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AHHoTauus. MpeanoeH MeTof peLLeHna 0bpaTHoOM 3a4a4m KUHEMAaTUKM 1A TPEX3BEHHOM0
poboTa-MaHunynATopa Ha 0CHOBE 0HOM U3 pa3HOBMOHOCTEN MALLMHHOMO 06y4eHns — 06yYeHns
C noaKpenneHveM. B obLueM criyyae 3Ta 3aa4a COCTOMT B HAXOMAEHUN 3aKOHOB U3MEHeHUA
0600LLIeHHbIX KOOPAMHAT 3aXBaTHOI 0 YCTPOMCTBA MaHUMyNATopa, obecreymBaloLLMX 3a4aHHbIe
KMHeMaTu4yecKue napameTpsbl. [pn aHanMTUYeCKOM peLLeHMM 3a4a4M OCHOBOM ANA pacyeTa
WMHBEPCHOM KMHEMATUKM ABNAOTCA NapaMeTpbl [leHaBuTa — XapTeHbepra ¢ fAanbHenLwmnMm
BbINOJIHEHNEM YNUCIIEHHBIX MAaTPUYHbIX BblYMCIeHNN. OOHaKO C Yy4eTOM KMHEMAaTUYECKON
M36bITOYHOCTU MHOMO3BEHHbIX MaHUMYNATOPOB TaKoM NoAXo4 TPYAOEMKUIA U He no3BonAeT
B aBTOMaTM3MPOBaAHHOM PErKUME YUUTbIBaTb M3MEHEHWA BHELLHEN cpefibl B peasibHOM BPEMEHM,
a TaKKe 0CobeHHOCTM 0bnacTu NpuMeHeHUs poboTa. Mo3aToMy aKTyanbHOM UCCIef0BaTe IbCKow
3afaven ABnAeTcA pa3paboTKa pelleHUA, B CTPYKTYpe KOTOPOro npucyTcTByeT 610K
camoobyyeHus, obecneynBatoLLMi peleHne o6paTHOM 3a4aun KMHEMATUKN B YCIOBUAX
N3MEHAIOLLLENCA BHELLHEN cpefbl, NOBeAEHNe KOTOPOWN 3apaHee Heu3BecTHo. B ocHoBe
npeanaraeMoro MeTofa NeMUT UMUTaLMA NpoLecca AOCTUKEHNA LLeSIW yrpaBieHna po6oToM
(No3MLMOHMPOBaHWA 3aXBaTHOI0 YCTPOMCTBA MaHWMNYNATOPa) B 334aHHOM TOYKE NPOCTPaHCTBA
MeTo0M Npob 1 oLIMBOK. 3a NPUBNNIKEHME K LLESTM HA KaXKAOM Luare 0by4yeHns BbluMCAeTCA
dyHKUMA Harpafbl, KOTopas UCMoNb3yeTcA Npu yrnpaBfieHun poboToM. B npeanoreHHOM
MeTo[le areHTOM ABJIAETCA PEKYPPEHTHAA UCKYCCTBEHHAA HeMpPOHHasA ceTb, a CpedoMn,
COCTOAHME KOTOPOM HabflogaeTca U oueHMBaeTcA, — poboT-MaHunynsaTop. MNpuMeHeHne
PEKYPPEHTHOM HEMPOHHOW CETM NMO3BOJIUIIO YYUTLIBATL NPEALICTOPUIO ABUMKEHUA MaHUMYNATOPA
1 NpeofoneBaThb CJIOKHOCTU, CBA3AHHbIE C TEM, UTO B OJHY U Ty ¥e ToYKy paboyelt obnacTtu
MOrYT NPUBOAUTL PasHble COYETaHUA YrNoB Meay 3BeHbAMU. AnpobupoBaHue NpeasioeHHOro
MeTofa NPOBOAUSIOCE HA BUPTYanbHOM Mofenn poboTa, BbiMNOSIHEHHOM C NoMoLLbio Habopa
MHCTpyMeHTOB MatLab Robotics System Toolbox 1 cpeaibl Simscape, 1 0HO NoKa3aso BbICOKYI0
30 HEKTUBHOCTL N0 KPUTEPUIO «BPEMSA — TOYHOCTb» NPeaoHKeHHOro MeToAa peLleHus 0bpaTHOM
33241 KUHEMATUKMW.
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Abstract. A method for solving the inverse kinematics problem for a three-link robotic
manipulator is proposed based on one of the types of machine learning - reinforcement
learning. In the general case, this task consists of finding the laws of change in the generalized
coordinates of the manipulator’s gripping device that provide the specified kinematic
parameters. When solving the problem analytically, the basis for calculating inverse kinematics
is the Denavit — Hartenberg parameters with further implementation of numerical matrix
calculations. However, taking into account the kinematic redundancy of multi-link manipulators,
this approach is labor-intensive and does not allow automated consideration of changes in the
external environment in real time, as well as the features of the robot’s field of application.
Therefore, an urgent research task is to develop a solution whose structure contains a self-
learning block that provides a solution to the inverse kinematics problem under conditions of
a changing external environment, the behavior of which is unknown in advance. The proposed
method is based on simulating the process of achieving the goal of robot control (positioning the
gripping device of the manipulator) at a given point in space using the trial and error method.
For approaching the goal at each learning step, a reward function is calculated, which is used
when controlling the robot. In the proposed method, the agent is a recurrent artificial neural
network, and the environment, the state of which is observed and assessed, is a robotic
manipulator. The use of a recurrent neural network made it possible to take into account the
history of the movement of the manipulator and overcome the difficulties associated with
the fact that different combinations of angles between links can lead to the same point in the
workspace. Testing of the proposed method was carried out on a virtual model of the robot,
made using the MatLAB Robotics System Toolbox and the Simscape environment, which
showed high efficiency in terms of the “time — accuracy” criterion of the proposed method for
solving the inverse kinematics problem.
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BBepneHue
pUMEHEeHHE KOoHIenuu kubdephusnde-
H CKHX CUCTEM HpennonaraeT I/IHTeraHI/IIO
BBIYHCIIUTEIIBHBIX PECYpCOB B u3nUe-
CKHC CyIIIHOCTI/I HpOI/I3B0,Z[CTB6HHO—TeXHOJ'IOFI/I—
YCCKOro mpomnecca, 4To, B CBOKO oUepeAb, MO~

pa3syMeBaeT IMUPOKYI0 aBTOMATU3AIUIO TIPO-
1IECCOB MPOU3BOJCTBA, BKIOUAIOIIYIO B ceOs
MPUMEHEHHNE TEXHOJIOTUIEeCKUX POOOTOB, HC-
MTOJTB3YIOIINX BBIUUCIIHTEBHBIC PECYPCHI IS
aHaJM3a BHEITHEH cpeIbl M BRIPAOOTKH yTIpaB-
JICHUH.
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