O0Js1ikoBa KapTKa aucepTaii

I. 3arasbHi BimOMOCTI

Jep>kaBHHH 00J1iKOBHI HOMeP: 0825U000546
Oco06J1uBi TO3HAYKH: BinKkpura

JaTa peectpauii: 17-02-2025

Craryc: 3axumeHa

PexBi3utu Hakasy MOH / Haka3y 3aKjazy:

I1. BizomocrTi nipo 3700yBaya

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Mpak Bacuib borgpanosuy

2. Vasyl Mrak

KBasmigikamis:

InenTudikarop ORCHID ID: 0009-0002-6066-5592

Bupg, pucepranii: nokrop dinocodii

AcnipaHTypa/JIOKTOpPaHTypa: Tak

IIndp HayKoBOi crieniaIbHOCTI: 172

Ha3Ba HayKoBOIi CIeniaJIbHOCTI: EsiekTpoHHi KOMyHiKaji Ta pagioTexHika
FaJIy3b / ralesi 3HaHb. €JIEKTPOHIKA,aBTOMATH3allisl Ta €JIEKTPOHHI KOMYHIKali
OCBiTHbo—HayKOBa nmporpama 3i CreniaJibHOCTI: TenekomyHikauii Ta pagioTexHika
Jara 3axHcTy: 04-10-2024

CnenianbHICTB 32 OCBITOXO: TeekomyHiKallji Ta pajlioTexHika

Micue po6oTH 3400yBava: Haujonanbuuii yHiBepcuteT "JIbBiBCbKa OMTiTEXHIKA"
Kopg 3a €IPIIOY: 02071010

Micuesnaxo,szeHHa: ByJ. CrenaHa banzepuy, 6yz. 12, JIbgis, 79013, YkpaiHa
dopma ByacHOCTI: Jlepkasna

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBIiTH i HAayKu YKpaiHu

ImenTudikarop ROR:

CeKTOop HayKH. YHiBePCUTETCHKUI



I11. BimomMocTi mpo opranizariiio, e Big0OyBcsl 3aXHCT

IIIudp cnenianizoBaHoi BYEHOI pagH (Pa30Boi CIeliaJai30BaHOi BY€HOI pagH). PhD 6876
ITloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOM: HaujonanbHuii yHiBepcuteT "JIbBiBCbKa MOTTITEXHIKA"
Kopg 3a €IPIIOY: 02071010

Micue3HaxoaKeHHS: ByJ. CtrenaHa BaHgepy, 6yz. 12, JIbBiB, 79013, Ykpaina

dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH i HayKK YKpaiHu

InenTudikarop ROR:

CeKTOop HayKH:. YHiBEPCUTETCHKUI

IV. BizomocTi ripo miznpueMcTBO, yCTaHOBY, OpraHisalliio, B sIKii 0yJ10
BHKOHAHO JHCEPTaIlilo

IloBHe HaliMEeHYBaHHSI IOPHUAHUYHOI 0COOM: HaujoHanbHuil yHiBepcuTeT "JIbBIBCbKA OJIITEXHIKA"
Kopg 3a €IPIIOY: 02071010

MicueSHaxo,q)KeHHﬂ: ByJ. CrenaHa bangepu, 6yz. 12, JIbsis, 79013, Ykpaina

dopma BracHOCTI: JlepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKH YKpaiHu

InenTudikarop ROR:

CeKTOp HayKH: YHIBEPCUTETCHKUI

V. BimomocTi npo gucepraniio

MoBga auceprTaliii: Vkpaincoka

Koau TemaTHYHHUX PYOPHK: 49.40

Tema gucepranii:

1. MeTonu Ta 3aco6u po3ITi3HABAaHHS PYXOMHUX OO'EKTIB B TEJIEKOMYHIKaLiHAX CUCTEMax B peajbHOMY MacIiTabi

Jacy

2. Methods and means of recognition of moving objects in telecommunication systems in real time

Pedepar:

1. Incepranis npucBsYeHa po3po6IeHHIO MeTOMIB i 3ac06iB po3Mi3HaBaHHS PyXOMUX 00’€KTIB B
TeJIEKOMYHIKaliIHUX CUCTEeMax B peaJlbHOMYy MacuTabi yacy. B nepmomy posgini «I[IpobsemHi nuTaHHS Ta aHai3
TEXHOJIOTIi! TO6YZ0BU CUCTEM BiIEOCIIOCTEPEXEHHS» OIMCAHO OCOOIMBOCTI MOOYIOBY Ta (PYHKLIOHYBaHHS SIK
3BUYANHUX CUCTEM BiJJleOCIIOCTepEKEHHS TaK i cUCTeM i3 3acTocyBaHHSAM QYHKIIN BifeoaHaniTUKu. [IpoBeseHo
OIJISIIOBUI aHAJIi3 aITOPUTMIB BUSBIIEHHS 00'€KTIB Ta aJITOPUTMIB CYIIPOBOIKEHHS 00'€KTIB, B pe3YJIbTaTi IKOTO
3aIPOIIOHOBAHO CroCi6 kinacudikalii aropuTmiB CynpoBoKeHHs 00'eKTiB.B gpyromy posaisni «Po3pobieHHs
METO/IiB Ta MoZeJsieil po3Mi3HaBaHHs 006JIM4 Ta CTUCKAHHS Tpa@iky 3 3aCTOCYBaHHSIM aJITOPUTMY BilHIMaHHS (QOHY

17151 CTal[iOHApPHUX CUCTEM BiI€OCIIOCTEPEKEHHS» 3aIIPOIIOHOBAHO €(PEKTUBHUN QJITOPUTM BijHIMaHHS (POHY Ha



ocHosi ViBE a4 cknagHoro ¢ony. Bin noenHye B co6i BnockoHaneHui ViBE, kil BUKOPUCTOBY€E KyMyJISITUBHE
cepeJHe 3HAaYEHHS Ta MEXaHi3M MipaxyHKy MiKCeJliB 115 MIBUAKOTO YCYHEHHS IPUBUIB, i ajantuBHui ViBE, axuii
004MCIII0€ aNallTUBHUI pajliyc 3aJIe5KHO Bif 3MiHU (POHY.3allpOIIOHOBAHO aJITOPUTM /J1s1 CTUCHEHHS Bifle0, BHITUX
KamepaMu 3 OOMEXXEHUM PECYPCOM, KU BUKOPUCTOBYE aHAJIi3 PyXy [AJIS BUAJI€eHHs HeOa)KaHUX MiKCeJliB i KaipiB
300pakeHHsI. 3alIpOIIOHOBAHO METOJ, PO3IIi3HaBaHHS 00JINYYsl, 3ACHOBAHA Ha BUSBJIEHHI pyxy. Lleit meTog,
30CepeIpKy€eThCS He JIMIle Ha eTanax BUSIBJIEHHS! Ta PO3Ili3HaBaHHS 007114, ajle BKJIIOYA€ BUSIBJIEHHS PyXOMUX
00'€KTiB, 1110 3MEHIIIye OOCAT [AHUX, SIKi IOTPiOHO 00po6UTU. PO3p06sIeHO TPOrpaMHy MOZEJIb OOPOOKY IaHUX B
cucreMax BineoHarsszy. JloBejeHO e(eKTUBHICTb BUKOPUCTAHHS TexHosorii Spark. s TexHooris 3a6e3neuye
IIBUJIKY POOOTY aJIFOPUTMIB HaBiTh I1pY 36i/blIeHH] 00CSTiB JaHMX 3aBISKY ONTHUMI3allii o6uncieHs.B TpeTbomy
pospini «JJocainKeHHs po3po06ieHUX METO/IIB Ta MOJieJlell po3Mi3HaBaHHS 00JIMY Ta CTUCKAHHS Tpadiky 3
3aCTOCYBAaHHSM QJITOPUTMY BiffHiMaHHS (POHY» IPOBENEHO JOCiIKEHHS CTBOPEHOIO aJITOPUTMY BiJHIMAHHS (POHY
Ha ocHOBi ViBE ny1g ckiagnaoro ¢ony.JJocmimkeHo CTBOPEHUI METO, IJ1s1 CTUCHEHHS Bifleo, 3HSITUX KaMepaMHu 3
00ME>XEHUM PECYPCOM, KU BUKOPUCTOBYE aHaJIi3 pyXy [J BUJaleHHs HebakaHUX ITiKceJliB i KafipiB 300pakeHHSI.
Amnasizyrouu BifleoKagpy MiKCeb 3a MiKCeIeM, METOL JOCAT CEPEIHbOTO CTUCHEHHS TECTOBUX NaHMX Ha 30%,
36epiraioym npu pOMY BCIO iHbOpMalLilo, BXXJIUBY [JIs aHAJII3y MOBEIiHKY PyXOMUX 06'€KTiB. Lle 3HauHe
3MEHIIEeHHs po3Mipy ¢aiiyly 3HaUHO PO3LIMPIOE MOKIIMBOCTI MOHITOPUHTY 33 PaXyHOK MiHimizallii BUMOT 110
IIPOIIYCKHOI 3aTHOCTI Ta NoJermeHHs epeKTUBHOI lepeadi JaHux i3 IpUCTPOiB 3 0OMEXKEHUMU PECYPCaMU.
Po3sropraHHs 1pbOr0 METOLly HAa KaMepax Mae MOTEHLiasl 111 3HaYHOTO IIPOCYBaHHSI MOHITOPUHTIY Ta 30€peKeHHS 3a
PaxXyHOK OIITUMi3aLii MOXJIMBOCTEN iCHYIOYMX CUCTEM. JJOCIIIIKEHO 3aIIPOIIOHOBAHUI METOZ, PO3I1i3HABAHHS
0071M44sl, 33CHOBAHA Ha BUSIBJIEHHI pyXy. Llel minxin mae psif repesar, TakUx sIK: 3MEHIIEHHS 00CATY aHUX,
igBUIIEHHS IIBUIKOCTI, 3HV>KEHHS CIIOXKMBAHHS €HEPTil, YHiBEpPCaJIbHICTDb, TOKPALEHHS [IPOAYKTUBHOCTI.
BusiByieHHSs1 pyXOMUX 00'€KTIB 03BOJISIE 06POOJISTY JIMLIE Ti YaCTUHU 300paKEHHS, € Bifl0yBaIOTbCS 3MiHY, 110
3HAYHO 3MEHIIY€e O0CST JaHUX, sIKi TOTPe6YITh 06poOKu. CuicTeMa MOXXe 0OpOO6JISITY 3060pasKeHHS 3HaYHO LMIBUALIE,
110 poOUTS ii 6iybIll IPUAATHOIO AJ1s 33a4 peanbHoro yacy. O6pobka MEeHILIOro o6Csry JaHuX oTpedye MeHIIe
€Heprii, o poduTh Li}0 MOZEb Oi/IbII eHeproedeKTUBHOKW. Mozeb MOXe O0yTH afalToBaHa [0 Pi3HUX CEPELOBULLL
Ta YMOB OCBiTJIEHHS. 3aB/SIKM NTO€JHAHHIO BUSIBJIEHHS PYXY 3 METOJAaMU PO3ITi3HaBaHHS 006JIMY, MOJIEJIb MOXKE
HiABUIMTY TOYHICTb 32 JOIIOMOT0I0 BUKOPUCTAaHHS AOJATKOBOI iHpopmallii Ipo pyx Mo>ke JOIIOMOITU YCYHYTH
IIOMMJIKY, TIOB'S13aHi 3 IIyMOM Ta CKJIaJHUMU (OHOBUMMU 300paKEHHSIMU. 3SMEHIINUTH KiJIbKiCTh MOMUJIKOBUX
CIIpalllOBaHb 32 PaXyHOK pearyBaHHS JIUIIE Ha Ti 00'€KTH, SIKi IiliCHO pyxaloThCs, 110 MiHIMi3ye NMOBIpHICTb
IIOMUJIKOBOTO PO3Ii3HaBaHHS 00J14. B yeTBepromy po3zini «[Iporpamua peasnizanis Mozesii po3nisHaBaHHS 00JI1d
Ha OCHOBI aJrOPUTMY BifHiMaHHS (GOHY» J1s1 CTBOPEHHSI 3aCTOCYHKY 6yJla BUKOPUCTaHi MOBU ITPOTrpaMyBaHHS
Python pazom 3 6i6saiorekamu OpenCV, TensorFlow, pickle. 3 ix 1ornomoroo 6y CTBOPEHi YaCTUHU CUCTEMU, SIKi
MO>XKYTb 3MEHIINTY HABAHTAKEHHS HA TEJIEKOMYHIKallifiHy Mepexy Ta NigBUIUTH e(PEeKTUBHICTb PO3Ii3HABaHHS Ta
inenTudikanii o6amy.

2. The dissertation is dedicated to the development of methods and tools for real-time recognition of moving
objects in telecommunication systems. In the first chapter, «Problematic Issues and Analysis of Technologies for
Building Video Surveillance Systems» the features of both conventional video surveillance systems and systems
incorporating video analytics functions are described. A review analysis of object detection algorithms and object
tracking algorithms is conducted, leading to the proposal of a classification method for object tracking algorithms.
The second chapter, «Development of methods and models for face recognition and traffic compression using a
background subtraction algorithm for stationary video surveillance systems," presents an efficient background
subtraction algorithm based on ViBE for complex backgrounds. This algorithm integrates an improved ViBE, which
employs cumulative averaging and a pixel counting mechanism for rapid ghost removal, as well as an adaptive
ViBE, which calculates an adaptive radius depending on background changes. Additionally, a video compression
algorithm is proposed for footage captured by resource-constrained cameras. It utilizes motion analysis to
eliminate unnecessary pixels and image frames. A motion-based face recognition method is also introduced,
focusing not only on face detection and recognition stages but also on detecting moving objects, thereby reducing
the amount of data requiring processing. A software model for data processing in surveillance systems is



developed, and the efficiency of Spark technology is demonstrated. Spark ensures fast algorithm execution even
with increasing data volumes due to computational optimizations. In the third chapter, «Investigation of developed
methods and models for face recognition and traffic compression using a background subtraction algorithm» an
in-depth study of the developed ViBE-based background subtraction algorithm for complex backgrounds is
conducted. The proposed method for compressing video captured by resource-constrained cameras is also
examined. By analyzing video frames pixel by pixel, this method achieves an average test data compression of 30%,
while preserving all information crucial for analyzing the behavior of moving objects. This significant file size
reduction enhances monitoring capabilities by minimizing bandwidth requirements and facilitating efficient data
transmission from resource-limited devices. Deploying this method in cameras has the potential to significantly
advance monitoring and storage optimization by enhancing the efficiency of existing systems. Furthermore, the
proposed motion-based face recognition method is analyzed. This approach offers several advantages, including
data volume reduction, increased speed, reduced energy consumption, adaptability, and improved performance.
Motion detection allows processing only those parts of an image where changes occur, significantly reducing the
amount of data requiring processing. The system can process images much faster, making it more suitable for real-
time applications. Processing smaller data volumes requires less energy, making this model more energy-efficient.
The model can be adapted to various environments and lighting conditions. By combining motion detection with
face recognition methods, the model can enhance accuracy by using additional motion-related information, which
helps eliminate errors associated with noise and complex background images. Additionally, it reduces false
positives by responding only to genuinely moving objects, thereby minimizing the likelihood of incorrect face
recognition. In the fourth chapter, «Software implementation of the face recognition model based on the
background subtraction algorithm» Python programming language, along with OpenCV, TensorFlow, and Pickle
libraries, was used to develop the application. These tools were employed to create system components that can
reduce the load on the telecommunication network and improve the efficiency of face recognition and
identification.
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