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Llsanom M.A. Mopeni Ta MeTOM AECTEKTYBaHHS, TPEKIHTYy Ta HACKPi3HOI
inenTudikaiii mabopaTopHUX TBapUH y BifeojaHux. — KBamidikamiiiHa HayKoBa
mpails Ha MpaBax PyKOIHCY.

Jucepramiss Ha 3700yTTS HAyKOBOTO CTymeHS OOKTopa ¢inocodii 3a
cremianpHicTIO 122 — Komn'totrepni Hayku. — HarionaasHuil yHIBEpCUTET
«Opnecpka nomitexnikay, MOH Ykpainu, Oneca, 2026.

VY BeTymi OOTpYHTOBAHO aKTYallbHICTh BHUPIIICHHS 3a7ad aBTOMAaTH3aIlli
MOHITOPUHTY MOBEAIHKU MIJAOCTIAHIX 00'€KTIB, 30KpeMa, 1ab0opaTOPHUX TBAPHH,
y KOHTPOJHOBAHUX YMOBaX 3a BiJieoJaHUMHU. [TokazaHa HEJOCKOHATICTh ICHYIOUUX
MoOJeJIeld Ta METO/I1B KOMIT I0OTEPHOr0 30py JJIA 3a/1a4 JETEKTyBaHHA, TPEKIHTY Ta
HACKpI3HOI 17eHTHdiKaIlll TaOOpaTOPHUX TBAPUH 32 YMOB HECTAI[IOHAPHOTO (OHY,
OKJIIO31M, 3JIUTTSA Ta PO3AUICHHSA 00’ekTiB. BuzHaueHO 00'€KT, MpeIMeT, METY,
3aauyl Ta METOJM JIOCHIJDKEHHS, HaBEJIECHO HAyKOBY HOBHU3HY; IPAKTHYHE
3HAYEHHS OJEP’KaHUX PE3yJIbTaTIB; BUCBITIEHO OCOOMCTHI BHECOK 3100yBaya.

B mepmomy po3aini auceprailiiinoi poOOTH MPOBEACHO aHaII3 METOMAIB Ta
MXO/IB 10 IE€TEKTYBAaHHS, TPEKIHTY Ta 30€peKeHHS 1ICHTUYHOCTI JJAOOpaTOPHUX
TBapWH Yy BIJCOJAHUX, SKI BUKOPHUCTOBYIOTHCS B KOMIT IOTCPHOMY 30pi IS
KOHTPOJBOBAHUX CIEH. PO3TIsIHYyTO OCOOJMBOCTI CHCTEM BIJCOMOHITOPUHTY
MOBEAIHKUA JIaDOPAaTOPHUX TBApPUH Ta YMOBH CIIOCTEPEKEHHS, 10 BHU3HAYAIOTh
BUMOTHU JO TPOLEAYp IETeKTYBaHHS, TPEKIHTY Ta 30€peKEHHs 1JeHTUYHOCTI
00’€KTIB y Yaci 3a CKJIQJHUX YMOB CIIOCTEPEKEHHS. 3a3HAUEHO, IO SKICTh ITMX
OpoLEeayp BIUIMBAE HAa TOYHICTh (DOPMYBAHHS TPAEKTOPIA PyXy Ta MOAANIBIIOTO
OOYHCIICHHS] TOBEIIHKOBUX ITOKAa3HUKIB: IIBUJKOCTI, JTOBXWHU MUIAXY, YaCy
nepeOyBaHHs B 33JaHUX 30HAX, YaCTOTH Bi/IBIAYBaHHS 30H, (PAKTIB KOHTAKTy a0o

30nmxkeHHsT MK 00’exktamu. [lokazaHo, 1m0 KjacuyHi MeToAu (TIOPOTYBaHHS 3a



ACKpaBICTIO Ta KOJbOPOM, BiAHIMaHHS (OHY, 3iCTaBIeHHS 13 IIA0JIOHOM,
BIJICTE)KCHHS 32 ONTHYHUM MOTOKOM, MeanShift ta CamShift, TpekiHr KIHO40BHUX
TOYOK 13 (UIBTpAMH, TOIIO) XapPaKTEPHU3YIOThCS BIJHOCHOIO aJTOPUTMIYHOIO
MIPOCTOTOIO Ta HEBUCOKOIO OOYHCITIOBABHOIO CKJIAHICTIO, OJTHAK € HECTINKUMU 10
3MIH OCBITJICHHA, nAedopmariii ¢dopmu, apiOHUX apTedakTiB 1 MEPEKPUTTIB.
Oco0aMBO 1€ MPOSBISETHCS Yy Bileo3anucax, OTPUMaHUX Y KOHTPOJIbOBAHOMY
HAO0CTIAHOMY CEpEIOBUII, HAIPUKIAA 1] 4ac CIOCTEPEKEHHS 32 TBApMHAMU B
aKBaplyMHHUX yMOBax. Y TakKMX BHUMNaJKax 0a30Bl MIAXOAW IO JETEKTYyBaHHS Ta
JOKaJi3allli, 3aCHOBaHI JuIIe Ha BigHIMaHHI (oHy abo pi3HUII KajapiB 0e3
IPOCTOPOBOI  Y3TO/PKEHOCTI, 4YacTO MPHU3BOJAATH 10 (parMeHTarii o0’ekta Ta
30UIBIIICHHS KIIBKOCTI XUOHOMO3UTUBHUX BUSIBJICHb.

3 ornsgy Ha 3a3HayeHl OOMEXEHHS KIACHYHUX METOAIB, B po0OOTI
PO3IJSSHYTO TEpexii 0 HEHPOMEpEeKEBOro JETEKTYBaHHA sIK 0a30BOTro
IHCTPYMEHTY JUJIsl JIOKaji3amii Ja0OpaTOpPHUX TBApUH Yy KaJpl 3 MOAAJIBIINM
TpekiHroM. CucTeMaTu30BaHO OCHOBHI CIMEHCTBA HEHPOMEPEKEBUX JIETEKTOPIB Ta
ixHio Joriky: paBoertanHi aerektopu (R-CNN, Faster R-CNN Ta mnoxinHi),
onHoeranHi gAetekropu (SSD Ta wmoaudikaiii), a TakKoX JIETEKTOpU, IO
3a0e3meuyoTh BIJHOCHY MIBUAKOAIt0, 30kpema YOLO, CenterNet Toro.
Buznaueno, mo npu noOynoBI NPHUKIAJAHOTO KOHBEEpa Uisl JOBrOTPHBAIOrO
BiJlcOaHANI3y BUpPIMIAJLHUMUA € HE JUIIe TOYHICTh, a W BHUMOTH [0
OOYHCITIOBAILHUX pECypCiB MMiJ 4Yac HaBUaHHSA, MOXJIMBICTh HaBUaHHA Ha
JOKaJdbHOMY OOJaJHaHHI 03 3aCTOCYBaHHS XMapHUX PECYpCiB, CTaOLIBHICTh
HaBYaHHS NMPU OOMEXKEHIM KITBKOCTI 300pa’keHb, a TaKOX Yac OOpOOKH OJHOTO
KaJIpy 3 ypaxyBaHHSIM JOAATKOBOI MOIMEPEIHbOT 00pPOOKH.

Jns dopmanizaiiii BUOOpY HEHPOMEPEKEBOTO JETEKTOpa 3alpOIOHOBAHO
BUKOPUCTOBYBaTH HaOIp KPUTEPIiB, IO BPAXOBYE MOXKJIMBICTH JIOKAJTHLHOTO

HAaBYaHHS 3 NPUUHATHUM pO3MIPOM HaBYaJIbHOro makera (aHri. batch size),



MPUAATHICTh 10 BUSBIEHHS MajuX 00 €KTIB 1 MaJOBHPA3HHUX BI3yaJIbHHX O3HAK,
CHIBBIAHOIIEHHS «AKICTh-IIBUIKOIIS» 3 ypaxyBaHHSIM 4acy JE€TEKTYBaHHS OJIHOTO
KaJpy Ta TMOJAJbIIOro MacmTa0yBaHHS OOpOOKM Ha JOBI1 BiJI€03aIUCH,
MpaKTUYHA JOCTYMHICTH peaiizallii 1 mpocroTa iHTerpaunii. [lokasano, mo yactuna
moaenei, 30kpeMa EfficientDet, okpemi kondirypaiii SSD i3 pecypcoMiCTKUMU
MaricTpaibHuMu Mepekamu (anri. backbone) ta Faster R-CNN-mogi6Hi pinieHHs,
MOXYTh OyTH MAaJIONPUAATHUMH [JIs1 JIOKaJbHOTO HAaBYaHHS Ha 3BUYAMHOMY
o0JlalHaHHI B yMOBaX OOMEXKEHHUX OOYMCIIOBAIBHUX PECYpCiB uUepe3 BHUCOKI
BUMOTH JI0 TaMm’sTi, 30KpeMa Mpu 30UIBIICHHI PO3MiIpy HaBYAJIBHOTO MaKeTa.
JIoaTKOBO BCTAHOBJIEHO, IO HE BCl Mojenl 3a0e3neuyroTh NPUIMHATHUM dYac
JETeKIIi, M0 OOMEXye iXHE NPAKTUYHE BUKOPUCTAHHSA i Yac 0O0poOKu
JIOBroTpuBaiuX Bigeonanux. Lle mo3Bonmino copmymnroBaTé BUMOTH 70 6a30BOTO
JETEKTOpa JIJIsl OJIaJIbIIOI MOOY/I0BM KOHBEEpa OOPOOKH BiI€OJaHUX.

Pe3ynbraTu aHallilzy HayKOBUX pOOIT 3 JETEKTYBaHHSI, BIJICTE)KCHHS Ta
imenTrudikarmii 00’€KTIB MOKa3aaM, IO JJis IUIHOBOTO CIICHAPIIO JTaO0paTOPHOTO
BIJICOCTIOCTEPEKEHHSI HANOUIbII MNPAKTUYHHUMH € MOJENl, SIKI 3a0e3MedyroTh
JOCTATHIO IIBUIKOJIIO MiJ yac 0OpOOKH OKpPEMOro KaJpy Ta € MpUIATHUMHU IS
HABYaHHS Ta BHUKOPHUCTAHHS Ha JIOKAJILHOMY OOJIaqHaHHI 0€3 ICTOTHUX BTpaT
TOYHOCTI TpHU 30epeKeHHl MNPUUHATHOI ONEPATUBHOCTI. 3a3HA4Y€HI BUMOTHU
BHU3HAYaIOTh BHUOIp 0a30BOTO JETEKTOpa i MOJANbINOi MOOYJ0BH KOHBEEpa
00pOoOKM BiJICOJJAaHUX 1 OOIPYHTOBYIOTH 1JICI0 JIOTIOBHEHHS HEHPOMEPEKEBOTO
JIETEKTOpa METOJIOM CYNEPIIKCEIbHOT CerMeHTallll JJ1sl BUSBJICHHS Ta JIOKasi3ali
00’€KTIB, a TaKOXX HEHWPOMEPEKEBUMU MOAYJISIMHU JIETEKTyBaHHS, CErMEHTAIlil
eK3eMIUIIPIB 1 MOBTOPHOI 1aeHTu(ikamii (anra. Re-ID) sk ckiamoBoi HaCKpi3HOI
ineHTrdiKalii 1a00paTopHUX TBAPHUH.

3a pe3yapTaTaMu MPOBEACHOTO aHai3y c(hOpMyIIbOBAHO METY Ta 3aBJIaHHS

JMCEPTALIMHOTO JTOCIIKEHHS.



Y apyromy po3aijii nucepraiiiiiHoi poOOTH po3B’sA3aHO 33ady MiABUIIICHHS
AKOCT1 JETEKTYBaHHA Ta JOoKadi3auii J1abopaTOpHUX TBApUH y JTOBrOTPUBAIUX
BiJIe03ammcax 3a yMOB HecTaiioHapHoro ¢oHy, apTedakTiB, OKIIFO3ii, 4aCTKOBHX
MEPEKPUTTIB 1 3MUTTS 00 €KTIB, KOJM TPATUIIINAHI MIXOAU HA OCHOBI BiTHIMAHHS
dbony abo pI3HUII KaJpiB JEMOHCTPYIOTh HEIOCTaTHIO sKICTh. IlokazaHo, 110
HaBiTh y (OpPMaIbHO KOHTPOJIHLOBAHOMY JIAOOPATOPHOMY cepenoBuilli (oH He €
CTalllOHAPHUM: Y KaJpl MOXYTb 3 SIBISATUCS APiOHI CTOPOHHI 00’€KTH, JOKAJIbHI
HEOJHOPITHOCTI, TiHI, BIAOJMCKHY Ta 1HII apTedakTH, K1 3a KOJILOPOM, PO3MIpOM
a00 (OpMOI0 YACTKOBO HAOIMKAIOTHCS O 00 €KTAa CHOCTEPEKEHHS Ta MOKYTh
CIPUYUHATH YAaCTKOBI MEPEKPUTTS HOr0 KOHTYPY, YCKJIQJHIOIOUM BUIUICHHS Ta
JOKadi3alilo 00’eKkTa. Y pe3ynbTari KJIacM4HE BIJHIMAHHS (JOHY 3 MOJANBIIOO
OiHapu3aili€ro 1 QUIbTpAIlI€O 3a MIIOHICI0 YacTO Ja€ MOMUJIKOBI CIIpallbOBYBaHHS
a0o, HaBmaku, po3OuBae 00’€KT Ha (PparMEHTH, IO YHEMOKIIUBIIOE CTaOUIbHY
JIOKaJII3aIl1i0 Ta MOJAJIbIINNA aHaIi3 MTOBEIIHKOBUX METPUK.

Jnst  momoyiaHHS — BKa3aHUX OOMEXKEHb Yy PO3JUIl  3alpOIOHOBAHO
YAOCKOHAJIEHUH METOJl JETEeKTYBaHHsS Ta JoKami3auii J1adopaTOpHUX TBapHH Yy
BIJICOJJaHUX HAa OCHOBI YAOCKOHAJIEHOTO METOAY CYMEpIiKCeTbHOI CerMeHTaIll
SLIC. Meton mnpu3HaueHWW JUisi aBTOMATH30BaHOI 0O0poOku jabopaTopHUX
BIJICO3aIUCIB, y SKUX KIIOUYOBUMH JKEpENaMH MOXHOOK € HecTalloHapHUM (OH,
aptedakTy Ta 4acTKOB1 OKIII031i. KOHIIEIis 3anmponoHOBaHOTO METOY TOJISITaE B
ToMy, 100 micis (popMyBaHHS PI3HHUIIEBOTO 300pa)KEHHS HE BHUKOHYBAaTH TpyOe
rio0anpHe MOPOTYBAaHHS, & IEPEUTH 10 KOHTEKCTHO-3aJICKHOTO aHai3y B MeXax
CErMEHTIB (CYIEepIiKCeiB), OTPUMAHUX 3a JIOMIOMOTOI0 YJOCKOHAJICHOTO METOIY
SLIC. Taka mocTaHOBKa J03BOJISIE€ BULIUIATH JIOKAJIBHO Y3TOJXKEH1 001acTi 00’ €KTa
BiJl (POHOBUX apTedakTiB, Kl Ha PI3HULIEBOMY 300paKE€HHI MOXYTh BUIJISIATH SIK
npiOH1 a00 cepeHi MUIIMH, TI0110H1 10 YaCTHH TiJla TBAPUHH.

3anmpornoHOBaHUN METOJ] CKJIAJIA€ThCsl 3 HACTYITHUX €TalliB:



1. [Tonepennss oOpoOka xkaapy Ta (oHOBOro 3oOpakenHs. s
3MEHIIIEHHS BIUIMBY IIyMiB, MIJBUIIEHHS PO3JUJILHOI 31aTHOCTI Ta IIJICHUJICHHS
YITKOCTI JApIOHHMX JeTalieil 00’€KTa 3aCTOCOBYIOTHCS JBOCTOPOHHS (DIITBTpallis,
PETYIIOBaHHS SICKPABOCTI i KOHTPACTHOCTI, MeliaHHa (DUIBTpalLlis Ta, 3a MOTpedH,
MaciTadyBaHHS 300pakKeHHS.

2. dopMyBaHHS PI3HUIIEBOTO 300pa)XKEHHS Ta TICPBUHHE BiIHIMAHHS
dony. Ilicns monepeaHboi 0OpOOKH BUKOHYETHCS BigHIMAaHHS (POHY, IO J03BOJISE
OTpUMATH KapTy 3MiH 1 BUIUIMTH KaHAUAATIB Ha pyxoMi 00’ekTu. Pazom 3 Tum
MOKa3aHo, 10 CaM€ Ha IbOMY KpOIli MOXKe 3’SIBJSTUCS 3Ha4YHA KUIbKICTh XMOHUX
BKJIIOUEHb, 3YMOBJIEHUX dboHOBUMU aptedakTamu, JIOKaTbHUMU
HEOJHOPIAHOCTSMHU, TIHSAMH, BIIOJMCKaMHU Ta JAPIOHUMHU CTOPOHHIMHU OO’ €KTaMH,
AK1 30€pIiratoThCs Ha PI3HULIEBOMY 300pa’KE€HHI Ta CTBOPIOIOTH XMOH1 00JIaCTI.

3. CerMeHrTallisi  pI3HULIEBOIO  300paK€HHSA  HA  CyNEpIHiKceml
yaockoHameHuMm wmetoaoMm SLIC. [Ins mnojanasmioro KOHTEKCTHOTO —aHami3y
pi3HHIIEBE 300pakeHHs a00 TMOB’si3aHE 3 HUM IIPEACTABJICHHS PO30OMBAETHCS HA
CErMEHTH Ha OCHOBI yaockoHajeHoro Metony SLIC. KirodoBa BiIMIHHICTH
yaockoHanienoro meroay SLIC nonsirae y moaudikanii METpUKH KilacTepu3allii,
sSKa BpPaxOBYy€ TIPOCTOPOBI KOOpJIWHATH TiKcemB, o3Haku LAB-momeni
300pakeHHsI, PI3HUIIEBE 300paXKEHHSI, @ TAKOXK MEPEBIPKY OAHOPITHOCTI MIKCEIIB Yy
JIOKaJIbHOMY OTOYEHHI. 30KpeMa, IEHTPH KJIACTEPIB OMUCYIOTHCS MPOCTOPOBUMHU
KOOpJIMHATaMU Ta O3HaKaMu, chopmoBaHumMu Ha ocHOBI LAB-moxemni
300pa)keHHsI, PI3HULEBOIO 300pa)K€HHS W MEpPEeBIPKU OJHOPITHOCTI MIKCEIIB Y
JOKaJbHOMY OTOYeHHI. Biacramp MDK mikceneM 1 EHTPOM  KJacTepa
OO0YHCITIOETHCS 3 YPaxXyBaHHSIM YCiX 3a3HAUYCHUX O3HAK.

4. KoHTeKkcTHO-3aJIe’KHE ~ TOpOryBaHHS B~ MEXKax  CErMEHTIB
(cymeprmikceniB) 1 BifacikaHHs aptedaktiB. [lokazaHo, MO MPOCTE MEPETBOPEHHS

pi3HMIIEBOrO 300pakeHHs y OiHapHe Ta (uibTpalis IUIIM 32 PO3MIPOM €



HEJOCTaTHHO TOYHHMMH, OCKIJIBKM 4YacTHHA JpiOHUX OUIMX (parMeHTIB MOXe
HaJeXaTH peajbHOMY O00’€KTy, aje BIJIOKPEMIIIOETHCS YEepe3 3aIUIIKOBY
HEOJIHOPITHICTh michs BigHIMaHHS ¢oHy. [ yCyHEeHHS UBOTO OOMEKEHHs
3alpONOHOBAHO CHEIlialbHy MPOLEAYPY: ISl KOKHOTO CErMEHTa OOUYMCIIOETHCS
KUIBKICTh MIKCEJIB, IO MEPEeBUIIYIOTh 3aJaHUM MOPIT; AKIIO I8 KiIIbKICTh MEHIIA
3a BCTAHOBJICHY YacTKy (HAmpHKIIaJ, MEHIIe HiXK 1/3 BiA yCiX MIKCEiB CETrMEHTa;
KOHKPETHE CITIBBIJTHOIIICHHS 3aJa€EThCSl 3 YpaxyBaHHSIM PO3MIpYy 300pa)keHHS Ta
O4YiKyBaHOT0 MaciiTady o0’€KkTa), TO 3HAYCHHS IKCEIIB CErMEHTa 3aHYJISIOThCA.
Takuii MexaHi3M JI03BOJISIE  BIACIKATU CETMEHTH, 3yMOBJIEHI (DOHOBUMU
apredakTamu, JIOKAIbHUMHU HEOJTHOPIIHOCTSAMHU Ta YACTKOBUMHU MEPEKPUTTIMH, Ta
BOJIHOYAC 3MEHIIIMTH PU3HUK BTPATH TOHKUX YaCTUH KOHTYPY 00’ €KTa.

5. [TocToOpoOka Ta BIAHOBIIEHHS LUIICHOCTI 00’ekTa. PparMeHTOBaHi
o61acti 00’e€kTa 00’ €THYIOTHCS IS TTOKPAIEHHS ITPOCTOPOBOI KOTE€PEHTHOCTI, 1110
Ja€e OUTbII CTIMKY OCHOBY JUISl MOAAJIBIIOI JIOKAI3AIll y BUIJIAII 0OMEXYBAJIBHOI
paMKH a00 MIKCETbHOT MAaCKU, TPEKIHTY Ta (JOPMYBaHHS TPAEKTOPIH.

ExcniepuMenTanbHa TepeBipka 3alpONOHOBAHOTO METOIy Ha BiJeoKaapax i3
OMYKaMHu MPOJEMOHCTpPYBaja MIABUILCHHS SKOCTI JETEKTYBaHHS Ta JIOKasi3allii
1a00paTOPHUX TBAPUH OLIBIN HIX HA 6 % mopiBHAHO 3 0a3zoBuM Meroaom SLIC.
J1o1aTKOBO MOKa3aHo, 10 MOJYJIBHICTh 1 IHTEPIPETOBAHICTh MiIXOAY J03BOJSIOThH
MaciTabyBaTu HOro Ha 1HII JIabopaTOpHi clieHapii (30Kpema, Ha MOBEIIHKOBUMN
aHaI3 TPU3YHIB y KOpPOOYACTHX apeHax) 0e3 3aiydeHHs TNIMOOKOTO HAaBUAHHS YU
PECYPCOMICTKHX apXiTeKTyp, IO BaXJIMBO JI NMPAKTHYHOTO 3aCTOCYBAaHHS B
YMOBaX 00OMEXEHUX 00UHCIIIOBATBHUX PECYPCIB.

TakuMm 4yuHOM, CPOPMYNHOBAHO MEPIIMH Ta APYruili MYHKTH HAYKOBOI
HOBHM3HH. YI0CKOHAJIEHO MeTO/ cymepiikcenbHoi cermenTaii SLIC 3a paxyHok
BUKOPHUCTaHHS 0araTolapoBOro MPOCTOPY O3HAK, KU 0azyeThcst Ha LAB-Momeni

300pak€HHS, BpaxoOBY€ PI3ZHUIIEBE 300paXEHHS Ta peE3yibTaTH MEPEeBIPKU



OJTHOP1THOCTI MIKCETIB y JIOKaJTLHOMY OTOYCHHI, IO JT03BOJIMJIO IMiIBUIATH SKICTh
JoKasi3alli 1abopaTopHUX TBAPUH Yy BiJCOJAHUX 3a YMOB HECTaIllOHApHOTO (DOHY
Ta HasBHOCTI apTe(dakTiB. YI0CKOHAJIEHO METOJ JCTEKTYBAaHHS JabOpaTOpHUX
TBApUH Yy BIJCOJAHUX IUIIXOM BHUKOPHUCTAHHS METOAY CYIEPIIKCEIbHOI
cermenTarii SLIC 1 KoOHTeKCTHOI (imbTpalii, M0 JTO3BOJIUIO MiJBUIIUTH SKICTh
JETeKTYBaHHA JaOOPAaTOPHUX TBAPUH 32 YMOB HECTAI[IOHAPHOTO (OHY.

VY TperbomMy po3aiji po3B’s3aHO 3a7a4y MiABUIIEHHS SKOCTI I€TEKTyBaHHS
Ta CerMeHTallli JJabopaTOpHUX TBAPUH Ha 300paKEHHSAX 32 YMOB HECTAI[IOHAPHOTO
dbony, apredakTiB, YACTKOBUX MEPEKPUTTIB, 3JIUTTS Ta MOAAIBIIOTO PO3ALICHHS
00’€KTiB. 3a TAKUX YMOB BUHUKA€ HEOOXIIHICTh y TaKiii HEHpoMepexeBiil MoJIeTl,
dka 3a0e3nedye BHCOKY SKICTh JIOKaji3amii Ha PpiBHI MiKCeNiB, 30epirae
MOAYJBHICTh JJI TOJANBIIAX PO3IIUPECHb KOHBEEpA <JICTCKTYBAHHSI—TPEKIHT—
MOBTOpHA 1ACHTU(IKAIIN», JOMYCKAaE BUKOPUCTAHHS JOJATKOBUX KaHAIB O3HAK,
c(hopMOBaHMX Ha eTarax MmomnepeaHh0i OOpOOKH Ta MPU3HAYCHUX JIJIS TT1JCUIICHHS
O3HaK 00’€KTa B CKIAJHUX YMOBAX CIICHH.

Oo6rpyntroBaHo BuOip 0a3oBoi HeipomepekeBoi mojeni Mask R-CNN sk
MOJYJIbHOI JBOETANHOI MOJEIl 3 BHUCOKOK SKICTIO cerMeHTalli. BuszHaueHo
KIIFOUOBE OOMEXKEHHSI TUIIOBUX peaii3alliii: Opi€HTallisl Ha 3BUYaiHI 3-KaHalbHI
300paX€HHSI Ta BIJICYTHICTh MOKIIMBOCTI 0€3MOCEPETHBOI0 BUKOPUCTAHHS
JIOJIATKOBUX IIITYYHO CTBOPEHUX KaHAJIIB, OTPUMAHUX Ha €Tarax IMONepeIHbOoi
00poOku, 30kpeMa micisa BigHiManHs (Gony, CLAHE abGo kopekmii TiHeH, sKi
MOXXYTb CYTTEBO IMIJCUIIOBATH MPOSIB 00’€KTa y CKIAJHUX yMoBax (oHy. Tomy
3amponoHOBaHO Mojaudikaimito HelpomepexeBoi moxaeni Mask R-CNN, ska
JI03BOJIIE 1HTErpyBaTH OaraToKaHalibHI JaHl 0e€3 TMepexoay 10 HaJMIpHO
pecypcomicTkux wmarictpasier tumy ResNetl01 31 30epexkeHHSIM NPUUHATHOT

OTIEPaTUBHOCTI 0OPOOKH.



OCHOBOIO 3aMPOTIOHOBAHOTO PINICHHS € JBOMAricTpajibHa HEHpPOMEpexeBa
MOJICJIb eKCTpakKilii O3HaK: Marictpaib A il 0a30BUX KaHAIIB 300pakKeHHS
(ocHoBHa iH(popMallis) Ta Marictpadlb B nmius g0omaTKOBHX KaHANIB  O3HAK,
chopMOBaHMX Ha TIOTIEPEHIX eTanax KoHBeepa oOpoOku. PeanmizoBaHo MexaHI3M
3MUTTA O3HaK B—A Ha KIIIOYOBHUX PIBHAX MipaMiid O3HAaK, LI0 J03BOJIAE
MIICHUITIOBATH TIPEICTABIICHHS 00’ €KTa TOJAaTKOBOIO 1H(POPMAITIE€I0 caMe TaM, JIe 11e
HANUOLIbII KOPUCHO JIJISl IETEKTYBAHHS Ta CETMEHTAllli 32 YMOB CKJIagHOTO (hOoHY
4acTKOBUX TepekpuTTiB. O6paHo kepoBane SE-zmutts (Squeeze-and-Excitation)
MiC/Isi KOHKATEeHaIlli O3HaK JBOX TUIOK, 10 3a0e3meuyye 3MIIIyBaHHS O3HAK 3
ypaxyBaHHSIM JaHUX.

[TopiBHSAIBPHUI aHAII3 MOKA3aB, 110 AJIs 3alPOINIOHOBAHOI HEMpPOMEPEKEeBOL
moxenl Mask R-CNN na 0a31 ResNetl8 KUIBKICTE €MOX HaBYaHHS 30UIBIIEHO JIO
50. OTpuMaHoO Moka3HUKHU AKOCTi Ha piBHI: MAPS50 = 0.87, Precision = 0.91, Recall
= 0.91 g obmexyBanbHUX paMok AeTekiiit Ta mAPS0 = 0.9, Precision = 0.92,
Recall = 0.92 nns macok cermeHTarlii 3a CepeHbLOTO Yacy BHUBEJCHHS OJIM3bKO
105.5 w™Mc, 1m0 MATBEPIKYE MOXKIMUBICTh JOCSATHEHHS BHUCOKOI  SIKOCTI
JIETeKTYBaHHS Ta CETMEHTAIlli Ha BIJIHOCHO KOMIAKTHIN OCHOBI 31 30€peKeHHSIM
MPUIHATHOI ONTEPaTUBHOCTI OOPOOKH.

ChopmynboBaHO TPpeTiH MYHKT HAYKOBOI HOBH3HM: YJIOCKOHAJICHO
HeripomepexxeBy Mozaenb Mask R-CNN 3a paxyHOK BBEICHHS IOJBIHHOI
MaricTpall eKcTpakiiii o3Hak 13 kepoBaHuM SE-3mutTsim (B—A), 1o m03Boumo
MIJBUIIUTU SIKICTh JIETEKTYBaHHS Ta CErMEHTalll JIaDOpaTOpHUX TBAapUH Y
BiJICOTAHMX 32 YMOB YaCTKOBUX MEPEKPUTTIB, 3JIUTTA Ta MOJAIBIIOTO PO3IITICHHS
00’€KTIB 31 30€peKEHHSAM MPUIHATHOI ONEPATUBHOCTI.

Y 4yerBepTOMYy poO3aiji pPO3B’SI3aHO 3ajlauyy HACKPI3HOI i1AeHTH(IKAIll

Ha60paT0pHI/IX TBAPWH Yy AOBrOTPpUBAJINX BiI[eOCHOCTepe)KeHHHX 34 YMOB 4YaCTUX



MEePEKPUTTIB, parMeHTaIlii TPAeKTOPii Ta HE3HAYHUX BI3yalIbHUX BIIMIHHOCTEU
M1 OCOOMHaMHU.

3anponoHOBAaHO  KOHIIENITyalbHY MOJCIb HACKpPI3HOT  igeHTHdIKAIil
7a00paTOPHUX TBApPUH Yy BileogaHUX 0€3 BUKOPUCTAHHS PYYHOTO MapKyBaHHS
Mask-TAUDL, mo iHTerpye cermeHTanito exk3emruisipiB Ha ocHoBl Mask R-CNN
13 MeXaHI3MOM HaBYaHHS acoliaimii TpekyieTiB Ha ocHOBI amroputmy TAUDL i
MOKe OyTH 3acCTOCOBaHa SIK JUISI OJHOKAMEpPHOro, Tak 1 JJisi OaraTokamepHOTo
cnoctepexxeHHs. Ha mepmioMmy erami cermeHTaTop (OpMye TOYHI MACKH, MICIsA
4Oro pe3yiabTaTH IETEKTYBaHHS, CETMEHTAIlIl Ta TPEKIHTY arperyrThCs y KOPOTKI
TPEKJIETH, 10 MIJBUIILYE CTIHKICTh 10 KOPOTKOYACHUX OKJIIO31M 1 (pparmeHTarii
Tpaektopid. s ¢dopmyBaHHS JECKPUNITOpPAa BUKOPUCTAHO JBOMAriCTPaIbHUM
eKkcTpakTop o3Hak twin-ResNetl8: Marictpans A mpaifroe 3 0a30BUMU KaHaJlaMH,
Marictpaib B — 3 nogaTkoBMUMH TOXIJIHUMH KaHaJlaMHd, OTPUMAaHUMM Ha eTari
nonepeaHboi 00poOku. O3HAKKM 3IMBAIOTHCA KEPOBAHO 4Yepe3 KOHKATEHAIII0 Ta
SE-mexaHi3M, M0 Ja€ 3MOry MiACWIIOBATH 1HGOPMATUBHI KOMIIOHEHTH W
npurHiuyBatu apredaktu. [am gpopmyeTrsecs 256-BuMipHuil L2-HOpMasi30BaHUM
BEKTOp BOyIoBYyBaHHSI Ha ocHOBI ROI-03Hak a1 MOBTOpHOI ineHTU]IKAIil 3
ypaxyBaHHSM MacKu (MacKOBO-3BRXEHE arperyBaHHs), TPHIATHUNA I
MOJAJIBIIOTO  3ICTABJICHHS TPEKJETIB, [0 MIABUILYE JTUCKPUMIHATUBHICTb
IIPE/ICTABIICHHS 32 paXxyHOK (JOKyCyBaHHs Ha OpMI i TEKCTYypl TBAPUHH.

Y konnentyanpHii Momeni Mask-TAUDL peamizoBaHo mo€aHaHHS
OJIHOYACHOT'O0 HaBYaHHS JIBOX KOMMOHEHTIB Moayysi TAUDL, mo 3a0e3neuyroTh
HaBUYaHHS TUCKPUMIHATUBHUX O3HAK TPEKJIETIB y MeXaX OJHIET cecii Ta acoIaIio
TPEKJIETIB MK PI3HUMHU CECIIMHM 3amucy 0e3 BUKOpUCTaHHA py4yHUx ID-miTok.
Pi3Hi cecii 3anmucy 1HTEPIPETYIOTHCS K «KaMepu», 110 J03BOJISIE HABYATH MOJICIb

1HBAapI1aHTHOCTI /10 3MiH OCBITJICHHS Ta CEPEIOBHIIIA.



JlocmiKeHHsT TIOKa3aliy, M0 MOEJHAHHS CETMEHTOBAHUX TPEKJIETIB 1 O3HAK,
OTPUMAHUX JBOMAriCTpaJbHUM €KCTPAKTOPOM, IIJBHIINYE CTIMKICTh acorialli Ta
3MEHIIY€ TOMUJIKU MEPEeMHUKAHHS 1IEHTHYHOCTI B JOBTOTPUBAIUX JIAOOPATOPHHUX
BiJIe03amucax.

ChopMynboBaHO 4YeTBepPTHMH NYHKT HAYKOBOI HOBM3HH: BIIEpIIe
3aMpoNOHOBAHO KOHIIENITYaJIbHY MOJENb HACKPI3HOI iMeHTH(iKallli 1a00paToOpHUX
TBapHUH Y BijieoJjaHuX 0e3 BUKOpUCTaHHs pyuHoro MmapkyBaHHs Mask-TAUDL, sika
IHTErpy€e MeXaHi3M OTPMMAaHHS O3HAaK Ha OCHOBI YJJOCKOHAJIEHOI HEHPOMEpPEKEBO1
Mozeni Mask R-CNN i3 moABIHHOIO MaricCTpajiil0 €KCTpakiiii O3HaK, MacKOBO-
3BakeH1 ROI-03Haku Ta MexaHi3Mu acoriaiii TpekyieTiB 0e3 BUKOPUCTAHHS
pyunoro mapkyBaHHsi TAUDL, mo 3abe3nedye (popMmyBaHHS HOpPMali30BaHUX
BEKTOpIB BOY/IOBYBaHb 1 CTaOUIbHE 30€pEeXEHHS 1JEHTUYHOCTI JIaDOpaTOPHHUX
TBAapUH MPOTATOM BiJ€OMOCIIOBHOCTI.

Y m’aromy po3aiii po3poOsieHO, peani3oBaHO Ta EKCIEPUMEHTAIBHO
IEPEBIPEHO I1HTETPOBAHUN KOHBEEP JETEKTYBaHHSA, TPEKIHIY Ta HAaCKpI3HOI
ieHTrdIKalli 1adopaTOpHUX TBapHUH Y BiJICOJAHUX, SKUU IMOKJIAZAEHO B OCHOBY
CHenlagi30BaHol CUCTEMU aBTOMATU30BaHOI OOPOOKH JIabOpaTOPHUX B1AECO3AIUCIB.
KonBeep nmoeanye momepenno oOpoOKy KaapiB, JOMOMIXKHY CErMEHTAIIHHY TLIKY
JIETEKTOpa Ha OCHOBI BiJIHIMaHHS ()OHY Ta yJIOCKOHAJIEHOTO METOJy CerMEHTaIlli
SLIC, ynockoHaneHy HelpoMmepexeBy wmojneiab Mask R-CNN i3 moaBiitHOIO
marictpaumro  ResNetl8, apOiTpaxk pe3ynapTaTiB  JACTEKTYyBaHHS, TPEKIHT,
dbopMyBaHHSI TPEKJIETIB 1 MOJAJIBIINY acOLIAIlil0 TPEKJIETIB 0e3 BUKOPUCTaHHS
pPYYHOTO MapKyBaHHS Ha OCHOBI1 KoHLenTyansHoi Mozaeni Mask-TAUDL.

ExcniepuMmeHTanbHe  TECTyBaHHS  TMPOBEICHO Ha  TPbhOX  TECTOBHX
BIJICOTIOCIIITOBHOCTSIX, 1[0 MICTUJIM CUHTETUYHY KOHTPOJIbOBAaHY CLIEHY Ta peajibH1
nmabopaTopHi Bifeo3anmucu 3 MUIIaMu ¥ omukamu TpusaiicTio 900, 3200 Ta 4320

kanapiB. OILIHIOBaHHA pOOOTM KOHBEEpA BHUKOHAHO 3a MPOKCI-METpUKaAMU



30epekeHHsl 1IEHTUYHOCTI, YacOBOI Y3TOPKEHOCTI JIoKami3alii, 0e3nepepBHOCTI
TPAEKTOPIA 1 JOCTaTHBOI TpUBAIOCTI croctepexkenHs: PSWrate, median(tloU),
P(tloU < 8), avg(gaps), median(T) ta S(T).

OTpuMaHi pe3ynbTaTd MiATBEPIKYIOTh Mpale3gaTHICTh 3alPOINOHOBAHOTO
IHTErPOBAHOI'0 KOHBE€EPA Ta MOTo MPUIATHICT 10 (OpMyBaHHS y3rOJKEHUX Y Yaci
TPAEKTOPIH 13 30EpeKEHHSIM 1MEHTUYHOCTI OO0’€KTIB, a TaKOX MOXKIUBICTh
BUKOPHUCTaHHS pO3pOOJIEHOTO Ha HOr0 OCHOBI CIIEIIaII30BAHOTO 3aCTOCYHKY IS
aBTOMATU30BAHOI0 aHAJI3y BIJIEOCTIOCTEPEKEHD 32 JAOOPATOPHUMHU TBAPUHAMMU.

Po3pob6reni B aucepraniiiHiii poOOTI MOAENl, METOAN Ta 1HCTPYMEHTAIbHI
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SUMMARY

Shvandt, M.A. Models And Methods for Detection, Tracking, and End-To-
End Identification of Laboratory Animals in Video Data. — Qualification scientific
work in the form of manuscript.

Thesis for the PhD degree in specialty 122 Computer science. — Odesa
Polytechnic National University, Ministry of Education and Science of Ukraine,
Odesa, 2026.

The introduction substantiates the relevance of solving the problems of
automating behavioral monitoring of experimental subjects, in particular laboratory
animals, under controlled conditions using video data. It demonstrates the
limitations of existing computer vision models and methods for the detection,
tracking, and end-to-end identification of laboratory animals under conditions of a
non-stationary background, occlusions, object merging, and object separation. The
object, subject, aim, objectives, and methods of the research are defined; the
scientific novelty and practical significance of the obtained results are presented;
and the personal contribution of the applicant is outlined.

In the first chapter of the thesis, methods and approaches to the detection,
tracking, and identity preservation of laboratory animals in video data, used in
computer vision for controlled scenes, are analyzed. The chapter examines the
specific features of video monitoring systems for laboratory animal behavior and
the observation conditions that determine the requirements for detection, tracking,
and object identity preservation over time under challenging observation
conditions. It is noted that the quality of these procedures affects the accuracy of
motion trajectory formation and the subsequent calculation of behavioral
indicators, including speed, path length, time spent in predefined zones, frequency

of zone visits, and instances of contact or proximity between objects. It is shown



that classical methods, including brightness- and color-based thresholding,
background subtraction, template matching, optical-flow-based tracking,
MeanShift and CamShift, and keypoint tracking with filters, are characterized by
relative algorithmic simplicity and low computational complexity; however, they
are unstable under changes in illumination, shape deformations, small artifacts, and
occlusions. This is especially evident in video recordings obtained in a controlled
experimental environment, for example during observations of animals under
aquarium conditions. In such cases, basic approaches to detection and localization
based only on background subtraction or frame differencing without spatial
consistency often lead to object fragmentation and an increased number of false-
positive detections.

Given the above limitations of classical methods, the thesis considers the
transition to neural-network-based detection as a core tool for localizing laboratory
animals in a frame with subsequent tracking. The main families of neural network
detectors and their underlying principles are systematized: two-stage detectors,
including R-CNN, Faster R-CNN, and their derivatives; one-stage detectors,
including SSD and its modifications; and detectors that provide relatively high
processing speed, in particular YOLO, CenterNet, and related models. It is
determined that, when constructing an applied pipeline for long-duration video
analysis, the decisive factors include not only accuracy, but also computational
resource requirements during training, the possibility of training on local hardware
without using cloud resources, training stability with a limited number of images,
and the processing time per frame, taking into account additional preprocessing.

To formalize the selection of a neural network detector, it is proposed to use
a set of criteria that takes into account the possibility of local training with an
acceptable training batch size, suitability for detecting small objects and weakly

expressed visual features, the quality—speed trade-off with regard to the detection



time of a single frame and subsequent scaling of processing to long video
recordings, the practical availability of implementations, and ease of integration. It
is shown that some models, in particular EfficientDet, certain SSD configurations
with resource-intensive backbone networks, and Faster R-CNN-like solutions, may
be poorly suited for local training on standard hardware under Ilimited
computational resources due to high memory requirements, especially when
increasing the training batch size. It is additionally established that not all models
provide an acceptable detection time, which limits their practical use in the
processing of long-duration video data. This made it possible to formulate the
requirements for the baseline detector for the subsequent construction of the video
data processing pipeline.

The results of the analysis of scientific works on object detection, tracking,
and identification showed that, for the target scenario of laboratory video
monitoring, the most practical models are those that provide sufficient processing
speed for individual frames and are suitable for training and deployment on local
hardware without substantial loss of accuracy while maintaining acceptable
processing efficiency. These requirements determine the choice of the baseline
detector for the subsequent construction of the video data processing pipeline and
justify the idea of supplementing the neural network detector with a superpixel
segmentation method for object detection and localization, as well as with neural
network modules for detection, instance segmentation, and re-identification (Re-
ID) as a component of the end-to-end identification of laboratory animals.

Based on the results of the conducted analysis, the aim and objectives of the
thesis research are formulated.

In the second chapter of the thesis, the problem of improving the quality of
detection and localization of laboratory animals in long-duration video recordings

1s addressed under conditions of a non-stationary background, artifacts, occlusions,



partial overlaps, and object merging, where traditional approaches based on
background subtraction or frame differencing demonstrate insufficient quality. It is
shown that, even in a formally controlled laboratory environment, the background
is not stationary: small foreign objects, local inhomogeneities, shadows, specular
reflections, and other artifacts may appear in the frame. In terms of color, size, or
shape, these artifacts may partially resemble the object under observation and may
cause partial occlusion of its contour, thereby complicating object extraction and
localization. As a result, classical background subtraction followed by binarization
and area-based filtering often produces false detections or, conversely, fragments
the object, which prevents stable localization and subsequent analysis of behavioral
metrics.

To overcome these limitations, the chapter proposes an improved method for
the detection and localization of laboratory animals in video data based on the
improved SLIC superpixel segmentation method. The method is intended for the
automated processing of laboratory video recordings in which the main sources of
errors are a non-stationary background, artifacts, and partial occlusions. The
concept of the proposed method is to avoid coarse global thresholding after the
difference image has been formed and instead proceed to context-dependent
analysis within segments, or superpixels, obtained using the improved SLIC
method. This formulation makes it possible to separate locally consistent object
regions from background artifacts, which may appear in the difference image as
small or medium-sized blobs resembling parts of the animal’s body.

The proposed method consists of the following stages:

1. Preprocessing of the frame and the background image. To reduce the
influence of noise, increase resolution, and enhance the sharpness of fine object
details, bilateral filtering, brightness and contrast adjustment, median filtering, and,

if necessary, image upscaling are applied.



2. Construction of the difference image and initial background subtraction.
After preprocessing, background subtraction is performed, which makes it possible
to obtain a change map and identify candidates for moving objects. At the same
time, it is shown that a considerable number of false inclusions may arise precisely
at this stage, caused by background artifacts, local inhomogeneities, shadows,
specular reflections, and small foreign objects that remain in the difference image
and form spurious regions.

3. Segmentation of the difference image into superpixels using the improved
SLIC method. For subsequent context-dependent analysis, the difference image or
a related representation is partitioned into segments using the improved SLIC
method. The key distinction of the improved SLIC method lies in the modification
of the clustering metric, which takes into account the spatial coordinates of pixels,
features of the LAB image model, the difference image, and pixel homogeneity
checks in the local neighborhood. In particular, the cluster centers are described by
spatial coordinates and features formed on the basis of the LAB image model, the
difference image, and pixel homogeneity checks in the local neighborhood. The
distance between a pixel and a cluster center is computed by taking all the
specified features into account.

4. Context-dependent thresholding within segments (superpixels) and
artifact suppression. It is shown that simple conversion of the difference image into
a binary image followed by blob-size filtering is insufficiently accurate, since some
small white fragments may belong to the actual object but become separated due to
residual inhomogeneity after background subtraction. To eliminate this limitation,
a dedicated procedure is proposed: for each segment, the number of pixels
exceeding a specified threshold is computed; if this number is below a predefined
fraction, for example, less than one third of all pixels in the segment, with the exact

ratio set with regard to the image size and the expected object scale, the pixel



values within the segment are set to zero. This mechanism makes it possible to
discard segments caused by background artifacts, local inhomogeneities, and
partial occlusions, while simultaneously reducing the risk of losing thin parts of the
object contour.

5. Post-processing and restoration of object integrity. Fragmented object
regions are merged to improve spatial coherence, providing a more stable basis for
subsequent localization in the form of a bounding box or pixel mask, tracking, and
trajectory formation.

Experimental validation of the proposed method on video frames containing
gobies demonstrated an improvement of more than 6% in the quality of detection
and localization of laboratory animals compared with the baseline SLIC method. It
1s additionally shown that the modularity and interpretability of the approach make
it possible to scale it to other laboratory scenarios, in particular to behavioral
analysis of rodents in box-type arenas, without involving deep learning or
resource-intensive architectures, which is important for practical application under
limited computational resources.

Thus, the first and second points of scientific novelty are formulated. The
SLIC superpixel segmentation method is improved by using a multilayer feature
space based on the LAB image model, taking into account the difference image
and the results of pixel homogeneity checks in the local neighborhood, which made
it possible to improve the quality of laboratory animal localization in video data
under conditions of a non-stationary background and the presence of artifacts. The
method for detecting laboratory animals in video data is improved by using SLIC
superpixel segmentation and context-dependent filtering, which made it possible to
improve the quality of laboratory animal detection under conditions of a non-

stationary background.



In the third chapter, the problem of improving the quality of detection and
segmentation of laboratory animals in images is addressed under conditions of a
non-stationary background, artifacts, partial occlusions, object merging, and
subsequent object separation. Under such conditions, there is a need for a neural
network model that provides high-quality pixel-level localization, preserves
modularity for further extensions of the “detection—tracking-re-identification”
pipeline, and enables the use of additional feature channels formed at the
preprocessing stages and intended to enhance object features under challenging
scene conditions.

The choice of Mask R-CNN as the baseline neural network model is
justified, since it is a modular two-stage model with high segmentation quality. A
key limitation of typical implementations is identified: their orientation toward
standard three-channel images and the lack of support for the direct use of
additional artificially generated channels obtained at the preprocessing stages, in
particular after background subtraction, CLAHE, or shadow correction, which can
substantially enhance the visibility of the object under challenging background
conditions. Therefore, a modification of the Mask R-CNN neural network model is
proposed that enables the integration of multichannel data without switching to
excessively resource-intensive backbones such as ResNetl01, while preserving
acceptable processing efficiency.

The proposed solution is based on a dual-branch neural network model for
feature extraction: branch A processes the base image channels, which contain the
primary information, whereas branch B processes additional feature channels
formed at the preceding stages of the processing pipeline. A B—A feature fusion
mechanism is implemented at key levels of the feature pyramid, which makes it
possible to enhance the object representation with additional information precisely

where it 1s most useful for detection and segmentation under conditions of a



complex background and partial occlusions. Controlled SE fusion (Squeeze-and-
Excitation) after concatenation of the features from the two branches is selected,
providing data-dependent feature mixing.

The comparative analysis showed that, for the proposed Mask R-CNN
neural network model based on ResNetl8, the number of training epochs was
increased to 50. The following quality indicators were obtained: mAP50 = 0.87,
Precision = 0.91, and Recall = 0.91 for detection bounding boxes, and mAP50 =
0.90, Precision = 0.92, and Recall = 0.92 for segmentation masks, with an average
inference time of approximately 105.5 ms. This confirms the possibility of
achieving high detection and segmentation quality on a relatively compact basis
while preserving acceptable processing efficiency.

The third point of scientific novelty is formulated: the Mask R-CNN neural
network model is improved by introducing a dual feature extraction backbone with
controlled SE fusion (B—A), which made it possible to improve the quality of
detection and segmentation of laboratory animals in video data under conditions of
partial occlusions, object merging, and subsequent object separation while
preserving acceptable processing efficiency.

In the fourth chapter, the problem of end-to-end identification of laboratory
animals in long-duration video observations is addressed under conditions of
frequent occlusions, trajectory fragmentation, and minor visual differences
between individuals.

A conceptual label-free model for the end-to-end identification of laboratory
animals in video data, Mask-TAUDL, is proposed. It integrates Mask R-CNN-
based instance segmentation with a tracklet association learning mechanism based
on the TAUDL algorithm and can be applied to both single-camera and multi-
camera observation scenarios. At the first stage, the segmenter generates accurate

masks, after which the results of detection, segmentation, and tracking are



aggregated into short tracklets, which increases robustness to short-term occlusions
and trajectory fragmentation. For descriptor formation, a dual-branch feature
extractor, twin-ResNet18, is used: branch A processes the base channels, whereas
branch B processes additional derived channels obtained at the preprocessing
stage. The features are fused in a controlled manner through concatenation and an
SE mechanism, which makes it possible to enhance informative components and
suppress artifacts. Then, a 256-dimensional L2-normalized embedding vector is
formed from mask-aware ROI features for re-identification using mask-weighted
aggregation. This vector is suitable for subsequent tracklet matching and improves
the discriminative capability of the representation by focusing on the animal’s
shape and texture.

The conceptual Mask-TAUDL model combines the simultaneous training of
two components of the TAUDL module, which provide learning of discriminative
tracklet features within a single session and tracklet association across different
recording sessions without using manual ID labels. Different recording sessions are
interpreted as “cameras,” which enables the model to learn invariance to changes
in illumination and environment.

The studies showed that combining segmented tracklets with features
obtained by the dual-branch extractor increases association robustness and reduces
identity-switch errors in long-duration laboratory video recordings.

The fourth point of scientific novelty is formulated: for the first time, a
conceptual label-free model for the end-to-end identification of laboratory animals
in video data, Mask-TAUDL, is proposed. It integrates a feature extraction
mechanism based on the improved Mask R-CNN neural network model with a
dual feature extraction backbone, mask-weighted ROI features, and label-free

TAUDL tracklet association mechanisms, thereby enabling the formation of



normalized embedding vectors and stable preservation of laboratory animal
identity throughout the video sequence.

In the fifth chapter, an integrated pipeline for the detection, tracking, and
end-to-end identification of laboratory animals in video data is developed,
implemented, and experimentally validated. This pipeline forms the basis of a
specialized system for the automated processing of laboratory video recordings.
The pipeline combines frame preprocessing, an auxiliary segmentation branch of
the detector based on background subtraction and the improved SLIC segmentation
method, the improved Mask R-CNN neural network model with a dual ResNet18
backbone, detection result arbitration, tracking, tracklet formation, and subsequent
label-free tracklet association based on the conceptual Mask-TAUDL model.

Experimental testing was conducted on three test video sequences, including
a synthetic controlled scene and real laboratory video recordings of mice and
gobies, with durations of 900, 3200, and 4320 frames. The pipeline performance
was evaluated using proxy metrics of identity preservation, temporal localization
consistency, trajectory continuity, and sufficient observation duration: PSWrate,
median(tloU), P(tloU < 0), avg(gaps), median(T), and S(T).

The obtained results confirm the operability of the proposed integrated
pipeline and its suitability for forming temporally consistent trajectories while
preserving object identity, as well as the possibility of using the specialized
application developed on its basis for the automated analysis of video observations
of laboratory animals.

The models, methods, and software tools developed in the thesis have been
implemented in laboratory studies conducted at the Faculty of Biology of Odesa 1.
I. Mechnikov National University, as well as in the educational process of Odesa

Polytechnic National University and Odesa 1. I. Mechnikov National University.
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