XVI KoHdepeHuus nNo KocMUHeckoi B1onorii u MeanumHe ¢ MeXayHapoaHbIM ydyacTieM

Ha KaMBaNOoBUAHBIX MbILLLEX AEHepBUPOBAHHON U MHTAKTHOM 3aaHelt koHeuHocTw npu AOB. lMokasaHo, 4TO YPOBEHb Liepa-
MWAa Npu 6-4acoBOM BbIBELUWBAHMWA BO3PACTAET B 061X MbILWLAX, MPUYeM, MPUPOCT CYLIECTBEHHO Bonblue B MbllLE Ae-
HEpPBUPOBAHHCM KOHEYHOCTH MO CPABHEHWMIO C WHTAKTHOM. 3TO He MPOTMBOPEYUT AaHHBIM APYTWX aBTOPOB, KOTOPbIE TAKOKE
HabMofany ycuneHue obpasosaHna LepamMua B MbllLe nocne ee penepsatymn [Turinsky J.et al., 1990].

Takum oBpazoM, B M.soleus W3MeHeHNs (PEepPMeHTOB, y4acTBYIOWMX B oBMeHe ChHUHIONMMNUAO0B, B YCNOBUAX 6-4acoBOro
AOB COOTBETCTBYHOT TEM, KOTOpble paHee Mbl Habniopany npw 4-AHeBHOM U 14-A4HEBHOM BblBEWWBAHWM. 370, BEpOATHO,
MOMET CBMAETENLCTBOBATL 06 YHWBEPCANBHOCTU MEXAHU3MOB obpasoBaHus LiepaMiAa B CKENeTHbIX Mblllliax Kak npu Kpat-
KoBpEMEHHOMW, Tak 1 bonee ANMTENbHON (YHKUWOHANBHOM pasrpy3ske. [leHepsauns noTeHUMpYeT WHTEHCWBHOCTL NPOLIECCOB,
MPUBOAALLMX K HAKOMEHWIO LepaMn/ia B pasrpy}eHHON MbILLILE, KaK [OMONHUTENBHBIN (hAKTOP, COCOGCTBYHOLLMA ancbanax-
cy B MeTabonuame chUHronmnuaos.
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INTRODUCTION
The skill acquisitionand skill maintenance of hand controlled docking of a spacecraft (SOYUS or PROGRESS) on a spac

station (MIR or ISS) has always been a fundamental part of Russian cosmonauts’ training. Since the MIR epoch onboart
training was realized using docking simulators running on notebooks. The experiment «PILOT» was continuously conducte
in parallel to the regular docking training and is not meant to substitute the regular docking training. The experimentaime
to investigate the performance and the operational reliability of Russian cosmonauts in that maneuver. Meanwhile the thirc
generation of this experiment is ongoing on the ISS.

This paper presents the current state and preliminary results of the actual project («PILOT-T») aimed at the developmen
and evaluation of a self-sufficient training tool for manual control of objects with six degrees of freedom (6df).

METHODS

An experimental docking simulator (labeled «6df») was developed to enable the free variation of experimental condition
for scientific research. It focusses on cognitive, perceptual and motor skills in the manual control of objects with 6df, providin
a performance metric for humans in a human-robot interaction. The experimental simulator uses control dynamics similar t
the regular docking training system. However, it avoids any graphic similarities to any real space station not to interfere with th
reqular training. The tool combines performance assessment with the assessment of effort using physiological measurement
and subjective evaluations.It can be used to gather more insight into the training processes involved in manually controlling
complex task. The results obtained may be used to improve the program of the regular training.

Until October 2016 seven cosmonauts participated in the experiment providing the possibility for a first preliminary repor
In detail we will herein focus on the acceptance of this scientific docking simulator by the cosmonauts. The experiment allowe
the cosmonauts to choose the difficulty of the task. The protocol started with two standard tasks; the space craft was locate
abeam the docking point of a stabile space station requiring a curve flight, a stabilization phase and a final approach endin
with the docking contact. In the following tasks the space station was rotating, first around one axis, finally around two axe
The rotation speed of the space station was increasing from task to task. Five tasks had to be solved.

For the for data analysis the procedure MIXED of IBM SPSS Statistics V. 20 was used providing a linear mixed effects analysi

RESULTS

The analysis of the level of task difficulty revealed no significant differences (df: num2, denum: 395,912, F= 0.09
p = 0.912) among the mission phases pre-flight, inflight, and post-flight. All cosmonauts have chosen in nearly all experimen
a continuously increasing task difficulty. The flight accuracy showed a tendency to increase from pre-flight to inflight, ar
post-flight. The tasks four and five (higher difficulty) showed lower accuracy during the pre-flight phase which increased durir
inflight and post-flight. The final statistical analysis will be provided after the end of data acquisition.
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DISCUSSION

The first results are promising that the experimental docking simulator is mostly accepted by the cosmonauts. There
even occurred the request for more difficult tasks. This is an important step forward to the next phase of the experiment.
For the investigation of brain functioning under weightlessness we plan to use an experimental design with evoked potentials
in the electroencephalogram. Therefore the development of an independent experimental docking simulator was necessary.
However, the same important was the acceptance by the cosmonauts. Based on the successful implementation of the 6df-tool
onboard ISS there are also other options possible. This tool can also be used as a self-sufficient learning course. Ground based
studies at DLR confirm the efficiency. This may provide a possible support for space flyers not trained in docking.
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PaspaboTka ¥ COBEPLUEHCTBOBAHWE CPEACTB M METOAOB OLIEHKM (DYHKLMOHANBHOMO COCTOSHWS HEPBHOM CUMCTEMbI KOCMO-
HaBTa, B 4aCTHOCTW, NP BbIMOMHEHIM 3HAYMMOI ONEPATOPCKON AEATENLHOCTU (PYYHOro YNpaBneHus KOCMUYECK1M annapa-
ToM (KA)), NO3BONWT NOBLICUTL 3PMEKTUBHOCTL KOHTPONS €ro NcuXo3MOLMOHaNsHOM U KOTHUTUBHOWN Chepbl, U TEM CaMbiM,
CHM3MB PUCK OLWMBOYHBIX AEACTBMIA, NOBbLICUTL 6E30MaCHOCTb B YCNOBUSIX KOCMMYECKOro noneta. [ns peanusauunn 3Toi uenu
Mcnonb3osani koMniexke «HEMPONAB-2010», perncTpupoBaBLLii U3MONoruyeckiie NoKasaTenu npu BINONHEHUM MOAENH
onepaTopcKon AestensHocTy Six-degrees-of-freedom (6df), a Takke 6aTapelo KOrHUTUBHbIX TECTOB.

MpoTokon «6df» nossonseT oueHUTb 3DPEKTUBHOCTb BBINOAHEHUS MMUTALMOHHBIX 33434 NO PyYHOMY YNPaBIEHWIO MO-
AENAMU CIIOXHBIX AMHaMUYeCcKuX OBBLeKTOB C YUeToM 6 cTeneHel cBoBo/bl ABMNKEHWS, XapaKTepUCTUKM NPOCTPaHCTBEHHOMO
ABMKEHWA, @ TakKe CMCTeMa pYUHOro ynpasneHus asikeHnem mogeny KA peanusyloTcs B peanbHOM MaclTtabe BpemMeHu.
YnpaeneHue mogensto KA obcnenyemblid UneH skunaxa NpomMsBOAKMT C MOMOLLLIO ABYX PYKOATOK. MyTs, NPOMAEHHBIN MOAENBIO
KA, BU3yanusmpyeTcs W, C YYETOM 3TOro, OCYLLECTBNSETCA HaBUraLMs ABWXYLLUMCS 06bEKTOM. [ocne BhINONHEHWS KaXAoM
3a4a4n No CThIKOBKE Y 0BCNeayeMoro YneHa SKunaxa eCcTb BO3MOXHOCTb BblBopa: MoBbIWaTh, MOHMXKATL MW OCTABNATb
NPeXHelt CNOXHOCTL NpeabsBnsemblx 3aaad. MOBbILEHWE CNOXHOCTK BbIMOMHEHWA CThIKOBKWM C MOAENbIO Bpallallierocs
obbekTa obecrneynBaeT yny4dlleHre HaBLIKOB PYYHOro ynpasnenus. Mporpeccupylollas CNoXHOCTb Hapaay ¢ akTyanbHOCTbO
33/1a4M CTbIKOBKM 0BecneunBaeT NOBbILEHWE YPOBHA MOTMBaLIMKM 06CneayeMoro YneHa skunaxa. CpefHee BpeMs BbINONHe-
HWA npoTokona «6df» coctaensaet 40 MuH. Micnonb3yeMas baTapes KOrHUTUBHBIX TECTOB (MPOTOKON «KOrHUTUBHbIE TECTBI®),
HanpaeneHa Ha OUEHKY NaMsaTH, MbILUNEHWS, NEPEKTIOYEHUA BHUMaHWS, CKOPOCTH M TOYHOCTM CEHCOMOTOPHOIO pearnpoea-
Hus, CpeaHee BpeMs BbIMOMHEHWS 3TOr0 NPOTOKOAa COCTaBUIo 15 MUH.

B pamkax nepsoro atana K2 «MunoT-T» K HacToAleMy MOMEHTY NOy4eHbl NEPBUHYHbIE faHHBIE NMONHOMO LMKNA CEaHCOB
3KCNepuMeHTa Ans 4 YneHoB aKuUnaxa Ha 3emne u Ha 6opTy Poccuiickoro cermeHTa MexkayHapoHOM KoCMUYECKOH CTaHLmuum,

PesynbTaTel NpoTOKONOB «6df» CBMAETENLCTBYIOT O TOM, YTO 4 YNIEHOB SKUMAXa YCMEWHO W C BbICOKWMM Ka4ecTBOM Bbl-
NOSTHUMK BCE TECTOBbLIE PEXMMBI YNPABNEHKUA B KaXKAOM MPOBEAEHHOM CEaHCE, MPX 3TOM, NOCNEA0BaTENLHO NOBbLIWASR YPOBHM
CNOXHOCTM 3afaqv C nepeol (cTaTuyeckas CUCTeMa) No NATHIA (C MakcUManbHO BO3MOXHbBIM KONWYECTBOM CTeneHel ¢Bo6o-
Abl). Kaxkablil ypoBeHb COWHOCTW B NpoTokone «6df» copepxuT B cebe HECKONBKO -BapUaHTOB 3ajay, KoTopble BuIGMpaoTCa
paHaoMHo. Mo pe3ynbTaTaM BbIMOMHEHWS KOCMOHABTaMWM MMMTALMOHHBIX 3a4a4 PyYHOro YNpaBieHWs CTbIKOBKOW/NepecTbl-
KOBKOM fByx KA, HONyCTMMble MapamMeTpbl BXOAMNM B AONYCKa MpH KacaHWW TPaHCNOPTHOMO NMAoTUpyemMoro kopabns ¢ op-
BuTanbHoit cTaHUMel, Takve Kak:

- MPOMaxu OT LEHTPOB CTbIKOBO4HbLIX Y3n0oB no ocam (MpY; MpZ) — no moaynio He 6onee 0,17 M;

- NpoAofbHas OTHOCUTENbHAs ckopocTk chnmxermns (Vx) — no moaynio 0.05+0.15 m/c;

- BokoBas OTHoCKUTENbHas ckopocTb (Vy; Vz) — no Moaynio He Gonee 0,057 ( m/c);

- OTHOCUTENBHOE YINOBOE paccornacoeaHue no kpexy (Famma) — no Moaynio He 6onee 4 rpag;

- CYMMapHoe OTHOCMTENLHOE YrNOBOE PacCorfacoBaHWe Mo TaHraxy W peickaHuio (Tetal+Tetaz), (Oul-Ou2 ) - no Mo-
Ayno He Bonee 6 rpaf.
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