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

Pedepar:

1. Incepranist npucBsiyeHa po3pobIeHHIO METO/IB i 3aC06iB pO3Mi3HaBaHHS PyXOMUX 00’€KTiB B
TeJIEKOMYHIKal[ilHMX CUCTEMaX B peaJlbHOMY MacIuTabi yacy. B nepmomy posgini «[IpobsemHi nuTaHHs Ta aHai3
TEXHOJIOTi} I0OYI0OBU CUCTEM BilEeOCIIOCTEPEKEHHS» OMMCAHO OCOOIMBOCTI TO6YI0BU Ta PYHKLIOHYBAHHS K
3BMYAIHMX CUCTEM BiJJleOCIIOCTEPE’KEHHS TaK i CUCTEM i3 3aCTOCYBaHHSAM (QYHKIi BifeoaHaniTuku. [IposeneHo
OTJISIIOBUI aHAaJli3 aIFOPUTMIB BUSIBJIEHHS 00'€KTIB Ta aJITOPUTMIB CYyIIPOBOKEHHS 00'€KTIB, B PE3yJIbTATi SIKOTO
3aMpOINOHOBAHO Croci6 knacudikalii aIropuTMiB CynpoBOAKEHHS 00'€KTiB.B pyromy po3zini «Po3pobieHHs
METO[IiB Ta MoZeJiell po3Ii3HaBaHHS 00JIMY Ta CTUCKAHHS Tpagiky 3 3aCTOCYBaHHSIM aJITOPUTMY BiHiMaHHS (QOHY
L7151 CTal[iOHapHUX CUCTEM BiIEeOCIIOCTEPEXKEHHS» 3aIIPOIIOHOBAHO €(PEKTUBHUIN aJIfOPUTM BiiHIMaHHS QOHY Ha
ocHOBi VIiBE g5 cknagHoro ¢gony. BiH noenHye B co6i BiockoHaneHuil ViBE, IKuil BUKOPUCTOBYE KyMYJISITUBHE
CepeHe 3HAYEHHS Ta MEXaHi3M MiAPaxXyHKy MiKCEJIiB [JIs IBUIKOrO YCYHEHHS NIPUBUIB, i ananTuBHuil ViBE, skun

004MCIII0€ aNallTUBHUM pajiiyc 3aJIe5KHO Bif 3MiHU (POHY.3alIpOIIOHOBAHO aJITOPUTM /1JIsI CTUCHEHHS Bifleo, 3BHSITUX



KaMepamu 3 OOMEXEHNM PECYpPCOM, SIKU1 BUKOPUCTOBYE aHalli3 pyxy [Jisl BUAAJIEHHS He6a)KaHUX MiKCeliB i KaapiB
300paskeHHSI. 3alIlpOIIOHOBAHO METOJ, PO3Ii3HABAHHS 00JIMY4s, 3aCHOBAaHA Ha BUSIBJIEHH] pyxy. Lleit meTon
30CEpEIHKYETHCS He JIMILe Ha eTanax BUSIBJIEHHS Ta PO3Ili3HaBaHHs 007114, ajle BKJIIOYA€ BUSIBJIEHHS PyXOMUX
00’eKTiB, 110 3MEHIIy€e OOCST IAHUX, SIKi MOTPiIOHO 06po6UTH. PO3p06IIEHO TPOrpaMHy MOJeIb 0OPOOKY IaHUX B
crucremax Bimeonarmsany. [JoBemeHo edeKTUBHICT BUKOPUCTAHHS TeXHOJIOTi Spark. Lis TexHosoris 3a6e3nedye
IIBUJIKY POOOTY JITOPUTMIB HaBiTh I1pU 36i/1blIeHH] 00CSTiB JaHUX 3aBJsIKU ONTHMI3allii o6uncieHs.B TpeTbomy
posgini «JJocaimKeHHs po3p0o6IeHUX METO/IIB Ta MOJIeJlell po3Mi3HaBaHHS 00JIMY Ta CTUCKAHHS Tpadiky 3
3aCTOCYBAHHSIM aJTOPUTMY BilHIMaHHS (QOHY» IIPOBEAEHO AOCIiIKEHHSI CTBOPEHOTO aJITOPUTMY BilHIMaHHS (GOHY
Ha ocHOBi ViBE n1s ckiapgHoro ¢ony.JJocmimkeHo CTBOPEHUI METO, IJ1s1 CTUCHEHHS Bifleo, 3HSITUX KaMepaMHu 3
0OME>XEHUM PECYPCOM, KU BUKOPUCTOBYE aHaJli3 pyXy [J BUJaleHHs HebaKaHUX ITiKceJliB i KafipiB 300pakeHHSI.
Amnarizyrouu BileoKaZpy MiKCeb 3a MiKCeIeM, METOL JOCAT CEPEIHbOTO CTUCHEHHS TECTOBUX NaHUX Ha 30%,
36epiraiouu Npu LbOMY BCIO iH(OpMallilo, BAXINBY IJ1 aHAJi3y IOBEIiHKU PYXOMUX 00'eKTiB. lle 3HauHe
3MEHIIEHHs Po3Mipy ¢aiiyly 3HaUHO pPO3LIMPIOE MOKIIMBOCTI MOHITOPUHTY 33 PaXyHOK MiHiMizallii BUMOT 110
IIPOITYCKHOI 3IaTHOCTI Ta MoJiermeHHs eeKTUBHOI Nepeaydi JaHUX i3 IPUCTPOiB 3 0OMEXXEHUMU peCypCaMu.
PosropraHHs 11bOro METOLY Ha KaMepax Mae MOTeHIias 17 3HAYHOTO IPOCYBAaHHSI MOHITOPUHTY Ta 36€peXXeHHs 3a
PaxyHOK ONTMMi3allii MOXKJIMBOCTEN iCHYIOUMX CUCTEM. JJOCiI>KEHO 3alIPOIIOHOBAHUI METOI PO3I1i3HaBaHHS
0071144sl, 33CHOBAHA Ha BUSIBJIEHHI pyXy. Llell minxin mae psif repesar, TakUXx sIK: 3MEHIIEHHS 00CATY aHUX,
MigBUIEHHS IIBUIKOCTI, 3HVW>KEHHS CIIOKMBAHHS €HEPTil, YHIBEPCaJbHICTb, TOKPALEHHS [IPOLYKTUBHOCTI.
BusiBieHHs1 pyXOMUX 00'€KTiB J03BOJIsIE OOPOOGIISTH JINLIE Ti YACTUHU 300pasKeHHS, Jie BiiOyBaloThCs 3MiHH, IO
3HAYHO 3MEHIIye O0CST aHUX, sIKi TOTPebYI0Th 00poOKU. CucTeMa MOXe 0OpOO6JISITU 300paskeHHSs 3HaYHO LMIBUALIE,
10 pOOUTS i GisbII IPUAATHOIO AJ14 33724 peasbHOro yacy. O6po6ka MEHIIOro 06CATy JaHUX IOTpebye MeHIIe
€Heprii, o POOGUTS 1110 MOjieJIb 6iybll eHeproedeKTUBHOK. Mojesnb MoXKe OyTH alaliToBaHa [0 Pi3HUX CepeLOBUI]
Ta YMOB OCBITJIEHHS. 3aBISKU [TOETHAHHIO BUSIBJIEHHS PYyXY 3 METOLAMU PO3IIi3HaBaHHS 00JINY, MOZEJIb MOKe
HiABUIMTY TOYHICTb 32 JOIIOMOT'0I0 BUKOPUCTAaHHS AOJATKOBOI iHpopmallii Ipo pyx Mo>ke JOIIOMOITU YCYHYTH
IIOMWJIKY, TIOB'S13aHi 3 IIyMOM Ta CKJIaJHUMU (OHOBUMU 300pKEHHSIMU. 3MEHIINTH KiJIbKiCTh MOMUJIKOBUX
CITpallOBaHb 32 PAXyHOK pearyBaHHs JIMIIE Ha Ti 06'€KTH, SKi IiiCHO PyXaloThCs, IO MiHiMi3ye NMOBipHICTh
IIOMUJIKOBOTO pO3Ii3HaBaHHs 00J14. B yeTBepromy po3zini «[IporpamHa peasnizalis Mozesi po3nisHaBaHHS 00J11Y
Ha OCHOBI aJITOPUTMY BiffHiMaHHS QOHY» [JIs1 CTBOPEHHS 3aCTOCYHKY OyJla BUKOPUCTaHi MOBU IIPOrpaMyBaHHs
Python pazom 3 6i6miorekamu OpenCV, TensorFlow, pickle. 3 ix mornomoro:o 6y/u CTBOpEHi YaCTUHU CUCTEMU, SIKi
MOXXYTb 3MEHIIUTH HABAaHTKEHHS Ha TeJIEKOMYHIKalifHy MepexXy Ta MiaBULIIMTH e(eKTUBHICTh PO3Ii3HaBaHHS Ta
inentudikanii o6auy.

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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