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Pedepat/anoranis:

1. Y BcTyni 06rpyHTOBaHO aKTyaJIbHICTh BUPIIIEHHS 3a71ad aBTOMAaTH3allii MOHITOPUHTY MOBEAiHKY 1ab0PaTOPHUX
TBapVH Y KOHTPOJIbOBAaHMX YMOBAX 32 BifleofaHMMU. Bu3HaueHO 06’eKT, IpeIMET, MeTy, 3a7a4i Ta METOU
IOCJIiI)KeHHS]; HABe[IeHO HayKOBY HOBU3HY Ta [IPAaKTUYHE 3HAYEHHS OJjeP>KaHUX PEe3yJIbTaTiB; BUCBITIEHO
ocobucTuril BHECOK 3106yBavya. O6’'€KTOM JIOCIIIKEHHS € ITPOL[eCy aBTOMATHU30BAHOTO BiIlEOMOHITOPUHTY
[IOBeJiHKY J1ab0paTOPHUX TBAPKH, IIPEIMETOM — MOJeJli Ta METOAU iX JeTeKTyBaHHS, CerMeHTallii, TpeKiHry i
HACKpi3HOi ineHTU}iKawii. MeTa poboTu nossirae y nifiBUIEHHI SIKOCTI LIMX NPOLECIB Y JOBrOTPUBAJINX
BiZleo3amnucax IJISIXOM YIOCKOHAJIEHHSI METOiB KOMITIOTEPHOT'0 30Py Ta HelipoMepeskeBuX Moaesei. [loctaBneHo
3a7a4i aHaJi3y iCHYIOUMX MiIXOiB, yAOCKOHaneHHd MeToay SLIC i MeTony neTeKTyBaHHS Ha NOrO OCHOBI,
yIOCKOHaJIeHHS HelipoMepeskeBoi moaesi Mask R-CNN a1 6araTokaHasibHUX O3HAK, pO3pO0JIEHHS MOAei
HACKpi3HOi ineHTU(ikKalii 6€3 pyyHOro MapKyBaHHS Ta iHTETPOBAaHOT'O KOHBeEPa OOPOOKHU BifleOfaHUX. Y NEPIIOMY
po3#isi MpoaHanizoBaHO METOAU AETEKTYBaHHS, TPEKIHTY Ta 30€peKEHHs iIeHTUYHOCTI 1Tab0PAaTOPHUX TBAPUH.

[TokazaHo HeCTilKiCTh KJIACUYHUX METO/IB 0 3MiH OCBiT/IeHHs, apTedaKTiB i IepeKPUTTIB Ta OOIPYHTOBAHO



HellpoMepexXeBe NeTEKTyBaHHS. BU3Hau€HO BUMOTH [0 IETEKTOPA 010 TOYHOCTI, IIBUKOIii, IOKaJIbHOTO
HaBYaHHS 1 OOMeXEHUX PeCypCiB Ta AOLIIbHICTb IOE€JHAHHS 3 METOLIOM CyIepIikceabHoi cermeHnTauii SLIC i Re-
ID. 3a pesynbpTaTamu aHanizy cOpMyJIbOBAHO METY Ta 3aBAAaHHS AOCIIIKEHHS. Y APyromMy po3fiji po3B’sa3aHo
3a/1auy MiIBUILIEHHS SIKOCTi JeTEeKTyBaHHS Ta JIOKajli3allii 3a HecTalioHapHOToO (POHY, apTe(aKTIB Ta OKJIIO3iM.
3anponoHOBaHO YIOCKOHAJIEHN METO, HA OCHOBI METOLY CyIepIlikcenbHOI cermeHTanii SLIC, mo BKiIovae
[onepesH 06pooKy, POpMyBaHHS Pi3HULIEBOrO 300paskeHHS!, CETMEHTAllil0 Ha CyIlepIlikcesli, KOHTEKCTHe
IIOPOT'yBaHHS 1 IOCTOOPOOKY. MoaugikoBaHa MeTprKa BpaxoBye IIPOCTOPOBi KoopauHaTu, LAB-o3Hakuy, pisHuLieBe
300pakeHHs Ta JIOKAJIbHY OQHOPIAHICT MiKceiB. SIKiCTh JeTEeKTyBaHHS Ta JIOKasli3alil niBuieHo 6inbi HixX Ha 6 %
NOPiBHSIHO 3 6a30BUM MeTonoM SLIC. ChopMysIbOBAHO MEPIIUH Ta IPYrUi IIyHKTH HAYKOBOI HOBU3HMU.
YnockoHaneHo MeTog, cynepikcesnbHoi cermeHTanji SLIC 3a paxyHOK BUKOPHCTaHHS 6araTolapoBoro IIpoCcTopy
O3HaK, sIKAM 6a3yeTbcst Ha LAB-Mopesni 300paskeHHs], BpaXxOBye Pi3HULIEBE 300PaKEHHS Ta PE3yJIbTaTy IIEPEBiIPKU
OZHOPIAHOCTI MiKCeJIiB Y JIOKaJIbHOMY OTOYEHHI, 1110 JO3BOJINJIO MiIBULIMTH SIKICTh JIOKaJi3aLii 1a60paToOpHUX
TBapyH Y BileOJJaHMX 32 YMOB HecTallioHapHOro GoHy Ta HasIBHOCTi apTeakTiB. Y,0CKOHAJIEHO METO]]
IleTeKTyBaHHS J1Ja00paTOPHUX TBApUH Y Bil€OaHUX LJISIXOM BUKOPUCTAHHS METOJY CYIEpIIiKCEeJIbHOI cermeHTallii
SLIC i koHTeKCTHOI dinbTpallii, 1o JO3BOJIUIO MifBULUTHU SKICTh AETEKTYBaHHS JJa60PaTOPHUX TBAPUH 32 YMOB
HecTalioHapHOTo GoHY. Y TPETbOMY PO3[LiJi pO3B’A3aHO 334a4y IiABUILIEHHS SIKOCTi JeTeKTyBaHHS Ta CerMeHTalli
32 YaCTKOBUX II€PEKPUTTIB, 3JIUTTS Ta PO3LileHHs 00’ €KTiB. 3alIPOIIOHOBAHO YAOCKOHAIEHY HENPOMEPESKEBY
mogzenb Mask R-CNN i3 nBomarictpanbHuM ResNetl8 i SE-3nuTTam BoA ni1s 6a30BUX Ta AOJATKOBUX KaHAJIiB O3HAK.
Otpumano mAP50=0,87 nng pamok i mAP50=0,90 1151 Macok 3a yacy BuBefieHHs 6;113bK0 105,5 Mc.
CdopMyIbOBaHO TpeTill IYHKT HAYKOBOI HOBU3HU: yIOCKOHAJIEHO HelipoMepeskeBy mogiesib Mask R-CNN 3a
PaxyHOK BBEJIEHHSI IIO/IBIHOI MaricTpasi eKcTpakliii 03Hak i3 kepoBaHuM SE-3nutTsam (BoA), mo 103Bosmio
HiABUINWTY SIKiCTh AETEKTYBaHHS Ta CETMEHTalii JabopaTOPHUX TBAPHH Y BifleOJaHUX 32 YMOB YaCTKOBUX
[IePEeKPUTTIB, 3JIUTTS Ta [IOAAJIBUIOrO PO3iTeHHS 00'eKTiB 31 36€pesKeHHSIM IIPUNHATHOI ONlepaTUBHOCTI. ¥
4YeTBEPTOMY PO3/iji po3B'sI3aHO 33724y HacKpi3HOi ineHTHdikalii 1a60paTOpHUX TBAPUH 32 YaCTUX I€PEKPUTTIB,
({parmeHTauii TpaeKTOPill i HE3HAYHMX Bi3yaJIbHMX BiIMiHHOCTEN. 3alIpONIOHOBAHO KOHLENTYalbHY MOz eb Mask-
TAUDL 6e3 py4HOro MapKyBaHH4, 110 NOeHYe HelipoMmepeskeBy monesb Mask R-CNN, Tpekserty, twin-ResNetl8,
mackoBo-3BaXeHi ROI-o3Haku Ta TAUDL. ®opmyeTbes 256-BuMipHUil L2-HOopMasli3oBaHUI BEKTOP BOYI,OBYBaHHS
L7151 3icTaBiieHHs TpekieTiB. CPOpMyIbOBaHO YETBEPTUI IIYHKT HAYKOBOI HOBU3HU: BII€plIE 3alIPOIIOHOBAHO
KOHILIENTyaJIbHy MOJIeJIb HACKPi3HOI ineHTudiKalii 1a60paTOpHUX TBAPUH Y BileOJaHUX 6€3 BUKOPUCTAHHS PyYHOTO
mapkyBaHHsa Mask-TAUDL, ska iHTerpye MmexaHi3aM OTprMaHHS 03HaK Ha OCHOBI yJIJOCKOHAJIEHOI HelipoMepesKeBoi
mogeni Mask R-CNN i3 nopBiiiHOI0 MaricTpasisiio eKCTpakiiii 03HaK, MackoBo-3BaskeHi ROI-03Haku Ta MexaHi3Mu
acoujanii TpexseTiB 6€3 BUKOPUCTaHHS py4Horo MapkyBaHHs1 TAUDL, o 3a6e3nedyye GpopMyBaHHS
HOpMaJli30BaHUX BEKTOPiB BOY[IOBYBaHb i CTabisibHE 30€pEKEHHS iIeHTUYHOCTI 1TabOPATOPHUX TBAPUH MTPOTITOM
BiI€OIIOCIIiIOBHOCTI. Y II'SITOMY PO37iJi po3p0o6JieHO 1 IepeBipeHo iHTerpoBaHUI KOHBEEP JeTeKTyBaHHS, TPEKIHTY
1 HacKpi3HOI ineHTUdiKallii, o NoefHye nonepenHio 06podKy, meton SLIC, HeiipomepexeBy mozesnb Mask R-CNN,
ap6iTpax JeTeKLil, TPeKiHT i KoHuenrtyansHy mogeinb Mask-TAUDL. TecTyBaHHS IPOBELEHO Ha
BigeonocainoBHOCTaX TpuBaicTio 900, 3200 ta 4320 xagpis. Pe3ynbraT NiATBEPAUIIY NIPALe3IaTHICTh KOHBEEPA
Ta 3aCTOCYHKY /1711 aBTOMAaTM30BaHOIO aHaJIi3y BifieofaHux. 3allpoOIIOHOBaHI MOZEJi, METOIU Ta 3aCO0U

BIIPOBA’KEHO Y J1abOPATOPHI JOCIIiI>KEHHS Ta HaB4aJlbHUI MPOLEeC.

2. The introduction substantiates the relevance of automating the monitoring of laboratory animal behavior under
controlled conditions using video data. The object, subject, aim, objectives, and research methods are defined; the
scientific novelty and practical significance of the results are presented; the author’s personal contribution is
outlined. The object of the study is the processes of automated video monitoring of laboratory animal behavior; the
subject is the models and methods for their detection, segmentation, tracking, and end-to-end identification. The
aim is to improve the quality of these processes in long-term video recordings by enhancing computer vision
methods and neural network models. The objectives include analyzing existing approaches, improving the SLIC
method and the detection method based on it, improving the Mask R-CNN neural network model for multi-
channel features, developing an end-to-end identification model without manual labeling, and developing an



integrated video processing pipeline. The first chapter analyzes methods for detecting, tracking, and preserving
laboratory animal identity. The instability of classical methods under illumination changes, artifacts, and
occlusions is demonstrated, and neural network-based detection is substantiated. Detector requirements are
defined in terms of accuracy, speed, local training, and limited computational resources, and its combination with
the SLIC superpixel segmentation method and Re-ID is justified. Based on the analysis, the aim and objectives of
the research are formulated. The second chapter addresses improving detection and localization under non-
stationary backgrounds, artifacts, and occlusions. An improved method based on the SLIC superpixel segmentation
method is proposed, including preprocessing, difference-image formation, superpixel segmentation, contextual
thresholding, and post-processing. The modified metric accounts for spatial coordinates, LAB features, a
difference image, and local pixel homogeneity. Detection and localization quality is improved by more than 6%
compared with the baseline SLIC method. The first two scientific novelty provisions are formulated. The SLIC
superpixel segmentation method is improved by using a multilayer feature space based on the LAB image model,
the difference image, and local pixel homogeneity assessment, which improves laboratory animal localization in
video data under non-stationary backgrounds and artifacts. The method for detecting laboratory animals in video
data is improved by using the SLIC superpixel segmentation method and contextual filtering, which improves
detection under non-stationary backgrounds. The third chapter addresses detection and segmentation under
partial occlusions, merging, and object separation. An improved Mask R-CNN neural network model with a dual-
backbone ResNetl18 and controlled SE fusion BoA for basic and additional feature channels is proposed. The model
achieved mAP50=0.87 for bounding boxes and mAP50=0.90 for masks, with an inference time of about 105.5 ms.
The third scientific novelty provision is formulated: the Mask R-CNN neural network model is improved by
introducing a dual feature-extraction backbone with controlled SE fusion (BoA), which improves detection and
segmentation of laboratory animals in video data under partial occlusions, merging, and subsequent object
separation while maintaining acceptable computational efficiency. The fourth chapter addresses end-to-end
identification under frequent occlusions, trajectory fragmentation, and minor visual differences. A conceptual
Mask-TAUDL model without manual labeling is proposed, combining the Mask R-CNN neural network model,
tracklets, twin-ResNet18, mask-weighted ROI features, and TAUDL. A 256-dimensional L2-normalized embedding
vector is generated for tracklet matching. The fourth scientific novelty provision is formulated: for the first time, a
conceptual Mask-TAUDL model for end-to-end identification of laboratory animals in video data without manual
labeling 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 TAUDL mechanisms for
tracklet association without manual labeling, enabling normalized embedding vectors and stable preservation of
laboratory animal identity throughout the video sequence. The fifth chapter develops and evaluates an integrated
pipeline for detection, tracking, and end-to-end identification, combining preprocessing, the SLIC method, the
Mask R-CNN neural network model, detection arbitration, tracking, and the conceptual Mask-TAUDL model.
Testing was performed on video sequences of 900, 3,200, and 4,320 frames. The results confirmed the operability
of the pipeline and application for automated video analysis. The proposed models, methods, and tools were
implemented in laboratory research and the educational process.
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