoBaHo e(eKTHBHICTH
J0JIaBaHHs KacKaJHUX IIapiB Ta MEXaHI3My YyBaru i MOKpAIEHHS POOOTH
HEHpOMEepex y CKIIAJHUX CIICHaX.

Y tperbomMy po3aini poOOTH 30CepeKEHO yBary Ha MPaKTHYHIA peami3allii Ta
NepeBipIll  AITOPUTMIB OIIIHKA OO0’€KTIB Ha TOBEPXHI 300pa)KeHHS 3 KaMmepu
BIJICOCTIOCTEpEIKEHH Ha OCHOBI 3actocyBaHHsS wmojeni YOLO. OcHoBHa yBara
MpUKyTa JOCHIDKEHHIO aJanTamii HEeWPOHHMX MEpeX JI0 pealbHUX YMOB
eKCIUTyaTallli, CTBOPEHHIO CIeliajli30BaHUX JaTaceTiB 1 BIPOBAKEHHIO MOJENICH y
CUCTEMHU BIJI€OCTIOCTEPEKEHHS.

Oco0MMBICTIO TPETHOTO PO3LIY € nepeBipka Mmojaeni YOLOV7 ta po3pobiieHHS
il Momudikaiii s BUKOPUCTAHHI B CHCTEMI BIJIEOCIIOCTEPEHKEHHS 3a CKJIQJIHUX
oTOYyrOUHMX YMOB (ikcauii. [IpoBeeHo cepito eKCepUMEHTIB, K1 BKIIOYAIN aHaji3
BIJICONIOTOKY B YMOBaX pI3HOI MPO30POCTI cepenoBuia (iMiTaiis TyMaHy,
3a0pyIHEHHSI KAMEPH ), YaCTKOBOI OKJII0311 00’ €KTIB 1 MOBHOI BIJICYTHOCTI OCBITJICHHS
a TaK0X 0COOJIMBOCTI POOOTH B 1HHPAUEPBOHOMY PEKHUMI.

VY aucepraiiii nmpecTaBiIeHO HACTYITHI HAYKOBI PE3YJIbTATH:

1. Bmepuie po3po6ieHo Moau(]ikoBaHy CHUCTEMY pO3Mi3HaBaHHS 300paKEHb,
sAKa J03BOJISIE 1ACHTU(IKYBATH 00’ €KTH XOJIOAHOI 30poi B 1H(pauyepBOHOMY PEXUMI
Ta B yMOBaX HU3bKOi BHIUMOCTI.

2. YnockoHanmeHO poOOTy HEHpPOHHOI Mepexi B3TOPTKOBOTO THILY, SKa
J03BOJISIE TIpU 0OpPOOJIEHHI 300paKeHb 3MEHINYBATH ATUTUBHUNA SICKPaBICHUN LIyM
300pakeHHS Y BUMAAKY, KOJIM CaM PIBEHb IIyMY MOXE 3MIHIOBATHCH B MPHU aHai31
CEKBEHIIIT 300pa’KeHb.

3. VYIOoCKOHAJIEHO ONTHYHY CHUCTEMY  pO3MI3HABaHHS  TEKCTy, SKa
XapaKTEPU3Y€EThCS CTIMKICTIO 10 3aBaKarouMX (DOHOBUX E€JIEMEHTIB y (OopMi KPUBHUX
bes’e.

4, VY nockonaneHno apxitektypy mojneni YOLO V7 3a paxyHOK JT0oAaBaHHS
KaICyJbHOTO IIapy, BHACHIIJOK YOr0o, 3HAWEHO BUPILIECHHS MpoOJieMHu OOMEKEHOTo

BUSIBJICHHsI 00'€KTIB 3a BIJICTAHHIO, Y CKJIAJIHUX CIIEHAX 13 YaCTKOBUM IMEPEKPUTTIM
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a00 3MIHOIO (OPMHU OCTaHHIX a TAKOXX B YMOBaxX 3MEHIIEHOI BUAMMOCTI 00 €KTIB
300pak€HHs 3a HASBHOCTI a00 BiJICYTHOCTI OCBITJICHHS.
[IpakTUyHe 3HaYEHHS OTPUMAHUX PE3YJIbTATIB MOJATAE Y HACTYITHOMY.

1. Busnaueni pexomeHparii 1moa0 OIIHKKM Mojenell Ha ocHOBI YOLOvV7
JO3BOJISIIOTh  YAOCKOHAJIUTH 1XHIO POOOTY B YMOBAaX HHM3bKOTO OCBITJICHHS,
3MEHIIEHOI YITKOCTI 00’€KTIB Ta YaCTKOBOTO MEPEKPUTTS, MO € aKTyaJbHUM is
CHUCTEM, SIK1 MPAIIOI0Th y CKJIAJHUX YMOBaX.

2. OTpumani pe3yabTaTd MOXKYTh OyTH 1HTEIpOBaH1 y MPUKIIAIHI PIILICHHS
JUIsT aBTOMATU30BAHOI'O BUSBJIEHHA 30poi Ha 1H(PAYepBOHUX Ta ONTUYHHUX
300paXEHHX, IO CHOPUATUME Yy NOJAIbIIOMY IMIJBUIICHHIO pIBHS O€3MeKH B
IPOMAJICBKUX Ta CTPATETIYHO BAXKIIMBUX 00’ €KTaX.

3. 3anpornoHOBaHl MIAXOAM [0 aJanTalii ajaropuTMiB pO3Mi3HABAHHS
00'€KTIB MOXYTh OyTH BHUKOPHCTaHI y BIMCHBKOBHX CHCTEMax, TPaHCIOPTHHUX
TEXHOJIOT1SIX, 1HTEJIEKTyalbHUX CHCTEMaxX YIpPaBJIIHHSA JOPOXKHIM PYXOM Ta 1HIIMX
rajyssx, Je BaXJIUBE CBO€YACHE 1 TOUHE PO3Mi3HaBaHHS 00 €KTIB.

4.  IlpakTuuHI pe3yJIbTaTH MOXYTh 3HAHUTH CBO€ 3aCTOCYBAaHHA y po3poOiil
MIPOTPAMHOTO 3a0€3IEeUeHHs ISl aHalli3y BiJIEONOTOKY, OPIEHTOBAHOIO Ha poOOTY 3
iHQpayepBOHUMH  KaMepaMu, 110 3a0e3MeUnuTh MOXJIHUBICTh  €(PEKTUBHOTO

MOHITOPUHTY B YMOBax MOTaHO1 BUAMMOCTI.

Kniouosi cnosa: 3eopmka, mynemumeOilina ingopmayis, mepedicda, OYiHKA
eghexmusHocmi, KoHmeHnm, be3neka, Mooeisb, Wymu, Mooent08anHs, Inmeprem peueil,
pisensv cuenany, loT, po3noscroddiceHHs CcueHamy, OYIHKA, MeCmosull CUcHal,

300padceHnsl.



ABSTRACT

Pereverziev O.A. Open neural networks in visual information recognition
algorithms for electronic security systems. — A qualification scientific work as a
manuscript.

Dissertation for the degree of Doctor of Philosophy in the field of knowledge
17 — Electronics and Telecommunications, specialty 171 — Electronics. — National
Technical University of Ukraine "lgor Sikorsky Kyiv Polytechnic Institute”, Ministry
of Education and Science of Ukraine, Kyiv, 2025.

The dissertation is devoted to the analysis and improvement of modern visual
information recognition algorithms that are of great practical importance for ensuring
the efficiency of electronic security systems. The research focuses on the integration
of deep learning algorithms, such as YOLOvV?7, into image and video stream analysis
processes, as well as on solving problems associated with low image clarity, noise,
occlusion, and variable lighting.

The content of the dissertation research is outlined in three chapters, where the
main results of the work are presented and substantiated.

The relevance of the dissertation is substantiated in the introduction, which
formulates the purpose and objectives of the study, describes the research methods,
and provides information on the scientific novelty and practical significance of the
results.

The first chapter of the dissertation is devoted to the analysis of visual
information recognition algorithms used in electronic security systems. The basic
principles and classification of object detection and tracking algorithms, their
application in video surveillance, military systems and transport technologies are
considered.

Traditional methods of object recognition, such as CAMShift and Optical
Flow, are analysed, as well as their advantages and disadvantages in changing
lighting conditions, scene dynamics and noise. Additionally, approaches to text

recognition in images are investigated.
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The chapter also compares traditional algorithms with deep learning methods.
It is determined that neural networks demonstrate higher efficiency when working in
conditions of partial overlap, variable lighting and complex backgrounds, which
confirms their feasibility for implementation in video surveillance and security
systems.

The obtained results demonstrate the advantages of using adaptive video
stream processing methods and approaches to dynamically adjusting the parameters
of tracking algorithms. This can significantly improve the performance of electronic
security systems in real-world conditions and increase their resistance to external
interference.

The second chapter of the dissertation is devoted to the experimental analysis
of algorithms for detecting, tracking and processing visual information in security
systems. The main focus is on evaluating the effectiveness of CAMShift and Optical
Flow algorithms for tracking objects in a video stream, as well as comparing their
performance under conditions of variable lighting, partial occlusion, and noise
interference.

Additionally, the chapter discusses methods for reducing noise in images using
convolutional neural networks. The approaches to filtering luminance noise arising
from poor video stream quality and the influence of external factors (fog, blackout,
camera contamination) are analysed.

Approaches to text recognition in images using wavelet transforms are also
investigated, which reduces the influence of background noise and increases the
accuracy of image processing in difficult conditions.

Important attention is paid to the experimental comparison of various
modifications of YOLOv7, assessing the impact of changes in the structure of the
neural network on the detection accuracy and processing speed of the video stream.
The effectiveness of adding cascade layers and an attention mechanism to improve
neural network performance in complex scenes is analysed.

The third section of the paper focuses on the practical implementation and

verification of algorithms for estimating objects on the surface of a video surveillance
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camera image based on the YOLO model. The main focus is on the adaptation of
neural networks to real operating conditions, the creation of specialised datasets and
the implementation of models in video surveillance systems.

The third chapter is dedicated to the adaptation of software to work with the
modified YOLOv7 model. The peculiarities of integrating a neural network into a
video surveillance system are covered in detail.

The study also covers the analysis of methods for improving the accuracy of
neural networks when working with a video stream in difficult conditions. Particular
attention is paid to the adaptation of convolutional neural networks to reduce the
additive luminance noise that occurs during the processing of dynamic video.
Formation of specialised datasets for training YOLOvV7, which take into account the
factors of partial occlusion, dynamic background and variable image quality.

A series of experiments were conducted, including analysis of the video stream
in conditions of different environmental transparency (fog simulation, camera
contamination), partial occlusion of objects and complete absence of lighting, as well
as features of work in the infrared mode.

The dissertation presents the following scientific results:

1. Probably for the first time, a modified image recognition system has
been developed that allows the identification of weapons in infrared and in extremely
poor visibility conditions.

2.  The work of the convolutional neural network has been improved, which
allows to reduce the additive luminance noise of the image in the case when the noise
level itself can change during the analysis of the image sequence.

3. Animproved optical text recognition system characterized by resistance
to interfering background elements in the form of Bezier curves.

4.  The architecture of the YOLO V7 model has been improved by adding a
capsule layer after the neck module, which solved the problem of detecting objects in
complex scenes with partial overlap or change in shape of the latter, as well as in
conditions of reduced visibility of image objects in the presence and absence of

lighting.



The practical significance of the obtained results includes the following:

1. The defined parameters and recommendations for the use of models based
on YOLOv7 allow to improve their performance in low light conditions, reduced
object clarity and partial overlap, which is relevant for systems operating in difficult
conditions.

2. The obtained results can be integrated into applied solutions for
automated weapon detection on infrared and optical images, which will help to
increase the level of security in public and strategically important facilities.

3. The proposed approaches to the adaptation of object recognition
algorithms can be used in military systems, transportation technologies, intelligent
traffic management systems, and other areas where timely and accurate object
recognition is important.

4, Practical results can be applied in the development of video stream
analysis software focused on working with infrared cameras, which will provide the

possibility of effective monitoring in low visibility conditions.

Keywords: convolution, multimedia information, network, performance
evaluation, content, security, model, noise, modeling, Internet of Things, signal

strength, 10T, signal propagation, evaluation, test signal, image.
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HEPEJIIK YMOBHHUX CKOPOYEHb

ALPR — Automatic License Plate Recognition;

CNN — Convolutional Neural Network;

DWT — Discrete Wavelet Transform;

FPS — Frames per second,;

GDDR6 — Graphics Double Data Rate 6 Synchronous
Access Memory;

GPU — Graphics processing unit;

HDD — Hard disk drive;

HDMI — High-Definition Multimedia Interface;

IOU — Intersection Over Union;

IP65 — Ingress protection code;

NMS — Non-Maximum Suppression;

OCR - Optical Character Recognition;

PGI — Programmable Gradient Information;

PSNR — Peak signal-to-noise ratio;

RNN — Recurrent neural network;

SSD - Single Shot Multibox Detector;

SSIM — Structural similarity index measure;

YOLO — You Only Look Once;

RTSP — Real Time Streaming Protocol.

Dynamic Random-
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BCTYII

AKTyaJlbHICTb TeMH. Y Cy4YaCHOMY CBITI TOCTpO IIOCTa€ MHUTAHHS
3a0e3reueHHsT e(PeKTUBHOTO (DYHKIIIOHYBAaHHS €JIEKTPOHHHMX CHCTEM O€3MeKH, SKi
3MaTHI MIBUKO Ta TOYHO aHANI3yBaTH HABKOJMIIHE CEPEIOBHINE 3 BU3HAYCHHSIM
00’€ekTiB, iX Kiacu@ikalii 3a OCHOBHMMH O3HAaKaMH B yMOBax pEaJIbHOTO dYacy.
3pocTatounii piBEHb 3arpo3, BKIIOYAIOYHM 3J0YHMHHICTH, TEPOPUCTUYHI aKTH Ta
TEXHOTCHHI PU3HUKH, BUMArae BIPOBAKEHHS Y TEXHOJIOTIUYHY CTPYKTYPY MEramnoJicy
ABTOMATH30BaHUX CHCTEM PO3Ii3HABaHHS 00’ €KTIB, 5Kl (DYHKIIIOHYIOTH 1 JIO3BOJISIOTh
3HU3UTH 3QJI€KHICTh B1J] JIOACHKOI0 (paKTOPy Ta IMiJIBUILYIOTh PIBEHb ONEPATUBHOCTI
pearyBaHHs.

Metoau anani3y BizyalnbHuX AaHuX, Taki sk CAMShift, Optical Flow Ta iHmm,
K1 BAKOPUCTOBYIOTHCSI CbOTOJIHI TIPH aHali31 300pakeHb 3 Kamep, HaTOMICTh MAalOTh
HU3KY OOMEXeHb, OCOOJMBO B yMOBaX CKJIATHOTO (OHY, 3MiH OCBITIEHHS a0o
okimto3ii 00'ekTiB [1]. 1li 0OMEKeHHS MOXYTh CTaTH MEPEIOHOI0 I 3a0e3MeYeHHs
Cy4acHHUX MOTped Y BUCOKOTOYHHUX cUCTeMax Oe3leKH, HacaMIiepel, KOJIu HEOOX1THO
MIBUIKO BU3HAYUTH HA JUHAMIYHOMY 300pa)k€HH1 3 Kamepu 00 €KT, HOTOo THUIl Ta
MIPUHAJIEKHICTh 10 MEBHOrO Kiacy. BUxonoM 3 1poro, MOXyTh OyTH MiIXOIH, 5K
MOB's13aH1 3 3aCTOCYBAaHHSM METO/IB INIMOMHHOTO HABYaHHS HAa OCHOBI BITPOBAI>KEHHS
sroptkoBux HeiiponHux wmepex (Convolutional Neural Networks, CNN), ski
XapaKTepU3yIThCSl THUM, IO MOXYTh aBTOMATUYHO BHUIUIATA KIIIOYOBI O3HAKU
00'€KTIB.

Tak, 0co0IMBOI aKTyaJIbHOCTI Ha0yBa€ MPAKTUYHE BUKOPUCTAHHS aJITOPUTMIB
po0OTH HEMPOHHUX MEPEX Y CUCTEMAX BIJEOCIIOCTEPEKEHHS, KOHTPOJIO JOCTYIY Ta
MOHITOPUHTY KPUTUYHUX 00'ekTiB. OmHAK ICHY€ psAl OOMEXKEHb, SKI HEOOXITHO
BpaxOBYBAaTH, TaKWX SK HEOOXIIHICTh ajamnTallii aJropuTMiB s pPoOOTH 3
HU3BKOSKICHUMH 300paK€HHSIMHU, IIyMamMH Ta yMOBaMHU OOMEXEHOI BHIMMOCTI
caMux 00’ekTiB Ha 300paxkeHHI. [logonaHHs 1UX MpoOjeM BIIKPUBAE MOKIUBOCTI
JUTSI TIABUIIIEHHST TOYHOCTI pOOOTH 1 HAIIMHOCTI CUCTEM PO3Mi3HABaHHS 00’ €KTIB TIPH
aHaii31 JUHAMIYHUX 300paxeHb, sKi (PIKCYIOTbCS, HAMPUKIAT, KaMepaMu CHUCTEM

OE3IIEKH.
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BpaxoByroun 3pocTarounii MOMUT HA 1HTETPAIliF0 1HHOBAI[IWHUX TEXHOJOTIH y
chepi Oesnekd, a TaKOXK 3HAYYIIICTh PO3POOKH CTIMKUX 10 CKIQJHUX YMOB
QITOPUTMIB, T€Ma BUKOPHUCTAHHS HEUPOHHHX MEpPEeX A aHali3zy Bi3yaJbHOI
iHpopMallli 3 ENeKTPOHHUX CHCTeM O€3MEeKHM € HaJ3BUYaiiHO aKTyalbHOIO SIK Y
HayYKOBOMY, TaK 1 y MPaKTUIYHOMY KOHTEKCTI.

[MuTaHHSAMH 3aCTOCYBaHHS PI3HUX QITOPUTMIB JJis BUPIMICHHS 33434
00poOnenHs BimeoiHGopMaIrii y 4aCTHHI PO3Mi3HaBaHHS 00 €KTIB 3aliMarOThCS TaKi
BITUM3HSHI Ta 1HO3eMHI BUeHi sk, HazapkeBuu M.A., Moxae O.0., Pozopinos I'.M.,

Bapdonomeer A., Autontok O., Penmon /1., Cmit B., Ta 1Hmi.

Mera i 3aBaaHHs JocJixxkeHHsi MeTow JucepraniiiHoi  podoTH €
YAOCKOHAJIEHHS MOKJIMBOCTE BUKOPUCTAHHS aJrOPUTMIB PO3MI3HABAHHS BI3yaJIbHOI
iHdopMarIli I eJEKTPOHHUX CHCTeM O€3IeKH MpHUMIIIeHb a0o0 I1HMIMX 00’ €KTIB
METamnojicy, Ha OCHOBI 3ampoBaKEHHS I1HCTPYMEHTApII0 HEHPOHHUX MEPEK.
OcHoBHa yBara Mae OyTH TpH IOMY NPUKYyTa Ha OIHII €(PEKTUBHOCTI IX
BUKOPUCTaHHS, OCOOJIMBO, MpPH CKIAQAHUX YMOBax BHUJMMOCTI Ta OCBITICHHS, 3
3a0€3MEeUCHHSIM TMpU 1bOMY, HEOOXITHOI TOYHOCTI PpO3Mi3HABAHHS, IIBUIKOCTI
BUJIIJICHHST O3HAK Ta HAJIAHOCTI poOOTH B IIIOMY 3alPOIIOHOBAHUX CHUCTEM OE3IMEeKH
B PEXKHUMI pEaTbHOTO Yacy.

06 ’exmom 0ocniodicenHs: € IPOTPaMHI AITOPUTMU Ta METOAM PO3IMi3HABAHHS
Bi3yalibHO1 1H(OpMAIlil B €JIEKTPOHHUX CHCTeMaxX OE3MEKH, sIKl BUKOPUCTOBYIOTHCS
ISt 11eHTU(dIKaLli 00’ €KTIB y pealIbHOMY 4acl 32 YMOB CKJIaJHUX YMOB OTOUYYHOYOTO
cepenoBuina ¢ikcarfi.

Ilpeomemom Oocnioxcennss € JUHAMIYHE KOJIOPOBE 300pakeHHS a0o
CEKBEHI[ISl KaJpiB, OTPUMAHUX 3 KaMepu CHUCTEMHU BIJICOHATIIAY, 32 PI3ZHHUX
OTOYYIOYMX YMOB (pikcari.

JlocATHEHHS IOCTaBJICHOT METH TMependavae BUPIIICHHS TaKUX 3aBIaHb:

1. TIpoBectn ormisa 1 kiacuikaiiro ICHYIOUHX aJITOPUTMIB PO3IMi3HABAHHS

Bi3yalibHO1 1H(OpMAIIii, BKIIOYAIOYN TPAAUIIIAHI METONM Ta MIJAXOJU HA OCHOBI
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HEHPOHHUX MEPEXK, 13 aKIeHTOM Ha (HOPMYNIOBAaHHS iX MepeBar Ta OOMEXEHb IS
€JIEKTPOHHUX CUCTEM OE3MEKH.

2. Jlocnimuty epeKTUBHICTh CY4aCHUX HEMPOHHUX MEPEXK, sIKI peai3oBaHl B
mozensx YOLOvV7, nns 3amad posmi3HaBaHHS OO’€KTIB y pealbHUX YMOBax, Ta
MOPIBHATH X 3 TPAAUIIIHHUMH METOIaMH 00OpOOKH BizyanbHO1 iH(OpMaIIii.

3. IlpoBectn excnepUMEHTaJdbHY OILIHKY €()EeKTHUBHOCTI 3aCTOCYBaHHS
ITOPUTMIB PO3IMI3HABAHHS CHEI[laIbHUX 00’ €KTIB y CKJIQJHUX YMOBaX, TaKHX SK
HU3bKa BUJIUMICTb, IIIYM, YaCTKOBE MEPEKPUTTS 00 €KTIB Ta MPO30picTh. Po3podutu
HOBI MIiAXOAW A0 iX MOKPAIIECHHS 3 METOI MiJABUIIEHHS TOYHOCTI Ta IIBUIKOCTI
PO3Mi3HaBaHHs CHEIaTbHUX 00 €KTIB 3aJIEKHO BiJl X JAJIBHOCTI pO3TallyBaHHS 10
KaMepHu CHCTEMH BiJICOHATIISAY.

Po3risiHyTi B poOOTH MIAXOAN COPSIMOBAHI Ha OLIHKY €(EKTUBHOCTI ICHYIOUUX
QITOPUTMIB Ta iX BIOCKOHAJEHHSA, L0 JO3BOJIUTH PO3IIUPUTH iX MOXKIUBOCTI Y
BHUPILIEHH] aKTyaJIbHUX 3aBJaHb €JIEKTPOHHUX CUCTEM OE3MEKH.

Metoau npociigaxeHHss. JlJis JOCATHEHHS IOCTaBJIEHOI METH BHUKOPUCTaHO
METOY KOMII'IOTEPHOTO Ta 00 €KTHO-OPIEHTOBAHOIO MOJEIIOBAHHS, a TaKOX
METOAM  E€KCIIEPUMEHTAJbHOTO  OI[IHIOBAaHHS  MOXJIMBOCTEM  yJIOCKOHAJIEHOTO
ANITOPUTMY BUSIBJICHHS O3HAK 00’ €KTIB Ha 300pa)K€HHI MPH Pi3HUX YMOBax Qikcarlii.

HaykoBa HOBM3HA OTPpUMAaHMX pe3yJbTaTiB. Y auceprauii MpeacTaBICHO
HACTYyIH1 HAYKOBI pe3yJIbTaTH:

1. Bnepmie  po3poGiieHo  MoaudikoBaHy — CHUCTEMY  pO3Mi3HABAHHS
300pakeHb, SKa J03BOJIA€ 1ACHTH(IKyBaTH OO ’€KTH XOJOAHOI 30poi B
1H(paYepPBOHOMY PEKMMI T4 B yMOBaX HU3bKOI BUIUMOCTI.

2. VYnockoHaieHO poOOTYy HEHWPOHHOI Mepeki 3rOpTKOBOTO THITY, sKa
J03BOJISIE TIpU 0OpPOOJIEHHI 300paKEHb 3MEHIIYBAaTU AJUTUBHUNA SICKPaBICHUW LIyM
300pa)K€HHS y BHUIIAJIKY, KOJIM CaM PIBEHb IIYMYy MOKE€ 3MIHIOBATHCh B IPH aHAJI31
CEKBEHIII1 300pakeHb.

3. VYIOCKOHANIEHO ONTHYHY CHUCTEMY pO3MI3HABaHHS TEKCTy, sKa
XapaKTEPU3y€EThCS CTIMKICTIO 10 3aBakKarounX (DOHOBUX €IEMEHTIB y popMi KPpUBUX

bes’e.



18

4, VY nockonaneno apxitektypy mozaemi YOLO V7 3a paxyHOK J0JaBaHHS
KarcyJabHOTO IIapy, BHACIIJIOK YOTr0, OTPUMAHO MOKpAIIeH] Pe3yJbTaTh BUSBJICHHS
00'€KTIB y CKJIQJHUX CIIEHaX 13 YacTKOBUM INEPEKPUTTIM abo 3MIHOK (GopMH
OCTaHHIX, a TaKOXX B YMOBaxX 3MEHIICHOI BHJIUMOCTI OO0 €KTIB 300paKeHHS 3a
HAsIBHOCTI Ta B1JICYTHOCTI OCBITJICHHS.

Oco0ucruii BHeCOK 3100yBaya.

VYci pesynbTaTd, HaBEACHI Yy AHMCEpTaIliiiHii poOOTI 1 BUHECEHI Ha 3axmuCT,
OTPUMAHO 3a aKTHUBHOI ydacTi 3/00yBada Ta OIyOJIIKOBAHO Yy CIIEIiaTi30BaHUX
(haxoBUX BUJIAHHSIX.

B crarti IlepeBepzeB O.A., Tpameszon K.O. JlocmigxeHHS MOpOrpaMHUX
ITOPUTMIB BIJICTEKEHHS pyXy O0’€KTIB B €IEKTPOHHUX cucTeMax Oe3neku // BueHi
3anmucku TaBpiChKOro HaIllOHAJIBHOTO YHiBepcuTeTy iMmeHl B.I.Bepnaacekoro.
Cepisa: Texniuni Hayku. Tom  33(72), Ne6, 2022. (C.288-293. DOl:
https://doi.org/10.32782/2663-5941/2022.6/47 omyOnikoBaHili y  CIIBaBTOPCTBI,
3100yBay MPOBIB MOPIBHSHHSA IBOX aJITOPUTMIB BIJICTEKEHHS 00’ €KTIB.

B crarTi [1epeBep3es O., Tpanezon K. OcoOnuBOCTI BUKOPUCTAHHS HEUPOHHUX
MEpexX y 3a/ladyax 3MeHUIeHHs myMy [udpoBux 300paxens // “Bicauk KpHY imeni
Muxaitna Octporpaacekoro”. — 2023. - Ne3 (140). — C. 44-51. DOI:
https://doi.org/10.32782/1995-0519.2023.3.6 (ISSN 1995-0519 print; ISSN 2072-
8263 online), onyGuikoBaHili y CHiBaBTOPCTBI, 3700yBay po3poOUB Ta IMEpPEBipUB
JICTUHT IPOrPaMHOT0 KOy HEHPOHHOI MEpexi.

B crarti IlepeBep3eB O., Tpanezon K. IIporpamHi miaxoau BHKOPUCTAHHSA
BEUBIIET-TIEPETBOPEHHS B 3a/lauyax PO3IMi3HABAHHS TEKCTY 13 300paxkeHb // “BicHuk
KpHY imeni Muxaitna Octporpaacekoro”. — 2024. - Nel (144). — C. 266-272. DOI:
https://doi.org/10.32782/1995-0519.2024.1.35 (ISSN 1995-0519 print; ISSN 2072-
8263 online), omyOJikoBaHIi Yy CIIBaBTOPCTBI, 3/100yBad TMPOBIB MEPEBIPKY
PO3pO0JICHOTO AITOPUTMY Ha IBOX 300paKe€Hb, SIK1 OTPUMAHO PI3HUMH CITIOCOOAMH.

B crarti IlepeBep3eB O., Tpaneson K. [lpuniunu Ta miaxoaw BHKOPUCTAHHS

anmroputMmy YOLO v7 B cucremax BusiBieHHS 00’ekTiB // “Bicnuk KpHY imeni

Muxaiina Octporpaacskoro”. — 2024, - Ned (147). — C. 104-112. DOI:
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https://doi.org/10.32782/1995-0519.2024.4.13 (ISSN 1995-0519 print; ISSN 2072-

8263 online), omyOJIiKOBaHIi Yy CIIBaBTOPCTBi, 3J00yBau po3poOHMB IIpOrpaMHi
pILIEHHS! 3 YJIOCKOHAJEHHS apXITEKTYpH HEHUPOHHOI Mepexi, siKa MiJKII0YeHa 0
mozem YOLO v7 ta if mogudikartii.

IIpakTH4He 3HAYEHHS OJeP:KAaHUX Pe3yJIbTATIB.

1. BusHaueHi pekoMeHJalii MO0 OIiHKM Mozened Ha ocHOBl YOLOV7
J03BOJISIIOTh  YIOCKOHAIUTH iXHIO POOOTY B yMOBax HHU3BKOTO OCBITJICHHS,
3MEHIIIEHOI YITKOCTI 00’€KTIB Ta YaCTKOBOTO MEPEKPUTTS, L0 € AKTyaJIbHUM IS
CHUCTEM, SIK1 MPAIIOI0Th y CKIATHIUX YMOBaX.

2. OTpuMaHi pe3yibTaTH MOXKYTh OYTH IHTETPOBaHI Y IPUKJIAIHI PIIICHHS IS
aBTOMATU30BAHOIO BUSBIIEHHA 30pOi Ha 1H(PpPayYEpPBOHUX Ta ONTHUYHUX 300paKEHHSIX,
0 CHPUATHME Y MOJAJBIIOMY IMiJABUIIEHHIO PIBHS O€3MEKH B TPOMAACHKUX Ta
CTpaTeriyHO BaXKJIMBUX 00’ €KTaX.

3. 3amporoHoBaH1 MiAX0IU 0 aJanTarlii alrOpUTMIB pPO3Mi3HaBaHHS 00'€KTIB
MOXXYTh OYTH BHUKOPHCTaHI y BIMCHKOBHUX CHCTEMaX, TPAHCHOPTHUX TEXHOJIOTISX,
IHTEJICKTyaJIbHUX CHUCTEMax YIIPaBJIiHHS JOPOKHIM PyXOM Ta IHIIUX Taly3sx, e
BaYKJIMBE CBOEYACHE 1 TOYHE PO3II3HABAHHA 00’ €KTIB.

4. TlpakTu4Hi pe3yabTaTH MOXKYTh 3HAWTH CBOE 3aCTOCYBaHHSA y PO3POOIl
MIPOTPAMHOTO 3a0€3IEeUeHHsI ISl aHalli3y BiJIEONOTOKY, OPIEHTOBAHOIO Ha poOOTY 3
iH(QpayepBOHUMH  KaMepaMu, 1[0 3a0e3MeYnuTh MOXJIMBICTh  €(PEKTUBHOIO
MOHITOPUHTY B YMOBaX MOTaHOT BUAMUMOCTI.

3B'130K po00TH 3 HAYKOBMMHU NPOrpaMamMHu, INIAHAMH, TEMaMH.

PosrisiHyTi y poOOTI HOBI MPaKTUYHI pe3yJbTaTh AOCHIHKEHb MOXYTh OyTH
BUKOPUCTaHI TpU Ppo3poOIill yIOCKOHAJICHUX TNPUKIAJAHUX CHCTEM O€3MeKu 3
3aCTOCYBaHHS TEXHOJOTIH [HTepHETy peuei, a TakoX y OCBITHbOMY MpOLEC MpU
IMIITOTOBIIl HABYAJIbHUX ILIAHIB ITIITOTOBKM MAariCTpiB 3a OCBITHBO-PODECIHHOIO
nporpamoro “EnekTpoHH1 cUCTEMU MyJIbTUMETIa Ta 3aco0u [HTepHeTy peyeit”.

Anpobania pe3yabraTiB auceprauii. OCHOBHI TOJOXXEHHS Ta Pe3yJbTaTh
JTUCEPTAIIIHOTO  JOCTI/DKEHHST  JIOTOBiAaiMch Ha |  MDKHapOJHIM HAyKOBO-

NPaKTUYHIN KOH(DepeHIli:
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[lepeBep3eB O., Tpane3zon K. AHami3 anropuTmiB MOHITOPUHTY OO0’€KTIB Yy
cuctemax 6e3neku // Martepianu [X MikHapoaHOT HAYKOBO-TIPAKTUYHOT KOH(EpEeHIIii
“Perspectives of Contemporary Science: Theory and Practice” (14—16 »xoBtHst 2024
p., JIbBiB, Ykpaina). JIeBiB, 2024.

IMyoaikanii. 3a pe3ynbraramMu JOCHIKEHb OIyOJIIKOBAaHO 4 HayKOBUX
nyOmikamid (3 HuX 3 crarTi y HaykoBUX (haXxOBUX BHUAAHHIX YKpaiHu 3a
cnemianbHicTio 171  Enextponika), 1 pgomoBigp y 30ipHHMKAax MaTepialiB
KOH(EepeHITIH.

Ctpykrypa Ta o0cAr aucepramiiiHoi podoru. Jlucepraiisi CKIagaeTbes 31
BCTYIYy, YOTUPHOX PO3LIIB, BUCHOBKIB, CIIUCKY BUKOPUCTAHUX JIKEPEI. 3arajibHH
oOcsr poboTH cTaHOBUTH 156 CTOpiHOK, BKItoyatoun 39 pucyHKiB, 16 Tabmuips i
108 mocwitanb Ha TKEpena.

Crnucok BUKOpHUCTaHUX JpKepen Bkitouyae 108 HaliMeHyBaHb
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1 OI'JIAJI AJITOPUTMIB PO3MI3HABAHHSA BI3YAJIbHOI IHOOPMAIIII
JJIsA CUCTEM BE3IIEKH

1.1 OcHoBHIi MpUHHUNHK Ta KJIacu(iKaliss AJrOPUTMIB BHUSBJIECHHS |

BiZicTe:KeHHHA 00’ CKTIiB

Amnani3 BidyanpHOi iHGoOpMalii npu (yHKIIOHYBaHHI €JIEKTPOHHUX CHCTEM
Oe3IeKr, HEpPO3PUBHO TIIOB’S3aHUN 3 MpolUeAypaMy aHali3y KOJbOPOBOIO
300paxxeHHsI, sKe (PIKCYEThCA KaMeporo i€l cucteMu. s peanizallii mboro aHamizy
BIIOMO 0araTo pi3HUX TPaJULINHUX MIAXOAIB Ta anropuTmiB. Hampukian, moxxHa
BIIMITUTU TIpolienypu MOp(OJIOriyHOI 00pOOKM 300pa’keHHs, WOro CErMEHTallilo,
dinpTpanito, Tomo. PazoM 3 TuM, i OiAXOAX XO0Y 1 € MPOCTUMHU 1 HE BUMAraroTh
3HAYHUX OOYMCIIOBAIBHUX PECYpCiB, TMpOTe MalTh psijg  OOMEXKEHb, SKi
MPOSBIISIIOTHCSA, KOJIM caMe 300pakeHHs, 3 KaMepu He € “ineansHum”. Hanpuxmian,
BOHO Ma€ SICKPaBICHMI IIIyM Ha MOBEpPXHI, 00’€KTH Ha IOBEPXHI 300pa)KeHHS
NEPETUHAIOTHCA, a00 HEOOXIJHO MPOBECTH PO3Mi3HABaHHS TEKCTOBOI 1H(OpMaIlii,
NpoTe OTOuUyloUuid (OH € CKIQJHUM 3 HACUYEHUMH CTOPOHHIMHU 3aliBUMHU
eneMeHTamMu. J[ns ycHmilIHOTO BUPINMIEHHS 3aJad 3a IMX YyMOB, IPONOHYETHCS
BUKOPUCTOBYBATH PI3HI MIIXOJH, Kl MOB’S3aHI 3 yJIOCKOHAJCHUMHU aJTOPUTMaMU
BIJICTEKEHHSI 00’€KTIB, AJITOPUTMAMH 3 BUKOPUCTAHHSAM BEHBJIET-NIEPETBOPEHHS a00
AITOPUTMAaMHU 3 3aJTyYCHHSIM HEMPOHHUX MEPEkK 3rOPTKOBOTO THUITY.

3 pO3BUTKOM TEXHOJIOTIH MAIIMHHOTO HAaBYAHHS AJITOPUTMH BUSBIICHHS Ta
BIJICTEKEHHS 00’ €KTIB CTAJIM KJIIOUOBUMH KOMIIOHEHTaAMU Cy4acCHUX CUCTEM Oe3MeKH,
TPAHCIIOPTHHUX TEXHOJNOTiH, BiiChKOBHX CHCTEM i POOOTOTEXHIKM. IX OCHOBHA MeTa
noJisirae y MBUAKIM Ta TOYHIN 11eHTU(IKalli 00’ €KTIB, HaBITh y CKJIAJHUX YMOBaX,
TaKMX SK 3MiHAa OCBITJICHHS, (DOHOBUU IITyM YW YaCTKOBE MEPEKPUTTS 00’ €KTIB Ha
TJIOIIMHI 300pa’KEeHHS.

Haii611bp1m nonyssipHi CbOT'OJIHI AJITOPUTMU BUSBIICHHSI 00’ €KTIB Ha 300paxeH1
0a3yroThC Ha JBOX OCHOBHUX miaxomax. llepmmii minxin mepemdadae aHami3

BXIJHUX JaHUX, 30KpeMa O0OpOOKY OKpEeMHX MIKCEeNiB, BUIIJIECHHS KIOYOBUX TOUOK
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ab0 xmacudikamito CyKymHOCTEH TMIKCEIiB, IO BIAMOBINAIOTH 3a MEBHUN 00 €KT.
Hamnpuknan, meton Optical Flow no3Bossie BU3Ha4YaTu MBUIKICTH 1 HAIPSIMOK PYXY
00’exTa, 0a3yrOUNCh Ha aHalli31 3MIIIEHHs IHTEHCUBHOCTI IIKCEIIB MK Kaapamu [2].
[HImWMiA TiaXig 30CeperKeHUd Ha JWHAMIYHOMY OHOBJICHHI MOJCNCH, SKi 3/1aTHi
ajanTyBaTHCS JI0 3MIH CEpEIOBHUINA, TAKUX SK OCBITJIICHHS, PyX YU YacTKOBE
nepeKkpuTTs 00’ ekTiB [3].

Knacudikaiiis anropuTmiB 3a IpUHIMIAME IXHBOI POOOTH BKIIOYAE MIKCENIbHI
METO/H, K1 aHATI3YIOTh KOKEH MIKCEIh OKPEMO, 1 00’ €KTHI METOJIH, IO MPAIIOI0Th
13 XapaKTepUCTUKaMH OO0’ €KTIB, TAKUMH SIK KOHTYPH, TEKCTypu YU KoJbopu. o
IPUKIIAJIIB TIKCEIbHUX MeToiB HainexuTh Optical Flow, mo ocobnuBo kKopucHMIA
o guHamidaux creH  [4]. Hatomicte 00’ektHi  metomu, sk-oT CAMShift,
BUKOPUCTOBYIOTh KOJIbOPOBY Mozenb HSV 1is BincTexkeHHA 00’ €KTIB Yy CTaTUYHUX
cueHax [5].

Tpanuuiiiai Ha ceorogni aiaroputmu, Taki sk CAMShift ta Optical Flow,
3QJIMIIAIOTHCS MOMYJISIPHUMHU 3aBJSIKM CBOil BITHOCHIM MPOCTOTI Ta €(EeKTUBHOCTI B
ymoBax oOMexxeHux pecypciB. Anroputm CAMShift 06a3yerbcst Ha aHamizi
KOJIbOPOBO1 1H(OpMaIli, TOOTO CTBOPIOE MACKy KOJIbOPY Ta BU3HA4Ya€ LEHTP Baru
00’€ekTa, 110 JO3BOJISIE a/IalTyBAaTU 00JIACTh MOIIYKY i Yac Horo pyxy. OCHOBHUMU
nmepeBaraMu € MPOCTOTa Ta IIBHAKICTh, OJHAK IEHW METOJ YYTIWBHA A0 3MiH
OCBITJICHHsI Ta CKiagHoro ¢ony [6]. Anroputm Optical Flow, skuii anamizye 3miHH
IHTEHCUBHOCTI TIKCENIB MIDXK KaJpaMd, 1 IIHUPOKO 3aCTOCOBYEThCA Ul 3adad i3
JUHAMIYHUM PyXOM, ajeé BUMarae 3Ha4YHUX OOYMCIIIOBAIBHUX PECYPCIB 1 € UYTIMBUM
1o 1rymy [4].

P03BUTOK TIMOMHHOTO HABYAHHS Ta 3TOPTKOBUX HEHPOHHUX MEPEXK 3HAUHO
pPO3IIMPUB  MOMJIMBOCTI  aJrOPUTMIB  BiACTeXkeHHS 00’ekTiB. OmHuMm 13
HallycHimHinmmx Ha choroaHi MetodiB BBaxkaeTbes YOLO (You Only Look Once),
KUl 3a6e3redye 0IHOYACHE BUSABICHHS KiIbKOX 00 €KTiB y pealbHOMy 4aci. oro
KJIFOYOBHUMH TIEpeBaraMy € BUCOKA IIBUIKICTD 1 TOUYHICTh, OJTHAK €(PEKTHUBHICTh MOXKE
3HIKYBATHCSl Y BHIIQJIKaX YacTKOBOIO TMEPEKPUTTS 00’ekTiB abo ciabkoro

OCBiTJICHHS [7].
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Cepen KIIFOUOBHUX BHKJIMKIB, SIKI CTOSITh TMEpE] aJrOpUTMaMHU BUSIBIICHHS Ta
BIJICTE)KEHHSI 00’ €KTIB, MOYKHA BUAUTMTH OKJIIO3110, IIyM 1 ckiIagHuil ¢oH. OKII03is,
TOOTO 4YAaCTKOBE TMEPEeKpPUTTss OO0 ’€KTa IHIIMMH €JIeMEHTaMHU CLEHHU, 3HAYHO
yCKIagHIOE Woro igeHTudikario. Hanpukman, tpagumiiiai metoau, taki sk Optical
Flow, ygacto BTpauarTh ciig o0’ekra B Takux ymoBax [8]. Lllym, cnpuumHeHui
HU3BKOIO SIKICTIO 300pa)k€HHS a00 TEXHIYHMMHU IEPENTKOAaMH, MOXKE BHUKIUKATH
MTOMUJIKOBI CITPAIIOBaHHS, ajie I mpobjeMa 4aCTKOBO BUPIIIYETHCS 3a JOTOMOTO0
G1IbTPIB, TaKUX SIK TayciBebKui uu memianHuil [9]. Cxnaguuit ¢poH 13 MoaiOHUMU
TEKCTypaMu a00 KOJIbOPAMH MOKE BBOJMTH AJITOPUTMH B OMaHy, OCOOJMBO Taki
metoau, sk CAMShift, o 6a3yroThes Ha aHai3i KoJabopoBoi moaedi [10].

PO3BUTOK KOMIT'FOTEPHOrO 30py CHPSMOBAHHUNA HA 1HTErpalii0 TPaguLIAHUX
QJITOPUTMIB 13 TJIMOMHHUM HABUAHHSM, 1110 JIO3BOJIE TIOEHATH MEpEBAaru MIBUIKOCTI
Ta TOYHOCTI HEHPOHHMX MeEpPEeX 13 aJanTUBHICTIO KJIACMYHMX MIIXOMIB. Y
MaiilOyTHHOMY 1€ CHPHUSATUME CTBOPEHHIO OLIbII €()EKTUBHUX 1 YHIBEpCaIbHUX

CHCTEM JIJIS pO3B’sI3aHHsI 3aBJIaHb Y peanbHOMY 4aci [11].

1.2 Tpaauuiitni meroau: aaroputmu CAMShift, Optical Flow Ta ix

XapaKTepucTHKAa

TpanuiiiftHi METOAM BIJICTEKEHHSI PyXOMHX 00’€KTIB € OCHOBOIO ISl Oararbox
Cy4acHUX CHCTEeM OC3IEeKH Ta BiJeocrnocTepekeHHs. Jlo TakuxX METOMIB HAJICKATh
anroputmMu CAMShift 1 Optical Flow, fiki mIIMpOKO BUKOPHCTOBYIOTHCS 3aBASKU
CBOiM €(QEeKTUBHOCTI Ta TIPOCTOTI peanizaiii. BoHHW 103BOJSAIOT, BHU3HAYATH
MOJIOKEHHST 00 ’€KTa Ta HOro MEepeMilleHHS MK IMOCTIIOBHUMH KaJpaMu, IO
0COOJIMBO BaXXJIMBO JJI1 MOHITOPUHTY B p€allbHOMY Yacl.

CAMSAhift (GesmepepBHUl aganTUBHUN 3CYB CEPEIHBOTO) € MoIu(DiKaIli€ero
anroputMy Mean Shift 1 6a3yeTbcsi Ha aHaNI31 KOJTBOPOBUX XapaKTEPUCTHK 00’ €KTA Yy
3 BHUKOPHUCTAHHSM TE€BHOI KoibopoBoi moxeni HSV. Ils wmomens 3a0esmeuye
CTaOUTBHICTh KOJHOPOBUX XapPaKTEPUCTHUK HABITh 3a YMOB 3MIH OCBITJICHHS.

CAMShift cnouatky ¢opmye ricTorpamy KOJbOPOBOIO PO3MOJLTY y BHOpaHii



24

o0nacTi, MOTIM BH3HAYa€ YMOBHUW IIEHTP Baru Iii€i o0JacTi, 1, SAKIIO ICHTP
3MINIYETHCS, ABTOMATUYHO KOPUTYE MEXKI MOIIYyKy o0’ekTa. Taka aganTHUBHICTD
JI03BOJISIE BIACTEXKYBAaTH 00 €KTH, SIKi 3MIHIOIOTH Po3Mip 1 Gopmy mig yac pyxy [12],
[13].

PiBusnHs s Bu3HadeHHs 1eHTpy Barm B CAMShift moxxna 3ammcatu Ha
ocHoB1 ¢popmynu (1.1).

M =Y wix; (1.1)
ne M — 3cyB, w; — Bara KoJIbOPOBOT'O PO3MOALLY JUIsl [-T0 TIKCeNs, a Xi —
KoopauHata mikcens. g Bara 6a3yeThcsi Ha 3HaYEHHSX TICTOIPaMU KOJIBLOPY.

Anroputm CAMShift no6pe miaxoauTh i 3a71a4 13 BIACTEXKEHHS 00’ €KTIB 13
NOCTIMHUMHU  KOJHOPOBUMH  XapakTEPUCTHKaMU Ta Ha (OHI 13 HU3BKUMU
nepemkoamu. [Ipote 1elt Metoa Mae cBOi OOMEXEHHS: BIH YYTIUBHUMA IO CXOXKOCTI
KOJIbOPIB 00’€KTa 1 JOHY, 10 MOKE MPU3BECTH JO BTPATH CIIAY Y CKIaJHHUX CIIEHAX
[14].

Ha Bigminy Bix CAMShift, anroputm Optical Flow 6a3yeTscs Ha aHami3i 3MiH
IHTEHCUBHOCTI MIKCENIB MDK MOCTIIOBHUMH KajapamMu. OCHOBHE MPUITYIIECHHS
METOJly TIOJISITAa€ B TOMY, IO 1HTEHCUBHICTh MIKCENIB 3aJUIIAETHCS CTAJIOO i Yac
iXHBOTO MepeMilieHHs y npoctopl. Lle 703Bossie BUBHAYUMTH HANPSMOK 1 IIBHJIKICTh
pyXy 00’€KTa, BUKOPUCTOBYIOUH PIBHSIHHS OIITUYHOTO MOTOKY:

LV, + LV, = —I (1.2)
ne Ix 1 ['y — moxiaHi SICKpaBoOCTI 1Mo KoopauHaTax X Ta Y, BIANOBIIHO; [t —
noxijHa 1o vacy; Vx ta Vy — KOMIIOHEHTH BEKTOpa MBUAKOCTI pyxy [2].

OnTuyHUIl MOTIK MOXeE OyTHM peani3oBaHMil 3a jaomnomoror meroay Lucas-
Kanade, sxuii anamizye 3MiHM y (ikcoBaHMX BiKHaX 300paxenHs. el migxin
3a0e3neuye BHUCOKY TOYHICTh BIJICTEKCHHS, NPOTE€ BiH BHMara€ 3HAuYHHUX
00UYHCITIOBAJILHUX PECYpPCiB 1 MOXKE BTPATUTU CJIJI 00’€KTa y CKJIQJAHUX CIIEHax 13
BenukuMu  (oHOBUMH mepemkoaaMu [3]. OCHOBHI XapaKTEPUCTUKU aJTOPUTMIB

CAMSAhift 1 Optical Flow 3Beneni y Tabmwmmi 1.1.
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Tabmuus 1.1 — IopiBasutbHA Tabmus xapakrepuctuk CAMShift ta Optical

Flow
XapakTeprucTuKa CAMShift Optical Flow
Tun nannx BuxopuctoBye konpopoBy | [Ipairtoe Ha OCHOBI

1H(opMarriro

IHTEHCHUBHOCTI ITIKCEJIIB

3alIe)KHICTD Bl

KOJIbOPY

Bucoka (kosnbopoBa cxema

HSV)

Hwusbka (anamizye

IHTEHCHUBHICTb, a HE KOJIIP)

CTIHKICTB 10 3MIH

Cepennst (3aJ1€XXUTh Bij

Bucoxka (HeuyTnuBuUii 10 3MiH

OCBITJICHHS CTabUIBHOCTI KOJIBOPY) y KOJIbOPOBIH CXeMi)
Pecypcu ExoHoMi4HMIT 3 TOUKH Bumarae Bucokux

30py 00YHCIIEHb 00UYHUCITIOBAILHUX PECYPCIB
Cepenonuiiie Haiikpare nigxonuts s | [ligxoauts a1 cKiIaaHUX 1
BUKOPHCTAHHS CTaTUYHMX CIICH 3 MAJIMMU | TUHAMIYHUX CIICH

(bOHOBI/IMI/I IICPpCIIKOJaMHU

UyTnauBiICTh 110 MIyMY

CepenHs (3a7€XKUTh Bij

KOHTPACTHOCTI KOJIOPY)

Bucoka (Moxe BTpadatu

00’€KT y CKJIQIHUX CIICHAX )

[lepeBaru [Ipoctuii y peanizartii, Tounuii 1151 BIACTEXKESHHS
aJanTUBHUN 0 PO3MIpPIB CKJIaTHUX (POPM 1 HAIPSIMKIB
00’eKkTa pyXy 00’€KTIB

Henomnixu Moske BTpauatu 00’ekTy | UyTnuBuii 10 mymy Ta
pasi 3MiH KOJILOpY abo BUMAarae 3HayHuX OOYUCIICHb
OCBITJIEHHS

[Tpukian Biacrexxennst mpocTux AHaJi3 CKIaIHUX PYXiB Yy

3aCTOCYBaHHS 00’€KTIB Y CcHUCTEeMax 3 BUCOKOK BUMOTOIO
B1JICOCIIOCTEPEKEHHI JI0 TOYHOCTI

Takum yuHoMm, anroputmu CAMShift 1 Optical Flow matote cBoOi nepeBaru Ta

oOMeXeHHs, 10 poouTh iX edexTuBHMMH 1is pizHux TUMIB 3amad. CAMShift

H1IXOJUTh JIJISl MPOCTUX 00 €KTIB 13 CTAOLTBHUMHU KOJIBOPOBUMHU XapaKTEPUCTUKAMM,




26

toni sik Optical Flow mae cBoi mepeBarn B AMHaMIYHUX yMoOBax. Bubip Mixk HUMHU

3aJIC)KHMTh BiJl BUMOT [0 TOYHOCTI, IIBHUAKOCTI 00YHCIIEHb 1 pecypciB cuctemu [10].
[Tomanpmmii PO3BUTOK IIMX aJTOPUTMIB Ta iX IHTErpalis 3 MeToJIaMHu

INTMOMHHOTO HAaBYaHHS JIO3BOJISIIOTH CTBOPIOBAaTH CHCTEMH, SIKI €(EKTHBHO

IPALOITh Y peaJbHOMY Yaci HaBITh y CKIAAHUX yMoBax [15].

1.3 TIligxoau po3ni3HABaHHS TEKCTY Ha 300pasKeHHsIX

Po3nizHaBaHHS TEKCTy Ha 300pa)KEHHSAX € KIIFOUYOBOIO 3aJadyero ISl OaraTbox
CyyaCHHUX  CHCTE€M, TakKMX 5K, AaBTOMAaTU30BaHUM  aHali3  JOKYMEHTIB,
BIJICOCIIOCTEPEKEHHSI Ta IHTEJIEKTyallbHI TPAHCIOPTHI cucTeMd. OgHuMu 3
HaWIMOMIMPEHIIINX aJITOPUTMIB JUIsI TAaKUX 337Ja4 € BUKOPHCTAHHS BEWBIIET-
NEPETBOPEHHS Ta ONTUYHOIO po3nizHaBaHHS cuMBOJIiB (OCR).

BeiiBneT-nepeTBOpeHHs] € MNOTY)KHUM 1HCTPYMEHTOM [isi OOpOOJIeHHs Ta
penaryBaHHs 300pa)kK€Hb, OCKUIBKM BOHO JO3BOJISIE aHAJI3yBaTH iX Ha PI3HUX
Macitabax 1 BUAUIATH, HANpUKIam ApiOHI JeTani, Taki SK KOHTYPH TEKCTy. Y
3alayax pO3MI3HABAHHS TEKCTY 1€ MEPETBOPEHHS ONOMAarae BUAUIATH TEKCTOBI
€JIEMEHTH CepeJl CKIIATHOTO (DOHY 3a paXyHOK PO3KJIaJaHHs 300pakeHHs Ha YaCTOTHI
KoMroHeHTH. JluckperHe BeiiBner-neperBopeHHss (DWT) po3Bosisie Bumiutu
BHCOKOYACTOTHI KOMIIOHEHTH, SIK1 BIAMOBIIAIOThH 3a JPIOHI AeTall, Takl K KOHTYpHU
TEKCTY. 3aBASIKU [IbOMY BEHBJIET-IEPETBOPEHHS €(PEKTUBHO MPAIIOE HA 300paKEHHSX
13 HEOAHOPITHUM (DOHOM, MIHIMI3YIOUM HOTO BILIMB HAa BUJIUMICTh TEKCTY.

[Mporiec DWT onucyetbest HacTyHOO (hopmysioro [16]:

(e0)

DWTG) = Y xS
n=—oo
ne x[n] — 3HaueHHs 300paxkeHHs, Y — (QYHKI[iS BeWBiIeTa, j — piBEHb
MaciitaOyBanHsi, a k — 3cyB. lle no3Bosisie BUAUIMTH KOHTYPH TEKCTYy Ta

MiHiMi3yBatu BIuB (ony [16], [17].
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BeliBneT-nepeTBOpEeHHs MOXXE€ BHKOPHUCTOBYBATHUCH 1 Ml 300paxeHn 13
CKIagHUM (oHOM, 1€ CTaHIapTHI METOAM BHIUICHHS TEKCTY MOXYTh OyTH
HE/IOCTAaTHhO C(PEKTUBHUMHU. 3aBISKUA I[bOMY TIEPETBOPEHHI TEKCTOBI E€JIEMEHTU
BHIUTSIFOTHCST OUTBIT YiTKO, HAaBITh SKIIO (POH MiCTUTHL OaraTo aerainei [18], [19].

OnTuynHe posmnizHaBaHHa cuMBOJIIB (OCR) nepeTBoproe TEKCT 13 300paxeHb y
ugposuii popmar. Anroputm OCR ckmagaeTbes 3 KIIBKOX €TarmiB:

1. [Tonepenass 00poOKka 300pakeHHS: TMOKpAIIEHHS KOHTPACTHOCTI,
3MEHIIIEHHS IyMy Ta OiHapu3ailis. OJHUM 13 HAWMOMIHUPEHIIIUX METOJIB € METOJ
Ortcy, sKuii BU3HAYa€ ONTHUMAIbHE IIOPOTOBE 3HAYEHHS JUTSI MMOLTY TEKCTY Ta (QOHY:

T = arg mtin(a\f,(t))

ne T — moporose 3Ha4€HHS, IO MiHIMi3ye QUCIIEpCiio Mik Kiacamu, a o5 (t)
— JMCIepcis BeepeauHi KiaciB mis mopory t [20], [21].

2. CermeHTalliss Ta po3Mi3HABaHHS CHUMBOJIIB: 300pa)KEHHS pO30MBAETHCS
Ha OKpEMI CHMBOJIM, SIKI TOPIBHIOIOTHCS 3 IMa0JoHaMu abo OOpOOJIAIOThCSA 3a
JIOTIOMOT0I0 MOJIeJICH MalllMHHOTO HaB4YaHHs [22], [23].

[Ipyn onTHYHOMY pO3Mi3HABAHHI TEKCTY BHUKOPUCTOBYIOTHCS PI3HI JAMHAMIYHI
010;110TEKH B cepe JOBXKHUHI 00’ €KTHO-OPIEHTOBAHOTO MPOTPaMyBaHHS, HAIPUKIA],
610mioreka Tesseract.

Hwxkue HaBemeHo B Tabnuii 1.2 TOpIBHSHHS OCHOBHUX XapaKTEPUCTHUK

MeTo/1B BelBieT-neperBopenns Ta OCR.
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Tabmuns 1.2 — IopiBHsATbHA TaOIHUIS XapaKTEPUCTUK BEHBIIET-TIEPETBOPEHHS

ta OCR
XapakTepucTrka | BelBiaeT-nepeTBopeHHs OCR
OcHoBHE BuninenHs TekcTy Ha KousepTariist TeKCTy B
PU3HAYCHHS 300pakKeHHI 3 ypaxyBaHHIM udposuit hopmar

hony

Tun BXigHUX

TAHUX

[Iparmroe 3 TEKCTOM, 110 Ma€

KOHTYPH Ta BI/II[iJ'ISI€TI>CSI 3

hony

[TimxomuTh 11l IPYKOBAHOTO
TEKCTY, MOYKE MPALOBATH 3

PYKOITUCOM

YyTauBICTb 10

YyTtnusuii 10 PpoHy, 110 MOKE

He 3anexuts Bix oy, AKII0

pE3yabTaTH Ha CKJIAJIHUX

dbonax

dbony BIUTMHYTH Ha SIKICTh nonepeHs 00pooka
BUAUICHHS MPOBEJIEHA AKICHO

Pecypcu Ta Bumarae o0uuncntoBaaIbHUX [IBuakmii Ta eheKTUBHUI

IBUIKICTh pecypciB 111 00pOoOKH JUIS1 IPAKTUYHUX 3aCTOCYBaHb
BEJIUKOI0 00CsTY 300paKeHb

OOMexeHHS Moske maBaTH XHOHI1 Moske BUMaraT J0JaTKOBO1L

00pOoOKM 17151 PYKOITMCHOTO

TEKCTY

BeiiBner-nepeTBOpeHHs MIAXOAUTH IS BUIAUJICHHS TEKCTOBHX €JIEMEHTIB Ha

300pakeHHsIX 13 cknagHuM  ¢oHoMm, Toal sk OCR BHUKOpUCTOBYETbCS Jis
MEePETBOPEHHS TEKCTY y HudpoBuil GopmMar sl MOAANIBIIOTO aHamizy. ¥ 0Oararbox
BUIAJKaX 11 METOAM BUKOPUCTOBYIOTHCS Pa3oM: CIIOYATKY BEWBIIET-TIEPETBOPEHHS
BuaLsie Teker, a OCR posmnizHae ioro, 3a0e3nevyroud BUCOKY TOYHICTh HaBITh Y

CKJIAITHUX YMOBaAX.
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1.4 IIpobGuaemm oxar03ii, mymy Ta (OHY B 3aJavax PpO3MiZHABAHHSHA

00’eKTiB

B 3amauax posmi3HaBaHHS OO’€KTIB y PEXKHMI pealbHOMY Yacli Ba)KIMBO
BpaxOBYBaTU TPU OCHOBHI (haKTOpH, SIKI 3HWIKYIOTh TOYHICTb CHCTEM TEXHIYHOTO
30pYy: OKJI03i10, IIyM 1 ckiaaHuii poH. Koxken 13 nux ¢akTopiB MO-pi3HOMY BIUIMBAE
Ha TPOIIeC PO3Mi3HABaHHA, TOMY HEOOX1THO pO3pOOIATA METOIU AJIS X MiHIMi3alli.

OxJ1t03151 BUHUKA€E, KOJM YacTUHA O0’€KTa, IO BIJACTEKYETHCS, 3aKPUBAETHCS
IHIIMM 00’€KTOM abo eneMeHTOM (oHy. Lle MoXxke MpU3BOIUTU 10 TUMYACOBOI abo
MOBHOI BTpaTu 00’ekta. OKIIO3i1 € OCOOJMBOIO MPOOJEMOI0 B 0OaraTOJIIOIHHUX
MICIISIX, e 00 €KTH YacTO MEPEeKPHUBAIOTh OJMH OJHOTO, a00 y CKJIAIHUX CIIEHAX 13
YUCJICHHUMH TIEPEITKOIaMHU.

Jnst po3B's3aHHS 1€l MpoOJieMH BUKOPUCTOBYIOTh aJTOPUTMHU Ha OCHOBI
HEUPOHHHMX MEpEXkK, 30Kpema 3ropTkoBux HeHpoHHHX Mepex (CNN), ski 31atHi
BU3HA4YaTH 00’ €KTH HABITh 3a 4aCTKOBOI BUAUMOCTI [24], [8]. Takoxk monyasspHHUMH €
METOIM TPOTHO3YBAHHS TIOJIOKEHHS O00’€KTa HAa OCHOBI MOMEPEAHIX KaJpiB 13
3aCTOCYBaHHSIM PO3IMI3HABAHHS OCOOJIMBUX TOYOK, IO 3HUXKYE 3aJCXKHICTh Bij
MOCTIMHOT BUAMMOCTI 00’ €KTa.

[Iym € me omauM (HaKTOPOM, SKHH HETaTUBHO BIUIMBAE HA TOYHICTH
po3mni3HaBaHHsA. BiH BHHHKae yepe3 HHU3BKY SKICTh 300pakeHHS, OCOOIMBOCTI
OCBITJICHHS a00 TEXHIYHI XapaKTepUCTUKU Kamepu. HasBHICTH MHIyMy MOXKe
YCKJIAAHIOBATH BHUSBJICHHS KOHTYpIB O00’€kTiB a00 CHPUYMHSTH TMOMMIIKOBI

CIIpallbOBYBAHH:.
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J1Jis 3MEHIIIEHHS IIyMYy 4aCcTO BUKOPUCTOBYIOTHCS (QIIBTPHU, TaKi SIK MEAIaHHUN
a00 TayCCIBCBKUM, SKI 3TJaKYIOTh 300paKeHHS Ta 3HWXKYIOTh KUIBKICTh

BUIAJIKOBHUX Mepenikoa. Hampukian, raycciBCbkuil QuUIbTp OMUCYETHCS PIBHSHHSIM

[9]:

1 _x2+y2
G(x = e 202
(%, ) 2102
ac o — CTaHI[apTHe BiI[XI/IJ'IeHHﬂ, 10 BH3HAYA€E CTyHiHL BFHaI[)KyBaHHH.

OinpTpalliss AOMOMara€ MPUIITYIIMTA IIyM 1 BUAUIUTH OO €KT, ajle MOXKE 3HU3UTHU
JiTKICTh KOHTYPIB [25], [26].

JloaTKOBO BUKOPHCTOBYIOTh HEHPOHHI MEpEXKi, 10 3aCTOCOBYIOTh 33 CBOEIO
apXITEKTYpPOIO 3TOPTKOBI MIApU IS 3MEHIIEHHs Oi1oro mymy. ['muOoki HEHpoHHI
MEpEkKi BHUKOPUCTOBYIOTh CTpPATEril0 3aJMIIKOBOTO HABYaHHSA, SKa JI03BOJISIE
MIJBUIIUTH AKICTh 300paKEHHS LUIIXOM BUAAIECHHS IIyMy 0€3 BTPAaTH Ba)KIHBUX
neraneit [9], [27].

Ckimagauii (OH TakKOX MOKE HEraTWBHO BIUIMBATH HAa TOYHICTH CHCTEM
po3Mi3HaBaHHs O0'€KTIB, OCOOJMBO SKIIO (OH MICTUTh CXOXI €JIEeMEHTH abo
TeKcTypu. Hampukiian, y MicbkoMy cepeloBHI (OH MOKe BKIOYATH 00’ €KTH 3i
CXO0XXUMU (hOpMaMU YH KOJIbOPAMHU, 110 YCKIIATHIOE PO3ITI3HABAHHS.

JJis 3MEHIIIeHHS BIUTUBY CKJIAIHOTO (DOHY 3aCTOCOBYIOTH METOAM CEerMEHTallii
Ta MacKyBaHHS, $IKl JO3BOJISIOTH BHJUIATH OO0 €KT 1 3MEHIIUTH BIUIMB (HDOHOBUX
€JIEMEHTIB. AHaII3 pyxy TakoX J0MoMara€ BIJOKPEMUTH OO’ €KT 3a Horo
MEepPEMINIEHHSAM, 3MEHUIYIOYM BIUIMB CTaTUYHOTO (OHY. Y I1bOMY KOHTEKCTI
e(CKTUBHIUMH € HEHPOHHI MEpEXi, 37aTHI BUALISATH 0CcO0J MBI 03HaKU 00 ekTiB [28],
[29].

3Be/IeHHSI OCHOBHUX XapaKTEPUCTUK OKJIIO31i, IIyMy Ta (JOHY, a TAKOXK METOIIB

MiHIMI3allli, ImogaHo B Tadaui 1.3.
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Tabmuns 1.3 — Tabnuns ¢pakTopiB BIUVIMBY HA TOUYHICTh Ta METOAM MiHIMi3aIlil

®axkrop | BB Ha MeTtoau miHimizalii [Ipuknanu anropuTmin
TOYHICTb

Oxutrozist | Bucoknii [Iporao3yBaHHA pyXy, YOLO, SSD
HEHWPOHHI MEpexKI

Iym Cepenniit OinbTparis (MeiaHHa, l"aycciBcbke
raycciBcbka), CNN sraapkyBanHs, CNN

®oH Bucoxkuii Cermenraris, anani3 pyxy, | R-CNN, metonu anamnizy
BUJIIJICHHS 00’ €KTa pyxy

Tabmuus 1.3 HaOYHO UTIOCTPYE, K Pi3HI (PaKTOpU BIUIMBAIOTH HA TOYHICTh
CHUCTEM PO3IM3HABaHHA 00'€KTIB, a TaKOX €(EKTUBHI MJAXOAU JJIs iX MiHIMI3aIli. 3a
JOTIOMOI'OK0 CYYaCHUX AJITOPUTMIB, TAKUX SK 3rOPTKOBI HEHPOHHI MEpEeXki, MOKHA
3HAYHO MIJBUIIUTH CTIMKICTh CUCTEM JI0 BIUTMBY OKJIFO31i, IIyMy Ta (OHY, 10 pOOUTH
iX IpUIaTHUMH 711 pOOOTH B CKJIATHUX YMOBAX.

[TpoGnemu okut03i11, IyMy Ta (OHY € BaXXJIMBUMH aCHEKTaMU, K1 HEOOXI1THO
BpPaxoBYBaTHU MpU po3poOIli airOpUTMIB po3mizHaBaHHS 00'ekTiB. CydyacH1 MiaAXOMAH,
[0 BKJIIOYAIOTh HEHPOHHI MeEpexl Ta MeToau (UIbTpallii, 3HAYHO I1JIBUILYIOTh
CTIMKICTh ~aNTOpUTMIB 10 1MX (aKTopiB, 3a0e3Meuyloyd BHUCOKY  SKICTh
pO3Mi3HaBaHHS HABITh y CKJIATHUX YMOBaX. BUKOPHCTaHHS 3rOPTKOBUX HEHPOHHUX
MEpEeXK € MEPCHEKTHUBHUM IMiJAXOJ0M IS PO3Mi3HABAaHHS O0'€KTIB, OCKUJIKU BOHU
JEMOHCTPYIOTh BHCOKY €(EeKTHMBHICTh Yy 3aJaudax 13 IIyMHUMH JaHUMU abo0 Ha

cknaaaaomy domni [30], [31].

1.5 TlopiBHSIHHS HEPOHHMX Mepe:X i3 TPAAUIIHHUMU MeTOAAMH 00pOOKHU

300paxkeHb

3 PO3BUTKOM TEXHOJIOTIM O0OpOOKHM 300pa’keHb HEHMpPOHHI Mepexi, 0COOJIUBO
3rOPTKOBI HEMPOHHI MEPEXki, CTaId Ha ChOTOJIHI OCHOBOIO JjIsi 0araThOX Cy4acCHUX

J0JIaTKIB KOMIT FOTEPHOTO 30py, TaKHX SK pO3Mi3HAaBaHHS O0OJWYb, ABTOHOMHE
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BOJIIHHSI aBTOMOO1IsI Ta cucteMu Oesmeku. BogHodac, TpaauiiitHi MeToau oOpoOKH
300paKeHb 3aJMIIAIOTHCS AKTyalbHUMHU Ui 3a7ad, L0 MOTPeOYyIOTh MIBHAKOL
00poOKHM 3 MIHIMAJIBHUMH pecypcamu. Y IbOMY pO3[iiIl MOPIBHIOIOTHCS OCHOBHI
XapaKTEePUCTHKH Ta MepeBaru 000X MiAXO0/iB.

Tpaauiiini MeToau, Mpo sKI WILia MoBa BUIlle B poOOTI, 0a3yroThCs Ha
AMTOPUTMIYHHUX TiAX0JaX IIOAO0 BHUIIJICHHS O3HAK, TaKMX SK Kpai, TEKCTypu ado
KOHTYpH 300pakeHHs. OCHOBHI METOAM BKJIIOYAIOTh:

o ¢GinpTpu KpaiB: BHUKOPUCTOBYIOTBbCA M7 BH3HAYEHHA KOHTYpPIB Ha
300pakeHHi, Hanpukian, anropurmu Canny ta Sobel [32], [33]. EdexktuBHi s
MPOCTHX 33J]1a4 BUAUICHHS KOHTYPIB y CTATHYHUX YMOBaX.

o BeiBIeT-IepeTBOpeHH: Jl03BoJisle BUAUIATH JAeTanl 300paKeHHS Ha
pI3HMX MacluTabax 1 BHUKOPHCTOBYEThCS IS 3a4ad, SK-OT BUIUICHHS TEKCTOBHX
eJIEMEHTIB Ha CKiIagHOMY (hoHi [16].

° ONTUYHUN TMOTIK: BHUKOPUCTOBYETHCS IJIsi  aHaANI3y pyxXy Ha
MOCJIITOBHOCTI KaJipiB, BU3HAYAIOUM HAMPAMOK 1 IIBHJIKICTh MEPEMIIIEHHSI 00’ €KTIB
[3].

Tpaauitiiini METOIM MArOTh TaKl IEPEBaru:

o HU3bKI OOYUCITIOBANIbHI BUMOTH: BOHM 3a3BHYail MEHIII PECypCHOMICTKI,
110 J03BOJIsiE BAKOHYBAaTH 0OOPOOKY Ha MPUCTPOSIX 3 0OMEKEHOIO MOTY>KHICTIO.

o npocToTa peanmizanii: barato 3 1ux MeETOAIB JIETKO peai3yrThCs 1
IIBUIKO BUKOHYIOTHCS HaBITh HA MPOCTUX KOMITIOTEPAX.

Pazom 3 TuM, TpaauiiiitHi METOU MarOTh 1 IEBHI OOMEKEHHS:

o YYTIUBICTH A0 IyMy: BoHM MOXyTh OyTH YYTIMBUMHM A0 IIYMY 1 3MIHH
OCBITJICHHS, 1110 3HIKYE TXHIO e()EKTUBHICTH y peaibHuX yMoBax [13].

o oOMeXKeHa TOYHICTh: TpaauIliifHi METOIU 4acTO HE MarOTh MOKIJIHUBOCTI
MIMOOKOTO aHaizy iAeHTU(DIKAIMHUX O3HAaK O00’€KTIB, IO 3HUXKYE TOYHICTh Yy

CKJIQMHUX 3aJayax, TAKUX K PO3IM3HaBaHHS 004 a0o merexiisa ApiOHUX 00’ €KTIB
) p p

[13]
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Heiiponni mepexi, 30kpema CNN, € OUIbIII CKJIATHUM 1 TOUHUM 1HCTPYMEHTOM
1u1st 00poOKHM 300paxkeHb. BoHM J03BOJIAIOTH ABTOMATUYHO BUBYATH O3HAKH 00'€KTIB
13 BEJIMKMX HaOOPiB JaHUX 1 €PEKTUBHO aIanTyBaTUCA JI0 PI3HUX YMOB.

o apromMaTu4He BuAUIeHHS o3HaK: CNN caMOCTIHHO BUBYAIOTh PEJIEBAHTHI
O3HAaKM Ha OCHOBI HaBUYaJbHUX JaHUX, L0 3HAYHO 3MEHIIy€e MOTpPeOy B pPYyUHOMY
HaJTamTyBaHHi [34].

o BHUCOKa TOYHICTh: HelpoHHI Mepexi JEeMOHCTPYIOTh BHCOKY TOYHICTH
HaBITh Y CKJIAJTHUX YMOBaX, SK-OT IIyM a0o0 3MiHM OCBiTJIeHHS [9].

o cTiikicTh A0 3MiH: CNN anantyroTbcs A0 pi3HUX MacmTaliB, HIOBOPOTIB
1 OCBITJICHHS 3aBJIKA HaBYaHHIM Ha BEJIMKUX Habopax jgaHux [9].

Opnnak HEHPOHHI MEpeki MaKOTh 1 0OMEKEHHS:

o BHCOKI 00UYMCITIOBANIbHI pecypcu: HaBuaHHS HEHPOHHUX MEPEK BUMArae
3HaYHUX OOYMCIIOBATPHUX TMOTYKHOCTEH Ta Yacy, OCOOIMBO /sl TIIMOOKHX
apxIiTeKTyp, Takux sk YOLO a6o ResNet.

° HEOOXIAHICTh BEJIMKUX HaBUAJIbHUX HAOOpiB AaHux: JlJisi TOCATHEHHS
BHCOKOi TOYHOCTI HEWPOHHI Mepexi MOTpeOYyIoTh 3HAYHOI KUIBKOCTI JaHUX IS
HaBYaHHA, 10 MOXE OYyTHM CKIQJHUM Yy pa3l OOMEXKEHOIo IOCTYIy IO MIYEHHUX
JAHUX.

JInst Kpaioro po3yMiHHS TepeBar Ta HEAOJIKIB KOXKHOTO MiJXOJy HaBEIEMO
nopiBHsHHS B Ta6mwii 1.4.

Tabmuus 1.4 — TlopiBHSHHS TPaIUIIHHUX METO/IIB Ta HEUPOHHUX MEPEK

[TapameTp Tpanuuiitai MeToau Heliponni mepexi

Bumoru 1o Husbxi Bucoxi

OOYHMCITIOBAILHUX PECYpPCiB

TouHIiCTE Cepenns Bucoka

ABTOMAaTHYHE BUILICHHS Hi Tak

O3HaK




[TpomoBxenuss TabIMIII

HEHPOHHUX MEPEXK
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1.4 — [IlopiBHSHHS TpaAuLIMHUX METOMAIB Ta

[TapameTp Tpaauiiiiai MmeToau HeiiponHi Mmepexi
CTilKICTB 70 3MiH Husbka Bucoka
OCBITJICHHS

UyTIuBICTh 10 IIIyMY Bucoka Hwuzbka

[ToTpeba y Benukux nanux | Huspka Bucoka

BuakicTh 00pOOKH

Bucoka (Ha okpeMux

Huspka, ane

Kajpax abo OIITUMI30BaHa I
300paKEeHHSIX) po0oTH 3
B1JIEOIIOTOKAMHU

TpanuuiiiHi METOAM 3aJUIIAIOTBCA AKTYaJIbHUMH JUIsl TPOCTUX 3aaad, e
BaYKJIMBI MIBUJIKICTh Ta OOMEXKEH1 00UncIoBalIbHI pecypcu. OnHaK HEHPOHHI MEPExKi
JEMOHCTPYIOTh 3HAYHO OUIBIIY THYYKICTh 1 TOYHICTh y CKJIQJHUX yMOBaX, TaKUX SIK
3MIHU OCBITJICHHS, IITyM a00 HEOOX1AHICTh PO3Mi3HABaHHS JIPIOHUX AeTaneil. 3aBAsSKU
cBoiM mnepeBaraM CNN cTaji OCHOBHHUM I1HCTPYMEHTOM [UIsl BHpPILIEHHS 3ajad

KOMIT FOTEPHOTO 30pYy, II0 MOTPeOyIOTh BHUCOKOI MPOAYKTHBHOCTI Ta aJanTHBHOCTI

[34].

1.6 Moaeabr YOLO nnst BusiBjieHHsI 00'€KTiB Ha 300paKeHHIX

Mogens YOLO (You Only Look Once) € oaHi€r0 3 TPOBITHUX apXITEKTyp s
BUSBJICHHS O0'€KTIB Ha 300paK€HHSAX y peanbHOMy uaci. ['onoBHa ines YOLO
noyisirae B 00OpoOIll 300pakKeHHs 3a OJMH TPOXIJ Yepe3 MEepexKy, 1o 3ade3neuye
mBUAKE Ta e(PeKTUBHE 1IeHTU(]PIKYBaHHA U JIOKami3alito 00'€KTiB. 3aBISKH IIbOMY
YOLO mupoko BUKOPHCTOBYETHCS B Takux cdepax, SK BiJ€OCIIOCTEPEKEHHS,
aBTOHOMHE BOJIIHHS, aHaJ1i3 aepodoTo3itomku Toiuo [35], [36].

Mopens YOLO 6a3yeThcst Ha KITIOHOBUX eneMeHTax apxitektypu CNN, Takux

SK 3TOPTKOBI IIapW, IIApu TMIiABUOIPKKM Ta TOJHOCBS3HI IIApH, OINHCAHUX Y
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nonepenaboMy po3auti. Omaak YOLO Mae HH3KY yHIKQJIbHHX OCOOJWBOCTEH, SKi
pOOIATH ii MPUAATHOIO JIJISl HIBUAKOTO Ta TOYHOTO BUSBIICHHS 00'€KTIB.

OcHoBH1 mpuHIMNH apxiTekTypu Y OLO HacTynHwMiA.

1. [Tonin 300pakenHs Ha citky: YOLO ninuth BXigHe 300pakeHHA Ha
ciTKy po3mipom SxS. KoxHa KIITHHKa BIAMOBIZA€E 3a mepeadadeHHs 00'€KTiB, sKi
3HaXOIAThCA B 11 Mexkax. KojkHa KIIITUHKA reHepye Kijbka 0OMEXyBaJIbHUX PAMOK,
30KpeMa mapaMeTpH paMKH (KOOpJIWHATH LIEHTPY X, Y, IIUPUHA W Ta BUCOTa /1), KJ1ac

00'exTa Ta BIEBHEHICTh Y HassBHOCTI 00'exTa [7]:

c=P (06‘€KT) -10 UnporH03Ha paMKa,iCTHHHA paMKa

ne 10U (Intersection Over Union) moka3ye 4acTKy HMEpEeTHHY 0OMEXYBaIbHUX
paMoK 11010 iX 00’eHanHs [37].

2. [Iporno3 oOMexyBanbHUX pamok (Bounding Boxes): s koxxHOi
KJIIITUHKU MOJIENIb TeHEepYye JEeKUIbKa 0OMEXYBAIIbHUX paMOK. BChoro st K0>KHOTO
300paKEeHHSI OTPUMYETHCS SXSXB 00MexXyBaJbHUX paMoOK. [l KOXKHOI paMKu
OIIHIOETHCA BIIEBHEHICTh y HASBHOCTI O0'€KTa, 10 JO3BOJSE MOJEIl BH3HAYATH
TOYHE TIOJIOKEHHS Ta po3Mipu 00'ekTiB [38].

3. Kmacudikamis 06’ektiB:  YOLO  omgHOYacHO  BHKOHYE  3ajadi
kiacudikaiii Ta JoKaimizaili, BH3Hayal4M Kjac o0'ekta W KOOpAMHATH
06MeXyBaJIbHOT PAMKH 3a OJHH TPoXid. MIMOBIpHICTH Kilacy 06’€KTa BH3HAYAETHCS
SK:

P(c; | o0'exr),

ne P(c;) — WMOBIpHICTh HAJICKHOCTI 00'€KTA 10 KIIACy C;

bazoswuii anroputm podotu moxeni YOLO Bkiroyae HaCTyITHI €TaIu:

o [Tonepenns 00poOka 300pakeHHS: 300pa)keHHS MacITabyeThCs 0
¢dikcoBaHoro po3mipy, Hampukiaang 416 X% 416 mikceniB, mo0 3abe3neunTu
Y3rOJIPKEHICTh BX1JIHUX JTAHHX.

o [IporHo3 oOMexyBadbHUX paMOK 1 KiaciB: Mepexa TPOrHO3YE
0OMeXyBaJIbHI PAMKHU Ta KJIacH 00'€KTIB AJIsi KOXKHOI KIIITUHKU CITKH, IO JO3BOJISE

OJIHOYACHO JIOKAII3yBaTH Ta 11€HTU(DIKYBATH 00'€KTH.
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o He-makcumanbae npuayiienas (Non-Maximum Suppression, NMS):
Jlis yCyHEHHSI MEpeKpUTT OOMEXKYBaJbHUX PAMOK BUKOPHCTOBYeTbCca NMS, mio
3aJIMIIAE JIUIIE T1 pAMKH, SIKI MAlOTh HAaWBUIILY BIIEBHEHICTbD.

3a poku po3BUTKY anropuT™M Y OLO npoHIioB Kijibka YA0CKOHAJICHB:

o YOLOV3: Jlogano GaratomacmitabHE MPOTHO3YBaHHS, IO MOKPAIIHIIO
TOYHICTB JJI MAJIMX 00’ €KTiB [7].

° YOLOv4: Bgeeneno CSPDarknet, 1o miaBummio e¢GeKTUBHICTh
nepeaadi rpajieHTiB y TIMOOKUX Mepekax. KpiM Toro, mogaHo HOBI omTHMi3aliii,
Taki sk Mish-aktuBaris, Mosaic Data Augmentation i DropBlock Regularization, o
CYTTEBO MOKPAIIMJIO K MBUIKICTh, TAK 1 TOYHICTH Moaedi [39].

o YOLOvS:  OcnHoBHOto  ocobmuBicTio  YOLOvVS €  mpoctora
BIIPOBA/DKCHHS Ta ONTHMI3AIlsg Il poOOTH Ha TPHUCTPOSX 13  PI3HOIO
npoaykTuBHICTIO. YOLOVS oTpuMana 3HauyHy MOIYJSPHICTh 3aBIASKH 3PY4YHOCTI
BUKOPUCTaHHA, 1HTerpoBaHid miarpumul PyTorch, edextuBHIil TpeHyBaIbHIM
IpoIeAYpPl Ta MOMJIMBOCTI MaciiTaOyBaHHS (BiJ JETKUX Mojened s MOOUIbHUX
MIPUCTPOIB IO BEJIMKHUX JUIsl cepBepiB). bysno mokpalieHo MBUAKICTh 1H(EpeHcy Ta
BIIPOBA/PKEHO HOB1 (YHKIII, Taki SK aBTOMAaTU4YHE MaclITa0yBaHHS HaBYAIbHUX
rineprapameTpiB i BIOCKOHaNIeHUH anroputMm Data Augmentation [40].

o YOLOv6: OpiertoBana Ha iHmycTpianbHe 3actrocyBaHHs, YOLOvV6
MOEJTHYE JIETKOBAry apxiTeKTypy 3 BIOCKOHAJIEHHMHM METOJaMu TepenoopooKu
JaHUX, 110 JO03BOJIIE TMPAIIOBATH HA TMPHUCTPOAX 13 OOMEKEHHMH pecypcamu.
OcHoBHMMU 1HHOBauisIMU € HOBUM Head-0y0k 1 onTuMi3oBaHi MOyl OOYHCIIEHbD,
110 poosate YOLOvV6 Hai3BHuaiiHO poayKTHBHOO [41].

o YOLOV7: [logaHo cerMeHTalliio, MOKpalleHy JOKali3alilo Ta MOIYJb
CBAM (Convolutional Block Attention Module), 1o m03BOJIIE MoOAENI
dboKycyBaTHCs Ha BOXIMBUX AUITHKaX 300paxeHHs. YOLOvV7 nmokparuia TOYHICTS 1
IIBUJIKICTH pOOOTH, 0COOJIMBO B 3ajayax, [0 BUMararTh 0arato3anaddocTi [36].

o YOLOVS: 1ls Bepcis 6a3yerhcs Ha apxitektypi YOLOVS Ta Brirodae
YUCJICHH] TOKpAIeHHS SK B apXITEKTypi, TaKk 1 B 3pPYYHOCTI I PO3POOHMKIB.

YOLOVS 3100y7a monyasipHICTh 3aBISKH ONTUMAIBHOMY MOETHAHHIO MBUKOCTI Ta
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TOYHOCTI, 3a0e3meuyroud I[MBUAIMIMKA 1HQepeHC Tpu 30epekeHHI BUCOKOT
NPOJYKTUBHOCTI B peanbHOMY uyaci. OcoOJMBO aKTyaJdbHOIO BOHA cTajla s
3aCTOCYBaHb 13 HU3bKOIO 3aTPUMKOIO [42].

o YOLOV9: Ll Bepcis BIpoBaKye MOAANbIII MOKPAIIEHHS B MIBUAKOCTI,
TOYHOCTI Ta OO04HMCHIOBaibHIA edekTuBHOCTI mopiBHsSHO 3 YOLOvVE. B YOLOV9
BUKOPUCTAHO HOBITHI ajiropuTMu Ta onTumizaiii, 30kpema Generalized Efficient
Layer Aggregation Network (GELAN) Tta Programmable Gradient Information
(PGI), mo 3HayHO MiABUINYIOTH 3AaTHICTH MOJIENI JO BHJIYYECHHS O3HaK Ta
MOKPAIIYIOTh MOTIK TPaJl€HTIB, 3a0€3M€Uyl0ud BHILY TOYHICTh Ta €(EKTHBHICTb.
TectyBanns Ha HaOopi ganux Microsoft COCO noka3zano, mo YOLOvV9 nepesepiye
YOLOvS8 3a kigpkoMa IMOKa3HUKaMH, JEMOHCTPYIOYM BHUIINY CEPEIHIO TOYHICTbH
(mAP) Ta mBuammi indepenc [43].

[TepeBarun YOLO:

o mBUKICTE: YOLO 006po0iisie 300pakeHHs 32 OJJUH MPOXij, 0 POOUTH
oro edekTMBHHUM Ui  3aCTOCYBaHb y  peaJbHOMY daci, TaKuX SK
BIJICOCIIOCTEPEKECHHS.

o rHy4kicTh: [linTpumka pi3HUX Bepciid s PI3HMX 3aAad — BIJ JETEKIIi
ApiOHUX 00'€KTIB IO aHAJI3Y CKJIAIHUX TUHAMIYHUX ClieH [44].

O6mexenns: YOLO nactymnHi:

o YyTtnusicth 10 npioHMX 00'ekTiB: Panni Bepcii YOLO manu tpyaHou 3
TOYHUM BU3HAYEHHSM JIPIOHUX 00’ €KTIB.

o HecrabinpHicTh Ha ckiagHux creHax: Ha wacuyeHux 300pa)eHHSX
MOJICITb MOYKE JTaBaTH XMOHOMO3UTHBHI pe3y/ibTatu [45].

YOLO 3anuiaerbcs Ha CbOTOAHI OJIHIEI0 3 HAME(PEKTUBHIIIMX apXITEKTyp s
BUSIBJICHHST O0'€KTIB 3aBJASKM 3JaTHOCTI OJHOYAaCHO BUKOHYBATH JIOKAII3allll0 Ta

Kiacudikario.
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1.7 IlpuknaaHi 3a1a4i 3aCTOCYyBaHHS HEIPOHHUX MepekK

1.7.1. Mo:xJMBOCTi HEIiPOHHUX MePeK Y CHCTEMAX BileocnocTepesKeHHs Ta

KOHTPOJIIO I0POKHBOT0 Tpadiky

Heiiponni mepexi, ocobmuBo 3ropTkoBi HeilpoHHi Mepexi (Convolutional
Neural Networks, CNN), € KJII0OUOBUMH IHCTPYMEHTaMH B CyYaCHUX CHCTEMax
BIJIEOCTIOCTEPEKEHHS Ta KOHTPOJIO Tpadiky. 3aBIsSKH CBOil 3JaTHOCTI aBTOMAaTUYHO
BUAUISITU CYTTEBI O3HAKM Ta aHaNI3yBaTH JaHI B peaJbHOMY 4Yacl, BOHH
3a0€3MeuyloTh BUCOKUM PIBEHb TOYHOCTI Ta €QEKTHUBHOCTI. Y IbOMY pO3ILT
PO3TISAAIOTHCS MOXKIIMBOCTI HEMPOHHUX MEPEX JUIsl BUSBIICHHS, BIJACTEXKEHHS Ta
kiacudikanii 00'€KTIB, a TaKOX iX 3aCTOCYBaHHS Yy BiJI€OCIIOCTEPEKEHHI Ta
yIPaBIIiHHI JIOPOKHIM PYXOM.

VY 3amauax BICOCTIOCTEPEIKEHHS Ta KOHTPOJIO JOPOKHBOTO TpadiKy OJHIEIO 3
KJIIOYOBUX 3a7ad € BHUSABJICHHS OO0'€KTIB (HANPHKIAJ, aBTOMOOUIIB, IIIIOXO/IIB,
Benocunenuctib). Heitponni mepexi, Taki sk YOLO (You Only Look Once) 1 Faster
R-CNN, pocsrinu 3Ha4HUX YCHIXIB Yy 11 ragy3i 3aBAsSKH OJHOYACHIM JIOKasi3allii Ta
kiacudikarii 00'extiB [46].

° YOLO: IIBuakictb Ta  edextuBHicTh YOLO  103BOJISAIOTH
BUKOPUCTOBYBATH HMOI0 B peajJbHOMY 4acl JJisi MOHITOPUHTY O€3MeKH B MyOJIYHUX
Miclgx ab0 BUSIBIICHHS MOPYIIEHb MPaBWI JOPOXKHBOTO pyxy. Hampuknazn, momensb
JTITUTh 300pakeHHsI Ha CITKY ¥ o0poOJisie #oro 3a oAMH MpoXija, I0 3abe3neuye
IIBUIKE BU3HAUCHHS 00’ €KTiB [46].

o Faster R-CNN: BuxopuctoBye perioHalbHI MPOIMO3UIIIHI Mepexi
(RPN), mo m03BOJIsAIOTH 3a0€3MEYUTH BHUCOKY TOYHICTH BHSBJICHHS HaBIiTh 3a
cKiagHuX ymoB [11].

JIist cucteM KOHTPOJIIO JOPOKHBOTO TpadiKy BaKIWBO HE JIUIIE BUSBUTH
00'eKT, ane i BIACTEXKUTH MOro pyX Ha MOCIIOBHOCTI KaapiB. Metoau, sik-oT Deep

SORT (Simple Online and Realtime Tracking), y moeananni 3 CNN 103BOJSIFOTH
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e(eKTUBHO BIJICTEKYBATH O0'€KTH B AMHAMIYHUX CIICHAX, HANPUKIIAJ, Ha CKIATHUX
nepexpectsax abo B yMOBaX iIHTEHCHBHOTO pyxy [47].

o Biacrexxenns pyxy: BiacTekeHHs 03BOJISIE aHATI3yBaTH IOBEIIHKY
00'eKTIB, TaKWX SK TPAHCHOPTHI 3aco0u abo mimoxoxu. Hampuxman: Bussnenus
NOpPYIICHHS TMpaBWi (HAMpUKIAN, 3ai31 y 3a00pOHEHY 30HY), IPOTHO3yBaHHS
aBapIMHUX CHUTYyaIlli Ha OCHOBI aHaJI3y TPAEKTOPiM, BU3ZHAYCHHS IIBUIKOCTI PyXY
ab0 mepeTuHy PO3MITKH.

Knacudikaiiss 00’€KTIB € BaXJIMBUM 3aBJaHHSIM JUISI CHCTEM KOHTPOJIIO
tpadiky. CNN, Taki sk ResNet 1 Inception, 3a0e31euytoTh BUCOKY TOUHICTh 3aBISIKH
CBOT# 31aTHOCTI BUJIUISATH KJIFOUOBI 0O3HAKH 300paxkeHb [48].

o Po3nmizHaBanHs THUMIB TpaHcnopTHUX 3aco0iB: CNN  103BOJISIOTH
11eHTU(PIKyBaTH TPAHCHOPTHI 3aco0M 3a TUNaMu (HAMpUKIaA, aBTOMOOLNI,
BAHTaX1BKU, MOTOIUKJIN), III0 € KOPUCHUM JIJISI aHATI3Y PYXY.

o Po3nmizHaBaHnHs HOMEpHUX 3HaKkiB: [{ns TOYHOro po3Mi3HABAHHS
HOMEpPHHX 3HAKIB BUKOPUCTOBYIOThCS kKomOiHaIii CNN 1 peKypeHTHUX HEUPOHHHX
Mepexxk (RNN), mo 3abesneuye TOYHICTh HABITh 3a MOTAHMX YMOB OCBITJICHHS YU
BHCOKOI IIIBUKOCTI PyXy TPaHCIIOPTHOTO 3aco0y [49].

Cy4acHi cucTeMH KOHTPOJIIO TpagiKy BUKOPUCTOBYIOTh HEMPOHHI MEPEkKI JJIs
aHaI3y TPAHCIIOPTHHUX MOTOKIB y peaabHoMy 4aci. Hanpukmnan:

o Ouinka iHTeHCUMBHOCTI pyxy: CNN 'y mnoegHaHHI 3 MeETOJaMH
PEKYpPEHTHOIO HaBYaHHs, TakKUMH K LSTM, BUKOPUCTOBYIOTHCS JJIs1 IPOTHO3YBAHHS
3aTOpiB Ta aHAI3y MOTOKIB 1aHuX i3 kamep [50].

o MomniTopuHr curtyauii Ha goporax: CUCTeMH 37aTHI BUSBIATA MICLS 3
BHCOKHMM PU3HKOM aBapiil Ta HalaBaTH PEKOMEH 1ALl IS 1X YHUKHEHHSI.

[lepeBaru HEMPOHHUX MEPEXK Y BIACOCIIOCTEPEIKEHHI Ta KOHTPOJII TpadiKy

o Bucoka  Tounicth:  HelipoHHi  Mepexi  3a0e3MeuyioTh  TOYHE
pO3Mi3HaBaHHs PI3HUX THUIIB 00 €KTIB HABITh 3a HECNPUATIUBUX YMOB, TaKUX SIK

ryM a0o HU3bKa SIKICTb 300pakeHb.
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o [IBuakicte 00poOKu: ApxiTekTypH, sk-oT YOLO, 3abe3nedyroTh
00poOKy 300pakeHb y peaTbHOMY 4Yaci, IO KPUTUYHO BAXKIUBO IS CHUCTEM
BiJieocriocTepexeHHs [46].

o MacmraboBanicte: HelponHi Mepexi amanTyrTbecs 10 00poOKu
BEJIMKOI KUTBKOCTI1 BiZICOTIOTOKIB Ta Pi3HUX YMOB.

) AnantuBHicTh: Mojenl 37aTHI HaBYaTHCAd Ha HOBHX JaHHX, IO
3abe3rneuye X ePeKTUBHICTh Y 3MIHHUX YMOBaX, TaKMX SK Pi3HI ITOTOJIHI YMOBU a0o0
gac mo6u [11].

He3Bakatoun Ha 3HaA4HI TEepeBarv, BUKOPUCTaHHS HEUPOHHUX MEpPEX V
B1JIEOCIIOCTEPEKEHHI Ta KOHTPOJ1 TpadiKy CYNpPOBOIKYETHCS IEBHUMH BUKIUKAMM:

o Bucoki o0uucntoBansHi pecypcu: HaBuanust Ta iHGepeHC MOTpeOyIOThH
MOTYXHOTO arapaTHOTO 3a0e3Me4YeHHs, M0 MOXXEe OYTH BUKIUKOM JUISl BEIUKHX
cuctem [51].

o [ToTpeba y Benukux Habopax gaHux: EQEeKTUBHICTD 3aJI€KUTH BiJl AKOCTI
Ta KUIBKOCTI JaHUX 11 HaBYaHHS.

° UyTnuBICTh 10 3MiH SIKOCT1 Bijic0: 3HMKEHHS PO3AUIHHOI 3IaTHOCTI YU
HAsIBHICThH BEJIMKOTO IITYMY MOKYTh 3MEHIIIUTHA TOYHICTb.

Hetiponni mepexi 3a06€31edyroTh BUCOKY TOUHICTb, aJalITUBHICTD 1 MIBUJKICTb,
mo poOuTh iX HE3aMIHHUMHU IHCTPYMEHTaMH JJIi  CyYaCHHX  CHCTEM
BIJICOCIIOCTEPEKEHHSI Ta YOpPaBIIHHSA JOPOXKHIM pyxoM. BoOHM 103BOJSIOTH
BUPIIITYBaTH HIUPOKUI CIEKTP 3a/ay: BiJ BHUSBIEHHS 00 €KTiB 1 Kiacudikarii g0
aHadi3y TMOBEIIHKM Ta TMPOTHO3YBAaHHA aBapIMHMUX CHUTyalld. 3aBASKH CBOIU
THYYKOCTI HEWpPOHHI MEpEeXl € OCHOBOIO Il MaMOyTHBOIO  PO3BUTKY

iHTeJ'IeKTyaJ'H:HI/IX TPaHCIIOPTHUX CUCTCM.

1.7.2 Oco0MBOCTi HEliPOHHUX MepexK Y BiliCbKOBHX CHCTeMAaX

HeiiponHi Mepexi cTaaud HEBII'€MHOK YAaCTMHOK CyYacHUX BIHCHKOBUX

CUCTEM 3aBJAKH iXHII 31aTHOCTI 0OpOOIATH BeNIMKI 0OCITM JaHuX, 3a0e3redyBaTu

BHUCOKY TOYHICTh y KPUTHYHHMX 3aJadyax 1 aBTOMATU3yBaTWU CKJIaJHI mpouecu. Y
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BIICHKOBIM cepi BOHU 3HAXOAATH 3aCTOCYBaHHS y pO3Mi3HaBaHHI 00'€KTiB, aHaN131
B1JICOTIOTOKIB, IPOTHO3YBAaHHI Ta MIATPUMII IPUUHATTS PIIICHb.

OpHi€lo 3 KIIOYOBUX 3aJlad HEHPOHHHUX MEpPEX y BINCHKOBUX CHCTEMaX €
BUSBIICHHSI Ta Kiacudikaiisi 00'€KTiB, TaKMX SK BIHNCHKOBAa TEXHIKa, TPAHCIOPTHI
3aco0M, JTaJbHI amapatd Ta MOTeHIiHl 3arpo3u. Hampuxmnax, moxemi YOLO
JE€MOHCTPYIOTh BHCOKY HIBUAKICTH 1 TOUHICTh Y pealbHOMY 4aci, M0 € KPUTHIHUM
s epeKTHBHOTO pearyBaHHs B yMmoBax OoroBux miii [46]. Faster R-CNN
3a0e3neuy€e BHCOKY TOYHICTh HaBITh Yy CKJIAJHUX YyMOBaX, TaKUX SK HHU3bKa
BUJIMIMICTh Y1 HasIBHICTH Trymy [11].

OxpiM 11b0TO, HEHPOHHI MEPEXK1 3/1aTHI OIL[IHIOBATH CTaH TEXHIKHU, BUSBJISIOUN
MOIIKO/P)KEHHA YM 3HOC, IO JIO3BOJISIE MPOTHO3YBAaTH MOTpeOU B OOCIyTOBYBaHHI.
CNN Takox edexkTuBHI s Kiacudikaiii 00'€KTIB y JAMHAMIYHHUX CILIEHaX, IO
JI03BOJISIE BIICTEXKYBATU PyXOMi 00'€KTH HaBITh Ha BEIUKUX BIJCTaHSX.

Jns BificbkkoBUX cuctem, Takux sk BIIJIA um pagapHi cucTeMH, BaKJIMBUM
3aBJaHHSAM € HE JIMIIEC BUSBJICHHS, a M BIJICTEKEHHS 00'€KTIB y TUHAMIYHUX YMOBaX.
Anroputmu Deep SORT 103BOJISIIOTH BIJACTEKYBATH PyXOMi 00'€KTH B pEalbHOMY
Jaci, MO KPUTHYHO JJII MOHITOPHUHTY TIEPHUMETpa UM CTEKCHHS 32 BOPOXKOIO
TeXHiKOIO [47].

HelipoHHi Mepexl TakOX BUKOPUCTOBYIOTHCS JJIsl POTHO3YBAHHS TPAEKTOPIN
00'eKTIB, 110 JOMOMAra€ BUSBISATH MOTEHIIMHI 3arpo3u, Taki sIK HaOJWKEHHS
JTAIBHOTO amapary /10 3a00pOHEHO1 30HU a00 MepeMIIeHHsI BOPOXKUX MiIPO3ILTIB
[52].

Heiiponni Mepexi MUPOKO BUKOPUCTOBYIOTHCS JIJIsi CUCTEM 17IeHTU(diKaIlli 0ci0
Ta BIMCHKOBOT TEXHIKH:

o PosmiznaBanns 06mmyb 1 6iomerpuynux gaHux: CydacHi mozem CNN,
taki sk FaceNet, MOXyTb TOYHO i1AeHTH(IKYBaTH OCi0 HaBiTh 3a HHU3BKOI SIKOCTI
300pakeHb, M0 KOPUCHO JJisi KOHTPOJIO JOCTYIy N0 BIACHKOBUX O00'€KTIB abo

ieHTudikaIii Bopoxxux areHtis [53].
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o Knacudikamiss texniku: HeillpoHH1 Mepexki 371aTHI pO3IMi3HABATH THUI
BIMCHKOBOT TeXHIKH (HAIPUKIIA, TAHKU a00 JIITaKW), IO JoroMarae iaeHTugikyBaTu
1[1J11 Ha ToJ1 00T0.

CNN 3acTOCOBYIOTHCS IJIsi OOpOOKM pasioioKamiiiHux mgannx. Hampukian,
pO3IMi3HaBaHHA CIIEKTporpaM Jyis Kiaacudikaiiii 00'€KTiB, TaKUX SK JITaJbHI armapaTu
Yyl CUTHQJIM PaJiOJOKallIMHUX CTaHIIA, € OJHUM 13 KIIOYOBUX HAmNpsIMIB
Bukopuctanus [34]. Ile#i miaxim M03BOJISE aBTOMATH3YBAaTH IPOIIECH BHUSBIICHHS
CUTHAJIIB 1 paHHBOT'O TOTIEPEPKEHHS y BINCHKOBUX OTEpaIisx.

PexypenTHi HeiiponHi mepexi (RNN), Ttaki ik LSTM, BUKOPUCTOBYIOTBCS 11
MPOTHO3YBAHHS MOJIA Ha OCHOBI ICTOpUYHUX HaHuX. Lle 703BoJsie aHamizyBaTH
NEepeMIlIeHHs] BOpOra, NPOTHO3yBaTH 3arpo3d Ta ONTHUMI3YBaTU MapIIpyTu
BiIICBKOBHX ortepartii (tadymrs 1.5) [54].

Ta6mu 1.5 — IlepeBaru Ta 0OMeKeHHS BUKOPHUCTAHHS HEHPOHHUX MEPEK Y

BIICBKOBHX CHCTEMAaX

[TepeBaru OOMexeHHs
Bucoka ToYHICTb 1 HAAIHICTB, [ToTpeba y BUCOKUX OOUHCITIOBATBHUX
HaBITh Y CKJIQJHUX YMOBAaX. pecypcax.

[IBuaKicTE 00pOOKHU, 1O T03BOJISIE | 3aJIEKHICTD BiJl BEIMKUX HABYAJIBHUX

IpaIfoBaTy B peajbHOMY Yaci. HaOOpIB JaHUX.

MoJUBICTh pOOOTH 3 BiacyTHicTh Mpo30pocTi: “4opHUM AIUK”

HU3BKOSKICHUMH TaHUMHU. CKJIQJTHO TTOSICHUTH B KPUTHUYHUX YMOBAX
[55].

HeliponHi Mepexi € HEBi'€éMHOIO YAaCTMHOI CYYaCHUX BIHCHKOBHX CHUCTEM
3aBISKM CBOi 3[JaTHOCTI aHaNI3yBaTH BEJIMKI OOCATH JaHUX, aBTOMAaTH3yBaTH
CKJIQJHI 3a/ayl Ta MiJBUILYBATH PIBEHb TOYHOCTI B KPUTUYHUX yMoBax. [lompu
BHKJIMKH, TaKi SIK BUCOKI BUMOTH JI0 allapaTHOTO 3a0C3MEUYCHHS UM 3aJICKHICTh Bif
HAaBYAJIbHUX JAHUX, IX BUKOPHUCTAHHSA CTAa€ KIIOYOBHUM (DAaKTOPOM Yy PO3BHUTKY

BIMICHKOBHUX TEXHOJIOTIH.
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B pamkax mpakTHyHOi YaCTHHH JAOCIIHKEHHS Ha OCHOBI OJHIET 3 MO (IKaIliit
mozenerr YOLO 3 3ampoBajkeHUMH 3MiH B ii (DyHKIIIOHYBaHHI, IEPEBIPUMO SIK 11
IHCTPYMEHTH JIO3BOJIAIOTh BUPIIIMTH OJIHY 3 HOBHX 3ajad, Kl MOB’s3aH1 3 poOOTOI0
KaMmep BigeoHarnsiny. Hacammepen, sk Mojenb 103BoJIs€ 1ACHTU(DIKYBATH 00’ €KTH Y
BUIJISIII XOJIOHOI 30poi. [HIMMU ciioBaMu, 3a paxyHOK CTBOPEHHSI HOBOI CHCTEMU
(xmacy) knacudikaiiii 00’€KTiB BUBHAYUMO, K iX 1AeHTU(]IKAIS TPOXOIUTH 1 3 KOO
TOYHICTIO, KOJM 32 TIEPUMETPOM HasiBHE MOTaHE OCBITJICHHS MPHUMIIIEHHS a00 KOJH
MITYYHO 3JIOBMHUCHUKOM CTBOPEHO YMOBHU JO TMOTIPIIEHHS IbOIO OCBITJICHHS
(po3nuItOBaHHS ra3iB M XIMIYHUX CYMIIIIB).

3a pe3ynbTaTaMy IPOBEIEHOT0 JITEPaTYypHOrO OIJIALYy MOKHA B1JI3HAYUTH,
IIMPOKI TEPCHEKTUBU 3aCTOCYBaHHS HEWPOHHUX MepeX B 00JacTi oOpoOJIeHHS
JUHAMIYHUX KOJIbOPOBHX 300pakeHb. Lle HameBHO, MOSCHIOETHCS THUM, IO LEH
IHCTpYMEHTAapii Mae CBOI MepeBaru rnepea TPaAuIiiHuMU crioco0amMu 00poOIeHHS
300paxkeHb. Tak, OkpiM poOOTH B pEeXUMI PEANTbHOrO Yacy, HEHPOHHI MEpEexi
MOYTh IOKpAIlyBaTH CBOI pe3yJbTaTH pOOOTH, yepe3 Te, L0 BOHU IMPOXOJIAThH
000B’SI3KOBO €Tall HaBUYaHHS HA MIMPOKiN BUOOpPLI HaBYAJIbHUX AaHUX. Pa3oM 3 Tum,
BIIMIYE€HO, 1110 Ha €()EKTUBHICTb POOOTH CUCTEM 3 MIATPUMKOIO HEHPOHHUX MEPEK
pu 00poOIll Ta aHaJi31 300pa’KeHb MOXKYTh BIUTUBATU OKJIIO31s, IIIyM 300pa’KeHHS Ta

CKJIaIHUI (OH.

BucHoBkH 10 po3aiay 1.

1. [TpuHuunu nmoOya0BM HEHPOHHUX MEPEX 3rOpPTKOBOrO THITY: 3rOPTKOBI
HeriponHi Mepexi (CNN) € OCHOBOIO CydacHHX CHCTEM OOpOOKH 300pa)eHb, 10
JI03BOJISIIOTh ABTOMATHYHO BUJIUIATU KJIIOYOB1 O3HAKH, TaKl K KOHTYpPHU, TEKCTYpH Ta
CTPYKTYpH 00'eKTiB. IX apxiTekTypa 3a6e3meuye BUCOKY TOUHICTb i aJaNTHBHICTh JIO
CKIIQHUX 3a7a4, 30KpeMa 3aBISKH BUKOPHUCTAHHIO 3TOPTKOBHX IIApiB, IIapiB
M1BUOIPKH, 3aJIUIIKOBUX OJIOKIB Ta MOJTYJIIB yBar.

2. Apxitektypa Ta anroputmMu YOLO pana BusBieHHS 00'€KTiB Ha
300pakennsx: moaens YOLO (You Only Look Once) € ehekTuBHOIO apXiTEKTypOIO

Ul 3a7a4 OJHOYACHOTO BHUSABIEHHS # Kiuacupikaiii 00’ekTiB y peanbHoMy uaci. i
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KIIIOYOB1 MepeBard — IMIBUIKICTh, MOXJIMBICTh OararozagayHoi poOOTH Ta BHCOKa
To4HicTh. Po3BuTok Bepcii YOLO, 3okpema YOLOv7, 3abe3neunB J107aTKOBE
MOKpAaIeHHs JIoKaji3alii 00'€KTiB, 3MEHIICHHS XHWOHOIMO3UTHBHUX CHPAIFOBaHb 1
MiIBUIIEHHS €(DEKTUBHOCTI B CKJIATHUX YMOBaX.

3. [TopiBHSIHHA HEHPOHHUX MEpEeX 13 TPAAMIIHHUMH MeToAaMu OOpPOOKH
300paxxeHb: HellpoHHI Mepexi 3HaYHO MEepeBepUIyIOTh TPAAMIIIIHI aNTOPUTMHU, TaKi
ak CAMShift un Optical Flow, 3aBasiku cBOiif 31aTHOCTI MpaIIOBAaTH 3 BEIUKHUMHU
o0caraMy JTaHWX, aBTOMaTHUYHO BHJILISAITA O3HAKU Ta JEMOHCTPYBATH CTIMKICTH IO
3MiH OCBITJICHHS, IIyMy ¥ ckiagHoro (ony. Ilpote BoHHM TOTpeOyrOTH OiNbIIE
O0OYHUCITIOBAJILHUX PECYPCIB 1 HABYAIBHUX JAHUX.

4. MO>XJIMBOCTI HEMPOHHUX MEpPEX y CHCTEMaX BIIEOCHOCTEPEKEHHS Ta
KOHTpost0 Tpadiky: HeHpoHnHi wMepexi, Taki sk YOLO ta Faster R-CNN,
3a0€3MeuyloTh BUCOKY TOYHICTH 1 HIBHJIKICTh aHAJI3y BIJEOMOTOKIB Yy peaJbHOMY
Jaci, m[0 € KPUTHUYHUM JJs 3a7a4 BiJ€OCTIOCTEPEKEHHS, KOHTPOIIO JOPOXKHBOTO
pyXy Ta aHali3y HOBEIiHKM 00 €KTiB. IX 3acTOCyBaHHs J03BOJISIE aBTOMATU3yBaTH
BUSBJICHHS MIOPYIIIEHb, aHAT13 TpadiKy Ta 17eHTU(IKAIIIO0 00'€KTIB.

S. Oco0MBOCTI HEUPOHHUX MEPEX y BIMCHBKOBUX CUCTEMAX: 3aCTOCYBAHHS
HEHPOHHUX MEPEX Y BIMCHKOBUX CHCTEMaX JEMOHCTPYE iXHIO €(PEKTHUBHICTH Y
3a7layax po3Mi3HaBaHHS O0O0'€KTIB, TaKMX SIK TE€XHIKa ab0 30posi, HaBITh 3a YMOB
HU3BKO1 BUAUMOCTI YU CUJILHOTO IIyMy. 3aBISIKA CTIMKOCTI JO 3MIH CEepeOBHUIIA Ta
3aTHOCTI TpAIfOBaTHU 3 PI3HUMU TUINAMU JaHUX (ONTWUYHI, 1H(paYepBOHI
300pakeHHs) HEMPOHHI MEpeXi € MEePCHEKTUBHUM IHCTPYMEHTOM JUIsl IiJIBUILIEHHS

(GYHKI1I0HATBHOCT1 BIHCHKOBHUX CHCTEM.
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2 EKCIIEPUMEHTAJIBHA YACTUHA JOCJIIKEHHSA

B pamkax mnepiioi npakTUYHOI YACTHHH JOCIHIJKEHHSI POOOTH 1 JIsl TOrO 00
OLIIHUTHA MO>KJIUBOCTI BUKOPUCTaHHS HEMPOHHHMX Mepex Ta momeni YOLO Ha ii
OCHOBI IOJ0 JUHAMIYHMX 300pakeHb JJIs cCUCTeM Oe3reku Oynu chopMysaboBaHi
HACTYIIHI 3a/]1a4i:

- nepeBiputu sk anroputMu CAMShift ta Optical Flow npattiorots y peaabHIX
yMOBax JiJIs 3a]1a4 BIJICTEKEHHSI peajbHUX 00’ €KTIB;

- Uil po3po0JIeHOi apXITEeKTypu TJIMOMHHOT HEHMPOHHOI Mepexi NEepeBIPUTH
CIPOMO’KHICTh BUAAJIEHHS SICKPaBICHOTO IIYMY 3 KOJIBOPOBUX 300pa)K€Hb, 34 YMOBU
10 caMa Mepeka Ma€ POUTH Kpi3b MPOIenypy HABUAHHS;

- TIEPEBIPUTH PO3POOJIEHY CXEMY aJTOPUTMY BHUJIUICHHS Ta PO3Mi3HABAHHS
TekcTy Ha ocHOBI anroputMy OCR Ta 3acTocyBaHHSI BEUBIIET-IEPETBOPEHHS IS
BUMAJKY, KOJIU CaM TEKCT HAHECEHO Ha HEOTHOPIAHUHN (DOH;

- JTOCIIIIUTU MOXKJIMBOCTI QyHKIioHyBaHHS Moaeni YOLO v7 st 300paxeHs,

K1 MICTATH 00’ €KTH 3 PI3HUMHU PO3MIpaMu Ta XapaKTePU3YIOThCS CKIAJIHUM (POHOM.

2.1 Ouinka sKocTi BiAcTe)KeHHA 00’€KTiB Ha OCHOBi aJropurmis

CAMShift Ta Optical Flow

Ha croroanimHiii neHb, 3Ba)Kaloud Ha CTPIMKHUI PO3BUTOK 1H(OpMAIIHHUX
TEXHOJIOT1M, BUKOPUCTAHHS KOMIT IOTEPHUX CHCTEM JJisi CTBOPEHHSI 300pa)KeHb 3a
JOTIOMOT'OK0 AJITOPUTMIB BHUSIBJICHHSI PYXOMHUX OO’€KTIB Y peajlbHOMY 4acl BXKE HE €
HOBHMHKOIO [56], [57]. Taki anropuT™Mu aKTHBHO 3aCTOCOBYIOTHCS Y PI3HHUX Taiy3sx
HAyKW Ta TEXHIKW, BKIIIOYAIOYM 1HTEPAKTUBHI BiJI€0, KOMIT IOTE€PHI 1IpH, BIMCHKOBI
CUCTEMHU TPEKIHTY Ta poboTu3oBani mmiathopmu. OJHAK, KOJIM WIETHCA TMIPO
BIJICTE)KEHHS JIIOJUHU ab0 Tpynu oci0 y HATOBII, 3aBJaHHS B1JIE€OCHOCTEPEKEHHS
3HAYHO YCKJIQTHIOETHCS Ye€pe3 BUCOKI BUMOTH JO HMIBUJKOCTI OOPOOKHM Ta TOYHOCTI
po3mi3HaBaHHs O0’€KTIB, 10 0a3yloThCsl Ha MeToJax iAeHTU(]IKAIil YHIKaJIbHUX

xapakTepucTuk [6], [58].
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BineocnocTepekeHHs 3a 00’ €KTaMH PO3TIIAIAETHCA SK MPOIEC BU3HAYEHHS iX
TOYHOTO MICIE3HAXO/)KEHHSI MPOTATOM IMEBHOI0 4Yacy HUISIXOM aHali3y Biieo abo
300pakeHb 13 KaMepu y peaibHOMY 4aci. 3 pPO3BUTKOM TEXHOJIOT1 KOMIT FOTEPHOIO
30py OyJ0 3ampOmOHOBAHO pPi3HI METOAW PO3B’SI3aHHS TPOOJIEMH BiJICTECIKEHHS
moaei. Hanpukian, y po6orax [6], [58] mocmimKyeTbes BUKOPHCTAHHS JIa3¢pHOTO
JajeKoMipa JjIs aHali3y pyxXiB JIOJWHU Ta 1i aHATOMIYHUX OCOOJIMBOCTEH, TAaKUX 5K
KOHTypH Hir. [IpoTe el miaxia Mmae oOMeXeHHs, 0COOIMBO MpH 30UTBIIIEHH] BiJICTaH1
MDK 00’€KTOM 1 JaTYUKOM. TakoXX ICHYIOTh CHUCTEMH, III0 BUKOPHUCTOBYIOTH KiJIbKa
KamMmep, ajic BOHH e(DeKTHBHI JiuIie B oOMexeHoMy mpoctopi [10], [15]

[Ile oqHMM METOJIOM € 3aCTOCYBaHHS PYYHHMX Kamep, K y JociimpkeHHi [15],
JUIS CTBOPEHHSI CTPOOOCKOIMIYHUX 300pakeHb pyxoMux 00’ekTiB. [Ipore meit miaxina
Ma€ CBOi HEJOJIIKH, 30KpeMa IOB’si3aHi 31 MIBUAKICTIO OOYUCIECHb Ta TOYHICTIO B
ckiagHux ymoBax. Cepesl TOJIOBHUX NpoOOJeM, 3 SKUMHU CTHUKAIOTHCS QJITOPUTMU
BIICTE)XEHHS, MOXHA BUJUIUTH MPOOIEMYy OKIII031i, Koau ¢oH abo mepe/Hiil miaH
nepexpuBae 00’ €KT, 110 YCKIaIHIOE ioro kopekTHe BiacTexkeHHs [10], [15]. Lle moxe
CHPUYUHATH CUTYaIlli, KOJU OJUH 1 TOM caMHil 00’€KT MOMHJIKOBO BHU3HAYAETHCS SIK
HOBUI.

[lle omna BaknuBa mpoOiema — BIUMB ¢GoHy. YuM ckimagHimwmii QoH, TUM
Ba)KYe BHOKPEMHTH XapaKTePHI 03HAKH 00’€KTa, 110 MOYKE MPU3BOJAUTH J0 TTOMIIIOK
y nporueci ananizy [10], [15]. HaamipHa kinbKicTh getaneld y (oHI MOXKe CTBOPIOBATH
IIyM, III0 HETaTUBHO BIUIMBA€ HAa TOYHICTh 1 MIBUAKICT POOOTH CHUCTEMHU
B1JIEOCIIOCTEPEIKEHHSI.

ANTOPUTM BIJICTEKEHHSI HE € aITOPUTMOM OKPEMOTO 3aBIaHHS, SIK 11€ MOXHa
omuicaTh TpW Kiacudikamii 300pakeHb 1 BusBieHHI 00’ekTiB. lle Hacmpasmi
O0araro()yHKIIOHAJbHUN QJITOPUTM, SIKMM BHpIIIYE 3a/layl BUSBICHHS 00’ €KTIB, iX
JIOKaJTi3aIlifo, KiacuQikallito, a TaKoK BIJCTEKESHHS 32 0O3HaKaMU. TaKUMH YHMHOM, Ha
OCHOBI1 PO3MISIHYTUX MPOOJIEM, KI BUHUKAIOTh MPU BIJICTEKEHHI pyXOMHUX 00’ €KTIB,
BUHUKAE MOTpeda B OMHCI Ta aHATI31 METOAY BIJICTEKEHHS, SIKUA O 32 OCHOBHUMU

0COOJIMBOCTSIMHU JO3BOJIMB O HIBEJIIOBATH 3a3HAYECHI OOMEKEHHS.
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Ha >xanp B ctarTi [56] posrnsHenuit anroputm CAMShift Bukopucrano nuie
JUISL OJTHOTO KJIacy O0’€KTiB, a came 3aJyIsl BIJCTEXKCHHS JIIOJCH 1 BIAMOBIIHO [0
IIOT'0, aBTOPAMHU BH3HaueHI KOe(DIIlIEHTH Ha OCHOBI 3Ba)KEHOI Opi€HTAallll TpaJlieHTa
3a YMOBH HasiBHOI iH(opmarlii mpo xouip. [Ipu ipomMmy BapTO BIAMITUTH, 1110 YMOBH 32
AKUMHU (IKCYIOThCS KOHTYPH JIIOJIed HE € CKIaAHUMHU (HE PO3TIISIHYTO CHUTYAIIIIo,
KOJIM KaMepa BiJICOHATIISATy 3MIHIOE CBOE (DOKYCYBaHHSI 3 OTHOTO 00’ €KTY Ha 1HITUH B
pPSKHMI pealbHOTO 4Yacy), OCKUIBKM Ha OCHOBI KOJIbOPOBOI iH(oOpMAIli JIerKo
BIJIPI3HSIOTHCA BIJ IHIIMX 00 €KTIB HAa 300pakeHHI. Takok B CTATTI HE PO3TJISHYTO
MATaHHA, KOJIU (OH LITLOBOr0 00’ €KTY MEPETUHAETHCS 3 THIIMMU 00’ €KTAMHU 1 KOJIH
nei (oH cmiBmajgae MOBHICTIO 3a KOJbOPAaMU 3 OTOYYHOUMM (DOHOM ILJIOIIUHU
300paxeHnHs. KpiM 1iboro B po0oTi He po3riisiHyTo anroputM Optical Flow.

B po6oti [57] nns po3ni3HaBaHHS 00’ €KTIB MPONOHYETHCS BUKOPUCTOBYBATH
3rOpPTKOBI HEMPOHHI MEpEX1, MPOTE OCHOBHUM HAXMJI aBTOPAMU POOUTHCS HA aHATi31
CTEPE0300pakeHb, AKl (DIKCYIOTBCS 3 KaMep OKpPEMOro BUPOOHUKA €JIEKTPOHHOTO
obnagHanHs. Kpim mporo, B gaHiit poOoTi He po3risinyTo anroputmu CAMShift ta
Optical Flow, a Bu3HadeHi MigXOAM BaKKO aJanTyBaTH A0 3a7ad BiACTEIKCHHS
00’€KTIB Il BUNAJAKIB, KOJM BHUKOPHUCTAHHS 3TOPTKOBOI HEMPOHHOI MeEpexi €
HEMOJKJIUBHM.

PoGoTta [58] omucye cmocoOM BUKOPUCTAHHS JIA3€pPHUX TEXHOJOTIN ISt
BUPIIIICHHS 3a7]a4 CETMEHTAaIlli 00’ €KTIB, B TAHOMY BUMAJAKY HIT JIIOJIeH Ha BYJIHUIII 3a
PI3HHX MpakTHYHUX YMOB. Bukopucrano amroputM AdaBoost 3 dopmyBaHHsIM
BIJIMOBIAHOTO Ki1acudikaTopa o3Hak. [Ipote, 3 maHOi poOOTH 30BCIM HE 3p0O3YMIJIO, K
MO>XHa BUKOPHUCTATH IIed aJlTOPUTM JJisi PO3B’s3aHHS 3a7adl BIJCTEKEHHS PI3HHUX
00’€KTIB B yMOBax CKJIaTHOTO OTOYYIOUOTO (OHY.

Ha BigMiHy BiJ 3a3Ha4eHUX CTaTeH, y I poOOTI 3A1MCHEHO KOMIUJIEKCHUI
anamiz anroputMmiB CAMShift ta Optical Flow B koHTekcTi iX CcTabUIBHOCTI Ta
TOYHOCTI y PI3HUX yMOBax OCBITJICHHs, 1ymy Ta ¢dopmu o0'ekta. IIpoBenene
MOPIBHSHHSA JIO3BOJISIE BU3HAYWUTH, SKUW aJITOPUTM Kpamie MiAXOAUTh IS
KOHKPETHUX CIIEHApliB, M0 pOOUTH OTPUMAaHI pe3yjbTaTH MPAKTUYHO 3HAYYIIUMH

IUIsl pO3pOOHUKIB E€JIEKTPOHHMX CHUCTEM Oe€3MeKH. 3aBIsSKU BPAaXyBaHHIO BIUIMBY
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IIyMy, KOJIbOPY Ta OCBITJICHHS Ha pOOOTY aNrOpUTMIB, OTPUMAaH1 pe3yJbTaTH al0Th
3MOTY TOYHIIIIE OIIHIOBATH iX MPOJYKTHBHICTh Ta MOTEHIIHHI OOMEXeHHs. Takum
YUHOM, IIs1 poOOTa MPOIOHYE HE JIMIIE MOTNIUOJICHUN TEOPETUYHUMN aHami3, aje U
MPaKTUYHI PEKOMEHAAIl] MO0 3aCTOCYBAaHHS AQJITOPUTMIB TPEKIHTY B yMOBax
peaNbHUX CUCTEM OE3MEeKH.

BpaxoByroun HaBeieHI TeopeTWyHi BifomocTi y 1.1.2 poboTu, mpoBeneMo
nepeBipKky e€(PEeKTUBHOCTI MBOX HaWOLIbII mommpeHux anroputmiB CAMShift ta
Optical Flow moao BIACTEXEHHS pPYXOMHX OO0’€KTIB Ha TOBEpXHI OOpaHUX
JUHAMIYHUX KaJpiB 300paKE€HHS.

B pobGoti [59] mpoBeAeHO eKCIEpUMEHTAIbHY OIIHKY e()EeKTUBHOCTI
anroputmiB CAMShift 1 Optical Flow s 3amay BiacTeXKEHHS PyXOMHX O0'€KTIB.
['onoBHa MeTa B NPOBENEHOMY JOCHIIKEHHI MOJsAraja y MOPIBHSIHHI TOYHOCTI,
MIBUAKOCTI pOOOTH Ta CTIMKOCTI LUX JIBOX aJTOPUTMIB JI0 3MIHHHUX YMOB, 30KpemMa
P HAIBHOCTI CKJIATHOTO OTOYYIOUOTO (OHY.

s peanizanii anroputmy CAMShift Bukopuctano ABi nporpamHi 0107110TeKH
3 cepenoBuiia iHCTpyMeHTIB PyCharm — NumPy Tta OpenCV. Mlns oOpanoro
300pakeHHs] a00 CEKBEHIIl 300pa)k€Hb 1 B TAKOMYy BHUIIAJKy OOUPAETHCS OJIMH 3
KaJIpIB I€1 CEKBEHIIT — peepeHCHUMN, JIsI SKOTO0 BCTAHOBJIIOETHCS MMOYATOK 00JIacTi
MomryKy (00sacte 300pa)k€HHs, B SIKiil PO3TAIIOBAaHO O0’€KT, 11O BiJACTEKYETHCH).
Tounime 3a KOMaHIaMH, SKi HaBEJEHO B JICTHHTY poOoTu [59] Bu3HAaYeHO 001acTh
MOIIyKy TpekiHry. Jly)ke BaXJIMBO AJis POOOTH anropuTMmy, o0 po3mip obiacti
MOIIYKy Xo4ya O mpuOJIM3HO BIANOBIAAB pO3Mipy 00’€KTa, SAKUU BIJICTEXKYETHCA B
TUTOLTUHI 300pa)KeHHs. 3a ajIrOpuUTMOM TMependavyaeThCss BUKOPUCTAHHS OJIHIET 3
KOJLOPOBUX MOjEINIel, Hacammepes 00paHo 0a30By KoOJIhOpoBY mozaenb HSV, mpo
aKy Hmia moBa B 1.2.1 poOotu. Jlami CTBOPHOEThCA ‘‘Macka” TMOUIYKY 3a SKOIO
BIIOYBa€ThCS TMONIYK IIKCENIB, $KI HauexaTb 00’ekTy. OCOOJIMBICTIO LIHOTO
QITOPUTMY € Te, M0 MOTPIOHO BCTAHOBUTH y HAJAINTyBaHHSIX yMOBH, 32 SIKHMH
BIJICJIIKOBYBaHHSI 00’€kTy 3ynuHsieTbca. Ha pucynky 2.1 mokazaHO pe3ynbTar

BIJIMTPAITIOBAaHHS [IHOTO AJITOPUTMY IJIsi CEKBEHIIl KajapiB, ABa Kaapu (mepuiuii Ta
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OCTaHHI) 3 IKUX HaBEICHO HA IbOMY PUCYHKY. B siIkoCTI 00’ €kTy 00paHO manepoBuii
CTaKaHYMK 1 OCHOBHUMHU MapamMeTpaMy KOHTPOJIIO BU3HAUEHO TaKi:

® TOYHICTh BU3HaUYeHHs 00 €kTiB (MeTpuka Intersection Over Union, IOU).

® IBHUAKICTh OOPOOKH (KUIBKICTh KaJPiB 32 CEKYHY).

® CTIHKICTh JO0 3MIH yMOB Yy KajJpaxX CEKBEHIli (OCBITJICHHs, JUHaMiKa,

PI3KICTB).

Pucynox 2.1 — Biacrexxennst 06’extiB 3a anroputMmom CAMShift y cratnunux

yMmoBax [59]: a) — mepmuii KaJp CeKBeHIlii; 0) — OCTaHHIN KaJap CeKBEHIII1

3a orpuManumu aaHumu st anroputmy CAMShift MokHa BiAMITUTH, 11O
X0ua aJropuTM 3a0e3reuye IIBUAKE Ta aJalTUBHE BIJICTEKEHHS OO €KTIB Yy
peaqbHOMY dYaci, MpOTe BIH Ma€ 1 OCOOJMBOCTI, a caMe¢ YYyTJIUBICTH 10 3MiH
KOJIbOPOBUX XAPAKTEPUCTUK 00'€KTA Ta OCBITIICHHS.

Jlnst maHOi TECTOBOi CEKBEHII OTpUMaHO, IO O0JacTh BIJCTEKEHHS B
KIHIIEBOMY KaJpl € MEHII TOYHOI, OCKUIBKM PI3KICTh Kaapy 3MEHIITYEThCS.
Oco05MBO 11€ POSBIIAETHCS 32 HIDKHIMU paMKaMU 00J1aCT1 B1JICTEKEHHS.

Anroputm Optical Flow HaToMicTh, Ma€ TPOXHU 1HIINNA aNTOPUTM BiJICTEKEHHS,
7€ BUKOPUCTOBYETHCS TOHATTA “OCOOJIMBUX’ Kpamok 300pakeHHs. Bigmitumo, 110
aNroOpuTM peaiizoBaHuii Ha ocHOBI Metony Lucas-Kanade, sikuiil BiaCTeXXKy€e BEKTOPH
PyXy MK Kaapamu (BEKTOpH 3MiiieHb). [lapamMeTpu KOHTpoIt0 oOpaHi Taki caMi SK 1
s anroputma CAMShift. Meton Jlykaca-Kanane, ommcanuit y dopmyni (1.2),
yepe3 0i0mioreky OpenCV mepenbadae, MmO Crodatky HEOOXITHO BHU3HAYUTH
(G YHKII110, HA OCHOBI SIKOIO B1JJOYBA€THCS 3aMYyCK B1JICI1JKOBYBAaHHS 3 BUKOPUCTAHHSIM

ontuyHoro motoky [59]. Kpim 1poro, 3a aaropurMoM MNPOBOIUTHCS IHIIIAJi3aIlis
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00’€KTy AOCHIIKEHHS, BU3HAYAIOTHCS MapaMeTpy ONTHYHOTO JETEKTOpa Ha OCHOBI
BOYJO0BaHOTO anroputMmy Shi-TOmasi i tak camo, SIK 1 Ui MEPIIOTO AJIrOPUTMY,
BU3HAYAIOTHCA TapaMeTpu KOJIbOPOBOI MOJENI Ta 3agaeThcsi macka obOnacti. Ha
PUCYHKY 2.2 HaBEJICHO PE3yJbTAT BIACTSIKECHHS PYXOMOTO 00’€KTy aBTOMOOLIS MpHU

¢ikcanii 3 kKamepu.

Pucynok 2.2 — Pe3ynbTat BifciigkoByBaHHs 3a anroputmoM Optical flow [59]

Takum umaOM, anroputM CAMShift migxoawts ama 3amad i3 OJXHOPIAHUM
¢dboHOM 1 cTabUTPHUM OCBITICHHAM. Y cBolo uepry anroputm Optical Flow
3a0e3neyye OiMbII BUCOKY TOYHICTH 1 CTIMKICTh 0 HIyMy, ajie moTpelye Oinmblie
OOYHUCITIOBAILHUX PECYPCIB BHACHIJOK TOTO, WLIO0 PO3PAaXOBYIOThCS J0JATKOBO
BEKTOPH PYXY JUIsSl KOKHOTO MIKCEIsl 300pa’KeHHS.

OO6unBa anropuT™MH MOXYTh OyTH IHTETPOBaHI NUISIXOM BIPOBAKCHHS B

CJIEKTPOHHI CHCTEMH OE3IEKH, BpaXOBYHOUH 0COOIMBOCTI 1X HanmamTyBaHHs [60].

2.2 AJTOpPUTM 3MEHIIEHHsI IIyMy Ha OCHOBi 3rOpTKOBHX HEHpPOHHHUX

MepeK

[IpoGnema 3MeHIIeHHsT HIyMy Mija 4yac oOpoOKH HU(POBUX MOBHOKOJIHLOPOBHUX
300pakeHb I CTBOPEHHS SIKICHOTO MYJIbTHUMEIIMHOTO KOHTEHTY 3aJIMIIA€ThCs
OJIHIEIO 3 KJIIFOYOBUX Y Cy4aCHOMY CBITi, OCOOJIMBO KOJIU MAEThCS PO €PEKTUBHICTD

(GYHKIIOHYBaHHSI MYJIbTUMEIINHUX CUCTEM TexHIuHOTo 30py [30]. PakTuyHO, mIyMm,
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HOTO HASBHICTH Ta MOJATBIIINNA aHAJI3 MOYKHA CITOCTEPIraT Ha BCiX eTanax poooTH i3
300paKEHHSIMU: Bl 1XHBOI 3MOMKH, OLM(PYBAHHS Ta IMepeJaBaHHA 0 MPOIECY
cTUCHEHHs. Ha KOXHOMY 3 IMX eTamiB, 4epe3 OCOOJIMBOCTI pOOOTHM MPHUCTPOIB
dikcarii 300paxeHsb, mepeBeneHHA iX y nudpoBy QopMy Ta 3acTOCyBaHHS
AJITOPUTMIB 00OPOOKH, IIIyM Ma€ TEHACHIIIIO 10 HaKomuueHHs [61].

Y meBHMX yMOBaxX HAJAMIPHHHA piBEHb IIyMy MOXXE CYTTEBO BIUIMBATH HaA
OLIIHKY CKJIaJI0OBUX 300pakeHHsa. Hanpuknana, y MequuHii iHkeHepii 3HaUHUN piBEHb
OIyMy Il Yac OTPUMAHHS HU3bKOKOHTPACTHHX 300pakeHb 3a JIOMOMOTOIO
KOMIT FOTEpHOT ToMorpadii Mo)Ke NPH3BOJUTH JIO MOMHIKOBOI JIarHOCTHKU [62],
[63]. Kpim Toro, ciiji BpaXxOBYBaTH, IO PEHTTECHIBCHKE BUITPOMIHIOBAHHS CIIPUUNHSIE
0AaTKOBI1 apTedakTH, aKi POpMyI0Th €(hEeKT «IIPOMEHEBOTIO 3MILIHECHHS».

B po6ori [57] BU3Hau€HO OCOOIMBOCTI BUKOPUCTAHHS 3TOPTKOBUX HEHPOHHUX
MEpexi Ui BUPIIICHHS 3a/Jad JIMIIE BIJACTEKEHHS OO €KTIB, 1 MPU ILBOMY HE
poOUTHCS KOJHUM HArojioc mpo Te, MO came 300pakeHHs (Qikcalli Moxe OyTu 3
neBHUMHU Bajamu. B crarTi [61] HaBeneHO KJIACMYHUN METO]| BUSIBIICHHSA KpaiB Ha
OCHOBI €HTPOIIi IS 3alIyMJICHUX 300pa)eHb, AJIs SIKOTO 3alPOIOHOBAHO aBTOPaMHU
MPOBECTU KJIACTEpI3allil0 MOPOTriB. 30KpeMa, MPOIMOHYEThCA MOALT 300pa)keHHs Ha
YaCTMHU 32 OKpeMuMH obnactsamu. Ha xamb, pO3MISIHYTHH — alTOpPUTM
XapaKTEpU3y€e€ThCsl MEBHUMU BHUMOTAMH JI0 PO3MIpIB LIMX MOPOTIB, SIKI HEOOXIJTHO
BU3HAYATH KOXKHOTO pa3y 3aJeKHO BII BUAY O00’€KTIB Ha 300pakeHHsA. Taka
MaTeMaTU4yHa TIpollelypa JIMIE YCKIAAHIOE PO3B's3aHHSA 3a7adi  3MEHIIEHHS
SACKPaBICHOTO ITYMY 300paKE€HHS.

B po6Goti [62] BuKOpHUCTaHO KacKadHl TIWOWHHI HEWPOHHI MEPEXi s
BITHOBJICHHSI 300pa)keHb, SKI OTPUMAHO Ha OCHOBI 3ac00iB KOMII FOTEPHOI
tomorpadii. Ha >xanmp, BUKIaJACHI TMOJOXEHHS B CTaTTI HE JIO3BOJISIIOTH iX
BUKOPHUCTATU caMe IS 3aJlay 3MEHIIEHHS SICKPaBICHOTO IIIyMY, OCKUIBKH MICTUTBHCS
JUIIE OIJISIOBO MO-KPOKOBHUW aJITOPUTM BIAHOBIICHHSI BUKJIIOYHO TOMOTpadiuHUX
300pakeHb 0Oe3 meramizailii, moa0 OCOOJMBOCTEN HAaBUAHHS MEPEXi, NOCTYIy M0
KOy moao Moaudikailii camoi apXiTeKTypu HEUPOHHOI Mepeki MJisi BUPINICHHS

IHIIUX TPUKIIATHUX 33/1a4.
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B ormsnosiit crarti [63], Tak camo HasiBHa Meau4HA crienndika moa0 BUOOpy
chepu aHamizy 300paxkeHb 1 TaK caMo, SIK 1 B poOoTi [62], TPOMOHYETHCS
BUKOPUCTOBYBATH TJIMOOKI HEHpoHHI Mepexi. BoaHouac, njisi 3MEHILIEHHS LIyMy B
300paX€HH1 3ampONOHOBAHO METOJA Bi3yalizamii, SAKHH OOMEXYETbCS JUIIIE
300paKEeHHSIMH, SIKI OTPUMAHO Ha OCHOBI MPWJIAJIIB HU3BKOJ030BOi KOMIT IOTEPHOI
tomorpadii. Kpim 115010, B CTaTTi pO3rIIHYTO PpelMBOpPK, IPOTE HOTO MpaKTUYHE
BUKOPHUCTAHHS MOXKJIUBE JIMIIE, MICIs IPpUA0aHHS BIAMOBIAHOI KOMEPIIMHOT TILIeH311.

HasBHICT, 1IyMy B CYNYTHHUKOBUX 300paXEHHSX TaKOX € BaXXJIUBUM
dbakTOpOM, 10 MOKE MPU3BOAUTH 0 BTPATU JETaliel MiJl Yac PO3BIIKU MICIIEBOCTI.
HocnimpkeHHs, mpoBeaeHe y poboti [24], Bka3ye, 110 CYIMYTHUKOBI pajioJIOKaIliiHi
300paXK€HHSI 13 CHUHTE30BAHOIO amepTypol0 € CKIAQJHUMU [JIs aHalli3y uepe3
HasIBHICTh CHEKJI-1IyMy. JIJist 3a0e3meueHHst TOUHOI pOOOTH PadloJIOKaIliMHUX CUCTEM
el TUIT IyMy HE0OX1THO 000B’SI3KOBO (hIIBTPYBATH IEpe]l MOAATBIIOK 00pOOKOI0
300paKeHb.

VY crarti [25] 1OCHIKYIOTECS METOJIA aHAJI3y Ta BIJHOBJICHHS 300paKEHb Y
JIEPMAaTOJIOTIYHUX 3aCTOCYBAHHSIX. ABTOPH HAroJIOMIyIOTh, 110 OJHUM 13 TOJOBHHUX
(akTopiB, KU BIUIMBAE HA SIKICTb 300paXeHHS, € PO3MUTTS KOT0O €JIEMEHTIB, 10 €
PI3HOBHJIOM IIIyMy. AHaII3 siApa PO3MUTOCTI JIO3BOJISIE 3HAYHO TMMOKPAIIUTH
PO3IUIbHY 3JaTHICTh 300paXKeHHS Ta WOro sKicTh. JlogaTkoBo, y poOoTi [64]
3a3HAYEHO, IO HEXTYBaHHS BHUAAJICHHIM IIyMy MOXE TMPHU3BECTH JO BTpaTH
kopucHoi 1Hpopmarrii. J{ns 30epekeHHs] KpaiB Ta KOHTYpIB 00 €KTIB y 300pakeHH1
MIPOTIOHYETHCS 3aCTOCYBAHHS MIJIXOAY aHI130TPOIHOI TU]y3ii.

Hocmimxennst [28] posrasgae (pEeHOMEH «CTEro-mymy» Ta METOIU HOTO
3sMmeHmIeHHs. CreraHorpadiyHuil aHai3 € aKTyaJdbHOIO0 CPEpOr0, OCKUIBKU JO3BOJISIE
CTBOPIOBATH MPUXOBAHI MOBIAOMJICHHS y PI3HUX BUAAX ayJ10BI3yaJIbHOIO KOHTEHTY,
BKJTFOYAIOYH 300payKCHHS.

TakuM YUHOM, MPOBEACHUMN OIJIAN JITepaTypu MIATBEPIKYE AKTYabHICTb
MpoOJIeMHU 3MEHIIIEHHS IyMYy Y ITU(POBUX 300paKeHHSIX. Y I[bOMY PO3ILTI OCHOBHA
yBara 30Cepe/KYETbCSl Ha PO3IJISAAl aJUTHBHOIO OLIOr0 HIyMy, SIKMW HaiuacTiiie

3yCTpiuaeThbes mpu 00poOiIli UdPOBUX 300paKeHb.
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Ha BimMiHy Bix 3a3Ha4eHUX ctateil [61-63] ge mepeBaXkHO PO3TIITHYTO TITHOOKI
HEHWPOHHI MeEpeXi 3 MEBHOK cherudiko madopy 300pakeHb, y Il poOOoTi
NPOIMOHYEThCSI HACKpI3HA TJIMOOKAa HEHpOHHAa Mepeka 3TOPTKOBOTO THUITY MJis
3MEHILEHHS aIMTUBHOTO O170T0 IIyMy Ha OCHOBI CTpaTerii 3aJUIIKOBOTO HAaBYAHHS.
BingmiHHOIO 0COOJIMBICTIO pOOOTH € JeTaJbHUM aHaIi3 BIUIMBY PI3HUX PIBHIB IIyMYy
Ha €(EeKTUBHICTP HEHPOHHOI MEpeXi, IO JO3BOJISAE ananTyBaTH ii JO peaTbHUX
3aCTOCYBaHb y TEXHIYHOMY 30pi. Ha BimMiHy Big MeTOMIB, IO (POKYCYIOThCS Ha
BY3bKOMY KJjlaci IIyMiB a00 TOTpeOyroTh 3HAYHUX OOUYMCIIOBAIBLHUX PECYPCIB,
3alpONOHOBAHMM MIIX1A 3a0e3medye BUCOKY MPOAYKTHBHICTh HaBITh y BHIIAJIKY
OOMEXEHHUX OOUYMCITIOBAIILHUX MOXJIHBOCTeH. KpiM Toro, oTpumani pe3yibTaTu
JEMOHCTPYIOTh, III0 pO3pO0JICHAa apXITeKTypa 30epirae apioH1 AeTani 300pakeHb, HE
JOJTAI0YA  PO3MHTTS, IO € BAXKIMBAM JJII CHCTEM BIJICOCITOCTEPSIKCHHS Ta
TEXHIYHOTO 30DY.

TakuM 4YMHOM, 3aMpPONOHOBAHUM y Il poOOTI MIAXIJ MO3BOJISIE HE JIMIIE
MIBUIIUTH €(PEKTUBHICTh 3MEHIIECHHS IIyMy, a ¥ 30epertu sKiCTh 00pOoOJICHHX
300pakeHb, 10 POOUTH MOro MPAKTUYHO 3HAYYIIUM JUISI IIMPOKOrO CIEKTpa
3aCTOCYBaHb.

[Ipu pob6oTi 3 300pakeHHAMH, OCOOJUBO KOJIM BOHHU (DIKCYIOTHCS HAa OCHOBI
30BHIIIHBOI KaMepH BIJCOCHOCTEPEIKEHHSI MOXKYTh OYTH CHUTYyallli, BHaCIIAO0K
HECIIPUATIMBOI TMOrOJM Ha BYJMI, KOJM KapTHHKAa MOKe OyTH HE YITKOW —
IiJBHIIICHA BOJIOTICTh, JOII. [HIIAa MpUYMHA HEUITKOIO KapTUHKH 300paKCHHS — BaIu
poOOTH CEHCOPHOI CBITJIOUYTIMBOI MATpHIll. Y BHIAAKY, KOJU MPUYNHOIO € BaIu
poOOTH CEHCOPHOI MAaTPUIll KAaMEPH, TO HAa MOBEPXH1 300paKEHHS MOXKE (P1KCYBATHUCS
MEeBHA 3EPHUCTICTh (ITyM 3€pHA), Ky Hpu OOpOOJIEHHI HEOOXITHO MpUOHWpaTH i
BIIHOBJIFOBATH YITKICTh 300pa)keHHs, TaKk HIOWTO yMOBHU (ikcallii € i1eaJbHUMHU.
Bigomi pi3HI anropuTMHU MOKpAIEeHHS 300pa)KeHHS, 3 3aCTOCYBAaHHSM IPOTPaAMHUX
M1X0/11B 1 OJJTHUM 3 HUX € BUKOPUCTAHHS TIMOMHHUX HEUPOHHUX MEPEK 3TOPTKOBOTO
TUIy. B paMkax aHoro qocCiiKeHHSI HEOOX1THO OyJI0 PO3pOOUTH METOI BUAAICHHS
“SICKpaBICHOTO” IIyMy THITy ‘“3€pHHUCTICTH” 3 300pa)K€Hb 3a JIOMOMOTOI0 MIHUOUHHOT

3rOPTKOBOI HEMPOHHOI MepeKi. 3aBIaHHs MOJISATANIO HE JIUIIE B TOMY, 11100 3MEHIITUTH
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mryM, ane W 3a0e3meuuTH 30epexeHHs] KIYOBHX AeTaliell 300pakKeHHs, TaKuxX SK
Kpai, TEKCTYpH Ta iHIII BayKJIMBI O3HAKH [65].

ApXiTeKTypa HEMpOHHOT Mepexi, sika Oyna cTBopeHa y BUrIsiAl 40-3ropTKOBUX
mapiB, MOJIIJICHA HA TpU YacTUHH (puc.2.3):

- yactuHa A — OJoK BiJoOKpemyieHHs oO3Hak. Ll wacTuHa ckiamaerbest 31
3rOPTKOBOTO Tapy 3 64 QiIbTpaMu, KOKEH 13 SKUX aHaTI3ye 300paKeHHS Ha PiBHI
TEKCTYPHHUX O3HaK.

- yactuHa b — Moxynb 3 16 3anmumikoBux 010kiB. KoxkeH 0510k BKIIIOYae /iBa
3rOpTKOBUX MmIapu 3 ¢yHkiiero aktuBamii RelLU, mo no3Bossie BpaxyBaTH
HEJTIHINHICTB 1 30€pEerTH KJIF0YOB1 0COOIMBOCTI 300pasKEHHS.

- yactThuHa B — 0510k BigHOBJIEHHS. BUKOpUCTaHO BUXIJHUIN 3TOPTKOBUH 1Iap 13
TppoMa (LUIBTPAMH, SIKAW BiTHOBIIOE 300paXeHHS J0 IMOYATKOBOIO KOJIHOPOBOIO
¢opmaty. OCHOBHOIO 3a/la4€l0 TAKOK CTPYKTYPH € Hacammepe] BUAUICHHS 3

300pa)K€HHSI €JIEMEHTIB IIyMy, MaTTEPHU SKOTO MOTIM TMOAAIOThCS HA EJIEMEHT

€JIEKTPOHHOT'O CyMaTopa, SIKUM MPAIIo€ B PEXKUMI “BITHIMAHHS .
3roprkosuii wap (64

BITBTPH 1O KOKHOMY 3annmkoBuii Moxyis (16
| KOITHOpOBOMY KaHamy 3AJTMIIKOBUX GIIOKiB X 2 3ropTKOBHiA Wwap s
300paKeHHs) Ta map 3TOPTKOBHX LUApH) Bi/IHOBJICHHS
AKTHBALiT BUIIPSIMICHHX
JIHIAHUX OJUHULIB

Bisyanizanis mymy

300paxeHH]l 3 IIyMOM

Yactuna A Yactuna b Yactuna B

Pucynok 2.3 — CtpykTypHa cxema HelpoHHOT Mepexi [65]

Jlnst HaBuaHHsS Mepexi Oyino oOpaHO anropuTM ontuMizamii Agama 31
mBuakicTio HaB4yaHHsa 0,001. byno mpoBeneno 600 mukiiB HaBuaHHs (emox). Ha
OCHOB1 ()yHKIIIi BTpaT BHU3HAYCHO IWHAMIKY 3MEHIICHHS MOXUOKH MPOTHO3YBAHHS
HEHUpOHHOI Mepexi (puc.2.4) mpu HaByaHHI. 3Ha4YeHHs (QyHKIII BTpaT Oyaemo

BU3HAYATH HA OCHOBI TaKOTO CITiBBIIHOIICHHS [66]:
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n

Loss:%é o ZZHf (i.k)-X;(j, k)ﬂ

j=1k=1

(2.1)

ne f — 300pakeHHs MMICIIs OUUILCHHS BiJ IyMYy; X — OpUTIHAJIbHE 300pakeHHS

06e3 mIyMy; n — YHCIO CEMIUIIB Y KOKHOMY TPEHYBAJbHOMY MakeTi; h — BUcCOTa
CeMILTY; W — HIMPUHA CEMILTY

Jlns HaBuaHHA OyJI0 HampaBJICHO Ha BX1J HEHMPOHHOI Mepexi Habip 6862

300pakeHb, JIe € EJIEMEHTH Tip Ta CUTLCHKOI MICIIEBOCTI B3UMKY [67]
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Pucynoxk 2.4 — I'padivna 3aexHICTh KPUBOI CXO>KEHHS HEUPOHHOT MEpexi

[65]
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3nauenHs ¢yHkii Brpar (2.1) mig dYac HaBYaHHS HEHPOHHOI MeEpexi
BiIoOpaXkeH1 y Tabnuii 2.1.

Ta6muis 2.1 — IToka3HUKH SKOCTI 0OpOOKH 300paKeHb

KinekicTs
1 100 200 300 400 500 600
UKJIIB
Loss 1 0.45 0.003 | 0.00177 |0.00141 | 0.00126 | 0.00119 | 0.00114

Loss_2 0.2205 | 0.00175 | 0.001045 | 0.00084 | 0.000758 | 0.000709 | 0.000674

[Ticns HaBuaHHsS Mepexi Oyina MpoBelieHa IMepeBipKa, K po3podiieHa cxema
J03BOJISIE BUJIAJIMTH 3€PHUCTICTh HA MOBEPXHI 300paxkeHHs. [[ns mpukiagy oOpaHo
TECTOBE 300pa)keHHs, AKe 3poOiieH0 Ha (¢oToamapar, CEHCOpHA MATPHI SIKOTO
MOTIPUIY€E YITKICTh 300pa’KEHHS BHOCSYM HEBEJIMUYKY 3€pHUCTICTh. Ha pucyHnky 2.5
(6) HaBeneHO pe3ynbTaT POOOTH HEMPOHHOI MEpeXi NMpH 3HAYEHH1 Jucnepcii nrymy

0=10.

NV ey

SN ()
& g

Pucynok 2.5 — Ilpuxiiag poOOTH allrOPUTMY 3 3MEHIIICHHS IIIyMY 300payKeHHS
(mucnepcis mymy mopiBHioe 10): a) - 300paXkeHHs 3 IIyMoM; 0) 00pobIieHe

300pakeHHs Mmicist poOOTH HEHpPOHHOT Mepexi [65]

HonatkoBo Oyno pospaxoBaHo wMerpuku PSNR Tta SSIM Ta iHzgekc
CTpYKTypHOi nmo1i0HOCTI SSIM 117151 OIIIHKH SIKOCT1 OUHMILIEHHS 300pakKeHHS Bl IIIyMY.

(tabOmurst 2.2).
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MeTprka MKOBOTO BIAHOIIEHHS] CUTHAJI-IIIYM BH3HAYA€ThCS HA OCHOBI TaKOTO

crisignomenns [30]:

2
PSNR(X,Y) = 10log( 1 L 2),
Wzi’j(Xi,j —Y;)

ne X — opuriHaibHe 300pakeHHs; Y — OTpUMaHe 300pa)KeHHs 31 3MEHIICHUM
IITYMOM $IK pe3yJIbTaT POOOTH HEHMpOHHOT Mepexi; L 255 nunaMivyHuil Aiana3oH 3MiHH
SICKpaBOCTEH 17151 007acTi po3mipoM N X M mikcemiB 300pakeHHS.

[HEKC CTPYKTYpHOI OIOHOCTI 300pakKeHb MOKHA BU3HAUYUTH 32 (OPMYIIOIO:

(2m,my, + C1) (205, + C3)

SSIM = )
(mz +mé + Cy)(0Z + 07 + C3)

e M,m,, , — MaTeMaTUYHE OYIKyBaHHs 300paxens X 1a Y; 0y, 0,- mucnepcis
300paxkenb X Ta Y; ay, - B3aeMHa qucnepeis 300paxens X ta Y; € = (k,L)?;C, =

Tabmums 2.2 — Tloka3HUKH SIKOCTI 00poOKH 300pakeHb

Hucniepcis PSNR 1o PSNR micns SSIM no SSIM micis
ymy (nb) (nb)
10 36,13 47,16 0,9652 0,9953
15 36,54 44,35 0,9534 0,9922
20 36,77 42,28 0,9427 0,9883
25 37,03 40,57 0,9256 0,9836

AHani3 OTpUMaHMX JAHUX MOKa3aB, U0 32 PaXyHOK BUKOPUCTaHHS HEMPOHHOI
MepeXi 3rOPTKOBOTO TUITY METPHUKA MIKOBOIO BIAHOIIEHHS curHai-mryMm PSNR micis
o0poOku Ha 4-5 nb mepeBumye 3HadeHHss PSNR 10 mpoBemeHHss oOpoOku Ha
NOoYaTKOBOMY piBHI. KpiM LIbOTO, pO3paxoBaHO, IO 1HAEKC CTPYKTYPHOI MOAIOHOCTI

SSIM nabmmkaeTbes 10 1, M0 CBITYUTH PO 30€pPEKEHHS TEKCTYPHUX JCTAJICH.
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2.3 Ilixxonm 10 3acToCyBaHHSI AJTOPUTMIB BeiiBJeT-NlePeTBOPEHHsN sl

aHAJIi3y TEKCTY HA 300paKeHHSAX

Jlnst  mudpoBOro  300pakeHHS, SK OAHIET 3  KIIOYOBUX  CKIIAJIOBUX
MYJBTUMEIIMHOTO KOHTEHTY, XapaKTepHa MIUpoKa cepa MPUKIATHUX 3aCTOCYBAHbD.
OpHuM 13 TakuX HANPSMKIB € TEXHOJOTIS pPO3Mi3HABAHHS Ta aHalli3y TEKCTy Ha
300paKEHHSIX, $SKa AaKTUBHO BHUKOPHUCTOBYETHCS B CHCTEMax BiJCOAHAIITHUKH.
30KkpeMa, BOHA 3aCTOCOBYETHCS Yy KOMIUJIEKCAX aHali3y TEKCTOBOTO KOHTEHTY B
peKJIaMHUX Bigeodainax, y MeauuyHid cdepl s pO3Mi3HABAHHS TEKCTYy Ha
300paKEeHHSIX 3BITIB, @ TaKOX Y IHTEJIEKTyaJIbHUX CHUCTEMax BIJCOHATIISTY, IO
0a3yloThCsi Ha KOHIIENIIi 1HTepHETY peueld. B OCHOBI 1Ii€1 TEXHOJIOTIi JICKUTH
BUKOPHUCTAHHS PI3HUX METO/IIB, CEPE AKX CErMEHTAlllsl Ta MiIXOAH, 0 0a3yI0ThCs
Ha BeUBJET-IepeTBOpEHHI. lle mnuUTaHHA € mnpeaMeToM YHCICHHUX HayKOBHUX
JIOCJIIIKEHD.

VY cratTi [68] BUBUAETHCS TEXHOJOTISI 0OOPOTHOTO HAHECEHHS BOJISTHUX 3HAKIB
Ha 300pa)KEHHS 3a JIOMOMOTOI0 BEUBIIET-TIEPETBOPEHHS 1111 YaC CTBOPEHHS TEKCTOBUX
JOKYMEHTIB MEIWYHHMX 3BITIB. lle mepeTBOpeHHS BUKOPUCTOBYETHCS IS 3aXHUCTY
BMICTY 300pakeHb Ta 3amoOiraHHs ix migpoOIll. ABTOpPH MNPOMOHYIOTH METO
mupyBaHHS 3HAKIB 3 BUKOPHUCTAHHSIM pI3HUX KIIOYIB, IO JJ03BOJIAE 3r0JA0M
BUSIBJISITU Ta JIOKAJII3yBaTH 3MiHEH1 JUISIHKM OpUTriHAJIBHOTO 300paxeHHs. [l[o6
YHUKHYTH BIUTUBY TiIPOOKH Ha BEUBIET-00JIACTh BCHOTO 300payKEHHS, KOXKEH OJIOK
MIEPETBOPIOETHCS 3a IONIOMOTOI0 BEHBIIET-TIEPETBOPEHHS B SKOCTI HECYYOTO CHTHATY
st miepenadi iHdopmarii BoasHOro 3Haky. Ha skamb, B poOOTI HE PO3IIIAHYTO
BUIIAJIKH, 110 CTOCYIOTHCS PO3Mi3HABAHHS Ta BUAUICHHS TEKCTOBOI 1H(oOpMaIllii, ska
HaHECEHa Ha CKJIAJHOMY OTOUYYIOUOMY (OH1 300pa’KEeHHS.

[{ixaBe 3acTOCyBaHHS BEHBJIETIB MICTUTHCS B PoOOTI [69], me 3amponoHOBaHO
HOBUM TIAX1J 10 TOKPAIICHHS SIKOCTI 300pakeHb 13 HAJABUCOKOK PO3ILILHOIO
3IaTHICTIO. 30KpeMa, aBTOPH MPOIMOHYIOTh BUKOPUCTAHHS TJIMOOKOI 3rOpTKOBOI
HEUpPOHHOI MeEpexi, IO MICTUTh OeTra-BeliBieT. BUKOpHCTaHHS aHAITHYHHX

¢GiapTpiB OeTa-BeWBIET CHpHUs€ TOYHININ OIIHLI Ta BIJIHOBIEHHIO BTPAaueHHUX
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JeTaNe MpY MiJBHUINCHHI PO3IIIBLHOI 37aTHOCTI 300paxkeHb. [Ipore, B ctarTi [69]
BUKOPHUCTaHl METOJM aIpoKCHUMAIllii Ta HAONMKEHHS, SKI HE MpPOaHali30BaHO 3
OTJIATy Ha OIIIHKY TOYHOCTI Ta JIOCTOBIpHOCTI. [[o Toro Xk, cama cTpykTypa OeTa-
BEWBJIETY, WOTrO ONWC Ta BIANOBIMHI O€Ta-BeHBICT-PINBTPU HE HABEICHO Y
BIIKPUTOMY JOCTYII JIJIsl 1X O€3MOCepeIHhOr0 BUKOPUCTAHHSI MPY BUPIIICHH] Pi3HUX
MPaKTUYHUX 3a7a4, K1 OB’ s3aH1 3 00pOOJICHHSIM 300paKeHb.

[Ile omHe mMpakTUYHE 3aCTOCYBAaHHS BEWBIIET-TIEPETBOPEHHS MPEICTABICHO B
nocmipkerHi [70], me s 3amad BifgcoaHaNI3y Ta JAKTUIIOCKOINI 3alpONOHOBAHO
BUKOPUCTAaHHA HAa0Opy BEWBIIET-(DUIBTPIB Ha OCHOBI MOJII(PA3HOTO MPENCTABICHHS
CUTHAJy Ta aJrOPUTMYy TIpaBITAlIMHOTO TMOIIYKY. fK TMPUKIAN, y TOCIIIKEHHI
BUKOpPUCTAaHO BeliBier JlayOekieca, a B pe3yibTaTi 3alpOIOHOBAHO METO/I
MIPOEKTYBaHHS BEHBJIETIB JIJ1s1 00poOKu 300paxeHs. Ha xkanp npu 1iboMy, HaBeACHUIA
OMKC E€BPUCTUYHOTO AJTOPUTMY TI'PABITAIIAHOTO MOIIYKY HEMOXJIMBO BHUKOPHUCTATU
JUTSI HAIIMX 3aj7a4, TaK sIK, He HaBEJCHO B CTATTI SKi MAlOTh OyTH XapaKTCPUCTUKU
00’€KTIB Ha MOBEPXHI 300paKEHHS.

3aranbHUM MHUTAHHSIM PO3MI3HABAHHS TEKCTy Ha TOBEPXHI 300pakKeHHS
npucBsiueHa pooora [7/1]. ¥V mpomMy JOCHIIKEHHI MpeCTaBiieHa TIOpUIHA MOEIb
Kiacudikaiii Bi1e0300pakeHb IS MiABUINCHHS ¢(PEKTHBHOCTI MPOLETYP BUSABICHHS
Ta PO3MI3HABAHHS TEKCTYy Ha 300pa)K€HHI. 3 I[1€I0 METOI0 3aCTOCOBAHO MOJEIb
ResNet50 anst omiHku posmnoauty mikceniB Ta Mepexy VGG16 s anamizy
MaKCHMaJIbHO CTaOlIbHUX eKCTpeMaldbHUX objactei. J[0gaTKOBO BHKOPHCTaHO
KaCKaJIHy 3TOPTKOBY HEUPOHHY Mepexy. AHaji3 TECTOBUX 300pakeHb MiATBEPAUB
3B’SI30K M1XK SIKICTIO pO3Ii3HABaHHS TEKCTYy Ta PiBHEM IIyMy y 300pakenHsx. [Ipore,
OTpUMaHI pe3ylbTaTH B CTaTTi, HE IUBISYUCh HA 3HAYHY KIJIBKICTh HABEACHOI
BI3yaJibHO1 1H(OpMaIlli, Ha JKaJlb BAXKKO BUKOPUCTATH AJI MPAKTUKK BHACIIJIOK TOTO,
[0 HE HaBEJICHO po3pobiieHuid pperMBOPK.

Orysin METOMIB JETEKTYBaHHS TEKCTY Ha MOBEPXHI 300pakKE€HHS HABEICHO Y
poboti [72]. ABTOpPM MIAKPECIIOIOTh BAXIMBICTh BHUIUICHHS CEMaHTHYHOI
iH(dOopMaIlii 3 KaJpy Ta HArOJIOIITYIOTh, 110 BUSBJICHHS TEKCTY Y BiJIEOTIOCIITOBHOCTI €

CKJIaJHUM TEXHIYHUM 3aBJaHHAM. CDaKTOpI/I, 1o MOXYTb YCKIIaAHUTH
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pO3Mi3HABaHHS, BKIIOYAIOTh. HU3bKY pO3AUIBHY 3/JaTHICTh, CKJIaaAHUNA (OH,
HEPIBHOMIPHHUI TEKCT, a TaKOX 3MIHU MOro po3mipy, KoJibopy Ta ctuito. [Ipore y
po0OOTI HE MPEACTaBICHO Yy3araJbHEHY CHCTEMAaTHU3allil0 OOMEXKEHb METOJIB, IO
0a3yl0ThCs Ha BEUBIET-PYHKIIISIX.

OrJsin iTepaTypHuX Jukepen [68-72] miaTBepiuB akTyaabHICTh BUKOPHCTAHHSI
BEUBIIET-TIEPETBOPEHD y 3aBJAaHHAX 00pOoOKH 300paxeHb. BomHouac y po3risiHyTHX
JOCTIDKEHHSAX HE 3alpONOHOBAHO €()EeKTUBHHUX AITOPUTMIB PO3Mi3HABAHHS TEKCTY
0e3 3acTocyBaHHS HEUpOHHUX Mepexk. Lle cTBoproe HEoOXITHICTh PO3POOJIECHHS
MPOCTOr0 MPOrPaMHOIO QJITOPUTMY BHJAUIEHHS TEKCTYy 13 300paXeHHs, UI0
XapaKTEPU3y€eThCS MBUIKUM aHATI30M Ta BUCOKOIO TOYHICTIO PO3ITI3HABAHHS.

Ha BigMmiHy Bijg 3a3HaueHUX poOIT, y L1 poOOTI MpeacTaBIE€HO MPOrpaMHUMN
QITOPUTM PO3MI3HABAHHS TEKCTYy HA TMOBEPXHI 300pa)k€HHs, SIKU Oa3yeTbcsl Ha
BEUBIIET-TIEPETBOPEHHI Ta BHUKOPHUCTaHHS BOyaoBaHMX GYyHKIIN y Oi0mioTekax
cepenoBuia PyCharm. OCHOBHOIO TNepeBaror0 3alpolOHOBAHOTO MIAXOAY € MOro
BHCOKAa IIBUJKICTh aHANl3y Ta MOXIHUBICTH pOOOTH B yMOBax OOMEXKEHHUX
00YHUCITIOBAILHUX PECYPCIB.

BaxynBuM acnekToM 1ii€i poOOTH € TakoX OIiHKAa HEAOJIKIB Po3p00JIEHOro
QIrOpUTMY, a caMe HOro OOMEKeHa 3[aTHICTh KOPEKTHO PO3Mi3HABATH CHUMBOJIU
HeJlaTUHChKOrO  andarity uepe3 ocobmuBocti podotn OCR-momynsa. Opnnax
3alpONOHOBAHUN MiAXia 3abe3reuye JOCTaTHbO BUCOKY TOYHICTh PO3Mi3HABAHHS
JTATUHCHKHX.

B neskux mnpakTUYHUX CHUTyalisiX Npu poOOTI, HANPHUKIAL, EJIEKTPOHHUX
cucTeM Oe3IeKH JIOPOKHBOTO PyXy BUHHKAE HEOOXIAHICTh, OKpIM (ikcailii 00’ €KTiB
(aBTOMOOLTI, TIMIOXOAM), BHU3HAYEHHS iX MPUHAICKHOCTI 3a TIEBHUMH O3HAKaMH,
MIPOBOJIMTH 3YUTYBAHHS 1 TEKCTOBOI 1H(opmarllii Ha 1ux o0’ekrtax. OJHUM 3 TaKUX
NPUKIAAIB MOXXEe OyTHM 34YUTYBaHHS HOMEpPHUX 3HAKIB aBTOMOOUIiB. B poboti
pPO3pOOJIEHO aNTOPUTM 3 BUKOPHUCTAHHSM BEUBIET-TIEPETBOPEHHS JI BHUPIIICHHS
3amaul  BUJUJICHHS Ta pO3MI3HABAHHS TEKCTOBOi iHQopMalli Ha TOBEPXHI
TUHAMIYHOTO  300paxkeHHs. KITIOUOBOIO BHMOTOK0 TIPH  IBOMY  HEOOX1THO

3a0e3leUnTH caMe€ TOYHICTh BH3HAYEHHS TEKCTOBHUX CHMBOJIIB Y BHUIIAJKY, KOJIH
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OTOYYIOYMI1 (JOH HE € OJHOPIAHMMHU 1 Ma€ JOAATKOBI reoMeTpuyHi ¢irypu (Kpusi
JHIT), YaCTHHA 3 SKWUX MOJKE HaraayBaTH TEKCTOBI CHMBOJIM. B mocmimxeHHI
BUKOPHUCTAHO BEHBIET-PYyHKIII0 Xaapa.

SxIo0 KoJIbOpOBe 300pakeHHS MPEICTABUTH y BHUTJISAI CHUTHANY (DyHKIII, TO
CYTh 3aCTOCYBaHHSI BEHBJIET-IIEPETBOPEHB MOJSATAE B PO3KIIAJaHH] IIbOTO CUTHAY 3a
0a3ucoM, YTBOPEHUM IUIAXOM 3CYBIB 1 MacIITabOBaHUX KOMiM (yHKIi-IPOTOTHUITY.
Taxi Oa3zucHi ¢GyHKIIT Ha3UBAIOTHCS BEHBIETaMH, 3a YMOBH, 1[0 BOHU BHU3HAuUEHI Y
npocropi L?(R) (ne L?(R) — mpocTip KOMIUIEKCHO 3Hauymux (yHKOid f(x) Ha
MpsIMiil 13 0OMEXKEHOI0 EHEPTi€l0), a TAKOXK XapaKTepU3yIOThCsI KOJTUBAHHSIM HABKOJIO
0cC1 aOCITUC 1 MBUAKUM CIIaJIaHHSM JI0 HYJIS 31 30UIBIIEHHSIM a0COJIFOTHOTO 3HAYEHHS
aprymenTy [16].

[Ipouienypa 3ropTkd CUTHAIy 3 BEWBIET-(QYHKIEI Ja€ 3MOTY BU3HAYUTH
XapaKTepHI 0COOJIMBOCTI CUTHAIY B OKOJI1 JloKami3amii BeiBieTa. basucHy QyHkIlio

MEPETBOPCHHS MOYKHA 3aIMCAaTH HACTYIHUM YrHOM [16], [73]:

Pt pdo
a,b_\/a(a

TOJI1 BEHBIIET-NIEPETBOPEHHS MATUME BUTJISI]

b
),a € R*,b ER;

1 ‘ x—b>b
W(a,b)z\/—a jF(T)-f(x)dx.

[Tapamerp b BHW3HA4ae pO3TallyBaHHA BeWBIETa B Yaci, a — TapaMeTp
MacmTady. [1{o6 mMoxkHa Oys0 OTpUMaTH 3BOPOTHE BEUBIET-NEPETBOPEHHS, Oa3ucHa

dynkiis F(x) - Mae 3aJ0BOJILHATA €HEPTeTUYHIN YMOBI:

(ee)

[P@I
(0]

w < 0,
0

ne @ (w) - nmeperBopeHHst Dyp’e Big GyHKIi F(x).

Jlst moOy0BY aNropuTMy pO3IMi3HABAHHS TEKCTY HA TOBEPXHI 300pakKeHHS

BUKOPHCTAEMO OJWH 13 HAMMpOCTIMINX BEHBJETIB — BeliBaeT Xaapa (puc. 2.6) [18],

[74].
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Pucynok 2.6 — I'padiune 300paxenns (yHKIii BeliBieTa Xaapa [74]

Po3pobneno  anroput™, SKUM  BU3HAYAETHCA  HACTYIIHUMM  €TarlaMu:
3aBAaHTAXKCHHS 300pa)KCHHS Ta TMEpPeBEACHHA MHoro B 4YOpHO-OUIMN (opmar 3a
JOTIOMOTOI0  MoporoBoi  00pizku  (metox  Ora); 3acTOCyBaHHS — BEUMBIET-
NEepPEeTBOPEHH Xaapa JUIsl BUJUJIEHHS KIIOYOBUX O3HAK TEKCTY; PEKOHCTPYKIIIS
300pakeHHs Ta BUAAICHHS (POHOBHX €JIEMEHTIB; ONTUYHE PO3MI3HABaHHS TEKCTY 3a
JTOTIOMOTOI0  010J1I0TeKH  pytesseract, sKe JOCTYIIHO B CEpPEAOBHUII 00’ €KTHO-
opieHTOBaHOTO mporpamyBanHs pyCharm. brok-cxema airoputMmy BUIICHHS Ta
pO3Mi3HaBaHHs TEKCTYy MOKa3aHa Ha PUCYHKY 2.7 a caM JICTHHT IPOrpaMH HABEJIEHO
y noaatky A po6otu [75]. TakuM uYnMHOM, peayli3oBaHO HA OCHOBI KOMaHI Ta
010,TI0TeK MOPOroBY OOPI3KY JJIsi BUJAUICHHS TEKCTYy Ha 300pa’kKeHH1, BUKOPHUCTAHO
METOJI BEUBJIET-IEpeTBOPEHHs Xaapa JJii OTPUMAHHS YAaCTOTHUX KOe(III€HTIB, 1
IIPOBEJCHO PEKOHCTPYKIIIIO 300pakKeHHS 3 TEKCTOM 13 IMOJAIBIINM 3aCTOCYBAHHSM
ONTUYHOTO pO3Mi3HABAaHHS CHMBOJIIB 3a JOMNOMOror 0i0mioTeku pytesseract. B
AKOCT1 00paHo 300pakKeHHsI 3 TEKCTOM, sIKE HaBEJICHO Ha PUCYHKY 2.8.

Ha pucynky 2.9 npeacraBieHo pe3ynbTaT poOOTH aaropuTMy 3 BUILJICHHS Ta
pO3MI3HaBaHHSI TEKCTY 300pa)K€HHs 31 CKJIAJHUM OTOUYYIOUYMM (POHOM B TEpMiHaI
cepenoBuiia pyCharm. Pazom Tum, 3HaliIeHO EBHI 0COOIMBOCTI pOOOTH CTBOPEHOTO
anroputmy. [lo-mepine, He AMBIAYUCH HA T, IO OpPWUTiHAIBHE 300paKCHHS €

KOJILOPOBUM, CaM aJTOPUTM TPAIIOE 3 300paKEHHSM, K 3 YOPHO-OLTHM.



3aBaHTaXeHHA
6ibniotekun
pytesseract

3aBaHTaXeHHA
306parkeHHA 3
TEeKCToM

PDyHKLUiA noporosoi
06pi3KM gNs TeKCTy

3acTocyBaHHA
BelBneT-
nepeTBopeHHA Xaapa

MNepeTBopeHHA
306parkeHHA Ha
LinoymcenbHUi TMn

PekoHcTpyKuia
306parkeHHA

Po3nisHaBaHHA TeKCTy

BigobparkeHHs
pesynbTatis

Pucynok 2.7 — CtpyKTypHa cxeMa alrOpuTMy BUITICHHS

Ta pO3IMi3HaBaHHS TEeKCTY [75]
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11. A new pet

| Kate is walking. She sees a dog. The dog
wags its tail. Kate likes the dog. It has no
collar. Kate takes it home. She washes the
og. She names him "Toby." She takes Toby
the vet. Toby is healthy. Kate walks Toby
every day. They love each other.

Pucynok 2.8 — TecToBe 300pakeHHs 3 TEKCTOM

Onginal Image Thresholded Image Reconstructed Image
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Pucynok 2.9 — Pesynbratu po6otu anroputmy [75]

[To-apyre, anroput™ po3Mi3HaBaHHS TEKCTY € CTIMKUNA 10 (DOHOBUX €JIEMEHTIB
y ¢opmi kpuBux jiHil. To6TO, oOpamieHHs 300paKeHHST Ma€ PUCYHOK Yy ¢opmi

KPUBHUX JIHIN, K1 IEPETUHAIOTH B OPUTIHATLHOMY 300paxkeHH1 cioBa “dog”, “collar”
Ta “to”

Ak MOXHa TMEPEKOHATUCh HAa OTPUMAHOMY peE3yJbTaTi, aJIrOPUTM HeE
crpuiiMae Ii JOJAaTKOBI €IEMEHTH 1 HE CIIOTBOPIOE BiATBOpeHMiT TeKCT (puc.2.9).
MoxHa nepeadauuTH, IO PO3MI3HABAHHS CHUMBOJIB IMPOXOJIUTH IUKIIYHI eTanu
MEepeBIPKA 3 BIJKUIAHHIM 3aliBUX eJleMeHTIB 300paxeHHs. Ha pucynky 2.10

HAaBEJICHO I1I€ OJMH MPUKJIA]T IEPEBIPKU PO3MI3HABAHHS TEKCTY B 300pa’KEHHI.
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Ukraine €@ €Compass€@ and €@TOP-200 Ukraine.

Pucynok 2.10 — Pe3ynsTaTi poO0OTH anroputmy

3 pucynky 2.10 MoXHa BIAMITUTH, IO AJITOPUTM HE KOPEKTHO TMPAIIOE 3
NESKUMH CHMBOJIaMHU, HAacamrmepe]l 1€ CTOCYEThCA CUMBONIB Tumy ‘“nanku’. Kpim
IIbOTO, CTBOPEHUHN aNTrOpuUTM Mae 1 cBoi oOMexkeHHsa. Hacammepen 1e crocyeTbcs
TOro, IO BIH HE KOPEKTHO MPOBOAWTH PO3MI3HABAHHS JIITEp HE JATUHCHKOTO
andanity. BoueBuapb, 11e 00yMOBIECHO OCOOJUBOCTSIMHU POOOTH MOJYJISI ONMTHYHOTO

pO3Mi3HaBaHHs 3a JOMOMOroro 010;110TeKH pytesseract.
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2.4 ExcniepuMeHTAJIbHI A0CTiI:KeHHs pisHUX Moaudikaniii moaeni YOLO

\Z4

3amayi BUSBICHHS OO0 €KTIB HA TOBEpPXHI 300pakK€HHS 3aCTOCOBYIOTHCA Y
0araThbOX NPHUKIATHUX CHCTeMax pi3HUX cdep Hayku 1 TexHikd. Kpim Toro,
BUSIBJICHHS OO0’€KTIB € YacCTHHOIO TIAXOAIB JIO pO3Mi3HABAHHS 300pakeHb, IO
JI03BOJISIE€ MIBUAKO 1 TOYHO iIeHTH(IKyBaTH 00’€KTH Ha 300pakeHHl. Hampukman, y
CUCTEMax BIJCOCIIOCTEPEKEHHSI 3a TPOMAJCHKUM TMOPSIKOM Yy MeramoJjicax
BUKOPUCTOBYETHCSI IPOrpaMHE 3a0€3MeUeHHs JUIsl pO3Mi3HaBaHHs 00JnYb Jrofei. Y
bOMY BHIAJKYy 3aCTOCOBYIOTHCSI METOAM BHSBIECHHS OO0’€KTa, TOOTO JIOAMHH,
MOIIYK BIAMOBIIHOTO 00MMYYsl B 0a3l JaHUX Ta BUBEJCHHS PE3yJIbTaTiB aHaJI3y Ha
30BHIIIHI nepudepiiiHi mpucTpoi. [HIMM NOpHUKIaZOM 3acTOCYBaHHS alrOpPUTMIB
BUSBJICHHS 00’€KTIB € OE€3MUIOTHI TPAaHCHOPTHI 3aco0M Ta 1HII I1HTENEeKTYyalbHI
TpaHcmopTHi cucteMu [35]. YV 11bOMy BHIAIKy Takl aqTrOPUTMU BUKOPHUCTOBYIOTHCS
JUISL BUSIBIICHHS TTIIIOXO/11B, 3UUTYBAHHS JOPOXKHIX 3HaKIB [38], imeHTrdikamii iHIMX
TPAHCIIOPTHUX 3aC001B Ha J0po3i. Y poOoTi [ /6] pO3IIISHYTO MPOTPaMHHUM alTrOPUTM
ES-YOLO ans BusiBIeHHS BTOMH BOJIiS Y PEKUMI PeaqbHOTO Yacy. 3amporoHOBAHUMA
miaxia ontumizye 6a3oBy moaenb YOLO v7 nuisixom moaudikarii "65oky yBaru" y
CTPYKTYp1 BIAMOBIHOI 3rOPTKOBOT HEHPOHHOT MEPEXI.

[{ikaBe 3acTOCYBaHHSI AJITOPUTMIB BUSIBJIEHHA 00’ €KTIB BiA3HAYA€THCS Y cdepi
1HOPACTPYKTYPHOTO MOHITOPUHTY, 30KpeMa TMpHU aHami3l JOPOXKHIX MOCTIB IS
PAaHHBOTO BHSBJICHHS TPIIMH 1 JedekTiB moBepxHi. Kpim Toro, mi airoputrmu
BUKOPUCTOBYIOTHCSI TIPH PO3pOOIIl CUCTEM JJi BUSIBJICHHS BUTOKIB y pe3epByapax,
110 30epiraroTh HeOe3MeuH1 XiMIYHI PEUOBHHHU.

OxpemMuM HampsSIMKOM 3aCTOCYBaHHS MOJeNeH BUSBICHHS O00’€KTIB € ix
BUKOPUCTAaHHS Y KOMIT IOTEPHOMY aHalli3l 300pakeHb IS BUPIMICHHS PI3HUX
NpUKJIaTHUX 3aaa4d. Hampukiazn, Taki Mojaeni BUKOPHCTOBYIOTHCS Yy TPOTPaMHOMY
3a0e3neyeHH1 ISl KOMIT F0TePHOI CKEJIeTHOI aHIMallii Ik OCHOBa AJisi pirrinry y 3D-
rpadiri. KpiMm 115010, BOHM 3aCTOCOBYIOTHCS Y CTBOPEHHI TH3EPIB, OIIHII JTOPOKHBOT

Yl CYNyTHUKOBOI MICHEBOCTI 3 (opMyBaHHAM KapT ©MOuHU. Jl0oJaTKOBUM
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HAmpsIMKOM € BUKOPHCTaHHA BAOCKOHaneHux aiaroputMiB YOLO v7 y poborti
Oe3nitoTHUX iTanpHuX amapatiB [36], [51], [77], ocobmuBo mpu aepodoro3zitomii
ApoHiB [51] mIs MIBHAKOTO PO3Mi3HABAHHS JIICOBUX IOXKEXK Yy peajabHOMY daci [44]
a00, HaBMAaKM, HA3EMHOTO CIIOCTEPEKEHHSI KOHTPOJIbOBAHUX 30H aeponopTiB [ /8] uu
micresocrti [35], [79], [80].

Ha BigMiHy BiJ 3a3Ha4€HHUX MOCIIDKCHb, y Iii pPOOOTI 3ampoIOHOBAHO
peamizamiro anroputMy YOLOV7 13 miAKIIOYEHHSAM JOJaTKOBUX MOJIYJIB YBaru Ta
ONTUMI3AIIIEI0 TPOLIECY HABUAHHS.

Monens YOLO 3a CBO€I0 apXITEKTypOI XapaKTepU3yeTbCd THUM, IO B il
CTPYKTYpl BUKOPHCTOBYETHCS JIMILIE OJHA HEWPOHHA Mepexka 3TOPTKOBOIO THILY
FasterNet-L 1 ocoOnuBicTe poOOTHM MOJENl MoOJsrae y TOMy, ILIO aHali3 Mefia
KOHTEHTY MPOXOJIUTh JHIIEe OAWH pa3 1 B oauH mpoxin. Ilpm npomy HeilipoHHa
Mepexka OOOB’S3KOBO Mae OyTH TMPOBEACHA Kpi3b €Tall HaBYaHHS Ha OCHOBI
BH3HaueHOi 0a3u jmanux. B poOoti [81]. [yig HaBYaHHS MepeKi BUKOPHCTAHO 0a3y
nanux MS COCO, sika mictuth 0nu3bko 123287 300paxens y 80 kareropiax. Jlis
okpemux Moaudikamiii monaeni YOLO v7 nomaTkoBO BHUKOPUCTAHO 0a3zy JaHHMX
EuroCity, sika MicTUTh 300paXkeHHsI 00’ €KTIB MIChKOI iHPpacTpykTypu. Kpim 1poro,
B CTPYKTYpl poOOTH MOJeN MiIKIIOYEHO J0JaTKOBY Mepexy o3Hak FPN, ska
BUKOPUCTOBYETbCSI Ui TMOEAHAHHS TOYHOI 1H(pOpMaIl TpH MICHE3HAXOIKEHHI
00’€KTy 3 HErJIMOOKHMX IIapiB HEHPOHHOI MEpEeXl 3 CEMaHTHUYHOK 1HPOPMALIEI0 3
rMOOKUX  IIapiB  HEWPOHHOI Mepexi. BpaxoByrouu, 10 cami CKJIaJ0BI
MYJIbTUMEIITHOTO KOHTEHTY (300pa)keHHsI, BIJ€0), Kl MOXE 3alucyBaTH Kamepa
BIJICOHATIISATY MOXYTh XapaKTePU3YBAaTUCh PO3MUTTAM €JEMEHTIB, HASBHICTIO
MaJIeHBKHX JIeTaleil Ha MOBEPXHI 300pakeHHsI, TO Ha TMEPIINH MJIaH BUCTYIIA€ CaMe
MIBUAKICTh aHaNi3y 300pa’K€Hb B PEXKUMI PEaTbHOr0 4acy Ta TOYHICTh BU3HAYEHHS
03HaK 00’€KTIB. 3 METOIO MEPEeBIpKH ITi€l TOUHOCTI TIpu podoTi moneni YOLO v7 B
paMKax MPaKTUYHOTO EKCIEpPUMEHTY, BIJIIOpaHO JecATh PI3HUX 300pa)KeHb, SKi
MOCJIIJIOBHO MPOBEICHO Yepe3 HEUPOHHY MEPEKy 3ropTKkoBoro Tumy. Hanpuknaza, Ha
pucysky 2.10 HaBeneHo oaHe 3 HaOOpy TecToBUX 300paxeHs (3640x2100; 7.3 Mm;
DPI: 72 ppi; RGB 8 6iT Ha kaHan).
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[TonepenHbo, HEWpOHHA Mepexa 3 MIAKIIYCHOI (YHKINE aKTUBaIli
LeakyReLU mpoBeagena wuyepe3 mporeaypy HaBuaHHs. [lpuuomy, B pamkax
EKCIIEpUMEHTY TMpoaHaiizoBaHo 6 moaudikamii moxenmt YOLO v7, a came: v7
(6azoBuii anroput™m); v7x (OUIBII CKIaJHA apXiTeKTypa HEHpOHHOI Mepexi Ta
n0JaHo HOBY (yHKINIO akTuBaiii Mish); w6 (6 mapiB 3roptku); €6 (mpu HaBYaHHI
Mepesxi Bukopuctano Hadip nanux EuroCity); d6 (6 mapiB 3ropTKu Ta BUKOPHUCTAHO
YIOCKOHAJIGHWH MEXaHI3M yBarw JUIsl BUSIBJICHHS NPIOHUX HeTane Ta 00 €KTIB 3
CKJIaJIHOIO KOHCTPYKIII€l0); ebe (/i1 HaBYaHHS MEpPEXi BUKOPUCTAaHO HAOOpHU JaHUX

Bijpa3dy 3 ABox 0a3 300paxkeHr COCO Ta Eurocity).

il o

JIUNET = SR e

Pucynok 2.11 - OnHe 3 TecTOBUX 300pa’Ke€Hb

JIns 11p0T0 300pakeHHs K 1 IS IHIIOTO TECTOBOr0 HabOpy OyJIo Mepekero
Kiacu s aHamizy. Tak, jqis pucyHky 2.11 me: moauHa; aBTOMOO1Ib; aBTOOYC;
BaHTaXXiBKa; CBITIO(OP.

B pesynbTaTi poOOTH MOJEal OTpMMaHO AaHl PO caM 00’€KT, a caMme Kiac
00’exTy, kUM OyB MpU3HAYEHUN HEUPOHHOI MEPEXKEr, Ha OCHOBI MOMNEPEIHHOIO
HaBUYaHHSA, IEHTP 00JacTi 00’€KTy (HOPMOBaHI KOOPAMHATH IIEHTPY 00 €KTy X Ta Y
B1JIHOCHO IIMPHUHHU Ta BUCOTH 300pakeHHs); IIUPUHA Ta BUCOTA 00’ €KTY (HOPMOBaHI
3HAYCHHS BIJIHOCHO IMMPUHU Ta BUCOTH 300paxkeHHs). Ha pucynky 2.12 naBemeHo

YaCTUHY WX YUCIIOBUX JAHUX ISt 300pakeHHs 3 pUCYHKY 2.11.
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Line 28, Column 38 Tab Size: 4 Plain Text

Pucynok 2.12 — Yucnmoi gaHi BiampamroBaHHs MO

Ha pucynky 2.13 mnokazano pesyabTaT pobotu wmomeni YOLO v7 3

Moaudikariero wb 17 300pakeHHd 3 pucyHKy 2.11.

Pucynox 2.13 - Bizyamizartis pe3ynbTatiB podotst YOLO v7 w6 17151 BUSBIICHHS

TPAHCIIOPTHHX 3ac00iB Ha 300pakeHHi [81]

B paMkax mNOpakTUYHOTO EKCIEPUMEHTY BH3HAuUeHO s koxkHoro 3 10
300pakeHb OJIUH 3 KJIACIB 00’ €KTIB 1 MPOaHATI30BaHO, SIKI 3HAYECHHSI IOBIPYUX OI[IHOK
xapakTepHi sl 1boro kiacy [81]. B tabnuii 2.3 HaBelIeHO, OJUH Kjac 00 €KTIB 3
BIJIMOBIIHUMHA OOYHUCIICHUMH 3HAUYEHHSIMH JOBIPYMX OLIHOK (HACKIIBKM HMOBIPHO

TPaHUYHI pPaMKH O0JacTi 300paKEHHS MICTATh BH3HAYCHUH KJac 00’ €KTy) is
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300pakeHHst 3 pucyHky 2.11. Bulip Takux kimaciB 00’€KTiB Ha 300pakKeHHSIX
OOyMOBJIEHMH THUM, 110 MOTPIOHO TMEPEBIPUTH, YU MOXHA BHUKOPHUCTOBYBATU
PO3TJISTHYTI MOJIeN, HAImpHUKJad, B CHCTEMaX aBTOIUIOTY TPAHCIOPTHUX 3aco0iB.
To6to, six Touno mana moaenb YOLO (QyHKIiOHYe 1 BHU3HA4a€e JOPOXKHI 3HAKH,
cBiTiopopy, HacuyeHUW MicieBui Tpadik B MicTi, Tomo. Jlpyra 3amada, ska
MoB’si3aHa 3 TaKUM BHOOpPOM OOyMOBJIEHA TEPEBIPKOI0 MOJAENEH Ha TOYHICTH iX
po0OOTH, KON Ha TUIOMIMHI 300pa)XKEHHS € MaJleHbKI JeTalll, HalmpHKIaa CEeKIIis
cBiTiIoopy, a00 KOJIM € IEPETHUH PI3HUX KJIACiB 00’ EKTY.

Y wmomemi YOLO v7 nns OWIHKM €(QEKTHUBHOCTI BHSBJIEHHS OO0'€KTIB
BUKOPUCTOBYEThCSI METpHUKa cepeaHboi TouHOCTi (Average Precision, AP). AP €
KJIFOUOBUM MOKA3HUKOM, IKUI B10Opakae 3JaTHICTh MOJIENl TOYHO 1AE€HTU(IKYBATH
Ta JIOKaJI3yBaTH O0'€eKTM Ha 300pakeHHI. BOHA po3paxoBYeThCA SK IUIOLIA Mij
KPUBOIO 3aJIEKHOCTI TOYHOCTI (precision) Bia moBHOTH (recall) mjisi KOHKPETHOTO
Kiacy o00'ekTiB. B 3arampHOMYy BUIIaAKy, LEld MapaMeTp MOXHA BH3HAUUTH 32
HACTYITHUM CIiBBiAHOIICHHAM [82]:

AP = [ p(r)dr, (22)

ne p(r) — QYHKIA 3aJI€KHOCTI TOYHOCTI BiJl TMOBHOTH. Y MPAKTHUYHUX
3aCTOCYBAaHHSAX IHTETpall 3a3BHYail OOYMCIIOETHCS SIK CyMa 3Ha4€Hb TOYHOCTI TPH
pi3HUX piBHsIX noBHOTH. Cepeanss AP s BCix KjaciB, BiioMa sik mean Average
Precision (mAP), € 3araJibHONPUIHATOI0 METPHUKOIO I OI[IHKH MPOJYKTHUBHOCTI

MojieNiel BUSIBJIICHHS 00'ekTiB (Ta0:1.2.3) 111 BU3HAYAIOTh TaK:

MAP = —'° 100%, (2.3)
TP+ FP

ne TP —KIabKICTh BHITQAKIB, KOJIU BIEeBHEHICTh Mojeni >0,5; FP —KUIBKICTB
BUIA/IKIB, KOJIM MOJIeJIb HETPABUILHO BU3HAYAE TUIT 00 €KTY.

Taxkum unHOM, MeTpuKa MeanAP 103BoJisi€ OIIHUTH, HACKIIBKU 100pE MOJIETh
BUSBJICHHS O0O0'€KTIB 37aTHa MPaBUJIBHO I1JEHTU(DIKYBATH Ta JIOKAJII3yBaTH pi3HI

00'eKTH Ha 300paKEHHSX.
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Tabmuis 2.3 — IlokazHuKH STKOCTI 00pOOKH 300pakeHb

Mognens YOLO v7 Ta ii Mmogudikartii,
OO6panwmii obumciieHe cepeane 3HadeHHs MAP oy
300paskeHHs ac V7 ’
dé e6 ebe w6 V7X
(6a3zoBa)
Bignanena
1 HOIICHERRA | 51 41 36 0 35 54
MalllfHa 3
MHUTAJIKAMU

B po6Goti [81] aBTOpamMu npuiHATO, IO MOJCIb 3a0e3Nedye J10CTATHIO
TOYHICTb, SIKIIO OOYMCIIeHEe 3HaueHHs nepeBuinye nopir 0,897 abo 89,7%. Takuii
KpuTepii o0paHO 3 pO3paxXyHKOM BEIUYMHU WMOBIPHOCTI, SIK€ BH3HAYEHO
pO3pOOHUKAMHM JUIsi BUSABJICHHS OO €KTIB Ha TOBEPXHI 300paKeHHs, KOJH
BUKOPUCTOBYETBCSI JJI1 aHali3y MOJelb HacTynHoro mnokoimiHHS YOLO v8.
BpaxoByroun 1e, MOXHa TEPEKOHATHCh II0 B yMOBaX HAJHACHMYEHOI KUIBKOCTI
00’€KTiB MOJIeTh (DYHKIIIOHYE TaK, 1110 HE BIJIMOBIJA€ BCTAHOBJICHOMY MOPOTY, & TOMY
B paMKaxX JOCITIDKEHHS JUIsi PO3B’sI3aHHS HACTYMHOI 3ajadi, sKa TOB’s3aHa 3
3aMpOBaKEHHSIM HOBOTO Kjacy OO’€KTIB [JIi JUHAMIYHOTO  300pa’KeHHS
(BU3HAUYeHHS 00’€KTy 30poi B pyKax 3JIOBMHUCHHUKA), K€ (DIKCYETHCA 3a PI3HUX YMOB
3MOMKH, B 0a30By CTPYKTypy HeHpoHHOi Mepexi momeni YOLO v7 BBeneHo

HACTYITHI 3MIHHU:

30uTbIIeHO MHOUHY Mepesxi (mapametp depth multiple 36u1bmeno 3 0,33 go
0,5);

30UTbLIEHO MIMPUHY Mepexi (mapamerp width multiple 36inbmeno 3 0,5 no

0,75);

JI0JTaHO MOTYJTh (TIporpaMHuii MexaHi3M) yBaru CBAM;

nonaHo 81 kiac mo cranmaptHoi kiacudikaiii monaent COCO 1 OHOBIIEHO
TOJIOBHI IIApU HEUPOHHOI MEpeXi i1 poOOTH 3 HOBUM KJIACOM;

- CTBOPEHO crHeriami3oBaHuii Ha0lp MmaHWX (matacer) Uil JOHABYAHHS
HEHPOHHOI MEpEexi.

[TopiBHIOIOUM OTpHMMaHiI pe3ylbTaTu 3 poboTu aBTOpiB [81], Hampukiag 3

aHAJIOTTYHUM TPOBEICHUM JIOCIIDKCHHSIM, SKE TIOoKa3aHo B crarTsax [37,46,57]
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MOXHa BIIMITUTH TaKe: MOKa3HUKH MAP BU3HAYEHO IS HAWMOJOIIIMX MOIEIICH
YOLO ta YOLO V2; posrisinyTa BizyaidbHa iH(OpMaIs € mpocTolo, HacaMIiepea
THM, 110 OO’€KTIB Ha IUIONIMHI 300pakKeHHS He Oulblne mectu (300pakeHHs 3
BUHHMIIYBa4aMH) 1 BOHH MiX COOOI0 HE MEPETHUHAIOTHCS; NJII HaBYaHHS HEHPOHHOT
Mepexi Bukopucrano nartaceT Bifg Okxcdopacekoro yniBepcutera PASCAL VOC,

MiATPUMKA Ta OHOBJICHHSI AKOTO 3ynuHuiIack y 2015 pori.

BucHoBkm 10 po3aiay 2.

1. Anroput™m Optical Flow € uytnuBum 1o 3MiH ¢opmu 00'ekta Ta
norpedye TOYHOTO HaNAIITyBAaHHA TapaMmeTpiB, TaKUX SK pO3MIp BIKHA
cnoctepexeHHs. Henomikom anropuTtMy € 3HHIKEHHS TOYHOCTI IMPH 3MEHIIECHHI
o0'ekta. AnroputM CAMShift € mpocTimiuM 1 MEHII BUMOTJIMBHM JI0 HapaMeTpiB,
ajyie KOro TOYHICTh 3aJIeKUTh Bl OCBITIIEHHS 00’€KTIB, KOJbOpy Ta mrymy. Optical
Flow 3a0e3neuye rnuOmmi aHami3 pyxy, HpOTE€ CKIAJHIMIMAKA Yy HaJalITyBaHHI.
CAMShift miaxomuTh A HIBHIKOTO BiJCTE)KCHHS B MPOCTHX yMOBaX, TOMI SIK
Optical Flow kpariie BUKOPUCTOBYBATH JIJIsi TOUHOTO aHATI3Y B CKJIAJHUX CLIEHAPISX.

2. 3acTocoBaHa 3rOpPTKOBA HEMpOHHA Mepeka e()EeKTUBHO 3MEHIIYe
3€pHHUCTICTh 300pakeHb, 30epirarouu Ba}JIMBI JETalll, Takl SK Kpai Ta TEKCTYpH.
Hapuanns Ha 6862 300pa)keHHSIX 13 BUKOPUCTAHHSAM anroputMy Adam 31 MIBUAKICTIO
0.001 mpotsrom 600 enox 03BOJMIO 3HU3UTU MOXUOKY IMporHo3yBaHHs. [lokazHuk
PSNR mnicnst o6poOku 3pic Ha 4-5 nb, nanpuknaa, npu aucnepcii mymy 10: 3 36,13
nb no 47.16 nb. Iunexc ctpykTypHoi noaioHocTi (SSIM) 36inbmmBes 3 0,9652 no
0,9953 mpum aucnepcii mymy 10, O CBIIYNATH NPO BHUCOKY SKICTh 30€peKEHHS
TeKCTyp. TakuM 4WHOM, 3TOPTKOBI HEHPOHHI MEPEXi € ePEeKTUBHUM IHCTPYMEHTOM
JUTSL OYUIIEHHS 300pa)KeHb BiJl IIyMY.

3. AJTOPUTM Ha OCHOBI BEHWBJIET-MIEPETBOPEHHS Xaapa e(EeKTHUBHO
pO3MI3HAE TEKCT Ha 300paKeHHSX 31 CKIagHUM (OHOM, IrHOpYHOUHM (OHOBI
eneMeHTH. Bin 3a6e3nedye TouHe po3Mi3HABAHHS TEKCTY, MPOTE Ma€ OOMEKEHHS TPy
0oOpoOIIll CUMBOJIIB HE JIATUHCHKOTrO ajndaBiTy Ta CHEIaJIbHUX 3HAKiB, TaKuX SK

nanku. IIpuunHOIO € ocobnuBocTi poboTH O6107i0TeKM pytesseract. AJITOPUTM €
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MEPCIIEKTUBHUM JIJISI 3aCTOCYBaHHS, aje MOTPeOye MOMAIbIIIOr0 BAOCKOHAICHHS IS
PO3ILIMPEHHS] MOBHOI MIITPUMKH.

4, HNocmmkenas Momudikamiii YOLO v7 mokazanu, mo edeKTUBHICTh
MOJIeTl 3aNieXKUTh BiJ ii apXiTeKTypH, HaOopy JaHUX 1 THapaMeTpiB HaBYaHHS.
Mopaudikaiiis v7X pocsaria HaiBuioi 1oBipyoi ominku 0,54 (y BigcoTkax 54%), Tomi
gk 6azoBa momens — 0,3 (y Bigcotkax 30%). Bepcis d6 mpomemoHcTpyBana
HalKpamry aetaizaiiito 00'ekTiB i3 mokasaukom 0,41 (y BimcoTkax 41%), mo poOHUThH
il eQeKTUBHOIO NJIsi CKJIATHUX YMOB. Monenb w6, sika MICTUTh IIICTh 3TOPTKOBUX
mapiB, mokaszana cepeanii pesynprar 0,35 (y BimcoTkax 35%), 3abe3nedyroun OanaHc
MDK TOYHICTIO Ta MBHAKICTIO. BubOip ontumanbHOi Moaudikarmii 3ajaeXuTh Bij
KOHKPETHHUX 3aBJaHb, TaKMX SK BHUABICHHS JApiOHUX 00'exkTiB abo0 0O0poOka
B1JIEONIOTOKY B peajbHOMY Yaci.

S. 3anponoHoBaHO MoAMGIKOBaHY apXiTekTypy wmoxaeni YOLO v7 3
3aCTOCYBaHHSAM 1/1e1 BUKOPHUCTaHHS KamCyJbHHX Mepex. Takui miaxia J03BOJISIE

YaCTKOBO BUPIIIUTH MPOOIEMy MEPEKPUTTs 00’ €KTIB rpu podoTti moaeni YOLO v7.
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3 HPAKTUYHA PEAJIIBALIA TA AHAJII3 POBOTU AJITOPUTMIB JJISA
EJEKTPOHHUX CUCTEM BE3IIEKHA

Y cCydacHHX €NeKTPOHHUX CHCTeMaxX O€3MeKd IIMPOKO 3aCTOCOBYIOTHCS
QITOPUTMH BUSIBICHHS O0O0'€KTIB, 3aCHOBaHI Ha HeWpoHHUX Mepexax. Cepen
HaiOem BimoMmux Mojened Buauigerbcsi YOLO (You Only Look Once), sika
3a0e3reyye BUCOKY IIBUAKICTD 1 TOUHICTh BHSBJICHHS 00'€KTIB y peaabHOMY vaci [7].
OnHak 1CHYIOTH 1 1HII TIX0IH, SIK1 MatOTh CBOi MEpeBaru Ta HEAOJIKH.

Anroput™m Biona-J[>koHca € OJHUM 13 MEPIIMX METOJIB BHUSBJIEHHS O00'€KTIB Yy
peanbHOMY 4aci. BiH BUKOPUCTOBY€ KackaJ NpocTUx (PyHKIIM, cX0XUX Ha Xaap, 1
MIBUKOTO BUSIBIIEHHS 0OJMMYbL HAa 300pakeHHsX. [lepeBaroro 1poro MeToay € Moro
IIBUJIKOJIISl Ta BIJIHOCHA MpocToTa peamizaiii. OgHak BIH OOMEXEHHUM Yy 31aTHOCTI
BUSBJISITH O0'€KTH PI3HUX KJIAciB 1 YYTJIMBUN O 3MiH OCBITJICHHS Ta IOJIOKEHHS
o0'exTa [83].

3roptkoBi HelpoHHi Mepexi (CNN) cTanu OCHOBOIO Jyisi 0araTbOX Cy4acHUX
CUCTEM BUSBIICHHS 00'ekTiB. BOHM 37aTHI aBTOMATUYHO BUIUISTH O3HAKU
300pakeHHsI Ta Kiacu(dikyBaTu 00'€KTH 3 BUCOKOO TouHicTIO [34]. [TepeBaroro CNN
€ IXHS THYYKICTb 1 34aTHICTh HaBYATUCS HA BEIMKHUX HaOopax maHux. OaHaK s iX
edeKkTUBHOT poOOTH MOTPIOHI 3HAYHI OOYHMCIIOBAJIBHI PECYpCH Ta BEJIHMKI 00CsITU
JTaHMX 11 HaBYaHHA [48].

Pexypentni HeiponHi Mepexi (RNN) BUKOPHUCTOBYIOThCS miii 0OpOOKH
MOCTIIOBHUX JIaHWX, TaKWX SK BIJEOTOTOKH. BOHW 37aTHI BpaxOBYBAaTH YacOBY
3QJIEKHICTh MDK KaJlpaMH, L0 J03BOJIA€E €(PEKTUBHO BUSBISATA Ta BIJICTEKYBATH
o0'ekt B peanmpbHOMYy uaci. IlepeBaroro RNN € ixHS 37aTHICTH MpaIioBaTH 3
TIOCJTITOBHUMH JTAaHUMH, ajie¢ BOHU MOXYTh OyTH CKJIQJHUMHU B HaBYaHHI Ta BUMaraTu
3HAYHHUX OOYHUCITIOBATIBLHHX pecypciB [84].

Monens YOLO v7 noeanye B cobi nepeBaru BUCOKOT MIBUIKOCTI Ta TOYHOCTI
BUsABJICHHS 00'ekTiB. Ha Bimminy Bing anroputmy Biona-JIxonca, YOLO 3parna
BUSBJISITH O0'€KTH PI3HMX KJaciB 1 MEHII YyTJiMBa 10 3MiH yMmMoB 3iomkm [39].

[TopiBusiHo 3 TpanuuiinuMu CNN, YOLO € 6iib11 epeKTUBHOIO B pealbHOMY 4aci,
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OCKIIbKM BUKOHY€ BHSBJICHHS Ta KiIacu(ikaiiio 00'€KTIB 32 OAMH MPOXIJT MEpexi
[85]. Xoua RNN mo0pe crnipaBisitoThest 3 mociigoBHuMu ganumu, Y OLO 3a0e3neuye
Kpallly IpOAyKTHBHICTb Ui CTATHYHUX 300paskeHb a00 OKpeMHUX KaJpiB Bijgeo [86].
TakuM yuHOM, XO4Ya ICHYIOTH PI3HI MIJXOAM A0 BHUIBJICHHSA 00'€KTIB, MOJEIb
YOLO v7 nponoHye onTUMaibHHUI O0aaHC M1 MIBUAKICTIO Ta TOYHICTIO, III0 pOOUTH

il e)eKTUBHIM BHOOPOM JIJIsl CYYaCHUX EIEKTPOHHUX cucTeM Oe3reku [87].

3.1 Po3po0ka ejieKTPOHHOI CUCTEMH Oe3NeKn

Jns  peamizamii NMPaKTHYHUX aAJITOPUTMIB 3 BHUKOPUCTAHHAM HEHPOHHHUX
mozeneir Ta BiuacHe moneni YOLO HeoOXiHO pPO3pOOUTH THUIOBY EJIEKTPOHHY
cucteMy Oe3neku 3 BUOOPOM BIAMOBITHOTO OOJaJHAHHSA, KA O Hajaga MOXKIUBICTh
KOpUCTYBauy IIPOBECTH B1JI€O aHaIII3 300pakKeHHs, SIK B PEKUMI PEaJIbHOTO Yacy, Tak
1 JUIs 3amucaHoro BigeocurHany 3 kamep. [IpudyoMmy HeoOXinHO 3abe3neduTH
MO>KITUBICTh TIEPECUIIaHHS 300paXeHHsI 3 CUCTEMHU O€3MEeKH Yy XMapHe CepeloBHUIIE 1
BIJIAJIEHE KEpYBaHHsS K OKPEMHUMH KaMEpaMH TaK 1 KOMYTaTOpaMHU 3 CEPBEPOM.
binbmie Toro, oOpaHe oOjagHaHHS Ma€ MIATPUMYBATH IIE€BHI 1HTEJIEKTyallbHI
0COOJIMBOCTI, 110 CTOCYIOThCS 00’ €KTIB, K1 (PIKCYyIOThCa Kameporo. KpiM mporo, cama
cucteMa O€3IeKH Ma€e XapaKTepU3yBaTUCh TUM, 10 B CBOIM CTPYKTYpl Mae€ AUISHKH 3
JIBOMa BUJaMH MPOBOJIOBOTO 3B 3Ky — BOJOKOHHONTHYHI JIiHIT 3B’A3KYy Ta 3B’SI3KY 3
kabenem TUMy “KpydeHa” mapa. B mepmomy BUNAAKy Mependadaerbes IO €
noctynHi LC-koHekTopu, g apyroro — po3’emu tuiy RJ-45.

Jani HaBegemMo 0coOJUMBOCTI OOpaHOro OOJaJAHAHHS [Jii MPOEKTYyBaHHS
CUCTEeMHU O€3MeKH 1 BH3HAYMMO BJIACHE SK aJanTyBaTh po3poOJeH1 pIIeHHS 3
3aCTOCYBaHHS HEUPOHHUX Mepexk 10 (YHKIIOHYBaHHS Li€i cucremu Oe3neku. B
SAKOCT1 00’€KTy, Jie pO3rOpHyTa cucTemMa Oe3neKku OOpaHO JKUTIOBUN KOMIUIEKC e
po3ramoBani [P-kamepu sik 330BHI, TakK 1 BCEpeanHI MPUMIIIICHHS! 6araTOKBapTUPHOTO
OyIUHKY.

Ha pucynky 3.1 HaBelleHO THUIOBY CXE€MY €JEKTPOHHOi cuctemu Oesneku. B

JAaHOMY BHMAAKy TiependaydaeTbes migkmoueHHss 6 IP-xamep ¢ipmu Balter, 4



76

riopuaaux komyrtatopiB (pipmu Versitron, 3 NVR-kii€HTIiB 1m0 BHU3HAYa€e cOOOI0
MePCOHALHUI KOMIT FOTEp 3 KJIaBiaTypolo, /Ie BCTAHOBJIICHO CIIEIiajibHEe MPOrpaMHe

3abe3neucHHs, 1| NVR-cepBepy dipmu Ajax.

Kabenb Cat5e
————— BO/3

S B
) | 2 2
|1~ 3
[
[
[
[ 3
L1
2 |
|
|
| 4
|
|
3 2 |-4

Pucynok 3.1 — CtpykrypHa cxema enekTpoHHOi cuctemu Oe3neku: 1 — IP-kamepa;
2 — riopuaauil ontuaHui KomyTtaTop; 3 — NVR-kment; 4- NVR-cepsep; 5 — npaiiBep
x)uBJieHHs 12 B; 6 — npaiiBep *uBjIeHHS 1711 KomyTaTopa Ta cepsepa 110-240 B AC,

50-60 I'm, 1 A

B sikocti [P-kamepu BizbMeMo po3poOky ¢ipmu Balter moneni IP-MT1210GR
[88], sxa mae iH(pauepBoHE miaCBIYyBaHHS, 00’€KTHB 3,6 MM, PO3MIp CEHCOPHOI
matpui 2 MIIL. 3okpema, kamepa Mae 1HppadepBoHi cBiTaoaionn SMD 3
iHHOBariHO0 TexHoJoriero SMART IR 1 Moke BUSBISITH 00’ €KTH B PEKUMI TTOBHOT
tempsiBu. llepenaBanHs 300pakeHHS 3 4YacTOTO 25 KaapiB 3a CEKyHAy 1
BIIPOBA/PKEHO TMpU Mepeadl KapTUHKU TexHoJorito crtucHenHs H.265. Kopnyc
KaMepu BIJMOBiMae crymneHto 3axucty [P66 1 3pobieHo 3a amromiHio. JKuBiieHHS
KaMepHu MOXJIMBe abo uepes apaiiep kuBieHHsa 12 B DC abo Ha 0CHOB1 TeXHOJIOTI{

POE. Jl51s Hamoro gociipkeHHs: 0OpaHo MepIivii BapiaHT.
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Curnan 3 KamMepu HaAXOIUTh Ha TIOPUIHUN ONTUYHHMIA KOMYTaTop, SKOCTI
sKoro oOpaHo po3poOky ¢ipmu Versitron momeni SG72860M [89]. OcHorHi
XapaKTePUCTHKH IIhOT0 KOMYyTaTopa HaBeACHO y Tadumii 3.1.

Tabmuns 3.1 — OcHOBHI XapaKTEPUCTUKU T1OPUAHOTO ONTUYHOTO KOMYTaTopa

SG 72860M

Onuc XapakTepUCTUKH (ITapaMeTpa)
3HaYEeHHS
KOMyTaTopa
MoOXIMBICTh YIIPaBIiHHSI POOOTOIO Ta
MOpTaMH KOMYTaTopa fax
3aranpHa KUIbKICTh IOPTIB 28
KinpkicTh OPTIB TS MIAKIIOUCHHS 32
RJ-45 “
KinbkicTh OpTIB U181 IKIIFOYEHHS
BOJI3 )
3aranpHa MPOITyCKHA 3AaTHICTD 192 T6/c
Po3mip OydepHoi nam’sti 4,1 Mb
CnoxuBaHHs, BT B pexumi ouikyBanHs 18 BT, B pexumi
pobotu 35 Bt

BiamiTumo, 110 ais 0O6paHoro KoMyTaropa noptu € rirabiTHumu. J[ogaTkoBo €
MIATPUMKa SIK ogHOMoj0BuX (8/125 mm; 9/125 mm), Tak 1 6aratomomoBux (50/125
MM; 62,5/125) onTUYHHUX BOJIOKOH Ha OCHOBI BuKopuctanHs SFP croTiB 3
BinnoBigHuM LC-3’eqnyBayem. Kpim 1mporo, € miATpUMKa pPI3HUX MTPOrpaMHUX
1HTEpeciB Ta NpoToKoIiB yrpaBiiHHa — Telnet, Web Management, Toio.

Takoxx B cxemi Ha pucyHky 3.1 mnokazaHo NVR-kmient. dakTuuHo 1€
KOMIT IOT€pHA CUCTEMa 3 BCTAHOBJICHUM CHEI[laJbHUM MPOTrpaMHUM 3a0e3MeUeHHIM
IUIA YIIPaBIIHHS, 3alUCy Ta KOHTPOJIO 3a 300paxeHHsIMH 3 Kamep. s cuctemu
oe3neku oopano nporpamuy po3podky NUUO NVR IP+ (Taiisans) [90]. ITporpamsi
MOJIMBOCTI po3poOku 00’eanytoTh [P-kamepu Ta NVR-cepBep B eauHy cucremy

oe3neku. Cepea MOXIMBOCTEH IILOTO 3aCTOCYHKY - MOCTIMHUI 3amuc abo 3amuc Ha




/8

OCHOBI JIETEKTYBAaHHS pPyXy, BU3HAYCHHS HE3HAHOMOro 00’€KTy 4Yd 3aryOJjeHoro,
dikcarisi BTpaTH CHUTHAy 3 KaMmepu abo BTpata (okycy Kkamepu. Takox €
MOXJIMBICTh KepyBaHHS pyxoM PTZ-kamep Ta migpaxyBaTH KiJIbKICTh 00’€KTIB Ha
IUIOHIMHI 300paxkeHHsT 3 kamepu. OCHOBHUM €JIEMEHTOM E€JIEKTPOHHOI CHUCTEMH
oesnekn B cxemi Ha pucyHky 3.1 — NVR-cepep. Came 3aBIsku 1IbOMY €JIEMEHTY,
KU 32 PU3HAYCHHSIM III€ Ha3UBAIOTh, MEPEKEBUI BIICOPEECTPATOP € MOMKIUBICTD
MIPOBOANTHU BiJicOoaHaNi3 300pakKeHHS 3 KaMep, K B PEKUMI PeaJbHOro 4acy, TakK 1y
BUTIAKY, BXKE 3aITUCAHOTO BiJ[COCUTHAIY.

Jnst po3pobieHoi cuctemMu oO6paHo po3podky ¢ipmu Ajax NVR (16 ch) —

MepexeBHii Bieopeectparop Ha 16 kanamis [91] (puc.3.2).

AJAX

Pucynok 3.2 — 3o6paxxennss NVR-cepsepa

OCHOBHI XapaKTEPUCTUKH CEPBEPY HaBEJICHO B TaOauIIl 3.2.
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Tabmums 3.2 — OcuoBHi xapakTepuctuku NVR-cepBepa Ajax NVR (16 ch)

Onuc XapakTepUCTUKH (ITapaMeTpa)

3Ha4YeHHS
KOMyTaTopa
Bxingna npomyckHa 37aTHICTb 100 M6/c
XKopcTkuii AUCK, EMHICTD 16 Tb
Kinbkicte [P-xananis 3a Ethernet 16
TexHomorist CTUCHEHHS B1ZIEO H264, H265
CrymiHb 3aXUcTy IP20

[TinTpumka 300paskeHHsl, pO3/IbHA
110 4K BKIIIOYHO

3IaTHICTH
HIBUAKICTE 3amucy 25 KazpiB 3a CEKyHIY
CnoxuBanus, Bt 24

JlaHuii eleMeHT CUCTEMU JO03BOJISIE MPOBOJUTH BiJEOaHAI3 300pakKeHHS 1
CepBEp Mae OILII0 pO3Mi3HABaHHS 00JIUYb, BUSBICHHS HAaNpsMKy pyxy. Kpim mporo,
€ MOXJIMBICTh JOJATH MIATPUMKY JOJATKOBUX (YHKLIA CUCTEMHU HA OCHOBI
3aBaHTaXEHHSI IPOrPAMHOrO AJITOPUTMY Ta O10J10TEK, 5Kl JT03BOJISIOTH pealli3yBaTH
HEUPOHHY MEPEXKY.

VY mnopiBHSHHI 3 IHIIMMHU cucTeMamu Oesneku, Takumu sk Hikvision [92] Ta
Dahua [93], 3anmponioHOBaHa cucTema, o ckiagaerbes 3 [IP-kamep Balter, riopumanx
komyTtaropiB Versitron Ta NVR-cepBepa Ajax, mae Kijgbka mepeBar. 30Kpema,
BUKOpUCTaHHs Kkamep Balter 3 iH¢payepBonum miaceiuyBanHsM SMART IR
J03BOJISIE  OTPUMYBATH SIKICHE 300paK€HHS HaBITh y TIOBHIA TeMpsiBl, IO €
nepeBaroro rnepes AesIKUMU KoHKypeHTamu [94]. ['opuani komyTtaTopu Versitron
HIATPUMYIOTH SIK MiH1, TaK 1 ONTHYHI 3'€JHAHHS, 10 3a0e3Mevye OUTbITY THYUKICTh Y
HaJaIITYyBaHHI MEpPEeXi MOPIBHIHO 3 TpaauIliiHuMu kKomyTtaTopamu [95]. Kpim Toro,
NVR-cepBep Ajax miaTpumye po3mizHaBaHHS OOJIMYb Ta aHAII3 HAMPSAMKY PYXY, 110
nigBuIye e()eKTUBHICT MOHITOPUHTY Ta pearyBaHHs Ha iHmuaeHtu [91]. Takum
YUHOM, 3aIIPOTNIOHOBaHa CUCTEMa MOEIHYE B coO1 IepeoBl TEXHOJIOTIT Ta 3abe3euye

BUCOKHI pIBEHb O€3MEKHU ISl )KUTIOBOTO KOMIUIEKCY.
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Mosxausi moaudikamii 11 MOKPALIeHHS eJeKTPOHHOI CHCTeMHU 0e3NeKH.
VY cxeMi BUKOpUCTOBYeThCS Kabenb CatSe mnga 3’eqHanust [P-xamep 13 riOpuaHumu
ONTHUYHUMU KomyTatopamu. Lle mMoxke OyTH By3bKUM MicCIleM JUIsl Tiepeaadl BiIeo
BHUCOKOI YITKOCTI, OCOOJIMBO y pa3i poOOTH 3 BENMKOIO KUIBKICTIO MOTOKiB. Jljis
I1JBUIICHHS BUIKOCTI Ta HAIIMHOCTI nepeaadi JaHuX Jo1iipHO 3aMiHuTy Cat5e Ha
Cat6 abo Cat6a, 1m0 AO3BOJUTH 3OUIBIINTH MPOIYCKHY 3AaTHICTh 1 3MEHIIUTU
3aTPUMKH y TIepe/iayi CUTHATY.

JlolaTKOBO MOXHa BIPOBAAUTU KoMmyTaTopu 3 miaTpuMkoro PoE (Power over
Ethernet), siki 103BOJISITH OJHOYACHO NEpeaBaTH )KUBJICHHS Ta IaH1 Yepe3 TOM caMuid
kabenb. Lle ycyHe nmotpeOy y 30BHINIHIX OJIOKaX KUBJICHHS IS KOXKHOI KaMepu Ta
CIIPOCTUTh MOHTaX. Y CXeMi BXe TependadeHOo BUKOPHCTAHHS ONMTOBOJOKOHHHX
ka"HamB 3B’s3ky (BOJI3) mix komyraropamu, MpOT€ BapTo 30UIBIIWTH IXHIO
KUIBKICTh 200 MOJCPHI3YBaTH JIO0 CYYaCHIIIUX CTaHAAPTIB JUIS I ABUIIECHHS
CTaOUIBHOCTI 3’ €JHAHb.

[IIo6 yHuKHYTH 300iB y pa3l BIJKIIOYEHHS EJIEKTPOEHEPTii, JOLLILHO
iHTerpyBatu 6esmnepebiitHe xepeno kupiieHHs (UPS), mo 3a0e3neunts cTaObUIbHY
po0OOTy BCi€i cHCTeMHM HaBITh NHpHU mepedosx y Mepexi. Bukopuctanus PoE-
KOMYTaTOPIB TaKOXX JO3BOJHUTH ONTHMI3YBAaTU CHUCTEMY >KUBJIEHHS, 3MEHIIUBIIH
KUIBKICTE OJIOKIB KMBJICHHS Ta II1ABUIIABIIN HAJIMHICTE CUCTEMH.

Kpim Toro, ciix mependayuTH poO3MOJALT KUBJICHHS Ha JIBI HE3QJIEXKHI JIIHIL
(ocHOBHa + pesepBHa). Lle M03BOMMTH Y pa3i BIAMOBU OJHOTO JKepelia >KUBIICHHS

MEPEKIIOYUTHUCS Ha pe3epBHE, 30epiraroun 0e3nepepBHy poOOTY BCI€T CUCTEMU.

3.2 lonaTKOBi MOKJIMBOCTI €JIEKTPOHHOI CHCTEMH 0e3MeKHu

BukopuctanHs HEMPOHHUX MEPEX JJIsi aBTOMATU30BAHOTO BUSIBICHHS 30pOi €
OJIHUM 13 HAaHOUIbIII NEPCIEKTUBHUX HAMPSAMKIB y Tally31 CUCTEM O€3MeKU, 0COOJIMBO
KOJIM MOBa HJIe TTPO YMOBH, i€ BUAUMICTh OOMEXeHa. Y CydaCHOMY CBITI, JIe 3arpO3H
Oe3reri cTaroTh Bce OLIbIIT BUTOHYCHUMH, TPAAMIIHI METOIU BUSBJICHHS 30poi, 110

0a3yroThCA Ha JIOACBKOMY (hakTopl a0 MPOCTUX CEHCOPHUX MPUCTPOSIX, MAIOTh CBOI
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oOMexxeHHs. YacTo, B CKIAJHUX yMOBaX, TaKWX SK HIYHUNA Yac ab0 OTOUyrOYe
CEpEelIOBHUIIE 3 MOTAaHUM OCBITJICHHSM, €(EKTUBHICTh PO3MI3HABAHHS 3arpo3 3HAYHO
3HIDKYEThCS. |HQpauepBOHI KamMepu BHPINIYIOTH II0 TPOoOIeMy, 103BOJIAIOUU
¢ikcyBaTH 00'€KTH HaBITh Y BIICYTHOCTI BUAMMOro cBitina. OnHaK, s TOYHOrO Ta
IIBUJIKOTO PO3IMi3HABAHHS 00'€KTIB, TAKMX SIK HOXKI1 UM 1HIIN BUJIU 30pOi, B pealbHOMY
Jaci moTpiOHa HEHMpOHHA MEpeka, sKa 374aTHa 3 BUCOKOI TOYHICTIO OOPOOIATH IIi
300paKeHHs.

PosnizHaBanHs 30poi B yMOBaX HH3bKOI BHJIMUMOCTI TOB’si3aHe 3 Oararbma
TpyaHomamMu. Hanpukian, y CKJIaaHUX YMOBAaxX, TaKUX SIK TYMaH Yd JIAM, BUTUMICTD
00'ekTa MOXE CYTTEBO 3MEHIIYBaTHCh, IO YCKIAIHIOE Horo posmizHaBaHHs. [lo-
apyre, 300pakeHHA, SKI OTPUMAaHO 3a JOMOMOTOI0 1H(ppPadyepBOHUX Kamep, 4acTo
MICTATh IIYMH, SIKI MOXYTh BIUIMBAaTH HAa TOYHICTh BUsBIEHHA. Lle MoxyTh OyTu
BIIOIMCKK ab0 TEPemKoIM BiJl 1HIIMX 00'€KTIB y moji 30py kamepu. Heliponna
Mepeka MOBHHHA HABUYMTHCS ITHOPYBATH L1 IIYMH 1 POKyCyBaTHUCS Ha 00'€KTax, LIO0
CTaHOBJISITH OTEHIIIHY 3arpo3y. KpiM Toro, 30post Mo>ke OyTH 4aCTKOBO ITPUXOBaHA
a00 TpuMaTHuCs MiJ PI3HUMHU KyTaMH, 110 YCKJIAHIOE 11 po3mi3HaBaHHs. ToMy mijg dac
HaBYaHHS HEUPOHHOI Mepeki HEOOX1JHO BpaxoByBaTu O€3J114 paKypcCiB Ta MOJIOKEHb
o0'exTa.

[Ile omHi€0 KPUTMYHOK BUMOIOKO /IO TaKOi CHUCTEMH, € 1i 3[IaTHICTh MISITH
IIBUJIKO Ta TOYHO. Y BUIIAJIKaX, KOJIM 3arpo3a Moxke OyTu 0e3nocepeHbor0, CUcTeMa
NMOBUHHA pearyBaTu B pexuMi peanbHoro uaci. lle mo3Bossie ciyx0i Oe3nexu
HETallHO BUSBIISTU 3arpo3y Ta ONEpPaTUBHO pearyBaTH, 3amo0iraroyv MOTEHIIHHUM
HeOesnekam. Mogenbs YoloV7 € oaHMM Mpu IbOMY 3 MOKIIMBUX aJTOPUTMIB
BUSIBJICHHSI 00'€KTIB, SIKMIi 0OpaHO B pOOOTI /Ui BUPIMICHHS 3a7a4l PO3Ii3HaBaHHS
X0JIOZHOT 30poi.

Tpaguiiiini TEXHOJOT1l BHSBJICHHS, TaKi SK METAJOJACTCKTOPH Ta 3BHYAMHI
KaMepu, MaloTh CBOI oOMexkeHHs. BoHM He 3aBxIu e(peKTUBHI B yMOBaX IMOTaHOi
BUIMMOCTI ab0 Ha BENWKHX BijAcTaHsaxX. HartomicTh i1H(MpadyepBOHI Kamepu Yy
MOETHAHHI 3 TEPEAOBUMH AITOPUTMAMH TIMOOKOTO HaBYaHHS, K YoloV7, MOXyYTh

aJanTyBaTUCS JI0 PI3HUX YMOB OTOYYHOYOTO CEpeIOBUIIA, HATTPUKJIIA] MPU HAsBHOCTI
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HECHPUATIUBUX TMOTOJHMX YMOB Ha BYJIMII a00 MpU pO3MWIIOBAHHI Tra3zy B
PUMIIIICHHI.

TakuMm 4YMHOM, CTBOpEHHS HEHPOHHOI Mepexi 3 BpaxyBaHHSAM 3MiH, SKi
HaBeZeHO B Mm.2.4 poOoTu, 1isi BUSIBICHHS 30poi 3a JOMOMOTOI0 iH(padepBOHOI
KaMepy B YMOBax HU3bKOI BHIMMOCTI € BaKJIMBOIO 3ajaueio Mpu (pyHKIIOHYBaHHI

Cy4aCHUX CUCTEMHU OE3MEKH.

3.3 ®opmyBaHHsI cHeniaji3oBaHOr0 AaTaceTy /AJsi HABYAHHA HeHpPOHHOI

MepeKi

VY mepumomMy erami €KCHEepUMEHTY OyJio BaXJIMBO CTBOPUTU SIKICHUWA Ta
00’eMHUI JaTaceT, SKUH MaKCUMalbHO TOYHO BIJOOpa)xka€ pPi3HOMAHITHICTb
CUTYyalliil, B SKUX MOKHa BHUSIBUTU 30pOI0 B peaibHUX yMoBax. JleTanbHHI KOA
3aBaHTAXKCHHS Ta MiJATOTOBKY JaTaceTy HaBeleHO B noaaTky b, myHkT 1. [leii mporuec
BUMaraB peTeiabHOI MIATOTOBKM Ta JOTPUMAHHS JIEKUIBKOX TPUHIHUIIB IS
3a0e3ne4YeHHs HaIIMHOCTI Ta TOYHOCTI pe3yJIbTaTIB.

Jlnst 300py MarepiainiB OyJid BUKOPUCTaHI Pi3HI JKEpesa 300pakeHb HOXKIB, a
TakoX BiacHl (ororpadii. OcHoBHa yBara Oyja 3o0cepeqkeHa Ha 3a0e3MedeHHI
SIKOMOTa OUIBIIOT PI3HOMAHITHOCTI 300paXkeHb, 00 MOJENb MOTja A00pe BUSIBISATU
HE0OX1H1 00’ €KTH. XapaKTepHl 0COOIMBOCTI, K1 OylIM BpaxoBaHl MpU (POpMYyBaHHI
HaOopy 300pakeHb /Il HABUYaHHA HeUpOHHOI Mepexi moaeni YOLO v7:

o ®oTo 3 pI3HUX pakypciB: 300pakeHHsS HOXKIB Oynu 3poOsieHi 3
YUCJIIEHHUX PaKypCiB, TAKUX K BEpXHIN BUJ, O1YHUN BUJ, KyT 3HU3Y 1 GPOHTAILHUN
Bua. lle 1M03BOJIMIIO CTBOPUTHM yMOBH I PO3MI3HABaHHSA 00’€KTa B CKIAAHUX 1
HECTaHJIAPTHUX TOJOKEHHSX, IKi MOXKYTh BUHHUKATH B peaTbHUX CUTYAIlisX.

o Bapiauii ocsitienss: [1{o6 HeilpoHHa Mepexka Morjia po3Ii3HaBaTH HOXI
MpU PI3HUX yMOBAaX OCBITJIEHHS, JESIKI 300paykeHHs Oynu 3poOJeHl mpu ciIabKomy
OCBITJICHHI, 3 SICKPAaBUMH BIJOJMCKAMH UM 3aTIHEHUMH JIJISTHKAMHU, 1[0 CUMYJIIOBAJIO

YMOBH 3 HCAOCTATHBORO BI/II[I/IMiCTIO.
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o Pizai ¢onu: VYci doro Oynum 3pobieHi Ha pi3HUX (oHax: sSK Ha
OJTHOPITHOMY, TaK 1 Ha CKJIQJHHX, 3 00'€KTaMU B 33aIHBOMY TUIaHIi, IO JTOJaTKOBO

YCKJIQIHIOBAJIO PO3Ii3HABAHHA 00’ €KTa.

[Tpuxnan 300pakeHb HOXIB JIJIs1 TPEHYBaHHS Ha PUCYHKY 3.3.

Pucynox 3.3 — 300pakeHHs1 HOXKIB JIJIsl TPEHYBAHHS MOJIEJI: PI3HOMaHITHI

paKkypcu, OCBITIICHHS Ta (OHU

[106 30611pIKUTH KUTHKICTh 300paKeHb Ta 3a0€3MEYNTH Kpally MPOTyKTUBHICTh
Mozell, 0yJ1I0 BAKOPUCTAHO Pi3HI METOIU PO3IIUPEHHS JaHUX:

o JI3epkanbHe BinoOpaxeHHs: KoxHe 300paxkeHHs1 0ysio 00pobieHe, 1mo0
CTBOPUTH HOro J3epKajibHy Kormito. Ile mo3Bommio Mozaeni OyTH CTIHKOIO 10 3MiH
opieHTaIlii 00’ exTa.

o MacmtabyBants: 300paXeHHS HOXIB OyJu 3MIHEHI y pPO3MIpl id
CTBOPCHHSI BHIMAJKOBUX Bapialliii y BUMISIAI BEIUKOro abo manoro o00'ekra, IO
HaBYMJIO MOJICJIh PO3MI3HABATU HOXK1 HA PI3HUX AUCTAHIISX.

o Poramis ta 3cyB: Hoxi Oynu moBepHEH1 MiJl PI3HUMHU KyTaMu, 1100
MOJIeJIb HaBYMIJIACs] KOPEKTHO PO3Mi3HABATH 00’ €KT HE3aJICKHO BiJ MOTO MOJOKECHHS.
Takoxx Oynu nomaHi BUMaAKOBI 3cyBU Mo oci X Ta Y, mob momgatu A0 300pa’keHb

acHMeTpii.
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o 3MiHa SICKpaBOCTI Ta KOHTpacTy: [leski 300pakeHHs Oynau oOpoOJieHi
IUIA 3MIHM PIBHIB SICKPaBOCTI Ta KOHTPACTY, IMITYIOUM Pi3HI YMOBH OCBITJICHHS,
30KpemMa cjaabke abo HaaMIpHE OCBITJICHHS.

o ym ta po3mutts: Y neski goto Oyino A0JaHO IIyM ab0 PO3MUTTS st
CUMYJIAIIT CUTYaIliil 3 TOTaHOIO BUAMMICTIO a00 HASBHICTIO MEPEIIKO/, SIK-OT MU YU
TIVIM.

[Tpuknaam 300paxeHs A1 PO3IIUPEHHS TaTaCeTy Ha pUCYHKY 3.4.

1 el e

Pucynok 3.4 — Ilpuknaay po3mapeHHs AaTaceTy: A3epKajbHE BiIOOpaKEeHHS,

MaciTabyBaHHs, pOTaIlisi Ta 3MiHA OCBITJICHHS

Jns Ttoro mo0 HaBYaHHS HEWpPOHHOI Mepexi wmoxaen YoloV7 Oyio
e(eKTUBHUM, KOXXHE 300pakeHHS TOTpeOdyBaJio TOYHMX aHOTalid. byno
BUKOPUCTAHO cremianizoBani iHctpymentd, Labellmg [96], mis pyunoro
MapKyBaHHsI 300pa)eHb, /1€ KOXKEH HI’K OyB 00BEJICHUN Y BUTJISII PAMKH.

CTBOpeHHs1 KOOPAUHAT 00’€KTa. /(15 KOKHOTO 300paxkeHHs1 OyJiM BU3HAYEHI
KoopauHatH pamku (puc.3.5), 1o OomHMCylTh MiClE3HaXoKeHHS Hoxa. Lli
KoopauHatu 30epiranmch y dopmarti, cymicHoMy 3 YoloV7, ne BKa3syeThCs Kiiac

00’€eKTa (HIK) Ta MO3UIIISI PAMKHU.
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| jpg.rf.txt: BaokHoT

®anin  PeparysanHa @opmar Burnsg [osiaka
b 0.478125 0.56171875 0.22890625 0.6078125

Pucynok 3.5 — TekcroBa anoTaris a1 300pakeHns y popmati YoloV7

Po3miTka pi3Hux cranHiB 00’e¢kra. BpaxoByBasvch BUNAAKH, KOJIU HIXK
YaCTKOBO 3aKpUBAETHCS 1HIIMMH MpeIMEeTaMU YU nepeOyBae B pyKax JIIOJAUHH, 1100
MOJIETIb MOTJIa PO3Mi3HABAaTH 00’ €KT HABITh MPH YaCTKOBOMY MEPEKPHUTTI.

300pakeHHsI Ta aHOTallii OyJIM MOAUIEHI Ha Tpu Habopu: TpeHnyBaiabHui (70%),
Bamigariiianid (20%) Tta tectoBuit (10%) (puc.3.6). lle mano 3Mory HajJeKHO

HaJaIlITyBaTU MOJEIb, OI[IHUTH 11 IPOYKTUBHICTb 1 3a1100IrTH IEpEHaBYAHHIO.

= data.yaml E3 |
train: ../train/images
val: ../valid/images
test: ../test/images
nc:
names: ['Knife']

Pucynok 3.6 — ®aiin data.yaml nys HanmamtyBanHs qataceTiB YoloV7

3.4 Ananrauisi IporpaMHoOro 3ade3neveHHs /151 po3ni3HABaHHS 30poi

Ha wnacTtymHOMy eTami NpakTUYHOTO EKCIEPUMEHTY MPOBEIAEHO MPOIEC
HAaBYaHHS HEHUPOHHOI Mepexi YoloV7, sSkuil € KpUTHYHUM 71 3a0e3neueHHs
BHCOKOI TOYHOCTI poO3Mmi3HaBaHHS 00'ekTiB. HaBuyaHHs Mojeni mpoxoausiao 3
BUKOPUCTAHHSM CTBOPEHOTO Jaracery, 1o ckiagaBcs 3 2500 300pakeHb HOXKIB,

IIITOTOBJICHUX Ta aHOTOBAHUX JIJII ONITUMAJIBHOTO HaBUaHHS.
3.4.1 OomeskeHns kaacuaHoi moaeai YOLO V7
Knacuuna Bepcis wmoxeni YOLOv7 Oyna pospoOieHa uisi 3arajbHOTO

BUABIICHHS OO'€KTIB 1 JEMOHCTPYE€ BHCOKY MPOAYKTUBHICTH Yy pO3Mi3HAaBaHHI

3araJiIbHUX KaTeropii, Takux sk aBTOMOOUIL, Jitoau, TBapuHu Toio [87]. [IpoTe BoHa
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CTHKAETHCS 3 IEBHUMU OOMEXEHHSIMH MPHU BHUABJICHHI CHEU(PIYHUX 00'€KTIB, TAKUX
aK 30pos (30KpeMa HOXI Ta 1HII HeOe3MeuHi MpeAMETH), OCOOIMBO B YMOBax
HU3bKOT BUIUMOCTI 200 YaCTKOBOTO MEPEKPUTTsI 00 ekTiB [97].

Henocratnsa cnenudiunicts. Kinacnyna YOLOV7 He 3aBxau eeKTHBHO
po3mni3zHae 00'ekTu 31 creuudiunoro (opmoro abo AeTaIsIMH, HEOOXIIHUMH IS
TOYHOTO ineHTu(iKyBaHHA 30poi. Hampuknan, HIX MOXKe BUTISAATH MOAIOHO [0
IHIIMX TIpeIMETIB, 1 CTaHJApTHI HEUPOHHI Mepexi MOXYTh IUIyTaTH HOro 3
Hemki UMy 00'ektamu [98]. TIpukian MOMHIKOBOTO JIETCKTYBaHHS KIACHYHOI
YoloV7 na pucynky 3.7, 1e pe3yJabTar MoKa3aB 0 B pyKax y 3JJOBMHUCHHUKA 3aMiCTh

XOJIOIHOT 30p0i MOOLITEHUMN TeNe(OH.

Pucynok 3.7 — I[lomunkoBe neTekTyBaHHs KiaacudHoi YoloV7

Buxkiaukn B ymoBax HM3bKOI BuauMoOcTi. Kitacuuna Mozens He ajantoBaHa
JUIsl poOOTH 3 300paKEHHSIMU, OTPUMAHUMU 32 JIOTIOMOT010 1H(pauyepBOHUX KaMep, 1
MO€E JEMOHCTPYBATH 3HAYHE 3HW)KCHHS TOYHOCTI B YMOBAax IMOTaHOi OCBITJICHOCTI
a0o mnpum HasBHOocTi mnepemkoa [99]. lle poOWTh HEOOXIAHMM IPOBEICHHS
J0JJaTKOBOTO HABUAHHS 1 MOKPAILLEHHS apXITEeKTypH AJIs afanTtauii 10 crenudiyHux

CLIeHap1iB BUSIBIEHHS 30pOi.
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3.4.2 IIpouec napuyanusa YOLO V7

Hapuanns moxemi YOLOV7 Oyno 3A1HCHEHO 3 BHKOPHCTaHHSAM pPETEIbHO
MITOTOBJICHOTO CEPeIOBUINA Ta HAIAMTYBaHb IS JTOCATHEHHS MaKCHUMAaTbHOI
edbextuBHOCTI. IlepmuM kpokoM Oyino 3abe3meueHHs KOPEKTHOI opraHizarii
naTaceTy, skui Bkirodas 2500 300pakens 3 aHoTarismMu y ¢popmari Yolo (11.3.4). Vi
300pakeHHs] Oyl pO3MOJIJICHI HAa TPEHYBAJBHHUMA, BATINAIMHAA Ta TECTOBHM
Habopu (puc.3.6) a1 3ade3neueHHs eeKTUBHOTO MPOIIeCY HaBYaHHS.

Jns 3amycky HaB4YaHHS OyJi0 HaJallITOBAHO BIJAMOBIIHUM CKPUINT, SKUI
3a0e3mneuyBaB mnepeiady Bcix mapaMmerpiB y mojaenb. Ko napuanusa moaeni YOLOVY
HaBeJeHO B J0AaTKy b, myHKT 2. Byno Bukopucrano ¢aitn kondirypari data.yaml,
ne Oyiu BKa3aHl HUISXW JI0 TPEHYBAJIBHOTO Ta BaiJalliiHOrO HA0OpPiB 300paKeHb,
KUTBKICTh KJIAciB 1 Ha3BU KjaciB (puc.3.6). Monens Oyiia 3aBaHTaKe€HA 3 MOIMEPEAHBO
HaBUYCHUMU Baramu Jijis MPUILBUAIICHHS 301)KHOCTI Ta Kpalloi y3arajlbHIOBAHOCTI.

HaBuanHus Oy1io 3amyiieHe 3 TaKUMHU KIIFOUOBUMH MapaMeTpamu:

e Bukopucrani Baru: IlouatkoBi Baru yolov7.pt, 0 3a0e3nedryin Kparry
MMOYATKOBY TOYKY JIJIsl HABYAHHS.

e @aiin xoHOirypauii moneni: Bkazano ¢aitn models/yolov7.yaml, sxuit
MICTUB crienudikailii apXiTeKTypu HEHPOHHOT MEPEKI.

o Kinbkicts enox: HaBuannst mpoBoamiocs npotsirom 50 enox, mio6 Mojenb
MaJia JOCTaTHbO Yacy JiJist 301)KHOCTI Ta HAaBYaHHS HAa BCbOMY JaTaceTi.

e Posmip makery: Byno BuOpaHO po3Mmip MakeTy, ONTHUMI30BAHMM JJIst
JIOCTYITHUX anapaTHUX PECYpPCiB.

e Po3mip 300paxens: Yci 300pakeHHs Oynau MacmTaboBaHi J0 poO3MIpy
640x640 mxkceniB 11 3a0e3ne4eHHI KOHCUCTEHTHOCTI.

Komanna a1 3amycKy HaBYaHHsI BUTJIsA1a1a HACTYITHUM YHHOM:

python train.py --weights yolov7.pt --cfg
models/yolov7.yaml --data data.yaml --epochs 50 --batch-
size 16 —--img-size 640

e —-weights: [lonepenHpo HaBUEHI Bary, siki MPUCKOPUIA HABYAHHS.
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—-—cfg: llnax no gaitny koudirypauii moaeni YoloV7.

-—data: lllnax mo daiiny data.yaml i3 3a3Ha4eHHSIM 1aTaceTiB Ta KJIACIB.

e ——epochs: KigbKicTh enox Jjis HaBYaHHS.

--batch-size: Po3mip mnakery, ONTHMI30BaHMI JII amapaTHOTO
3a0e3MeyeHHs.

e —-img-size: Po3mip 300pakeHb, aKkuii OyB 0OpaHMil 1151 TPEHYBaHHS.
[Tix gac 3amycKy mporiec HaBYaHHS MOJIEIII KOHTPOJTFOBABCS Yepe3 BUBEACHHS B

KOHCOJIb, JI¢ MOXKHa OyJI0 CIIOCTepiraTH 3a 3HAaYEHHSMHU (PYHKIII BTpAT Ta 3MIHOIO

TOYHOCTI Mozei (puc.3.8).

Pucynoxk 3.8 — KoHconbpHMIT BUBIJ 11171 4ac HaBYaHHS Mojieni YoloV7

[IpomixkHi Baru 30epirajivcs aBTOMAaTUYHO MICJIsI 3aBEPIICHHS KOKHOI €MOXH,
110 JIO3BOJISLJIO OLIIHUTH MPOrPEeC HAaBYAHHS Ta 3a0e3MeUnTH 30€peKEHHs pe3ysIbTaTiB

y pasi nepepuBanHus (puc.3.9).

runs > train > exp5 > weights

Tun IMm'a Pozmip

®aiin PT init.pt 145 717 Kb

Pucynox 3.9 — 36epexeni mpoMixkHi Baru Mozei YoloV7 miciis neprioi enoxu

Jlis naBuanus Moxeni mposeneno 50 mukmiB (emox). Ile o3nagae, Mo BeCh
natacer OyB KUIbKa pa3iB MEpelaHuil yepe3 HEHPOHHY Mepexy, IO J03BOJIUJIO
MOJIEJTi TIOCTYTOBO MOKPAITyBaTH CBOT XapaKTEPUCTUKU Ta HABYUTHUCS OUIBII TOYHO

ineHTudikyBaTu HOX1 B pi3HUX yMoBax. KinbkicTe ernox Oyia oOpaHa Ha OCHOBI
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OalaHCyBaHHSI MK TOYHICTIO Ta YaCOM OOYHCIIEHb, OCKITHKU 301TBIIIEHHS KITBKOCTI
€MoX MO>K€e MPU3BOJIUTU JJO HETATUBHOTO SBUINA K IEPEHABYAHHS MEPEK1 MOJIEI.

[Ticnsa 3aBepmenHs 50 ernox To4HicTh Moaeni gocsaria 90,1%. Ilei moka3zHuk
O3Hayae, M0 MOJETh YCHIIIHO po3mi3Hae HOXi y 90,1% BumagkiB 3 MpaBUIBHOIO
JoKasi3ali€er Ta kiacudikaiiero o6’ ekra. Jna umroctparii 3MiH y QyHKIIIi BTpaT Ta
TOYHOCTI HABUAHHS BUKOPHUCTaHI TaOIuUIll Ta rpadiku (Tadmwis 3.3).

Tabmuns 3.3 — Pe3ynbpTaTul BTpaT Ta TOUHOCTI MO €MOXax

Enoxa | ®ynkuis Brpat | Tounicts po3mnizHaBanHs (%) | Yac oOuucieHb (XBUIMHU)
(Loss) mAP
1 1,4321 65,2 45,2
5 0,9856 72,4 448
10 0,7813 80,1 445
15 0,6012 85,3 442
20 0,5124 87,9 43,9
25 0,4528 88,6 43,6
30 0,3927 89,3 43,3
35 0,3548 89,8 43,1
40 0,3185 90,0 42,8
45 0,3027 90,1 42,5
50 0,2893 90,1 42,2

I'pacdiune mpeacTaBieHHs 3MIHM TOYHOCTI JO KUIBKOCTI MPOWJIEHHUX €moX

(IMKJTIB TTPOXO/KEHHS MEpEeXi Ha HaBUaJbHOMY Ha0Opi 300pak€Hb) Ha PHUCYHKY

3.10.
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Pucynox 3.10 — 3miHa TOYHOCTI 10 KIJTBKOCTI MTPOMICHUX €MOX

3.5 [IligkiawyeHHss oOpoOKH BiZeomoTOKy B peajbHOMY 4aci 3

BUKOpHUcTaHHAM Moaeai YOLOV7Y

s 3a6e3neueHHs €eKTUBHOTO pO3Mi3HABAHHS HOXIB y peaibHOMY 4aci Oyia
pearnizoBaHa cHCTEMa, sika oOpoOJIsie BIIEONOTIK 3 KaMEpu CUCTEMU O€3MeKH, sKa
onucana B 11.3.1 po6oTu 3a gomomororo aonaBueHoi mojeni YOLOVY. Tlporpamunii
KOJl i1 0OpOOKH BiJIEONOTOKY B peaiIbHOMY 4aci HaBeleHO B noAaTtky b, myHKT 4.
Takwuit miaxia 103BOJISIE BUSBISATH 00’ €KTH O€3MMOCEPEIHBO MM Yac BiACO3MOMKH, 110
€ BOXXJIMBUM JIJIs1 3aCTOCYBAHHS B CHCTEMaX BiJIEOCIIOCTEPEKEHHS 1 O€3MeKH.

O6poOka BIZIEONOTOKY B pealbHOMY 4Yaci CKIAJA€ThCS 3 JIEKITBKOX KIIFOUOBHUX
KOMITOHEHTIB:

IMinkaouyenHss 10 kKamepu. BUKOpUCTOBYeETbCS Kamepa 3 MIATPUMKOIO
nepenaBaHHs Bigeo mo IP-mporokony, skxa mepenae BimeomnoTik Ha NVR-cepsep
(puc.3.1). 3axomieHHsT KaJpiB BHKOHYEThCA 3a normomoroto 0i0miorexku OpenCV
(cv2), sika n03BOJsiE €PEKTUBHO TMPAIIOBATH 3 BiJICOJIAHUMHU Y PEaJIbHOMY Yaci.
Bineomnotik mepenaBaBcs 3a gomnomoroto npotokony RTSP, a 6i6mioreka OpenCV
BUKOPHCTOBYBAIACS TUTST 3aXOTUICHHS KaJIpiB gepe3 METO/T
cv2.VideoCapture ("rtsp://[IP-anpecal").

3aBaHTa:KeHHs] Ta BUKOpPUCTaHHA Moaeai YoloV7. Ilonepennbo HaB4YeHa

mozenb YoloV7 3aBanTaxyerbest y cepenonuile PyTorch Ta nepexoauts y pexxum
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ouinku (evaluation mode). Lle mo3BossIe MOaeni 06pOOIATH 300pasKeHHS IBUIKO 1 3
MiHIMaJbHUMHM 3aTPUMKaMHU, 3a0€311eUyI0UNd BUCOKY TOUHICTh BUSBJICHHS 00'€KTIB.

OO0pobOka kaapiB 3 Bigeo mMoToKy. BieomnoTiK 3aXOIUTIOEThCA Kaap 3a
KaJpoM, 1 KOXKHE 300paK€HHS MEPETBOPIOETHCA Yy (hopmaT, CYMICHUH 3 MOJEIUIIO.
ITotim kaapu mepenaroThes yepe3 YoloV7, ska BUKOHYE po3Ii3HABaHHSA 00’ €KTIB 1
MOBEPTaE KOOPAMHATA PAMOK HABKOJO 3HaJAeHMX HOXiB. Ha OCHOBI mux maHuWX
MoauGiKOBaHI 300paKeHHSI B1IOOPaKAIOThCS 3 HAKIAJICHUMH paMKaMHU Ta MITKaMH
BrieBHEHOCTI. OOpoOKa BiJICOMOTOKY 3MA1MCHIOBajacs 31 MIBUJKICTIO 25 KaapiB B
cekynny (FPS), mo 3a0e3meuyBanio oOmnepaTMBHE pO3Mi3HABAHHS OO'€KTIB Yy
pearbHOMY Yaci.

BinoOpa:kennss pe3yabTariB 'y peanbHomy uyaci. OOpoOneHi kaapu 3
BUSBIICHUMH 00'ekTaMu BioOpakaroTbesi Ha ekpaHi NVR-kmieHTa, 1mo m03BoJsie
CTEXHUTH 32 PO3MI3HABAHHAM y PEXKUMI PEAIbHOTO Yacy. SIKI0 BIIEBHEHICTh MOJIET Y
BUSBIICHHI 00'€KTa MEPEBUIIYE 3aJlaHUIl MOPIr, HA 300pa)KeHH1 3'SBISAETHCS paMKa
HABKOJIO HOXKa Ta BiAmoBigHuN mianuc, Hampukian, "Knife: 80%" y HuKHbOMY
JIBOMY KYTi.

PeanmizoBana MeTomMKa 03BOJISE BHUKOPHUCTOBYBAaTH HEUPOHHY MEPEKY
YoloV7 nmns mBHAKOTO pPO3Mi3HABAHHS HOXIB, IO MOXE JOIMOMOITH 3aro0irTu
MOTEHI[IHHUM 3arpo3aM 1 3a0e3MeYUTH HAJICKHUW pIBEHb OE3MEKM B OXOPOHHUX

CHUCTCMaAX.

3.6 Jlorika podoTu cucreMu 00poOKHU BileonoOTOKY B eJIeKTPOHHIl cucTeMi

0e3nmeKu

Cuctema oOpoOKH BiJIEONIOTOKY B peaJbHOMY 4aci 3 BUKOPHUCTAHHIM MOJEII
YOLOv7 06a3yerbcsi Ha ONTUMAIBLHOMY PO3MOAUTI OOYUCITIOBATBLHUX 337ad MiK
KJIFOUOBUMHU KOMITIOHEHTaMu: |P-kameporo, nporiecopom i BiI€OKapTH KOMIT FOTEPHOL
cuctemu NVR-kitienTa, AucruieeM (MOHITOPOM) KOMIT FOTEPHOI CHCTEMH 1 CXOBHUIIIEM

nanux (NVR-cepsepom).



92

3axomienHss Bineomotoky. J[xepenom Bimeomotoky € IP-kamepa Balter
momeni IP-MT1210GR, saxa mnepemae Bizeomani uepe3 Ethernet-3z’emnanus Ha
nporecop. 3aBAsSKM BHCOKIM po3auibHiil 3matHocti Full HD  (1080p) Ta
iH(ppauepBOHOMY MiJCBIYYBaHHIO KaMmepa 3abe3rneuye sSiKiCHe 300paKeHHsI HaBITh B
yMOBaxX HH3bKOi OCBITIEHOCTI. OCHOBHMUMH 3aBJaHHSIMHU I[bOTO KOMIIOHEHTa €
3a0e3neyeHHs 0e3mepepBHOrO 3aXOIJICHHS KaApiB 1 epenadya JaHuX st 0OpOOKH.

Ilonepennsi o0poOka Bigeomoroky. IIpouecop AMD Ryzen 5 5600X
KoMIr'roTepHoi cuctremMu NVR-kimieHTa TmpuiiMae BiJICONIOTIK 13 KaMmMepw IS
o4YaTKoBoOi 00poOku. BiH BuKoHye Taki QyHKIIII:

® 3axXOIUICHHS KaJpiB 3a qonomororo 0i16mioreku OpenCV;

® T[EpEeTBOPECHHS (QopMary 300pakeHb 1 MaclITa0yBaHHS IIKCEIB IS
MTOTAJTBIITOTO BUKOPUCTAHHS HEHPOHHOIO MEPEXKEIO;

e [iepejava IMiJArOTOBJICHUX KaJIpiB Ha BIJICOKAPTY JJI IITMOOKOT 0OpOOKH.

Ha npomy erari nporecop Takok KOOPAUHYE B3aEMOJIII0 MK KOMIOHEHTAMHU
CUCTEMH.

I'miboka o0poOka panux. Bigeokapra NVIDIA GeForce RTX 3060
KoMmIT roTepHOi cucteMu NVR-kji€eHTa € OCHOBHUM OOYHCTIOBATBHUM MOJYJIEM IS
BUKOHAHHS 33,124 TIIMO0OKOTO HABYAHHS. [i 3aBJaHHS BKIIOYAIOTH!

® BUKOPUCTAaHHS TomepeaHbo HaBueHOoi moneni YOLOV7 njsi BUSIBICHHS
00’€KTIB Ha KaJpax BiJCOMOTOKY;

® [IBUJKE Ta TOYHE BU3HAYCHHS KOOPJAUHAT 00 €KTIB 1 PIBHIB YIIEBHEHOCTI B
pe3ynbTaTax;

® [IOBEPHEHHS PE3yJIbTaTiB OOPOOKH 10 CUCTEMH.

Binoopaxenns pe3syabratiB. OOpoOiieHI JaHl TEpenarThCs Ha UCIIICH
(moniTop) ana Bizyamizamii. Ha ekpani BigoOpakaroThCs KaJpu BiJACONMOTOKY 3
HaKJIQJICHUMHA paMKaMH, SKi BHUIUIIOTh BHUSABJICHI O00’€KTH, Ta INANHCAMHU,
Hanpukiaa: "Knife: 85%". BimoOpakeHHsI pe3ynbTaTiB y pealbHOMY Yacl JI03BOJISIE

OMEepaTUBHO pearyBaTy Ha CUTYAIIIIO.
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30epe:kennst  maanmx. Jlng  apxiByBaHHA ~ pe3ynbTaTiB  00poOKuU
BUKOpUCTOBY€eTbCsl SSD-HakonuuyBau Samsung 970 EVO Plus, gxuit miaxitodeHo
10 NVR-cepgepa.

TakuM yuHOM, 3aIIPONOHOBAHA JIOTiKa pOOOTH CUCTEMH J03BOJISIE pealli3yBaTh
eekTHBHY OOpOOKYy BIJICOMOTOKY Yy peaJbHOMYy 4daci, 3a0e3Meuyroyd BHCOKY

MPOAYKTHBHICTH 1 TOUHICTB JJIS CUCTEM BiJIEOCTIOCTEpEIKEHHS Ta Oe3rekn (puc.3.11).

Camera R T Processor Y GPU
(Preprocessing) (Yolov7 Model)

Storage Display
(SSD) (Visualization)

Pucynok 3.11 — CrpoiiieHa cTpyKkTypa cucteMu oOpoOKH BiJIEO MIOTOKY

3.7 HoBi npono3uuii B apxirekrypi moaeai YOLO v7

B pamkax pochmipkeHHs Ui pO3Mi3HaBaHHS 00’ €KTIB XOJOJHOI 30poi,
0COONMBO [Ji1 BUMNAAKY 3MEHIIEHOI YITKOCTI Ta NIpPH BIACYTHOCTI OCBITJIEHHS
(imiTaris HECIPUATIMBUX YMOB) CEPEIOBHINA, BUKOPUCTAEMO TTPUHOM 1 IKITFOUEHHS
KaIcyJIbHOI Mepexi (KarmcylapbHOTO MIapy) BeepenuHi apxitektypu monaeni YOLO v7
3a]171s1 BUPIIICHHS ABOX Mpo0ieM —dikcailist 00’ €KTiB, K1 YACTKOBO TMEPEKPUBAIOTHCS
a00 3MIHIOIOTh CBOKO (OpPMYy 1 MIABUIIEHHS TOYHOCTI PO3Mi3HaBaHHS 00 €KTIB
XO0JIOZHOT 30p0i, AJIs1 BUNIAJKY 3MEHIIIEHOI YITKOCT1 1 IPU HAsIBHOCTI a00 BiJICYTHOCTI
OCBITJICHHSI.

CyuyacHi pochnixeHHs y cdepl aeTekilli 00'eKTiB 30CepeKeH]l TepeBaKHO Ha
MOKpaIIeHH1 3araibHOi ToUHOCTI Mozenel YOLO niist BUIMMOTro CIeKTpy 300pakeHb
[87]. Bomnouac, 3acTocyBaHHS KalCyJbHHX MEpPEX Yy CHCTEMax oOOpoOKHu

1H(payepBOHUX 300paXK€Hb 3AJMINAETHCA HEAOCTATHHO MOCHIPKEHUM, a 1CHYIOUl
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MiAXoAu 3AeOLIBIIOr0 OpIEHTOBAaHI HA CTaHAAPTHI 3TOPTKOBI HEHPOHHI MeEpexi
(CNN) 6e3 ypaxyBaHHsI TPOCTOPOBHX B3a€MO3B'A3KIB MK 4acTuHaMu 00'ekta [102].
Xoya KarcyapHI Mepexxi OyJIu JOCTIiKEeH1 JJId 3a1a4 po3iizHaBaHHs 00'exTiB [103],
’KOJIHE 3 BIJJOMHUX pIIIIEHh HE BUKOPHCTOBYE KarcCyibHI Mepexi Bcepeanni Y OLOvV7
JUISL TIBUILEHHS] TOYHOCTI JETEKIIIT X0JI0/IHOi 30p0i B yMOBaX HU3bKO1 OCBITIIEHOCTI
abo ii BiacyTHOCTI. TakuM YMHOM, MpENCTaBICHE B I[bOMY JOCIIIKEHHI PIIICHHS €
IHHOBAIITHUM, OCKUIbKH moeanye mnepeBarn YOLOV7 y mBuakocti oOpoOKu 3
MO>KJIMBICTIO KarCYJbHUX MEPEX MOKpaIlyBaTH pO3Ii3HABaHHA 00 €KTIB CKJIAJHOI
dopMH, MO AO3BOJISIE 3HAYHO MIABUUIIUTH €(EKTUBHICTh aHaI3y O€3MeYHOCTI
cepenosuiia [100].

B ocnoBi Capsule Networks neXuTh KOHIIEMINS KalcCyjid, sika € HabopoMm
HEUpOHIB, WI0 MpeACTaBisie BUXIAHWI BekTop. Ha BigMiHY BiJ TpaauiiiiHUX
3roptkoBuX HeWpoHHUX Mepex (CNN), ne HeHpoHU € CKaISIPHUMH BUX1JTHUMHU
OJIMHULISIMM, KAallCyJIW BHJIaIOTh BEKTOp 13 JIE€TAJbHOI 1H(POpMALIEd MpPO 00 €KT
[102]. Lle no3Bossie KancylnbHUM Mepexkam 30epiraTd He juiie (akT HasIBHOCTI
IEeBHOT0 00’€KTa, aje ¥ Moro mo3y (MOJIOKEHHs, Opl€HTAallil0, MacIITad), 10 3HAYHO
MOKpAIIlye 34aTHICTh MEPEXK1 0 y3araJlbHEHHS Ta BUSIBJICHHS O0'€KTIB Yy CKJIQHUX
ymoBax [104]. KimouoBum mexanizmoMm y Capsule Networks e routing-by-agreement,
SKAW JIO3BOJIIE€ KarcCyJlaM HIKYOTO PIBHS HajAcwiaTH 1HGOpMAILI0 A0 Karcyl
BUILIOTO PIBHSI HA OCHOBI iXHBOT'O B3a€MHOTO y3rojkeHHs [105]. 3aBasku 1pomMy
X0y KarcyiabHI MEPEXi MOXKYTh €()EeKTHBHIIIIE MPAIIOBATH 13 300paKeHHSIMU, 1€
00’€KTH 3MIHIOIOTH (POpMY, TIOJIOKEHHSI a00 OpIEHTALIIIO, 1110 € BAXKJIUBUM JJIS 3a7a4
JeTeKii B peasibHOMY CBiTi. CTpyKTypa KamncyJbHO HEMPOHHOI Mepexi HaBe[eHa Ha

pucyHky 3.12.
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Pucynok 3.12 — Cnpomiena ctpykTypHa cxema MoaudikoBanoi mozeni [106]

Kancynpnuit map migkiaounmo micas moayns neck B mogem YOLO v7, mo6
3a0€3MeUnTH TOKpalleHe 30€peKeHHS B3a€MO3B'SI3KIB MK 4YacTHHAMH 00'€KTa.
Jlo/1laTKOBO, MPUMHSTO PIMICHHS MO0 TEPEXOAy BIJ TPATUIIAHOTO CKaJsSIpPHOTO
npeacTaBiieHHs o3Hak B mojzeli YOLO v7 10 BEKTOPHOro, IO J03BOJISE Kpalle
MOJIEIIIOBATH CKJIaJH1 00'€KTH.

[lepeBipumo uu giiicHO iHTerparis kancyiabaux mepex (Capsule Networks) mo
apxitektypu YOLOV7 103BOJisi€ MiABUIIUTH TOYHICTh PO3Mi3HABAHHSA O0'€KTIB 13
30€peKECHHSAM IIPOCTOPOBHX 3alCKHOCTEH. BimomMo, 10 KamcylbHI Mepexi, Ha
BIIMIHY BiJl KJIACUYHUX 3rOPTKOBUX HEMPOHHUX MEPEkK, BUKOPUCTOBYIOTh BEKTOPHI
pernpe3eHTallli Jyisl KoAyBaHHS MPOCTOPOBUX B3a€MO3B'SI3KIB MK YacTMHaMHU 00'€KTa
[107]. Homamo micnst momynst neck apxiTeKTypu Mojemi KarcyibHuil map. Kpim
1IbOT'0, 3aITPOTIOHOBAHO J10JIaTH HACTYIIHI 3MIHM B efemMeHTu mojenai YOLO v7:

. Backbone (3anmmiaerscs 6e3 3miH): Bukopuctanus CSPDarkNet s
BUTSITHCHHSI O3HAK.

. Neck (momudikanis): 1oaaBaHHS KanCyJbHOTO IIapy MICIS 1ICHYIHOUHX
convolutional-60kiB  HeHpPOHHOI Mepexi Mozeni aas 30epeKeHHS MPOCTOPOBUX
B3a€MO3B'A3KIB.

. Head (amamramis): momudikamis kiacu]ikamiifHOTO MOIYJS IS

0OpOOKH KarCyJIbHUX O3HAK.
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Moaudikaris nist moxayns neck mogeni YOLO v7 matume BUTIIA:

neck:
- [Conv, 256, 1, 1]
- [Capsulelayer, 8, 256, 32]
- [Conv, 128, 3, 1]

BukopuctaHHs OJHOTO KalCyJlbHOTO Iapy B MOAM(IKOBaHIN apxXiTeKTypi
YOLOvV7 o6ymoBieHO ©OamaHCOM MDK TOYHICTIO, IIBHAKICTIO OOpoOKM Ta
CTaOLIBHICTIO HABYaHHS.

KancynpHuil map Mo>xHa peastizyBaTH HACTYITHUM YHMHOM:
class Capsulelayer (nn.Module) :

def init (self, num capsules, num routes, in dim,
out dim) :

super (Capsulelayer, self). 1init ()

self.num capsules = num capsules

self.num routes = num routes

self.W = nn.Parameter (torch.randn (num capsules,

num routes, in dim, out dim))

def forward(self, x):

X = x.unsqueeze (1) .unsqueeze (4)

u hat = torch.matmul (self.W, x).squeeze (4)

c = F.softmax(torch.randn (*u hat.size()), dim=1)
s = (¢ * u hat).sum(dim=1, keepdim=True)

v = self.squash(s)

return v.squeeze(1l)

def squash(self, s, epsilon=le-7):
norm = torch.norm(s, dim=-1, keepdim=True)
return (s / (norm + epsilon)) * (norm**2 / (1 +

norm**2))
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s mepeBipkd e(pEeKTUBHOCTI 3alpPOIIOHOBAHMX HOBHUX 3MIH B apXITEKTYpy
mozen YOLO v7 npoBeneMo nepeBipKy TOYHOCTI poOOTH MOAM(IKOBAHOI MOJIEII.
JI1s 1IbOTO 3aBaHTAKKUMO 300pa)Ke€HHs, sKe MOKa3aHO Ha PUCYHKY 3.13. 3ayBakumo,
10 Ha 300paKeHHI XapakTepHUN TyMaH 1 BIIJAJIEHO OUIS MIIIOXIAHOTO MEPEXOy €

CUJIYETH JIOJIEH, sIKI IEPETUHAIOTHCS 3 KOHTYPaMHU.

Pucynox 3.13 — BxinHe TecToBe 300paskeHHS

[Ipu BukopucranHi 6a3oBoi Bepcii mogem YOLO v7 (monatok Bb) orpumano

HACTYIHI pe3yJbTaTH, SKi MOKa3aHO Ha pUCYHKY 3.14.

Pucynok 3.14 — Pesynbrat npu po0oTi 6a30B0i Bepcii Moaeri

3 aHamizy oTpuMaHux pe3ynbTartiB (puc.3.15) BumHO, 110 HE BCl 00’ €KTH OynH

BUSBJICHI.
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Pucynoxk 3.15 — PesynbsTat pobotu Mojei

[Tpu migkIIOYEHHI KanCyJabHOTO Iapy Ta 3ampOBaKEHHS OMHMCAHUX BHIIE

HaJalITyBaHb OTPUMAIIU PE3YJIbTAT AKUU MTOKA3aHO HA PUCYHKY 3.16.

(2.6ms) NMS
runs\detect\exp4\2.jp

Pucynok 3.16 — Pe3ynbrat npu poO0Ti 3MIHEHOT MOJIE1

ToOTo, mpHU MNOpPIBHSHHI PE3yJbTaTIB, BUSBHIOCH LIO0 MOJEIb 31 3MIHEHOIO
apXITEKTYPOIO MpaIoe OIBIIT TOYHO, aJKe BOHA BHSABHIIA Ounbie 00’ekTiB. Kpim
IIbOr0, OTPUMAaHO, 10 Mo u(iKOoBaHA MOJIEIb Mpalfoe mBuaIe. Tak, 11s 6a30Bo1
Bepcii 3aranbHUil yac podotu ckiangae 0,726 cex, TOI1 K MPU 3MIHEHIN apXiTEKTypi
BiH BusiBuBCs 0,575 cek. Y mincymKy, 3alpOIOHOBaHI 3MIHU B apXITEKTypl MOl
YOLO v7 no3Bojuiu OTpUMaTH Kpalll MOKa3HUKU NpHU pO3Mi3HABaHHI 00’ €KTIB B
CKJIQJHUX YMOBaxX 3MOMKHM 1 KpiM IbOTO, 4ac OOpOOKH 300pa’k€HHS BHSIBUBCS

MCHIIHUM.
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3.8 IlepeBipka HaBYeHOI Moje/i Ha MpeAMeT MOKJIMBOCTI JeTEeKTYBaHHS

30poi NpY HASIBHOCTI OCBITJICHHSI

Jlnst  mepeBipku  HaBuYeHOi Momeni  YoloV7 Oymo TpoBemeHO —Cepiro
EKCIICPUMEHTIB, CIIPSIMOBAHUX Ha OIIHKY i1 3JaTHOCTI po3Ii3HaBaTH 30poro (Y
HAIIOMY BUMAJKy HOX1) B yMOBaX pi3HOI BiFICTaHI Ta MPU YACTKOBOMY IMEPEKPHUTTI
o0'exta. Kox TecTyBaHHsS MOJelNi y pI3HUX yMOBax OMHUCAaHO B A0AAaTKy b, myHKT 3.
MeToro 1IbOr0 EKCHEPUMEHTY OYyJ0 BH3HAYMTH, HACKUIBKA €(EKTHUBHO MOJEIb
BUSIBJISIE O0’€KT Yy pEaJbHUX CLEHapisiX, AKI MOXYTh 3YCTPIYaTHUCS Yy CHUCTEMax
BIJICOCIIOCTEPEKECHHS.

Jlis 3py4HOCTI y TOAANBIIOMY, B paMKax MPaKTUYHOTO EKCIEPUMEHTY, B
OCHOBI QJITOPUTMYy OOpaxoBYeTbCsi MeTpuka (2.3) B IepepaxyHKy Ha BIJICOTKH
(pe3ynpTaT mpocTo MHOKUTHCS Ha 100%).

ExcriepuMeHT NpOBOAMBCSA 3 BUKOPUCTAaHHSAM 5 cepiii 300pa’keHb, KOXKHa 3
AKUX MPEACTaBIsa HUK y pyKax JIIOJIMHU B pi3HUX yMoBaX. byjo nmporecroBaHo /1Ba
OCHOBHI CIICHapIi:

o IToBHE BimoOpakeHHs 00'€KTa: HI’K MOBHICTIO 3HAXOAUBCS B IOJI 30py
KaMmepu, 6e3 Oy/Ib-SKHX MEPEIIKO/ YU TEPEKPUTTIB.

J YacTkoBe MEpPeKpUTTS 00'€KTa: HIXK YaCTKOBO 3aKPUBABCS PyKor abo
IHIIMMU TPEeIMETaMHU, [0 CTBOPIOBAJIO CKJIAJAH1 YMOBH VISl pO3II3HABAHHS.

3o00pakeHHs1 Oynu 3po0JeH] Ha PI3HUX BIICTAHSX BiJl KAMEpH, IO JO3BOJIMIIO
OIHUTH edeKTUBHICT, Mozem YoloV7 mpu 3MiHI BiJJaJeHOCTI BiJl 00’€KTa.
30kpema, Oy BUKOPUCTaHI TakKi BIACTaHI:

) 1 meTp: HANOMMKYa BIJICTaHb, IPHU KA HIK T00pe BUIHO.

o 2 MeTpu: MOMIpHa BIJACTaHb, SKa JIOCUTh YacCTO 3YCTPIYAEThCS B

CHUCTEMAX BiﬂCOCHOCTCpG)KGHHSI.

o 3 MeTpu: cepeiHs BIJCTaHb, J€ MOYMHAIOTH 3'SIBISATHCS BHUKIHKU Y
pO3Ii3HaBaHHI.
o 4 wMeTpu: BIACTaHb, NpPHU SKIH MOJAEIb MOXE MaTH MpoodieMH 3

BUSIBJICHHSIM 4€pe3 3HIKEHHS YITKOCTI.
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° 5 MeTpiB: HalBiAjajieHillla TOYKa, 110 JO3BOJISE OILIHUTH, SK MOJEIb
CIIPABIISIETHCS 3 PO3MI3HABAHHSAM Ha BEJUKIN BiACTaHI.

Mopnens YoloV7 moxka3ana pi3HMil piBeHb €(PEKTUBHOCTI B 3aJIEKHOCTI BiJ
BiJICTaHl 10 00'eKTa Ta CTyINeHs HOro mepekputTs. [lami HaBeJeHO OMHC OTPUMAaHUX
pe3yJIbTaTIB:

a. BiJICTaHb | METp J10 KaMepH.

[ToBHEe BimOOpaXeHHs: TOYHICTh pO3Mi3HABaHHS CcKiaana 87%, MO0 € BHUCOKUM
MOKa3HUKOM. Mojiesnb Jierko Bu3Haunia o0'eKT Ta KiacudikyBaia Horo sk HiXK.
YacTkoBe TEPEKPUTTS: TOUYHICTH TPOXHW 3HU3MIAcA 10 79%, aje Moaenb Bce IIe
3Mora 11IeHTU(PIKyBaTh 00'€KT 3aBJIIKU YITKOMY KOHTYpPY Ta TEKCTYpI.

b. BiJICTaHb 2 METPH.

[loBHE BiI0OOpaXkeHHs: MOAENb 30eperiia BUCOKY TOYHICTh PO3Mi3HAaBaHHS Ha PiBHI
83%, yCHiIIHO BU3HAYMBIIHN HIXK.

YacTkoBe MEPEKPUTTS: TOUHICTh 3HU3MIACA 110 75%, 110 BKa3y€e Ha JEAKl TPYAHOII Y
BU3HAUYCHHI 00'€KTa P MEPEKPUTTI.

C. BIJICTaHb 3 METpH.

IToBHe BiIOOpakeHHS: TOYHICTH 3HU3WIAcs 10 [1%, Mozaenb Bce e YCIIIIHO
BUSBIISIIA HIXK, aJI€ 3 JISN0 MEHIIIOI BIEBHEHICTIO.

YacTkoBe TEpeKpUTTS: PiBEHb pPO3Ii3HAaBaHHSA BHaB 10 69%, OCKUIBKH HIXK CTaB
MEHII BUPa3HUM Ha (DOHI.

d. BiJICTaHb 4 METpH.

[ToBHE BiTOOpaKEHHS: TOYHICTh Jajii 3MeHmuiIacsa 10 59%, Moaens Maja CKIaIHOCTI
3 BUBHAUYCHHSIM MEX 00'€KTa.

YacTkoBe NEpPEeKpUTTS: TOYHICTH 3HAYyHO Bmama a0 48%, OCKIIbKM HIK CTaBaB
CKJIaJIHUM JIJIS PO3ITiI3HABAHHSI.

e. BIJICTaHb 5 METPIB.

IToBHE BimOOpa)KeHHS: TOYHICTh BUABJICHHS 00'ekTa ckiama 33 %, MO CBIAYHMTH MPO
3HaYHE 3HIKEHHS e(DEKTUBHOCTI MOJIEIII.
YacTkoBe TEPEKpUTTs: O0'€KT BHSBICHUN ajie TOYHICTH CKiamae jumie 18%, 1o

M1JIKPECIIIOE BKE 0OMEKEHHS MOJIETII.
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OTpuMaHi pe3ynpTaTH MOKa3yloTh, 10 Moaenb YoloV7 nobOpe mpartoe Ha
KOPOTKHUX BIJICTaHSIX, OCOOJIMBO KOJIM HDK TMOBHICTIO BHUJHO Yy Kajapi. OIHaK mpH
30UIBIIICHH] BIJICTAHI Ta YaCTKOBOMY IEPEKPUTTI 00'€KTa TOYHICTH PO3Ii3HABAHHS
3HIDKY€ETbCA. Bumagok 3 BIACTaHHIO y 5 METpPIB 1 YacTKOBUM MEPEKPUTTAM
IIPOJIEMOHCTPYBAB, 1110 MOJIEb 1IEHTU(]PIKYE HIXK, IO MOXKE OyTH HEIOCTATHIM.

Pesynbratu posmizHaBaHHS HOXa MOAEIUIO YoloV7 mpu pi3HUX BiACTaHSIX Ta
yMOBaxX TEPEKPHUTTS 0€3 KamcCyJahbHOTO Iapy, Ta 3 JTOJaBaHHSIM IbOTO EJIEMEHTY
npejacTaBiieHi B Tabuui 3.4.

Jani 3 tabnuii 3.4 HA0YHO JAEMOHCTPYIOTh, K 3MIHIOETHCS TOYHICTh MOJEI
3aJIKHO BIJ BIJACTaHI 7O 00'€kTa Ta CTymeHs NepekpuTTs. ToOTo oTpumaHO
3HUKEHHS TOYHOCTI 3 BiJJaJeHHSM BiJl 00’€KTa, OCOOJIMBO B yMOBax 4YacCTKOBOTO
MIePEKPHUTTSI.

Tabnuus 3.4 — Pe3yabTaT po3nizHaBaHHs HOXKa MojeIu1i0 YoloV7 mipu pi3HUX

BIJICTaHSIX T4 YMOBaX MEPEKPUTTS

YMmoBu, BiacTanb (M) | TouHicTh po3mizHaBaHHA (%) |  TouHICTH po3Ii3HABAHHS
0e3 KarcyiabHOro 1apy (%) 3 KancyJIbHUM LIAPOM
[ToBHe BimoOpaxeHHS, 87% 89%
I m
YacTkoBe NEPEKPUTTH, 79% 84%
Im
[ToBHE BiOOpaXKeHH, 83% 85%
2m
YacTkoBe IEPEKPUTTS, 75% 80%
2m
[ToBHE BiOOpaKeHH, 71% 74%
3m
YacTkoBe NEPEKPUTTH, 69% 3%
3m
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[Tponosxkennss Tabmuii 3.4 — Pe3ynbpratu po3mi3HaBaHHS HOXKa MOJIEIUIO

YoloV7 npu pi3HUX BIACTaHSIX Ta yMOBaX MEPEKPUTTS

YMmoBu, BifcTanb (M) | TouHicTh po3mizHaBaHHA (%) | TouHICTH po3Mi3HABAaHHS
0e3 KarcyiapHOTO 1apy (%) 3 KancyJIbHUM LIAPOM
IToBHE BiOOpakeHHS, 59% 63%
4 m
YacTKkoBe MEPEKPUTTH, 48% 56%
4 m
[ToBHE Bi1OOpaKeHH, 33% 38%
Sm
YacTkoBE NEPEKPUTTH, 18% 25%
Sm

3 aHamizy OTPUMAHMX JaHUX TaOyuil 3.4 MOXHA 3pOOUTH BHUCHOBOK, IO

J0JIaBaHHsl OJHOIO KallCyJlbHOro IIapy B apxiTekrypy wmoaeni YOLOv7 npu

HasBHOCTI OCBITJIEHHSI Ta HOPMaJIbHHMX yMOB (bIKcallii MPU3BEJIO A0 IMIJBHUILEHHS

CEpEeHbOI OIIIHKA TOYHOCTI MpUOIM3HO Ha 2-5% (puc.3.17).

ToyHicTk po3niaHaBaHHs (%)
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Pucynox 3.17 — 3mina TouHOCTI po3mizHaBaHHs (%) B yMOBaxX HasiBHOCTI

OCBITJICHHS TIPH PI3HMX BIJICTAHAX Ta YMOBAxX MEPEKPUTTS y IBOX BapiaHTax (3/0e3)

KarcyjiabHOTO 1apy
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300pakeHHs 3 pe3ynbTaTaMu PO3Ii3HABAHHS HOXKA TP HASIBHOCTI OCBITICHHS
MoieIuTi0 YoloV7 npu pi3HUX BIACTaHSIX Ta YMOBAX MEPEKPUTTS HABEACHI B IOJATKY
b, nynkr 5. IlepeBipumo pgami uu OyAyTh OTPHMaHHI Kpallll pe3yJbTaTH
pO3Mi3HAaBaHHS CHeliaJbHOrO 00’€KTy 30poi jis BUNAAKY, KOJIM 3MEHIICHA
BUJIUMICTh 300paXKCHHS Ha €KpaHI KaMepu ajie OCBITJEHHS B IPUMIIICHHI HE

BIAKJIFOYEHO.

3.9 IlepeBipka moaeqi B yMOBax 3MeHINEHOI YIiTKOCTI MpPH HAsIBHOCTI

OCBIiT/ICHHA (3 iMiTalli€I0 HECIPUATIMBHUX YMOB (pikcairii)

HacTtynHuil eran eKCHepUMEHTY WII0JI0 NEepeBIpKH MOAU(pIKOBAHOI MoOJeml
YoloV7 npoBoguBcss B yMOBaxX, KOJM BHIUMICTh OyJjia 3HA4YHO moripmieHa. bymo
3MEHIIIEHO MPO30PICTh 300paKeHpb IIIe OUIBIIE, IO IMITYBaJI0 €KCTPEMaJIbHO IMOTaH1
YMOBH, TaKi SK CHJIBHHM TyMaH, a00 MPOCTO MTy4YHE 3aIUMJICHHS 3JIOBMHUCHHKOM B
npuminieHHi. MeTa 1boro eKCriepuMeHTy ToJiAraia y BU3Ha4€eHHI, SIK MOJIeNb pearye
Ha CYTT€BE MOTIPIIEHHS IKOCT1 300paKeHHSI.

3o00paxkeHHs Oysu 3po0JieH] Ha BiACTaHAX 1-5 MeTp, mprudoMy Ha BiAcTaHi 4 M
ycepelHeHa TOYHICTh Oyyia JoCUTh HU3bKOI. Ko)kHe 300paskeHHsI 3a3HAJI0 3HAYHOTO
3HUKEHHS BUJIUMOCTI Yepe3 HaJaMIpHE 3MEHILEHHS TTPO30POCTI, 1110 CTBOPUIIO YMOBH,
MaKCUMaJbHO HaOIMKEHI JI0 peallbHUX CUTYalll 3 MOraHOK BUIUMICTIO.

a. BIJICTaHb 1 MeTp.
[ToBHE BimOOpakeHHs: MOJCIb BUSBHIIA HDK 13 TOYHICTIO 53%, 110 CBIAYUTH MPO
CYTT€BE 3HUKEHHS BIIEBHEHOCTI.
YacTkoBe MEpEeKpUTTS: TOYHICT, Brnama 1m0 37%, imeHtudikamis Oyma wmaibke
BUITaIKOBOIO.

b. BimcraHb 2 METpH.
IToBHe BimoOpa)keHHs: TOYHICTh CcTaHOBWIa jauiie 32%, MoJenb 3HAYHO BTpayaja
MO>KJTUBICTB PO3II3HABATH 00 €KT y TAKUX YMOBaX.
YacTtkoBe mepekpuTTs: 00'ekT OyB ineHTH(]IKOBaHUN 13 TOUHICTIO Jurie 28%, 110

MaiKe He MNEPEBUIIYE BUIIAAKOBC BraayBaHH:.
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C. BIJICTaHb 3 METpH.
[loBHe BigoOpakeHHs: 00’€KT iAeHTH(IKOBaHHN 3 TouHICTIO 20% Mpu MOBHOMY
BiI0OpaxxeHH1 Ta 16% mpu 4acTKOBOMY NEPEKPUTTI.

[Ilo ctocyeThcst BincTaHedt 4 M Ta 5 M, xoua 00’€KT 1 OyB BH3HAYCHHUH B
yMOBax 3MEHIIEHOI YITKOCTI NpPH HASBHOCTI OCBITJIEHHS, MPOTE€ OTPUMAaHI daHl
TOYHOCTI € ay*e ManuMu (Tab:1.3.5).

PesynpTaTi po3mizHaBaHHA HOXKa MOJELT0 YoloV7 B ymMoBax 3MEHIICHOT
IPO30POCTI IPH HAIBHOCTI OCBITJICHHS (3 IMITalli€l0 IMOraHUX YMOB) BigoOpakeHi B
tabmuui 3.5. J[ns maHoro eramy eKCIEPUMEHTY, TaK caMO pO3TJISHYTO JIBi
apXITEKTYpU HEHPOHHOT MEPEXKI MPH MiAKIIOYEHH] KarCyJIbHOTO 1Iapy, Ta 32 YMOBH
Horo BIJICYTHOCTI.

Tabnuus 3.5 — Pe3ynbraTl po3mizHaBaHHs HOKa MojeiUT0 YoloV7 B ymoBax

3MEHIIICHOI YITKOCTI Ta HAsBHOCTI OCBITJICHHSI MPU PI3HUX BIJCTaHSIX Ta yMOBax

MEPEKPUTTS
YMoBwy, BiacTanb (M) | TouHicTh po3mizHaBaHHA (%) | TouHICTH po3MI3HABaHHS
0€e3 KarncyJJapbHOro 1apy (%) 3 KanCyJIbHUM LIAPOM
[ToBHe BimOOpakeHHS, 53% 58%
IR
YacTKkoBE NEPEKPUTTH, 37% 45%
I m
[ToBHe Bij0OpakeHHH, 32% 38%
2m
YacTKoBe MEPEKPHUTTS, 28% 33%
2m
[ToBHe BijoOpakeHHH, 20% 26%
3m
YacTKoBE NEPEKPUTTH, 16% 22%
3Mm
[ToBHE BiOOpaXKeHH, 9% 14%
4 m
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[Tponosxkennss Tabmumi 3.5 — Pe3ynbpratu po3mi3HaBaHHS HOXKa MOJIEIUIIO
YoloV7 B yMoBax 3MEHIIEHOi YITKOCTI Ta HAsBHOCTI OCBITJEHHS TMPHU PI3HUX

BiI{CTaHSIX Ta YMOBAX ICPCKPUTTA

YacTkoBE EPEKPUTTS, 6% 10%
4Mm
[ToBHE Bi0OpaKeHH, 3% 7%
Sm
YacTkoBe NEPEKPUTTA, 2% 5%
Sm

Jani tabnumi 3.5 moka3yroTh, K pi3Ke 3HMKEHHS BUJIUMOCTI BIUIMHYJIO Ha
3IaTHICTh MOJIENI po3Mi3HaBaTH HiK. Ha BiacTtani 5 meTpu 00'eKT OyB BUSBICHUH 3
JIOCUTh HU3BKOIO TOYHICTIO PO3IMI3HABAHHS, 110 MIJKPECIIOE OOMEXKEHHS MOJEeNl y
CKJaJHUX yMmoBax. [lopiBHIOIOUM OTpuMaH1 pe3yibTaTH 3a AaHUMU TaOmumi 3.5
MOKHa IEPEKOHATUCh Yy TOMY, IO MOKPALIEHHs JaHUX TOYHOCTI 3a BIACTaHAX J0 3 M
OpU JOJIaBaHHI KalCyJlbHOIO WLIapy B cepelHbOMY cKiano 6%. 300pakeHHS 3
pe3yibTaTaMu pO3IMI3HABAHHS HOXKAa TPU HASBHOCTI OCBITJICHHS Ta IMITaIi€l0
HECIIPUSATIMBUX YMOB Mozeuiro YoloV7 mnpu pi3HUX BIACTaHSAX Ta yMOBax
NEPEeKPUTTS HaBEICHI B OJATKy b, MyHKT 6.

[leit ekcneprMeHT MOKa3aB, 110 MoAenb YoloV7 BusBis€ 3HAYHI TPYIHOIII
IpU PO3Mi3HABAHHI O0’€KTIB Y HAAMIPHO MOTAaHUX YMOBaxX BHUJMMOCTI. 30Kpema,
TOYHICTh BUSBJICHHS 3HAYHO 3HHM3MUJIACS B)KE Ha BIJICTaHI 2 METpa, a Ha BIJCTaHI 5
METpHU PO3IMI3HABaHHS MPAKTUYHO JOPiBHIOE HYJO0. e cBiAYUTh PO HEOOXIAHICTH
YIOCKOHAJIICHHSI MOJIEN, HANpPUKJIIaJ, BUKOPUCTAHHS JIOJAATKOBUX TEXHOJIOTIH, TaKUX
K TEIUIOBI CEHCOpH ab0 KOMOIHOBaHI CUCTEMHU PO3MI3HABaHHS, AJis 3a0€3MeUECHHS

0e3MeK B eKCTpEMaTbHIUX YMOBAX.
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3.10 ApanTauis nmporpamMHoro 3ade3nedyeHHsl 1Jisl po3Mi3HABaHHs 30poi

(HO:KiB) 3 iHppavYepBOHOTIO0 300paKEHHS

[Ticns ycmimmHOro HaB4YaHHSA Mojaeni YoloV7 Ha cTaHmapTHHX 300pakKeHHSX
HOIB BUHUKJIA HEOOXIAHICTh 3pOOUTH MOJETh €(DEKTHBHIIIOW Js PO3Mi3HABAHHS
00'€KTIB B yMOBaxX HHM3bKOi BHUJMMOCTI, 30KpeMa Ha 300paKE€HHSIX, OTPUMaHUX 32
JOTIOMOTOI0  Kamepu HigyHOTO OaueHHsA. OCKUTBKM CHCTEMH O€3MEeKH YacTo
BUKOPHUCTOBYIOTh 1H()paUuepBOHI KaMepH s MOHITOPHHTY Y TEMpsiBi, ajamTaris
MOJIeNIl J0 TaKuX CHeuu(piuHUX YMOB CcTajla BaXJIUBUM €TAallOM Y MOEMY
JOCIIIKEHHI.

Cydacni anroputmu Jerekilii 00'ekTiB, Taki sk YOLOvV7, neMOHCTPYIOThH
BHUCOKY €(DEKTHBHICTh MPHU POOOTI 3 BUAUMHUM CIIEKTPOM, aje iX 3aCTOCYBaHHS st
anami3y iHppadepBonux (IR) 300paxkens € 3HauHO oOMexkeHnM [87]. Lle 3ymoBiIeHO
TAM, IO TPATUIIHI Mozenl oOpoOKM 300pakeHb HE aJanToBaHI 0 CHenu(piKu
1H(paYepBOHOIO CHEKTPY, /1€ BIACYTHSA KOJbOpOBa 1H(OpMALlis, a KOHTPACTHICTb
00’exTiB € HIk4or0 [100]. Kpim TOro, Ha MOMEHT MPOBEACHHS LBOTO JOCIIKCHHS
BIJICYTHI TOTOB1 pimeHHs Ha ocHOBI YOLOvV7 nns nmerekiii xoiomgHOi 30poi Ha
iH(ppauepBOHHUX 300paKCHHSX, 110 POOUTH It0 3a7a9y 0co0aMBO akTyanbHO [101].

Kamepa HiuHOTO OaueHHs, sika Oyjla BHKOPUCTAaHA, CTBOPIOE YOPHO-OLIT1
300pa)K€HHSI 3 BHUCOKOK KOHTPACTHICTIO, TMIJICBIYYIOYM OO'€KTH 3a JIOMOMOTOIO
iH(payepBOHOro CBITIA. Y TEMpsBI L Kamepa I03BOJSE YITKO OayuTH OO0'€KTH,
OJIHAaK BIJICYTHICTh KOJIbOPY Ta 1H(paduepBOHE MiACBIYYBaHHS YCKIIAIHIOIOTh MIPOIIEC
ABTOMATUYHOTO PO3ITi3HABAHHSI.

[Mpuknan iH(ppauyepBOHOrO 300pa’KEHHS, OTPUMAHOTO 3 KaMepu HIYHOTO

OaueHHs Ha pucyHky 3.17.
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Pucynok 3.18 — Ilpuknaza iHppadepBOHOTO 300pa>keHHS 3 KaMEpHU

[linroToBKa 10 JIOHABYAHHS MOJENI 3/1MCHIOBaIach HACTYITHUM YUHOM. Byio
310paHo 1HQpauepBOHI 300paKeHHSI HOXKIB 3a JIOIMIOMOI'0I0 KaMepy HIYHOTO OauyeHHs.
i 300paskeHHsT BIAPIZHSIUCS B 3BUYAHHUX TUM, 10 OyJIM YOPHO-OUIMMU Ta MaJH
BHCOKY KOHTpPAcCTHICTh. J[yis 301/IbIIEHHS] P13HOMAHITHOCTI Jaracetry Oyjo J0AaHO
300paKeHHsI, 3HATI 3 PI3HUX paKypciB 1 B yMOBax 3MIHHOTO I1iJICBIYyBaHHS
(puc.3.18).

[[lo6 moxenb cranma OUIBII CTIMKOIO 10 Bapialiid y BUMISIAL 00'€KTIB, OYyIO
BUKOPUCTAHO ayrMmeHTamito. lle Bxmovasio o0epTaHHsS 300pakeHb, 3MIHY

KOHTPACTHOCTI Ta J0AaBaHHS mTy4HOro mymy (puc.3.20).

Pucynox 3.19 — 300pakeHHsI, 3HATI 3 PI3HUX PAKypCIB
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Pucynox 3.20 — 300pakeHHs Miciisg 3MIHU KOHTPACTHOCTI Ta JI0JaBaHHS IITYYHOTO

myMmy

[Ticns moyaTkoBOro HaBuaHHA Mojnenl YoloV7 mng po3mi3HaBaHHS HOXKIB Y
CTaHJAPTHUX YMOBax OyJio MPOBEJECHO JIOHABYAHHS III€T K MO JUIs ajanTallii 10
iH(dpayepBoHux 300paxensb. Lle 1o3BoMII0 MOAEII 30€perTu CBOT MOYaTKOBl 3HAHHS
PO HOXI Ta MOJIMIIUTH 3JaTHICTh MPALIOBATH B YMOBaX HHU3bKOI BUIAMMOCTI.
Komanpa aiis 3anycky JOHABUaHHS BUTJISala HACTYITHUM YMHOM:

python train.py --weights my trained model.pt --cfg
models/yolov7.yaml --data data.yaml --epochs 30 --batch-
size 16 —--img-size 640

[Tpoutec nonaBuanHa TpuBaB 30 emox, MNPOTATOM SKUX CIOCTEpirasocs
MOCTYIIOBE TOKpAIIEHHs TOYHOCTI pO3Mi3HaBaHHSI. Mojenbs 3Morjia Kpaiie
aganTyBatucs A0 crneuu@iku iHPpavepBOHUX 300paKeHb, IO MIATBEPIKYBAIOCS
3HIDKCHHSIM (YHKITIT BTpaT Ta MiABUIICHHSIM TOYHOCTI Kiacudikarii 10 80%.

Huxye HaBeaeHO pe3ysnbTaTH BTPAT Ta TOYHOCTI Mojeni mpotsarom 30 emox

(Tabmui 3.6).
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Tabmuns 3.6 — PesynbraTté BTpaT Ta TOYHOCTI Mozeini mpotarom 30 emox
JIOHAaBYaHHS
Enoxa Oyukmist BTpat (LOSS) | TouHicTh po3mi3HaBaHHS

(2.1) (%)
1 1,2345 55,4
5 0,9567 63,2
10 0,7689 70,1
15 0,6532 73,5
20 0,5897 76,3
25 0,5234 78,4
30 0,4789 80,0

I'pacdiune mnpencraBieHHd 3MIHM TOYHOCTI Mojeni mnpoTsaroM 30 emox

JIOHABYAHHS BIJOOpaXEHO Ha PUCYHKY 3.17.

TouHicTE %

80

75

70

65

60 / /

55

10 15

s —— TO4HICTb

// po3nizHaBaHHa
(%)

20 25 30 Enoxa

Pucynok 3.21 — 3mina TogHOCTI MOjieni nmpoTsroM 30 ernox

JlonaBuaHHs

mozenit  YoloV7  no3Bonmmiio  3HAYHO — MOKpAmMTH 11

MPOYKTUBHICTh Y PO3ITi3HABAaHHI HOXKIB Ha 1H()pPaYEepBOHUX 300pPKECHHSIX. 3aBISIKH

30€pEKEHHIO MOYATKOBUX 3HAHB 1 aJamnTallii 10 HOBUX YMOB, MOJIE/b TeIep 37aTHa

po3mizHaBaTu 00'ekTH 3 TOuHICTIO 80%, 110 € CYTTEBUM MOKPAIIECHHSIM 7 pOOOTH B

YMOBaxX HU3bKOi BUTUMOCTI.
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3.11 IlepeBipka HaBYeHOI MO/e/i HA MpPeIMeT MOKJIMBOCTI 1eTEeKTYBaHHS

30poi mMpH BIICYTHOCTi OCBITJICHHS

Jlna mepeBipku qoHaBueHoi Mojneni YoloV7 Oyno mpoBeneHo cepilo TEeCTIB Yy
MOBHIM TEMPsBI 3 BUKOPUCTAHHAM 1H(PAYESpPBOHOTO IMiICBIYYBAaHHS KaMepU HIYHOTO
O6auenHs. ExciepuMeHT MaB Ha METI BU3HAYUTH, HACKIJIBKA TOYHO MOJIEIb PO3Ii3HAE
HOXI Ha PI3HUX BIJCTaHAX B KaMepH, BKIIOYAIOYM BHUMAAKH YacCTKOBOTO
NEPEKPUTTS 00'eKTA.

Tectu npoBoaUIMCS B YMOBaxX IOBHOI TEMpSBU, 1 JUIsi KOXKHOI BIJICTaHi
BUKOHYBAJIUCS JBAa OCHOBHHX CIIEHApIi:

- TIOBHE BiI00OpakeHHs 00'€KTa: HI’K MOBHICTIO 3HAXOAUBCS Y MOJI1 30py KamepH, 0e3
KOJIHUX TIEPEKPUTTIB.
- YaCTKOBE NEPEKpUTTS 00'€KTa: HI)K YaCTKOBO 3aKpHUBAaBCS PYKOIO abo0 I1HIIMMHU
npeaIMeTaMu.
Bynu orpumani Taki pe3yiabTaTH €KCIIEPUMEHTY .

a. BiJACTaHb 1 MeTp.
IToBHEe BigoOpaxkeHHs: MOJIeNb 3 BUCOKOIO TOUHICTIO 81% po3mizHaBasia HOXI1 HABITh
3a 3MIHHUX PaKypCIB.
YacTkoBe NEPEKPUTTS: TOYHICTh 3HM3WIAca A0 6/%, MpoTe MOJEedb YCIIIIHO
BU3HAYMIIA KOHTYPH HOXA.

b. BigcTaHs 2 METpH.
[ToBHE B11OOpakeHHS: MOJIEIb 30€peryia TOYHICTh Ha piBHI 77%, X0ua BIEBHEHICTD Y
kacudikarli moyvana 3HUKYBATHUCA.
YacTkoBe MEpEeKpUTTS: TOUYHICTH Bmaiga A0 61%, mo Bkasye Ha CKJIQAHOLI Y
BHU3HAYEHHI 00'€KTa MPU YaCTKOBOMY 3aKPUTTI.

C. BIACTaHb 3 METpPH.
IToBHE BimoOpakeHHs: TOUHICTh Mojenl Brnaya 10 50%, 1 BIEBHEHICTh y BUSBJICHHI
3MEHIIIIIACS.
YacTkoBe MEPEKPUTTS: TOUHICTH BHana 10 22%, 1m0 BKa3ye BKE HA TPYAHOIIl Y

BHU3HAYEHHI 00'€KTa MPU YaCTKOBOMY 3aKPUTTI.
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d. Bincranb 4 meTpu.
TouHicTh po3Mi3HaBaHHS BHANO A0 BeaMUuHU 15% mpu moBHOMY BigoOpakeHHI, a
IIPY YaCTKOBOMY Bi00OpaxxeHH1 ckiaio juie 11%.

e. Bincrans 5 Metpis.
[loBHe BimoOpaxeHHs: HIX OyB posmi3HaHUW Ha piBHI jaumie 9%, Koiu Je30
OJIMCHYJIO B TIOJII IMiICBIYYBaHHS, OJIHAK 3arajbHa BIIEBHEHICThH 3aJMIIANacs IyXkKe
HU3BKOIO.
YacTkoBe NEPEKPUTTS: MOJIENb 1IeHTU(DIKYBATH 00’ €KT Ha piBHI 6% BIIEBHEHOCTI.

JlonaBuena mMozenb YoloV7 npoaemMoHCTpyBaia BUCOKY €(EKTHUBHICTD JIMILE
Ha KOPOTKHX BijicTaHsax (1-2 meTpu) mpu moBHOMY BijmoOpaxkeHH1 Hoxa. [Ipore, 3
BIIJJAJICHHSIM O0'€KTa 1 IPH YaCTKOBOMY MEPEKPHUTTI TOYHICTh 3HAYHO 3HU3MIIACS.
Biacrans moHan 4 MeTpU CTBOPIOE CEPUO3HI BUKIMKH JJII MOJEN, OCOOJIMBO B
yMOBaxX 00OMEKEHOTro 1HPpPauepBOHOTO OCBITIICHHS.

Pe3ynpTaTi po3nizHaBaHHS HOXa MOAEIUI0 YoloV7 mpu pi3HHMX BIJICTAHSAX Ta
yMOBaxX MNEPEKPUTTS] B YMOBAX BiJICYTHOCTI OCBITJIFOBAHOCTI JUIsl JBOX apXiTEKTyp
mozaent YOLOV7 — mpu MOiAKITIOYEHH! KalCyJlbHOrO Iapy Ta 3a YMOBU MOrO
BiJICYTHOCTI (6a30Ba MOJIeNb apXiTeKTypH) IpeIcTaBjIeH] B Tabmuii 3.7.

Tabmuus 3.7 — Pe3ynbratu po3mi3HaBaHHS HOXKa B YMOBAaXx BIJICYyTHOCTI

OCBITJIFOBAHOCTI
YMoBu, BiacTanb (M) | TouHicTh po3mizHaBaHHs (%) | TouYHICTH pO3MI3HABAHHSA
0e3 KarcyiapbHOro IMapy (%) 3 KancyapHUM IapOM
[ToBHE BimOOpakeHHS, 81% 85%
I m
YacTKoBE NEPEKPUTTH, 67% 73%
I m
[ToBHE BiOOpaKeHHS, 17% 81%
2m
YacTkoBe NEPEKPUTTH, 61% 67/%
2m
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[Tponosxkennss tabmuui 3.7 — Pe3yapTatu posmi3HaBaHHS HOXKa B yMOBax

B1JICYTHOCTI OCBITJIFOBAHOCTI

[ToBHE Bi0OpaKEeHHS, 48% 56%
3m
YacTkoBe NEPEKPUTTA, 22% 30%
3Mm
[ToBHe BimoOpaXkeHHH, 15% 21%
4m
YacTKoBE NEPEKPUTTH, 11% 17%
4 ™M
[ToBHe BijI0OpaxkeHHS, 9% 12%
Sm
YacTkoBe EPEKPUTTS, 6% 9%
Sm

[l1 pe3ynpTaTty 3 Tabiumi 3.7 MIOKPECHIOIOTh HEOOXITHICTh BUKOPUCTAHHS
JOJATKOBUX MIAXOIB JJIsl TOKPAIIEHHS BUSIBIEHHSI 00’ €KTIB HA BEJIMKUX BIJCTAHSAX 1
IpU CKJIAQTHUX yMOBaX BUIUMOCTI. 300pa)keHHs 3 pe3yjbTaTaMU pO3IMi3HABAHHS
HOXa MPHU BIJICYTHOCTI OCBITIIOBAHOCTI MOAEIUTI0 YoloV7 mpu pi3HHUX BIJICTaHAX Ta

yMOBax MePEKPUTTS HaBEIeHI B 10AaTKy b, myHKT 7.

3.12 IlepeBipka mMoje/ii B yMOBaX 3MeHIIEHOI YiTKOCTi i mpu BiAcyTHOCTI

OCBiT/IeHHH (IMITaliA HECIPUATIMBUX YMOB)

Jlnst 6in1bn rMOOKOro aHasizy OyJio BUPINIEHO JOJATKOBO MPOBECTH TECTH B
yMOBax iMiTarii moraHoi BUAUMOCTI. 3MeHIIeHHS 4iTkocTi Ha 50% mano Ha MeTi
CTBOPUTH YMOBH, MOIOHI 10 THX, 110 BUHUKAIOTH MPU 3aJAUMIIEHOCTI, TyMaHl abo
THIITNX TIEPEIIKO/IaX.

BunpoOyBaHHS MPOBOAMINCS aHAJIOTIYHO TMOMEPEIHHOMY EKCIEPUMEHTY, 3

00'ekTaMu Ha BijcTaHi BiJ 1 10 5 MeTpiB. 3aCTOCOBYBAJIKCS J]Ba OCHOBHI CIIEHapIi:
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® [IOBHE BiJIOOpakeHHs 00'€KTa: HIXK OBHICTIO BUIUMHH Y Kajpi;
® YaCTKOBE MEPEKPUTTS 00'€KTa: HI’K YACTKOBO 3aKPHUBABCS, 110 CTBOPIOBAJIO
JOIATKOBI TPYAHOII JIJIsST MOJEI.
Bincrans 1 metp.
o [loBHe BimOOpa)Ke€HHS: MOJENb MPOJAEMOHCTPYBala MOMITHE 3HWKCHHS
TOYHOCTI 10 32%, X0ua BCe I11I€ YCIIIIHO POo3ITli3HaBaia HiX.
e YacTkoBe MEpeKpUuTTs: TOUHICTh 3HM3MIaca 10 20%, ane moaenb 3Moria
i1eHTu(iKyBaTH 00'€KT.
Biacrans 2 meTpu.
e [loBHe BigOOpa)keHHS: TOUHICTH PO3Mi3HaBaHHS Bhama 10 25%, 1 Mojenb
JEMOHCTpYBaJja JesKl IOMUIKOBI CITpallbOBYBaHHS.
e YacTkoBe MEPEKPUTTS: HIK PO3II3HAHUHN 32 3HAUEHHSM CX0K0CT1 12%.
Bincranb 3 metpu.
o [loBHe BiIOOpaKeHHA: TOYHICTH 3HU3MIACS 110 8%,
e YacTkoBe NEPEKPUTTS: TOYHICTh 3HU3UIACS 10 6%.
Jani nns Biactaned 4 M ta 5 M HaBeneHo y Tabsuin 3.8. PesynbpTaTu nokasanu,
0 3MeHIeHHs1 mpo3opocti Ha 50% 3HAYHO YCKIIAIHIOE MPOIEC PO3Mi3HABAHHS
00’exTiB. Mojenpy MmounMHae BTpadaTd TOYHICTh BXXKE€ Ha BIACTaHI 3 METpH, a TIpHU
YaCTKOBOMY TEPEKPUTTI €(PEeKTUBHICTh PO3IMI3HABaHHSA pI3KO majae. PesynbraTtu
pO3Mi3HaBaHHs HOXka Mojeuno YoloV7 B yMoBax 3MEHIIEHOI MPO30pPOCTI TpH
BiJICYTHOCTI OCBITJIEHHS (iMiTallis TOTaHUX YMOB) BigoOpakeHi B Tabmuii 3.8.
3a ganuMu 3 TabauIll 3.8 BUSBUIIOCH, IO HA MaJIUX BIJICTaHSAX 00 €KTY Bif
kamepu (10 3 M) BUTpall y MIAKJIOYEHHI JO0JAATKOBOTO KallCyJIhHOTO IIapy 3a
CepeqHIMU 3HA4YeHHAMU TOoyHOCTI MAP y BiacoTkax ckimaB mnpubauzHo 3-5%.
300pakeHHsI 3 pe3yJbTaTaMH PO3Mi3HABaHHS HOXa MPH BIJICYTHOCTI OCBITIIOBAHOCTI
Ta IMITALI€0 HECHPUATIMBUX YMOB MOJe0 YoloV7 mpu pi3HMX BiACTaHSX Ta

YMOBaX MEPEKPUTTS HABEICHI B 10AaTKy b, MyHKT 8.
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Tabmuus 3.8 — PesynbTaTl po3mizHaBaHHS HOXa MoaeIUT0 YoloV7 B ymoBax

3MEHIIEHO1 YITKOCTI Ta BIJICYTHOCTI OCBITJICHHSI MPU PI3HUX BIJICTAHIX

YMoBuy, BiacTanb (M) | TounicTs po3nizHaBanHs (%) | ToOYHICTH po3Mi3HABAHHS
0e3 KarcyiapHOTO 1apy (%) 3 KancyJIbHUM LIAPOM
[ToBHE Bi10OpaKEeHH, 32% 38%
Il m
YacTkoBE NEPEKPUTTH, 20% 27%
I m
[ToBHe BijI0OpaXkeHHS, 25% 30%
2M
YacTKOBE NEPEKPUTTH, 12% 17%
2m
[ToBHE BiJ10OpaxeHHH, 8% 12%
3Mm
YacTKoBE NEPEKPUTTH, 6% 9%
3m
[ToBHE BimOOpaXKeHHS, 4% 7%
4 m
YacTkoBe IEPEKPUTTH, 0% 0%
4 m
IToBHE BinoOpaxKeHHs, 0% 0%
Sm
YacTKkoBE NEPEKPUTTH, 0% 0%
SMm

[IpoBeneHi eKCIIEpUMEHTH B YMOBaX MOBHOI TEMPSBH Ta 3 IMITAIlI€l0 MOTaHOT
BUJIUMOCTI1 JTO3BOJIMJIM OLIHUTH 3[aTHICTh JOHaBYEHO1 Mojielii YoloV7 po3mnizHaBatu
30poro, 30KpeMa HOXi, y PI3HUX cClleHapisx. Pe3ynbratu mokasaiu, 1o MOJACIHb

JIEMOHCTPY€E 3aJI0BUIbHY MPOAYKTHBHICTh Ha KOPOTKUX BiacTaHsx (1-2 merpu) mpu
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MOBHOMY BifoOpa)keHH1 00'€KkTa, HaBITh y MOBHIA TeMmpsBi, ane i1 €(pEeKTUBHICTb
3HAYHO 3HWIKYETHCS MPHU 30UIBIIICHH] B1JICTaH1 Ta YaCTKOBOMY IEPEKPUTTI 00'€KTa.

VY craHgapTHUX YMOBax HIYHOTO OadeHHs MOJENb BHSBIsUIA OO'€KTH 3
BHCOKOIO TOYHICTIO Ha KOPOTKUX AucCTaHIisfX. [IpoTe Ha BifcTaHi moHajg 3 MeTpH 1
IpU YaCTKOBOMY IEPEKPUTTI TOYHICTh 3HAYHO Majajia, M0 BKa3ye Ha OOMEXEHY
3IaTHICTh MOJIENI JI0 PO3IMi3HABAHHS 00’ €KTIB HAa BEJIMKUX BIJICTAHSIX.

ImiTartis mMOraHWX yMOB BHIAMMOCTI uYepe3 3MEHIICHHS Tpo3opocti Ha 50%
CYTTE€BO YCKJIQJHWIA pO3Mi3HaBaHHSA. Mojenb MBHIKO BTpadasia e(EeKTUBHICTb
HaBITh Ha BiJICTaHI 3 METPH, OCOOJIMBO MPHU YACTKOBOMY 3aKpHUTTI 00'ekTa. ToUHICTH
poO3Mi3HaBaHHs OO'€KTIB y TAaKWX YMOBax BIIajia JO PIBHIB, fAKI € HEIOCTAaTHBHO
HaJIHHAMHA JUTsl BAKOPUCTAHHS Y KPUTHYHUX CHCTEMaX Oe3MeKH.

3Ha4yHO Kpailli pe3yiasTatu podotu moaen YOLOvVT orpumani npu 10aaBaHHI
B apXITEKTypy KamcCyJbHOTO IIapy. 3a3Ha4uMo, IO JJig 3a0e3MeueHHS TOYHOCTI
€KCIIEPUMEHTY JUIsl 3MIHEHOI MOJIEJl HE TPOBOJUIIOCH JOJaTKOBE HAaBYAHHS MEPEXKI 1
Oynu BUKOpHUCTaHI Ti cami 300paxxeHHs, siki Oynu Bu3HaudeHi y m.3.7-3.11 poGotu,
npudoMy OyJyTh MEPEBIPEHi JUIIE TI BUMAIKU, KOJU cTaHAaapTHa monens YOLO v7
MoKa3ajia He3aJ0B1IbHI PE3yIbTaTH 3 PO3Mi3HABaHHS 00’ €KTY X0JIOHOT 30poi.

TakuM dYHHOM, 3ampoBa)KeHI 3MIHM B CTPYKTypy Mojaeni YOLO v7
JIO3BOJIMJIA OTPUMATH Kpallli 3Ha4YC€HHsI TOYHOCTI 3 PO3IMi3HABAHHS 00’ €KTY XOJIOJTHOT

30poi.
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Tabmuns 3.9 — Pe3ynpraTé posmi3HaBaHHS HOXa Moaewio YoloV7 3

KarcyJbHUM IIapOM TMpPHU MOBHOMY BioOpaxxeHi 00’€KkTa Ha BiJICTaHl 3M B PI3HUX

YMOBax

YMoBH, BiICTaHb

TouHiCcTh

3o00pakeHHS

(M) po3mnizHaBaHHs (%)
3 KarncyJIbHUM
apoM, TOBHE
B1I0OpakeHHs 3M
3BUYaiiHe 74%
OCBITJICHHS
3MeHIIIeHa 26%
YITKICTh TIPU
HasIBHOCTI
OCBITJICHHS
Bincytne 56%

OCBITJIEHHSA




117

[Iponomxennsa Ttabmuii 3.9 — PesynapTatu po3mi3HaBaHHS HOXKa MOJIEIIIO
YoloV7 3 xarncynbHUM IIApOM P MMOBHOMY BiJI0OpakeH1 00’€KTa Ha BiJICTaHl 3M B

PI3HHX yMOBax

3MeHIlIeHa 12%
YITKICTh NPHU
BIJICYyTHOCTI

OCBITJIEHOCTI

3.13 AHaJi3 OTPUMAHMX Pe3yJbTATIB MPAKTHYHOI0 €KCIIEPUMEHTY

3HaiIeHo, 110 32 YMOBAMH IEPIIOTO €Taly MPaKTHYHOTO €KCIICPUMEHTY IPHU
HasIBHOCTI OCBiTJIeHHA Ha 1 metpi 6a3oBa monens YOLOV/ gocsria Tounocti 87%
IpU TOBHOMY BiI0OpaXeHHI HOXa, a 3 JOJaBaHHSIM KallCyJbHOTO IIapy TOYHICTb
moaudikoBaroi moaeni YOLOvV7 mokpammuacs Bxe 10 89%. Y pasi 9acTKOBOTO
MEPEeKPUTTS O00’€KTa TOYHICTh 3HU3MIAcs 10 79%, ane 3 BHKOPHUCTAHHSIM
KarcyJIbHOTO IIapy BoHa mijBuimmiacs 10 84%. Ha Biactani 2 MeTpu Bij Kamepu
eJIEKTPOHHOI cucteMu Oesneku (puc.3.1) Moxaenb 30eperyiia JOCTaTHHO BHUCOKY
epexTuBHICTh — 83% npHu MOBHOMY BiOOpaXkeHHI HOXa Ta 75% INpU 4aCTKOBOMY
nepekputTi. JlomaBaHHS KamnCyJdbHOTO IMapy B I[bOMY BHITQJKY JO3BOJIAIIO
MIJBUIUTH yCepETHEHY TOYHICTh posmizHaBaHHS 10 85% 1 80% BigmosigHo. [pu
30UIBIIIEHH] BiACTaH1 10 3 METPIB CIIOCTEPITanocs MOAAIbINE 3HHKEHHSI TOYHOCTI —
71% nnst moBHOro BimoOpakeHHs Ta 69% Mpu YacTKOBOMY NEPEKPHUTTI, TOA1 SIK
KalCyJbHUMN IIap CIPHUSIB HE3HAUHOMY 3MEHILIEHHIO nmoka3HuKiB MAP 1o 74% 1 73%
BIAMOBIIHO. TakuM YMHOM, MOXHA CTBEPJIPKYBATH, 1110 MOJIeJIb €()eKTUBHO PO3Ii3HAE
HOXX1 Ha OJM3BbKUX BIJICTaHIX, OCOOJIMBO 3a YMOBH IOBHOTO BiIOOpa)KeHHS 00’€KTa,
OJIHaK YAaCTKOBE MEPEKPUTTS Ta 30UTbLIECHHS AUCTAHIII MPU3BOAATH IO MOCTYIOBOTO

3HUKEHHSA TOYHOCTI.
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B ymoBax BiICYyTHOCTI OCBITJIEHHS (€Tam 2 MTPAKTHYHOTO EKCIEPUMEHTY)
MOJIENIb TaKOX MPOJIEMOHCTPYBaJIa BUCOKY €(DEKTHUBHICTh Ha BIJCTAHAX 0 3 METPIB,
Xo0u4a ii TOYHICTh OyJia HHXKUYOIO, TTOPIBHSAHO 3 TECTYBAaHHSM IPU OCBITIEHHI (eTar 1).
Ha Bincrani 1 metp Monenb mocsiriia TogHocTi 81% mpu moBHOMY BioOpakeHHI Ta
67% y BUINAJKy YacCTKOBOIO MEPEKpUTTA. JlogaBaHHS KallCyJbHOTO IIapy 3a IUX
YMOB JI03BOJIHJIO TIOKpAIIUTH pe3yabTaTh s 1€l Biactani g0 85% 1 73%
BimmoBimHO. Ha BimcTani 2 MeTpiB TOYHICTH BUSBICHHS HOXa TPHU IOBHOMY
BiJI0OpaxkeHH1 cTaHoBWia 77%, a MpU 4YaCTKOBOMY MepekpuTTi — 61%, Tomi sk
BUKOPUCTAHHA KAlCYJIbHOTO IIApy CHOPHUSIIO MiJBHIIEHHIO TMOKA3HUKIB MpH
nopiBHsHHI 10 81% 1 67% BinnosigHo. Ha 3 Merpax mojienb 3aKOHOMIpPHO moyana
JEMOHCTPYBAaTH 3HA4YHE 3HMAKEHHS TOYHOCTI — 50% mpu MOBHOMY B1IOOpa)kKeHHI Ta
22% y BHUIIAAKY YaCTKOBOI'O MEPEKPUTTSA, MPOTE KalCYJbHHM IIAp JI03BOJIUB
OTpPUMATH MEHII BETWYMHU 3HIKEHHS TOYHOCTI - 56% 1 30% Biamosinno. lle
CBIIYUTH MPO T€, IO MOJIEIb 3aTUIIAETHCA €(hEKTUBHOIO ISl PO3II3HABAHHS HOXKIB
Ha KOPOTKUX JHUCTAHIIAX, HaBITh B YMOBaX BIJCYTHOCTI OCBITJICHHS, ajie 31
30UTBIIEHHSIM BIJICTAaHI Ta TMPU YAaCTKOBOMY IEPEKPUTTI TOYHICTH TOMITHO
3HMKYETHCA.

[IpoBeneni excriepumenTy 3 niepeBipku mozaeni YOLOV7T ta 1i 3anponoHoBaHO1
MoaudiKalii B yMOBaxX 3MEHILIEHOI YITKOCTI 1 MPU HASIBHOCTI OCBITJIEHHS MOKa3aIH
3HaYHE 3HWXEHHS e(EeKTUBHOCTI PO3Mi3HABAHHS HOXA, OCOOJMBO Ha BIACTaHIX
nonan 1 wmetp. Ilpu mnoBHOMY BimoOpakeHHi oO0’ekta Ha 1 MeTpi Momenb
MPOIEMOHCTPYBasia TOUHICTh 53%, a 3 BUKOPUCTAHHSIM KarcyiabHOTO mapy — 58%. ¥V
pasi 4acTKOBOTO MEPEKPUTTS TOUHICTHh Pi3ko BrHayna 1o 37%, ane Oyao OTpUMaHO
TOUHICTh 45% micig oAaBaHHs KalCyJIbHOTO IIapy 3a LKUX yMOB. 31 30UIbLICHHSIM
BIJICTAaHl /10 2 METpiB, TOYHICTh NMPU MOBHOMY BioOpakeHH1 3HU3Muaca a0 32%
(38% 13 kamcyiapHUM MIAPOM), a TPU YacTKOBOMY mepekputti — 10 28% (33% i3
KancyiabHuM mapom). Ha 3 merpax Mozgens BrpaTmia uie Ouibine TouHocTi — 20%
Ipy TOBHOMY BimoOpaxkeHHI Ta 16% mnpu YACTKOBOMY TEPEKPHUTTI, TOMI SK

Kalcy/lbHUN Imap 3a0e3NeyuB JUIIe He3HayHe NokpameHHs 10 26% 1 22%



119

BiANMOBIAHO. OTpUMaHi pe3yJabTaTH JIEMOHCTPYIOTh, 1[0 3HM)KEHHS YITKOCTI CYTTEBO
YCKJIQJHIOE TIPOLIEC PO3MI3HABAHHS HOXKA, HABITh HA OJIM3bKUX BIJACTAHSIX.

[TepeBipka mMojeni B yMOBaX 3MEHIIEHOI YITKOCTI Ta BIJACYTHOCTI OCBITJICHHS
MiATBEpIUIa 3HAYHI TPYAHOII B po3mi3HaBaHHI 00’ekTiB. Ha Bincrani 1 metp mpu
MOBHOMY B1JIOOpa)K€HHI TOYHICTh pO3Mi3HaBaHHS Brajna 10 32% 0e3 KamncyJbHOTO
mapy Ta 10 38% 13 HUM, a IPU YaCTKOBOMY IMEPEKPHUTTI MOKa3HUKU ckiaimn 20% 1
27% sBignoBimHo. Ha 2 wmeTpax TouHicTh 3HU3WIacs uie Outbmie — 25% 06e3
KarcyiapHoro mapy ta 30% 13 HUM IpU MOBHOMY BiJOOpa)K€HH1, a MpU YaCTKOBOMY
nepekputti yume 12% 1 17% Bianosigno. Ha 3 mMerpax Mozenp Maiike BTpaTHIIa
3IaTHICTh PO3MI3HAaBaTH 00’€kT: 8% mpu MOBHOMY BioOpaxkeHHI Ta 6% mpu
YaCTKOBOMY MEPEKPHUTTI, 3 HE3HAYHUM MOKpanieHHsaM a0 12% 1 9% micas nogaBaHHs
KarcynpHOro mapy. OTpumaHi pe3ynbTaTd CBiAYaTh, IO B YMOBaX HHU3BKOI
BUJIUMOCTI MOJIeJIb BTpadyae TOYHICTh BXKE€ Ha BiJICTaHl 2-3 METpPiB, a YacCTKOBE
MEePEeKpUTTS 1ie Oulblle yckIagHioe mnpouec iaeHTudikamii. Ile miaTBepmxye
HEOOXIJHICTh JTOJATKOBUX METOJIIB TMOKpAIICHHS pPO3Mi3HaBaHHA, TaKUX SK
KOMOIHOBaHI CHCTEMH aHajizy abo ajJbTEepPHATHUBHI CEHCOPHU.

TakuM 4MHOM, Ha OCHOBI OTPHUMAHMUX PE3YJIbTATiB MOXKHA CTBEPKYBATH, IO
J0JIaBaHHs KarCyJbHOTO mmiapy B apxitektypy Mozemni YOLOv7 mpusBeno [0
30UIbLIEHHS YCEPEAHBOI0 3HAUEHHSI METPUKH TOYHOCTI Y BIZJICOTKOBOMY BIJHOILIEHHI
MIPU Pi3HUX BIJCTaHSAX CHEIIATBbHOTO O0’€KTy 0 KaMepu B cepeaHbomy Ha 4-6%.
Kpim 115010, MOXKHA MEPEKOHATUCH, IO 31 30UIBIICHHSIM BiJICTaHI BiJ] 00 €KTY 0
KaMepH, BXK€ MOYMHAIOYM 31 3HAYECHHS 3 M, OCOOJIMBO MpH IMITALll HECTIPUATIMBUX

MOB (hikcari HassBHE 3MEHIIIEHHS 3Ha4€Hb TOYHOCTI 11eHTU(dIKALIT 00’ €KTY.
y y

3.14 Ouinka edextuBHOCTI MOanpikoBanoi mogesai YOLOV/

Oninka eQeKTUBHOCTI MOJENl Ha OCHOBI METPUK JO3BOJIIE 3PO3YMITH
HAaCKUTbKH e()EeKTUBHO Monenb (yHkiionye. ToOTO, HEOOXIMHO TEPEBIPUTH UM €
po3po0ieHa MoJeab 3 KarlCyJdbHUM IIapoM TOYHOK Ta edexTuBHOI0. Jlis

BUMIPIOBaHHS €(PEKTUBHOCTI MOJIC]II BUKOPUCTOBYIOThCS pi3Hi MeTpuku [108], cepen
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AKUX, BHIIE Oyja BUKOpPHCTaHAa Yy JOCIKEHHI, MeTpuka meanAP, Ha OCHOBI
cniBBiAHOMEHHs (2.3), fAKa BU3HA4Ya€ MOKa3HUK BHeBHEHOCTI moaem YOLO v7 'y
TOMY, IO BHUSABICHHUH O00’€KT HAJICKUTh 10 IMEBHOTO Kimacy. lleli moka3HUK
BIIEBHEHOCT1 JIO3BOJISIE€ BIIKUAATH MPOTHO30BaHI 3HAYEHHS, SKI MEHIIE 3a 0OpaHui
nopir. ToOTo, nuIIe Ti BUSBICHHS 3 MOKAa3HUKOM BIIEBHEHOCTI Olble 3a 0OpaHe
MOPOTOBE 3HAUCHHS MOXKHA BBaXKaTW JOCTOBIpHMMH. Paszom 3 THM, Id
CIEI1aTi30BaHOTO 00’ €KTY THITY “HDXK’, B paMKax MPOBEICHOTO TOCHIKEHHS Y 11.38-
3.12 (ans BUMAAKIB, KOJM TOPIr BIEeBHEHOCTI >50%) 1 MeTpuka 3aBxkau Oyie
nopiBatoBatu 100%, ockinbku cam 00’€KT € neTekToBaHuM 1 mapametrp FP =0.
BpaxoByrouu 11e, JyIs1 OLIHKKA TOYHOCTI MOJIEII BUKOPUCTAEMO 1HINY OLIHKY F1, sKy

MOYXHa BU3HAUYUTH HA OCHOBI1 Takoi popmymnu [108]:

F1=2x MAPXR 1 00%, (3.1)
mAP + R
e
R=— 1" . 100%,
TP + FN

ne TP —KUIBKICTh BUITAAKIB, KOJIM BIIeBHEHICTh MoAeil >50%; FN — kiabKicTh
BUMAKIB, KOJIU MOJieNIb Ma€ BrieBHeH1CTh <50%. B tabnui 3.10 HaBeaeHo oTpuMaHi
3HaYeHHS MeTpukH (3.1) Tt MPOBEIEHOT0 EKCIIEPUMEHTY MTPH BU3HAYCHOMY ITOPOTY
BrieBHEHOCT1 Y 50%.

Tabmuus 3.10 — Pe3ynbraTtu BU3HaUeHHS MeTpuku F1

YMmoBa nipoBenennsi |  HasgBHicTh un Hi [Tapametp R Merpuka F1

KaICyJIbHOIO 1Iapy

B MOJIeN
3BuyaiiHa ¢ikcaris - 70% 82%
300paKeHHS + 80% 89%
OCBITJIEHHS €, ae - 10% 18%
3MEHIIICHA
+ 10% 18%

BUIUMICTH
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[Tponossxenns Tabmui 3.10 — Pe3ynbraTtu Bu3HaueHHs MmeTpuku F1

VYmoBa npoBenenHs | HasaBHICTD uu HI [Tapametp R Mertpuka F1

KarcyjiabHOTO IIapy

B MOJIeIIl
. - 50% 67%
Hewmae ocBiTiieHHS
+ 50% 67%
Hemae ocBiT/IeHHS - 0 0
Ta 3MEHIIICHA + 0 0

BUJIUMICTh

AHani3yloud OTpUMaHl 3HAYE€HHs METPHUKHU 3a JAaHuMHu Tabmuii 3.10 mMoxHa
JUATH BUCHOBKY, IO TMPOTISIAETHCS B3a€EMO3B’SI30K 3 BCTAHOBJICHUMH YMOBAaMHU
npoBeieHHs ¢ikcalli 300pakeHHs. Pazom 3 TUM, 32 yMOB HOPMAJIbHOTO OCBITJICHHS B
OpUMIIICHH], Mpy (YHKIIOHYBAaHHI €JIEKTPOHHOI CUCTEMU O€3MEeKH, OTPUMAHO, IO
MeTpuka F1 maibke Ha 7% € OLIBIIOIO 32 BIANOBIIHE 3HAYEHHS, KOJIHM KalCyJIbHUM
map B cTpykrypi moaeni YOLOvV7 He 3acTocoByeThCsi. OTpUMaHO MiATBEPIKECHHS

te3u [108], mo metpuka F1 mokasye 30aaHcOBaHy OIIIHKY IPOYKTUBHOCTI MOJIEII.

BucnoBku 10 posaiay 3.

1. CdopmoBaHo crieniaii3oBaHUN HaBYAJIbHUIA HAO1p 300pakeHb XOJIOAHOI
30poi, SIKI BKJIIOYAJIA PI3HI paKkypcH, YMOBH OCBITJICHHs, ()OHU Ta PiBHI HIyMy. Yci
300pakeHHs OyJIM aHOTOBaH1 BPY4YHY, 13 TOYHUM BU3HAYEHHSIM KOOPJIUHAT 00’ €KTIB Y
dbopmati poboTH MOJENI.

2. IIpoBenmeno HaByanHsa wMojaem YoloV7 TpuBamictio 50 emox i3
BUKOPHCTAHHSM TOMNEPEIHFO HABYCHUX Bar. B pe3ynbTaTi TOYHICTH pO3Mi3HABAHHS
HOXXIB Ha HaB4aHHI nocsria 90,1%, npu mpboMy 4ac 00pOOKH KOXKHOTO 300paskeHHSI
CKOPOTHUBCSI 10 42,2 XBUJIMH JJIs1 OJTHIET €MTOXH.

3. [IpoBenena nepeipka HaBueHoi mozeni YOLOV7 npu pi3HMX ymMoOBax
OCBITJICHHS Ha 00paHux BifcTaHsaX Bix 1 10 3 meTpiB. Po3pobiieHo 3MiHEHYy MOJIENb

YOLO v7 nuisixoMm JoJaBaHHS B apXITEKTypy HEHPOHHOI MepexKi MOJeNl OJHOTrO
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KarncyapHOTO mapy. OTpuMaHo, M0 3aBASKA TaKOMY TEXHIYHOMY MPUHOMY MOKHA
BUPIIIUTA TMPOOJEMHU peecTpallii 00’€KTIB, sIKI YaCTKOBO IEPEKPUBAIOTHCS abo
3MIHIOIOTh CBOIO (opMy 1 3a0e3MeUYuTH IMMIABUIIEHHS TOYHOCTI PO3Ii3HABAHHS
00’€kTiB XO0JOAHOI 30p0oi B yMOBaxX 3MEHIIEHOI YITKOCTI 300paXeHHS, SKE
OTPUMYETHCS 3 KAMEPU CUCTEMHU O€3IeKH MPU HASBHOCTI Ta BIJICYTHOCT1 OCBITJICHHS.
[IpoBenena oriHka eGEKTHBHOCTI PO3POOJICHOI MOJZETi Ha OCHOBI OOpaxyHKY

MeTpuku F1.
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BUCHOBKHA

3a pe3ysabpTaTaMu MPOBEICHOTO JOCIIKEHHS! OTPUMAHO TaKi pe3ybTaTH:

1. [IpoBeneHO TOpPIBHAHHA JBOX HAWOUIBII TOMYJISAPHUX AITOPUTMIB
CAMShift ta Optical Flow a1 po3B’s3aHHs 3aaadi BIJCTEKEHHS 00 €KTIB Ha
oOpaHMX JMHAMIYHUX KaApax 300pakeHHA 31 CKIaQAHUM (POHOBUM PHUCYHKOM.
3HaiiIeHo, Mo 00WIBa aJTOPUTMH BUMAararTh, 00 Kaapu 300paskeHHs IJIs aHAITI3Y
BIJIMOBIIAMM KoabopoBid Monemi HSV. 3a 3amanumu napameTpamu mnepeBIpeHUX
Ha0OpIB AMHAMIYHUX 300paKe€Hb 3HaWIeHo, 0 A anroputMy CAMShift Bnactusa
YYTIUBICTH /10 3MIH KOJBOPOBUX XapaKTEPUCTUK Ta OCBITIeHHS. Anroputm Optical
Flow BomHOYac, MEHIII YyTJIMBHHA 10 3MiHH KOJIBOPOBHX XapaKTCPUCTHK Ta IIyMY,
MpoTe € OUIBII CKJIAJHUM Yy HaJalllTyBaHHI 1 BUMarae OuIblle OOYMCIIOBAIBLHUX
pecypciB. | 11e moB'si3aHO, SK BiJAMIYE€HO, 3 JOJATKOBUMH PO3pPaXyHKaMHU BEKTOPIB
3MIIIEHB JJIs1 KO’KHOT'O HAMMEHIIOTO eJIEMEHTa 300paXKeHHsI Y KOKHOMY KaJpi.

2. HaBeneno mporpamMHuii aliroput™ 3MEHIICHHS SICKPaBICHOTO IIyMy Ha
MOBEPXHI 300paKEHHS MUISIXOM 3aCTOCYBaHHSI HEHPOHHOI MEpEeXi, SIKa CKIATAETHCS 3
40 3ropTKOBUX IIapiB Ta MOjlIIEHA 32 ()YHKLIOHAJbHUMHU BIIACTUBOCTAMHM, HA TPH
yacTuHU. OTpHMaHO, IO 3alpolOHOBaHAa CTPYKTypa HEHPOHHOI Mepexi ao0pe
aJjanToBaHa 0 eTanmy HaBuaHHs. Tak, mius mnpoBeAeHux 600 HMKIIIB HaBYAHHS
OTpMMaHE€ 3HayeHHs (QYHKUIi BTpaT g ABOX HAOOPIB TECTOBUX 300pa)keHb HE
nepesunwio BeanunHn 103, OGuuCcIeH0 TOKA3HUKHM SKOCTI 0OpoOJIEHHsT 0OpaHoro
TECTOBOTO 300paXKeHHA 3 SICKPaBICHUM ITyMOM. Tak, JJis 3HAa4eHHs JUcCTepcli mymy
10, 1agexc cTpykrypHoi moaioHocTi SSIM 3a paxyHOK BHKOpHUCTaHHS HEMPOHHOL
Mepexi O0yB 30utbmenuit 3 0,9652 1o 0,9953. IlikoBe BIAHOIIEHHS CUTHA/IIIYM IS
IILOTO K 300pakeHHs 30UTbIINUIIOCH 3 Benuunau 36,13 nb 1o 47,16 nb. B uutomy 3a
pPaxyHOK BHUKOPWUCTAHHS HEHWPOHHOI MEpeXi 3TrOPTKOBOTO THUIYy METpPHKa MIKOBOTO
BiHOIIEHHs curHai-iyMm PSNR micnsa o6pobku Ha 4-5 nb mepeBuinye 3HaueHHS
PSNR 1o npoBeaenust 00poOKkwu.

Ha oOCHOBI BHUKOPHCTaHOTO QJIrOPUTMY 3 3aCTOCYBaHHSIM  BEHBIET-

nepeTBopeHHs Xaapa 3arnponoHOBAHO aJIrOPUTM BUAUICHHS Ta PO3Ii3HABAHHS TEKCTY
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3 KOJBOPOBOTO 300paxkeHHs. OTpUMaHO, MO0 AITOPUTM PO3Mi3HABAHHS TEKCTOBHUX
CUMBOJIB 3 BHUKOPUCTaHHSM IbOTO aJTOPUTMY BHUSIBUBCS CTIHKHM 110 (DOHOBHUX
€JIEMEHTIB 300pakKeHHs y BUIJISAAI KpUBUX JiHIA. ToOTO, oOpamMieHHS TECTOBOIO
300paXeHHSI Ma€ pPHCYHOK Yy (opMi KpUBHUX JIiHIA, SKI TEPEeTUHAIOTH B
opuriHajgbHOMY 300pakeHH1 cioBa ‘“‘dog”, “collar” Ta “to”. 3a pesynpTaTamu
BUSIBJICHO, II0 PO3POOJICHUIN aJTOPUTM HE CIPUHAMAE I1i JOJATKOBI CIEMEHTH 1 HE
CIIOTBOPIOE BIATBOPEHHM TeKCT (prc.2.9). MoxHa MPOTHO3YBaTH, IO PO3ITI3HABAHHS
CHUMBOJIIB MPOXOJUTh ITUKIIIUHI €Talld MEPEBIPKU 3 BIAKUAHHIM 3alBHUX €JICMEHTIB
300paxkeHHs. HatoMicTh BIAMIYEHO, IO aJTOPUTM HE KOPEKTHO MPALIOE 3 ACSTKUMHU
CUMBOJIaMH, Hacamrmepe]l 1€ CTOCYEThCS CUMBONIB Tuny ‘“mamku’. Kpim 1poro,
CTBOPEHHMI aJIrOPUTM Mae 1 CBOI OOMEkeHHsA. Tak, BIH HE KOPEKTHO IMPOBOJUTH
pO3MI3HaBaHHs JITEp HE JaTHHCbKOro angasiTy. BoueBunap, 1e 00yMOBIIEHO
OCOOJMBOCTSIMU  pOOOTH MOAYJS ONTUYHOTO PO3Mi3HABAHHS 32 JIONIOMOTOIO
010;mi0TeKH pytesseract.

3. BuszHaueHO CTPYKTypy €JIEKTPOHHOI CHUCTEMHU O€3IeKH 3 MPOBEICHHSIM
BUOOpPY OCHOBHOTrO oOjagHaHHs. HaBeneHo 0coOJMBOCTI 3aCTOCYBaHHS MOJENI
YOLO v7 nns BUpilieHHs 3a7a4i 3 po3Mi3HaBaHHs CIelialbHUX 00 €KTIB, A0 YUCTa
KOTPHUX BIAHECEHO XOJOAHY 30poro. PosrisiHyTo 06a3oBy apXiTeKTypy HEWPOHHOI
Mepexi, ska Bu3Hauae Mmoaenb YOLO v.7 Ta ii momudikoBaHa HoBa Bepcis 3
J0JaBaHHSAM KarcyibHOro Imapy. IIpoBeieHa mepeBipka CHPOMOMKHOCTI ITMX JIBOX
MoOJIeJiel Ha pO3Mi3HABaHHS JOJATKOBOTO Kjacy o0’ekTiB. g 11010, chopMoBaHO
cneniagizoBaHuii HaBuaibHUW HaOlp 3 2500 300pa)keHb Ta MPOBEICHO HABYAHHS
HeHWpoHHOT Mepexi. [ po3mizHaBaHHs CIIEIiaIbHOTO 00’ €KTY, A0 €Taly HaBYaHHS
nonano HoBui 81 kmac nmo cranmapTHoi kiacudikaiii moxeni COCO, 1 30UTIbIIEHO
rOuHy Ta mupuHy Mmepexi (mapametp depth multiple 36inbmeno 3 0,33 go 0,5;
napametp width multiple 36inmbimeno 3 0,5 mo 0,75) Ta mogaHO MOIYJNb (TPOTPAMHHMIA
mexanizm) yBaru CBAM.

3a pe3ylbTaTaM MPOBEICHOTO €KCIIEPUMEHTY BUSBIICHO, 10 0a30Ba MOJIEIh
YOLO v7 nue 3aBxnau ieHTH(IKYE 00’€KTH, SIKI MK 0CO0O0I0 TEPETHHAIOTHCA a00

npu (ikcauii 3MiHIOIOTH cBOIO (popMy. HatomicTs, ii 3arponoHoBana Moau(ikoBaHa
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Bepcia moneni YOLOvV7 mpairtoe OUTBIT TOYHO, aKe BOHA BUSBUIIA OijbIe 00’ €KTIB
Ha TeCTOBOMY 300paxeHHI (5 00’ekTiB mpotu 6). KpiM 11bOro, oTpuMaHo, IO
Moau(IKOBaHA MOJENb Mpaitoe mBuAme. Tak, nas 6a30BOi Bepcii 3arajbHHUI Yac
pobotu cknanae 0,726 cek, Toal K mpu 3MiHEHIH apXxiTektypi BiH BusiBucs 0,575
CEK.

4. [IpoBenena mpakTuuHa ampoOarlis 3MiHEHOI MOJETI Ha PO3Mi3HaBaHHI
00’€KTiB X0JIOHOT 30p0i 1 OTpUMaHO Kpallli pe3yibTaTh 3 3HaueHb METpUKU MAP, y
NMOpiBHAHHI 3 0a30BOI0 apxiTekTyporo. Hampukian, mpu posmizHaBaHHI 00’ €KTY
“aix” moxaenb YOLO v7 mpu BIACYTHOCTI KamlCyJbHOTO IIApy BXKE HE MOXKE
IPOBECTH PO3MI3HABAHHA O0’€KTYy Ha BHU3HAUYE€HOMY MoporoBomy piBHI 90% Ha
BIJICTaHl 3 M, KOJIM BIJCYTHE OCBITJIEHHS 32 YMOB IIOBHOI'O BIJJOOpa)K€HHS 00’€KTY
(Ta6n.3.7). HasiBHICTh  KamCyJbHOT'O APy B CTPYKTYpl HEMPOHHOI Mepexi MOl
YOLO v7 3a uux yMOB JI03BOJIMJIA IMIABUIIMTH TOYHICTh po3mizHaBaHHS 3 48% 10
56%. IIpoBeneHo mOAATKOBO po3paxyHOK MeTpukw F1 1 3HalijmeHo, mo TpH
3BUYAHUX yMoOBax ¢ikcarlii 300pakeHHs] KaMepow €JIEeKTPOHHOI CUCTEMHU Oe3MeKu
ominka edextuBHOCTI MoaudikoBaHoi Mozemi YOLOV7 3a paxyHOK dojaBaHHSA
KamcyJIbHOTO MIapy 30uibmryerbes 3 82% no 89%, mo momae OUIBIIOT JOBIPU 110

OTPUMAHUX PE3YyJbTATIB MPAKTUYHOTO EKCTICPUMEHTY.



126

CIIMCOK BUKOPUCTAHUX IKEPEJI

1. Varfolomieiev A., Antonyuk O., Lysenko O. CamsShift Object Tracking
Algorithm Implementation on DM6437 EVM /I Proceedings of the 4th European
DSP in Education and Research Conference. — 2010. — P. 96-100. — ISBN 978-0-
9552047-5-3.

2. Horn B. K. P., Schunck B. G. Determining Optical Flow // Artificial
Intelligence. — 1981. — Vol. 17, No. 1-3. — P. 185-203. — DOI: 10.1016/0004-
3702(81)90024-2.

3. Lucas B., Kanade T. An lIterative Image Registration Technique with an
Application to Stereo Vision // Proceedings of Imaging Understanding Workshop. —
1981. - Vol. 4. — P. 121-130.

4. Isik S. A Comparative Evaluation of Well-Known Feature Detectors and
Descriptors // International Journal of Applied Mathematics Electronics and
Computers. — 2015. — Vol. 3, No. 1. — P. 1-6. — DOI: 10.18100/ijamec.60004.

5. Bradski G. R. Computer Vision Face Tracking for Use in a Perceptual User
Interface // Intel Technology Journal. —1998. — Q2.

6. Jung E. J., et al. Development of a Laser-Rangefinder-Based Human
Tracking and Control Algorithm for a Marathoner Service Robot // IEEE/ASME
Transactions on Mechatronics. — 2014. — Vol. 19, No. 6. — P. 1963-1976. — DOI:
10.1109/TMECH.2013.2294180.

7. Redmon J., Farhadi A. YOLOv3: An Incremental Improvement // arXiv
preprint arXiv:1804.02767. — 2018. — 28 p.

8. Gupta A, et al. Tracking Occluded Objects Using Deep Learning // Journal
of Visual Communication and Image Representation. — 2021. - DOI:
10.1016/j.jvcir.2021.103225.

9. Zhang K., Zuo W., Chen Y., et al. Beyond a Gaussian Denoiser: Residual
Learning of Deep CNN for Image Denoising // IEEE Transactions on Image
Processing. — 2017. — Vol. 26, No. 7. — P. 3142-3155.



127

10.Carletti V., Greco A., Saggese A., Vento M. Multi-Object Tracking by
Flying Cameras Based on a Forward-Backward Interaction // IEEE Access. — 2018. —
Vol. 6. — P. 43905-43919. — DOI: 10.1109/ACCESS.2018.2864672.

11.Ren S., He K., Girshick R., Sun J. Faster R-CNN: Towards Real-Time
Object Detection with Region Proposal Networks // IEEE Transactions on Pattern
Analysis and Machine Intelligence. — 2017.

12.Bradski G., Kaehler A. Learning OpenCV: Computer Vision with the
OpenCV Library. — Sebastopol: O'Reilly Media, 2008. — 555 p.

13.Szeliski R. Computer Vision: Algorithms and Applications. — Springer,
2010. — 812 p. — DOI: 10.1007/978-1-84882-935-0.

14.Zhu M., et al. Robust Object Tracking Using Online Feature Selection //
IEEE Transactions on Multimedia. — 2014. — Vol. 16, No. 3. — DOI:
10.1109/TMM.2013.2284891.

15.Zhang F. L., et al. Coherent Video Generation for Multiple Hand-Held
Cameras with Dynamic Foreground // Computational Visual Media. — 2020. — Vol. 6,
No. 3. — P. 291-306. — DOI: 10.1007/s41095-020-0187-3.

16.Mallat S. A Theory for Multiresolutional Signal Decomposition: The
Wavelet Representation // IEEE Transactions on Pattern Analysis and Machine
Intelligence. — 1989. — Vol. 7. — P. 674-693.

17.Daubechies I. Ten Lectures on Wavelets. — SIAM, 1992. — DOI:
10.1137/1.9781611970104.

18.Lal S., Kumari P. Wavelet Approximation of Functions Belonging to
Generalized Lipschitz Class by Extended Haar Wavelet Series // International
Journal of Applied and Computational Mathematics. — 2019. — Vol. 5, No. 67. —
DOI: 10.1007/s40819-019-0646-7.

19.Candes E. J., Donoho D. L. Curvelets: A Surprisingly Effective
Nonadaptive Representation for Objects with Edges // Curves and Surfaces. — 2000. —
DOI: 10.1007/978-1-4757-3124-8 5.

20.0tsu N. A Threshold Selection Method from Gray-Level Histograms //
IEEE Transactions on Systems, Man, and Cybernetics. — 1979. — Vol. 9. — P. 62—66.



128

21.Shafait F., Keysers D., Breuel T. M. Efficient Implementation of Local
Adaptive Thresholding Techniques Using Integral Images // Document Recognition
and Retrieval XV. —2008. — DOI: 10.1117/12.767755.

22.Smith R. An Overview of the Tesseract OCR Engine // Proceedings of the
Ninth International Conference on Document Analysis and Recognition. — 2007. —
Vol. 2. - P. 629-633.

23.Ul-Hasan A., et al. A Sequence Learning Approach for Scene Text
Recognition // IEEE Transactions on Pattern Analysis and Machine Intelligence. —
2019. - DOI: 10.1109/TPAMI.2019.2935780.

24.Murugesan K., Balasubramani P., Murugan P. R. A Quantitative
Assessment of Speckle Noise Reduction in SAR Images Using TLFFBP Neural
Network // Arabian Journal of Geosciences. — 2020. — Vol. 13, No. 35.

25.Gowthami S., Harikumar R. Conventional Neural Network for Blind Image
Blur Correction Using Latent Semantics // Soft Computing. — 2020. — Vol. 24. — P.
15223-15237.

26.Kumar R., et al. Noise Reduction in Images Using Advanced Filtering
Techniques // IEEE Access. — 2020. — Vol. 8. — P. 132134-132145. — DOI:
10.1109/ACCESS.2020.3015289.

27.Chen Y. Deep Learning for Image Denoising: A Review // Computer Vision
and Image Understanding. — 2023. — DOI: 10.1016/j.cviu.2023.103687.

28.Qian Y., Dong J., Wang W., et al. Feature Learning for Steganalysis Using
Convolutional Neural Networks // Multimedia Tools and Applications. — 2018. — Vol.
77.—P.19633-19657.

29.Lee J., et al. Scene Parsing with Contextual Features for Object Recognition
/I Journal of Pattern Recognition. — 2019. — Vol. 95. — P. 12-25. — DOI:
10.1016/j.patcog.2019.04.023.

30.Li Z. Image Denoising Based on Deep Learning // Highlights in Science
Engineering and Technology. — 2023. — Vol. 39. — P. 1245-1251.

31.Smith B. Advances in Object Recognition in Complex Environments //
Journal  of  Artificial Intelligence  Research. - 2022. - DOIL:



129

10.1016/j.jair.2022.101112. A Computational Approach to Edge Detection // IEEE
Transactions on Pattern Analysis and Machine Intelligence. — 1986. — Vol. 8, No. 6.
—P. 679-698.

32.Canny J. A Computational Approach to Edge Detection // IEEE
Transactions on Pattern Analysis and Machine Intelligence. — 1986. — Vol. 8, No. 6.
—P. 679-698.

33.Sobel 1., Feldman G. A 3x3 Isotropic Gradient Operator for Image
Processing // Stanford Artificial Intelligence Project. — 1968.

34.Krizhevsky A., Sutskever I., Hinton G. E. Imagenet Classification with
Deep Convolutional Neural Networks // Advances in Neural Information Processing
Systems. — 2012.

35.Wei W., Cheng Y., He J. A Review of Small Object Detection Based on
Deep Learning // Neural Computing & Applications. — 2024. — Vol. 36. — P. 6283—
6303. — DOI: 10.1007/s00521-024-09422-6.

36.Tan L., Liu Z.,, Huang X. A Transformer-Based UAV Instance
Segmentation Model TF-YOLOvV7 // SIVIP. — 2024. — Vol. 18. — P. 3299-3308.

37.Redmon J., Divvala S., Girshick R., Farhadi A. You Only Look Once:
Unified, Real-Time Object Detection // Proceedings of the IEEE Conference on
Computer Vision and Pattern Recognition. — 2016.

38.Cai K., Yang J., Ren J. A Lightweight Algorithm for Small Traffic Sign
Detection Based on Improved YOLOV5s // SIVIP. — 2024. — Vol. 18. — P. 4821-4829.
— DOI: 10.1007/s11760-024-03118-z.

39.Bochkovskiy A., Wang C., Liao H. YOLOv4: Optimal Speed and Accuracy
of Object Detection // arXiv preprint arXiv:2004.10934. — 2020.

40.Jocher G. YOLOV5 by Ultralytics // GitHub Repository. — 2020. — URL.:
https://github.com/ultralytics/yolov5 (marta 3BepHenns: 29.12.2025).

41.Mei T., Li J. YOLOvV6: A Single-Stage Object Detection Framework for
Industrial Applications // arXiv preprint arXiv:2209.05687. — 2022.



130

42.Jocher G., Chaurasia A., Stoken A., Borovec J. YOLO by Ultralytics //
arXiv preprint arXiv:2408.15857. — 2024. — URL. https://arxiv.org/abs/2408.15857
(mara 3BepuHenHs: 03.12.2024).

43.Kim H., Zhang W. YOLOV9: Revolutionizing Real-Time Object Detection
Il arXiv preprint arXiv:2409.07813. — 2024. — URL.: https://arxiv.org/abs/2409.07813
(mata 3BepuenHs: 03.12.2024).

44.Liu W., Shen Z., Xu S. CF-YOLO: a Capable Forest Fire Identification
Algorithm Founded on YOLOv7 Improvement // SIViIP. — 2024. — DOI:
10.1007/s11760-024-03288-w.

45.Zhao D., Shao F., Yang L. Object Detection Based on an Improved
YOLOv7 Model for UAV Patrol Tasks in Controlled Areas // Electronics. — 2023. —
Vol. 12, No. 23. — DOI: 10.3390/electronics12234887.

46.Redmon J., Farhadi A. YOLO9000: Better, Faster, Stronger // IEEE
Conference on Computer Vision and Pattern Recognition. — 2017.

47.Bewley A., Ge Z., Ott L., et al. Simple Online and Realtime Tracking with a
Deep Association Metric // IEEE International Conference on Image Processing
(ICIP). — 2016.

48.He K., Zhang X., Ren S., Sun J. Deep Residual Learning for Image
Recognition // IEEE Conference on Computer Vision and Pattern Recognition. —
2016.

49.Zhang S., Huang Z., Wang J. Automatic License Plate Recognition (ALPR)
Based on Deep Learning Techniques // IEEE Access. — 2020. — Vol. 8.

50.Wu Y., Tan L., Zhang X. Real-Time Traffic Flow Prediction Using a
Hybrid Deep Learning Model Based on CNN and LSTM // Journal of Intelligent
Transportation Systems. — 2021.

51.Fu X., Wei G., Yuan X. Efficient YOLOv7-Drone: An Enhanced Object
Detection Approach for Drone Aerial Imagery // Drones. — 2023.

52.Cho K., van Merriénboer B., Bahdanau D., Bengio Y. On the Properties of
Neural Machine Translation: Encoder-Decoder Approaches // arXiv preprint
arXiv:1409.1259. — 2014.



131

53.Schroff F., Kalenichenko D., Philbin J. FaceNet: A Unified Embedding for
Face Recognition and Clustering // IEEE Conference on Computer Vision and
Pattern Recognition. — 2015.

54.Greff K., Srivastava R.K., Koutnik J., Steunebrink B.R., Schmidhuber J.
LSTM: A Search Space Odyssey // IEEE Transactions on Neural Networks and
Learning Systems. — 2017.

55.Samek W., et al. Explainable Artificial Intelligence: Understanding,
Visualizing and Interpreting Deep Learning Models // IEEE Signal Processing
Magazine. — 2017.

56.Damotharasamy S. Approach to model human appearance based on sparse
representation for human tracking in surveillance // IET Image Processing. 2020.
Vol. 14, No. 11. P. 2383-2394. DOI: 10.1049/iet-ipr.2018.5961.

57.Abughalien K.M., Alawneh S.G. Predicting Pedestrian Intention to Cross
the Road // IEEE Access. 2020. Vol. 8. P. 72558-72569. DOI:
10.1109/ACCESS.2020.2987777.

58.Li D., et al. A multi-type features method for leg detection in 2-D laser
range data // IEEE Sensors Journal. 2017. Vol. 18, No. 4. P. 1675-1684. DOI:
10.1109/JSEN.2017.2784900.

59.11epeBep3es O.A., Tpaneszon K.O. JlocnimkeHHs TpOrpaMHUX aJTOPUTMIB
BIJICTEKEHHS PyXy 00’€KTIB B €JIEKTPOHHUX cucTteMax Oe3neku // Bueni sanucku THY
imeni B.1.Bepnaocvxoeco. Cepia: Texwuiuni nayku. — 2022. — Tom 33(72), Ne6. — C.
288-293. — DOI: https://doi.org/10.32782/2663-5941/2022.6/47.

60.Nguyen V.T., Nguyen A.T., Nguyen V.T., Bui H.A., Nguyen X.T. Real-
time Target Human Tracking using Camshift and Lucas-Kanade Optical Flow
Algorithm // Advances in Science, Technology and Engineering Systems Journal. —
2021. — Vol. 6, No. 2. — P. 907-914. — DOI: 10.25046/aj0602103.

61.Hajipour K., Mehrdad V. Edge detection of noisy digital image using
optimization of threshold and self-organized map neural network // Multimed Tools
Appl. 2021. Vol. 80. P. 5067-5086. DOI: https://doi.org/10.1007/s11042-020-09942-

y.



132

62.Kalare K., Bajpai M., Sarkar S., et al. Deep neural network for beam
hardening artifacts removal in image reconstruction // Appl. Intell. 2022. Vol. 52. P.
6037-6056. DOI: https://doi.org/10.1007/s10489-021-02604-y.

63.Kaji S., Kida S. Overview of image-to-image translation by use of deep
neural networks: denoising, super-resolution, modality conversion, and
reconstruction in medical imaging // Radiol. Phys. Technol. 2019. Vol. 12. P. 235-
248. DOI: https://doi.org/10.1007/s12194-019-00520-y.

64.Singh P., Shankar A. A novel optical image denoising technique using
convolutional neural network and anisotropic diffusion for real-time surveillance
applications // J. Real-Time Image Proc. 2021. Vol. 18. P. 1711-1728. DOI:
https://doi.org/10.1007/s11554-020-01060-0.

65.1TepeBepzeB O., Tpame3on K. OcoOGamBOCTI BHUKOPHUCTAHHS HEHUPOHHUX
MEpeX y 3aJauax 3MEHIIeHHsS mymy nudpoBux 300paxens // Bicnuk KpHY imeni
Muxaiina Ocmpoepaocvkoco. — 2023. - Ne3 (140). — C. 44-51. — DOI:
https://doi.org/10.32782/1995-0519.2023.3.6.

66.Joshi K., Yadav R., Allwadhi S. PSNR and MSE based investigation of
LSB // International Conference on Computational Techniques in Information and
Communication Technologies (ICCTICT). 2016.

67.Bhathena J. Weather Dataset [Enextponnuii pecypc] // Kaggle. — 2021. —
Pexxum nmoctymy:  https://www.kaggle.com/datasets/jehanbhathena/weather-dataset
(mara 3BepueHHs: 18.12.2024).

68.Li D., Dai X., Gui J., et al. A reversible watermarking for image content
authentication based on wavelet transform //  SIViIP. 2024. DOI:
https://doi.org/10.1007/s11760-023-02950-z.

69.Chaibi N., Ben Aoun N., Eladel A., et al. Image super resolution boosting
using beta wavelet // SIViP. 2023. DOI: https://doi.org/10.1007/s11760-023-02887-3.

70.Preetha S., Bindu V. A Wavelet Optimized Video Copy Detection Using
Content Fingerprinting // J. Sign. Process. Syst. 2023. Vol. 95. P. 363-377. DOI:
https://doi.org/10.1007/s11265-022-01830-y.



133

71.Chaudhuri A., Shivakumara P., Chowdhury P., et al. A deep action-oriented
video image classification system for text detection and recognition // SN Appl. Sci.
2021. Vol. 3. P. 838. DOI: https://doi.org/10.1007/s42452-021-04821-z.

72.Manjunath Aradhya V., Basavaraju H., Guru D. Decade research on text
detection in images/videos: a review // Evol. Intel. 2021. Vol. 14. P. 405-431. DOI:
https://doi.org/10.1007/s12065-019-00248-z.

73.Daubechies |. The wavelet transform, time-frequency localization and
signal analysis // IEEE Trans. Inf. Theory. 1990. Vol. 36, No. 5. P. 961-1005. DOI:
https://doi.org/10.1109/18.57199.

74.Ramakrishnan V., Pete D. Haar Wavelet-Based Fusion of Multiple
Exposure Images for High Dynamic Range Imaging // SN Comput. Sci. 2022. Vol. 3.
P. 129. DOI: https://doi.org/10.1007/s42979-021-01010-y.

75.ITepesepses O., Tpamnezon K. [Iporpamui mijaxoau BUKOPUCTAHHS BEHBIIET-
MEPETBOPEHHS B 3aJa4ax pO3Ii3HABaHHA TEKCTY 13 300paxkenb // Bicnuxk KpHY imeni
Muxaiina Ocmpoepaocvkoco. — 2024. - Nel (144). — C. 266-272. — DOI:
https://doi.org/10.32782/1995-0519.2024.1.35.

76.Li X., Shen Z. Driver fatigue detection based on improved YOLOv7 // J.
Real-Time Image Proc. 2024. Vol. 21, No. 75. DOI: 10.1007/s11554-024-01455-3.

77.Zhao D., Shao F., Yang L. Object detection based on an improved YOLOv7
model for unmanned aerial-vehicle patrol tasks in controlled areas // Electronics.
2023. Vol. 12, No. 23. P. 4887. DOI: 10.3390/electronics12234887.

78.Zhou W., Cai C., Zheng L. ASSD-YOLO: a small object detection method
based on improved YOLOV7 for airport surface surveillance // Multimed. Tools Appl.
2024. Vol. 83. P. 55527-55548. DOI: 10.1007/s11042-023-17628-4.

79.Xu S., Chen Z., Zhang H. Improved remote sensing image target detection
based on YOLOv7 // Optoelectron. Lett. 2024. Vol. 20. P. 234-242. DOI:
10.1007/s11801-024-3-z.

80.Li C., Wang J. Remote sensing image location based on improved YOLOv7
target detection // Pattern Anal. Applic. 2024. Vol. 27, No. 50. DOI: 10.1007/s10044-
024-01276-x.



134

81.1TepeBepzeB O., Tpameszon K. IlpuHnmmm Ta miAXOAW BUKOPUCTAHHS
anroputMmy YOLO v7 B cucremax BusiBieHHsI 00’e€kTiB // Bicnux KpHY imeni
Muxatina Ocmpoepadcekoeo. — 2024. - Ne4 (147). — C. 104-112. — DOIL:
https://doi.org/10.32782/1995-0519.2024.4.13.

82.5un Y., Li Y., Li S. PBA-YOLOvV7: An object detection method based on
an improved YOLOv7 network // Appl. Sci. 2023. Vol. 13, No. 18. P. 10436. DOI:
10.3390/app131810.

83.Viola P., Jones M. Rapid object detection using a boosted cascade of simple
features // Proceedings of the IEEE Computer Society Conference on Computer
Vision and Pattern Recognition (CVPR). 2001. Vol. 1. P. 511-518. DOI:
10.1109/CVPR.2001.990517.

84.Hochreiter S., Schmidhuber J. Long short-term memory // Neural
Computation. 1997. Vol. 9, No. 8. P. 1735-1780. DOI: 10.1162/nec0.1997.9.8.1735.

85.Wang C.-Y., Bochkovskiy A., Liao H.-Y. M. Scaled-YOLOv4: Scaling
cross stage partial network // Proceedings of the IEEE/CVF Conference on Computer
Vision and Pattern Recognition. 2021. P. 13029-13038.

86.Liu W., Anguelov D., Erhan D., Szegedy C., Reed S., Fu C.-Y., Berg A. C.
SSD: Single shot multibox detector // European Conference on Computer Vision.
2016. P. 21-37.

87.Jocher G., Chaurasia A., Qiu J. YOLOv7: Trainable bag-of-freebies sets
new state-of-the-art for real-time object detectors // arXiv preprint. 2022.
arXiv:2207.02696.

88.2.0MP IP-Binecokamepa BALTER IP-MT1210GR [Enexrponnuii pecypc] //
NeoLight.— Pexum JOCTYTY:
https://neolight.in.ua/uk/videonabludenie/kamera_videonabludenia/2-Omp-ip-
videokamera-balter-ip-mt1210gr (nara 3Bepaenns: 02.12.2024).

89.5G72860M 24-noprosuii komytatop [Enekrponnuii pecypce] // Versitron. —
Pexum  goctymy:  https://www.versitron.com/products/sg72860m-24ports-10-100-
1000-4-100-1g-sfp-managed (nata 3Bepuenss: 02.12.2024).



135

90.NUUO IIporpama IP [Enexrponnuii pecypc] // Delishes. — Pexum nocryry:
https://delishes.com.ua/nuuo-programma-ip.html (nata 3sepuenns: 02.12.2024).

91.AJAX NVR-16-CH [Enextponnuii pecypc] // Ajax Systems. — Pexum
nocrymy:  https://ajax.systems/ua/products/specs/nvr-16-ch/  (mara  3BepHCHHS:
02.12.2024).

92.Hikvision. [Exnexrponnuii pecypc] // Hikvision Surveillance Solutions.
2023. URL: https://www.hikvision.com (maTta 3BepHeHHs: 29.12.2024).

93.Dahua Technology. [Enexrponnuii pecypc] // Dahua Security Systems
Overview. 2023. URL: https://www.dahuasecurity.com (maTta 3BepHEHHS:
29.12.2024).

94.Balter Security. [Enextponnuii pecypc] // IP-MT1210GR Camera
Specifications. 2023. URL.: https://www.balter.com (nara 3BepHenHs: 29.12.2024).

95.Versitron. [Enextponnuii pecypc] / SG72860M Hybrid Optical Switch
Specifications.  2023. URL: https://www.versitron.com (maTa 3BSpHCHHS:
29.12.2024).

96.GitHub Labellmg [Enektponnmii pecypc] / Heartex Labs. — Pexum
noctymy: https://github.com/heartexlabs/labellmg (nara 3Bepuenns: 02.12.2024).

97.Zhang Z., Liu Q., Wang Y. Deep learning-based object detection for remote
sensing images: A survey // IEEE Geosci. Remote Sens. Mag. 2020. Vol. 8, No. 4. P.
16-38.

98.Li X., Chen W., Qiao Y. Common object detection in remote sensing
images using a CNN-based model // Remote Sens. 2019. Vol. 11, No. 15. P. 1818.

99.Smith B., Zhang H. Improving Object Detection under Low-Light
Conditions: A Review // International Conference on Computer Vision. — 2021.

100. Han X., Chen Y., Zhang J. Infrared small-target detection using deep
learning: A survey // IEEE Trans. Geosci. Remote Sens. 2023.

101. Li Q., Zhang Y., Sun G. Enhancing infrared object detection via domain
adaptation techniques // Pattern Recognit. Lett. 2024,

102. Sabour S., Frosst N., Hinton G. E. Dynamic routing between capsules //

Advances in Neural Information Processing Systems. 2017.



136

103. Lalonde R., Khosravan N., Bagci U. Deformable Capsules for Object
Detection // arXiv preprint. 2021. arXiv:2104.05031.

104. Hinton G. E., Sabour S., Frosst N. Matrix capsules with EM routing //
arXiv preprint. 2018. arXiv:1710.09829.

105. Zhao W., Wang L., Yan Y. A survey on capsule networks for object
recognition // IEEE Trans. Neural Netw. Learn. Syst. 2021.

106. Huang, J., Chang, Y., Li, W,, Tong, J.,, & Du, S. (2024). A Spatio-
Temporal Capsule Neural Network with Self-Correlation Routing for EEG Decoding
of Semantic Concepts of Imagination and Perception Tasks. Sensors, 24(5988). DOI:
10.3390/s24185988.

107. Xiang C., Zhang L., Tang Y., Zou W., Xu C. MS-CapsNet: A Novel
Multi-Scale Capsule Network // IEEE Signal Processing Letters. — 2018. — Vol. 25,
No. 12. — P. 1850-1854. — DOI: 10.1109/LSP.2018.2873892.

108. HazapxeBuu M. A., OnekciB H. T., Cucrema po3mnizHaBaHHs 00’ €KTiB Ha

ocuoBi Mozemi YOLO /I Vkpaincoruii scypnan ingpopmayitinux mexnonoeiu. 2024,

Vol. 6, No. 1. P. 120-126. — DOI: https://doi.org/10.23939/ujit2024.01.120



137

JOJATOK A

Bu3HauyeHHsI TEKCTY HA CKJIAAHOMY (POHI

import cv2

import numpy as np

import matplotlib.pyplot as plt
import pywt

import pytesseract

# BcTaHOBJIeHHd muaxy o Tesseract OCR
pytesseract.pytesseract.tesseract cmd = r'C:\Program

Files\Tesseract-OCR\tesseract.exe'

# BaBaHTaxeHHS 300pPaxeHHI
image = cv2.imread('3.jpg', O0) # BuuTyBaHHA Yy

BiOTiHKAxX Clporo

# BacTocyBaHHS MNOPOTOBOI OOPi3KM IJi9 BUILJIEHHS TEKCTY
, thresholded image = cv2.threshold(image, 0, 255,

cvz.THRESH BINARY + cvZ2.THRESH OTSU)

# BelBJjeT-nIepeTBOPEHHS  300paxeHHS (BUKOPUCTOBYEMO
BeMBJleT Xaapa)

coeffs = pywt.dwt2 (thresholded image, 'haar')

# PexoHCTpPyKIisa 300paxeHHa 3 koebiunieHTiB

reconstructed image = pywt.idwt2 (coeffs, 'haar')

# IlepeTBOpeHHa 300paxeHHS Ha L1JIOUMCENBHUM TUII

reconstructed image = np.uint8(reconstructed image)
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# PolsmizHaBaHHS TEKCTY 3a IONOMOTol pytesseract
recognized text =

pytesseract.image to string(reconstructed image)

# BinmoOpaxeHHs pPes3yJbTaTiB Ta PO3I1I3HAHOTO TEKCTY

plt.figure(figsize=(12, 6))

plt.subplot (231)
plt.title('Original Image')

plt.imshow (image, cmap='gray')

plt.subplot (232)
plt.title('Thresholded Image')
plt.imshow (thresholded image, cmap='gray')

plt.subplot (233)
plt.title ('Reconstructed Image')

plt.imshow (reconstructed image, cmap='gray')

plt.tight layout ()
plt.show/()

# BmBemeHHS PO3MN1i3HAHOTO TEKCTY

print ("Recognized Text:")

print (recognized text)
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JIOJIATOK B

1. 3aBaHTaXEHHS Ta MiIATOTOBKA J1aTaceTy
" “python

import os

import cv2

import numpy as np

from yolov7.utils import augment data

# llnax Jo maTaceTry

dataset path = "/path/to/dataset/"

def load images (dataset path):
images, labels = [], []

for img name in os.listdir (dataset path):

img path = os.path.join(dataset path,
img name)

label = 1 if "knife" in img name else 0

image = cvZ.imread (img path)

image = cv2.resize (image, (640, 640))

images.append (image)
labels.append(label)

return np.array(images), np.array(labels)

# BaBaHTaXeHHS IaHMX

images, labels = load images (dataset path)

# AyrMeHTalllda maHumMx
augmented images, augmented labels =

augment data (images, labels)
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print (f"OaTaceT M1CTUTH {len (augmented images) }

300paxeHb MNiciig ayrMeHTanii.")

2. Hapuanus YOLOV7
" python
from yolov7 import YOLOwv7

# Iniuiamisauis momesi
mode 1l = YOLOvV7 (config path='yolov7.cfg',

welghts path='yolov7.weights', device='cuda')

# HajlawmTyBaHHS HapaMeTpiB HaBUAHHSA
model.set hyperparams (

batch size=1l6,

epochs=50,

learning rate=0.001

# IouaTox HaBYaHHSA
model.train(train data=augmented images,

val data=None)

# 30epexeHHsS HaABUEHOI MOIeJii

model.save("yolov7_trained.pth")

3. TectyBaHHs MOel
" “python

from yolov7.utils import evaluate model



# OuiHka MomeJsii Ha pPiszHUX yMOBax
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conditions = |
{"distance": 1, "transparency": 1.0},
{"distance": 2, "transparency": 1.0},
{"distance": 5, "transparency": 0.5},

]

results = []

for cond in conditions:
test images = simulate conditions (images,

distance=cond["distance"],
transparency=cond["transparency"])
result = evaluate model (model,
results.append (result)
print (f"YmoBuU: {cond},

{result['accuracy']:.2f}%")

4. AHai3 BIJICOTIOTOKY B pealbHOMY 4aci
" “python

import cv2

# BigkpuTTa BiIEONOTOKY

cap = cv2.VideoCapture (0)

while True:
ret, frame = cap.read()
if not ret:

break

# Jerekilisa oB'exTiB

test images)

TOYHICTE :
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detections = model.detect (frame)

# Bisyamizaiis
for det in detections:
x1l, yl, x2, y2, conf, cls = det
cv2.rectangle (frame, (x1, vyl1), (x2, vy2), (O,

255, 0), 2)

cv2.putText (frame, f"{cls} ({conf:.2f})",
(x1, yl - 10), cv2.FONT HERSHEY SIMPLEX, 0.5, (0, 255,
0), 2)

cv2.imshow ("Bigeonorik", frame)

1if cvZ2.waitKey(l) & OxFF == ord('qg'):
break

cap.release ()

cv2.destroyAllWindows ()
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5. 3o00pakeHHs 3 pe3yabTaTaMd PO3Mi3HABaHHS HOXKAa TP HASBHOCTI

OCBITJIEHHS MoieJuTt0 YoloV7 mipu pi3HUX BiICTaHSIX Ta yMOBaX MEPEKPUTT.

YMoBH, BiACTaHb (M), 3o00pakeHHs
TOYHICTh
po3nizHaBaHHs (%)

0e3 KarncyJapHOTO

mapy

[ToBHE Bi1OOpa’KeHHS,

1 M, 87%

YacTkoBE NEPEKPUTTH,

1 M, 79%
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[ToBHe BinoOpaxeHHs,

2™, 83%

YacTkoBE NEPEKPUTTH,

2M, 75%

[ToBHE BiOOpaKeHHS,

3Mm, 71%
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YacTkoBe NEPEKPUTTH,

3 M, 69%

[ToBHE Bi1OOpaKeHH,

4 M, 59%

YacTkoBE NEPEKPUTTH,

4 m, 48%
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[ToBHe BinoOpaxeHHs,

5™, 33%

YacTkoBE NEPEKPUTTH,

5w, 18%
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6. 300paxkeHHS 3 pe3yJabTaTaMd pO3MI3HABAHHS HOXKa TIPU HASBHOCTI

OCBITJICHHSI Ta IMITalll€l0 HECOPUATIMBUX YMOB Mojae/I0 YoloV7 mpu pi3HHX

BIJICTaHSIX Ta YMOBaX MEPEKPUTTSI.

YMoBH, BiCTaHb (M),
TOYHICTh
po3mizHaBaHHs (%) 6€3

KaICyJIbHOTO IIapy

300pakeHHS

[ToBHE Bi1OOpa’KeHH,

1 M, 53%

YacTKkoBE NEPEKPUTTH,

1 M, 37%

[ToBHE Bi1OOpaKeHHH,

2 M, 32%
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YacTkoBe NEPEKPUTTH,

2™, 28%

[ToBHE BimOOpaKeHH,

3 M, 20%

YacTkoBe NEPEKPUTTH,

3Mm, 16%




149

[ToBHE BimOOpaKeHH,

4 M, 9%

YacTKoBE EPEKPUTTH,

4 M, 6%

[ToBHE BimOOpaXKeHHS,

5™, 3%
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YacTkoBe NEPEKPUTTH,

5Mm, 2%

7. 3o00paxkeHHA 3 pe3ynbTaTaMd pO3Mi3HABaHHSI HOXKA TMPH BiICYTHOCTI

OCBITJIFOBAHOCTI MO/IeJUTI0 Y0loV7 mipu pi3HUX BIACTaHSIX Ta yMOBaX MEPEKPUTTSI.

YMoBH, BIJICTaHb 300pakeHHs
(M), TOYHICTB
pO3IMi3HaBaHHs
(%) Ge3
KarcyJabHOTO

mapy

IloBHE

BiI0OpakeHHS,

1M, 81%
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YacTkoBe
MIEPEKPUTTH,

1 M, 67%

IloBHE

BiJI0OpakeHH,

2Mm, 77%

YacTkoBe
MIEPEKPUTTS,

2™, 61%
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IloBHE

BiJI0OpakeHH,

3M, 50%

YacTkoBe
TIEPEKPUTT,

3Mm, 22%

IToBHE
BiI0OpakeHHS,

4™, 15%




YacTkoBe
MIEPEKPUTTH,

4m, 11%

IloBHE

BiTI0OpakeHH,

5M, 9%

YacTkoBe
MIEPEKPUTTH,

5™, 6%
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8. 300paxkeHHs 3 pe3ylbTaTaMH pO3MI3HABAHHS HOXKa TIPH BiJICYTHOCTI
OCBITJIIOBAHOCTI Ta IMITaIlI€}0 HECTIPUATIMBUX YyMOB Mozeitto YoloV7 npu pizHUX

BIJICTaHSIX Ta YMOBaX MEPEKPUTTSI.

YMoBH, BiCTaHb (M), 3o00pakeHHS
TOYHICTh
posmizHaBanHs (%)

0€e3 KarncyJabHOTO

mapy

[ToBHE BimOOpaXKeHHS,

1M, 32%

YacTKOBE NEPEKPUTTH,

1 M, 20%
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[ToBHe BigOOpaXkeHHS,

2™, 25%

YacTkoBe NEPEKPUTT,

2w, 12%

[ToBHe BinoOpaXkeHHs,

3 M, 8%
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YacTKoBE NEPEKPUTTH,

3 M, 6%

[ToBHe BinoOpaXkeHHs,

4 M, 4%




