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AHHOTALIUA

B pa6ote nacuuthiBaeTcs 83 crpanuiibl, 31 pucyHok, 1 Tabnuiia, 36 ICTOUHUKOB,
2 IPUIIOKECHMUSL.

MOHUTOPUHI COILIMAJIBHOT O JMCTAHIIMPOBAHN A,
KOMIIBIOTEPHOE  3PEHME, OBHAPYXEHUE OBBEKTOB, YOLO,
COITPOBOXIAEHHME OBBEKTOB HA BHUIEOIIOCIIEAOBATEJIBHOCTH,
BYTE TRACK, COITPOBOXJAEHUE YEPE3 OGHAPY>XXEHUE

B nmanHOW pabore paccmarpuBaeTcs mNpoOlieMa MOHHUTOPHHTA COIHAIBLHOTO
JMCTaHIIUPOBAHHUS TIOCPEIICTBOM MPUMEHEHUS TEXHOJIOTUH KOMITBEOTEPHOTO 3PEHUSI.

Heaso paGorel  siBIsgeTcs  pa3paboTka W pealu3alus  alroOpuTMa
ABTOMATHYE€CKOTO MOHUTOPHUHTA COLIMAIBHOTO AUCTAHIIMPOBAHHS C MCIOJIb30BAHUEM
KOMITBIOTEpHOTO  3peHHus. (OQO0beKTOM MCCJIAeN0BAHMS  SBIAIOTCS TEXHOJOTHHU
OoOHapyKeHUS u COIPOBOXKACHUS MHOKECTBa 00BEKTOB Ha
BUJICOTIOCIICIOBATEILHOCTH B KOMITBIOTEPHOM 3pDEHUHM, a TaKKe BBIUMCICHUE
peaibHOrO paccTosiHus Mexay oObekTtamu. IlpenmerHasi 00JacThb - MOHUTOPUHT
COOJIOZICHUS MEP COLUAIBHOTO TUCTAaHIIUPOBAHUSI.

B pabGore moJsiydyeHbl cieayloliue pe3yJbTaTbl: H3YyYE€Hbl U OMHCAHBI
npeaMeTHasE 00JacTb M MOAXObl PEIICHUs paccMaTpuBacMOM 3a4auM; MPEUIOKEH
COOCTBEHHBI aJITOPUTM MOHUTOPUHIA COLMAJIBHOTO JUCTAHLIMPOBAHHUE YEpe3
KOMITBIOTEPHOE 3pEHME, BKIIOYAIOIIMN TpU 3Tama: 0OHapyKEHHE U COMPOBOXKIACHUE
00BEKTOB, NpPEOOpa30BaHUE KOOPAMHAT, BBIYKMCICHHE JAWCTAaHIUU W JACTEKUUs
HapylIEeHUH; pa3padoTaHa IporpaMMHasl peaau3anus MPeIIoKEeHHOTO aJITOPUTMA, a
€ro UCXOAHBIN Koj omyOsnkoBaH Ha miardopme GitHub; nporecTupoBan kax bl U3
TpEX 3TANoOB MPOrPaMMHON pealiu3allii U MPOBEACHbl BU3yallbHbIE AEMOHCTpALUU
ero paloThl; IOJIyYEHbl YMCIEHHBIE PEe3yJbTaThl KauecTBa PalOOThI, MPOBEIEH HX
aHAJIU3 U CPAaBHEHHE C CYLIECTBYIOIIMMH IOAXOJAaMH, BBIJECIECHBI CUIbHBIE CTOPOHBI
aNropuTMa U TEKyIre IpoOIeMBbl.

HoBu3Ha padoThl 3aKII09aeTCsl B TPUMEHEHUN YHUKAJIHLHOTO Ha0Opa MOAX0I0B B
NpeIJIOKeHHOM anroputMme (oOHapykeHue o0bekToB ¢ YOLO, compoBoxiaeHue
yepe3 ooHapyxeHue ¢ ByteTrack, BoccraHoBieHUE peanbHBIX KOOPAUHAT OOBEKTOB
Ha CIIEHe, METOJ OMIKAMIIMX cOocenel sl BBIYMCIICHUS KpaTyaWIuX PacCTOSHUMH,
NETeKUUs HapylIeHUH ¢ Yy4eToM JIOJM HapylUIeHUHW Ha TMOCIEAHUX KaJpax
BUJICOTIOCIIEIOBATEILHOCTH ), OTHOBPEMEHHO C MPHUBEACHUEM TOJIHON MPOrpaMMHON
peanu3aiuy U TECTUPOBAHUS €r0 padOTHI.



B nepBoii miaBe OCYHIECTBISIETCS aHAIM3 CYHIECTBYIOUIMX MOAXOJ0B U
npenMeTHon obnactu (25 crpanun). 3aremM, BO BTOpPOM IJIaBe MPUBOIUTCSA
TEOPETHUYECKOE OMMCAHUE TPEATAraeMOro ajJropurMa MoHuTOopuHra (20 crpaHwui).
Jlanee, B TpeTbell IVIaBe OINMMUCHIBAECTCA MporpaMMHas peanusauus aiaroputma (10
cTpaHull). B 3aBepuieHue, B 4YETBEPTOM IVIaBE pPacCMaTpUBAIOTCA IOTYUYCHHbBIE
pe3yibTaThl SKCHEPUMEHTOB, MPOBOAMTCS MX aHAIW3 M CPABHEHHE, BBIICIAIOTCS
CWJIbHBIE U cla0ble CTOPOHBI MOJYYEHHOTO anropurma (14 crpanun).

PaGora BrInIOTHEHA ABTOPOM CaMOCTOATCIILHO.



AHATALBIA

VY paboue namiuBaenua 83 craposki, 31 mamtonak, 1 tabmiuna, 36 KpbiHil, 2
JlaIaTKl.

MAHITOPBIHI! CALIBISIJIBHATA JIBICTAHIIBIPABAHHS,
KAMIT'IOTAPHbBI 3POK, BBIAYJIEHHE AB'EKTAY, YOLO, CympaBamKiHHE
a0'exray Ha BimpacnennaBanbHaciii, BY TE TRACK, BYTE TRACK,

Y nam3enaii pabore pasmispaenia npadiieMa MaHITOPBIHTY —CallblsjbHara
JBICTAHIIBISIBAHHS 3 JlallaMoraid MPLIMSIHEHHS TOXHAJIOT1NA KaMIT'toTapHara 3poKy.

Mbraii  mpaunbl  3'synsena  pacnpainoyka 1 pladizambisl  anrapbiTMy
ayTamaTbldYHara MaHITOPBIHTY callblsUIbHAara JIbICTAHIIBIIBAHHS 3 BBIKAPHICTAHHEM
KaMITyTapHara 3poky. A0'eKTam aac/jegaBaHHs 3'YIISIONIA TOXHAIOT11 BBISYICHHS 1
CyTNpaBaJK?HHSI MHOCTBa a0'eKTay Ha BiJdamacisI0yHacIl ¥ KaMIIyTapHbIM 3pOKY, a
TaKcaMma BBUTIYDHHE pIalibHai ajsernacii mamix ad'ekrami. [Ipaamernas Bodiacub
- MaHITOPBIHT BBIKAHAHHS MEp CallbIsUIbHATA ABICTAHIIBIIBAHHS.

VY paborie aTpbIMaHbl HACTYNHBISI BbIHIKI: BEIByYaHBI 1 amicaHbl MpagMeTHas
BOONACIh 1 TAABIXOABI pAIdHHS pasmiIslaHald 3aJavbl; TMparaHaBaHbl YIIACHBI
aJrapelTM MaHITOPBIHTY callblssIbHAara JbICTAHIBIA Ipa3 KaMITyTapHBI 3pOK, SKi
VKJIIo4ae Tpbl OTambl: BBITYICHHE 1 CymnpaBaJKdIHHE al'ekray, mnepayTBapIHHE
KaapJplHAT, BBUIIUAPHHE JBICTAHIBII 1 JITAIKIBIA NapYLIdHHAY, paciparaBaHa
mparpamMHasi  plaii3allblsi [panaHaBaHara ajrapbiTMy, a STI0 3BIXOAHBI  KOJ
anmyOmikaBanbl Ha 1iatdpopme GitHub; mparacraBaHbl KOXKHBI 3 TpOX OdTamay
nparpaMHail  paaiizaibli 1 TpaBeI3€Hbl Bi3yaldbHbIS JAAMAHCTpAllbll ATO Mpallbl;
aTpbIMaHbl JIIKaBbIS BBIHIKI fKaclll Mpalbl, MPaBeI3€Hbl 1X aHaII3 1 MapayHaHHE 3
1CHYIOYBIMI1 TIQJIbIX0/1aM1, BBII3€JIEHBI MOITHBIS OaKi aJirapbITMY 1 OATY4bIs PaOIeMBI.

HagizHa mpanpl ckiajnaeiia Ba Y>KbIBaHHI YHiIKajbHara Ha0opy majsixonay y
nparnaHaBaHbiM anrapeitMe (BoisiyieHHe ab'ekray 3 YOLO, cympaBamkdHHE Mpa3s
BoisiynienHe 3 ByteTrack, amnaynenne plaibHBIX KaapAsiHAT ab'ekTay Ha CIPHE,
MeTaJ] HaWOMI3KIX Cycea3sty Juisl BBUIIYDHHS HAWKAPOTKIX aJIeTriacisty, MITIKITIS
NapyUIdHHAY 3 yJaiKaM J13€/1 HNapylI3HHSIY Ha anollHIX KaJpax BHUJIEONOCIEI0BATENb
aJHayacoBa 3 MPBIBAJ3EHHEM IOYHA IparpamMHail paaii3albll 1 TACHIpaBaHHS Sr0
paboTHI.

Y mepmibiM  pazazene  aXbIIUAYISEla aHali3 ICHYIOUbIX Najbsixogay 1
npaaMeTHail BoOmacui (25 crapoHak). 3aThiM, y JpYTriM pasiazene MpbIBOA3IIIA
TPApAThIUYHAE alliCAaHHE TMpalaHaBaHara ajrapbITMy MaHITOphIHTY (20 cTapoHak).



Janelt, y TpauiM pasazene amicBaellla nparpamtas plamizaibisa anrapbitmy (10
CTapoHaK). Y 3aBSpIIdHHE, Y YalBEPTHIM pa3/3elie Pa3risaarollla aTpbIMaHbIsl BBIHIKI
AKCIIEPBIMEHTAY, MpaBOJ3IIIA 1X aHadi3 1 HapayHaHHEe, BbUTYYaroIllla MOITHBIS 1
cnabbisg O6aki aTpbiMaHara anrapeiTMy (14 ctapoHax).

IIpana BeIkaHaHa ayTapaM caMacTOWHA.



ANNOTATION
The work contains 83 pages, 31 figures, 1 table, 36 sources, 2 appendices.

SOCIAL DISTANCING MONITORING, COMPUTER VISION, OBIJECT
DETECTION, YOLO, OBJECT TRACKING IN VIDEO SEQUENCE, BYTE
TRACK, TRACKING THROUGH DETECTION

This paper addresses the problem of monitoring social distancing through the use of
computer vision technologies.

The goal of the work is to develop and implement an algorithm for automatic
monitoring of social distancing using computer vision. The object of the research is
technologies for detecting and tracking multiple objects in a video sequence in
computer vision, as well as calculating the real distance between objects. Subject
area: monitoring compliance with social distancing measures.

The following results were obtained in the work: the subject area and approaches
to solving the problem under consideration were studied and described; proposed its
own algorithm for monitoring social distancing through computer vision, which
includes three stages: detection and tracking of objects, coordinate conversion,
distance calculation and violation detection; a software implementation of the
proposed algorithm has been developed, and its source code is published on the
GitHub platform; each of the three stages of software implementation was tested and
visual demonstrations of its operation were carried out; Numerical results of the
quality of work were obtained, they were analyzed and compared with existing
approaches, the strengths of the algorithm and current problems were highlighted.

The novelty of the work lies in the use of a unique set of approaches in the
proposed algorithm (object detection with YOLO, tracking through detection with
ByteTrack, restoration of real coordinates of objects on the scene, the nearest
neighbors method for calculating the shortest distances, violation detection taking
into account the proportion of violations in the last frames of the video sequence),
simultaneously with the full software implementation and testing of its operation.

The first chapter analyzes existing approaches and the subject area (25 pages).
Then, the second chapter provides a theoretical description of the proposed
monitoring algorithm (20 pages). Further, the third chapter describes the software
implementation of the algorithm (10 pages). Finally, the fourth chapter discusses the
experimental results obtained, analyzes and compares them, and highlights the
strengths and weaknesses of the resulting algorithm (14 pages).



The work was completed by the author independently.



