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HaBblK — CpeACTBO yNpaBieHUsl ABUKEHUEM U AeACTBUAMM
aBTOHOMHOrO KOCMMUYECKOro MaHUMyAALMOHHOro po6oTa

Jleckoe Anekceii Fpuzopbesuy agleskov@rambler.ru
MITY um. H.3. baymaHa

PaccmompeHb! 60npoCbl NOBbILWEHUS CMeneHU a8MOHOMHOCMU KOCMUYECKUX MAHUNYASIUUOHHbIX
pobomos 3a cyem npumeHeHUs «Ha8biKo8». [TpugedeH npumMep peasnu3ayuu 00HO20 U3 HOBbIKOB
npu 8bINO/IHEHUU onepayuu 3axeama u nepeHoca obbekma. B cmambe 8 Kayecmee UHCMpyMeH-
moe peweHus 3a0a4U NOBbIWEHUS aB8MOHOMHOCMU PACCMaMPUBAOMCcs MaK Ha3bleaemble
«HaBbIKU». HaBbIKU — HAOOP 3/1eMeHMapHbIX hopManau308aHHbIx 0elicmeul, cayxawux 0ocmu-
JKEeHUI NpeodnucaHHo20 Uenesozo nonoxeHus. lepexod K HaBbIKAM N0380/Sem 2pynnuposams
omaoe/ibHble KOMAHObI ynpasaeHus MaHunyasyuoHHbIMU pobomamu 8 yesble b60ku. Ha npou3s-
godcmee 3mo ynpow,aem nepexoo K 8bINOHEHUIO HOBbIX 300aHUL 6€3 nepenpocpaMmuposaHus
npozpammHo20 obecneyeHus poboma.

Kntoyesble €108a: HaBbiK, KOCMUYECKUU MaHUNYSUUOHHbIG pO60M, A8MOHOMHOCMb, COOPKA

BBepgeHue

[TnanaMu BemymMx KOCMHUYECKHX areHTCTB IIPELyCMOTPEHO JallbHEWIIee HapaliuBaHHe
o0beMa U nepeyHst paboT, BHITOIHIEMbIX C HCHOJIb30BAaHUEM MaHUITYJISIIIMOHHBIX POOOTOB
(KMP) npu pemieHnH MHUPOKOTO Kpyra 3aad B OKOJIO3EMHOM MPOCTPAHCTBE U B JTAIBHEM
kocMoce [1-5]. OgHuM U3 BaKHEHIIMX TpeOOBaHMH, NPEIBSIBISEMBIX K NMEPCHEKTUBHBIM
KMP, sBnsieTcst NOBBIIEHNE CTEIIEHN UX aBTOHOMHOCTH.

MeToabl

B craTtbe B KauecTBE MHCTPYMEHTOB PELICHMS 3a[a4M MOBBIIICHUS] aBTOHOMHOCTH pac-
CMaTpUBArOTCS Tak Ha3biBaeMble «HaBBIKI» (Skills). Skills — Habop smemeHTapHBIX (hopma-
JIM30BaHHBIX ACHCTBUH, CIy>KaIMX JOCTIKECHHIO TPEANNCAHHOTO LIEJIEBOTO MOJI0KEHNS [6].

B ocnoe teopru u meronoB Skills Tot ¢axT, uro B pabore MP 3HaunTensHOE MECTO
3aHUMAIOT TUIIOBBIE onepanuy. [lepexos kK HaBBIKaM MO3BOJIAIOT TPYIIIUPOBATH OT/IEIBHbIC
KOMaH[Ipl yrpasiacHus MP B menbie 0yioku. Ha mpou3BOACTBE 3TO yIPOIIAET MEPEeXo] K
BBITIOJITHEHHIO HOBBIX 3aJlaHuil 0e3 mepenporpaMMHUpPOBaHUs MPOTPAMMHOTO OOeCIieueHHUs
(ITO) pobora.

BaxxHoe CBOICTBO HAaBHIKOB — BO3MOXXHOCTBH CYIIECTBEHHO ITOHHU3UTH CTEINEHb yda-
CTHs YeJloBeKa-oreparopa B ynpasieHun MP 1 TeM caMbIM IOBBICHTH CTENEHb aBTOHOM-
Hoctn MP. Ilocnennee ocobenno Baxuo i KMP, paGoraromux B ycioBHsX, Koraa
ynpasienne KMP yenoBekom-orepaTopoM 3aTpyIHEHO H3-3a OBICTPOTO M3MEHEHHUs 00cTa-
HOBKH WJTH B yCJIOBHSAX HEIOCTATOYHOHM MH(pOpMALNH.

Takue ycrnoBust IMEIOT MECTO IPH 3HAUNTEIBHO yJAICHUH OOBEKTOB MaHHITYJINPOBa-
HUSI, OTPaHUYCHISIX 110 KaHAJIaM CBSA3M (Hampumep, rmpu padoTte Ha oOpaTHOH cTtopoHe Jly-
HBI, Ha MTOBEPXHOCTH IuIaHEeT COIHEYHOH CHCTEMBI U T. [.), IPU MAaHWUITYJIUPOBAHUU KPYII-
HOT'a0apUTHBIMH KOHCTPYKLIUSIMU.

Merto/ibl HaBBIKOB OCOOCHHO aKTHBHO Pa3BUBAIOTCS B 00JacTH POOOTHU3MPOBAHHOM
coopku B kocmoce. Tak, B [7] oneparuu cOOpKH B KOCMOCE pacCMaTPHBAIOTCS KaK OJTHH U3
BaxkHeHmmx. B [8] orMeuaercss HEOOXOAMMOCTh PACIIUPEHUS] HOMEHKJIATYpBI OIepanuii,
BBITIOJTHAEMBIX aBTOHOMHBIMH KMP 1 1X TecTupoBaHME B YCIIOBHSX HYJIEBOW IPaBUTALIUH.
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PesynbTaTbl

Beronnena pa3paboTka, MpoBEIeHO KOMITBIOTEPHOE U TTOMYHATYPHOE MOJIEITHPOBAHMS
OJIHOT'O M3 HABBIKOB, KOTOPBIMA 4acTO UCHOJIb3yeTcs MpH yipasiaeHun KMP — «aBromaruue-
CKHIi 3aXBaT 00BEKTa U €ro MepeMelieHre B 3aJjaHHy0 00J1acTby». DHHEKTUBHOCT MCIOIb-
30BaHMsl HaBbIKA JIEMOHCTPHUPYETCS Ha NpHMEpe 3axBaTa Pa3IMuHbIX OOBEKTOB, PACIIOJO-
JKCHHBIX B HEM3BECTHOM 3apaHee MECTe, PH MPOU3BOIEHOM UCXOTHOM TOJIOXKEHHH PoOoTa.

[TpeacTaBneHsl pe3yabTaThl IKCIIEPUMEHTOB. DKCIICPUMEHTHI BHIIIOJIHEHBI Ha 0a3e 1o-
JyHaTypHOro Mozeiupytomero crenaa [9, 10]. OcobenHocTh cTenna — udpoBoe Moje-
JMPOBaHKE JMHAMUKHU U mporeccoB yrpasieHus KMP (B ToM 4ucie — B HEBECOMOCTH) |
BOCIIPOM3BE/ICHUE TPOIIECCOB MAHMITYJIMPOBAHUSI OOBEKTaMH, B TOM YHCIIC TIPH BBIIOJIHE-
HUM COOpKH (KOHTaKTHBIE ONEpaIin), Ha (pU3NIEeCKOM ypoBHE. DTO TO3BOJSIET MPOBOAUTD
0TpabOTKy ollepanyii HABBIKOB B YCJIOBHSX 36MHOM TpaBUTALUH. J{JIs1 3TOTO MCHOIB3YIOTCS
IITaTHBIE TIPOMBITIUTEHHBIE poOoTel Kawasaki FS-020N.

3aKn4vyeHue

IIpumeHenune Teopun U METOJOB HAaBBIKOB IIpH ynpasiieHuu KMP 11o3BosisieT noBbICUTh
crerieHb aBTOHOMHOCTH KMP, 4T0 0COOEHHO Ba’KHO B YCIIOBUSIX OTPaHHYCHUI 110 BPEMEHH
u 110 00bemMy UH(pOpMaLH, IPU padoTe ¢ KPYIMHOradapUTHHIMU KOHCTPYKIIUSIMH U B YCJIO-
BHSX HEBECOMOCTH.
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Skill — a Means of Controlling the Motion and Actions
of an Autonomous Space Manipulation Robot

Leskov Alexey Grigorievich agleskov@rambler.ru
BMSTU

The issues of increasing the degree of autonomy of space manipulation robots through the use of
skills are considered. An example of the implementation of one of the skills when performing the op-
eration of capturing and transferring an object is given. In the article, the so-called skills are consid-
ered as tools for solving the problem of increasing autonomy. Skills are a set of elementary formal-
ized actions that serve to achieve the prescribed target position. The transition to skills allows you to
group individual commands for manipulating robots into whole blocks. In production, this simplifies
the transition to performing new tasks without reprogramming the robot's software.

Keywords: skill, space manipulation robot, autonomy, assembly

References

[1] Strategiya razvitiya kosmicheskoy deyatel'nosti Rossii do 2030 goda i na dal'neyshuyu perspek-
tivu [Strategy for the development of space activities in Russia until 2030 and for the future].
AeX.ru. Available at: https://www.aex.ru/docs/8/2012/4/27/1561/ (accessed December 30,
2021). (In Russ.).

[2] Kontseptsiya razvitiya robototekhnicheskikh sistem dlya resheniya zadach v oblasti pilotiruemoy
kosmonavtiki i issledovaniya obh"ektov solnechnoy sistemy na period do 2040 goda [The concept of
development of robotic systems for solving problems in the field of manned space exploration and
exploration of solar system objects for the period up to 2040]. Moscow, FKA Publ, 2009. (In Russ.).

[3] Bischoff R., GuhlT. Robotic Visions to 2020 and beyond — The Strategic Research Agenda
for robotics in Europe. EUROP. Available at: https://www.researchgate.net/publication/
234051922_Robotic_Visions_to_2020_and_beyond_--_The_strategic_research_agenda_
for_robotics_in_Europe/citations (accessed December 30, 2021).

[4] NASA Technology Roadmaps TA 4: Robotics and Autonomous System. NASA.gov. Available at:
https://www.nasa.gov/sites/default/files/atoms/files/2015_nasa_technology_roadmaps_ta_4
_robotics_and_autonomous_systems_final.pdf (accessed December 30, 2021).

[5] Mitsushige Oda. JAXA’s Space Robotics Road Map. Robotics.estec. Available at:
http://robotics.estec.esa.int/i-SAIRAS /isairas2008 /Proceedings/PLENARY%201-2-
3%20TUESDAY/Keynote3-m047-0da.pdf (accessed December 30, 2021).

[6] Manipulation Skill for Robotic Assembly Roboterfertigkeiten fiir den Zusammenbau Master-
Thesis von Stefan ZeiBaus Heidelberg. Juni 2014. las.informatik. Available at:
https://www.ias.informatik.tu-darmstadt.de/uploads/Main/Abschlussarbeiten/
Zeiss_MSc_2014.pdf (accessed December 30, 2021).

[7] Williams P.A.,, Dempsey J.A., Hamill D. Space science and technology partnership forum: Value
proposition, strategic framework, and capability needs for in-space assembly. 2018 AIAA SPACE
and Astronautics Forum and Exposition, 2018 September 17-19, Orlando, FL, Reston, AIAA, 2018.
DOI: 10.2514/6.2018-5140



368

[8] Roa M.A, Nottensteiner K., Wedler A., Grunwald G. Robotic Technologies for In-Space Assembly
Operations. Elib.dlr. Available at: https://elib.dlr.de/116805/1/Roa-Astra17.pdf (accessed De-
cember 30, 2021).

[9] Leskov A, Illarionov V., Zimin A., Moroshkin S., Kalevatykh I. Distance robotics learning using Hy-
brid Simulating Testbed. REV2014: 11th International Conference on Remote Engineering and Vir-
tual Instrumentation, Porto, February 26—28, 2014, pp. 225-226. DOI: 10.1109/REV.2014.6784261

[10] Internet-laboratoriya “Robototekhnika” [Internet laboratory "Robotics"]. MGTU im. N.E. Baumana.
Dmitrovskiy filial. Available at: http://fms.bmstu.ru (accessed December 30, 2021). (In Russ.).



