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Pedepar:

1. Incepraniiina po60Ta IpUCBIY€Ha pOo3po0Li Ta LOCTiIPKEHHIO aJITOPUTMIB KEPYBaHHS HA OCHOBI IMIMOOKOTO

HaBYaHHS 3 MiAKPIIeHHsIM Ta iMiTalil 171 327249 aBTOMAaTHU30BaHOTO Jorsay. [IpobiemaTuka, o JeXKUTb B OCHOBI

IOCJIiI)KeHHS], € HaI3BUYAllHO aKTyasIbHOIO 3 OIJIsy Ha IJ106abHi geMorpadiuHi 3MiHY, sIKi IPOSIBISIOTHCS Y
CTapiHHi HaceJIeHHS Ta HeCTayi JI0ACbKUX PeCypcCiB AJ1s1 3a06e3I1eUeHHs] IOBHOLIHHOTO OISy 32 NallieHTaMU.
MerTo10 JoCTiIKEHHS € CTBOPEHHS aJTOPUTMIB, 3JlaTHUX KePyBaTU PpOOOTU30BAaHUMU CUCTEMAaMU JJ151 33424

IoTJIs 1y, 3a6€e31e4ydn IIpY LIbOMY BUCOKY aIalITUBHICTb, 6€311eKy Ta €(PEeKTUBHICTb y Henepe0adyBaHUX yMOBaX.

Jucepralis CK/IaaeTbCsl i3 CEMU PO37iJliB, Y SIKUX [I€TaJIbHO PO3TJISIHYTO SIK TEOPETUYHI OCHOBU METO/IiB IJIMOOKOT0

HaBYaHHS 3 MiIKPIIJIEHHSIM, TaK i IPaKTU4HI aCNEeKTH iX peasisauii aj1s1 cucteM po60TU30BAHOTO JOTJALy. Y
[IepIIOMY PO3Tisi PO3IJISHYTO 3arajibHi IPo6aeMru POGOTU30BAHOTO [IOTJISALy B KOHTEKCTI II106aIbHUX

nemorpadivHux 3MiH Ta cyyacHUX BUKJIMKIB. Oco6uBa yBara npuzisieHa norpebam Ykpainy, fe BifiHa 3Ha4HO



30i7bIINIIA KiJIBKICTD JIIOAEN, SIKi TOTPEOYIOTh TPUBAJIOTO AOTJALY Ta peabiniTalii. BusHaueHO KII04OBi TeXHIUHI Ta
COlLliasIbHi NTepPeUIKOIY [1J1s1 BIPOBAIKEHHS aBTOMATU30BAaHUX CUCTEM, CEPe SKUX BUCOKA BapTiCTh, TEXHIYHA
CKJIaJIHICTb Ta HEOOXIiHICTb 3abe3redeHHs 6e3neku mif yac ¢pisuyHoi B3aeMofii 3 natieHTamu. JIpyruil posain
30CEPEIHKEHO HA PO3pO0Li CTpaTeriii KepyBaHH4, 10 3a6€31e4yI0Tb POOACTHICTh Ta CTiMKiCTh POOOTU30BAHUX
cucreM. 3aIPOIIOHOBAHO HOBi METOAM HA OCHOBI NUY3iliHMX CTpaTeriil Ta aIrOPUTMIB HAaBYAHHS 3 MiIKPIIIJIEHHSIM,
1110 [103BOJISIOTh 3MEHIIUTH PU3UKU BUHUKHEHHS IOMUJIOK y OB iHILi poboTa. 3HaUHy yBary NpuiijieHo po3pooii
niAXoiB A1 onTUMI3aLii LiNbOBUX (PYHKIiH, 10 NO3BOJISIIOTh CUCTEMaM €(PEKTUBHO BUKOHYBATH 3aBJIAHHS HaBiTh B
YMOBax OOMEXKEHOI KiJIbKOCTi HaBUaJIbHUX JaHUX. Y TPETbOMY PO3/iJi LOCIiIKEHO METOAM HaBYaHHSI Bi3yalbHUX
HellpoMepesKeBUX CTpaTerill 1Jisi KepyBaHHS cucTeMaMu Jorsay. [Ipobyiema nossrana y Heo6xifHOCTI 06poOKu
HEIOBHUX ab0 HETOYHMX JIaHUX CEHCOPIB, 1[0 XapaKTEPHO 151 peajlbHUX YMOB eKCIlyaTallii poOOTiB.
3anponoHOBaHO apXiTEKTYPy HEMPOHHOI MEPEXI, SKa 3abe3Ieuye CTabijibHe KepyBaHHSI HAa OCHOBI Bi3yaslbHOI
indopmauii 6e3 npuBinetoBaHUX JaHUX. Pe3ynbTaTy cUMyJIALIN y cucTeMax Assistive Gym nokasany BUCOKY
edeKTUBHICTb 3alPONIOHOBAHUX CTpaTeTiil. YeTBepTUil po3Mis NPUCBIYE€HO PO3POOIIi METOiB paHHbOTO BUSIBJIEHHS
AHOMAaJIbHOI [10BEIiHKY HEPOMEPEXXEBUX CTpaTeTii AJ1s1 i BUIIEHHS 6e311eKu cucteM gorysay. OCHOBHI criocobu
OLIiIHKM PU3UKYy 200 aHOMAaJIbHOCTI CTpaTerii BKII04aloTh aHCaMOJ1i MPOrHO3HUX Mogesiell. B po3aisni crioyatky
IOCTIIKYIOThCS MOZeJIi TaKOro TUILY, iX Bapiauii Ta Mogudikauii. [Jani BUBOOUTECS METO[, IKUI BUKOPUCTOBYE
HOPMaJi3ylodi IOTOKU [1J1s1 MOZIEJII0BAaHHS OYiKyBaHOI IOBEAiHKM CUCTEeMU Ta ineHTUdikalii BiixnieHb y peaJbHOMY
yaci. BiH 6a3yeTbcst Ha iCHYI04OMY METO/Ii BUSIBJIEHHSI aHOMAJIi! B 4aCOBUX PAax, 30aTHOMY OLIiHIOBAaTH
aHOMAJIbHICTD ALY TiJIbKY MalO4y MOBHUI YaCOBUI P, ajle IIPY LIbOMY J03BOJISI€ BUABIIATA aHOMAJIII B peajlbHOMY
yacy sikoMmora paHime. Y m'sTomy po3zisi B GOKycCi ONMHSETbCS Klac METO/iB BUBYEHHSI KEPOBAHOTO CepeoBULIA.
3arasioM Taki METOJY 4,O3BOJISIIOTh 3HU3UTU PO3MIipHICTh IPOCTOPY CTaHIB CEPEIOBUILA TAKUM YAHOM, 1100
OTPUMAaHUI IPUXOBAHUI ITPOCTIp CTaHIB MaB IMHAMIKY, KA € I71aJiKoI0 ab0 JIOKaJIbHO-JIiHIHHOI0. 3aCTOCYBaHHS
MO/IiGHMX METO/IB 1O 33/1a4i aBTOMaTU30BaHOTO JOTJISY AO3BOJIUIIO O MiIBULIUTY iHTEPIIPETOBaHICTh CTPATeTil, a
BiAIIIOBiHO i 306i/bIINTH 6e3nevyHicTh cucTteMu. lllocTril po3fin 3ocepepkeHo Ha TpobsieMax KOAyBaHHS Iill Ta
onTUMi3allii IpeAcTaBleHb [JIs1 KePyBaHHS CUCTEMaMU AOIJISAy. 3alpPOIIOHOBAHO MiIX0O41 Ha OCHOBI Y3rOJKEHOCTI
3 KOJIyBaHHSIM [Iiii, 110 JO3BOJISIIOTh CTA61/Mi3yBaTH IOBEAiHKY CUCTEMU Ta 3a0e3I1eUnTr PO6ACTHE KepPyBaHHS HaBITh
y IVHaMiYHUX CepellOBUIIAX i3 CKJIaIHUMU NNpocTopamu Aiit. CboMuUil po31is NprCBsIYeHUI po3poolLi 1ilicHOl
6araTOKOMIIOHEHTHOI CMCTeMU KEPYBaHHSI 1715 33/1a4 pOOOTU30BAHOrO AOIJIsSIAY Ha 6a3i HelipoMepeXeBUX
ctpareriil. CrioyaTKy 3alIpOIIOHOBAHO i peasnizoBaHo Qi3MuHy CUCTEMY KEPYBaHHS IJ15 3a/1a4 TOyBaHHS 3
BUKOPUCTAHHSIM METOLiB HaBUYaHHS iMmiTauliero. OTpuMaHa CUCTEMA MiATPUMKYU NPUNHATTS PillleHb € HACKPi3HOIO,
TOOTO TAKOIO B SIKill KEPYBaHHSI peasli3yeTbCsl HEMPOHHOIO MEPE’KEI0 32 CEHCOPHUMY CUTHAJIaMU Ta BUXOJaMU
iHIMX HeMPOHHUX MepeX. Lle 3HMKye BapTiCTh CUCTEMHU 3MEHIIYIOUH 3aJIEKHICTD BiJl JOPOTMX KOMIIOHEHT. Bynn
IOCIIiIKEH] TTOKa3HUKY YCITIHOCTI [TIOPIBHIOBAHMX aJITOPUTMIB, a TAKOK TOYHICTb CUCTEMY PAHHBLOTO BUABJIEHHS
aHOMaJIiN IIPY Pi3HUX MOPOrOBUX 3HAYEHHSX. [IpaKTUYHE 3HaYEHHSI OTPUMAHMX PE3YJIbTATIiB MOJISITA€ Y MOKJIUBOCTI
BHMKOPHMCTaHHS 3alIPOIIOHOBAHUX METOIIB /1J1s1 CTBOPEHHSI €(PEKTUBHUX Ta JOCTYITHUX CUCTEM POOOTU30BAHOTO
IIOTJISAAY, 10 MOXKYTb 3aCTOCOBYBATUCH Y peabiliTaliiHUX LleHTpaX, MeJUYHUX 3aKJIa/iaxX Ta 1715 TOMAIIHbOTO
Ioryanay. BpoBamskeHHS TaKMX CUCTEM JO3BOJIUTh 3HAYHO 3MEHIIUTH HABAHTAKEHHS HA MEJUYHUI [IEPCOHAJ Ta
3a0€e3ne4yuTy SIKiCHU Aorisy, 3a nauienramu. Gisnyna peasisaliist 3alIporIOHOBAHOI CUCTEMU TAaKOX Oysa

po3po6ieHa 3a pe3yIbTaTaMy AOCIiIKEeHb B paMKax POGOTH.

2. The dissertation is dedicated to the development and study of control algorithms based on deep reinforcement
learning and imitation learning for automated care tasks. The underlying research problem is highly relevant given
global demographic changes, characterized by an aging population and a shortage of human resources to ensure
comprehensive patient care. The aim of the research is to create algorithms capable of controlling robotic systems
for care tasks while ensuring high adaptability, safety, and efficiency in unpredictable conditions. The thesis
consists of seven chapters, which detail both the theoretical foundations of the methods and the practical aspects
of their implementation for robotic care systems. In the first chapter, general issues of robotic care are considered
in the context of global demographic changes and modern challenges. Particular attention is given to the needs of
Ukraine, where the war has significantly increased the number of people requiring long-term care and



rehabilitation. Key technical and social barriers to implementing automated systems, such as high costs, technical
complexity, and the need to ensure safety during physical interaction with patients, are identified. The second
chapter focuses on the development of neural network policies that ensure robustness and stability of robotic
systems. New methods based on diffusion policies and reinforcement learning algorithms are proposed to reduce
the risks of errors in robot behavior. Significant attention is paid to developing approaches for optimizing objective
functions, enabling systems to efficiently perform tasks even with a limited amount of training data. The third
chapter explores methods for training vision-based neural policies for managing care systems. The challenge was
to process incomplete or inaccurate sensor data, which is characteristic of real-world robot operation conditions.
A neural network architecture is proposed to ensure stable control based on visual information without privileged
data. Simulation results in Assistive Gym systems demonstrated the high efficiency of the trained policies. The
fourth chapter is dedicated to the development of methods for early detection of abnormal behavior in neural
policies to enhance the safety of care systems. The main ways of risk estimation in policies include ensembles of
predictive models. The chapter begins by exploring such models, their variations, and modifications. The fifth
chapter focuses on the class of methods for learning controllable environments (LCE). These methods generally
reduce the dimensionality of the environment’s state space so that the resulting latent state space exhibits smooth
or locally linear dynamics. The sixth chapter focuses on action encoding problems and representation optimization
for managing care systems. Approaches based on action encoding consistency are proposed to stabilize system
behavior and ensure robust control, even in dynamic environments with complex action spaces. The seventh
chapter is dedicated to developing a comprehensive multi-component control system for robotic care tasks based
on neural policies. A physical feeding control system using imitation learning methods was first proposed and
implemented. Mechanisms for trajectory smoothing and behavior correction were introduced for task adaptation.
The resulting decision support system is end-to-end, where control is implemented by a neural network using
sensor signals and outputs from other neural networks. This reduces system cost by minimizing dependency on
expensive components (precision actuators, lidars, multiple cameras) and demonstrates safety capabilities in
unpredictable environments involving patients and robots. All these capabilities were assessed in an empirical
study, where the method is applied to both simulated assistive feeding and arm manipulation tasks, and a physical
assistive feeding system. Success rates of the compared algorithms are studied along with the accuracy of the
early anomaly detection system with different thresholds. The practical significance of the obtained results lies in
the ability to use the proposed methods to create efficient and accessible robotic care systems for rehabilitation
centers, medical institutions, and home care. Implementing such systems will significantly reduce the burden on
medical personnel and ensure high-quality patient care. An actual physical implementation of the proposed system
has also been developed using the results of the research of the dissertation.
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