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Background |

Crew control of spacecraft during exploration missions consists of both:

* Planned automated supervisory control

* Unplanned manual override and control
Risk to mission success:
* Microgravity-induced alterations in vestibular sensory processing
* Increased cognitive demand and time pressure

* Limitations in just-in-time training availability

Itis important to quantify these effects on operationally relevant tasks as soon as possible following

the G-transition to develop appropriate countermeasures.

The present work describes the development of a lunar landing simulation task integrated with a 6DOF

motion system, based on planned HLS training.
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Manual Piloting Ground Learning Stud

Goal: Quantify the rate of skill acquisition in first-time users and the

30 healthy non-astronaut participants
* 15 male & 15 female
 39.07 £10.90 years

None 19
Novice 6
Piloting Experience Intermediate 2
Advanced 1
Expert 2
Never 4
Rarely 12
Gaming Experience Sometimes 5
Often 6 , ;
Very Often 3 By~ / Saa r——
Right 28 Vi, A i Lunar Tablet Task
Handedness Loft 9 . :
Corrective Lenses T\le: 13 6DOF Motion Base Gaze Trackers
. Yes 4
ROBoT Experience No 26
Motion sickness None to minimal 25
susceptibility Moderate 5 Four 1-hour sessions across 4 — 6 weeks =~ 4 months 1-hour
Lunar Sim I 12 Trials 1 12 Trials [ 12 Trials [ 12 Trials | | 12 Trials |
Tablet Task | T etias ' 6Trals ! 6Trials | ! |

6 Trials




Lunar Landing Simulation (LLSIim)

Unplanned Manual Crew Override and Control

Monitor automatic flight trajectory before commanded manual takeover

Manually control vehicle attitude and rate of descent to nominal or re-designated landing aimpoint
Simultaneously monitor system displays and warnings requiring pilot input (dual tasking)

@ Guidance Recommendation
Current Vehicle State

Primary Flight Display

80—

Fuel
Indicator
Velocity Vehicle/Radar
Indicator Roll/Pitch Altitude
Cuidsnce Recommendation Indicator Vertical

Descent

Rate \
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/A = Automatic
/M = Manual

Navigation Display

Landing Site
Hazard Map

Vehicle

“§| Acceleration

Dual Task
Arrow

Indicator \

Farward/Up

Backward! Down

¥ 7
Yaw Heading —’"’.’.

COMM
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Manual Piloting Performance Metrics

 Touchdown performance = Vehicle state @ touchdown
* Piloting performance = attitude control and sink rate
 Dual-task performance = secondary monitoring task (communications indicator) Adequate
* Modified Bedford workload

* Perceived success - NASA Task Load Index (NASA TLX)

Desired

Poor

It Satistactory.
MODlFlED BEDFORD Yes, then: wasit a"piece of cake®? 1
PILOT WORKLOAD SCALE -
for instrument approach wasthara ﬂlﬂt&fﬂwﬂﬂﬁfﬂ—ﬂ”} )
everbeneeded ?
tasks or additional tasks
Subjectrates workdoad on a 4 category
{impossible /possible /tolerable/ satisfactory) there was enuy_gh ftime to Lasl 3
scale and then ratesspare ime within category attend to addiional tasks.
using the descrptionsin the appropriate box If lnlﬂmhlh
Use of fractions (e.g. 3.5)ls acceptable
wasthe No, wasthere  ampletime  to attend to 4
(Begin here) Yes, then: workoad then: additional tasks ?
satistactory
without wasthere  enoughtimeto adequately 5
reduction ? attend to additional tasks ?
there was  some butnotenough spare 6
time avaiable for additional tasks.
If Possible.
. wasthere  minimal spare time for
Yes, then: wasthe No, then: additional tasks ? 7
wordoad
tolerable ? wasthere  any spare time for
additional tasks ? 8
it was possible to maintain adequate 9
peformance.
It Impossible,
r‘:z:le No, then: I
- i 3
to fly as | adequate peformance wasimpossble | 10 |
designed 7
How successful do you think you were in accomplishing the goals of the task setby
| | | | | l | [ | | the experimenter (or yoursefy? How satisfied were you with your performance in
3 accomplishing these goals?
Goo Foor
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Touchdown Performance — Range Error from Target
Distribution Across Subjects Cohort Mean Across Sessions
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[ Desired |-
Touchdown Performance — Descent Rate at Touchdc
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12 B é T T T T ] o
10 - 02+
.
b g ot | [ fscendne] |
6 - Descending
3 . ® ©-02-
E 4; E
2 - L g4l
&U Z T | ® . &3
£ gl i £ 06
(7 0
2t > §
* ® 08¢k
4 |
-1
-6 -
.
1 1 1 1 L _12 !
1 2 3 4 5 1

Session Session




Fuel Remaining {kg)

Touchdown Performance — Fuel Remaining &

Distribution Across Subjects
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Manual Piloting Performance — Deviatic

I?istn'butlion Across Subjects Cohort Mean Across Sessions
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Manual Piloting Performance - % Time > 5 Deg Of

% Time Pitch Emor = 5 Deg
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Manual Piloting Performance - % Time > 1m

Distribution Across Subjects 18 - Cohort Mean Across Sessions
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Manual Control Summary

Evidence of continued learning across sessions

* Most performance metrics showed significant improvement with training

Variable time to proficiency across metrics

« Some metrics reached criteria by Session 1-2, others required up to Session 3

Overall retention maintained after 4-month gap

* No significant degradation in median performance for most measures

Partial skill decay in select domains

« Some metrics showed reduced proficiency, indicating differential retention

Initial performance drop at retention session
» Several participants failed the first trial and required additional attempts to recover

« Highlights importance of skill recency and just-in-time training
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Gaze Tracking Areas of Interest

Hazard Map

Heading
ADI

Altitude/ROD

COMM




Tobii Heat Map

Place holder for gaze tracking video
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Attitude Director Indicator (ADI)

AD| — Maximum duration of fixations

18 -

16 -
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12

S1 S2 S3 54 SH
Session
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Altitude and Rate of Descent (ROD)

Allitude ROD [Lefi) = Total duration of Axations Altitude ROD {Right) =— Total duration of fixations
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Communications Indicator

C_umms indl_:atur — Number of fixations _ . Comms indhl:mn_w — Minimum duration of ﬂ:atlop:
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20
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Tobii Metrics |

Hazard map — Average duration of fixations
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Tobii Metrics |

Heading — Number of fixations
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Planned automated supervisory control

* Monitor automatic flight trajectory

* Determineif landing location is the original target location and monitor safety of location (i.e., hazards, slope)
* Simultaneously monitor system displays and warnings requiring pilot input (dual tasking)

Camera Configurations Navigation Bias

leed Cam era Glmba le d Camera Lunar Re¢gnnaissance Qrbitcl Imm-Tugotlanﬁiﬂg ?o Landing Approach |

Scenario 28

4 R ; _ Navigation Bias ¢
X e '_4#“4 from plannad *
. q.r(j . landing site
‘;_‘,.*""','_.’ » é.p‘\ -..-' :’:{ .
;‘:“'a’i,; 4
¥

‘e

»

q b
« Mex nf
i

X ‘ s S *E.

Dual Tasks

T Tap
J interaction

Swipe
interaction
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ATLAS Trials Scenarios and Sessio

Trial Parameters
* Hazards(0-5m)
* Landing sites (6; Connecting Ridge and Nobile Rim sites)

. g =" . . 4“‘-%;‘;:::“ tbGe-rI:n:Hul:)tr
¢ Sunazimuth (0, 90, 180, 270 deg) '- sl A S [Caiechng e '“"f“f@m
— St ~ ™ i 2~ Commecting Ridge 5 —

* Navigation downrange and cross range bias (0 or 25 m) ) : 4 -~
. Glide slope (45 deg) '

* Altitude (1200 m) and downrange (1200 m) —

Ram 1

« Camera modes (fixed and gimbal) = - = Lt nets

o - Extenglon
¥ - -

e Guriache =

* Dualtask difficulty (easy, hard)

* Various lighting conditions (dates and time of day)

Six scenario types (30 scenario combinations)

* Diversion Requirement
* No divert required [1 of 6 trials]
* Diversion required [5 of 6 trials]

Camera Configuration
* Fixed[3 of 6 trials]
* Gimbal [3 of 6trials]

Place holder for video of ATLAS

Navigation Bias
* Yes[3of6 trials]
* No [3of6 trials]

Hazards
* Yes[4or5 of6 trials]
* No[1or2of6trials]



Hazard Perception

Perception Outcome by True Hazard Size

I ‘ T [ 1Overestimated
[1Accurate
[l Underestimated
5 Accurate
09+ Overezs#/r?ated 19% ]
Overestimated
08 40% 7
Overestimated
48%
0.7 — —
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o
69% Accurate
33%
0.6 — —
c
il
= Overestimated
205 100% ]
o
a
1 Trial-based Proportions by Camera Type: HazardPerceptionAccuracy
T T
[___ICorrect .
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09 -| | === Overestimated : 81%
Conrent Accurate
Correct 46%
0.8 - 37% 34%
0.7 03+ 43% —
o
©
=06 E
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cosf Lo = 46%
5 0.
g 02— —
% 041 Accurate
a 3%
03
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0.2+ 44% 4% — Underestimated
Underestimated I
0.1 = 9%
| | | | | |
0 ‘ ; 0 0 1 2 3 4 5
Fixed Gimbal i
Camera Type True Hazard Size

Operational implication: large hazards may be perceived as smaller than they are, which could influence diversion
decisions during supervisory control landing tasks




Divert Decisions within Vehicle Capabi

Trial-based Proportions: DivertCapability
T |

'?3!;,& false
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13%
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false
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Fixed Gimbal Session

Camera Type

[Ifalse
[—Jtrue

Operationalimplication: divert decision accuracy is generally high but degrades over time without practice and is sensitive to
camera configuration, highlighting the need for refresher training and optimized viewing systems to maintain reliable assessm ent of

vehicle capability.




Navigation Bias Perception

Trial-based Proportions: NavBiasEvaluation
I

[ INot Applicanle

| | Incomrect - Missed Nav Blas
[—__incomect - False Nav Bias

| | Carraci - Identified Nav Bias

Operational implication: gimbal-enabled
viewing provides a clear performance
advantage in detecting navigation bias,
reducing the likelihood of undetected errors
and improving decision reliability.
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Supervisory Control Summary

Decision-making improves with enhanced viewpoints

« Gimbal camera significantly improves divert decisions and navigation bias detection

Perceptual limitations persist despite sensor improvements

» Hazard size estimation remains low accuracy and biased, unaffected by camera type

Primary risk driver is missed information, not false alarms

» Participants are more likely to miss hazards or navigation bias than over-report them

Training drives strong initial performance, but retention is variable

» Most skills are retained after delay, but some degradation occurs without practice

Performance is task-dependent

» Higher-order decisions (divert, bias detection) benefit from improved context

* Lower-level perception (size estimation) remains constrained
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Next Steps |

Lunar Landing Simulator Portable Simulator on Motion Perception Nulling
on 6DOF Motion Base 3DOF Motion Base on 6DOF Motion Base

1. Characterize the impact of spaceflight on crew
capability to perform manual crew override of a
simulated lunar landing vehicle

e Shortduration Private Astronaut missions
* Longduration ISS missions

2. Examine how measurements in vestibular and
cognitive function relate to proficiency during
supervisory manual control and crew override.

3. Compare performance during on-board just in time
training late in-flight with landing tasks conducted
early in the postflight period

Translational and Rotational
Hand Controllers :
Flight Avionics Panel Multi-Attribute Lunar Roll Nulling with Visual

4. Evaluate assessments of performance in healthy s Vection
ground control subjects Training Baseline Data Onboard Trainer (ROBoT)

X L JSC JSC International Space Station FBQ Site I1SC JSC
 Shadow control subjects (within £5 years age _

range and the same sex as crew)

Preflight In-Flight Postflight
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