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NXT Feasibility Mission Overview
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A Exosuit provides a restrictive suit that requires effort =

on and possible folloven for NEEMO

Focuses on Exploration operations development and R
training, XEVA informatics, XxEVA con ops, and
integration of science operations

Offers a high intensity operationally
challenging environment, with high
workload, elevated stress, high ban
width, time pressure, and unexpected
external perturbations

Utilizes Nuytco Research Exosuit Atmospheric Diving : " &
System (ADS) and Dual DeepWorker submersib% —faa N Ha)

for positioning and working somewhat analogous to an &
EVA suit, along with a relatively large helmet volume
1 ATM to evaluate ofthe-shelf informatics hardware



TOOLS

EVA Tools & Systems

A Handheld Tools for Building & Repair
A Handheld Tools for Science

A Power Tools

A Tool Transport & Stowage Systems

A Mobility & Compatibility Requirements

A Crew Rescue Systems

Instrumentation

A In-Situ Analytical Instruments
A Instrument Packages & Payloads

Sample Collection

A Sample Acquisition & Handling
A Contamination Mitigation
A Transportation & Stowage

Development & Integration Themes-¢4Q a 0

TECHNIQUES

Exploration Operations

A Procedure Development

A Communication Methods & Protocols
A Data Visualization & Management

A Timeline Tracking & Scheduling

EVA Operations

A EVA Concepts of Operations
A Advanced EVA Capabilities

Science Operations

A Traverse Planning
A Science Decision Making Protocols
A Sample Acquisition & Documentation

Robotic Operations

A Autonomous vs Crew Controlled
A HumanRobotic Interfaces
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- A TECHNOLOGIES

Emerging Technologies
A Informatics& Intelligent Systems

A Virtual/Hybrid Reality Environments
A Medical & Human Performance

A EVA Support Systems & IV Workstatio

A Advanced Spacesuit Developments

Technoloqgy Collaborations

A Commercial Connections

A University & Institute Collaborations
A Other Government Agencies Links
A International Partnerships

Innovations Incubator

A Rapid Testing & Development
A ldea Generation & Gap Recognition
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TRAINING

CrossDisciplinary Training
A Involvement of Multiple Disciplines
A Sharing Between Diverse Skill Sets
A Extensive Expertise & Experiences

Training Opportunities
A Exploration Training

A Science Training

A EVA & Space Suit Training

A Tool & System Training

A Student Opportunities

Astronaut Crew Training
A Expeditionary Opportunities

A Leadership Opportunities

A Mission Realistic Environments
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NXT Feasibility Mission (FaM) Overview

Overview Location
A 10-day feasibility evaluation based out of USC Wrigley Marine A Catalina Island, CA
Science Center on Catalina Island, CA A USC Wrigley Marine Science Center
A Obijectives focused on mission feasibility, crew experience an A Used as base of operations and for housing, with
exploration training, science operations, and potential everything from maintenance facilities to working labs
Exploration EVA capabilities A Decompression chamber onsite at USC
A Operations take place separately on both land and in water A Local cove used for operations

O G El Gk g 0 eey € C Altt268R FT2NJ GAdNF 3§ dzNF &
A Partners with NASA include ESA, JAXA, and Nuytco Researc
A

No commercial partners involved in FaM

Key Dates
A Training Readiness Review (TrRR): August 6, 2019

A Feasibility Mission dates: August 428, 2019

Mission Management Team (MMT)
David Coan (XX/EVA Lead)

Trevor Graff (Xl/Integration Lead)
Jordan Lindsey (XX/EVA)

Marc Reagan (XM/Mission Director)
Bill Todd (XM/Project Specialist)
Kelsey Young (Xl/Science Lead)

 Jusc Wrigley Marine
Science Center.

X Catalinaiisland
. * Essential
Fish Habitat...
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NAS

2 Nuytco Assets for NXT
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AtmosphericDivingSystem(ADS)i K | ait @dalogougestrictivesuit
Requireseffort for positioningand working,asdoesan EVAsuit

Helmet volume at 1 ATM allows for evaluation of off-the-shelf informatics
hardware(LumusDK52, similarto DAVD)

Potentialto continuecollaborationwith the U.S Navy(e.g., DAVD& suits)

Potentialpartnershipwith Nuytcofor spacesuidevelop(e.g., joints)

/
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Two personsubmersibleanalogousto an excursionrover, with a Pilot and an\
Observer

Pilotand Observersplit flying, camera,manipulator,and observationduties
Requireseffort for positioningand working

UtilizedduringNEEMQL5 & 16

Feasibilityevaluatedoy NASAREADWMMT (Todd,Young ,Coan Graff, Reagan)
Usedfor ScienceDperations /
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Field Location for FallUSC Wrigley Marine Science Center, Catalina Island, CA &

Harbor Reef

Blue Cavern
Point

Surfc¢ Subsea EVA & Science Operations

A Crew utilized Exosuit and Dual DeepWorker
for subsea operations R S

A S A o D e Fisherp, S S
h LIS N\]A USR 9EZ2adzA i T NRB ddiSC Wrigiey Mzrine Ag‘
C A & K S Bave afidxearby islands “Oiscience Center
(unable to secure a ship to access deeper waters 3 ' =
previously discussed)

A 9E2adaAaid O2yaidN)} AySR
(umbilical length)

A DeepWorker was constrained to within com 9 . .
umbilical length for eval of informatics 5 Turf¢ Geology Field Observations

A JTAYAGa RSLIKAMBAQIE? , » ', 71 ] Crew conducted geologic field observations on la
A Not able to access Sea Fan Grotto (prime diye " 8 A O (by foot and vehicle) and by water (kayaks and bo

ﬁ Provided an island geologic overview; concentrate
on the volcanic region near USC campus

Established observational skills and knowledge th
& Sl st could be extended to the subsea environment

S ot T Enyexportcdigirol information (#20205009476)




Submersible Operations Team at NXT FaM

Exosuit Pilots

A Drew Feustel (NASA Astronaut)

A Norishige Kanai (JAXA Astronaut)

A Thomas Pesquet (ESA Astronaut)

A David Coan (NASA EVA Lead)

A Trevor Graff (NASA Integration Lead)

Exosuit Pilots in Training
A Jordan Lindsey (NASA EVA)
A Adam Naids (NASA EVA Tools)

DeepWorker Pilots and Flight Engineers

Thomas Pesquet (ESA Astronaut)
Drew Feustel (NASA Astronaut)
Kelsey Young (NASA Science Lead)
Marc Reagan (NASA Mission Director)
Bill Todd (NASA Project)

David Coan (NASA EVA Lead)

Trevor Graff (NASA Integration Lead)

Too Too Too T J>o Too Do

DeepWorker Pilots in Training

A Norishige Kanai (JAXA Astronaut)
A Jordan Lindsey (NASA EVA)
A Adam Naids (NASA EVA Tools)

DeepWorker Science Observers

A None

DeepWorker Passengers

A Herve Stevenin (ESA EVA)

A John Council (Avalon Diving History Exhibit)
A Adam Naids (EVA Tools)

A Sean Conner (USC)
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EVA (XX) & Science (XI) Objectives

U Tools

A Development of a headsp display PE_IUD) concept (e.g., Lumus DK
_52t/Dtﬁ\ D i\r/]l Sn encumbered suit (Exosuit) for potential expansion
into the x

A Development of an IV Workstation and Support_Sys_tem needed for
EVA and Science operations, especially at destinations with long
signal/comm latencies

U Techniques

A Evaluation of planetary pioneering and science operations while
conducting tasks with a restrictive suit in an extreme environment
A Development of integrated operations and capabilities between EVA
and Science, with operations being directed by an MCC Science Tea
U Technologies

A Evaluation of concepts for hanfi®e advanced informatics with real
time data that could be applied to future Exploration spacesuit
systems

u Training

A Scie_nce/GeoIog{y trainingbegin to develop the subsdaased
curriculum and tasks; develop and execute the terrestrial geology
training to provide a baseline for subsea curriculum

A9QELX 2N OA2Y 2LISNIGA2ya GNIAYAY
extensive direct operational experience




EVA Office Objectives for NXT FaM

Concept Validation

Determine the applicability and relevance of the NXT concept to the EVA
Exploration Office

A

A Understand the relevancy of NXT specifically to the Lunar 2024 mission,
including as it relates to EVA
A
A

Identify specific XEVA gaps that could be addressed by NXT
1 34Saa 0KS STFSOUA@SySaa oaGaoly3a T2
Office

A Understand reasonable capability expectations over 8 days of ops, and

determine the optimal number of crew for future missions and roles for
partner crewmembers

A Determine the value and relevancy of Catalina Island for NaBfant EVA
objectives

A Assess the logistics (shipping, transportation, etc.), including support of the
EVA objectives and team

A Assess the facilities at USC Wrigley Marine Science Center (shop, dock, boa
housing, dive locker, etc.) for EVA objectives and team support

A Assess the leadership model for effectively enabling the EVA Exploration Offi
and EVAelated objective




EVA Office Objectives for NXT FaM

Capability Objectives Capability Objectives

A Determine the applicability of utilizing an Exosuit for Exploration EVA -
evaluations, including XxEVA Informatics and XEVA Concepts of Operations A Understand whether the Exosuit and Dual DeepWorker can reasonably
operate together for dual EV tasks, and the relevance of that mode of

0 Assess the relevancy of using an Exosuit for analog lunar surface EVA

operations, specifically engineering/pioneering tasks operations
0 Assess the relevancy of using an Exosuit for analog lunar surface EVA A Assess the topside/shore capabilities and positions for enabling EVA objectiv
operations, specifically science tasks evaluations

o Determine the feasibility of training Exosuit pilots in the field such that A

they can provide valuable evaluations for EVA before the end of the Evaluate the applicability of the Lumus-BKglasses as an Informatics system

mission (training days vs. execution days) (headsup display) for xEVA capability testing
o Develop a training plan for enabling new Exosuit pilots to execute XxEVA o Determine whether data can be pushed from a topside position
tasks (IVIMCC)tothe Lumus BKH AY GKS 9E2adzi i & dz
o Determine whether the sortie time (hours) a novice pilot can spend in evaluations of lunar surface EVA operations
the Exosuit is long enough to allow for meaningful evaluations of EVA _ : "
objectives o Determine whether data can be pushed from a topside position
o Determine the optimal sortie length, number, rotations, and positions (IVIMCC)tothe Lumus BKH Ay UKS 5dzZl f 5SSLFP 2
A Determine the applicability of utilizing a Dual DeepWorker for Exploration EVA usable for evaluations of lunar surface EVA operations
evaluations, including XEVA Informatics and XEVA Concepts of Operations o Look at potential 4G field uses of the Lumus BR

o 'aaSaa (GUKS NBfS@OlIryoOe 2F dziAf Al Ay : . .
L FGF2NYVE OADGSDPS & Fy FyLfz23 9= A Assess the xEVA Aquatic Pressurized Task Board for evaluations of xEVA

asset) Informatics (Lumus D82 in the Exosuit)
0 Understand the relevancy of using a Dual DeepWorker for lunar surface o Evaluate deploy and retrieve of the EVA aquatic task pressure board

operathns, |nclud|n_g_s_C|ence 'Fa.sks _ o Evaluate diver support for the EVA aquatic task pressure board
o Determine the feasibility of training Dual DeepWorker pilots, FEs, and

Observers in the field such that they can provide valuable evaluations 0 Assess potential use of EVA aquatic task pressure board for use in oth
for EVA before the end of the mission analogs (e.g., in the NBL)

o Determine the optimal sortie length, number, rotations, and positions. A 5SGSNNAYS AF AGQa LI2aarofsS T2NJ GKS

0 Understand the value of the Dual DeepWorker Flight Engineer position - - o
for Exploration EVA A Evaluate EVA science sampling tools during-tzagkd geology tasks

0 Understand the value of the Dual DeepWorker Observer position for
Exploration EVA



Results & Lessons Learned
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m%p Utilization of Exosuit for xEVA

Objective

A Determine the applicability of utilizing an Exosuit for Exploration EVA evaluations, including XEVA
Informatics and XEVA Concepts of Operations

Mission Implementation & Summary

Conducted training runs in the Exosuit with both experienced and new pilots

Utilized the EVA aquatic pressurized task board for both training and pioneering tasks
Pioneering tasks executed by EVA SME (Coan) and Science SME (Graff)

Pioneering tasks executed by 3 E&#perienced astronauts (Feustel, Pesquet, Kanai)
Made preliminary notes about conducting science observation tasks

Science observations examined by an sciefisstonaut (Feustel) and Science SME (Graff)

To To To I o I

Crew Debrief Comments
Exosuit is similar to EVA in a lot of ways, but not in relation to the hands

Value of Exosuit is concentration, focus, making several things work togetjuerd skill for operators
to have

Lends more to general crew training than realistic fligpécific training or evaluating tools and
techniques

If looking at 2024, need to find a way around the hands limitation (pinchers) in order to handle
objects and use relevant tools scanners; would be much better if able to use the lunar geology
sampling tools (made by EC7/EVA Tools)

Need to be able to conduct science operations viattosuifi.e., operate in clear water near relevant
geology]

Flying instead of walking in Exosuit is not as bothersome (from astronaut perspective)
Could spend up to ~2 hours in sgiheed to learn how to take breaks

Should get assets togethar proximity operations due to the complexity it adds to the decision
makingprocessg potential of impacting is more realistic and good, but addask

o Do o Do

To o Do P>
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1@.54 Utilization of Exosuit for xEVA

Results (Key TakAways)
A Exosuit provides a reasonable platform for XEVA informatics development and testing
A Using a HUD (e.g., Lumus-B% in the Exosuit worked well

A Suit mobilityis differentfrom an Exploration Spacesuit (e xEMU, and lack of dexterous
fingers is a limitation

A Exosuit may be viable for early generic training for lunar surface EVAs

Recommendations
A Evaluate HUD display, information, and layout with32Kn Exosuit

Operate Exosuit in clearer water near more relevant geology (i.e., out of USC cove) and u
for science ops, specifically contextual observations

A
A Incorporate prehensors (fingers) when those become available (currently in development k
A

Nuytco and NAVSEA)
Utilize the formfitting Lightweight 1ATA Dive Suit (LADS) being developed by Nuytco and
NAVSEA when/if it is completed

Lunar 2024 Relevance

A As stated in the crew debrief, the Exosuit and NXT are not directly relevant to the Artemis 5
mission (2024)

A Training crew to conduct scientific observations while wearing a restrictive suit is relevant to
all lunar surface missions

A Development of XEVA informatics is relevant to lunar surface missions subsequent to the
initial 2024 mission, and potentially even for the Artemis 3 mission




n‘nsp Objectives Completion Status: Utilization of Exosuit for xEVA

Determine the applicability of utilizing an Exosuit for xEVA evaluations, including XEVA Informatics and XEVA Conceptsatab0pe
Completed Not Completed

Determine the applicability of utilizing an Exosuit for
Exploration EVA evaluations, including xEVA Informatics
and XxEVA Concepts of Operations [#10]

Assess the relevancy of using an Exosuit for analog lunar
surface EVA operations, specifically
engineering/pioneering tasks [#11]

Assess the relevancy of using an Exosuit for analog lunar
surface EVA operations, specifically science tasks [#12]

Determine the feasibility of training Exosuit pilots in the
field such that they can provide valuable evaluations for
EVA before the end of the mission (training days vs.
execution days) [#13]

Develop a training plan for enabling new Exosuit pilots to
execute XEVA tasks [#14]

Determine whether the sortie time (hours) a novice pilot
can spend in the Exosuit is long enough to allow for
meaningful evaluations of EVA objectives [#15]

Determine the optimal sortie length, number, rotations,
and positiong#16]
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Objective

A

Mission Implementation & Summary

Evaluate the applicability of the Lumus-BKglasses as an Informatics system (heguslisplay) for XEVA
capability testing

A
A
A
A

Crew Debrief Comments

S so0IOND

During most Exosuit events, the Lumus glasses were utilized to display varying amounts of informatio
Data was displayed in two scenarios, generic and task specific
For generic: a local map, compass, suit data, clocks, turns, and anticipated gauge readings were disp

For specific tasksue cards were projected for pioneering task direction on task board \

A
A

To Do o Do P>

Headsup display is a good tool [for lunar surface EVA operations]
Value of pushing data to a HUD (e.g., Lumus glasses)
A Everything seen was of value (map, compass, suit data, clocks, turns, gauge readings, cue carc
A Needs to be a way to acknowledge steps in procedures
A Visual representation (graphic) of data was valuable

A Step by step instructions/procedures were not as valuable, as there is still a need to acknowled:
steps with someone

Need to have CAPCOM pushing cue cards to the HUD from MCC or have two crew sitting side by sidg¢
workstation

Nav was great in suit

A 3D map that can be tagged with specific locations and shared between MCC and assets would be
beneficial

Integrate activity statusing (PET start/stop) into EVA informatics
Lumus glasses were great for Exosuit, not so much for DDW sub




n%p Lumus DK2 as an XEVA Informatics HUD Capability Concept Platform

Results (Key TakAways)
A A headsup display is valuable and useful

A Beneficial data included suit data (consumables, gauge readings, umbilical turns) and navigatio
information (map and compass)

A Taskspecific cue cards projected via a HUD are advantageous
o Graphics were intuitive

0 Stepby-step instructions were not seen as being as helpful, especially given that critical
steps need to somehow be actively acknowledged/statused

A Content needs to be optimized for EVA operations
A Need to understand who is in control of pushing content to the HUD based on the ttisieor
A

Lumusglassesvorked well in both theExosuitand DDW sub, however theyere uncomfortable for
extended periods of time (>1hr) in the DDW du¢o the commheadset being used

Recommendations
A Continue evaluating HUlike concepts for XEVA informatics
A Conduct indepth studies and tests to understand the amount of data needed and required
A Incorporate lessons learned into helmeted testing (e.g., DAVD in KM37)

Lunar 2024 Relevance

A Development of XEVA informatics with a Htype display system is potentially relevant to the
Artemis 3 mission (2024, and definitely relevant to subsequent lunar surface missions (Artemis
phase 2)

A A capable xEVA informatics system will allow for both increased crew autonomy and for enhanc
interaction with a Eartibased Science Team
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HUD Displays Used with 13K for XEVA Informatics

Cabin Pressure: Carbon Dioxide: 0.078%

3 p.
Minutes

Depth -1.4 ft
Turns: -1.0

Dive Time: 53m

Clock 5:40:02 PM
Temperature: 29.2°C

| “Ree oint
! Bdma‘ﬁfé“ Mode: Topside Control
Main P: 50% T. 0%
Vert P: 50% T: 0%
Yaw P: 30%

20m

N33 26.6927 W118 29.0670
1 1 NW

1. LEFT Panel, T1 P




m‘nsp Objectives Completion Status: Lumus®¥as an XEVA Informatics HUD

Evaluate the applicability of the Lumus BB glasses as an Informatics system (heagisdisplay) for XEVA capability testing
Completed Not Completed

Evaluate the applicability of the Lumus-BKglasses as al
Informatics system (heaelsp display) for xEVA capability
testing [#26]

Determine whether data can be pushed from a topside

position (IV/MCC) to the Lumus BR in the Exosuit such

GKFG AGQa dzal 6t S F2N) SOFftdz2 GA2ya 2F fdzyl NJ adz2NFI OS 9 +!
operations [#27]

Determine whether data can be pushed from a topside
position (IV/MCC) to the Lumus BR in the Dual

5SSLP 2NJ] SNJ adzOK (KIdG A0Q&a dzalofS FT2N) S@lfdzr GA2ya 2F
surface EVA operations [#28]

Look at potential 4G field uses of the Lumus BR [#29]
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n(n\s,n Utilizing Aquatic Pressurized Task Board for XEVA Evaluations

Objective
A Assess the xEVA Aquatic Pressurized Task Board for evaluations of XEVA Informatics @s@mus
in the Exosuit)
Mission Implementation & Summary
A Placed via crane in 20 ft of seawater without issue
A Subjects in Exosuit operated board and executed procedures displayed via Lumus glasses
A Divers reconfigured board as needed
A Board was evaluated by each crew member

Crew Debrief Comments
A Some of the valves were difficult to operate in the Exosuit
A Some crew enjoyed the challenge, others did not

Results (Key Tak@ways)

A The task board worked as designed and provided a great platform to allow the evaluation of a
heads up display in a suit

Recommendations

A Utilize the pressurized task board for future Exosuit training and for other aquatic analogs (e.g.
and NEEMO)

A Redo the labels to make hard mounted

Lunar 2024 Relevance
A Relevant as a pioneering task for Artemis 3 (2024) and subsequent missions
A Also provides a means to evaluate heagisdisplay objectives
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asa Objectives Completion Status: XEVA Aquatic Pressurized Task Board

~

Assess the XxEVA Aquatic Pressurized Task Board for evaluations of xEVA Informatics (Lubfug e Exosuit)
Completed Not Completed

Assess the XxEVA Aquatic Pressurized Task Board for
evaluations of XxEVA Informatics (Lumus32Kn the
Exosuit) [#30]

Evaluate deploy and retrieve of the EVA aquatic task
pressure board [#31]

Evaluate diver support for the EVA aquatic task pressure
board [#32]

Assess potential use of EVA aquatic task pressure board
for use in other analogs (e.g., in the NBL) [#33]

W
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