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Hobpuwes P.€. Moneni Ta METOIU BI3yaJIbHOTO aHaji3y HATOBIY B CHUCTEMax
IHTENIEKTYyaJIbHOTO BijieocriocTepexxeHHs. — KBamiikairiiina HaykoBa mpalis Ha MpaBax
pYKOIIHCY.

Hucepraniss Ha 3000yTTS HAyKOBOTO CTyNeHs Jokrtopa (iurocodii 3a
cneuianpHicTiO 122 — Komn'torepHi Hayku. — HanionansHuii yHiBepcuteT «Onecbka
nonitexHikay, MOH VYkpainu, Ogneca, 2025.

VY BeTymi oKka3aHa akTyallbHICTh BUPIIIEHHS 33]1a4 BI3yaJIbHOI'O aHajl13y HATOBILY
Cy4yaCHUMH  IHTEJIEKTyaJIbHUMU  CHCTEMaMH  BifeocroctepexkeHHs.  [lokasaHa
HEJIOCKOHAICTh ICHYIOUMX MOJENIel Ta METO/IB Bi3yaJlbHOTO aHaII3y HATOBITY 32 YMOB
BEJIMKOI IIUIBHOCTI HaTOBIMY. Bu3HaueHo 00'ekT, mnpeaMer, 3aaadl Ta METOAU
JOCIIJKEHHS; HaBEJCHO HAyKOBY HOBHU3HY Ta NPAKTUYHE 3HAYEHHS OTPUMAHUX
pe3yJIbTaTiB; BUCBITIIEHO OCOOUCTHI BHECOK 37100yBaya.

B mepmomy po3aiii nucepraniiiHoi poOoTH OyB MpOBEIEHUN aHAII3 NpoOIeMH
BI3yaJIbHOT'O aHaJi3y HATOBIY B CUCTEMAaX 1HTEIEKTYalbHOT'O B1I€OCIIOCTEPEIKEHHS.

[TpoBenenuii aHami3 NPU3HAYCHHA Ta CTPYKTypU IHTENEKTyalbHUX CHCTEM
B1JIEOCIIOCTEPEKEHHS, C(POPMyYJIbOBaHA 3aJadya BI3yaJbHOrO aHaN3y HATOBITY, & TAKOXK
BHJIUICHI OKpeMi Mif3amadi B JaHii obnacti. JIJIsI KOXKHOI Imij3ajgadi mpoaHajii3oBaHi
HayKOBI poOOTH, BH3HA4YEHI BHUKJIMKH, MPOOJEMU Ta CyYaCHUW CTaH BUPIMICHHS ITI€T
mig3agadi. Kpim Toro, Oyiau Bu3HaueHI NEPCHIEKTHBH MOJAIBIINX JOCIIKEHb B 00J1aCTi
BI3yalIbHOT'O aHaJi3y HATOBIY.

BusHaueHo, 110 OLIBIIICTh CYy4acHUX METOIB MiApaxyHKY JIIOJIed Y HATOBIIl HE
BPaxoBYIOTh T€OMETPUYHY CTPYKTYpPY CLIEHH, 30KpeMa MEPCHEKTUBHI CIIOTBOPEHHS Ta
Bapiailii MmacmTady, ki MOKYTh CYTTE€BO BIUIMBATH HA TOYHICTh OIIHKH IIUIHHOCTI.

Jlns mononaHHS JAAHOrO HENONIKYy OyB 3ampolOHOBAaHMU METOJ| IHTErpaii
r€OMETPUYHUX O3HAK CIIEHH, 30KpeMa KapTWh IHOWHU, OO0 TIMOMHHOI apXITEKTypHU
3TOPTKOBOi HEWPOHHOI MEpEXi 3 METOI aJanTUBHOTO MacIiTadyBaHHS O3HaK 1

M1JIBUIICHHS TOYHOCTI OL[IHKH IIUJIBHOCT1 HATOBIY.
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[Topanpmmii aHam3 3ajadl BI3yaJbHOI'O aHaNI3y HATOBIY ITOKa3aB, IO ICHYHOYI
METOJIM MOJIETIOBAHHS PYXY B IIIIBHOMY HATOBIIl MAlOTh HU3bKY CTIHKICTh IO OKJIIO31M,
HE BpaxOBYIOTh JIOBIOTPHBAJl IPOCTOPOBO-YACOBI 3aJCKHOCTI Ta BKIOYAIOThH
HEepeJIeBaHTH1 00J1aCT1 CLIEHH, 1110 3HUXKYE TOUHICTD 1 MABUIILY€ OOUHCIIIOBAIbHI BUTPATH.
VYV  cwiIagHUX [MHAMIYHMX CLIEHaX 13 HEBU3HAYEHUMH IIOTOKAaMU CErMEHTallis
YCKJIQJTHIOETHCS 111€ O1IbIIIE.

Jlis TOAONMaHHA UBOTO HEMONIKY 3alpOlOHOBAHHWNA TPEACTABICHUN METOJ
CerMeHTallli MOTOKIB HAaTOBITY Y CLIEHAaX 3 BUCOKOIO HIUIbHICTIO. MeTO/l BUKOPUCTOBYE
KJIACTEPHU3ALII0 TPAEKTOPIA HAa OCHOBI aKTHMBHUX KOHTYpIB, SIKa aKIEHTY€ yBary Ha
BIJJOKPEMJICHH1 MOIYJISIPHUX MATEPHIB PYXY B JIOKAJIbHUX PETIOHAX HATOBILY.

[Tig yac po3poOKM MeTOMy CEerMEHTAIllll MOTOKIB HAaTOBMY Yy CII€HaX 3 BHCOKOIO
HIUIBHICTIO OYyJI0 BCTAaHOBJIEHO, IO OUIBLIICTh MIAXOAIB 10 MOJEIIOBAHHS TPAEKTOPiH
pPyXy HaATOBIYy HE BpPaxoBYIOTh (OpMy, HANPSIMOK, MOJOKEHHS Ta HIUIBHICTH PYXY,
ITHOPYIOTh 4YacOBY JMHAMIKy Ta JIOKQJIbHUHA KOHTEKCT, a TaKO0X 3aCTOCOBYIOThH
OJIHOMACIITAaOHUN aHai3, 1110 3HI)KYE TOUHICTh y CKJIaJHUX YMOBAaX.

Jlig 1oionaHHs OTO HEJOJIIKY Oyia 3ampONOHOBaHA MOJIEb MPEACTABICHHS
TPAEKTOPIN, KA BKIIIOYAaE€ OaraTOBUMIpHI O3HaKu — (opMy, MOJOKEHHS, HANPSIMOK 1
OararoMacmITabHy WIUIBHICTD — 3 METOI 3a0€3MeYeHHs CTIMKOro Ta e(EeKTUBHOTO
IpyINyBaHHS TPAEKTOPIN 1 BUSIBJICHHS MOTOKIB HATOBMY Y CKJIAAHUX CLIEHAX.

AHaJi3 HayKOBUX POOIT B 00JaCTi BUPIIICHHS 3a7ayi BUSBICHHS aHOMaJbHHUX
CUTYyaIliil y CIIEHaX 3 HAaTOBIIOM BHCOKOI NIUTPHOCTI TOKAa3aB, IO PaHHE BUSBICHHS
aHOMAJIiil y HATOBII € KPUTHYHO BOKIIMBUM JJISl TPOMAJICHKO1 O€3IIeKH, IIPOTE I 3a1a4a
yCKJIaJHEHa 4Yepe3 OKJII031l, 3MIHHY IIUIbHICTh Ta CKJIaJHE TJ0. ICHYIOTH JBa OCHOBHI
miaxoau: OO €KTHI, $KI BIJACTEXYIOTh OKpeMUX 0ci0, aie Manoe(eKTuBHI B
NEPENOBHEHUX CLIEHAX; Ta XOJICTUYHI, 10 PO3IJISAAal0Th HATOBN SIK €IMHE IIUIE, ane
4acTO HE NOMIYaOTh JIOKAIbHUX MOpYIIeHb. MeTOu KOPOTKOYACHOTO aHaII3y pyXy He
BiJIOOpakaroTh JIOBrOTPHUBAJIl MMPOCTOPOBO-4aCOBI 3aKOHOMIpHOCTI. [liAX0au Ha OCHOBI
YaCTMHOK YaCTKOBO 11€ KOMIIEHCYIOTh, OJHAK MAarOTh MPOOJIEMHU 3 OOPOOKOIO IILTBHUX

oOJacTelt uepe3 MepeKkpUTTs BEKTOPIB PYXY.



Jns momonaHHA UBOro HEMONIKY OyB 3alpOlOHOBAHWI METOJ BUSBICHHS
AHOMAJIPHUX CIIEH HATOBITY 3a JOTIOMOTOIO OITIHKHM €HTPOIIii CIIPSMOBAHUX MIHI-TPEKIB,
noOyJ0BaHUX 3 MPOCTOPOBO-YACOBUX TOUOK 1HTEPECY. 3apONOHOBAHUI METO/T BIJIKUIA€
KOPOTKI Ta 3allyMJeHl TpaeKkTopli mjig 30epexeHHS TeOMETPUYHOI Yy3T0JKEHOCTI
HampsIMKy Ta IHTETPy€ OIIHKY €HTpPOmii 3 aHaji30M 4YacOBOTO BIAXUJICHHS
3alIOBHIOBAHOCTI, 1100 BUSBUTH Pi3Ki 3MIHU B TMHAMIIIl CIICHH.

3a pesyabTaramMu MPOBEACHOrO aHalizy chOpMyJbOBAaHO METYy Ta 3aBJaHHS
JIOCJTIIKEHD.

B napyromy posaini nucepraniiinoi poOOTH 3apONOHOBAHUI METO/ MiIBUILIEHHS
TOYHOCTI OLIIHKY IIUJIBHOCTI HATOBITY HUISIXOM 1HTErpanii FTeOMETpUYHHUX O3HAK ClEeHU. B
paMKax 3amporOHOBAHOTO METOJY, MPOMOHYETHCS BUKOPUCTOBYBATH 1H(GOPMAIIIIO TIPO
rMUOMHY CIEHH fAK JONMOMDKHY 1H(GOpMalioo uis aJanTUBHOTO (OpMyBaHHS
MacmTaboBaHUX 300pa)K€Hb, IO JO3BOJISIE Kpalle BioOpakaTH peanbHl PO3MIpU
00'eKTIB y MPOCTOPI Ta MJABUITUTH TOYHICTH MPOTHO3Y IIUIBHOCTI.

BnpoBamxenns iHpopmalili CTOCOBHO TITMOMHU CIIEHU Y HEHPOMEPEIKEBY MOJIEINb
BiIOYBa€ThCS 3aBASKH JOJIaBaHHIO CIEIIaJbHOI0 MOJYJs 1HTerparii iHdopmallii mpo
MIMOWHY CLIEHH, KUK Jo7ae iH(OpMaIliio PO IIIMOMHY CIICHH Ta 3MIHIOE BEJIMYUHU
OKpEeMHX O3HaK B OKPEMHUX AUISHKAX 300paKCHHS /IS OTPUMaHHS MPEACTaBICHHS
300paKeHHS 3 ypaxyBaHHSIM TJIHOWHHU.

Po6oTa 3anmponoHOBaHOTO METOY CKIIAIA€ThCS 3 HACTYITHUX €TaITiB:

1. biiok BpoBaKeHHS TIMOMHU B CKIIaAi MOIys Moaudikye MpOCTip O3HAK 3a
JIOTIOMOT OO0 KapTH TJIMOWHMU.

2. bnok kopekiii TIMOMHM YTOYHIOE KapTy TJIMOMHU 1Jis TeHepalii Bar 3
ypaxyBaHHAM MaciiTaOy. ['eHepaiiis Bar BiOyBa€ThCS 3a JOMOMOTOI0 MEXaHI3MY
IPOCTOPOBOI yBaru, 10 JA03BOJISIE HAJIATU JaHl PO PO3TallyBaHHS 00’€KTIB B MEBHUX
TISTHKAX 300paKeHHS.

3. biok BOy10BYBaHHsI 3aCTOCOBY€ OTpUMaH1 Baru Jijisi MOBTOPHOI 3MIHU BEJIMUUHU
OPUTTHAIBHUX O3HAK Yy KOHKPETHIN AUISTHII 300pakeHHs. MoaudikoBaHi TaKUM YHHOM

O3HAKH JIEMOHCTPYBaTUMYTh T€OMETPUYHI BIIMIHHOCTI B MaciiTabax Mix 00'eKkTamMu Ha
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NepeAHbOMY IUJIaHI B PI3HUX IMOJIOKEHHSX, IO OE€3MOCEepPeHbO CIPUATUME KpaIUl
OITIHIII 3HaYEHb MIUTBHOCTI 3 YpaXyBaHHIM MacIITaly.

Takum uuHOM, CGHOPMYIHOBAHO MEPIIMH NYHKT HAYKOBOI HOBH3HU:
YOOCKOHAeHO METOT IHTeTpallii iHpopMallii Ipo TeOMETPUYHI O3HAKHU CIICHH y TIIMOUHHI
HEHPOHHI Mepexki, 5Kl 3AIMCHIOITHh OI[IHKY IIUIBHOCTI HaroBIy. BukopucranHs
3aIPOIIOHOBAHOTO METOJIy JIO3BOJISIE Kpallle BiIoOpakaTH peajibHI Po3MiIpu O0'€KTIB y
IPOCTOPI Ta MiJIBUILIUTH JOCTOBIPHICTh OLIHKH IILIBHOCTI.

B Tperbomy po3aini nucepraniiiHoi poOOTH 3alpONOHOBaHI MOAEINI Ta METOIU
00poOKHM Ta aHaII3y CIIEH 3 BUCOKOIO IIUIBHICTIO HATOBMY JIJIs BUSIBJICHHSI aHOMAaJIiH.

Jlis miABMIEHHSI TOYHOCTI CerMeHTaulili MOTOKIiB HATOBIY B CHEHax 3
BHCOKOI0 HIUVILHICTIO HATOBNY OyB 3alpONOHOBAHWI METOJ CErMEHTAIlli MOTOKIB
HATOBITY Ha OCHOBI KJIaCTEPH3aIlii TPAEKTOPIN 3 BUKOPUCTAHHSIM aKTUBHUX KOHTYPIB, 10
703BOJIsIE €(DEKTHBHO BUJIUISATH JIOKAIBHI MAaTePHU KOJEKTUBHOTO PYXy Ta MiJBUIIUTH
SIKICTh aHaATI3y CKJIQJIHUX CIICH.

Po6oTa 3anponoHOBaHOr0 METOY CKJIAJJA€THCS 3 HACTYITHUX KPOKIB:

1. CermeHTailisi Ha OCHOB1 aKTUBHHUX KOHTYPIB — BIIOKpEMJICHHS 00J1aCT1 HATOBITY
BiJl YChOT'O Kajpy.

2. BuauieHHsl TpaekTOpiil — BUSIBICHHS TOYOK 1HTEpecy B OJIOUHIN CTPYKTypi i
BIJICTEKEHHS ITUX OJIOKIB HA KaJpax JJIsi BUJUICHHS TPAEKTOPIil.

3. Knacrepuzaiisi TpaekTopiii — KjacTepu3allisi BUIYYEHUX TPAEKTOPIA 3a
JIOTIOMOTOI0  aJITOPUTMY KJIacTepu3arlii, sSIKWi BUKOPUCTOBYE (GopMy, po3TallyBaHHS,
HaIpPSIMOK 1 MIUTHHICTB CYCIJICTBA MAOJIOHIB TPAEKTOPIMH.

4. CerMeHTallis MOTOKY HATOBIY — MO3HAYEHHS OKPEMUX MIKCENIB 3aJ€XKHO Bij
iXHBOT HAJIEKHOCTI JI0 MEBHOTO MATEPHY MOTOKY Uil (DiHAIBHOI CETMEHTAIlil MOTOKIB
HATOBITY.

Takum uyuHOM, CGOPMYIHLOBAHO JAPYrHii NYHKT HAYKOBOI HOBM3HMU:
VOOCKOHAJIeHO METOJI CerMEHTAIlll MOTOKIB HAaTOBIY 3 BUCOKOIO IIUIBHICTIO Ha OCHOBI
KJacTepu3allii  TPAEKTOpi 3  BUKOPUCTAHHSM  METOAY AaKTHUBHUX  KOHTYPIB.

BukopucTanHs 3ampONOHOBAHOIO METOJY J03BOJSE €(PEKTUBHO BHUAUISATU JIOKAJIbHI



MaTepHU KOJIEKTUBHOI'O PYXy Ta MiJBUIIUTH TOYHICTh CErMEHTAIlll IOTOKIB HATOBIY Y
CIIEHaX 3 BUCOKOIO IIUTBHICTIO HATOBILY.

Jliis1 3a0e3nevyeHHs OLIbII TOYHOI TA CTIHKOI cerMeHTAaIlil MOTOKIB HATOBIY B
npoiueci cermeHTauii NOTOKIB HATOBILY OyJia 3aIIPOIIOHOBAHA MOJIENb MPECTABICHHS
TPaAEKTOPIi pyXy B HATOBIII, sIKa BKIIFOUA€ OaraTOBUMIpHI 03HAKH — (DOpMY, MOJIOKEHHS,
HaIpsAMOK 1 6araromMacTabHy MIIJTBHICTb.

Mopenb npeacTaBieHHs TPAEKTOPIT pyXy B HATOBIII OMUCYETHCS KOPTEKEM:

Fj=(fs, location, fd,fu)

ne  fs— ¢gopma TpaekTopii (MOJIHOM TPETHOTO MOPSIKY);

location — cepelHE pO3TallyBaHHS TPAEKTOPII;

fd — HanIpsSIMOK pyXY;

fu — MIUTBHICTB CYCIJTHIX TPAEKTOPIH HA TPHOX MacIITabax.

OTpumaHuil KOpPTEX O3HAK Jlall BHUKOPHUCTOBYEThCA HJisi  KjacTepu3allii
TPAEKTOPIH.

Takum ymHOM, CcHOPMYILOBAHO TpeTiH NMYHKT HAYKOBOI HOBM3HH: Ha0)l1d
no0AIbUL020 PO3BUMKY MOJIENH TIPEICTABIICHHS TPAEKTOPIi pyXy B HATOBIII, III0 BPaXOBYE
KOMIUIEKCHI O3HaKu pyxy. BukopucranHsi mgaHoi Mmojeni 3a0e3nedyye OUIbIl TOYHY 1
CTIMKY CErMEHTAII0 TOTOKIB HATOBITY.

Jlist miIBUINEHHSA TOYHOCTI BHUSIBJIEHHSI AHOMAJIbBHMX CHUTYyaliil y cueHax 3
HATOBIIOM BHMCOKOI IIiJILHOCTI OyB 3alpOTMOHOBAHUI METO]I BUSBICHHS aHOMAJIbHUX
CII€H HATOBITY 3a JIONOMOTOO OI[IHKK €HTPOIIii CIPSIMOBAHUX MiHI-TPEKIB, MOOYI0BAaHUX
3 MPOCTOPOBO-YACOBUX TOYOK IHTEpECY, a TaKOX aHalli3y dYacoBOTO BIAXHUJICHHS
3alIOBHIOBAHOCTI, 11100 BUSBUTH Pi3Ki 3MIHU B TUHAMIIII CIICHH.

BukopucTanHs 3aponoHOBAHOIO METOy 3a0e3Meuye MiJIBUIIEHY YyTIUBICTh 10
HETUIIOBOI MOBEJIIHKM B CKJIAJIHUX CLIEHAX CIOCTEPENKEHHS Ta, TAKUM YHUHOM, CIIpHUSIE
M1JIBUIIICHHIO TOYHOCTI BUSIBJICHHS aHOMAJIbHUX CUTYaIlill.

Po0oTa 3anponoHOBaHOr0 METOY CKJIAA€THCS 3 HACTYITHUX KPOKIB:



1. CermeHTaniss o007acTl AaKkTUBHOIO KOHTYPY — BIJIOKpEMJIEHHS 00JacTi
MepPEAHBOTO TUIAHY BiJ] YCi€l BIIEOCIICHH.

2. l'enepartiss MiHI-TpEKiB — BHUSABICHHS MPOCTOPOBO-UYACOBUX OJIOKIB TOUYOK
1HTEpecy Ta BIJICTEXKEHHS X Ha KajJpax.

3. O0uuncneHHs HANPSMKY MOTOKY — OOUMCIIEHHS HAMPSAMKIB PyXy MiHI-TPEKIB Ta
reHepaillis ricTorpaMu OpiEHTOBaHUX MIHI-TPEKIB.

4. BusiBneHHs aHOMaJIbHUX CLIEH — OOYMCIICHHS] €HTPOIIi Ta 4acOBOi 3alHITOCTI
JUISl OPIEHTOBAHUX MIHI-TPEKIB.

TakuMm dYuHOM, C(POPMYJIBOBAHO 4YeETBEPTHIl NYHKT HAYKOBOI HOBH3HU:
YOOCKOHAIeHO METOJ BUSIBICHHS aHOMaJbHUX CHUTYalllll y CIIeHaX 3 HaTOBIIOM BHCOKO1
IIUTPHOCTI, 10 TPYHTYETHCS HA aHANi3l EHTPOIii HaNpSAMIECHUX MIHI-TPEKIB,
c(hOpMOBaHHX 13 TPOCTOPOBO-YACOBUX TOUYOK THTEPECY Ta OIIHKH YaCOBOTO BIIXUIICHHS
3aMOBHIOBAHOCTI CIIeHU. BUKOpHUCTaHHS 3aITPOINIOHOBAHOTO METOTY JJO3BOJISIE 30UTHITUTH
YYTIUBICTh CUCTEM BI3yaJIbHOI'O aHali3y HATOBITY /0 HETHIOBOi MOBEIIHKH JIIOJEH B
CKJIQJIHUX CII€HAX, 1110 I03BOJISIE MIIBUIIMTH TOYHICTH PO3II3HABAHHS AHOMAJILHUX MO/I1H
B CII€HAX 3 BUCOKOIO IIIJIBHICTIO HATOBITY .

B d4erBeprOoMy po3amini aucepTaiiiiHoi poOOTH po3poOJIEHO MiACUCTEMY
BI3yaJIbHOIO  aHali3y  HATOBIy Yy  CKIaAl  CHCTEMH  IHTEJIEKTyaJlbHOIrO
B1JIEOCIIOCTEPEIKECHHS.

CdopmynboBaHO METY, 3aja4ul Ta BU3HAUYEHO POJIb III€T MIJICUCTEMU Y KOHTEKCTI
3a0e3neueHHs] TPOMaJIChKO1 Oe3MeKH, OMEepaTUBHOTO BUSIBICHHS Ta pearyBaHHS Ha
KpUTHUYHI CHTYyallli B MICIIX MacoBOTO CKymueHHs monaei. [loOymoBaHo Mmonens
iH(MOpMAaIITHUX TOTOKIB, IO JeTali3ye BXIAHI Ta BUXIAHI JaHi, a TAKOX B3a€EMOJIIO 3
THIITMMU KOMITOHEHTaMU CUCTEMH 1 30BHINTHIMUA KOPUCTYBaYaMH.

BusnadeHo 4iTkuii mepenik (PyHKIIOHATLHUX 1 HEQYHKI[IOHATBHUX BHUMOT, SKI
BKJIFOYAIOTh aCIEKTH MPOJTYKTUBHOCTI, O€3MeKH, HaIMHOCTI Ta CyMiCHOCTi. Po3pobiieHo
CTPYKTYpPHI MOJIeJl, TaKl sIK JlarpaMu JIOT1TYHOTO YSIBJIICHHS, PO3TOPTaHHS, IMAKETIB 1
KJaciB, W0 J03BOJUJIO (opMaizyBaTH apxITeKTypy miacuctemu. IIpoBeaeHo
KOMILJIEKCHE (YHKLIOHAJIbHE TECTYBaHHS IMIJICUCTEMHU, 3a pE3yJIbTaTaMU SIKOTO

MIATBEPXKEHO KOPEKTHICTD ii pOOOTH Ta FOTOBHICTH 10 TPAKTUYHOTO BUKOPUCTAHHS.
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B m’sitomy po3aiii qucepraiiiitHoi poOOTH IPOBEACHO AOCIIIKEHHSI KOMIIOHEHTIB
MiICUCTEMH BI3yaJIbHOTO aHali3y HATOBINY B CKJIaJl CHCTEMH IHTEIEKTYaJbHOTrO
BiJICOCIIOCTEPEIKCHHS.

B mporeci mochimKeHHS METOIy CerMeHTallli MOTOKIB HATOBIy B CIIEHaX 3
BHCOKOIO IIIJIBHICTIO HATOBITy, OyJ0 MPOBEACHO TECTyBaHHA Ha YOTHPHbOX HabOpax
nanux: ShanghaiTech-B, WorldExpo, UCF _CC 50 ta Mall. Ha Ouibmiocti 3 HHX
3aMpONOHOBAHUI METOJI TIOKa3aB MOKpalleHHA. 3okpema, Ha Habopi ShanghaiTech-B
MAE 3menmmuBcs 3 8,9 1o 8,1 (mokpamienus Ha 8,99%), na WorldExpo —, 3 8,86 no 7,84
(ma 11,54%), a na UCF_CC 50 —, 3 271,8 no 253,5 (una 6,73%). Jlume na nadbopi Mall
Mozenb Tpoxu mnoctynaiacsi TAFNet: MAE cranoBuB 2,10 nmpotu 2,06 (3HUKEHHS
TouHOCTI Ha 1,94%). Pe3ynbprarn miaTBepKyOTh €hEKTUBHICTh ypaxyBaHHS TIMOMHU
CIIEHU JIJI5 IOKPAIEHHSI TOYHOCTI MIPaXyHKy B YMOBAax CKJIaTHOTO (POHY Ta BapiaTHBHOI
IIUTHHOCTI.

B mporeci nocmimkeHHS METOAY CErMEHTallll MOTOKIB HATOBIy B CIIEHAX 3
BHCOKOIO IIUTHHICTIO HATOBMY OyJIO BKa3aHO, IO METOJ 0a3yeThbcsd Ha IOEIHAHHI
CEerMeHTallll MepeHHOr0 IJIaHy Ta KJAacTepu3allii TPAeKTOpIid, 10 JO03BOJISE BUIUISATH
MIOTOKH JIFOJICH Y CKJIQIHUX JUHAMIYHUX YMOBaX.

[IpoBeneno emmnipuynuii miadip napamerpiB Ha ocHoBI ROC-kpuBux. Ha Habopi
UCF CSD 3anponoHoBaHUM MiX1]] JOCAT cepelHboro 3HaueHHs Mipu JKakkapa 0,86, 1110
nepeBuIlye pesyiapratd aHanoriB Ha 10,26 — 50,88%, a Takox F-mipu mo 1,0. Ha
ckiaanimomy Habopi Collective Motion orpumano MAE = 0,72 (na 15,29 — 59,78%
kpartie), mipy XKaxkkapa 0,83 1 F-mipy 0,86 (mokpamenns va 7,50—120,51%). Pesynbraru
MIATBEPKYIOTh €()EeKTHUBHICTh METOJy B 3ajladaX CerMeHTallii pyxXy Ta BUIUICHHS
IpynoBOi IMHAMIKY B HATOBIII.

B mnpormeci nocmipkeHHsT METOAy BHUSIBICHHS aHOMaJiil y CIleHaX 3 BHUCOKOIO
IIUTHHICTIO HATOBMOY OyJio mpoBeneHo TecTyBaHHS Ha Habopax UMN, UCF CSD rta
Violent Flows Crowd, sike mokasayiio cTabuibHEe MOKpaIIeHHs pe3yIbTaTiB. 30Kpema, Ha
UMN otrpumano AUC = 0,995 (+1,53%), na UCF CSD —, 0,850 (+3,66%), Ha Violent

Flows Crowd — 0,950 (+2,70%) nopiBHSHO 3 HallKpalIMMH 3 ICHYIOUUX METO/IIB. Takum
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YUHOM, 3alPONOHOBAHMM MIAX1J JAEMOHCTPYE BHCOKY TOYHICTh 1 NPUAATHICTH IS
3aCTOCYBAHHS B CUCTEMAaX IHTENEKTYAIbHOTO BiJIEOCTIOCTEPEKECHHS.

Taxkum YMHOM, TIATBEPKEHO CITPOMOKHICTh Ta MPABWIBHICTh TEXHIYHHUX PIIlICHb,
3aCHOBAHMX Ha Pe3yJIbTaTaX JUCEPTALIMHOTO TOCHII>KEHHS.

Po3pobneni B poboTi MeTroau Ta IHCTPYMEHTaldbHI 3aco0M OTpUMAaU
BrpoBapkeHHS Yy AisibHOCTI TOB «IIposektyc IT» Ta TOB «C® IHBECT» Ta 3nainum
BIIOOpaXEHHS y HaBUAJIbHOMY TIPOIleCl Ta HAayKOBO-IOCTIAHUIBKIA TIsJIBHOCTI
HamionansHoro yHiBepcutery «Oecbka MOJIITEXHIKa.

Kniouosi cnosa: 1HTeNEKTyaJdbHE BIACOCIIOCTEPEKEHHS, BI3yaJIbHUM aHami3
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ABSTRACT

Dobryshev R.Ye. Models and methods of visual crowd analysis in intelligent video
surveillance systems. — Qualification scientific work in the form of manuscript.

Thesis for the PhD degree in specialty 122 Computer science. — Odessa Polytechnic
National University, Ministry of Education and Science of Ukraine, Odesa, 2025.

The introduction emphasizes the importance of addressing the challenges faced in
applying visual crowd analysis in existing intelligent video surveillance. It demonstrates
how current theories and methods are inadequate, particularly when there are many
people in a small space. The study object and subject, goals, objectives, methods are
formulated explicitly. The section also addresses scientific contribution, practical
applicability of results as well as the author's own contribution.

Chapter one of the thesis presents in detail the issues that arise working with
visually analysis of crowds in a smart surveillance environment.

The chapter discusses the components and the roles of intelligent video
surveillance systems, defines the fundamental problem of crowd analysis and provides an
overview of its most prominent tasks. We scrutinize each of these sub-tasks in their
respective academia in order to discover what the ongoing research challenges are, what
problems have yet to be solved, and what the status of the art is in the discipline. The
section also includes interesting topics that future works on the topic of visual crowd
analytics should address.

The study found that the majority of modern crowd counting methods do not factor
in the geometric structure of the scene being observed, for example perspective distortion
and variations in size. These conditions can allow for density estimates that are
significantly in error.

The remedy to this problem according to the research, is to incorporate depth maps,
which are geometric scene features, in the deep structure of the CNNs. This approach
allows you to adjust the size of features, which improve crowd density estimation.

To mitigate this, a new manner for the discovery of the intricate crowd scene in

unusual scenes was developed using the entropy measurement of directed mini-tracklets
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that are composed of spatio-temporal interest points. This method also removes short and
noisy trajectories to ensure the directionality, and utilizes entropy analysis as well as the
variance of temporal occupancy to detect sudden change in crowd behaviors. This
analysis illuminated what the research questions were.

Chapter two of the dissertation discusses a method in which geometric
information inside the scene is utilized in order to improve crowd density estimates. The
approach leverages depth as an additional input in order to build scale-aware
representations, which better represent the actual size of the objects leading to more
plausible density predictions.

A special module, that processes and encodes the depth information, provides the
scene depth to the neural network. This module enhances feature representations by
altering some parts of the image according to the local depth values. It makes the scene
feel more as it is.

The key components of the proposed method include:

1. The depth injection module fuses the feature map and the depth picture to bring
spatial geometry to the feature space.

2. The depth refinement block makes the depth map more complete and learns
scale-sensitive weights through a spatial attention mechanism, which reveals where
objects exist in different regions of picture.

3. The weights are then used by the embedding unit to alter the original features in
some locations. The new features consider the variation of size of foreground objects
with depth, enabling the density estimation to be more robust and scale-aware.

It is clear that this constitutes the first contribution to scientific innovation: a
methodology for incorporating geometric scene features, in the form of depth maps, into
deep neural network architectures has been refined. This enhancement now allows
accurate display of the size of items in space and contributes to reliable prediction about
crowd density.

Chapter Three. This work and developed methods and computational tools are
presented here in Chapter 3 with the focus on analysis and interpretation of high-density

crowd scenarios to detect anomalous behavior.
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For the purpose of improving the accuracy of the motion flows' segmentation
in the dense scene, vertical crowed flows were segmented based on the clustering of
motion trajectories by deformable contour model was proposed. This approach further
facilitates isolating local motion patterns and increasing the interpretability of
challenging dynamic scenes.

The proposed approach's implementation proceeds in the following steps:

1. Contour-based region segmentation — separation of the region covered by the
crowd from the context of the rest of the visual stream using flexible boundary models.

2. Pathway identification — finding motion anchors in a grid structure and following
the anchors across successive frames to form movement paths.

3. Trajectory grouping — grouping formed motion structures based on its
characteristics such as the motion path or the coordinates of the center or also the motion
vector as well as the neighborhood density.

4. Flow pattern mapping — pixel-wise labeling according to the proximity to a
given motion cluster in order to create the final segmentation of movement streams.

According to this, the second major scientific contribution is formulated: a
method to refine a method of segmenting densely crowded crowd motion using trajectory
aggregation with the help of deformable boundary modeling. This approach can
accurately locate local behavior trend patterns and enhances the segmentation
performance on crowd scenes.

To enhance the robustness and the coherence of crowd flow analysis, a model
for individual flow paths of crowds was proposed. This model combines several
descriptors such as the curvature of the path, its spatial center, direction vector and multi-
scale spatial concentration of neighboring trajectories as follows.

The trajectory is represented by the following set of attributes:

Fj = (fs, location, fd, fu)

where:

— fs denotes form of the movement curve structure (third-polynomial model);
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— location represents the midpoint of the motion path;

— fd indicates the current direction of movement;

— fu captures the local density distribution of neighboring trajectories over a range
of spatial scales.

The cluster process uses more clusters from each body part, but it is tricky- how
to define what movement pattern is "similar" to what.

Thus, third scientific novelty: A three-dimensional representation of trajectory
based on movement within a crowd scene has been created and updated. The use of this
enhanced representation enables a more accurate and robust motion flow demarcation.

An advanced approach was proposed to identify the anomalous behavioral
patterns in crowd scenes with high crowd density based on entropy analysis of
directionally coherent short-term motion segments which are learned from temporal and
spatial salient points. Furthermore, it integrates time-based occupancy deviation to
consider sudden changes that also appear in scene dynamics.

The proposed approach improves remarkably the sensitivity to on-line unusual
activities in crowded surroundings and the precision in detecting anomalous behavioral
events.

The fundamental steps of this technique can be summarized as follows:

1. Foreground region isolation - detecting and enclosing the dynamic activity area
by means of an elastic contour shaping.

2. Mini-path synthesis — recognizing important spatiotemporal blocks and follow
their evolution constructing short, directed movement segments.

3. Motion orientation profiling — computes the principal direction of mini-
trajectories and constructs directional distribution profile.

4. Irregularity detection — computing motion entropy as well as checking for
spatial occupancy temporal displacement to signal such an abnormal scene state.

Thus, the fourth scientific novelty is the improvement of anomaly detection
mechanism in dense crowd conditions. This is achieved by performing entropy based
analysis over directional mini-trajectories built using motion sensitive points of interest,

while monitoring the temporal variation of the occupancy. The introduction of this
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framework results in increased sensitivity of the crowd behavior anomalies and better
reliability for detecting abnormal events in visually crowded environments.

Chapter four of the thesis describes the engineering and deployment of a visual
analytics module for crowd monitoring within a generic intelligent surveillance
environment.

The overall goal, specific aims, and strategic significance of this module were set
in the context of preserving civic security and detecting and mitigating emergencies in
public heavily visited spaces. A data flow diagram was designed, in which were defined
the semantic structure of incoming and outgoing data and the protocols of communication
with edge components and external operators.

A detailed statement of operational and non-operational requirements was provided
that covered performance requirements, cybersecurity, system reliability, and
interoperability. The subsystem’s design was formally documented with a variety of
architectural diagrams such as logic diagrams, deployment diagrams, or package and
class diagrams. Significant validation tests were performed to ensure functional integrity
of the design indicating that the system is ready for deployment and its performance is
stable under operational loads.

A focused analysis on the constituting elements Propagation, Aggregation and
Global and Local Crowd Description of the visual crowd analysis system are described
in Chapter Five.

In the process of studying the method of crowd flow segmentation in scenes with
high crowd density, we tested it on four datasets: ShanghaiTech-B, WorldExpo,
UCF_CC 50, and Mall. On most of them, the proposed method showed improvements.
In particular, on the ShanghaiTech-B dataset, MAE decreased from 8.9 to 8.1 (an
improvement of 8.99%), on WorldExpo - from 8.86 to 7.84 (11.54%), and on
UCF_CC 50 - from 271.8 to 253.5 (6.73%). Only on the Mall set was the model slightly
inferior to TAFNet: MAE was 2.10 vs. 2.06 (a decrease in accuracy of 1.94%). The results
confirm the effectiveness of taking into account the depth of the scene to improve the

counting accuracy in conditions of complex backgrounds and variable densities.
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In the process of studying the method of segmenting crowd flows in scenes with
high crowd density, it was indicated that the method is based on a combination of
foreground segmentation and trajectory clustering, which allows to distinguish flows of
people in complex dynamic conditions.

The empirical selection of parameters based on ROC curves was carried out. On
the UCF CSD dataset, the proposed approach achieved an average Jaccard measure of
0.86, which exceeds the results of analogs by 10.26-50.88%, as well as an F-measure of
up to 1.0. On the more complex Collective Motion set, we obtained MAE = 0.72 (15.29
- 59.78% better), Jaccard measure 0.83, and F-measure 0.86 (7.50-120.51%
improvement). The results confirm the effectiveness of the method in the tasks of motion
segmentation and group dynamics detection in a crowd.

In the process of studying the method for detecting anomalies in scenes with high
crowd density, testing was conducted on the UMN, UCF CSD and Violent Flows Crowd
datasets, which showed a steady improvement in results. In particular, on UMN, we
obtained AUC = 0.995 (+1.53%), on UCF CSD - 0.850 (+3.66%), on Violent Flows
Crowd - 0.950 (+2.70%) compared to the best existing methods. Thus, the proposed
approach demonstrates high accuracy and suitability for use in intelligent video
surveillance systems.

Thus, the feasibility and correctness of the technical solutions based on the results
of the dissertation research have been confirmed.

The methods and tools developed in this work have been implemented in the
activities of Provectus IT LLC and SF INVEST LLC and are reflected in the educational
process and research activities of the Odessa National Polytechnic University.

Keywords: vision architectures and models for robotics, probabilistic and statistical
systems, mobile robotic systems, smart camera networks, dynamic scene analysis,
surveillance, localization, tracking, multi-target tracking, motion and tracking

segmentation.
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