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CTyIleHs oKkTopa ¢inocodii 3a cnenianpHicTio 122 - KoMr'toTepHi Hayku. — HanioHasbHUM yHiBepcUTeT «JIbBiBChbKa
nositexHika» MOH Ykpainwy, JIsBiB, 2026. 3micT aHoTauii. lucepraniiiny po60Ty IPUCBSIYEHO PO3BI3aHHIO
HAyKOBO-TIIPUKJIAJHO]I 3a/1ayui mifBuIeHHs e(PeKTUBHOCTI IJIaHyBaHHS MJISIXKY 0€3 KOJi3ill 171 HaJIUIIKOBUX
6araTocyriao60BUX pOOOTU30BAaHMX MAHINYJISTOPIB Yy TPUBUMIPHUX cepenoBuiax. I1if epekTUBHICTIO B po6OTi
PO3yMI€TBCS CYKYIIHICTb TOKa3HUKIB, CEpef IKUX OCHOBHUMU € 4Yac IJIaHYBaHHS TPA€EKTOPIi, 4aCcToOTa yCHilTHOTO
3HAXOJPKEHHSI 6€3KOJIi3iIHOr0 LIJISAXY, 4 TAKOX JOBXMHA OTPMMAHOTO IIJISIXY. AKTYasIbHICTb JOCTIIKEHHS
3YMOBJIEHA IIMPOKUM 3aCTOCYBaHHSIM POOOTU30BAHUX MAHIITyJISITOPIB y IPOMUCJIOBUX i CEPBICHUX CLIEHAPIsX, SIKi
XapaKTEPU3YIOThCSI BUCOKOIO PO3MIipPHICTIO KOHQIrypauiHOro NpoCTopy, CKJIaIHO Te€OMETPiel0 POOOUYOTro
cepeloBULIA Ta KOPCTKUMHU OOMEXEHHSIMU HA 4ac 00YMCIIeHb. Y po6OTi IOKa3aHo, WO 17151 HAJJIUIIKOBUX

MaHIIyJIITOPIB i3 KiJIbKICTIO CTYII€HIB BiILHOCTI, 6iJIbIIOIO 32 MiHIMAJILHO HEOOXiHY AJI1s1 KEPYBAHHSI [10JIOKEHHSIM i



opieHTalli€l0 p06040ro iHCTPYMEHTY, KJIACU4HI METOIY IJIAHYBAHHSI IIJISIXY CTUKAIOTHCS 3 iICTOTHUMU
0OMEXXEHHSIMU, [TOB'I3aHMMHU 3i 3pOCTaHHSIM IPOCTOPY MOUIYKY Ta BUCOKOIO 00YMCIII0BAJIbHOIO BapPTICTIO MEPEBiPKU
KoJ1i3ifl. OCHOBHY yBary B Auceprallii 30cepeyKeHO Ha METOJaX IIJIaHyBaHHS B IPOCTOPI KYTiB Cyri06iB i3
BUKOPUCTaHHSIM BUOIPKOBUX i €eBDUCTUYHUX MiJIXO/IiB, @ TAKOXK Ha 3MEHIIIEHH] KiJIbKOCTi IOPOrUX reOMETPUYHO
TOYHUX I1ePEeBiPOK KOJi3iil. PO3po61eHo MeTo NIaHyBaHHS LIJISIXYy HA OCHOBI PEKYPCHUBHOTO BBEJI€HHS BUIIAJIKOBO
3reHepOBaHUX IPOMIXHUX CTaHiB, SIKUH [103BOJIsIE OyAyBaTH 6€3K0J1i3iiHI TpaeKTOpii 6€3 100yA0BY I106aJIbHUX
rpadoBux abo NepeBoNofibHUX CTPYKTYP Y 6araToBUMipHOMY KOHQIrypauiiiHoMy npoctopi. MeToq, 6a3yeTbcst Ha
iTepaTUBHIN AEKOMIIO3ULI 3a4a4i IIJIaHyBAaHHA Ha Mif3a7a4i MEHIIOI CKJIIAAHOCTI Ta BUKOPUCTOBYE €BPUCTUYHY
OLIiHKY [IOITyCTUMOCTI AMCKPETU30BaHUX CETMEHTIB TpaekTopii. Po3po6seHnit MeToq, OpieHTOBaHUI Ha IIPAKTUYHE
3aCTOCYBaHHS B yMOBax OOMEXXEHOr0 Yacy OOYMCIIEHD i HE ITepei6ayae rapaHTiil MOBHOTHM YU ONTUMAJbHOCTI, 10 €
XapaKTEPHUM 1 6araTbOX CTOXaCTUYHUX aJITOPUTMIB IJIaHYBaHHS. Y POOOTI yI,OCKOHAJIEHO METOM TPUCKOPEHHS
ONTHMI3allii TPaeKTOPIll MJIIXOM IIOBTOPHOTO BUKOPUCTAaHHS iH(popMallii mpo KoJizii, Hakonu4yeHoi Ha eTarti
IJIaHyBaHHA 1UIsIKy. [loKa3aHo, 110 iHTerpanis BigomMocTel po paHille BUSABJIEHI 3iTKHEHHS B [IPOLEAYPHU
[IepEeBiPKM CETMEHTIB TPAEKTOPIi JO3BOJISIE€ CYTTEBO 3MEHIINTH KiJIbKICTh IIOBTOPHUX I1€PEBIPOK Ha KOJIi3ii 3i
30€peKeHHSIM 6€3[1eYHOCTI ONITUMI30BaHUX TPAEKTOPIN. 3alIPONIOHOBAHO €BPUCTHUKY, 1J0 BPAXOBYIOTh KiJIbKiCHI
XapaKTepUCTUKY KOJIi3il, 30Kpema rinubrHy MIPOHMKHEHHS, [JIsl CIIPSIMyBaHHS TIOLIYyKY Ta peasidallii afanTUBHO]
CTparerii paHHbOTO BUXOly B METO/Ii PEKYPCHUBHUX BUIAJKOBUX IPOMDKHUX CTaHiB. OKpeMy yBary NpuiiJieHo
3a/aui NonepeHbOrO IPOTrHO3yBAHHS KOJIi3iTHUX XapaKTePUCTUK KOHPIrypauiil maHinysastopa. Po3apo6sieHo
METO[, 3aCHOBaHUI Ha BUKOPUCTaHHI HEMPOHHUX MepeX KoJiMoroposa-ApHOJIbIA, [JIS IPOTHO3YBaHHS
CaMOKOJIi3ill pO6OTU30BaHOI CUCTEMHU, @ TAKOXK METO]], [I0JIAHKOBOTO IIPOTHO3YBAaHHS IJIMOVMHY IIPOHUKHEHHS Y
pobounx cepefoBUILaX 3 YpaXyBaHHIM JIOKaJIbHOIO TEOMETPUYHOT0 KOHTEKCTY. Taki Moesli po3risgaoTbCs sIK
HabkeHi QibTpU CTaHiB, M0 J03BOJSIOTh 3MEHIIUTHU KilbKiCTh (Di3UYHO TOYHUX NEPEBIPOK KOJIi3il y alropuT™Max
IJIaHYBaHHS 3aCHOBAHUX Ha BUOipILi. Y gucepTalii TaKoXX PO3IJISTHYTO CYMDKHY 3a7jady OLiHIOBaHHS SIKOCTi
KOHQirypauiil MaHinyssTopa 3 TOUKU 30py iX IPUAATHOCTI 10 NOaJIbIIOTO KEPYBaHHS pOOOYUM IHCTPYMEHTOM.
3arpoIOHOBAaHO 337a4-OPi€HTOBAHM ITIOKA3HMK MaHIIyJIbOBAHOCTI, IKUH KiJIbKiCHO XapaKTepu3ye 30aTHICThb
HAJJIMIIKOBOTO MaHiNyJsITOpa MiATPUMYBATH PyX y Hallepes, BU3HAYEHUX IIPMMITMBHYX HalPsIMKax 3 ypaXyBaHHSIM
KiHEMaTUYHUX i KOJIi3iliHMX o6MeskeHb. EQeKTUBHICTh po3po0JIeHUX METOIiB MiITBEPIKEHO pe3yibTaTaMu

004U CIII0BAIbBHUX EKCIIEPUMEHTIB Y CUMYJIbOBAaHMX TPUBUMIPHUX CEPEIOBUIIAX, @ TAKOXK BIIPOBAIKEHHSIM METO/IIB
y IPaKTUYHUX POOOTOTEXHIYHMX 3aCTOCYBAaHHSIX. OTPUMaHi pe3ybTaTy MOXYTb OyTH BUKOPUCTAHI B CUCTEMAX
KepyBaHHS pOOOTM30BAaHNMU MaHINyISITOpaMHU 715 MiABULIEHHSI WIBUAKOII, HAIMHOCTI Ta nependadyBaHOCT]

IJIaHYBaHHSA HJIAXY B YMOBAX P€aJIbHOTO CEPENOBUILA.

2. Medvid A. Y. Methods for Collision-Free Path Planning for a Redundant Multi-Joint Articulated Manipulator. -
On the rights of the manuscript. Dissertation for obtaining the scientific degree of Doctor of Philosophy in the
specialty 122 — Computer science. — Lviv Polytechnic National University, Ministry of Education and Science of
Ukraine, Lviv, 2026. Abstract content. The dissertation is devoted to solving the scientific and applied problem of
improving the efficiency of collision-free path planning for redundant multi-joint robotic manipulators in three-
dimensional environments. In this work, efficiency is understood as a set of performance indicators, the primary
ones being trajectory planning time, the success rate of finding a collision-free path, and the length of the resulting
path. The relevance of the study is motivated by the widespread use of robotic manipulators in industrial and
service applications, which are characterized by high dimensionality of the configuration space, complex geometry
of the working environment, and strict computational time constraints. The work demonstrates that for redundant
manipulators with a number of degrees of freedom exceeding the minimum required to control the position and
orientation of the end-effector, classical motion planning methods face significant limitations due to the growth of
the search space and the high computational cost of collision checking. The dissertation focuses on joint-space
planning methods based on sampling and heuristic approaches, as well as on reducing the number of expensive
geometrically exact collision checks. A path planning method based on the recursive introduction of randomly
generated intermediate states is developed. The method enables the construction of collision-free trajectories
without building global graph or tree structures in high-dimensional configuration spaces. It relies on iterative



decomposition of the planning problem into simpler subproblems and uses heuristic evaluation of discretized
trajectory segments. The developed method is oriented toward practical use under limited computational time and
does not aim to provide guarantees of completeness or optimality, which is typical for many stochastic planning
algorithms. A method to accelerate trajectory optimization by reusing collision information accumulated during
motion planning is developed. It is shown that integrating previously detected collision data into trajectory
segment evaluation procedures significantly reduces the number of repeated collision checks while maintaining
safety of optimized trajectories. Heuristics based on quantitative collision characteristics, particularly penetration
depth, are proposed to guide the search process and implement an adaptive early-exit strategy within the
recursive random intermediate states method. Special attention is paid to the problem of preliminary prediction of
collision characteristics of manipulator configurations. A learning-based method using Kolmogorov-Arnold neural
networks is developed for predicting robot self-collisions, as well as a per-link penetration depth prediction
method that takes into account the local geometric context of the environment. These models are considered as
approximate state filters that reduce the number of physically accurate collision checks in sampling-based
planning algorithms. The dissertation also addresses a related problem of evaluating the quality of manipulator
configurations with respect to their suitability for subsequent end-effector control. A task-oriented manipulability
index is proposed, which quantitatively characterizes the ability of a redundant manipulator to sustain motion in
predefined primitive directions under kinematic and collision constraints. The effectiveness of the developed
methods is confirmed by computational experiments in simulated three-dimensional environments, as well as by
the implementation of methods in practical robotic applications. The obtained results can be used in robotic
control systems to improve the performance, reliability, and predictability of motion planning in real-world

environments.
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