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Pedepar/anoTamis:

1. Y nuceprauii po3po6sieHo iHpopmaLiiiHy TeXHOJIOTiI0 pO3Mi3HaBaHHS 00'eKTiB MOOiIBHOIO pOOOTH30BAHOIO
n71aTHOPMOIO y 3aKPUTUX IPUMIIIEHHSIX 3 BUKOPUCTAHHSIM HOBOTO METOAY alallTUBHOI JIOKali3allii 06'eKTiB Ha
OCHOBi KOHTEKCTHO] (isnbTpalii, BIOCKOHaJIEHOTO METOJy CEerMEHTAllil IepelIKO, i3 3aCTOCYBaHHSIM
HU3bKOPAHroBOi afanTanii LORA Ta meTomy CTpyKTypHOi KOMIIpecii 30poBoro TpanchopMepa 3 ayrMeHTalilHAM
BigHOBJIEHHSM Y $asi nucTuidLii 3HaHb, o 3a6e31e4nsIo IOBHUI LMK ONPallOBaHHS Bif, BileOIIOTOKY 3 60PTOBUX
CEHCOPIB 40 (POPMYBaHHS KEPYIOUOT0 CUTHAJIY [IJ1 HaBiraliiHoro cTeKy. Y epuomMy po3sfiiji MpoaHaai30BaHo
crienMpivyHi BUKJIMKY Bi3yaJIbHOT'O CIIPUMHATTS B iHTE€P'€PHUX CLIEHAX, 3yMOBJIEHI BUCOKOIO LIiJIbHICTIO
IIpeIMETHOrO HallOBHEHHS, GOTOMETPHUYHOIO HECTAOIIBbHICTIO OCBIT/IEHHS Ta IPOCTOPOBOIO OKJII03i€0. PO3ryisHyTO
OCHOBHi apXiTeKTypHi IifAX01 40 AeTeKLlii Ta cermeHTallii 06'eKTiB Ha OCHOBi 0OMeXXyBaIbHUX PaMOK i
MOTIKCEJIBHOI CeTMEHTallii, JOCIiI)KeHO TEOPETUYHI 3acaJii 30POBUX TPaHC(HOPMEPIB Ta MigX0o4U [0 ixX
[IPaKTUYHOTO 3aCTOCYBaHHS. [IpoaHani3oBaHO OCHOBHI HAOOPU JaHUX 71 HABYAHHS Ta OL[iHKU MOesei

PO3I1i3HaBaHHS, 37iFICHEHO OIJIsLZ, iCHYI0YOTO [IPOTPaMHOr0 3abe3redyeHHsl Ta iHCTPYMEeHTaIbHUX 3aC00iB



po3pobsieHHs. Ha nifcTaBsi aHali3y BiloMUX pillleHb BCTAHOBJIEHO, 1[0 FTOTOBI KOMEPLiliHi Ta BiIKPUTI pillleHHS He
[IEPEKPUBAIOTH TIOBHOTO CIIEKTPY BUMOT IOA0 TOYHOCTI, MIBUAKOAI] Ta THYYKOCTI JJIs1 LIiTbOBOTO 3aCTOCYBAaHHSI.
PesynbraTty, OTpMMaHi B Me€XKax JAaHOTO PO3Lily, CTBOPUJIU MiAIPYHTS 115 IOCTAHOBKY 3aBHaHb AUCEPTALiHOI
po6OTH Ta BU3HAUEHHSI HAIIPSIMIB BJIACHOTO PO3PO6JIeHHS. Y IPYTrOMY pO31ijli po3p06€HO METO, JallTHBHOI
JI0Kasi3auii 06'eKTiB, 10 3a6e3neuye BiI6ip pesleBaHTHUX 00'eKTiB BiJOBIIHO 40 aKTUBHOI KOHQIrypaii
CepenoBuIIa Ta MOKJIUBICTIO MUTTEBOTO ITIEPEMUKAHHS MiXK KOHTEKCTaMu 6e3 moaudikaliii meTekropa.
BIocKoHasieHO MexaHi3M aBTOMAaTUYHOTIO BU3HAYEHHS aKTUBHOTO KOHTEKCTY Yyepe3 POo3pPOOKY TPbOX CTpaTeriit
PaHXXyBaHHS KOHQirypauiil: abCOJIIOTHOTO, BiTHOCHOTO Ta 3BaKEHOTO, M0 JO3BOJISIE CUCTEMI CAMOCTIIHO BU3HAYaTH
[IOTOYHE CepeLloBUIIe Ha OCHOBI BMICTY Kazipy 6e3 sIBHOTO 33aJjaHHS OIlepaTopom. Po3pobyieHo MeTor, 1Boda3Horo
HaBYaHHS aTPYCHUX HEMPOHHUX MEPEX IJIS1 CEMAaHTUYHOI CErMEHTallil Y4epe3 PO3MUPEHHS CTAHIAPTHOI CXEMU
HaBYaHHS J0JATKOBOIO (pa30l0 [IOCTYIIOBOTO JOHABYAHHS i3 [IOETAITHUM PO3MOPOKYBaHHSIM GJIOKIB €HKoziepa Ta
F€OMETPUYHO CIAJAI0YMMU IIBUAKOCTSIMU HABYAHHS. Y TPETbOMY PO3[1iJli BIOCKOHAJIEHO METO]I CErMEHTaLi
MepemKo/ Ha OCHOBI SAM 2 misxoMm 1iiboBoro moHaByaHHs Ha Habopi NYU Depth V2 3 BukopuctanHsam
HU3bKOPAHToBoi ajanTailii LoRA, 110 o6mMeskuiia KijibKiCTh HaBYaJbHUX [TapaMeTpPiB 0 MEHII HixK 2% Bif 3arajibHOTO
o6cCsry Bar apxiTeKTypu. BIockoHaneHo MeTo[ CTPYKTypHOI komnpecii 3opoBoro Tpancdopmepa ViT-H msixom
BBE[IEHHS ayTMEHTALiTHOTrO BifHOBJIEHHS Y $a3y AUCTUIISLI 3HaHb MiX iTepalliiMyi CTPYKTYPHOTO CIIPOILEHHS i3
3aCTOCYBAaHHSIM CTOXaCTUYHOIO KOHBEEPY 3 CEMU ayrMEHTalliliHUX ollepalliil Ta I0YeproBOoro po3'e4HaHOro
CIIPOLIEHHS IPYII TapaMETPIB 3 BapiaTUBHOIO OLIIHKOIO BAXKJIMBOCTI CTPYKTYPHUX €JIEMEHTIB. Y YETBEPTOMY PO3JiJi
IIOJIAaHO Pe3yJIbTaTU PO3POOJIEHHS YOTUPUOIOKOBOI apXiTeKTypu iHPpOpMaLiiiHOi TEXHOJIOTI], 110 CKIaaeThCs 3
0JI0KY YIIpaBJIiHHS JAaHMMHU, 6JIOKY PO3Ii3HaBaHHS, 6JI0KY IIPUMHSTTS pillleHb Ta aHAJIITUYHOTO GJIOKY 3i
CTaH/IapTU30BaHMMU popMaTaMy OOMiHY MK KOMIIOHEHTaMU. 37iiiCHEHO eKCllepUMeHTaJIbHe OL[iHIOBAHHSI METOZY
cerMmeHTallii Ha ocHOBi DeepLab v3 3 nBodazHum HaByaHHSIM: ocsarHyTo mloU 86.9% i BloU 74.1% Ha TecCToBii
nipBubipni NYU Depth V2, mo nepesuutye UNet Ha 15.5 i 18.3 BifcOTKOBUX yHKTH BifnoBigHoO. [linTBepakeHO
edekruBHicTb aganTauii SAM 2: npupict mloU 3 74.8% no 82.4%, npu LIbOMY IIpY CKOPOUY€HHI KiJIbKOCTi TOUKOBUX
nigkasok 3 15 1o 5 agantoBaHa mozeds 36epirae 69.8% mloU npotu perpagarnii 6azoBoi moaeni 1o 41.9%.
CTpyKTypHa KOMIIPECis J03BOJINJIA CKOPOTUTH KiJIbKIiCTh [TapaMeTpiB MOJeli Ha 73% NpU BTPATi TOYHOCTI MEHIIIE
1% Ta nogBoitu mBUIKicTh iHpepeHcy 3 7 7o 15 FPS. IIpakTiyHO peasnizoBaHO IporpamHe 3abe3lnedyeHHs
iHopmaLiitHOi TEXHOIOTi Y BUTJISi YOTUPHOX i30/IbOBAHUX I1AKETIB 3 MiITPUMKOIO PEXUMIB PO3rOpTaHHS, 110
I03BOJIIOTh AJANITYyBaTU CUCTEMY O IIAT(OPM 3 piSHUMU TUIIAMU CEHCOPIB Ta OOYMCIIOBAJIbBHUMU pecypcamu 6e3
3MiH Y IPOTPaMHOMY KOZ.

2. The dissertation presents an information technology for object recognition by a mobile robotic platform in
indoor environments, incorporating a novel method of adaptive object localization based on contextual filtering, an
improved obstacle segmentation method employing Low-Rank Adaptation, and a method for structural
compression of a vision transformer with augmentation recovery during the knowledge distillation phase.
Together, these contributions enable a complete processing pipeline from video streams captured by onboard
sensors to the generation of control signals for the navigation stack. The first chapter analyzes the specific
challenges of visual perception in interior scenes, arising from high object density, photometric illumination
instability, and spatial occlusion. The principal architectural approaches to object detection and segmentation —
based on bounding boxes and pixel-wise segmentation — are reviewed, and the theoretical foundations of vision
transformers along with approaches to their practical deployment are examined. Key datasets for training and
evaluating recognition models are analyzed, and an overview of existing software tools and development
frameworks is provided. The analysis of known solutions establishes that neither commercial off-the-shelf nor
open-source systems fully satisfy the requirements of accuracy, inference speed, and flexibility for the target
application. The findings of this chapter laid the groundwork for formulating the research objectives and defining
the directions of original development. The second chapter presents a method for adaptive object localization that
enables the selection of relevant objects according to the active environment configuration, with the ability to
switch instantly between contexts without modifying the detector. An automatic active-context detection
mechanism is enhanced through the development of three configuration ranking strategies — absolute, relative,



and weighted — allowing the system to independently determine the current environment from frame content
without explicit operator input. A two-phase training method for atrous neural networks for semantic
segmentation is developed by augmenting the standard training scheme with an additional phase of gradual fine-
tuning, featuring progressive encoder block unfreezing and geometrically decaying learning rates. The third
chapter presents an improved obstacle segmentation method based on SAM 2, achieved through targeted fine-
tuning on the NYU Depth V2 dataset using Low-Rank Adaptation (LoRA), which constrains the number of trainable
parameters to less than 2% of the total architectural weight count. A structural compression method for the ViT-H
vision transformer is enhanced by introducing augmentation recovery into the knowledge distillation phase
between structural pruning iterations, employing a stochastic pipeline of seven augmentation operations and
alternating decoupled pruning of parameter groups with variable importance scoring of structural elements. The
fourth chapter presents the results of developing a four-block information technology architecture consisting of a
data management block, a recognition block, a decision-making block, and an analytics block, with standardized
inter-component data exchange formats. Experimental evaluation of the DeepLab v3-based segmentation method
with two-phase training is conducted, achieving mloU of 86.9% and BloU of 74.1% on the NYU Depth V2 test
subset, surpassing UNet by 15.5 and 18.3 percentage points respectively. The effectiveness of SAM 2 adaptation is
confirmed: mloU improves from 74.8% to 82.4%, and when the number of point prompts is reduced from 15 to 5,
the adapted model retains 69.8% mloU compared to a degradation of the baseline model to 41.9%. Structural
compression reduces the number of model parameters by 73% with less than 1% accuracy loss, while doubling
inference speed from 7 to 15 FPS. The software implementation of the information technology is realized as four
isolated packages with support for deployment modes that allow the system to be adapted to platforms with
different sensor types and computational resources without any changes to the source code.
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